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ARGENTINA
Title: Use of lactic acid bacteria as an antigen delivery system for immunisation against Rotavirus
Principal Investigator: Diego de Mendoza, Instituto de Biología Molecular y Celular de Rosario
(IBR), Suipacha 531, Rosario (2002LRK), Santa Fe, Argentina. Tel: +54-341-4350661, Fax: +54341-4390465, E-mail: diegonet@citynet.net.ar
ICGEB Contract No. 00/005
ICGEB Ref. No. CRP/ARG00-01
Keywords: vaccine, Rotavirus, lactic acid bacteria, live vaccines
Abstract: Rotavirus, the most common diarrhoeal pathogen in children worldwide, causes
approximately one third of diarrhoea-associated hospitalistions and 800,000 deaths per year. The
natural infection reduces the incidence and severity of subsequent episodes suggesting that
rotavirus might be controlled through vaccination. The use of oral routes for immunisation against
rotavirus-caused diarrhoea is desirable because oral vaccines are easier to administer, have higher
compliance rates, and because mucosal surfaces are the portal of entry of rotavirus. In this
research project we propose to develop live vaccines using recombinant lactic acid bacteria (LAB)
as a delivery system for mucosal immunisation against rotavirus. LAB, widely used in industrial
food fermentation, are considered as GRAS (generally regarded as safe) organisms. In addition,
since the carrier produces the antigen, the isolation and purification of the antigen should be
avoided, thus providing a cheap and safe alternative for vaccination against rotavirus. With the
purpose to develop an oral live vaccine against rotavirus we constructed Lactococcus lactis strains
with the ability to produce VP7 intracellulary, secreted into the medium or anchored to the bacterial
cell wall. The results obtained shows that oral administration of VP7 producing strains is able to
evoke an immune protective response in mice.
Objectives:
The overall goal of this project is to develop LAB strains, which can be used as live mucosal antigen
delivery vectors for oral vaccination against rotavirus. Our objective is to construct novel strains of
LAB expressing rotavirus antigens and investigate whether their are effective evoking a protective
response against rotavirus in mice and humans.
Original Objectives:
The original objectives proposed in this project were the construction of L. lactis strains expressing
either intracellular soluble, membrane located or cell-wall associated rotavirus VP4 and VP7
antigens. These strains would be used to perform oral immunisation assays in mice to evaluate
their ability to evoke a protective immune response.
Results Obtained:
We constructed four different L. lactis strains, which express VP7 in three cellular localisation. The
heterologous protein expression was performed using a NICE system, composed by the inducible
nisin A promoter (PnisA) and their two component regulatory system. The intracellular expression
was performed constructing a transcriptional fusion of VP7 to the nisin A promoter with its own
ribosome binding site, resulting in strain NZ-VP7. The expression of VP7 from this strain was
induced adding nisin at concentrations ranging from 0.1 to 50 ng per ml and maximal expression
was achieved with 5 ng/ml of nisin. In this conditions VP7 could be detected after 2 hours of
induction reaching the maximum production at about 5 hours.
A secreted form of VP7 was obtained constructing in frame fusions of VP7 to two alternative signal
sequences, derived both from Usp45 (strains NZ-Usp-VP7 and NZ-UspLeis- VP7). Western blot
analysis of intracellular and secreted proteins from these strains cultured in induction conditions
shows that VP7 could be secreted and processed by this L. lactis recombinant strains. Finally, a cell
wall anchored form of VP7 was obtained creating a translational fusion of Usp-VP7 to the 35
carboxy terminal aminoacids of Staphylococcus aeureus ProtA, resulting in strain NZ Usp-VP7-Lp.
This strain was able to anchor efficiently VP7 to the cell wall of L. lactis.
In order to test if VP7 produced by L. lactis can induce a humoral immune response, we performed
a classical immunisation protocol using L. lactis strain NZ-Usp-VP7 lysed cells as inoculum. The
results of the Western Blot analysis of rabbit sera indicate that VP7 produced by L. lactis is
immunogenic in rabbit.
Since the most important advantage of the use of LAB to produce antigens is the possibility to use
them as oral live vaccines, we performed an oral immunisation assay in mice to evaluate this
prospect. To this end, three groups composed of five mice each were inoculated intragastrically
with approximately 109 live cells of strains NZ8020 (group 1, negative control), NZ-usp-leis-VP7
(group 2) or NZ uspVP7-LP (group 3). After the inoculation protocol, sera were collected, processed
and used as first antibody in a Western blot experiment against cellular extract of MA104 cells
infected with rotavirus. The results shows that sera from mice of group 2 and 3 were able to react
with VP7 produced by MA104 cells infected with rotavirus.
In order to test if the antibodies elicited in mice by the oral inoculation of L. lactis recombinant
strains were able to protect against rotavirus infection, an inhibition of infection experiment was
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performed. To this end, activated rotavirus were incubated with sera from group 1, 2 or group 3
and used to infect MA104 cells. The results of these experiment show that serum from group 2
were able to inhibit the infection of MA104 cells with rotavirus. However, no inhibition of infection
was observed when rotavirus was pre-incubated with sera from group 3. These results indicate that
L. lactis could be a useful tool to develop an oral live vaccine to prevent rotavirus infection.
Results Unforeseen in the Original Project:
At the beginning of the project there was not evidence that antibody fragments could be expressed
in LAB. With the aim to explore if these bacteria could be used to provide a passive immune
response we investigated the ability of L. lactis to produce active antibody fragments. Our results
show that it was possible to produce variable domain dimers (VHD) and single chain antibody
fragments with high specific activity as secreted proteins in L. lactis. These experiments were made
using antibody fragments with anti-gliadin specificity. The possibility to express antibodies with
different specificities is currently explored.
Networking:
The work performed during this CRP project was made in the frame of a genuine and
complementary collaboration of Dr. de Mendoza’s research group with the laboratory of Dr. Oscar
Burrone, Molecular Immunology Group Leader at ICGEB Trieste. Most the microbiological
experiments, including L. lactis strains constructions, were performed in Dr. de Mendoza’s
laboratory. The test of the effects of this recombinant strains in animals were performed at the
Molecular Immunology laboratory at ICGEB Trieste during the different visits of Dr. Perez in this
laboratory.
Publications:
Perez, C.A., Sepúlveda, J., de Mendoza, D., Burrone, O. Antibody fragment expression in L.
lactis. 2002. Biocell. 26 (III), 39
Perez, C.A., Eichwald, C., Burrone, O., de Mendoza, D. Oral immunisation of mice with
Lactococcus lactis recombinant strains producing rotavirus VP7 antigen. Infect. Immun.
(submitted)
Perez, C.A., Sepúlveda, J., de Mendoza, D., Burrone, O. Expression of VH-dimers and single
chain antibody fragments with specific activity in Lactococcus lactis (in preparation)
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ARGENTINA
Title: Coupling between transcription and alternative splicing
Principal investigator: Alberto R. Kornblihtt, Laboratorio de Fisiología y Biología Molecular
(LFBM), Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, Ciudad
Universitaria, Pabellón 2, 1428 Buenos Aires, Argentina. Tel: +54-11-45763386, 3368, Fax: +5411-45763321, E-mail: ark@fbmc.fcen.uba.ar
ICGEB Contract No. 00/006
ICGEB Reference No. CRP/ARG00-03
Keywords: alternative splicing, RNA polymerase II, transcriptional elongation
Abstract: The RNA processing events responsible for maturation of mRNA precursors (capping,
splicing and 3’ processing), are directed exclusively to transcripts made by RNA polymerase II (pol
II). The problem of how pol II transcription and RNA processing are co-ordinated with one another
in vivo is a fascinating challenge for cell and molecular biologists because it has significant
implications for the organisation of the nucleus and for control of gene expression. We propose to
investigate the molecular mechanisms, which couple pre-mRNA splicing with transcription.
Particular emphasis will be placed on the elucidation of how transcription affects alternative splice
site selection because the decision between alternative splice sites is frequently regulated in
response to cell-type specific signals. Current models for splice site selection envisage that
members of the SR family of splicing factors recognise enhancer elements in the pre-mRNA exons
and in this way play a key role in control of alternative splice site choices. We have recently found
that the promoter of a gene can influence the way in which its transcripts are alternatively spliced.
Furthermore, we showed that the promoter modulates the sensitivity of alternative splicing to SR
protein control. It has been recently demonstrated that pre-mRNA splicing in vivo requires the
structurally unique C-terminus domain (CTD) of the largest subunit of pol II. In the absence of this
domain SR proteins are not properly localised at the site of transcription. The roles of the promoter
and the CTD in splicing are the major focus of this proposal. As a model system for experiments in
vivo, we will take advantage of the fibronectin (FN) gene, which is one of the best characterised
paradigms of gene regulation by alternative splicing. Our specific goals are the investigation of:
(i) The role of RNA plymerase II in alternative splicing control;
(ii) The regulation of FN alternative splicing by external signals;
(iii) The role of the genomic environment on alternative splicing;
(iv) The role of the SV40 transcriptional enhancer on alternative splicing.
Results:
The effects of template replication on transcript alternative splicing reveal a role for RNA pol II
elongation
We investigated the promoter control of alternative splicing by studying two transcriptional
activators on templates under replicating conditions. SV40 T-Ag activates template replication by
only two-fold but transcription by 25-fold. T-Ag-mediated replication, reported to inhibit RNA pol II
elongation, provokes a 10-30-fold increase in the inclusion of the fibronectin EDI exon into mature
mRNA. T-Ag effect is exon-specific, occurs in cis and depends strictly on DNA replication and not on
cell transformation. VP16, an activator of transcriptional initiation and elongation, has a similar
effect on transcription but the opposite effect on splicing: EDI inclusion is inhibited by 35-fold.
VP16 completely reverts T-Ag effect, but a VP16 mutant with reduced elongation ability, provokes
only partial reversion. Both T-Ag and VP16 promote conspicuous co-localisation of mRNA with
nuclear speckles which contain the SR protein SF2/ASF, a positive regulator of EDI inclusion.
Therefore, we conclude that co-localisation of transcripts and speckles are not sufficient to
stimulate EDI inclusion.
Deletion of a transcriptional enhancer confirms the role of pol II elongation on alternative splicing
Promoters and enhancers are cis-acting elements that control gene transcription via complex
networks of protein-DNA and protein-protein interactions. While promoters deal with putting in
place the RNA polymerase, both enhancers and promoters can control transcriptional initiation and
elongation. We provided more indirect evidence that the promoter effect is due to the control of
RNA pol II elongation. We found that the Simian virus 40 (SV40) transcriptional enhancer, inserted
in fibronectin (FN) minigene constructs transfected into mammalian cells, controls alternative
splicing by inhibiting inclusion of the FN EDI exon into mature mRNA. Deletion analysis of enhancer
subdomains and competitions in vivo with excess of specific enhancer DNA subfragments
demonstrate that the "minimal" enhancer, consisting of two 72-bp repeats, is responsible for the
splicing effect. The 72-bp repeat region has been reported to promote RNA pol II elongation. When
transcription is driven by the a-globin promoter linked to the SV40 enhancer, basal EDI inclusion
and activation by the SR (Ser-Arg-rich) protein SF2/ASF are much lower than with other
promoters. Deletion of only one of the two 72-bp repeats not only provokes higher EDI inclusion
levels but allows responsiveness to SF2/ASF. These effects are the consequence of a decrease in
3
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RNA pol II elongation evidenced both by an increase in the proportions of shorter proximal over full
length transcripts and by higher pol II densities upstream of the alternative exon detected by
chromatin immunoprecipitation.
Transcription factors that promote pol II elongation provoke exon skipping
We investigated how different transcriptional activators affect the decision between inclusion and
exclusion (skipping) of the fibronectin EDI exon. A mutant of the acidic VP16 activation domain
called SW6 that preferentially inhibits pol II elongation caused a reduction in EDI exon skipping.
Exon skipping was fully restored in the presence of the SW6 mutant by either the SV40 enhancer in
cis or the HIV Tat in trans, both of which specifically stimulate pol II elongation. HIV Tat also
cooperated with the Sp1 and CTF activation domains to enhance transcript elongation and EDI
skipping. The extent of exon skipping correlated with the efficiency with which pol II transcripts
reach the 3' end of the gene, but not with the overall fold increase in transcript levels caused by
different activators. The ability of activators to enhance elongation by RNA polymerase II therefore
correlates with their ability to enhance exon skipping. Consistent with this observation, the
elongation inhibitor DRB enhanced EDI inclusion. Conversely, the histone deacetylase inhibitor TSA
that is thought to stimulate elongation caused a modest inhibition of EDI inclusion. Together our
results support a kinetic coupling model where the rate of transcript elongation determines the
outcome of two competing splicing reactions that occur co-transcriptionally. Rapid, highly
processive transcription favors EDI exon skipping, whereas slower, less processive transcription
favors inclusion (see figure).
A "slow" mutant of RNA polymerase II affects alternative splicing
The C4 point mutation of the Drosophila pol II largest subunit confers the enzyme a lower
elongation rate. We showed that expression of a human equivalent to Drosophila's C4 pol II in
human cultured cells affects alternative splicing of the fibronectin EDI exon and adenovirus E1a
pre-mRNA. Most importantly, resplicing of the Hox gene Ultrabithorax is stimulated in Drosophila
embryos mutant for C4, which demonstrates the transcriptional control of alternative splicing on an
endogenous gene. These results provide a direct proof for the elongation control of alternative
splicing in vivo.
Publications:
Cramer, P., Srebrow, A., Kadener, S., Werbajh, S., de la Mata, M., Melen, G. Nogués, G.,
Kornblihtt, A.R. Coordination between transcription and pre- mRNA processing. 2001. FEBS Lett.
498, 179-182
Kadener, S., Cramer, P., Nogués, G., Cazalla, D., de la Mata, M., Fededa, J.P., Werbajh, S.,
Srebrow, A., Kornblihtt, A.R. Antagonistic effects of T-Ag and VP16 reveal a role for RNA pol II
elongation on alternative splicing. 2001. EMBO J. 20, 5759-5768
Alonso, C.R., George, J., Pesce, C.G., Bissell D.M., Kornblihtt, A.R. Fibronectin transcription in
liver cells: promoter occupation and function in sinusoidal endothelial cells and hepatocytes. 2002.
Biochem. Biophys. Res. Commun. 295, 1077-1084
Cáceres, J.F., Kornblihtt, A.R. Alternative splicing regulation: multiple control mechanisms and
involvement in human disease. 2002. Trends Genet. 18, 186-193, I.F.: 12.91
Kadener, S., Fededa, J.P., Rosbash, M., Kornblihtt, A.R. Regulation of alternative splicing by a
transcriptional enhancer through RNA pol II elongation. 2002. Proc. Natl. Acad. Sci. USA 99, 81858190
Nogués, G., Kadener, S., Cramer, P., Bentley, D., Kornblihtt, A.R. Transcriptional activators
differ in their abilities to control alternative splicing. 2002. J. Biol. Chem. 277, 43110-43114
Srebrow, A., Blaustein, M., Kornblihtt, A.R. Regulation of fibronectin alternative splicing by a
basement membrane-like extracellular matrix. 2002. FEBS Lett. 514, 285-289
de la Mata, M., Alonso, C.R., Kadener, S., Fededa, J.P., Blaustein, M., Pelisch, F., Cramer,
P., Bentley, D., Kornblihtt, A.R. A slow RNA polymerase II affects alternative splicing in vivo.
2003. Mol. Cell 12, 525-532 (commmented as News and Views in Nature Structural Biology 10,
876-878, 2003)
Labriola, L., Salatino, M., Proietti, C., Pecci, A., Coso, O.A., Kornblihtt, A.R., Charreau, E.
H., Elizalde, P. Heregulin induces transcriptional activation of the progesterone receptor by a
mechanism that requires a functional ErbB-2 and MAPK activation in breast cancer cells. 2003. Mol.
Cell. Biol. 23, 1095-1111
Nogués, G., Kadener, S., Cramer, P., de la Mata, M., Fededa, J.P., Blaustein, M., Srebrow
A., Kornblihtt, A.R. Control of alternative pre-mRNA splicing by RNA Pol II elongation: faster is
not always better. 2003. IUBMB Life 55, 235-241
Nogués, G., Muñoz, M.J., Kornblihtt, A.R. Influence of pol II processivity on alternative splicing
depends on splice site strength. 2003. J. Biol. Chem. 278, 52166-52171
Pagani, F., Stuani, C., Kornblihtt, A.R., Baralle, F.E. Promoter architecture modulates CFTR
exon 9 skipping. 2003. J. Biol. Chem. 278, 1511-1517
Portal, D., Espinosa, J., Lobo, G., Kadener, S., Pereira, C., de la Mata, M., Ren-Jan Lin,
Tang, Z., Kornblihtt, A.R., Gómez, E., Baralle, F., Flawiá, M.M., Torres, H.N. An early
ancestor in the evolution of splicing: A Trypanosoma cruzi serine-arginine-rich protein (TcSR) is
functional in cis-splicing. 2003. Mol. Biochem. Parasitol. 127, 37-46
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Portal, D., Lobo, G., Kadener, S., Prasad, J., Espinosa, J., Pereira, C., Lin, Z., Manley, J.,
Kornblihtt, A.R., Flawiá, M.M., Torres, H.N. Trypanosma cruzi TcSRPK, the first protozoan
member of the SRPK family, is biochemically and functionally conserved with metazoan SR proteinspecific kinases. 2003. Mol. Biochem. Parasitol. 127, 9-21
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CHILE
Title: Polyphosphate metabolism in extremophilic biomining microorganisms: evolutionary and
biotechnological implications
Principal Investigator: Carlos A. Jerez, Department of Biology, Faculty of Sciences, University of
Chile, Las Palmeras 3425, Santiago, Chile, Tel: +56-2-6787376, Fax: +56-2-6787376, E-mail:
cjerez@abello.dic.uchile.cl
ICGEB Contract No. 01/001
ICGEB Reference No. CRP/CHI00-04
Keywords: polyphosphates, biomining, polyphosphate kinase, extremophiles
Abstract: Bioleaching of ores containing copper or gold is applied industrially in several countries. In
this biotechnological procedure bacteria such as Acidithiobacillus ferrooxidans and the acidophilic
archaeon Sulfolobus metallicus are important. Knowledge of the molecular mechanisms of adaptation
and responses to the stressing conditions encountered by these microorganisms (such as lack of
nutrients and others) are considered of great importance to improve the efficiency of the bioleaching
conditions of the microorganisms involved. Part of the stress response to the starvation of phosphate
involves the metabolism of polyphosphates (polyP). These polymers are synthesised by the enzyme
polyphosphate kinase (PPK) and are degraded by an exopolyphosphatase (PPX). Many distinctive
functions appear likely for polyP: an energy supply and ATP substitute, a reservoir for Pi, a chelator of
metals, and, of major interest, a regulator of responses to stresses and adjustments for survival in the
stationary phase of culture growth and development. Knowledge on the polyP metabolism and its role
on the stress response of these biomining microorganisms is considered important since
microorganisms with better capacities to survive under the extreme conditions where they operate
could be obtained in the near future.
Objectives:
The general objective of this project was to characterise genetically and functionally the
components involved in the metabolism of polyP in the extremophilic bacterium A. ferrooxidans
and the archaeon S. acidocaldarius.
Original Objectives:
(i) To determine changes in the polyP levels during external stressing conditions, lack of nutrients,
changes in oxidisable substrates and during stationary phase in A. ferrooxidans and S.
acidocaldarius;
(ii) To determine the levels of ppGpp and pppGpp and their change during stressing conditions in
both A. ferrooxidans and S. acidocaldarius;
(iii) Identify, clone and sequence if necessary, the coding genes for PPK and PPX in both A.
ferrooxidans and S. acidocaldarius and study their expression under different conditions;
(iv) To study the function of PPK from A. ferrooxidans and S. acidocaldarius in E. coli;
(v) To study polyP metabolism in both acidophilic microorganisms under different concentrations of
external cations (Cu, Cd, Zn, etc.) and in the presence or absence of Pi during growth;
(vi) To determine the kind of metals present in polyP granules from A. ferrooxidans and S.
acidocaldarius.
Results Obtained:
Phosphate and polyphosphate metabolism in A. ferrooxidans. We studied the global changes in
gene expression of A. ferrooxidans when the bacterium was confronted with phosphate starvation.
Analysis of the genome DNA sequences upstream and downstream of the putative genes whose
expression may be related to phosphate starvation showed us details of the possible structure of a
putative Pho regulon, which includes the ppx and ppk genes (Vera et al., 2001;Vera et al., 2003).
We have cloned the ppx-like gene, purified the putative PPX and determined the expression of its
gene by Western blot and RT-PCR. As expected, it was found that the levels of the PPX-like protein
increased in phosphate-starved A. ferrooxidans cells. When A. ferrooxidans grows in ferrous iron or
sulfur, it changes its gene expression (Ramírez et al., 2002). The amount of polyP synthesised by
A. ferrooxidans was three fold higher when the microorganism were grown in sulfur compared with
ferrous iron.
Effect of metals on polyP metabolism by A. ferrooxidans. A. ferrooxidans is normally confronted
with very high concentrations of heavy metals, and must therefore have mechanisms to survive
under these conditions. PolyP could function as chelator of heavy metal ions toxic to the cell. By
using EDX we found in A. ferrooxidans abundant electrondense granules (Alvarez et al., 2001)
composed mainly of oxygen and phosphorous and which was demonstrated to be polyP by
enzymatic assays.
It has been proposed that inorganic polyphosphates (polyP) and transport of metal-phosphate (Pi)
complexes could participate in heavy metal tolerance. We determined polyP levels when A.
ferrooxidans was grown in or shifted to the presence of a high copper concentration (100 mM).
Under these conditions, cells showed a rapid decrease in polyP levels with a concomitant increase
6
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in exopolyphosphatase (PPX) activity and a stimulation of Pi efflux. Preliminary results showed that
the levels of ppGpp, a known inhibitor of PPX, were reduced in vivo in cells shifted to copper. Our
results (Alvarez and Jerez, submitted) support a model for metal detoxification in which heavy
metals would stimulate polyP hydrolysis and the metal-Pi complexes formed would be transported
out of the cell as part of a possibly functional heavy metal tolerance mechanism in A. ferrooxidans.
Polyphosphate metabolism in Sulfolobus. We have demonstrated that the glycogen-protein
complex of S. acidocaldarius does not contain a PPK activity and that the previously published
glycogen-bound PPK is a bacterial-like thermostable glycogen synthase (Cardona et al., 2001a,
2001b). To understand the metabolic pathway of synthesis of polyP in Archaea, especially in view
of the absence of a PPK gene in most of the finished sequences of archaeal genomes, we searched
for a PPX in S. solfataricus. We have cloned, sequenced and overexpressed an exopolyphosphatase
gene (ppx) from the thermophilic Sulfolobus solfataricus. The purified recombinant PPX was
maximally active degrading long chain polyP (700-800 residues) in vitro at 50-60°C (Cardona et
al., 2002). The putative PPXs present in known archaeal genomes showed the highest similarity to
yeast PPXs. In contrast, in silico analysis revealed that the deduced amino acid sequence of the S.
solfataricus exopolyphosphatase showed the highest similarity (25-45 %) to members of the
bacterial PPXs possessing all their conserved motifs. To our knowledge, this is the first report of an
enzyme characterised to be involved in polyphosphate metabolism in Archaea (Cardona et al.,
2002). We also performed an in silico analysis of the genes involved in phosphate acquisition and
storage in several available genomes. Since phosphate is an essential nutrient to all living cells, the
organisms have developed very efficient systems for the acquisition, storage and use of phosphate.
We identified the putative genes involved in phosphate transport and storage and found out that
Archaea possesses some of the phosphate metabolism components of both Bacteria and Eukarya.
This raises very interesting questions, especially concerning the transcriptional regulation of the
putative Pho regulons in Archaea.
Results Unforeseen in the Original Project:
We found in polychlorinated biphenyl (PCB)-degrading bacteria that growth in the presence of
biphenyl and chlorobiphenyls generates oxidative stress and massive accumulation of inorganic
polyphosphate similar as that seen in biomining microorganisms (Chávez et al., in press).
Networking:
We had valuable help from Prof. Arthur Kornberg, University of Stanford, USA, who shared with us
some recombinant E. coli strains to purify rPPK. We also started a collaboration with Dr. H.
Tributsch, Hahn-Meitner Institut, Berlin, Germany, for the EDX electron microscopy analysis of
polyP granules.
Publications:
Cardona, S., Remonsellez, F., Guiliani, N. Jerez, C.A. Polyphosphate metabolism in the
archaeon Sulfolobus acidocaldarius. In Biohydrometallurgy: Fundamentals, Technology and
Sustainable Development. 2001a. V.S.T. Ciminelli and O. Garcia Jr. (Editors), pp. 345-354. Elsevier
Science B.V.
Vera, M., Guiliani, N., Ramírez, P., Alvarez, S., Jerez, C.A. Proteomic and genomic strategy for
the study of the extremely acidophilic Acidithiobacillus ferrooxidans. 2001. In Biohydrometallurgy:
Fundamentals, Technology and Sustainable Development. V.S.T. Ciminelli and O. Garcia Jr.
(Editors), pp. 325-333, Elsevier Science B.V.
Alvarez, S., Vera, M., Jerez, C.A. Guiliani, N. Polyphosphates, polyphosphate kinase activity
and ppk gene in the extremophilic bacterium Acidithiobacillus ferrooxidans ATCC 19859. 2001. In
Biohydrometallurgy: Fundamentals, Technology and Sustainable Development. V.S.T. Ciminelli and
O. Garcia Jr. (Editors), pp. 355-362, Elsevier Science B.V.
Cardona, S., Remonsellez, F., Guiliani, N. Jerez, C.A. The glycogen-bound polyphosphate
kinase from Sulfolobus acidocaldarius is actually a glycogen synthase. 2001b. Appl. Environ.
Microbiol. 67, 4773-4780
Ramírez, P., Toledo, H., Guiliani, N. Jerez, C.A. An exported rhodanese-like protein is induced
during growth of Acidithiobacillus ferrooxidans in metal sulfides and different sulfur compounds.
2002. Appl. Environ. Microbiol. 68, 1837-1845
Cardona, S.T., Chávez, F.P. Jerez, C.A. The exopolyphosphatase gene from Sulfolobus
sofataricus: characterisation of the first gene found to be involved in polyphosphate metabolism in
Archaea. 2002. Appl. Environ. Microbiol. 68, 4812-4819
Vera, M., Guiliani, N. Jerez, C.A. Proteomic and genomic analysis of the phosphate starvation
response of Acidithiobacillus ferrooxidans. 2003. Hydrometallurgy. 71, 125-132 (invited paper)
Alvarez, S., Jerez, C.A. Copper ions stimulate polyphosphate degradation and phosphate efflux in
Acidithiobacillus ferrooxidans. 2004. Appl. Environ. Microbiol. 70, 5177-5182
Chávez, F., Lünsdorf, H., Jerez, C.A. Growth of polychlorinated biphenyl (PCB)-degrading
bacteria in the presence of biphenyl and chlorobiphenyls generates oxidative stress and massive
accumulation of inorganic polyphosphate. 2004. Appl. Environ. Microbiol. 70, 3064-3072
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CHILE
Title: Functional role of caveolae-like plasma membrane microdomains in development,
regeneration and pathology of the nervous system
Principal Investigator: Andrew F.G. Quest, Laboratory of Cellular Communications, Program of
Cell and Molecular Biology, Faculty of Medicine, University of Chile, Institute of Biomedical
Sciences,
Independencia
1027,
Santiago,
Chile.
Tel./Fax:
+56-2-7382015,
E-mail:
aquest@med.uchile.cl
ICGEB Contract No. 00/007
ICGEB Reference No. CRP/CH100-05(c)
Keywords: neurite outgrowth, Thy-1, neuron-astrocyte interaction caveolae-like domains
Objectives:
Specific aim 1: To determine the effect of untimely Thy-1 expression in NGF-induced PC12 and
CAD cell differentiation induced by serum starvation.
Specific aim 2: To study Thy-1-induced signaling events in astrocytes.
Original Objectives:
Specific aim 1: To determine the effect of untimely Thy-1 expression in NGF-induced PC12 and
CAD cell differentiation induced by serum starvation.
Specific aim 2: Study the recruitment of signalling proteins, in particular PKCs, into caveolae-like
domains. Identify the role of PKC isoforms that translocate to caveolae-like domains and the motifs
responsible for targeting PKCs to such microdomains in neuronal differentiation.
Results Obtained:
Conditions established for neuronal differentiation of two different cell lines, one from the central
nervous system (CAD cells) and one from the peripheral nervous system (PC12 cells). Results
shown, define precisely in the two cell lines, changes in Thy-1 expression as well as distribution as
differentiation takes place. At the onset of differentiation Thy-1 is decreased possibly to allow the
process to start. Thy-1, at a subcellular level, is excluded from regions were sprouting is occurring.
Analysis of Caveolin-1 expression and localisation during neuronal differentiation proved essentially
negative for both cell lines. We thus focused on the study of Thy-1 as a marker for caveolae-like
domains.
Preparation of constructs to study the effect of untimely Thy-1 expression in neuronal cell lines.
Transfection of PC12 and CAD cells with Thy-1placIOP plasmid was performed and CAD-Thy-1 and
PC12-Thy-1 stable clones were selected.
CAD-Thy-1 clones showed normal levels of Thy-1 (as non-transfected cells) and over-expression
could be induced by addition of 2mM IPTG (inductor).
MOCK transfected clones for both cell lines were also obtained and characterised. CAD cells mocktransfected behaved like wild type CAD cells, however, PC12 mock transfected clones were found
to express high levels of Thy-1.
PC12 Thy-1 transfected clones also expressed high levels of Thy-1 in the absence and in the
presence of induction. Elevated Thy-1 expression correlated with high levels of the protein survivin
in these cells and might be related to better tolerance of these cells to stress.
Stable clones that over-expressed Thy-1 seemed to adhere less tightly to the plate than cells with
only endogenous expression of the protein.
Conditions had been established to study both adhesion of neurons to astrocytes as well as
inhibition of neuronal differentiation over astrocytes This was achieved labeling neuronal cells with
a fluorescent vital stain that allows to distinguish neurons from astrocytes in a co-culture.
Results also indicate that av integrin is the subunit that forms heterodimers with b3 integrin in
astrocytes.
Intracellular signals triggered by avb3 integrin when engaged by Thy-1 occur only when receptors
are aggregated on the surface of astrocytes.
Additional studies now show that RhoA is activated downstream of Thy-1-integrin interaction to
cause morphological changes on astrocytes.
Results Unforeseen in the Original Project:
Since the inhibitory activity of Thy-1 on neurite outgrowth depends on its interaction with
astrocytes, studies were extended to include Thy-1-induced signaling events in astrocytes.
Wild type PC12 cells were cloned by limiting dilution without prior transfection or selection with a
drug and all clones obtained displayed high levels of Thy-1 expression as tested by western blotting
and FACS indicating that cloning by limiting dilution lead to selection of a population that contains
high Thy-1 levels. This was correlated with high levels of a protein that inhibits apoptosis, survivin.
Networking:
Dr. Lisette Leyton, Assistant Professor of the ICBM, University of Chile, gave an important
contribution to this project. Dr. Leyton co-directed the undergraduate student Cecilia Labra
(Director, Dr. Quest) in her thesis project and is also the Director for the graduate student Tamara
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Hermosilla (Co-director, Dr. Quest), who is performing her thesis work on this project. In addition,
Dr. Leyton is a co-director of the graduate student Ana Maria Avalos (Director, Dr. Quest) who is
currently studying the signaling pathways implicated in Thy-1-stimulated astrocytes.
Dr. Leyton established a collaboration with Dr. Sean Patterson, from the Univeristy of Cuyo,
Argentina, to study modulation of neurite outgrowth via Thy-1-b3 interaction. A different
collaboration has been started also by Dr. Leyton with Dr. Keith Burridge, from the the University
of North Carolina in Chapel Hill, USA, who has experience working with the Rho family of GTPases
and how these both regulate and are regulated by adhesion events. Dr. Leyton has laid the
groundwork for this collaboration through her recent work demonstrating Thy-1 binding to the
integrin avb3 in astrocytes.
Publications:
Avalos, A.M., Labra, C., Quest, A.F.G., Leyton, L. Signaling triggered by Thy-1 interaction with
b3 integrin on astrocytes is an essential step towards unraveling neuronal Thy-1 function. 2002.
Biol. Res. 35, 231-238
Leyton, L., Quest, A.F.G. Supramolecular complex formation in cell signaling and disease: an
update on a recurrent theme in cell life and death. 2004. Biol Res. (in press)
Quest, A.F.G., Leyton, L., Parraga, M. Caveolins, caveolae and lipid rafts in cellular transport,
signaling and disease. 2004. Biochemistry and Cell Biology (in press)
Avalos, A.M., Schneider, P., Quest, A.F.G., Burridge, K., Leyton, L. Aggregation of integrin
receptors and RhoA activation are required for Thy-1-induced focal adhesion and stress fiber
formation in astrocytes (in preparation)
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CHINA
Title: Microbial engineering of metal-binding peptides by display technology
Principal Investigator: YanNing Xue, Laboratory of Biochemistry, Institute of Basic Medical
Sciences, P.O. Box 130(3), Beijing 100850, China. Tel: +86-10-66932313, Fax: +86-1068163140, E-mail: xueyn@nic.bmi.ac.cn
ICGEB Contract No. 00/008
ICGEB Reference No. CRP/CHN00-04
Keywords: phage display, yeast display, bacteria display, heavy metals
Abstract: Heavy metal is one of major serious pollutant that is produced mainly by industrial
activity and discharged or transported into the environment as solutes. Among the diverse cleanup strategies bioremediation is a promising and cost-effective solution. Recent progress in
molecular biology, microbiology, and genetics is providing the driving force towards engineering
improved microbes for bioremediation of heavy metal. Display technology is one of these
advances, in which peptide or protein express on the surface of phage, bacteria or yeast, and
shows great advantage in peptide or protein ligand screening and protein function study. In the
current project we have selected several metal binding peptides both from phage-displayed peptide
libraries and from bacteria-displayed peptide library. The selected peptides show some structural
bias, including containing more histidines. These peptides were further displayed on the surface of
yeast or bacterial cells and showed significant increase in metal ion absorption. The engineered
microbes were expected to act as effective biosorbents for bioremediation of wastewater and play
important role in eliminating heavy metals from polluted water.
Objectives:
In the current project we are going to construct metal binding biomass by using display
technology. First, the immobilised metal ions will be used for metal binding peptides screening
from phage-displayed or bacteria-displayed peptide libraries. The selected peptides will then be
characterised and displayed on the surface of yeast or bacterial cells. The affinity and selectivity of
these peptides and corresponding engineered cells will be evaluated in different heavy metal ions
under different conditions. The engineered microorganisms can be expected to play important role
in eliminating heavy metal pollution, recovering precious metals and reaching the goal of
bioremediation.
Results:
In this project metal binding peptides were selected from phage displayed C7 peptide library and
12-mer peptide library and bacteria displayed peptide libraries. The metal-immobilised gel or strips
was used as target for metal binding peptide screening. After several rounds of panning, microbe
displayed peptide libraries were enriched and the clones were randomly picked for sequencing. The
sequence of these selected peptides usually contains rich histidine compared with clones of original
library. For further improving the affinity and explore the structural element, secondary biased
peptide libraries were constructed, in which some histidines were reserved. After selection,
peptides with higher nickel affinity were obtained. The sequence characteristics of these peptides
remained to be analysed.
The selected peptides were further displayed on the surface of yeast cells and E.coli cells and
tested for their ability in metal ion absorption. The genetically engineered microbes expressed
higher ion binding capacity for Ni and Cd compared to control ones, which were proved by free
nickel competitive assays and metal bioaccumulation assay. The results showed that cooperation of
molecular library and engineered microbial display technology has great potential in the
bioremediation of heavy metal pollution.
Results Unforeseen in the Original Project
The accumulated metal ions by engineered microbes was planned to measure further by atomic
absorption spectrophotometry. However the cost of this method is too high and also the result was
not stable enough. In effort to have data on metal ion absorption of selected peptides we are now
using isotope Cd109 to test binding capacity of engineered microbes. Several factors will be tested
in their effects on the bioaccumulation, such as biomass, metal ions concentration, pH,
temperature, ion strength, chelators and detergents.
Networking:
In this project we received great support from the Institute of Bioengineering in Beijing. They
provided laboratories for the training of students as well as technique support in molecular biology.
The project also provided great opportunity in the training of Dr. Mao Canquan for his postdoctoral
fellowship, Ms. Dong Jie for her Ph.D training program and Ms. Ma Zhenlian for her M.Sc. training
program. After the training received in the framework of this project, Dr. Mao has successfully
applied for grant support from the Natural Science Foundation of China (NSFC), which will continue
to support his research in bioremediation of heavy metal. To continue this project towards to
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practical applications we also established cooperation with the Department of Bioengineering of
Southwest Jiaotong University, in Chongqing, Sichuan Province.
Publications:
Mao, C.Q., Xue, Y.N., Wang, H.X. Progress of microbial display technology in the bioremediation
of heavy metals. 2001. Prog. Bioeng. 21, 48-51
Mao, C.Q., Xue, Y.N., Go,B., Zhang, J., Zhao A., Xin, Z.T., Dong J., Wang, H.X. Selection of
metal-binding peptides and their display on the surface of yeast cells (submitted)
Dong, J., Mao, C.Q., Ma, Z.L., Zhang, J., Xin, Z.T., Zhao, A., Fan, M., Xue, Y.N. Novel nickelbinding peptides selected from phage-displayed peptide libraries and displayed on the surface of E.
coli (in preparation)
Dong, J., Xin, Z.T., Zhang, J., Ma, Z.L., Fan, M., Xue, Y.N. Selection of nickel-binding peptides
from secondary biased libraries (in preparation)
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CROATIA
Title: Expression and function of nucleolar protein 1 (Nol 1) in mouse
Principal Investigator: Srecko Gajovic, Section for Neurogenetics, Cytogenetics, and
Developmental Ganetics, Croatian Institute for Brain Research, School of Medicine, University of
Zagreb, Salata 12, Zagreb, Croatia. Tel: +385-1-4596829, Fax: +385-1-4596942, Email:
srecko.gajovic@hiim.hr
ICGEB Contract No. 01/005
ICGEB Reference No. CRP/CRO00-03
Keywords: Nol1, nucleolus, cell proliferation, embryo, mouse
Abstract: Nucleolar protein 1 (Nol1) is a protein located in nucleolus and, as a cell proliferation
marker, it has a prognostic value in human cancer. The mouse line with modified Nol1 gene was
obtained with gene trap method.
Our objectives were as follows: (i) to characterise the gene trap vector insertion and its
consequences on molecular level; (ii) to describe Nol1 expression pattern in embryo and in
adults; (iii) and to get insight in Nol1 function by analysing the phenotype changes in the mutant
mouse.
The insertion was placed after Nol1 exon 14 resulting in missing C-terminal part of the protein.
The Nol1 expression pattern was ubiquitous in early embryos, but in later stages increasing
number of cells did not express Nol1. Although it was postulated that Nol1 is expressed only in
dividing cells, its expression was showed in the neurons of the CNS. The phenotype analysis
showed that the Nol1 gene trap modification is embryonic lethal. The homozygous embryos were
shown only at the blastocyst stage. The number of homozygotes among blastocysts was lower
then expected Mendelian ratio.
Nol1 is essential for the earliest phase of the embryo development; right after the maternal pool
of the Nol1 protein is exhausted.
Objectives:
The general objective of this project was to get the insight in function of Nol1 gene, by analysing
the mice carrying the gene trap modification within Nol1 gene.
The work plan contained three specific objectives:
(i) Structural and functional characterization of the gene trap insertion within Nol1 gene;
(ii) Analysis of the expression pattern of Nol1 gene;
(iii) Analysis of the phenotype of Nol1gt mice.
Results:
Structural and functional characterization of the gene trap insertion within Nol1 gene. In order to
understand the consequences of the gene trap insertion within Nol1 gene, it was necessary to
precisely characterise the introduced genetic change.
The vector insertion was localised at nucleotide 1819 of the coding cDNA region, leaving present
in the fusion protein 70% of the Nol1 protein. The insertion site corresponded exactly to the
border of the exon 14 and 15. In order to distinguish heterozygotes from homozygotes, it was
necessary to determine the exact site of insertion in the genomic DNA. The insertion site was not
within intron N (between exon 14 and 15), but within the exon, 76 bp located from the intronexon boundary. The insertion was located only in Nol1 gene, but in multiple copies.
Contrary to the precise characterisation of the 5’ side of the insertion, the molecular
characterisation of 3’ side was never accomplished. This raised possibility that due to the
insertion of the gene trap vector, the deletion of the exon 15, including eventually additional
genes, could be present. This would have an important impact on the results, as the observed
phenotype could not be assigned to the modification of Nol1 gene, but to the changes of another
genes affected by deletion. In order to verify the presence of deletion an extensive Southern
blotting and real-time quantitative PCR were performed. As the preliminary results of the realtime quantitative PCR were inconclusive, the whole method was adjusted for the particular
purpose. It included the analysis of serial dilution curves obtained by real-time quantitative PCR
and newly devised statistical interpretation of the obtained results. As this way of application of
real-time quantitative PCR was novel, the method and the results were submitted to Transgenic
Research. By this approach the deletion was ruled out, and it was confirmed that the gene trap
modification affected only Nol1 gene. In addition, the number of tandem repeats of the inserted
vector could be estimated with 95% of confidence within a range from 24 to 47 copies.
In conclusion, the molecular analysis confirmed that the Nol1gt mouse represents an adequate
tool for analysis of Nol1 expression and function.
Analysis of the expression pattern of Nol1 gene. The study of embryos till E11.5 showed almost
ubiquitous staining pattern, i.e. every part of the embryo was stained, but some cells remained
unstained. In later stages of development the staining was reduced but without clear anatomical
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pattern. The positive cells were still present in all tissues and organs, but their number was
reduced.
From the adult tissue the expression in brain was analysed. As the Nol1 expression was thought
to be connected with proliferating cells, it was presumed that Nol1 expression could be used as a
marker of neural stem cells in the adult brain. Just contrary, although the neurons are
postmitotical cells, the Nol1 expression was present in brain, particularly in the cortex and in the
hippocampus.
In conclusion, Nol1 is expressed during embryo development, where its expression could be
correlated with high mitotic rate required for development, but as well in postmitotical neurons of
the brain, suggesting its role in enabling high rate of protein synthesis.
Analysis of the phenotype of the Nol1gt mouse. After finding that no homoyzgotes were present
among the offspring from the intercross between heterozygous mice, newborn mice were
checked, and then the genotyping proceeded backwards till 8.5-day embryos. As we could not
detect homozygous embryos at this stage, the next stage to test was blastocyst stage (3.5-day
embryos). As the amount of DNA obtained from the blastocyst was very small we designed a
nested PCR to do the genotyping. Testing of blastocysts showed presence of homozygous
embryos among them, although their number was considerably less then expected Mandelian
ratio (6 in 100).
In conclusion, the phenotype analysis showed that Nol1 is essential for embryo development. The
embryos die at the earliest stage, just after products of maternal genome are exhausted.
Results Unforseen in the Original Project:
The phenotype of other genetically modified mice was analysed including gene trap mice with
modified NHS gene, fibronectin EDA exon specific knock-out, and spontaneous truncate mutation.
Networking:
This collaborative research project was done in collaboration with Prof. F.E. Baralle and Dr. A.F.
Muro of the Molecular Pathology Group, ICGEB Trieste Component.
The main result of this networking was the 2-month training at ICGEB of Marija Curlin. In
addition, we constantly relied on help from the Trieste group, as well as on e-mail discussions.
Moreover, several meetings in Trieste and Zagreb took place in order to coordinate activities.
Publications:
Curlin, M., Kostovic-Knezevic, Lj., Gajovic, S. Gene trap mutagenesis of three genes expressed
during mouse embryo development. 2002. Period Biol 104, 47-54
Mitrecic, D., Malnar, T., Kostovic-Knezevic, Lj., Gajovic, S. Expression of nucleolar protein 1
(Nol1) during embryo development. 1st Croatian Congress on Molecular Life Sciences. June 9-13,
2002, Opatija, Croatia, p. 154
Burdon, K.P., McKay, J.D., Salem M.M., Russell-Eggitt, I.M., Mackey, D.A., Wirth, M.G.,
Elder, J.E., Nicoll, A., Clarke, M.P., FitzGerald, L.M., Stankovich, J.M., Shaw, M.A., Sharma,
S., Gajovic, S., Gruss, P., Ross, S., Thomas, P., Voss, A.K., Thomas, T., Gécz, J., Craig, J.E.
Mutations in a novel gene, NHS, cause the pleiotropic effects of Nance-Horan Syndrome including
severe congenital cataract, dental anomalies and mental retardation. 2003. Am. J. Hum. Genet.
73, 1120-1130
Gajovic, S., Curlin, M., Mitrecic, D., Kostovic-Knezevic, Lj. Gene trap as a tool for functional
analysis of mouse genes expressed in the central nervous system. 23rd European Winter
Conference on Brain Reserarch. March 8-15, 2003, Arc 1800, France, p. 22
Mitrecic, D., Malnar, T., Kostovic-Knezevic, Lj., Gajovic, S. Gene trap modification of mouse
gene Nol1 (Nucleolar protein 1). 3rd European-American School in Forensic Genetics and Mayo
Clinic Course in Advanced Molcular and Cellular Medicine, September 1-5, 2003, Zagreb, Croatia,
p. 107
Muro, A.F., Chauhan, A.K., Gajovic, S., Iaconcig, A., Porro, F., Stanta, G., Baralle, F.E.
Regulated splicing of the fibronectin EDA exon is essential for proper skin wound healing and
normal lifespan. 2003. J. Cell Biol. 162, 149-160
Belovari, T., Stevic, N., Gajovic, S., Kostovic-Knezevic, Lj. Differentiation and developmental
potential of rat post-implantation embryo without extra-embryonic membranes cultured in vitro or
grafted in vivo. 2004. Anat. Histol. Embryol. 33, 90-95
Mitrecic, D., Curlin, M., Kostovic-Knezevic, Lj., Gajovic, S. Gene trap modification of Nol1
(nucleolar protein 1) – a tool for analysis of Nol1 expression and function. 2004. BioScience2004,
July 18-22, 2004, Glasgow, UK, p.119
Mitrecic, D., Kostovic-Knezevic, Lj., Gajovic, S. Morphological features of tail bud development
in truncate mouse mutants. 2004. Cells Tissues Organs, 178 (in press)
Mitrecic, D., Huzak, M., Curlin, M., Gajovic, S. Determination of gene copy number in
transgenic mice by serial dilution curves obtained by real-time quantitative PCR assay. 2004.
Transgenic Res. (submitted)
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HUNGARY
Title: Quality improvement of crops by gene technology
Principal Investigator: Barnabás Jenes, Wheat Genetics Group, Institute of Plant Biology,
Agricltural Biotechnology Center, Szent-Györgyi A. u. 3, H-2100 Gödöllö, Hungary
ICGEB Contract No. 00/010
ICGEB Reference No. CRP/HUN00-02
Keywords: promoter, transformation, HMW glutenin subunit gene, quality improvement
Abstract: The hexaploid wheat contains six HMW glutenin subunit genes at the Glu-1 loci, but
most cultivars only synthesise three to five subunits. Because each subunit accounts for 2% of the
total grain protein, this variation in gene expression results in differences in the total amount of
HMW subunit. In previous studies in transgenic wheat a range of transgene expression levels was
obtained and improved visco-elastic and bread making properties were demonstrated. However,
the promoter has to be specific, allowing expression only in the starchy endosperm of the seeds
and should be strong to drive expression at high level.
We proposed to study how to enhance the strength of wheat storage protein promoters. Our target
was to create hybrid promoters, combining fragments of storage protein promoters, responsible for
specificity, and different part of the rice actin (Act1) promoter, including intron1. Evaluation of the
efficiency of chimeric promoter constructs will be done in transgenic rice before applying in wheat.
The aim of this study is to find an endosperm specific, but stronger promoter than currently
available for wheat transformation. HMW-GS 1Dx5 gene, fused with the strongest promoter
construct, will be used in transformation of an elite Hungarian variety to produce high quality
wheat. This high quality wheat produces high quality flour, which can be used to increase breadmaking quality of common flour, to satisfy the need of consumers.
Objectives:
(i) creating strong, improved seed specific promoter hybrids for monocots;
(ii) studying the effects of rice Act1 intron1;
(iii) improvement of visco-elastic and bread making quality of wheat flour;
(iv) production of a wheat line with high quality flour, available for breeding program;
(v) studying the effects of newly expressed HMW-Glutenin Subunit protein on wheat flour
properties, measuring dough and bread quality parameters.
Results:
Rice Transfromation results
After transformation with pDV413 construct, we obtained several lines which proved to be
transgenic after histochemical and PCR screeing.
Transformation experiments with the pTLZG casette resulted in 5 regenerated lines which did not
proved to be transgenic for the transgene; however, two of them were positive for the selectable
marker gene using PCR screening.
The transformation strategy was changed after this failure, using another selection marker gene,
the bar gene. Having used this method, we have phosphynotricin resistant plants in the
greenhouse in the stage before flowering, at the moment. All of them proved to be positive for the
selection marker gene by PCR.
Transformation experiments with the pTSI-GUS casette resulted in three independent stable
transgenic lines. These proved to be transgenic by not only PCR test but using histochemical
staining, as well.
Transformation experiments with the pTSIM-GUS casette resulted in 15 independent, stable
transgenic lines. These proved to be transgenic by both histochemical staining and PCR test.
Gene expression result in transgenic rice
Insertion of the rice Actin1 intron1 into the full length Bx17 promoter enhanced the promoter
activity four times. The deletion of the first 750 bp off the 5’ end of the promoter did not made
significant drop of the activity. But deletion of 1,650 bp significantly reduced the activity of the
“intron-boosted” promoter.
In the stable transgenic rice plants (with the pTLZG, pTSI-GUS, pTSIS-GUS and pTSIM-GUS) we
could observe that even the larger deletion could not modify the tissue specific manner of the
promoter. This results is especially important if we consider that those consensus sequences of
HMW-GS genes responsible for the tissue specific activity and situated always in the same position
is 38 bp long and only 26 bp was left of the HMW enhancer element. Our first results suggest that
such short sequences are enough to provide endosperm specific expression of a gene driven by the
HMW specific promoter.
So far 48 transgenic rice plants plants harbouring the Bx17 coding sequences have been
regenerated. PCR experiments are used first to identify the presence of trans- (or marker) genes.
For the presence of Bx17 protein in the seed of transgenic rice plants protein extract of the
endosperm was run on SDS-PAGE gel together with extract of rice control and wheat.
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Transgenic wheat
Based on the PCR screening carried out so far we have 2 transgenic lines which contains the HMWGS transgene.
Networking:
This research was done in collaboration with three laboratories from the following Institutions:
(i) Agricultural Biotechnology Center (ABC) (laboratory of the Principal Investigator);
(ii) Eötvös Loránd University of Sciences(ELTE), Budapest;
(iii) Agricultural Research Institute of the Hungarian Academy of Sciences (ARI-HAS), Martonvásár;
Part of the cloning work was carried out at ELTE, Budapest, and other part at ABC, Gödöllö. Some
genes were cloned and originated at ARI-HAS, in Martonvásár. Transformation work was done at
ABC, Gödöllö
The characteristics of this project required to form a network of the three research teams keeping
daily contact either personally or by phone, fax and E-mail. Also, the coordinator organised a
meeting every second month to discuss the actual questions and to present the progress to each
team.
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PAKISTAN
Title: Molecular biology of heavy metal bio-accumulation
Principal Investigator: Nuzhat Ahmed, Director, Centre for Molecular Genetics, University of
Karachi, Karachi 75270, Pakistan. Tel: +92-21-4966045, 9243190, 9243191, Fax: +92-219243190, 9243191, 4966045, E-mail: a_nuzhat@yahoo.com
ICGEB Contract No. 01/007
ICGEB Ref. No. CRP/PAK00-01
Keywords: copper resistance, nickel resistance, transposon mutagenesis
Abstract: The accumulation of heavy metals by microbes has emerged as an important technology
for cleanup/control of environmental pollution. There is potential for improving the metal absorbing
capacity of these microbes providing that the genetic basis of these phenomena is understood. In
order to achieve this objective, resistance to copper and nickel was studied in bacteria using two
different strategies. The first one involved insertional inactivation of nickel resistance genes by
transposon mutagenesis followed by IPCR of the self-ligated circular restriction fragments. The
IPCR products containing a part of host sequences were sequenced and analysed. The second
strategy involved (a) the use of consensus primers to amplify genes from well-known copper
resistance systems and, (b) the use of degenerate primers to search for nickel resistance genes
homologous to a number of systems reported previously. Enterobacter sp. CMG457 was found to
possess three genes with homology to pcoA, pcoC, and pcoD reported in E. coli. On the other hand,
the nickel resistance genes found in the Enterobacter sp. CMG156 appear not to be related to any
of the known nickel resistance systems.
Objectives:
The subject of uptake of heavy metals is extremely important, especially since the use of
biotechnology for clean-up or control of environmental pollution is emerging as a very powerful tool
and is already in widespread global use. Although the subject has been under investigation for
several decades, a careful review of the current status of knowledge in the fields of heavy metal
uptake and heavy metal resistance reveals that for only a handful of metals some mechanisms at
the molecular level are understood and too rather superficially. Therefore, in order to study metal
uptake and resistance in bacteria, this study aimed at: (i) isolating new bacteria (specifically for
their ability to take up heavy metals).; (ii) identifying, locating, and isolating the genes involved in
metal uptake; (iii) sequencing these genes, analysing the gene sequences and the translated
amino acid sequences by comparison with the known sequences from international DNA and
protein databases in order to predict the role of proteins encoded by these genes; (iv) finally, to
explain the mechanism of metal uptake in the isolated microorganism in the light of the results
obtained from this project and that of the existing literature.
Original Objectives:
The original objectives of this research project were as follows:
(i) To screen metal resistance and accumulation in a number of bacterial strains and select
resistant strains;
(ii) To identify selected strains by 16S rRNA analysis (tentative objective);
(iii) To produce mutants by transposom mutagenesis ans select sensitive mutants;
(iv) To search for metal resistance genes by probe hybridisation.
Results Obtained:
A number of bacterial strains were isolated from different environments that were polluted by
heavy metals. The isolates were tested for their metal and antibiotic resistance and
bioaccumulation of metals. A subset of the isolates was identified by DNA sequence homology of
the 16S rRNA gene by BLAST search of the GenBank, EMBL, DDBJ and PDB databases. Genes
involved in metal uptake are usually associated with metal resistance mechanisms in bacteria. It
was therefore planned to knock-out the metal resistance genes by transposom mutagenesis and
then identify the genes by probing for the transposom. Prior to selection of a suitable candidate,
the presence of sequences homologous to the selected transposom (e. g., Tn-Omegon-Km) the
strains were assayed by the probe of TnΩon-Km. Bacterial strains positive to the probe were
rejected from the study.
Enterobacter sp. CMG156 was selected for its high resistance to nickel and subjected to
transposom mutagenesis. As a result of which 21 nickel sensitive mutants were isolated. The
mutants were verified for positive integration of TnΩon-Km by probe hybridisation. The DNA
isolated from the mutants was digested with restriction enzymes that specifically cut in one of the
ends of TnΩon-Km. The resulting fragments were re-circularised by self-ligation. These circular
DNA molecules were then subjected to Inverse PCR and the products were sequenced by cycle
sequencing technique. Nine mutants were sequenced in all. BLAST search of these sequences did
not produce significant hits, thus suggesting that the nickel resistance system in this microbe might
be new and hitherto unknown.
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A new strategy to search for genes of interest has been used in parallel. Two copper resistance
determinants (e.g., the pcoABCDERS described in Pseudomonas, Xanthomonas, E. coli and the
copABCDRS described in Enterococcus hirae) have been found to be well conserved. This natural
phenomenon was exploited to search for copper resistance determinants in a local isolate
Enterobacter sp. CMG457. Primers targeted against pcoABCDERS and copABCDRS were used to
search for copper resistance genes in Enterobacter sp. CNG457. A number of DNA fragments that
were amplified from primers for pcoABCDERS operon were successfully identified. This suggested
the presence of a similar operon in CMG457. To verify this conclusion the identities of the amplified
genes were confirmed by RFLP analysis followed by DNA sequence analysis against the positive
controls. DNA sequencing of the three PCR products of the intragenic oligos followed by the
sequence alignment against the pcoABCDERS and copABCDRS operons revealed that CMG457 gene
fragments had 100% homology with pcoA, 82% homology with pcoC, and 75% homology with
pcoD at 99% or better confidence level. BLAST search against the international DNA sequence
databases corroborated these results. The pcoA, pcoC and pcoD genes in CMG457 also showed
homology to copA, copC and copD respectively but with much lower similarities. On the basis of
these results it was concluded that CMG457 harbours a copper resistance determinant that is
similar to the pcoABCDERS operon described in Escherichia coli strain on the plasmid pRJ1004.
Sequencing the remaining components of the Pco operon in CMG457 will reveal the true nature of
this copper resistance determinant.
The well known nickel resistance genetic determinants CnrYXHCBAT (cobalt-nickel resistance) in
Ralstonia metallidurans CH34 (Grass, et al., 2000, Tibazarwa, et al., 2000, Liesegang, et al., 1993,
Collard, et al., 1993) and NccYXHCBAN (nickel-cadmium-cobalt resistance) in Alcaligenes
xylosoxidans 31A (Schmidt and Schlegel 1994) although recognised to be functionally different, are
known to be considerably homologous.
Similarly, the CzcNICBADRS (cobalt-zinc-cadmium resistance) in Ralstonia metallidurans CH34 has
considerable homology with both CnrYXHCBAT and NccYXHCBAN. Both of the operons contain a
series of structural genes and a set of regulatory genes. The structural genes code for proteins that
form the structural components of the system such as channels, transporters, ATPases, etc. On the
other hand, the expression of the regulatory genes control the behaviour of the structural genes in
response to environmental stimuli. It was hypothesised that since among these three well known
resistance mechanisms, found in taxonomically diverse microorganisms, there is considerable
homology, it is therefore likely that similar mechanisms might be more common. Therefore, based
on DNA sequences similar among these three operons, degenerate primers were designed in the
structural genes (A, B and C) to search for similar genes in the local isolates. These degenerate
primers were designed after a triple sequence alignment of cnrCBA, nccCBA and czcCBA genes. All
of the degenerate primers were designed with a strong 3’ clamp region to facilitate its use for
sequencing.
The polymerase chain reaction primed with these oligos produced products in the Enterobacter sp.
CMG156 that belonged to B and C structural genes. The oligo pairs were designed to partially
amplify the target gene (product size ca. 0.5-1.5 kb) since the entire structural genes in these
operons are too large to be amplified with the standard PCR reaction. The strategy is to sequence
these products and then to sequence outwards from these PCR products by primer walking. Finally
contig assembly would provide a larger sequence. The analysis of which could predict the structure
of the translated protein and possibly its location in the cell and its cellular function. BLAST search
of the DNA sequences from the PCR product did not find similar sequences with significant
homology in the GenBank, EMBL, DDBJ and PDB databases, suggesting that the nickel resistance
mechanism in the Enterobacter sp. CMG156 is hitherto unknown. Sequence alignment analysis
revealed that the “B” structural gene sequence exhibited a low level homology with a number of
sequences from the known nickel resistance systems as well as low level identity in the translated
amino acid sequences. On the other hand, no homology was found in the “C” gene products by
sequence alignment.
In conclusion, copper resistance determinant in Enterobacter sp. CMG457 is similar to the Pco
operon described in Escherichia coli. Whereas, the nickel resistance determinant in Enterobacter
sp. CMG156 is novel and hitherto unknown, though it may have genes analogous to the B and C
structural genes in Cnr, Ncc and Czc systems.
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POLAND
Title: Crystallographic studies of pathogenesis-related proteins from Lupine
Principal Investigator: Mariusz Jaskólski, Center for Biocrystallographic Research, Institute of
Bioorganic Chemistry, Polish Academy of Sciences, Noskowskiego 12/14, 61-704 Poznan, Poland.
Tel:+48-61-8528503, Fax: +48-61-8520532, E-mail: mariuszj@amu.edu.pl
ICGEB Contract No. 00/011
ICGEB Reference No. CRP/POL00-06
Keywords: pathogenesis, symbiosis, allergens, protein crystallography
Abstract: The crystal structures of three recombinant yellow lupine proteins representing two
PR10 subclasses, have been solved to the resolution of 1.95, 2.25, and 1.90 Å, respectively,
providing valuable structural information about this class of proteins, based on the five
independent copies of the protein molecules found in the crystals. The fold of PR10 proteins
consists of a seven-stranded antiparallel β-sheet wrapped around a long C-terminal helix (α3).
Strands at the edges of the sheet are separated by two short helices (α1, α2). There are nine loops
connecting the secondary structure elements. Loop L4, formed by a sequence containing four Gly
residues, is extremely rigid and has identical conformation in all known PR10 structures. This loop
is, together with helices α1 and α2, at the mouth of an unusual pocket formed within the protein
core between the concave face of the β-sheet and helix α3. The shape and surface of this pocket
are compatible with binding a medium-size ligand, such as a cytokinin molecule. Helix α3 shows a
surprising degree of sequence and structural variability, particularly in its N-terminal part that is
responsible for its proper location in the β-sheet groove. The N-terminus seems to be important for
controlling the final conformation of helix α3. Diffraction data available for a complex of another
PR10 protein with a cytokinin, promise key new information on ligand binding.
Objectives:
The main objectives of this project have been as follows:
(i) overexpression, purification and crystallization of representative yellow lupine pathogenesisrelated proteins of PR10 class;
(ii) co-crystallisation of PR10 proteins with potential ligands;
(iii) measurement of diffraction data for the obtained crystals;
(iv) determination and refinement of their crystal structures;
(v) comparative analysis of the determined structures with the aim of elucidating the biological
function of PR10 proteins.
Original Objectives:
(i) Solution and refinement of the structure of LlPR10.1A (synchrotron data available);
(ii) Crystallisation of another homologue of the LlPR10.1 subclass (form B) showing 76% amino
acid sequence identity with form A;
(iii) Crystal structure determination of LlPR10.1B;
(iv) Search for possible ligands of the PR10 proteins (both co-crystallisation/soaking and computer
modeling). Possible ligands include nucleoside analogs because of the reported ribonuclease
activity of these proteins;
(v) Comparative structural studies of the lupine PR10 homologues and their (possible) ligand
complexes.
Results Obtained:
The crystal structures of two yellow lupine pathogenesis-related PR10 proteins of unknown function
have been determined and refined using the following X-ray diffraction data: (i) low-temperature,
synchrotron radiation, 1.95 Å resolution (LlPR10.1A protein) and, (ii) room-temperature CuKa
radiation, 2.25 Å resolution (LlPR10.1B protein). The structures were solved by molecular
replacement with the birch pollen allergen protein (PDB code 1BV1) as a model for LlPR10.1A and
LlPR10.1A - as a model for LlPR10.1B The refinements were carried out with standard procedures
including simulated annealing, positional and B-factor refinement, and manual modeling according
to electron density maps The final R-factors are 19.6% for LlPR10.1A and 18.6% for LlPR10.1B. In
search of the physiological role of the PR10 proteins, as well as in order to understand the mode of
binding of plant hormones by a subfamily of PR10 proteins called CSBP (cytokinin-specific binding
proteins) and to compare their molecular architecture with the structure of classic PR10 proteins, a
complex of mung bean CSBP protein with the hormone zeatin has been crystallised. Earlier, we
have predicted by molecular modeling, that zeatin could be bound in the PR10 binding pocket
described by us and by others. The structure of this complex is currently being studied by the
method of multiwavelength anomalous diffraction (MAD).
Results Unforeseen in the Original Project:
(i) We have cloned, overexpressed, purified, and crystallised a new yellow lupine PR10 protein
belonging to subclass 2 (LlPR10.2A). X-ray diffraction data have been collected and the structure
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has been solved and refined to 1.90 Å resolution and R-factor of 21.4% (manuscript in
preparation).
(ii) Using the knowledge gained from our structures of the PR10 proteins, we were able to explain
the difficulties in expression and purification of another lupine PR10 protein, from the CSBP
subfamily. Using genetic modification of this protein, we were able to improve the final yields.
Results published in an M.Sc. thesis (Piotr Paryzek, UAM Poznan 2002).
(iii) Working on the crystal structure of CSBP protein from another legume plant, mung bean, we
were unable to solve it by molecular replacement. This forced us to resort to the methods of
isomorphous replacement and anomalous scattering. For derivatization, we used a novel
compound, (Ta6Br12)Br2, and have obtaining fascinating scientific results. They will be the subject
of a methodological paper.
Networking:
(i) Prof. Grzegorz Bujacz and Rafal Dolot, a Ph.D. student whose main affiliation is at the
Polytechnical University of Lodz, have visited the Institute of Bioorganic Chemistry in Poznan on
many occasions, working on the crystallisation of the pathogenesis-related proteins included in this
project.
(ii) Dr. Jacek Biesiadka, currently at the Freie Universitat, Berlin, Germany, has visited the Institute
of Bioorganic Chemistry in Poznan several times, collaborating on the interpretation of the crystal
structures of PR10 proteins including cytokinin-specific binding proteins (CSBP) from legume plants
(yellow lupine and mung bean), a new homologues of PR10 protein class.
(iii) Prof. Grzegorz Bujacz and Prof. Mariusz Jaskolski together with three Ph.D. students, Rafal
Dolot from the Polytechnical University of Lodz, Robert Kolodziejczyk from the Polytechnical
University of Wroclaw, and Oliwia Pasternak from this Institute, have carried out X-ray diffraction
experiments at the EMBL Outstation in Hamburg.
Publications:
Biesiadka, J., Bujacz, G., Sikorski, M.M, Jaskolski, M. Crystal structures of two homologous
pathogenesis-related proteins from yellow lupine. 2002. J Mol Biol, 319, 1223-1234
Bujacz, G., Pasternak, O., Fujimoto, Y., Hashimoto, Y., Sikorski, M.M., Jaskolski, M.
Crystallisation and preliminary crystallographic studies of mung bean cytokinin-specific binding
protein. 2003. Acta Cryst. D59, 522-525
Biesiadka, J., Pasternak, O., Handschuh, L., Bujacz, G., Sikorski, M.M., Jaskolski, M.
Crystal structures of yellow lupine pathogenesis-related proteins of class 10. Proceedings of the
XIIth International Congress on "Genes, Gene Families and Isozymes". 2004. Monduzzi Ed. (in
press)
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SERBIA
Title: Regulation of gene expression in antibiotic producer Streptomyces tenebrarius
Principal Investigator: Branka Vasiljevic, Institute of Molecular Genetics and Genetic Engineering
(IMGGE), Vojvode Stepe 444a, P.O.Box 446, 11001 Belgrade, Serbia. Tel: +381-11-3975744, Fax:
+381-11-3975808, E-mail: vasiljb@eunet.yu
ICGEB Contract No. 00/009
ICGEB Reference No. CRP/YUG00-05
Keywords: autoregulation, resistance gene, aminoglycoside producer, ABC transporter
Abstract: The actinomycete Streptomyces tenebrarius produces aminoglycoside antibiotics. This
strain, like many other antibiotic-producing strains, protects itself against its own product by
modification of the target site, i.e. ribosomes. The KgmB methylase (the kanamycin-gentamicin
resistance methylase from S. tenebrarius) acts at G-1405 of 16S rRNA within the sequence CGUCA
that is also found 6 bp in front of RBS of the kgmB gene. The kgmB::lacZ gene fusions were used
in order to test for translational autoregulation of kgmB gene. Overexpression of kgmB either in cis
or in trans drastically decreased the level of expression of the fusion protein. Mutagenesis
eliminated any role for the CGUCA sequence in translational autoregulation. Hence, the role of
second putative regulatory sequence (CGCCC) that was shown to be involved in regulation of
another methylase, Sgm (sisomicin-gentamicin methylase gene from Micromonospora zionensis)
was examined. It was shown that the Sgm methylase can also decrease the level of expression of
the kgmB::lacZ fusion protein. The purified KgmB protein was used in RNA gel retadration
experiments and it was demonstrated that there is specific binding to 120nt long T7 in vitro
generated transcript. We have also studied ABC transporter that is positioned in the 5' upstream
region in front of the kgmB gene. Part of the gene was sequenced and analysis showed a high
degree of similarity with putative ABC transporter intracellular ATPase subunit of bldKE gene from
Streptomyces coelicolor. Position of this ORF suggests that it is probably a part of the antibiotic
biosynthetic operon.
Objectives:
The experiments described in this proposal are designed to study regulation of the kgmB gene and
possible role of ABC transporter in biosynthetic gene cluster.
Original Objectives:
(i) To make constructs with mutagenised/deleted regulatory sequence(s) and to determine their
role in expression of the kgmB gene;
(ii) To study binding of KgmB methylase to regulatory sequence(s);
(iii) To clone and sequence gene for ABC transporter;
(iv) To investigate the role of ABC transporter in biosynthesis of antibiotics.
Results Obtained:
Identification of sequences involved in translational autoregulation of the kgmB gene
The kgmB product methylates 16S rRNA at residue G-1405 within the sequence CGUCA that is also
found 6 nt in front of ribosomal binding site or 21 nt in front of translational start codon. To study
translational autoregulation of the kgmB gene in cis, the plasmid carrying the kgmB::lacZ
translational fusion was constructed, as well as the plasmid that has the identical fusion plus the
kgmB gene driven by the same promoter. The level of β-galactosidase activity produced by strains
carrying either one of the plasmids was compared and it was shown that the presence of KgmB
methylase dramatically decreased the activity of fusion protein, i.e., less then 1% of βgalactosidase activity was retained.
a. Mutagenesis of potential regulatory sequence of the kgmB gene
The putative regulatory sequence (CGUCA) was mutagenised by PCR and the plasmid carrying the
kgmB::lacZ fusion with mutated regulatory sequence (GAUCC) was constructed. The kgmB gene
was inserted into this plasmid, and again strains carrying one of these plasmids were assayed for
the β-galactosidase. Surprisingly, the effect of the kgmB gene product on mutated fusion was the
same as on the wild type fusion excluding the possibility that the CGUCA sequence is involved in
autoregulation.
b. Deletion of potential regulatory sequence of the kgmB gene
To study role of the second putative regulatory sequence (CGCCC) in autoregulation, two additional
constructs were made. One construct had deletion of CGCCC and the other had deletion of both,
CGUCA and CGCCC, putative regulatory sequences. However, in both constructs the β-gal fusions
were inactive. The RT-PCR reactions gave expected bands proving that transcription was accurate.
The observed lack of β-galactosidase activity in these constructs suggested that the upstream
region of the kgmB gene is indispensable for the initiation of translation.
Since in all experiments described above the kgmB gene and the kgmB::lacZ fusion were
expressed from the same promoter, in trans analysis of translational regulation was done. The
constructs carrying either wild type or mutated kgmB::lacZ fusions were made in the pMS421
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plasmid which is compatible for co-expression with ColE1 derivative plasmids. The level of βgalactosidase activity produced by strains carrying one of the fusions was compared to activity of
strains carrying fusion plus the kgmB gene. The results confirmed that the KgmB methylase
reduces the activity of fusion protein expressed from wild type or mutated kgmB::lacZ fusion.
Binding of kgmB methylase to regulatory sequences
The kgmB gene was cloned into QIAexpress pQE-30 and pQE-70 vectors. Kanamycin resistance of
cells containing one of the recombinant plasmids confirmed the functionality of both KgmB-His
fusion proteins in vivo. Expression of the KgmB protein gives rise to a major band on SDSpolyacrylamide gel corresponding to a 33kDa protein for the KgmB with 6xHis tag and recognition
site for enterokinase at the N-terminus, and 32kDa for the KgmB with 6xHis tag at the C-terminus.
We observed different level of expression between these two recombinant proteins - KgmB
methylase with 6xHis tag at the N-terminus showed higher level of expression. This distinction in
expression could be the consequence of different conformation or stability of the recombinant
KgmB methylase with 6xHis tag at the N- or at the C-terminus. The recombinant KgmB-His
proteins were purified by using Ni-NTA affinity chromatography under native conditions. The KgmB
methylase with 6xHis tag at the N-terminus was purified to homogeneity >95%. Western blot
analysis of the purified KgmB-His proteins showed that anti-Sgm antibodies cross-react with this
protein.
RNA gel retadration experiments demonstrated that there is specific binding to 120nt long T7 in
vitro generated transcript. Supershift experiments were performed with anti-Sgm antibodies. The
toe printing experiments with different combination of regulatory sequences are still in progress.
Cloning and sequencing of gene encoding ABC transporter
For cloning of a potential ABC transporter from Streptomyces tenebrarius first we used LA PCR in
vitro cloning kit (Takara Shuzo Co., Ltd.) that enables amplification of the long unknown region on
DNA using specific primers from the known region and universal cassette primers from the kit.
However, we obtained 3.5 kb PCR fragment that we could not clone using kit mentioned above.
Therefore, we decided to change strategy and to make cosmid library. It was confirmed by
Southern blot hybridisation that ABC probe hybridise to the fragment of 3.5 kb. Five out of 60
positive clones were choosen for further analysis. So far, part of the gene that was sequenced and
analysed showed a high degree of similarity with putative ABC transporter intracellular ATPase
subunit of bldKE gene from Streptomyces coelicolor. Our nucleotide sequence has been deposited
in the GenBank database under accession number AF536528. The transcription analysis by
Northern blot and primer extension is still in progress.
The role of ABC transporter in biosynthesis of antibiotics
Part of the cloned gene for ABC transporter (900bp) together with thiostrptone resistance gene was
used to disrupt this gene in Streptomyces tenebrarius chromosome. Two thiostreptone resistant
transformants were obtained and antibiotic production was analysed by overlay technique with
antibiotic sensitive strains. Both transformants showed inhibition zone suggesting that either ABC
transporter is not involved in biosynthetic pathway and export of antibiotic, or that inactivation
cassete was integrated in some of other genes for ABC transporters. Southern analysis confirmed
the second hypothesis and therefore, we are now trying to obtain more thiostreptone resistant
transformants for further analysis.
Networking:
Since only one Affiliated Centre from Serbia and Montenegro is involved, most of the experiments
have been performed in the Laboratory for Molecular Genetics of Actinomycetes, IMGGE, Belgrade.
Collaboration with the Bacteriology Group, ICGEB, Trieste, Italy, was established and one of the
students spent two weeks in this laboratory.
Publications:
Miljkovic, M, Vasiljevic, B. In trans regulation of the sgm::lacZ fusion. 2002. Arch. Biol. Sci. 54,
1P-2P
Vajic, S., Anastasov, N., Vasiljevic, B. The kgmB gene, encoding ribosomal RNA methylase from
Streptomyces tenebrarius, is autogenously regulated. Arch. Microbiol. (in press)
Vajic, S., Markovic, S., Jovanovic, M., Vasiljevic, B. Identification of cis-acting sequences
required for translational autoregulation of the KgmB methylase. (in preparation)
Vajic, S., Savic, M., Vasiljevic, B. Identification and characterisation of ABC transporter of
antibiotic-producing Streptomyces tenebrarius (in preparation)
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SLOVENIA
Title: The role of lanosterol 14α-demethylase (cyp51) in production of meiosis activating sterols
(mas) in the male gonad
Principal Investigator: Damjana Rozman, Medical Center for Molecular Biology, Institute of
Biochemistry, Medical Faculty, University of Ljubljana, Vrazov trg 2, SI-1000 Ljubljana, Slovenia.
Tel: +386-1-5437662, Fax: +386-1-5437641, E-mail: damjana.rozman@mf.uni-lj.si
ICGEB Contract No. 00/012
ICGEB Reference No. CRP/SLO00-01
Keywords: cholesterol biosynthesis, lanosterol 14α-demethylase, meiosis-activating sterols,
spermatogenesis.
Abstract: Lanosterol 14α-demethylase (CYP51) is a cytochrome P450 enzyme involved in the
postsqualene part of cholesterol biosynthesis. CYP51 in the presence of NADPH-P450 reductase
converts lanosterol to FF-MAS (folicular fluid meiosis activating sterol). FF-MAS is one of the two
meiosis activating sterols which are intermediates of cholesterol biosynthesis and accumulate only in
gonads. They activate resumption of meiosis in mouse oocytes in vitro but their physiological function
in reproduction is not yet fully understood. The tissue-specific expression of the CYP51 gene seems to
be regulated primarily at the level of transcription. Regulation by the sterol regulatory element
binding protein (SREBP)-dependent pathway in the liver leads to overexpression of CYP51 as well as
of other genes of cholesterol biosynthesis and results in increased cholesterol production. A different,
cAMP-responsive element modulator (CREMτ)-dependent regulation of CYP51 predominates in
spermatids. This project aims to study mechanisms leading to overproduction of CYP51 mRNA in
male germ cells. The hypothesis that increased CYP51 expression and discordant regulation of
cholesterol biosynthesis in germ cells results in accumulation of MAS sterols will also be evaluated.
Objectives:
(i) to study the mechanism(s) which lead to overproduction of CYP51 mRNA in male germ cells;
(ii) to evaluate the hypothesis that increased CYP51 expression and discordant regulation of
cholesterol biosynthesis in germ cells results in accumulation of MAS.
Original Objectives:
To study mechanism(s) which lead to overproduction of CYP51 mRNA in male germ cells. We want
to establish which transcription factors and which coactivator proteins work together with cAMPresponsive element modulator CREMτ in order to activate CYP51 transcription. Transcription factors of
the Sp family which bind to GC-boxes will be considered. Even if both CREMτ and Sp-family
transcription factors are able to physically interact with the basal transcriptonal machinery, many
studies show that additional coactivator protiens are needed to make this link more efficient. CREB
binding protein CBP and the LIM family protein ACT are two coactivator proteins which are able to
interact with CREMτ in order to recruit the basal machinery. The potential presence of SREBP-family
transcription factors in male germ cells will also be addressed in detail. Our preliminary research
indicates that even if SREBPs are present in spermatids, the levels very low.
To evaluate the hypothesis that increased CYP51 expression and discordant regulation of
cholesterol biosynthesis in germ cells results in accumulation of MAS sterols. One approach to
understand the role of elevated expression of CYP51 mRNA in haploid male germ cells will be to
study mRNA expression of pre-CYP51 (HMG-CoA reductase, HMG-CoA synthase, farnesyl
pirophosphate synthase) and some post-CYP51 genes (sterol 4,4-demethylase, C5-desaturase, Δ8,7isomerase and Δ7-reductase). We will study also the expression of CYP51 protein on the
ultrastructural level using the anti-human CYP51 antibodies. Antibodies for most other enzymes of
cholesterol biosynthesis are either not available or are not working well even in laboratories
specialised on the cholesterol biosynthetic pathway (the laboratory of Drs. J.L. Goldstein and M.S.
Brown, from University of Texas). We will measure cholesterol and MAS sterol content in germ
cells. Additionally, we will measure same sterols in in vitro systems which would mimick the
transcriptional state of male germ: in different somatic cell lines (HepG2, JEG-3, H295R) with
overexpressed transcription factors and coactivator proteins which will be previously determined to
influence CYP51 transcription in germ cells.
Results Obtained:
The objectives of the project have been completed and most of the data is already published or are
in press. The 3-year project period resulted in 8 original papers, one book chapter, while one paper
is currently submitted.
To study mechanism(s) which lead to overproduction of CYP51 mRNA in male germ cells.
We have discovered that discordant expression of cholesterogenic genes is the first level of
regulation that leads to accumulation of intermediates of the cholesterol biosynthesis. On the
transcription-regulation level, cAMP-dependent stimuli seem to be responsible only for upregulating CYP51 but not other genes of cholesterol biosynthesis. A single cAMP-responsive
element CRE2 is responsible for mediating the cAMP-dependent trans-activation of CYP51. Even if
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this is a cholesterogenic gene, trans-activation by cAMP-dependent stimuli proceeds independently
of the cellular lipid level. This last discovery is in submission in Journal of Biological Chemistry.
To evaluate the hypothesis that increased CYP51 expression and discordant regulation of
cholesterol biosynthesis in germ cells results in accumulation of MAS sterols.
This hypothesis has been confirmed. We have discovered the discordant regulation of
cholesterogenic genes in the male gonad and the presence of additional germ-cell specific
transcription factors of the SREBP family in testis. We have also shown for the first time that
acrosomal membranes of the sperm synthesise meiosis activating sterols MAS in situ.
Results Unforseen in the Original Project:
Transcription factors of the SREBP family have been discovered in the testis on the RNA level
(reverse-transcription PCR) and on the protein level (western analysis).
Networking:
Dr. M. Cotman from the Veterinary Faculty, University of Ljubljana, spent 2 months and carried out
several short visits in the laboratory of Dr. D. Jezek (Institute of Histology and Embriology, Medical
Faculty University of Zagreb) to work on the collaborative studies of ultrastructural localisation of
CYP51 and P450 reductase proteins in mammalian testis. Dr. S. Kalanj-Bognar, M.D., from the
Medical Faculty, University of Zagreb also spent 2 months and carried out several short visits in the
laboratory of the Principal Investigator, Dr. Rozman, to perform transcriptome-related studies
(reverse-transcription PCR, preparation of DNA microarrays, real time PCR). Moreover, Drs.
Rozman and Jezek carried out yearly visits, to Zagreb and Ljubljana respectively, for project
discussions.
Publications:
Cotman, M., Rozman, D., Banek, L., Jezek, D. Localisation of lanosterol 14α-demethylase in
round and elongated spermatids of the mouse testis: an immunoelectron microscopic and
stereological study.2001. Pflügers Arch. Eur. J. Physiol. 442(1), R167-R168
Fon Tacer, K., Haugen, T.B., Baltsen, M., Debeljak, N., Rozman D. Tissue-specific transcriptional regulation of the cholesterol biosynthetic pathway leads to accumulation of testis meiosis
activation sterol T-MAS. 2002. J. Lipid. Res. 43, 82-89
Halder, S.K., Fink, M., Waterman, M.R., Rozman, D. A functional cAMP responsive element is
essential for the sterol regulatory element binding protein-dependent activation of lanosterol 14αdemethylase (CYP51). 2002. Mol. Endo. 16, 1853-1863
Rozman, D., Waterman, M.R. Sterol synthesis. In: Genetics of steroid biosynthesis and function.
Modern genetics book series (R. Lathe, ed.), Harwood Academic publisher, UK 2002, 41- 55
Rozman, D., Cotman, M., Frangez, R. Lanosterol 14α-demethylase and MAS sterols in
mammalian gametogenesis. 2002. Mol. Cell. Endo., 187, 179-187
Debeljak, N., Fink, M., Rozman, D. Many facets of mammalian lanosterol 14α-demethylase from
the evolutionary conserved cytochrome P450 family CYP51. 2003. Arch. Biochem. Biophys. 409,
159-17
Fon Tacer, K., Kalanj-Bognar, S., Waterman, M.R., Rozman D. Lanosterol metabolism and
sterol regulatory element binding protein (SREBP) expression in male germ cell maturation. J.
Steroid. Biochem. 2003. Mol. Biol., 85, 429-438
Cotman, M., Jezek, D., Fon Tacer, K., Frangez, R., Rozman, D. A functional cytochrome P450
lanosterol 14α-demethylase CYP51 enzyme in the acrosome: transport through the Golgi and
synthesis of meiosis activating sterols. Endocrinology (in press)
Rezen, T., Debeljak, N., Kordis, D., Rozman, D. Evolution of lanosterol 14α-demethylase and
cytochrome P450: lanosterol/cycloartenol diversification and lateral transfer, J. Mol. Evol. (in press)
Fink, M., Rezen, T., Rozman, D. Transcriptional activation of the cholesterogenic lanosterol 14αdemethylase gene CYP51 by cAMP-dependent stimuli independent of the cellular lipid level. J. Biol.
Chem. (submitted)
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TUNISIA
Title: Correlation between the aa sequence and the physico-chemical properties of three enzymes
involved in the glucose and fructose production
Principal Investigator: Samir Bejar, Laboratoire d’Enzymes et de Métabolites des Procaryotes,
Centre de Biotechnologie de Sfax, BP «K», 3038 Sfax, Tunisia. Tel: +216-74-274110, 275373, Fax:
+216-74-275970, E-mail: samir.bejar@cbs.rnrt.tn
ICGEB Contract No. 00/013
ICGEB Reference No. CRP/TUN00-02
Keywords: thermostability, glucose isomerase, atypical amylase, pullulanase
Abstract: The aims of this project are the study of the structure-function relationships of the
glucose isomerase of Streptomyces SK strain (SKGI), the atypical amylase of B.
stearothermophilus US100 (AmyUS100) and the study of a thermoactive pullulanase from US105
strain (PulUS105).
We suggested that the A103 residue of SKGI could be implicated in the enzyme thermostability and
acidotolerance. To confirm this hypothesis a SKGI-A103G mutant was constructed. This
substitution significantly decreases the half-life time from 80 to 50 min at 90°C and increases the
optimal pH from 6.5 to 7.5. The generated 3D structure model reveals that the A103G change
increases molecular flexibility and destabilises the 91-109 loop including the important catalytic
residue F94. The construction of a new strain, over-expressing the SKGI activity is also reported.
To prove the implication of the N315 and V450 in the AmyUS100 end products, a double mutant
(N315D/V450G) was generated. The major end products of this mutant shift from G5/G6 to G2/G3
proving the implication of theses residues in the catalysis of starch. The superposition of a
generated AmyUS100 3D-structure with that of B. licheniformis (1bli) shows an additional loop in
AmyUS100, formed by the residues I213 and G214. We demonstrated that the deletion of this loop
improves the thermostability and decreases the calcium need.
We also succeeded the molecular cloning and nucleotide sequence determination of pulUS105 gene
sequence encoding the thermoactive pullulanase from US105 strain. The study of over expressed
recombinant activity allows its classification as a type I pullulanase.
Original Objectives:
The principal aim of this project consists of the study of the structure function of the SKGI and the
AmyUS100. We plan to investigate the implication of some aa in the thermoactivity and in the
tolerance of lower pH of the SKGI in one hand and in the atypical pattern action on starch
hydrolysis of the Amy US100 in the other hand. Another future of this study consists of the
construction of recombinant strain over expressing the SKGI. The molecular cloning of the
pullulanase gene of US105 strain, the determination and analysis of its nucleotide sequence are
also a part of this project.
Results Obtained:
1. Glucose isomerase of Streptomyces sp. SK strain (SKGI)
1(i) Enzymes purifications
The recombinant wild type or mutant proteins were purified after a three steps. The purified SKGI
enzyme, exhibits high purity with a single band of nearly 180 kDa on native PAGE and a single
band of about 43 kDa on SDS-PAGE indicating that SKGI is a homotetramer holoenzyme.
1(ii) Effect of the A103G mutation on enzyme properties and structure
A mutant SKGI-A103G was constructed by site directed mutagenesis. The physico-chemical
comparison of SKGI and SKGI-A103G shows that this substitution shifts the optimum pH from 6.5
to 7.5-8. This mutation does not present a strong effect on the thermoactivity; but significantly
decreases the thermostability since the half-life time at 90°C was decreased from 80 to 50 min.
To investigate the A103G replacement effect, a 3D homology model of SKGI was generated using
the SOGI structure as template. This model shows that the A103 residue belongs to the 91-109
loop including the important catalytic residue F94. The A103G substitution alters the loop structure,
since it is known that Glycine increases local flexibility and consequently the degree of freedom.
Moreover, this mutation suppresses the hydrophobic interactions, having a known stabilising role in
hyperthermophilic proteins, leading to a destabilisation of the loop environment.
1(iii) Construction of a new strain over expressing the SKGI gene
The SKGI gene was placed under the control of the ermE-up promoter and integrated to the
genome of S. violaceoniger GI deficient strain using the integrative vector pTS55. The resulting
CBS4 strain shows a perfect stability and has about five times higher GI activity compared to that
of Streptomyces sp. SK strain.
2. Alpha amylase of US100 strain (AmyUS100)
2(i) Construction of three mutants of AmyUS100 derivatives and study of mutations effect on
starch hydrolysis
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We reported the possible implication of N315, V450 and T525 AmyUS100 residues in the end
products profile of starch hydrolysis (Ben Ali et al., 2001). To confirm this, three mutants were
constructed; two of them have a single mutation N315D or V450G while the third one has the both
mutations. The study of these mutants and wild type enzymes properties allows concluding that
the starch hydrolysis profile of the double mutant enzyme (N315D-V450G) shifts from G6/G5 to
G3/G2 proving the implication of the V450 and N315 in that switch. In order to explain this result,
the 3D structure of AmyUS100 and its double mutant were generated.
2(.ii) Modeling and Study of AmyUS100 and the double mutated AmyUS100
The structure of a 3D AmyUS100 generated model shows a typical structure of α-amylases with a
large central domain A (β/α)8; a domain B and a domain C. The study of the double mutant model,
shows that the mutations do not guide significant change in the organisation of the sub-sites which
is the most important factor affecting the catalysis of amylases. The observed results could be also
explained by an effect on the catalytic mechanism of the associated proteins. Some models
propose that each molecule of a-amylase is associated with others; the effect of a change could
acts on proteins in interaction.
2(iii) Increase of the thermostability and decrease of the calcium need by the deletion of I214 and
G215 residues
AmyUS100 has 65% homology with that of B. licheniformis, but it is less thermostable. The
comparison of the 3D of these two enzymes revealed the existence of an extra-loop of 2 residues
(I214 and G215) in AmyUS100. In order to study the possible implication of this loop in the
thermostability, we deleted theses two residues and discover a spectacular effect considering its
contribution to the improvement of the thermostability at 100°C; the half-life time increases from
15 min for the wild enzyme to 70 min for the mutant one. The study of a generated 3D structure
model also shows that CaI loses interactions with D105 and H238, which is implicated in the
domain A connection to the domain B. This observation is in favor of a limitation of the request of
calcium. The study of the thermostability of AmyUS100 and AmyUS100-ΔIG, at different calcium
concentrations, confirms this prediction. Indeed the mutated amylase requires only 25 ppm for a
maximal thermostability, instead of 100 ppm. Hence the obtained AmyUS100-ΔIG is very
interesting for the biotransformation of starch since it is more thermostable and need less calcium.
3. Molecular cloning of the pulUS105 gene, over-expression and characteristics of recombinant
activity
The strain was identified as B. thermoleovorans US105 strain after determination of the sequence
of the 16S rRNA and its comparison with reported 16S gene sequences in gene bank.
A 4kb HindIII DNA fragment was cloned from the genomic of US105 strain. The analysis of the
determined 2500 bp allowed the identification of one Open Reading Frame of 718 amino acids
encoding the PulUS105. The pulUS105 gene was cloned under the control of lac promoter leading
to a fifteen fold more activity than original construction. The pullulanase activity has an optimal
temperature of 75°C, attacks specifically α-(1,6) glucosidic linkages in pullulan and starch and
gives maltotriose as end product of pullulan hydrolysis. These results, in addition to the high
sequence similarities of PulUS105 with the type I pullulanases, allow its classification as a type I
pullulanase.
Networking:
A strong collaboration was established between our group and that of Dr. Richard Haser
(Laboratoire de Bio-Cristallographie, IBCP, UMR 5086-CNRS Lyon, France). This collaboration
concerns the determination of the 3D structure of AmyUS100 and SKGI and the interpretation of
the different mutations effect. Two students, M. Ben Ali and M.A. Borgi, have visited the Lyon
laboratory for one week each, and Dr. R. Haser spent a week in Sfax and participated in the
commission for the defence of M. Ben Ali’s Thesis.
Publications:
Ben Messaoud, E., Ben Ammar, Y., Mellouli, L., Bejar, S. Thermostable pullulanase type I from
new isolated Bacillus thermoleovorans US105, Cloning, sequencing and expression of the gene in
E. coli. 2002. Enzyme and Microbial Technology 31, 827-832
Borgi, M.A., Srih-Belguith, K., Ben Ali, M., Mezghani, M., Tranier, M., Haser, R., Bejar, S.
Glucose isomerase of the Streptomyces sp. SK strain: Purification, sequence analysis and
implication of Alanine 103 residue on the enzyme thermostability and acidotolerance. 2004.
European Journal of Biotechnology (submitted)
Ben Ali, M., Khemakhem, B., Robert, X., Haser, H., Bejar, S. Thermostability enhancement,
and starch-breakdown-profile changing of the maltohexaose-forming amylase of B.
stearothermophilus sp. US100 (to be submitted)
Mezghani, M., Borgi, M.A., Aisaoui, H., Bejar S. Construction of new stable strain overexpressing the GI of the Streptomyces SK strain (in preparation)
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TURKEY
Title: Novel electron carriers in Rhodobacter species
Principal Investigator: Sevnur Mandacı, Molecular Bioenergetics Laboratory of TUBITAKResearch Institute for Genetic Engineering and Biotechnology, P.O Box 21, 41470 Gebze-Kocaeli,
Turkey. Tel: +90-262-6412300, 6414021, Fax: +90-262-6463929, E-mail: sevnur@rigeb.gov.tr
ICGEB Contract No. 99/016
ICGEB Reference No. CRP/TUR99-01
Keywords: Rhodobacter, c-type cytochromes, soluble cytochrome, photosynthesis, respiration
Abstract: The membrane-associated electron carrier cyt cy of Rb. capsulatus consists of two parts,
the anchor-linker and the cyt c part. The long and flexible anchor-linker domain of cyt cy is
unprocessed during its translocation to periplasm and provides its link to the membrane. This
anchor-linker domain can also anchor to membrane other cyts such as the periplasmic cyt c2. In
this project soluble versions of the membrane bound cyt cy (S-cy) were constructed to probe
whether their cyt c domains are functionally exchangeable. The cyt S-cy was constructed by fusing
the cyt c2 signal sequence with the cyt c domain of cyt cy. Unlike the hybrid membrane-attached
cyt c2 (MA-c2) that supported both photosynthesis (Ps+) and respiratory (Res+) growth of R.
capsulatus strain FJ2 (cyt c2-, cyt cy- Ps-), the soluble cyt cy (cyt S-cy) thus obtained was unable to
support photosynthesis of strain FJ2. However, it reverted frequently Ps+. During this work we
have isolated two classes of revertants. The first group of revertants, named as S-cyR3 and S-cyR5,
contained the His53Tyr and Lys19Arg substitution located next to the fifth axial ligand of heme iron
in the c domain of S-cy respectively, and their cellular levels were increased, presumably allowing
them to support Ps growth. The second group of revertants, FJ2-R4, contained a chromosomal
mutation that further increased cellular levels of cyt S-cy. In the case of cyt S-cyR5 the level
reached 1/3 of cyt c2 and supported Ps growth. A double mutant was constructed by site-directed
mutagenesis and exhibited improved electron transfer ability. The combined substitutions in the
double mutant resulted in a wild type-like Ps+ growth, and produced the soluble variant of cyt cy
(cyt S-cyR35) at amounts comparable to that of cyt c2. These higher amounts of cyt S-cy facilitated
the detailed biochemical and biophysical analyses.
Objectives:
The overall aim of this project was to contribute towards a complete understanding of the soluble
and membrane-associated electron transferring c-type cytochrome components that operate in
photosynthesis and respiration, using the bacterial model system provided by the Rhodobacter
species. The specific aim was to construct and analyse the soluble version of the membraneattached cyt cy (S-cy) to demonstrate rigorously that the cyt domains of the soluble (i.e., cyt c2)
and membrane attached (i.e. cyt cy) electron carries are functionally interchangeable both for their
photosynthetic and respiratory roles.
Results Obtained:
Characterisation of revertant strains to be used for construction of a new soluble cy (S- cy) and
phenotype of the S- cy in Rb. Capsulatus. Available cyt cy Ps+revertants carrying engineered EcoRI
site for the subcloning, were analysed and it was found that the reversion event that renders cyt cy
functional, occurs in the cyt c portion of cyt cy by a single base pair substitution at heme binding
site (T→C; Tyr→His). This finding experimentally underlined its critical role in c type cytochromes
and its conservation during the evolution. The cyt c domain of a Ps+ revertant provided us with a
better chance to construct a soluble cyt cy (S-cy) and yielded the plasmid pYO100 (cyt S-cy).
Photosynthetic growth phenotype was assessed by transferring it into the Rb. capsulatus mutant
FJ2 (cyt c2, cyt cy, Ps-). Unlike its membrane attached counterpart c2, this new cytochrome (S-cy)
was unable to function during photosynthesis.
Revertants of soluble cyt cy (cyt S-cy) from pYO100/FJ2. The soluble cyt cy (S-cy) yielded readily
spontaneous Ps+ revertants harboring S-cy both on minimal and enriched media. The revertant
called cyt S-cyR3 exhibited Ps+ phenotype, and harbored a mutation carried by the plasmid
(pYO103). Sequencing revealed that reverted soluble cyt S-cy contains a mutation as C→T
changing histidine (H53Y) located 24 amino acids away from sixth ligand, to a tyrosine.
Selection of other functional revertants of cyt S-cy (cyt S-cyR5, and FJ2-R4). Additional revertants
were obtained and characterised by determining their molecular nature, such as K19R reversion on
pYO105 plasmid. This change was also on the cyt c domain of cyt S-cy from the revertant of
pYO100/FJ2 strain. K19R mutation is located next to the 5th ligand of heme iron inside the c
domain on pYO105 plasmid. When these two plasmids, pYO103 and pYO105, were re-introduced
into FJ2 (c2-, cy), they yielded Ps+/- (Ps slow) and Ps+ colonies, respectively. In another revertant
DNA sequencing and re-transferring of plasmid into FJ2 strain indicated that the reversion was not
associated with the plasmid. Elimination of the plasmid from this revertant yielded a strain named
FJ2-R4. Although FJ2-R4 insures a better growth of pYOS-cyR3/FJ2, the chromosomal mutation(s)
that it carries remains unknown. We also observed that the photosynthetic growth by cyt S-cy, cyt
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S-cyR3, and cyt S-cyR5 was improved in the FJ2-R4 background. In supernatant fractions of the
strains, the level of soluble cyt S-cy was not sufficient to support Ps growth of FJ2 in the case of the
initial construct, but the level of the soluble cyt S-cyR3 was sufficient to provides Ps+/- growth. In
addition, we observed that the level of cyt S-cyR5 (K19R) was higher than that of cyt S-cyR3
(H53Y) in FJ2 background. Moreover, chromosomal mutation observed in FJ2-R4, provided even
further increase of protein amounts for the soluble cyt S-cy, cyt S-cyR3, and cyt S-cyR5, indicating
that this chromosomal mutation improves the cellular amounts of the soluble cytochromes.
Obtaining double mutant named S-cyR35 by site-directed mutagenesis and its characteristics. The
double mutant cyt S-cyR35 combining the mutations (H53Y) and (K19R) was constructed by sitedirected mutagenesis, yielding pYO135 (cyt S-cyR35). The reduced minus oxidised optical
difference spectra of supernatant fractions showed that it produced more S-cy than those seen with
cyt S-cyR3 or cyt S-cyR5. The data indicated that cyt S-cyR35 was produced in the FJ2-R4
background at equal amounts to that of the cyt c2 found in the R. capsulatus wild type strain
MT1131, or in its cyt cy derivative FJ1. Both oxidative and reductive chemical titration yielded an
Em7 values for cyt S-cy of about +335 mV and 338 mV that are similar to the value of its
membrane-attached form. Thus, neither rendering cyt cy soluble nor the K19R and H53Y mutations
which increased its steady-state amounts, affects its Em value.
Electron transfer ability of the novel cytochrome during photosynthesis. Electron transfer behavior
of cyt S-cy and of its interactions with the cyt bc1 and the RC were measured by light activated
time resolved spectroscopy. Data demonstrated that S-cy transfers electrons between the cyt bc1
complex and the photosynthetic RC. The strains pYO135/FJ2 or pYO135/FJ2-R4 harboring different
amounts of cyt S-cy exhibited various levels of cyt c re-reduction activities in parallel with their Ps+
phenotypes. Cyt c oxidation was revealed by addition of the cyt bc1 complex inhibitor stigmatellin
which blocked cyt c re-reduction. The flash data established clearly that cyt S-cy was able to
transfer electrons from the cyt bc1 complex to the RC upon its light activation. Carotenoid
bandshifts monitored at 475-490 nm wavelengths further confirmed ET events between these
physiological partners. As expected, the slower phases of the carotenoid bandshifs were
proportional to the extents of the ET activities seen in each case, demonstrating that transmembrane charge separation must have occurred upon establishment of the cyclic ET pathway
between the cyt bc1 complex and the RC via the cyt S-cy. Importantly, in the presence of cyt bc1
inhibitor, complete oxidation of RC occurs in two phases, with a first fast phase and then a slower
one. This is an intrinsic property of cyt S-cy that might be due to changes in its electrostatic
interactions with the RC.
Elimination of the alternate oxidase (ubiquinol oxidase, Qox) pathway and respiratory activities of
the soluble cytochromes. To analyse the role of S-cy derivatives in respiration, Qox chromosomal
knock-out mutants were obtained. The cydAB::gen* insertion-deletion allele was constructed by
cloning a gentamycin structural gene driven by R. capsulatus cycA promoter (gen*) into the R.
capsulatus cydAB genes. Then using this allele Qox-minus derivatives of R. capsulatus strain FJ2
(cyt c2-, cyt cy-) carrying various cyt S-cy derivatives were obtained. The strains thus obtained
lacked Qox as confirmed by testing their sensitivity to the cyt bc1 complex inhibitor myxothiazol
under the respiratory growth conditions. Electron flow through the different components of the
respiratory chain was measured by using specific substrates and inhibitors and directly monitoring
the rates of O2 consumption depending on NADH, succinate or, ascorbate in the presence or
absence of exogenous cyt c. Membrane fragments of the wild type strain MT1131 or other strains
carrying either membrane attached cyt cy or soluble cyt S-cy, oxidised NADH and ascorbate better
than succinate. No O2 consumption activity detected when it is inhibited by low concentration of
CN, indicating that the observed activity is mediated by the cyt c oxidase. These findings
demonstrated that cyt S-cy was able to function as an electron carrier in respiration as well as in
photosynthesis.
Results Unforeseen in the Original Project:
Construction and analysis of Rb. sphaeroides cyt S-cy (cyt cyRs). To investigate the electron transfer
behaviors of the closely related species Rhodobacter sphaeroides cytochrome cy, the soluble
derivative of R. sphaeroides cyt cyRs, S-cyt cyRs, was constructed and yielded a plasmid was named
pYO19 (cyt S-cyRs). However, pYO19 plasmid was unable to support Ps growth of Rb. capsulatus
strains. Its amount was not sufficient to be detected by sensitive SDS-PAGE/TMBZ assay
agreement with its Ps phenotype, and in addition, cyt S-cyRs did not yield any revertants unlike its
Rb. capsulatus homologue.
Networking:
The work carried out between the two laboratories (e.g., Prof. Daldal’s laboratory in Philadelphia,
USA and the laboratories of TUBITAK-RIGEB, Gebze, Turkey) was very interactive. During the past
four years two young researchers (e.g., Ms. Semra Aygün and Mr. Yavuz Öztürk) and the Principal
Investigator visited Dr. Daldal’s laboratory, with funds from both TUBITAK-RIGEB and ICGEB. The
same researchers were trained in Dr. Daldal’s laboratory, where they performed several
experiments including biochemical and biophysical characterisations of obtained mutant strains.
Moreover, Prof. Zannoni’s laboratory in Bologna, Italy has determined the respiratory properties of
the novel cytochromes.
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Publications:
Papers
Daldal, F., Mandaci, S. , Winterstein, C., Myllykallio, H., Duyck, K., Zannoni, D. Mobile cyt c2
and membrane-Anchored cytochrome cy are both efficient electron donors to the cbb3-and aa3-type
cytochrome c oxidases during respiratory growth of Rhodobacter sphaeroides. 2001. J.
Bacteriology, 188, 2013-2024
Öztürk, Y., Mandaci, S. Energy trunsduction and electron carrier protein in Rhodobacter
capsulatus. 2001. Biotechnol. & Biotechnol. Eq. 15, 56-66
Öztürk, Y. et al. Soluble Variants of Membrane-anchored Cytochrome cy of Rhodobacter
capsulatus and Rhodobacter sphaeroides as Photosynthetic and Respiratory Electron carriers (in
preparation)
Thesis
Construction and analysis of a soluble version of the membrane attached cytochrome cy in
Rhodobacter capsulatus. M.Sc. thesis, Yavuz Öztürk. 2001. Middle East Technical University,
Ankara, Turkey
Rhodobacter capsulatus bakterisinde ubikinol oksidazın inaktivasyonu, M.Sc.thesis, Özlem Akkaya.
2003. Gebze Institute of Technology, Faculty of Science. Gebze-Kocaeli, Turkey
Abstracts
Mandaci, S., Aygün, S., Öztürk, Y. Rhodobacter capsulatus bakterisinde genetik çalısmalar. 12th
National Biotechnology Congress, 17-21 September 2001, Ayvalık, Turkey
Öztürk, Y., Mandaci, S., Daldal, F. Novel electron carriers of Rhodobacter capsulatus. 28th FEBS
meeting, 20-25 October 2002, Istanbul, Turkey
Öztürk Y., Mandaci, S., Daldal, F. A Soluble form of cytochrome cy as an electron carrier in
Rhodobacter capsulatus. Twentieth Eastern Regional Photosynthesis Conference, 11-13 April 2003,
Woods Hole, Massachusetts, USA
Öztürk, Y., Mandaci, S., Daldal, F. Novel soluble derivatives of Rhodobacter capsulatus
cytochrome cy. 11th International Symposium on Phototrophic Prokaryotes-ISPP2003, 24-29 August
2003, Tokyo, Japan
Öztürk, Y., Mandaci, S., Osyczka, A., Prince, R.C., Daldal, F. A soluble form of cytochrome cy
as an electron carrier in Rhodobacter capsulatus. Gordon conference, 22-27 June 2003, Roger
Williams University, Bristol, RI, USA
Educational guide
Mandacı, S., Aygün, S. Moleküler Biyoloji-Yönlendirilmis Mutagenez: Temel Bilgiler ve Deneysel
Uygulamalar, 2003 Gebze-Kocaeli-Turkey (ISBN 975-403-293-9) (in Turkish)
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VENEZUELA
Title: Strain–typing and evolution of the fungal human pathogen Paracoccidioides brasiliensis.
Understanding the phylogenetic and morphological species concept in it.
Principal Investigator: Gioconda San-Blas, Mycology Laboratory, Center for Microbiology and
Cell Biology, Venezuelan Institute for Scientific Research (IVIC), P.O. Box 21827, Caracas 1020A,
Venezuela. Tel: +58-212-5041496; Fax: +58-212-5041382; E-mail: sanblasg@ivic.ve; Web site:
http://mycology.ivic.ve
ICGEB Contract No. 01/009
ICGEB Ref. No.: CRP/VEN00-01(b)
Keywords: Paracoccidioides brasiliensis, phylogeny, morphology
Abstract: Our goal was the study of the evolutionary biology of Paracoccidioides brasiliensis, a
human fungal pathogen responsible for the most frequent endemic mycosis in South America. We
aimed to answer two questions: (i) is P. brasiliensis more than one species? and (ii) Can
relationships between phylogenetic species and morphology in P. brasiliensis be drawn?
From the phylograms generated after analyses of the CHS4, Actin, ODC, URA3, and CHS2 in 21
isolates, a clear tendency to geographical grouping was observed, as strains separated according to
their Venezuelan, Colombian or Brazilian origin. The Brazilian strain Pb01 is phylogenetically
isolated from all other P. brasiliensis isolates under study. At this stage we cannot state that strain
Pb01 belongs to a different taxonomic group as to achieve this conclusion, more Pb01-type strains
should be isolated. The phylograms suggest clonal reproduction, although more isolates, studied
with tools of population genetics, should be analysed to answer this query. Morphologic
characteristics of the strains were similar to previously described P. brasiliensis strains, though
minor differences were not linked to phylogenetic or other criteria.
Objectives:
Our main objectives were related to find an answer to the following queries: (i) is P. brasiliensis
more than one species? and (ii) can relationships between phylogenetic species and morphology in
P. brasiliensis be drawn? Moreover, (iii) we wanted to corroborate that the armadillo (Dasipus
novemcinctus) is the animal reservoir for P. brasiliensis by isolating that fungus from its tissues
and/or blood and (iv) to isolate P. brasiliensis from soil, and animal/vegetal dead organic matter.
Original Objectives:
(i) To determine if the actual morphological species P. brasiliensis is conformed by genetically
isolated cryptic species;
(ii) To determine if there are specific genotypes for virulent and avirulent strains;
(iii) To establish morphological differences between strains;
(iv) To correlate morphological, virulent and genetic characteristics between isolates, to reach a
more complete idea of the species concept in this group, in order to ease species differentiation.
Results Obtained:
DNA samples were prepared from 4 Venezuelan, 14 Brazilian and 4 Colombian isolates. Samples
were checked out for integrity and DNA quantified. A selection of genes was made, on the basis of
sequence availability:
PbrCHS4, PbrODC, PbrURA3, PbrCHS2, PbrAct.
Primers were designed in such a way as to amplify the non-transcriptional regions (5’ UTR, 3’UTR e
introns). Primer pairs were designed from reported sequences in P. brasiliensis strain Pb73, in such
a way that they amplify a unique PCR product, no longer than 700 bp. We also included the ITS
regions, using the universal primers ITS4 and ITS5, whose product also encodes for the 5.8S
subunit gene. The full report presents the most representative phylogenetic trees for each gene
individually and together, using both the ME (p distances, Jukes-Cantor) and the MP (maximum
parsimony) methods of analysis. A clear tendency to geographical grouping was observed, as the
strains separated according to their Venezuelan, Colombian or Brazilian origin. The only exception
to this trend was the analysis of the ITS region, in which no polymorphisms were observed and
thus indicating a high degree of conservation.
A remarkable result was the separation of strain Pb01, of Brazilian origin, which remained
phylogenetically distant from all other isolates. We cannot yet state that strain Pb01 belongs to a
different taxonomic group. To verify this hypothesis more Pb01-type strains should be isolated.
No evidence was found of grouping according to the origin of specimen (clinical, armadillo, or soil).
The phylograms suggest a clonal pattern of reproduction for P. brasiliensis. Light and scanning
electron microscopic (SEM) observations were done on six P. brasiliensis strains selected from the
same group studied above. Plates were observed on a weekly basis over a period of two months.
Morphology index for their yeast-like phases was calculated in order to obtain quantitative
differential criteria. Pb-381 presented the biggest ovoid and multi-budding cells, while Pb-304 the
smallest (both are Venezuelan strains). Strain Pb-376 (Brazil) did not show morphological
differences with the Venezuelan strains, although it could be differentiated from them by means of
the morphological index (MI). Conidia were only seen in the mycelial phases of Pb-300 and Pb-304
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on day 56 in water-agar. Under SEM, the yeast phase of all strains shows clusters of mother cells
with spherical or oval shapes, of variable diameter, with abundant budding and the surface covered
with a shredded layer of entangled aspect that sometimes intertwined among buds or between
buds and mother cell, mainly in the area of the peduncle union. The surface of the mother cells or
buds can present clear spaces where the filamentous layer is less evident. All the isolates have this
superficial micro-fibrillar layer, although it seems to vary in structure and density among the
different isolates, being more profuse in isolate 376.
Results Unforeseen in the Original Project:
To find a clear phylogenetic separation of strain Pb01 from all other strains under study.
Networking:
Drs. Gioconda San-Blas and Gustavo Niño-Vega of the Mycology laboratory at the Venezuelan
Institute for Scientific Research (IVIC) have been working in conjunction with: Dr. Teresa Iturriaga,
Mycology laboratories, Universidad Simón Bolívar, Caracas, Venezuela; Dr. Juan McEwen,
Corporación de Investigaciones Biológicas, Medellín, Colombia; Dr. Maria Sueli Felipe, Universidade
de Brasilia, Brazil; Dr. Célia Soares, Universidade de Goias, Goiania, Brazil; Dr. Leonel Mendoza,
Michigan State University, Lansing, Michigan, USA; and Dr. Antonio Bretaña, Department of
Electron Microscopy, Universidad Nacional Experimental Simón Rodríguez. Moreover, Ms. Lilia
Carrero, a M.Sc. student, visited Dr. Mendoza’s laboratory at the Medical Technology Program for
training in computerised phylogenetic analyses while two undergraduate students (Beatriz Pernía,
from Universidad Simón Bolívar and Lilianyel Lucena from Universidad Central de Venezuela) also
joined our research group for morphological studies.
Publications:
Carrero, L. Tipificación de cepas y evolución del hongo patógeno humano Paracoccidioides
brasiliensis. 2004. Trabajo Especial de Grado presentado como requisito parcial para optar al Título
de Magister Scientiarum en Biología, mención Microbiología, Instituto Venezolano de
Investigaciones Científicas, I.V.I.C., Caracas, Venezuela, December 2004.
Carrero, L., Niño-Vega, G., Mendoza, L., Teixeira, M., Soares, C.M., McEwen, J., Felipe,
M.S., San-Blas, G. Molecular phylogeny and variability of Paracoccidioides brasiliensis strains by
the genealogical concordance method. 2004. (in preparation)
Matute, D.R, McEwen, J.G., Puccia, R., Montes, B.A., San-Blas, G., Bagagli, E., Rauscher,
J.T., Negroni, R., Castañeda, E., Restrepo, A., Morais, F., Niño-Vega, G., Taylor, J.W.
Cryptic speciation and recombination in the fungus Paracoccidioides brasiliensis as revealed by
gene genealogies. 2005. (in preparation)
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VIET NAM
Title: Isolation, molecular characterisation and application of Bacillus thuringiensis subsp.
israelensis for mosquito larvae control in Viet Nam
Principal Investigator: Vo Thi Thu, Department of Molecular Microbiology, Institute of
Biotechnology, Vietnamese Academy of Science and Technology, Hoang Quoc Viet, Cau Giay, Ha
Noi, Viet Nam. Tel: +84-4-7564333, ext. 1119; Fax: +84-4-7564483, 8363144; E-mail:
vo_thithu@yahoo.com
ICGEB Contract No. 01/008
ICGEB Ref. No. CRP/VIE00-01
Keywords: Bacillus thuringiensis israelensis isolation, molecular characterisation, mosquitocidal
toxin gene cloning and expression
Abstract: 89 natural Bacillus thuringiensis israelensis (Bti) strains have been isolated from
different areas of Viet Nam. We studied the main characteristics separating Bti from Bt such as the
formation of crystal inclusions, biochemical reactions, bioassays, serotyping using H-serovars,
SDS-PAGE protein analysis and PCR with primers of Cry4B, Cry4A. We have obtained 10 Bti
isolates, which showed high activity (86-100% mortality) against local larvae of A. aegypti, A.
minimus, C. quinquifasciatus. 3 mosquitocidal toxin coding genes from high toxic Bti isolates 01-2,
VN1, VN6 have been cloned. We also attempted to sequence and analyse nucleotide sequences of
01-2, VN1, VN6 clones and found that DNA sequences of 01-2 clone were high homologous (99%)
with Cry4Ba2 gene coding 130 kDa protein of Bti (Gen Bank Acc.No: X07082); VN1 clone was
corresponded with Cry4Ba4 gene of Bti (Gen Bank Acc. No: D00247) and VN6 clone was
homologous with cry4Aa2 gene of Bti (Gen Bank Acc.No: D00248).
We have first expressed Cry4Ba2 gene in E.coli. The presence of 130 kDa protein of Cry4Ba2 gene
was observed on SDS-PAGE protein analysis with large amounts. Western blotting analysis and
bioassay with A. stephensi larvae were carried out and confirmed the presence of mosquitocidal
toxin protein of 130 kDa in recombinants. The Cry4Ba2 gene is being introduced into green Algae
Chlamydomonas reinhardtii. A plasmid pCLEBti capable of transforming the green Algae has been
constructed; this was accomplished by a chloroplast pCLE plasmid that already constructed for
Algae expression and plasmid of pGEMBti contained Cry4Ba2 gene. The transformation of pCLEBti
plasmid into Chlamydomonas reinhardtii and analysis of transgenic Algae are now in progress.
Objectives:
(i) Establishment of Bti strains collection in Viet Nam;
(ii) Molecular cloning and sequencing of mosquitocidal toxin coding genes from high toxic Bti
isolates;
(iii) Expression of mosquitocidal toxin coding genes in E. coli and in green Algae.
Original Objectives:
(i) Establishment of Bti strains collection in Viet Nam for local host range specificity;
(ii) Molecular cloning, sequencing and expression of larvicidal toxin coding genes from Bti isolates
specific to local hosts;
(iii) Construction of vector containing larvicidal toxin genes and transformation of the latter into
heterogeneous hosts including relevant Algae from the local environment samples (blue Algae or
green Algae).
Results Obtained:
Establishment of Bti strains collection in Viet Nam
89 isolates were identified as Bti based on morphological characters and the presence of spherical
crystal inclusions showed variable activities against local mosquito larvae (Aedes aegypti,
Anopheles minimus, Culex quinquifasciatus). Only 10 isolates VN1, VN2, VN3, VN4, VN5, VN6, 011, 01-2, 01-17, 01-18 showed high activity (86-100% mortality) against larvae of mosquitoes.
Serotyping of VN1, VN3, VN6 isolates showed reaction against the antiserum H14. The results of
biochemical characters of 10 selected isolates showed the same as standard Bti 1884. We used two
pairs of primers surrounding conserved sequences of Cry4A and Cry4B genes for detection of
Cry4A, Cry4B genes in the selected isolates and the results revealed that all 10 selected isolates
were amplified fragments typically of Cry4A, Cry4B genes. SDS-PAGE analysis of their proteins
showed a pattern similarity to Bti 1884 with bands of 130, 78, 67 and 28 kDa.
Cloning and sequencing of mosquitocidal toxin genes from high toxic Bti isolates
New Bti isolates (01-2, VN1, VN6) showed high toxicity toward local mosquito larvae which were
selected for cloning. We first attempted to obtain a full length gene (3.4kb) that encodes
mosquitocidal toxin from VN6 by PCR with a pair of primer VN6F and VN6R. Cloning of 3.4 kb PCR
amplified fragment into pGEMT-Easy, yielded recombinants E. coli containing 3,4 kb insert of Bti
gene. The sequence similar study showed that this fragment gives high score (98%) of similarity
with a published sequence of Cry4Aa2 gene coding for 130 KDa toxin from Bti (Acc. No: D00248).
Additionally, we have cloned a 1.3 kb that amplified by PCR with a pair of primer 01-2F and 01-2R
3
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from 01-2 isolate. Nucleotide sequence analysis showing high homologous (99%) with Cry4Ba2
gene coding for 130 kDa toxin from Bti (Acc.No: X07082). Lately, A 1.3 kb PCR product of VN1
isolate was cloned into PCR cloning vector 2.1. The results of sequencing revealed that the
nucleotide sequences of the 1.3 kb fragment showed high degree of homology with Cry4Ba4 gene
coding for 130 kDa toxin from Bti (Acc. No: D00247).
Expression of mosquitocidal toxin coding gene in E. coli and in green Algae
We have first expressed Cry4Ba2 gene in E. coli. A full length Cry4Ba2 gene obtained by PCR with
01-2 EndF and 01-2 EndR was subcloned into pGEMT-Easy to construct plasmid pGEMBti. Thus the
sequence of pGEMBti bearded BamH I site, initiation codon ATG at the beginning of the gene and
Sph I site, termination codon TCA of the end of the gene. We have then constructed plasmid pETBti
containing 3,4 kb insert of Cry4Ba2 gene and plasmid pET29a+ by subcloning 3.4 kb Cry4Ba2 gene
obtained by double digested of plasmid pGEMBti with BamHI and SalI into E. coli expression vector
pET29a+ that have also digested with BamHI and SalI. The expressed proteins in the recombinant
E. coli BL21(DE3) were analysed by SDS-PAGE and Western hybridisation with anti-Cry4Aa2
antiserum. The 130 kDa recombinant protein was detected on SDS-PAGE with large amounts in the
pellet of the recombinant cells. Western blotting resulted in the appearance of 130 kDa protein that
was not present in cells containing the vector alone and as such is product of Cry4Ba2 expression.
Activity of E. coli BL21(DE3) cells containing Cry4Ba2 showed 100% mortality toward A. stephensi
after 36 hour tested at the 6.106 cells per 1ml H20. None of dead larvae was found in control cups
added BL21(DE3) cells alone or pET 29a+ cells.
Finally, we have tried to introduce Cry4Ba2 gene into green Algae Chlamydomonas reinhardtii. A
3,4 kb insert of Cry4Ba2 gene obtained by digestion of recombinant plasmid pGEMBti with Sph I
and NcoI enzymes was subcloned into the chloroplast transformation vector pCLE 8,15 kb, which
was also digested with Sph I and NcoI to receive constructed pCLEBti. The plasmid pCLEBti
containing 3,4 kb insert of Cry4Ba2 gene and 7,36 kb of chloroplast vector pCLE due to remove
790bp fragment of that vector when double digested with SphI and NcoI enzymes.
The transformation of plasmid pCLEBti into green Algae Chlamydomonas reinhardtii cells and
expressing of Cry4Ba2 protein in Chlamydomonas reinhardtii cells are now in progressed.
Networking:
Networking involved three groups from ICGEB New Delhi Component, namely Dr. Raj. K.
Bhatnagar (Insect Resistance), Dr. V.S. Reddy (Plant Transformation), and Dr. Nirupama
Bhatnagar (Insect Resistance) as well as Dr. M.M. Lecadet, International Centre for
Entomopathogenic Bacillus (ICEB), Pasteur Institute, Paris, France. Collaboration with Institutes in
Ha Noi involved: Prof. Duc Hinh Tran, National Institute of Malariology, Parasitology and
Entomology; Dr. Nang Vinh Do, Institute of Agricultural Genetics, Ministry of Agriculture and Food
Industries, and Dr. Nguyen Thi Hoai Tram, Food Industries Research Institute.
Publications:
Vo, T.T., Nguyen, T.H., La, T.N., Nguyen, M.D., Do, N.V. Molecular characterisation of Bacillus
thuringiensis var. israelensis strains pathogenic for mosquito larvae. 2002. Proceedings of the
Symposium on Environmental Protection and Sustainable Exploitation of Natural Resources, Ha Noi,
pp. 685-690
Vo, T.T., Nguyen, T.H., Vu, T.B.H., La, T.N., Nguyen, M.D. Cloning and sequencing of Cry4Ba4
gene from Bacillus thuringiensis subsp. israelensis strains VN1. 2002. Proceedings of the 4th
National Conference on Entomology, Ha Noi, pp. 459-464
Vo, T.T., La, T.N. Cloning and Sequencing of Cry4Ba2 gene from Bacillus thuringiensis israelensis
strain 01-2. 2003. Proceedings of the 2nd National Conference in Life Sciences, Hue, pp. 1033-1036
La, T.N., Nguyen, M.D., Tran, D.M., Truong, B.H., Vo, T.T. Molecular diversity of Bacillus
thuringiensis strains collected at Delta Red River Region and North Central Part of Viet Nam. 2003.
Genetics and Applications 1, 6-12
Vo, T.T., La, T.N. Pham, T.M.H., Bhatnagar, R.K. Expression of 130 kDa Mosquitocidal Toxin of
Bacillus thuringiensis var. israelensis strains 01-2 in Escherichia coli. 2005. (in preparation)
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BANGLADESH
Title: The development of microsatellite markers for genetic analysis and marker-assisted selection
of jute
Principal Investigator: Haseena Khan, Department of Biochemistry and Molecular Biology,
University of Dhaka, Bangladesh. Tel.: +880-2-7161515, Fax: +880-2-8615583, E-mail:
haseena@bangla.net, Web site: http://www.univdhaka.edu
ICGEB Contract No. 02/006
ICGEB Reference No.: CRP/BGD02-02
Keywords: jute, microsatellite, markers
Abstract: A small-insert jute genomic library was constructed with fractionated genomic DNA of
size between 500bp to 1kb. The library was screened with DIG-labeled SSR probes to identify
clones containing microsatellites. The genomic sequences obtained were analysed for the presence
of microsatellites and primers were designed from their flanking sequences.
The STMS primers developed were used to study the genetic diversity between 26 genotypes of
jute. The results showed that the primers were good at detecting interspecific polymorphism
between the C. olitorius and C. capsularis, but showed low intra-specific polymorphism.
A breeding programme was established to generate mapping population for low temperature
tolerance trait in jute with cultivars O-9897 (susceptible) and L-1805 (tolerant) as the crossed
parents. The population has been propagated to the F4 generation by single seed descent and is
being continued in order to generate RILs (recombinant inbred lines).
Objectives:
(i) To generate a size fractionated genomic library of a jute cultivar (C. olitorius) for isolation of
microsatellites;
(ii) To sequence the microsatellite clones in order to design primers for regions flanking the
microsatellite loci;
(iii) To genotype the germplasm for Simple Sequence Repeats (SSRs);
(iv) To study the genetic diversity of the different members of the germplasm collection;
(v) To initiate a breeding programme between a cold tolerant and cold sensitive genotype;
(vi) To identify markers linked to the cold tolerance trait by bulk segregant analysis;
(vii) To use molecular markers in the preparation of a microsatellite map for jute.
Results Obtained:
A genomic library of Corchorus olitorius (variety O-4) has been constructed in our laboratory with
restriction fragments of genomic DNA of sizes between 500 to 1000bp inserted in the plasmid,
pUC18, and transformed into DH5α E. coli host cells.
Three hundred (300) clones were obtained from the library after primary and secondary screening
with DIG and radio-labeled SSR probes. The clones were sequenced and examined for the presence
of microsatellites using a visual basic programme and a PERL module that were developed in our
laboratory. A total of 117 clones containing 128 SSRs were found and used to design STMS
primers.
Further bioinformatics analyses were carried out on a set of the sequences (first 50 clones
received) using the BLAST tools, to identify homologous sequences in the plant nucleotide
database. The results from BLASTn (nucleotide) identified 17 jute sequences giving strong
homology with the DNA sequences from the non-redundant database in the GenBank. Similarly, 22
jute sequences were found, whose translated product gave significant alignments from the
translated DNA database. The jute sequences identified from the tBLASTx were used in position
specific iterated (PSI) searches. This helped to find the protein family to which the jute sequences
were related. A multiple sequence alignment (MSA) of these related sequences revealed an
evolutionary relationship of jute sequences with other organisms.
Six STMS primers designed were used to fingerprint 26 diverse jute genotypes. The amplified
samples were run on the 6% sequencing gel to detect size length polymorphism. The results
showed that the primers were good at detecting interspecies polymorphism between the C.
olitorius and C. capsularis, but showed low intra-species polymorphism. The genetic similarities
between all 26 genotypes were calculated using Lei and Ni coefficient to construct a dendrogram.
The parents for the breeding programme between low temperature tolerant and susceptible jute
varieties were selected by evaluating their germination and growth in the growth cabinet at low
temperature conditions. A cross was then made between Acc. L-1805 (tolerant) and Var. O-9897
(sensitive). The F1s obtained were evaluated and were all found to be tolerant, which indicated that
the cold tolerance is a dominant character.
Results Unforeseen in the Original Project:
The STMS markers were used to screen 26 diverse jute genotypes and the parents used in the
breeding programme. The markers were good at distinguishing between capsularis and olitorius
species; however, were poor at discriminating within species. Also, very few of the markers
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screened were able to show polymorphism between the parents. More microsatellites need to be
identified and screened for use in mapping population.
Networking:
Collaboration was formed with the Plant Molecular Biology Laboratory, Department of Genetics and
Plant Breeding, at Ch. Charan Singh University in Meerut, India, where another genomic library
was constructed and screened with radioactive-labeled SSR probes. The networking developed
from this project has now allowed us to form the base for future collaboration in jute. Discussion is
ongoing for the formation of a global consortium on jute genome analysis.
Publications:
Haque, S., Ashraf, N., Awal, A., Sarker, R.H., Begum, S., Khan, H. Method for quality DNA
isolation from different parts of jute plant: Corchorus capsularis L. and C. olitorius L. 2004. Plant
Tissue Cult. 14(2), 143-148
Molecular markers of jute: Standardising the application of PCR based molecular markers to detect
polymorphism in Corchorus sp. (in preparation)
Bioinformatic analysis of jute sequences (in preparation)
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BRAZIL
Title: Structural biology and dynamics of proteins and viruses
Keywords: Structural biology and dynamics of proteins and viruses
Principal Investigator: Jerson L. Silva, Instituto de Bioquimica Médica, Universidade Federal do
Rio de Janeiro, Centro de Ciências da Saúde, Bloco E, sala 10, Cidade Universitária, 21.941-590,
Ilha do Fundão, Rio de Janeiro, Brazil. Tel: +55-21-25626756, Fax: +55-21-25612936, 22708647,
E-mail: jerson@bioqmed.ufrj.br
ICGEB Contract No. 02/007
ICGEB Reference No.: CRP/BRA02-01
Abstract: Our main goal in this project was to use structural biology and thermodynamic tools to
dissect the role of packing and cavities in protein folding, protein aggregation and protein-nucleic
acid interactions. We have utilised biophysical approaches to several problems of biological and
medical relevance. We have used hydrostatic pressure to study the thermodynamics and dynamics
of protein folding, virus assembly and protein aggregation and misfolding. One of the main
innovations obtained from using high pressure is the stabilisation of folding intermediates such as
molten-globule conformations, thus providing a unique opportunity for characterising their
structure and dynamics. Equally important is the prospect of understanding protein misfolding
diseases by using pressure to populate partially folded intermediates at the junction between
productive and off-pathway folding, which may give rise to misfolded proteins, aggregates and
amyloids. In many proteins, the competition between correct folding and misfolding can lead to
formation of insoluble aggregates, an important problem for the biotechnology industry and for
human pathologies such as amyloidosis, Alzheimer's, Parkinson’s, prion’s and tumour diseases.
Of particular interest is the use of hydrostatic pressure as a tool to investigate the structural
transitions in prion conversion and to populate possible intermediates in the folding/unfolding
pathway of the prion protein. The main hypothesis for prion diseases proposes that the cellular
protein (PrPC) can be altered into a misfolded, b-sheet-rich isoform, the PrPSc (from scrapie). The
use of high pressure has permitted us to determine the energetic and volumetric properties of
prion folding and conversion of the cellular prion protein into the misfolded conformation (scrapie
PrP form).
The high-pressure studies have demonstrated that the conformation conversion of the prion protein
depends on hydration and on the changes in the exposed surface. Binding of other molecules that
lead to decrease in surface exposure results in important structural changes. We have previously
demonstrated that both the prion peptides and the recombinant cellular PrP interact strongly with
several double-stranded oligonucleotides and that nucleic acids could act as catalysts in the
conversion of PrPC to PrPSc. Our studies have been confirmed by several papers in the literature.
We decided to investigate whether small compounds could mimic the effects of nucleic acids.
Aggregation in the presence of bis-ANS (4,4'-dianilino-1,1'-binaphthyl-5,5'-sulfonate), ANS (1anilinonaphthalene-8-sulfonate) and AmNS (1-amino-5-naphtalenesulfonate) was monitored. BisANS was the most effective inhibitor of prion peptide aggregation. Bis-ANS binds strongly to rPrP
23-231 leading to a substantial increase in beta-sheet content and to limited oligomerisation. The
binding of bis-ANS to full-length rPrP is diminished by the addition of nanomolar concentrations of
oligonucleotides, demonstrating that they compete for the same binding site. Thus, bis-ANS
displays properties similar to those of nucleic acids, causing oligomerisation and conversion to βsheet. This dual effect of bis-ANS on prion protein makes this compound highly important to
sequester crucial conformations of the protein, which may be useful to the understanding of the
disease and to serve as a lead for the development of new therapeutic strategies (6).
To expand our studies on the prion-nucleic acid intereaction, we have performed small-angle X-ray
scattering, NMR spectroscopy and binding assay measurements of the soluble 18 base-pair
DNA:PrP 1:1 complex. We have demonstrated that, although interaction is mediated mainly
through the globular domain, the unstructured region is recruited to the consolidated complex. This
is the first physical evidence for the nature of a prion-DNA complex formation, supporting the
understanding on how nucleic-acid binds to the prion protein and mediates structure conversion.
The description of drugs able to dissociate preformed amyloid fibrils is aimed by several
laboratories and by pharmaceutical industries. These drugs would be candidates for the treatment
of the amyloidogenic diseases. In order to find out or even design the ideal drug, the interactions
that hold a fibril intact need to be dissected. To tackle this problem, we have used high hydrostatic
pressure (HHP) to dissociate the fibrils of TTR and a-synuclein. Our data have shown that all these
fibrils were very sensitive to HHP undergoing dissociation immediately when subjected to high
pressures. In the case of TTR, its fibrils were dissociated by pressure (3 kbar) into a partially folded
monomer. When pressure was released, aggregation took place, giving rise to the appearance of
new fibrils. The high susceptibility of fibrils against HHP suggests that hydrophobic and ionic
interactions might display the most important role in fibril maintenance. In conclusion, these
3

ICGEB CRP Research Grant Programme

Projects completed in 2006

results indicate the use of HHP as a promising tool to dissociate aggregates and IB of important
proteins for human and animal consumption. Since HHP perturbs gently the structure of proteins, it
allows the population and further characterisation of important intermediate states present during
the folding pathway of several proteins. In the case of amyloidogenic proteins, these intermediates
are target for the development of drugs that can block fibrillogenesis. We have continued several of
our studies on different amyloidogenic proteins, including alpha-synuclein.
We have also studied the misfolded conformation of the tumour suppressor protein p53 aiming to
design new strategies to combat cancer. Many strategies for rational cancer therapy have been
pursued in recent years. Among these is the development of drugs or peptides that mimic the
tumour suppressor function or that re-establish and stabilise the active conformation of p53C at
the expenses of the misfolded conformation. We have used several biophysical tools, including
hydrostatic pressure, to understand why some mutations, or even some alternative conformations
of the wild-type protein, lead to loss of protein function, and hence to tumours. To seek partially
folded states of the wild-type p53 core domain (p53C) we used high hydrostatic pressure (HHP)
and subzero temperatures. Subzero temperatures under pressure led to cold denaturation and
yielded a non-aggregated, alternative conformation of p53C. Nuclear magnetic resonance (1H15NNMR) data showed that the alternative p53C conformation resembled that of the hot-spot
oncogenic mutant R248Q. This alternative conformation is likely related to inactive forms that
appear in vivo, usually driven by interaction with mutant proteins. Therefore, it can be a valuable
target in the search for ways to interfere with protein misfolding and hence to prevent tumour
development. We have recently reported an intermediate structure of the core domain of the
tumour suppressor protein p53 (p53C) during equilibrium and kinetic folding/unfolding transitions
induced by guanidinium chloride. This partially folded conformation of p53C was plagued by
aggregation, as suggested by one-dimensional NMR and demonstrated by light-scattering and gelfiltration chromatography. Dissociation by high pressure of these aggregates reveals the
reversibility of the process and that the aggregates have water-excluded cavities. This intermediate
is not only crucial to the folding pathway of p53C but may explain as well the vulnerability of p53C
to undergo departure of the native to an inactive state, which makes the cell susceptible to
malignant transformation.
Publications:
Cordeiro, Y., Machado, F., Juliano, L., Juliano, M.A., Brentani, R.R., Foguel, D., Silva, J.L.
DNA converts cellular prion protein into the beta-sheet conformation and inhibits prion peptide
aggregation. 2001. J. Biol. Chem. 276, 49400-49409
bis-ANS
Silva, J.L., Foguel, D., Royer, C.A. Pressure provides new insights into protein folding, dynamics
and structure. 2001. Trends Biochem. Sci. 26, 612-618
Foguel, D. Hydration and packing are crucial to amyloidogenesis as revealed by pressure studies
on transthyretin variants that either protect or worsen amyloid disease. 2003. J. Mol. Biol. 328,
963-974
Foguel, D., Suarez, M.C., Ferrão-Gonzales, A.D., Porto, T.C., Palmieri, L., Einsiedler, C.M.,
Andrade, L.R., Lashuel, H.A., Lansbury, P.T., Kelly, J.W., Silva, J.L. Dissociation of amyloid
fibrils of alpha-synuclein and transthyretin by pressure reveals their reversible nature and the
formation of water-excluded cavities. 2003. Proc. Natl. Acad. Sci. USA 100, 9831-9836
Ishimaru, D., Andrade, L.R., Teixeira, L.S., Quesado, P.A., Maiolino, L.M., Lopez, P.M.,
Cordeiro, Y., Costa, L.T., Heckl, W.M., Weissmuller, G., Foguel, D., Silva, J.L. Fibrillar
aggregates of the tumour suppressor p53C core domain. 2003. Biochemistry 42, 9022-9027
Ishimaru, D., Maia, L.F., Maiolino, L.M., Quesado, P.A., Lopez, P.C., Almeida, F.C., Valente,
A.P., Silva, J.L. Conversion of wild-type p53C core domain into a conformation that mimics a hotspot mutant. 2003. J. Mol. Biol. 333, 443-451
Cordeiro, Y., Kraineva, J., Ravindra, R., Lima, L.M.T.R., Gomes, M.P.B., Foguel, D., Winter,
R., Silva, J.L. Hydration and packing effects on prion folding and beta-sheet conversion: Highpressure spectroscopy and pressure perturbation calorimetry studies. 2004. J. Biol. Chem. 279,
32354-32359
Ferrão-Gonzales, A.D., Palmieri, L., Valory, M., Silva, J.L., Lashuel, H., Kelly, J.W.,
Ishimaru, D., Lima, L.M.T.R., Maia, L.F., Lopez, P.M., AnoBom, A.P., Valente, A.P., Silva,
J.L. Reversible aggregation plays a crucial role on the folding landscape of p53 core domain. 2004.
Biophys. J. 87, 2691-2700
Foguel, D., Silva, J.L. New insights into the mechanisms of protein misfolding and aggregation in
amyloidogenic diseases derived from pressure studies. 2004. Biochemistry 43, 11361-11370
Cordeiro, Y., Kraineva, J., Gomes, M.P.B., Lopes, M.H., Martins, V.R., Lima, L.M.T.R.,
Foguel, D., Winter, R., Silva, J.L. 2005. The amino-terminal PrP domain is crucial to modulate
prion misfolding and aggregation. 2005. Biophys. J. 89, 2667-2676
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BULGARIA
Title: Non-enzymatic glycosylation of proteins and nucleic acids in bacteria
Principal Investigator: Roumyana S. Mironova, Department of Gene Regulations, Institute of
Molecular Biology, Bulgarian Academy of Sciences, Acad. G. Bonchev Str., bl. 21, 1113 Sofia,
Bulgaria. Tel.: +359-2-9792652, Fax: +359-2-736227
ICGEB Contract No. 02/008
ICGEB Reference No.: CRP/BUL02-03
Keywords: glycation, recombinant proteins, DNA, spontaneous mutagenesis
Abstract: The non-enzymatic glycosylation (glycation) is a chemical reaction between reducing
sugars and free amino groups in proteins first described by the French chemist L.C. Maillard in
1912. In the mid of the past century it has been shown that human haemoglobin is involved in a
similar reaction in vivo. The followed up investigations revealed the Maillard reaction as an
important mediator in diabetic complications and ageing. Our report on glycation in Escherichia coli
(Mironova et al. 2001, Mol. Microbiol. 39, 1061) lunched the idea that glycation is not constrained
solely to humans but is common to all living systems. Being non-enzymatic, the Maillard reaction
appears unavoidable in vivo where macromolecules and small reactive compounds play together in
accomplishing important biologic functions. This conclusion substantiates the need of a deeper
understanding of the causes and consequences of glycation with respect to both cellular physiology
and some practical issues. Accordingly, the objectives and the methodology of the present research
project were formulated.
Objectives:
The following main queries were addressed:
(i) Does the bacterial DNA undergo glycation under physiological conditions in vivo and is there a
link between DNA glycation and spontaneous mutagenesis in bacteria?
(ii) Does glycation affect recombinant proteins produced in bacteria and if so what is the impact of
glycation on protein structure and function?
(iii) Is it possible to counteract glycation in bacteria in order to minimise impairment of
recombinant proteins and mutability of DNA?
Original Objectives:
To answer the above questions we planned (i) to test E. coli grown in the presence/absence of
glycation inhibitors for the frequency of spontaneous mutations in parallel to analyses of
chromosomal DNA for glycation; (ii) to analyse recombinant proteins produced in E. coli for
structural and functional alterations promoted by glycation; and (iii) to search for efficient ways to
suppress glycation of recombinant proteins and chromosomal DNA in E. coli.
Results Obtained:
As a result of the implementation of the project the following results were obtained:
(i) Several methods, used for analysis of glycated proteins (NBT-reduction assay, fluorescence
spectroscopy and ELISA), were adapted for analysis of glycated DNA. These methods were shown
to well discriminate between glycated and oxidized DNA. Applying the above methods we obtained
conclusive evidence that E. coli chromosomal DNA undergoes glycation under physiological
conditions in vivo. Thiamine (vitamin B1) exhibited favourable effect on the growth of the E. coli
strain AB1157, which was accompanied by a low level of DNA glycation and reduced frequency of
the spontaneous reversions from Arg- to Arg+ phenotype. These results confirmed the proposed
link between glycation and spontaneous mutagenesis in bacteria.
(ii) Recombinant human interferon-g (rhIFN-g) was found to undergo glycation in E. coli, which
turned out to be the main reason for its instability. The latter was expressed in covalent
dimerization and proteolysis of the purified protein upon storage in liquid, frozen or lyophilized
preparations. The proteolysis affected the unstructured C-terminus of rhIFN-g at six sites adjacent
to either lysine or arginine residues and lowered its antiviral activity. The rhIFN-g dimers were
formed mainly by lateral cross-linking of the monomer subunits and biologically inactive.
(iii) Clinical lots of Type I IFNs (a and b) demonstrated fluorescent properties typical for
glycated/oxidized proteins. Some of the pharmaceuticals prove to be immunoreactive to antibodies
raised against advanced glycation end products (AGEs). The human serum albumin used as
stabilizer in most of the drugs exhibited molecular heterogeneity and proteolysis whereas the E.
coli derived IFNa-con1 showed all the features of glycated proteins. In our hands, the measured
antiviral activity of some of the drugs deviated (up to 10 times) form that indicated on the drug
vials.
(iv) To study the glycation power of bacteria, we developed an original experimental schedule
consisting of exposure of histone H1 to bacterial lysates through dialysis tubing with Mr cut-off of 2
kDa. Using this schedule we learned that the deproteinized bacterial cytosol is rich in highly
reactive glycation agents, which are endogenously formed rather than taken up from the culture
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medium. In addition, it seems that bacteria have developed mechanisms to combat glycation by
releasing deleterious glycation compounds outside the cell.
(v) In studies in vitro using the above experimental schedule vitamin B1 and vitamin B6
(pyridoxine) inhibited only moderately and temporarily the glycation activity of the bacterial cytosol
whereas aspirin (50 to 100 mM) exhibited a marked suppression potential. We tested also the
effect of aspirin and vitamin B1 on the rate of glycation of rhIFN-g in vivo. Again, aspirin
demonstrated higher inhibitory effect, which resulted in enhanced stability of the protein and
increased biologic activity.
Results Unforeseen in the Original Project:
(i) Over-expression of the gene encoding a deglycase enzyme in E. coli resulted in both lower level
of DNA glycation and reduced frequency of spontaneous mutations.
(ii) Some compounds such as aspirin and pyridoxine, considered glycation inhibitors, exerted
mutagenic effect in E. coli when used at millimolar concentrations.
Networking:
The above results were obtained in collaboration with Prof. Toshimitsu Niwa from the Department
of Clinical Preventive Medicine at Nagoya University School of Medicine (Japan) and Prof. Alfredo
Berzal form the Institute of Parasitology and Biomedicine in Granada (Spain).
Publications:
Mironova, R., Niwa, T., Dimitrova, R., Boyanova, M., Ivanov I. Glycation and posttranslational processing of human interferon-g expressed in Escherichia coli. 2003. J. Biol. Chem.
278, 51068-51074
Dimitrova, R., Mironova, R., Ivanov, I. Glycation of proteins in Escherichia coli: Effect of
nutrient broth ingredients on glycation. 2004. Biotechnol. & Biotechnol Eq. 18, 99-103
Dimitrova, R., Mironova, R., Ivanov I. Glycation of proteins in Escherichia coli: Interference of
strain diversity and growth conditions with glycation. 2004. Compt. Rend. Bulg. Acad. Sci. 57, 7175
Stoynev, G., Dimitrova, R., Ssrebreva, L., Mironova, R., Ivanov I. 2004. Glycation of proteins
in Escherichia coli: Detection of glycating compounds using histone H1 as a substrate. 2004.
Compt. Rend. Bulg. Acad. Sci. 57, 77-82
Mironova, R., Niwa, T., Handzhiyski, Y., Sredovska, A., Ivanov, I. Evidence for nonenzymatic glycosylation of Escherichia coli chromosomal DNA. 2005. Mol. Microbiol. 55, 1801-1811
Stoynev, A., Srebreva, L., Ivanov I. Histone H1 as a reporter protein to investigate glycation in
bacteria. 2005. Curr. Microbiol. 49, 423-427
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CHILE
Title: Targeting by genetic (DNA) immunisation of the inhibitor of apoptosis Survivin, a generic
tumor-associated antigen
Principal Investigator: Luis Arturo Ferreira Vigouroux, Laboratorio de Inmunología de la Agresión
Microbiana, Programa Disciplinario de Inmunología, Instituto de Ciencias Biomédicas (ICBM),
Facultad de Medicina, Universidad de Chile, Av. Independencia 1027, Independencia, Santiago,
Chile. Tel.: +56-2-9786724, Fax: +56-2-7353346, E-mail: aferreir@med.uchile.cl
ICGEB Contract No. 03/002
ICGEB Reference No.: CRP/CHI02-01
Abstract: Survivin, a member of the inhibitor of apoptosis (IAP) family, is abundantly expressed
during development but essentially absent in differentiated tissues. Survivin is up-regulated in a
large number of cancers making survivin an attractive target for cancer immunotherapy. Our
studies demonstrated that intramuscular genetic immunisation using either a cytosolic or secreted
survivin variant induced specific humoral and cellular responses against survivin in BALB/c mice
(Lladser et al. 2006). Furthermore, experiments were performed in the transgenic HHD2 mouse
model, which express the human class I histocompatibility molecule HLA-A2.1. Genetic
immunisation was performed in the presence of molecular adjuvants, CpG oligodeoxynucleotides
and the dsRNA analog poly(I:C). The induction of survivin-specific CD8+ T lymphocytes was
analysed by pentamer staining. Significant induction of this population was observed in mice after
DNA immunisation with survivin encoding vectors (but not empty vector) by either intramuscular
or footpad injection. Similar responses were obtained upon immunising with cognate peptide.
Functional activation and cytotoxic potential either in vitro or more importantly in vivo remain to be
assessed.
Objectives:
In the present study, we tested the hypothesis that survivin is capable of inducing specific Th1
CD4+ and CD8+ effector T cells in vitro and in vivo following DNA immunisation in a preclinical
animal model. We predicted that these findings will reveal the potential of survivin as a new and
widely applicable target for in vivo immunotherapy against tumors.
Original Objectives:
Our first specific aim was to construct DNA immunisation vectors expressing the IAP survivin and
to achive that goal the following steps were taken:
(i) Construction of DNA immunisation vectors expressing the survivin gene;
(ii) Optimisation of DNA immunisation vectors for MHC class I pathway delivery of survivin;
(iii) Monitoring of the level of survivin Gene expression constructs in cell lines.
(iv) Modulation of the antigen specific immune response following DNA immunisation with the
survivin gene and enhancement of Th1 APCs function using molecular adjuvants;
(v) Effect of cytokines on the immunogenicity of DNA vaccines expressing survivin.
Our second specific aim was to evaluate and characterise immunogenicity of the IAP survivin using
HLA-A2.1-transgenic mice and and to achive that goal the following steps were taken:
(i) In vivo genetic (DNA) immunisation of immunocompetent HLA-A2.1-transgenic mice;
(ii) T cell stimulation assays and measurement of IFN-γ and IL-4 production by ELISA;
(iii) ELISPOT assay;
(iv) Immunoglobulin class Isotyping;
(v) CTL response against survivin in HLA-A2.1-Transgenic Mice;
(vi) Effect of survivin specific T-cells on human adenocarcinoma cell lines HT29 and DLD1.
Results Obtained:
Human survivin cDNA was cloned from HT29 colon adenocarcinoma cells into pcDNA3.1
(pcDNA3.1-survivin) and pSecTag2 (pSecTag2b-survivin) vectors that yield a cytosolic or secreted
protein respectively. BALB/c mice were immunised by intramuscular injection with both DNA
plasmids with, or without an adjuvant plasmid encoding the GM-CSF cytokine (pGM-CSF). Humoral
responses monitored by ELISA revealed that injection of pSecTag2b-survivin induced a robust
humoral response in the majority of the immunised animals in the presence of pGM-CSF. Humoral
response specificity was confirmed by Western blot analysis. The predominant antibody subclass
detected in responsive mice was IgG2a, suggesting that a Th1-CD4+ cellular response had been
induced. Mice immunised with survivin encording plasmids showed a higher frequency of IFN-γ
secreting CD8+ T lymphocytes after ex vivo stimulation with survivin transfected cells.
The experiments of the second specific aim were performed in the more relevant model HHD2,
which express the human class I histocompatibility molecule HLA-A2.1 (transgenic) instead of the
murine class I histocompatibility H-2d molecule (H-2d-/-). To boost cellular responses, genetic
immunisation was performed in the presence of molecular adjuvants, including unmethylated CpGcontaining oligodeoxynucleotides and the dsRNA analog poly(I:C). The induction of survivin-specific
CD8+ T lymphocytes was analysed by pentamer staining (anti-HLA-2.1/surv95-104 TCR expression).
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Significant induction of this specific population was observed after DNA immunisation with survivin
encoding vector (but not empty vector) in mice immunised by either intramuscular or footpad
injection. The induction of anti-HLA-2.1/surv95-104 CD8+ T lymphocytes was similar (even slightly
higher) than the response obtained upon immunising with cognate peptide. Furthermore, in control
mice immunised with vector alone, low pentamer staining similar to naïve mice was detected.
Functional activation and cytotoxic potential either in vitro or more importantly in vivo remain to be
assessed. These experiments will be performed in the time remaining of Alvaro Lladser’s thesis
project.
Results Unforeseen in the Original Project:
Additional studies designed to better understand how survivin expression is controlled in tumor
cells have led to two significant findings that are summarised in the publications. First, the putative
tumor suppressor protein caveolin-1 was shown to inhibit survivin expression by a mechanism
involving β-catenin-Tcf/Lef dependent transcription and, in doing so, modulates cell proliferation
and apoptosis (Torres, et al. J. Cell Sci. accepted). Second, the generic kinase CK2 that has been
ascribed oncogenic properties was shown to promote proliferation and inhibit apoptosis by
augmenting survivin expression via a transcriptional mechanism involving again β-catenin-Tcf/Lef.
In particular the latter finding opens up the possibility of specifically targeting tumor cells using
CK2 inhibitors (Tapia, et al. PNAS, submitted).
Publications:
Hetz ,C., Torres, V.A., Quest, A.F.G. Beyond apoptosis: nonapoptotic cell death in physiology
and disease. Biochem. 2005. Cell Biol. 83, 579-88
Lladser, A., Párraga, M., Quevedo, L., Molina, M.C., Silva, S., Ferreira, A., Billetta, R.,
Quest, A.F.G.. Naked DNA immunisation as an approach to target the generic tumor antigen
survivin induces humoral and cellular immune responses in mice. 2006. Immunobiology 211, 1127
Torres, V.A., Tapia, J.C., Rodríguez, D.A., Párraga, M., Lisboa, P., Montoya, M., Leyton, L.,
Quest, A.F.G. Caveolin-1 controls cell proliferation and cell death by suppressing expression of the
Inhibitor of Apoptosis protein survivin. 2006. J. Cell Sci. (in press)
Tapia, J.C., Torres, V.A., Rodriguez, D.A., Leyton, L., Quest, A.F.G. Protein Kinase CK2
Promotes Cell Survival by Increasing Survivin Expression Via Enhanced b-catenin-Tcf/Lefdependent Transcription. 2006. PNAS (submitted)
Lladser, A., Zitvogel, L., Ferreira, A., Billetta, R., Quest, A.F.G. DNA immunisation against
human survivin antigen induced a rapid and robust HLA-A2.1-restricted anti-tumoral response in
HHD2 mice. 2006. (in preparation)
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CHINA
Title: Cloning and function analysis of the genes involved in primordial germ cell formation in
zebrafish
Principal Investigator: Ping Song, Laboratory of Molecular Genetics and Developmental Biology,
College of Life Science, Wuhan University, Wuchang District, Wuhan 430072, China. Tel: +86-2787663175, Fax: +86-27-68752560, E-mail: songhu@public.whu.hb.cn, pingsongps@yahoo.com.cn
ICGEB Contract No. 02/009
ICGEB Reference No.: CRP/CHN02-01
Keywords: primordial germ cells formation, gene cloning, zebrafish, germ cells
Abstract: Under the support of the foundation, we have obtained the full length of three novel
genes, Zsr, z-otu, and ZAhi-1, which are expressed uniquely or predominantly in gonad. Z-otu, an
ovary-specific gene containing Otu and Tudor domain, is expressed at stages I–III oocytes and
embryonic stages from zygotes to early blastula during embryonic cells maintained their
totipotency. Therefore, z-otu might link the ubiquitin signaling pathway to early oogenesis and
maintaining the totipotency of embryonic cell. Zsrg is expressed in gonad and kidney, with highest
level of expression in the testis. The expression sites of Zsrg in adult gonad were further localised
by in situ hybridisation to oogonia and growing oocytes in ovary and to spermatogonia,
spermatocytes but not to spermatids in testis. ZAhi-1, the Ahi-1 (Abelson Helper Interaction Site 1)
in zebrafish, is expressed highest in the fertilised gonad. In situ hybridisation results of zebrafish
gonad show that ZAhi-1 only expressed in the early stages’ gamete cells.
Through the same thought of zebrafish, we also identified three gonad-specific genes. mmrp2 a
new transcript specifically expressed in mouse spermatocytes, may have an important role in
meiosis. PSM2, a novel protein similar to MCAF2 (MBD1-containing chromatin-associated factor 2),
is expressed in mouse gonad and embryo. PSM2 might be involved in the transcription modulation
during gonad development. Srsf, a putative SR protein, is expressed in pachytene spermatocytes
and round spermatids in the testes and may be a Spermatogenesis Related Splicing Factor.
Objectives:
In sexually reproducing organisms, primordial germ cells (PGCs) give rise to gametes that are
responsible for the development of a new organism in the next generation. Germ cells play central
roles in biology and medicine. A molecular description of germ cell differentiation will lead to a
better understanding of fertility, childhood diseases, germ-cell tumors and methods of
contraception. In order to get a better understanding of molecular mechanism of primordial germ
cells formation and differentiation, cloning and function analysis of genes involved in primordial
germ cells or predominantly expressed in gonad are good ways.
Original Objectives: Primordial germ cells (PGCs) are the progenitors of the gametes, responsible
for carrying the genetic information to next generation and thus perpetuating the species. Because
of its important role in biology, understanding the molecular mechanism of primordial germ cells
formation and differentiation is actually meaningful. Cloning and function analysis of genes
involved in primordial germ cells may shed light on the illustration of the molecular mechanism of
primordial germ cells formation and differentiation.
Results Obtained: In addition to the results detailed in the abstract above, RT-PCR analyses of
mouse Ahi-1 in different stages of spermatogenesis have been done according to the published
Ahi-1 sequence, and the findings reveal that Ahi-1 is expressed in gamete of pachytene stage.
Results Unforeseen in the Original Project: Through the same thought of zebrafish, we also
identified three gonad-specific genes, mmrp2,PSM2, and Srsf. mmrp2 a new transcript specifically
expressed in mouse spermatocytes, may have an important role in meiosis. PSM2, a novel protein
similar to MCAF2 (MBD1-containing chromatin-associated factor 2) is expressed in spermatogonia,
spermatocytes and round spermatids. And it also has some expression in mouse ovary and
embryo. We have hypothesised that PSM2 might interact with some important partners by the
conserved domain and be involved in the transcription modulation during gonad development. Srsf,
a putative SR protein, is expressed in pachytene spermatocytes and round spermatids in the testes
and may be a Spermatogenesis Related Splicing Factor. Since the intrinsic pertinence of germ cell
formation and differentiation between mouse and zebrafish, our work in mouse will help
demonstration of molecular mechanism of zebrafish primordial germ cells formation.
Publications:
Daoyuan, L. Ping, S. Yungui, C. Wuming, G. Saijun, M. Cloning and characterisation of full
length of a novel zebrafish gene Zsrg abundantly expressed in the germline stem cells Zsrg
abundantly expressed in the germline stem cells. 2005. Biochem. Biophys. Res. Commu. 632 ,419799
Shanye, G., Jiarui, H., Ping, S., Wuming, G., Ming, G. Identification of a new transcript
specifically expressed in mouse spermatocytes: mmrp. 2005. Mol. Biol. Rep. 32(4), 247-55
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Ying, C., Jiarui, H., Ping, S., Wuming, G. Identification and characterisation of a testis-specific
cDNA during spermatogenesis. 2006. Cell. Mol. Biol. Lett. 11, 85-94
Huan, C. , Jiarui, H., Ping, S., Wuming, G. PSM2, a novel protein similar to MCAF2, is involved
in the mouse embryonic and adult male gonad development. 2006. Mol. Bio. Rep. (accepted)
Saijun, M., Ping, S., Daoyuan, L., Yungui, C., Wei, Z., Wuming, G., Zuoyan, Z. Zebrafish zotu, a novel Otu and Tudor domain-containing gene, is expressed in early stages of oogenesis and
embryogenesis. 2006. Biochim. Biophys. Acta (accepted)
Wei, Z., Ping, S. Molecular cloning of a novel gene ZAHI-1 and its expression analysis during
zebrafish gametogenesis, 2006. Mol. Biol. Rep. (accepted)
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COSTA RICA
Title: Molecular diversity of emerging geminiviral diseases in cucurbits
Principal Investigator: Pilar Ramírez Fonseca, Laboratorio de Biología Molecular de Virus y
Plantas, Centro de Investigaciones en Biología Celular y Molecular, Sabanilla de Montes de Oca,
San José, Costa Rica. Tel: +506-2073193, 2073204, Fax: +506-2073190, E-mail:
pramirez@biología.ucr.ac.cr
ICGEB Contract No. 03/001
ICGEB Reference No.: CRP/COS02-02
Keywords: molecular diversity, cucurbits, geminiviruses, Costa Rica
Abstract: The original aim of this collaborative project between Mexico, Venezuela and Costa Rica
was to study the molecular diversity of geminiviruses associated with emerging cucurbit diseases in
Costa Rica. Since cucurbit-infecting geminiviruses are an independent cluster within Begomovirus
genus, their phylogenetic analysis will provide interesting information on the evolution and
emergence of geminiviruses in Latin America. Costa Rica provides an ideal location for the study of
cucurbit geminiviruses as in this country cucurbits are important crops. It is thus essential to
characterise these new geminiviruses in order to design strategies that will help protect cucurbit
biodiversity. These viruses are transmitted in a persistent manner by the whitefly Bemisia tabaci
and they pose an important environmental threat due to the fact that the measures for insect
control by pesticides are currently failing.
Little is known about the molecular diversity of the geminiviruses that cause diseases of curcurbits,
and this information is essential for an appropriate disease management in the commercial cucurbit
fields.
This project established a methodology to detect and monitor cucurbit geminivirus distribution in
commercial as well as wild cucurbits in Costa Rica. The resulting experience will also be of benefit
to Mexico and Venezuela and the increasing information obtained from this project will also allow a
better geminivirus diagnostic service for public and private agricultural institutions.
Results:
Sample collection and detection of all cucurbit-infecting-geminiviruses using universal primers and
probes (Universal gv Detection Techniques, U.D.T.)
999 samples have been collected, during the dry season in Costa Rica. These weather conditions
favored high populations of the whitefly responsible for the transmission of the virus (Bemisia
tabaci). 27% of the above mentioned samples were positive for geminivirus, mainly distributed
between squash (13% positive) and watermelon, with more of 10% of infected plants. There were
also alternative hosts corresponding to different families. It was determined that 77 % of these
samples were positive for geminivirus.
In addition, two universal probes of hybridisation were compared, which showed a similar
sensitivity. The mixture of clones probe has a greater range of detection than the end 3´of CP of
the BGYMV probe.
To identify specific cucurbit-geminiviruses, using specific primers and probes (Specific gv Detection
Techniques, S.D.T.)
Infections due to SYMMoV during the first year reached 19% and 11% in the second year. During
the last twelve months of collection, only 4% of infected samples were detected. The most infected
culture by this virus is the squash, contributing in great measure along the 3 years.
An unexpected result is that SYMMoV was detected in beans in Nicaragua and this will have great
consequences for this important culture.
Molecular characterisation of unknown geminiviruses infecting cucurbits by cloning sequencing and
bioinformatics analysis
During the three years of the investigation, unknown geminivirus were found only in watermelon:
the “top” of the A viral component from five watermelon samples were sequenced, four with high
identity for SYMMoV and the other was a recombinant virus of SYMMoV and tomato leaf crumple
virus (TLCrV). The latter has been named Watermelon Costa Rica (WmCR). The resulting sequence
was used in the design of specific primers to amplify the “bottom” of the virus, which was cloned
and sequenced. The WmCR has an identity of l3% with SYMMoV and 76 % with TLCrV.
Development of full length clones and analysis of infectivity (mechanical and biolistic inoculation,
whitefly transmission)
Specific transfer primers were designed for SYMMoV. The recombinant plasmids were transformed
in E. coli XL1-Blue. To prove that the complete clones were infectious, healthy ayote plants were
inoculated by bombing with gold microparticles covering viral DNA previously pre-digested in the
cloning site, without positive results. Infectuous BGYMV-GA clones were used as positive control for
the bombing experiments.
To develop specific diagnostic tools such as probes and primers, for new-known-geminiviruses
This objective was completely fulfilled as we have prepared and used a specific probe to SYMMoV.
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Our last result was the establishment and formalisation of links between whitefly-geminivirus
researchers from Mexico, Venezuela and Costa Rica, as well as the start of a collaboration with the
ICGEB New Delhi group.
Networking:
There is a close relationship with Mexico in the strategic planning of this project. As regards
Venezuela, as a result of the joint research and the technology transfer generated by this project, a
Collaboration Network was created between these countries.
Thanks to a collaboration with Dr. Gilbertson, a virologist at Davis University, in the USA,
Ms. Aníbal Mora Villalobos, a MSc student, visited the Plant Pathology Department for one month
(September-October 2005) and the information obtained will be published in a scientific article.
Furthermore, several expeditions and collections of vegetal material were performed, which
developed a direct interaction between the personnel involved in this project and producers,
exporters, technicians and engineers working in public and private institutions.
Moreover, several biotechnology engineering young students from the Instituto Tecnológico de
Costa Rica (ITCR) were trained at the University of Costa Rica, in the molecular techniques
necessary for the detection and analysis of viral genetic sequences.
To inform scientist and agricultural technicians about our results, we organised a series of
workshops, which took place in Costa Rica in 2003 and 2004. Engineer agronomists and technical
personnel from the USA Phitosanitary Service attended these events together with several
producers and exporters.
The workshop “Inventory of cucurbit-geminiviruses in Costa Rica” is scheduled for 2006 and is
addressed to the scientific, productive and industrial communities.
Publications:
Ramírez, P., Chicas, M., Salas, J., Maxwell, D., Karkashian, J. Identificación de un nuevo
begomovirus en melón (Cucumis melo L.) en el estado Lara, Venezuela. 2004. Manejo Integrado
de Plagas y Agroecología (Costa Rica) 72, 22-30

12

ICGEB CRP Research Grant Programme

Projects completed in 2006

EGYPT
Title: Cloning and expression of sheep leptin and studying its biological actions
Principal Investigator: Gamal S. Essawy, Biotechnology Center for services and research,
Department of Physiology, Faculty of Veterinary medicine, Cairo University, Giza 12211, Egypt.
Tel.: +20-2-5720887, Fax: +20-2-5725240, E-mail: gamalessawy@yahoo.com
ICGEB Contact No. 02/011
ICGEB Reference No.: CRP/EGY02-02
Keywords: leptin, ob gene, cloning, sheep
Abstract: Leptin, a 167-amino acid hormonal product of the obese (ob) gene, is a signal of the
nutritional status. Circulating leptin is closely correlated with the body mass index, degree of
adiposity and distribution of body fat. Leptin has been characterised as a lipostat that control
satiety or food intake, energy storage and energy homeostasis. Leptin is not only important in the
regulation of food intake and energy balance, but it also has a function as a metabolic,
reproductive and neuroendocrine hormone. RNAs were extracted from different adipose tissues of
local breeds of Egyptian sheep (omental, prerenal, subcutaneous and tail fat) and cDNAs were
developed by using reverse transcription encoding ovine leptin. Synthetic oligonucleotides
(primers) were constructed upon GenBank accession and double stranded DNAs were generated
using polymerase chain reaction (PCR). Digestions of PCR products and the vectors (pYES6/CT and
pCAL-n-EK) were carried out by proper restriction enzymes. Digested PCR products and plasmids
were purified by low melting agarose gel electrophoresis. Recovered PCR products and plasmids
were ligated by T4 ligase, and then transformed to E. coli (Top-10 or XL-1 Blue E. coli) for
propagation of the recombinant plasmids. Minipreps for the recombinant plasmids were prepared
and DNA sequencing was performed to confirm the proper sequence. Recombinant plasmid was
transformed into BL21 (DE3) E. coli and yeast (Saccharomyces cerevisiae) and for expression. The
expressed protein was detected by polyacrylamide gel electrophoresis, Western blot and
radioimmunoassay. The recombinant protein was purified.
Original Objectives:
(i) Cloning, expression and purification of leptin in native breeds of Egyptian sheep;
(ii) To study the effect of leptin on carbohydrate and lipid metabolism;
(iii) To study the effect of sheep leptin on the gonadotropin secretion and induction of puberty.
Results Obtained:
Recombinant ovine leptin expression in prokaryotic system
A 438 bp cDNA transcript coding mature ovine leptin was amplified from total adipocyte RNA by
RT-PCR and cloned into the prokaryotic vector pCAL-n-EK. The recombinant vector was then
transformed into XL-1 Blue E. coli, selected and identified. Sequencing of the cloned gene showed a
complete identity to the published ovine leptin. The confirmed construct was transformed into BL21
(DE3) E. coli where protein expression was induced with IPTG. SDS-PAGE and Western blot of
transformed cell lysate revealed significant quantities of immunoreactive fusion leptin mainly in its
dimeric form. Up to 6 mg/L soluble expressed leptin with purity more than 90% was purified on
calmodulin-sepharose while up to 22 mg/L fusion leptin was recovered from the solubilised
inclusion bodies. Both fractions were confirmed by Western blot and specific leptin
radioimmunoassy.
Production of recombinant ovine leptin in yeast expression system
RNAs were extracted from different adipose tissues of local breeds of Egyptian sheep (omental,
prerenal, subcutaneous and tail fat) and cDNAs were developed by using reverse transcription
encoding ovine leptin. Synthetic oligonucleotides (primers) were constructed upon GenBank
accession and double stranded DNAs were generated using polymerase chain reaction (PCR).
Digestions of PCR products and the vector pYES6/CT were carried out by proper restriction
enzymes. Digested PCR products and plasmid were purified by low melting agarose gel. Recovered
PCR products and pYES6/CT were ligated by T4 ligase, and then transformed to E. coli cells (Top10) for propagation of the recombinant plasmid. Miniprep for the recombinant plasmid was
prepared and DNA sequencing was performed to confirm the proper sequence. Recombinant
plasmid was transformed into yeast (Saccharomyces cerevisiae) for expression. The expressed
protein was detected by polyacrylamide gel electrophoresis, Western blot and radioimmunoassay.
The recombinant protein was purified by His-selectedTM nickel affinity gel and His-selected spin
columns.
Results Unforeseen in the Original Project:
TA cloning was performed using TA Expression Kit (pcDNA3.1/V5-His© TOPO® TA; Invetrogen).
TA cloning was done to overcome the problem of restriction digestion and cloning at early stages of
work. TA cloning was used for preparation of large quantity of insert. Recombinant plasmid DNA
was isolated and analysed for insertion and orientation for the eleven colonies by restriction
digestion, PCR and DNA analysis.
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Networking: The present project was done in collaboration with Dr. Urszula Kosior-Korzecka and
Prof. Ryszard Bobowiec, from the Department of Pathophysiology, Faculty of Veterinary Medicine,
Agricultural University, Lublin, Poland.
We are also collaborating with the following laboratories:
For the analysis of DNA sequence:
(i) Gene Analysis Unit of the Egyptian Company for Blood Transfusion Services (Vacsera) in Giza;
To study the biological effects of leptin with:
(ii) Animal Biology Unit at the National Research Center in Dokki;
(iii) Animal Reproduction Unit at the Animal Reproduction Institute in Giza;
For cloning and expression of leptin in yeast with:
(iv) Dr. C.V.Bruschi, Microbiology Group, ICGEB Trieste;
(v) Prof. F.E. Baralle, Molecular Pathology Group, ICGEB Trieste;
(vi) Drs. S.G. Tisminetzky and N. Skoko, Biotechnology Development Group, ICGEB Trieste.
In addition, we gave some lectures on leptin and its biological actions at the following three
conferences:
(i) The First Conference of the Egyptian Society of Physiological Sciences and their Applications, 59 August 2003 (Biology of leptin – Review, pp. 1-23);
(i) The Sixteenth Annual Congress of the Egyptian Society for Animal Reproduction and Fertility,
25-29 January 2004 (Leptin and reproduction – Review, pp. 21);
(iii) The First International Conference of Scientific Research and its Applications, Cairo University,
18-20 December 2004 (Production of recombinant ovine leptin in yeast expression system –
Abstract, pp. 377).
Publications:
Essawy, G.S., Ghoneim, M.A., Gouda, E.M., Ogaaly, H.A.M. Production of recombinant ovine
leptin in yeast expression system. 2004. The First International Conference of Scientific Research
and its Applications, Cairo University, 18-20 December 2004, pp. 377 (abstract)
Ogaaly, H.A.M. Cloning and expression of leptin gene in sheep. 2006. M.V.Sc. Thesis submitted to
the Department of Biochemistry and Chemistry of Nutrition, Faculty of Veterinary Medicine, Cairo
University
Gouda, E.M., Essawy, G.S., Ghoneim, M.A., Ogaaly, H.A.M. Production of recombinant ovine
leptin in yeast expression system. 2006. (in preparation)
Ogaly, H.A., Gouda, E.M., Ghoneim, M.A., Essawy, G.S. Recombinant ovine leptin expression in
prokaryotic system. 2006. (in preparation)
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MEXICO
Title: Improving of the protective capacity of a peptide based anti-cysticercosis vaccine by a
polymeric bacterial protein carrier
Principal Investigator: Edda Sciutto, Department of Immunology, Instituto de Investigaciones
Biomédicas, Universidad Nacional Autónoma de México, A.P. 70228, Ciudad Universitaria, C.P.
04510, Mexico City, Mexico. Tel.: +52-55-56223153, Fax: +52-55-56223369, E-mail:
edda@servidor.unam.mx
ICGEB Contract No. 02/012
ICGEB Reference No.: CRP/MEX02-01
Keywords: vaccination, antigen delivery, cysticercosis, Taenia solium, Taenia crassiceps
Abstract: Taenia solium taeniasis cysticercosis is a major parasitic disease of global proportions
that poses very serious threats to human health economy. In endemic countries risk factors involve
rustic pig rearing and inadequate meat inspection, poor household sanitary conditions, low
personal health practices, open-air fecalism, and proximity to taperworm carriers. In non-endemic
countries, most cases are either imported from immigrants from endemic areas, or associated with
immigrant taperworm carriers, some employed as domestic workers. T. solium disease high
prevalence, its consequences in human health, and the meager economy of the impoverished rural
areas of endemic countries, clearly demand systematic eradication programs, including pig
vaccination, to effectively interrupt the transmission.
For this purpose, the three peptides (KETc1, GK1, and KETc12) that constitute the anticysticercosis vaccine and a murine model of cysticercosis to test their antigenicity and
imunogenecity were used. The chimeras were produced by the Argentinean research group, and
the Mexican research group tested their antigenic and immunogenic properties.
The three peptides were successfully produced as stable chimeras according to thermal and
chemical denaturation. Considering that the BLS-KETc1 chimera was the one more effectively
produced, KETc1 expressed in E. coli as a chimeric protein linked to BLS (BLS-KETc1) was the more
extensively evaluated. By using this chimera we demonstrated that Brucella spp. lumazine
synthase is an adequate carrier to present foreign epitopes to the immune system. It tolerates the
insertion of KETc1, a 12 amino acid peptide, increasing the length of the inserted epitope, as well
as inserting multicopies of this epitope, improving its antigenicity, becoming an immunogen and
maintaining a similar protective capacity than the linear peptide. KETc1 and BLS-KETc1 were
neither MHC H-2(d), H-2(k) nor H-2(b) haplotype-restricted albeit KETc1 is preferentially presented
in the H-2(b) haplotype (Sciutto, et al . 2005).
This BLS-KETc1 chimera was also tested in oral immunity. The usefulness of BLS as a new antigendelivery and mucosal-adjuvant using KETc1, was demonstrated using two different experimental
models. The chimera induces a high level of protection against murine cysticercosis. Using BLS as
an adjuvant, also increased the peptide immunogenicity and elicited an immune response even
higher than that induced by the potent immunogen and immunomodulator cholera toxin. BLS used
as an adjuvant and, more effectively as an antigen delivery system orally administrated, induced
increased levels of specific IgA and IgG in sera and feces, increased CD19-CD69 in Peyer patches
cells (Rosas et al., in press), and its presence was detected in intestinal and spleen cells until 45
days after immunisation (in process). In addition, oral immunisation with BLS-KETc1 induced high
level of protection against the tapeworm intestinal infection due to Taenia solium, a finding that
supports a new strategy to deal with different helminths focused on the development of a novel
cost/effective vaccine against intestinal taeniasis, the most active and vulnerable node in
transmission.
Original Objectives:
(i) Improvement of the anti-cysticercosis vaccine by increasing its efficacy and reducing its
production cost.
(ii) Development of a new antigen delivery system that may be useful to improve this as well as
other vaccines
Results Obtained: During the three-year period of this project the Mexican group evaluated the
antigenicity, the immunogenic properties and the protective capacity of the BLS-KETc1 and the
BLS-GK1 chimeras. The results obtained are included in 4 published papers and in three additional
papers which are in preparation.
Networking: The established network allows us to share the experiences and knowledge acquired
by the two groups of participants, one with expertise in the study of protein structures and our
group who is expert in vaccine development and immunology.
This collaboration has obtained very effective results. Two Mexican students, one pre-doctoral and
one post-doctoral, as well as the respective responsibles of the project in Argentina and Mexico,
exchanged visits to be trained in the different procedures related to this research.
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Also, an important consequence that helped the development of this project, is the consolidation of
a new group of investigation from University of Morelos, Mexico, through the participation of
Gabriela Rosas (Ph.D.), who joined this project and carried out a postdoctoral stay with the
Argentinean group in 2005. Her participation helped her to obtain additional funds from CONACYT
and with this support she has been able to get installed in this provincial university.
Additionally, the finding that BLS can be a useful tool for vaccine delivery and adjuvant both for
systemic and oral immunisation, offers a new tool for vaccine development and expands the
initially planned interests. It also increases the investigating network with the new collaboration of
a Brazilian group, to test this new system in other cestodes that shared the KETc1 epitope, as it is
the case of Taenia saginata.
These results are extremely promising considering the relevance of developing safe, cost-effective
vaccines to prevent not only cysticercosis, but also enteric diseases that especially affect nondeveloping countries.
Publications:
Laplagne, D.A., Zylberman, V., Ainciart, N., Steward, M.W., Sciutto, E., Fossati, C.A.,
Goldbaum, F.A. Engineering of a polymeric bacterial protein as a scaffold for the multiple display
of peptides. 2004. Proteins, 57(4), 820-828
Sciutto, E., Toledo, A., Cruz, C., Rosas, G., Meneses, G., Laplagne, D., Ainciart, N.,
Cervantes, J., Fragoso, G., Goldbaum, F.A. Brucella spp. lumazine synthase: a novel antigen
delivery system. 2005. Vaccine, 23(21), 2784-2790
Rosas, G., Fragoso, G., Ainciart, N., Esquivel-Guadarrama, F., Santana, A., Bobes, R.,
Ramírez-Pliego, O., Toledo, A., Cruz-Revilla, C., Meneses, G., Berguer, P., Goldbaum, F.,
Sciutto, E. Brucella spp. lumazine synthase: a novel adjuvant and antigen delivery system to
effectively induce oral immunity. Microbes and Infection. 2006. (in press)
Cruz-Revilla, C., Toledo, A., Rosas, G., Huerta, M., Flores, I, Peña, N., Morales, J.,
Cisneros-Quiñones, J., Meneses, G., Díaz-Orea, A., Anciart, N., Goldbaum, F., Aluja, A.,
Larralde, C., Fragoso, G., Sciutto, E. Effective protection by vaccination against experimental
Taenia solium tapeworm infection using recombinant or synthetic non-stage specific heterologous
antigens. Journal of Parasitology. 2006. (accepted)
Cruz-Revilla, C., Toledo, A., Rosas, G., Flores, I, Peña, N., Morales, J., Cisneros-Quiñones,
J., Meneses, G., Díaz-Orea, A., Anciart, N., Goldbaum, F., Larralde, C., Fragoso, G.,
Sciutto, E. High specific systemic and local immunity induced by oral immunisation with a nonstage specific peptide delivery in the polymeric bacterial protein lumazine synthase effectively
protect against experimental Taenia solium taeniasis. 2006. (in preparation)
Orecchia, M., Fragoso, G., Sciutto, E., Rosas, G. Cysticercosis: Oral immunogenic properties of
the non-stage specific peptide GK1 recombinant expressed bound to Brucella spp. lumazine
synthase. 2006. (in preparation)
Rosas G., Hernandez, B., Anciart, N., Goldbaum, F., Fragoso, G., Sciutto, E. Delay clearance
of antigen in lymph nodes promoted by the antigen delivery system improve antigen
immunogenecity. 2006. (in preparation)
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PAKISTAN
Title: Molecular and genetic basis of hereditary deafness
Principal Investigator: Sheikh Riazuddin, Professor of Molecular Biology, Centre for Molecular
Biology, University of the Punjab, Canal Bank Road, Thokar Niaz Baig, Lahore-53700, Pakistan.
Tel.:
+92-42-5421235,
5421350,
Fax:
+92-42-5421316,
5164155,
E-mail:
riaz@lhr.comsats.net.pk, Web: www.cemb.edu.pk
ICGEB Contract No. 02/013
ICGEB Reference No.: CRP/PAK02-01
Abstract: The prevalence of genetic deafness in Pakistan is estimated at 1.6 per 1000 which is
60% higher than the world average. This is attributed to high degree of consanguinity with 50% of
all marriages among first cousins. Information about the carrier status in the affected families will
be useful in genetic counseling aimed at reducing the incidence of deafness in Pakistani population.
Seventy five large consanguineous families were enrolled in these studies. Blood samples were
collected from the deaf, their unaffected siblings, parents and grand parents, if alive. DNA was
extracted and processed by linkage analysis and DNA sequencing. As a consequence, three new
genes and two new loci were identified and eighteen pathogenic mutations were found present in
the Pakistani population. These results provide a basis of further studies to obtain a full spectrum
of mutations in the deaf population in the India-Pakistan subcontinent and use this information in
genetic counseling and prenatal diagnostic procedures.
Objectives:
(i) Identify and enroll 50 consanguineous families, conduct Audiometric and clinical tests on all the
affected and non-affected individuals and their parents to ascertain the type of deafness and
syndrome;
(ii) Collect blood samples from the affected as well as non-affected siblings (with 100 normal
random samples to calculate the allele frequency) and process them for DNA extraction;
(iii) Carry out linkage analysis for the presence of known DFNB loci to separate linked and unlinked
families;
(iv) Conduct mutational analysis of known deafness genes;
(v) Carryout genome wide scan in five selected unlinked families to find new linkages.
Original Objectives:
(i) Identify and enroll 50 consanguineous families, conduct Audiometric and clinical tests on all the
affected and non-affected individuals and their parents to ascertain the type of deafness and
syndrome (0-18 months);
(ii) Collect blood samples from the affected as well as non-affected siblings (with 100 normal
random samples to calculate the allele frequency) and process them for DNA extraction (6-24
months);
(iii) Carry out linkage analysis for the presence of known DFNB loci to separate linked and unlinked
families (15-30 months);
(iv) Conduct mutational analysis of known deafness genes (12-36 months);
(v) Carryout genome wide scan in five selected unlinked families to find new linkages (18-36);
(vi) Identify gene products of DFNB26 and DFNM1. Study molecular interaction between the two
gene proteins (0-36 months).
Results Obtained:
Three new genes and two new loci were identified and eighteen pathogenic mutations were found
present in the Pakistani population.
Results Unforeseen in the Original Project:
DFNB26 transgenic mice were not found deaf.
Publications:
Ahmed, Z.M., Riazuddin, S., Ahmad, J., Bernstein, S.L., Guo, Y., Sabir, M.F., Sieving, P.,
Riazuddin, S., Griffith, A.J., Friedman, T.B., Belyantseva, I.A., Wilcox, E.R. PCDH15 is
expressed in the neurosensory epithelium of the eye and ear and mutant alleles are responsible for
both USH1F and DFNB23. 2003. Hum. Mol. Genet., 12(24), 3215-3223
Naz, S., Griffith, A.J., Riazuddin, S., Hampton, L.L., Battey, J.F., Khan, S.N., Riazuddin, S.,
Wilcox, E.R., Friedman, T.B. Mutations of ESPN cause autosomal recessive deafness and
vestibular dysfunction. 2004. J. Med. Genet., 41, 591-595
Ramzan, K., Shaikh, R.S., Ahmad, J., Khan, S.N., Riazuddin, S., Ahmed, ZM., Friedman,
T.B., Wilcox, E.R., Riazuddin, S. A new locus for Nonsyndromic deafness DFNB49 maps to
chromosome 5q12.3-q14.1. 2005. Hum. Genet., 116, 17-22
Shaikh, R.S., Ramzan, K., Nazli, S., Sattar, S., Khan, S.N., Riazuddin, S., Ahmed, Z.M.,
Friedman, T.B., Wilcox, E.R., Riazuddin, S. A new locus for nonsyndromic deafness DFNB51
maps to chromosome 11p13-p12. 2005. Am. J. Med. Genet. A. 138A(4), 392-395
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Shabbir, M.I., Ahmed, Z.M., Khan, S.Y., Riazuddin, S., Waryah, A.M., Khan, S.N., Camps,
R.D., Ghosh, M., Kabra, M., Belyantseva, I.A., Friedman, T.B., Riazuddin, S. Mutations of
human TMHS cause recessively inherited nonsyndromic hearing loss. 2005. J. Med. Genet., Epub
Feb. 2005
Riazuddin, S., Nazli, S., Shaikh, R.S., Khan, S.N., Sabir, F., Javid, T.F., Wilcox, E.R.,
Ahmed, Z.M., Riazuddin, S., Friedman, T.B. A mutation spectrum of MYO7A associated with
Usher syndrome type 1 and evidence for the existence of DFNB2. 2005. (in preparation)
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POLAND
Title: Matrix metalloproteinases in neuronal plasticity and cell death
Principal Investigator: Leszek Kaczmarek, Nencki Institute, Laboratory for Molecular
Neurobiology, Pasteura 3, 02-093 Warsaw, Poland. Tel.: +48-22-6593001, Fax: +48-22-8225342,
E-mail: leszek@nencki.gov.pl
ICGEB Contract No. 02/014
ICGEB Reference No.: CRP/POL02-01
Keywords: extracellular matrix, apoptosis, neurodegeneration, learning and memory, gene
expression, zinc
Abstract: The understanding of molecular underpinnings of excitotoxic (resulting from an excess
of neurotransmitter, L-glutamate) neuronal death in the brain should play major role in identifying
appropriate drug targets for most common neurodegnerative disorders. One of the problems in
fulfilling this task is pivotal role of glutamate-driven neurotransmission in the brain physiology,
including neuronal plasticity, such as learning and memory phenomena. Zn2+ dependent enzymatic
system composed of matrix metalloproteinases (MMPs) and their endogenous inhibitors is highly
responsive to glutamate and may offer a promising biotechnological target, especially because of
its extracellular locus of action. To further the knowledge on the role of MMPs in neuronal cell death
and plasticity, in the proposed studies we investigated the response of MMPs to peripheral
administration of glutamate analog, kainate. This unique experimental model system allowed us to
investigate in the hippocampus (brain structure especially susceptible to neuronal cell loss as well
as important for learning and memory) both neurodegeneration (limited to CA subfields) and
neuronal plasticity (confined to the dentate gyrus). We have defined spatio-temporal patterns of
MMP-2 and -9 mRNA, protein levels and enzymatic activities in the hippocampus. We have
discovered synaptic localisation of both mRNA and protein of MMP-9. We have also discovered that
TIMP-1 (tissue inhibitor of matrix metalloproteinases-1) plays an important role in neuronal
plasticity, being both induced and functionally involved in long term plasticity evoked in the rat
medial prefrontal cortex. We have also defined MMP-9 response to neurodegenerative action of the
kainate, showing that at 5 days the MMP-9 immunoreactivity in hippocampal neurons was almost
completely gone whereas reactive astroctes surrounding the areas occupied previously by dying
neurons, expressed the protease at high level. Furthermore, in contrast to data published by
others, we were unable to find any MMP-9 in microglial cells at any time point, although the cells
were abundant in the hippocampus at that time. To address functionally whether MMP-9 does
mediate excitotoxic neurodegeneration we performed intracerebral injections of kainic acid in MMP9 knockout mice. The extent of neurodegeneration was assessed at 24 hours using neurospecific
and sensitive fluorescent probe FluoroJade. Lack of functional MMP-9 resulted in decreased,
although not completely abolished neurodegeneration of CA3 pyramidal neurons as compared to
wild type littermate controls. In conclusion our studies have revealed novel information about MMP9 in the brain, pointing to its possible role in neuronal plasticity and neurodegeneration.
Objectives:
(i) Defining the spatiotemporal patterns of MMP's expression in the rat brain following kainate
evoked seizures;
(ii) Investigating the MMP role in neurodegeneration;
(iii) Investigating the MMP role in neuronal plasticity.
Results Obtained:
All the three major objectives of the project were met. We have defined the spatio-temporal
patterns of Matrix Metalloproteinase-9 (MMP-9) expression in the rat brain following kainate
evoked seizures. Major discovery coming from this work was that the MMP-9 at mRNA (!) protein,
and enzymatic activity is localised to the synapses and accumulates in response to enhanced
neuronal acytivity. Thus, it may be suggested that MMP-9 plays an important role in the synaptic
function, e.g., neuronal plasticity underlying learning and memory. Indeed, using TIMP-1 (tissue
inhibitor of matrix metalloproteinases-1) delivered in adenoviral vector, we have shown that it may
block long-lasting synaptic plasticity in vivo (LTP in the Subiculum to medial Prefrontal Cortex
pathway). Finally, we have also analysed MMP-9 response in brain regions suffering neuronal cell
loss in response to excitotoxic, kainate treatment. Our results show that under these conditions
there is MMP-9 enhancement in astroglia.
Publications:
Dzwonek, J., Rylski, M., Kaczmarek, L. Matrix metalloproteinases (MMPs) and their endogenous
inhibitors (TIMPs) in neuronal physiology of the adult brain. 2004. FEBS Lett. 567, 129-135
Szklarczyk, A., Kaczmarek, L. Physiology of matrix MMPs and their tissue inhibitors in the brain.
2005. BIOTECH International, 17, 15-18
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Dzwonek, J. Aktywacja metaloproteazy 9 (MMP-9) w mózgu w odpowiedzi na pobudzenie
neuronalne in vivo substancjami drgawkogennymi (Activation of MMP-9 in the brain in vivo in
response to proconvulsants). 2004. Doctoral Thesis, Nencki Institute.
Szymczak, S. Estrogen receptor beta in rat hippocamus following kainic acid-induced neuronal
activation and comparison with estrogen receptor alpha, in resting and activated brain. 2005.
Doctoral Thesis, Nencki Institute.
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SERBIA
Title: Regulation of gene expression in stationary phase in Pseudomonas
Principal Investigator: Milan Kojic, Laboratory for Molecular Genetics of Industrial
Microorganisms, Institute of Molecular Genetics and Genetic Engineering (IMGGE), V. Stepe 444a,
P.O. Box 23, 11010 Belgrade, Serbia. Tel: +381 11 397 59 60; Fax: +381 11 397 58 08, E-mail:
mkojics@eunet.yu, lab6@eunet.yu
ICGEB Contract No. 02/017
ICGEB Reference No.: CRP/YUG02-01
Keywords: Pseudomonas, regulation, RpoS, PsrA
Abstract: The rpoS-encoded σS subunit of RNA polymerase is a central regulator in a regulatory
network that governs the expression of many stationary phase-induced genes in gram-negative
bacteria. The P. putida rpoS gene is transcribed as a monocistronic rpoS mRNA transcript with 368
nt long 5’ untranslated region (UTR). In this study the posttranscriptional control of RpoS synthesis
by using rpoS-lacZ transcriptional and translational fusions was investigated. Different activity of
constructed translational fusions definitely showed that 5’ UTR is involved in translational
regulation of RpoS expression in stationary phase. The PsrA transcriptional regulator is involved in
stationary phase induced transcriptional regulation of rpoS and in negative auto-regulation in
Pseudomonas. In this study using computer search based on the PsrA binding motif (G/CAAAC N2-4
GTTTG/C) was performed against the P. aeruginosa genome sequence. Four of fourteen analysed
promoters responded to and bound PsrA; divergent promoters controlling PA2952/PA2951 and
PA2953, promoter of PA0506 and upstream region of PA3571. Promoters (PA0506 and PA2952PA2951) were regulated negatively whereas promoters of PA2953 and PA3571 were regulated
positively by PsrA. Two dimensional SDS-PAGE analysis on total proteins from P. aeruginosa PAO1
and psrA knock-out derivative resulted in the identification of 11 protein spots, which were
differentially regulated. These studies have indicated PsrA as a global regulator.
Original Objectives:
(i) Characterisation of molecule(s) responsible for monitoring stress conditions;
(ii) Posttranscriptional regulation of the stationary phase sigma factor rpoS gene;
(iii) Posttranslational regulation of the stationary phase sigma factor rpoS gene;
(iv) Transcriptional regulation of psrA gene (activator of rpoS gene expression);
(v) Regulation of other PsrA regulated gene(s)/regulators.
Results Obtained: According to the original objectives of the proposal, using different approaches
we tried to define factors involved in regulation of rpoS expression and extend the role of PsrA as
global regulator in Pseudomonas. The results of experiments related to objective (ii) further
elucidated role of 5´ UTR of rpoS mRNA. Considering that there was no evidence about importance
of 5' UTR in regulation of RpoS expression in stationary phase of growth we performed a deletion
analysis of this region in order to determine its role in regulation of translational expression of rpoS
gene. Nine fusions were constructed, containing rpoS promoter, rpoS 5' UTR (full-length, or with
deletions and insertions) and lacZ2 gene from mini-Tn5 lacZ2 transposon (pMP77FK, pMP77F3,
pMP77F4, pMP77F5, pMP77F6, pMP77F7, pMP77∆EI, pMP77∆E47III and pMP77INEI). pMP77FK
construct, which carries full-length 5’ UTR, was used as a control. Resulting activities pointed to
proximal region of 5' UTR as a region playing important role in translational regulation of rpoS
gene. Also, it was analysed ability of all constructed translational fusions to respond to growth
phase of P. putida WCS358; fusions showed different β–galactosidase activities, but retained
almost the same growth phase dependence indicating that only few factors are involved in
translational regulation of rpoS gene. In order to eliminate influence of deletions and insertion on
transcriptional activities of translational fusions, nine transcriptional fusions were constructed.
Statistically significant differences between activity values of these fusions were not observed.
Predicted secondary structures of 5´ UTR in fusions indicated that differences in secondary
structures could explain different activities of translational fusions. Again, secondary structure of
mRNA of 5' UTR confirms important role of proximal region. Further in vivo and in vitro studies are
required to determine complexity and a role of 5' UTR rpoS mRNA as well as the relationships
between 5' UTR rpoS mRNA and other trans-acting factors (RNA binding proteins and small RNA) in
Pseudomonas. Transcriptional fusion studies were carried out using the rpoS–lacZ fusions in P.
aeruginosa PAO1 and P. putida WCS358, and derivatives PAO6281, PAOM-5, PAO1lasI::Gm,
PAO1rhlI::Tc, PAO1vfr::Tc, MT17, and WCS358clpX::Km in order to elucidate role of another
factors involved in regulation of rpoS transcription, translation and protein degradation (objectives
(i), (ii), and (iii)). From results it is possible to conclude that probably quorum sensing does not
play a major role in rpoS transcription. In contrast to the situation in E. coli, in P. aeruginosa a ppk
(polyphosphate kinase) null mutant had no effect on rpoS transcription. In P. aeruginosa vfr
mutant, β-galactosidase activities were slightly higher than in the control strain P. aeruginosa
(pRPO190) in the early exponential and stationary growth phases. The TetR family regulator PsrA
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regulate rpoS expression during entry into stationary phase in P. aerugionosa and P. putida. This
effect was also observed in this study and thus far appears to be the major factor controlling rpoS
transcription in Pseudomonas. The clpXP protease mutant displayed no effect on rpoS transcription,
indicating that it is not involved in the degradation of rpoS transcriptional regulator(s). Our fusion
studies revealed that rpoS/RpoS undergoes transcriptional and translational regulation. To estimate
the relative proteins levels in each strain and derivatives, RpoS levels at different growth phases
were detected and quantified by Western blotting using anti-RpoS antibodies. In wild-type strains,
P. aeruginosa PAO1 and P. putida WCS358, low levels of RpoS were detected in exponentially
growing cells; these levels increased three to five-fold during stationary phase. In the psrA mutant,
MT17 (P. putida psrA::Tn5) and in P. aeruginosa PAO1psrA::Tn5, low levels of protein were
observed throughout as expected due to considerably lower transcription and translation. The
results confirm previous findings regarding the important role of PsrA in rpoS transcription during
the late-exponential and stationary growth phases, the possible role of Vfr in transcriptional
repression during exponential phase, and the role of ClpXP protease in RpoS degradation during
exponential phase. Surprisingly, no important role in rpoS/RpoS regulation was observed for
GacA/GacS, the quorum-sensing systems, and the polyphosphate alarmone molecule. These
results highlight similarities and differences regarding the regulation of this sigma factor in E. coli
and contradict results in the literature, emphasising the need for further studies. Genomic and
proteomic approaches were used in order to identify PsrA as global regulator (objective (iv)). PsrA
has been originally identified as a positive transcriptional regulator of the stationary phase rpoS
sigma factor, activating transcription at the onset of stationary phase. In addition it was
demonstrated that PsrA acts as a strong negative autoregulator and the binding site in rpoS and
psrA promoters has been determined and was shown to be well conserved. In this study, several
new loci have been found which are regulated at the transcriptional level by the TetR family
regulator PsrA of Pseudomonas aeruginosa. Searching for the PsrA binding motif in the P.
aeruginosa genome revealed 18 putative binding sites, however only 4 of the 14 tested were
responding and could bind to PsrA as determined with transcriptional fusions and protein-DNA gel
retardation assays. Comparing PsrA binding motifs of promoters confirmed to be regulated with
PsrA indicate that the functional binding site was C/GAAAC N4 GTTTG/C and that spacing of four
nucleotides was important between the two conserved palindromic motifs. In order to identify other
PsrA regulated loci, we also performed total 2-D protein analysis of P. aeruginosa versus P.
aeruginosa psrA::Tn5 and could identify 11 protein spots, out of approximately 300, which were
differentially regulated in psrA::Tn5 mutant. Interestingly however, only three spots represented
proteins of which the encoding gene had a PsrA-binding site as found in the comparative genome
search and as demonstrated with transcriptional fusion studies and DNA-binding assays. The acylCoA-dehydrogenases (PA0506), the electron transfer flavoprotein (PA2951/PA2952) and electron
transfer flavoprotein-ubiquinone oxidoreductase (PA2953) were shown here to be all regulated by
PsrA in response to stationary phase and could therefore be part of the same cascade in this
process in P. aeruginosa linking up these gene products for the first time. PsrA could therefore play
an important role in the adaptation to stationary phase.
Networking: During the three years of this CRP project we had intensive collaboration research
with the Bacteriology group at ICGEB Trieste, Italy. Some experiments were performed in that
laboratory and continuing contacts were made to exchange results and plans for the future work.
We also established a collaboration with the Proteomics group led by Dr. Alessandro Vindigni at
ICGEB Trieste, that enabled us to sequence selected protein spots on 2-D protein gel
electrophoresis. Both collaborations resulted in a common publication appeared in FEMS
Microbiology Letters.
Publications:
Bertani, I., Sevo, M., Kojic, M.,Venturi, V. Role of GacA, LasI, RhlI, Ppk. PsrA, Vfr and ClpXP in
the regulation of the stationary-phase sigma factor rpoS/RpoS in Pseudomonas. 2003. Arch.
Microbiol. 180, 264-271
Kojic, M., Jovcic, B., Vindigni, A., Odreman, F., Venturi, V. Novel target genes of PsrA
transcriptional regulator of Pseudomonas aeruginosa. 2005. FEMS Microbiol. Lett. 246, 175-181
Jovcic, B., Topisirovic, L., Kojic, M. Regulation of gene expression under stress, carbon
starvation and stationary phase in rhizosphere-colonising plant growth-promoting strain
Pseudomonas putida WCS358. 2005. J. Sci. Agric. Research 66, 171-185
Jovcic, B., Venturi, V., Topisirovic, L., Kojic, M. 5’ Untranslated region of the Pseudomonas
putida WCS358 stationary phase sigma factor rpoS mRNA is involved in RpoS translational
regulation. 2006. Arch. Microbiol. (submitted)
Jovcic, B. Analysis of genes regulated by PsrA transcriptional regulator and translational regulation
of rpoS gene expression in Pseudomonas. Ms.D. Thesis, University of Belgrade, 2005.
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SLOVENIA
Title: Role of PDZ domain proteins from MAGUK family in cell-cell detachment during apoptosis
Principal Investigator: Boris Turk, Department of Biochemitry and Molecular Biology, J. Stefan
Institute, Jamova 39, SI-1000, Slovenia. Tel: +386-1-4773772, Fax: +386-1-4773984, E-mail:
boris.turk@ijs.si
ICGEB Contract No. 02/015
ICGEB Reference No.: CRP/SLO02-01
Keywords: maguk, apoptosis, cell-cell detachment, caspase substrate
Abstract: A major feature of apoptosis is the gross structural changes, one of which is the loss of
cell-cell contact. MAGUKs that are typically associated with cell junctions were suggested to be
potentially important caspase targets early during apoptosis in order to dismantle the cell-cell
contacts. MAGI-1 was shown as the first MAGUK to be rapidly cleaved by caspases during
apoptosis, generating a 97 kDa N-terminal fragment that dissociates from the cell membrane.
Mutating the MAGI-1 Asp761 to Ala completely abolished the cleavage by caspases. In HaCaT cells
overexpressing the MAGI-1 Asp761Ala mutant, disruption of cell-cell contacts was delayed as
compared to other caspase-dependent processes such as nuclear condensation, suggesting that
cell detachment is parallel to them. Further in vitro and cellular studies revealed that other
MAGUKs are also cleaved by caspases with caspase-3 being the major executioner. hDLG, ZO-1,
ZO-3 and MAGI-3 localisation at the sites of cell-cell contacts was rapidly lost, preceding actual
cell-cell detachment. Using Ala scanning mutagenesis one cleavage site within hDlg with an
unusual recognition sequence for the executioner caspases (QPVD428↓N) was identified.
Furthermore, cysteine cathepsins were found to be another family of proteases, which could cleave
MAGUKs during apoptosis.
These data suggest that caspase (or other protease)-mediated cleavage of MAGUKs, and their
removal from sites of cell-cell contacts is an important step in disruption of junctions and
dismantling cell-cell contacts during apoptosis.
Original Objectives:
(i) To identify other MAGUK’s, which are caspase targets during apoptosis;
(ii) To check for possible changes of intracellular localisation of MAGUKs during apoptosis;
(iii) To identify caspases responsible for the MAGUK clevage(s);
(iv) To identify clevage site(s) within indiviudal MAGUK’s;
(v) To investigate for possible active role of caspase cleavage fragments of MAGUKs on the
progress of apoptosis;
(vi) To check for other potential effects of MAGUK cleavage by caspases on cells.
Results Obtained:
We investigated the role of various MAGUK proteins in cell-cell detachment during apoptosis. First,
we checked if executioner caspases-3, -6 and -7 cleave in vitro translated MAGUKs, namely MAGI2, MAGI-3, SAP97/hDlg, SAP102, PSD-95, PSD-93, ZO-1 and ZO-3. Caspase-3 was found to cleave
all the proteins tested, while caspase-6 cleaved PSD-95, PSD-93 and ZO-3; and caspase-7 cleaved
SAP97/hDlg, PSD-95, PSD-93, MAGI-2 and ZO-3. Once we had identified caspases responsible for
the cleavages of MAGUKs, we generated several mutants of MAGI-1, SAP97/hDlg, MAGI-2 and
MAGI-3, where Asp residues within the putative caspase cleavage sites were replaced with Ala.
Replacing Asp761 with Ala in MAGI-1 completely abolished any cleavage by caspases-3 or -7. A set
of EGFP-MAGI-1 (wt-MAGI-1, MAGI-1 D761A, etc.) constructs were prepared in pEGFP-N2
mammalian expression vector and used to transfect HaCaT cells with Nucleofector technology. We
have found that MAGI-1 is cleaved before E-cadherin and both are cleaved before nuclear
condensation and other morphological signs of apoptosis. However, in HaCaT cells overexpressing
Asp761 to Ala mutant, cleavage of E-cadherin as well as disruption of cell-cell contacts were
delayed and occured after nuclear condensation. Dismantling cell-cell contacts was found necessary
for proper execution of apoptosis, but was independent of other processes, suggesting parallel
pathways, thus enabling faster and more efficient execution of the cell death program. Despite
many efforts, we were not able to generate any stable cell line overexpressing the noncleavable
D761A mutant of MAGI-1 in order to quantitatively evaluate the effect of the mutation on the
progression of apoptosis. All positive cells were rapidly dying, suggesting that high levels of MAGI1 are not tolerable by cells (Gregorc et al., submitted). Overexpressing the N- and the C-terminal
fragments of MAGI-1 did not affect the progress of apoptosis, despite the fact that the C-terminal
fragment fused to the EGFP was found to be localised in the nucleus. The latter finding is, however,
in agreement with previous data for this splice variant.
Additional experiments were focused on SAP97/hDlg. In vitro data suggested that cleavage
occurred close to the N- or the C-terminus of the protein. Since preliminary experiments showed
that SAP97/hDlg dissapeared following UV-irradiation induced apoptosis in HaCaT cells and the
antibodies used were raised against the N-terminal part of SAP97/hDLG, further experiments were
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focused on the N-terminus. A number of Asp to Ala mutants were prepared (12), among them the
only two DXXD sequences of SAP97/hDLG (D283VRD286 and D756GRD759), which are the typical
caspase-3 and -7 recognition sequences. After several sets of mutants, we were finally able to
identify one atypical caspase cleavage site (QPVD428↓N), which prevented only the appearance of
the 60 kDa fragment, but not of the other two fragments (Gregorc et al., 2005). Due to the
cleavages at atypical sites for caspases-3 and -7, we decided not to pursue further identification of
the cleavage sites. We also generated several mutants of MAGI-2 and MAGI-3, where Asp within
DXXD sequence was replaced by Ala, but none of the mutants turned out to be a cleavage site for
caspase-3 and/or -7, confirming previous findings with hDlg. This lead to a more general
conclusion that despite the very strict protease specificity, such as the Asp specificity of the
caspases, the predicted protease cleavage sites based on the substrate specificity of the proteases
determined by combinatorial chemistry using short peptides only seldom match the real cleavage
sites of protein substrates. The prediction of the cleavage sites in protein substrates cannot be
really done without extensive help of bioinformatics methods. Therefore, we abolished further
search for potential caspase cleavage sites within the MAGUK proteins. A further reason was the
lack of any effect of the N- and the C-terminal fragments of MAGI-1 on apoptosis progression.
Inducing apoptosis with UV or staurosporine in different epithelial cell lines (HaCaT, MDCK and
CaCo-2) showed that caspases can also cleave MAGI-1, MAGI-3, SAP97/hDlg, ZO-1 and ZO-3 in
different cell models. Immunohistological stainings in HaCaT, MDCK and CaCo-2 cells showed that
hDlg, ZO-1 and ZO-3 proteins are localised to cell membrane and that after induction of apoptosis
with UV-irradiation or staurosporine localisation of SAP97/hDlg, ZO-1 and ZO-3 is disrupted, which
correlates with the loss of cell-cell contacts. The same was shown in MDCK and HaCaT cells
transfected with fusion constructs of MAGI-3 with EGFP.
Results Unforeseen in the Original Project:
In addition, we also tested possible cleavage of MAGUKs by some other proteases that have been
reported to be involved in apoptosis. In in vitro experiments we showed that MAGI-1, MAGI-2,
MAGI-3, SAP97/hDlg, PSD-95, PSD-93, SAP-102, ZO-1, ZO-2 and ZO-3 are degraded by several
cysteine cathepsins (lysosomal proteases). Serine protease Omi did not cleave any of the MAGUKs
tested. Using a selective lysosomal disrupting agent LeuLeuOMe, we have further shown that
SAP97/hDlg, ZO-1 and ZO-3 are cleaved/degraded in HaCaT and CaCo-2 cells. This
cleavage/degradation could be prevented by 20 µM E-64d, an inhibitor of cysteine cathepsins, but
not by 20 µM z-VAD-fmk, suggesting that cathepsins are responsible for the degradation of
SAP97/hDlg, ZO-1 and ZO-3 in this model of cell death. Final experiments are currently in progress
and a manuscript describing this work is in preparation.
In conclusion, we were able to largely meet all project objectives set at the time of the proposal.
We showed that MAGUKs are caspase targets during apoptosis induced by several agents in
different epithelial cell lines, we identified caspase-3 as the major caspase responsible for the
cleavages, and we were able to identify some caspase cleavage sites within MAGI-1 and
SAP97/hDlg. We have further shown that localisation of several MAGUKs is disrupted upon
induction of apoptosis and that cleavage of MAGI-1 facilitates proper dismantling of cell-cell
contacts during apoptosis. However, we abolished the work on identification of all caspase cleavage
site within different MAGUKs as they are mostly atypical for caspases (only a single DXXD cleavage
site identified). Nevertheless, we extended our initial project setup and based on the results with
cysteine cathepsins demonstrated that MAGUK’s are more general protease targets during various
forms of programmed cell death.
Networking: Throughout the whole duration of the project there was a very fruitful collaboration
with Dr. Lawrence Banks (ICGEB, Trieste). This included constant exchange and discussion of
ideas, manuscript preparation, student training (U. Gregorc) and exchange of reagents (antibodies,
plasmids, cell lines, etc.). This collaboration will also continue in the future, thus beyond the scope
of the project.
Additional two persons, crucial for the project, were Dr. David S. Bredt (UCSF, San Francisco, USA)
and Dr. Ron Javier, who both provided various plasmids containing cDNA sequences of different
MAGUKs. With both of them we have discussed the project via e-mail correspondence and on one
occasion also in a face-to-face meeting with D. Bredt, during a visit of the Principal Investigator at
UCSF.
The last person who proved to be essential for the project development, is Dr. Mauro Degli Esposti
(University of Manchester, Tissue to Organs Division Group, Faculty of Life Sciences). He is a
specialist in organelle biology and S. Ivanova received training with him in the field of membrane
and lipid biology. This was of major importance due to the recent findings in the field of cell death
on the organelle crosstalk.
Publications:
Gregorc, U., Ivanova S., Thomas, M., Turk, V., Banks, L., Turk, B. hDLG/SAP97, a member of
the MAGUK protein family, is a novel caspase target during cell-cell detachment in apoptosis. 2005.
Biol. Chem., 386, 705-710
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ARGENTINA
Title: Structure-function analysis of the e7 oncoprotein from high risk human papillomavirus
Principal Investigator: Gonzalo de Prat Gay, Fundación Instituto Leloir, Protein StructureFunction and Engineering Lab, Patricias Argentinas 435 (1405), Buenos Aires Argentina. Tel: +5411-5238-7500, ext. 3209, Fax: +54-115238-7501, E-mail: gpratgay@leloir.org.ar
ICGEB Contract No. 03/012
ICGEB Reference No.: CRP/ARG02-01
Keywords: HPV, proteins, cancer, E7
Abstract: We have been investigating the conformational and biophysical proteins of HPV16 E7 in
solution. We had previously found that it formed an extended dimer in solution and aimed at
tackling interaction with its targets. We came across the fact that the protein readily and efficiently
formed spherical oligomers of ~700 kDa (E7SOs) with amyloid like properties. Moreover, we found
that they displayed chaperone holdase activity with standard polypeptide substrates and
characterised the activity. E7SOS have the ability to bind a large number of Rb molecules and raise
several questions about their significance related to its known wide target specificity. Given the
limited resources, the interaction with targets was given less priority, but after a big effort we were
able to express and purify the AB domains of Rb, which will now allow us to dissect the interaction
mechanism of the oncoprotein and the tumour suppressor. The finding of the E7 oligomers made
us look into the potential of expressing high risk E6s; we found that they formed oligomers of
1.2MDa upon refolding, and antibodies against these allowed us to detect and localise the
endogenous E6 species in HPV-transformed cell lines HeLa and CaSki for the first time. We
determined that phosphorylation on the PEST sequence of the hinge region of BPV1 E2 protein
causes a thermodynamic destabilisation rather than acting as a “recognition” flag, and this
correlated with turnover rates in vivo.
Objectives: The general objectives of the project are the understanding of the structural,
conformational and thermodynamic properties of the oncoprotein E7, its interaction with its main
target, Rb, and how both issues relate to the underlying molecular mechanisms of cellular
transformation by HPV. Also, how the conformation is affected by phosphorylation or redox
modifications, which affect its cellular turnover.
Original Objectives:
(i) Characterisation of conformation, stability and dimerisation of E7 by biophysical methods;
(ii) conformation and structure of the N-terminal domain (1-40) of HPV16-E7;
(iii) production and analysis of the C-terminal (Zn binding) domain of HPV16 E7. Interaction
between complementary domains;
(iv) NMR of E7 and fragments;
(v) interaction mechanism of E7 with recombinant Rb in solution. Effect of E7 on Rb;
(vi) interaction of E7 with TBP and other proteins in solution;
(vii) interaction of E7 with a monoclonal antibody. Effects of binding on conformation of E7;
(viii) phosphorylation of E7 and its fragments in vitro by casein kinase II. Effect on conformation,
stability and interaction of E7 with its targets;
(ix) optimisation of conditions for NMR analysis of E7, E7(1-40), E7(41-98);
(x) interaction of Rb with E7 peptides;
(xi) crystallisation of E7, E7 mutants, and E7-MAb complexes;
(xii) comparison of conformational properties, stability and dimerisation of HPV16 E7 with other
strains, in particular, HPV-18 and HPV-11.
Results Obtained:
(i) HPV16 E7 forms spherical oligomers (E7SOs) with amyloid-like properties;
(ii) we found that they display chaperone holdase activity;
(iii) we described a redox mechanism governing conformational transitions of E7 and the assembly
of the E7SOs;
(iv) we characterised the N-terminal domain of papillomavirus E7 as an instrinsically disordered
domain that confers a large conformational and interaction plasticity to the oncoprotein and is
influenced by phosphorylation at a PEST sequence;
(v) we expressed and purified E7 from different strains;
(vi) we performed preliminary analysis of E7 dimerisation and dissociation in solution;
(vii) we expressed and purified properly folded AB domains of human retinoblastoma tumour
suppressor;
(viii) we set up the conditions for studying the in vitro proteasomal degradation of the different E7
species, strains and mutants we have been and are investigating.
Results Unforeseen in the Original Project:
We carried out recombinant expression and purification of high-risk HPV18 and HPV16 E6
oncoprotein, characterised spontaneously formed oligomers and unstable monomers, p53
degradation and nuclear distribution of endogenous species. We also determined the structural and
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thermodynamic basis of phosphorylation of a PEST degradation sequence of the hinge BPV1 E2
similar to that found in E7 proteins, highly related to their cellular turnover.
Networking: During the course of the project we interacted and collaborated with different
groups: (i) Daniel Cicero (University of Tor Vergata, Rome) on the NMR; (ii) Peter Gualfetti
(Genencor, USA) on the initial dynamic light scattering measurements; (iii) Alison Mc Bride (NIH,
USA) on the degradation of BPV1 E2 PEST; (iv) Lia Pietrasanta (Physics Department, Univrsity of
Buenos Aires) on the atomic force microscopy, and (v) Eduardo Castaño (Instituto Leloir) on the
electron microscopy interpretation.
Publications:
Alonso, G., García-Alai, M., Smal, C., Centeno-Crowley, J.M., Iacono, R., Castaño, E.,
Gualfetti, P., de Prat-Gay, G. The HPV16 E7 viral oncoprotein self-assembles into defined
spherical oligomers. 2004. Biochemistry 43, 3310-3317
Penrose, K.J., García Alai, M., de Prat Gay, G., McBride, A.A. CK2 phosphorylation-induced
conformational switch triggers degradation of the papillomavirus E2 protein. 2004. J. Biol. Chem.
279, 22430-22439
Alonso, L., Smal, C., García-Alai, M.M., Chemes, L., Salame, M., de Prat Gay, G. The
chaperone holdase activity of human papillomavirus E7 oncoprotein. 2006. Biochemistry 45, 657667
García Alai, M.M., Gallo, M., Salame, M., Wetzler, D., McBride, A., Cicero, D. Paci, M., de
Prat Gay, G. Molecular basis for phosphorylation dependent PEST mediated protein turnover.
2006. Structure 14, 309-319
García-Alai, M.M., Dantur, K., Smal, C., Pietrasanta, L., de Prat Gay, G. High risk HPV E6
oncoproteins assemble into large oligomers that allow localisation of endogenous species in
prototypic HPV transformed cell lines. 2007. Biochemistry 46, 341-349
García-Alai, M.M., Alonso, L.G., de Prat Gay, G. The N-terminal domain of papillomavirus E7 is
an instrinsically disordered domain that confers plasticity to the oncoprotein. 2007. (submitted)
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BRAZIL
Title: Development of yellow fever 17D vaccine virus as an expression vector.
Principal Investigator: Ricardo Galler, Department of Biochemistry and Molecular Biology,
Oswaldo Cruz Institute/Fiocruz, Avenida Brasil 4365, Manguinhos, Rio de Janeiro, RJ 21045-900,
Brazil. Tel: +55-21-38658112, 38829580, Fax: +55-21-25903495, E-mail: rgaller@bio.fiocruz.br
ICGEB Contract No. 04/005
ICGEB Reference No.: CRP/BRA03-01
Keywords: Yellow Fever Virus, vaccine, recombinant viruses, Dengue, malaria
Abstract: The yellow fever (YF) vaccine is made up with the live attenuated 17D virus. It is a cost
effective vaccine given as single dose, it has been used for human vaccination over 60 years with
about ~400 million people vaccinated with excellent record of safety, its efficacy has been
estimated to reach 95%, it induces long-lasting immunity (humoral and cellular), there is a well
established production methodology and quality control. This project deals with the exploration of
technical alternatives to engineer YF17D virus to carry the genes and express foreign sequences
encoding antigens from different pathogens, mainly malaria, given the inexistence of licensed
vaccines for this disease and incidence in tropical areas. A collection of viruses expressing several
epitopes from malaria parasite CS protein in two strcuturally different sites at the surface of the
major viral envelope protein of the YF 17D virus has been constructed and characterised in terms
of replication in cell culture, attenuation for mice and in two cases for monkeys. The
immunogenicity of several recombinants has been tested in mice and monkeys. Their use as a
human vaccine is questionable at this point, as a long lasting immune response, so desirable for a
malaria vaccine, has not yet been obtained after immunisation of monkeys with a recombinant
virus expressing the plasmoedial CS protein (NANP)3 humoral epitope. In addition a new method
for inserting larger gene fragments between the E/NS1 genes of YF 17D and chimeric 17D/DEN
viruses has been developed. These viruses have been shown to genetically stable with regard to
the foreign insertion and are currently being used to express the MSP proteins from the main
plasmodial species, P. falciparum and P. vivax. It remains to be seen whether such insertions
between the E-NS1 genes of YF 17D virus will elicit a durable immune response to both YF and the
malarial antigen in nonhuman primates.
Original Objectives:
(i) development of vaccines against different evolutionary phases of malaria parasites through the
construction of recombinant yellow fever viruses;
(ii) development of recombinant YF 17D viruses expressing dengue epitopes at its surface and
analysis of their immunogenicity.
Results Obtained:
We generated and characterised genetically engineered recombinant YF 17D viruses expressing
epitopes of P. falciparum, the more lethal species of malaria, of the P. yoelii, agent of the murine
malaria, for the preliminary analysis of the vaccine effectiveness. Such characterisation included
the evaluation of viral growth in tissue cultures, the genetic stability, the immunogenicity and the
neurovirulence in mice and non-human primates (Macaca mulatta). Recombinant yellow fever
viruses expressing epitopes were shown to be capable of inducing humoral and cellular (CD4 and
CD8) immune response against the CS protein of P. yoelii and P. falciparum. In addition we
developed a new strategy to engineer the 17D virus to express the gene encoding the carboxi
terminal 19 kilodalton portion of MSP-1 (MSP1-19) protein of Plasmodia.
We have also generated recombinant YF 17D viruses expressing at the level of its E and between
nonstructural NS2B/NS3 proteins defined dengue epitopes related to T cell response in mice. These
viruses were characterised in terms of growth in tissue culture, the genetic stability and
attenuation for mice. Their immunogenicity was assayed by the capability of the recombinants to
protect mice from an otherwise lethal dose of mouse neurovirulent dengue virus and the analysis
of bulk splenic cell proliferation as evidence for correct epitope expression.
Networking:
This project involved different Institutes within the complex of the Oswaldo Cruz Foundation,
namely two groups at the Vaccine Production Unit (BioManguinhos) and the Research Unit
(Oswaldo Cruz Institute), with each one contributing with their respective expertise on viral
prodution/animal testing and the creation of recombinant viruses, respectively. In addition, this
project benefitted from the collaboration of (i) Dr. P.W. Mason (University of Texas Galveston,
USA) on virus constructions; (ii) Dr. R.C. Garratt (University of São Paulo at São Carlos, Brasil) on
protein structure; (iii) Dr. E. Marques (Johns Hopkins University, USA) on epitope selection and (iv)
Dr. L. Arruda (Universidade Federal do Rio de Janeiro, Brasil) on immunological assays.
Publications:
Bonaldo, M.C., Garratt, R.C., Marchevsky, R.S., Coutinho, E.S.F., Jabor, A.V., Almeida,
L.F.C., Yamamura, A.M.Y., Duarte, A.S., Oliveira, P.J., Lizeu, J.O.P., Camacho, L.A.B.,
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Freire, M.S., Galler, R. Attenuation of recombinant yellow fever 17D viruses expressing foreign
protein epitopes at the surface. 2005. J. Virol. 79, 8602-8613
Bonaldo, M.C., Garratt, R.C., Freire, M.S., Galler, R. Expression of foreign protein epitopes at
the surface of recombinant yellow fever 17D viruses based on three dimensional modeling of its
envelope protein. 2006. Cell Biochem. Biophysics 44, 313-324
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CHILE
Title: Translational control during early embryogenesis in Zebrafish
Principal Investigator: Miguel L. Allende, Departamento de Biología, Facultad de Ciencias,
Universidad de Chile, Las Encinas 3370, Santiago, Chile. Tel: +56-2-9787390, Fax: +56-22763802, E-mail: allende@uchile.cl
ICGEB Contract No. 04/003
ICGEB Reference No.: CRP/CHI03-03(c)
Keywords: zebrafish, transcription factors, development, CNBP
Abstract: Development in multicellular organisms encompasses a series of transitions
simultaneously involving active cell division, morphogenetic movements and differential gene
expression. Using the zebrafish embryo as our model system, we seek to understand how genes
and their products are expressed at specific developmental times to modulate cell behaviors. We
have studied how transcription factors are switched on in certain cells of the embryo to elicit
differentiation towards specific lineages. Among these, we have analysed those that respond to
Wnt signaling (TCF factors), Proneural genes (such as atonal homologue 1 and neuroD) and the
Iroquois Homeodomain proteins. We have also worked towards understanding the role of the CNBP
protein, a molecule modulating both transcription and translation. All of these proteins play roles in
cell commitment and regulate cell fate by activating target genes. Our analysis has been structural
and functional, as we have described the evolution and expression of these genes in different
vertebrates and we have carried out functional assays with gain- and loss-of-function experiments.
In our more recent work, we have begun to use as a model for our analysis the lateral line system
of the zebrafish, a sensory system that is constructed in late development from a small population
of uncommitted precursor cells.
Original Objectives:
Our goal has been, and continues to be, the elucidation of the molecular genetic mechanisms
governing the development of the vertebrate embryo. We proposed in this project to identify key
regulators of gene expression acting at the transcriptional and translational levels and to assign
functions to these genes suing the powerful genetic animal model, the zebrafish.
We set out to identify maternal mRNAs regulated at specific points in embryogenesis, to analyse
the expression and role of an important regulator of translation, CNBP, and to understand how this
regulation takes place.
For this purpose, we proposed to establish the use of mutant zebrafish, antisense technologies and
expression analysis methodologies in our lab for the first time. We also desired to improve our
capacities in image analysis, as this is an essential component of modern cell and developmental
biology. As a final methodological leap, we wished to acquire expertise in techniques in genomic
analysis, both for expression profiling (microarrays) and for detecting important regulatory
elements present in the DNA sequences surrounding the genes of interest. These advances were
intended to take advantage of the recent sequencing of the zebrafish and other genomes, available
when this project was beginning.
Results Obtained:
Control of translation has been approached by examining the expression of CNBP, an important
regulator of maternal messengers in early embryos (Armas et al., 2004) and by carrying out lossof-function experiments showing a critical role for this protein in development of neural crest
derivatives (Weiner et al., 2007).
Results Unforeseen in the Original Project:
We have reported on the function and regulation of the Iroquois Homeobox transcription factors,
present from Drosophila to man and which show remarkable conservation of enhancer elements in
the genomic regions surrounding these genes (see Feijóo et al., 2004; de la Calle et al., 2005;
Allende et al., 2006). Comparison of genomic sequences spanning the intergenic regions of the
Iroquois clusters allowed us to find highly homologous sequences that proved to be active in
regulating transcription of these genes. Our in vivo approach to demonstrate functionality of these
elements was an innovative and original contribution to the field.
Neural development was shown to be critically dependent on transcriptional regulators.
Specification of the neural crest depends on AP-1 (O'Brien et al., 2004) and on Notch signaling
(Glavic et al., 2004), formation of the eye field requires targets of the Wnt pathway (Cavodeassi et
al., 2005), whereas neuronal differentiation relies on proneural genes (Sarrazin et al., 2006).
Two aspects of metabolism that affect embryogenesis have been studied in parallel: the response
of zebrafish embryos to hypoxia depends on the HIF transcription factors, which are being studied
jointly by three groups including our own (Rojas et al., 2007), and the role of the copper
transporter Ctr-1 has been analysed (Mackenzie et al., 2004). In fact, our studies on copper
metabolism have led us to discover important features in the development of an embryonic
sensorineural system: the lateral line (Hernández et al., 2006; Villablanca et al., 2006; Hernández
5
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et al., 2007). Finally, we described a novel approach for achieving controlled ectopic gene
expression in zebrafish embryos and larvae by using electroporation (Cerda et al., 2006), a method
that should allow for more detailed functional analysis of genes implicated in embryogenesis. And,
in parallel, we have started to use microarray technology to explore networks of gene activation
and repression in response to transcription factors.
Networking:
Collaborations and publications were achieved with several foreign groups, including: (i) Dr. Nora
Calcaterra of the Universidad Nacional de Rosario, Argentina (Armas et al., 2004 and Weiner et al.,
2007); (ii) Dr. Pablo Wappner of the Instituto Leloir (Rojas et al., 2007); (iii) Dr. José Luis GómezSkarmeta of the Universidad Pablo de Olavide in Sevilla, Spain (Feijóo et al., 2004; de la Calle et
al., 2005; Allende et al., 2006); (iv) Dr. Alain Ghysen of the Université de Montpellier, France
(Villablanca et al., 2006; Sarrazin et al., 2006); (v) Dr. Stephen Wilson of the University College
London, UK (Cavodeassi et al., 2005) and (vi) Dr. Robert Cornell of the University of Iowa (O'Brien
et al., 2004). We have also established ties with researchers in Chile, with whom we have also
published, as Dr. Roberto Mayor (Glavic et al., 2004), Dr. Verónica Palma (Cerda et al., 2006) and
Dr. Ariel Reyes (Mackenzie et al., 2004; Rojas et al., 2007).
All of these collaborative efforts have been made possible by the frequent exchanges of students
and trainees between our labs. We have been able to send many of our students abroad and we
have also received visits from foreign students in our group
Publications:
O’Brien, E., d’Alençon, C., Bonde, G., Schoenebeck, J., Murray, J., Allende, M.L., Gelb, B.,
Yelon, D., Eisen, J.S., Cornell, R.A. Transcription factor AP-2alpha is necessary for development
of embryonic melanophores, autonomic neurons and pharyngeal skeleton in zebrafish. 2004. Dev.
Biol. 265, 246-261
Mackenzie, N., Reyes, A., Brito, M., Allende, M.L. Cloning, expression and function of the high
affinity copper transporter (Ctr1) gene in the zebrafish. 2004. Gene 328, 113-120
Glavic, A., Maris-Honoré, S., Feijóo, C.G., Allende, M.L., Mayor, R. The homeoprotein iroquois
and BMP and Notch signaling participate in the early specification of the cranial placodal field.
2004. Dev. Biol. 274, 89-103
Feijóo, C.G., Manzanares, M., de la Calle-Mustienes, E., Gómez-Skarmeta, J.L., Allende,
M.L. The irx gene family in zebrafish: genomic structure, evolution and initial characterisation of
irx5b. 2004. Dev. Genes Evol. 2004. 214, 277-284
Armas, P., Cachero, S., Lombardo, V., Weiner, A., Allende, M.L., Calcaterra, N.B. Zebrafish
cellular nucleic acid binding protein: gene structure and developmental behaviour. 2004. Gene
337, 151-161
Cavodeassi, F., Carreira-Barbosa, F., Young, R., Concha, M., Allende, M.L., Houart, C.,
Tada, M., Wilson, S. Early stages of zebrafish eye formation require the coordinated activity of
Wnt11, Fz5, and the Wnt/ß-Catenin pathway. 2005. Neuron 47, 43-56
de la Calle-Mustienes, E., Feijóo, C., Manzanares, M., Rodríguez-Seguel, E., Tena, J.,
Letizia, A., Allende, M.L., Gómez-Skarmeta, J.L. A functional survey of conserved non-coding
sequences from vertebrate Iroquois cluster gene deserts. 2005. Genome Res. 15, 1061-1072
Villablanca, E., Renucci, A., Sapede, D., Lec, V., Soubiran, F., Sandoval, P., DamblyChaudiére, C., Ghysen, A., Allende, M.L. Control of cell migration in the zebrafish lateral line:
implication of the gene "tumor-associated calcium signal transducer", tacstd. 2006. Dev. Dyn. 235,
1578-1588
Hernández, P., Moreno, V., Olivari, F., Allende, M.L. Sub-lethal concentrations of waterborne
copper are toxic to lateral line neuromasts in zebrafish (Danio rerio). 2006. Hearing Res. 213, 1-10
Allende, M.L., Feijóo, C.G., Tena, J.J., Manzanares, M., Gómez-Skarmeta, J.L. Cracking the
genome’s second code: Enhancer detection by combined phylogenetic footprinting and transgenic
fish and frog embryos. 2006. Methods 39, 212-219
Cerda, G., Thomas, J.E., Karlstrom, R.O., Allende, M.L., Palma, V. Electroporation of DNA,
RNA and morpholinos into zebrafish embryos. Methods 39, 207-211
Sarrazin, A.F., Villablanca, E.J., Núñez, V.A., Sandoval, P., Ghysen, A., Allende, M.L.
Proneural gene requirement for hair cell differentiation in the zebrafish lateral line. 2006. Dev Biol.
295, 534-545
Hernández, P., Olivari, F., Sarrazin, A., Sandoval, P., Allende, M.L. Regeneration in zebrafish
lateral line neuromasts: Expression of the neural progenitor cell marker Sox2 and proliferationdependent and -independent mechanisms of hair cell renewal. 2007. Dev. Neurobiol. 67(5), 637654
Rojas, D., Perez-Munizaga, D.A., Centanin, L., Antonelli, M., Wappner, P., Allende, M.L.,
Reyes, A.E. Cloning of hif-1α and hif-2α and mRNA expression pattern during development in
zebrafish. 2007. Gene Expr. Patterns 7, 339-345
Villablanca, E.J., Pistocchi, A., Court, F.A., Cotelli, F., Bordignon, C., Allende, M.L.,
Traversari, C., Russo, V. Abrogation of prostaglandin E2/EP4 signaling impairs the development
of rag1+ lymphoid precursors in the thymus of Zebrafish embryos. 2007. J. Immunol. 179(1),
357-364
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Weiner, A.M.J., Allende, M.L., Becker, T.S., Calcaterra, N.B. CNBP mediates neural crest cell
expansion by controlling proliferation and cell survival during rostral head development. 2007. J.
Cell. Biochem. (in press)
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CHINA
Title: Characterisation of the anther-specifically activated DNase and the molecular mechanism of
regulation of female flower development in cucumber
Principal Investigator: Shu-Nong Bai, Laboratory of Plant Development, College of Life Sciences,
Peking University, 5 Yiheyuan Road, Beijing, China.
Tel: +86-10-62761444, Fax: +86-10-62751526, E-mail: shunongb@pku.eud.cn
ICGEB Contract No. 04/001
ICGEB Reference No.: CRP/CHN03-02
Keywords: cucumber, unisexual flower development, DNase, ethylene pathway
Abstract: To understand the regulatory mechanism of unisexual flower development in cucumber,
we proposed this project based on our finding of primordial anther specific DNA damage in stage 6
female flowers of cucumber, focusing on analysis of putative DNase responsible for the organspecific DNA damage. During the conduction of the project, we made some significant findings
although we didn’t yet identify the targeted DNase. What we found include firstly, a DNase
involved in cell wall thickening during plant development; secondly, a critical role of organ-specific
downregulation of ethylene receptor CsETR1 in arrest of stamen development of female flowers;
thirdly, putative role of DNA binding site CArG box in the promoter of CsETR1 for the organ-specific
downregulation of CsETR1. The data generated during the period of conducting the project would
be organised into 5 manuscripts for publication. During the period, we trained more than 18 young
people including PhD students, undergraduates and post-docs, among them 7 have or will receive
their PhD degrees based on the dissertation on the unisexual flower development research.
Objectives:
(i) characterisation of the anther-specifically activated DNase;
(ii) isolation and characterisation of the protein that has affinity to the ICAD antibody;
(iii) identification of components and pathways that activate DNase;
(vi) analysis of roles ethylene plays in promoting cucumber female flower development;
(v) exploration of how ethylene is involved in the specific DNase activation at anther primordia.
Results Obtained:
We identified a DNase with a role in promoting cell wall thickening by using SSH approach and
other analytic techniques. We also identified roles of ethylene pathway genes in stamen
development by analysing transgenic cucumbers and Arabidopsis and finally we identified organspecific downregulation of CsETR1 in stamen of cucumber female flowers and demonstrated its
critical role in the mechanism by which gaseous ethylene selectively promoting female flowers in
cucumber.
Results Unforeseen in the Original Project:
Dissection of the mechanism of the ethylene promotion of female flowers was not originally
expected.
Publication:
Wang, D.-H., Duan, Q.-H., Gong, H.-Q., Lu, X.-C., Han, T., Xu, Z.-H., Bai, S.-N. A critical role
of organ specific downregulation of ethylene receptor CsETR1 in the arrest of stamen development
in cucumber female flowers. 2007. (submitted)
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COLOMBIA
Title: Use of Chitinases from Streptomyces albidoflavus as phytochemical defenses against
herbivorous insects and phytopatogens in coffee plants
Principal Investigator: Carmenza E. Gongora B., Entomology Department, CENICAFE, PlanAlto,
Km4 Via Antigua Manizales, Chinchina, CALDAS, Colombia. Tel: +57-68506550, ext. 332, Fax:
+57-68504723, E-mail: carmenza.gongora@cafedecolombia.com
ICGEB Contract No. 02/010
ICGEB Reference No.: CRP/COL02-01
Keywords: coffee, chitinases, insects, pathogens
Abstract: With the purpose of evaluating the effect against a coffee insect pest and two coffee
pathogens of two heterologous chitinase genes, an endochitinase and a chitobiosidase obtained
from Streptomyces albidoflavus, we constructed 4 transformation vectors in which each chitinase
gene was placed under the control of either a constitutive promoter (alpha tubulin) or a seed
specific promoter (arabicin), both isolated previously from coffee plants. Activity of the alpha
tubulin promoter has been demonstrated in leaves, as well as in the endosperm for the arabicin
promoter. These expression patterns are desirable since the pest problem we are addressing, the
coffee berry borer (Hypothenemus hampei), attacks the coffee berry, and the two limiting fungal
diseases, the Coffee Leaf Rust (Hemileia vastatrix) and the Coffee Berry disease (Colletotrichum
kahawae), occur on the leaves and the fruit pericarp.
In the initial proposal we planned to engineer the constructs in a vector containing the
phosphomannose isomerase gene (pmi), which confers the ability to metabolise mannose, as an
alternative selection gene for transformants, rather than antibiotic selection. We therefore
evaluated the effect of mannose:saccharosee combinations on coffee suspension cells to test the
ability of coffee tissue to metabolise mannose as a carbon source. We established that mannose
did not cause inhibition, and on the contrary, it induces growth and proliferation of the tissue since
very early stages of the experiment. Coffee embryogenic cells have the ability to metabolise
mannose as a carbon source, and under some combinations with saccharose, cell growth is
significantly higher than with traditional saccharose-only media. Consequently, pmi containing
vectors were useless for transformation of coffee tissue, and we proceed with the engineering of
the chitinase genes and coffee promoters into the vector pBIN19, which contains the selective gene
nptII. After cloning into pGEM the expression cassettes alpha-tubulin/endochitinase, alphatubulin/chitobiosidase, arabicin/endochitinase and arabicin/chitobiosidase, automatic DNA
sequencing was performed in order to confirm that the genes were in-frame with respect to the
promoters. Later, each expression cassette (promoter-gene) was moved by excision with
restriction enzymes into the plant transformation vector pBIN 19 for the subsequent transformation
of coffee tissue. Once the insertion of the fragments into pBIN19 was confirmed by PCR and
restriction enzyme digestions, each one of the plasmids was electrophorated into Agrobacterium
tumefaciens LBA 4404.
Before transformation, coffee Embryogenic Tissue (ET) from Coffea arabica var. Colombia
genotypes BK 620 and BI 625, was evaluated for regeneration capacity by transferring part of the
tissue from the proliferation medium to regeneration medium (proliferation medium amended with
BAP 3 mg/l). Regeneration for both genotypes was satisfactory, and the transformations with the
Agrobacterium tumefaciens strain LBA4404 containing the pBIN19 vectors carrying either arabicinchitobiosidase, alpha tubulin-chitobiosidase, arabicin-endochitinase or alpha tubulin-endochitinase
was done. We originally proposed the use A. tumefaciens strain EHA105, but its high virulence
forced us to shift over strain LBA 4404. For coffee transformation, the ET was co-cultivated with A.
tumefaciens and sonicated for 30 sec. The transformed tissue was cultivated for six days on
regeneration medium and 300 mg/ml of cefotaxim; then subcultured to the same medium
containing 25 mg/l de geneticin. Tissue subculturing in proliferation medium with geneticin and
cefotaxin was carried out every 15 days in order to select the transformed material. In the original
proposal we had not considered the transformation of tobacco; however, with the purpose of
evaluating the functionality of the vectors faster than in coffee, we also transformed tobacco leaf
explants.
Transformation of coffee genotype BI625 with the alpha tubulin/endochitinase vector, resulted in
440 regenerated plants with 2 or more leaf pairs. From those, 30 plants were PCR evaluated for
the presence of alpha tubulin and the endochitinase gene. All the coffee plants showed the
presence of the alpha tubulin promoter but only 10 plants were positive for the endochitinase
genes. This indicates a transformation efficiency of 33%. Transformation with alpha
tubulin/chitobiosidase produced 111 regenerated plants, and 25 out of 34 plants evaluated were
PCR positive for chitobiosidase (transformation efficiency of 73%). With the arabicin/endochitinase
vector, 57 plants have regenerated so far, 20 were evaluated and 9 were endochitinase positive
(45% transformation efficiency). Finally, with arabicin/quitobiosidase 68 plants have regenerated,
9

ICGEB CRP Research Grant Programme

Projects completed in 2007

with 30 PCR positive out of 32 (94% transformation efficiency). In general, more transformed
plants have been obtained with the vector containing the chitobiosidase gene than with the
endochitinase construct. Genotype BK 620 was transformed later in time that BI625, and the
number of regenerated plants is currently lower. For alfa tubulin/endochitinase 6 plants have been
regenerated and another 28 embryos and plantlets are currently under way, together with 24
plants from alfatubulin/chitobiosidase. In contrast, only 2 plants have regenerated with the
arabicin/endochitinase vector, along 11 growing embryos, and 7 plants for the
arabicine/chitobiosidase containing vector.
In the transformation of Nicotiana bentamiana with the four vectors, T0 and F1 positive
transformed plants have been identified. In the T0 generation, the efficiency was 80% for
transformations with vectors containing the alpha tubulin promoter, 50% in the ones with the
arabicin/endochitinase and 25% in the ones with arabicin/chitobiosidase. The number of
transformants decreased in the F1. For the ones containing the alpha tubulin promoter only 45% of
the plants showed the transgenes and for arabicin/endochitinase only 30% of the F1 were positive
for the genes. Apparently the presence of the arabicin promoter has in some way a negative effect
on the tobacco plants. We are expecting to have the F2 generation of tobacco for each one of the
transformation vectors in order to evaluate presence of the genes, enzymatic activity and biological
activity. At this moment we have seed from the F1 to be planted in the greenhouse.
The next step for both transgenic materials, the coffee in vitro plants and tobacco F2, is to identify
the plants exhibiting high chitinase activity (besides enzymatic analysis, we already developed
polyclonal antibodies to detect the expression of the transgenes) and to propagate clonal lines to
be used in biological tests against Coffee Berry Borer, the Coffee Leaf Rust and Colletotrichum
gloesporioides.
Objectives:
(i) to generate coffee transformation vectors which will allow fast selection of the transformed
coffee material and a suitable expression of the chitinase genes;
(ii) to transform coffee pre-embryogenic tissue with the chitinase genes via A. tumefaciens;
(iii) to regenerate transgenic plants and characterise the transformants;
(iv) to determine the biological activity of the transgenic plants against fungi and insects.
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EGYPT
Title: Towards production of transgenic date palm resistant to notorious pests
Principal Investigator: Mahmoud M. Saker, Department of Plant Biotechnology, National
Research Center (NRC), El Behouth St., Dokki, Cairo, Egypt. Fax: +2-02-33370931, E-mail:
sakrmahmoud@yahoo.com
ICGEB Contract No. 03/008
ICGEB Reference No. CRP/EGY03-03(b)
Keywords: Phoenix dactylifera L., somatic embryogenesis, genetic transformation
Abstract: A detailed protocol for in vitro regeneration of date palm via somatic embryogenesis as
well as a suspension culture system were optimised. The developed protocol involves culturing of
shoot tip explants extracted from mother donor offshoots onto callus proliferation medium (CPM)
under continuous dark for six months. The proliferated embryogenic calli were transferred to
embryogenesis medium (EM), incubated in continuous dark and sub-cultured three times at fourweek intervals to obtain stock of embryogenic callus. Somatic embryos were separated and
germinated onto somatic embryos germination medium (GM). For the development of suspension
culture system, friable embryogenic calli were transferred to liquid MS medium either free of plant
growth regulators or containing various types and levels of growth regulators. The obtained data
indicated that plant growth regulators-free medium is the best medium for the formation and
differentiation of somatic embryos.
To optimise physical factors affecting direct gene transfer using gene gun, two molecular
constructs, i.e. pBC4, harboring cholesterol oxidase gene, GUS and Kanaymcin resistance gene and
pGL2 harboring chitinase and hygromycin resistance gene were used. The developed protocol for
the production of transgenic date palm embryogenic callus involved the shooting of embryogenic
microcalli colonies with a micro-projectile at applied pressure of 1300 psi and flight distance of 9.5
cm. The aforementioned conditions for optimal delivery of DNA to embryogenic date palm callus
cultures were established based on transient GUS expression assays two days after bombardment
(Fluorescence GUS assay) and histochemical GUS expression (3 - 4 weeks of bombardment). Only
three sorts of embryogenic calli colonies out of 200 microcalli colonies bombarded with DNA-coated
particles gave GUS positive results. GUS positive clones were subjected to PCR and Southern
analysis. Results of molecular analysis indicated that some of GUS positive clones gave the
expected amplicon corresponding to GUS and southern of PCR products confirmed the obtained
results.
A system for Agrobacterium-mediated transformation of date palm was developed. Factors
influencing transient expression of beta-glucuronidase (GUS) gene in date palm embryogenic callus
were evaluated following infection of date palm embryogenic callus with Agrobacterium
tumefaciens. The obtained results indicated that high bacterial density (1-1.5 O.D.) and prolonged
infection (2 hrs) gave the highest percentage of transient GUS-expressing calli. Similarly, weight
reduction (dehydration), generated by exposing of embryogenic calli to pre-warmed air, followed
by rehydration in Agrobacterium suspension, significantly enhances transient GUS expression.
Meanwhile, sonication and calcium chloride treatments negatively affect the frequency of GUS
expression. The aforementioned optimised conditions were used to transform 10 month-old
embryogenic date palm callus, proliferated from shoot tip explants of Egyptian date palm cultivar
Sewi, onto MS medium supplemented with 10 mg/l 2,4-D and 3 mg/l 2ip. Batches of embryogenic
calli survived on selective media and that showed positive GUS expression, were transferred to
basal MS medium for germination. PCR analysis of putative transformants confirmed the stable
integration and expression of GUS gene. The results presented in this work indicate that
Agrobacterium-mediated transformation of date palm is possible, analogous to what has been
demonstrated for other monocot crops such as rice, maize, wheat and sorghum.
Objectives:
The overall objective of this project is to optimise regeneration/transformation system for the
Egyptian date palm, as a first step towards production of transgenic date palm clones resistance to
notorious pests.
Results Obtained:
(i) Establishment of regeneration system via somatic embryogenesis;
(ii) Optimisation of factors affecting Agrobacterium-mediated transformation;
(iii) Establishment of gene gun mediated transformation system.
Results Unforeseen in the Original Project:
Establishment of regeneration system via liquid culture system.
Publications:
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Saker, M.M., Mai A.Allam, Abd EL-Zaher M.H., Amina, H.G. RAPD analysis of semi dry
Egyptian date palm during somatic embryogenesis. First Egyptian-Jordanian Conference on
Biotechnology. 11-14 December 2006, pp. 92-103
Saker, M.M., Ghareeb, H.A. Factors influencing transient expression of Agrobacterium-mediated
transformation of GUS gene in embryogenic callus of date palm. Fourth Symposium on Date Palm.
KFU, Saudi Arabia, 5-8 May 2007.
Mai, A.K.Allam Studies on somatic embryogenesis of some date palm cultivars. M.Sc. thesis
(2007) Pomology Department, Faculty of Agriculture, Cairo University, Egypt
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FYR MACEDONIA
Title: Ambiguities resolution of HLA genotypes in Macedonian population
Principal Investigator: Mirko Spiroski, Institute of Immunobiology and Human Genetics, Faculty
of Medicine, PO Box 60, 1109 Skopje, FYR Macedonia. Tel.: +389-2-3110556, Fax: +389-23110558, E-mail: mspiroski@yahoo.com, Web site: www.immunology.edu.mk
ICGEB Contract No. 04/002
ICGEB Reference No.: CRP/MAC03-01
Keywords: HLA allels, HLA haplotypes, ambiguities resolution, Macedonian Donor Registry
Abstract: A total of 850 persons from the Republic of Macedonia, divided in the four following
groups, were DNA-HLA genotyped: (1) donors (unrelated healthy persons) of the Macedonian
Donor Registry (220); (2) patients for bone marrow transplantation and related potential donors
(brothers, sisters, and parents) (350); (3) patients with rheumatoid arthritis, tuberculosis,
cardiomyopaties and other diseases (150); and (4) ambiguity resolution of the genotypes (130).
Genomic DNA was isolated from peripheral blood of individuals according to standard
phenol/chlorophorm procedure. Class I HLA genes (A, C, B, and DQB1) were typed by Reverse Line
Strip Typing (RLS); Class II HLA gene (DRB1) were typed by Sequence Based Typing (SBT). Three
different strategies were used for ambiguities resolution: (i) comparison of the genotype with the
genotypes of the family members; (ii) use of group specific primers (GSAP); and (iii) use of
sequence specific primers (SSP) for amplification of specific alleles. Software for Population Genetic
data Analysis (Arlequin, ver. 2000) was used for statistical analysis.
The main results of the project are:
(i) the creation and legislation of the Macedonian Donor Registry (MKDR) and the creation of the
Macedonian Human DNA Bank (hDNAMKD, www.hdnamkd.org.mk);
(ii) the HLA typing of unrelated healthy persons for class I HLA-A, -C, and –B (n=216) and class II
HLA-DRB1
(n-=158)
and
data
submission
to
allele
frequency
database
(www.allelefrequencies.net);
(iii) the HLA genotyping of 356 DNA blood related samples for Bone Marrow Transplantation (BMT),
most of them for the Clinic of Hematology, Clinical Center, Faculty of Medicine, Skopje and for
other transplantation centers in Macedonia and abroad;
(iv) the association analysis of HLA alleles with Rheumatoid Arthritis (HLA-DRB1 of 62 patients, and
HLA-B27 subtypes in 71 patients) and with Pulmonary Tuberculosis (HLA-DQB1 in 42 patients);
(v) the evaluation of allele and genotype ambiguities for HLA class I (214 samples) and HLA class
II (158 samples), as well as resolution of HLA class I ambiguities (254 unrelated samples) and HLA
class II ambiguities (158 unrelated samples);
(vi) the introduction and establishment of sequence specific primers (SSP) method for resolving
HLA class II ambiguities in 62 patients with Rheumatoid Arthritis.
Objectives:
The main objectives of the project are:
(i) HLA-DNA genotyping of unrelated and blood related persons;
(ii) Evaluation of HLA allele and genotype ambiguities;
(iii) Introduction and establishing methods for ambiguity resolution.
Original objectives:
The original aims of the project were:
(i) the creation of the Macedonian Donor Registry (MDR) and the connection with the European and
World Marrow Donor Registries;
(ii) the HLA typing of unrelated healthy persons using methods already established in our
laboratory: RLS for Class I HLA-A, -B, and -C typing, and SBT for Class II HLA-DRB1 typing;
(iii) the HLA typing of patients for bone marrow transplantation and related potential donors
(brothers, sisters, and parents);
(iv) the HLA typing of samples from the patients with rheumatiod arthritis, tuberculosis,
cardiomyopathies, and other diseases associated with HLA alleles;
(v) the evaluation of allele and genotype ambiguities for Class I and Class II typings and definition
of strategy for their resolution;
(vi) the introduction and establishment of sequencing based methods for typing of Class I HLA -A, B, and -C loci;
(vii) the introduction and establishment of method that uses sequence specific primers (SSP) for
resolving the ambiguous results for Class II typing.
Results Obtained:
The Macedonian Donor Registry (MKDR) was legislated in August 2004 as a foundation according to
the Macedonian Law for Non Governmental Organisations and Foundations, 1998. The samples
collected from Macedonian population inside and outside of Macedonia are part of the Macedonian
Human DNA Bank (hDNAMKD, http://www.hdnamkd.org.mk). As of 31 December 2006, a total
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number of 3,439 DNA samples were isolated and stored in hDNAMKD. In the anthropology and
blood related patents projects were classified 1579 and 707 samples, respectively. In the unrelated
patient’s project were classified 1,153 samples. During the 2004-2006 period a total number of
1,117 DNA samples were isolated.
The data for HLA-A, -B, -C and -DRB1 allele frequencies in Macedonian population are deposited in
the Allele frequency database (http://www.allelefrequencies.net). The HLA-DRB1 alleles are
submitted as high resolution (4-decimal) data (Macedonian population 1, n=158), while for HLA
class I alleles (e.g. -A, -B and -C) part of the results are shown as 4-decimal, and part of them are
shown as group-specific (Macedonian population 4, n=216). The differences arise from the fact
that the ambiguities (undistinguishable results) have been clarified for HLA-DRB1 locus and not for
the class I loci, which remains to be done in the future.
We genotyped 356 DNA samples for Bone Marrow Transplantation (BMT) most of them for the
Clinic of Hematology, Clinical Center, Faculty of Medicine, Skopje (296); a smaller number for the
Clinic of Pediatrics, Clinical Center, Faculty of Medicine, Skopje (43) and the rest of samples for
Hematologie, Innere Medicin, Basel, SCH (13) and for the Regional Paediatric Nephrology Unit,
Leeds, UK, as well as for the Pediatric Hemato-Oncology, Silvestrini Hospital, Perugia, Ialy (4).
From 316 genes from healthy individuals and 124 genes from patients with Rheumatoid Arthritis
(RA), a total 40 HLA-DRB1 alleles were identified. In Macedonian RA patients, compared with
healthy controls, significantly higher incidences were found of HLA-DRB1*0404 allele (p=0,029),
HLA-DRB1*0405 allele (p=0,025), HLA-DRB1*1001 allele (p=0,037) and HLA-DRB1*1407 allele
(p=0,024). All B*27xx alleles were found significantly associated to RA patients (12% in RA vs.
3.7% in C.; p=0,003). HLA - B*2702 and B*2704 were significantly more frequent in RA patients
considering them to be the most common alleles responsible for RA in Macedonian population. HLA
DNA typing for HLA-DQB1 gene was performed on 42 patients (84 alleles) with PTB and compared
with control group of 208 (416 alleles) healthy unrelated Macedonian volunteers. Of the obtained
18 DQB1 alleles at patients with PTB, statistical analyses revealed HLA-DQB1*0502 (10.71% in
PTB patients vs. 17.94% in controls; p<0.05) significantly more frequent in a control group. It is
possible that it appears as protective allele against PTB at Macedonian population. The occurrence
of specific DQB1 alleles may be linked to susceptibility/resistance to PTB in Macedonian patients.
Since in a total of 214 samples examined, ambiguous allele combinations were found in only one
sample for HLA-A locus, the observed resolution of RLS for HLA –A locus at the allele group level
was 99.5%. The observed resolution for HLA-C locus, with ambiguous combinations found in 12
samples of the 214 examined, was 94.4%, and was 91.1% for HLA-B locus, with ambiguous
combinations in 19 of 214 examined samples. After one cycle of PCR amplification and DNA
sequencing of the second exon of the DRB1 gene, unique (unambiguous) result for the DRB1
genotype was achieved for 38 samples (24.1%), considering as ambiguous the differences at the
fifth decimal position which account for a silent mutation and do not alter the amino acid sequence.
By eliminating this type of ambiguities by setting the typing result to four decimal positions (while
remaining the high resolution of the analysis) the percentage of unambiguously typed samples rose
to 73 (46.2%). This leaves 85 (53.8%) samples for which an additional activity was needed, and
this proportion is comparable to other similar studies. We solved most of the ambiguities by high
resolution sequence specific primer (SSP) method.
The results clearly indicate that in Macedonian population there are ambiguous HLA class I and HLA
class II genotypes and alleles for the most frequent genes, and we need strategy for simple,
efficient and fast methods for their resolution.
Results Unforeseen in the Original Project:
After one cycle of PCR amplification and DNA sequencing of the second exon of the DRB1 gene in
our study, unique (unambiguous) result for the DRB1 genotype was achieved for 73/158 (46.2%).
This leaves 85 out of total of 158 samples or 53.8% of the samples to be further processed using
an additional activity, such as second PCR amplification using group specific or sequence specific
amplification primers and second round of sequencing. This proportion exceeds our expectations
based on the previously published findings by other groups using similar approaches which achieve
around 60% unambiguous typing.
Networking:
We established close cooperation with Assoc. Prof. Dr. Dimitar Efremov when he was affiliated at
the Clinic of Hematology, Clinical Center, Skopje and introduced HLA-DNA high resolution typing
for the families with leukemia. Later on, when he moved in Roma (CNR Campus "Adriano BuzzatiTraverso", Via E. Ramarini 32 I-00016 Monterotondo Scalo-Rome, Italy) we continued our
cooperation and one member of the project team (i.e., Assist. Dr. Aleksandar Petlichkovski) spent
one year and a half as a post-doc fellow in his laboratory.
Other medical doctors of the Clinic of Hematology, Clinical Center, Skopje (i.e., Prof. Dr. Borche
Georgievski and Prof. Dr. Lidija Chevreska) continue cooperation about HLA-DNA typing and they
rely on the results of our institution for the Bone Marrow Transplantation (BMTR) of the blood
related patients. Based on our HLA-DNA typing, several patients with leukemia were sent in
Heidelberg (Assoc. Prof. Dr. Nadezhda Basara) for unrelated Bone Marrow Transplantation and
were successfully transplanted.
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We are cooperating with several Institutions about different projects connected with unrelated
patients (case-control groups). Most of the DNA depositors are colleagues from the Clinics and
Institutes at the Faculty of Medicine, University "St. Kiril and Metodij", Skopje. Till now we defined
the following 14 projects: Chronic renal insufficiency (HBI1), Periodontitis (PARO), Rheumatoid
Arthritis (RHEU), Dilated Cardiomyopathies (DILC), WPW Syndrome (WPW1), Coronary Artery
Disease (CAD1), Tuberculosis (TBC1), Diabetes Mellitus Type 1 (DM01), Diabetes Mellitus Type 2
(DM02), Asthma (ASTH), Chronic Obstructive Pulmonary Disease (COPD), Psoriasis (PSOR),
Thrombosis (THRO) and Immune Deficiencies (IMMD) with 14 depositors and stored about 1000
DNA samples.
Publications:
Strezova, A., Arsov, T., Petlichkovski, A., Trajkov, D., Efinska-Mladenovska, O., Spiroski,
M. Alleles Ambiguity Frequency of HLA-A, -B and –C loci at Macedonian Population. 2004. Turkish
J. Immunol. 9(2), 212
Petlichkovski, A., Efinska-Mladenovska, O., Trajkov, D., Arsov, T., Strezova, A., Spiroski,
M. High-resolution typing of HLA-DRB1 locus in the Macedonian population. 2004. Tissue Antigens
64, 486-91
Percinkova, S.M., Marina, N., Grlickov, M., Pusevski, A., Karadzova, A., Antova, D.,
Bozinovski, G., Kotevska, M., Pavlova, S., Petlichkovski. A., Spiroski, M. Association
between HLA-DRB1*04 histocompatibility complex and rheumatoid arthritis in Macedonian
population. 2004. Autoimmunity Reviews 3, 101
Percinkova, S.M., Marina, N., Grlickov, M., Antova, D., Karadzova, A., Pavlova, S., Osmani,
B., Spasovski, D., Petlichkovski, A., Spiroski, M. Association of hla class II histocompatibility
complex alleles with susceptibility to rheumatoid arthritis. 2005. Annals of the Rheumatic Diseases
64(3), 1863
Spiroski, M., Arsov, T., Petlichkovski, A., Strezova, A., Trajkov, D., Efinska-Mladenovska,
O., Zaharieva, E. Case Study: Macedonian Human DNA Bank (hDNAMKD) as a source for public
health Genetics. 2005. In: Health Determinants in the Scope of New Public Health. Ed. by
Georgieva L, Burazeri G. Hans Jacobs Company, Sofia. pp. 33-44
Strezova, A., Trajkov, D., Arsov, T., Petlichkovski, A., Trajcevska, M., Spiroski, M.
Association of HLA class I and II alleles with pulmonary tuberculosis in Macedonians. 2005. Human
Immunol. 66(8), 65
Strezova, A. HLA-A, -B, and -C genotyping with the Reverse Line Strip hybridisation of the
Macedonian population and association with diseases. 2007. Master of Sciences Thesis. Faculty of
Medicine, Skopje
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IRAN
Title: Towards transgenic date palm resistant to pests
Principal Investigator: Amir Mousavi, Department of Plant Biotechnology, National Institute of
Genetic Engineering and Biotechnology (NIGEB), Pajoohesh Blvd. Tehran-Karaj Highway, P.O. Box
14155-6343, Tehran, Iran. Tel: +98-21-44580368, Fax: +98-21-44580347, E-mail: mamir@nrcgeb.ac.ir
ICGEB Contract No. 03/010
ICGEB Reference No.: CRP/IRA03-02(b)
Keywords: date palm, callus, embryogenesis, regeneration, transformation
Abstract: The date palm, Phoenix dactylifera L. ‘Khorma’ (Persian) is just one of many examples
of a tree crop that can benefit immediately from applications of the modern biotechnology. Despite
of the date palm importance as a strategic plant, there is no report on its genetic transformation
and regeneration. In this project, an efficient protocol for embryogenic callus production and plant
regeneration has been introduced for superior Iranian date palm cultivars. The embryogenic tissue
has been used as the recipient for transgene delivery using particle bombardment device. Different
physical and biological parameters were evaluated and optimised affecting successful
transformation, regeneration and expression of the transferred genes in the selected genotypes.
Objectives: Establishment of an efficient protocol for initiation of embryogenic callus from superior
Iranian date palm cultivars and identification of the best explants that could be used as recipient
(target) tissue for transformation, Optimisation of an efficient transformation system (different
parameters) in date palm.
Original Objectives:
(i) Assemble of supplies and materials;
(ii) Initiation of embryogenic callus from selected date palm varieties that are of high regenerative
capacity;
(iii) Extraction of immature embryos from the selected varieties and establishment of immature
embryo culture and propagation;
(iv) Preparation of molecular constructs for transformation;
(v) Identification of the best explants (tissues) that could be used as recipient (target) tissue for
transformation;
(vi) Optimisation of an efficient transformation system;
(vii) Evaluation of the optimal tissue culture conditions for recovery of putative transformants from
explants and tissues;
(viii) Testing the possibility of transfer of gene(s) expressing biopesticide protein and molecular
analysis of transformants using bioassay, PCR- and blotting-based methods.
Results Obtained: For tissue culture optimisation, the shoot apical meristems from two to threeyear-old offshoots were used as sources of explants. They were cultured in callus initiation
medium, containing different concentration of 2,4-D, NAA and 2ip. All cultivars showed high
percent of callus production and good quality of callus friability and color in 100 mgL-1 2,4-D, 20
mgL-1 NAA, and 3 mgL-1 2ip. After 6 months, the calli were transferred to a proliferation medium
and 3 months later they were transferred to somatic embryogenesis medium containing different
concentration of Kinetin, BAP and NAA. The most reliable medium for somatic embryogenesis in
our experiment was that supplemented with 2 mgL-1 Kinetin, 2 mgL-1 BAP, and 0.1 mgL-1 NAA. The
somatic embryos were then transferred to MS medium without hormones under light, where they
produced shoots and roots.
In order to optimise particle bombardment parameters, pCAMBIA3301 plasmid containing the gus
and bar genes was used for gene transformation. In this study, different parameters such as gold
particles diameter (0.6 and 1 µm), bombardment pressure (900 and 1100 psi), distance between
target tissue and macro carrier holder (6 and 9 cm), osmotic condition of explants before
bombardment (30 and 90 gr/l sucrose in the medium), and the type of explants (embryogenic calli
or embryo) were assessed. Explants were bombarded with different treatments and then using the
GUS histochemical assay, percent of the blue spots for each treatment was evaluated. Statistical
analyses showed that the effect of all parameters was significant. The bombarded embryos
resulted in the formation of the initial stable transgenic shoots in the selective medium. The
obtained protocol is now being used for transferring cryIII gene into the date palm embryos after
which the resulting shoots will be analysed for the integration and expression of the transgene and
achieving resistance to red weevil.
Results Unforeseen in the Original Project: Establishment of an efficient micro-propagation
protocol with the valuable output of complete plant regeneration. This efficient protocol not
available in the country before, has high importance both on transgenic line production projects,
and on mass propagation of commercial cultivars in order to renovate the old date palm groves.
Networking:
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This project was conducted under the collaboration of: (i) the Department of Plant Biotechnology,
National Institute of Genetic Engineering and Biotechnology (NIGEB), Tehran, Iran
(http://www.nrcgeb.ac.ir) and (ii) the Department of Tissue Culture and Genetic Transformation,
Agricultural Biotechnology Research Institute of Iran (ABRII), Karaj, Iran (http://www.abrii.ac.ir)
Publications:
Danyaei, A., Mousavi, A., Farahani, F., Habashi, A.A., Dehsara, B. Cytokinins application for
improving somatic embryogenesis in date palm (Phoenix dactylifera cv. Zahedi) using tissue
culture techniques. 4th National Horticultural Sciences Congress, 8-10 November 2005, Ferdowsi
University, Mashad, Iran
Dehsara, B., Mousavi, A., Farahani, F., Danyaie, A. In vitro somatic embryogenesis in four
Iranian date palm (Phoenix dactylifera L.) cultivars. 3rd International Date Palm Conference, 19-21
February 2006, Abu Dhabi, UAE
Danyaei, A., Mousavi, A., Farahani, F., Habashi, A.A., Dehsara, B. The effect of zeatin on
somatic embrtogenesis in date palm (Phoenix dactylifera L.). 3rd International Date Palm
Conference, 19-21 February 2006, Abu Dhabi, UAE
Danyaei, A., Mousavi, A., Farahani, F., Habashi, A.A., Dehsara, B. The effect of cytokinins on
embryogenic callus production of some Iranian date palm cultivars. 2007. Iranian J. of Horticultural
Sciences and Techniques (under review)
Mousawi, M., Mousavi, A., Habashi, A.A., Dehsara, B. Gene delivery to date palm through
biolistic transformation. 2007. International Conference on Plant Transformation Technologies, 4-7
February 2007, Vienna (Abstract No. 107)
Kaviani, M., Habashi, A.A., Rostami, A., Mousawi, M., Mousavi, A. Evaluation of different
parameters affecting transient expression of beta glucuronidase gene in date palm (Phoenix
dactylifera L.) using biolistic transformation. 2007. Plant Cell Reports (submitted)
Kaviani, M., Habashi, A.A., Rostami, A., Mousavi, A. Introduction of an efficient method for in
vitro production of date palm (Phoenix dactylifera L.). 2007. Plant, Cell, Tissue and Organ Culture
(submitted)
Kaviani, M., Habashi, A.A., Rostami, A., Mousawi, M., Mousavi, A. Stable genetic
transformation of date palm (Phoenix dactylifera L.) embryogenic cells by particle bombardment
projectiles. 2007. (in preparation)
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MEXICO
Title: Retinoid receptors and cervical cancer development
Principal Investigator: Patricio Gariglio, Laboratory of Molecular Oncology, Department of
Genetics and Molecular Biology, Centro de Investigación y de Estudios Avanzados – IPN, Av.
Instituto Politécnico Nacional No. 2508, Col. San Pedro Zacatenco, 07360 México D.F., Mexico. Tel:
+52-55-50613337, Fax: +52-55-50613931, E-mail: vidal@cinvestav.mx
ICGEB Contract No. 04/004
ICGEB Reference No.: CRP/MEX03-04
Keywords: retinoids, RXR〈, cervical cancer, HPV
Abstract: Novel chemopreventive and chemotherapeutic strategies are required to fight Cervical
Cancer. Human Papillomaviruses (HPVs) play an important etiologic role in the development of
both premalignant and squamous-cell carcinoma of the uterine cervix. However, host factors are
important in determining the outcome of genital HPV infection because most cervical precancerous
lesions containing high-risk HPVs do not progress to invasive carcinomas. Retinoids regulate
proliferation, differentiation and apoptosis of normal epithelial cells both in vitro and in vivo.
Retinoids are among the most promising compounds for chemotherapy and chemoprevention of
epithelial cancers. Interestingly, it has been observed that all cervical premalignant lesions
exhibited decreased expression of RARs. In this project we studied the possible protective effect of
retinoid receptors (in particular RXRα) in mouse uterine cervical cancer development and a
cooperative effect between HPV oncogenes (E6/E7) and mutated RXRα in cervical cancer
development. Molecular and histological characterisation of delgenic mice and HPV16E6/E7
transgenic mice has been performed. We have participated in Scientific Meetings and several
students have finished their experimental work. We are preparing 3 manuscripts for publication.
Objectives: Determine the expression of retinoid receptors in cervix of normal mice, the
expression of HPV-E6/E7 oncogenes in transgenic mice and detect Cre recombinase transcripts in
mutant mice. Detection of floxed gene recombination in mutant mice by in situ PCR. Determine a
phenotype in cervix of mutant mice. Generate a triple transgenic mice. Measure expression levels
of retinoid receptors in cervix of mutant mice. If possible, we will analyse preneoplasic and
neoplasic cervical lesions. Determine the expression of genes involved in cell proliferation and
apoptosis.
Original Objectives:
(i) Measure expression levels of RXR (α,β,γ) and RAR (α,β,γ) in cervix of normal mice. We will also
determine expression levels of VDR and PPARs;
(ii) Determine expression levels of HPV oncogenes (E6 and E7) in cervix of K6-E6/E7 transgenic
mice (skin from the same mice and cervix from non transgenic mice used as control);
(iii) Determine expression levels of Cre recombinase in different cell layers of cervical tissue in
K14CreERT2 transgenic animals;
(iv) Estimate Cre ERT2 activity in cervical tissue after tamoxifen induction in reporter animals (ROSA
or ACZL) measuring βgal or by the degree of in situ recombination of floxed genes in K14CreER
T2
/RXRα(L2/L2) or K14CreERT2/RXRα(L2/L2); RXRβ-/-; RXRγ-/- transgenic mice;
(v) Induce the RXRα mutation (inactivation) after Cre induction in different mutants and determine
phenotype in cervix. Of great interest will be: (a) K14 Cre ERT2/RXRα(L2/L2); (b)
K14CreERT2/RXRα(L2/L2); RXRβ-/-; RXRγ-/-;
(vi) Generate a triple transgenic mice containing K14CreERT2/RXRα(L2/L2) and expressing E6/E7
oncogenes (HPV16). Inactivate RXRα in these adult mice and determine cooperation with viral
oncogenes in cervical cancer development;
(vii) Measure expression levels of RXR (a, b, g), RAR(a, b, g), VDR and PPARs in preneoplasic and
neoplasic cervical lesions;
(viii) If possible, we will determine the effect of mutating other NR (RARb, VDR, PPAR) in cervical
cancer development; we will evaluate in preneoplasic and neoplasic cervical lesions the expression
of genes involved in cell proliferation (PCNA, c-myc, rb, Ki-67) or apoptosis (p53, bcl-2, bax) to
begin studies on the mechanism involved in the induction of these lesions.
Results Obtained:
All tissues were histopathologically analysed with the participation of expert Pathologists.
Histological changes were observed in delgenic Tam-treated mice in comparison with Tamuntreated or wild type mice. Similarly, bK6-E6/E7 transgenic mice showed histological alterations
in cervical tissue. Using in situ RT-PCR, we determined RXR (a, b, g) and RAR (a, b, g) expression
levels in skin and uterus-cervix of normal wild type and delgenic female mice. E6 and E7
expression was determined in cervical tissue obtained from bK6-E6/E7 transgenic mice using in
vitro RT-PCR and in situ RT-PCR. In addition, cervical tissue of K14-E6 and K14-E7 transgenic mice
were included in these assays. Using in situ RT-PCR, we determined Cre ERT2 expression levels in
uterus-cervix of Tam-treated and untreated delgenic mice [K14 Cre ERT2/RXRα(L2/L2)]. Using in
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situ PCR, we have demonstrated the RXRα ablation in cervical epithelium obtained from delgenic
mice. Proliferation and apoptosis levels were established in cervical tissue obtained from both Tamuntreated and Tam-treated delgenic mice. We have generated a triple transgenic mice containing
K14CreERT2/RXRα(L2/L2) and expressing E6/E7 oncogenes (HPV16).
Histological changes were observed in delgenic Tam-treated mice in comparison with Tamuntreated or wild type mice. Similarly, bK6-E6/E7 transgenic mice showed histological alterations
in cervical tissue. Interestingly, preliminar findings in triple transgenic mice show in situ cervical
carcinoma. We have determined cell proliferation and apoptosis levels in cervical tissue obtained
from transgenic mice containing K14CreERT2/RXRα(L2/L2) and triple transgenic mice containing
K14CreERT2/RXRα(L2/L2) expressing E6/E7 oncogenes (HPV16). Interestingly, cell proliferation was
increased in triple transgenic mice in comparison with controls. We have observed that the
incidence of in situ carcinoma were higher in triple transgenic mice (RXRα mutatedE6E7expressing) that in RXRα mutated controls (no oncoviral proteins expressed). Since incidence
of in situ carcinoma was similar as compared with E6E7 transgenic mice, we speculate that RXRα
absence has not participate in carcinoma development.
Results Unforeseen in the Original Project:
We don’t have determined the effect of mutating other NR (RARβ, VDR, PPAR) in cervical cancer
development (Original objective 8).
Networking: International collaboration with Dr. Pierre Chambon's group (Strasbourg, France)
and national collaboration with Dr. Luis Covarrubias (IBT-UNAM, Mexico) were strengthened. We
have continued the collaboration with Dr. P. Lambert's laboratory in the USA. We are using K14E6, K14-E7 and K14E6/E7 transgenic mouse model system. K14E7 or K14E6/E7 mice develop
cervical cancer after chronic estrogen treatment. In Germany we have maintained the collaboration
with Dr. F. Roesl's group and continued the collaboration with Drs. Angel Cid and H. Zur-Hausen
from Heidelberg University. Also in Spain, we have maintained the collaboration with Dr. Pedro
Lazo's laboratory on phosphorylation and p53 stability.
Publications:
Ocadiz-Delgado, R., Castaneda-Saucedo, E., Indra, A.K., Hernández-Pando, R., Gariglio, P.
Impaired cervical homeostasis upon selective ablation of the RXRa gene in epithelial cells. J.
Genesis (submitted)
Diaz-Chavez, J., Hernandez-Pando, R., Lambert, P.F., Gariglio, P. Down-regulation of
Transforming Growth Factor-b type II receptor (TGF-bRII) protein and mRNA expression in cervical
cancer. International Journal of Cancer (submitted)
Cruz-Colin, J.L., Ocadiz-Delgado, R., Pacheco-Espinosa, C., Brake, T., Lambert, P.F.,
Gariglio, P. An expression panel of genes in cervical cancer induced in K14E7 transgenic mice (in
preparation)
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PAKISTAN
Title: Use of RNA interference for engineering resistance against economically-important plant DNA
viruses
Principal Investigator: Shahid Mansoor, Plant Plant Biotechnology Division, National Institute for
Biotechnology and Genetic Engineering (NIBGE), P.O. Box 577, Jhang Road, Faisalabad, Pakistan.
Tel: +92-41-2651475-9, Fax: +92-41-2651475, E-mail: smansoor@nibge.org
ICGEB Contract No. 04/006
ICGEB Reference No.: CRP/PAK03-02
Keywords: geminiviruses, nanoviruses, RNA interference, genetically-engineered plant
Abstract: Plant DNA viruses belonging to geminiviruses and nanoviruses are small single-stranded
DNA viruses with circular genome that have emerged as serious pathogens throughout the world.
RNA interference is a homology-based gene silencing mechanism and is an important tool to
silence any undesirable gene(s) including those of pathogens such as plant viruses. In this project
we have used bipartite as well as monopartite geminiviruses that require DNA satellite to study
defence and counter defence strategies in virus-host interactions. Our results indicate that
geminivirus encode proteins that suppress host defence mediated by gene silencing and cell death.
The insight obtained from these studies has been used to devise control strategies aimed at
silencing key viral genes required to overcome host defence. Different RNA silencing constructs,
targeting both geminiviruses and their associated satellites, were developed as they covered
viruses belonging to three genera of geminiviruses namely Begomoviruses, Curtoviruses and
Mastreviruses. In addition to geminiviruses, we also cloned genomic component of Banana bunchy
top virus and developed RNAi construct to silence master-rep protein. Our results of both transient
assays as well as stable transformation show that the best target sequences vary from virus to
virus. Both virion and complementary-sense genes can be targeted through RNAi for successful
control of the target viruses.
Objectives:
Our main objectives concerned the study of (i) the use of transient assay to find out geminivirus
and nanovirus genes that can be targeted through RNAi to produce resistance against plant DNA
viruses and (ii) the development of virus resistant plants by transformation of RNAi constructs in
model plants.
Results Obtained:
All geminiviruses and nanoviruses encode a replication-associated protein (rep) essentially required
for replication of these viruses. Partial DNA sequences encompassing rep protein were planned to
be targeted through RNAi. We intended to develop RNAi constructs for viruses that represent
members of different groups of DNA viruses belonging to geminivirus and nanovirus group. Some
adjustments were made in the choice of target viruses due to potential risk of working with exotic
viruses that are not found in the country.
The understanding of host defence and counter-defence for these viruses is important to devise
effective resistance strategies. Plants have adapted both resistance genes and RNA silencing to
defend against invading viruses. Plant viruses encode suppressors of gene silencing to overcome
RNA silencing-mediated arm of host defence. The hypersensitive response (HR) is a common
feature of plant disease resistance reactions and is a type of programmed cell death (PCD). Many
pathogens are able to modulate pathways involved in cell death. Analysis of all ToLCNDV-encoded
genes pinpointed the transcriptional activator protein (TrAP) as the factor mediating the anti-HR
effect. Deletion mutagenesis showed the central region of TrAP, containing a zinc finger domain
and nuclear localisation signal, to be important in the inhibiting the HR. We have further shown
that TrAP is also a suppressor of RNA silencing. Geminivirus disease complex that involve
monopartite begomoviruses from the Old World and essentially require a DNA satellite called DNA β
for symptom development are more abundant than previously known bipartite begomoviruses. The
ability of βC1 protein to overcome antiviral host defence responses mediated either by RNA
silencing of R gene was tested. βC1 suppressed post-transcriptional gene silencing of a transgene
(GFP) and suppressed cell death. Investigation into viral proteins that are target of resistance in
case of monopartite viruses showed that expression of AV2 causes systemic cell death but AV2 of
bipartite begomoviruses has no such effects. It was discovered that certain protein(s) encoded by
nanoviruses also induce dell death and show that these defence and counter-defence strategies are
not limited to geminiviruses.
Based on these results, resistance strategies against DNA virus complexes were developed for their
effective control. Cotton leaf curl virus is the most devastating and economically-important
begomovirus in the region. Both antisense and hairpin construct were developed for the resistance
against CLCuD. All the constructs were first checked by transient assays in model plant Nicotiana
benthamiana for their efficiency to block virus replication. These constructs were checked for their
ability to stop the replication of DNA A alone as well as along with DNA β. It was found that the
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constructs targeting intergenic region of rep protein were able to inhibit the replication of DNA A
alone but they failed to stop the replication when DNA A is inoculated along with DNA β. The RNAi
construct targeting overlapping genes (AC1, 2, 3) was effective even in the presence of DNA β.
Various other RNAi constructs were also made targeting DNA β and in some cases both DNA A and
DNA β and it was found in the transient analysis that the RNAi construct that target βC1 promoter
along with βC1 inhibits the viral replication. The best constructs targeting DNA A or DNA β were
stably transformed in tobacco and were resistant to the disease when challenged through infectious
clones or whiteflies. To develop genetically-engineered resistance against Tomato leaf curl New
Delhi virus, the overlapping sequences of the rep, TrAP and REn, were targeted through RNAi.
Plants were resistant to ToLCNDV when challenged through infectious clones or through whiteflies.
We targeted a virion-sense gene (AV2) to develop broad-spectrum against begomoviruses. The
AV2 is found in begomoviruses from the Old World, has a role in virus movement and has recently
been shown to be a suppressor of gene silencing. We show that tobacco plants transformed with an
antisense construct targeting this gene are resistant to the virus. This is the first report of
transgenic resistance against a bipartite begomovirus obtained by targeting a virion-sense gene.
Networking:
Strong links were developed with the international community working on geminiviruses through
visits and the attendance to meetings. The Principal Investigator and his colleagues at NIBGE
(particularly Dr. Rob W. Briddon) strengthened links with countries with similar problems such as
India, in particular with the ICGEB New Delhi Component. Also collaborations were strengthened
with leading groups in Australia (Dr. Ali Rezaian, CSIRO, Adelaide) and in the USA (Dr. Claude
Fauquet, Director ILTAB, Danforth Centre and Prof. Jane Polston, University of Florida, Gainesville).
Moreover, the International Training Course and Symposium on “Characterisation and
management of emerging viral diseases in the developing world” funded by ICGEB attracted 100
scientists from national and international level and highlighted the importance and achievements of
this project. In the near future, several NIBGE students together with Dr. Rob Briddon will attend
the International Symposium on Geminiviruses in Brazil, scheduled for May 2007.
Publications:
Hussain, M., Mansoor, S., Iram, S., Fatima, A.N., Zafar, Y. The nuclear shuttle protein of
Tomato leaf curl New Delhi virus is a pathogenecity determinant. 2005. Virol. J. 79, 4434-4439
Mansoor, S., Qazi, J., Amin, I., Khatri, A, Khan, I.A., Raza, S., Zafar, Y., Briddon, R.W. A
PCR-based method, with internal control, for the detection of Banana bunchy top virus in banana.
2005. Mol. Biotechnol. 30, 167-170
Amin, I., Mansoor, S., Amrao, L., Hussain, M., Irum, S., Zafar, Y., Bull, S.E., Briddon, R.W.
Mobilisation into cotton and spread of a recombinant cotton leaf curl disease satellite. 2006. Arch.
Virol. 151, 2055-2065
Mansoor, S., Amin, I., Hussain, M., Zafar, Y., Briddon, R.W. Engineering novel traits in plants
through RNA interference. 2006. Trends Plant Sci. 11, 559-565
Mansoor, S., Briddon, R.W., Zafar, Y. Geminivirus disease complexes; the thread is spreading.
2006. Trends Plant Sci. 11, 209-212
Mubin, M., Mansoor, S., Hussain, M., Zafar, Y. Silencing of the AV2 gene by antisense RNA
protects transgenic plants against a bipartite begomovirus. 2007. Virol. J. 4, 10
Hussain, M., Mansoor, S., Iram, S., Zafar, Y., Briddon, R.W. The hypersensitive response to
ToLCNDV NSP is inhibited by TrAP. 2007. Molecular Plant-Microbe Interactions (in press)
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PERU
Title: Molecular analysis of alpaca’s gamete interaction
Principal Investigator: Martha Esther Valdivia Cuya, Laboratory of Animal Reproductive
Physiology, Department of Zoology, Faculty of Biological Sciences, Biological Sciences Research
Institute “Antonio Raimondi” – ICBAR, Av. Venezuela, Cdra 32 s/n, Lima 1, Country. Peru, Tel:
+51-1-6197000,
ext.
1506,
7551,
Fax:
+51-1-6197000,
ext.
1509.
E-mail:
mvaldiviac@unmsm.edu.pe
ICGEB Contract No. 03/011
ICGEB Reference No.: CRP/PER03-01
Keywords: alpaca, sperm, zona pellucida, molecular interactions
Abstract: We identified the osmotic tolerance and citotoxicity of cryoprotectant agent (CPA) on
alpaca’s spermatozoa and with these results we designed the freezing/thawing protocol of alpaca’s
epididymal sperm with Yolk-citrate medium supplemented with N-N-Dimethyl-acetamide (DMA) in
different concentrations: 0.25,0,375 and 0.75 were evaluated on survival, motility and membrane’s
integrity in alpaca spermatozoa. Slow freezing/thawing process was executed using a protocol
thermo-computational controller: Cryogenesis. In our study the best result were obtained when the
alpaca’s spermatozoa were freezing/thawing in DMA 0,75M.
Zonas pellucidas have been recovered, solubilised and runned in SDS PAGE gels to identify the
components of the zona pellucida (110,000 Kda, 75,000 Kda and 65,000); these proteins were
transferred into nitrocellulose paper and acrosomal proteins were incubated identifying the alpaca’s
gametes complementarity of molecules in alpaca’s fresh and frozen. As result of our study, we
determined the existence of 3 glycoproteins that compose the zona pellucida of alpacas; it has
been named aZP1, aZP2 and aZP3. Alpaca and mouse spermatozoa were induced to react their
acrosome when were coincubated with solubilised proteins. Our results supported that
glycoproteins of zona pellucida is a natural inductor of the Acrosome reaction.
In our study we showed the expression of ZP3 and ZP2 in alpaca ovaries. The length of the
amplified fragment was approximately 420 pb. This study demonstrates that alpaca ovary
expresses a protein, whose transcript has conserved sequences among other mammals. This
information is important for a further molecular characterisation, sequence and synthesis of the
whole transcript of Lama pacos Zp3. Sequence of both directions was done, 432 pb (access code
820794, Genbank). Our results showed that the Lama pacos expresses one similar protein to
mammals ZP3 and ZP2, which are synthesised in the oocytes in development. It is for this reason
that its expression levels can be used as markers of oocyte maturation. The results show the
partial sequence of alpaca’s ZP2 (access code 884353, Genbank) with different species. We
observed a great homology in the sequences between the different species analysed.
Phylogenetic analysis between different species shows that the Cetoarteodactila group is a robustly
monophyletic group, and that it exists a high homology between the partial nucleotidic sequences
of the ZP2 gene. These results corroborate the fact that ZP2 it is an important protein in the
recognition of the gametes in the fertilisation.
The complementary molecular interaction was showed with acid extract of alpaca’s acrosomal
enzymes to pH 3 and pH 8: after that time the western blot was done using human
proacrosin/acrosin monoclonal antibody ACR-C5F10 against the alpaca’s acrosin enzyme. Three
bands were amplified when the glycoproteins of ZP interaction with acid extract to pH 3 and two
proteins were amplified with ACR-C5F10 monoclonal antibody corresponding to aZP2 and aZP3
when the acid extract was incubated to pH 8.0. Using a blotting method we identified acrosin using
monoclonal antibodies anti human acrosin C5F10 in the acrosomal extracts of fresh and frozen
sperms. We found that the pro-enzyme (pro-acrosin) has a molecular weight of 55KDa, whereas its
active isoform (α-acrosin) 45KDa.
Gametic interaction assay between the solubilised zona pellucida with acrosomal proteins showed
that pro-acrosin recognises and joins to a glycoprotein of the zona pellucida. To identify which of
the three glycoproteins joins to acrosin, we used a polyclonal antibody anti-human ZP3, concluding
that the pro-acrosin interacts with ZP3, which molecular weight is 58KDa.
The cryo-preservation is a biotechnological tool that allows us to preserve the alpaca germoplasm.
In previous studies it was evaluated the effect of different cryoprotectants agents (DMSO, DMA,
propilenglycol and glycerol) to different concentrations. Determining that DMA at 0.75M behaves as
better cryoprotective agent. In the present study it was evaluated the effect of DMA at molecular
level on the integrity of the pro-enzyme (pro-acrosin) and on its enzymatic activity in a synthetic
substratum (BAEE). The analysis demonstrate that the pro-enzyme remains in its inactive isoform
using DMA at 0.75M.
Original Objectives:
(i) to analise the acrosomal enzymes of alpacas’ spermatozoa;
(ii) to analise the zona pellucida glycoproteins in alpacas;
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(iii) to analise the complementary of spermatic receptors with the ZP glycoproteins of zona
pellucida before and after frozen sperm.
Networking:
We were in contact with Drs. Claudio Barros and Ricardo Moreno (Faculty of Biological Sciences,
Pontificial Catholic University of Chile) who visited our laboratory, trained people involved in this
study, and lectured at conferences and practice classes in our laboratory. In addition, Dr. Smitz
and Ms. Sc. Sergio Romero (Brussels University, Belgium) visited our lab, providing assistance. We
are also in contact with the following Peruvian scientists: Dr. Luisa Echevarria (Veterinary and
Zootechnical Faculty, Universidad Peruana Cayetano Heredia); Dr. Giselle Gamarra (Zootechnical
Faculty, Universidad Nacional Agraria La Molina); Dr. Rosa Davalos (Veterinary Faculty, IVITA,
Universidad Nacional Mayor de San Marcos).
Moreover, this year my Institution signed a special Agreement for Research in South American
camelids with the Peruvian Society of Registered Alpacas and I’ll be the coordinator for ICBAR.
Publications:
Canorio, N., Uipan, P., Suyo, M.P., Valdivia, M. Effect of two permeable cryoprotectan agents
during the freezing of epididimary sperm of alpaca (Lama pacos) Revista Peruana de Biologia, 13
(in press)
Guzmán, L., Pérez, S, Valdivia M. Solubilisated zona pellucida of alpaca induced acrosome
reaction in mouse spermatozoa. 2006. Revista Peruana de Biologia, 13 (in press)
Pella, R., Guzmán, L., Pérez, S., Monteghirfo, M., Valdivia, M. Expression of zona pellucida
glycoprotein ZP3 in alpaca ovary (Lama pacos). 2006. Revista Peruana de Biologia, 13 (in press)
Valdivia, M., Alvarez, C., Rodríguez, C., Canorio, N., Reyes, F., Suyo, M.P., Pérez, S.,
Guzmán, L., Conislla, J. Molecular recognition of fresh and frozen alpaca´s spermatozoa with
zona pellucida. 2007. Biology of Reproduction.
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POLAND
Title: RNAi phenomenon in functional genomics of cultivable plants
Principal Investigator: Andrzej B. Legocki, Institute of Bioorganic Chemistry, Polish Academy of
Sciences, Noskowskiego 12/14, 61-704 Poznan, Poland. Tel.: +48-61-8528503, Fax: +48-618520532, E-mail: Legockilegocki@ibch.poznan.pl
ICGEB Contract No.: 03/009
ICGEB Reference No.: CRP/POL03-02
Keywords: RNA interference, functional genomics, RNAi suppressors, transgenic plants
Abstract: In this project we have proposed to elaborate a complex method enabling functional
analysis of the monocotyledonous and dicotyledonous plant genome (in barley and legumes,
respectively), by an individual gene silencing and over-expression. To this end, we have intended
to take advantage of the RNAi phenomenon and its suppressors. RNAi is a process of
posttranscriptional gene silencing induced by double stranded RNA (dsRNA) homologous to a
fragment of DNA, which encodes the silenced gene. Recently, several viral proteins, which
suppress RNAi, have been identified.
During the course of the project we have developed BMV-based silencing vectors, which proved
active in both barley and Nicotiana benthamiana plants. As the constructed viral vectors appeared
ineffective in legume plant (lupine), we have elaborated agroinfiltration method instead. This
technology is currently being examined. Originally, we postulated in our proposal to focus on
technological aspects of RNAi application in functional genomics of plants. However, the obtained
results prompted us to use RNAi technologies we developed, to investigate specific phenomenon.
Based on our earlier experience, we decided to concentrate on symbiosis of legume plants. First
step was selection of the target genes (or families of genes) for further research. As a result of
the undertaken analyses, ENOD40 gene as well as ferritin gene family were selected for further
more detailed studies. At that point, we decided to use the developed technology to silence the
chosen genes. Also, to prove right the assumption that RNAi is a part of regulation of symbiotic
interactions, we have started the experiments involving viral RNAi suppressors and Medicago
truncatula as model legume plant. One article concerning BMV-based silencing vector and three
other describing our preliminary data on: (i) identification of the lupine genes involved in symbiotic
interactions with bacteria, (ii) ENOD40 gene and (iii) ferritin gene family are ready for publication.
The results on regulation of ENOD40 and ferritin genes, based on elaborated technologies, were
presented on international conferences and will be published when found conclusive.
Objectives:
The major objective of this project was to elaborate a complex method enabling functional analysis
of the plant genome (namely barley and lupine genomes) by an individual gene silencing and overexpression. To this end, we took advantage of the RNAi phenomenon and its suppressors.
Original Objectives:
(i) Construction construction of the BMV- and BBMV-based vectors inducing RNAi in infected plants;
(ii) Optimization optimisation of transgene silencing in a model system BMV-transgenic barley;
(iii) Transformation transformation of non-transgenic and transgenic (HBsAg silenced) plants with
RNAi suppressor gene;
(iv) Optimization optimisation of host gene silencing in a model system BMV-barley;
(v) Lupine lupine gene silencing with BBMV- based vectors;
(vi) Regeneration regeneration of plants expressing RNAi suppressors;
(vii) Analysis analysis of functionally related genes in lupine by using RNAi-inducing viral vectors
and cDNA microarrays;
(viii) Overover-expression of selected foreign gene in transgenic plants transformed with RNAi
suppressor.
Results Obtained:
Viral vectors based on BMV and BBMV were constructed.
Four different BMV-based VIGS vectors were constructed (MiniP-, MidiP-, MaxiP- and Mat0-BMV).
In all of them, a silencing sequence was inserted into the BMV RNA3 segment either in sense,
antisense or in both orientations (as inverted repeat). Silencing was most effective if an antisense
sequence was introduced into the modified BMV RNA3 called Mat0-RNA3. Mat0-RNA3 vector and
silencing conditions were optimizedoptimised.
Viral vectors were used in silencing transgene (GUS gene) in barley.
Experiments with silencing of an endogene (phytoene desaturase) revealed that the BMV-base
VIGS vector is almost as effective as the one constructed using BSMV.
BBMV-Ti vectors have been tested in a model legumes plant (i.e., - Medicago truncatula). We
found them unusable for gene silencing studies in lupine., and their high infectivity was
demonstrated.
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The RNAi vector targeting the ferritin gene was constructed and both lupine and transgenic tobacco
plants (overexpressing lupine Llfer3 gene) were agroinfiltrated. The selected gene was partially
silenced in heterologous plant system.
cDNA arrays were constructed and applied to analyze analyse 364 lupine genes, expressed in roots
infected with nitrogen fixing symbiotic bacteria and a subset of differentially expressed genes was
revealed.
The influence of RNAi suppressors on transgene expression was tested in model plants (transgenic
N. benthamiana with an active and with a silenced gfp gene) and then in HBsAg silenced N.
tabacum. Transgenic Medicago truncatula plants transformed with viral suppressor genes were
regenerated to investigate the role of RNAi phenomenon in symbiotic interactions.
Results Unforeseen in the Original Project:
Low infectivity of BBMV-based vectors (obtained by in vitro transcription) and extensive infection
symptoms observed after Ti-based BBMV vectors application, prevented us from obtaining effective
tools for gene silencing tools in legumesfunctional genomics.
Difficult, almost impossible analysis of necrosed plants after infection with Ti- based BBMV vectors.
Plant lines with both HbsAg and viral suppressor were unstable.
Networking:
2004: Prof. dr habDr. Marek Figlerowicz has visited Dr. Adam Kondorosi laboratory (CRNS, Gif-surYvette, France) to establish collaboration concerning gene silencing and its application to study
model legume plant (i.e., Medicago truncatula).
2005: Collaboration with Christophe Lacomme Laboratory (Scottish Crop Research Institute,
Invergowrie, Dundee UK) concerning virus-induced gene silencing in barley.
Publications:
Podkowinski, J., Zmienko, A., Florek, B., Wojciechowski, P., Rybarczyk, A., Ciesiolka, J.,
Wrzesinski, J., Blazewicz, J., Kondorosi, A., Crespi, M., Legocki, A.B. Translational and
structural analysis of ENOD40 genes from the phylogenetically distinct legume Lupinus luteus.
2006. Molecular Plant Microbe Interactions (submitted)
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SERBIA
Title: Creation and use of the library of aptamers highly specific for HsOrc4
Principal investigator: Dragana Stefanovic, Laboratory for Molecular Biology, Institute of
Molecular Genetics and Genetic Engineering (IMGGE), Vojvode Stepe 444a, 11010 Belgrade,
Serbia. Tel: +381-11-3976658, Fax: +381-11-3975808, E-mail: orisel@eunet.yu
ICGEB Contract No. 03/007
ICGEB Reference No.: CRP/YUG03-01
Keywords: DNA replication origins, unorthodox structures, HsOrc4, origin restructuring
Abstract: In order to define the elements potentialy involved in activation of DNA replication
origins of metazoans, we have analysed the structure of selected origin sequences and the manner
in which structural features of DNA affect and/or are affected by its interaction with HsOrc4. We
have identified noncanonical structures that form in A+ T rich regions of replication origins and we
have defined structural features of DNA that direct HsOrc4-origin interaction. We have also
demonstrated that HsOrc4 could shape origin structure. The energy required for the proteinmediated origin restructuring could come from negative supercoiling and ATP hydrolysis, whereas
the final DNA structure could be the common element of metazoan replicators.
Objectives:
Identification of common DNA elements potentially involved in activation of DNA replication origins
of metazoans.
Original Objectives:
The main objective of our work was to identify common DNA elements potentially involved in
activation of DNA replication origins of metazoans. Stimulated by the model of replicon, we have
proposed a detailed study of DNA binding properties of HsOrc4, ORC’s subunit recognising A+ Trich
DNA with nonrandom distribution of A and T residues. In order to isolate a library of the
preferential protein binding sites, we have proposed Systematic Evolution of Ligands by
Exponential Enrichment (SELEX), targeted by HsOrc4, as basic methodology. To create initial pool
of amplifiable, degenerate DNA ligands, we have proposed to randomise AT rich fragment lbo 1,
derived from the human lamin B2 origin (LMNB2). Starting from this pool, we planed to extract the
aptamers with the highest affinity for HsOrc4, to compare isolated sequences with the natural
protein binding sites, and to use this data for identification of new origins. In order to choose the
region adequate for randomisation, we have carefully analysed protein binding and structural
properties of lbo1. During this analysis, we have observed that lbo 1 could adopt non-B DNA
structure and that certain type of A+ T rich sequences, frequently encountered in metazoan
replication origins, could form unorthodox elements. Stimulated by this observation, we have
analysed noncanonical elements present in replication origins of metazoa and the manner in which
structural features of DNA affect and/or are affected by its interaction with HsOrc4.
Results Obtained:
We have identified two unorthodox elements formed at neutral pH and in a buffer containing Mg+2
ions. One of them was intramolecular TAT triplex, a structure held together by a pair of either
mirror or glide reflection image sequences composed of adenines and thymines and the other was
a short, stable bubble. The bubble was formed in origin sequences composed of alternating A and T
residues, in both linear and circular DNA molecules. TAT and bubble like structures formed under
the same environmental conditions, having as a common consequence the creation of short
stretches of single stranded DNA. In order to better understand conditions leading to origin
alterations and especially the role of the initiator in recognition and/or formation of
conformationally altered DNA, we have tested whether HsOrc4 could recognise structural features
of DNA. We have obtained two interesting results; First, HsOrc4 sensed the difference between TAT
triplexes and AT duplexes and selected the triplex, and second, it efficiently recognised negatively
supercoiled DNA. The common denominator of such binding properties could be the protein’s ability
to accommodate more than two DNA strands. Since negatively supercoiled DNA provides the
energy for structural alterations, protein binding to negatively supercoiled and multistranded DNA
could also reflect starting and end points of the sequence of events in which HsOrc4 modifies origin
structure. In addition, HsOrc4 belongs to the superfamily of ATPases associated with diverse
cellular activities (AAA+ superfamily), which act as nucleotide dependent molecular chaperons. We
have tested DNA chaperone like activity of HsOrc4 and we have found out that it could mediate
formation of multistranded DNA structures, such as inter- and intramolecular triplexes, as well as
homoadenine duplexes and quadruplexes.
Results unforeseen in the Original Project:
The action of HsOrc4 exemplifies a novel mode of DNA manipulation by proteins and a novel
mechanism of DNA structural variability, both unforeseen in the original project. These new
findings rewarded our initial interest in detailed analysis of A+T rich elements of metazoan
replication origins and demonstrated an active role of HsOrc4 in origin restructuring. In
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consequence, linear origin sequences could represent a sort of pre-replicators, which are converted
into replicators only after interaction with the initiator, in the reaction fueled by combined energies
of negative supercoiling and ATP hydrolysis.
Networking: This research was greatly helped by (i) Prof. Arturo Falaschi, Dr. Raffaella Klima and
Mr. Gianluca Triolo (Molecular Biology Unit, ICGEB, Trieste), (ii) Dr. Alessandro Vindigni, Dr.
Federico Odreman and Dr. Laura Muzzolini (Proteomics Unit, ICGEB, Trieste), (iii) Dr. Georgine
Faulkner Valle (Muscle Molecular Biology Unit, ICGEB, Trieste), (iv) Dr. Natasa Skoko, a former
IMGGE person currently in ICGEB and (v) by Dr. Ellen Fanning (Department of Biological Sciences,
Vanderbilt University, USA).
Publications:
Kusic, J., Kojic, S., Divac, A., Stefanovic, D. Noncanonical DNA elements in the lamin B2 origin
of DNA replication. 2005. J. Biol. Chem. 280, 9848-54
Kusic, J. Interaction of HsOrc4 with the human B2 replicator. 2005. Ph.D. thesis, University of
Belgrade
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SUDAN
Title: Proteomics of the urine of Visceral Leishmaniasis patients: characterisation of secreted
parasite antigens as diagnostic markers
Principal investigator: Professor Maowia M. Mukhtar, Department of Molecular Biology, Institute
of Endemic Diseases, University of Khartoum, P.O. Box 11463, Khartoum, Sudan Tel;
00249912234268, Fax: 00249183779712, E-mail: mmukhtar@tropmedicine.org
ICGEB Contract No. CRP/04/023
ICGEB Reference No.: CRP/SUD04-01
Keywords: Visceral Leishmaniasis, antigen, urine, diagnosis, proteomics
Abstract: Visceral Leishmaniasis (Kala-Azar) is a serious health problem in more than 88 countries
worldwide with an annual clinical incidence of 500,000 patients. It is fatal if not treated, and the
current control programs are based on active case detection and treatment. Diagnosis of VL is
based on detection of parasites (invasive and of low sensitivity), detection of parasite specific
antibodies (tests have variable sensitivities) and molecular techniques (which need specialised
laboratory facilities and training). Detection of parasite antigens in patient’s urine can provide a
simple non-invasive, sensitive and specific diagnostic test.
In this study urine samples were collected from confirmed VL patients (before and after treatment)
and from healthy controls. The urine samples were concentrated and desalted before separation in
single and 2D gel electrophoresis. Unique protein spots in VL urine samples were identified.
Rabbit’s sera were developed against crude parasite antigens as well as against purified (eluted)
antigen fractions. Rabbit’s and human VL sera were used for identification of secreted parasite
antigens in VL patient’s urine samples. Three low Mwt parasite proteins (30, 26 and 17Kd) were
reactive. Rabbit sera were produced against the identified parasite antigens and tested for
agglutination activity using latex agglutination test. Weak agglutination activity was detected.
Original objectives:
(i) to identify and characterise Leishmania antigens in urine of Visceral Leishmaniasis patients
using proteomic approach;
(ii) to utilise the characterised parasite antigen to develop simple diagnostic test for Visceral
Leishmaniasis infection.
Results:
Urine samples were collected from confirmed Kala-Azar patients before and after treatment with
antimony as well as from healthy controls following their written consents. The samples were
concentrated and desalted then separated on single and 2D gels. The gels were stained by
Commassie Brilliant blue and silver stain. On single SDS PAGE gels three parasite protein
fragments of 30, 26 and 17Kd were detected in the urine samples collected from Kala-Azar patients
and were absent in samples from healthy controls. The same parasite proteins were reactive with
immune sera from VL patients and with rabbit sera prepared by immunisation with parasite lysate
as detected by western blotting. 2D gel electrophoresis of the urine samples visualised several
protein spots with a single unique spot detected in the urine sample from confirmed VL patient.
The parasite proteins were well focused at PH 4- 6. Further characterisation of the detected spots
is underway using mass spectrometry. Rabbit hyperimmune sera were prepared by immunisation
of rabbits with parasite lysates and purified parasite antigens. Extensive cross-reaction of the sera
with several parasite antigens was detected. The sera were used for coating of Latex beads then
tested for agglutination activity of urine samples collected from VL patients and controls. Weak and
non-significant agglutination activity was detected in urine samples of VL patients. Production of
monoclonal antibodies against cloned and purified parasite antigens might enhance the urine
agglutination activity. Technology transfer and establishment of 2D gel technology have been
achieved.
Networking:
This work is done in collaboration with the Gadaref State Ministry of Health and the National KalaAzar Control Program the Federal Ministry of Health. The recruitment of patients was done in Doka
Hospital in the Kala-Azar endemic area, Gadaref State, eastern Sudan. Training for proteomics and
mass-spectrometry was done in collaboration with Professor D.F. Smith at York University, UK.
Establishment of the 2D electrophoresis in the Institute of Endemic Diseases was done by training
provided by York University.
Publications:
Saeed, A., Aymen, A., El Amin, W.M., Mukhtar, M.M. Detection and characterisation of
Leishania antigens in urine samples of Sudanese VL patients (in preparation)
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TANZANIA
Title: A study on plants as a source of anti-mosquito and anti-malaria products in Tanzania
Principal Investigator: Andrew Yonah Kitua, National Institute for Medical Research (NIMR),
Ocean Road, P.O. Box 9653, Dar es Salaam, Tanzania. Tel: +255-222-2121400, 2125815,
2121338, Fax: +255-222-2121380, 2121360, E-mail: akitua@nimr.or.tz, akitua@hotmail.com
ICGEB Contract No. 05/002
ICGEB Reference No.: CRP/TAN04-01
Keywords: plants, repellency, antimalarials, Tanzania
Abstract: Morbidity and mortality due to malaria still impart the greatest challenge in Tanzanian
health sector. In searching for solutions, on the rich ethnomedical resources of Tanzania for anti
malarials herbs and mosquito repellents should be emphasised. Thus, two traditional antimalarial
and three potential mosquito repellents plants were respectively tested for activities.
Methodology:
For anti-malarials, crude extracts from medicinal plants Hoslundia opposita and Chenopodium
ambrosioides were prepared using organic solvents. The extracts were tested against Plasmodium
berghei infected swiss mice. 3mls of whole blood donated from two terminally ill donor mice with
53% parasitaemia were used to infect the test mice. Essential oils for mosquito repellency tests
were extracted by hydrodistillation from Ocimum gratissimum, Ocimum tenniflorum and Hyptis
suaveolens. Physical parameters were determined using various analytical techniques. Specific
Gravity (SG) was determined using a density bottle. Viscosity (v) was measured by Ostwald
viscometer, Optical rotation (OR) was measured with 343-model polarimeter. Refractive Index (RI)
was measured by Refractometer. Solubility in Ethanol (SE) and Residue on Evaporation (RE) were
also determined using standard methods. Chemical compositions were determined using GC-MS.
Human bait technique was used during field testing of the oils as repellents against field
mosquitoes. Five different sample concentrations were tested sequentially starting with the lowest.
Latin-square design (5 x 5 two blocks) was used in the field trials.
Results and conclusion:
Dosage of 16.5mg/kg of Hoslundia opposita and Chenopodium ambrosioides exhibited Plasmodium
berghei inhibition of 88.39% and 80.65% respectively. Dosage of 33mg/kg showed inhibition of
100% for both plant species. Physical and chemical parameters of the oils were found to be
consistent with required repellent characteristics. The oils were found to exhibit high repellent
activities with RC50 values ranging from 2.0-to 15-×10−5 mg cm−2. Generally the plant extracts and
oils were found to be effective and inexpensive alternatives herbal remedy and mosquito repellents
respectively. Efforts towards local product of antimalarials and mosquito repellents are required.
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COUNTRY

PRINCIPAL INVESTIGATOR

PROJECT TITLE

ARGENTINA

Ricardo Norberto FARÍAS

Properties of NDH-2 as a Cu(II)-reductase involved in copper metabolism
1

BRAZIL

João Paulo DE BIASO VIOLA

Involvement of NFAT transcription factor in cell cycle regulation
1

BULGARIA

Draga Ivanova TONCHEVA

Association studies in a linkage region of schizophrenia using pooled DNA
genotyping and family-based controls
1

CHINA

Conghua XIE

Identification of potato genes related to horizontal resistance to
Phytophthora infestants and elucidation of their expression profiles
1

COLOMBIA

Liliana OTERO MENDOZA

Genetic influence in the etiology of class III malocclusion in mandibular
prognathism
1

COSTA RICA

Griselda ARRIETA-ESPINOZA

Development of new genetic resources for insect resistance in rice
1

CROATIA

Gordana MARAVIC VLAHOVICEK

Functional analysis of aminoglycoside resistance determinants
1

HUNGARY

András PERCZEL

Structure-activity studies of protease inhibitor models
1

IRAN

Alireza ZOMORODIPOUR

Molecular approach to achieve efficient expression of recombinant human
factor VIII in mammalian cells
1

MEXICO

Edmundo LOZOYA GLORIA

Metabolomic profile of zoapatle (Montanoa tomentosa)
1

POLAND

Barbara NAWROT

Beta-site APP cleaving enzyme (BACE) as therapeutic target for prevention
of Alzheimer’s disease
1

RUSSIA

Sergey LARIN

The role of the mammalian Tag7/PGRP-S protein in the immune response
1

RUSSIA

Alexander G. GABIBOV

Catalytic antibodies in multiple sclerosis: origin, potential diversity and
possible role in pathogenesis
1

TUNISIA

Hammadi AYADI

Molecular study of susceptibility genes to autoimmune diseases
1

TURKEY

Tayfun ÖZÇELIK

Identification of the molecular mechanisms in Rett syndrome
1
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ARGENTINA
Title: Properties of NDH-2 as a Cu(II)-reductase involved in copper metabolism
Principal Investigator: Ricardo Norberto Farías, Departamento de Bioquímica de la Nutrición del
Instituto Superior de Investigaciones Biológicas (INSIBIO), CONICET-Universidad Nacional de
Tucumán, Chacabuco 461, San Miguel de Tucumán, T4000ILI, Tucumán, Argentina. Tel: +54-3814248921, Fax: +54-381-4248921, E-mail: rfarias@conicet.gov.ar
ICGEB Contract No.: CRP/04/012
ICGEB Reference No.: CRP/ARG04-03
Keywords: NADH dehydrogenase-2, Escherichia coli, cupric-reductase, copper metabolism
Abstract:
NADH dehydrogenase-2 (NDH-2) from Escherichia coli respiratory chain is a membrane-bound
flavoprotein encoded by ndh gene. We have previously shown that NDH-2 has cupric reductase
activity that is involved in hydroperoxide-induced oxidative stress. We have also presented
spectroscopic evidence that the enzyme contains thiolate-bound Cu(I), one mole per mole of
polypeptide. NDH-2 has four cysteine residues probably related to its enzymatic activities and a
carboxi-terminal region that would be involved in the anchorage to the membrane. Here we
investigated the functional role of those cysteines and of the C-terminal region and we elucidated
the effects of the enzyme in the copper metabolism and toxicity. Besides, we studied the ndh
expression profile and redox changes in different culture media. Moreover, we clarified the
classification of the complex pyridine nucleotide disulphide reductase (PNDR) protein family which
includes the NDH-2 group.
Original Objectives:
(i) To determine which of the four cysteine residues present in the NDH-2 polypeptide chain are
essential;
(ii) To study whether or not NDH-2, as a copper-reductase, is involved in the E. coli copper
metabolism;
(iii) To evaluate if the NDH-2 expression is regulated by the copper concentration;
(iv) To perform functional/structural studies in NDH-2.
Results Obtained:
NDH-2 was faster inactivated compared to the rest of membrane dehydrogenases, by a treatment
with Cu(II) and peroxides, suggesting that NDH-2 by means of its own inactivation, gives the
bacteria advantages to diminish the susceptibility of the respiratory chain to damaging effects. The
enzyme favoured the cells to survive in extreme copper conditions. Cupric ion cellular content,
unlike cuprous ion, was increased in the NDH-2 deficient mutants when cells were exposed to sublethal Cu(II) concentrations. Working within the same cupric ion concentrations, in vivo specific
Cu(II)-reduction caused by the sole presence of NDH-2 and quinones were determined. Our results
provide useful insight to the way copper homeostasis and toxicity is related to respiratory chain
components. An unexpected expression of ndh gene in stationary phase due to specific
components in the culture medium, enhances the resistance against toxic concentration of copper,
supporting our idea that NDH-2 is involved in the metal homeostasis. We also proved that Cu(II)
inhibits the expression of the gene in a FNR-independent way, unlike it happens with Fe(III).
Cysteines 315 and 318 in NDH-2 are essential for the activity, whereas cysteine 339 seems to have
a regulatory role. C-terminal region of NDH-2 could be implied in the functionality and the stability
of the mature protein, which would undergo a premature proteolytic degradation in its absence.
Results Unforeseen in the Original Project:
Most of the objectives proposed were reached and new objectives were coped. New options of
work, techniques and materials of study inside the thematic of the project were adopted, favoured
by the active participation of the Ph.D. students and undergraduates who joined the project. In this
sense, some biotechnological approaches were taken in order to quantify bioavailable copper in
solutions and to reduce copper concentration in water by bioadsorption-accumulation. Analysis of
the unexpected expression of the ndh gene in stationary phase depending on the presence of at
least 37 mM phosphate were performed under different genetic backgrounds, accompanied by
physiological studies. The reclusterisation of the PNDR, a complex and large protein family, into
four classes that reflect their divergent evolution, one of them being exclusively represented by
NDH-2.
Networking:
One of the objectives of this grant was that to help Dr. Viviana A. Rapisarda, a former ICGEB postdoctoral fellow, to return to her home country, Argentina, and to establish her there as an
investigator. Collaboration has been established between Dr. Rapisarda and Dr. Laura Baldomà and
Dr. Josefa Badia (University of Barcelona, Spain), and in process is a Specific Agreement of
Collaboration. The Spanish group also received a Ph.D. student involved in the CRP project,
through a short-term training.
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Another Ph.D. student has been selected for a 6-month internship in molecular biology as a DAAD
Fellow in Dr. Armin Baiker’s laboratory (Max von Pettenkofer Institute, Munich, Germany). Besides,
the group has continued its long-term collaboration with Dr. Javier De Las Rivas (University of
Salamanca, Spain), an expert in bioinformatics, and new interactions have been established with
Dr. Fernando Prado and Dr. Mirna Hilal (National University of Tucumán, Argentina), two specialists
in plant physiology.
Publications:
Rodríguez-Montelongo, L., Volentini, S.I., Farías, R.N., Massa, E.M., Rapisarda, V.A. The
Cu(II)-reductase NADH dehydrogenase-2 of Escherichia coli improves the bacterial growth in
extreme copper concentrations and increases the resistance to the damage caused by copper and
hydroperoxide. 2006. Arch. Biochem. Biophys. 451, 1-7
Ávila, C.L., Rapisarda, V.A., Farías, R.N., De Las Rivas, J., Chehín, R. Linear array of
conserved sequence motifs to discriminate protein subfamilies: study on pyridine nucleotidedisulphide reductases. 2007. BMC Bioinformatics. 8, 96
Schurig-Briccio, L.A., Rintoul, M.R., Volentini, S.I., Farías, R.N., Baldomà, L., Badía, J.,
Rodríguez-Montelongo, L., Rapisarda, V.A. A critical phosphate concentration in stationary
phase produces an unusual maintenance of ndh gene expression and aerobic respiratory chain
activity in Escherichia coli. 2007. FEMS Microbiol Lett. (under revision)
Rodríguez-Montelongo, L., Volentini, S.I., Farías, R.N., Rapisarda V.A. Cellular Cu(II)-reduction
in Escherichia coli depends on respiratory chain components. 2007. (in preparation)
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BRAZIL
Title: Involvement of NFAT Transcription Factor in Cell Cycle Regulation
Principal Investigator: João P.B. Viola, Division of Cell Biology, National Cancer Institute (INCA),
Rua Andre Cavalcanti, 37, Centro, Rio de Janeiro, RJ 20231-050, Brazil. Tel: +55-21-3233-1322,
1323, Fax: +55-21-3233-1470, E-mail: jpviola@inca.gov.br
ICGEB Contract No.: CRP/04/013
ICGEB Reference No.: CRP/BRA04-02
Keywords: cell cycle, gene expression, transcription factor, NFAT
Abstract:
The Nuclear Factor of Activated T Cells (NFAT) family of transcription factors have been primarily
identified in immune cells, however these proteins have been recently found to be functionally
active in several other non-immune cell types. NFAT proteins are activated upon different stimuli
that lead to increased intracellular calcium levels. Regardless of their widely known cytokine gene
expression properties, NFAT have been shown to regulate other genes related to cell cycle
progression, cell differentiation and apoptosis, unrevealing a broader role for these proteins in
normal cell physiology. Several reports have addressed the participation of NFAT proteins in many
aspects of malignant cell transformation and tumorigenic processes. In this project, we
demonstrate that the NFAT1 transcription factor represses cyclin A2 expression in lymphocytes,
and may act as a silencer of gene transcription during the cell cycle. Furthermore, we have found
divergent functions between NFAT1 and NFAT2 proteins in cell transformation. In fact, the NFAT1
acts as a tumor suppressor gene and NFAT2 short isoform acts as an oncogene, supporting
differential roles for these two transcription factors in tumor development. Taken together, our
results suggest an involvement of the different NFAT family members in the regulation of cell
cycling, differentiation and tumor formation, and also its implications on oncogenesis. Better
understanding the mechanisms by which NFAT transcription factors regulate cell cycle and tumorrelated events may be relevant for the development of rational anti-cancer therapies.
Objective: The long-term objective of this project is to define the mechanisms of inducible gene
transcription in activated immune-system cells during the immune response and cell
transformation. NFAT proteins are inducible transcription factors that play a key role in the
regulation of expression of a large number of early inducible-genes that are related to cell
differentiation and genes that regulate the cell division “clock”. Together, these gene products
specify the function of T and B lymphocytes, thereby determining the overall outcome of the
immune response
Original Objectives:
(i) Evaluate the relationship between lymphocyte hyperproliferation and Th1/Th2 cytokine
expression;
(ii): Ask whether NFAT transcription factors are general regulators of cell cycle progression and
apoptosis;
(iii): Determine the mechanism by which NFAT proteins regulate expression of genes involved in
cell cycle progression and apoptosis;
(iv): Analyse the involvement of NFAT proteins in the pathogenesis of lymphoproliferative disease.
Results Obtained:
NFAT1-/- lymphocytes are characterised increased proliferation compared to wild-type
lymphocytes. We asked whether hyperproliferative phenotype observed in NFAT1-/- lymphocytes
could be related to downregulation of IFN-γ. Thus, addition of recombinant IFN-γ to the NFAT1-/lymphocyte cultures resulted in lowered proliferation, to a level comparable to that of the wild-type
lymphocytes. Also, we compared the level of STAT1 activation in NFAT1-/- and NFAT1+/+
lymphocytes. Relative to NFAT1+/+ lymphocytes, NFAT1-/- lymphocytes showed considerably less
phospho-STAT1 upon stimulation. Thus consistent with their hyperproliferative phenotype, NFAT1/- lymphocytes produce less IFN-γ and show a defect in IFN-γ signaling. These experiments suggest
that the hyperproliferative phenotype observed in the NFAT1-/- lymphocytes is more closely
related to decreased IFN-γ production and the resulting defect in the Th1 differentiation than
increased IL-4 production and Th2 bias. We also evaluated whether the spontaneous splenomegaly
and lymphomegaly that are observed in older NFAT1-/- mice is accompanied by any malignant
transformation of cells. Histopathology of spleen and lymph nodes demonstrated a large increased
in germinal centers of the NFAT1-/- mice at 6 or 12 months old where compared to NFAT1+/+
mice, which was related with an important increased of B cells population. Moreover, the
histopathological analysis of the spleen and lymph nodes of older NFAT1-/- mice indicate an
intense hyperplasia of the lymphoid organs with no obvious change in the normal histological
architecture. Analysis of B cells purified from NFAT1+/+ and NFAT1-/- mice demonstrated that the
lack of NFAT1 increased the number of B cells in S/G2/M phases, and also upregulated the levels of
cyclin E and A2 upon anti-IgM stimulation in vitro. Then, we asked whether NFAT1 could directly
3
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regulate the expression of cell cycle genes. To answer this question, we have analysed the ability
of NFAT1 to regulate cyclin A2 gene expression. In fact, we demonstrate that cyclin A2 expression
is upregulated in the absence of NFAT1 in lymphocytes. Ectopic expression of NFAT1 in CHO cells
decreases cyclin A2 levels. Indeed, NFAT1 binds to a consensus binding site found at the mouse
cyclin A2 promoter in vitro and in vivo. Luciferase reporter assays show that NFAT1 downregulates
cyclin A2 expression by directly binding to the cyclin A2 promoter. Together, these results indicate
that the NFAT1 transcription factor represses cyclin A2 expression in lymphocytes, and may act as
a silencer of gene transcription during the cell cycle. In addition, we demonstrate that two
constitutively active forms of NFAT proteins (CA-NFAT1 and CA-NFAT2 short isoform) induce
distinct phenotypes in NIH3T3 cells. Whereas CA-NFAT1 expression induces cell cycle arrest and
apoptosis in NIH3T3 fibroblasts, CA-NFAT2 short isoform leads to increased proliferation capacity
and induction of cell transformation. Furthermore, NFAT1 deficient mice showed an increased
propensity to chemical carcinogen-induced tumor formation and CA-NFAT1 expression subverted
the transformation of NIH3T3 cells induced by the H-rasV12 oncogene. The differential roles for
NFAT1 are at least partially due to the protein C-terminal domain. These results suggest that
NFAT1 acts as a tumor suppressor gene and NFAT2 short isoform acts as an oncogene, supporting
differential roles for these two transcription factors in cell transformation.
Results Unforeseen in the Original Project:
The phenotypes of NFAT deficient mice suggest that this family of transcription factors is likely to
play a much broader role in the regulation of cell growth and apoptosis than previously described.
Furthermore, divergent functions between NFAT1 and NFAT2 proteins in cell transformation may
exist, but have not yet been characterised. Thus, we have demonstrated that NFAT1 transcription
factor may act as a silencer of gene transcription during the cell cycle. Furthermore, our results
strongly suggest that NFAT1 and NFAT2 genes have important and opposite roles in the control of
the cell cycle and apoptosis. In fact, NFAT1 and NFAT2 short isoform may function as tumor
suppressors or oncogenes, respectively, suggesting a putative role in tumor development.
Networking:
During the course of the project we have interacted and collaborated with different groups: Dr.
Anjana Rao (Harvard Medical School, USA), Dr. Mark Ansel (University of California San Francisco,
USA), Dr. Roger Chammas (University of São Paulo, Brazil) and Dr. Gustavo Amarante Mendes
(University of São Paulo, Brazil).
Publications:
Viola, J.P.B, Carvalho, L.D.S., Fonseca, B.P.F., Teixeira, L.K. NFAT transcription factors: from
cell cycle to tumor development. 2005. Braz. J. Med. Biol. Res. 38, 335-344
Carvalho, L.D.S., Teixeira, L.K., Carrossini, N., Caldeira, A.T.N., Ansel, K.M., Rao, A., Viola,
J.P.B. The NFAT1 transcription factor is a repressor of cyclin A2 gene expression. 2007. Cell Cycle
6, 1789-1795
Robbs, B.K., Cruz, A.L.S., Werneck, M.B.F., Mognol, G.P., Viola, J.P.B. Dual roles for NFAT
transcription factors as oncogenes and tumor suppressors. 2008. Mol. Cell. Biol. doi:
10.1128/MCB.00256-08 (in press)
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BULGARIA
Title: Association studies in a linkage region of schizophrenia using pooled DNA genotyping and
family based controls
Principal Investigator: Draga Ivanova Toncheva, Department of Medical Genetics, Medical
Faculty, Medical University, 2 Zdrave Str, 1431 Sofia, Bulgaria. Tel: +359-2-9520357, Fax: +359-2
9520357, E-mail: daregatoncheva@yahoo.com
ICGEB Contract No.: CRP/04/025
ICGEB Reference No.: CRP/BUL04-01
Keywords: schizophrenia, chromosome 5, association, DNA pooling
Abstract: Several linkage studies suggest that chromosome 5q might contain risk loci for
schizophrenia. We saturated the 5q31-32 (between markers D5S666 and D5S436) with 90
microsatellite markers. We genotyped two sets of DNA pools, consisting of 300 SZ patients and
their 600 parents. Suggestive evidence for association was found for seven markers, which were
then individually genotyped. Individual genotyping confirmed the predicted allele frequency
differences for two of the markers: D5S2017 (p=0.004) and marker IL9 (p=0.014). We then
performed fine mapping using single nucleotide polymorphisms around D5S2017 and IL9 markers.
In each region four SNPs were chosen and individually genotyped. Two SNPs showed significant
evidence for association: rs7715300 (p=0.001) and rs6897690 (p=0.032). Rs7715300 is localised
between TGFBI and SMAD5 genes and rs6897690 is within SPRY4 gene. Our screening of 5q31-32
implicates three potential candidate genes for SZ: SMAD5, TGFBI and SPRY4.
We also conducted individual genotyping of SNPs showing suggestive evidence for association to
SZ, which were selected from a WGA study performed using DNA pools. We selected for individual
genotyping the highest-ranked SNPs, according to the p-values. We successfully genotyped 72
SNPs in 574 trios. 49 of those were significant at p<0.05, with the best result at p=1.2x10-6 for
rs11064768. The result does not reach genome-wide significance.
Original Objectives: The main objective of the project was to identify genes that increase
susceptibility to schizophrenia within the strong candidate region 5q31-32.
Results Obtained:
The project started with the genotyping of 140 microsatellite markers covering a region of
approximately 14 Mb in 5q31-32 (between markers D5S666 and D5S436) in parents and probands
pools. This region includes the protocadherin genes cluster, the IL9 and NRG2 genes. After
excluding the non-polymorphic markers and those producing heavy stutter bands, we successfully
analysed 90 polymorphic microsatellite markers. Seven markers showed suggestive evidence for
association with SZ (p < 0.05) and were selected for individual genotyping. These were D5S0023i
(p = 0.033), IL9 (p = 0.046), RH60252 (p = 0.041), 5Q31-33_33 (p = 0.031), D5S2017 (p =
0.013), D5S1481 (p = 0.030), D5S0711i (p = 0.028). In order to confirm the results from the
pooling experiment, we performed individual genotyping of these markers in the sample of 300
parent-proband trios that were included in the pools. Marker D5S0023i could not be analysed as it
produced heavier stutter bands that had been apparent in the pooling experiment. Two markers
remained nominally significant after the individual genotyping: marker IL9 (p=0.014), located
within the IL9 (interleukin 9 precursor) gene and marker D5S2017 (p=0.004), located 28.5 kb in
the 3’ direction from SPRY4 (Sprouty homolog 4) gene. The distance between the two markers is
approximately 6.5 Mb. In order to further investigate each of the two candidate regions, we
performed fine mapping using SNPs. Eight SNPs were selected from an area of 400 kb surrounding
D5S2017 and IL9 microsatellites from the data of a GWA study in SZ carried out in the same
population. All the SNPs showed suggestive significance level for association (p <0.05) in the
pooling data were chosen for individual genotyping. Markers rs17169180, rs1859430, rs30747 and
rs7715300 are within IL9 area and rs2961720, rs7443175, rs6897690 and rs153423 within
D5S2017 area. We could not produce a robust assay for genotyping of marker rs2961720 and we
substituted it with rs2906066, which was highly correlated to it (r2 = 1) in CEU sample. Analysis of
the individuals included in the pools showed marker rs6897690 to be the most significantly
associated, p = 0.0006. Individual genotyping in the total sample of 615 parent-proband trios
showed two SNPs to be significantly associated with SZ. These were rs7715300, p = 0.001 and
rs6897690, p = 0.032. Rs7715300 is located between two genes: 30kb 3’ of TGFBI (transforming
growth factor, beta-induced, 68kDa) and 39.5kb 5’ of SMAD5 (SMAD, mothers against DPP
homolog 5) and rs6897690 is located in intron1 of SPRY4 (sprouty homolog 4) gene. Two SNPs
rs17169180 and rs7443175 showed trends toward association with p = 0.056 and p = 0.062,
respectively. Rs17169180 is located ~10 kb from LOC153328 (LOC153328 hypothetical protein)
and rs7443175 is in intron 2 of SPRY4 gene. Clearly, the strongest signal identified in our study is
at rs7715300, located between two genes: 30kb 3’ of TGFBI and 39.5kb 5’ of SMAD5. Initially we
expected that IL9 was the most likely candidate gene in this region, but the best SNP clearly shows
the signal to be located away from it. We cannot speculate whether rs7715300 is a causal variant
5
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itself, or it is in LD with a marker within any of the two genes. Possibly, this could also be chance
event. The identified signal points out the most likely locus but, as we genotyped 90 microsatellite
markers and 8 SNPs, a simple Bonferroni correction would make this result not significant (p =
0.1). It is possible that we have missed to detect a stronger association within the 5q31-33 region
as our coverage with microsatellite markers was still quite sparse and relied on assumptions about
LD. We also have 13 intervals with intermarker distance over 300 kb due to the absence of
polymorphic markers, or failure of the chosen ones to be analysed confidently. Therefore, we might
have missed to detect the presence of a disease susceptibility locus due to the large distance
exceeding the assumed presence of LD between any markers. In summary, our screening of the
5q31-32 linkage region, using DNA pooling, implicates three possible candidate genes: SMAD5,
TGFBI and SPRY4. While any of the findings do not survive correction for multiple testing, as
nominally significant results after a systematic analysis of one of the best schizophrenia linkage
regions, they represent excellent candidates for evaluation by others.
Results Unforeseen in the Original Project:
Another important aspect of the project is the collaboration between the Department of Medical
Genetics, Medical University Sofia and the Department of Psychological Medicine, Cardiff
University. As a result of that we were able to conduct a follow-up study of a WGA of schizophrenia
in the same Bulgarian trios (mentioned above). The WGA study was performed by the Department
of Psychological Medicine, Cardiff University and was carried out on Illumina HH550 arrays using
tree sets of pools: from 605 controls, 574 SZ patients and a pool from all the parents of the cases.
The advantage of using pooled DNA as an initial step in WGA studies is the significantly reduced
price when hundred or thousand samples need to be genotyped. In order to reduce the number of
false-positive results, we performed several filtering procedures. After excluding SNPs where the
allele frequencies were predicted extremely poorly in the pools and those SNPs that were noninformative (~20,000) we were left with 433680 SNPs of acceptable quality. For choosing SNPs for
the individual genotyping we restricted our selection to SNPs that reached p-values <0.001: a total
of 805 SNPs. After additional filtering of SNPs, which showed a trend in the opposite direction in
the controls sample (in order to reduce the number of results that, although significant in the trios
sample, were unlikely to survive replication in an independent sample) 133 SNPs were left. These
SNPs were presented to the Sequenom Assay Design 3.1 software, which selected 100 of them into
three i-plex pannels. The advantage of the Sequenom iPLEX technology is the ability to multiplex
the genotyping reaction with up to 36 markers on the lowest cost per genotype. 28 of the selected
SNPs dropped out during the optimisation process, as they produced poor traces, or had
inconsistencies with HapMap data after genotyping of the 30 CEU trios. Of the 72 SNPs successfully
genotyped, 49 were significant at p<0.05. This method enriched well for significant results: 68% of
the genotyped SNPs were significant at p < 0.05 level, with four results < 0.001 level. The best
result was obtained for rs11064768: p = 1.2x10-6. The SNP is on chromosome 12, within the gene
CCDC60, a coiled-coil domain gene. The result does not reach genome-wide significance, which has
been estimated to be 5x10-7 (according to WTCCC 2007).
The tested DNA pooling approach appears to have worked very well, with over half of the SNPs
selected for individual genotyping reaching significant results and several SNPs reaching results
that we had not found previously in candidate gene studies on this sample. The failure to find a
genome-wide significant result might reflect the fact that SZ is a highly heterogeneous disorder,
and there is a need for larger samples to be investigated.
Networking:
Since 1999 the Department of Medical Genetics, Medical University Sofia and the Department of
Psychological Medicine, Cardiff University, United Kingdom have been involved in collaboration for
the collection of parent-offspring trios with major psychiatric disorders. The laboratory in Cardiff is
one of the leading laboratories in the field of genetic research of several neuropsychiatric disorders.
As a result of this collaboration, we have succeeded in building one of the largest collections of
parent-offspring trios, which during this project was enriched with additional DNA samples from
cases with schizophrenia and bipolar disorder and with DNA samples from healthy controls. The
data exchange between the two departments was an important part of the project. For the
successful completion of the final step of the project the Department of Psychological Medicine,
Cardiff University kindly provided the data form a WGA study. Due to this data we were able to
choose the most promising SNPs for conducting the fine mapping around the two positive
microsatellite markers in the 5q31-32 region. In a collaboration with The Department of
Psychological Medicine, Cardiff University we performed individual genotyping of the SNPs showing
suggestive evidence for association to schizophrenia from the WGA study. The collaboration gave
us the opportunity to work with the most recent and an advanced technology in the genetic
research and one of our scientists was trained to use these technologies.
Publications:
Zaharieva, I.Z. The cadherin superfamily: Biological significance and neuronal diversity. 2006.
Balkan J. Med. Genet. 9(1&2), 19-27
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Zaharieva, I. Z., Georgieva L., Kirov G., Owen M.J., O’Donovan M.C., Toncheva D.
Association study in the 5q31-32 linkage region for schizophrenia using pooled DNA genotyping.
BMC Psychiatry (accepted)
Kirov G., Zaharieva I., Georgieva L., Moskvina V., Nikolov I., Cichon S., Toncheva D.,
Owen M.J., O’Donovan M.C. A genome-wide association study in 574 schizophrenia trios using
DNA pooling. Mol. Psychiatry (accepted)
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CHINA
Title: Identification of potato genes related to horizontal resistance to Phytophthora infestans and
elucidation of their expression profiles
Principal Investigator: Conghua Xie, College of Horticulture and Forestry Science, Huazhong
Agricultural University, Wuhan 430070, China. Tel: +86-27-87282727, FAX: + 86-27-87396057, Email: xiech@mail.hzau.edu.cn
ICGEB Contract No.: CRP/04/014
ICGEB Reference No.: CRP/CHN04-01
Keywords: Solanum tuberosum, resistance related gene, gene expression profile, late blight
Abstract:
Late blight, caused by the oomycete pathogen Phytophthora infestans, is the most devastative
diseases of potato. Up to now, a number of quantitative trait loci (QTLs) for late blight have been
mapped in many experimental populations of potato. Nonetheless, very little is known about the
dynamic expression patterns of these genes during P. infestans infection, the defence metabolism
pathways and the signal transduction network associated with quantitative resistance to late blight.
In the present research, 348 differentially regulated expressed sequence tags (ESTs) associated
with potato quantitative resistance to P. infestans have been identified. These functional genes are
mostly related to metabolism, plant defence, signalling and transcription regulation, involving the
whole process of plant defence response to pathogens. A comprehensive transcriptional analysis
was performed under different treatments of P. infestans, signal molecules (SA, MJ and ETH),
abscisic acid (ABA) and mechanical wounding with the cDNA microarray technology. In addition,
the expression patterns of these ESTs in different resistance level potato materials (including
qualitative resistance cultivar, quantitative resistance potato clone and susceptive cultivar) were
compared. Based on the systemic expression profile investigation of 348 potato genes under
several treatments, the mechanism of potato quantitative resistance to P. infestans was
preliminarily inferred.
Objectives:
The purposes of this research are to elucidate the molecular basis of potato quantitative resistance
and provide a clue for valid application of this resistance and development of new strategies of
controlling the late blight.
Results Obtained:
Our main objectives were as follows:
(i) To identify and classify more late blight resistance-related genes via selection of the suppression
subtractive hybridisation (SSH) library;
(ii) To elucidate the expression profile of the genes identified through the treatments with the
pathogen, systematic signal molecules etc.;
(iii) To investigate the defence metabolism pathways and the signal transduction network
associated with quantitative resistance to late blight;
(iv) To train young staff and students through the research procedure.
Results Obtained:
There are 348 genes identified associated with quantitative resistance (QR) against P. infestans in
potato. The cDNA microarray technology was applied to screening P. infestans induced gene
fragments from a subtractive library. A total of 348 singleton ESTs were identified up-regulation
after the pathogen inoculation. Among these ESTs, 234 had significant matches with the functional
genes or ESTs, whereas the rest (32.8%) were regarded as unknown-function genes because of
their low sequence similarity. All of the ESTs have been deposited in GenBank. The ESTs with
known function were classified into 13 categories: cell defence, primary metabolism, secondary
metabolism, energy metabolism, signal transduction, transcription, protein synthesis, protein fate,
cellular transportation, cellular organisation, protein with binding function, systemic response and
development, indicating quantitative resistance involves genes functioned in whole process of plant
defence.
Gained the transcriptional profiling pattern of identified genes. Four main results were obtained:
(a) Turning points of gene expression related to the pathogenesis: Based on the global expression
changes of 348 genes throughout the process of P. infestans infection (2, 4, 6, 8, 12, 24, 36, 48,
and 72 h post inoculation, hpi), the distinct stages of expression changes of 348 genes in the QR
potato leaves were discriminated by early (2–6 hpi), mid (8–24 hpi) and late (36–72 hpi) stages
with 6–8 hpi and 24–36 hpi as the turning points of early to mid and mid to late stages,
respectively. The results are in accordance with the phenotype of the pathogenesis.
(b) Signal pathways regulating gene expression: The majority of P. infestans-responsive genes
could be regulated by one or more of the three signal molecules (SA, MJ and ETH). Among 348
genes up-regulated by P. infestans, 304, 233 and 96 genes were induced by SA, MJ and ETH
respectively. A larger number of genes overlapped in two or three signal pathways showing a
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harmonising feature of signal pathways in potato defence system.
(c) Late blight defence and abiotic stress response: Signal transduction comparison of expression
profile between the mechanical wounding and abscisic acid (ABA) treatments showed that most of
348 genes were up-regulated by ABA while some were down-regulated on certain time points. This
finding revealed the bi-directional roles of ABA in regulating the plant defence responses to
pathogens. In addition, most of the genes were co-up-regulated by P. infestans, mechanical
wounding and ABA, implying the consistency between defence response and stress response in
plant.
(d) Gene expression and resistance level: The expression patterns of 348 genes in QR, qualitative
and susceptive cultivars indicated that the majority of these genes could be induced in all kinds of
cultivars tested but with obvious changes in expression patterns and transcription abundance,
inferring that potatoes with different resistance type against late blight possess similar defence
genes but resistance level may be determined by the gene expression, especially the timing of
initial expression of certain genes and/or their induced expression abundance.
Construction of metabolic and defence pathways. Of the function assigned genes, 98 were involved
in 11 metabolic pathways with phenylpropanoid and oxylipin pathways that respectively
biosynthesise SA and JA molecules considered as most important conferring the resistance.
Combining metabolic analysis and the information of gene profiling and functions assignment, a
potato QR defence network was established from recognition of P. infestans by potato to
integration of SA, JA and ET signal pathways at transcription factors of WRKY, MYC and ERF to coregulate the expression of downstream defence genes. The results built up a platform for selection
of candidate genes of governing QR resistance.
Training. During the period, we trained 11 young people including Ph.D. students, undergraduates
and post-docs; among them 2 have received their Ph.D. degrees.
Networking:
Strong links have been developed with the International Potato Center (CIP) on potato late blight
resistance. Dr. Merideth Bonierbale (Division Leader, Germplasm Enhancement and Crop
Improvement of CIP) has provided us four populations’ DNA for candidate gene mapping. We also
established close cooperation with Dr. Edwin van der Vossen (Plant Research International,
Wagenigen UR, The Netherlands) for high throughput function analysis of our candidate genes with
the VIGS system.
Publications:
Tian, Z.D., Liu, J., Wang, B.L., Xie, C.H. Screening and expression analysis of Phytophthora
infestans induced genes in potato leaves with horizontal resistance. 2006. Plant Cell Rep. 25,
1094-1103
Wang, B.L., Liu, J., Tian, Z.D., Song, B.T., Xie, C.H. cDNA microassay analysis of metabolismrelated genes in inoculated potato leaves expressing moderate quantitative resistance to
Phytophthora infestans. 2008. J. Hort. Sci. Biotech. 83(4), 419–426
Wang, B.L., Tian, Z.D., Liu, J., Xie, C.H. Comparative analysis of Phytophthora infestans Induced
gene expression in potato cultivars with different levels of resistance (in preparation)
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COLOMBIA
Title: Genetic influence in the etiology of class III malocclusion with mandibular prognathism
Principal Investigator: Liliana Otero Mendoza, Department of Craniofacial System, Faculty of
Dentistry, Pontificia Universidad Javeriana, Carrera 7 No. 40–62, Bogotá D.C., Colombia. Fax: +571-3208320, ext. 2884, E-mail: lotero@intercable.net.co, lotero@javeriana.edu.co
ICGEB Contract No.: CRP/04/015
ICGEB Reference No.: CRP/COL04-03
Keywords: genes, class III malocclusion, inheritance, phenotype, etiology
Abstract: The control and modification of the growth of the craniofacial structures is an important
goal of orthodontics that cannot get with the current therapy, because the etiology of malocclusion
is unknown yet. The principal goals and results of this investigation were:
(i) To determine the mode of inheritance in 32 Colombian families with class III malocclusion: the
results suggest that class III malocclusion has a transmissible Mendelian major effect, with a
dominant mode of inheritance and variable penetrance.
(ii) To know the inheritance of the craniofacial structures in class III malocclusion: the craniofacial
characteristics that showed more resemblance between parents and offspring were middle facial
height, overjet, shorter anterior cranial base and mandibular prognathism.
(iii) To cluster the possible sub-phenotypes present in a Colombian population: six groups were
identified according to gender and severity of the malocclusion.
(iv) To identify loci susceptible to class III malocclusion: the association analysis of MSX-1 CA
polymorphism showed that the allele 4 was the most frequent in the population (control and class
III malocclusion). However this allele showed preferential transmission in members with this
malocclusion.
The determination of the responsible genes of class III malocclusion for each phenotype will permit
to design effective therapies that can control the growth of skeletal structures in this malocclusion.
Objectives:
(i) To evaluate specific genetic transmission models of mandibular prognathism in a series of
Colombian families;
(ii) To estimate the inheritance of craniofacial parameters from parents to offspring in Colombian
families with class III malocclusion;
(iii) To cluster the diverse convergences of dento-facial form in sub- phenotypes of class III
malocclusion in a group of Colombian people;
(iv) To evaluate if MSX1, located in 4p16.2, is in linkage disequilibrium with Class III malocclusion
in Colombian families;
(v) To identify loci susceptible to class III malocclusion in a large Colombian family through
Infinium whole genome genotyping assay.
Results Obtained:
Inheritance model.
When the 32 families were analysed, the Odd Ratio analysis could not reject any model of
inheritance. However the autosomal-dominant major locus model was the most parsimonious.
Inheritance of craniofacial features in Colombian families with class III malocclusion.
The craniofacial characteristics that showed more resemblance between parents and offspring were
middle facial height, shorter anterior cranial base and mandibular prognathism. The unique dental
feature that showed inheritance from parents to offspring was the inclination of upper incisive. The
inheritance showed differences according the gender.
Possible Association of MSX1 gene to the etiology of Class III malocclusion in Colombian families.
The four polymorphisms CA for the gene MSX1 were observed in all patients evaluated (affected
and unaffected group), however the risk to inheritance the allele 4 was higher for the patients with
class III malocclusion.
Results Unforeseen in the Original Project:
Phenotypic Characterisation of Class III Patients.
Six phenotypes were cluster upon severity and gender. The facial, dental and skeletal features
showed different combinations upon the gender and severity of class III malocclusion.
Identification of possible loci associated to etiology of class III malocclusion.
The data suggest that the big family (40 members) studied could be classified like European metapopulation. Some of the Haplotypes found in this sample had also been reported for the Antioquian
population. The results of microarray are currently analysed.
Networking:
The following people have contributed to this research project:
(i) Eduardo Rodríguez (DD) helped to obtain the records of the big family evaluated in this project;
(ii) Diana Álvarez (BD, Ph.D., Science Basic Laboratory at Pontificia Universidad Javeriana) as tutor
of this Ph.D. thesis;
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(iii) Ricardo Morales (DDS) a surgeon dentist who collaborated with us giving the dolphin analysis
of more than 400 patients;
(iv) Clara Vargas (MD) Director of the Genetic laboratory in Universidad Industrial de Santander,
where we did DNA extraction, PCR and MSX-1 genotyping;
(v) James K. Hartsfield (DMD, PhD, F.A.C.M.G. Professor and Director of Oral Facial Genetics,
Professor of Orthodontics, and Medical and Molecular Genetics of Indiana University Schools of
Dentistry and Medicine) reviewed some findings of this project. He suggested the microarray
analysis. He also obtained the funds from Indiana University for the whole genome genotyping of
some samples;
(vii) Tatiana Foroud (MD, PhD, P. Michael Conneally Professor of Medical and Molecular Genetics
and Director of Hereditary Genomics Division) analysed the results of microarrays and reviewed
some papers of this project.
In addition, the residents of the Orthodontics Postgraduate Programme contributed to create a new
line of investigation, helping us to find the patients with class III malocclusion.
Publications:
Otero L., Álvarez D. Segregation analysis of class III malocclusion in Colombian families.
Available at: http://iadr.confex.com/iadr/2007orleans/techprogram/abstract_90466.htm
Otero L. Posible Asociación entre el gen MSX-1 y la maloclusión clase III. Revista de la SCO (in
press)
Otero L., Álvarez D. Phenotypic characterisation of Class III Patients (submitted)
Otero L. Application of genetic research in clinical orthodontics (submitted)
Otero L., Rodriguez E. Heritability of craniofacial characteristics between parents and offspring in
class III malocclusion (in preparation)
Hartsfield, J.K., Foroud, T., Otero, L. Identification of possible loci associated to etiology of class
III malocclusion through Infinium whole genome genotyping technology (in preparation)
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COSTA RICA
Title: Development of new genetic resources for insect resistance in rice
Principal Investigator: Ana Mercedes Espinoza (January 2005 - September 2007) & Griselda
Arrieta-Espinoza (September 2007 - June 2008), Centro de Investigación en Biología Celular y
Molecular, Ciudad de la Investigación, Universidad de Costa Rica, San Pedro de Montes de Oca,
San
José,
Costa
Rica.
Tel:
+506-2207-3010,
Fax:
+506-2207-3190,
E-mail:
griselda.arrieta@gmail.com
ICGEB Contract No.: CRP/05/001
ICGEB Reference No.: CRP/COS04-01
Keywords: rice, genetic transformation, Spodoptera frugiperda, Bacillus thuringiensis
Abstract:
Latin American population is expected to grow up from 510 millions in the year 2000 to 720
millions in the year 2020, the deficit of food production would rise to serious levels. As a
consequence, productivity needs to be increased 41% in order to keep up with population growth.
Rice is the most important food crop for human consumption in Latin America and the Caribbean
(LAC) supplying carbohydrates and proteins to the diet. Nevertheless, rice production in Costa Rica
faces several phytosanitary constrains as the commercial rice varieties grown in the country are
susceptible to insect pests such as Spodoptera frugiperda and Tagosodes orizicolus and the
diseases caused by Pyricularia grisea and the rice hoja blanca virus (RHBV), among others. At the
same time, the country deals with a paradox concerning the national policies of environmental
conservation and the use of synthetic insecticides in excess in agricultural activities. For this
reason, it is important to find new alternatives to control these insects and diseases. Under these
circumstances genetic engineering offers an appropriate alternative to produce genetically
improved rice varieties and to develop new genetic resources resistant to pest that at present
affects rice production.
Objective: The main objective of this project was to develop transgenic rice plants expressing
insecticidal proteins through nuclear transformation, using a local indica rice variety and Bacillus
thuringiensis-derived entomopathogenic cry2Ab and vip3A genes to confer resistance to
Spodoptera frugiperda.
Results Obtained:
Successful transformation of indica rice variety CR-5272 was obtained and hygromycin resistant
calli (HygR) resistant were obtained when pCAMBIA-cry2Ab and pCAMBIA-vip3A were used. One
hundred and ten T0 rice plants were recovered from hygromycin resistant calli that were
transformed with vip3A gene. From these materials 46 plants were selected as the morphological
evaluation showed that they were similar to the untransformed counterparts, fertile as T1 seed was
harvested and resistant to the selectable marker hygromycin. The molecular analyses to confirm
their transgenic status are in process. Additionally, an efficient protocol for Spodoptera frugiperda
rearing on artificial diet under controlled conditions was set up. S. frugiperda cycle was
considerably shorter in a diet based of Bean and the production of viable insects was significantly
higher than the one obtained in two other commercial diets tested a General purpose Lepidoptera
diet and a Spodoptera frugiperda specific diet. This result will ensure the quantity of larvae
required to perform the bioassays of the transgenic plants. Capacity building, technology transfer
and networking were very important results obtained with execution of this project. Training of
CIBCM personnel on the following topics was received at ICGEB New Delhi facility:
- the basics of tobacco chloroplast transformation;
- preparation and purification of ICP crystals form E. coli expressing Vip3A and Cry2Ab toxin
protein;
- bioassays to determine the susceptibility of Helicobacter amizora to Bt toxins and data analysis
using Probit statistical analysis that will be used on Spodoptera model;
- multiplex PCR for detection of Cry1Ac genes from different bacterial isolates;
- molecular test such as Northern and Southern Blots analyses;
- rice transformation using Agrobacterium method.
Networking:
The project allowed the collaborative links between the Centro de Investigación en Biología Celular
y Molecular at the University of Costa Rica and the International Centre for Genetic Engineering
and Biotechnology of New Delhi. The results obtained were achieved with the complementing
expertise of different groups at international and national level. Additionally, the execution of the
project allowed the collaboration with the Instituto de Biotecnología of the Universidad Nacional
Autónoma de México and, at national level, with the Research and Extension Department of Sugar
Cane (DIECA) in Costa Rica, Alajuela.
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CROATIA
Title: Functional analysis of aminoglycoside resistance determinants
Principal Investigator: Gordana Maravić Vlahoviček, Department of Biochemistry and Molecular
Biology, Faculty of Pharmacy and Biochemistry, University of Zagreb, Ante Kovačića 1, 10000
Zagreb, Croatia. Tel: + 385-1-6394448, Fax: +385-1-4856201, E-mail: maravic@icgeb.org,
gordana@pharma.hr
ICGEB Contract No.: CRP/04/016
ICGEB Reference No.: CRP/CRO04-01
Keywords: aminoglycoside resistance, 16S rRNA, Arm methylases
Abstract:
Methyltransferases that carry out posttranscriptional N7-methylation of G1405 in 16S rRNA confer
bacterial resistance to aminoglycoside antibiotics, including kanamycin and gentamicin. Genes
encoding enzymes from this family (hereafter referred to as Arm, for aminoglycoside resistance
methyltransferases) have been recently found to spread by horizontal gene transfer between
various human pathogens. We analysed the sequence-function relationships of Sgm MTase, a
member of the Arm family, by limited proteolysis and site-directed and random mutagenesis. We
identified the 30S ribosomal subunit as the Sgm substrate and confirmed the G1405 as the
methylation site. We also modeled the structure of Sgm using bioinformatics techniques and used
the model to provide a structural context for experimental results. We found that Sgm comprises
two domains and we characterised a number of functionally compromised point mutants with
substitutions of invariant or conserved residues. Our study provides a low-resolution model of
sequence-structure-function relationships in the Arm family of enzymes and reveals the cofactorbinding and substrate-binding sites. These functional regions will be prime targets for further
experimental and theoretical studies aimed at defining the reaction mechanism of m7 G1405
methylation, increasing the resolution of the model and developing Arm-specific inhibitors.
Objectives:
Biochemical characterisation of the Arm enzymes and their RNA substrate.
Original Objectives:
To identify the substrate of Arm methylases, to define the catalytic domain and the RNA-binding
domain, to characterise amino acids essential for the catalytic activity and substrate binding, to
propose the catalytic mechanism of 16S rRNA:m7G methylation.
Results Obtained:
We optimised the expression and purification of Sgm MTase and established and optimised in vitro
(methylation assay) and in vivo (minimal inhibitory concentration assay) tests for functional
characterisation of Sgm variants. Using the limited proteolysis approach combined with the MALDITOF mass spectrometry (MS) analysis we showed the existence and defined the identity of two
distinct functional domains in Sgm; large C-terminal domain was recognised to be involved in
catalysis and N-terminal domain contains the elements for RNA substrate recognition. We
confirmed the G1405 as the methylation site of the Sgm protein by primer extension and MALDITOF MS and identified the 30S ribosomal subunit as the substrate for the Sgm MTase by
methylation test and MALDI-TOF MS. We carried out alanine mutagenesis of evolutionary
conserved amino acids predicted to be important for catalysis and/or cofactor/substrate binding
(R33A, K54A, R108A, G135A, D156A, D158A, D182A, K199A, E205A, R236A, E267A) and analysed
them in vivo. In addition, we obtained four random mutants (R187S, R187S/G212S, A37T/R32L,
P69S/R43L). We modelled the Sgm structure using bioinformatics methods and interpreted all the
experimental results in light of structural data. We identified functionally important residues, whose
position in the model strongly implies particular roles in overall protein stability, binding of the RNA
substrate, accommodation of the target guanosine in the active site, binding of the AdoMet
cofactor, and catalysis of the methyltransfer reaction. Furthermore, we proposed potential
inhibitor-binding sites of Arm MTases: the model suggests that Arm proteins have a unique
catalytic pocket and the cofactor-binding pocket is very well defined so the design of potential Arm
inhibitors could involve modification of cofactor analogs to fill out the MTase active site. In addition,
we performed comparative sequence analysis and the phylogenetic study, which highlighted
patterns of residue conservation that must be taken into account in the process of inhibitor design
in order to obtain compounds active against all members of the family.
Results Unforeseen in the Original Project:
MALDI-TOF mass spectrometry studies showed that methylation of neighbouring C1407 in 16S
rRNA is impaired by the action of Sgm MTase at G1405. We suggest that Sgm binding to the
ribosome interferes with the binding of the m5C MTase YebU. The study is now in progress. In
collaboration with Dr. Bujnicki we found several novel inhibitors of Erm MTases by structure-based
virtual screening of a lead-like compounds database and subsequent in vitro characterisation.
Networking:
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Within the framework of the proposed project, the investigating team of Dr. Maravić collaborated
with the groups of Dr. Sándor Pongor (Head of the Protein Structure and Bioinformatics Group,
ICGEB, Trieste, Italy) and Dr. Janusz M. Bujnicki (Head of the Bioinformatics Laboratory,
International Institute of Molecular and Cell Biology (IIMCB), Warsaw, Poland). In addition, during
the second year of the project collaboration with Dr. Sergio Tisminetzky (Head of the Biotechnology
Development group at ICGEB, Trieste, Italy) was established. During the final year two new
collaborations were established with Dr. Stephen Douthwaite (Department of Molecular Biology,
University of Southern Denmark, Odense, Denmark) and with Dr. Vittorio Venturi (Head of the
Bacteriology and Plant Bacteriology Group, ICGEB, Trieste, Italy) respectively.
Publications:
Feder, M., Purta, E., Koscinski, L., Čubrilo, S., Maravić Vlahoviček, G. and Bujnicki, J.M.
Virtual screening and experimental verification to identify potential inhibitors of the ErmC
methyltransferase responsible for bacterial resistance against macrolide antibiotics. 2008.
ChemMedChem. 3(2), 316-322
Maravić Vlahoviček, G., Čubrilo, S., Tkaczuk, K.L. and Bujnicki, J.M. Modeling and
experimental analyses reveal a two-domain structure and amino acids important for the activity of
aminoglycoside resistance methyltransferase Sgm. 2008. Biochim. Biophys. Acta. 1784(4), 58290
Čubrilo, S., Babić, F., Douthwaite, S. and Maravić Vlahoviček, G. Interactions of the
aminoglycoside resistance methyltransferase Sgm with bacterial ribosome (in preparation)
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HUNGARY
Title: Structure-activity studies of protease inhibitor models
Principal Investigator: András Perczel, Institute of Chemistry, Eötvös L. University, Pázmány
Péter sétány 1/A, Budapest H-1117, Hungary. Tel: +36-1-2090555, ext. 1653, Fax: +36-13722620, E-mail: perczel@chem.elte.hu
ICGEB Contract No.: CRP/04/018
ICGEB Reference No.: CRP/HUN04-03
Keywords: protease inhibitor, structure-activity relationship, protein design
Abstract: In this proposed research we aim to contribute to the understanding of the principles of
natural protease inhibition by design, synthesis and structure-activity investigation of chymotrypsin
inhibitor model peptides. Our basic assumption is that the structural properties of enzyme
inhibition can be effectively studied with model molecules constructed by the combination of the
binding loop and structurally relevant residues defining a proper “scaffold” for it. The molecule
chosen to be modeled is SGCI (Schistocerca gregaria chymotrypsin inhibitor), a highly potent 35residue chymotrypsin inhibitor (Ki=6.20*10-12). We have previously prepared three model
peptides, which revealed the crucial role of the peptide scaffold in maintaining the proper
conformation and mobility of the protease binding loop. Mutants will be cloned and expressed and
the altered dynamic properties of the SGCI mutant will be studied by 15N relaxation methods.
Finally, the SGCI-chymotrypsin ligand-protein complex will be studied to reveal the size and nature
of the interacting surfaces. We believe our approach proves useful both in better understanding of
the mechanism of canonical serine protease inhibition and other biologically interesting systems.
Objectives:
We attempt to decipher the functionally relevant parts of the molecule by constructing various
model peptides containing parts of the original inhibitor, by following a structure- rather than
sequence-based approach as we try to retain the structural organisation of the protease binding
loop and its spatial neighbourhood. Designing, synthesising and characterising effective as well as
ineffective model peptides may lead us to the determination of a “minimal” inhibitor scaffold.
The following research steps will be undertaken: (i) design of an effective/ineffective inhibitor in
silico; (ii/a) optimisation of peptide cyclisation method; (ii/b) synthesis of models using both solid
phase peptide chemistry and molecular biology; (iii) determination of the inhibition potential of the
peptides; (iv) NMR structure determination of the model systems; (v) preliminary molecular
dynamics investigation based on the NMR measurements; (vi) investigating the dynamics of
selected model peptides by 15N relaxation methods.
Our aim is not only to deduce the relevant structural features from determined structures but also
to be able to prove the real significance of these by “reproducing” them on model peptides, if
necessary, by using chemical modifications. One of ICGEB main objectives is to promote the
molecular approach in the biological sciences.
Original objectives:
Our original objective was to design peptide models of small protease inhibitors in order to
investigate structure-activity relationships of serine proteases in general and the pacifastin inhibitor
family in particular.
Results obtained:
We have intensively studied the structure-function relationships of small serine protease inhibitors.
Our results reinforce the role of internal dynamics in serine protease inhibition by small
proteinaceous inhibitors. We have studied the complex formation between SGCI and bovine
chymotrypsin as well as SGTI and crayfish trypsin by X-ray crystallography and NMR spectroscopy.
We concluded that conformational changes involving an extended protease binding site are
characteristic of this inhibitor family. To further characterise the structure-function relationships in
SGCI and SGTI, the SGCI triple mutant SGCI[L30R, K31M, A32G] was prepared in unlabeled form
and investigated by homonuclear NMR spectroscopy. Quite unexpectedly, this variant seems to be
defective in folding, which requires further investigations to clarify. We have also initiated the
study of disulfide-reduced SGCI, this work is still in progress. We have also been involved in a
systematic mutagenesis study of SGTI using phage display technique. Results of this show that
changing SGTI-specific residues to SGCI-specific ones in the extended binding site region near the
loop connecting the third and second beta-strands converts SGTI, a taxon-specific inhibitor of
arthropod trypsins, into a potent inhibitor of bovine trypsin. We have also performed preliminary
solution structure analysis of the resulted mutant SGTI, SGTI-PO2. We have also performed
extensive molecular simulations on SGCI, SGTI and our previously designed model peptide, MP3
with the dynamic ensemble averaging protocol. The resulting “super-ensembles” reflect the
internal dynamics of these molecules and are generally more compatible with experimental data
(chemical shifts and S2 values, where available) than “conventional” ensembles, where all NOE
restraints are expected to be fulfilled by a single conformer.
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In addition, we have developed a fast algorithm to relate protein structures to NOE distance
restraint data. The application, termed PRIDE-NMR, is available as a web server at:
http://net.icgeb.org/pridenmr
Besides SGCI-like inhibitors we also investigated structure-stabilising interactions in the Trp-cage
miniprotein Tc5b. We have performed a systematic mutagenesis study that revealed the
cooperation between a salt bridge and the hydrophobic core (a Trp-Tyr pair) in stabilisation of the
structure. We were able to design a variant, termed Tc6b, which has increased heat stability
compared to the originally described Tc5b molecule.
We have performed X-ray analysis of the active form of the C1r protease of the C1 complex. This is
the first crystal structure of the entire active catalytic region of human C1r. We have also
investigated the mechanism of serine protease action by quantum chemical methods by completing
a systematic study on a self stabilised model on the catalytic triad of chymotrypsin, where the
arrangement and molecular environment of the key residues were preserved in their natural forms.
The energetics of amyloid formation was also examined by first principle calculations. We have
shown that the antiparallel β-sheet, the characteristic building block of amyloid, is
thermodynamically the most stable local structure for two interaction peptide segments. This can
be of importance in protein design studies involving SGCI and SGTI as peptides dominated by an
antiparallel β-sheet. We have also investigated the conformational preferences of the Pro-Pro
sequence unit (occurring e.g., in the C-terminus of SGTI after the protease binding loop) and
compared to its observed conformers in proteins. Population data derived from energy calculations
and those gained directly from statistics predict that 87% of the Pro-Pro sequence units adopt
elongated structures, while 13% form β-turns.
Results unforeseen in the original project:
The dynamic nature of the inhibitors manifested upon protease binding (i.e., overall changes in
chemical shifts) was an unexpected result. The identity and location of the residues mutated to get
an SGTI variant effective on bovine trypsin was also unforeseen, just as the likely folding problems
with the SGCI[L30R, K31M, A32G] triple mutant. It could not be foreseen that the information
content in NOEs enables us to develop a fats protein folding approach.
Networking:
The Principal Investigator, Prof. András Perczel, was invited to the 29th European Peptide Society
Conference (September 2006, Gdansk, Poland) to deliver a plenary lecture fully dedicated to the
present research, entitled: “Towards the understanding and design of small protease inhibitors”.
Publications:
Fodor, K., Harmat, V., Hetényi, C., Kardos, J., Antal, J., Perczel, A., Patthy, A., Katona, G.,
Gráf, L. Extended intermolecular interactions in a serine protease canonical inhibitor complex
account for strong and highly specific inhibition. 2005. J. Mol. Biol. 350, 156-169
Gáspári, Z., Szenthe, B., Patthy, A., Westler, W.M., Gráf, L., Perczel, A. Local binding with
globally distributed changes in a small protease inhibitor upon enzyme binding. 2006. FEBS J. 273,
1831–1842
Hudáky, P., Perczel, A. A self-stabilised model of the chymotrypsin catalytic pocket. The energy
profile of the overall catalytic cycle. 2006. Proteins 62, 749-759
Hudáky, P., Perczel, A. pKa-optimised catalysis in serine proteinases. An ab initio study on the
catalytic His. 2007. Int. J. Quant. Chem. 107, 2178-2183
Perczel, A., Hudáky, P., Pálfi, V.K. Dead-end street of protein folding: thermodynamic rationale
of amyloid formation. 2007. J. Am. Chem. Soc. 129, 14959-14965
Szenthe, B., Patthy, A., Gáspári, Z., Kékesi, A.K., Pál, G. When the surface tells what lies
beneath: combinatorial phage display mutagenesis reveals complex networks of surface-core
interactions in the pacifastin protease inhibitor family. 2007. J. Mol. Biol. 370, 63-79
Ángyán, A.F., Perczel, A., Pongor, S., Gáspári. Z. Fast protein fold estimation from NMRderived distance restraints. 2008. Bioinformatics 24, 272-275
Hudáky, I., Perczel, A. Prolylproline unit in model peptides and in fragments from databases.
2008. Proteins 70, 1389-1407
Hudáky, P., Stráner, P., Farkas, V., Váradi, G., Tóth, G., Perczel, A. Cooperation between a
salt bridge and the hydrophobic core triggers fold stabilisation in a Trp-cage miniprotein. 2008.
Biochemistry 47, 1007-1016
Kardos, J., Harmat, V., Palló, A., Barabás, O., Szilágyi, K., Gráf, L., Náray-Szabó, G., Goto,
Y., Závodszky, P., Gál, P. Revisiting the mechanism of the auto activation of the complement
protease C1r in the C1 complex: structure of the active catalytic region of C1r. 2008. Mol.
Immunol. doi:10.1016/j.molimm.2007.09.031 (in press)
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IRAN
Title: Molecular approach to achieve efficient expression of recombinant human factor VIII in
mammalian cells
Principal Investigator: Alireza Zomorodipour Department of Molecular Genetics, National
Institute for Genetic Engineering and Biotechnology (NIGEB), 15 Shafiee Alley, Qods Street, Enqlab
Avenue, 14178 Tehran, Iran. Telephone: +98-21-44580348, Fax: +98-21-44580395, E-mail:
zomorodi@nigeb.ac.ir, WEB Address: http://www.nigeb.ac.ir/staff/Zomorodipour.html
ICGEB Contract No.: CRP/04/027
ICGEB Reference No.: CRP/IRA04-03
Keywords: hemophilia A, mammalian cell expression system, human factor IX gene Intron-1,
recombinant human coagulation factor VIII, human B-domain deleted factor VIII
Abstract:
In a previous study, in order to produce biologically active human FVIII (hFVIII) a CMV-regulated
hFVIII expressing vector was constructed. Using the constructed vector, expression of a B-domain
deleted form of hFVIII (BDD-hFVIII) in Chinese hamster ovary cell line was shown. As it was
expected, based on the data obtained from the activity measurement of the secreted rhFVIII, the
expression level was low. Several mechanisms have been identified that limit the FVIII expression
in a eukaryotic expression system, including: inefficient transcription, reduced FVIII mRNA
accumulation, inefficient folding of the primary translation product within endoplasmic reticulum
and requirement for facilitated transport from the ER to the Golgi apparatus, the transport
inhibition of hFVIII by over expression of Immunoglobulin-binding protein (Bip), requirement for
association and stabilisation within plasma by VWF and finally the instability of the thrombinactivated form FVIII (FVIIIa) by proteases.
Transcription and pre-mRNA splicing are tightly coupled to gene expression events in eukaryotic
cells. Therefore, in addition to essential regulatory elements, presence of intron(s) may improve
the expression efficiency of the protein in a eukaryotic expression system. Export of transcription
products has been shown to be highly dependent on the presence of introns. Therefore an
approach to increase the expression level of a protein in a heterologous mammalian expression
system is the application of intron in the vicinity of the target gene. Previous studies suggested
that the first intron (intron-I) of the human factor IX (hFIX) gene has an expression-enhancer
activity, which suggests for the presence of enhancer-like activity in the hFIX intron I sequence due
(i) to enhancer elements present in intron I, (ii) to the presence of legitimate splicing sequences
(donor, acceptor, and branch sites), or (iii) to a possible combination of these two or other
unknown mechanisms. The main objective in present study was to study the function of intron on
the expression of a recombinant protein (hFVIII) in a mammalian expression system. Having the
recombinant hFVIII expressing system developed in our previous study our objectives can be
summarized in the first 3 sections mentioned in the following.
Objectives:
(i) Studying the function of a truncated intron-1 of human factor IX (hFIX) gene, located in 5'untranslated region of hFVIII cDNA on the expression of the BDD-hFVIII cDNA (a manuscript is in
preparation);
(ii) A site-directed mutagenesis approach to modify the binding site for Bip in the intron-contaning
hFVIII-cDNA, to study efficient transport(s) on the rhFVIII production;
(iii) Purification of recombinant hFVIII.
In parallel to the above mentioned experiments, additional research works were carried out to
either facilitate our future studies on the expression of hFVIII or to provide further supportive data
about the role of introns on the expression efficiency of recombinant proteins in a mammalian
expression system including:
(i) A comparative sequence analysis on the selected area of hFIX intronic sequences, to provide
supporting data for our experimental results of the function of hFIX intron-1 (Haddad, et al., 2008,
in press);
(ii) Considering the key-important function of specific anti-body against hFVIII in our experimental
analysis in two different projects, cloning and expression of different domains of light and heavy
chains of hFVIII in bacterial host and the expressed proteins were applied as antigens to develop
antibodies against hFVIII. The antibody production is summarised in the following:
(a) Use of bacterially expressed human factor VIII heavy chain sub-fragment to develop specific
anti-hFVIII antibody (Amiri, et al., 2006);
(b) Bacterial expression and purification of C1C2 domains of human factor VIII to develop specific
anti-hFVIII antibody (Salman-nejad, et al., 2008).
(iii) To obtain further supporting data for the function of introns on the expression of recombinant
proteins in mammalian expression systems, in a parallel work a systematic approach was
considered to study the function of heterologous introns (human beta-glubin gene introns -1
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and -2) on the expression of recombinant hFIX in mammalian expression system (a manuscript is
in preparation).
Results Obtained:
Function of a truncated intron-1 of the human factor IX (hFIX) on the expression of hFVIII was
examined. Using molecular techniques a truncated human factor IX was constructed and inserted
upstream of a B-Domain Deleted human F actor VIII (BDD-hFVIII) coding region in a mammalian
CMV-regulated expression plasmid. A mammalian cell-line was transfected with the recombinant
plasmid and expression analysis on the cultured media, taken from transfected cells with either
intron-contaning or intron-less hFVIII expressing plasmids, were carried out. At various posttransfection intervals, the rhFVIII secreted into the media was approved by performing one-stage
clotting method. The results indicate in an increased level of hFVIII in the cases of the cells
transfected with truncated FIX intron-1 relative to the intron-less clones. The transfected cells were
selected with geniticin and the higher expression level of BDD-hFVIII was observed in the cases of
the isolated clones carrying the hFIX-truncated intron. After emergence of stably transfected cells,
several colonies were isolated. Based on the results obtained from the measurements of the
rhFVIII activity, the highest activity of rhFVIII was observed among clones with the hFIX truncated
intron, which was estimated about 1.8 ng/106 cells. The intron containing rhFVIII expression
cassette has provided suitable tool for further studies on the expression efficiency as well as
various key important factors on the expression efficiency of rhFVIII to plan for bioengineering of
the hfVIII expression systems (a manuscript is in preparation). In a separate experimental line, a
site-directed mutagenesis approach has been started to modify the binding site for Bip in the
intron-contaning hFVIII-cDNA, to study the combined effects of RNA splicing and efficient
transport(s) on the rhFVIII product (a manuscript is in preparation).
We also investigated the possibility of the presence of regulatory elements in the hFIX intron-1
(Haddad, et al., 2008, in press), whose regulatory functions had been previously suggested. In this
analysis a number of repeated elements belonging to sub-families of retrotransposon-derived
elements were identified within the hFIX intron-1 with high similarities to those found in intronic
sequences derived from hFVIII gene. Further sequence analysis indicated the presence of several
transcription-factor binding activity that supports the regulatory function of the repeated elements
found in the human factor IX and VIII intronic regions. The obtained data has supported those
experimental results of the function of hFIX intron-1, presented in the first section.
In order to express the hFVIII antigens, fragments of light and heavy chains of hFVIII were overexpressed in E. coli separately. After purification the expressed proteins were used to develop
antibody in rabbit. Using immunoblotting experiment it was documented that the rabbit polyclonal
antibodies developed against the bacterially expressed hFVIII sub-fragments, recognise human
plasma derived FVIII. Both the produced hFVIII-related antigens and their corresponding
antibodies play important roles in experiments dealing with hFVIII production and studies around
clinical application of hFVIII related disorders.
Sequence analysis of human beta glubin introns -1 and -2 shows that they carry a number of
potential motifs, which are for transcription factor binding sites (a manuscript is in preparation). In
order to efficiently express the human Factor IX (hFIX) a set of recombinant CMV-regulated hFIX
expressing vectors have been designed, each of them carries a mini-gene of hFIX composed of
hFIX cDNA with various combinations of introns -1 and -2 of hBG gene in their corresponding
positions in hFIX cDNA. Mammalian cells were transfected with the constructed plasmids and
cultured media taken from the transfected cells were examined for coagulation activity with a
single stage clotting test performed on FIX-deficient plasma. The data obtained from the
expression analysis of the transfected cells in comparison with the cells with parental plasmid (as
negative control) indicates in the expression of hFIX by both groups of cells. However, a relatively
higher coagulation activity in the culture media taken from the cells with intron-containing hFIXcDNA was observed.
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MEXICO
Title: Metabolomic profile of zoapatle (Montanoa tomentosa)
Principal Investigator: Edmundo Lozoya Gloria, Centro de Investigación y de Estudios Avanzados
del I.P.N. Unidad Irapuato, Km. 9.6 Libramiento Norte, Carretera Irapuato-León, P.O. Box 629,
C.P. 36821 Irapuato, Guanajuato, Mexico. Tel: +52-462-6239659, Fax: +52-462-6245849, E-mail:
elozoya@ira.cinvestav.mx
ICGEB Contract No.: CRP/04/019
ICGEB Reference No.: CRP/MEX04-03
Keywords: Aztec medicine, uterotonic, aphrodisiac, diterpenes
Abstract: Montanoa tomentosa, commonly known as “zoapatle” by the Spanish translation from
the Nahuatl “cihuapathli” (cihua = woman, pathli = medicine) is an Asteraceae medicinal plant
traditionally used in Mexico to accelerate the childbirth labor, to cure female disorders and with
aphrodisiac properties in male animals. Multiple shoots, callus and suspension cultures of M.
tomentosa plants were induced from sterilised stem segments. Levels of pharmacologically active
diterpenes kaurenoic acid (KA), grandiflorenic acid (GA) and monoginoic acid (MO) in basal and
stressed conditions were compared under different treatments as wounding, heat shock, drought,
pH switch and others; however, no significant changes were observed. Experiments with specific
inhibitors of gibberellins biosynthetic pathway and radioactive intermediates were used to elucidate
the biosynthetic relations between diterpenes and gibberellins. Results suggested that KA is the
precursor of GF in leaves but MO seems to be produced by an alternative and independent pathway
in roots. GF was proposed as precursor of some gibberellins and a putative KA desaturase similar
to cytochrome P450 reductase enzyme activity was assayed.
Objectives:
(i) to establish the metabolomic profiling of zoapatle to understand the progress, evolution and
distribution of the biosynthesis of the active substances (KA, GA, MO) and respective
intermediates along the development of the plant;
(ii) to initiate metabolomic studies for other important plants of México and, training of personnel
in specific laboratories to analyse related metabolites and to learn the techniques and analytical
methodologies.
Original Objectives:
The first objective of this proposal was to establish the metabolomic profiling of zoapatle to
understand the progress, evolution and distribution of the biosynthesis of the active substances
(KA, GA, and MO) and respective intermediates along the development of the plant. This would be
done with plantlets propagated in vitro from one original plant to keep the same genotype, grew
under the same conditions and different tissues would be sampled along several developmental
states. The metabolomic of the normal states would be compared with that from wounded plants
and in other stress conditions. The second objective was to initiate metabolomic studies for other
important plants of México with medicinal uses but also for those of the basic feeding supply of
Mexican population like corn and chili pepper. This work will be the key point to train specialised
personnel into metabolomic procedures. The involved students would be sent to specific
laboratories in USA and hopefully in Europe also, to analyse the samples and to learn the related
technologies and analytical methodologies.
Results Obtained:
Multiple shoots, callus and suspension cultures of Montanoa tomentosa plants were induced from
sterilised stem segments, but these ones did not show any differential response to the several
stress conditions applied. Feeding experiments using 3H-GGPP showed a distinct metabolic flux for
kaurenoids in different plant organs. Peaks of maximum incorporation were observed in leaves
channeled mainly to KA and GF and in less proportion to gibberellins GA3 and GA4. In roots,
incorporation of 3H-GGPP in MO was approximately 40% and 60% higher than KA and GF
respectively. Interestingly, the 3H-GGPP had a better incorporation to kaurenoids in root tissues
respect to leaves. When chemical inhibitors of gibberellins biosynthesis paclobutrazol (PB),
chlormequat chloride (CCC), trinexapac ethyl (TNE), were added to the system, an interruption of
3
H-GGPP flux to each metabolite was observed. TNE did not affect the normal incorporation of the
labeled precursor in MO and KA, but surprisingly it was observed a particular increase of GF in leaf
tissues. In all experiments using TNE, the incorporation in GA3 and GA4 was interrupted. In leaves,
the recovered specific activity in KA was higher than in GF, suggesting that KA was precursor for
GF production. This phenomenon was not observed in roots between MO, KA and GF, suggesting
an alternative and independent MO pathway in roots. Microsomal pellets of M. tomentosa leaf
extracts added with KA and in the presence of NADPH and MgCl2, resulted in a consistent increase
of GF for over the endogenous GF found in incubations without cofactors. Potential KA desaturase
enzyme activity was not found in the soluble protein fraction and the incubation with other
cofactors did not reveal the same activity. In addition, experiments using PB inhibitor revealed a
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decrease of such activity. The same assays were conducted on microsomal pellets of an M.
tomentosa glandular trichomes extract, but the KA desaturase enzyme activity was minimum
respect to mesophile activity. A Ph D student did a research stay at the lab of Dr. Vince de Luca in
Brock University in Canada for three months among August 20, 2007 up to November 19, 2007.
During this stay, he was involved in a study of the abundance of pentacyclic triterpenes such as αamyrine, ursolic, and oleanolic acid with anti-inflammatory, hypocholeresteremic, antiatherosclerotic and anti-microbial activities of C. roseus by Ultra Performance Liquid
Chromatography (UPLC). Triterpene extraction from mesophile cells was carried out. Also, the
cloning of a putative α-amyrin synthase cDNA clone from C. roseus leaves and the heterologous
protein expression in yeast system was done.
Results Unforeseen in the Original Project:
Analysis of volatile compounds in M. tomentosa leaves showed the presence of a great number of
bioactive terpenes, and ultrastructural studies with electron microscope shown two kind of
glandular trichomes observed only in the abaxial side of M. tomentosa leaves. Glandular trichomes
density was among 35-55 units per mm2 but the density was higher in new leaves; however, the
total abundance increases proportionally according with their age. The abundance and distribution
of glandular trichomes was unusual respect to other plants and probably it is the highest trichomes
density in the abaxial side reported so far. Glandular fluid obtained after immersing the leaves in
dichloromethane, allowed to establish that kaurenoids from trichomes was about 30% of the total
content of KA and GF. The rest was provided from foliar tissue.
Networking: This work was initiated by the very kind cooperation of Dr. Maria Luisa Villarreal
(Biotechnology Department, University of Morelos State, Cuernavaca, Morelos, Mexico) and Dr.
Raúl Enríquez (Chemistry Institute, University of Mexico-UNAM). A three-month research stay of a
Ph.D. student was carried out at Dr. Vince de Luca’s lab in Brock University, Canada. We had also
communication with Dr. Dae-Kyun Ro, who was the initial receptor of the Ph.D. student and who at
that time was moving from UC Berkley, USA to Calgary, Canada.
We are currently in contact with Dr. Lewis N. Mander (Research School of Chemistry, Australian
National University, Canberra, Australia) who can supply 14C-kaurenoic acid. Also, the cooperation
with the following researchers resulted in one published paper and another one in progress:
Dr. Mercedes López Pérez and Dr. Jorge Molina Torres, both from the Biochemistry and
Biotechnology Dept. at Cinvestav Irapuato.
Publications:
Robles-Zepeda, R.E., Molina-Torres, J., Lozoya-Gloria, E., López, M.G. Volatile organic
compounds of leaves and flowers of Montanoa tomentosa. 2006. Flavour Fragr. J. 21, 225-227
Villa-Ruano, N., Betancourt-Jiménez, M.G., Robles-Zepeda, R.E., Molina-Torres, J.,
Lozoya-Gloria. E. Biosynthetic approaches of pharmacologically active diterpenoids from
Montanoa tomentosa. 2008. (to be submitted)
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POLAND
Title: Beta-site APP cleaving enzyme (BACE) as therapeutic target for prevention of Alzheimer’s
disease
Principal Investigator: Barbara Nawrot, Department of Bioorganic Chemistry, Centre of
Molecular and Macromolecular Studies of Polish Academy of Sciences, Sienkiewicza 112, 90-363
Lodz, Poland. Tel: +48-42-6803248, Fax: +48-42-681 5483, E-mail: bnawrot@bio.cbmm.lodz.pl
ICGEB Contract No.: CRP/04/020
ICGEB Reference No.: CRP/POL04-01
Keywords: Alzheimer’s disease, beta-amyloid peptide, beta-secretase, beta-site APP cleaving
enzyme
Abstract: A set of vector-coded hammerhead ribozymes (HR), deoxyribozymes 10-23 (DR) and
siRNAs (synthetic and coded in bacterial and viral vectors) was screened to select molecules being
able to silence efficiently the gene of human BACE1 in cell lines (HEK293, SH-SY5Y, Neuro 2A, HCN
A94) and in animal model (rat). HR and DR inhibited efficiently expression of the target gene only
when used in concentrations at least two orders of magnitude higher than synthetic siRNAs.
Vector-coded HRs were toxic and induced severe interferon response in SH-SY5Y cells (microarray
analysis). Lentivirus-coding shRNAs tested in HCN A94 cells (adult hippocampal stem cells) and in
animal model (rat hippocampus) were the most potent silencers.
Objectives: Selection of short inhibitory nucleic acids (hammerhead ribozymes, deoxyribozymes
and siRNAs) able to efficiently inhibit expression of gene of BACE1 protein, and to diminish the
level of beta-amyloid peptide as an approach for anti-amyloid therapy of Alzheimer’s disease.
Original Objectives:
(i) Application of ribozymes, deoxyribozymes and siRNAs for silencing of human BACE in selected
cell lines;
(ii) Analysis of gene expression profile in BACE knockout SH-SY5Y neuroblastoma cell line;
(iii) Design and application of ribozymes, deoxyribozymes and siRNAs for BACE gene silencing in
murine cell line and in animal model.
Results Obtained:
We screened a set of vector-coded hammerhead ribozymes, deoxyribozymes 10-23 and siRNAs to
identify molecules being able to silence efficiently the gene of human BACE1 in selected cell lines.
These inhibitors were tested in HEK293 and neuroblastoma SH-SY5Y cell lines. We implemented a
dual fluorescence assay, in which two plasmids expressing fusion BACE-GFP protein (pBACE-GFP)
(a kind gift from Dr. Weihong Song), and a reference RFP protein (pDsRed2-N1) were used for
transfection of HeLa cells. In this assay the most active BAC and BAC2 siRNA molecules were at
least 10-times more active than the B3 molecule published in the literature. The siRNAs were
effective in concentrations ranging from 0.1 to 1.0 nM, while ribozymes and deoxyribozymes used
at these concentrations were inactive. Moreover, ribozymes and deoxyribozymes had to be used at
100-times higher concentrations, to achieve similar inhibition of gene expression. Importantly, at
higher concentrations these inhibitors were remarkably cytotoxic. Several synthetic siRNAs as well
as plasmid (pSilencer) coded shRNAs were screened in cellular system SH-SY5Y (on an
endogenous BACE1 gene). Two siRNA duplexes identified as the best inhibitors in dual fluorescence
assay, were also the most active in cellular system, although their concentration had to be much
higher (100 nM) and the effect of silencing was lower (ca. 45% or less). Similar extent of silencing
was measured on the level of BACE1 protein (Western blot). These two siRNAs were used to design
mouse and rat shRNAs and to generate replication-defective lentiviruses. High titer lentiviruses LVBC3 and LV-BC6, directed toward BACE1 as well as LV-EGFP directed towards mRNA of green
fluorescent protein we produced and used for transduction of the HCN A94 cells (adult hippocampal
stem cells). Both BC vectors significantly lowered the level of BACE1 mRNA in comparison to the
level of mRNA expressed in control cells. Expression of several other genes involved in HCN A94
cells differentiation was not changed except for the mRNA of the Scg10. Animal experiments were
performed in collaboration with Dr. Tomoko Kuwabara (Organ Development Research Laboratory,
AIST, Tsukuba, Japan). A total number of 3 rats were injected with anti BACE1 lentivirus (in
hippocampus) and 3 rats with control lentivirus. Four weeks after injection the rats were
anesthetised and the brain sections were immunolabeled with first antibodies anti GFP and anti
BACE1 followed by incubation with FITC- and Cy3-conjugated secondary antibodies, and analysed
with the laser scanning confocal microscopy. The highest localisation of GFP (marker of siRNA
expression) was observed in dentate gyrus (a part of hippocampus, the site of injection). The area
of hippocampus with the highest GFP activity correlated well with areas of decreased BACE1
expression.
Results Unforeseen in the Original Project:
We studied an influence of modified nucleosides, naturally occurring in hypermodified RNA, on
activity and thermodynamic stability of siRNA duplexes. Duplexes with s2U and Ψ modified units at
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the 3’-end (in respect to guide strand) and D unit at the 5’-end exhibit enhanced activity. A set of
in vitro experiments with phosphorothioate analogs of deoxyribozyme and hard (Mg2+) or soft
(Mn2+) metal ions allowed us to identify a metal binding site in the catalytic core of
deoxyribozyme 10-23. Based on the thio and rescue effects observed using “hard” and “soft” metal
ions and the deoxyribozyme substrate modified with phosphorothioate function in the cleavage
site, we proposed a model of a mechanism of the catalytic cleavage carried out by the
deoxyribozyme 10-23. We developed a synthetic method for the site-specific incorporation of
stereodefined phosphorothioate function into RNA chain. Novel DNA analogue was synthesised,
containing the C-5’-phosphonothymidine residue incorporated into a chain, as a probe for
enzymatic studies and possible modification for terminal thymidine dimer in siRNA duplexes.
Networking:
Within the collaboration with Dr. Sochacka (Department of Organic Chemistry, Technical University
Lodz, Poland) we synthesised three modified ribonucleosides (dihydrouridine, 2-thio-uridine and
pseudouridine), which were introduced into RNA oligonucleotides to improve silencing activity of
siRNA duplexes. Lentiviral vectors coding shRNA directed towards BACE1 were produced in
collaboration with Dr. Tomoko Kuwabara and Dr. Masaki Warashina in the Organ Development
Research Laboratory, AIST, Tsukuba, Japan. These vectors were used for cellular and animal
experiments to silence the target gene. In collaboration with Prof. Thomas Arendt (Paul-Flechsig
Institute of Brain Research, Department of Neuroanatomy, Faculty of Medicine, University of
Leipzig, Germany) we performed DNA microarray experiments on toxicity of hammerhead
ribozyme coded in pUC-KE-tRNAVal plasmid in SH-SY5Y cells.
Publications:
Nawrot, B., Sipa, K., Widera, K., Antoszczyk, S., Sierant, M., Wojcik, M., Maszewska, M.
Use of small inhibitory nucleic acids for down-regulation of genes involved in Alzheimer’s Disease.
2005. Proceedings of JMMC, Ed. Medimond s.r.l. , Vienna, 49-54 (abstract in Current Contents)
Nawrot, B., Widera, K., Wojcik, M., Cieslinska, K., Rebowska, B., Stec, W.J.
Phosphorothioate modified DNAzymes. 2005. Coll. Symp. Series 7, 375-378
Nawrot, B., Sipa, K. Chemical and structural diversity of siRNA molecules. 2006. Curr. Top. Med.
Chem. 6, 913-25
Nawrot, B., Sobczak, M., Wojcik, M., Janicka, M., Nowak, M., Cypryk, M., Stec, W.J. A novel
class of DNA analogs bearing 5'-C-phosphonothymidine units: synthesis and physicochemical and
biochemical properties. 2006. Oligonucleotides 16, 68-82
Sipa, K., Nawrot, B. Mechanism of RNA interference and application of RNAi for therapeutic
purpose. 2006. (in Polish) Review for Winter School of Institute of Pharmacology of Polish Academy
of Sciences in Krakow “Genomics and proteomics”, 53-63
Nawrot, B., Widera, K., Wójcik, M., Rębowska, B., Nowak, G., Stec, W.J. Mapping of the
functional phosphate groups in the catalytic core of deoxyribozyme 10–23. 2007. FEBS J. 274,
1062–1072
Sipa, K., Sochacka, E., Kaźmierczak-Barańska, J., Maszewska, M., Janicka, M., Nowak, G.,
Nawrot, B. Effect of base modifications on structure, thermodynamic stability and gene silencing
activity of short interfering RNA. 2007. RNA 13, 1301-1316.
Kubiak K., Nawrot B. RNAi in therapy. 2007. Biotechnologia (in Polish) (accepted)
Nawrot, B., Rebowska, B., Michalak, O., Wójcik, M., Bulkowski, M., Stec, W.J. 1,3,2oxathiaphospholane approach to the synthesis of p-chiral stereodefined analogues of
oligonucleotides and biologically relevant nucleoside polyphosphates. 2008. Pure Appl. Chem.
(accepted)
Nawrot, B., Widera, K., Sobczak, M., Wojcik, M., Stec, W.J. Effect of RP- and SPphosphorothioate substitution at the scissile site on the cleavage activity of deoxyribozyme 10-23.
2007. Curr. Org. Chem. (accepted)
Sierant, M., Kubiak, K., Kazimierczak-Barańska, J., Kuwabara, T., Warashina, M., Nawrot
B. Efficient silencing of BACE1 by RNA interference in cellular and animal model. 2008. (submitted)
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RUSSIA
Title: The role of the mammalian Tag7/PGRP-S protein in the immune response
Principal Investigator: Sergei Larin, Laboratory of Gene Therapy, Institute of Gene Biology,
Russian Academy of Sciences, 34/5 Vavilova Street, Moscow 119334, Russia. Tel: +7-4991359970, E-mail: larin@igb.ac.ru
ICGEB Contract No.: CRP/04/021
ICGEB Reference No.: CRP/RUS04-02
Keywords: Tag7/PGRP-S, innate immunity, chemotaxis, signaling
Abstract:
This study is aimed to investigate the role and functions of Tag7/PGRP-S, an innate immune
regulatory and signalling molecule. Tag7 is a member of Tag7-TagL/PGRPS-PGRPL protein family.
Probably they function as a part of Toll signalling pathway. We developed a model system for
chemotaxis assay by using recombinant Tag7 protein derived from different sources. In chemotaxis
assay, we chose the most sensitive and most responding population of immune cells, which proved
to be monocytes. Since the migration activity of these cells in the presence of Tag7/PGRP-S protein
could be enhanced, it means that Tag7/PGRP-S mediated signalling is activated. To identify
molecular partners for Tag7 in monocytes, we used 2-D electrophoresis, overlay experiments and
mass spectrometry identification of target proteins. Tropomyosin was identified as possible
molecular partner of interaction with Tag7. This result coincides with our hypothesis about
formation of multi-protein complex between soluble Tag7 protein and its molecular partners on
target cells. Tropomyosin could be a member of this complex. The results of interaction should lead
to changes in morphology followed by activation of migration. Thus tropomyosin could be the
downstream molecule involved in Tag7 signalling.
Objectives:
Tag7-TagL/PGRPS-PGRPL is a recently characterised protein family with antimicrobial properties.
These proteins are conserved from insects to mammals and play an important role in pathogens
recognition. Mammalian Tag7/PGRP-S has been cloned from mouse (Kustikova, O., et al. 1996),
human (Kang, D., et al. 1998), rat (Rehman, A., et al. 2001) and cow (Tydell, C.C., et al. 2002).
There are small extracellular proteins (19-24 kDa), which structurally share homology with T phage
lyzozyme. Apart from their ability to recognise oligosaccharides and particularly peptidoglycan
cytotoxicity, bactericidal and bacteriostatic activities were detected (Kang, D., et al. 1998, Tydell,
C.C., et al. 2002). Tag7/PGRP-S is expressed in the spleen, brain, intestine, bone marrow, in
lymphocytes and neutrophils. Isoforms of mammalian TagL/PGRP-L are rather large proteins,
which share strong C-terminal homology with Tag7/PGRP-S but also have transmembrane domain
and intracellular N terminus (Kibardin, A.V., et al. 2000, Liu, C., et al. 2001). TagL/PGRP-L was
found to be both secreted and membrane-bound, and was able to recognise a wide variety of
pathogens independently of the surface peptidoglycan (Kibardin, A.V., et al. 2003). Actually,
functions other than oligosaccharide binding are not well documented for the mammalian
Tag7/PGRP family. However, Drosophila studies allowed to establish important mechanisms of
PGRP functioning in innate response in insects. One isoform of PGRP-S initiates activation of the
prophenoloxidase cascade not presented in mammals (Yoshida, H., et al. 1996). Another
Drosophila isoform (PGRP-SA) is required for the activation of the Toll receptor insect orthologue of
mammalian TLRs (Michel, T., et al. 2001). Interaction of extracellular PGRP-SA with bacteria
activates Drosophila Toll via protease cleavage of Spaetzel. Toll activation initiates signalling that
results in the activation of two members of the Rel family transcription factors (similar to
mammalian NF-kB), which upon translocation into the nucleus, bind kB sites and initiate insect
immune response. Isoforms of the insect PGRP-L participate in the Imd pathway of Drosophila,
somewhat similarly to the mammalian TNF receptor activation of NF-kB, and mediate antimicrobial
gene activation upon Gram-positive and negative bacteria recognition (Gottar, M., et al. 2002,
Choe, K.M., et al. 2002). None of these cascades were yet demonstrated for mammalian immune
system. However, our preliminary data indicated that both human and mouse Tag7/ PGRP-S are
able to induce chemotaxis of at least human monocytes.
Altogether these data allowed us to formulate the goals of the project: to isolate and purify
mammalian recombinant protein Tag7 and to study it in functional tests, particularly investigation
of its role in immune response, self-/non-self discrimination and pathogens recognition to find
partner proteins (possible receptors) for Tag7 protein. Chemotaxis assay was chosen as proposed
test for the first line of screening. As it has been proposed that bacterial infections should induce
the secretion of Tag7 protein by neutrophils, chemotaxis assays will test the hypothesis that Tag7
protein might attract and activate immunocompetent cells in sites of infection. We planned to use
different cell populations separated by magnetic or fluorescence activated cell sorting for screening
of their sensitivity to Tag7 attraction. The results of chemotaxis assays could allow the
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identification of the cell population most sensitive to Tag7, and represent a crucial step for the
subsequent screening for Tag7-interactors.
Results:
According to our aims, we needed purified recombinant Tag7 protein in order to identify possible
molecular partners. Based on the knowledge on the biology and functions of Tag7 protein, we
decided to produce Tag7 protein in eukaryotic expression system. Our previous attempts to
express full-lenght Tag7 protein in E. coli were unsuccessful because of its toxicity for bacterial cell
or insolubility of protein from inclusion bodies. Thus, we chose Pichia pastoris, transiently
transfected HEK293 cells and stably transfected CHO cells.
Initially, we cloned human and mouse Tag7 cDNAs in a Pichia expression vector and added a tag
useful for affinity purification. As a result, we prepared two constructs with human and mouse
Tag7 proteins for stable integration in genome of Pichia pastoris. The average amount of mouse
Tag7 in culture medium was about 400 mg/l, whereas production of human Tag7 protein was only
about 10 mg/l of culture medium. All efforts in order to improve the yield of recombinant protein
by optimisation of culture media content or by modifications of growth conditions did no lead to
any increase in the production level. Nevertheless, we decided to move to protein purification steps
with possible compensation of insufficient production by large-scale procedure. The final yield after
affinity purification was about 99% of by SDS-PAGE.
Both mouse and human Tag7 proteins after purification steps were analysed by immunobloting
with rabbit polyclonal anti-Tag7 antiserum. Proteins had predicted molecular weight similar to
natural proteins from control neutrophils.
To find out if there was any contamination of yeast produced recombinant protein by PAMPs, we
decided to express the same proteins in mammalian cells. Of course, it was clear that the total
amount of protein would be less, but it should be completely PAMPs free.
Thus, we prepared the plasmids encoding mouse and human Tag7 protein under control of CMV
promoter for transfection of mammalian cells. Recombinant proteins secreted by mammalian cells
are adequate controls during the study of functional activity of Tag7 protein in cellular tests. In the
first step, CHO cells were selected as mammalian producer cells, because of genome stability in
this cell line and its traditional use for production of fully functional glycosilated recombinant
proteins. Unfortunately, production of Tag7 protein by stably transfected cells was about zero.
Later we discovered the explanation of this phenomenon: it was due to the toxicity of Tag7 protein
for some tumour cell lines, and CHO was one of them. To overcome the toxicity problem, we tried
to perform transient transfection of HEK293 cells. As a result we obtained poor production of
recombinant mouse and human Tag7 protein (about 50 ng/ml culture medium).
In the preliminary experiments for this project we tried to analyse chemotaxsis of human
monocytes, T-lymphocytes and dendritic cells isolated by fluorescence activated cell sorting on cell
sorter. Unfortunately, the functional and morphological conditions of the freshly isolated cell
subsets did not satisfy us. Probably during sorting, cells become activated as a result of staining
with antibodies or by mechanical components of the instrument or by hydrodynamic reasons. Thus
we decided to use negative selection with MACS (Magnetic Assisted Cell Sorting) technology. By
indirect isolation procedures we obtained human B lymphocytes, untouched pan T lymphocyte
subpopulation, basophils, monocytes. We also obtained dendritic cells by direct isolation or after
peripheral blood monocytes cultivation in the presence of cytokine cocktail (GM-CSF plus IL-4). In
experiments with mouse cells we used stimulated and non-stimulated peritoneal macrophages,
bone marrow derived denritic cells, T and B lymphocytes derived from spleen.
Described cell populations were used in chemotaxsis assay in transwell chambers. As a positive
control MCP-1 well-known chemokine were used.
As expected from preliminary experiments most chemotactic activity was demonstrated by antigen
presenting cells: monocytes and denritic cells. To be confused by low counts in case of dendritic
cells which should have high number of TLR receptors proposed to be involved in Tag7 recognition
we decided to change experimental scheme. It is possible that Tag7 alone is a poor migration
stimulator, but it should work perfectly in complex with peptidoglycan (one of the described
functions of Tag7 is peptidoglycan recognition, so may be it will work as adapter molecule). Thus
we tried to stimulate migration of monocytes and dendritic cells by complex of Tag7 with PGN. In
this case background migration also decreased. Nevertheless, we observed significant increase of
chemotaxsis in wells containing Tag7-PGN complex. From these experiments, we concluded that
complex Tag7-PGN is more chemoattractive then Tag7 alone and monocytes could be used as cells
for further proteomic screening for Tag7 receptor or partner molecules.
Our next objective was to identify molecular partners for Tag7 from human monocytes. For this
purpose, we used different techniques. Starting with proteomics approaches we performed 2-D
electrophoresis with samples of monocytes and dendritic cells, which were obtained after migration
procedure. This means that we tried to use only those cells which are already responders to
chemotactic stimulus of Tag7 protein and avoid using non-migrating cells which probably do not
express Tag7 partner/target molecules. We performed overlay experiments with recombinant Tag7
protein, followed by detection with monoclonal antibodies. Several binding sites for Tag7 protein on
the membrane were identified. Corresponding regions of gels prepared in parallel were excised for
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identification of proteins using mass spectrometry analysis. We identified several proteins in this
region. One of them was tropomyosin. This result is consistent with our hypothesis about formation
of multiprotein complex between soluble Tag7 protein an its molecular partners on target cells.
Tropomyosin could be a member of this complex. The results of such an interaction should lead to
changes in morphology of cytoskeleton followed by activation of migratory activity of target cells.
Thus tropomyosin should be the downstream molecule involved in Tag7 signalling.
Networking:
During this project close collaboration was established between our Institute (i.e., Institute of Gene
Biology, Russian Academy of Sciences) and the N.N. Blokhin Russian Cancer Research Centre and
the Russian State Medical University, all in Moscow. In addition, mass spectrometry identification of
proteins was done in close collaboration with the Institute of Biomedical Chemistry, Russian
Academy of Medical Sciences.
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RUSSIA
Title: Catalytic antibodies in multiple sclerosis: origin, potential diversity and possible role in
pathogenesis
Principal Investigator: Alexander Gabibov, Shemyakin & Ovchinnikov Institute of Bioorganic
Chemistry, Russian Academy of Sciences, Laboratory of Biocatalysis, Miklukho-Maklaya 16/10,
117997, Moscow V-437, Russia. Tel: +7-495-7273860, Fax: +7-495-7273860, E-mail:
gabibov@ibch.ru
ICGEB Contract No.: CRP/04/022
ICGEB Reference No.: CRP/RUS04-03
Keywords: multiple sclerosis, catalytic antibodies, myelin basic protein degradation
Abstract:
The role of autoantibodies in autoimmune diseases is widely accepted. Recently demonstrated
penetration of autoantibodies through the blood-brain barrier and their co-localisation with neural
tissue-specific antigens may explain their possible contribution in the neurodegeneration. We
succeeded to show that MBP-binding antibodies from MS patients and EAE developing SJL mice
reveal proteolytic activity toward autoantigen. Using different essays we demonstrated that this
activity correlates with EDSS level of the disease progression. We also showed different epitopes
on the MBP molecule specific for the autoantibodies in MS and EAE and compare these data with
other neuronal disorders. Autoantibodies from patients with MS and its animal model were shown
to be extremely specific. This allowed us to elaborate new diagnostic and prognostic criteria based
on the specificity of B-cell response for neurodegeneration We tested sera of MS patients and EAE
developing animals as well as monoclonal antibodies for cleaving/binding activity toward
“engineered”, MBP-derived recombinant “epitope library” covering the entire molecule of this
neuronal antigen. A number of recombinant parts of MBP molecule fused with fluorescent proteins
were expressed and utilised as an efficient FRET agent This library allowed us to generate sensitive
fluorescent biosensor to search for abzyme activity. We compared data of MBP-peptide antibody
binding for vast cohort of MS patients and rodent EAE models. We obviously showed that EAE
developing Dark Agouti rats are much closer to MS than. SJL mice. The developed FRET-cat ELISA
technique allowed to characterise different autoantibodies repertoires in patients and animals. We
obtained different MBP-specific monoclonal antibodies, cloned and sequenced their cDNA. We
showed their epitope specificity and binding/ cleaving activities using constructed recombinant
“epitope library”.
Objectives:
The general objectives of the project are the clarification of possible input of B cells and antibody
catalysis in development of multiple sclerosis. We propose to explain the possible links between the
slow development of neurodegeneration in multiple sclerosis (MS) and pathological role of
autoantibodies by their natural catalytic functions. Despite the strong evidences of T-cell mediated disorders in MS and experimental autoimmune encephalomyelitis (EAE) in mice, the
involvement of specific B-cell response in myelin sheath destruction can’t be underestimated. The
project is aimed to solve it on the biochemical, molecular biology and physiological levels. The sitespecificity and kinetics of antibody-mediated autoantigen cleavage as well as the dependence of
this effect from post-translational modification diversity of substrate (phosphorylation of MBP) and
correlation of the antibody-mediated MBP cleavage with the EDSS of studied patients are the key
problems of the project.
Original Objectives:
(i) The description of the mechanisms of the in vitro MBP destruction by highly purified
autoantibodies from humans and autoimmune prone mice using reverse-phase HPLC, SELDI and
MALDI-TOF techniques in combination with sensitive fluorescent measurements;
(ii) Studies of the correlation of EDSS levels of MS patients checked by MRI with the level of
antibody catalysis as well as with the specific treatment and disease remissions;
(iii) In parallel the artificial induction of MBP-specific catalytic response in SJL mice will permit to
check the general project concept up to cell culture and in vivo levels;
(iv) Obtaining hybridoma panels from immunised mice with induced EAE, screening for clones,
secreting MBP-cleaving antibodies will lead to cDNA copy of the newly described biocatalysts with
the molecular characterisation of the expressed product. Its MBP-cleaving activity will be estimated
on the corresponding cell lines and mice model.
These facts will allow us to give arguments in favour of the role of antibody catalysis in
pathogenesis of neurodegenerative diseases.
Result Obtained:
(i) We showed that cleavage sites inside MBP are located in immunodominat parts of this molecule
This was proved for MS patients and EAE-developing rodent models. The comparative analysis of
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MBP-derived epitope binding activity by autoantibodies isolated from MS patients, SJL mice Dark
Agouti rats and allowed us to conclude that the last model is more close to humans.
(ii) Analysis of antibody-mediated MBP cleavage of more than one hundred patients with different
stage of MS allowed us to show the pronounced correlation of abzyme activity with EDSS,
reflecting the patient status.
(iii) Thus an unequivocal conclusion was made that discovered abzymatic activity belongs only to
MS and its animal model and may be used as a novel biomarker of this disease.
(iv) The entire MBP molecule was covered by recombinant “Epitope library”. This allowed us to
generate a number of FRET (fluorescent resonance energy transfer) recombinant substrates useful
for screening discovered abzyme activity in human/animal sera and abzyme-producing hybridoma.
“Epitope library” screening assay allowed to select catalytically active hybridoma clones The
structural analysis of selected monoclonal antibodies was performed. This data were collected and
compared with known CDR structures of other known abzyme clones.
Results Unforeseen in Original Project:
The new fluorescent biosensor for screening of sera of MS patients was developed.
Networking:
During the course of the project collaboration with several European and US groups was
established: (i) Prof. Herbert Morse, Head, Laboratory of Immunopathology, NIH, USA; (ii) Prof.
Alain Friboulet, Head, UMR CNRS 6022, France; (iii) Prof. Alfonso Tramontano, University of
California and Davis, USA. These collaborations led to several publications and allowed young
members of the Russian team to be hosted in these labs as visiting scientists and/or trainees.
Publications:
Misikov, V.K., Kimova, M.V., Durova, O.M., Gabibov, A.G., Suchkov, S.V., Vorobev, I.I.,
Ponomarenko, N.A. Catalytic autoantibodies in multiple sclerosis: pathogenetic and clinical
aspects. 2005. Bull. Exp. Biol. Med. 139(1), 98-101
Gabibov, A.G, Ponomarenko, N.A., Tretyak, E.B., Paltsev, M.A., Suchkov, S.V. Catalytic
autoantibodies in clinical autoimmunity and modern medicine. 2006. Autoimmun. Rev. 5(5), 324330
Gabibov, A.G. Antibody catalysis: biochemistry, immunology, pathology. 2006. Immunol. Lett.
103(1), 1-2
Khitrov, A.N., Mal'tsev, K.A., Vvedenskaia, O.Iu., Ponomarenko, N.A., Isaeva, M.A.,
Kimova, M.V., Tret'iak, E.B., Shogenov, Z.S., Alekberova, Z.S., Gabibov, A.G., Suchkov,
S.V. Catalytic autoantibodies as a new molecular instrument in rheumatological practice. 2006.
Ter. Arkh. 78(6), 59-66
Ponomarenko, N., Durova, O., Vorobiev, I., Belogurov, A., Kurkova, I., Petrenko, A.,
Telegin, G., Suchkov, S., Kiselev, S., Lagarkova, M., Govorun, V., Serebryakova, M.,
Avalle, B., Tornatore, P., Karavanov, A., Morse, H.C. 3rd, Thomas, D., Friboulet, A.,
Gabibov, A.G. Autoantibodies to myelin basic protein catalyse site-specific degradation of their
antigen. 2006. Proc. Natl. Acad. Sci. USA, 103(2), 281-286
Ponomarenko, N., Durova, O., Vorobiev, I., Belogurov, A., Telegin, G., Suchkov, S.,
Misikov, V., Morse, H.C. 3rd, Gabibov, A.G. Catalytic activity of autoantibodies toward myelin
basic protein correlates with the scores on the multiple sclerosis expanded disability status scale.
2006. Immunol. Lett. 103(2), 45-50
Belogurov, A., Kurkova, I., Misikov, V., Suchkov, S., Telegin, G., Alekhin, A., Goncharov,
N., Knorre, V., Gabibov, A.G., Ponomaremko, N. Substrate specificity of catalytic
autoantibodies in neurodegenerative processes. 2007. Dokl. Biochem. Biophys. 413, 61-64
Suchkov, S., Vvedenskaya, O., Vosstrikova, I., Gabibov, A., Kimova, M., Burdakova, Yu.,
Ponomarenko, N., Paltsev, M. Antibody-mediated proteolysis of myelin-associated proteins as a
new mechanism of control over demyelinisation processes in multiple sclerosis. 2007. Vestn. Ross.
Akad. Med. Nauk. 2007(7), 32-36 (Review – in Russian)
Belogurov, A. Jr., Kurkova, I., Friboulet, A, Thomas, D., Misikov, V., Zakharova, M.,
Suchkov, S., Kotov, S., Alehin, A., Avalle, B., Souslova, E., Morse, H.C. 3rd, Gabibov, A.G.,
Ponomarenko, N. Recognition and degradation of myelin basic protein peptides by serum
autoantibodies: novel biomarker for multiple sclerosis. 2008. J. Immunol. 180(2), 1258-1267
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TUNISIA
Title: Molecular study of susceptibility genes to autoimmune diseases
Principal Investigator: Hammadi AYADI, Laboratoire de Génétique Moléculaire Humaine, Faculté
de Médecine de Sfax, 3029 Sfax, Tunisia. Tel: +216-74-461403, Fax: +216-74-461403, E-mail:
hammadi.ayadi@fmsf.rnu.tn, hammadi.ayadi@cbs.rnrt.tn, Web site: www.fmsf.rnu.tn
ICGEB Contract No.: CRP/04/026
ICGEB Reference No.: CRP/TUN04-02
Keywords: autoimmune disease, susceptibility gene, single nucleotide polymorphism, association
study
Abstract:
Autoimmune thyroid diseases (AITD) have a complex etiology. The pathogenesis of these diseases
involves a multipart interaction between genetic and environmental factors. The genetic component
of AITD seems to be polygenic and several genetic variants could predispose or protect with
varying degrees of contributions. The aim of our study is to unveil the genetic background of AITD
by a large epidemiological investigation and a fine genetic exploration using genome scan and
candidate gene approaches.
Objectives:
(i) To perform a clinical follow-up of the Akr family members and estimate the epidemiological
parameters of thyroid disorders function and specifically autoimmune thyroid disease in Tunisian
population;
(ii) To analyse results of the full genome scan in AITDs in an informative family extracted from Akr
pedigree;
(iii) To analyse the candidate chromosomal regions and genes that appear to be common to
different autoimmune diseases (AITDs, RA, T1D, SLE, etc.);
(iv) To initiate the functional study of the associated variants.
Original Objectives:
(i) Epidemiological study using data from Akr family location (Bir Hfay) and the general population
from south of Tunisia explored in the department of Endocrinology of Sfax;
(ii) Exploration of polymorphisms of several functional candidate genes to evaluate their
contribution in AITD pathogenesis;
(iii) Exploration of three common chromosomal regions, linked to several autoimmune diseases
(18q12-q21, 20q11.2, 8q23-q24) for an eventual involvement in the AITD genetic susceptibility;
(iv) Functional studies:
- Exploration of PDS gene expression among pathological thyroid tissues;
- Exploration of patient’s sera affected by AITD in order to detect an eventual anti-pendrin
autoantibody;
- Exploration of cytokine titre in the sera of patients affected by thyroid pathologies and healthy
subjects.
Results Obtained:
The epidemiological study and complex segregation analysis were performed in the district of Bir
Hfay, which harbours the Akr multigenerational family with a high prevalence of AITDs. Our results
showed that the prevalence and incidence of AITDs in the studied region are about 43.64‰ and
7.21 per 1000 inhabitants per year respectively. The mean value of consanguinity was estimated at
3% in Akr family and 2.1% in control group.
Alternatively, an epidemiological study was performed on 1079 unrelated patients explored in the
department of Endocrinology of Sfax (South of Tunisia). It has shown that global incidence of
AITDs is 9.9 %. The mean age of AITD onset was 39.6 + 15 years and the sex ratio is estimated to
5 womens/1 men. The Graves’ disease is the most frequent (45 %). The atrophic thyroiditis is
present at 32.2 % of cases and Hashimoto’s thyroïditis at 22.8 %. Statistic study did not conclude
to the association between auto-antibodies presence and thyroid dysfunction.
Segregation analysis of AITDs was performed using SAGE 5.0 confirms the existence of more than
one gene in the susceptibility to AITDs in the studied population (p<10-12). Moreover, codominant
Mendelian inheritance provided a significantly better fit to the data (p<10-12).
Otherwise, our genetic investigation of AITD susceptibility permitted us to evaluate the contribution
of several genes in the development of AITD in Tunisia such as CD40, ITF2, Bcl2, VDR, CD150,
PTPN22, Tg, IL1-genes cluster, TNF, TNFR, STAT4 and RA. The genome-wide screening performed
with 400 microsatellite markers distributed at an average interval of 10cM and using 12 (nine
patients) family members extracted from Akr family permitted the identification of a new loci at
12q24 which could harbor a new susceptibility gene to AITD development. Intragenic markers from
THRP2 and HRK genes were explored and the statistical analysis suggests the THRP2 as a good
candidate in this chromosomal region.
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In addition, the exploration of the 18q12-q21, 20q11.2 and 8q23-q24 chromosomal regions, which
have been found linked to several autoimmune diseases in different populations, reveals the
replication of 18q12-q21 with Tunisian AITD. The fine mapping of this region is in progress to
identify the causal variant(s).
Otherwise, the functional study was initiated in the last year of this contract by analysing:
(1) Thyroid specific proteins: PDS expression among thyroid pathological tissues;
(2) Proteins involved in inflammation and immune-regulation system: cytokine dosage.
The preliminary result showed the absence of anti-pendrin auto-antibodies in patient’s and controls
sera. However, the analysis of PDS gene expression by real time PCR reveals a significant increase
of PDS transcript among thyroid tissues of GD patients compared to those affected with
Multinodular goitre, Hashimoto’s thyroiditis and papillary thyroid carcinoma.
The analysis of the titre of cytokine in patient’s and controls sera allowed a possible discrimination
between autoimmune disorders and thyroid cancer. A detailed analysis was already undertaken.
Results Unforeseen in the Original Project:
Mutation screening of family affected with congenital nephrogenic diabetes insipidus (NDI).
Mutational analysis of the four exons of AQP2 gene were performed by direct sequencing. Analysis
of the AQP2 gene in two patients showed a homozygous G to A translation at the position 211 in
exon 1, leading to a Valine to a Methionine alteration at amino acid 71 in the second intracellular
loop of the aquaporine 2 water channel. A bioinformatics model was drawn to explain the
dysfunction of mutated protein.
Publications:
Chabchoub, G., Maalej, A., Petit-Teixeira, E., Glikmans, E., Rebaï, A., Farid, N.R., Cornelis,
F., Ayadi, H. Polymorphisms in the protein tyrosine phosphatase (PTPN22) gene is not associated
with autoimmune thyroid in a large affected Tunisian family. Clin. Immunol. 2006 120, 235-236
Chabchoub, G., Mnif, M., Maalej, A., Charfi, N., Ayadi, H., Abid, M. Epidemiologic study of
autoimmune thyroid disease in south Tunisia. 2006. Ann. Endocrinol. (Paris). 67, 591-595
Hadj Kacem, H., Rebaï, A., Kaffel, N., Abid, M., Ayadi, H. Evidence for linkage and association
between autoimmune thyroid diseases and the 18q12-q21 region in a large Tunisian family. 2006.
Int. J. Immunogenet. 33, 25-32
Kammoun-Krichen, M., Bougacha-Elleuch, N., Makni, K., Rebaï, M., Rebaï, A., Mnif, M.,
Abid, M., Jouida, J., and Ayadi, H. Association analysis of IL1 genes polymorphisms in
Autoimmune Thyroid Diseases in the Tunisian population. 2007. Eur. Cytokine Netw. 18, 1-5
Makni, K., Hadj Kacem, H., Rebaï, A., Abid, M., Ayadi, H. Association and linkage studies of
the 20q11.2 region (GRD-2 locus) with Graves' disease in the Tunisian population. 2007. Ann.
Hum. Biol. 34, 566-572
Maalej, A., Petit-Teixeira, E., Chabchoub, G., Ben Hamad, M., Rebaï, A., Farid, N.R.,
Cornelis, F., Ayadi, H. Lack of association of VDR gene polymorphisms with thyroid autoimmune
disorders: Familial and case/control studies. 2008. J. Clin. Immunol. 28, 21-25
Belguith-Maalej, S., Hadj-Kacem H., Rebaï A., Mnif M., Abid M., AYADI H. Thyroglobulin
polymorphisms in Tunisian patients with Autoimmune Thyroid Diseases (AITD). 2008.
Immunobiology (in press)
Charfi, N., Chabchoub, G., Mnif, M., Elleuch-Bougacha, N., Jouida, J., Ayadi, H., Abid, M.
Predisposition to autoimmune thyroid diseases within a Tunisian multiplex family. 2008. Pathol.
Biol. (in press)
Kammoun-Krichen, M., Bougacha-Elleuch, N., Makni, K., Mnif, M., Jouida, J., Abid, M.,
Rebaï, A., Ayadi, H. A potential role of TNFR gene polymorphisms in autoimmune thyroid diseases
in Tunisian population. 2008. Cytokine (in press)
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TURKEY
Title: Identification of the molecular mechanisms in Rett syndrome
Principal Investigator:
ICGEB Contract No.: CRP/04/024
ICGEB Reference No.: CRP/TUR04-01
Keywords: Rett syndrome, X-inactivation, autoimmunity, Unertan syndrome
Abstract: We performed MECP2 mutation screening and X-chromosome inactivation (XCI) profiling
in Rett syndrome. 53/282 patients were found to harbour MECP2 mutations. An extension of the
project has been identification of skewed XCI in female predisposition to autoimmunity. We
investigated the XCI profiles of scleroderma, autoimmune throidites, juvenile idiopathic arthritis,
rheumatoid arthritis, pre-eclampsia, Sjogren syndrome, and a subgroup of type 1 diabetes
patients. We propose “loss of mosaicism” for X-linked gene expression as a candidate mechanism
in several autoimmune diseases. Most recently mutations in the very low-density lipoprotein
receptor VLDLR were identified to cause cerebellar hypoplasia and quadrupedal locomotion
(Unertan syndrome) in humans. A total of 38 scientists from seven institutions in Turkey (Bilkent,
Hacettepe, Ankara, Baskent and Cukurova Universities; Ankara Etlik Maternity and Numune
Hospitals), and six institutions abroad (Siena, Sfax, Cambridge and Johns Hopkins Universities,
Fred Hutchinson Cancer Center, INSERM U639) have been involved in the project. 12 peerreviewed ISI journal papers and eight congress abstracts have been published.
Objectives: The original project proposal had four main objectives: Mutation screening in MECP2,
X-chromosome inactivation profiling, determination of the mutant MECP2 transmitting parents, and
functional analysis of the excision repair pathway.
Original Objectives: In collaboration with Hacettepe University Medical School, we collected blood
samples from patients who have been diagnosed as RTT based on clinical parameters. A total of
282 patients have been included in the mutation-screening program (this group includes 11
patients from Croatia). As of December 2007, 53 of 282 patients were found to harbour MECP2
mutations. The distribution of the mutations is as follows: R106W (n=5, 9.4%), P152R (n=5,
9.4%), T158M (n=13, 24.5%), R168X (n=6, 11.3%), T197M (n=1, 1.9%), R270X (n=10, 18.9%),
and R306C (n=9, 17%). In addition MECP2 deletions were identified in four patients (7.5%). We
employed a novel bioinformatics strategy to identify potential MECP2 targets in the human
genome. Briefly, we compiled a list of potential MECP2 targets that have been reported in the
literature. These are: FHL1, PGK1, MPP1. Next, we searched for a promoter region (-2,000/+400)
sequence
motif
common
to
these
genes
using
the
MEME
program
(http://meme.sdsc.edu/meme/intro.html). All promoters (32649 refseq, 24017 genes) in the
human genome (-600 +400) were subjected to biological local pairwise sequence alignment using
Jaligner algorithms (http://jaligner.sourceforge.net/) (Matrix: EDNAFULL Gap open penalty: 25;
Gap extension penalty: 2). Finally a list of candidate MECP2 target genes was obtained.
Results Unforeseen in the Original Project: While working on a male patient with classic RTT
and MECP2 R270X mutation, we suspected that extremely skewed X-inactivation, especially in
hematopoietic stem cells, could be involved in female predisposition to autoimmunity. Xchromosome inactivation is a fundamental biological regulation that is in effect only in women. It is
an epigenetic event in early development that leads to the transcriptional silencing of one of the
pair of X chromosomes. Therefore, X chromosome inherited from either parent is silenced at
random, and normal women are a mosaic of two cell populations. Based on these considerations,
we extended our X-inactivation studies in RTT to female prevalent autoimmune diseases. Our initial
focus was on scleroderma. We analysed the methylation status of a highly polymorphic CAG repeat
in the androgen receptor (AR) gene, and demonstrated that X-inactivation mosaicism is extremely
skewed in the blood, but not in the skin lesions of nearly half a group of 55 females with
scleroderma. This is the first study that established an association between X-inactivation and
female predisposition to autoimmunity. Since 2006, we extended our studies to a novel
neurodevelopmental disorder with the aim being the chromosomal localisation and candidate gene
analysis. Quadrupedal gait in humans, also known as Unertan syndrome, is a rare phenotype
associated with dysarthric speech, mental retardation, and varying degrees of cerebrocerebellar
hypoplasia. Four large consanguineous kindreds from Turkey manifest this phenotype. In two
families, shared homozygosity among affected relatives mapped the trait to a 1.3-Mb region of
chromosome 9p24. This genomic region includes the VLDLR gene, a component of the reelin
signaling pathway involved in neuroblast migration in the cerebral cortex and cerebellum.
Sequence analysis of VLDLR revealed nonsense mutation R257X and singlenucleotide deletion
c2339delT. Both these mutations are predicted to lead to truncated proteins lacking
transmembrane and signaling domains. In two other families, the phenotype is not linked to
chromosome 9p. Our data indicate that mutations in VLDLR impair cerebrocerebellar function,
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conferring in these families a dramatic influence on gait, and that hereditary disorders associated
with quadrupedal gait in humans are genetically heterogeneous.
Networking: A total of 38 scientists from seven institutions in Turkey (Bilkent, Hacettepe, Ankara,
Baskent and Cukurova Universities; Ankara Etlik Maternity and Numune Hospitals), and six
institutions abroad (Siena, Sfax, Cambridge and Johns Hopkins Universities, Fred Hutchinson
Cancer Center, INSERM U639) have been involved in the project.
Publications:
Bagislar, S., Ustuner, I., Cengiz, B., Soylemez, F., Akyerli, C.B., Ceylaner, S., Ceylaner, G.,
Acar, A., Ozcelik, T. Extremely skewed X-chromosome inactivation patterns in women with
recurrent spontaneous abortion. 2006. Aust. N. Z. J. Obstet. Gynaecol. 46, 384-387
Braunstein, M., Ozcelik, T., Bagislar, S., Vakil, V., Smith, E.L., Dai, K., Akyerli, C.B.,
Batuman, O.A. Endothelial progenitor cells display clonal restriction in multiple myeloma. 2006.
BMC Cancer 22, 161
Onat, O.E., Tez, M., Ozcelik, T., Toruner, G.A. MDM2 T309G polymorphism is associated with
bladder cancer. 2006. Anticancer Res. 26, 3473-3475
Ozcelik, T., Uz, E., Akyerli, C.B., Bagislar, S., Mustafa, C.A., Gursoy, A., Akarsu, N.,
Toruner, G., Kamel, N., Gullu, S. Evidence from autoimmune thyroiditis of skewed Xchromosome inactivation in female predisposition to autoimmunity. 2006. Eur. J. Hum. Genet. 14,
791-797
Hatirnaz, O., Ure, U., Ar, C., Akyerli, C., Soysal, T., Ferhanoğlu, B., Ozcelik. T., Ozbek, U.
The SOCS-1 gene methylation in chronic myeloid leukemia patients. 2007. Am. J. Hematol. 82,
729-730
Ozcelik, T. X-linked clonality testing and autoimmune diseases. 2007. Blood 110, 2769, author
reply 2770
Uz, E., Dolen, I., Al, A.R., Ozcelik, T. Extremely skewed X-chromosome inactivation is increased
in pre-eclampsia. 2007. Hum. Genet. 121, 101-105
Kaplan, Y., Vargel, I., Kansu, T., Akin, B., Rohmann, E., Kamaci, S., Uz, E., Ozcelik, T.,
Wollnik, B., Akarsu, N.A. Skewed X inactivation in an X linked nystagmus family resulted from a
novel, p.R229G, missense mutation in the FRMD7 gene. 2008. Br. J. Ophthalmol. 92, 135-141
Ozcelik, T. X Chromosome Inactivation and Female Predisposition to Autoimmunity. 2008. Clin.
Rev. Allergy Immunol. 34, 348-351
Uz, E., Loubiere, L.S., Gadi, V.K., Ozbalkan, Z., Stewart, J., Nelson, J.L., Ozcelik, T. Skewed
X-Chromosome Inactivation in Scleroderma. 2008. Clin. Rev. Allergy Immunol. 34, 352-355
Ozcelik, T., Akarsu, N., Uz, E., Caglayan, S., Gulsuner, S., Onat, O.E., Tan, M., Tan, U.
Mutations in the very low-density lipoprotein receptor VLDLR cause cerebellar hypoplasia and
quadrupedal locomotion in humans. 2008. Proc. Natl. Acad. Sci. U S A. 105, 4232-4236
Plagnol, V., Uz, E., Wallace, C., Stevens, H., Clayton, D., Ozcelik, T., Todd, J. Extreme
clonality in lymphoblastoid cell lines with implications for allele specific expression analyses. 2008.
PLoS ONE (in press)
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ARGENTINA
Title: Regulation of flowering time by environmental factors
Principal Investigator: Pablo Diego Cerdán, Laboratory of Plant Molecular Biology, Fundación
Instituto Leloir, Av. Patricias Argentinas 435, Ciudad de Buenos Aires, Argentina. Tel: +54-1152387500, Fax: +54-11-52387501, E-mail: pcerdan@leloir.org.ar
ICGEB Contract No.: CRP/05/003
ICGEB Reference No.: CRP/ARG05-02
Abstract: We are interested in the mechanisms used by plants to regulate the time to flowering in
response to environmental conditions.
We have established that the regulation of flowering time by ambient-temperature occurs by at
least two different pathways. One pathway requires ELF3 and depends on the photoperiod
pathway, whereas the other pathway requires TLF1 and is related to the autonomous pathway.
Microarray analysis revealed that both ELF3 and TFL1 have broader roles in temperature signalling,
beyond flowering time. A role for TFL1 in temperature signalling and/or perception is interesting in
the light of recent findings showing that TFL1 is associated with membranes, which are important
for temperature perception in non-plant systems. The epistatic interactions between tfl1 and
cryptochrome mutants also revealed that proper cryptochrome function within the photoperiod
pathway requires TFL1 activity.
As GI is known to play important roles in light and temperature signalling, we speculated that
screening for gi suppressors could lead to the isolation of new genes involved in temperature and
light signalling. We characterised sixteen suppressor mutations that are localised to six different
loci (gis1 to gis6). The positional cloning of two of these mutations will allow us to add the
corresponding genes to the complex network of genes that regulate flowering time.
Objectives:
The long-term goals of this project are to understand how light and temperature regulate the onset
of flowering in plants and to apply this knowledge to crop improvement.
Original Objectives:
(i) To understand how the new flowering pathway defined by PFT1 regulates flowering time in
response to light and temperature changes;
(ii) To find new genes involved in the regulation of flowering time by light and temperature;
c) To create tools to improve forage crops by manipulating its flowering time, using alfalfa
(Medicago sativa).
Results Obtained:
PFT1 is necessary for the promotion of flowering at low red to far-red ratios or in phytochrome B
(phyB) mutants. Given that the spectra of incoming light may affect the responses to temperature
as well, we tested if PFT1 was regulated by either light or temperature. We did not find PFT1
protein levels to be regulated by red or far-red light, dark to light transitions and time of the day.
The somewhat elevated PFT1 levels at lower temperatures could not explain the late flowering
phenotype of pft1 mutants. The study of the epistatic relationships among pft1 and phyB, phyD
and phyE, revealed that PFT1 might act downstream phyB but not phyD and/or phyE, suggesting
different signal transduction chains for these photoreceptors.
When we evaluated the response to ambient temperature of other mutants, we found that two
genetically different pathways regulate the flowering response to ambient temperature, one
pathway requires TFL1 and another one requires ELF3. Both tfl1 and elf3 mutants showed a
reduced delay of flowering time in response to low ambient temperature, while tfl1 elf3 double
mutants were essentially insensitive. The tfl1 mutation abolished the temperature response in
cryptochrome mutants that are deficient in photoperiod perception, but not in phyB mutants, that
have a constitutive activation of the photoperiod pathway. In turn, elf3 mutations suppressed the
temperature response in phyB mutants, but not in cryptochrome mutants, further supporting the
idea of two different genetic pathways. Microarray analysis revealed that tfl1 and elf3 effects are
due to the activation of different sets of genes, tfl1 deregulating SOC1/AGL20, while elf3 produced
low levels of CCA1 and LHY, and high levels of GI, leading to the activation of CO and FT.
Overexpression of CCA1 also produced temperature insensitivity, suggesting that the insensitivity
of elf3 mutants to lower temperatures could be the result of impaired CCA1 expression and
circadian clock malfunction. We used a concordance-GSEA (Concordance-Gene Set Enrichment
Analysis) to show that both ELF3 and TFL1 have more general roles in temperature signalling. We
observed a direct concordance between the changes in gene expression produced by the elf3
mutation at 23ºC and the changes that occurred in WT plants exposed to low temperatures (16ºC),
suggesting that the elf3 mutation mimics the exposure to lower temperatures. Conversely, we
found an inverse concordance between the changes in gene expression of tfl1 mutants grown at
16ºC and the effects of low temperature in WT plants, strongly suggesting that TFL1 is required for
a proper ambient temperature response. These results are more interesting after the finding that
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TFL1 is associated with membranes and membrane fluidity is known, in other systems, to play an
important role in temperature perception.
To find new genes involved in the regulation of flowering time by light and temperature, we
screened for early flowering mutants in a gi mutant background. GI is known to play important
roles in light signalling, the circadian clock and the responses to cold stress, so we speculated that
screening for gi suppressors could lead to the isolation of new genes involved in temperature and
light signalling. From about 30000 M2s screened, we isolated twenty mutants and characterised
sixteen of the suppressor mutations that are localised to six different loci (gis1 to gis6). Half of the
loci encode proteins involved in the establishment or maintenance of epigenetic marks, suggesting
an interaction between the state of chromatin and the photoperiod pathway that regulates
flowering time. Two of the mutants, gis3 and gis5, were mapped to small intervals that do not
contain known flowering time genes. The positional cloning of these mutations will allow us to add
the corresponding genes to the complex network of genes that regulate flowering time.
Finally, we obtained alfalfa transgenic lines that are expected to express high levels of known
flowering repressors. We expect that the delay in flowering will help in maintaining high levels of
forage quality for a longer time.
Results Unforeseen in the Original Project:
We found unexpected interactions between cryptochromes and TFL1. The experiments performed
then showed that TFL1 function is necessary for the correct perception of the photoperiod by the
chyptychromes.
Publications:
Buchovsky, A.S., Strasser, B., Cerdan, P.D., Casal, J.J. Suppression of pleiotropic effects of
functional cryptochrome genes by Terminal Flower 1. 2008. Genetics 180, 1467-1474
Wollenberg, A.C., Strasser, B., Cerdan, P.D., Amasino, R.M. Acceleration of flowering during
shade avoidance in Arabidopsis alters the balance between flowering locus C-mediated repression
and photoperiodic induction of flowering. 2008. Plant Physiol. 148, 1681-1694
Strasser, B., Alvarez, M.J., Califano, A., Cerdan, P.D. A complementary role for ELF3 and TFL1
in the regulation of flowering time by ambient temperature. 2009. Plant J. 58(4), 629-640
Strasser, B., Sánchez-Lamas, M., Yanovsky, M.J., Casal, J.J., Cerdán, P.D. Arabidopsis
thaliana life without phytochromes. 2010. Proc. Natl. Acad. Sci. USA. 107(10), 4776-4781
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BRAZIL
Title: Identification of novel promiscuous CD4+ T cell epitopes from HIV-1: recognition by HIV-1
patients and assessment of immunogenecity with HLA-transgenic mice
Principal Investigator: Edecio Cunha-Neto, Laboratory of Immunology, Heart Institute (InCor)
and Division of Clinical Immunology and Allergy, University of São Paulo School of Medicine, Av.
Dr. Eneas de Carvalho Aguiar, 44 bloco 2 – 9° andar São Paulo, SP 05403-000, Brazil. Tel: +5511-30695906, Fax: +55-11-30695953, E-mail: edecunha@usp.br, edecunha@gmail.com
ICGEB Contract No.: CRP/06/002
ICGEB Reference No.: CRP/BRA05-01
Main objective:
Given the importance of CD4+ T cell responses in resistance to HIV-1, and the scarcity of widely
recognised, CD4+ T cell epitopes, our major aim is the identification and immunogenicity screening
of novel CD4+ epitopes frequently recognised by CD4+ T cells from HIV+ patients, for future
inclusion in HIV vaccine candidates.
Secondary objectives:
(i) To identify multiple previously unknown, novel CD4+ T cell epitopes from conserved regions in
the total HIV-1 genome, frequently and promiscuously recognised by CD4+ T cells from long-term
non-progressor HIV+ patients;
(ii) To identify CD4+ T cell neoepitopes in sites of frequent protease inhibitor (PI) resistance
mutations within the HXB2 HIV-1 protease gene, recognised by PI-treated or nontreated HIV-1infected patients;
(iii) To assess whether recognition of drug-induced neoepitopes by CD4+ T cells of PI-treated HIV1-infected patients has an impact on their clinico-virological evolution;
(iv) To analyse the immunogenicity of combinations of selected HIV-1 peptides in mice made
transgenic to different human class II genes;
(v) To analyse the immunogenicity of recombinant protein or DNA vaccine constructs containing
combinations of selected HIV-1 peptides in mice made transgenic to different human class II
genes.
Results Obtained:
Since CD4+ T cell help is required to develop efficient CD8+ immune responses, CD4+T cell
epitopes should be included in any HIV vaccine candidate. Our group used the TEPITOPE algorithm,
capable of predicting peptide binding to 25 HLA-DR molecules based on a matrix format over actual
peptide binding data (Sturniolo, et al., 1999) to identify novel CD4+ T cell epitopes in the
conserved regions of the whole HIV-1 proteome, B-subtype consensus. A group of eighteen
conserved HIV-1 CD4+ T cell epitopes was identified, that could bind promiscuously to multiple
HLA-DR molecules. This group of peptides was recognised by over 90% of PBMC from HIV-1
patients tested (Fonseca, et al., 2006). A combination of the above mentioned epitopes in a
rational vaccine design capable to induce multiepitopic and multiallelic responses would thus be
promising, since it could increase coverage coverage over genetically heterogeneous populations
(Fonseca, et al., 2006). In this work, we evaluated the immunogenicity of two HIV-1 multiepitopic
constructs encoding the selected CD4+ T cell epitopes. A codon-optimised synthetic gene encoding
the 18 selected HIV-1 epitopes in tandem, separated by GPGPG spacers, was subcloned in pVAX-1
or pVQAdCMV. The multiepitopic DNA vaccine (pVAX-HIVBr18), the recombinant adenovirus (Ad5HIVBr18), or the empty pVAX-1 and Ad5-betagal, were used to immunise BALB/c and I-A0-HLA
class II transgenic mice. T cell responses to the 18-pooled HIV-1 epitopes were assessed by IFNgamma and IL-2 ELISPOT, detection of cytokines (intracellular and ELISA) and CFSE based
proliferation assay. Immunisation with pVAX-HIVBr18 (3x) or Ad5-HIVBr18 (1 or 2x) induced
proliferation of ca. 10% of CD4+ and CD8+ splenic T cells to pooled HIV-1 epitopes. Immunisation
also induced significant numbers of IFN-gamma and IL-2 secreting cells among splenocytes.
Splenocytes from immunised mice showed high levels of secreted IFN-gamma, in contrast to the
negligible production of IL-4 and IL-10. We detected polyfunctional (IFN gamma, IL-2 and TNFalpha) T cells in response to pooled HIV peptides. The multiallelic potential of our DNA was tested
using different HLA class II transgenic mice. Taking into account experiments in BALB/c and
transgenic strains, immunised animals presented responses against all 18 epitopes of our vaccine
constructs. On average, each MHC makeup could recognise 10 epitopes, as assessed by IFNgamma and IL-2 ELISPOT, CD4+ and CD8+ T cell proliferation assays based on CFSE. We further
observed that peptide-specific CD4+ and CD8+-specific T cells could be detected up to 6 months
after the last immunisation. The recognition of all epitopes across different MHC class II make-ups
indicates that our strategy may circumvent the immuno-dominance problem found in current
vaccination strategies based on whole-gene immunisation. These results support the
immunogenicity, the multiepitopic and multiallelic characteristics of pVAX-HIVBr18 and Ad5HIVBr18. Our data suggest that the multiepitopic vaccines were capable to elicit potent,
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polyfunctional CD4+ and CD8+ Th1 T cell immune responses to HIV-1 epitopes in multiple MHC
make-ups.
Another issue approached by our group was the recognition of HIV-1 protease by CD4+ T cells, a
subject about which there is no information available at the literature. HIV-1 protease is an
important viral protein that is a target of both antiretroviral therapy and cellular immune response,
which can both act as inducers of mutation. Here, we investigated the T cell recognition of
autologous HIV-1 protease epitopes. 69 HIV-1+ patients undergoing protease inhibitor (PI) therapy
as part of HAART) were recruited. We synthesised three peptides (PR4-23, 45-64, and 76-95) from
HXB2 strain protease (wild-type) and 32 additional peptides from the same regions, which
encompassed 12 known mutation sites incorporating the most frequent PI-induced mutations in
Brazil (mutants). PBMC from those patients were analysed by the CFSE dilution assay to detect
proliferating CD4+ and/or CD8+ T cell responses against each of the 35 protease peptides. Pol
protease HIV-1 genomic regions were sequenced using internal primers with the ABI Prism Dye
Terminator Cycle Sequencing Reaction Kit in an automated sequencer. Variable profiles of
recognition of autologous and non-autologous epitopes were found. To analyse these profiles, we
took into consideration only those patients whose autologous protease sequence included a 100%
match with one of the tested peptides. Only 17% such patients recognised a peptide identical to its
own autologous protease sequence. Paradoxically, the most frequent pattern of recognition (83%)
was the recognition of peptides dissimilar to autologous protease sequences, with failure to
recognise peptides identical to autologous sequences. This indicated that the absence of
recognition of autologous sequences was not due to spurious sequence variations not included in
peptides, but rather by the actual absence of recognition of such matching autologous peptides.
Bona fide cross-reactivities were a relatively rare event, occurring in 6 out of 7 patients that
recognised peptides identical to the endogenous protease sequences. Thus, the most frequent
pattern - paradoxical lack of recognition of autologous protease sequences - cannot be attributed
to cross-reactivity with the major autologous protease sequence. HLA class II restriction analysis
based on HLA typing and HLA binding assays indicates that all patients possess at least one HLA
class II molecule able to bind to all individually recognised peptides. Thus, all cases of nonrecognition of autologous protease peptide are due to direct lack of TCR recognition rather than
lack of MHC binding. Thus, Recognition of sequences dissimilar to the autologous sequence
occurred in the majority of patients. It is possible that the observed immune responses were
developed to an antigenic sequence which was common in the past, and which then underwent an
escape or drug-induced mutation. As for lack of recognition of autologous sequences, we speculate
that constant exposure to epitopes may exhaust T cell clones. Alternatively, regulatory T cells or
other IL-10 producing T cells could abrogate T cell proliferation specifically.
Results Unforeseen in the Original Project:
(i) Multifunctional (e.g., simultaneously producing IFNgamma, TNFalpha, IL2) T cells were the most
frequent kind of T cell induced by the DNA vaccine HIVBr18;
(ii) Long-lasting T cells were also detectable after immunisation;
(iii) All 18 epitopes were recognised after immunisation, taking into consideration the 5 MHC
makeups;
(iv) Recombinant Adenovirus 5-HIVBr18 induced significant immune responses;
(v) In the HIV-1 protease subproject, the most unforeseen of the results was the absence of
recognition of autologous sequences in more than 80% of patients.
Publications:
Fonseca, S.G., Coutinho-Silva, A., Fonseca, L.A., Segurado, A.C., Moraes, S.L., Rodrigues,
H., Hammer, J., Kallas, E.G., Sidney, J., Sette, A., Kalil, J., Cunha-Neto, E. Identification of
novel consensus CD4 T-cell epitopes from clade B HIV-1 whole genome that are frequently
recognised by HIV-1 infected patients. 2006. AIDS 20(18), 2263-2273
Rosa, D.S., Ribeiro, S.P., Cunha-Neto, E. CD4+ T cell epitope discovery and rational vaccine
design. 2009. Archivum Immunologiae et Therapiae Experimentalis (AITE) (in press)
Ribeiro, S.P., Rosa, D.S., Postól, E., Gonçalves Fonseca, S., Mairena, E.C., Oliveira, S.C.,
Guilherme, L., Kalil, J., Cunha-Neto, E. Novel multiepitopic HIV-1 DNA vaccine induces
multiallelic, multifunctional and long lasting T cell responses (submitted)
Muller, N.G., Kalil, J., Cunha-Neto, E., Moraes, S.L. Identification of CD4+ T cell epitopes in
HIV-1 protease (in preparation)
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CHILE
Title: Functional genomics to improve nitrogen use efficiency in plants
Principal Investigator: Rodrigo Antonio Gutiérrez Ilabaca, Systems Biology Laboratory,
Departamento de Genética Molecular y Microbiología, Facultad de Ciencias Biológicas, Alameda
340, Santiago, Chile. Tel: +56-2-686-2663, E-mail: rgutierrez@uc.cl
ICGEB Contract No.: CRP/05/0181
ICGEB Reference No.: CRP/CHI05-01
Abstract: The long-term goal of our research is to understand how plants sense and respond to
nitrogen (N) nutrient and/or metabolites. Understanding this process is the first step towards
developing strategies that intervene in molecular networks for biotechnological purposes such as
improving N use efficiency in plants. In this project, we utilised an innovative approach that
iterated through: (i) bioinformatics tools for data integration, model building and strategic selection
of regulatory genes that may be important regulators of N-responsive gene networks, (ii) reverse
genetic approaches to investigate the role of genes of interest, and (iii) genomic analysis for indepth characterisation of the plant response to N nutrients. We advanced in the functional studies
of several new N-controlled regulatory genes that are important for traits of agronomical value
such as modulation of root system architecture in response to N-availability. New molecular
mechanisms that modulate the developmental response to changes in N-availability were
identified. These mechanisms are of great interest as targets of biotechnological applications to
improve nitrogen use efficiency in plants.
Objectives:
To identify new regulatory factors controlling N-responses in Arabidopsis thaliana.
Original Objectives:
(i) Identification of putative regulators of N-responsive gene networks;
(ii) To test regulatory genes for their role in nitrate responses using reverse genetic approaches;
(iii) To test and refine circuits of regulation by nitrate using genomic analysis of mutants.
Results Obtained:
We developed several informatics tools to identify candidate regulatory genes important for Nregulated growth and development in Arabidopsis. A list of putative master regulators was
identified. Detailed functional characterisation of these genes using molecular genetics approaches
uncovered a new regulatory module that controls Arabidopsis root architecture as a function of Navailability. These mechanisms are of great interest as targets of biotechnological applications to
improve nitrogen use efficiency in plants.
Results Unforeseen in the Original Project:
The initial bioinformatics analysis of microarray data revealed that the Arabidopsis transcriptome is
largely established during development and is comparatively stable when faced with external
perturbations. This analysis suggested a novel functional role for DNA methylation in the
transcribed region as a key determinant capable of restraining the capacity of a gene to respond to
internal/external cues. Our findings suggest a prominent role for epigenetic mechanisms in the
regulation of gene expression in plants, including responses to nutrient signals.
Publications:
Aceituno, F.F., Moseyko, N., Rhee, S.Y., Gutiérrez, R.A. Gene body methylation is a key factor
for regulation of gene expression in Arabidopsis thaliana. 2008. BMC Genomics 9, 438
Vidal, E., Gutiérrez, R.A. A systems view of nitrogen nutrient and metabolite responses in
Arabidopsis thaliana. 2008. Curr. Op. Plant Biol. 11, 521-529
Krouk, G., Tranchina, D., Lejay, L., Cruikshank, A.A., Shasha, D., Coruzzi, G.M., Gutierrez,
R.A. A systems approach uncovers restrictions for signal interactions regulating genome-wide
responses to nutritional cues in Arabidopsis. 2009. PLoS Comput. Biol. (accepted)
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CHINA
Title: Structural and functional studies on novel proteins with important biological activities
Principal Investigator: Xiaofeng Zheng, College of Life Sciences, Peking University, Beijing,
China. Tel: +86-10-62755712, Fax: +86-10-62765913, E-mail: xiaofengz@pku.edu.cn
ICGEB Contract No.: CRP/05/006
ICGEB Reference No.: CRP/CHN05-01
Keywords: crystal structure, function, NADPH sensor, HSCARG, SI-CLP
Abstract: Following the completion of the human genome sequence, to study the structures and
functions of novel proteins with important biological activities will help in the prediction of protein
structures and the discovery of functional relationships of proteins to their structures, as well as
protein engineering of industrial enzymes and structure-based drug design. Our targets include
disease related proteins, secreted proteins, and other proteins with potential important functions.
During the conduction of the project, we made some significant progress as follows: we determined
the crystal structure of a human protein HSCARG with functions previously unknown, and
characterised it as a novel NADPH sensor. Our studies on this protein further indicate that HSCARG
plays broad regulatory roles in cellular homeostasis by involvement in the ubiquitin-proteasome
pathway. Besides, we determined the crystal structure of a novel secreted protein SI-CLP, and
discovered it can down-regulate pro-inflammatory cytokines expression in macrophage. These
findings help us to further understand the biological functions of these important proteins, and lay
a basis for future studies on structure-based drug design.
Objectives:
We have selected novel proteins as our targets, which include disease related targets, secreted
proteins, and other proteins with important functions. The purpose of this study is to carry out
structural and functional studies, to help us understand the biological function of these target
proteins, and lay a basis for future studies on structure-based drug design.
Results Obtained:
Determination of the crystal structure of HSCARG and identified it as a novel NADPH sensor.
The crystal structure of a human protein, HSCA RG, with functions previously unknown has been
determined, which reveals that HSCARG forms a stable asymmetrical dimer with one subunit
occupied by one NADP+ molecule and the other empty. Novel restructuring of its NAD(P)-binding
Rossmann fold upon NADP+ binding changes an extended loop to an alpha-helix to restore the
integrity of the Rossmann fold. Immunofluorescent imaging shows that HSCARG redistributes from
being associated with intermediate filaments in the resting state to being dispersed in the nucleus
and the cytoplasm. Through co-IP and pull down experiments, we have confirmed the direct
interaction between HSCARG and AS, and demonstrated further that HSCARG regulation of AS
activity is crucial for maintaining the intracellular balance between redox state and nitric oxide
levels. Furthermore, the viability of HSCARG RNAi-treated epithelial cells decreased significantly,
accompanied by an increase of the activity of caspase-3. We also determined the crystal structures
of two of HSCARG mutants in which NADPH binding ability was abolished. Our results show that the
binding of NADPH is necessary for HSCARG to form a stable asymmetrical dimer. Further studies
suggest that NADPH functions as an allosteric regulator of HSCARG-AS association.
In addition, HSCARG was found to associate with COMMD1, an inhibitor of NF-κB. Our results
indicate that HSCARG plays critical roles in regulation of NF-κB in response to cellular redox
changes by promoting ubiquitination and proteolysis of RelA or COMMD1. Altogether, these results
indicate that sensing the changes of cellular oxidative states, HSCARG plays broad regulatory roles
in cellular homeostasis by involvement in the ubiquitin-proteasome pathway.
SI-CLP functions as a feedback negative regulator of inflammatory response by macrophage.
Secreted stabilin-1 interacting chitinase-like protein (SI-CLP) has been identified as an interacting
partner of stabilin-1 which is a marker for alternative macrophage activation. We determined the
crystal structure of full length SI-CLP and discovered that SI-CLP is specifically attached to surface
protein(s) of activated macrophages and down-regulate pro-inflammatory cytokines expression in
macrophage. Our results suggest that SI-CLP functions as a feedback negative regulator of
inflammatory response by macrophage to maintain the balance between activation and
deactivation of macrophage.
Results Unforeseen in the Original Project:
We have not determined the crystal structure of TDP-43 as expected, however, we obtained small
crystals so far and efforts are undergoing to get better crystals.
Networking:
We collaborated with Prof. Francisco E. Baralle (ICGEB) on the RNA splicing regulator, TDP-43. We
have continued the collaboration with Dr. Ming Luo in the USA.
Publications:
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Dai, X.Y., Gu, X.C., Luo, M., Zheng, X.F. Protein expression, crystallisation and preliminary X-ray
crystallographic studies on HSCARG from Homo sapiens. 2006. Protein Pept. Lett. 13, 955-957
Lian, M., Zhou, X., Wei, L., Qiu, S.H., Zhou, T., Li, L., Gu, X., Luo, M., Zheng, X.F. Exploration
of the potential significance of full-length preS antigen in chronic hepatitis B prognosis and
diagnosis. 2007. Virol. J. 4, 93
Zheng, X.F., Dai, X.Y., Zhao, Y.M., Chen, Q., Lu, F., Yao, D.Q., Liu, X.P., Zhang, C.M., Gu,
X., Luo, M. Restructuring of the dinucleotide binding fold in a NADP(H) sensor protein. 2007. Proc.
Natl. Acad. Sci. U.S.A. 104, 8809-8814
Chen, B., Lian, M., Luo, M., Zheng, X.F. A chemical lipid modification of recombinant preS
antigen to study the mechanism of HBV attachment to the host cell. 2008. J. Biotechnol. 137, 8-13
Lian, M., Zhou, X., Chen, B., Li, C., Gu, X., Luo, M. Zheng, X.F. Identification of the critical
regions in HBV preS required for its stability. 2008. J. Pept. Sci. 14, 307-312
Zhao, Y.M., Zhang, J.F., Li, H.Y., Li, Y.Y., Ren, J., Luo, M. Zheng, X.F. An NADPH sensor
protein (HSCARG) downregulates nitric oxide synthesis by association with argininosuccinate
synthetase and is essential for epithelial cell viability. 2008. J. Biol. Chem. 283, 11004-11013
Meng, G., Bai, X., Green, T.J., Luo, M., Zheng, X.F. Crystallisation and preliminary X-ray
crystallographic studies on SI-CLP, a novel human Glyco_18 domain–containing protein. 2009.
Protein Pept. Lett. 16
Dai, X.Y., Li, Y.Y., Meng, G., Yao, S., Zhao, Y., Yu, Q., Zhang, J., Luo, M., Zheng, X.F. NADPH
is an allosteric regulator of HSCARG. (in press)

7

ICGEB CRP Research Grant Programme

Projects completed in 2009

CUBA
Title: Expression of proteins in egg yolk using vitellogenin based vectors
Principal Investigator: María Pilar Rodríguez Moltó, Center of Genetic Engineering and
Biotechnology, P.O. Box 6162, Havana City 10600, Cuba. Tel: 53-7-2716022, ext. 5102, Fax: +537-2731779, E-mail: pilar.rodriguez@cigb.edu.cu
ICGEB Contract No.: CRP/05/020
ICGEB Reference No.: CRP/CUB05-01
Objectives:
In this project, we planned to identify the DNA sequences coding for the binding site of chicken
vitellogenin (Vtg) to its cognate receptor (Vtgr), the natural pathway for internalisation of
vitellogenin into chicken eggs and used these sequences for targeting chimerical constructs into
eggs.
We proposed to use human erythropoietin (hPEO) as model protein. We designed adenoviral
vectors that carry a hybrid gene composed of Vtg sequences linked to hEPO. These vectors were
expected to allow for the expression of the fusion protein in the liver of the hen after experimental
inoculation, and subsequently in the chicken egg after migration via blood stream, and appropriate
cleavage and processing. The expression of the protein will be evaluated in kinetic studies, and the
protein purified and studied with special focus on the glycosilation patterns and its correlation with
biological activity.
The potential gains we expected from the project was arises from three main aspects; firstly help
to elucidate the mechanisms governing the interaction between vitellogenin and vitellogenin
receptor in chicken oocytes, secondly, be able to use these findings to generate an alternative
system to produce recombinants proteins of pharmaceutical value in the chicken yolk and thirdly,
could shed light on the mechanisms and patterns of glycosilation in birds.
Finally give an alternative method for producing key biological complex pharmaceuticals at lower
costs than current biotechnological approaches and contribute to a better understanding of
physiological rules governing the transport and internalisation of proteins into eggs in chicken.
The idea at the end of this project was obtainer virally transduced hens expressing correctly
processed and biologically active human EPO model in their eggs. Proteins produced in such kind of
way, are expected to be cheaper than those produced by other conventional methods of modern
genetic engineering, especially transgenesis in birds The system was also attractive from the point
of view of protein purification, which should be cheaper and easier from the yolk, than from crude
of bacterial and yeast cultures, and even milk of mammalians due to the low heterogeneity of
polluting proteins which are obtained in the raw material.
If we were obtained successful results from this research project, could be possible in the future to
convert such results into a productive technology.
Original Objectives:
(i) To identify, isolate and to clone the nucleotide sequences responsible for the interaction and
internalisation of the chicken vitellogenin with its receptor in chicken oocytes;
(ii) to fuse it to hEPO cDNA as a model protein;
(iii) to generate an adenoviral vector that allows the expression of the fusion protein in the chicken
liver;
(iv) to target hEPO to the eggs of laying hens inoculated with the adenoviral vector;
(v) to purify and to characterise the expressed protein;
(vi) to validate long term expression of hEPO in laying hens, by the use of gutless or adenovirus
type E4 vectors.
Results Obtained:
(1) Design and synthesis of oligonucleotides necessary for the PCR amplification of the vitellogenin
receptor and lipovitellin coding sequences.
(2) A 2,6 kbp fragment corresponding to the coding sequence of the vitellogenin receptor was
amplified from ovarian of laying hens. The cDNA was successfully cloned into the commercial
vector pGEMEasy (Promega) and several of the recombinant clones were sequenced. All the clones
showed missense or nonsense mutations, forcing us to repeat the PCR using a proofreading DNA
polymerase. Currently we have several clones of the pTarget vector (Promega) bearing the
vitellogenin receptor cDNA, these plasmid are pending of being sequenced before start the
generation of an stable cell line that express this protein in membrane.
(3) A 3390 pb fragment derived from the 5´ extreme of the chicken vitellogenin cDNA was
amplified by PCR. This segment encodes for the lipovitellin, including the signal peptide, the low
density lipoprotein receptor (LDLR) binding domain and the cathepsin D cleavage site. The
lipovitellin coding sequence was successfully cloned into the mammalian expression vector pTarget,
and non PCR mistakes were found after full sequencing.
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(4) The coding sequence of the mature human erythropoietin was placed downstream of lipovitellin
coding sequence. Sequence analysis of the junction revealed that the insert was in frame with the
lipovitellin.
(5) Collaterally, an anti yolk proteins polyclonal antibody was generate in mice. These antibodies
may allow us to detect the expression of lipovitellin in mammalian cells after transfección.
(6) Transient transfection of the plasmid vector harboring the gene for the chimeric protein
lipovitellin-EPO (VithEpo) allowed us to detect a faint immunoreactive band with a molecular weight
of about 180 kDa. This band was detected by both the polyclonal mouse anti-yolk protein antibody
and the monoclonal anti hEPO antibody. The size of the immunoreactive band was in agreement
with the size expected for the primary structure of the chimeric protein plus 5 potential sites for Nglycosylation.
(7) We used the AdEasy adenoviral vector system (Quantun), in order to generate a replication
defective adenovirus vector containing the chimeric gene VithEpo. Briefly, The 3.9 kb BamH I/Xho I
chimeric gene fragment was cloned on the Bgl II and Sal i sites of the pAdtrack-CMV vector. The
resulting plasmid was recombined, in BJ5183 electrocompetent bacteria, with the AdEasy vector
containing the adenovirus type 5 genome deleted for E1 and E3 regions, yielding the AdVithEpo
adenoviral genome. Currently, we generated the primary viral stocks by transient transfection of
the recombined AdEasy plasmids into host HEK-293 cells.
(8) Generation and amplification of adenoviral vectors encoding the chimeric protein lipovitellinEPO (VithEpo). Plasmid vector containing the recombinant viral genome and the coding sequence
for VithEpo was digested with Pac I in order to release the bacterial fragments, and then was
transfected in HEK-293 cells. Appearance of comet-like fluorescent plaques to about seven days
after transfection was considered the primary criterion for viral particles generation. After harvest
the infected cells, de adenoviral vector AdVithEpo was released with three freeze/thaw cycles and
amplified by repeated infection of HEK-293 cells until reach a viral titer between 1×109 and 5×109
infective particles per mL. The efficiency of infection was determined by green fluorescent protein
(GFP) expression on semi-confluent HEK-293 cells and viral titters were expressed in gene transfer
units (GTU). The concentrated stock was stored at −70°C for late use.
(9) Expression assays of the VithEpo in cell cultures transduced with the adenoviral vector
AdVithEpo. The ability of the AdVithEpo vector to express the chimeric protein VithEpo was
determined by direct transduction of the murine HC-11 cell line. Briefly, mammary epithelial HC11
cells were seeded in 12-well plates at a density of about 2.5 × 105 cells/cm2 in DMEM
supplemented with 10% fetal calf serum, epidermal growth factor (10 ng/mL) and insulin (10
µg/mL). After three days of confluence, the media was replaced with fresh DMEM supplemented
with insulin (5 µg/mL), and the cells were infected with the AdVithEpo vector at a multiplicity of
infection (MOI) of 5, 25 and 125. GFP expression was taken as a criterion of transduction
efficiency. Twenty-four hours post-infection, GFP expression was detected in almost 100% of the
cells, the intensity of fluorescence was variable and directly correlated with the viral load. Seventytwo hours later the media was collected and the supernatant assayed for VithEpo content.
(10) The original proposal for the third year of the project was aimed to the purification and
characterisation of the chimeric protein as well as to demonstrate the accumulation hEPO in laying
hens after transduction with an adenoviral vector. The undertaking of these works require as
previous result the demonstration of the expression and secretion of the chimeric protein VithEpo
in cell cultures transduced with the recombinant vector. This result, proposed for the second year
of the project, was not successfully accomplished apparently due to a missfolding of the chimeric
protein which drove to its retention and degradation on the producing cells. To overcome these
drawbacks, our proposal for the third year of this project was:
(10.a) Demonstrate that the chimeric protein VithEpo is really retained in the endoplasmic
reticulum due to a misfolding problem;
(10.b) Design and evaluate new variants of this glycoprotein, in order to obtain enough steric
freedom to allow its correct folding and secretion;
(10.c) Demonstrate that the chimeric protein VithEpo is really retained in the endoplasmic
reticulum due to a misfolding problem.
We first focused on one of the posttranslational levels of “quality control“: the sorting that retaining
incompletely folded, misfolded, and unassembled proteins. To study the fate of the chimeric
protein VithEpo we focused our attention on canexin, which is ER resident chaperones that interact
with newly synthesised glycoproteins in early stages of maturation. Mutant or incompletely
assembled subunits remain associated with calnexin for a prolonged period and are retained in the
ER before degradation. In the first assay, potential VithEpo-canelxin complexes were first coimmunoprecipitated with vithellogenin antibodies, then the complexes were dissociated and the
canelxin was visualised on Western blots probed with anticalnexin antibody, calnexin expression
was approximately equal in non-immunoprecipitated extracts from SiHa cells. In addition,
immunoprecipitation with anti-vithellogenin resulted in a visible protein band at the same
molecular weight as calnexin, and only in extracts from SiHa cells transduced with the AdVithEpo
adenoviral vector. In this assay we used as a control SiHa cells transduced with an adenoviral
vector encoding for the E2 glycoprotein with is efficiently secreted by the producing cells.
9

ICGEB CRP Research Grant Programme

Projects completed in 2009

Taken into account that most of the evidences suggest that chimeric molecule VithEpo is retained
and degraded inside the cell due to a misfolding phenomenon; in a second approach we decided to
design a new variant of the chimeric molecule which include a segment of four repeated Gly-GlyGly-Gly-Ser between the C-terminal of vithellogenin and the N-terminal of human EPO. These
repeats were included in order of both, increase the distance between the vithellogenin and EPO
domains and to ensure the molecule flexibility.
With these results with decided not to construct and adenoviral vector containing the sequence
coding for the VithEpo-LP. At this point several additional modifications of the chimerical protein
were considered, based some of them on conformational structure designed by bio-informatics
methods. Nevertheless, the short time until the end of the project as well as the uncertain success
of these strategies prevented us to undertake further actions.
It was clear that more assays and new modelling for the probable successful chimerical protein will
be necessary. Our previous experience with key biological model expression using adenoviral
vector utilising different systems as cell culture and transient goat milk gave us the idea of the aim
of this project and nevertheless continue be attractive.
Publications:
Sánchez, O., Toledo, J.R., Rodriguez, M.P., Castro, F.O. Adenoviral vector mediates high
expression levels of human growth hormone in the milk of mice and goats. 2004. J. Biotech. 114,
89-97
Toledo, J.R., Sánchez, O., Montesino, R., Fernández, Y., Cremata, J.A., Rodríguez, M.P.
New procedure for the production of biopharmaceutical proteins in the milk of non-transgenic
animals. 2005a. Biotecnología Aplicada 22, 62-67
Toledo, J.R., Sánchez, O., Montesino, Seguí, R., Fernández García, Y., Rodríguez, M.P.,
Cremata, J.A. Differential in vitro and in vivo glycosylation of human erythropoietin expressed in
adenovirally transduced mouse mammary epithelial cells. 2005b. Biochim. Biophys. Acta. 1726,
48-56
Toledo, J.R., Sánchez, O., Montesino, R., García, G., Montañez, M., Zamora, P.A.,
Rodríguez, M.P., Cremata, J. High expression level of recombinant human erythropoietin in the
milk of non-transgenic goats. 2006. J. Biotech. 123, 225-235
Sánchez, O., Barrera, M., Rodríguez, M.P., Frías, M.T., Figueroa, N.E., Naranjo, P.,
Montesino, R., Farnos, O., Castell, S., Venéreo, A., Ganges, L., Borroto, C., Toledo, J.R.
Classical swine fever virus E2 glycoprotein antigen produced in adenovirally transduced PK-15 cells
confer complete protection in pigs upon viral challenge. 2008. Vaccine 26, 988-997
Toledo, J.R., Sánchez, O., Montesino, R., Farnos, O., Rodríguez, M.P., Alfonso, P., Oramas,
N., Rodríguez, E., Santana, E., Vega, E., Ganges, L., Frías, M.T., Cremata, J., Barrera, M.
Highly protective E2-CSF vaccine candidate produced in the mammary gland of adenoviral
transduced goats. 2008. J. Biotech. 133, 370-376
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EGYPT
Title: Production of insect resistant transgenic sugarbeet expressing Bacillus thuringiensis toxins
Principal Investigator: Shawky A. Bekheet, Plant Biotechnology Department, Genetic
Engineering and Biotechnology Division, National Research Center, El-Tahrir Str., Dokki, Cairo,
Egypt.
Tel:
+2-02-7617186,
Fax:
+2-02-3370931,
E-mail:
Shawky005@yahoo.com,
shawky005@yahoo.com
ICGEB Contract No.: CRP/05/022
ICGEB Reference No.: CRP/EGY05-04
Abstract: This project aimed to develop sugarbeet plants encoding insecticidal toxins through
transfer of Bacillus thuringiensis (Bt) genes into plant cells. In this respect, an efficient
regeneration procedure through in vitro direct and indirect organogenesis of sugarbeet was
recognised. Moreover, the in vitro developed plantlets were successfully adapted for growing in the
free-living conditions after simple acclimatisation procedures. Otherwise, a reliable transformation
system of sugarbeet using Agrobacterium tumefaciens was optimised. Arobacterium (strain of
LB4404) and plasmid (PBI121) containing kanamycin resistance and GUS genes were used in the
transformation experiments. Although shoot bases explants were more readily for direct and quick
regeneration, their transformation frequency were relatively poor compared with leaf explants.
Construct containing Agrobacterium carrying Bt (Cry 1ac) CaMv 35S promoter, nos terminator,
GUS, hygromycin, kanamycin (bacterial selection) was used for Bt transformation. Transient
expression of GUS in transformants was assayed since the positive response was recorded as blue
patches. Transformation was confirmed using RAPD and southern hybridisation analysis. Despite
the mentioned progress in the research work of this project, the available transformation protocol
still do not represent a quite routine technology for determination of gene expressing.
Objectives:
The general objective of the project is to develop insects resistant sugarbeet plants through
transfer of Bacillus thuringiensis (Bt) genes using Agrobacterium tumefaciens-mediated
transformation system.
The specific objectives are as follow:
(i) Establishment of in vitro regeneration protocols through evaluation of different tissue culture
factors such as type of explants and growth regulators;
(ii) Optimisation of the transformation procedures by examination antibiotic concentration,
incubation period and the most suitable explants for transformation by Agrobacterium;
(iii) Construction of expression vectors and cloning of the amplicons of Bt gene fragments;
(iv) Transformation of Bt into sugarbeeet explants;
(v) Selection and regeneration using selective agents;
(vi) Confirmation of transformation using histochemical assay and molecular analysis;
(vii) Determination of gene expression and bioassay tests.
Results Obtained:
The main objectives of the project are: establishment an in vitro regeneration protocol of
sugarbeet, optimisation of the transformation procedures, transformation of Bt into sugarbeeet
explants and confirmation of transformation. In this respect, aseptic cultures of sugarbeet were
establishment through germination of sterilised seeds on basal MS medium. Regarding
regeneration protocol, we found that the highest percentages of direct organogenesis were noticed
with shoot base explants. However, leaf explant was more readily for indirect differentiation since
shoots were formed after phase of callus induction. In vitro rooting of sugarbeet shoots and
successful adaptation to the free conditions were obtained. We can conclude that a good tissue
culture and regeneration protocol has been recognised.
For the optimisation of the transformation procedures, we found that among the different
concentration of kanamycin used, 100 mg/l was the optimum for both transformation frequency
and survival of plant tissues. However, high level of kanamycin suppressed the growth of plant
cells. Although shoot bases explants were more readily for direct and quick regeneration but their
transformation frequency were relatively poor.
For Bt transformation, Agrobacterium Strain LB4404 containing pBI121 carrying Bt (Cry 1ac) CaMv
35S promoter, nos terminator, GUS (reporter gene), hygromycin (plant selection), kanamycin
(bacterial selection) was used for transformation. Selection of successfully transformed tissues was
achieved by transferring of plant tissues to a selective medium containing an antibiotic. The
supplementation of co-cultivation media with hormone such as auxins, cytokinins and phenolic
compounds i.e., acetosyringone has been found to enhance transformation frequency. Results of
GUS assay indicated that explants exposed to long period to Agrobacterium suspension showed
higher GUS expression compared with those exposed to short period. RAPD analysis reveals that
the fragments of the transformed genes was successfully amplified. Southern hybridisation analysis
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of GUS positive plants confirms the integration of the genes in the genome plants as compared to a
negative control.
Publications:
Bekheet, S.A., Solliman, M.E. An efficient transformation system for sugarbeet mediated by
Agrobacterium tumefaciens. 2007. J. Food, Agriculture & Environment 5, 189-193
Bekheet, S.A., Taha, H.S., Matter, M.A. In vitro regeneration of sugarbeet propagules and
molecular analysis of the regenerants. 2007. Arab J. Biotechnology. 10, 321-332
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POLAND
Title: Proteome in the central nervous system in drug dependence
Principal Investigator: Jerzy Silberring, Department of Neurobiochemistry, Faculty of Chemistry,
Jagiellonian University, Ingardena Str. 3, 30-060 Krakow, Poland. Tel: +48-126635600, Fax: +48126340515, E-mail: silber@chemia.uj.edu.pl
ICGEB Contract No.: CRP/05/010
ICGEB Reference No.: CRP/POL05-02
Abstract: The project aimed on identification of biomarkers of drug dependence. We focused our
research on application of our findings to pharmacological studies and validation of the data,
obtained in earlier phases of the research. A number of data were generated using comparative
proteomic strategies, followed (or parallel to) by discovery of several novel, bioactive molecules,
among them endogenous inhibitor of dynorphin converting enzyme and cryptic sequence in the
NPFF precursor, design of cyclic enkephalin analog with morphine-like action, development of
methodologies (e.g. 2D LC/MS/MS with stable isotope labelling), algorithms and softwares (e.g.
novel software for 2D gels analysis with pixel identification instead of entire spots). A number of
pharmacological and biochemical tests were applied to validate biological activity of the molecules
found during research work.
Objectives:
(i) to define changes in protein patterns in drug dependence (morphine, cocaine);
(ii) to analyse, identify and characterise these proteins (sequence, modifications);
(iii) to contribute to establishment of brain-specific protein databases;
(iv) functional studies of the identified proteins;
(v) to search for the synthetic compounds having possible pharmacological activity (e.g. inhibition
of the withdrawal symptoms).
Original Objectives:
We successfully performed several proteomic experiments using cell culture models (astrocytes
and neurons) as well as the selected rat brain structures (cortex, hippocampus, and striatum). Part
of the results was our contribution to the HUPO project (mice astrocytes) and was published during
project realisation. Several pathways were discovered that are involved in morphine action. We
also developed several methodologies, necessary to broaden our research. Among them, a novel
software for 2D gels analysis should be listed here, and an on line 2D LC/MS/MS with stable
isotope labelling.
Results Obtained:
Besides planned and expected results, several other discoveries were published, including
identification of an endogenous inhibitor of dynorphin converting enzyme, and a novel cryptic
sequence, which appeared to be biologically active in various pharmacological (behavioural) tests,
and influencing mRNA coding for G-proteins linked to opioid receptors.
Results Unforeseen in the Original Project:
Investigation of the role of Neuropeptide FF (NPFF), design and synthesis of a cyclic enkephalin
analog, and glutamate receptor in drug and alcohol dependence/withdrawal and antinociception
was not planned in details during preparation of project proposal. The results are very interesting
but also confirm our opinion that drug dependence is a multi-level disease and involves many
various molecular mechanisms that need to be revealed in details.
Publications:
Mass spectrometry. 2006. Suder, P. and Silberring, J. (eds.), Jagiellonian University, Krakow.
Bierczynska-Krzysik, A., Bonar, E., Drabik, A., Noga, M., Suder, P., Dylag, T., Dubin, A.,
Kotlinska, J., Silberring, J. Rat brain proteome in morphine dependence. 2006. Neurochem. Int.
49(4), 401-406
Bierczynska-Krzysik, A., Pradeep, J.P., Silberring, J., Kotlinska, J., Dylag, T., Cabatic, M.,
Lubec, G. Proteomic analysis of rat cerebral cortex, hippocampus and striatum after exposure to
morphine. 2006. Int. J. Mol. Med. 18(4), 775-784
Bodzon-Kulakowska, A., Bierczynska-Krzysik, A., Dylag, T., Drabik, A., Suder, P., Noga,
M., Jarzebinska, J., Silberring, J. Methods for samples preparation for proteomic research.
2006. J. Chromatogr. B 849, 1-31
Dylag, T., Rafalski, P., Kotlinska, J., Silberring, J. CART (85-102)-Inhibition of
psychostimulant-induced hyperlocomotion: Importance of cyclisation. 2006. Peptides 27(12),
3183-3192
Kraj, A., Swist, A., Strugala, A., Parczewski, A., Silberring, J. Fingerprinting of MDMA
markers by desorption/ionisation on porous silicon. 2006. Eur. J. Mass Spectrom. 12(4), 253-259
Noga, M., Drabik, A., Dylag, T., Kotlinska, J., Silberring, J. Analysis and quantitation of
neuropeptides in biological samples by LC-MS. 2006. In: Encyclopedia of mass spectrometry,
Niessen, W.M.A. (ed.), Elsevier, The Netherlands, 8, 975-983
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Noga, M.J., Asperger, A., Silberring, J. N-terminal H(3)/D(3)-acetylation for improved highthroughput peptide sequencing by matrix-assisted laser desorption/ionisation mass spectrometry
with a time-of-flight/time-of-flight analyser. 2006. Rapid Commun. Mass. Spectrom. 20(12),
1823-1827
Suder, P., Bierczynska-Krzysik, A., Kraj, A., Brostedt, P., Mak, P., Stawikowski, M., Rolka,
K., Nyberg, F., Fries, E., Silberring, J. Identification of bikunin as an endogenous inhibitor to
dynorphin convertase in human cerebrospinal fluid. 2006. FEBS J. 273(22), 5113-5120
Bodzon-Kulakowsk, A., Bierczynska-Krzysik, A., Dylag, T., Drabik, A., Suder, P., Noga, M.,
Jarzebinska, J., Silberring, J. Methods for samples preparation in proteomic research. 2007. J.
Chromatogr. B. Analyt. Technol. Biomed. Life Sci. 849(1-2), 1-31
Daszykowski, M., Stanimirova, I., Bodzon-Kulakowska, A., Silberring, J., Lubec, G.,
Walczak, B. Start-to-end processing of two-dimensional gel electrophoretic images. 2007. J.
Chromatogr. A 1158, 306-317
Drabik, A., Bierczynska-Krzysik, A., Bodzon-Kulakowska, A., Suder, P., Kotlinska, J.,
Silberring, J. Proteomics in neurosciences. 2007. Mass Spectrom. Rev. 26(3), 432-450
Dylag, T., Pachuta, A., Raoof, H., Kotlinska, J., Silberring, J. A novel cryptic peptide derived
from the rat neuropeptide FF precursor reverses antinociception and conditioned place preference
induced by morphine. 2007. Peptides 29(3), 473-478
Kotlinska, J., Pachuta, A., Dylag, T., Silberring, J. Neuropeptide FF (NPFF) reduces the
expression of morphine- but not of ethanol-induced conditioned place preference in rats. 2007.
Peptides 28, 2235-2242
Kotlinska, J., Pachuta, A., Dylag, T., Silberring, J. The role of neuropeptide FF (NPFF) in the
expression of sensitisation to hyperlocomotor effect of morphine and ethanol. 2007. Neuropeptides
41(1), 51-58
Kotlinska, J., Pachuta, A., Dylag, T., Silberring, J. The role of neuropeptide FF (NPFF) in the
expression of sensitisation to hyperlocomotor effect of morphine and ethanol. 2007. Neuropeptides
41(1), 51-58
Noga, M., Sucharski, F., Suder, P., Silberring, J. A practical guide to nano-LC MS
troubleshooting. 2007. J. Separation Sci. 30, 2179-2189
Suder, P., Bierczynska-Krzysik, A., Kraj, A., Brostedt, P., Mak, P., Stawikowski, M., Rolka,
K., Nyberg, F., Fries, E., Silberring, J. Endogenous inhibitor of dynorphin converting enzyme in
human cerebrospinal fluid. 2007. In: Peptides 2006 - Proceedings of the 29th European Peptide
Symposium, Gdansk, Poland. Rolka, K., Rekowski, P. and Silberring, J. (eds.), 720-721
Bierczynska-Krzysik, A., Lubec, G. Two-dimensional gel electrophoresis. 2008. In: Introduction
to proteomics for graduates. Kraj, A. and Silberring, J. (eds), Wiley & Sons, New York, 43-53
Bodzon-Kulakowska, A. Clinical proteomics. 2008. In: Introduction to proteomics for graduates.
Kraj, A. and Silberring, J. (eds), Wiley & Sons, New York, 233-245
Drabik, A. Multidimensional liquid chromatography combined with mass spectrometry. 2008. In:
Introduction to proteomics for graduates. Kraj, A. and Silberring, J. (eds), Wiley & Sons, New York,
23-29
Drabik, A., Bierczynska-Krzysik, A., Bodzon-Kulakowska, A., Moszczynski, A. Laboratory
exercises. 2008. In: Introduction to proteomics for graduates. Kraj, A. and Silberring, J. (eds),
Wiley & Sons, New York, 275-291
Drabik, A., Laidler, P. One-dimensional gel electrophoresis. 2008. In: Introduction to proteomics
for graduates. Kraj, A. and Silberring, J. (eds), Wiley & Sons, New York, 33-42
Drabik, A., Noga, M., Macht, M., Silberring, J. Protein identification by mass spectrometry.
2008. In: Introduction to proteomics for graduates. Kraj, A. and Silberring, J. (eds), Wiley & Sons,
New York, 123-141
Dylag, T., Drabik, A., Moszczynski, A. Functional proteomics. 2008. In: Introduction to
proteomics for graduates. Kraj, A. and Silberring, J. (eds), Wiley & Sons, New York, 217-231
Dylag, T., Drabik, A., Silberring, J. Quantitative proteomics. 2008. In: Introduction to
proteomics for graduates. Kraj, A. and Silberring, J. (eds), Wiley & Sons, New York, 189-198
Kotlinska, J., Pachuta, A., Silberring, J. Neuropeptide FF (NPFF) reduces the expression of
cocaine-induced conditioned place preference and cocaine-induced sensitisation in animals. 2008.
Peptides 29(6), 933-939
Kraj, A., Silberring, J. Microfluidics. 2008. In: Introduction to proteomics for graduates. Kraj, A.
and Silberring, J. (eds), Wiley & Sons, New York, 181-185
Kraj, A., Silberring, J. Sample preparation. 2008. In: Introduction to proteomics for graduates.
Kraj, A. and Silberring, J. (eds), Wiley & Sons, New York, 7-12
Moszczynski, A., Hellman, U., Dylag, T., Macht, M., Silberring, J. Chemical derivatisation for
sequence analysis. 2008. In: Introduction to proteomics for graduates. Kraj, A. and Silberring, J.
(eds), Wiley & Sons, New York, 143-152
Noga, M. Capillary electrophoresis. 2008. In: Introduction to proteomics for graduates. Kraj, A.
and Silberring, J. (eds), Wiley & Sons, New York, 55-63
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Silberring, J. Introduction to proteomics and strategy for proteins identification. 2008. In:
Introduction to proteomics for graduates. Kraj, A. and Silberring, J. (eds), Wiley & Sons, New York,
1-5
Suder, P. Fragmentation and sequencing in proteomics. 2008. In: Introduction to proteomics for
graduates. Kraj, A. and Silberring, J. (eds), Wiley & Sons, New York, 113-121
Suder, P. Liquid chromatography linked to mass spectrometry. 2008. In: Introduction to
proteomics for graduates. Kraj, A. and Silberring, J. (eds), Wiley & Sons, New York, 15-22
Suder, P., Nawrat, D., Bielawski, A., Zelek-Molik, A., Raoof, H., Dylag, T., Kotlinska, J.,
Nalepa, I., Silberring, J. Cryptic peptide derived from the rat neuropeptide FF precursor affects
G-proteins linked to opioid receptors in the rat brain. 2008. Peptides 29(11), 1988-1993
Szynkowska, M.I., Silberring, J. Imaging mass spectrometry. 2008. In: Introduction to
proteomics for graduates. Kraj, A. and Silberring, J. (eds), Wiley & Sons, New York, 101-112
Tan-No, K., Shimoda, M., Sugawara, M., Nakagawasai, O., Niijima, F., Watanabe, H.,
Furuta, S., Sato, T., Satoh, S., Arai, Y., Kotlinska, J., Silberring, J., Terenius, L., Tadano, T.
Cysteine protease inhibitors suppress the development of tolerance to morphine antinociception.
2008. Neuropeptides 42(3), 239-244
Bergquist, J., Silberring, J., Ekman, R. New approaches to neurochemistry. 2009. In: Mass
spectrometry: instrumentation, interpretation and applications. Ekman, R., Silberring, J.,
Brinkmalm, A. and Kraj, A. (eds.), J. Wiley & Sons, New York, 321-335
Noga, M., Dylag, T., Silberring, J. Sequencing of peptides and proteins. 2009. In: Mass
spectrometry: instrumentation, interpretation and applications. Ekman, R., Silberring, J.,
Brinkmalm, A. and Kraj, A. (eds.), J. Wiley & Sons, New York, 179-210
Westman-Brinkmalm, A., Silberring, J., Brinkmalm, G. Separation methods. 2009. In: Mass
spectrometry: instrumentation, interpretation and applications. Ekman, R., Silberring, J.,
Brinkmalm, A. and Kraj, A. (eds.), J. Wiley & Sons, New York, 105-115
Books:
Peptides 2006. Rolka, K., Rekowski, P. and Silberring J. (eds.) 2007. Proceedings of the 29th
European Peptide Symposium, Gdansk, Poland. Kenes Int., Geneva, Switzerland.
Introduction to proteomics for graduates. 2008. Kraj, A. and Silberring, J. (eds), Wiley & Sons,
New York
Mass spectrometry: Instrumentation, interpretation and applications. 2009. Ekman, R., Silberring,
J., Brinkmalm, A. and Kraj, A. (eds.), J. Wiley & Sons, New York
Doctoral Dissertations:
Bierczynska-Krzysik, A. Proteomic identification of brain proteins including markers evoked by
exposure to morphine, highly insoluble-, and transmembrane proteins. 2006. Jagiellonian
University, Krakow
Noga, M. Proteomics in drug dependence. High-resolution analytical techniques in quantitative
proteomics. 2008. Jagiellonian University, Krakow
Pachuta, A. The role of Neuropeptide FF upon administration of substances of abuse. 2008.
Medical University, Lublin

15

ICGEB CRP Research Grant Programme

Projects completed in 2009

RUSSIA
Title: Tag7/PGRP-Hsp70 complex mediates cytotoxity of LAK cells
Principal Investigator: Nikolay Vasilevich Gnuchev, Laboratory of Molecular Immunogenetics of
Cancer, Institute of Gene Biology, Vavilova str. 34/5, Moscow, Russia. Tel: +7-499-1356089, Fax:
+7-499-1354105, E-mail: gnuchev@igb.ac.ru
ICGEB Contract No.: CRP/05/011
ICGEB Reference No.: CRP/RUS05-01
Abstract: This whole study is devoted to study the structure of cytotoxic proteins, released from
LAK cells to lyse the cancer cells, and to characterize the pathways of apoptotic signal transduction
in cancer cells.
The mechanism of recognition of cancer cells by lymphocytes is novel and includes interaction of
Tag7 on the lymphocyte surface and Hsp70 on the cancer cell surface.
We have found that cytotoxic proteins released from lymphocytes are fragments of initially formed
in the Golgi network complex of two proteins Tag7 and Hsp70. After processing, fragments of this
complex are released from lymphocytes and interact with a broad range of cancer cells, ensuring
their death. We have found, by using MALDI mass spectroscopy, the common fragments of Tag7
and Hsp70 proteins presented in all the active proteins. The regulation of stability and length of
action is performed via some proteins, released by lymphocytes, including the HspBP1 protein.
Cancer cells are dying via apoptotic pathway, and cytotoxic proteins induce several different
mechanisms of apoptosis in target cancer cells. We have found that cytotoxic proteins are able to
induce cell death via caspases pathway, via mitochondria, and these processes have different
kinetics and specificity. The results obtained from this work allow us to undertake mouse
anticancer studies, showing promising results.
Objectives:
(i) The study of the cytotoxic activity of the LAK cells proteins in the presence of both anti-Tag7
and anti-Hsp70 antibodies;
(ii) Determination of the primary structure of the LAK cells proteins by mass spectrometry analysis;
(iii) The study of the contribution of the fragments of both Tag7 and Hsp70 molecules in the
cytotoxity of the complex;
(iv) Comparison of the apoptotic signals in the target cells after interaction with LAK cells cytotoxic
proteins and Tag7-Hsp70 cytotoxic complex;
(v) Investigation of the role of Fas-FasL interaction for secretion of Tag7/PGRP-Hsp70 complex in
LAK cells;
(vi) Analysis of the Tag7 role in the Fas-FasL induced apoptosis;
(vii) Analysis of the effect of cochaperons proteins to the cytotoxic Tag7-Hsp70 complex formation;
(viii) The study of anticancer effect of Tag7-Hsp70 complex on melanoma formation in mouse
system.
Results Obtained:
(i) We use lymphocytes of periferical human blood, activated by incubation for 6 days with IL-2.
Transformed Fas+ human cell line K-562 is used, as target cells. When we use high
lymphocytes/targets ratio (20:1), the lysis of transformed cells was observed, as a consequence of
the cytotoxic activity.
This mechanism of cytotoxity is realised by secretion of a set of proteins, with cytotoxic activity
toward Fas-negative targets. Thus lymphocytes are capable to hit many cells types, both Fas+ and
Fas–. We have shown that secretion of these proteins in solution is Ca+-independent and occurs
through Golgi system. We have shown that cytotoxic proteins released by lymphocytes have a
molecular weight range from 90 to 17 kDa, possess strong cytotoxic activity, and interact with both
anti Tag-7 and anti HSP70 antibodies. These antibodies also block the cytotoxic activity of these
proteins.
(ii) Proteins of the lympocytes were hydrolysed with protease trypsin. After this treatment, the
digested proteins solution was analysed in Time of Flight (ToF) mass spectrometer. The masses of
peptides obtained from the mass spectrometer were analysed by searching the EMBL database.
Preliminary results were not reliable and need to be repeated.
After additional analysis of digestion peptides of recombinant protein Tag7(PGRP-S) we compare
received mass spectrums with the ones of cytotoxic proteins of lymphocytes. We found that there
are peptides of Tag7(PGRP-S) in specta of the lymphocytes proteins. After subtraction of the
peptides, corresponding to the Tag7(PGRP-S) protein from all lymphocytes proteins, we have
received results from the EMBL database search. The remaining peptides are corresponding to the
Heat Shock Protein Hsp70. To confirm these results, we have carried out additional mass spec of
recombinant Hsp70 digested with trypsin. This analysis revealed that peptides observed in spectra
of lymphocytes proteins derive from two proteins: Tag7(PGRP-S) and Hsp70. Considering these
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data, we think that cytotoxic proteins of the lymphocytes might be fragments of two proteins
Tag7(PGRP-S) and Hsp70, formed in Golgi apparatus and released in the conditional medium.
The next stage of the work was the association of the peptides that we obtain from the mass
spectrum of the cytotoxic proteins of the lymphocytes to the primary structures of the
corresponding proteins Tag7(PGRP-S) and Hsp70. This allows us to understand which regions of
these proteins are responsible for the cytotoxic activity. Analysis of the primary structure of the
Tag7(PGRP-S) and the spectrum of peptides from proteins of the lymphocytes allows us to made
the following assumption: in the spectra of the cytotoxic proteins of the lymphocytes are presented
peptides from N-terminus of Tag7(PGRP-S) molecule corresponding to the 4-65 aa of Tag7(PGRPS).
There is also another one peptide from 147-162 aa of primary Tag7(PGRP-S) structure. When we
compare spectra of the proteins of the lymphocytes with Hsp70 primary structure, we found that
the peptides from this spectrums are corresponding to two regions of Hsp70 molecule that are in
different domains of Hsp70. Hsp70 protein consists of 3 domains: ATP-binding, peptide-binding and
C-terminal. One of the peptides found in proteins of lymphocytes corresponds 272-319 aa of Hsp70
and is in ATP-binding domain. The rest of the peptides are corresponding to the peptide-binding
domain of Hsp70 molecule and lie in 509-566 aa region of Hsp70.
(iii) The peptidoglycan recognition protein Tag7 is shown to form a complex with the major stress
protein Hsp70. Further we tried to determine some structural requirements for the cytotoxic
activity. Hsp70 has two domains of known function: ATP-binding and peptide-binding. Cytotoxicity
was evoked by incubation of Tag7 with the isolated peptide-binding domain (Hsp70 amino acids
385–539) and its tetradecapeptide 450–463 (TKDNNLLGRFELSG) considered crucial for target
protein binding, whereas the corresponding Hsc70 tetradecapeptide, which has two changes R458K
and S462T, was totally ineffective. However, with Hsp fragments an appreciable cytotoxic effect
was attained only at concentrations three orders of magnitude higher than that of the full-sized
protein. The Tag7 peptides obtained from tryptic digestion also can interact with full length Hsp70
protein and form cytotoxic complex, but their complex with peptide-binding domain of Hsp70 was
not active. The activity of complex of Hsp70 with tryptic peptides of Tag7 was also lower then the
full length complex. Assuming this data, the minimal part of Hsp70 needed to evoke cytotoxicity is
residues 450–463 of its peptide-binding domain, but full cytotoxicity requires its ATPase activity;
remarkably, Tag7 liberated from the complex at high ATP is not cytotoxic. Together with the ATP
requirement, this means that the ATP-binding moiety is also quite important.
(vi) The cancer cells are lysed with help of lymphocytes cytotoxic proteins. It was shown that the
final cytotoxity consists of set of cytotoxic processes, varied by speed. We suggested that discrete
character of cytotoxity and difference in speed of cytotoxic processes was caused by presence of
some different mechanisms of apoptotic signal transduction. In kinetic curve of cytolyses, in both
cases was observed two peaks of cytotoxic activity on 3 and 24 hours of incubation. The inhibitory
analyses was undertaken to determine pathways of programmed cell death signal transduction.
The received data show that for cytotoxic effect penetration into a cell is necessary for proteins.
Inhibitor of exocytosis Cytoholosine B completely blocks cytotoxic effect both for proteins of
lymphocytes and for complex Tag-7 and HSP70. Further some ways of apoptotic signal
transduction were revealed. The apoptotic activity after 3 hours of incubation is connected to
transduction of a signal with help of caspases proteases family. To realise apoptotic death after 24
hours intermediate participation of cellular mitochondria is necessary. It was shown that when the
proteins have got inside of a cell they may undergone lysosome digestion. In this case released
peptides alter electrons transfer in a membrane of the mitochondria and cause release of Reactive
Oxygen Species. Antioxidant Ionil blocks apoptosis, reducing the concentration of Reactive Oxygen
Species in a cell. However, if proteins have not undergone lysosome digestion, they cause
occurrence of early permeability in a membrane of mitochondria. As a result, apoptotic molecules
are released from mitochondria, for example Cytochrome C. In this case inhibitor of early
permeability Cyclosporine A strongly reduces number of dead cells.
(v) We have found that FasL-Fas interaction is crucial for lymphocytes to start the release in the
solution of Tag7-Hsp70 complex. Our studies with the help of magnetic beads separation of cells
provide the data that only Fas+ population of CD8+ lymphocytes can secrete Tag7-Hsp70 complex
and only Fas+ cancer cells K562 can induce this secretion. Additionally, antibodies to either FasL or
Fas completely block the secretion. These findings allow us to state that interaction of FasL on the
surface of CD8+ lymphocyte and Fas-receptor on the cancer cell surface provide a signal, inducing
the secretion in the solution cytotoxic Tag7-Hsp70 complex.
Results Unforeseen in the Original Project:
(vi) We discover that pattern recognition protein PGRP-S (Tag7) can form a stable complex with
Hsp70 protein and this complex has anticancer activity. Also, we found that PGRP-S is presented in
the cytotoxic T lymphocytes. We use for this experiment lymphocytes from human blood, activated
by cultivation with IL-2 cytokine for 6 days (LAK cells) or lymphocytes from human blood without
activation. We use the human eritroblastoid cell line K562, as target-cells, because they do not
express HLA antigen (used by immune system to recognise cancer cells).
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Our studies show that K562 cell are killed while cocultivated with LAK cells and the death signal is
transferred using FasL-Fas pathway. Only Fas+ cancer cell are susceptive and only FasL+
lymphocytes are cytotoxic. Now we begin to test if PGRP-S/Hsp70 plays a role in cancer cell
recognition. Using flow cytometry we discover that PGRP-S is localised on the surface of some
lymphocytes, and Hsp70 is on the K562 surface. To prove the interaction of the PGRP-S on the
lymphocyte surface with Hsp70 and vice versa we use binding reagent and chemically bind the
proteins from K562 and LAK cells. For the experiment we either biotinylate the surface proteins of
K562 cells prior to co-incubation with lymphocytes or vice versa. This test shows that the complex
of PGRP-S and Hsp70, deriving from the surface of the lymphocyte and the surface of cancer cell,
respectively, is forming in these experimental conditions and has molecular weight 140kD.
In next stage of the experiments we use the antibodies to either PGRP-S or Hsp70 to block the
anticancer activity of lymphocytes. About 50% of cytotoxic activity was blocked in these tests. This
draws us to the conclusion that interaction of PGRP-S with Hsp70 is important for some cell
subpopulation. Using confocal microscopy we obtain the picture of the cancer cell killing, where
PGRP-S from lymphocyte is located in the contact region of the cells and ensures the Fas-FasL
interaction in the middle, leading to cancer cell death. Using magnetic beads carrying various
differentiation antigens we discover that PGRP-S is essential for CD4+ CD25+ subpopulation of the
lymphocytes. These cells use mechanism involved interaction of PGRP-S from the lymphocyte
surface with Hsp70 on the tumour cell surface to provide anti-tumour defense. Moreover this is a
novel type of cells that can participate in recognition of evasive HLA-deficient tumour cells.
(vii) Here we study the effect of cochaperons proteins Hsp40 and HspBP1 on the cytotoxic complex
formation and activity. The Hsp70 ATPase activity was needed for the formation of this stable
cytotoxic complex so it seemed reasonable to examine the effect of an Hsp70 ATPase enhancer
Hsp40 and inhibitor, HspBP1, on the interaction of Tag7 with Hsp70. The addition of Hsp40 to
Tag7-Hsp70 complex enhances its activity. To study the effect of HspBP1 different combinations of
the proteins were pre-incubated in equimolar concentrations (10 nM) and tested for cell cytoxicity.
Pre-incubation of Hsp70 with Tag7 produced a cytotoxic complex that resulted in 32% cell death.
Pre-incubation of HspBP1 with Hsp70 or pre-incubation of all three proteins resulted in a block of
cytotoxicity. Pre-incubation of Tag7 with Hsp70 followed by the addition of HspBP1 resulted in a
twofold decrease in cytotoxicity. Addition of 5 µM ATP at any stage of component mixing did not
influence the effect. The cytolytic effect of proteins secreted by lymphocytes was also significantly
decreased by HspBP1. A dose response experiments for HspBP1 were performed. Complete
blocking was achieved at approximately 50 nM HspBP1 in the presence of 10nM Tag7 and Hsp70.
The similar curve was obtained for core domain of HspBP1. Addition of a five-fold excess of Tag7 to
the Hsp70-HspBP1 complex resulted in cytotoxicity. These data show that formation of active
Tag7-Hsp70 complex is ATP-dependent and cochaperons Hsp40 and HspBP1 induce and block it
correspondingly. HspBp1 was also found in cancer cells and in cytotoxic lymphocytes. We have
proposed that HspBP1 plays a protective role in organism from Tag7-Hsp70 complex toxicity.
(viii) We have tested anticancer activity of Tag7-Hsp70 complex on melanoma formation in mouse
system. We have analysed the number of cancer cell lines to select which ones are susceptible to
our complex activity. We have observed that the activity of complex corresponds to metastatic
potential of cancer cell lines, the ones with more metastatic potential were less susceptible. The
selected cell lines were transplanted in mice and we studied the effect of Tag7-Hsp70 complex on
tumour growth. We observed twofold decrease in tumour growth rate in treated mice, as compared
with controls. We plan to use antimetastatic drugs along with with complex in order to further
enhance the anticancer effect of Tag7-Hsp70 complex.
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SERBIA
Title: The role of human skeletal muscle protein Ankrd2/Arpp in striated muscle
Principal Investigator: Snezana Kojic, Laboratory for Molecular Biology, Institute of Molecular
Genetics and Genetic Engineering, Vojvode Stepe 444a, P.O. Box 23, 11010 Belgrade, Serbia. Tel:
+381-11-3976658, Fax: +381-11-3975808, E-mail: snezanakojic@eunet.yu
ICGEB Contract No.: CRP/05/012
ICGEB Reference No.: CRP/YUG05-01
Abstract: Skeletal muscle protein Ankrd2 (ankyrin repeat domain 2, MARP2 or Arpp), a member of
the muscle ankyrin repeat proteins family (MARPs), is induced upon stretch or denervation,
suggesting that Ankrd2 may be involved in muscle stress response pathways. MARP family
members share four conserved copies of 33-residue ankyrin repeats and all contain nuclear
localisation signals (NLS), allowing the sorting of MARPs to the nucleus. It has been reported that
Ankrd2 interacts with several sarcomeric proteins such as titin, myopalladin, calpain protease p94
and telethonin. Also, interactions between Ankrd2 and the transcriptional factors p53, YB1 and PML
have been observed.
The work proposed in this project was focused on functional study of the striated muscle specific
protein Ankrd2 with specific aims to investigate regulation of its expression and mechanism of
interaction with proteins possessing different functions and localisations. We identified a novel
structural element composed of ankyrin repeats and N-terminal domain responsible for Ankrd2
interaction with regulatory proteins p53 and YB1, whereas the ankyrin repeats alone mediate the
interaction between Ankrd2 and the sarcomeric protein telethonin. Presumed regulation of Ankrd
gene expression by p53 and Nkx2.5 was confirmed, demonstrating that p53 and cardiac specific
transcription factor Nkx 2.5 positively regulate the Ankrd2 promoter and that their up-regulation is
moderately enhanced by CARP, another member of MARP family.
Objectives:
Study of regulation of Ankrd2 expression and mechanism of Ankrd2 interaction with proteins with
different functions and localisations.
Original Objectives:
(i) mapping binding site(s) on Ankrd2 for p53, YB1 and telethonin;
(ii) regulation of Ankrd2 transcription;
(iii) functional similarities between MARP family members, Ankrd2 and CARP;
(iv) characterisation of Ankrd2 forms.
Results Obtained:
The fact that Ankrd2 interacts with several proteins, differing both in function and cellular
localisation, raises questions about the mechanical aspect of these interactions. Ankrd2 has four
ankyrin repeats in the mid portion of the protein and their involvement in protein-protein
interactions is well known. In order to investigate whether the ankyrin repeats are sufficient to
mediate the known Ankrd2 interactions, we performed GST pull down experiments to map
telethonin, p53, and YB1 binding sites on Ankrd2. Our results demonstrate the involvement of the
ankyrin repeats of Ankrd2 in the interaction with the sarcomeric protein telethonin, while both
ankyrin repeats and the N-terminus are necessary for the interaction of Ankrd2 with the
transcription factors p53 and YB1. We presume that some motif(s) within the N-terminal region of
Ankrd2 plays a role as a selecting element, which together with the ankyrin repeats forms a
structure able to bind selected proteins such as transcription factors.
The DNA sequence of the upstream region of Ankrd2 gene contains several putative binding sites
for muscle specific (MyoD and Nkx 2.5) and ubiquitous transcription factors (p53 and NFkB). It has
been previously shown that Ankrd2 expression is under the control of MyoD, a regulatory
component in muscle-specific gene expression. We investigated the presumed regulation of Ankrd
gene expression by p53 and Nkx 2.5. and we demonstrate that both transcription factors positively
regulate Ankrd2 promoter in mouse muscle cells C2C12. Cardiac specific protein CARP, that also
belongs to the MARP family, does not have any effect on activity of proximal Ankrd2 promoter
region, although it can bind DNK and acts as negative regulator of HF-1-dependent pathways for
ventricular muscle gene expression. But CARP moderately enhances up-regulation of Ankrd2
promoter mediated both with MyoD and p53, suggesting its role in fine tuning of Ankrd2 expression
mediated by p53 or MyoD. Using protein arrays we also identify several ubiquitous and muscle
specific transcription factors (HAND2, LHX2, MECP2, JUN) to have potential to bind proximal
Ankrd2 promoter.
CARP and Ankrd2 shares structural similarities. Investigating their functional similarities we have
identified p53 as another common binding partner, beside titin, YB1 and miopalladin. CARP not
only interacts with p53 but also modulate the p53-dependent expression of the cyclin-dependent
kinase inhibitor p21Waf1/Cip1 which promotes the cell cycle withdrawal that precedes terminal
differentiation, similar to Ankrd2.
Genomic data revealed existence of two additional forms of the Ankrd2 protein. The 49 kDa protein
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is identical to the Ankrd2 protein with the exception of an extra 118 aa at the N-terminus, whereas
the 36 kDa protein might result from alternative splicing. In order to characterise their functions
and interactions we defined several objectives to be achieved through close collaboration with the
Muscle Molecular Biology Group (MMB) of ICGEB Trieste: to produce peptide antibodies, to clone
the 49 kDa and 36 kDa forms and to analyse their expression in muscle cells. Peptides specific for
medium (MA) and long (LA) Ankrd2 forms were made by the ICGEB Peptide Synthesis laboratory.
In the MMB Group antibodies to these peptides were produced and the medium Ankrd2 form was
cloned. Expression analysis of long and medium forms in mouse myoblasts demonstrate that the
medium form can be detected both in the cytoplasm and the nuclei (more abundant in cytoplasm),
while the long form is predominantly localised in the nuclei of mouse muscle cells. We find these
results very interesting, bearing in mind the very low expression of Ankrd2 in non-differentiated
muscle cells.
Results Unforeseen in the Original Project:
Searching for novel binding partners of Ankrd2, the ICGEB MMB Group has demonstrated
interaction between the Z-band alternatively spliced PDZ-motif containing protein (ZASP) and
Ankrd2. ZASP is a sarcomeric protein expressed in human cardiac and skeletal muscle at the Z-disc
containing PDZ domains known to mediate assembly of specific multi-protein complexes by
recruiting downstream proteins in signalling pathways. In order to determine whether Ankrd2
interacts with some other PDZ domain proteins, protein arrays (TranSignal PDZ Domain Arrays,
Panomics) containing different PDZ domain proteins were used. We have identified eight proteins
interacting with Ankrd2: HtrA2 (High temperature requirement protein A2), RIL (Reversion-induced
LIM protein), SCRIB1-D4 (Scribble, Domain 4), PARD3-D3 (Partitioning-defective protein 3
homolog, atypical PKC isotype-specific interacting protein, Domain 3), MUPP1-D6 (multiple PDZ
domain protein, Domain 6), MUPP1-D13 (multiple PDZ domain protein, Domain 13), DLG5-D1
(discs large homolog 5, Domain 1), SNB1 (Beta-1-syntrophin, tax interaction protein 43,
dystrophin-associated protein A1, basic component 1) and RIM2 (regulating synaptic membrane
exocytosis, RAB3 interacting protein 3).
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SLOVAKIA
Title: X-ray structure of the core of Alzheimer’s disease Paired Helical Filaments
Principal Investigator: Rostislav Skrabana, Proteomic Laboratory, Institute of Neuroimmunology,
Slovak Academy of Sciences, Dubravska cesta 9, 84510 Bratislava, Slovakia. Tel: +421-254788100, ext.106, Fax: +421-2-54774276, E-mail: rostislav.skrabana@savba.sk
ICGEB Contract No.: CRP/05/013
ICGEB Reference No.: CRP/SVK05-01
Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder. In the brain of AD
patients, regions with loss of neurons overlap occurrence of the tau protein paired helical filaments
(PHF) deposits, which indicate important role of pathological conversion of tau protein for AD
development and progression. Notwithstanding notable effort to discover the structure of PHF,
there are no atomic-level structural data available yet. This lack of knowledge is principally due to
two facts: (i)Tau protein belongs to the intrinsically disordered proteins (IDP), it is highly soluble in
the aqueous solution and practically void of any detectable secondary structure (ii) tau protein
folded in PHF is highly insoluble, which precludes direct determination of the tertiary structure by
X-ray crystallography or NMR. As an IDP, tau proteins could attain its functional physiologic and/or
pathologic folding when interacts with its target molecule. We aimed to fix the oscillation of tau
protein fragments by specific monoclonal antibody and to solve the X-ray structure of the
complexes. Since the antibody bears a three-dimensional imprint its antigen conformation, pliable
recombinant tau protein chain will be modeled accordingly. Using PHF specific antibody, this
approach would shed light on the genuine structure of PHF.
Objectives:
The major objective of the project was to determine the X-ray structure of recombinant tau protein
analogues of the protease resistant core of PHF in AD, using PHF core specific monoclonal antibody
MN423. MN423 was raised against protease-digested preparation of PHF and represents a
molecular imprint of the protease resistant PHF core found in AD.
Original Objectives:
(i) Refined mapping of tau protein sequence able to be folded after interaction with MN423 into PHF
core-like fold;
(ii) Preparation of crystals of monoclonal antibody alone and in complexes with tau protein and
their characterisation;
(iii) Determination of structure of MN423 alone and in complex with tau protein fragments,
determination of structural features of PHF core.
Results Obtained:
(i) We have developed chromatography procedure for preparation of large amount of
crystallography-grade Fab fragment of monoclonal antibody MN423, applicable for purification of
other mouse IgG2b Fab fragments.
(ii) We determined the minimal extent of recombinant PHF core tau protein analogues (tau321391), necessary for two-phase interaction with MN423, which is the marker for the tau protein
folding after complex formation.
(iii) We prepared crystals of MN423 Fab with one and four molecules in asymmetric unit diffracting
to 2.0 and 3.0 Å, respectively and crystals of MN423 Fab fragment with tau peptides derived from
the C-terminus of PHF core, namely TDHGAE, DHGAE, AKAKTDHGAE diffracting to 1.6, 2.5 and 2.8
Å, respectively. Diffraction data sets for all prepared and characterised crystals were collected on
synchrotron source at 100 K.
(iv) We determined the structure of MN423 Fab fragment complexed with C-terminal PHF core tau
peptide TDHGAE and of free MN423 Fab with one molecule in asymmetric unit by molecular
replacement using structure of randomly chosen Fab fragment (PDB code 1NBV) and MN423TDHGAE as searching model, respectively. After refinement the R-factor was 16.0% for the
TDHGAE complex whereas 22.2% for MN423 Fab fragment alone. The structure of TDHGAE
complex is deposited in PBD under code 2v17. Independent modeling of DHGAE peptide in the
complex of MN423 by molecular dynamics gave excellent agreement between in silico structure
and crystallographic model.
(v) We analysed the structure of C-terminal PHF core fragment TDHGAE with respect to the overall
PHF structure. Structural analysis suggested important role of the core PHF C-terminus for PHF
assembly.
Results Unforeseen in the Original Project:
(i) We have developed a method for purification and storage of monomeric tau protein without the
use of an exogenous reductant. This method may serve for designing of storage strategies for
other disordered proteins and/or for proteins with exposed reactive cysteine sulphydryls.
(ii) As a consequence of obtained results we proposed a general method for determination of
structure of disordered proteins by diffraction methods using specific monoclonal antibodies as
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molecular molds. We developed a set of antibodies with the possibility to achieve this objective on
a larger part of tau protein.
(iii) We analysed the process of affinity maturation of PHF core-specific monoclonal antibody
MN423 on the bases of the structure of its antigen binding site, identified germ-line mutations and
observed binding contacts.
Publications:
Csokova, N., Skrabana, R., Urbanikova, L., Kovacech, B., Popov, A., Sevcik, J., Novak, M.
Preparation, crystallisation and preliminary X-ray analysis of the Fab fragment of monoclonal
antibody MN423, revealing the structural aspects of Alzheimer's Paired Helical Filaments. 2006.
Prot. Pept. Lett. 13, 941-944
Skrabana, R., Sevcik, J., Novak, M. Intrinsically Disordered Proteins in the neurodegenerative
processes: Formation of Tau protein Paired Helical Filaments and their analysis. 2006. Cell. Mol.
Neurobiol. 26, 1085-1097
Skrabana, R., Skrabanova, M., Csokova, N., Sevcik, J., Novak, M. Intrinsically Disordered Tau
Protein in Alzheimer’s tangles: a coincidence or a rule? 2006. Brat. Med. J. 107, 354-358
Sevcik, J., Skrabana, R., Dvorsky, R., Csokova, N., Iqbal, K., Novak, M. X-ray structure of
the PHF core C-terminus: Insight into the folding of the Intrinsically Disordered Protein Tau in
Alzheimer's disease. 2007. FEBS Lett. 581, 5872-5878
Sevcik, J., Skrabana, R., Kontsekova, E., Novak, M. Structure solution of misfolded
conformations adopted by Intrinsically Disordered Alzheimer's Tau Protein. 2009. Prot. Pept. Lett.
16, 61-64
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SLOVENIA
Title: Human papillomavirus proteins and the host cell sumoylation system
Principal Investigator: Helena Šterlinko Grm, Laboratory for Environmental Research, University
of Nova Gorica, Vipavska 13, POB 301, SI-500 Nova Gorica, Slovenia. Tel: +386-5-3315388, Fax:
+386-5-3315296+, E-mail: helena.grm@p-ng.si
ICGEB Contract No.: CRP/05/014
ICGEB Reference No.: CRP/SLO05-01
Abstract: The project was addressing the SUMO modification and its role in controlling the
functional properties of proteins encoded by the human papillomavirus (HPV), an important human
pathogen. Sumoylation is an enzymatic process that regulates numerous biological processes. It
has been shown that sumoylation modulates function of many transcription factors and other
proteins, including some viral proteins. The exact effect of sumoylation on viral proteins appears to
be substrate specific and has functional consequences that are likely to be important for the viral
life cycle. Detailed understanding of the sumoylation system and its role in HPV viral infection could
provide a wealth of information on central pathways regulating the HPV life cycle and hence offer
new therapeutics for viral infection and virus-induced cancers. We showed in the project that HPV
16 L2 is indeed strongly sumoylated and the principal sumoylation site has been identified.
Studying the effect of HPV L2 protein on POD organisation, we provided evidence that that L2
induces a reorganisation of PML protein (a major component of PODs) that is HPV type-specific.
Furthermore, we show that L2 proteins from low-risk (HPV 11) and high-risk (HPV 16) types each
target different PML isoforms, suggesting that targeting specific PML isoforms might be associated
with different outcomes of an HPV infection.
Objectives: The overall aim of the project was to enhance the understanding of the posttranslational modifications of high-risk HPV by sumoylation and its role in HPV viral infection
Original Objectives:
Based on previous finding that HPV E1 protein is sumoylated, we hypothesised that other HPV
proteins carry the same modification and that the viral proteins could affect sumoylation of cellular
proteins. Several aspects of the post-transcriptional modification by SUMO of the HPV encoded
proteins were suggested to be investigated in the project including:
(i) the contribution of sumoylation to different viral proteins;
(ii) an in depth investigation of the cell localisation of L2, if sumoylated;
(iii) the associations between L2 and different viral proteins following sumoylation;
(iv) the L2-POD association and modulation of the sumoylated status of different PML isoforms by
L2.
Results Obtained:
(i) Analysis of the HPV L2 interaction with the SUMOylation machinery.
First, we successfully subcloned HPV 16 L2 and 11 L2 proteins in a pcDNA backbone carrying HA
and 2x FLAG tags. We then performed in vivo sumoylation experiments with tagged-HPV 16 L2
plasmid. Western blot analyses revealed strong sumoylation by SUMO-2 and SUMO-3, and to
smaller extend also by SUMO-1. Fluorescence microscopy showed distinct nuclear colocalisation of
HPV 16 L2 with all three SUMO isoforms, expressed either exogenously or endogenously. A short
consensus sequence ΨKXE has been described as a SUMO acceptor site in most of the known
SUMO substrates. The HPV L2 was searched for lysines present in this consensus or close matches,
and one lysine was identified as possible sumoylation site: Lys-35. Substitution mutation confirmed
lysine 35 of the SUMO motif (K35 mutant) as the principal residue for conjugation of SUMO to HPV16 L2, but there is at least one other lysine involved in the sumoylation.
Based on known effects of sumoylation on its substrates, it was expected that putative SUMO
conjugation to L2 could influence L2 activities in different ways. Western blotting and
immunofluorescence analyses showed that expression level and intracellular localisation of HPV-16
L2 K35 mutant were not notably changed. In terms of functional relevance of SUMO modification,
we obtained some data showing stabilisation of HPV-16 L2 protein in cells co-transfected with
SUMO proteins. However, additional experiments are needed for the confirmation that SUMO
modification indeed results in alteration of L2 stability.
(ii) Analysis of the change in the sumoylation status of cellular (POD components) or other viral
proteins in the presence of L2.
PODs (promyelocytic oncogenic domains or nuclear domain 10; ND10s) are poorly understood
nuclear entities composed principally of the PML protein and numerous affiliated proteins. Although
a great deal has been done in comparing the function of the viral oncoproteins derived from high
and low risk HPV types, there is little information on potential differences between the structural
proteins of these different virus types. In order to get more detailed information on the interactions
between L2 and PML proteins, we performed a cell co-localisation studies using the PML isoforms
and L2 of different low- (HPV 11) and high-risk (HPV 16) HPV types. We found that the HPV 11 and
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16 L2 cause the redistribution of PML protein from a distinct intranuclear punctuate pattern to its
accumulation in gross L2-staining nuclear bodies. Colocalisation studies on HPV 11 or HPV 16 L2
showed that a minority of ND10 bodies is not relocalised by either HPV 11 or HPV 16 L2,
suggesting that differences in affinity for particular PML isoforms may play a role. Increasing
evidence points to alternatively spliced PML isoforms having different roles in diverse biological
processes. In agreement with this concept, we found that HPV L2 colocalises with different subsets
of exogenously expressed PML isoforms, depending on the HPV type. Both HPV types colocalise
with PML isoform I and PML isoform II. In comparison to HPV 11 L2, high risk HPV type 16 L2
protein colocalises also with PML IV isoform. Altogether, these results confirm that POD structures
have different PML compositions and suggest that the viral L2 protein targets only a subset of
those isoforms that are most likely important for specific viral activities. The important question
remains whether targeting different sets of PML isoforms by L2 could lead to different progression
and outcome of an HPV infection.
In order to further investigate connection between viral L2 and host PML protein, we performed a
set of experiments in PML-/- cells. L2 appeared in dotted pattern in up to 15% of transfected cells
even in the absence of PML protein, indicating that PML protein could not be the only protein that
mediates L2 targeting to nuclear bodies. To investigate Daxx as a possible link between L2 and
PML proteins, we found that L2 is not being recruited to PODs via Daxx either. It remains to be
determined what are the mechanisms and the proteins involved in the of HPV-type specific
reorganisation of PML protein. Co-transfection of HPV-16 L2 and different PML isoform in PML-/cells confirmed the pattern of PML-L2 colocalisation that has been observed previously in U2OS and
HaCat cells. In addition, western blotting analysis showed no change in the expression levels of
PML isoforms in the presence of HPV 16 L2.
Results Unforeseen in the Original Project:
We provide evidence that L2 induces a reorganisation of PML protein (a major component of
PODs), that is HPV type-specific. Furthermore, we show that L2 proteins from low-risk (HPV 11)
and high-risk (HPV 16) types each target different PML isoforms. Our results also demonstrate that
POD structures have different PML compositions and suggest that targeting specific PML isoforms
might be associated with different outcomes of an HPV infection.
Publications:
Sterlinko Grm, H., Bergant, M., Banks, L. Human Papillomavirus infection, cancer and therapy.
2008. Indian J. Med. Res. (accepted for publication)
Bergant, M., Massimi, P., Banks, L., Sterlinko Grm, H. Interaction of Human Papillomavirus
(HPV) minor capsid protein L2 with different PML isoforms is HPV type-specific (under revision)
Bergant, M., Licen, M., Banks, L., Sterlinko Grm, H. Modification of HPV-16 minor capsid
protein L2 by SUMO proteins (in preparation)
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SYRIA
Title: Evaluation of insect resistant transgenic sugarbeet expressing Bacillus thuringiensis toxins
Principal Investigator: George Saour, Atomic Energy Commission of Syria, Biotechnology
Department, P.O. Box 6091, Damascus, Syria. Fax: +963-11-6112289, E-mail: gsaour@aec.org.sy
ICGEB Contract No.: CRP/05/016
ICGEB Reference No.: CRP/SYR05-02
Abstract:
Three laboratory colonies of the cotton bollworm Helicoverpa armigera Hübner, the black cutworm
Agrotis ipsilon Hufnagel, and the Egyptian cotton worm Spodoptera littoralis Boisduval were
successfully initiated on an artificial diet. Development and survival of S. littorals larvae on food
substrate (detached leaf bioassay) containing toxins of Bacillus thuringiensis were evaluated. Sugar
beet transgenic plantlets obtained from the Egyptian National Research Centre were sub-cultured
on suitable media and maintained under optimum conditions to allow the growth of these plantlets.
PCR-based approaches were utilised to confirm the presence of Cry1Ac in sugar beet transgenic
plantlets. Gus assay was also deployed to assess the expression level of the transgene. Only one
line showed reasonable level of expression, while others showed either a very weak or no
expression. The plantlets are now being acclimatised and will be evaluated for insect resistance in
the laboratory and in the field.
Original Objectives:
The original objectives of our project were as follows:
(i) Establishment of laboratory colonies of three important Lepidoptera;
(ii) Molecular analysis of transformed plants;
(iii) Field and biological evaluation of selected Bt- sugar beet transgenic plants.
Results Obtained: The insect colonies were maintained, and the molecular analysis of Bt-sugar
beet plantlets were initiated.

25

ICGEB CRP Research Grant Programme

Projects completed in 2009

VENEZUELA
Title: Analysis of α-1,3-glucan synthesis in Paracoccidioides brasiliensis
Principal Investigator: Gustavo Niño-Vega, Instituto Venezolano de Investigaciones Científicas
(IVIC), Centro de Microbiología y Biología Celular, Apartado Postal 20632, Caracas 1020A,
Venezuela. Tel: +58-212-5041364, Fax: +58-212-5041382, E-mail: gnino@ivic.ve
ICGEB Contract No.: CRP/05/017
ICGEB Reference No.: CRP/VEN05-01
Abstract: The presence of single AGS1-like and α-1,3-glucanase (AGN1 ) genes in the P.
brasiliensis genome suggests that during yeast-like cell growth and their translated products
PbrAgs1 and PbrAgn1 could be involved in the cell wall building and remodelling by the synthesis
and hydrolysis of the only type of α-1,3-glucan present in the P. brasiliensis cell wall (a long linear
chain of glucose units joined by α-1,3-linkages which are occasionally branched by a single glucose
moiety joined to the main chain by α-1,4-linkages). Results are inconclusive regarding the putative
role as α-amylase domain of the periplasmic domain of PbrAgs1. The impossibility during the
present work to produce deletion mutants for PbrAGS1 and PbrAGN1 might suggest that in P.
brasiliensis, the presence of α-1,3-glucan could be required for survival. Growth of P. brasiliensis Y
phase cultures in YPG supplemented with 5% horse serum (HS) lead to an increase in the α-1,3glucan content of the Y cell wall, accompanied by a slight increased in the level of expression of
AGS1 but a higher increase in the level of expression of RHO2. This suggests a post-transcriptional
regulation of P. brasiliensis AGS1, as in S. pombe, where AGS1 is post-transcriptionally regulated
by Pck2 through the product of RHO2. Comparison of the levels of expression of P. brasiliensis
AGS1 and RHO2 shows a direct correlation, suggesting a similar role of Rho2 in P. brasiliensis as
the one reported in S. pombe.
Objectives:
(i) Cloning of domains 1 (amylase homologous domain, ADH) and 2 (glycogen or starch synthases
homologous domain, G/SSHD) of the α-1,3-glucan synthase gene of P. brasiliensis into a
Saccharomyces cerevisiae expression vector, and heterologous expression of each domain;
(ii) Determination of the enzymatic activity of the expressed domains 1 and 2 of the α-1,3-glucan
synthase from P. brasiliensis;
(iii) Production of P. brasiliensis mutants for domains 1, 2 and 3 and determination of effect of the
different mutants on cell wall architecture and survival of the fungus in vitro;
(iv) Use of α-amylase inhibitors on P. brasiliensis cultures, and analysis of cell wall architecture;
(v) Cloning of the 5’ region of the P. brasiliensis α-glucanase gene PbrAGN1;
(vi) Cloning into a S. cerevisiae expression vector and heterologous expression of the complete
PbrAGN1 gene;
(vii) Corroborate the enzymatic activity of the PbrMut1 protein;
(viii) Production of P. brasiliensis mutants for PbrAGN1 and effect of the mutation on P. brasiliensis
cell wall architecture and survival in vitro.
Results Obtained:
Although the biochemical analyses were performed, results are inconclusive regarding the putative
role as α-amylase domain of the periplasmic domain of PbrAgs1. The impossibility during the
present work to produce deletion mutants for PbrAGS1 and PbrAGN1 might suggest that in P.
brasiliensis, the presence of α-1,3-glucan could be required for survival.
Results Unforeseen in the Original Project:
Biochemical analysis of cell wall alpha-1,3-glucan lead to determine that in P. brasiliensis, its cell
wall alpha-1,3-glucan is made of a linear α-1,3-glucan chain, with occasional side chains of single
glucose units α-1,4-linked, a structure that modifies the previously one proposed by Kanetsuna et
al. (J. Bacteriol. 1971, 110:208-218); in which 1,4/1,6-linkages in rows of six were inserted within
the 1,3-main chain, and additional similarly structured long side chains were joined as a block to
the main chain by unknown types of linkage. Also, gene expression studies of P. brasiliensis AGS1
and RHO2 during growth of P. brasiliensis Y phase cultures in YPG supplemented with 5% horse
serum (HS) lead us to suggest a post-transcriptional regulation of P. brasiliensis AGS1, where it is
post-transcriptionally regulated by Pck2 through the product of RHO2.
Publications:
Sorais, F., Barreto, L., Leal, J.A., Bernabé, M., San-Blas, G., Niño-Vega G. Cell wall glucan
synthases and GTPases in Paracoccidioides brasiliensis. 2009. Med. Mycol. (in press)
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VIET NAM
Title: Molecular understandings of zoonotic Clonorchiasis, Opisthorchiasis, human Facioliasis and
Fasciolopsiasis in Viet Nam
Principal Investigator: Thanh Hoa Le, Head of Immunology Department, Head of Molecular
Parasitology Laboratory, Institute of Biotechnology, 18 Hoang Quoc Viet Rd., Cau Giay District,
Hanoi, Viet Nam. Tel: +84-4-37567297, Fax: +84-4-38363144, E-mail: imibtvn2@gmail.com,
immune9lth@gmail.com
ICGEB Contract No.: CRP/05/019
ICGEB Reference No.: CRP/VIE05-02
Keywords: mitochondrial, mitogenomics, gene content, gene order, phylogeny, hybrid,
genotypes, multiplex-PCR
Abstract:
Mitochondrial genomics: The complete mitochondrial DNA (mt) sequences for small liverflukes,
Clonorchis sinensis (14461 bp) and Opisthorchis viverrini (14046 bp), for giant intestinal fluke,
Fasciolopsis buski (L2 strain pig and human isolates), large liverfluke Fasciola gigantica (13924
bp), were obtained and annotated with O. felineus (14279 bp, recently available in GenBank,
EU921260) and other platyhelminths available to date. The organisation of these genomes is
completely similar to those of trematodes except African schistosomes in the Platyhelminthes
phylum known to now. There are 12 protein-coding, 2 ribosomal and 22 transfer RNA genes. One
gene (atp8) commonly found in other phyla is absent from these flukes. The nad4L and nad4
overlap each other by 40 bp at 3’ end of nad4L and 5’ end of nad4. From 33 complete mt genomes
of platyhelminths, it revealed that the total length of protein-coding genes is around 10-10.1 kb in
the cestodes, and ~10.1-10.4 kb in the trematodes. The A+T usage for protein genes is different:
the schisotomes and tapeworms use of over 70% while the fasciolids/opisthorchiids around 6064%, and the least usage of A+T is among the paragonimids (51.6%). In fasciolopsids, a repeat
region, includes identical tandem repeats of 104 bp each, 4 fragments in F. buski (pig): 5 in F.
buski (human); which are flanked by an imperfect (84 bp) and the short non-coding region (SNR)
of 102 bp. An array of 2 perfect of exactly identical 86 bp in F. gigantica and 8 of 85 bp in F.
hepatica followed up by an imperfect tandem repeat of different size (70 bp in F. gigantica, and 85
bp in F. hepatica). Opisthorchiids contain no tandem repeats but only loop and hairpin. Interspecific divergence is 20-30%, respectively. Most tRNAs have standard clover-leaf structure with
exceptions for Serine (trnS1; trnS2) and Leucine (trnL1; trnL2). Codon usage in the four strains
are similar to each other. These new mitochondrial genomic data for a range of zoonotic flukes
provide
an
extremely
rich
and
valuable
source
of
genetic
markers
for
speciation/diagnosis/identification,
biogeography,
phylogenetics,
variation/hybridisation
of
genotypes, population genetics, molecular epidemiology, and possibly, new insights into
mitochondrial function for targeting drugs. Molecular epidemiological studies revealed that:
- the Viet Namese Fasciola spp in buffaloes, cows, goats and human belonged to two genotypes: a
pure F. gigantica and a hybrid form between F. gigantica and F. hepatica;
- the giant intestinal flukes (F. buski) showed no genetically different variation between pig and
human isolates;
- the small liverflukes (C. sinensis and O. viverrini) ovelap in central provinces of Viet Nam, for
which the multiplex-PCR has been developed to detect.
Objectives:
The major objective of this project was to obtain and to analyse the entire mt genomes of four
common zoonotic parasitic species (i.e., Clonorchis sinensis; Opisthorrchis viverrini; Fasciolopsis
buski; Fasciola gigantica) in order to provide conserved regions of sequence for PCR primer design
for further amplification/investigation/analysis of other platyhelminths and varied regions for
diagnostics and systematics-based studies, as well as for the use of these genetic markers to study
molecular epidemiology of zoonotic parasites in Viet Nam and other parts of the world.
Original Objectives:
(i) To obtain the complete sequence for mitochondrial (mt) DNA genome for: (a)
Clonorchis sinensis (Viet Namese strain); (b) Opisthorchis viverrini (Thai strain); (c) Fasciolopsis
buski (Viet Namese strain), pig and human isolates; and (d) Fasciola gigantica (Indonesian strain);
(ii) To annotate the gene composition, gene content and codon usage in mt genome
of these species;
(iii) To analyse genetic variation of mitochondrial genes/genomes within strains/isolates of each
species; and between them and other trematodes and cestodes;
(iv) To clarify whether Fasciola gigantica (pure and/or genetically modified species) is the main
cause of human fascioliasis in Viet Nam and to address how much the genetic variation is in
comparison to Fasciola hepatica or pure F. gigantica);
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(v) To investigate and molecular analyse human Fasciolopsis buski and genetic relations between
human and animal isolates;
(vi) To develop a sensitive, one-step (multiplex) PCR-based diagnostic kit(s) for different life-stage
forms of these four species from different hosts including humans, fishes and animals;
(vii) To map, first time, the occurrence of these four zoonotic species (particularly, to fix
clarification of the overlapping geographic distribution of C. sinensis and O. viverrini) in Viet Nam.
Results Obtained:
During the 3 years of the ICGEB project (2006-2008) we have obtained several achievements:
Complete mitochondrial genomes for Opisthorchis viverrini, Clonorchis sinensis, Fasciolopsis buski,
Fasciola gigantica: data support to clarify taxonomic discrimination in the Platyhelminthes.
The complete mtDNA sequences for the Asian small liverflukes, C. sinensis (Nam Dinh strain of Viet
Nam) (14461 bp) and O. viverrini (Khon Kaen strain of Thailand) (14046 bp); for the large
liverfluke F. gigantica (Indonesian strain) (13924 bp), and for the giant intestinal fluke F. buski
(FbL2 strain for pig, and FbN strain for human, of Viet Nam) were obtained. The entire mtDNA size
for C. sinensis is 14461 bp; for O. viverrini is 14046 bp; for F. gigantica is 13882 bp; for F. buski
(pig) is 14416 bp; for FbN (human) is 14520 bp. Annotation has been made for mtDNA sequence
of these trematodes and O. felineus (14279 bp, recently available in GenBank, EU921260). The
organisation of these genomes is completely similar to those of trematodes except African
schistosomes in the Platyhelminthes phylum known to now (see Le et al., 2002). There are 12
protein-coding, 2 ribosomal and 22 transfer RNA genes. One gene (atp8) commonly found in other
phyla is absent from these flukes. The nad4L and nad4 overlap each other by 40 bp at 3’ end of
nad4L and 5’ end of nad4. With 33 complete mtDAN genomes of platyhelminths available to date,
the total length of protein-coding genes (calculation by adding of the sequence for 12 proteincoding genes) is around 10-10.1 kb in the cestodes, and ~10.1-10.4 kb in the trematodes and
others. the A+T usage for building up the protein genes, however, makes the platyhelminths to
divide into different patterns: the schisotomes and tapeworms use of over 70% while the
fasciolids/opisthorchiids around 60-64%. The least usage of A+T is among the paragonimids
(51.6%). The flukes have short non-coding region with tandem repeats and hairpin and loop
structure. In fasciolopsids, a repeat region, between trnE and cox3, includes identical tandem
repeats of 104 bp each, 4 fragments in F. buski (pig): TR2, TR3, TR4, TR5; 5 in F. buski (human):
TR2, TR3, TR4, TR5, TR6; which are flanked by an imperfect TR1 (84 bp) and the short non-coding
region (SNR) of 102 bp. In Fasciola spp, likewise, an array of 2 perfect tandem repeats (TR1, TR2)
of exactly identical 86 bp each in F. gigantica and 8 TRs of 85 bp each (TR1-8) in F. hepatica have
been found; as well as followed up by an imperfect TR of different size (70 bp in F. gigantica,
termed as TR3 and 85 bp in F. hepatica, termed as TR9). Opisthorchiids contain of loop and hairpin
sequences but no tandem repeats. Inter-specific divergence is 20-30%, respectively. Most tRNAs
have standard clover-leaf structure with exceptions for Serine (trnS1; trnS2) and Leucine (trnL1;
trnL2). Codon usage in the four strains are similar to each other. These new mitochondrial genomic
data for a range of zoonotic flukes provide an extremely rich and valuable source of genetic
markers
for
speciation/diagnosis/identification,
biogeography,
phylogenetics,
variation/hybridisation of genotypes, population genetics, molecular epidemiology, and possibly,
new insights into mitochondrial function for targeting drugs.
Molecular epidemiological studies.
Molecular analysis revealed that the Viet Namese Fasciola spp in buffaloes, cows, goats and human
belonged to two genotypes: a pure F. gigantica and a hybrid form between F. gigantica and F.
hepatica (Le, et al., 2007; 2008). The giant intestinal flukes (F. buski) showed no genetically
different variation between pig and human isolates, except for the different number of minisatellies
in mtDNA genome. The small liverflukes (C. sinensis and O. viverrini) ovelap in central provinces of
Viet Nam, for which the multiplex-PCR developed by us (Le, et al., 2006) could be useful tool for
discrimination.
Results of publications and education.
Four peer-reviewed papers in the international journals (Exp. Parasitol., 2006; J. Clin. Microbiol.,
2007; Am. J. Trop. Med. Hyg., 2008; and Intl. J. Parasitol., 2008) have been published, several
manuscripts are in preparation, and five papers in national Viet Namese journals with English
abstract available. In addition, a Ph.D. was obtained from the work carried out by this grant.
Results Unforeseen in the Original Project:
We have expected the size of mt genes in these four species similar to those of the previously
sequenced platyhelminths, but in fact, the cox2 gene in C. sinensis (636 bp), O. viverrini (645 bp)
and O. felineus (639 bp) is unusually longer than the average size in other platyhelminths
(approximately, 591-603 bp).
Networking:
The above achievements were obtained in collaboration, nationally, with: i) Assoc. Prof. Nguyen
Van De of Hanoi Medical University; ii) Dr. Nguyen Thi Giang Thanh of National Institute of
Veterinary Research; iii) Ms. Nguyen Thi Bich Nga, Ms. Nguyen Thi Tuyet Nhung, Ms. Vu Thi Tien of
the Institute of Biotechnology. Internationally with: i) Prof. David Blair of James Cook University
(Towsville, Australia); ii) Assoc. Prof. Yukita Sato Department of Veterinary Medicine, College of
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Bioresource Sciences, Nihon University (Fujisawa, Japan); iii) Prof. Takeshi Agatsuma, Department
of Environmental Health Sciences, Kochi Medical School (Kochi, Japan); iv) Prof. Donald P McManus
of Queensland Institute of Medical Research (Brisbane, Australia).
Publications:
Le, T.H., De, N.V., Blair, D., Sithithaworn, P., McManus, D.P. Clonorchis sinensis and
Opisthorchis viverrini: development of a mitochondrial-based multiplex PCR for their identification
and discrimination. 2006. Exp. Parasitol. 112(2), 109-114
Le, T.H., De, N.V., Agatsuma, T., Blair, D., Vercruysse, J., Dorny, P., Nguyen, T.G.,
McManus, D.P. Molecular confirmation that Fasciola gigantica can undertake aberrant migrations
in human hosts. 2007. J. Clin. Microbiol. 45(2), 648-650
Le, T.H., De, N.V., Agatsuma, Nguyen, T.G.T., Nguyen Q.D., McManus D.P. and Blair, D.
Human fascioliasis and the presence of hybrid/ introgressed forms of Fasciola in Viet Nam. 2008.
Int. J. Parasitol. 38(6), 725-730
Lotfy, W.M., Brant, S.V., DeJong, R.J., Le, T.H., Demiaszkiewicz, A., Kinsella, J.M.,
Rajapakse, R.P.V.J., Perera, B.V.P., Laursen, J.R., Mkoji, G.M., Loker, E.S. Phylogenetic
relationships among flukes of the family Fasciolidae railliet, 1895 with implications regarding their
evolutionary biology and biogeography. 2008. Am. J. Trop. Med. Hyg. 79(2), 248–255
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BRAZIL
Title: Genomics strategies to determine the functional role of the stress-related genes in rice
(Oryza Sativa)
Principal Investigator: Márcia Margis-Pinheiro, Plant Genetics Laboratory, Department of
Genetics, Institute of Biosciences, Federal University of Rio Grande do Sul, Av. Bento Gonçalves,
9500 Prédio 43312, Caixa Posta 15053, Porto Alegre RS CEP 91501-970, Brazil
ICGEB Contract No.: CRP/06/003
ICGEB Reference No.: CRP/BRA06-02
Abstract: In view of the social and economic importance of rice and due to the extremely harmful
effects of stress in agriculture, the development of detailed knowledge about the mechanisms
controlling the interactions between these stresses and plant responses to environmental stimuli
constitutes an essential issue in plant molecular biology. In this project, strategies of reverse
genetics, subcellular localisation and gene expression pattern analyses were combined to
determine the functional role of stress-related genes on plant defence mechanisms. Special
emphasis was dedicated to genes encoding enzymes of the antioxidant defences and those
differentially expressed in response to environmental stress such as aluminum excess.
Reactive Oxygen Species (ROS) are continually produced by aerobic metabolism. Under biotic and
abiotic stresses, the production is enhanced and the ROS toxicity can lead to cell damage.
Ascorbate peroxidase (APx) is a fundamental enzyme of the antioxidant metabolism. In rice, APx
are encoded by a small multigene family, and the different isoforms are classified according to their
subcellular localisation: cytosolic, peroxisomal, mitochondrial or chloroplastic. The analysis of
plants knock-down for different APx genes revealed a very complex network operating in plant cell
with each isoform of APx playing a specific role in stress response and plant development.
The ASR (ABA, Stress and Ripening) genes are induced by stress and abscisic acid (ABA) in plants,
and their expression levels are quickly increased in response to salinity and drought. In addition to
these stresses, aluminum excess constitutes also an important constraint affecting crop production.
Despite of the fact that rice is considered one of the most resistant crops to Al, the basic
mechanisms of tolerance to this metal are poorly known when compared to other crops. Our
results revealed that, in rice, ASR genes play an important role in the defense mechanism against
aluminum excess.
Objectives:
The aim of this project was to identify genes and products involved in molecular mechanisms of
defence against environmental stress, via functional genomics studies. The main strategy adopted
consisted of the production of transgenic lines of rice silenced on different genes related to abiotic
stress defences. The analyses of transgenic rice harbouring hairpin constructs, in face of the
different stress conditions, can contribute to determine the function of each gene in the plant
defense mechanism. In addition, the characterisation of the expression pattern of genes related to
the antioxidant defense system and aluminum excess was also focused. The determination of the
subcellular location of stress-related proteins was accessed by the production of a collection of
protein-GFP fusion vectors.
Original Objectives:
Three subprojects compose this proposal: (i) the first one consisted on the production of transgenic
plants carrying RNAi constructs of different stress-related genes in rice; the second focused on the
subcellular characterisation of the products of stress-related genes while the goal of third one was
the expression analysis of the stress-related genes.
Results Obtained:
Previously, we identified the existence of eight APx genes in the nuclear genome of rice, encoding
isoforms that are located in different subcellular compartments. The expression pattern of APx
genes was analysed in response to abiotic stress conditions such as treatment with toxic
concentrations of aluminum, cold, drought and exposition to exogenous hydrogen peroxide. The
eight OsAPx genes presented different expression patterns in response to the tested stressful
conditions, indicating that these genes are under a complex mode of regulation. To address the
functional role of the OsAPx isoforms, we generated transgenic rice plants carrying RNAi constructs
target to APx-encoding genes. Individual silencing of OsAPx1 and OsAPx2 genes resulted in a
strong commitment of plant development producing semi-dwarf and sterile plants. On the other
hand, transgenic double APx1/2-silenced plants exhibited normal development. In spite of this, the
reduction of both cytosolic APx function in the double silenced plants correlates with a global
reduction of APx activity, which strongly impacts the whole antioxidant system regulation. APx1/2
silenced plants showed increased H2O2 accumulation under control and stress situations with
impacts in the transcriptome of these plants. These transgenic plants also presented higher
tolerance to toxic concentration of aluminum when compared to wild type plants. The responses of
the APx1/2 knock-down plants to the UV radiation and aluminum treatments revealed that the lack
of cytosolic APx was compensated by other antioxidant enzymes and the acclimation could be
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signalled by the increased content of H2O2. Microarray analysis was carried out to characterise the
global expression pattern of this mutant line in comparison with the wild type plants. The
microarray results showed a modulation of the transcript accumulation for a group of genes with
different functions. The reduction of the transcript level accumulation of OsAPx1 and OsAPx2 genes
was confirmed in the microarray experiments.
The double silencing of rice OsAPx3 and OsAPx4 genes resulted in smaller plants and presenting a
reduced number of seeds when compared to the wild type plants. In addition, these plants seem to
be more sensitive to the senescence. On the other hand, in the double APx3/4 silenced transgenic
plants, other OsAPx gene expression is not altered. Rice lines carrying RNAi to silence OsAPx7 and
OsAPx8 individually, presented reduction of about 90% of expression of both genes when
compared to the expression assayed in non-transformed plants. The level of expression of different
OsAPx genes in response to the silencing of genes encoding chloroplastic isoforms was also
analysed. The results showed that the expression of the most genes of the OsAPx family was not
altered in response to the silencing of genes OsAPx7 and OsAPx8. Only peroxisomal OsAPx3 was
affected by the silencing of the OsAPx8 gene. Transgenic lines double knock-down for both
chloroplastic APx (OsAPx7 and OsAPx8) were also obtained. They do not present evident
phenotype alterations, but present a tendency to be smaller than non-transformed plants. In
addition, similar to the plants knock-down for OsApx7 and OsApx8 individually, the double knowdown of OsAPx7 and OsAPx8 genes also produced sterile plants. The physiological responses of
plants to different types of stress are currently under analysis.
ASR (ABA, Stress and Ripening) genes are induced by stress and abscisic acid (ABA) in plants, and
their expression level is quickly increased in response to salinity and drought. Analyses of
transcript accumulation by RT-qPCR showed that in the spp Japonica all ASR genes responded to
aluminum. In contrast, OsASR5 do not suffer expression modulation in response to Al in rice roots
of spp Indica. These differences in response of OsASR5 gene in distinct varieties may reflect
differences in aluminum tolerance degree of each genotype. Plants carrying RNAi constructs target
to the OsASR genes were obtained. Due to the high level of similarity among OsASR gene
sequences, the RNAi construct target all six genes simultaneously. RT-qPCR analyses, reveal that
all genes belonging to the ASR family were silenced. Transgenic plants containing RNAi-ASR
constructs presented delayed flowering and their panicles produced fewer number of seeds. In
addition, the reduced number of trichomes in the leaves and in the seed coat is remarkable.
Transgenic plants were submitted to aluminum treatment and drought stress. Seedlings submitted
to aluminum (60 mg. L-1) were less tolerant to the treatment and presented significant reduction
of root development under aluminum excess. This result confirms the involvement of ASR proteins
in the response to the aluminum stress. In addition to the stress produced by aluminum we also
submitted RNAi-ASR plants to drought stress for 15 days. It was evident the enhanced sensitivity
of transgenic silenced plants in relation to the non-transformed plants to this condition. All
together, these results revealed the involvement of ASR genes with plant development and in
response to the stress produced by drought and aluminum treatment.
Results Unforeseen in the Original Project:
In a previous phylogenetic study of APx genes (Teixeira et al., 2004), an additional group of
sequences closely related to APx was found in rice and in other plants. During the development of
the present project we found that this additional group of genes belongs to a new family of
putative heme peroxidases (HPx), which are encoded by a single-copy gene present only in higher
plants. HPx genes arose from the class I heme peroxidases, and although their protein structure is
related to this class of peroxidases, the active site diverged and contains a set of new and
conserved substitutions. HPx-knockdown rice plants have a disturbed steady-state of the
antioxidant system, indicating that this gene is essential for the normal functioning of the
antioxidant system. Finally, we also showed that the accumulation of HPx transcripts in rice is
regulated by different abiotic factors: drought, UV irradiation, cold and aluminum treatment
(Lazzarotto et al., 2010).
Publications:
Rosa, S.B., Caverzan, A., Teixeira, F.K., Lazzarotto, F., Silveira, J.A.G., Ferreira-Silva, S.L.,
Abreu-Neto, J., Margis, R., Margis-Pinheiro, M. Cytosolic APx knockdown indicates an
ambiguous redox responses in rice. 2010. J. Phytochemistry 71, 548-558
Lazzarotto, F., Teixeira, F.K., Rosa, S.B., Dunand, C., Fernandes, C.L., Fontenele, A.V.,
Silveira, J.A.G., Verli, H., Margis, R., Margis-Pinheiro, M. A new heme peroxidase gene (HPx)
subjected to strong evolutionary selection is essential for the normal function of the antioxidant
system in rice. 2010. Plant Cell Environ. (submitted)
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BULGARIA
Title: Expression of HMGB1 protein in malignant human tumours of different histological grade: a
putative prognostic marker
Principal Investigator: Evdokia Pasheva, Department “Structure and Function of Chromatin”,
Institute of Molecular Biology, Bulgarian Academy of Sciences, “Akad.G.Bonchev” str., bld. 21,
1113
Sofia,
Bulgaria.
Tel:
+359-2-9792668,
Fax:
+359-2-8723507,
E-mail:
eva@obzor.bio21.bas.bg
ICGEB Contract No.: CRP/06/004
ICGEB Reference No.: CRP/BUL06-01
Abstract: HMGB1 is a nuclear protein, released in the extracellular medium as a response to
various stimuli and implicated in cancerogenesis and tumour metastasis. High HMGB1 levels were
reported in variety of tumour types but there are no data relating HMGB1 to the histological grade
or to a particular cell type. We investigated the expression of HMGB1 in malignant human tumours
and in tumour metastasis. In all tumour tissues tested, the protein level is elevated. An interesting
finding is that in moderately differentiated carcinomas the localisation of the protein is perinuclear
while in the low differentiated there is a tendency for non-specific nuclear localisation. In tumour
metastasis the amount of HMGB1 is higher than in the primary carcinomas. RAGE is the only
cellular receptor for HMGB1. HMGB1/RAGE is considered as a ligand-receptor pair that plays a role
in regulating the invasiveness of tumour cells. In the tumour tissues except the testicular
carcinomas the anti RAGE antibody gave strong positive reaction. In hepatocellular and breast
carcinomas RAGE was overexpressed in the cytoplasm in a typical “granular” pattern. For the
colorectal and breast carcinomas the positive signal is diffuse. In specimens with methastasis RAGE
exhibits higher level of expression without specific localisation. Our results clearly demonstrate the
correlation between HMGB1/RAGE expression and the cancerogenesis.
Objectives:
(i) Establishing optimal conditions for the antigen/antibody interaction in formaline fixed specimens
by antigen retrieval technique;
(ii) Estimation of the expression level of HMGB1 protein in malignant human tumours of different
histological grade;
(iii) Relationship between expression of both RAGE and HMGB1 protein in human cancer tissue;
(iv) Study on the acetylation and phosphorylation level of HMGB1 in malignant human tumours.
Original objectives:
Expression of HMGB1 protein in malignant human tumours of different histological grade: To
address the possible relevance of HMGB1 to the clinical outcome this project was aimed at
investigating the immunohistochemical distribution of HMGB1 in non-invasive and invasive cancers
of different histological grade. It is known that undifferentiated and rapidly proliferating cells
contain larger amounts of HMGB1 protein compared to the terminally differentiated ones. It has
been suggested that HMGB1 expression may be involved in tumour cell differentiation. In this
respect, the possible correlation between HMGB1 expression and the state of tumour differentiation
could have a prognostic meaning in carcinogenesis. The expression of HMGB1 in primary tumours
and tumour metastasis were planned to be studied using immunohistochemistry. In order to
evaluate HMGB1 usefulness for prognostic purposes, the correlation between HMGB1 and other
predictive markers like Ki-67 and p27 aimed to be investigated.
Relationship between expression of both RAGE and HMGB1 protein in human cancer tissue: RAGE
is the only cellular receptor identified for extracellular HMGB1 until now. It is strongly associated
with the invasive and metastatic ability of gastric, colon and prostate cancer. Co-expression of
RAGE and HMGB1 is correlated with metastasis and poor survival prognosis for patients with
prostate and colorectal cancers. We aimed to determine the expression level of the receptor as well
as its cellular localisation.
Study on the acetylation and phosphorylation level of HMGB1 in malignant human tumours: Until
now there are no data concerning the post-synthetic modifications of HMGB1 in human tumours.
Acetylation and phosphorylation of HMGB1 will be studied by electrophoretic analysis of fresh
cancer material taken immediately after operation.
Experimental techniques:
Immunohistochemistry: To optimise the antigen retrieval technique for the immune reactions of
the anti-HMGB1, anti- RAGE and anti- Ki-67 antibodies.
Results Obtained:
We tested several surgical pathology specimens for the expression level of HMGB1 as follows: non
invasive ductal breast carcinomas which were moderately differentiated, invasive ductal breast
carcinomas low differentiated, colorectal carcinomas - moderately and low differentiated,
hepatocellular carcinomas and testicular carcinomas. Our results demonstrated that in all primary
tumour tissues the level of HMGB1 expression was elevated in comparison with the normal ones. A
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very interesting finding was the perinuclear localisation of the protein found in all moderately
differentiated tumours. Regarding the low differentiated ones there was a well defined tendency for
non specific nuclear localisation and higher expression of HMGB1 protein. Based on these results
we might speculate that there is a correlation between the expression of the protein on one hand
and its localisation on the other and the differentiation grade of the investigated primary tumours.
Our next aim was to study the HMGB1 expression in tumour metastasis. We analysed a specimen
containing metastasis in the liver of a patient with a primary colorectal carcinoma. The primary
colorectal tissue showed typical perinuclear localisation of HMGB1 while the metastatic cells in the
liver exhibited much higher expression level of the protein all over the nucleus.
HMGB1 protein and RAGE have been identified as a ligand-receptor pair that plays an important
role in regulating the invasiveness of tumour cells. We used the immunochistochemical approach
for estimation the expression level of RAGE in the different structures of the tumour tissue as well
as the specific localisation in the cell. In all primary tumour tissues except the testicular specimens
the anti RAGE antibody gave very strong positive reaction. In all hepatocellular carcinomas RAGE
was overexpressed in the cytoplasm. The reaction was not diffuse but a typical “granular” picture
was observed. The colorectal carcinomas demonstrated different type of reaction. High RAGE
expression was detected again only in malignant cells found in the ducts but the positive signal was
rather diffuse and all over the cells. We analysed two specimens: a specimen containing metastasis
in the liver of a patient with a primary colorectal carcinoma and a lymph node probe with
metastatic cells from a primary breast carcinoma. As mentioned above the in all primary
hepatocellular carcinomas RAGE was overexpressed in the cytoplasm while in the metastatic cells
in the liver the immune reaction was much more intensive and all over the cells.
We studied the post-synthetic modifications of HMGB1 isolated in non-denaturating conditions from
fresh tumour material. The protein was run on a polyacrylamide gel containing acid/urea/triton for
differences in charged fractions due to eventual modifications of lysine or serine. In breast and
colorectal carcinomas the HMGB1 protein exhibited two bands with different mobility, which we
attributed to post-synthetic modification.
Publications:
Kostova, N., Zlateva, S., Pasheva, E. Immunochistochemical determination of HMGB1 protein
level in human malignant tumours. 2009. C. Rend. Acad. Bulg. Sci. 62, 229-232
Kostova, N., Zlateva, S., Ugrinova, I., Pasheva, E. The expression of HMGB1 protein and its
receptor RAGE in human malignant tumours. 2009. Mol. Cell Biochem. (in press)
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CHILE
Title: Novel interactions of the light chain 1 subunit of microtubule-associated protein 1B on
neurons
Principal Investigator: Christian Gonzalez-Billault, Laboratory of Cellular and Neuronal
Dynamics, Department of Biology and Institute for Cell Dynamics and Biotechnology (ICDB),
Faculty of Sciences, Universidad de Chile, Las Palmeras 3425, Ñuñoa, Santiago, Chile. Tel: +56-29787442, Fax: +56-2-2712983, E-mail: chrgonza@uchile.cl
ICGEB Contract No.: CRP/06/005
ICGEB Reference No.: CRP/CHI06-01
Abstract: Microtubule-associated protein 1B (MAP1B) plays an important role in neurite outgrowth
and growth cone function. MAP1B have two different roles according to its temporal and spatial
expression. During embryonic development, MAP1B participates in the control of neuronal
migration and axonal guidance. But in the adulthood, MAP1B could play a role in the control of the
synaptic activity, since it remains expressed in those areas of high plasticity such as the
hippocampus. In spite of the current knowledge on the cellular and molecular biology of neuronal
migration and axonal guidance, little is known about the molecular mechanisms that ultimately
modify cytoskeleton function. As an example, for neuronal migration to occur, the following
processes may be finely tuned: (1) microtubule dynamics, (2) actin-microfilaments dynamics, (3)
cell adhesion, (4) nuclear translocation and (5) intraneuronal traffic. Our hypothesis postulates that
the assembly of different multi-protein complexes to regulate the processes of neuronal migration,
axonal guidance and establishment of synapses is required. These multi-protein complexes would
define heterogeneous functional units containing MAP1B and different binding partners depending
on the process to be regulated. The formation of these functional units is expected to be spatially
and temporally regulated during the development of nervous system. Additionally, during
adulthood the formation of multi-protein complex may contribute to the establishment and activity
of synapses in the hippocampus.
To challenge this hypothesis, in this project we will analyse the participation of MAP1B in the
generation of these multi-protein complexes both during development and adulthood. The results
derived from this project will provide a better understanding of the normal function of nervous
system. Additionally, it will generate knowledge that will have biotechnological pharmaceutical
applications, since the novel interactions will uncover cytoskeleton-interacting proteins that could
be new targets for drug discovery.
Objectives:
The specific aims for this project will be:
(i) to identify new partners for the light chain 1 subunit of the MAP1B protein in both embryonic
and adult brains libraries, by screening embryonic and adult mouse brain libraries respectively.
This will be done by using the two-hybrid system, an extensive and widely accepted technique to
detect new protein-protein interactions.
(ii) Biochemical verification of LC1 novel interactions. In this part of project we will validate these
novel interactions using traditional biochemical approaches.
(iii) Cellular analyses of LC1-interacting partners. With this final approach we expect to analyse the
novel MAP1B interacting partners in a more physiological context, in neuronal cells.
Results Obtained:
The original objectives were to find novel proteins that interact with LC1 in both adult and
embryonic libraries using the Y2H system. Once identified, we choose the most interesting
candidates and performed biochemical and cellular analyses to confirm the interactions found in
yeast in mammal cells.
Three were the main results we obtained:
(i) To identify new partners for LC1 in both embryonic and adult brains libraries using the yeast
two hybrid (Y2H) approach.
We identified two interesting candidates that interact with LC1 in the adult brain (Snapin and the
b1 subunit of the Na+K+ ATPase). These candidates play a role in the control of neurotransmission
in two different compartments. While Snapin is involved in the release of neurotransmitters in the
pre-synaptic compartment, the Na+K+ ATPase may be involved in the control of the post-synaptic
density. Therefore a possible role for MAP1B in the control of neurotransmission emerged from this
project. This role could be related either with the pre- or post-synaptic compartments, or both.
Additionally to these results we recovered 36 novel clones that interact with MAP1B in the embryo.
We have already selected 8 of these clones to be further analysed for novel function of the MAP1B
protein.
(ii) Biochemical verification of LC1 novel interactions.
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We demonstrated that Snapin and the b1 subunit of the Na+K+ ATPase interacts with MAP1B in
biochemical experiments considering the heterologous expression in COS cells as well as in the
most physiological system adult and embryonic brain.
(iii) Cellular analyses of LC1-interacting partners.
We demonstrated that Snapin and the b1 subunit of the Na+K+ ATPase interact with MAP1B in
cellular assays considering the use of COS cells, primary neurons and histological sections.
Finally we set up functional experiments to understand the physiological roles for these novel
interactions.
Publications:
We are preparing two papers to communicate the effect of the novel interactions of MAP1B with
Snapin and the b1 subunit of the Na+K+ ATPase. These papers will be published in specialised
journal of cell biology and neurosciences.

6

ICGEB CRP Research Grant Programme

Projects completed in 2010

COSTA RICA
Title: Identification of bacterial endophytes from coffee plants and their interaction with the
phytopathogen Xylella fastidiosa, responsible for Coffee Leaf Scorch (CLS) disease
Principal Investigator: Lisela Moreira Carmona, Centro de Investigación en Biología Celular y
Molecular, Universidad de Costa Rica, C.P. 11501-2060, San José, Costa Rica. Tel: +50625113197, Fax: +506-25113197, E-mail: lisela.moreira@ucr.ac.cr, lisela.moreira@gmail.com
ICGEB Contract No.: CRP/07/005
ICGEB Reference No.: CRP/COS06-02
Abstract: This study was carried out in Costa Rican coffee plantations looking for aerobic
cultivable bacterial endophytes in coffee plants. The isolation and characterisation of bacterial
endophytes from healthy coffee plants and also plants with X. fastidiosa infection, with or without
“crespera disease” symptoms, was carried out over two years in the rainy and dry seasons. An
important cultivable endophyte population was found and characterised morphologically and
biochemically. The cultivable endophyte population was higher during the rainy seasons compared
to the dry seasons, and it was also higher in asymptomatic Xylella fastidiosa infected coffee plants.
At least six genera (Klebsiella, Curtobacterium, Pantoea, Enterobacter and Microbacterium) were
isolated from healthy and asymptomatic plants only during the rainy season. All of the genera have
been previously reported as plant pathogen antagonists or growth-promoting bacteria. Restriction
analysis of 16S rDNA and sequencing showed the high genetic variability within each of the major
groups found. Finally, in vitro interaction between some endophytes and X. fastidiosa was
evaluated. A species of the Klebsiella genus inhibits the growth of X. fastidiosa. No growth
inhibition was observed with the Curtobacterium isolates tested. However, further analysis must be
carried out.
Objectives:
The two main objectives were (i) to identify and characterise the culture-population of bacterial
endophytes in coffee plants infected with X. fastidiosa and in healthy coffee plants from selected
coffee plantations, and (ii) to evaluate the interactions between X. fastidiosa and the different
bacterial isolates for possible bio-control agents.
The specific objectives of this project were:
(i) to isolate the cultivable-population of bacterial endophytes in healthy coffee plants and plants
naturally infected by Xylella fastidiosa showing symptoms of “crespera” disease and also
asymptomatic plants over two years during both rainy and dry seasons;
(ii) to characterise biochemically the isolated-population of bacterial endophytes according to the
coffee plant condition;
(iii) to identify by ARDRA and further sequencing a segment of 16Sr DNA of isolates previously
selected as representative from groups of isolates showing biochemical and morphological
similarities;
(iv) to evaluate the in vitro interaction between some endophytes and Xylella fastidiosa isolated
from diseased coffee plants to determine potential use as growth inhibitors of X. fastidiosa.
Results Obtained:
A very important cultivable-population of bacterial endophytes was obtained from coffee plants.
The data showed more isolates from plants infected with X. fastidiosa than healthy ones. A high
number of isolates was obtained from X. fastidiosa infected but asymptomatic plants. As expected
a higher number of isolates were obtained during the rainy season compared to the dry season.
The Biolog resource was available to give presumptive identification of isolates in only 8% of the
isolates tested. The ARDRA technique was shown to be useful for grouping isolates for further
sequencing. However, this technique is expensive and when you have many samples it requires a
lot of time, especially considering the automated sequencing facilities available in some countries
and the level of identification achieved in each case. The information obtained with this technique
established the taxonomic relationships between some of the isolates. It is interesting that for
many of these isolates we will only be able to establish similarities at the genus level (lower than
96-97%).
The isolates of Curtobacterium spp. tested in vitro showed slight growth inhibition to Xylella
fastidiosa. A growth inhibition zone was clearly showed by an endophyte identified as E036. It
showed 96% 16Sr sequence similarity with the Klebsiella genus. Additional tests are required to
determine its use in vivo as a potential control to Xylella infection and disease development.
Results Unforeseen in the Original Project:
Collaboration with the Bacteriology Group, Plant Protection Department, Instituto Nacional de
Investigación y Tecnología Agraria y Agroalimentaria (INIA), Madrid, Spain, was established and
one of our students spent two months in the laboratory under the supervision of Dr. Jaime Cubero
Dabrio. This student will start his pre-doctoral studies in September 2010 in the same laboratory.
Also, another relationship was established with Dr. L. Nunney at the University of California
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Riverside (CA, USA) and a young Costa Rican researcher spent three months in Dr. Nunney’s
laboratory to learn bioinformatic tools focused on the analysis of Xylella fastidiosa genome to be
used to study variability of genome of isolates from Costa Rican coffee. A collaborative research
initiative has been started with this last group.
Publications:
Garita, J., Araya, S., Moreira, L., Chacón, C., Cubero, J. Biochemical and molecular
characterisation of actinobacteria endophytes with profiles similar to Curtobacterium spp. isolated
from coffee plants (Coffea arabica) infected by Xylella fastidiosa (in preparation)
Garita, J., Moreira, L., Chacón, C., Ortiz, B., Cubero, J. Diversity of cultivable bacterial
endophytes in healthy coffee plants (Coffea arabica L.) and plants infected with the plant pathogen
Xylella fastidiosa (in preparation)
Garita, Jerson Isolation and molecular characterisation of bacterial endophytes of coffee (Coffea
arabica) and identification of groups with growth inhibitory potential to Xylella fastidiosa. A
pathogen associated with coffee leaf scorch (“crespera”) disease. M.Sc. thesis (2010) Crop
Protection Programme, Agronomy School, University of Costa Rica
Gamboa, Angélica Phenotypic and molecular characterisation of endophytic bacteria isolated from
coffee plants in three coffee-growing areas of the Central Valley. Bachelor in Microbiology (2010)
Microbiology Faculty, University of Costa Rica
Araya, Silvia Biological characterisation of endophyte bacteria Curtobacterium sp. A potential
biocontrol agent for crespera disease in the coffee crop. Enzyme profile of endophytic bacteria
isolated from coffee plants (Coffea arabica). Bachelor in Microbiology (2009) Microbiology Faculty,
University of Costa Rica
Díaz, Alejandra Prospection of endophytic bacteria isolated from coffee plants (Coffea arabica)
with symptoms of crespera and evaluation of in vitro interaction with the plant pathogen Xylella
fastidiosa. Bachelor in Microbiology (2008) Microbiology Faculty, University of Costa Rica
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CROATIA
Title: Endosomes and the mouse nervous system: function of signal transducing adaptor molecule
2 (Stam2)
Principal Investigator: Srećko Gajović, Croatian Institute for Brain Research, School of Medcine
University of Zagreb, Šalata 12, Zagreb, Croatia. Tel: +385-1-4566948, Fax: +385-1-4566795, Email: srecko.gajovic@hiim.hr
ICGEB Contract No.: CRP/06/006
ICGEB Reference No.: CRP/CRO06-02
Abstract: Endosomes are involved in the nervous system in a variety of actions including
formation of synaptic vesicles, retrograde axonal transport, growth factor-mediated cell signalling,
and receptor sorting and down-regulation. To elucidate the role of signal transducing adaptor
molecule 2 (STAM2), a member of Hrs/Stam/Eps15 endosome-associated ternary complex, in the
mouse nervous system, two complementary approaches are followed. The first in vivo approach
takes the advantage of previously generated mouse with gene trap modification of Stam2 gene to
get insight in its function by phenotype analysis. The phenotype characterisation includes studies of
mouse behavior, brain morphology and nervous system development. In order to understand the
in vivo phenotypic consequences of genetic modification on the nervous system, the second in vitro
approach is based on investigations of neuronal cell cultures and aimed to get insight on STAM2
function at the cellular level. Together with revealing aspects of normal function of neurons, the
results will contribute to understanding of mechanisms of neuronal damage and repair.
Objectives:
The general objective of the proposal was to identify the function of Signal transducing adaptor
molecule 2 (STAM2) in the mouse nervous system. Our hypothesis was that it plays, together with
other partners of endosome-associated ternary complex: HRS and EPS15, an essential role in
sorting at the level of synapse and terminal button. The other possible functions included
neurotransmitter release, growth factor-mediated cell signalling, receptor sorting and downregulation, and retrograde axonal transport. Accompanying the studies on cellular level, its role in
vivo in mouse nervous system would be examined using the already generated mouse line with
modified Stam2 gene.
Original Objectives:
(i) Determination of expression pattern of STAM2 and related proteins in order to define their areas
of action. The expression pattern would be determined on two levels: (a) in the developing and
adult nervous system and (b) intracellularly in neurons and glia.
(ii) Identification of Stam2 function in mouse nervous system in vivo by phenotype analysis of
Stam2gt1Gaj mice: (a) neuroanatomical studies; (b) ultrastructural studies; (c) behavioural
studies.
(iii) Identification of STAM2 function in neurons in vitro using studies on permanent cell cultures
and through comparison of primary cultures obtained from normal and mutated mice.
Results Obtained:
Stam2 expression started in 10.5 days old embryos in the developing neural tube, where it was
located strongly in the floor plate and weekly in the basal plates. Together with the neural tube,
Stam2 was expressed in the heart. This expression persisted during further neural tube
development. With the onset of brain vesicles Stam2 expression started in the subplate zone of
developing cerebral cortex in 17.5 days old embryos. In 18.5 days old embryos the expression was
present as well in the cortical plate and in the developing hippocampus. In the adult mice, Stam2
expression was present strongly in the cortex and in the hippocampus, but as well it included other
parts of the brain, in particular olfactory region. In the spinal cord expression was present in the
grey matter. In the peripheral nervous system Stam2 expression was localised in the cranial (e.g.
trigeminal) ganglia, spinal ganglia, and in the intramural ganglia of the gut (i.e. enteric nervous
system), in both submucosal and myenteric plexus.
In order to clarify which type of the cells expresses Stam2 the markers for neurons, glia and Cajal
cells were used and immunohistochemistry with double staining against beta-galactosidase was
performed in the enteric nervous system. The presence of PGP9.5 in ß-galactosidase-stained cells
was observed in the enteric plexusses in the gastrointestinal regions, indicating the expression of
Stam2 in enteric neurons. Labelling against c-kit and GFAP was carried out in order to determine
the nature of the cells that were PGP9.5 negative but ß-galactosidase positive. In none of the
samples, glial cells (GFAP) contained Stam2. Regarding its presence in interstitial cells of Cajal (via
c-kit), co-staining could be observed in some of the interstitial cells of Cajal associated with the
myenteric plexus. The observed presence of Stam2 in neurons and Cajal cells indicate its possible
involvement not only in the brain but as well in the enteric nervous system.
The most striking difference between homozygotes and the wild type animals was obtained in
olfactory test, which was performed with chocolate hidden in the cage. Homozygotes were
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significantly slower in finding the chocolate. Due to the high variability of the results we decided
not to give food to the animals 12 hr before testing. After fasting homozygotes and wild type mice
performed the test equally well.
The results confirmed the hypothesis that Stam2 gene trap mutation results with phenotype
changes in homozygotes. Nevertheless the reasons for the observed differences remained unclear.
The possible reasons include small changes in olfaction, other behavioural deficits (e.g. attention
deficits), or non-neuronal changes (e.g., feeding or metabolic problems).
Results Unforeseen in the Original Project:
The expression analysis using the advantage of the mutant mouse with lacZ transgene was used to
characterise the expression pattern of Nol1 gene, and to analyse the notochord formation in
truncate mutants where Noto gene was tagged with GFP marker.
To simplify the procedure and to reduce the costs of mouse genotyping we have improved DNA
isolation from the buccal swabs. In addition, the probes for genotyping the spontaneous mouse
mutants splotch and truncate present in our animal house have been designed. This showed the
power of simple PCR to detect not only small deletions (splotch), but as well point mutations
(truncate mouse mutants). The method was further extended to human samples and we
introduced this to the molecular analysis of the bronchial aspirates taken during bronchoscopy and
to the markers related to the lung cancer.
Publications:
Furić Čunko, V., Mitrečić, D., Mavrić, S., Gajović, S. Expression pattern and functional analyis
of mouse Stam2 in the olfactory system. 2008. Coll. Anthrop. 32 (Suppl. 1), 59-63
Mitrečić, D., Furić Čunko, V., Gajović, S. Semithin sections of epoxy resin embedded mouse
embryos in morphological analysis of whole mount in situ RNA hybridisation. 2008 J. Microsc. 232,
504-507
Mitrečić, D., Malnar, T., Gajović, S. Nucleolar Protein 1 (Nol1) Expression in the mouse brain.
2008. Coll. Anthrop. 32(1), 123-126
Mitrečić, D., Mavrić, S., Gajović, S. PCR based identification of short deletion/insertions and
single nucleotide substitutions in genotyping of splotch and truncate mouse strains. 2008. Mol.
Cell. Prob. 22, 110-114
Mitrečić, D., Mavrić, S., Vrabec Branica, B., Gajović, S. Mice genotyping using buccal swab
samples – an improved method. 2008. Biochem. Genet. 46, 105-112
Hausott, B., Kurnaz, I., Gajović, S., Klimaschewski, L. Signalling by neuronal tyrosine kinase
receptors: relevance for development and regeneration. 2009. Anat. Rec. 292, 1976-1985
Mitrečić, D., Pochet, R., Gajović, S. Toward the treatments with neural stem cells: experiences
from ALS. 2009 Anat. Rec. 292, 1962-1967
Vrabec Branica, B., Mitrečić, D., Grgić, S., Smojver Ježek, S., Chalfe, N., Gajović, S. PCRquality DNA isolation from human bronchial aspirates and buccal and eyelid swabs by a simple
procedure based on alkaline lysis. 2009. Genet. Test. Mol. Biomarkers, 13, 799-802
Mitrečić Žižić, M., Mitrečić, D., Pochet, R., Kostovic-Knezevic, L., Gajović, S. The mouse
gene Noto is expressed in the tail bud and essential for its morphogenesis. 2010. Cells Tissues
Organs (in press)
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FYR MACEDONIA
Title: Prognostic and predictive factors in colorectal cancer management
Principal Investigator: Aleksandar Dimovski, Center for Biomolecular and Pharmaceutical
Analyses, Institute for Pharmaceutical Chemistry, Faculty of Pharmacy, University St.Cyril and
Methodius, Vodnjanska 17, P.O.B. 36, 1000 Skopje, FYR Macedonia. Tel: +389-2-3119694, Fax:
+389-2-3120054, E-mail: adimovski@ff.ukim.edu.mk
ICGEB Contract No.: CRP/06/018
ICGEB Reference No.: CRP/MAC06-01
Abstract: The main objectives of this project were to evaluate the genetic predisposition to
colorectal cancer in Macedonia and to evaluate the prognostic/predictive significance of several
molecular markers related to the type of genomic instability. The following results were obtained:
(i) a web-based database and a registry of patients with familial/syndromic CRC in Macedonia were
created; (ii) peculiar molecular defects were determined in three high risk families, one each with
FAP, HNPCC and juvenile polyposis, implying specific influences of genomic regions on colorectal
cancerogenesis; (iii) four low-penetrant variants (8q24 rs10505477, MTHFR, SMAD7 and UGT1A1)
had positive association with CRC in Macedonian patients; (iv) CIN and MSI were detected in 70%
and 12% of analysed tumours, respectively and specific clinico-pathological characteristics were
detected for each type of genomic instability. CIN and MSI were absent in ~20% of patients
indicating a pathway of colorectal cancerogenesis which does not involve chromosomal or
microsatellite instability; (v) MSI+ and MTHFR 677TT genotype are predictive for mid-term
relapse-free survival in patients treated with adjuvant capecitabine monotherapy.
Objectives:
(i) To evaluate the genetic predisposition to colorectal cancer in Macedonia, including molecular
characterisation of (a) high penetrance alleles responsible for FAP and HNPCC using DNA
sequencing and MLPA analyses and (b) low penetrance alleles in a case/control study of candidate
polymorphic variants;
(ii) To evaluate the prognostic significance of the type (MSI or CIN) and level of chromosomal
instability in stage II and III patients by analysis of LOH/MSI of tumour and corresponding normal
tissue using semi quantitative fluorescent multiplex PCR analysis of multiple STR markers;
(iii) To evaluate the predictive value of MSI, 18qLOH or miRNA gene imbalance, and TS, MTHFR
and UGT1A1 variants as markers of efficacy/toxicity of adjuvant chemotherapy in patients with
high risk stage II and stage III disease.
Original Objectives:
(i) To evaluate the genetic predisposition to colorectal cancer in Macedonia, including molecular
characterisation of FAP and HNPCC, and low penetrance alleles in a case/control study of candidate
polymorphic variants;
(ii) To evaluate the prognostic significance of the type (MSI or CIN) and level of chromosomal
instability in stage II and III patients by analysis of LOH/MSI of tumour and corresponding normal
tissue using semi-quantitative fluorescent multiplex PCR analysis of multiple STR markers;
(iii) To evaluate the predictive value of MSI, 18qLOH or miRNA gene imbalance, and TS, MTHFR
and UGT1A1 variants as markers of efficacy/toxicity of adjuvant chemotherapy in patients with
high risk stage II and stage III disease.
Results Obtained:
(i) A web-based database which allows synchronous collection of all data relevant to the
investigation by all participants (surgeons, oncologists, gastroenterologists, molecular geneticists)
and thorough searches for variable parameters for comparison was created in the first year of the
project. At the end of the third year the web-based data-base was updated to include a total of 553
patients with CRC;
(ii) A total of 53 patients with familial/syndromic CRC were identified and selected for molecular
analysis. A registry for high-risk CRC families was created;
(iii) A deletion of the APC gene was detected by MLPA and aCGH analysis in one patient, who also
had a deletion of ~1.5Mb at 13q33.1 which encompasses several genes (ERCC5, KDELC1, BIVM,
TPP2) with potential functional implications in colorectal cancerogenesis;
(iv) A deletion of ~3Mb at 10q23.3 which removes the PTEN gene, was detected in one patient with
juvenile polyposis who developed extensive polyps at 2y of age;
(v) A novel nonsense mutation in the MLH1 gene (S131X) was found in two unrelated patients with
severe form of Lynch Syndrome, which has not been identified and reported in other populations.
Extensive haplotype analysis was performed and the results are pointing to the founder effect of
this mutation and close mutual ancestry of the two probands, which have either insufficient
knowledge of their pedigree tree or the mutation is rather old in Macedonian population;
(vi) The influences of 16 candidate low-penetrant variants were investigated. Positive association
was found with 4 variants (8q24 rs10505477, MTHFR, SMAD7 and UGT1A1) in unselected CRC
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cohort, while 7 variants (CyclinD1, NQO1, SCG5 D11S898, 8q24 rs10505477, MTHFR, SMAD7 and
UGT1A1) showed association in certain subgroup of patients stratified by age, sex TNM status and
tumour localisation;
(vii) CIN was detected in 70% of analysed tumours; more than half of them (52%) have an
imbalance at multiple chromosomes and are assigned as CIN-high status. CIN is predominantly
found in tumours with higher metastatic potential and diagnosed at older age in comparison to CIN
stable tumours. MSI is identified in 12% of analysed tumours, being the highest in proximal
tumours with lower TNM stage without metastatic potential. A subset of patients exhibited both
CIN and MSI in their tumours, whereas in other group of both CIN and MSI were absent.
Evaluation of the prognostic significance of these findings is in progress;
(viii) A total of 136 patients were enrolled in the study for predictive effect of molecular markers of
adjuvant therapy and up to now follow-up data are available for a median of 24 months. The
results from the molecular analyses are indicating that MSI+ and MTHFR 677TT genotype are
predictive for mid-term relapse-free survival. MTHFR 677TT genotype is also predictive for absence
of severe side effects associated with capecitabine monotherapy.
Results Unforeseen in the Original Project:
(i) A high incidence of rectal cancer among members of familiar/syndromic CRC was detected
which is in contrast with the data for patients from EU/USA. This reflects the higher incidence of
rectal cancer (~50%) in Macedonia and other SE Mediterranean countries compared to patients
from developed countries (~30%), indicating that environmental factors can influence colorectal
cancerogenesis even in the presence of high penetrance predisposition alleles;
(ii) A significant number of patients with sporadic tumours (~25%) exhibited CIN-/MSI- genotype
in tumours, indicating that there is a subset of colorectal cancers that progress through mechanism
not related to chromosomal or microsatellite instability;
(iii) Patients with stage II and stage III tumours who exhibit MSI genotype can be treated with
capecitabine monotherapy in adjuvant setting with comparable efficacy to the much more toxic
FOLFOX (XELOX) or FOLFIRI combination regiments.
Publications:
Josifovski, T., Matevska, N., Hiljadnikova-Bajro, M., Sterjev, Z., Kapedanovska, A.,
Serafimoska, Z., Despotovska, S., Petrusevska, N., Panovski, M., Suturkova, L., Dimovski,
A.J. Cyclin D1 G870A variant is associated with increased risk of MSI positive colorectal cancer in
young male patients. 2007. Balkan J. Med. Genet. 10(2), 29-35
Matevska, N., Josifovski, T., Kapedanovska, A., Sterjev, Z., Serafimoska ,Z., Panovski, M.,
Jankulovski, N., Petrusevska, N., Angelovska,, B., Petrusevska, G., Suturkova, L.,
Dimovski, A.J., Methylenetetrahydrofolate reductase C677T polymorphism and risk of colorectal
cancer in the Macedonian population. 2008. Balkan J. Med. Genet. 11(2), 17-23
Kapedanovska Nestorovska, А., Matevska, N., Josifovski, T., Jankulovski, N., Panovski,
M., Dimovski, A.J. Somatic selection of the 8q24 risk allele in colorectal cancer. 2009. Eur. J.
Hum. Genet. 17(2), 166
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IRAN
Title: Purification, cloning and characterisation of novel chitinases from Bacillus subtilis SG2
Principal Investigator: Gholamreza Ahmadian, National Institute of Genetic Engineering and
Biotechnology, Department of Molecular Genetics, Tehran-Karaj Highway 17 km, P.O. Box
14965/161,
Tehran,
Iran.
Tel:
+98-21-44580351,
Fax:
+98-21-44580-395,
E-mail:
gholamrezaahmadian@yahoo.ca
ICGEB Contract No.: CRP/05/007
ICGEB Reference No.: CRP/IRA05-01
Abstract:
Bacillus pumilus SG2 isolated from high salinity ecosystem in Iran produces and secrets chitinases
at high salt concentration. SDS-PAGE analysis of the B. pumilus SG2 culture supernatant showed
two major bands that were induced by chitin. The amino acid sequence of the two proteins,
designated ChiS and ChiL, showed a high homology with the chitinase of B. subtilis CHU26, and
chitinase A of B. licheniformis, respectively. N-terminal signal peptide of both proteins was also
determined. The molecular weight and isoelectric point of the chitinases were determined to be 63
and 74 kDa, and 4.5 and 5.1, for ChiS and ChiL respectively. The genes encoding for both
chitinases were isolated and their sequence determined. The whole chitinase operon (ChiSL) and
its flanking region on the genome of B. pumilus SG2 was identified and sequenced using a reverse
genetics approach. This was the first report of a multiple chitinases-producing B. pumilus
halotolerant strain.
The chiS and chiL genes were then cloned in pQE-30 expression vector and were expressed in the
cytoplasm of Escherichia coli strain M15. The recombinant proteins were purified using Ni-NTA
column. The optimum pH and optimum temperature for enzyme activity of ChiS were pH 6, 50°C;
those of ChiL were pH 6.5, 40°C. The purified chitinases showed antifungal activity against
Fusarium graminearum, Rhizoctonia solani, Magnaporthe grisea, Sclerotinia sclerotiorum,
Trichoderma reesei, Botrytis cinerea and Bipolaris sp. Moreover, purified ChiS was identified as
chitinase/lysozyme, which are capable of degrading the chitin component of fungal cell walls and
the peptidoglycan component of cell walls with many kinds of bacteria (Xanthomonas translucens
pv. hordei, Xanthomonas axonopodis pv. citri, Bacillus licheniformis, E. coli C600, E. coli TOP10,
Pseudomonas aeruginosa and Pseudomonas putida). Strong homology was found between the
three-dimensional structures of ChiS and a chitinase/lysozyme from Bacillus circulans WL-12. This
is the first report of a bifunctional chitinase/lysozyme from B. pumilus.The chiS and its truncated
forms lacking chitin binding (ChBD) and fibronectin type III (FnIII) domains were transformed to
Arabidopsis and Tobacco plants and expression, functionality and antifungal activity of the
recombinant proteins were investigated. Results showed that while the two enzyme forms showed
almost equal hydrolytic activity toward colloidal chitin, they exhibited a significant difference in
antifungal activity. Recombinant ChiS in plant protein extracts displayed a high inhibitory effect on
spore germination and radial growth of hyphae in Alternaria brassicicola, Fusarium graminearum
and Botrytis cinerea, while the activity of the truncated enzyme was strongly abolished. These
findings demonstrated that ChBD and FnIII domains are not necessary for hydrolysis of colloidal
chitin but play an important role in hydrolysis of chitin-glucan complex of fungal cell walls. The
recombinant ChiS displayed strong antifungal activity causing a 44.7 to 79.2 % inhibition of hyphal
growth in the three fungal species tested. This is the first report of a Bacillus pumilus chitinase
expressed in plant system. The regulation of the chitinase operon was shown to be under the
control of the catabolite repression system requiring catabolite responsive elements, which was
found to be in the upstream of the chitinase promoter. Bioinformatic analysis by using promoter
sequence showed that this area might contain the regulatory elements including sigma binding and
catabolite responsive elements (cre). Systematic deletion analysis in the promoter of region of
ChiSL operon indicated that in addition to cre, twenty six nucteotides upstream sequence were also
involved in the catabolic control repression. This manipulation was lead to isolation of colonies that
express chitinase in a constitutive manner. Primer extension analysis showed two promoters are
present in this region. The distal promoter was highly compatible with the consensus sequences of
σA promoters in B. subtilis, whereas the proximal sequence showed lower fidelity to the consensus
sequence. Interestingly, the cre site is located upstream of the -35 of proximal promoter and
downstream of the distal promoter. This has dual effect on the promoters: in the presence of
catabolite repression it could have negative effect on the distal promoter and positive effect on the
proximal promoter. we hypothesise that the chitinase regulon in B. pumilus is affected by two
promoters. In the absence of chitin, there is no active regulator; and therefore, both of the
promoters are off. In this case, both of the promoters expressed at basal level. In the presence of
glucose, due to catabolite repression, the Hpr (S46-P)-CcpA binds to the cre site of the promoter,
whereby prevent the polymerisation of the RNA by the RNA polymerase from the distal promoter.
On the other hand, the proximal promoter could be active, probably due to a mechanism like co13
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operative binding of activator such as E. Coli melAB promoter. In this case, the binding of CcpA to
DNA accelerates the regulator binding. So, the weak proximal promoter is transcribed by the RNA
polymerase. In the presence of the chitin in the medium, these low amounts of the enzyme is able
to digest the chitin chains and the derivatives transport by the specific transporter which activates
the regulator of the chitin operon and concomitantly the catabolite repression would be off due to
the activity of HprK enzyme. In this condition, the RNA polymerase transcribes from the distal
strong promoter which leads to high level expression of the enzyme.
Publications:
Ahmadian, G., Degrassi, G., Venturi, V., Zeigler, D., Soudi, M., Zangui-nejad, P. Bacillus
pumilus SG2 isolated from saline conditions produces and secretes two chitinases. 2007. J. Appl.
Microbiol. 103(4), 1081-1089
Dehestani, A., Ahmadian, G., Salmanian, A.H., Jelodar, N.B., Seyedi, M., Kazemitabar, K.
Investigation into the Arabidopsis transformant selection time and escapes frequency reduction.
2009. Biharean Biologist 3(1), 51-58
Dehestani, A., Kazemitabar, K., Ahmadian, G., Jelodar, N.B., Salmanian, A.H., Seyedi, M.,
Rahimiyan, H., Ghasemi, S. Chitinolytic and antifungal activity of a Bacillus pumilus SG2
chitinase, ChiS, expressed in Arabidopsis. 2009. Biotechnol. Lett. (Epub ahead of print)
Dehestani, A., Ahmadian, G., Salmanian, A.H., Jelodar, N.B., Kazemitabar, K.
Transformation efficiency enhancement of Arabidopsis vacuum infiltration by surfactant application
and apical inflorescence removal. 2009. Trakia J. Sciences (accepted)
Ghasemi, S., Ahmadian, G., Rahimiyan, H., Jelodar, N.B., Ghandili, S., Dehestani Kolagar,
A., Shariati, P. Antifungal Chitinases from Bacillus pumilus SG2; preliminary report. 2009. World
J. Microbiol. Biotechnol. (accepted)
Shali, A., Ghasemi, S., Ahmadian, G., Ranjbar, G., Khalesi, N., Motallebi, E., Vahed, M.
Bacillus pumilus SG2 chitinases induced and regulated by chitin, show inhibitory activity against
Fusarium graminearum and Bipolaris sorokiniana. 2009. Phytoparasitica (accepted)
Ghasemi, S., Ahmadian, G., Sadeghi, M., Rahimian, H., Ghandili, S., Naghibzadeh, N.,
Dehestani Kolagar, A. First report of a bifunctional chitinase/lysozyme produced by Bacillus
pumilus SG2. Enzyme Microb. Technol. (to be submitted)
Morabbi, K., Altenbuchner, J., Shali, A., Naghibzadeh, N., Ahmadian, G. Analysis of
promoter activity of Chitinase operon of B. pumilus SG2 in B. subtilis (manuscript in preparation)
Patent:
Production and making molecular weight size marker based on truncated forms of Chitinase ChiS
(containing Chitin-Binding Domain). Patent in Iranian Patent Organisation
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MEXICO
Title: The role of SUMOylation on the function of the Nur family of orphan nuclear receptors
Principal Investigator: Susana Castro-Obregón, Department of Developmental Genetics and
Molecular Physiology, Biotechnology Institute, National University of Mexico (UNAM), Avenida
Universidad 2001, Colonia Chamilpa, Cuernavaca, Morelos 62210, Mexico. Tel: +52-777-329-0818,
Fax: +52-777-317-2388, E-mail: scastro@ibt.unam.mx
ICGEB Contract No.: CRP/06/008
ICGEB Reference No.: CRP/MEX06-03
Abstract: The control of cell death is a biological process essential for proper development, and for
preventing devastating pathologies like cancer and neurodegeneration. Even though there are
tenths of neurodegenerative diseases all of them are the consequence of neuronal cell death. Most
of such cell death does not fulfill the criteria for apoptosis, but display a vesicular morphology,
suggesting that neurons dye by a common, non-apoptotic mechanism. Using a cell culture model of
neuronal degeneration, we had previously identified the orphan nuclear receptor Nur77 as
modulator of vesicular cell death. We demonstrated this form of cell death requires the autophagic
core machinery to proceed. SUMOs are small ubiquitin-related proteins that become conjugated to
a variety of proteins altering their stability, protein-protein interactions or their intracellular
localisation. Since SUMOylation sites are conserved among the Nur family members, and Nur77
protein is both stabilised and re-distributed during cell death, we proposed Nur77 family members
were regulated by SUMOylation. In collaboration with Dr. M.E. Andrés (University of Chile) we
demonstrated that Nur77 and Nurr1 are indeed SUMOylated and as a consequence their stability
and transcriptional activity are regulated. We also contributed to the molecular characterisation of
other pathways of cell death during development and cancer.
Objectives:
(i) To determine whether Nur77 is SUMOylated, and to evaluate the functional consequence(s) of
such modification;
(ii) To evaluate whether increasing the transcriptional ability of Nurr1 or preventing its
SUMOylation, would improve the efficiency of dopaminergic differentiation from mouse ES cells.
Original Objectives:
(i.a) To determine whether Nur77 is SUMOylated;
(i.b) To study the effect of SUMOylation upon Nur77 transcriptional activity;
(i.c) To evaluate whether SUMOylation alters Nur77-induced cell death and its intracellular
localisation;
(i.d) Should we find Nur77 activity is indeed regulated by SUMOylation, to compare interactor
proteins with Nur77 SUMOylated vs. non-SUMOylated;
(ii.a) To compare the efficiency of dopaminergic neurons obtained from ES cells expressing wild
type Nurr1, Nurr1K91R (higher transcriptional activity), or Nurr1K577R (lower transcriptional
activity);
(ii.b) To compare the efficiency of dopaminergic neurons obtained from ES cells expressing Nurr1
alone, in the presence of the viral protein Gam1, or in combination with the SUMO-specific
peptidase SENP1, both inhibitors of SUMOylation;
Results Obtained:
We found Nur77 is SUMOylated since 3 hr after cell death induction, which is the same time at
which Nur77 is phosphorylated by ERK-2, a step necessary for cell death. Therefore we studied a
possible phospho-sumo switch. Three lysine residues identified as potential sumoylation sites were
mutated; among those, Lys102 was identified as a regulatory residue since its stability was
reduced, while its transcriptional activity was increased. Therefore, Nur77 seems to be regulated
by SUMOylation. Phosphorylation at Thr143 seems to have a similar effect, since its replacement
by Ala increases the transcriptional activity, while a mutation that introduces a negative charge
(Asp) to mimic phosphorylation, restores the wild type phenotype. To analyse interactor proteins
with Nur77 phospho/SUMOylated vs. non-modified Nur77, it was purified before and after 3h of
induction of cell death using an in vivo biotynilation system developed by Dr. Kothur (Max Planck
Institute for Molecular Genetics, Berlin). These proteins are being used to identify by mass
spectroscopy carrying proteins, as well as to detect interacting proteins in a macroarray containing
around 20,000 human proteins.
Results Unforeseen in the Original Project:
In collaboration with Dr. Covarrubias (National University of Mexico), we compared the efficiency of
dopaminergic neurons differentiated from embryonic stem cells expressing different constructs for
Nurr1 or Nur77. Unfortunately, we found no significant improvement in the efficiency to produce
dopaminergic neurons on the different conditions tested and therefore no further experiments were
conducted in this direction. Instead, we studied the effect of the inhibition of SUMOylation during
cell death, by expressing either Gam1 or a dominant negative mutant of Ubc9 (DN-Ubc9).
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Interestingly, cell death is completely abolished by the expression of Gam1, but not when an
inactive Gam1 mutant is expressed. Intriguingly, this data was not supported by the expression of
DN-Ubc9, as cell death was not reduced upon its expression. The functionality of this latter mutant
is under investigation.
On the other hand, during the period covered by this grant other objectives, not included in the
original proposal, were also performed. We have previously discovered that oxidative stress and
retinoic acid both signal to trigger cell death in embryonic stem cells and some developmental
processes like palate closure or inter-digital cell death. During this period, we expanded our
understanding on the specific molecules that signal cell death during cavitation, an early
developmental process mediated by cell death. We made progress in the characterisation of the
interplay between the pro-death signalling by retinoic acid, and the pro-survival signalling triggered
by FGF8 during inter-digital cell death. We also contributed in the dissection of the mechanism of
action of Netrin-1, one of the so called “dependence receptors”, a particular class of receptors that
trigger cell death in the absence of ligand and help to prevent tumour progression and metastasis.
Publications:
Covarrubias, L., Hernandez-García, D., Schanbel, D., Salas-Vidal, E., Castro-Obregón, S.
Function of reactive oxigen species during animal development: Passive or active? 2008. Dev. Biol.
320, 1-11
Hernández-García, D., Castro-Obregón, S., Valencia, C., Covarrubias, L. Cell death
activation during cavitation of embryoid bodies is mediated by hydrogen peroxide. 2008. Exp. Cell
Res. 314(10), 2090-2099
Hernández-Martínez, R., Castro-Obregón, S., Covarrubias, L. Fgf8 and retinoic acid interact
to activate interdigital cell death without the direct participation of Bmp’s in the mouse limb. 2009.
Development 136(21), 3669-3678
Mille, F., Llambi, F., Guix, C., Delloye-Bourgeois, C., Guenebeaud, C., Castro-Obregon, S.,
Bredesen, D.E., Thibert, C., Mehlen, P. Interfering with multimerisation of netrin-1 receptors
triggers tumor cell death. 2009. Cell Death Differ. 16, 1344-1351
Hernández-García, D., Wood, C., Castro-Obregón, S., Covarrubias, L. Reactive oxygen
species: A radical role in development? 2010. Free Radical Biol. Med. (in press)
Zárraga-Granados, G., Bouzas-Rodriguez, J., Rodríguez-Valentín, R., Anell, D., Gracida,
X., Madden, D., Poksay, K., Bredesen, D., Covarrubias, L., Castro-Obregón, S. The nuclear
receptor Nur77 is a modulator of autophagy-dependent cell death (under review)
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PAKISTAN
Title: Cardiac SPECT imaging and its correlation with DNA mutations in FH
Principal Investigator: Owais bin Qadeer Gill, Senior Medical Officer, Nuclear Cardiology
Department, Punjab Institute of Nuclear Medicine, Jail Road, Faisalabad, Pakistan. Tel: +92-419210171-77, Fax: +92-41-9210180, E-mail: drowaisgill@gmail.com
ICGEB Contract No.: CRP/06/015
ICGEB Reference No.: CRP/PAK06-01
Abstract: This study was focused to investigate cardiac ischemia and infarction by the use of
gated myocardial perfusion single photon emission computed tomography (SPECT) imaging in
patients of familial hypercholesterolemia with raised LDL. Myocardial perfusion along with left
ventricular volume and wall motion were analysed. The results of myocardial perfusion scintigraphy
were compared with information from biochemical laboratory tests, like lipid profile. In the second
part of the study, LDL-receptor gene of these patients was studied to detect any mutation in this
gene by analysing DNA of the patients from their blood samples.
Objectives:
(i) To conduct stress/rest myocardial perfusion studies using 201Tl-Cl- and Tc-99m-based
radiopharmaceuticals and to investigate its correlation with biochemical laboratory tests and the
mutations in LDL receptor gene by DNA analysis;
(ii) To develop a molecular-based protocol for the diagnosis of heterozygous Familial
Hypercholesterolemia (FH) in Pakistan, based on the coronary specific spectrum of LDL receptor
gene mutations;
(iii) To examine the effect of genetic factors on the lipid profile of FH patients.
Results Obtained:
Patient population - Total number of subjects: 40 (between 15-35 years of age)
All the subjects were divided into three groups on the basis of LDL-cholesterol value in their sera.
Biochemical tests to determine lipoprotein disorders
(i) Group-I (control group): 8 subjects
Subjects with normal serum cholesterol and LDL-cholesterol.
(ii) Group-II: 20 subjects
Subjects with raised serum cholesterol or LDL-cholesterol, but not in the range of FH.
(iii) Group-III: 12 subjects
Patients of FH selected on the basis of raised serum cholesterol (>7.5 mmol/litre) or LDLcholesterol (>4.9 mmol/litre).
Myocardial perfusion scintigraphy
All the subjects underwent rest/stress myocardial perfusion scintigraphy after getting a written
consent.
(i) Group-I (control group): 8 subjects
Images acquired with 99mTc-MIBI (both resting and stress scans) were very similar, showing
homogenous radiotracer distribution in all territories. So no perfusion defect was detected and
cardiac SPECT was reported as normal in these subjects.
(ii) Group-II: 20 subjects
In this group 13 subjects were having normal cardiac SPECT while in 7 perfusion defects were
detected. Among those 7 subjects, 4 were having reversible perfusion defect in inferior wall while 3
were having reversible defect in infero-lateral wall.
(iii) Group-III: 12 subjects
In 7 of these subjects extensive disease affecting apex, inferior wall, septum and anterior wall was
seen. 3 were having perfusion defects in apex, inferior and lateral walls while in the remaining 2
patients inferior wall defect was seen.
Mutation specific detection assays
All the 12 patients of group III were finally selected for LDL receptor gene mutation detection
analysis. A total number of 12 reactions were sent for sequencing. The DNA was amplified in 100ul
reaction, purified and cleaned from oligonuleotide, with the help of Qiagen PCR purification kit. The
cleaned PCR products were sent for sequencing to Eurofines Canada.
After sequencing, data was aligned with standard reference sequence and following variations were
observed in various samples as shown in the table below. It includes one mutation and four
polymorphisms. The polymorphism 1413 A>G is suspected as a pathogenic that might result in
slow translation or reduced function. However, no study has been reported to underline its effect.
Sample
Sample
Sample
Sample
Sample

1
2
3
4
5

Exon
Exon
Exon
Exon
Exon

8
8
10
10
12

Mutation
Polymorphism
Polymorphism
Polymorphism
Polymorphism
17

1171G>A
1167G>A
1413 A>G
1413 A>G
1773T>C
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Only one mutation was found. None of the samples was positive for the five common mutations
(W23X, W66G, W556S, 313+1G>A, 1846-1G>A). This data is not sufficient for the statistical
analysis. Although this project is over now, after completion of three years, we will continue
working on it and hope to find out some more mutations in such patients, so then we would be
able to analyse it statistically.
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PERU
Title: Positional cloning of 4HL stripe rust resistance quantitative trait loci in barley
Principal Investigator: Gisella Orjeda, Genomic Research Unit, Laboratorios de Investigacion y
Desarrollo, Facultad de Ciencias y Filosofia, Universidad Peruana Cayetano Heredia, Av. Honorio
Delgado 430, Urb. Ingeniería, San Martín de Porres, Lima, Peru. Tel: +51-1-3190000, ext. 2701,
E-mail: gorjeda@upch.edu.pe
ICGEB Contract No.: CRP/05/009
ICGEB Reference No.: CRP/PER05-02
Abstract: Rust is one of the major biotic problems of barley production in Peru and the world. We
will use material already developed and kindly provided by Oregon State University to identify the
gene(s) at the base of durable resistance to rust in our country. We need to generate a very large
segregating population using a resistant near isogenic line (BIL7) that has 15 cm insertion
containing the resistance gene in a susceptible background (Baronesse) in order to generate
enough recombinants within the insertion. Using synteny between rice and barley, SSR, EST
marker will be used to screen parents looking for polymorphism and mapped. The new large DH
population will be phenotyped and genotyped with markers go into the correct bin. The present
project is an effort to clone a quantitative resistance gene (QTL) in an important crop in Peru.
Original Objectives:
(i) Develop a large segregating population and doubled haploid population for fine structure
mapping;
(ii) Develop a fine genetic map for region 4HL stripe rust resistance QTL.
Results Obtained:
The Universidad Peruana Cayetano Heredia (UPCH) is a private university with the singular
characteristic of being a non-profit institution with autonomous policymaking. UPCH is a leading
research institution in biomedical research, the genomic research in plant is a recently line of
research at UPCH. The ICGEB support in the period 2006-2009 has been decisive for research
capacity strengthening. It allowed the extension of the Genomic Research Unit (GRU), which has
incorporated modern technologies and equipment. In addition, several young scientists have been
trained at undergraduate and graduate level. GRU has improved its competitive capacity getting
international collaboration with INRA-France, at national level with INIA-Peru and finding additional
research funds to complement the ICGEB support. We are expecting more than 500 new doubled
haploid individuals BIL7 x Baronesse for this year, so far we have forty one thousand and two
hundred anthers cultured from which approximately 8000 calluses have been obtained. AFLP
combination E-AGC_M-CAA together with GH223864.1 and GH22690.1 are good candidates to
continue the developing of new markers. This will be an ongoing work and the resistant-specific
SCAR markers will be used on the DH population to localise the QTL4H. A BAC library of barley
from a cultivar with resistant QTL in chromosome 1, 4 and 5 is being developed and it will be used
to localise the QTL.
Results Unforeseen in the Original Project:
Low production of DH population.
Publications:
Rossi, C., Cuesta Marcos, A., Vales, I., Gomez-Pando, L., Orjeda, G.., Wise, R., Sato, K.,
Hori, K., Capettini, F., Vivar, H., Chen, X., Hayes, P. Mapping multiple disease resistance genes
using a barley mapping population evaluated in Peru, Mexico and the USA. 2006. Mol. Breeding
18(4), 355-366
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SERBIA
Title: molecular characterisation of bacteriocin-producing strains
Principal Investigator: Djordje Fira, Institute of Molecular Genetics and Genetic Engineering
(IMGGE), Laboratory for Molecular Genetics of Industrial Microorganisms, V. Stepe 444a, P.O. Box
23, 11010 Belgrade, Serbia. Tel: +381-11-3975960, Fax: +381-11-3975808, E-mail:
dfira@eunet.rs
ICGEB Contract No.: CRP/06/010
ICGEB Reference No.: CRP/YUG06-01
Abstract: Bacterial strains that produce antimicrobial compounds play an important role in the
food industry, agriculture and pharmaceutical industry. Therefore, the first aim of the proposed
project was molecular characterisation of the bacteriocin-producing strains of lactic acid bacteria
(LAB) suitable for application in food industry. Second part of the project is the identification and
analysis of bacteriocin producers among bacteria from the soil, particularly natural isolates from
the genus Bacillus and plant associated pseudomonads, focusing on the strains with potential for
use as biocontrol agents. In Bacillus group, many strains of B. subtilis, B. amyloliquefaciens and
related species produce lipopeptides with antimicrobial and antifungal activity, such as iturins,
surfactins and fengycins. Beside non-ribosomally synthesised lipopeptides, other strains produce
bacteriocins like cerein from B. cereus and megacin A from B. megaterium. In this project, the
collections of natural isolates of LAB, Bacillus and pseudomonads were subjected to the screening
for antimicrobial activity against relevant sensitive strains (plant and human pathogens, food
spoilage bacteria) and the strains that exhibit the most interesting antimicrobial spectrum are
biochemically and genetically characterised.
Original Objectives:
(i) Isolation of bacterial strains (lactic acid bacteria, pseudomonads, Bacillus, pseudomonads) from
environmental samples and screening of natural isolates for antimicrobial activity against relevant
sensitive strains; identification of antimicrobial compounds from relevant strains;
(ii) Molecular analysis of a large chromosomal inversion conferring the resistance to antibiotic
spectinomycin in bacteriocin producing strain Lactococcus lactis subsp. lactis bv. diacetylactis S50;
(iii) Identification of the genes responsible for bacteriocin synthesis in lactobacilli.
Results Obtained:
The first part of the experiments was focused on the analysis of a large chromosomal inversion in
bacteriocin producing strain Lactococcus lactis subsp. lactis bv. diacetylactis S50. Large
chromosomal inversion that confers resistance to high concentration of antibiotic spectinomycin in
this strain was observed and identified by pulsed field gel electrophoresis (PFGE). The same type of
inversion was identified in four independent experiments and in four different derivatives of strain
S50 indicating the same position and the same mechanism of recombination as a response to
antibiotic selective pressure. The analysis of restriction pattern of chromosomal DNA suggested
that the size of inverted fragment could range between 265 and 750 kb, which correspond to 30%
of the L. lactis chromosome. Obtained results demonstrate that inversion as a mechanism of
genome plasticity can be directly involved in one step development of the adaptation to high
concentration of spectinomycin.
Another part of the research was dedicated to molecular characterisation of bacteriocin producing
strain Lactobacillus paracasei subsp. paracasei BGSJ2-8. Within this part of the project, a new
shuttle cloning vector, pA13, was constructed using origin of replication of pA1 plasmid from L.
plantarum pA1, the erythromycin resistance gene of pIL253, and the lacZ gene with a multiple
cloning site (MCS) of M13mp18. The pA13 cloning vector was successfully introduced into E. coli,
Lactobacillus and Lactococcus strains, making it a powerful tool for molecular genetics of lactic acid
bacteria. Natural plasmid pSJ2-8 (14443 bp) from L. paracasei subsp. paracasei BGSJ2-8,
containing genes for the synthesis, immunity and export of bacteriocin BacSJ, was cloned in the
plasmid pA13. Obtained construct pB5 was introduced in the L. paracasei subsp. paracasei BGHN14
as heterologous and L. paracasei subsp. paracasei BGSJ2-83 (Bac- derivative of the parental
strain) as homologous host. Sequencing and in silico analysis of the plasmid pSJ2-8 revealed 15
open reading frames (ORF). The data obtained from N-terminal amino acid sequencing and DNA
sequencing determined the primary structure of a bacteriocin BacSJ produced by L. paracasei
subsp. paracasei BGSJ2-8. Bacteriocin BacSJ was purified by using ion exchange chromatography,
reverse-phase chromatography and RF HPLC. N-terminal sequencing of purified peptide and the
analysis of the sequence of its structural gene showed that mature bacteriocin consists of 50 amino
acids, since the bacSJ2-8 gene encodes 68-amino-acid peptide containing a double-glycin leader
peptide of 18 amino acids. The orf2 (bacSJ2-8i) encodes the putative immunity protein of BacSJ.
The production and functional expression of BacSJ by heterologous and homologous hosts suggest
that bacSJ2-8, bacSJ2-8i, ABC transporter and accessory protein represent minimal requirements
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for production of biologically active BacSJ. Biochemical and genetic analyses showed that BacSJ is
a new bacteriocin that belonged to class II bacteriocins.
The 203 Bacillus isolates were initially screened for antagonism on several phytopathogenic
bacteria; 127 were found to display a significant level of antagonism towards at least one bacterial
species, and 104 showed antagonism against X. oryzae pv. oryzae. Twenty-six isolates were
chosen for a second round of screening of antagonism towards 7 target bacterial strains. It was
established that only the supernatant from isolate VPS50.2 was sensitive to Pronase E, indicating
that this strain most probably produced a bacteriocin. It was of interest to determine whether
Bacillus isolates, which displayed antagonistic activity, possessed either the lipopeptide iturin
biosynthesis locus and/or the sfp gene for biosynthesis of surfactin. Bacillus isolates were therefore
subjected to screening for the presence of iturin operon and of the sfp gene. This experiment
showed that most of the isolates screened (33) gave a single PCR product of approximately 2 kb,
when ITUP1 and ITUP2 primers were used, indicating the presence of the iturin operon in their
chromosome. 16 PCR products from various isolates were then sequenced, showing that all
sequences derived from samples with the PCR product of expected size exhibited 95-100% DNA
homology with Bacillus sp. that were known to produce iturin. Only the genomic DNA of 7 isolates
resulted in the amplification of DNA fragments using sfp-primers. The products of expected size
(675 bp) from isolates 13.3, 17.1 and 17.2 were sequenced, and the sequence comparisons of
products from these isolates showed 99, 97 and 97% of homology (respectively) between these
fragments and phosphopantetheinyl transferase gene in the database from known surfactin
producers.
Antimicrobial lipopeptide was isolated from cell-free culture supernatant of strain Bacillus sp.
SS12.9 and purified by using reverse phase HPLC. MALDI TOF TOF mass spectrometry analysis
showed that antimicrobial compound within the single peak with the activity consists of seven
distinct amino acids (Pro, Val, Asn, Arg, Phe, Tyr, Arg) strongly suggesting that this compound
belongs to the iturin family of antimicrobial lipopeptides.
The bacteriocin from strain Bacillus sp. VPS50.2 was purified from the culture supernatant by using
ammonium sulfate precipitation, chloroform extraction and ultrafiltration. Purified sample was used
for N-terminal amino acid sequencing. The sequence of first ten amino acids (WEWYNI-XQL) was
very clear, and did not show any significant homology with the antimicrobial peptides identified so
far, indicating that the strain VPS50.2 produces new bacteriocin. The production of this bacteriocin
is also dependent on growth phase, and the maximum of production is reached after 30 hours of
incubation of liquid culture in LB medium. In order to identify the gene responsible for biosynthesis
of bacteriocin VPS50.2, a genomic library of this strain was made by using newly constructed
cosmid vectors. Two shuttle cosmid vectors (E. coli, Pseudomonas sp. and Bacillus sp.) pLACE136
and pLACE166 were constructed using pLAFR3 (E. coli and Pseudomonas sp. conjugable cosmid
vector) and (E. coli and Bacillus sp.) shuttle vectors pAD43-25, (7262bp, AmpR and CmR) and
pNW33N (3875bp, CmR), respectively. Analysis of cosmids carrying genes for bacteriocin VPS50.2
production in Bacillus subtilis is in progress.
Results Unforeseen in the Original Project:
Molecular analysis of bacteriocin producing strains of lactic acid bacteria gave the results that were
expected. Compared to the objectives of the original project, another part of the research was
focused on Bacillus instead of pseudomonads, first of all due to the potential of use of Bacillus
strains in biocontrol, and a much larger number of natural isolates with antimicrobial activity.
Publications:
Kojic, M., Jovcic, B., Begovic, J., Fira, D., Topisirovic, L. Large chromosomal inversion
correlated with spectinomycin resistance in Lactococcus lactis subsp. lactis bv. diacetylactis S50.
2008. Can. J. Microbiol. 54(2), 143-149
Beric, T., Kojic, M., Stankovic, S., Topisirovic, L., Degrassi, G., Myers, M., Venturi, V., Fira,
D. Antimicrobial activity of Bacillus sp. natural isolates and their potential for use in biocontrol of
phytopathogenic bacteria. 2009. BioControl (under revision)
Kojic, M., Lozo, J., Jovcic, B., Strahinic, I., Fira, D., Topisirovic, L. Successful use of pA13 a
new shuttle cloning vector for cloning the bacteriocins BacSJ and acidocin 8912. 2009. J. Appl.
Microbiol. (under revision)
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SLOVENIA
Title: Hormone independent sexual differentiation of the brain
Principal Investigator: Gregor Majdic, Center for Animal Genomics, Veterinary Faculty,
University of Ljubljana, Gerbiceva 60, SI-1000 Ljubljana. Tel: +386-1-4779210, Fax: +386-12832243, E-mail: gregor.majdic@vf.uni-lj.si
ICGEB Contract No.: CRP/06/011
ICGEB Reference No.: CRP/SLO06-02
Abstract: Steroidogenic factor 1 (SF-1) is an essential regulator of development and function of
endocrine organs. SF-1 knockout mice are born without gonads and adrenal glands. As SF-1
knockout mice die few days after birth due to adrenal insufficiency, we developed a method of
adrenal transplantations that enables us to study brain development in the absence of steroid
hormone exposure. We explored behaviour and brain gene expression in SF-1 knockout mice from
brain sexual differentiation perspective. Sex differences have been found in the expression of
genes like calbindin, neural nitric oxide synthase and neuropeptide Y, while we could not detect
hormone independent sex difference in vasopressin expression in sexually dimorphic regions.
Global analysis of gene expression revealed several genes linked to sex chromosomes, whose
expression was sexually dimorphic also in SF-1 knockout mice. Behavioural analyses revealed
hormone independent sexual dimorphism in female sex behaviour, and increased aggressive and
anxiety-like behaviour in SF-1 knockout mice, but without sexual dimorphism. These studies have
shown that some sex differences between male and female brain exist also in agonadal SF-1
knockout mice.
Objectives:
To examine whether any sex differences in the brain develop in the absence of exposure to sex
steroid hormones during development, what would help us better understand sex differences in
function of human brain and in particularly why many psychiatric disorders show different
incidences between sexes. Studies were focused in three directions:
(i) Examination of expression of genes that are known to be expressed in sexually dimorphic
manner and genes that are involved in the regulation of body weight homeostasis;
(ii) Examination of mouse behaviours that are usually sexually dimorphic;
(iii) Examination of sex differences in global gene expression using genomic microarrays.
Results Obtained:
Examining expression of genes that are known to be expressed in sexually dimorphic manner
revealed sex differences in the number of calbindin positive cells in the ventromedial hypothalamic
nucleus as well as several differences in the expression of neuronal nitric oxide synthase in
different parts of the preoptic area and anterior hypothalamus (Budefeld, et al., 2008). We did not
detect sex differences in vasopressin expression in the lateral septum, an area that as previously
reported to be sexually dimorphic in four core genotype mice, highlighting the difference and
complementarities of both mouse models in studying hormone independent brain sex
differentiation. Another interesting observation was sex difference in both WT and SF-1 knockout
mice in the expression of neuropeptide Y in the medial amygdala and in the lateral septum, two
areas in which neuropeptide Y is suspected to play a role in the regulation of anxiety-like
behaviour. Anxiety is well known sexually dimorphic behaviour, although in our study, we did not
find the difference between sexes in that particular behaviour, suggesting that sex difference in
anxiety is dependent on the activational effects of testosterone. Nevertheless, observed sex
difference in the neuropeptide Y expression could suggest that there is an innate
structural/functional sex difference present in the brain even in the absence of hormonal exposure,
but that this sex difference would results in sex difference in the behaviour only upon the exposure
to sex steroids. We have also examined expression of several neuropeptides that are involved in
the regulation of energy balance in the body. Although we did not find differences in the expression
of peptides like neuropeptide Y, CART, AgRP and orexin, we did find structural changes in the area
of ventromedial hypothalamus that could account for the obesity in SF-1 knockout mice.
Behavioural analyses revealed one strong sex difference in female sex behaviour, that was present
in both gonadectomised WT and SF-1 knockout mice (after hormone priming with estradiol and
progesterone) with females of both genotypes showing better lordosis and received higher number
of intromissions than males of both genotypes. We have also found increase aggression and
anxiety-like behaviour in SF-1 knockout mice, although these two behaviours were not sexually
dimorphic. In some other behaviours we got interesting results that were not always consistent
with the literature.
Study of global differences in gene expression revealed six genes that show strong sexual
dimorphism in their expression, interestingly, though, all of these six genes are linked to the sex
chromosomes. Although the exact function of these 6 genes in the brain is not yet known, some of
them are involved in the regulation of epigenetic processes in the cells and that could explain why
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they are expressed in a sexually dimorphic manner as epigenetic processes have been recently
shown to contribute to differential function of male and female brain in adult life.
Results Unforeseen in the Original Project:
Most results that were unforeseen in the original project are in connection with behavioural
analyses. In several tested behaviours we found that results of our studies were not always
consistent with the published literature. We identified one potential explanation for at least some
behaviours and this is likely to be breeding in isolation. Our follow up behavioural study have
shown that social isolation even for a limited time has profound effect on the ability of mice to
recognise conspecifics, and we are planning to further explore this issue in the future. We have
also extended original studies by examining expression of several different steroidogenic enzymes
in the fetal brain of WT and SF-1 knockout mice, but we did not detect any sex (or genotype)
difference in expression of enzymes that are important for production of neurosteroids.
Publications:
Budefeld, T., Grgurevic, N., Tobet, S.A., Majdic, G. Sex differences in brain developing in the
presence or absence of gonads. 2008. Dev. Neurobiol. 68(7), 981-995
Grgurevic, N., Budefeld, T., Rissman, E.F., Tobet, S.A., Majdic, G. Aggressive behaviors in
adult SF-1 knockout mice that are not exposed to gonadal steroids during development. 2008.
Behav. Neurosci. 122, 876-884
Majdic, G. Integrative role of brain and hypothalamus in the control of energy balance. 2009. Acta
Chim. Slov. 56, 289-296
Majdic, G. Is male brain different from female brain? 2009. Slovenian Vet. Res. 46(3), 85-91
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SOUTH AFRICA
Title: Aldolase enzymes as biocatalysts for the preparation of anti-trypanosomal agents
Principal Investigator: Erick Strauss, Department of Biochemistry, Stellenbosch University,
Private Bag X1, Matieland 7602, South Africa. Tel: +27-21-808-5866, Fax: +27-21-808-5863, Email: estrauss@sun.ac.za
ICGEB Contract No.: CRP/06/017
ICGEB Reference No.: CRP/ZAF06-02
Abstract: In this study we aimed to find new routes for the production of amino acid analogues
that can act as inhibitors of the ornithine decarboxylase (ODC) enzyme of Trypanosoma spp. (the
causative agent of Human African Trypanosomiasis, or HAT), similar to the analogue
difluoromethylornithine (DFMO) which is currently used in the clinical treatment of the disease.
Specifically, we proposed to develop a route whereby these analogues could be prepared by action
of an enzyme biocatalyst on easily available precursors, and focused our attention on the use of
two aldolase enzymes, namely serine hydroxymethyltransferase (SHMT) and L-allo-threonine
aldolase (LTA), to prepare 3-hydroxylated analogues of the substrates of ODC and the essential
meso-diaminopimelate decarboxylase (DAPDC) enzyme from Mycobacterium tuberculosis. A
secondary goal was to demonstrate that such hydroxylated precursors could be chemically
transformed into the corresponding fluorinated analogues, since these were expected to be more
likely to act as potent inhibitors of these enzymes.
Objectives:
(i)Synthetic preparation of 3-hydroxy-ornithine and 3-hydroxy-DAP (3-HDAP) analogues for use in
the screening and evaluation of LTA and SHMT as biocatalysts, and for use in fluorodehydroxylation
reactions to prepare the homologous 3-fluoro analogues;
(ii) Evaluation of LTA and SHMT as biocatalysts in the retro-aldol cleavage of 3-hydroxy ornithine
and 3-HDAP analogues to assess the stereospecificity of the reaction;
(iii) Evaluation of LTA and SHMT as biocatalysts in the aldol condensation reaction of an
appropriate aldehyde with glycine to prepare 3-hydroxy ornithine and 3-HDAP analogues
biosynthetically;
(iv) Adaptation and analysis of the biocatalyst in a one-pot biosynthetic reaction using simple
alcohols and glycine as main feedstock to prepare 3-hydroxy ornithine and 3-HDAP analogues as
precursors to ODC and DAP-DC inhibitors.
Results Obtained:
We have successfully prepared 3-hydroxy-ornithine and 3-hydroxy-DAP (3-HDAP) by synthetic
means, and used these compounds as standards to develop new TLC-based assays of the aldolasecatalysed condensation reaction. We have also demonstrated that 3-hydroxy-ornithine is a poor
inhibitor of parasite ODC, but not of human ODC, suggesting that such compounds may be
selective in their inhibition. In regards to the biocatalysis we have shown that, similar to results
recently published by the group of P. Clapés in Barcelona, aldolase enzymes such as LTA and SHMT
can be used to prepare various protected forms of 3-hydroxy-ornithine when excess glycine is used
as aldol donor. Furthermore, we have found that it is possible to prepare the aldol acceptor (an
aldehyde) in situ by action of an alcohol dehydrogenase on an appropriate alcohol, which
suggested that it would be possible to perform the aldol condensation reaction in one-pot from the
alcohol, and glycine.
Results Unforeseen in the Original Project:
We were surprised to find that in one-pot reactions, the alcohol dehydrogenase is also able to
oxidise the secondary alcohol of the aldol condensation product, which would allow for dynamic
kinetic transformation and formation of the γ-ketone as a final product.
Publications:
De Villiers, J., Koekemoer, L., Strauss, E. 3-Fluoro-aspartate and Pyruvoyl-dependent aspartate
decarboxylase: Exploiting the unique characteristics of fluorine to probe reactivity and binding.
2010. Chemistry 16(33), 10030-10041
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TUNISIA
Title: Major genes conferring tolerance to salinity in Tunisian grapevine
Principal Investigator: Ahmed Mliki, Laboratory of Plant Molecular Physiology, Centre de
Biotechnologie de Borj-Cedria, B.P. 901, 2050 Hammam-Lif, Tunisia. Tel: +216-79-325938, Fax:
+216-79-325938, E-mail: ahmed.mliki@cbbc.rnrt.tn
ICGEB Contract No.: CRP/06/013
ICGEB Reference No.: CRP/ TUN06-01
Abstract: Subtractive cDNA libraries and expression profiling using GrapeArray2.0 microarrays
were used to screen for genes that were differentially expressed in response to salt stress in leaves
and roots of the salt tolerant Tunisian V. vinifera cv. Razegui. A set of cDNAs could be identified
which showed a genotype dependent expression when the tolerant variety Razegui was compared
to the sensitive variety Syrah. A member from the thaumatin gene family (already known to confer
enhanced salt tolerance in tobacco) and two cDNAs encoding for alkaline alpha-galactosidases
(AGA) were consistently up-regulated in the tolerant variety. For one AGA gene the full length
cDNA was characterised. The corresponding ORF has been cloned into a binary vector under the
control of the CFMV 35S-promoter and seeds of transgenic tobacco T0 plants have collected to test
T1 plants for phenotypic effects. As a show case transformation of grapevine with a reference gene,
HVA1 from barley known to confer abiotic stress tolerance in several transgenics has been
performed in a rootstock and a variety. Regenerated transgenic plantlets are currently selected.
Objectives:
The project focused on the search for the major genes involved in the tolerance against salinity of
a Tunisian grapevine cultivar, Razegui, which can tolerate much higher salt concentration than elite
varieties like Syrah. Candidates genes should be identified which are likely to contribute to the
enhanced salt stress tolerance in Razegui.
Original Objectives:
(i) Preparation and screening of subtractive cDNA libraries for salt stress associated genes from the
salt tolerant V. vinifera “Razegui” (before the release of the grape genome);
(ii) Characterisation and verification of putative candidates;
(iii) Supplementary expression profiling (after release of the grape genome).
Results Obtained:
Microarray based “SSH on the chip” screening for genes that are differentially expressed in
response to salt stress in leaves in the salt tolerant Tunisian V. vinifera cv. Razegui yielded out of
approx. 850 pre-selected SSH clones seven cDNAs which showed a genotype dependent expression
when the tolerant variety Razegui was compared to the sensitive variety Syrah. The expression of
those genes in two grapevine varieties exhibiting a tolerant or highly susceptible salt stress
phenotype were quantified during the duration of NaCl stress and after an additional 2 days period
of recovery. Further validation by means of Northern hybridisation of the expression behaviour of
those candidate cDNAs in three independent biological salt stress experiments confirmed two
cDNAs encoding for alkaline alpha-Galactosidases (= AGA), which were consistently up-regulated
in the tolerant variety.
For one AGA gene the complete ORF was sequenced and corresponding 5´- and 3´-UTRs were
characterised by RACE. Its corresponding mRNA was approximately eightfold higher up-regulated
by NaCl treatment in Razegui than in Syrah. The ORF has been cloned into a binary vector under
the control of the CFMV 35S-promoter and transgenic tobacco plants have been generated in order
to test its phenotypic effect in over-expressing transgenic plants. Seeds of 31 transgenic tobacco T0
plants have collected and analysis of 31 T1 lines is ongoing.
Expression profiling with the GrapeArray2.0 transcriptom chip identified among several “unknown”
and “hypothetical” proteins members of the ethylene-responsive transcription factor family and
several PR proteins one member from the Thaumatin gene family for which the homologous gene
(“Osmotin”) from tobacco has already been demonstrated to confer enhanced salt tolerance. This
gene shows significant differences in expression levels between Razegui and Syrah in leaves and
roots and according to its proposed function it could be a promising candidate, which may
contribute to the enhanced tolerance in the cultivar Razegui. Confirmation of the expression
profiling results by real-time RT-PCR and Northern blot analysis is in progress.
In addition to the screening for novel tolerance conferring genes from Tunisian grapevine for a
supplemental transgenic approach HVA1, a group 3 LEA proteins from barley was chosen in order
to demonstrate in principle the feasibility of a transgenic approach to establish abiotic stress
tolerance in grapevine. Recently it has been demonstrated that accumulation of barley HVA1
protein in the vegetative tissue of transgenic plants confers increased tolerance towards salinity
and dehydration stress in mulberry. This gene has already been used successfully to transform
economically important monocotyledonous plants like rice, oat, wheat and bent grass thereby
improving abiotic stress tolerance. A HVA1 expression cassette was cloned from pBY520 plasmid
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into pCAMBIA1300 and Agrobacterium-mediated transformation of Vitis embryogenic cell cultures
for variety “Tempranillo” and root-stock “Richter 110” were performed. Regeneration and selection
of transgenic plantlets for further investigations are ongoing.
Results Unforeseen in the Original Project:
RACE experiments for the alkaline alpha-galactosidase gene revealed a novel second 5´
untranslated exon originating from an alternative transcriptional start site downstream of the
prevalent 5´UTR. The biological relevance for abiotic stress induced expression is still unclear.
Publications:
Daldoul, S., Hoefer, M.U., Linhard, C., Jallouli, N., Mliki, A., Reustle, G.M., Ghorbel, A.
Expression analysis of salt stress responsive genes in grapevines. 2008. In: Biosaline Agriculture
and High Salinity Tolerance. Abdelly, C., Öztürk, M., Ege Ashraf, M., Grignon, C. (eds) Birkhäuser
Verlag AG, Switzerland, pp. 297-303
Daldoul, S., Chenenanoui, S., Mliki, A., Höfer, M.U. Improvement of an RNA purification
method for grapevine (Vitis vinifera L.) suitable for cDNA library construction. 2009. Acta Physiol.
Plant. 31, 871–875
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URUGUAY
Title: Mn Porphyrins in the protection against peroxynitrite-mediated injury
Principal Investigator: Rafael Radi, Departamento de Bioquímica and Center for Free Radical and
Biomedical Research, Facultad de Medicina, Universidad de la República, Av. General Flores 2125,
Montevideo
11800,
Uruguay.
Tel:
+598-2-9249562,
Fax:
+598-2-9249563,
E-mail:
rradi@fmed.edu.uy
ICGEB Contract No.: CRP/06/014
ICGEB Reference No.: CRP/URU06-03
Abstract: Peroxynitrite (ONOO-) is the coupling product of nitric oxide (.NO) and superoxide (O2-)
and represents a key reactive and toxic species participating in various pathological conditions.
Development and testing of compounds that readily and catalytically decompose peroxynitrite to
less toxic or non-toxic products in vitro and in vivo is critical for future pharmacological
interventions against peroxynitrite-dependent tissue toxicity. Moreover, targeting of peroxynitritedecomposition catalysts and scavengers to specific organelles that are important intracellular
sources of peroxynitrite such as mitochondria represents a promising therapeutic strategy. The
ICGEB–project was focused to understand the reaction kinetics and mechanisms of manganeseporphyrins (MnP) with peroxynitrite, the interactions and redox biochemistry of MnP with
mitochondria and their protective role in vitro and in vivo in relevant disease models where
peroxynitrite and oxidative stress play a contributory pathogenic role.
Objectives: Our objectives focused on the evaluation of:
(i) The redox chemistry of different classes of MnPorphyrins with oxidants such as peroxynitrite and
reductants such as flavoenzymes;
(ii) MnPorphyrins and mitochondria: redox interaction, partitioning and protection and
(iii) The pharmacological actions of MnPorphyrins in cell and animal disease models.
Overall, the objectives were synergistic amongst them and ranged from the chemical to the animal
levels, which required an interdisciplinary approach.
Results Obtained:
(i) The project established reaction mechanisms and chemical kinetics of a variety of MnP and
related antioxidant compounds with peroxynitrite; rate constants and products arising from the
reaction were determined. The data support that some MnP are capable of participating in
peroxynitrite decomposition in biological systems, outcompeting some of the endogenous
biotargets and therefore inhibiting oxidation and nitration processes.
(ii) Secondly, the interactions of MnP with mitochondrial electron transport components and their
capacity to become reduced to the Mn2+ state in the inner mitochondrial membrane was revealed;
the data allowed the discovery that redox cycles of catalytic peroxynitrite decomposition could be
supported in mitochondria at the expense of reducing equivalents of the electron transport chain;
(iii) We successfully tested MnP and other mitochondrial-targeted antioxidants (mito-ubiquinol;
mito-nitroxide, tyrosine-containing peptides) in a series of disease models including (a)
neurodegenerative processes (ALS model), (b) cigarette smoke- and hyperglycemia-mediated
vascular endothelial damage and (c) inflammatory conditions.
The data obtained through the execution of the project provided a strong background supporting
the development of peroxynitrite-decomposition catalysts and mitochondrial-targeted antioxidants
for the therapy of free radical/oxidative stress-mediated pathophysiological processes. The data
are substantiated by abundant mechanistic and molecular information, including studies on the
biological chemistry of peroxynitrite and secondary radicals.
Selected Publications (from a total of 45):
Alvarez, M.N., Peluffo, G., Folkes, L., Wardman, P., Radi, R. Reaction of the carbonate radical
with the spin trap 5,5-dimethyl-1-pyrroline-N-oxide in chemical and cellular systems: pulse
radiolysis, electron paramagnetic resonance and kinetic-competition studies. 2007. Free Radic.
Biol. Med. 43, 1523–1533
Bartesaghi, S., Ferrer-Sueta, G., Peluffo, G., Valeria, V., Zhang, H., Kalyanaraman, B.,
Radi, R. Protein tyrosine nitration in hydrophilic and hydrophobic environments. 2007. Amino
Acids 32, 501–515
Demicheli, V., Quijano, C., Alvarez, B., Radi, R. Inactivation and nitration of human SOD by
fluxes of nitric oxide and superoxide. 2007. Free Radic. Biol. Med. 42, 1359–1368
Pehar, M., Vargas, M.R., Robinson, K.M., Cassina, P., Díaz-Amarilla, P.J., Hagen, T.M.,
Radi, R., Barbeito, L., Beckman, J.S. Mitochondrial superoxide production and Nrf2 activation in
p75NTR-induced motor neuron apoptosis. 2007. J. Neurosci. 27, 7777-7785
Peluffo, G., Radi, R. Biochemistry of protein tyrosine nitration in cardiovascular pathology. 2007.
Cardiovasc. Res. 75, 291-302

27

ICGEB CRP Research Grant Programme

Projects completed in 2010

Quijano, C., Castro, L., Peluffo, G., Valez, V., Radi, R. Enhanced mitochondrial superoxide in
hyperglycemic endothelial cells: Direct measurements and formation of hydrogen peroxide and
peroxynitrite. 2007. Am. J. Physiol. Heart Circ. Physiol. 293(6), H3404- H3414
Romero, N., Peluffo, G., Bartesaghi, S., Zhang, H., Joseph, J., Kalyanaraman, B., Radi, R.
Incorporation of the hydrophobic probe N-t-BOC-L-tyrosine tert-butyl ester to red blood cell
membranes to study peroxynitrite-dependent reactions. 2007. Chem. Res. Toxicol. 20(11), 16381648
Szabó, C., Ischiropoulos, H., Radi, R. Peroxynitrite: biochemistry, pathophysiology and
development of therapeutics. 2007. Nat. Rev. Drug Discov. 6, 662-680
Ye, Y., Quijano, C., Robinson, K.M., Ricart, K.C., Strayer, A.L., Sahawneh, M.A., Shacka,
J.J., Kirk, M., Barnes, S., Accavitti-Loper, M.A., Radi, R., Beckman, J.S., Estevez, A.G.
Prevention of peroxynitrite-induced apoptosis of motor neurons and PC12 cells by tyrosinecontaining peptides. 2007. J. Biol. Chem. 282(9), 6324-6337
Cassina, P., Cassina, A., Pehar, M., Castellanos, R., Robinson, K.M., Beckman, J.S., Mason,
R.P., Barbeito, L., Radi, R. Mitochondrial dysfunction in SOD1G93A-bearing astrocytes promote
motor neuron degeneration: Prevention by mitochondrial-targeted antioxidants. 2008. J. Neurosci.
28(16), 4115-4122
Souza, J., Peluffo, G., Radi, R. Protein tyrosine nitration- functional alteration or just a
biomarker? 2008. Free Radic. Biol. Med. 45(4), 357-366
Trujillo, M., Ferrer-Sueta, G., Radi, R. Peroxynitrite detoxification and its biological implications.
2008. Antioxid. Redox Signal. 10, 1-13
Abriata, L.A., Cassina, A., Tórtora, V., Marín, M., Souza, J.M., Castro, L., Vila, A.J., Radi, R.
Nitration of solvent-exposed tyrosine-74 on cytochrome c triggers heme iron-methionine-80 bond
disruption: Nuclear magnetic resonance and optical spectroscopy studies. 2009. J. Biol. Chem.
284(1), 17-26
Batinić-Haberle, I., Cuzzocrea, S., Rebouças, J.S., Ferrer-Sueta, G., Mazzon, E., Di Paola,
R., Radi, R., Spasojević, I., Benov, L., Salvemini, D. Pure MnTBAP selectively scavenges
peroxynitrite over superoxide: Comparison of pure and commercial MnTBAP samples to MnTE-2PyP in two different models of oxidative stress injuries, SOD-specific E. coli model and
carrageenan-induced pleurisy. 2009. Free Radic. Biol. Med. 46(2), 192-201
Ferrer-Sueta, G., Radi, R. Chemical biology of peroxynitrite: kinetics, diffusion, and radicals.
2009. ACS Chem. Biol. 4(3), 161-177
Peluffo, G., Calcerrada, P., Piacenza, L., Pizzano, N., Radi, R. Superoxide-mediated
inactivation of nitric oxide and peroxynitrite formation by tobacco smoke in vascular endothelium:
studies in cultured cells and smokers. 2009. Am. J. Physiol. Heart Circ. Physiol. 296, H1781–
H1792
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VIET NAM
Title: Identification and characterisation of salinity and dehydration responsive genes encoding
transcription factors in rice to use as molecular tools for conferring abiotic stresses tolerance in
plant
Principal Investigator: Xuan Hoi Pham, Head, Department of Plant Molecular Pathology and
Stress Tolerance, Institute of Agricultural Genetics, Pham Van Dong Road, Tuliem, Hanoi, Vietnam.
Tel: +84-4-37557764, Fax: +84-4-37557764, E-mail: xuanhoi_pham@yahoo.com
ICGEB Contract No.: CRP/06/016
ICGEB Reference No.: CRP/VIE06-01
Abstract: Drought and high-salt are among the most important abiotic stress factors limiting food
production world-wide. Plants sense and respond to these stresses by means of complex systems
of signalling pathways. DRE (dehydration responsive element) is a cis-acting element that is
involved in gene expression responsive to abiotic stress in higher plants. To date, all well known
DREB transcription factors like DREB1/CBFs and DREB2s in Arabidopsis, rice, maize and other
plants regulate gene expression in response to drought, high-salt and cold stresses by binding
specifically to the DRE/CRT. Therefore, present work aims at isolation and characterisation of
transcription factors from rice for augmenting the present level of abiotic stress tolerance. The
work in this project will be on rice but the findings will also hold true for other crops. Yeast one
hybrid screening, the specific method for identifying DNA binding proteins, will be employed in this
project for identification of target genes. Additional focus in this study will optimise techniques for
gene transfer and manipulation in Indica rice varieties for functional analysis of identified
transcription factors. The final address of this work will aim at raising transgenic rice employing
transcription factors that are tolerant to environmental stress.
Objectives:
(i) To construct salinity and drought cDNA libraries in rice that will be used to identify target genes;
(ii) To identify transcription factors involved in salinity and drought stresses for engineering
transgenic that are tolerant to environmental stresses;
(iii) To optimise Indica rice transformation system using Agrobacterium. The system will be used to
raise rice transgenic employing transcription factors that are tolerant to salinity and drought
stresses;
(iv) To transfer transcription factors into rice plants and analyse transgenic.
Results Obtained:
Total RNA was isolated from drought stressed rice seedling using the Trizol reagent (Life
Technologies, USA). Poly A+ RNA was purified from total RNA using Oligotex suspension (Qiagen,
GmbH). Drought cDNA library was constructed from 5 mg of poly(A) RNA in HybriZAP - 2.1 vector
using HybriZAP – 2.1 XR library construction kit (Stratagene) following the manufacturer’s
protocol. The cDNA was cloned between the EcoRI and XhoI sites of the vector followed by
packaging with Gigapack II gold extracts and amplification according to the manufacturer’s
introduction (Stratagene). The resulting phage library contained 1 x 109 plaque forming units per
ml.
Using a target sequence of 50 nucleotides on Glutamate dehydrogenase-like protein (JRC2606)
promoter containing DRE cis-acting element for yeast one hybrid screening, we identified two
transcription factors belonging to A6 subgroup of DREB subfamily named OsRAP2.4A and
OsRap2.4B. Sequence alignment of OsRap2.4A, OsRap2.4B and homolog DREB subfamily
transcription factors from different species shown that they had only striking homology with Rap2.4
and ZmDBF1, a maize transcription factor increases drought tolerance in plant on a region of 59
amino acid of AP2 domain. A WLC motif localised in central of AP2 domain was observed among
these proteins. Besides, before the AP2 domain, two conserved sequences (QA/SQ,
Q/LP/LMKPP/QA/S) like motif were observed and after the AP2 domain, other two basic regions in
C-terminal region were also observed. These sequences might act as an activation domain for
transcription. There is not much homology on over the entire length of the amino acid sequence
between these proteins suggesting that they may have multi-functions. A systematic phylogenic
analysis of the ERF/AP2 domains of these proteins was carried out on the basis of the classification
of 121 ERF/AP2 transcription factors in Arabidopsis (Sakuma et al., 2002). We analysed the
similarities of OsRap2.4A and OsRap2.4B with proteins from other species including Arabidopsis,
rice. As a result, OsRap2.4A and OsRap2.4B are classified into the DREB subfamily, A-6 subgroup.
OsRap2.4A was drought, high-salt and temperature stresses and bound very specifically to DRE
sequence localisation on the downstream miniTATA box of JRC2606 promoter both in-vivo and invitro. However, transactivation assay of OsRap2.4A did not show transactivation activity both in
yeast and rice protoplast. Coding sequence of OsRap2.4A was transformed into rice and
Arabidopsis using over-expression, repression domain systems for functional analysis. Both in rice
and Arabidopsis transgenic overexpressing OsRap2.4A at high level resulted in retardation growth
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while overexpressing OsRap2.4A at low or medium level did not show any retardation growth.
Transgenic Arabidopsis over expressing OsRap2.4A at medium level increase high-salt and drought
tolerances but high level expression of OsRap2.4A resulted in reducing stresses tolerances.
We also developed an In-vitro system for gene transfer of Vietnamese rice varieties. A total of 59
Vietnamese rice varieties including 26 common varieties, 27 drought resistance varieties and 6
high quality varieties were studied for callus forming potentiality and plant regeneration capacity.
At least, 32 rice varieties have callus-forming potentiality. Among them, 19 rice varieties have
callus formation rate of 40 – 60%, a variety named Lua Ngoi, has callus formation rate of 71% and
two varieties named Chanh Trui and Ngoi Tia, have callus formation rate of above 90%. All 32
callus-forming rice varieties contain plant regeneration capacity. Out of which, 24 rice varieties
have regeneration score above 60%, specially three rice varieties named Ngoi Tia, Chanh Trui and
Bac Thom No. 7, have regeneration score of above 80%. Base on data in callus forming potentiality
and plant regeneration capacity, we have developed protocol for transformation system into Chanh
Trui, Lua Ngoi and Ngoi Tia highland varieties using Agrobacterium. These transformation systems
are now ready for genetic engineering of transcription factor for high-salt and drought tolerance.
Results Unforeseen in the Original Project:
To the best of our knowledge, all reported data about DRE binding protein group bind to DRE
upstream localisation of TATA box and function as activators. In this study, OsRap2.4A binds to
DRE localised in downstream of TATA box and likely function as repressor. Since, the data could be
meaningful in both basic and applied sciences.
Publications:
Cao, L.Q., Le, K.H., Le, H.H., Pham, X.H. Plant regeneration study from embryo of a group of
Vietnamese rice Indica and Japonica varieties for transformation approach. 2008. J. Biol., 30(3),
141-147
Cao, L.Q., Tran, T.T., Pham, X.H. Genetic engineering of gene encoding transcription factor
MtOsDREB2A from Vietnamese rice variety Chanh Trui for drought stress tolerance. 2009. J. Biol.,
31(2), 79-88
Pham, X.H., Tran, T.T. Identification and Sequencing analysis of a DREB subfamily transcription
factor evolved in drought stress tolerance from rice. 2009. J. Biol., 31(4), 74-81
Tran, T.T., Cao, L.Q., Le, H.H., Pham, X.H. Identification OsRap2.4B involved in drought stress
tolerance from rice. 2009. J. Vietnamese Agric. Sci. and Technol. 4(13), 118-126
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