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FOREWORD

Over the past three decades life sciences have been transformed, through the
development of structural chemistry and molecular biology, from descriptive to reduc-
tionist, approaching fundamental questions of living systems. Modern sciences, widely
used in industry, agriculture and medicine, have reached a level, which makes a signifi-
cant impact on the contemporary society.

The Institute of Bioorganic Chemistry of the Polish Academy of Sciences is a
modern research unit whose role is to pursue basic research and advanced education on
postgraduate level. The Institute connects interdisciplinary research problems of struc-
tural chemistry and crystallography with fundamental biological problems on molecular
level. Within its internal organization, there are several interacting research groups in
each laboratory. Such a structure encourages young scientists and graduate students to
early acquire a sense of responsibility. A good number of scientists who graduated from
or were trained at our Institute now hold high positions in laboratories all over the world.

The Institute comprises research laboratories and the affiliated Supercom-
puting and Networking Center.

In 1998, the Institute employed 203 people including 50 staff scientists with
Ph.D. degree with 18 professors, 33 Ph.D. graduate students, 64 engineers and techni-
cians and 56 administrative and service personnel. The Ph.D. graduation program takes
4 years combining the research work and a series of specialized lectures. In 1998/99,
46 undergraduate students from the faculties of biology, chemistry, pharmacy and bio-
technology of Poznan Universities were working at the Institute's laboratories to com-
plete their M.Sc. degrees.

Current scientific interests of the Institute may be summarized as follows:

< chemical synthesis and stereochemistry of modified nucleosides and nucleotides with
antiviral and antitumor activity;

< chemical and enzymatic synthesis of nucleic acids and oligonucleotides including
structural genes and model oligomers of DNA and RNA,;

< chemistry and molecular biology of RNA;

< heteronuclear NMR studies on the conformation of nucleic acid components and
nucleic acid-protein interactions;e

 structure, organization and expression of plant genes and molecular genetics of plant-
microbe interactions;



« transformation of plant cells with foreign DNA and regeneration of transgenic plants
with potential practical application including construction of plant-based edible vac-
cines;

< molecular biology of oncogenes;
< X-ray crystallographic analysis of proteins, nucleic acids and their derivatives;

< modelling and computation methods in molecular biology and chemistry.

Although most scientific activities carried out in the Institute laboratories focus
on basic research problems, some of them may become of practical importance. These
include synthesis of molecular probes for medical and agricultural diagnostics, analysis
of genes BRCAI, BRCA2 and p53 for mutations that are conducive to breast cancer,
synthesis of nucleic acids analogs with antiviral and anticancer properties, investigation
of naturally occurring symbiotic systems capable of fixing atmospheric nitrogen, trans-
formation and regeneration of higher plants expressing viral antigens with potential vac-
cinal activity, as well as research concerning applied phytophysiology directly related to
agricultural practice. One of the Institute’s buildings erected in 1989-1994 serves the
local scientific community as the venue of the Science Center of the Polish Academy of
Sciences in Poznan with a well-equipped conference center.

Although useful, the reductionist understanding of the structural and biological
phenomena is incomplete; the knowledge of the DNA sequence of a gene does not by
any means tell us all that we need to know. Transcription, posttranslational events, inter-
actions with the products of other genes, interactions with environment, conformational
relationships, are necessary for understanding of fundamental rules of nature. This
is a large area and we feel it is our duty to contribute to its further development.

Andrzej B. Legocki
Director of the Institute

Poznan, March 1999
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LABORATORY OF NUCLEOSIDE CHEMISTRY

Head: Bozenna Golankiewicz

Staff: Jerzy Boryski, Piotr Januszczyk, Tomasz Ostrowski, Joanna Zeidler,
Andrzej Manikowski, 7/)fia Adamska, Krystyna Lembicz

Ph.D. Students: Daniel Baranowski, Tomasz Goslifiski, Tomasz Zandecki

The research is concentrated upon the synthesis of modified nucleobases,
nucleosides and nucleotides together with their structural features, chemical properties
and biological activities. The main objects of interest are nucleoside analogs designed to
mimic the natural substrates for: i) probing the structural and steric requirements of se-
lected enzymes, ii) enhancing the specificity in enzyme inhibition, iii) developing new
antiviral and anticancer agents. Studies in the field of synthesis and reactivity of nitrogen
heterocycles also include the stability, solubility and transport characteristics important
for the desired activity in vivo of the aforementioned analogs.

Current research activities:

« search for new approaches towards synthesis of nucleobases and nucleosides (con-
trolled degradation, rearrangements);

« selective alkylation of nucleosides and nucleotides;

< synthesis and characterization of nucleobase and nucleoside analogs which are poten-
tially and actually biologically active, mainly ring analogs of purine, acyclo-nucleo-
sides and dideoxynucleosides;

< attempts at defining structure-activity relationships in base-modified acyclovir and
ganciclovir analogs;

e study on the mechanism and applications of transglycosylation reactions in the
nucleoside chemistry;e

< determination of the structural factors influencing the stability of glycosylic bonds.

13
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Major recent results

Tricyclic modification ofthe guanine moiety ofacyclovir and ganciclovir

Linking 1 and  positions of the guanine moiety in two potent antivirals, acyclo-
vir and ganciclovir, with an etheno bridge was found to modulate the biological and
physical properties of these two compounds. The appended ring alone lowers the activity
against HSV-1, HSV-2, VZV and CMV by a factor of 10" or more. Further substitutions
in that ring enhance the activity and make compounds more selective toward particular
viruses. Substitution with phenyl group results in fluorescent analogs which having bio-
logical activity similar to that of the parent compounds seem to be promising candidates
for noninvasive diagnosis of herpesvirus infections.

Synthesis and selective activity against myxoviruses of some imidazof],5-a]-1,3,5-
triazine (5,8-diaza-7,9-dideaza purine) derivatives

A variety of imidazo[l,5-a]-1,3,5-triazine derivatives was synthesized by chlo-
ro-trimethylsilane/HMDS effected cyclization-rearrangement of 5-acylamino-5-alkyl
(aralkyl, omega-benzyloxypolimethylene)-6-amino-2-mercaptopyrimidin-4(5//)ones and
subsequent transformations of substituents at the 2-, 4-and 8 positions. The compounds
were evaluated in broad-spectrum antiviral assays. Simultaneous presence of the benzyl
and thio structural units was found to be indispensable for any selective biological acti-
vity. Some 2-thio substituted compounds e.g., 8-(4-methylbenzyl)-2-[(4-methyl-ben-
zyl) thio] imidazo[l,5-a]-1,3,5-triazin-4-one (1), are specifically inhibitory to in-
fluenza A and respiratory syncytial viruses at concentrations below 5 pM.

Lack of anti-influenza A and anti-respiratory syncytial viruses activity of the
purine ring counterpart of (1) at concentrations of 750 and 100 pM, respectively, demon-
strates that the position of nitrogen atoms within the heterocyclic skeleton is of critical
importance.

Transglycosylation reactions ofpurine nucleosides and their analogs.

Synthesis of the N-glycosylic bond, one of the most important reactions in the
nucleoside chemistry, proceeds in two steps: i) the formation of a kinetic glycosylation
product, and ii) its rearrangement, called “transglycosylation”, to a thermodynamically
more stable nucleoside. It has been believed for years that glycosylation of all purine
bases takes place in the sequence 3-*9, as it has been demonstrated for adenine. How-
ever, as shown in our laboratory, 6-oxopurines (e.g. guanine, hypoxanthine) undergo
glycosylation in the sequence 79, and the site of initial substitution (N7 or N9)
depends on the strucure of substrates.

Reaction of 7 9 transglycosylation has found many applications in the nu-
cleoside chemistry, especially for synthesis of acyclonucleosides (e.g. acyclovir,
ganciclovir). A variety of aspects related to the mechanism of transglycosylation, i.e.
regio- and stereochemistry, reversibility, effects of structural modifications and the role
of catalysts, are currently studied in our laboratory.

14



NUCLEOSroE CHEMISTRY

KEYWORDS:
nucleoside analogs synthesis ¢ transglycosylation
« glycosylic bond stability = antivirals ¢ structure-
activity relationships
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LABORATORY OF STRUCTURAL CHEMISTRY
OF NUCLEIC ACIDS

Head: Ryszard W. Adamiak,

Staff: Ewa Biata, Artur Fischer, Katarzyna Kulinska, Tadeusz Kulinski,
Joanna Sarzynska, Grazyna Dominiak, Mariusz Popenda, Danuta Wieckowska
Staff of affiliated NMR Laboratory: Zofia Gdaniec, Dorota Mnichowska,
Elzbieta Pasternak

Ph.D. Students: tukasz Bielecki, Mikotaj Olejniczak

Undergraduate Students: Katarzyna Pachulska, KrzysztofStobrawa,
Norbert Oksza Strzelecki

Major interests of the Laboratory comprise synthesis and chemistry of oligo-
ribonucleotides directed toward elucidation of structure and stereodynamics of RNA,
and their interactions with related proteins. Concurrently, new methodologies have
been advanced for the design of regioselectively modified oligo(dcoxy)ribonucleotide
probes (nucleosidic fluorophores, fluorine, NMR-isotopes) for molecular studies of
nucleic acids (RNA duplexes and bulges, duplexes modified with fluorescent
I,N"-ethenoadenine, 2-aminopurine and luminarine analogs) and RNA-proteins inter-
actions.

Until 1985, the major interest of the group was total synthesis of RNA frag-
ments, especially those containing natural, modified and hypermodified nucleosides.
Our laboratory pioneered the methods of post-synthetic modifications of oligoribo-
nucleotidcs as a route to regiospecific modification of RNA. We have described in
detail the mechanism of potential side-reactions during oligonucleotide synthesis.

Since our finding of “A”-+“Z” RNA transition on oligoribonucleotide level
we moved toward structural studies of functionally important RNA domains. The idea
is to combine, within the group, the synthetic and structural lines of research in the
RNA field. The major methodologies are heteronuclear (‘"H, *C, P, '®F) NMR, ther-
modynamics and time resolved spectrofluorimetry. Thanks to the access to in-house
supercomputing and networking facilities (Poznari Supercomputing and Network
Center) simulation of molecular dynamics is intensively introduced into our research.

Current research activities:

» design and application of regioselectively modified oligoribonucleotides for 'H,
'"C and '®F NMR studies of RNA structure, dynamics and interactions with small
ligands and recombinant proteins,

< chemistry of nucleoside fluorophores of luminarosine group and their introduction
into oligonucleotides,

« studies on the NMR structure and dynamics of RNA domains (RNA duplexes con-
taining alternating CG base pairs, RNA bulge duplexes, TAR RNA HIV-1) and
interactions on the RNA-protein interface (‘“*C-fCj-riboseJlabelled TAR RNA and
Tat-1 and Tat-2 proteins).
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e hydration of RNA (functional domains of 5S rRNA, RNA bulge duplexes
and P-modified fragments),

< role of 2'-hydroxy function in view of “A  Z” transition in RNA,

« thermodynamics, dynamics via time-resolved spectrofluorymetry and MD simula-
tion in aqua of modified RNA bulges, TAR RNA HIV-1 and various regions of 5S
rRNA.

e chemistry of nucleoside fluorophores of luminarosine group and their introduction
into oligonucleotides;

« NMR studies on the structure and dynamics of RNA domains containing alternat-
ing CG base pairs in RNA duplexes;

« investigation of the role of 2'-hydroxy function in the “A”  “Z” transition in RNA;

e« 2D NMR, time-resolved spectrofluorimetric studies and dynamics of modified
RNA bulges within domain of TAR RNA HIV-1;

« simulation of molecular dynamics of DNA duplexes modified with fluorescent,
mutagenic 1,N*-ethenodeoxyadenosine.

Major recent results

RNA synthesis

To study the RNA structure and dynamics by NMR methods a sequence-
specific introduction of r,2',3,4',5'-"*C5-ribonucleotide residues into 29-mer of TAR
RNA HIV-1 has been elaborated (in cooperation with laboratory of Prof J. Chatto-
padhyaya, Uppsala University). Other syntheses are related to preparation of regiose-
lectively modified oligoribonucleotides for 'H, "*C, F NMR and fluorescence studies
of RNA domains.

Structure of RNA duplexes containing alternating CG base pairs.

Recently we have determined the solution structure of two RNA duplexes of
sequence CGCGCG (PDB IPBM) and 2'-0-methyl-CGCGCG (PDB IPBL) using 2D
NMR methods. The results show details of unique form of over-wounded type du-
plexes containing consecutive CG base pairs and effect of 2'-0-methylation. In coope-
ration with Dr. D. A. Adamiak (this Institute) and Dr. Dr. W. Rypniewski and
Z. Dauter (DESY Lab. EMBL-Hamburg), the crystal structure of 2'-0-methyl-
CGCGCG RNA duplex has been determined (NDB coordinates ARFS26). This du-
plex structure solved with resolution 1.3 A, one of the highest in the up-to-date RNA
X-ray research, will allow us to compare both crystal and solution RNA structure.

RNA stereodynamics and interactions

X-ray crystallography and NMR spectrometry are the principal methods for
the evaluation of structural details of nucleic acids. Those data, when combined with
spectrofluorimetry and molecular dynamics, methods allowing to probe fast confor-
mational transitions, a truly stereodynamic picture of molecules might be obtained.
One of the major goals in the spectrofluorimetry remained to be of challenge: design
of appropriately labelled RNA molecules. Introduction of an emitter/acceptor pair of
nucleosidic fluorophores to the interior of the RNA sequence is our ultimate goal.
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STRUCTURAL CHEMISTRY OF NUCLEIC ACIDS

KEYWORDS:
nucleic acids chemistry ¢« RNA structure and dy-
namics « RNA hydration « RNA-protein interac-
tions « NMR ‘H, '"*C, ""F e« spectrofluorimetry o
FT-IR simulation of molecular dynamics

We have designed new fluorescent nucleosidic probes of the luminarosine fa-
mily (A,Em,nax=530nm, <I>=0.65) and their sequence specific introduction to oligonu-
cleotides. We have found that 1,N®-ethenoadenine and 2-aminopurine are well ma-
tched blue emitters in respect to green-yellow luminarine as acceptor. We have evalu-
ated the photophysical properties (cooperation with Prof. S. Paszyc group from Adam
Mickiewicz University, Poznan and Prof. R. Verrall, University of Saskatchewan),
thermodynamics and molecular dynamics of DNA duplexes modified with 1,N”-ethe-
nodeoxyadenosine. As proved by thermodynamics, the 2-amino-purine riboside could
be used as a non-invasive fluorescent probe to study dynamics of RNA bulge loops
containing adenosines.

TAR RNA HIV-1 was labelled with 2-aminopurine in specified positions to
study the structure and dynamics in the hairpin loop region.

Fluorine chemical shifts are extremely sensitive to the nucleus environment
thus making fluorine an ideal NMR spin label in the study of nucleic acids interactions
with proteins. The small radius of fluorine atom implying little steric hindrance, 100%
natural abundance of "*F nucleus, high sensitivity of detection (83,3% of that of 'H)
and large chemical shift dispersion are also advantages of using “F NMR in the study
of RNA-protein interactions. 5-Fluorouridine has been regioselectively incorporated
into 29 nucleotides long TAR RNA HIV-1 fragments and bulged duplexes by means
of phosphoramidate chemical synthesis on solid support. Fluorine labels have been
introduced into functionally important bulge and loop regions of TAR RNAs. Curren-
tly, the '""F NMR study of interactions of this RNA with magnesium, small ligands and
Tat proteins is of our interest.
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Research in the group has recently focused on many problems of the structure
and function correlation of oligoribonucleotides and RNA. Chemistry in the group is
not only a tool for the chemical synthesis of the model oligoribonucleotides. We are
interested in developing new methods of synthesis, deprotection and purification of
nucleosides, nucleotides and oligoribonucleotides. The chemical synthesis of oligori-
bonucleotides also includes oligomers containing modified nucleotides. All of those
oligoribonucleotides and their analogs are used for studies of the catalytic and ther-
modynamic properties of oligoribonucleotides.

We have been interested in the studies of thermodynamic properties of oligo-
ribonucleotides since 1984, when we started a very productive collaboration with pro-
fessor Douglas H. Turner (University of Rochester, Rochester, USA) on this subject.
At the present moment the group is focused on the influence of uridine modifications
on the thermodynamic stability of oligoribonucleotides. These modifications include
5-halogenated and alkylated uridine as well as N-3,5- and 6-methylated uridine. The
modified uridines are incorporated into the oligomers at the position of internal and
terminal base pairs as well as the 3'-dangling end.

It has been discovered that single stranded oligoribonucleotides can be selec-
tively and quantitatively hydrolyzed to 2',3'-cyclic phosphate and 5'-hydroxyl ended
oligomers. This finding has proven that hydrolysis occurs without contribution of ri-
bonucleases and that the presence of several different cofactors stimulates this proc-
ess. The hydrolysis proceeds via ,,in line” SN2 mechanism with inversion of configu-
ration at phosphorous atom. Besides, the influence of 5'- and 3'-adjacent fragments of
the oligomer on this process was studied.

Current research activities:

« determination of thermodynamic parameters for many structural elements of RNA;

« study of the catalytic activities of selected oligoribonucleotides;

< chemical synthesis of fluorescent oligoribonucleotides as a tool for structural stu-
dies;
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Major recent results
Thermodynamic stability of 2'-5' oligoribonucleotides versus 3'-5' ones

One of the major questions in prebiotic studies is why nucleic acids have 3'-5'
phosphodiester bonds. We have synthesized oligoribonucleotides containing 2'-5'
phosphodiester bonds and studied their thermodynamic stability by UV monitored
melting. We found that complementary 2-5' oligoribonucleotides interact to form
A-RNA helices. We determined that T~ of 2'-3' oligoribonucleotide is about 40 deg
lower than that of an analogous 3'-5' oligoribonucleotide.

Advantages ofpyrene 5'- labeledfluorescent oligoribonucleotides

We found that oligoribonucleotides labeled with pyrene at the 5'- end are par-
ticularly useful tools for the study of oligoribonucleotide structure and interactions
with nucleic acids and proteins. When they form a duplex with the complementary
strand, fluorescence increases 5-20 fold. At the same time, the presence of pyrene
does not affect the interaction with complementary oligomers, as confirmed by UV
and fluorescence detected melting of oligoribonucleotides. The 5' pyrene labeled oli-
goribonucleotides have been applied to many studies, including studies of structural,
kinetic and dynamic interactions with the internal guide sequence of the LSU rRNA
self-splicing intron from Tetrahymena thermophila.
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Metal ions are indispensable components of all biological systems. In many
protein enzymes, metal ions do not only play a structural role, but actively participate
in catalytic processes. More recently it has been realized that metal ions play a similar
dual role in nucleic acids, crucial for catalysis by ribozymes in particular. Site-bound
divalent metal ions do not only stabilize the active structure of ribozymes, but also
participate directly in catalysis.

Our research is directed toward understanding the role of specific interactions
of RNA with metal ions in ribozymes of plant and mammalian origin as well as
searching for other RNA molecules in which metal ions play an important structural or
regulatory role. In particular, we are interested in the structure, function and possible
applications of ribozymes derived from hepatitis 5 virus.

RNA structure and RNA-metal ion interactions are being studied using a va-
riety of chemical and enzymatic probes with special emphasis on limited, metal ion-
induced RNA hydrolysis. We are currently introducing to our research a new tech-
nique, selection-amplification, in order to study the structure and function of hepatitis
8 virus ribozyme and selection of novel RNA structures with desired ribozyme activi-
ties.

Studies of genetic recombination in RNA viruses and in retroviruses, con-
ducted in vivo (with brome mosaic virus - BMV) and in vitro (with HIV and MMLV
reverse transcriptases), are directed toward understanding the mechanisms that are
used by RNA viruses and by retroviruses to rearrange their genomes. The investiga-
tion is aimed to determine the role of virus encoded proteins as well as RNA structure
in mediating and enhancing of the recombination events. In addition, crystallographic
studies of viral replicase proteins are carried out to establish the structural require-
ments for RNA recombination.
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Current research activities:

« synthesis of RNA molecules for biochemical and structural studies by in vitro tran-
scription method;

e chemical and enzymatic analysis of RNA structure and RNA-metal ion interac-
tions;

< application of in vitro selection method to study the structure and function of se-
lected ribozymes as well as to search for new RNA activities;

e in vitro and in vivo studies of the role of RNA structure in genetic recombination
in RNA viruses and in retroviruses

< study of the involvement of viral replicase proteins in RNA recombination.

Major recent results

Structural analysis ofSS rRNA by means of Pb™*-induced hydrolysis

We have compared susceptibility of three prokaryotic 5S rRNA and selected
5S rRNA-protein complexes to hydrolysis induced by Pb(Il) ions. Lead ions allowed
us also to distinguish different conformational forms of 5S rRNA from E. coli and
from rat liver. More recently, the structure of plant 5S rRNA species from lupin and
wheat germ as well as the structure of two RNA fragments that represent domains p
and Y of lupin 5S rRNA have been probed by Pb(Il) induced hydrolysis. The studies
confirmed high sensitivity of the lead hydrolysis method in detecting strong metal ion
binding sites, altered conformations of RNA as well as RNA regions of higher confor-
mational flexibility (the studies were carried out in the laboratories of V. A. Erdmann
(Free University, Berlin) and W. J. Krzyzosiak (IBCh, Poznan)).

Selection in vitro ofZn™*'-binding RNA domains

We have used affinity selection-amplification to select an RNA molecule that
binds zZn™* (Kq = 1 mM), starting from a pool of ribooligonucleotides with 50 ran-
domized positions. An ion binding site is possibly related to the naturally occurring
E-loop motif in other RNA molecules. We have reselected Zn affinity, beginning from
an RNA pool derived from the truncated Zn-binding RNA with a 23-nt random region.
Comparison of selected sequences (Kd = 100-400 p.M for free Zn*) with previously
known divalent sites suggests three or four small RNA motifs repeatedly found to in-
teract with divalent ions. Such structures may help identify similar divalent sites in
sequenced RNAs and serve as substructures for design of functional RNA metallodo-
mains (the research was conducted in the laboratory of Prof M. Yarus (University of
Colorado, Boulder)).
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The main research interests focus on the elaboration of methods of chemical
synthesis of oligonucleotides (DNA, RNA fragments and their analogues) as well as their
derivatives. The studied derivatives can result from a chemical or enzymatic conjugation
with other types of biomolecules such as proteins (e.g. enzymes, antibodies, toxins etc.,
their fragments, hybrids) or lower molecular weight molecules with the desired proper-
ties. The following properties are taken into consideration: chemical (reactive residues),
physical (fluorescent, free radical etc.) and biological/pharmaccutical (e.g. vitamins, en-
zyme co-factors, enzyme substrates). Studies on both chemical and structural properties
of bioconjugates are necessary for their further successful applications. The considered
applications comprise use in basic research (e.g. DNA sequencing, gene expression con-
trol) and biotechnology (diagnostics, medicine, agriculture).

The above outlined chemical and biological interests form together the main
research objective of the laboratory which is the development of a new technology: Syn-
thetic Oligonucleotide Combinatorial Libraries (SOCL). A SOCL is a representation of
oligonucleotides of a given composition and length permanently bound to a solid sup-
port. SOCLs of a dispersed format are studied (one bead of a support - one oligonucleo-
tide sequence). A SOCL technology is a non-biological system of selection of molecules
{chemoselection) allowing searching for library elements strongly interacting with cho-
sen acceptor molecules.

The technologies of Synthetic Oligomer Combinatorial Libraries (SOCL) pro-
vide an insight into the mechanisms of biomolecular recognition (e.g. gene expression).
They are useful in finding new bioactive molecules (e.g. lead compounds for pharma-
ceutical studies). Results of the above studies will be a subject of computer molecular
modeling.

Studies of Oligonucleotide SOCL concern their possible applications for the
development of new methods of fast sequencing of DNA.

Current research activities:

« search for new protecting groups, solid supports (3'-cnd labeling supports) for the che-
mical synthesis of DNA. RNA fragments and their analogues; DNA sequencing;
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< synthesis of SOCLs, their applications in chemoselection and sequencing of nucleic
acids; the application in studies of triplex DNA;

« synthesis of polyaminonucleosides and polyaminooligonucleotides and their studies
by a SOCL approach;

 synthesis of new biotinylating reagents and use of biotinylated oligonucleotides with
magnetic supports;

< chemical synthesis of oligonucleotides for biochemical and structural studies as well
as for diagnostic purposes (IL-2 gene, hybridization probes);

 applications of the polymerase chain reaction (PCR) for synthesis of longer nucleic
acids fragments, e.g. synthesis of structural genes, allele specific PCR, PCR products
as hybridization probes, etc;

« development of new algorithms useful in DNA sequencing by hybridization (SBH);

< applications of a phage display approach using phagemids for preparation of semi-
synthetic combinatorial libraries of fragments of antibodies.

Major recent results

DNA sequencing using 3'-end labeled primers

3'-End labeled oligodeoxynucleotides with free 3'-hydroxyl group (labeled at
3'-end base moiety) were found to be effective primers for DNA polymerases used in
DNA sequencing by the dideoxy approach. A new type of supports for the chemical
synthesis of such primers was developed in order to facilitate the synthesis of labeled
primers by the automate DNA synthesis. The supports are loaded with nucleosides
carrying appropriate modifications or their precursors.

2'-0-Ribosylribonucleosides, minor nucleosides oftRNA

A new type of minor nucleosides found in initiator methionine tRNAs from
eukaryotic organisms (yeast, plants), 2'-0-ribosyladenosine and 2'-O-ribosyl-gua-no-
sine, was synthesised for the first time. The synthesis of those nucleosides involved
the glycosylation reaction of N-protected 3',5'-0-(tetraisopropyldisiloxane-I,3-diyl)-
ribonucleosides with I-0-acetyl-2,3,5-tri-0-benzoyl-P-D-ribofuranoside in the pre-
sence of tin tetrachloride. Cytidine and uridine analogs were also obtained. All new
nucleosides were characterized by 'H and “C NMR. 2'-0-Ribosyluridine was ob-
tained in a crystalline form and its structure was determined by X-ray crystallography.
All four new minor nucleosides were transformed into 5'-0-di-methoxytritylated
3'-phosphoramidites. A dimer, ArpG, with a 2'-0-ribosyladenosine unit, was synthe-
sized and its structure in aqueous solution was studied by NMR and molecular dynamics.
5”’-Phosphates of 2’-0-ribosylribonucleosides were obtained.

Application of SOCL in studies oftriplex DNA

A synthetic oligonucleotide combinatorial library (SOCL) containing 15-mer
G/T randomised region was prepared on beaded polystyrene support and used in
search for oligonucleotides capable to form triplex complexes with double stranded
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probe containing a sequence of the promoter of human epidermal growth factor re-
ceptor gene (HER2).

Diagnostics of Thrombotic and Haemorrhodic Disorders

An improved method for identification of Factor V Leiden mutation by the
PCR method using sequence specific primers with an additional mismatch at the
3'-end penultimate position was developed and applied in clinical studies of over 200
patients. These studies were performed in collaboration with the Academy of Medi-
cine in Poznan.

Algorithmsfor DNA sequencing by hybridisation (SBH)

New sequential and parallel algorithms for sequencing of DNA by hybridiza-
tion (SBH) were developed in collaboration with mathematicians from the Poznan
Supercomputing and Networking Center.
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Naturally occurring symbiotic systems between legumes and Rhizobium spe-
cies provide interesting models to study controlling mechanisms of plant gene expres-
sion. As a result of these endosymbiotic interactions, nitrogen-fixing root nodules are
developed with significant modifications in gene expression of both symbionts - host
plant and microorganism.

A basic model chosen by the laboratory is the agriculturally important lupin
p\am-Bradyrhizobium sp. (Lupinus) symbiotic system. The availability of genetic
material (¢cDNA and genomic libraries, cloned genes, bacterial mutants) allowed an
analysis of the expression of lupin symbiotic genes at different stages of interaction
using the molecular as well as cytological tools. Plant transformation systems provide
an important approach for testing the in vivo expression of recombinant DNA. These
systems were introduced to recognize the function of lupin sequences in transgenic
plants: tobacco, Lotus corniculatus, potato, pea, lettuce and to distinguish whether
they can be expressed in the nonsymbiotic conditions. The important methodologies
which are also applied to the characterisation of the symbiotic genes are structure
alignments and elucidation of X-ray structures of in vitro overexpressed proteins.

A long term goal of the laboratory is to understand the complexity of the
symbiotic response and to recognize to which extent it represents a variation of the
pathogenic response.

A new line of research in the laboratory deals with the construction of plant-
based edible vaccines against certain viral diseases. This research concerns transfor-
mation of selected plants with T-DNA-based recombinant vectors to obtain organ-
specific expression of desired viral antigens in transgenic plants. In this manner, effi-
cient, inexpensive and easy-to-administer vaccines against certain viruses as well as
pathogens might be obtained. Currently, the investigations are focused on Hepatitis B
Virus for human and Classic Swine Fever Virus for animals.

Current research activities:

« identification, expression analysis and structure determination of plant genes invol-
ved in effective symbiosis;

e genetic analysis of nodulation region of B. sp. (Lupinus) controlling synthesis of
the Nod factor - a key morphogen for the initiation of root nodule meristem.

« phylogenetic analyses of the plant genes and bacterial nodulation genes to eluci-
date co-evolutionary correlations of symbiotic systems;
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e X-ray analysis of plant proteins involved in nodule morphogenesis and biological
fixation of nitrogen;

e molecular links between symbiotic and pathogenic interactions using model of
PR 10 proteins;

< iron metabolism in symbiotic and nonsymbiotic systems;

< transformation and regeneration of legumes and nonlegumes for obtaining consti-
tutive as well as organ-specific transgenic expression;

< construction of transgenic plants expressing viral antigenes for preparation of
edible vaccines.

Major recent results
Identification, organization and expression of lupin symbiotic genes

A number of plant genes expressed during symbiotic interactions of Lupinus
luteus-Bradyrhizobium sp. (Lupinus) were selected from lupin cDNA and genomic
libraries and their transcriptional activation during effective symbiosis development
was analyzed by Northern hybridization.

Two genes whose expression is down-regulated during nodule formation
were identified in roots of uninfected plants (LIprlO.la and LIprlO.lb). The deduced
amino acid sequences showed that both genes encode for polypeptides exhibiting high
similarity to known pathogenesis-related and stress-induced proteins of PR 10-class
from other plants. These similarities suggest their common function in plant-microbe
interactions. The repression of PRIO genes in developing nodule might be crucial for
the establishment of functional symbiosis (in mature nodule the defense system is
turned off). It is postulated that the expression of PRIO in lupin represents the link
between symbiotic and pathogenic responses. As far as the function of these proteins
is concerned, it has been shown that PRIO overexpressed in vitro reveals ssRNase
activity. Its tertiary structure has been recognized to 2,5 A resolution showing high
similarity to birch pollen allergen Betvl.

One of the first plant genes activated during symbiosis is ENOD40. Short
peptide identified as a product of the ENOD40 gene expression as well as its ex-
pression pattern suggest that this gene plays a regulatory role in morphogenesis.
LIENOD40B genomic clone was isolated and its sequence revealed characteristic con-
served motifs. Conformation studies of lupin ENODA40 transcript to approach the puz-
zle of its regulation are under way.

The major factors affecting the biological processes and controlling the effi-
ciency of symbiotic nitrogen fixation are oxygen and iron. Genes coding for plant
leghemoglobins and ferritins, i.e. proteins regulating levels of these components, are
investigated in this respect. The structure of lupin leghemoglobin promoters appearing
different than that of other legumes as well as an unusual pattern of expression of fer-
ritin genes in lupin nodules make this model especially attractive.

Cloning and sequencing ofthe nodulation genesfrom B. sp. (Lupinus)

Isolation of the nodulation region of B. sp. (Lupinus) provided insight into
the genetics of lupin nodulation. The nucleotide sequence of two nodulation clusters,
of 50 kb in total have been determined. All nod genes whose products control either
N-methylation (nodS), carbamylation (hodU), fucosylation (nodz) or 4-O-acetylation of
fucose (nolL) have been identified. The presence of additional regulatory circuit en-
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coded by the product of nodW gene as well as the organization of nodC-nodZ resem-
bles B. japonicum. However, a comparison of the nucleotide or amino acid sequences
indicates their phylogenetic distinctness from the nodulation genes in other Brady-
rhizobium strains. It is assumed that lupin and the whole tribe Genisteae are a very
ancient group of legumes. The observed dissimilarity of the nod functions might be
a reflection of the coevolution of lupins and their microsymbionts.

Plant transformations and plant-based edible vaccines

The idea to develop an edible vaccine comes from the need to construct
cheap, safe and feasible vaccine to assure immunization on a global scale. Gastro-in-
testinal tract is programmed to generate immunological response against antigen and
pathogenic organisms present in food, therefore edible vaccine produced in plants ap-
pears to be one of the most effective ways for both human and animal immunization.

Transgenic lettuce {Lactuca sativa L.) and yellow lupin (Lupinus luteus L.)
carrying hepatitis B surface antigen have been engineered via genetic transformation.
The presence of antigenic protein in transgenic plant tissue was proved with ELISA
test. Transformed lupin callus and lettuce plants have been used afterwards for oral
immunization of mice and human volunteers. In the blood of animals as well as people
specific anti-HBs antibodies have been detected, confirming elicitation of immuno-
logical response. It was found that following oral immunization 1gG antibodies have
been mainly present in the blood serum. This fact indicated that systemic immunity
have been induced.
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Studies on the chemistry of nucleoside H-phosphonate mono- and diesters.
These studies are directed toward improvement of synthesis and modification(s) of the
oligonucleotides which are going to be used as molecular probes detected with nonra-
dioisotopic systems and also as antisense oligonucleotides. Recent studies have been
focused on the reactions of nucleoside H-phosphonate mono- and diesters with bifunc-
tional reagents (amino alcohols, diamino alkanes, dihydroxy alkanes, tioalcohols) to pro-
duce nucleotide units or oligonucleotides bearing modified phosphate residue.

Current research activities:

« elaboration of new and effective methods of chemical synthesis of DNA fragments;

« studies on reaction mechanisms involved in the chemical synthesis of DNA;

< chemical modifications of oligonucleotides addressed to biological studies e.g. inhi-
bition of enzyme activity, oligonucleotide molecular probes and antisense oligonu-
cleotides.

Major recent results

Modified nucleotides

On the basis of aryl nucleoside H-phosphonates developed in our laboratory
a versatile method of synthesis of nucleoside H-phosphonamidates has been elabora-
ted. Studies on properties of these compounds delivered new data essential for the
synthesis of the so called P-N antisense oligonucleotides, compounds which for the
last three years have been intensively investigated in antisense therapy.

New simple methods for synthesis of nucleoside phosphorothio- and pho-
sphorodithioates have been developed in our laboratory. These compounds were te-
sted as enzyme inhibitors and showed promising biological activity.

Molecular probes and antisense oligonucleotides.

Currently, molecular probes and antisense oligonucleotides are commonly ac-
cepted as modern tools in molecular biology studies and genetic diagnostics.
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Despite many efforts, preparation of the above type of modified oligonucleotides is
still difficult and often employs multistep procedures and expensive chemicals. The
main goal of the studies in our laboratory is to simplify these methods by elaboration
of a “new chemistry” which should allow the use of simple, commercially available
chemicals. Three new efficient methods of functionalisation of oligonucleotides, pre-
pared to attachment of reporter group(s) have been found. The first one is based on
phosphonylation of the 5' hydroxyl group of oligomer with pyrophosphonic acid fol-
lowed by coupling with unprotected amino alcohol using standard coupling reagents
(pivaloyl chloride or cyclic phosphochloride). The second one employs “nucleotide
like” synthons (aminoalkyl H-phosphonate monoesters) which were joined to the oli-
gomer in standard procedures. In the third method of functionalisation, the N-pro-
tonated amino alcohol is attached to 5'- (2-cyanoethyl)H-phosphonate residue via oxi-
dative coupling and forms specifically phosphoester bond. It is worthy of note that all
chemicals used in the above methods of modification are commercially grade and do
not require additional preparation for further synthesis.

It is also worth noticing that all procedures of modification were carried out
on an oligomer attached to the solid support and that this process was controlled by a
computer. This makes it possible to apply the above chemistry in the most commonly
used oligonucleotide synthesisers.
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The scientific interest of the laboratory is to understand the recognition mecha-
nism between nucleic acids and proteins. Therefore, a long time ago we chose tRNA and
aminoacyl-tRNAs (AARS) as well as 5S rRNA and transcription factor I11A from plants
as the objects of our studies. We have sequenced many plant tRNAs, 55 RNAs and
found some of their interesting properties. Recently our attempts to clone plant TFIIA
and glutaminyl-tRNA and methionyl-tRNA synthetase genes have proven successful.

Major recent results

The new tertiary model ofSS rRNA from plants

Over the last several years, 15 primary structures of plant 5S rRNAs have been
determined. They showed high homology. We have noticed that nucleotides 34-37 and
85-88 are totally conserved. Using the Zuker algorithm, a secondary structure of plant 5S
rRNA has been calculated. The single stranded fragment (85)GGGU(88) offers the pos-
sibility of the tertiary bonds formation with the (34)CCCA(37) sequence. Proposed long
range hydrogen-bond interactions have been confirmed by digestion with RNaseH, a-
sarcin, NMR measurements and other data.

Interactions ofplant 5S rRNA with zincfingers of TF 1A

Xenopus laevis transcriptional factor 1A (TF I11A) forms the 7S RNP complex
with plant 5S rRNA. To analyze the contribution of a particular zinc-finger domain (ZF)
of TF I1lA to specific recognition of 5S rRNA, we synthesized a series of the ZF pep-
tides containing 3-9 of zinc finger domains. We showed that the strongest complex is
formed with the ZF6. The obtained data support the elongated tertiary structure model of
5S rRNA.

Cloning ofplant glutaminyl-tRNA synthetase

The primary structure of the GInRS gene is 2880 nucleotides and it is the first
GInRS from plants to be known on a gene level. It contains KMSKS and HIGH
sequences, which are characteristic of all aminoacyl-tRNA-synthetases. GInRS from
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Lupinus luteus shows high homology (47%) to other known GInRS. The N-terrmnus
GInRS contains lysine rich peptide of sequence KPKKKKEKPAK, which could serve as
a nuclear localization signal.

Tertiary structure ofsystemin

Using two dimensional NMR spectroscopy, the tertiary structure of systemin
(Ala-Val-GIn-Ser-Lys-Pro-Pro-Ser-Lys-Arg-Asp-Pro-Pro-Lys-Met-GIn-Thr-Asp) was
analyzed. From these data and molecular calculations we concluded that the peptide
could adopt a Z-like (i-sheet structure, which had previously been found in various
DNA-binding proteins. Using DNA-cellulose affinity column chromatography we
showed that systemin strongly binds to DNA.

Effects ofhigh pressure on thefunction ofnucleic acids

We showed that phenylalanine specific tRNA of E. coli as well as the yellow
lupin methionine initiator tRNA*A" can be charged under high pressure of 6 kba specifi-
cally with phenylalanine and methionine respectively, in the absence of specific aminoa-
cyl tRNA-synthetases. The estrification reaction lakes place at the 3'end of tRNA mole-
cule. On the basis of circular dichroism spectra, we showed that the conformation of
tRNA at high pressure slightly differs from its original A-RNA form. We think that at
high pressure a unique tertiary structure of tRNA creates an active center which catalyzes
ester bond formation. If so, the structure of the aminoacid stem of tRNA may determine
charging specificity of tRNA.
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Magdalena Kwiatkowska, Piotr Solarczyk

Research conducted by the Team of Protein Biosynthesis concerns the regu-
latory mechanisms of protein biosynthesis in the plant system and the structure-
function correlation of rRNA. The antisense strategy is one of the most important re-
.search tools used by us as the experimental approach. A better understanding of the
molecular mechanism of protein biosynthesis may appear of significant importance
for the future development of agriculture. We pay special attention to the function of
proteins responsible for the plant reaction to biotic and abiotic stress, e.g ferritin
(protein responsible for iron housekeeping) and lysine decarboxylase (LDC, the key
enzyme for alkaloids metabolic pathway). These projects are correlated with the ex-
periments concerning the functioning of elongation factors EFI and EF2-proteins re-
sponsible for the binding of AA-tRNA to ribosomes and elongation of polypeptide
chain. The very important subject of our experiments is the role of rRNAs in correla-
tion with their active structures.

Legislation and public perception of biotechnology are separate aspects of
our activity.

Current research activities:

 correlation of structure and function of rRNA during protein biosynthesis in the
plant system;

« study of molecular properties of plant stress proteins: lysine decarboxylase and fer-
ritine;

« the analysis of the regulatory mechanism at the translational level with antisense
oligonucleotides as a tool;

e consultancy in the area of legislation, biosafety and public perception of Polish
biotechnology.
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Major recent results

Biosynthesis ofplantferritin

The mechanism of biosynthesis of plant ferritin and the phytosanitary func-
tion of this protein have been intensively studied. Based on our experiments, we pre-
sented a hypothesis concerning translational regulation of plant ferritin synthesis.

Secondary metabolites

A characteristic feature of plants is their ability to synthetize a wide range of
natural products, the so-called secondary metabolites, including alkaloids. These low
molecular weight components are essential for plant's self-defense system. We have
tested the allelochemical properties of some alkaloids: inhibition of bacterial growth,
germination and growth, toxicity, etc. In order to find the potential molecular target of
these metabolites of protein biosynthesis we studied their action during the essential
steps of protein synthesis. Lysine decarboxylase has recently been purified to homo-
geneity and studied as the key enzyme of chinolizidine alkaloids biosynthesis path-
way.

Structure-function relations ofRNA

In order te determining the functional structures of ribosomal RNAs we took
advantage of the strategy of antisense oligonucleotides. We tested a fragment of large
rRNA of plant ribosomes, which is characterized by highly conservative primary and
secondary structures. This approach allows us to present the role in correlation with
function of the so-called alfa-sarcin domain of large ribosomal RNA and loop ,,C” of
5S rRNA during the elongation step of the polypeptide chain synthesis in plant sys-
tem. The alfa-sarcin domain of the LrRNA (the stem-loop structure) plays the key
function during elongation of the polypeptide. At this domain the elongation factors
interact with ribosomal components. The activity and availability of this struc-ture
with specific conformation determines the activity of ribosomes: speed and error of
translation. We presented data for correlation of the action of this domain and of loop
,,C” 0of5S rRNA.

Our methods and approaches are also used for interpretation of experimental
observations concerning e.g. the mechanism of drug action.

Legislation ofbiotechnology

We are also engaged in the problems of bioinformation, intellectual property,
legislation and public perception of biotechnology, as well as in general analysis of
Polish biotechnology. Our activities include publishing a Polish journal dedicated to
biotechnology ,,BIOTECHNOLOGIA” (editor-in-chief: T. Twardowski), under the
auspices of the Polish Biotechnology Committee. In 1993, we organized a meeting:
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»The Other Face of Biotechnology” dedicated to the specific problems of bio-
technology: intellectual property rights, biosafety and biohazard, public perception.
Accordingly, in 1995 we organized an international conference ,,Agrobiotechnology”;
where the application of basic and applied sciences for agricultural purposes was dis-
cussed.
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The activity of this laboratory is focused on two areas of biomedical research:
1. genetic predisposition to breast cancer, Il. pathogenesis of human neurological dis-
eases caused by trinucleotide repeat expansions.

As for as breast cancer is concerned selected groups of women from the local
population at risk are screened for predisposing mutations in BRCAI and BRCAZ2
genes. The carriers of different common polymorphic variants of these genes are also
analysed in relation to cancer risk. Close attention is paid to increasing the efficiency
of genetic technologies used for mutation detection.

The research concerning the hereditary neurological diseases is concentrated
on the role of RNA level effects in cytopathogenesis. Specific RNA structures formed
by normal and expanded trinucleotide repeats are investigated in order to establish a
structural basis for normal and pathogenic function of the repeated sequences.

Earlier efforts of the laboratory to improve methods of RNA structure prob-
ing in solution are continued. They are now directed towards the analysis of regulatory
regions in selected MRNAs of biomedical interest.

Current research activities:

« analysis of BRCAI and BRCA2 genes in women with breast cancer or at increased
familial risk of breast and/or ovarian cancer;

« search for efficient scanning method of screening large genes for mutations which
takes advantage of PCR with fluorescently labelled primers and combines the
SSCP and heteroduplex analysis;

 structural studies of regulatory elements located in 5’-UTR of BRCAI mRNA,
using lead cleavages and a battery of other chemical and enzymatic probes;

e structure probing of triplet repeat regions in transcripts of genes implicated in
myotonic dystrophy, fragile X syndrome and other diseases caused by dynamic
mutations;

« development of new RNA labelling and structure probing technologies as well as
approaches to the analysis of heterogeneous RNA structures.
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Major recent results:
Improvements in PCR

We have optimised the PCR conditions to make the process faster and eco-
nomical. When short DNA fragments are to be amplified, the time of denaturation,
annealing and extension steps can be as short as 1 s each, and the yield of PCR prod-
uct is still high, sufficient for many types of analyses. The PCR can even be done in a
reaction volume as low as 1 pi. The recommended volume, 2.5 pi or 5 pi, allows sig-
nificant savings in the laboratory budget especially in the case of laboratories which
use PCR frequently and on a large scale.

More efficient mutation detection method

We have shown that the SSCP technique when combined with heteroduplex
analysis is highly efficient in detecting DNA mutations. As it is amenable to multi-
plexing and to analysing PCR products obtained from pooled genomic DNA samples,
the PCR-SSCP-HDX is a method of choice for low cost screening of large genes for
unknown and dispersed mutations.

Search for BRCAI mutations

Among 122 women with positive, in most cases moderate, family history of
breast and/or ovarian cancer, 34 unselected breast cancer tissue specimens and 80
controls, we have identified three different novel BRCAI mutations, two novel rare
BRCAI variants and five independent cases of the same 12bp insertion-duplication in
intron 20. Our study shows that in order to understand the significance of different
BRCAI variants and mutations a more population-oriented research is needed, in-
volving women with less profound family history of breast and ovarian cancer.

Searchfor BRCAI mutations

Analysis of the BRCA2 gene in 144 women with positive family history of
breast and ovarian cancer, among them 58 breast cancer patients, revealed three novel
frameshift mutations, two novel missense mutations and two novel common polymor-
phisms. Interestingly, one of the frameshift mutations was identified in three families
and the possibility of their common origin is being investigated.

Novel type of RNA structure

While analysing the CUG repeat region of DMPK RNA which is implicated
in pathogenesis of myotonic dystrophy, we found that the repeats form a novel type of
hairpin structure. The stem in the (CUG)n hairpins is a relaxed duplex structure, the
stability of which increases with the repeat length. In addition to having the quasista-
ble stem the (CUG)n hairpins were shown to be ,slippery”. They showed several dif-
ferent alignments of the repeated sequence, giving the impression of RNA slippage on
the CUG repeats.
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Analysis of heterogeneous RNA structures

Human FMR-1 mRNA fragments containing the CGG repeats and AGG in-
terruptions show high propensity to form different stable conformers under conditions
of structure probing. Two alternative approaches designed to obtain structural infor-
mation specific for individual conformers have been developed, and the stable con-
formers have been shown to be a single, distorted hairpin and a bifurcated Y-shaped
structure. Structural role of the AGG interruptions in transcripts has been revealed.

Modified protocolfor RNA structure probing

Extended protocol has been proposed for RNA structure probing in solution
using biochemical approach. It includes a test for RNA sequence homogeneity and a
test for molecularity and number of stable conformers. The protocol is recommended
to follow when approaching structural analysis of any new RNA fragment of potential
functional significance.
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Research carried out in the laboratory focuses on the problems within two
areas of plant biology: 1) the identification and biological activity of lupin natural
products, and their use for ecological agriculture, and 2) the mechanisms of plant
responses to pathogenic or symbiotic microorganisms, with lupin plants as a model
system.

Bitter lupin plants can be utilized as a valuable source of proteins and other
natural products. However, high content of quinolizidine alkaloids makes their use
possible only after some kind of processing. During our studies, a strategy for
complete utilization of lupin plants has been developed, where seeds of bitter lupin
plants are debittered (= their alkaloids removed) and used as a source of protein in
livestock fodder. The extract remaining after the debittering process reveals several
interesting biological activities, and could be used e.g. as a yield promoting agent, or
as a source of some biologically and pharmacologically active compounds with or
without biotechnological processing. Finally, the straw remaining after the lupin seed
harvest is used for composting, and the preparations thus obtained can be used for
biological plant protection.

Another field of interest includes the plant-microorganisms interactions, par-
ticularly plant responses to pathogenic and/or symbiotic microorganisms. Two major
aspects of these responses are studied: 1) changes in plant secondary meta-bolism in
response to pathogenic attack or at the first stages of \egume-Rhizobium interactions,
and 2) the role of plant cell walls, with particular emphasis on plant cell wall glyco-
proteins, in both types of interactions. Lupin plants or cell cultures are used as model
systems, and defense responses are induced with the use of fungal elicitor molecules
or some abiotic factors. Two major groups of secondary metabolites are analyzed, na-
mely phenolic compounds (phenolic acids and isoflavonoids), and quinolizidine alka-
loids. We hope that multidirectional correlation of data should enable us to get insight
into the important differences between plant responses to pathogenic and symbiotic
microorganisms.
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Current research activities:

« isolation and characterization of biologically active compounds from plants;

 studies on the potential biotechnological use of lupin extract;

< use of lupin compost preparations in biological plant protection;

« analysis of changes in the secondary metabolism of plants in response to patho-
genic and symbiotic microorganisms;

« determination of the role of plant cell wall (glyco)proteins in interactions with micro-
organisms.

Major recent results

Secondary metabolitesfrom plant extracts

Phenolic compounds and quinolizidine alkaloids play important roles in plant
defence against herbivores or in interactions with microbes. These low molecular
weight compounds are also main components of the extract obtained as a result of
debittering of high alkaloid lupin seeds. In the course of our studies we elaborated an
efficient procedure for isolation of the secondary metabolites with fractions highly
enriched with compounds from a given class as end products. The central point of this
procedure is the solid phase extraction on silica gels modified with octadecyl groups
for the phenolic compounds purification, and with benzenesulfonic acid for the iso-
lation of quinolizidine alkaloids. Mixtures extracted in this way are further charac-
terized by GC-MS or LC methods.

Yield promoting activity oflupin extract

The extract obtained after the debittering of high alkaloid lupin seeds was ini-
tially treated as a waste product. However, long-term studies on its use in agriculture
indicated its potential importance as a yield promoting agent. The lupin extract was
used as a spray on cultures of 14 different crops (cereals, root crops, and vegetables).
It was demonstrated that such treatment promoted the growth and development of
plants. No negative effects of the extract spray were noted. The studies performed on
rats also indicated that the spray improved the biological value of proteins from the
tested plants.

Exudation and accumulation ofisoflavonoids

The formation of \egumc-Rhizobium symbiosis is initiated by the exchange of
signalling molecules. Depending on the plant species, flavonoids or isoflavonoids,
exuded by roots, are major inducers of nodulation. On the other hand, the initia-
tion of nodulation is sensitive to various external stimuli, such as the level of nitrogen
in the soil or presence of plant growth regulators. We have analyzed the exudation
and accumulation of free and conjugated phenolic compounds by lupin (L. albus) roots.
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We demonstrated that isoflavonoids were the major phenolics present both in roots
and in root exudates. The most important finding, however, was the demonstration
that together with the increase of the concentration of nitrogen, regardless of its
form (NOj, NH/ or urea), the exudation of isoflavonoids decreased. This indicated
the existence of possible additional controls in the regulation of the nodulation
process.

Lupin phytoalexins

Plants react to pathogenic infection with a broad array of defence responses.
The best characterized reaction is the production of low molecular weight anti-
microbial compounds, termed phytoalexins. In legume plants these molecules are
mainly isoflavonoids with the pterocarpan-type structures. However, up to now no
data have been available on the presence and structure of phytoalexins in lupin plants.
Using the cut lupin cotyledon assay and the elicitor preparation derived from the yeast
cell walls, we demonstrated that the major phenolic compound exuded in response to
elicitation was simple isoflavone, present constitutively in lupin tissues - 2'-hydroxy-
genistein. No isoflavonoids of pterocarpan-type structure were found thus opening the
possibility that in lupins simple isoflavones may act as phytoalexins.

Glycoproteins of the plant extracellular matrix

Plant cell walls together with the intercellular spaces form an apoplast
- a central element in the interactions of plants with the environment. As most of the
cell wall proteins are highly posttranslationally modified, their biochemical charac-
terization and ultrastructural localization are of particular importance. Exocellular
(glyco)proteins play an important role in plant defense responses against invading
pathogens. A small subset of glycoproteins becomes immobilized in the walls due to
oxidative formation of cross-links with other wall components, and the putative
mechanism of this phenomenon has been demonstrated. Three major pathogenesis
defense-related wall proteins have been identified in lupin cell culture and their bio-
chemical and cytochemical characterization is now in progress.
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X-Ray crystallography has been the major source of information about the 3D
structure of macromolecules. Typically, crystallographic studies of the structure of a
macromolecule are divided into several separate steps. First, the biomolecule under study
has to be obtained in crystalline form (often a success-limiting step). Next, the crystals
are exposed to X-rays and the diffraction pattern is recorded. The diffraction pattern is
then the basis for the structure determination process. The Center is equipped and pre-
pared for carrying out all the steps necessary for macromolecular structure determination,
from protein purification and crystallization, through diffraction experiments, to structure
evaluation and analysis. Biomolecules studied in the Center include both proteins and
oligonucleotides. Some of the projects are rooted in the Institute of Bioorganic Chemis-
try (ferritin, napin, oligonucleotides) while others are based on extramural collaboration
(myoglobin, retroviral proteins, asparaginases, S-adenosylhomocysteinase, TNF-a muteins).
The Center was created in 1994 through financial support from the Foundation for Polish
Science.

Current research activities and major results

Crystallographic studies ofbacterial andfungal L-asparaginases

L-Asparaginases, which hydrolyse asparagine to aspartic acid and ammonia,
have been found in some mammals, fungi, plants and bacteria. For many years, the en-
zymes from bacteria (Escherichia coli, EcAll, and Erwinia chrysanthemi, ErA) have
been in clinical use for the treatment of acute lymphaoblastic leukemia. Seventeen years
of crystallographie effort culminated in 1993 in the determination of the structure of
EcAIll by a team which included one of our current members (MJ). This project became
the leading theme of our crystallographic studies and is currently sponsored by the How-
ard Hughes Medical Institute (USA). Recently, we have crystallized and solved the
structure of several point mutants of EcAIll and of a new crystallographic form of ErA.
The structures should shed more light on the active site of the enzyme which is formed
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by a T-K-D triad (reminiscent of the active site of serine proteases) and on the enzymatic
mechanism. Further plans include crystallographic studies of L-asparaginases from
eukaryotic sources (yeast). The ultimate goal is to design new mutants with better thera-
peutic values.

Crystallographic studies ofrretroviral integrase

In a collaborative project with Dr. A. Wlodawer (NCI-FCRDC, USA) and Dr.
A.M. Skatka (FCCC, USA), we have determined a high resolution structure of the cata-
lytic domain of Avian sarcoma virus (ASV) integrase. The retroviral integrase is essen-
tial for the viral life cycle as it incorporates viral DNA into the host genome. Therapies
directed at its inactivation could help control retroviral diseases, such as AIDS. The ASV
integrase active site has been characterized in its apo form and in complexes with diva-
lent metal cations which are necessary cofactors during viral integration.

Site-directed mutational and crystallographic studies ofmyoglobin

Our structural studies of genetically engineered mutants of porcine myoglobin
are carried out together with Dr. A. J. Wilkinson (Univ. of York, U.K.) to explore the
determinants of ligand binding, in particular the role of polarity and steric effects. Re-
cently, we have determined the crystal structure of a double mutant, H64VA'68H, in
which two distal residues, essential for ligand binding, are swapped. The structure of this
mutant (which is defective in O2 but not CO or NO binding) shows that not only the
chemical nature but also precise spatial disposition of the residues is of crucial impor-
tance. The structure of another mutant, V68N, shows the molecular basis (extra hydrogen
bond formed by the mutated residue) of its increased O2 vs. CO differential affinity.

Crystallographic studies ofS-adenosylhomocysteinase

We have successfully crystallized S-adenosylhomocysteinase (SAHase) isolated
from Lupinus luteus (Prof. A. Guranowski, Agricultural Univ., Poznan). SAHase is a hy-
drolytic enzyme involved in the control of cellular methylation processes. We plan to
identify the SAHase gene and to design an efficient expression system. Further, we plan
to overproduce the protein as a selenomethionyl derivative and to solve its crystal struc-
ture using multiwavelength anomalous diffraction.

Crystallographic studies ofcysteine proteases and their inhibitors

Several serious diseases related to tissue degeneration, such as muscular dys-
trophy, are linked to abnormalities in the function of cysteine proteases. There is a varie-
ty of natural inhibitors of cysteine proteases, ranging from sizable proteins (rystatin su-
perfamily) to relatively small molecules, such as E-64. The latter compound, which is
among the most potent inhibitors, contains an oxirane ring which reacts with the catalytic
thiol group of the enzyme to form an irreversible covalent bond. Together with our col-
laborator, Prof Z. Grzonka (Univ. of Gdansk), we are interested in structural details, at
atomic level, of the complexes formed between papain (a cysteine protease) and various
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inhibitors. In one project, we are trying to grow X-ray erystals of papain inhibited with
unmodified human cystatin. In another study, we have determined a high resolution
structure of a covalent complex between papain and an irreversible synthetic inhibitor
based on E-64.

Crystallographic studies of (C- G),, RNA duplexes

Our studies of RNA oligonucleotides are done in collaboration with Prof R.W.
Adamiak from the Institute of Bioorganic Chemistry. After several years of effort, we
finally managed to grow X-ray quality crystals of a self-complementary 02'-methylated
RNA duplex, CGCGCG. Together with Drs. W. Rypniewski and Z. Dauter (EMBL,
Hamburg), we solved the crystal structure to very high resolution (1.3 A) from synchro-
tron diffraction data and demonstrated that the hexamer exists in type A double-helical
form.

Crystal chemistry ofnucleic acids constituents

Our interest in crystal chemistry of nucleosides is rooted in a long standing col-
laboration with Prof M.D. Bratek-Wiewiorowska and Prof M. Wiewiorowski of the
Institute of Bioorganic Chemistry. In our earlier studies we discovered phosphate salts of
nucleosides in which phosphate-sugar hydrogen bonds mimic the ester links in polynu-
cleotide chains and described the formation of  C base pairs in 2'-deoxycytidine hemi-
phosphate. More recently, we have solved the crystal structure of two new forms of 2'-
deoxycytidine, a nucleoside once thought to be an unrewarding compound for crystalli-
zation.

Crystallization ofproteins and nucleic acids

In addition to those mentioned above, there are several other projects which are
currently in the crystallization stage.
« plant ferritin (iron storage protein) from L luteus
< napin (seed storage protein) from Brassica napus
e TNF-a muteins
e pre-tRNA (immature tRNA) from Arabidopsis thaliana

As the Center was established only in 1994 the selected publications mainly include pa-
pers by its staff members from their previous research carried out elsewhere.
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Staff: Krzysztof Bober, Maciej Bocian, Krzysztof Brodecki, Joseph Cancellaro,
Michat Chmielewski, Wiodzimierz Dymaczewski, Dariusz Ferenc, Pawet Flotynski,
Bartosz Gajda, Marcin Garstka, Barttomiej Grenda, Henryk Gotebiewski, Adam
Gowdiak, Piotr Grzybowski, Tomasz Jabtonski, Maciej Jarkowski, Michat Kosiedow-
ski, Mirostaw Kupczyk, Marcin Lawenda, Bartosz Lewandowski, Elzbieta tobaza,
Danuta Marek, Rafat Mikotajczak, Matgorzata Miller, Jarostaw Nabrzyski, Zbigniew
Ohtuszyk, Tomasz Ostwald, Leszek Pisarek, Wiktor Procyk, Michat Przybylski, Juliusz
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Poznari Supercomputing and Networking Center (PSNC) was founded at the
end of 1993 by the State Committee for Scientific Research (KBN). Due to the deci-
sion of the Conference of Rectors of the City of Poznan, PSNC was affiliated to the
Institute of Bioorganic Chemistry of the Polish Academy of Sciences (PAS). Main
fields of activities of PSNC cover: operating the Poznah Metropolitan Area Network
(POZMAN) and national scientific network POL-34, computations in a metacomputer
environment, integration of scientific research on computing methods, promotion of
new high performance computing and networking technologies.

POZMAN is the double technology, FDDI and ATM network. It consists of
190 km fiber optic cable connections with 20 NetBulider Il routers and 7 ATM swit-
ches. The network connects all the major scientific institutions in Poznan. POZMAN
offers the following services: access to metacomputer including vector, scalar and sca-
lable parallel high performance computations, e-mail services, anonymous FTP, Use-
Net News and WWW services. It has connections with the main telecommunication
operators in Poland: TP S.A., TEL-ENERGO, PKP, TELBANK, NASK.

Based on TEL-ENERGO SDH network, PSNC has built a national broad-
band ATM 34 Mbps network called POL-34. This network connects the main MANs
in Poland, enabling them to effectively use Internet services, connect to supercom-
puting centers and access advanced telematic services.
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The current architecture of a metacomputer consists of systems with shared

memory architecture (scalar: SGI Power Challenge, vector: Cray J916, Cray Y-MP
EL), distributed memory (IBM SP-2), a massively parallel Cray T3E-900, data man-
aging systems and visualization laboratory. The installed systems have the following
characteristics:

Cray Y-MP EL - 4 processors, 512 MB operating memory, 20GB disc memory,
compatible with other Y-MP systems,

Cray J916 - 16 processors, 4GB operating memory, 167 GB disc memory: com-
pared to the Y-MP EL system, it has a greater possibility of scalability, a faster
central processing unit, faster access to operating memory, and additional network
interfaces,

SGI Power Challenge, XL - 12 processors R8000, 1GB operating memory, 20GB
disc memory,

IBM SP-2 scalable 15 nodes system containing | wide node (POWER2 processor
66MHz, 128 MB operating memory, 18GB disc memory) and 14 thin nodes
(POWER?2 processors 66MHz, 64 MB operating memory, 1GB dise memory),

Cray T3E-900 - 8 processing elements with 128 MB operating memory each,
38GB disc memory)

AUSPEX NS 7000/500 - network file server used to export files to other comput-
ers due to NES protocol. It supports the disc memory of Cray and SGI super-
computers,

Archives containing an ATL ACL 2640 automated tape library, HP 165 ST mag-
neto-optical disc library together with the UniTree management system,

Visualization laboratory - widens the range of possible services rendered in PSNC
introducing pre-processing and post-processing graphical elements and visualiza-
tion of the results of the conducted computations. The visualization laboratory
consists of SGI Onyx2 Infinite Reality2, SGI Onyx Reality Engine 2, 4 Indigo 2
XZ, Indigo 2 Extreme, 2 Indy S.C. stations. Indy PC and Challenge S WEBForce.

The research interest of the Poznan Supercomputing and Networking Center covers:
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the development of algorithms for parallel and distributed processing in various
branches of science and technology;e

the development of algorithms for integrated management of systems and networks
together with their environment;

studies of the communication complexity of parallel and distributed algorithms;

the development of broadband telematic services.
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