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The Workshop ,.Genes and their Products in Basic Research and
Biotechnology" has been organized by the Institute for self-assessment of
research activities. Organization of such a survey of research has already
become a tradition; the first symposium of this type took place in 1991
and the second in 1994. Starting from 1994, the research
accomplishments of our colleagues from the Institute of Experimental
Plant Biology and from the Department of Genetics of Warsaw University
have also been presented. These colleagues are associated with the
Institute and share the building with us. In the present symposium, our
fellows from the Institute's Laboratory of Molecular Biology, affiliated to
Gdansk University, also take part.

The work presented at this Workshop has been divided into six
sessions, reflecting the research interests of participating institutions*. In
addition to the few oral presentations, the vast majority of
communications will be displayed in the form of posters and evaluated
during the discussions in appropriate sessions.

The abstracts presented in this booklet show scientific
accomplishments of the participants within the last year with special
emphasis given to projects currently under way.-They may also serve our
visitors as a guide, helping to contact people and groups of interest.

The Organizing Committee

November, 1996
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'. - Proteins: Structure, Functions and Posttranslational Modifications

BETA-AMYLOID IS NOT TOXIC FOR YEAST Saccliaromyces cerevisiae

Agnieszka Chaciriska1, Wojciech Wozny2, Magdalena Boguta1, Andrzej Lipkowski'

and Daniel Elbaunr

'Department of Genetics, Institute of Biochemistry and Biophysics. PAS
2Nencki Institute of Experimental Biology, Warsaw

'Institute of Industrial Chemistry, Warsaw

Deposition of Beta-amyloid in the brain is an early event linked with pathogenesis of cell

injury and death in Alzheimer disease. The Alzheimer's Beta-amyloid is widely

expressed in several types of human cell. Previous studies have demonstrated that Beta-

amyloid induces cytotoxicity. Surprisingly, the peptide was found not only to be non-

toxic for yeast cells, but to stimulate growth of yeast culture. The results are consistent

with receptor like Beta-amyloid dose dependence on yeast cell number and binding

isotherms with the apparent dissociation constant of 8xlO~'M and B(max) of 4.7x

ICT'^M. The mechanism of the observed effect is presently unknown but availability of

S. cerevisiae mutation that affect cell cycle and relative simplicity of the model will

provide the opportunity to characterize the effect on the molecular level.
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CHANGES IN THE PROFILE OF BRAIN PROTEINS AS A RESULT OF

LOW TEMPERATURE STRESS IN (ialleria melhnella

Magdalena Chcchlacz", Joanna Michalik1 and Bronislaw Cymborowskr

'Department of Protein Biosynthesis. Institute of Biochemistry and Biophysics, PAS

"Department of Invertebrate Physiology. Warsaw University

We investigated the influence of suboptimal temperature on brain proteins pattern in the

last larval instar of (A mellonclla. This species living in stable temperature conditions

(.i()"C). react to lower temperature (I8°C) with the arrest of further development for

several months. Since the brain is a first tissue in insect body responding to the majority

of different signals arriving from an environment, we wanted to know what type of

changes, if any. in brain proteins reflect the switch in physiological processes. The

intensity of brain protein synthesis in the last instar larvae trunsfered from 3()"C to 18"C

was only 40% of the value characteristic for normal development. Two proteins ol'm.w.

84 kDa and 1 12 kDa were the major traction in both groups of animals, i.e. growing in

optimal as well as in suboptimal temperatures. It has been shown that changes in the

level of both proteins under investigation in the brain of larvae kept in suboptimal

temperature showed the cyclic changes every 2 1 - 2 8 days. This type of cyclicity was

also observed in the activity of the medial neurosecretory cells of pars intercerebralis.

synthesizing and accumulating neuropeptides, involved in the control oi" several

physiological processes as development or metamorphosis.

The rate of two major brain proteins synthesis depends strongly on the connection with

neurohaemal glands (corpora ullutu corpora cardiaca). Transection of the neurons

between the brain and neurohaemal organs resulted in a considerable increase of

synthesis and accumulation of the brain proteins of m.w. 84 kDa and I 12 kDa. This is

the natural way of secretion and transportation a majority of the neuropeptides

synthesized in brain to the other ncurohaenial glands and tissues. Disconnecting this

system by destroying the neuron connections and releasing proteins from brain tissue

resulted in a considerable increase of brain proteins: 84 kDa and 1 12 kDa synthesis, and

its accumulation in the incubation medium. This suggests, that there is a requirement for

the presence during larval development, of the limited group of proteins at certain

concentration, with no major change in brain proteins pattern. The characteristics as

well as physiological role of a two major proteins 84 kDa and 112 kDa will be further

invesl'mated.
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CHARACTERIZATION OF CALCIUM - PHOSPHOLIPID DEPENDENT

PROTEIN KINASE FROM MAIZE SEEDLINGS

Jadwiga Szczegielniak, Ireneusz Jurkowski, Grazyna Dobrowolska and Grazyna

Muszynska

Department of Plant Biochemistry. Institute of Biochemistry and Biophysics. PAS

In mammals and yeasts the calcium - phospholipid dependent protein kinase (PKC) is

one of the major regulatory enzyme involved in the control of a wide variety of

physiological processes including signal transduction.

Up to now, the evidence for existence of a PKC in plants is lacking. Similarly as known

PKC, the plant enzyme was purified by DE-Cellulose and Octyl-Sepharose

chromatography. The partly purified plant enzyme, like animal PKC, is calcium

dependent and activated by phospholipids.

Substrate specificity of the maize protein kinase is similar to the specificity of PKC.

because histon HI, MBP (Myelin Basic Protein) and the synthetic peptide [Serial

PKC|9_36 (derived from the pseudosubstrate sequences of the known PKC) are

effectively phosphorylated by both enzymes.

The plant enzyme, like PKC, binds to the immobilized nickel ion. what suggests, that this

enzyme probably contains the zinc finger motif in the regulatory domain similar to

mammalian PKC.

The effect of mammalian PKC inhibitors; bisindolylmaleimide, K - 252a and the most

selective - calphostine C, were tested on the activity of protein kinase from maize

seedlings. The bisindolylmaleimide does not inhibit the activity of plant protein kinase.

whereas K - 252a and calphostine C inhibit the plant enzymes at similar concentrations

as mammalian enzyme.

Calmidazolium, the specific inhibitor of a widely characterized plant calcium dependent

grotein kinase (CDPK), does not inhibit calcium - phospholipid dependent protein kinase

from maize.

Using ,,in gel assay" technique, these plant protein kinases were separated and the

molecular weight of 58 kDa and 52 kDa was determinated for CDPK and calcium -

phospholipid dependent protein kinase, respectively. Results of Western blot show that

the 52 kDa protein of maize seedlings protein cross-reacts with the monoclonal

antibodies against the catalytic domain of rabbit PKC.

The presented data provided evidences for the existence of a calcium - phospholipid

dependent protein kinase in plants. The physiological role of the enzyme remains to be

elucidated.

1.3



Workshop on Genes and their Products in Basic Research and Biotechnology

COMPARISON OF THE ENZYMES ACTING ON ADENINE NUCLEOSIDES

IN Bacillus subtilis, Helix aspersa AND Fasciohi hepatica

Halina Trembacz and Maria Monika .Jezewska

Laboratory of Purine Metabolism, Institute of Biochemistry and Biophysics. PAS

Previous investigations on the adenine nucleoside degradation in various organisms were

continued. The present studies concerned the degradation of 5-methyhhio-adenosine

(MeSado) in parasitic trematode l-\isciohi lieputicu, and the properties of the two

adenosine phosphorylases found in it (I). In contrast to the previously examined II

suhtili.s and //. aspersa, no .separate enzyme degrading MeSAdo was found in /•'.

Iw/Hiiica. Instead, it turned out that the one of the two Ado phosphorylases acts only

towards Ado and 2-dAdo, whereas the other one - also towards MeSAdo. This

Ado dAdo MeSAdo phosphor;,lase resembles the enzyme from the other parasite, the

protozoan T. cntzi (2). The apparent Michaelis constants for Adc, Ado, Rib-1-1' and \\ of

the two /•". hcpaiicu enzymes differ significantly. The kinetics of these enzymes suggests

that, in contrast to the other known nucleoside phosphorylases, the binding of one

substrate to the enzyme does not influence the binding of the other substrate.

The obtained data evidence that the three organisms investigated contain peculiar to each

of them specific Ado/dAdo phosphorylase, the physiological role of which is not clear. In

each of these organisms MeSAdo is caUiboli/ed by a different enzyme system.

RITHRKNCLS

1. I rembacz, 11. and Jezewska, M.M. (1995) Purine and Pyrimidine Metabolism in Man

-VII, eds A.Sahota and M.Taylor, Plenum Press, N.Y.. 509-512.

2. Miller, R.I... Sabourin, C.I.K. and krenitsky, T.A. (1987) Biochem. Pharmacol. 36.

5 5:i-5 60.
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ENZYMATIC STUDIES OF Candida albicam UNUSUAL SERYL-tRNA

STRUCTURE IN SOLUTION

A. Przykorska1 and G. Keith2

'Department of Protein Biosynthesis. Institute of Biochemistry and Biophysics, PAS
2Institut de Biologie Moleculaire et Cellulaire du CNRS. Strasbourg, France

Our previous studies have shown that the general model of class II tRNA proposed by

others for !RNAScp can be extended to tRNA1'"' as well. However, interesting differences

in the structure of tRNA'e" versus tRNASe" also were noticed. The main difference was

observed in the accessibility of the variable loops to nucleolytic attack of Rn nuclease I:

variable loops of all studied tRNA'cu species were cut by Rn nuclease I. while that of

yeast tRNASo was not.

In recent studies we have investigated the secondary and tertiary structure of an efficient

UAG(amber) supressor tRNA from the dimorphic fungus Candida alhicans (1), which is

known to have 5'-CAG-3' anticodon that should decode the leucine codon CUG.

However, the tRNA(CAG) sequence shows greater nucleotide homology with seryl-

tRNAs from the closely related yeast Saccharomvces cerevisiae than with leucyl-tRNAs

from the same species (2). In vitro tRNA-charging studies demonstrated that

tRNA(CAG) is charged with Ser (2).

Our recent studies of tRNA(CAG) structure in solution showed that this RNA shares the

secondary and tertiary structure of tRNAScr not tRNA1 cu and was not cut by Rn nuclease I

at variable arm region. We have also demonstrated, that the presence of G base in the

wobble position of anticodon loop causes the structural change in this region allowing

better accessibility to singlc-strand-specific nuclease Rn.

Supported in part by a grant from Polish-French Biotechnology Centre (CNRS.K.BN),

grant No. C-2/III/07 and by KBN grant No. 6 PO4A 063 10.

Cooperation with the Research School of Biosciences, Universityof Kent, Canterbury,

UK

REFERENCES

1. Santos, M. Colthurst, D.R., Wills.N., McLaughlih.C.S. and Tuite, M.F. (1990)

Curr Genet.. 17,487-491.

2. Santos, M., Keith, G. and Tuite, M.F,.(1993) EMBOJ.. 12 , 607-616,
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ENZYMATIC STUDIES OF IDENTITY ELEMENTS OF tRNA""'

Anna Pr/.ykorska1 and Elzhieta Kuligowsku1

'Department of Protein Biosynthesis, Institute of Biochemistry and Biophysics, PAS

The ability of aminoacyl-tRNA synthetases (aaRS) to faithfully recognize both their

atnino acid and tRNA substrates is essential for accurate protein synthesis. Of greatest

interest is their ability to specifically recognize their cognate tRNAs and to discriminate

against noncognate tRNAs. despite the well-conserved secondary and tertiary structures

of tRNAs. In order to reveal structural details of the mechanism of discrimination of

cognate tRNA from other tRNAs, we have studied the structure of Bacillus subiilis

tRNA1'1' which was complexed with TrpRS in solution. As structural probes we have

used two single-strand-specific nucleases purified by us from higher plants (Rn and ChS

nucleases) and double-strand-specific nuclease VI.

Tryptophanyl tRNA synthetase has been shown to protect the anticodon loop region of

its cognate tRNA from digestion by both single-strand-specific nucleases in 100%. The

major regions protected from digestion by VI nuclease were 5' side of anticodon stem

and the 3' side of the acceptor stem. Some regions of tRNA lp were more susceptible to

the nuclease action upon binding with synthetase, therefore we expect some

conformational changes in tRNA1'1' complexed with TrpRS in comparison with free

tRNA"1'

Supported by K.BN grant No. 6 PO4A O63 10

Cooperation with the Department of Biochemistry and Biophysics, University of North

Carolina at Chapel Mill, Chapel Mill, USA
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EXPRESSION AND PURIFICATION OF A RECOMBINANT PROTEIN

SYNTHESIS INITIATION FACTOR

Lidia Chlebicka1, Edward Darzynkiewicz1 and Michal Dadlez2

'Department of Biophysics, University of Warsaw

department of Biophysics, Institute of Biochemistry and Biophysics. PAS

The aim of the project is to obtain biologically active form of a human protein synthesis

initiation factor (eIF4E) in quantities sufficient for NMR and crystallographic protein

structure studies.

A protein gene cloned into pET-4E vector (obtained from prof. R. Rhoads, University of

Kentucky) is used to transform E. coli BL21(DE3) pLysS strain. Overexpressed protein

accumulates both in the form of inclusion bodies and in soluble form. During standard

purification procedure only the protein from the soluble fraction is recovered as the

active protein on the m7GTP-Sepharose affinity column. Using this method ca. 6 mg of

biologically active protein is routinely obtained from 1 liter of culture. However, as

SDS-PAGE electrophoresis shows, major fraction of expressed protein accumulates in

the form of inclusion bodies. The studies on reconstitution of active protein from

inclusion bodies are now in progress.

The protein purified from soluble fraction is now being used for crystallographic (dr. A

Bzowska, University of Warsaw), and NMR (dr. R. Stolarski, University of Warsaw)

studies of eIF4E native protein structure.

1.7
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EXPRESSION OF Glu32->Gln AND Glu73->Gln MUTANTS OF S100A1

PROTEIN

II. Kozlowska, E. Soszyriska, M. Dadlcz and A. Bierzyriski

Department of Biophysics, Institute of Biochemistry and Biophysics, PAS

SIOOAI is a calcium-binding HF-hand protein. Its structure is not known. The protein is

built of two identical subunits, each of them 93 amino acid residues long. Each subunit

binds two calcium ions. On the basis of sequence analysis it is believed that polypeptide

segments Ser 18 through (ilu32 and Asp62 through Glu73 form the calcium binding sites.

The calcium binding sites of all known EF-hand proteins contain glutamate as the

C-terminal residue. It was shown by C'arlstrom et al. (1) that Glu->Gln substitution in

this place practically inactivates the metal-binding site. Therefore, we decided to obtain

Glu32—>Gln and Glu73—»Gln mutants of SIOOAI with the following aims:

1) To find out if calcium binding sites of the protein arc really formed by residues 18-32

and 62-73 as postulated.

2) To evaluate, by Tb"—>Ho ' energy transfer measurements the distance between the

ions coordinated in sites 18-32 and 62-73 of both subunits (2). This information is

necessary and, as we hope, sufficient, to predict the SIOOAI structure by theoretical

modelling (3).

3) To measure separately the affinity of each calcium binding site of the protein and then,

by comparison with the native protein, to determine the cooperativity effects.

The native protein is routinely expressed in our laboratory in lia/ii strain

Bl,2l(DE3)pLysS. The gene for SIOOAI is cloned into pAED plasmid under T7 RNA

polymerase promoter. Mutated genes have been prepared by standard techniques of

oligonucleotide directed mutagenesis. and the mutated proteins were obtained and

purified to homogeneity by HPLC, and used for fluorescence assays.

It has been found that, as expected, both Glu32—>Gln and Glu73—>Gln mutatants of

SIOOAI subunit bind only one metal ion. Therefore, the postulated calcium-binding sites

have been confirmed.

REFERENCES

1. Carlstrom. G. and Chazin, W.J. (1993)./Moi.BioI. 231, 41 5-430.

2. Goch, G., Sabaneeva, N. and Bierzynski. A., These Abstracts

3. Pawlowski, K., Godzik, A. and Bierzviiski. A., These Abstracts
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IDENTIFICATION OF PROTEIN PHOSPHATASE 2A (PP2A) HOLOENZYME

IN MAIZE SEEDLINGS

Olubunmi S. Awotunde', Stanislaw Zolnierowicz2 and Grazyna Muszyriska1

'Department of Plant Biochemistry, Institute of Biochemistry and Biophysics, PAS
2 Faculty of Biotechnology, Department of Biochemistry, Gdansk Medical University

A number of different dimeric and trimeric holoenzymes of PP2A have been purified and

characterized from animal sources with regard to substrate specificity and subunit

composition. Three species of protein phosphatase-2A have been identifed in animals

and termed 2AQ, 2A | and 2A2, respectively. The core structure of PP2A holoenzymes

consists of a 36kDa catalytic subunit, a regulatory subunit (termed PR65 - phosphatase

regulatory subunit of 65kDa or A subunit) and a variable regulatory B subunit. It was

previously shown that the catalytic subunit of PP2A is present in maize seedlings.

In order to understand the function of PP2A in plants, the purification of the

holoenzymes in maize seedlings has been presently undertaken. The purification method

included; DEAE-Cellulose, DEAE-Sepharose, Poly (L-lysine) agarose, and

chromatography on thiophosphorylase a-Sepharose as a final purification step. The

thiophosphorylase affinity chromatography greatly improved and facilitated the entire

preparation, and yielded an apparently homogenous holoenzyme.

At the various purification stages of the plant enzyme, the PR65 A regulatory subunit

was detected with antibodies raised against animal PR65/A subunit using

immunodetection and / or Immunofiuorescence analysis by Western blots. The level of

enzymatic activity is correlated with the intensity of PR65/A detection. These results

have shown that the PR65/A regulatory subunit of protein phosphatase 2A is present in

maize seedlings.

The apparent molecular masses in maize seedlings estimated by gel filtration on

Superose 12 are 188 kDa and 100 kDa. Our results are consistent with the those

estimated in animal 188±6kDa and 108±5kDa for 2AQ (trimeric) and 2A2 (dimeric)

respectively. The results indicate the presence of the the dimeric core and its trimeric

form of enzyme. However, to todate we have not been able to identify the second

regulatory subunit as B/B' subunit.

The further studies require information on the presence, structure and role of the

regulatory subunit of plant protein phosphatase 2 A.

1.9
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IMMUNODETECTION OF PROTEIN TYROSINE KINASE IN MAIZE

SEEDLINGS

Joanna Trojanek, Monika Mikolajc/yk and Grazyna Muszyiiska

Department of Plant Biochemistry. Institute Biochemistry and Biophysics, PAS

it is known that phosphovylation oi' tvrosine in proteins is involved in animal cell

proliferation and differentiation. Tyrosine phosphorylation is a specific and rare post-

translational event; the phosphotyrosine content of normal animal tissue is below O.I %

of overall phosphorylation. Therefore studies on the identification and role of

phosphotyrosyl proteins have been hampered by their low concentration and the

difficulties in distinguishing them from phosphoseryl and phosphotreonyl proteins.

Recently, we have shown the first evidences indicating the presence of tyrosine kinases

and found relatively high level (0.5 °c>) of phosphotyrosine in the proteins of maize

seedlings (I). These findings suggest the involvement of plant tyrosine kinases in signal

reception and transduction. Presently, we have undertaken the immunological approaches

for identification of phosphotyrosine and the enzyme resembling mammalian tyrosine

kinase activated in calcium dependent manner in proteins of maize seedlings, which are a

rich source of calcium dependent serine-threonine protein kinases.

The total proteins from homogenate of maize seedlings were extracted in RIPA buffer

containing detergents and subjected to SDS/PAGF.. After electrophoresis, the proteins

were transferred to nitrocellulose and incubated either with anti-phospholyrosine

antibody or mammalian anti-tyrosine kinase antibody. Western blotting experiments with

anli-phosphotyrosine antibody (from Santa Cruz Biotechnology, Inc.) showed

predominant protein band of about 84 kDa. A few proteins of lower molecular weight

have shown weaker reaction with antibody. The reaction with antibody was abolished in

the presence of phosphotyrosine which indicates that the used antibody was specific for

phosphotyrosine. Western blotting experiment performed with anti-tyrosine kinase

antibody (kind gift of Dr.Lee M.Graves, University of North Carolina) showed two

stained protein bands of 78-84 kDa. The obtained results can suggest the presence of

calcium dependent protein tyrosine kinase in maize seedlings. This kinase can undergo

autophosphorylation on tyrosine which is the characteristic feature of all known tyrosine

kinases.

REFERENCES

1. Trojanek, J., Ek, P.. Scoble, J., Muszynska. G. and Engstrom, I,., (1996)

EurJ.Biochem 235, 338-344.
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INFLUENCE OF LOW TEMPERATURE ON THE SYNTHESIS OF SOME

Galleria melonella PROTEINS

Barbara Kludkiewicz', Jakub Godlewski2, Krystyna Grzelak1, Bronislaw

Cymborowski2 and Zofia Lassota1

'Department of Protein Biosynthesis, Institute of Biochemistry and Biophysics, PAS

department of Invertebrate Physiology, Warsaw University

In developing Galleria mellonella larvae (reared at 30° C) the proteins with m.w. of 74

kDa, 76 kDa and 81/82 kDa were identified. These proteins represent the group of

storage proteins (LHP proteins). In Galleria larvae, the development of which is arrested

by low temperature (18° C), the accumulation of proteins 74 kDa. 76 kDa and 81/82 kDa

was detected in the hemolymph. The synthesis of 74 kDa and 76 kDa proteins stalled

after 24 hours, and that of about 80 kDa after 96 hours following the transfer of larvae

from 30° C to 18° C. 20-hydroksyekdyson inhibited synthesis of 74 kDa and 76 kDa

proteins in larvae exposed to low temperature. The arrest of development of Galleria

larvae is associated with the synthesis and accumulation of storage proteins and

ecdysteroids are involved in these processes.
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INVESTIGATIONS OF SIOOAI PROTEIN STRUCTURE

Grazyna Goch, Nadiezda Sabaneewa and Andrzcj Uierzyriski

Department of Biophysics, Institute of Biochemistry and Biophysics, PAS

The SI00 proteins represent a major subfamily of CaBPs (calcium ions binding

proteins), with implied roles in cell growth and differentiation, as well as cell cycle

regulation. The SIOOAI protein is a homodimer of 93 ami no acid long subunits linked

together by a single disulfide bond in aerobic conditions, or a homodimer or higher

associates, not linked by -S-S-bond. in cell conditions. The protein polypeptide chain

contains two HI' binding sites: the first, classic for the CaBPs, formed by the residues

62-73 situated close the C-end. and the second one (residues 19-32) characteristic for the

SI00 proteins.

We investigated SIOOAI protein structure by fluorescence methods.

We determined the binding constants of lanthanides as well as the calcium ions for two

states of protein molecules; with the oxidized and reduced disulfide bond. The SIOOAI

molecule binds four Ca or I.n' ions, as expected. For the oxidized protein (two chains

linked by the -S-S- bond) the binding constant of the first Ln' ion is K| I x 108fM"'],

the second one is Ki l x l O ' | M " ' ] ; binding of Ca" ions is weaker: K., l.xlO^M"1] and

K> ]xl()'[M"'"], respectively.

The binding constants for reduced protein, i.e. without the linking -S-S- bond, are

different: K, 8x l ( ) " [M' ' | and K2 5xl()" l |M"' | for l.n1 ions, and K, 8xl ( ) ' [M" ' | ,

K- 2x10 [NT | for calcium ions, respectively. Those results prove thai molecular

structure of the SIOOAI protein is different in the two slates.

We estimated the distance between the I wo high affinity binding sites by measurements

of fluorescence energy transfer from T b ' to H o ' ions, for the oxidized as well as for the

reduced protein. The distance between the two C-sites are longer than 14A, that suggests

the -C-N- arrangement of the binding sites of both chains of the S100A 1 molecule.

Further investigations of the SIOOAI protein structure were concentrated on the protein

mutants: Q32L and Q 7 3 F , i.e. the proteins with only one binding site. The determined

binding constants of the protein with I n ' ions are lower than for the native protein, viz.:

K 3 x 1 0 ' [ M - ' | and K -2x 10f>|M"1 j , for Q73H and Q32H. respectively. The results

suggest the mechanism of cooperative ion binding by the native protein.

1.12



'. - Proteins: Structure, Functions and Posttranslational Modifications

INVOLVEMENT OF MITOGEN ACTIVATED PROTEIN KINASE (MAPK)

AND CALCIUM AND PHOSPHOLIPID DEPENDENT PROTEIN KINASE IN

SALT STRESS RESPONSE IN PLANTS

Monika Mikolajczyk, Jadwiga Szczegielniak and Grazyna Dobrowolska

Department of Plant Biochemistry, Institute of Biochemistry and Biophysics, PAS

Higher plants in normal environmental conditions are exposed to osmotic stress caused

by drought, salinity and drastic temperature changes. In order to identify components of

salinity stress signal transduction pathway(s) in plants, we analysed the changes of

several protein kinase activities under stress conditions, since in mammalian and yeast

cells stress signals are transmitted by protein phosphorylation cascades. Activities were

measured in cytosolic extracts of maize seedlings untreated and treated for various time

with 250mM NaCI. Under our experimental conditions, only in case of two protein

kinases changes of activity were observed, kinase resembling MAPK and kinase named

by us Calcium - Phospholipid dependent Protein Kinase. Both kinases are activated

under stress conditions. Activation of both enzymes occurs after 10 minutes of plant

treatment with salt, persists for about 30 minutes, and after one hour of stress, declines to

the basal level observed in control (nontreated) seedlings. Such behaviour suggests the

involvement of those kinases in stress signal transduction.

Plant protein kinase resembling MAPK, activated by salt stress is an monomeric enzyme,

Mr 43kDa, phosphorylating myelin basic protein (MBP) in traditional ,,in solution assay"

and also in ,,in gel assay", whereas neither casein nor histon HI are the substrates for that

kinase. Phosphorylation catalysed by this kinase is not dependent on calcium, since

reaction occurs in the presence of EGTA.

Second mentioned protein kinase, transiently activated under stress conditions is also an

monomeric enzyme, Mr about 52 kDa, phosphorylating MBP as well as histon HI in the

presence of calcium ions (reaction is completely inhibited in presence of EGTA).

Phosphorylation is strongly enhanced by mixture of phosphatidyl serine and diolein.

therefore this enzyme was named Calcium and Phospholipid dependent Protein Kinase.

Studies of mechanism of activation of MAPK and Calcium - Phospholipid dependent

Protein Kinase, and their relation in signal transduction cascade are undertaken.
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LONG RANGE ELECTRON TRANSFER (LRET) ACCOMPANYING

Trp' ->TyrO* INTRAMOLECULAR RADICAL TRANSFORMATION IN HEN

EGG-WHITE LYSOZYME (HEWL)

Krzvsztof Bobrowski1'2, Jcr/.y Holcman', Jaroslaw Poznanski and Kazimierz Lech

Wierzchowski

'Department ol'Biophysics. Institute of Biochemistry and Biophysics, PAS

"Institute of Nuclear Chemistry and Technology, Warszawa

'Department of Environmental Sciences, Ris0 National Laboratory. Denmark

Kinetics of the title reaction conforms satisfactorily to first-order process, indicating that

I.Rt-T involves either one or more Trp'/Tyr redox pairs characterized by similar rate

constants. The rate constant of I.RIil, k,. increases sigmoidally with decreasing pU

(7.4 - s 5.2) reflecting protonation of Glu?5 (pK., = 6) and pointing to involvement of

conformational control of the kinetics ol' LRET. The activation energies of I.Riff are in

the range of 7.6 - 56.0 kj mol"', varying with the state of the enzyme protonation, and

similar to those for activation of amide hydrogen exchange in native IIKVVL Selective

oxidation by ozone of the Trp62 indole side chain in HEWL to N'-formylkynurenine

cause a large drop in the initial yield of Trp" radicals, G(Trp'), but a relatively small

decrease in k<, . These observations indicate that, of the 6 Trp present in IIKWL, Trp62

contributes about 50% to the yield of the observed LRET. In the complex

IILWL(GlcNAc),, where Trp62 and Trp63 are shielded from the solvent by the bound

inhibitor, G(Trp'), is lower than in NFKyn62-l IEWL. Considering known solvent

accessibilities of Trp residues in the complex, the observed LRLT process therein was

assigned to Trp 123. Theoretical evaluation of the electronic coupling for the dominant

LRKT pathways between all the potential Trp'/Tyr redox couples in HHWL allowed

Trp62/Tyr5.i, Trp63/Tyr?3 and Trp 123 Tyr23 to be identified as the pairs involved in

the experimentally observed electron transfer.
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MULTIPLE MODEL APPROACH TO STRUCTURE MODELLING OF THE

S100A1 PROTEIN

Krzysztof Pawlowski', Andrzej Bierzyriski1 and Adam Godzik2

'NMR Laboratory, Institute of Biochemistry and Biophysics, PAS
: Department of Molecular Biology. The Scripps Research Institute, La Jolla, CA, USA

A novel use of the traditional comparative modelling technique - multiple model

approach - is applied to propose the structures of SI00A1 dimer (previous notation

SlOOaO) in both reduced and oxidized forms. The organization of S100A1 dimers is

unclear despite high sequence homology to several EF-hand calcium-binding proteins of

known structure (2). Several models based on different templates have been built and

evaluated using a threading potential (3. 4). It is proposed that S100A1 adopts different

structures in reduced and oxidized forms. While the structure of reduced S100A1 should

be similar to that of calcyclin, the oxidized species probably adopts a different shape,

resembling the overall structure of recoverin. Several possible ways of experimental

verification of the models are laid out.

REFERENCES

1. Shaefer, B.W. and Heizmann, C.W. (1996) Trends in Biochemistry, 21, 134-140

2. Kawasaki, H. and Kretsinger, R. (1994) Protein Profile, 1, 343-517

3. Godzik, A., Skolnick, J. and Koliriski, A. (1992)./. Mol Biol, 227, 227-238

4. Pawtowski, K., Bierzyriski, A. and Godzik, A. (1996)./. Mol. Biol., 258, 349-366

1.15



Workshop on Genes and their Products in Basic Research and Biotechnology

NUCLEATION OF AN a-HELIX BY A CALCIUM BINDING LOOP

Munikii Sicdleeka1, Andr/.cj Ejchart2 and Andr/.cj Bier/yi'iski'

'Laboratory of'NMR, Institute of Biochemistry and Biophysics, PAS

'l.S Biopolymere, Universitat Bayreulli, Germany

A sixteen residue long peptide with the sequence Ac-DKDGDGYlSAAHAAAQ-NI I :

consisting of calcium binding loop, residues D1-K12, extended with four prohelical

residues at the C-terminus was synthesized and its solution structure was established for

the l a " loaded form with the help of CD, NMR and molecular dynamics calculations.

The CD spectra showed a significant increase ol the amount of helix formed upon I.a

ion binding. At low temperature (I"C) the spectra of the lanthanum saturated form

measured in water are the same as those measured in 75% TFI- what suggest that

lanthanum ions fully stabilize the helical structure at the C-terminus ol the peptide. The

signal at 222 nm drops at elevated temperatures what was ascribed to loosening of the

helix.

The NMR signals were identified using data from TOCSY spectra, the peptide sequence

was checked with TOCSY and NOI- data, and finally verified using 'l I,1 T- I IM(,)C data.

The chemical shift analysis allowed to establish tentatively the peptide secondary

structure. The data pointed that the u-helix is formed starting from A10 towards the

C-end oi~ the peptide backbone. More exact analysis of the solution structure of the

peptide including the vicinal proton-proton couplings and rates of the amide protons

exchange fully confirmed the conclusions driven from the CD data.

The experimentally measured NOli distances and torsional angles estimated from the

vicinal couplings were applied as the input data in the structure calculations using

X-PI.OR program. Finally 30 low-energy structures were chosen which were in good

agreement with the experimental data.

It was shown that the seven terminal residues of the peptide form two turns of the

u-helix. The most important finding of this work is that the calcium binding loops can be

used as very effective helix-nucleation sites promoting the w-helix formation even in very

short polypeptide chains.
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PRENYLATION OF RAB 3A PROTEIN IK VITRO

M. Szymariska and E. Swiezewska

Department of Lipid Biochemistry, Institute of Biochemistry and Biophysics, PAS

The covalent modification of proteins by isoprenoid lipids (prenylation) is now

recognized as a mechanism to promote membrane interactions and biological activities of

these proteins. Both farnesyl and geranylgeranyl isoprenoids are involved in these

modifications. Protein prenylation is catalyzed by three prenylotransferases: farnesyl

protein transferase, type-I geranylgeranyl protein transferase and type-II geranylgeranyl

protein transferase. FPT-ase and GGPT-ase I transfer farnesyl group and geranylgeranyl

group, respectively, to a cysteine residue at the C-terminal CXXX sequence of proteins.

GGPT-ase II catalyses modifications of proteins terminating with XXCC or XCXC (1).

Isoprenylated proteins arc common in various types of eukaryotic cells. However,

prenylotransferases in plants are not so well described. Therefore we decided to study the

properties of these enzymes in spinach. Only Rab proteins, a small family of guanosine

triphosphate-binding proteins that regulate vesicular traffic, are known so far to serve as

substrates for GGPT-ase II (Rab GGPT-ase).

We used crude spinach cytosol as the source of the enzyme and Rab 3a protein (with

Cys-Ala-Cys C-terminal structure, both cysteine residues are geranylgeranylated (2)) as

the substrate. The culture of Escherichia coli strain JM 105 carrying a plasmid with Rab

3a was grown in 2X YT Medium with ampicillin. Fusion protein was expressed and

purified from bacteria! lysates using the affinity matrix Glutathione Sepharose 4B. Yield

of the protein was about 2,5 mg/l of the culture. Rab 3a protein was tested as an acceptor

in prenylation in vitro assay. Prenylotransferase activity was determined by quantitating

the amount of radioactivity transferred from [ HJgeranylgeranyl diphosphate to the

acceptor protein - Rab 3a .

Our preliminary results showed that Rab 3a undergoes prenylation process. Substrate

curve for the Rab 3a protein prenylation was determined. More detailed in vitro

experiments concerning GGPT-ase II properties are in progress.

This work was supported by grant from Polish - French Center for Plant Biotechnology.
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PROTEASES AND THE ROLE OF C HAPERONE PROTEINS IN a32

DEGRADATION

Adam Blaszczak', Maciej Zylicz2 and Krzvsztof Liberek2

Laboratory of Molecular Biology affiliated to the Gdansk University, Institute of

Biochemistry and Biophysics, PAS

" Department of Molecular and Cellular Biology, Faculty of Biotechnology AMG UG,

Gdansk University

The DnaK chaperone system formed by the heat shock proteins DnaK, DnaJ and (jrpli

negatively modulates Eschcrichia col: heat shock response through the interaction with

CT'~ (rpoH gene product), the subunit ol'RNA polymerase responsible for transcription of

the heal shock genes. The role of DnaK, DnaJ and GrpH proteins in the inactivation of

a '" and repression of rpoll mRNA translation was recently established. Not much is

however known about the degradation of o "° and the potential role of chaperone proteins

in this process. Recently the HflB protease capable of degradation of a ' both in vivo

and //; vitro was discovered.

The aim of our project is to search for new proteases which degrade o *~ and investigate

the role of the DnaK, Dna.l and Grpli chaperone proteins in this process. We searched for

activities which specifically degrade a '" in E.coli cell extracts, the approach successfully

used before in our laboratory to identify proteases which specifically degrade

bacteriophage / .0 protein. Two activities capable of o "2 degradation, distinct from

HUB. were found. One of them was purified to the homogeneity and was shown to be

identical to the previously known ts-/> gene product (tail specific protease). It was shown

that in vitro degradation of a " protein by Tsp starts from the C-terminal end. The in

vivo relevance of this protease in a ' degradation and the potential role ol DnaK, DnaJ

and Grpl: proteins in this process is under investigation. The gene encoding second

activity is not identified vet.
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PROTEIN FOLDING STUDIES IN DIFFERENT VARIANTS OF BOVINE

PANCREATIC TRYPSIN INHIBITOR (BPTl)

Michal Dadlez and Zofia Podgorska

Department of Biophysics, Institute of Biochemistry and Biophysics PAS

Bovine pancreatic trypsin inhibitor (BPTl) has served for a long time as an important

model system for the studies of protein folding. Only recently, though, the early phase of

the folding of BPTl was studied in greater detail (1.2). It has been shown that early in

folding the structure of the unfolded state of BPTl facilitates the search for the native

structure. The mechanism of the acceleration of the folding process and the residues and

interactions involved are the matter of present studies. To detect which amino-acids

contribute to fast formation of the native structure, a series of 24 BPTl mutants has been

prepared and studied. It has been shown (3) that several aromatic or apolar residues are

necessary to build a hydrophobic cluster accelerating proper pairing of other residues

during folding process. Though the existence of such hydrophobic clusters is already

well documented in different unfolded proteins their impact on folding process has not

been established previously.

The knowledge of the BPTl folding pathway is now being employed in design and

production of new protease inhibitors engineered on the scaffold of BPTl. In search of

mutated BPTl of different specificity twelve new BPTl genes have been prepared

bearing single site mutations in the PI site, responsible for inhibitor specificity. Some of

these mutants have strong tendency to precipitate in unfolded state, so a new folding

procedure have been worked out to overcome this problem and obtain high yield of

properly folded recombinant protein. This project is carried out in collaboration with

prof. Jacek Otlewski (Wroclaw University).
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SUBSTRATE SPECIFICITY OF A NIC LEASE ASSOCIATED WITH RYE

GERM RlBOSOMFS

M.A. Siwccka1 and M.Tomaszewski'

'Department of Protein Biosynthesis. Institute of Biochemistry and Biophysics, PAS

lor the llrst time, a plant ribosome associated nuelease degrading double-stranded KNA

was isolated, purified and characterized. Two procedures were developed tor purification

of this enzyme: first one applies columns packed with Octyksepharose; second one with

Phenyl-sepharose.

In order to characterize substrate specificity ol'the enzyme, 5'-end labelled fragment of

human androgen receptor mRNA. yeast tRNA '''""' and Lupinus luteus 5 S r RNA were

used.

The patterns of limited hydrolysis of 5-end labelled human androgen receptor mRNA

show dependence on pi I of action of this nuelease: in pll 7.2 only one cut was observed

at phosphate 49. In pll 8.5 - several cuts in the double-stranded region with repeated

CAG seqences were observed. The enzyme recognizes all C-A bonds in this mRNA

fragment. These results indicate that ribosomal nuclease is an endonuclease specific to

pyrimidine purine sequences and produces 5 - phosphates final products. The enzyme is

very sensitive to changes of pll and ionic strength; these two factors modulate its

specificity.

The patterns of limited hydrolysis of yeast tRNA 1L by double-strand-specific

libonuclease V] of Naja naja oxiana and by ribosomal rye nuclease show some

similarities and some differences in cleavage. The amino-acid acceptor stem is not

hydrolyzed at its 3'-site, as in the case of endonuclease V,, but only at its .V-site. The

main primary cuts are observed at phosphate 28 of the anticodon stem and phosphate 63

of TYC stem, as with RNase V, Two additional strong cuts at phosphates 8 and 13 are

observed.

The enzyme recognizes all C-A and ll-A bonds, both in double-stranded and loop

regions in I.upinus lulcux 5 S r RNA.

These results indicate that ribosomal rye nuclease is specific for double-stranded regions

like ribonuelease V|. Additionally, rye nuclease recognizes a specific stacked

conformation of one strand frequently present in the base - paired helical regions. This

unique enzyme may serve as a probe in investigations on structures of nucleic acids,

especially the structures involved in stability of different types of mRNAs.

Cooperation with the lnslitute of Biooiganic Chemistry, PAS, Poznah

1.20



- Proteins: Structure, Functions and Posttranslational Modifications

THEORETICAL STUDIES OF MULTIVALENT IONS DISTRIBUTION

AROUND AN EXTREMELY SIMPLIFIED MODEL OF THE DNA:

CONTRIBUTION OF POLARIZATION EFFECTS DUE TO DIFFERENCE

BETWEEN DIELECTRIC PROPERTIES OF THE MACROMOLECULES

INTERIOR AND THE AQUEOUS SOLVENT

S.Gavryushov and P.Zielenkiewicz

Bioinformatics Unit, Institute of Biochemistry and Biophysics, PAS

The Bogolyubov-Born-Green-Yvon (BBGY) theory has been applied to study ionic and

mean electrostatic potential distributions around a cylindrical polyion at low ionic

concentrations. Dielectric discontinuities have been taken into account. Results are

compared with those obtained in classical Poisson-Boltzmann calculations which neglect

the effect of ion - image charge interactions and interionic correlations. It is shown that

concentration profiles of divalent counterions are sensitive to the structural elements of

the solvent, i.e., the location of the dielectric discontinuities, whereas this effect is

negligible for monovalent ions. The numerical method used can be applied to calculate

ionic distributions around macromolecules of arbitrary shape placed into dilute solution

of multivalent electrolyte. It can also be used for studies of such thermodynamic

properties as the free energy of macromolecules' binding as a function of the ionic

concentration.
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THEORETICAL STUDIES OF LYSOZYME SOLUTIONS UNDER

CRYSTALLISATION CONDITIONS

A. Kierzek and P. Zielenkiewicz

Bioinformatics Unit. Instilute of Biochemistry and Biophysics, PAS

The computer model of* lyso/yme solution was build in which protein molecules were

represented as points occupying nodes of three dimensional lattice. Arrangement of

neighbouring nodes of the lattice reproduced relative positions of the lysozyme

molecules in the particular crystal form. Brownian motion of the molecules was modelled

as random walk of points throughout the lattice. Whenever points formed the cluster,

energy of that cluster was evaluated by subtracting energies of interactions, precalculated

according to analysis of crystal structures, from entropic cost of loosing rotational and

translational degrees of freedom. Molecules occupying neighbouring nodes in the lattice

were considered to form the cluster only when they had the same value of random integer

variable representing orientational state. Model had correctly predicted behaviour of

dislocation observed electron and atomic force microscopy on (1.1,0) face of the

tetragonal crystal. This shows that behaviour of protein monomers in supersaturated

solutions can be in principle modelled by the method described above. This gives

possibility to study phenomena related to macromolecular crowding. The model was

applied to nucleating lysozyme solutions. It shown that most of the nuclei occurring in

the solution cannot further grow because of the lack of sites on their surfaces at which

new monomers can attach with interaction energy sufficiently large to overcome entropic

cost of aggregation. This could be one of the factors, resulting from the anisotropy of

protein molecules, which makes their crystallisation difficult.
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TRP(TYR)-PRO MOTIF AS A POSSIBLE NUCLEATION SITE FOR THE

P-TURN CONFORMATION IN PROTEIN FOLDING

Jaroslaw Poznanski

Department of Biophysics, Institute of Biochemistry and Biophysics, PAS

ID and 2D NMR investigations on conformation of three groups of peptides:

H-Trp-(Pro)n-Tyr-OH (n =1-5). H-Trp-(Pro)n-Met-OH and H-Tyr-(Pro),,-Met-H (n = 1-

3), in aqueous solution (1,2) have shown that the trans <-> cis equilibrium at the N-

terminal X'-Pro2 peptide bond (co dihedral) is shifted far towards the cis isomer

(population « 0.5) and the extent of this shift is larger for X = Tip with bulkier side

chain. Conformational flexibility of of the N-terminal side chain in Pro2(co(cis)) isomers

proved strongly restricted with dominat population (> 0.9) of x.i(0 rotamer about the

Ca-Cp bond and the X'(x!(t))Pro2(M(cis)) conformer stabilized by deprotonation of the

N-terminal NH-T group. More recently, in the *H ROESY NMR spectrum of H-Trp-Pro-

Tyr-OH peptide a very strong crosspeak between H" (Tip) and H"(Pro) protons was

found, corresponding to their very short average separation of 2.4-2.8 A. Furthermore,

umbrella sampling molecular dynamic calculations for Trp-Pro dipeptide fragment

indicated that the \\i (Trp) dihedral angle assumes preferentially its (3 region (+160°).

Computer simulation of the 3D conformation of the (o(cis))Pro2 isomer of H-Trp-Pro-

Tyr-OH peptide with use of the above constrains, deduced from the NMR and MD data

for a number of different initial structures of the peptide, led to the same 3D structure

corresponding to the P-turn VI motif of polypeptide fold. A computer search through

PDB data allowed to select a great number of X-Pro fragments (X = Trp, Tyr, Phe, Val)

in almost the same p-turn conformation. This strongly suggest that stabilized by hydro-

phobic forces X(xi(t)-Pro(co(cis) motifs may serve as nucleation sites for the P-turn

conformation in the process of protein folding.
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UR1DINE PHOSPHORYLASE FROM llymenolepis ilimimitu (CESTODA)

KINETICS AND INHIBITION BY PYR1M1DINE NIC LKOSIDE ANALOGS

Alicja K. Drabikowska

Department of Molecular Biology. Institute of Biochemistry and Biophysics, PAS

A single pyrimidine nucleoside phoshon lase was found in the cytoplasmic extract from

llynicinilepis duninuta. This enzyme preferentially cleaves undine and, to a much lesser

extent, thymidine. Its presence directly indicates the existance of pyrimidine nucleoside

salvage pathway in this parasite.

Detailed kinetic studies in the phosphorolylic and synthetic direction pointed to

sequential mechanism of these reactions. For phosphorolysis, KL11(j .i3 yM and

Kp 806(.iM. lor synthesis of uridine Ku r a 204pM and K |_p-,jb 50 uM. Over six

times higher Km for uracil than for undine indicates that phosphorolysis is the favoured

reaction in this tapeworms.

Only few well known inhibitors of mammalian uridine phosphorylase were tested. 2,2'-

Anhydro-5-ethyluridine and 1 -(1,3-dihydio\\ -2-propoxymethyl)-5-ben/yluracil

(DHPBU). both with K; 0.07 filYl, were shown lo be potent competitive inhibitors of

the enzyme from ll.cliniim/ta. 1 he newly syntheli/ed 2.3'-anli\dro-5-ethykiridine

(Felczak, unpublished) showed only moderate inhibitory activity (Kj 14 u.M) similarv

as l-( l,3-dihydroxy-2-propoxymethyl)-5.6 tetiamethyleneuracil. The same order of Kj

value obtained for the investigated inhibitors v,v uridine phosphorylase. irrespective

whether the en/yme was isi)lated from intestestinal mucosa (1) or ll.diminuki may point

to a great similarity, between binding sites on the parasite and the host enzyme.

Inhibitors of this enzyme may be usued as antihelmintic drugs blocking nucleic acid

synthesis and thereby limiting parasite reproduction.

RF-:I'T:RI;NCT;S
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VITELLOGENESIS IN VIRGIN AND MATED FEMALES OF THE

MEALWORM BEETLE, Tenerio molitor

Joanna Michalik1, Barbara Chojnicka2 and Bronislaw Cymborowskr

'Department of Protein Biosynthesis, Institute of Biochemistry and Biophysics, PAS

department of Invertebrate Physiology, Warsaw University

A comparison between vitellogenesis in virgin and mated females of Tenebrio molitor

showed significant differences at each investigated developmental stage (1). Yolk

protein deposition in oocytes, measured as the increase in their size parameters (lenght.

width, and volume), proceeded much faster and was more efficient in mated females as

compared to virgins. In fertilized females the gonadotropic cycle showed a cyclicity with

an eight-day period while virgin females finish their vitellogenic stage after the first

cycle. These differences were reflected in changes in the rate of protein synthesis in the

fat body of females completing vitellogenesis or entering the next oogenetic cycle. In the

haemolymph, in addition to a large (158kDa) and two small (56kDa and 45kDa) subunits

of vitellogenin, there was an abundancy of proteins of 80kDa and 60kDa.
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A NOVEL Saccharomyces cerevisiae GENE POSSIBLY INVOLVED IN CELL-

SUBSTRATUM INTERACTIONS

A. Kurlandzka and J. Rytka

Department of Genetics. Institute of Biochemistry and Biophysics. PAS

The initial point of our study was a search for a putative fatty acid-binding protein

(I-'ABP) participating in the induction of beta-oxidation enzymes in Saccluiromyces

ccrcvisiac (I). In a search for the FABP homologue a new, essential gene of 3450 bp was

identified and sequenced (2). It shows no similarity to FABPs and it codes for a 133 kDa

putative multi-domain protein. The deduced amino acid sequence of this gene has

regions of homology to aggregation-specific adenylate cyclase from Dictyostelium

cliscoideum, reticulocyte binding protein I from Plasmodium vivax and RNA-binding

proteins.

The gene was fused with a regulatory promoter and this construct was used to investigate

the role of this gene in various stages of yeast development. Initially we found that very

low expression of this gene (repressed condition) causes an inhibition of cell growth on

solid media. In liquid media low expression is sufficient for the vegetative growth,

although the growth rate of cells is about 2.5-fold lower. High levels of expression are

essential for spore germination and for the formation of diploids. We are currently

continuing the participation of this gene in cell-substratum interaction in tests involving

solid svipports other than agar.
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ADAPTATION TO LOW TEMPERATURE EFFECTS IN Escherichia coli K-12

Krystyna Krajewska-Grynkiewicz and Tadeusz Klopotowski

Department of Microbial Biochemistry, Institute of Biochemistry and Biophysics, PAS

Low temperature is one of the most common vital factors for any organism. In

Escherichia coli K-12 cooling causes the induction of at least two groups of proteins.

Several identified cold shock family proteins show high degree of homology conserved

in evolution up to mammalian proteins with affinity to Y box DNA sequence. Little is

known on either common or specific effects of particular members of the family. The

other cold-inducible proteins are characterized by carrying DEAD amino acid motif and

having RNA helicase activity.

We have been studying some effects of Escherichia coli K-12 growth at low temperature.

We follow the expression of wca promotor (formerly cps) measured as

exopolysaccharide colanic acid production or P-galactosidase specific activity in strains

carrying wcar.lacZ fusions. The expression can be induced by low temperature or either

of two factors which coincide with the temperature change when the bacterium leaves

colon and has to survive outside living animal organisms: shift from anaerobiosis to

oxygen-containing atmosphere or from nutrient abundance to scarcity. We find that the

induction can be produced by multicopy effect of cspC gene. Its product is homologous

to six other proteins of the cold-shock protein family. It was previously identified as

multicopy suppressor of daughter chromosome segregation. Our finding points to the

notion that colanic acid production and more specifically wca operon are controlled by a

mechanism involved in E. coli response to low temperature. We inserted cam cassette

into cspC and have found that wcar.lacZ fusion is no longer inducible in the mutant cells.

We examined its sensitivity to the lethal effect of freezing. Its survival was significantly

reduced. Moreover, unlike wild type and most of relevant mutants the cspC::cam cells

were not protected against the freezing lethal effect by preceeding exposure to the

temperature of 10°C. Apparently, the active CspC protein is required for induction of the

protective protein against freezing lethal effect and for production of a positive factor for

wca operon expression. We studied transcription of rcsA gene coding for transcription of

such positive factor. With rcsAr.lacZ fusion we found that it was enhanced by low

temperature and Lon deficiency. Since Lon deficiency has a postranscriptional stabilizing

effect on RcsA activity its effect on rcsA transcription must rely on a distict mechanism.

The effect of temperature on wca promoter could be secondary to that on rcsA promoter,

exerted by the same agent or by a distinct factor.
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ALLELE SPECIFICITY OF THF. Esclierichia coli dnaA GENE FUNCTION IN

THE REPLICATION OF PLASMIDS DERIVED FROM PHAGE X

Grzegorz Wfgrzyn', Alicja Wfgr/.yir, Areta Pankiewicz' and Karol Taylor2

'Department of Molecular Biology, (idah.sk University

'Laboratory of Molecular Biology affiliated to the Gdansk University, Institute of

Biochemistry and Biophysics. PAS

We demonstrate a variation in the effects of seven alleles of the Escherichia coli dnaA

gene, which cause temperature sensitivity of initiation of chromosome replication, on the

replication of A. phage-derived plasmids at 30°C. These mutants showed no allele

specificity oWliuiA function in replication of cither of two Xn plasmids studied. On the

other hand, the inability of the XPV plasmid to replicate in dnaASOS. 46 and 20-1 cells, in

dnali (grol'A/5) or in cells that are temperature sensitive for the chaperone genes

dnaK756, dnu.1259 and grpE2<S0 at 30°C was suppressible by a single n mutation. This

suggests that it is a common property of the it protein, probably its weaker interaction

with DnaB helicase (I), that is responsible for the suppression. One can also conclude

that the DnaA-regulated transcriptional activation of oriX (2) acts at the step, in which all

these gene products cooperate, i.e. during preprimosome loading and chaperone-

mediated release of DnaB from P protein inhibition.
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ANALYSIS OF SIX NOVEL GENES IN FRAME OF THE EUROFAN

SIX-PACK PROJECT

Robert Gromadka, Roza Kucharczyk, Andrzej Migdalski and Joanna Rytka

DNA Sequencing and Oligonucleotides Synthesis Laboratory: Department of Protein

Biosynthesis and Department of Genetics, Institute of Biochemistry and Biophysics. PAS

One thousand new genes have been identified by systematic sequencing of several

Saccharomyce.s cerevisiae chromosomes in the European yeast genome analysis network.

The main goals of the European Functional Analysis Network (EUROFAN) project are

the construction of a | deletion mutants in which single ORFs have been inactivated.

'" generally applicable ORF replacement cassetes, L* cognate gene clones, and '" the

phenotypic analysis of deletion mutants strains. Mutant strains and the different plasmid

constructions stored in the EUROFAN strain and plasmid collection will serve as a

material for the future of functional yeast gene analyses. A set of six novel genes (a "six-

pack") are analysed by each participating EUROFAN group. Our group has started the

analysis of six ORFs from chromosome II: YBR128C, YBR131W, YBR133C.

YBR137W. YBR138C, YBR142W. All these putative genes have been discovered in

our laboratory during systematic sequencing of fragments of chromosome II (1,2,3). As

a first step in the functional analysis of the ORFs we have inactivated the selected genes

in two reference diploid strains (FY 1679 and W303) by replacing the coding region with

kanM.\4 (4). The heterozygous diploids bearing the null allele of gene of interest will be

further analysed by classical genetic methods. Viable haploids with deleted ORF will be

tested for changes in growth, mating, cellular morphology. The homozygous diploid

deletion mutants will be constructed to test the sporulation.

In this report, we describe the inactivation of six ORFs by kanM.X4 and the results of

basic molecular and genetical analysis of the heterozygous deletion mutants.

REFERENCES

1. Zagulski, M, Becam, A-M., Grzybovvska. E., Eacroutc. F., Migdalski. A., Slonimski,

P.P., Sokolowska, B. and Herbert, C.J. (1994) Yeast 10. 1227-34

2. Becam, A-M., Culli, C, Grzybovvska, E., Lacrout, F.. Nasr, F.. O/ier-

Kalogeropoulos, O.. Palucha, A.. Slonimski. P.P., /.agulski. M. and Herbert, C.J. (1994)

Yeast 10, SI-SI 1

3. Feldman, H, el al. (1994) The EMBO ./w//vw/ 13.579S-809

4. Wach, A., Brachat, A., Pohlmann. R. and Philippscn, P. (1994) Yeast 10, 1793-1808

11.29



Workshop on Genes and their Products in Basic Research and Biotechnology

BUSHY GROWTH: THE Arabidopsis thalianu HOMOLOGUE OF YEAST

TRANSCRIPTIONAL ANTIREPRESSOR PLAYS A ROLE IN

MORPHOGENESIS

Jan Brzeski1, Wojciech Podstolski2 and Andrzej Jerzmanowskiu

'Department of Protein Biosynthesis, Institute of Biochemistry and Biophysics, PAS

Laboratory of Plant Molecular Biology, Warsaw University

Yeast SW1/SNF complex is thought to play a role of general transcriptional

antirepressor. It is apparent that the mechanism of its action involves the A IP-dependent

chromatin remodelling. Relevant complexes were found in animals such as fly and

human. Here we report cloning of the first component of plant SWI/SNF: BUSHY

GROWTH (BSH) - the Arabidopsis thaliana homologue of yeast SNI-5.

BSH mRNA, encoded by a single copy gene, is transcribed in all parts of the plant. This

result suggests the BSH requirement for expression of various genes invoved in a number

of cellular functions.

We analysed the function of BSH using antisense strategy. Transgenic plants showing

significantly decreased level of BSH transcript were generated. Deficiency of BSH

results in striking aberrations of morphogenesis: reduced apical diminance, aberrations of

dichotomic growth, reduced leave size and formation of sterile pseudoflower structures.

The first two traits couse the apparent bushy phenotype.
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CARBON AND NITROGEN CATABOLITE REPRESSION OF THE Aspergillus

nidulans otaA GENE

Agnieszka Dzikowska and Piotr Weglenski

Department of Genetics, Warsaw University and Institute of Biochemistry and

Biophysics PAS

A. nidulans otaA gene codes for ornithine transaminase (OTAse). The gene is under

control of specific and general regulatory systems, both positive and negative (1).

Biochemical analysis revealed that the otaA gene expression is under the control of two

catabolite repression systems - nitrogen and carbon catabolite repression. In A. nidulans

nitrogen catabolite repression is a positive regulatory system mediated by the product of

the areA gene (2). Carbon catabolite repression is a negative regulatory system mediated

by the product of the creA gene (3).

OTAse is induced several times by arginine. The level of induction is higher when

arginine is the sole nitrogen source. The enzyme activity is repressed when ammonium

ions are present in the medium. The rate of induction by arginine of OTAse synthesis

depends on the carbon source in the growth medium.

The promoter region of the otaA gene contains two putative AREA and three putative

CREA binding sites. We performed gel shift experiments with the otaA gene promoter

and AREA - GST or CREA - GST fusion proteins. Only one of the two putative AREA

binding sites is bound by AREA - GST. It is composed of two 5'GATT3' sequences in

opposite orientation, separated by ten nucleotides. This is not a typical AREA binding

site. This can explain the weak repressibility of the otaA gene by nitrogen catabolite

repression. One of three putative CREA binding sites does not bind CREA - GST fusion

in vitro. Of the other two sites probably only one binds the fusion protein. The

preliminary DNase I footprint experiments suggest that this is a sequence 5'CCCCAG3\

which corresponds very well to the CREA binding consensus sequence.
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CHARACTERISATION AND REGULATION OF THE Kluyveromyces lactis

(;ENE COMPLEMENTING THE Succharomyces cerevisiae met2S MUTATION

Jerzy Brzywczy and Andrzej Paszcnski

Department of Genetics, Institute of Biochemistry and Biophysics, PAS

The Kluvveromvccs hictis gene complementing the Saccharomyces cerevisiac mc/25

mutation was cloned and sequenced. It contains a single uninterrupted open reading

frame. The deduced amino acid sequence has high homology to Saccharomyces

ccrcvisiue and Aspergillus mduhms homocysteine synthases (83% and 66%,

respectively).

The K.lactis met25 DNA sequence shows considerable homology to the S.cercvisiae

nwi25 gene within the reading frame while both T and 5' flanks show no overall

homology to the corresponding parts of the S.ccrcvisiac gene. Several short fragments of

homology were only found in the 5' Hanks of these genes.These fragments fall within the

promoter regions of S.cerevisiae gene important for regulation. This suggests that the

regulation of homocysteine synthase gene in K.lactis may be similar to thai of its

,S' ccrcvisiac counterpart.

The K.lactis met25 gene was cloned on yeast S.cerevisiae YCp50 single copy plasmid

and homocysteine synthase activity was assayed in S cerevisiae transformants. The gene

is strongly repressed by exogeneous methionine in S.cerevisiae cells transformed either

by a single copy or multicopy plasmid containing the K.lactis gene.
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CHARACTERISATION OF GENES INVOLVED IN STABLE MAINTENANCE

OF pSM19035: IDENTIFICATION OF A PLASM1D ADDICTION SYSTEM

Urszula Zielenkiewicz and Piotr Ceglowski

Department of Microbial Biochemistry, Institute of Biochemistry' and Biophysics, PAS

Plasmid pSM 19035 and its derivative pDBlOl are 1000-times more stable in Gram-

positive bacteria of low G+C content than expected for random segregation. Two regions

(SegA and SegB) involved in the stable maintenance of pDBlOl have been previously

identified (1.2). The SegA region encodes a site specific recombinase which, by

resolving plasmid oligomers into monomers, maximises plasmid random segregation.

The mode by which the SegB region acts remains, however, obscure. This region

consists of four genes: 5, w, s and C,. The major stabilisation function relies on the

activity of genes s and C, which form one operon.

We have previously observed that in both B. subtilis and E. coli gene C, alone is

nonclonable and that gene E cannot be inactivated in the presence of intact gene C

Results of these observations could be attributed to unregulated expression of gene C, in

the absence of E or alternatively to a certain phenotype associated with functions that

mediate plasmid stable inheritance.

To test these possibilities, both genes were inserted separately into compatible plasmid

vectors and the pair of resulting recombinant plasmids was used to transform E. coli

cells. All transformants selected for a plasmid with gene ^ appeared to contain also a

plasmid with gene E, while in the reciprocal situation (selection for plasmid with gene E)

the frequency of double transformants was low and dependent on DNA concentration.

Overexpression of gene C, in double transformants resulted in massive filamentation and

rapid cessation of bacterial growth. These toxic effects of gene C, on E coli cells could be

compensated by overexpression of gene E.

These results taken together indicate that the z-C, operon encodes a plasmid addiction

system with the products of genes £ and C, acting as an antidote and toxin, respectively.
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CHARACTERIZATION OF THE F.scherichia coli GENE ENCODING A NEW

MEMBER OF THE SHORT-CHAIN DEHYDROGENASES REDUCTASES

(SDR) FAMILY

Agnieszka Sirko, Anna Wggleiiska, Monika Hryniewicz and Danuta Hulanicka

Department of Microbial Biochemistry, Institute of Biochemistry and Biophysics, PAS

Nucleotide sequence of a chromosomal DNA fragment located upstream cysPTWAM

operon of Escherichia coli was established. Sequence analysis indicates the presence of

an open reading frame which has been designated ucpA (upstream cysP). The potential

protein product exhibits strong sequence homology to the members of a large protein

family, short-chain dehydrogenases/reductases (1).

Transcriptional ncpA-lacZ fusion was constructed in vitro and introduced into atiL site

of the bacterial chromosome by the method of Simons et al. (2). The analysis of the

nucleotide sequence of ucpA regulatory region revealed the potential binding sites for

three global, pleiotropic bacterial regulatory proteins: Crp, FruR and IHF. The effects of

the mutations in genes encoding these regulators on the transcriptional ucpA-lacZ fusion

expression were studied. We observed about 8- and 2-fold lower activities of

P-galactosidase in the crp and fruR mutants, respectively, in comparison to the wild-type

strain. In ihfA and ihfB mutants devoided of a or p subunit of IMF, the expression of

ucpA-UtcZ was almost 2-fold higher in comparison to the wild-type strain. This result

suggests that IMF negatively affects the expression of ucpA.

Our attempts to identify the metabolic pathway in which the potential UcpA protein is

involved (by phenotypic characterization of a ucpA mutant using API32E tests

[Biomerieux]) were unsuccesful. The exact function of this gene remains to be further

characterized.
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CLONING AND ANALYSIS OF THE nempA GENE FROM Aspergillus nidulans

Tomasz Swigut' and Piotr Borsuk'2

'Department of Genetics, Warsaw University

"Institute of Biochemistry and Biophysics, PAS

The nempA gene was identified as homologous to the yeast petl 12 gene. Nucleotide

sequence analysis indicated a region encoding a 571 amino acid protein with the

N-terminal signal domain characteristic for the nuclear encoded mitochondrial protein.

Comparison of NEMPA to the other homologous proteins from Pro- and Eukaryota

indicate: I - absence of the N-terminal region in the prokaryotic proteins, 2 - strong

evolutionary conservation in central and N-terminal domains. Analysis of the

C-terminal region indicated only structural but not amino acid sequence conservation.

Primer extension analysis localized two potential transcription start sites. The first open

reading frame is preceded by an 11 base long LJTR. The transcription initiation at a

second site would generate a transcript consisting of an open reading frame (orfX)

potentially encoding 161 amino acid long mitochondrial protein. A similar situation was

observed in other A. nidulans gene (1,2). The orfX encoded protein has no homology to

any known protein. In the nempA promoter region computer analysis determined

potential brlA (2) and abaA (3) sequences. Additionally we found two

CATNNGCCNNNGTTCATNNNAAG sequences with homology (GTTCAT) to the

yeast ROX1 (3,4) binding sequence (TCGTTCGTTGCCT) and one CREA binding site.

This strongly suggests that nempA gene expresion is regulated: during conidiophore

formation, and by the oxygen leave],
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CLONING AND CHARACTERIZATION OF THE arc.i GENE INVOLVED IN

CONTROL OF ARGININE CATABOLISM IN Aspergillus nidulans

Izabcla Sitkiewic/.1 and Joanna Em pel' :

'[department of Microbial Biochemistry, Institute of Biochemistry and Biophysics. PAS

"Department of Genetics. Warsaw University.

In A. nidulans agaA and olaA genes which encode arginine catabolic enzymes, arginase

and ornithine transaminase. are under the control of both general and specific regulatory

systems (1). The pathway specific system is induced by arginine. Genetic and

biochemical analysis revealed that this regulation is both positive and negative. The role

of positive regulator is played by the product of the arc A gene.

We cloned the arcA gene by complementation of an arc A' I mutation in A,nidulans and

determined its nucleotide sequences. The gene encodes a 607 aminoacid protein. The

coding region is interrupted by one 5 I bp intron. The N-terminal region of the ARCA

protein, containing a C,,Zn: binuclear zinc cluster DNA-binding domain, has strong

homology to other transcription regulators in fungi (2).

In the 5'upstream non-coding region of the arc A gene we found putative ARHA and

CRKA binding sites (3,4). This suggests that expression of this gene is controlled by

both nitrogen and carbon catabolite repression.
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CLONING AND MOLECULAR ANALYSIS OF Aspergillus nidulans cjvCGENE

Marein Grynberg and Jacek Topczewski

Department of Genetics, Institute of Biochemistry and Biophysics, PAS

There are three known mutations blocking the cysteine synthesis in A. nidulans: cysB,

cysC and cysE. cysB was found to be the gene encoding the cysteine synthase but the

character of the two others was unknown. In this presentation we describe cloning and

primary characterisation of the cysC gene. This gene has been cloned by functional

complementation using the chromosome-specific cosmid library. The restriction

fragment £coRI////wdIII (3.8 kb) earning the cysC gene has been determined by chaff

method. This fragment was subcloned in a Bluescript* KS - vector and sequenced from

both strands. The analysis of the obtained sequence revealed one major open reading

frame without introns. This was proved by sequencing a cDNA copy of the cysC gene.

Plasmids earning the cDNA clones were isolated from the X7.AP cDNA library of

.-). nidulans. To our surprise the deduced amino acid sequence of the cysC gene shows

the highest similarity to the putative homoserine transacetylase (HOT) from

Schizosaccharomyces pombe and Haemophilus influenzae and a significant similarity to

other known HOTs. In A. nidulans HOT" is encoded by the metE gene, recently cloned

and partially sequenced in our laboratory. Mutations in the metE gene lead to

methionine but not cysteine auxotrophy as a result of O-acetylhomoserine (OAH)

deficiency. OAH and cysteine are the substrates for the cystathionine synthesis which is

(he first step of the methionine synthesis pathway. As cvsC is different from metE (cvsC

gene cannot complement the metE mutation) the physiological role of the CYSC protein

has to be determined. One can speculate that this protein mediates the regulation of the

cysteine synthesis by OAH level to prevent overaccumulation of highly reactive cysteine.

The Northern analysis of the cysC gene expression shows no significant regulation by

sulphur source. In the only known cysC!03 mutant we could not find the cysC transcript.

We showed that this is a consequence of a deletion of the cysC/03 gene.
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CLONING OF THE SiIV3 GENE FROM Saccharomyces douglassi AND ITS

METEROLOGOUS EXPRESSION IN Saccharomyces cerevisiae

P.Golik':, P.P. Stepieri12 and J. Lazowska

'Department of Genetics, Warsaw University

institute of Biochemistry and Biophysics PAS

'Centre de Genetique Moleculaire. CNRS, Gif-sur-Yvette, France

Despite their relatively recent divergence the yeast species Saccharomyces doitglasii and

Saccharomyces cerevisiae exhibit some important differences in the structure of their

mitochondrial genomes, particularly in the intron composition of the split genes often

resulting in functional differences in the nuclear genes related to the mitochondrial gene

expression.

We have cloned and sequenced a 2.6 kb fragment of the S. douglasii chromosomal DNA

bearing a single 2214 bp long open reading frame (ORF) encoding a protein of 737 aa

which shows 92% sequence identity to the product of the S. cerevisiae SUV3 gene,

which is involved in the metabolism of mitochondrial RNA transcripts.

We have shown that the S. douglasii SUV3 homologue is able to fully restore the

mitochondrial function in the S. cerevisiae strains bearing the SUV3 gene inactivation.

This heterologous complementation is independent on the mitochondrial genotype,

notably on the intron content.

The above results suggest that the SUl'3 gene function is conserved between S. douglasii

and S. cerevisiae regardless of the differences in mitochondrial genome organization.

This implies that the function of SUV3 in the expression of the mitochondrial genome is

of a general and fundamental nature.
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CLONING OF THE Trichoderma reesei c-DNA THAT ENCODES

GTP :a-D-MANNOSE-l-PHOSPHATE GUANYL TRANSFERASE

AND FUNCTIONS IN Saccharomyces cerevisiae

Joanna Kruszevvska and Grazyna Palamarczyk

Department of Lipid Biochemistry, Institute of Biochemistry and Biophysics, PAS

Guanyl transferase (EC 2.7.7.13) catalyzes transfer of Man-l-P into GTP, the final

reaction in GDPMan assembly.

The aim of the present work was to identify the enzymes involved in protein

glycosylation in T. reesei. Since the most of Trichoderma glycoproteins contains

mannose, the enzyme responsible for the level of mannosyl donor was of a considerable

interest. Respective c-DNA fragment was cloned from the T. reesei RUT C-30 c-DNA

library. Nucleotide sequencing of the clone revealed an ORF of 1.6 kb encoding a

protein of 354 amino acids. The translational start site TCACCATGAA is similar to the

fungal consensus sequence for this region. Nucleotide sequence comparison with the data

in the Gen-Bank revealed about 51% of identity with the S.cerevisiae guanyl transferase

gene (MPG1). Comparison of the T. reesei 364 amino acids sequence with the 361 amino

acids of the S.cerevisiae protein resulted in 81% similarity and 71% of identity.

The c-DNA fragment was isolated by complementation of the S. cerevisiae dpml-6

mutant (dpml:: LEU2) bearing thermosensitive allele of dpml [mannosylphospho

dolichol (MPD)-synthase encoding] gene on a pDM8 plasmid. The most obvious

conclusion that we have cloned the gene encoding MPD-synthase was excluded by

transformation of the heterozygous dpml::LE\J2/DPMl diploid. Since disruption of the

DPMI gene is lethal for the yeast cells it could be expected that the cloned c-DNA

fragment will rescue the viability of the spores after transformation. Transformants were

sporulated and the tetrads dissected. Similarly as in the control all tetrads resulted in two

viable and two unviable spores.

Comparison of the kinetic of MPD formation, catalyzed by the enzyme from the wild

type yeast and the transformed strain, revealed that although Vinax of the reaction was

five fold higher with the enzyme from the wild type yeast the Km value for GDPMan,

however, was appr. 5-fold lower in the transformed strain. Hence, it can be assumed that

thermosensitivity of the yeast dpml mutant can be complemented by transformation with

T. reesei mpgT gene due to the increased supply of GDPMan, sufficient for MPD

synthesis.
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DISCOORDINATE EXPRESSION OF THE YEAST MITOCHONDRIAL

RIBOSOMAL PROTEIN Nam9p

Agnics/.ku Chaciriska, Barbara Szczesniak and Magdalena Boguta

Department of (icnetics. Institute of Biochemistry and Biophysics, PAS

In regard to coordination of expression, the biosynthesis of mitochondria! ribosomes is

the unique example because of double genetic origin, (ienes in both ml DNA (encoding

two rRNAs and Varlp. mitoribosomal protein) and nucleus (encoding other

mitoribosomal proteins) must be expressed in a concerted manner to ensure the

production of mitoribosomal components in cqnimolar amounts. Despite the isolation of

28 nuclear genes of Succliaromvccs ccrevisiac coding for mitochondrial ribosomal

proteins, general model of its regulation has been not established.

We have examined the expression of mitoribosomal protein Nam9p (1.2). \'AM>) niRNA

accumulates in proportion to gene copy number if extra copies of the A.IA/y gene were

introduced on the multicopy plasmid. lor immunodeteclion o\~ Nam9p we inserted a

synthetic DNA sequence encoding an epitope from the influenza virus hemagglulinin

protein (HA epitope) at the .V end of the NAM1) gene. Results of phenolype tests

indicated that the presence of HA cpitope tag did not impede the function of Nam9p. The

le\el of Nam9p-HA expressed from the single copy plasmid was below signals arising

from the non-specific background in immunoblots. whereas the overexpressed Nam9p-

HA is readih detected by the anli-IIA antibodies. Thus, the steady-stale level of Nam9p-

IIA was increased in the cells harboring multiple copies of the NAMV-HA gene. Steady

state levels of NAM9 mRNA and protein were determined in cells growing under

catabolite repression in 2% glucose and derepressed conditions in 2% galactose. The

amount of V.IA/V transcript as well as Nam9p were higher in derepressed cells. Our

results indicate that expression of Nam9p is regulated in response to glucose, but is not

coordinated to the level of expression of other mitochondrial ribosomal proteins.
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DOES ORF YJR025C ENCODE THE YEAST 3-HYDROXYANTHRANILIC

D1OXYGENASE?

Roza Kucharczyk, Marek Zagulski, Joanna Rytka

DNA Sequencing and Oligonucleotides Synthesis Laboratory; Department of Protein

Biosynthesis and Department of Genetics, Institute of Biochemistry and Biophysics, PAS

The Open Reading Frame ORF YJR025C has been revealed by the systematic

sequencing of Saccharomyces cerevisiae chromosome X (1). It encodes a protein of 177

amino acids and a molecular mass of 22.2 kDa. The deduced amino acid sequence of

YJR025p shows significant similarity to the human 3-hydroxyanthranilic dioxygenase

(2). This enzyme is involved in the formation of nicotinic acid from tryptophan.

As a first step in the functional analysis of ORF YJR025C we have deleted the coding

sequence by a one-step PCR method and replaced it by the H/S3 marker in the diploid

strain W3O3 . The deletion has been confirmed by meiotic segregation and Southern blot

analyses. Characterisation of the deletion strain shows that YJR025C is essential for

growth on a defined mineral medium lacking the nicotinamide . The preliminary results

indicate that YJR025C deletion leads to the loss of 3-hydroxyanthranilic dioxygenase

activity in vitro. The wild-type gene has been cloned and shown lo complement the

deletion both in vivo and in vitro.
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EFFECT OF DNA BENDING SEQUENCE IN THE -35 DOMAIN OF A

CONSENSIJS-LIKE Escherichia tali PROMOTER ON KINETIC AND

THERMODYNAMIC PARAMETERS OF TRANSCRIPTION INITIATION

1. Kolasa, T. Loziriski, and K.L. Wierzchowski

Department of Biophysics, Institute of Biochemistry and Biophysics, PAS

The influence of intrinsic curvature of DNA in the -35 region of a consensus-like

synthetic E. colt promoter, induced by An«Tn sequences, on its transcriptional activity in

vitro has been investigated. Previously we have shown (1-3) that these promoters

exhibited much lower strength in vivo and a change in the gross-structure of the open

complex in vitro. In the present work, we report results of kinetic studies on the abortive

transcription initiation with use of the cognate RNA polymerase and LJTP y-substituted

with a fluorofore (ANS), for two promoters: one bearing T5(-34...-38) DNA-bending

sequence in the non template strand and the other, serving as a reference one, bearing

TTATT(-34...-38) non-bending sequence in the same strand. We optimized conditions

of complex formation in order to follow its time course more acuratly. Temperature of

35°C and 60 mM MgCl2 + 100 mM KC1 or 10 mM MgCl2 + 250 mM KC1 were chosen

to retard this reaction. From the data thus obtained thermodynamic parameters of the

open complex formation were calculated. They show that the T.;(-34...-38) sequence

affects both the early recognition step of the reaction resulting in the closed complex

formation (lower equilibrium association constant KB) and its subsequent isomerization

to the open, transcriptionally active complex (lower rate constant of isomerization kf).
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EXPRESSION OF SMALL SYNTHETIC GENES CODING FOR hEGF AND

CPTI II, CLONED IN YEASTS

J. Topczewska, B. Rempola and M. Fikus

Department of Biophysics, Institute of Biochemistry and Biophysics, PAS

The recently constructed yeast expression/secretion vector, pYET, was successfully used

for cloning of two small, chemically synthesized eukaryotic genes coding for: human

epidermal growth factor, hEGF, and trypsin inhibitor from squash seeds, CPTI II. The

yield of recombinant polypeptides was optimized in respect of the recipient yeast strain,

expression cassette, promoter and the type of its regulation, and culture conditions

(1,2,3).

Maximal yield (4.3 mg of hEGF per 11 of supernatant) was obtained for OLl (pYET-

EGF2) strain cultivated up to the density 1.2 x 108 cells/ml in YP medium supplemented

with 2% ethanol.

Maximal yield (3.2 mg of CPTI II per 11 of supernatant) was obtained for OLl (pYET-

CPTI II) strain cultivated up to the density of 5 x 10s cells/ml in YP medium

supplemented with 2% ethanol.
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FACTORS AFFECTING THE CHAIN LENGTH AND AMOUNT OF

POLY PRENOLS SYNTHESIZED IN YEAST Saccharomyces cerevisiae

Anna Szkopiriska, Kariona Grabiriska and Grazyna Palamarczyk

Department ofl.ipid Biochemistry, Institute of Biochemistry and Biophysics. PAS

Biosynthesis ot" polyprenols, catalyzed by c/.v-prenyltransferase, the fust commited

enzyme of the dolichol biosynthelic pathway, was followed in the cry, mutants of :S".

ccrevisiiic impaired in various steps of the mevalonate pathway. Strain DD 104 with

double leaky mutations crgV (squalene synthase). erg20 (farnesyl diphosphate synthase)

produced almost the same amount of dolichols as the wild type FI.100. The result may

he explained by the compensation of reduced level of farnesyl diphosphate being the

common substrate caused by partial block of the How of I;PP to the sterol branch of

inevalonale pathway. Oveiexpiession of the ICR(!2O gene resulted in a 10-fold

increase of polypienol synthesis in comparison with the wild type. The most striking

differences occurred after overexpression of the mutated gene of farnesyl diphosphate.

Not only the amount of produced polyprenols was 100 fold higher then in the wild type

but also their chain length was shifted toward much longer, uncharacteristic for yeast.

Since all of the synthesized polyprenols were dehydrodoliehols we have postulated

that in yeast reduction of u- isoprene residue serves as a signal for <.7,s-prenyltransferase

to terminate the polyprenol chain synthesis and in consequence a-reduetase may be a rale

limiting factor in conversion of dehydrodolichols to dolichols. The other explanation for

Ihe unusual chain length may be mutation in the IPP synthase gene. It has been recently

reported that in bacteria substitution of tyrosine or phenylalanine to any other non

aromatic aminoacid near the asparlate-ricli consensus motif DI)XX(XX)D in FPP

.synthase causes formation ot* longer than the original final products (1). In our FPP

synthase there is substitution of Ksine to glulamic acid located between the two

aspartate-rich regions (2). This lysine is conserved in all the prenyltransferases yet

described. The mutaueni/ation of "bacterial region" in the yeast I-'PP synthase will give

the answer which is the CT.l") (chain length determination) region.
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FOUR mdpl MUTATIONS INVOLVED IN MITOCHONDRIAL /

CYTOPLASMIC PROTEIN DISTRIBUTION ARE LOCATED

IN THE 3-TERMINAL OF RSPS GENE ENCODING UBIQUITIN-PROTEIN

LIGASE

Anna Tobiasz and Teresa Zolqdek

Department of Genetics, Institute of Biochemistry and Biophysics, PAS

Alteration of the subcellular distribution of Mod5p-I, a tRNA modification enzyme

member of the sorting isozyme family, affects tRNA mediated suppression. Altered

suppression efficiency was used to select mdp mutants which change the

mitochondrial/cytosolic distribution of Mod5p-1 (1). The gene complementing ts

phenotype of mdpl mutant was found to be identical to RSPS encoding ubiquitin-protein

ligase. Four mdp] alleles were mapped in 3'-terminal part of RSPS by gap repair

method. The 862 bp fragments of mdpl alleles were amplified by PCR and cloned. The

nature and precise location of mutations was determined by sequencing, f-'or mdpl-l and

mdp 1-2 mutants, the first nucleotidc of codon 784 is changed from C to A resulting in

proline to threonine replacement. For mdpl-13 there is a G to A change in codon 707

(GGT to GAT) resulting in substitution of glycine by aspartic acid. For mdpl-N there is

a G to A mutation in codon 747 (GGG to GAG) which changes glycine to glulamic acid.

All characterized mutations are located in RSPS sequence encoding heel (homologous to

the E6-AP carboxyl terminus) domain (2) that is highly conserved in the family o(

ubiquitin-protein ligases. The replaced proline and both glycincs are invariant amino

acids in the family and are located close to the essential cysteine (position 777) which is

in the active site of enzyme.

All four mdpl mutations are suppressed by overexpression of the gene encoding

ubiquitin. Suppressor mutations of mdpl-14 were isolated and are analyzed.
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GENES INVOLVED IN METABOLISM OF YEAST MITOCHONDRIAL RNA

A.S.Dziembowski, P.Kowalczyk, M.Z.Malewicz, A. Dmochowska and P.P.St^pieri

Department of Genetics, Warsaw University and Institute of Biochemistry and

Biophysics PAS

Turnover of RNA plays an important role in regulation of gene expression. It is mediated

by protein complexes that bind to 3' ends of RNA, trim the 3" ends and protect or

degrade the RNA depending on various signals. In mitochondria these processes depend

on nuclear-coded proteins.

Our research is focused on yeast nuclear genes SUV3 and DSS-I, which probably code

for components of the mitochondrial .V-5'exoriboiniclcase. Yeast SUV3 protein encodes

a putative DEAD-box RNA helicase. Both SUV3 and DSS-I disrupted yeast strains are

respiratory deficient and rapidly lose their mtDNA.

We were looking for other genes interacting with DSS-1 and SUV3 and we have isolated

a new gene, unofficially called ADZ-1, which may code for a component of the

3'-5'exoribonuclease.

We also isolated second-site nuclear suppressors by mutagenesis of a yeast strain bearing

the DSS-1 disruption and introduced the intron-containing mitochondrial genomes into

the background of the DSS-1 disruption in order to perform a quantitative Northern

analysis. The results confirm our previous suggestions that suv3p and dsslp function

together in one complex.

Since mtRNA turnover is strongly regulated, we undertook a series of experiments in

order to study what physiological conditions affect the stability of particular RNAs in

different genetic backgrounds. Quantitative Northern analysis indicates that the activity

of the 3'-5" exoribonuclease can indeed be modulated.
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HYBRIDS OF YEAST AND MOUSE FERROCHELATASE: EXPRESSION

AND ACTIVITY IN Escherichia coli AND Saccharomyces cerevisiae

Monika Gora1 and Rosine Labbe-Bois2

'Department of Genetics, Institute of Biochemistry and Biophysics, PAS

"Laboratoire de Biochimie des Porphyrines, Institut Jacques Monod, CNRS, France

Ferrochelatase is the last enzyme in the heme biosynthetic pathway. It catalyses the

insertion of ferrous iron into protoporphyrin IX. In eukaryotic cells, ferrochelatase is

associated with the inner mitochondrial membrane and in prokaryotic cells with the

plasma membrane. One exception is the ferrochelatase of Bacillus subtilis which is

located in the cytosol. Ferrochelatase genes and cDNAs have been isolated and

sequenced from bacteria, yeast, mammals and plants. Comparison of the deduced amino

acid sequences revealed six highly conserved blocs with 27 amino acids common to all

sequences. The mammalian ferrochelatases contain [ 2Fe-2S ] cluster, probably bound

to a cysteine- rich motif (C -IX - C-2X-C-4X-C) at the C-terminus. This motif is

absent in prokaryotic, yeast and plant ferrochelatases (1,2 and references therein).

Since the role of [ 2Fe-2S ] cluster remains unknown, our approach to determine its role

is to construct the chimeric enzymes: yeast ferrochelatase with the C-terminus of mouse

enzyme and mouse ferrochelatase with C-terminus of the yeast enzyme. The hybrid genes

will be expressed in E. coli and in S. cerevisiae strain with deleted ferrochelatase

(HEM15) gene. The functional consequences of these constructions both in vivo and in

vitro will be analysed.
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IDENTIFICATION OF THREE NEW GENES CONTROLLING SYNTHESIS

OF FOLATE - DEPENDENT ENZYMES IN Aspergillus nidulans

Irmina Lewandovvska', Malgorzata Baliriska and Andrzej Paszewski1

'Department of Genetics. Institute of Biochemistry and Biophysics. PAS

Department of Cell Biology, Neneki Institute of Experimental Biology. Warsaw

Synthesis of a number of folate-dependent enzymes in Aspergilhis niiluhms is regulated

by a system in which homocysteine acts as an inducer and methionine as a co-repressor

(I ). We have described the methionine-requiring regulatory mutant mctH2 showing a

repressed level of a few folate enzymes (2). By selection to melhionine prototrophy a

number of met 112 revertants have been isolated, six of which were studied in detail. In

three of them reversion resulted from a mutation in the metII locus (back mutation or

intragenic suppressor). In the remaining three revertant strains mutations rendering the

folate enzymes insensitive to methionine - mediated repression occured in three

independent but linked genes designated JhIA, joiB and folC. These are the first

eukarvotic regulatory genes described that control synthesis of folate enzymes.
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LOCALIZATION OF GENES CODING FOR AN AMYLASE AND A CRYPTIC

P-GALACTOSIDASE IN Lactococcus lactis

Ewa Czerniec, Tamara Aleksandrzak and Jacek Bardowski

Department of Microbial Biochemistry, Institute of Biochemistry and Biophysics, PAS

Lactococcus lactis belongs to a group of lactic acid bacteria (LAB) which are of a great

biotechnological importance - patricularly in production of fermented dairy products. It

is believed that these bacteria have several probiotic features and could be of a medical

importance, eg. in preparation of so called live vaccines, ["or all these reasons

understanding of genetic organizaton as well as mechanisms which control genetic

expression in LAB should be very useful in efficient regulation of biosynthesis of homo-

and heterologous proteins in these bacteria.

Since it is believed that the natural niche of lactococci is plant environment, we tested the

capacity of various lactococcal strains to utilize starch, which serves as the primary

storage polysaccharide found in higher plants. We found a L. lactis strain which produces

an amylase. This strain contains 3 plasmids of 2, 20 and 30 kb in size, respectively.

Plasmid curing experiments showed that amylase encoding gene(s) are localized on

30-kb plasmid. We subcloned amy region from this plasmid., in a fragment of 8 kb, into

pIL253 plasm id-vector and demonstrated the production of lactococcal amylase in

L lactis transformants but not in Bacillus subtilis transformants. This suggests problems

in either the amylase gene expression, secrection of the enzyme or its stability in the cell

of the latter host. The work on DNA sequencing as well as functional studies on

lactococcal amylase will be continued.

The main sugar in milk is lactose and the capacity of lactococci to use it as a carbon and

energy source is encoded by operons located on plasmids. However, we found that

plasmid-free, lactose-negative L. lactis IL1403 strain produces a p-galactosidase when it

grows on cellobiose-containing medium. Expression of this cellobiose inducible

P-galactosidase is repressed by glucose. An efficient transposon mutagenesis system was

applied to isolate chromosomal integrants that exhibit no p-galactosidase activity.

4 classes of chromosomal sites of transposon integration were demonstrated through

Southern hybridization. Recovering and sequencing of chromosomal fragments flanking

the transposon is in progress.

11.49



Workshop on Genes and their Products in Basic Research and Biotechnology

MAFI, A GENE IN YEAST INVOLVED IN tRNA BIOSYNTHETIC PATHWAY:

CLONING AND SUPPRESSOR ANALYSIS

Kamila Czerska, Barbara Szczesniak and Magdalena Boguta

Department of Genetics, Institute of Biochemistry and Biophysics, PAS

Mutation in the MAFI gene was identified in a screen for decreased efficiency of tRNA

suppressor SUP 11 in the yeast Savcharumyces cerevisiae. mafl-l mutation exerts a

dual phenotypic effect: antisuppression and temperature sensitive (ts) respiratory growth

(I). MAFI, cloned by complementation of ts phenotype, also alleviates the

antisuppressor effect. Phenotype of mafl::URA gene disruption is the same as that

observed for mafl-l. The coding sequence of MAFI is interrupted by an intron of 80 bp.

The putative gene product. Maflp. is a hydrophilic protein of 395 amino acids not

showing significant similarity to known proteins which indicates that MAFI encodes a

novel protein (2).

In an effort to extend analysis of this gene and identify interacting components, we have

undertaken a search for suppressors of the mafl-l ts phenotype. Spontaneous revertants

of two strains containing independent mafl-l mutations were identified; three of them

exhibited cold-sensitive (cs) growth at 16"C and were allelic. This cs phenotype was

linked to the suppressor phenotype, unlinked to the mafl-l, and recessive. The cs

phenotype of suppressor gene, designated RI6, has been complemented by plasmids

from a multicopy yeast gene bank. Three identified positive yeast genomic inserts are

currently analysed.

A yeast genomic library was also used to search for multicopy suppressors of the mafl-l

ts phenotype. Over 10 000 transformants of the mafl-l strain were screened for growth

on glycerol medium at 37 "C. Beside those containing MAFI gene, six complementary

plasmids, containing two different genomic fragments were identified and subcloned.

Finally RPO31/RPC160 gene encoding the largest subunit of RNA plymerase III was

found to be a multicopy suppressor of mafl-l. The second insert contains TEF1 gene

encoding the translation elongation factor; subcloning of this insert is in progress.

Current results suggest the putative role of Maflp in the tRNA biosynthetic pathway

and/or translation.
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MOLECULAR ANALYSIS OF MULTICOPY SUPPRESSORS OF THE nam9-l

MUTATION IN THE YEAST GENE ENCODING MITORIBOSOMAL PROTEIN

Agata Konopiriska, Agnieszka Chaciriska and Magdalena Boguta
Department of Genetics, Institute of Biochemistry and Biophysics, PAS

The mitochondrial ribosomal protein Nam9p is related to the ribosomal protein S4 from

bacteria, chloroplasts and eucaryotes (1). The nam9-l mutation is a single amino acid

substitution in the region of Nam9p homologous to S4 (2). The phenotypic effect of the

mutation comprises a defect of growth on media containing non-fermentable carbon

sources. A multicopy gene library was screened for complementation of the nam9-l

mutation in order to identify other yeast proteins which interact with Nam9p or affect its

function. Beside the NAM9 wild type copy, four other genes were cloned in this screen.

The most interesting one is a known gene HSP104, which promotes the resolubilization

of aggregated proteins including the yeast prion-like factor T. Our genetic results suggest

that nam9-\ mutation causes the conformational change of Nam9p and the conformation

is dependent on the level of cellular HsplO4p. Effect of HsplO4p on cellular localization

and aggregation of Nam9p will be studied using immunoblotting technique.

The new yeast gene, GDS1, was also identified in the same screen. Sequencing of GDS!

revealed single open reading frame. Putative Gdslp is 522 amino acid long, serine rich

protein with no obvious homology to proteins in the database. Disruption-deletion of

GDSI leads to a partial impairment of respiratory growth, indicating mitochondrial

function of the gene product (3).

Two other known yeast genes, PAB1 and DAT1, were cloned as weak multicopy

suppressors of the nam9-l. Pablp preferentially binds the polyA tails in mRNA; Datlp

binds A/T rich DNA sequences. Probable effects of proteins encoded by suppressor

genes on the Nam9p function and expression will be discussed.
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MOLECULAR ANALYSIS OF TRANSGENIC TOBACCO BEARING HLSTONE

HI GENE FROM Arabidopsis thtilianu

M.Pryiiiakowska-Bosak1, M.Przewloka', J.Iwkiewicz', S.Egierszdorff1, C.CJigot"1,

N.Chaubct', M.Kuras~, S.Spiker"1 and A.Jerzmanovvski I J

'Laboratory of Plant Molecular Biolog_\. Warsaw University

"Laboratory of Plant Morphogenesis, Warsaw University

'Department of Protein Biosynthesis, Institute of Biochemistry and Biophysics, PAS

'insiun de Biologic Moleculaiie des Plantes du C.N.R.S., Strasbourg. 1'ranee

'Department of Genetics. College of Agricultural and Life Sciences. North Carolina State

University.USA

Ilistone HI, is a major structural component of chromalin liber. To investigate in vivo

the role of this protein in transcription regulation during development of multicellular

organism, we made transgenie tobacco plants that overexpress the gene for Aruhidopsis

histone III. In all plants that overexpressed 111 the total HI-lo-DNA ratio in chromatin

increased 2.3-2.8 times as compared to physiological level. This was accompanied by

50-100° o decrease of native tobacco HI. The phenotypie changes in Hl-overexpressing

plants ranged from mild to severe perturbations in morphological appearance and

(lowering. No correlation was observed between the extent of phenotypic change and the

variation in the amount of overexpressed 111. However, the severe phenotypic changes

wore correlated with early occurrence during plant growth of cells with abnormally

heterochromatinized nuclei. Surprisingly, the ability of cells with highly

hetcrochromatinized nuclei to fulfil basic physiological functions, including

differentiation, was not markedly hampered. The results support the suggestion that

chromatin structural changes dependent on 111 stoichiometry and on the profile of major

111 variants have limited regulatory effect on the activity of genes that control basal

cellular functions. However, the lll-medialed chromalin changes can be of much greater

importance for regulation of genes involved in control of specific developmental

programs.

Prymakowska-Bosak. M.. Przewioka, M.R.. lwkiewic/, J.. Hgeierszdorff, S., Kuras, M.,
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MOLECULAR AND PHENOTYPIC CHARACTERIZATION OF TRANSGENIC

TOBACCO PLANTS WITH DISTORTED LEVEL OF NATIVE HISTONE HI

M. Prymakowska-Bosak1, J. Slusarczyk2, M. Przewloka', A. Majkowska,1

B. Kiliariczyk1, A. Jerzmanowski1'3 and M. Kuras'

'institute of Experimental Plant Biology, Warsaw University

"Department of Ecology and Environmental Protection, Pedagogical School, Kielce
3 Department of Protein Biosynthesis, Institute of Biochemistry and Biophysics PAS

We investigated molecular, anatomical and ultrastructural features of transgenic tobacco

plants transformed with a native tobacco gene for histone HI placed in: a) normal and

b) reversed orientation, under unspecific CaMV 35S promoter. The mode of transgene

integration into the plant genome was followed by Southern hybridization and the overall

changes in histone HI mRNA and histone HI protein content were estimated by

Northern hybridization and protein gel electrophoresis, respectively,

in total over 100 transgenic plants were obtained and individually analyzed. Over 90% of

plants containing the transgenic histone HI gene were unable to undergo self-fertilization

and as a consequence did not produce fruits. Self-fertilization and fruits development

were normal in control transgenic plants that did not contain the native histone HI

transgene. Ultrastructural analysis revealed serious abnormalities in the development of

male and female generative organs. Possible link between these phenotypic defects and

histone H1 -dependent molecular mechanisms are discussed.
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MOLECULAR CHARACTERISATION OF Bison honasus MITOCHONDRIAL

D-LOOP

Beata Burzynska1 and .lacek Topczewski2

'Department of Genetics and Animal Breeding, Warsaw Agricultural University

department of Genetics. Institute of Biochemistry and Biophysics, PAS

All living European bisons descended from 12 founder animals, while the animals

belonging to the lowland line (or Bialowieza line) stem from the seven founders (3

females). As a result of this numerical bottleneck the gene pool is very limited and a

very high inbreeding takes place in this population. Molecular markers can be very

helpful in establishing the level of genetic variability, analysis of population structure or

in mating system.

There were two goals of our research. The first was to establish the level of genetic

variability in the Bialowieza herd bison population and the second was to find possible

differences in animals from different dam lines. We examined D-loop mtDNA sequences

in 15 animals with known pedigree. The primers were designed to bracket the D-loop

region. An amplicon of 1026bp D-loop was amplified. This fragment was cloned in to

the pMOSBlue (Amersham). Three clones were sequenccd from two opposite primers, to

obtain characteristic sequences for B. homisus. Other primers were used for sequencing

of the entire DNA fragment. The sequence has been deposited in GenBank under

accession number U34294.

Subsequently other 14 animals from 3 different maternal lines (Bilma, Planta, Plavia)

were chosen for sequencing of the D-loop mtDNA. We found 4 base substitutions in that

fragment. The substitutions were detected at positions: 232, 736, 897 and 957. Analysis

of these changes doesn't show straight connection with the maternal line of the animals.

Nevertheless the second mutation didn't appear in the Planta line and the third mutation

didn't occur in the Bilma line. Two of the investigated females. No. 6629 and 8010, (both

from the Planta line) had heteroplasmic mtDNA, both of them had an extra T at the same

site.

Alignment of mtDNA sequences from different species and individuals {B. bison,

B honasus, Bos indivus, B taunts fn'sian and B taunts simmentaler) shows homology

with the bovine family D-loop, especially with the American bison. The results showed a

level of genetic variability similar to that of the American bison. This finding can be

useful in mating system.
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MOLECULAR MECHANISM OF HEAT SHOCK-INDUCED DISASSEMBLY

OF THE COLIPHAGE I REPLICATION COMPLEX

Alicja Wegrzyn', Grzegorz Wegrzyn2 and Karol Taylor'

'Laboratory of Molecular Biology affiliated to the Gdansk University, Institute of

Biochemistry and Biophysics, PAS

"department of Molecular Biology, Gdansk University

We have found previously that, in contrast to the free O initiator protein of X phage or

plasmid rapidly degraded by the E.coli ClpP/ClpX protease, the XO present in the

replication complex (RC) is protected from proteolysis. In amino acid-starved E.coli re/A

cells, a temperature shift from 30 to 43°C did not affect RC integrity, as judged from the

unchanged level of stable XO observed; however, the same temperature shift in a

complete medium resulted in the decay of this WD fraction, which suggested disassembly

of the RC. Examination of this phenomenon revealed that for X RC disassembly, heat

shock induction of the groE operon, coding for molecular chaperones of the Hsp60 class,

is indispensable (1).

Recently, we found that overproduction of the GroEL and GroES chaperones is not

sufficient for RC disassembly. Inhibition of RC disassembly by coumermycin suggests

that the DNA gyrase-mediated negative supercoiling, occurring in the second phase of

the heat shock (2) may dissociate RC from plasmid DNA, rendering it susceptible to the

GroEL/S attack.
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POLYPRENOL SYNTHESIS IN THE YEAST Saccharomyces cerevisiae:

POSSIBLE INVOLVEMENT OF PEROXISOMAL STRUCTURES

Dorota Grabovvska, Marek Skonec/iiy and Anna Szkopiriska

Department ofl.ipid biochemistry. Institute of Biochemistry and Biophysics. PAS

It has been demonstrated that rat liver peroxisomes take significant part in the synthesis

of polyprenols (I). Recent studies documented the presence of cytosolic mevalonic acid

pathway en/ymes in peroxisomes of permeabilized C.'V-l cells (2). We have also shown

that yeast mutant pas 1-3 (peroxisome assembly), unlike the parental strain PAS I. does

not .synthesize polyprenols in vitro (3). This result implicated the correlation between

isoprenoid synthesis and the presence of functional pero.xisomes. The strain with the

disruption of PAS I gene has been constructed. However, both diploidal strain as well as

haploidal one devoided of PAS 1 gene were able to synthesize polyprenols. This

indicates that yeast peroxisomes are not the main site of polyprenol synthesis. To

establish the participation (if any) of peroxisomes in this process the purified fraction of

this organellum has been prepared and tested for the ability to synthesize polyprenols in

vitro. Experiments with radioactive isopentenyl diphosphate proved that polyprenols

were synthesized in peroxisomes what was not described before for the yeast system.

Extraction and measurement of polyprenols present in vivo in peroxisomes will allow for

quantitative estimation of the peroxisomal contribution to the total synthesis of

polyprenol in yeast.

Since we have demonstrated that mutation resulting in the absence of the functional

peroxisomal structures (mutant pus 1-3) is not the reason of the inability of this strain to

synthesize polyprenols we considered the existance of additional mutation of the

mevalonic acid pathway genes. HMG-CoA reductase and farnesyl diphosphate synthase

are the two main regulator)1 enzymes. Indeed, exogenous I'PP restituted the ability for the

polyprenol synthesis in vitro. However, transformation of pas 1-3 strain with the ERL120

gene (farnesyl diphosphate synthase) did not revert the mutation. So the mutation has to

be located upstream of the FPP branch point what remains to be tested.
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PROTEIN INHERITANCE: X PLASMID REPLICATION PERPETUATED BY

HERITABLE REPLICATION COMPLEX

Alicja Wfgrzyn1, Grzegorz W^grzyn2, Anna Herman2 and Karol Taylor1

1 Laboratory of Molecular Biology affiliated to the Gdansk University, Institute of

Biochemistry-and Biophysics, PAS

department of Molecular Biology, Gdansk University

Replication of a plasmid derived from Escherichia coli phage X initiates by binding of

the XO protein initiator to the origin of X DNA replication, orik. The XP protein

participates in subsequent steps of assembly of the X replication complex. A function of

XP reqiured for replication complex assembly is inactivated at 43°C by the tsl mutation.

We found that the X replication complex assembled at 30°C survives the temperature

upshift in XcrotsPts plasmid-harboring bacteria. We present several lines of evidence that

in this system (in which the replication complex assembly does not occur), the replication

complex assembled prior to the temperature upshift is inherited by one of two daughter

plasmid copies at each replication round for more than 30 cell generations. The "old"

replication complex-driven replication is chloramphenicol-resistant and rifampicin-

sensitive. This replication is depemdent on XO and host dnaK, dnaJ, and grpE chaperone

gene functions. Since the XO-containing replication complex is inherited together with

DNA and bears information how to initiate the next round of replication at oriX, this

phenomen deserves to be called protein inheritance.
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REGULATION OF GENE EXPRESSION IN THE REGIONS INVOLVED

IN STABLE MAINTENANCE OE pSM 19035

Renata Pankiewicz, Izabela Sitkiewicz and Piotr Ceglowski

Department of Microbial Biochemistry. Institute of Biochemistry and Biophysics, PAS

Plasmid pSMI9035 is stably inherited in Gram-positive bacteria with low G -» C content.

Two regions (segA and segB) involved in stable maintenance of pSM19035-derived

plasmids have been previously identified (1). The SegA region maximises random

plasmid segregation while the SegB region assures better-than-random plasmid

segregation into dividing cells. The segA region is composed of genes a. f) and 7

organised in two transcription units (u-ft and y). The segB region consists of genes 6, co,

s: and £, organised in three transcription units (8, <o and »£,).

To check whether and how these genes are regulated DNA segments containing the

5' region of genes a, y, 5, to and c were placed in front of a promoterless Iac7. gene and

the resulting constructs were integrated as single copies into the amy\i locus of B. subtilis

chromosome. In a second step, plasmids bearing different combinations of genes from

the segA and segB regions were introduced into those backgrounds, fj-galactosidase

assays from lysates of plasmid cany ing B suhtilis cells revealed the following:

In the segA region, the a-[] operon is negatively regulated by plasmids containing gene

p. This confirms the in vitro data that the fl recombinase acts as a repressor of its own

synthesis (2).

In the segB region, transcription of genes 6 and o> is repressed by plasmids containing

only gene w. Putative promoter regions of both gene <S and w revealed a set of 7 bp direct

repeats which might be a target of the gene product <». Similar repeats are present in the

5r region of the copy control gene (co/>S). The promoter of co/>S gene also has been

found to be repressed by plasmids containing only gene w. We conclude from these

observations that both plasmid copy number control and better-than-random segregation

of pSM 19035 are under a common pathway of regulation mediated by protein <D.
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REGULATORY FUNCTION OF THE cbl GENE IN SULFUR METABOLISM

IN Eschericliia coli

Roksana lwanicka-Nowicka, Monika Hryniewicz and Danuta Hulanicka

Department of Microbial Biochemistry, Institute of Biochemistry1 and Biophysics, PAS

In enteric bacteria sulfur is assimilated from inorganic sulfate via the cysteine

biosynthetic pathway, involving genes coordinatively controlled (as the cvs regulon) by

the CysB transcriptional activator. We have recently identified another regulatory gene,

designated cbl, engaged in sulfur metabolism in E. coli (1). Our approach to characterize

a physiological function for the Cbl protein involved the construction of a chromosomal

chl-nu\\ mutation and studies of its effect on assimilation of sulfate and alternative sulfur

sources. The results allowed us to identify two classes of target genes controlled by the

cbl gene product. The first class consists of genes encoding components of the sulfate-

thiosulfate transporter (cysPTWAM opemn and sbp gene). We found, that Cbl is involved

in expression of the cysPTWAM operon from at least two internal promoters (which

ensure reinitiation of transcription within cysTWAM independently of the major cysP

promoter) and is also required for expression of the sbp gene, encoding the sulfate-

binding protein. The second class of ..targets" responsive to the Cbl regulatory function

includes genes (or operons) required for utilization of sulfonates as a sulfur source. A

representative set of genes related to sulfonate-sulfur assimilation (the tauABCD operon

engaged in utilization of taurine) has only recently been identified in E. coli by a Swiss

group (2). The studies on in vivo expression of the Icm operon (conducted in

collaboration with Swiss colleagues) pointed to requirement of the functional cbl gene

for activity of the tauA promoter and were confirmed in vitro by binding of the Cbl

protein to the lai/A promoter region. We have also found that the function of the cbl gene

is essential for assimilation of other sulfonates (ethane-, buthane-. hexane-,

mercaptoethanesulfonate and isethionate) besides taurine. Utilization of these sulfur

sources is generally repressed by sulfate and depends on hitherto unidentified genes,

distinct from tauABCD (2). We can therefore suggest that Cbl serves as a general

regulator of genes related to sulfonate-sulfur utilization.

REFERENCES

1. Iwanicka-Novvicka, R. and Hryniewicz, M. M. (1995) Gene, 166. I 1-1"

2. Van der Ploeg, J., Weiss, M., Sailer, E., Nashimoto, H.,Saito, N., Kertesz, M. A. and

LeisingerT. (1996)./. Bacterial. 178,5438-5446.

11.59



Workshop on Genes and their Products in Basic Research and Biotechnology

sconC AN Aspergillus nitlulans SULPHUR METABOLISM REGULATORY

GENE

Malgorzata Piotrowska. Renata Natorf'f and Andrzej Paszewski

[)epartment ofGenetics. Institute of Biochemistry and Biophysics, PAS

SconC. one of the four regulatory genes involved in controling sulphur assimilation and

sulphur amino acid metabolism, was cloned by transformation of A. nidukms with

cosmid gene library, using the multistep procedures described in the accompanying paper

(I). Sequencing of Bam\\\ - SnaBl fragment of 1916 bp indicated a 669 bp open reading

frame interrupted by three short introns. It encodes a protein of 163 amino acids.

The SCONC protein shows 57% identity to Dictyostelium FP21 protein of the unknown

function and 55% identity to human and Curia cohaya OCP2. The OCP2 protein shares

sequence similarity with p i5 , a subunit of transcription factor sill that regulates the

activity of the RNA polymerase II elongation complex (2, 3). SCONC protein sequence

predicts glycosylation, phosphorylation (ATP/GTP binding site: P-loop) and PEST

sequences common in rapidly degraded proteins.

SconC mRNA was found expressed on the same level in the wild type grown on MM

and in the presence of methionine. SconC3 mutant loses susceptibility to methionine and

enzymes of the sulphur amino acid metabolism under its control became nonrepressible.

Curiously enough, sconC mRNA is present in the scunC'3 and sconlil mutants but not

in the mutant impaired in sconD gene. This may indicate cascade interrelations between

those two regulatory genes. The sconC3 allele DNA was amplified by PCR. After

cloning and nucleotide sequencing we found that the mutant phenotype results from the

leucine for aspartic acid substitution at position 142 of the amino acids sequence. This is

a highly conserved sequence.
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SIGNAL TRANSMISSION ACROSS INNER MEMBRANE IN

Escherichia coli K-12

Krystyna Krajewska-Grynkiewicz and Tadeusz Klopotowski

Department of Microbial Biochemistry, Institute of Biochemistry and Biophysics, PAS

Signals on changes of environmental conditions must be communicated in bacteria across

two cell membranes to cytoplasmic protein signal intermediaries and to proper address in

DNA or RNA. There are several concepts on how temperature is being sensed by the

bacterial cell. A likely possibility is that temperature can be sensed inside the cells unlike

e.g. medium osmolarity or nutrient availability. The inner membrane protein RcsC was

proposed to be one of the hypothetical sensors or transmitters of temperature signal in

Escherichia coli K-12 acting as sensing partner of a two-component signal system with

RcsB, the positive effector of wca (formerly called cps) expression.

We have been studying the regulation of wca operon coding for components of the

exopolysaccharide colanic acid, their polymerization and product export. We identified a

novel class of mutants with the wca operon derepressed. The affected gene was

sequenced and identified as dsbB, known to code for inner membrane component of

disulfide bond formation system required for maturation of proteins exported from the

cytoplasm. In wild type or Ion derepressed strains expression of the operon was higher at

lower growth temperatures. The dsbB mutation effect depended on the functional rcsC

gene product being an inner membrane protein. The derepression caused by Lon ATP-

dependent protease deficiency did not depend on RcsC. Since in lon rcsC::Tn5 strains

the wca operon was low-temperature inducible we infer that RcsC is not acting in

temperature sensing. We tried to learn more on RcsC role in sensing defective disulfide

bond formation. Since the periplasmic loop of RcsC has two cysteines we presumed that

lack of a disulfide bridge between them could be the encription of the defect. Using

localized mutagenesis we changed one of the RcsC periplasmic cysteine to alanine. The

mutation did not cause the expected derepression of wca operon. All our single amino

acid substitutions including those in the cytoplasmic tail of RcsC reduced transcription

enhanced by disulfide bond deficiency. Recently, RcsC requirement for wca operon

induction by high medium osmolarity was reported. We observed that rcsC137 mutant

known to be refractory to temperature effect was also refractory to rich medium

repressing effect on the operon. The role of RcsC in external signal sensing or

transmission needs more study.
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SUPPRESSORS OF THE Escherichia coli rpoA341 MUTATION IMPAIRING

INTERACTION OF THE RNA POLYMERASE a SUBUNIT WITH SEVERAL

TRANSCRIPTIONAL ACTIVATORS

Anna Wegleriska, Monika Hrynievvicz and Danuta Hulanicka

Department of Microbial Biochemistry, Institute of Biochemistry and Biophysics, PAS

Protein-protein contacts between RNA polymerase (RNAP) and transcription factors are

believed to play a major role in transcription activation. Recent studies have led to the

proposal that the a subunit of E. coli RNAP (RpoA) provides a contact site (,.contact site

I") for a group of activator proteins f,,class I activators"). Several isolated rpoA

mutations, affecting transcription of specific sets of genes, cluster in the C-terminal

domain of the ex peptide (a-CTD) and roughly define the region of contact site I. This

region contains multiple subsites, each responsible for interaction with a single species or

a single set of transcription factor(s). For example, rpo.4341 mutation (resulting in

change K271E in a-CTD) specifically impairs transcription initiation dependent on

AraC, CysB, MeIR and cl and ell regulatory proteins. In order to gain further insight into

the mechanism of interaction of RNAP and CysB protein (transcriptional activator of the

cysteine regulon), we have isolated a number of mutants suppressing one of the

phenotypic effects of the rpoA341 allele, namely cysteine auxotrophy. These suppressors

have been shown to form two classes. Class I mutants suppress the negative effect of the

rpoA3-tl allele on AraC-, MeIR- and CysB-dependent gene expression. Class II

suppressors are specific for CysB-dependent transcription of the cysPTWA operon.

Several of the class I suppressors have been mapped in the rpoA region and three of

these alleles have been cloned and sequenced. Surprisingly, all of them result from an

identical mutation changing E271 of the original rpoA341 allele (defective in

transcription activation) to A271 in the suppressor allele (entirely functional). Several

class II suppressors of the rpoA341 mutation have been identified by genetic mapping as

cysB mutants. One of these cysB alleles has been shown to acquire the mutation M39V in

predicted DNA-binding domain of the protein. This mutation could conceivably change

interaction of CysB with DNA in a way that obviates the requirement for interaction with

a-CTD of RNAP in transcription initiation process. Further characterization of both

classes of rpoA 341 suppressors is in progress.
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TBP FROM Aspergillus nidulans IS ACTIVE IN Saccharomyces cerevisiae CELLS

AND HAS A DIFFERENTIATED RESPONSE TO ACID ACTIVATORS

Robert Kucharski and Ewa Bartnik

Department of Genetics, Warsaw University and Institute of Biochemistry and

Biophysics PAS

TBP (TATA-box binding protein) is an essential element of the eukaryotic transcription

machinery which is required for transcription by all three RNA polymerases. Genes

coding for TBP have been cloned from a number of organisms. On the basis of published

sequence data PCR primers were designed to clone cDNA and the gene coding for TBP

from the filamentous fungus A. nidulans. The sequence of the cDNA and the gene were

determined, as was the transcription initiation site. The gene contains four introns and

has very long 5' and 3' untranslated sequences and many potential cis-regulatory sites.

Numerous differences in sequence were detected between A. nidulans and yeast

(S. cerevisiae) TBP-coding sequences, also in the conserved C-terminal domain.

The cDNA for the A. nidulans TBP under the strong constitutive yeast ADH1 promoter

was introduced into a S. cerevisiae strain in which most of the genomic TBP gene was

replaced by the H1S4 gene but containing a plasmid with the S. cerevisiae TBP gene and

a URA3 marker. In the presence of 5-fluoroorotic acid the URA3-containing plasmid is

lost, and only the plasmid containing the A. nidulans gene (with the LEU2 marker) is

maintained.

The S. cerevisiac cells with the A. nidulans TBP were able to grow under standard

conditions (30°C), but not at 35" C nor with glycerol as the sole carbon source. To

investigate whether A. nidulans TBP can respond to activation of transcription by yeast

transcriptional activators with acidic activating domains (AD), growth of the

transformant was analyzed on lmM copper sulphate, with galactose as the sole carbon

source and in the presence of 50 mM aminotriazole. Growth under these conditions

requires activation of transcription by AD-containing activators - ACE I, GAL4 and

GCN4, respectively. The analyzed strain was resistant to copper ions and aminotriazole,

but could not utilize galactose as a carbon source. This confirms that ADs do not interact

in the same way with TBP in stimulating transcription.
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THE AspergiHus nidulans SCONB SULPHUR REGULATORY GENE ENCODES

A PROTEIN WITH WD40 REPEATS

Renata Natorff, Malgorzata Piotrowska and Andrzej Paszcwski

Department of Genetics, Institute of Biochemistry and Biophysics, FAS

In .1. niduhins mutations in four negative sulphur regulatory scon genes relieve sulphur

metabolism from sulphur metabolite repression - a regulatory system which shuts off the

synthesis of the enzymes of sulphate assimilation pathway when a favourable sulphur

source such as methionine is available (I). The sconB gene has been cloned by

complementation using A. nuhihms chromosome specific eosmid gene library (obtained

from I-'GSC). The screening was based on the use of sclenate, a toxic sulphate analog,

which is transported into scon cells grown on high concentration of methionine. but not

into cells that have regained normal sulphur regulation.

Comparison of genomic and cDNA sequences of .sconB gene indicated a 2(181 bp open

reading frame interrupted by one intron of 47 bp. It encodes a polypeptide of 678 amino

acids which belongs to the expanding family of highly conserved G-protein fS-subunit

related eukaryotic regulatory proteins . The SCONB protein contains seven repeated G|5-

homologous domains (WD40 repeats) spanning the C-terminal half of the protein.

Additionally. SCONB exhibits N-terminal domain that potentially defines another

subfamily of WD40 proteins. The SCONB protein shows considerable similarity to the

SCON2 protein of V crassa (74%) (2) and S. cerevisiae essential Met30 protein (63%)

(3). both being involved in the regulation of sulphur metabolism. Results of PSORT

analysis (score - 0.98) indicated the highest probability of nuclear localization of the

SCONB protein.

In the wild type, the .sconB transcript of 2.8 kb is present at approximately the same level

under all sulphur conditions tested, except for sulphur limitation, where it is up-

regulated. It is present in all four scon strains.

The sconB mutation is complemented by the heterologous N. cnissa sconl gene. The

sconB gene transforms the sconC mutant to the wild type phenotype, but not vice versa.
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THE AT-RICH FLANKS OF OOCYTE-TYPE 5S RNA GENE OF Xenopus laevis

ACT AS A STRONG LOCAL SIGNAL FOR HISTONE Hl-MEDIATED

CHROMATIN REORGANIZATION IN VITRO

Radoslaw Tomaszewski and Andrzej Jerzmanowski

Department of Protein Biosynthesis, Institute of Biochemistry and Biophysics, PAS

Histone HI plays an active role in establishing the transcriptionally repressed chromatin

state of the oocyte-type 5S RNA genes in early stage of Xenopus development (1). In our

earlier work we suggested that the reason for the action of HI may be the base

composition of the flanks accompanying 5S RNA genes (2).

In the present work, by using fully defined in vitro system of chromatin assembly (3) we

found that the DNA fragment comprising the oocyte-type 5S RNA gene with its native

AT-rich flanks (but not the somatic-type 5S RNA gene with its GC-rich flanks) is

capable of directing the histone HI-mediated reorganization of densely packed

DNAxore histone complexes on long stretches of DNA. The reorganization leads to

complete removal of some of the histone complexes from DNA template and results in

creation of regular long gaps between packed core particles. The binding of HI results in

increased protection of DNA sites within the AT-rich oocyte-type 5S repeat and causes

partial stabilization of spaced nucleosomes in specific positions over template DNA. The

effects of HI are completely supressed by distamycin A, a drug that specifically

recognizes and binds oligo (dA).oligo(dT) runs in DNA.

By using in vitro transcription system we found that AT-rich oocyte-type flanks (but not

GC-rich somatic flanks), due to strong and selective binding of HI, confer the Hl-

dependent transcriptional repression to the 5S RNA gene.

These results support the view that the AT-rich flanks of oocyte-type 5S RNA gene play

an important role in histone HI-mediated chromatin reorganization that results in

transcriptional repression observed in vivo.
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THE cbpA CHAPERONE GENE FUNCTION COMPENSATES FOR dna.1

IN K PLASMID REPLICATION DURING AMINO ACID

STARVATION OF Escherkiiia coli

Alicjii Wegrzyn1, Karol Taylor1 and Grzegorz Wegr/.yn~

'Laboratory of Molecular Biology affiliated to the Gdansk University, Institute of

Biochemistry and Biophysics, PAS

"Department of Molecular Biology, Gdansk University

We found previously that K plasmid DNA replication in amino acid-starved Escherichia

cnli rcIA mutants (i.e.. during the relaxed response), which is carried out by the inherited

replication complex, is dependent on functions of DnaK and GrpF. molecular chaperones

but proceeds in a cbui.J mutant at a nonpermissive temperature (1). Here we demonstrate

that this replication is inhibited when functions of both dual and chpA are impaired. In

complete media, the growth of the /t7iA66 phage (capable of replicating in E.coli dnaJ.

JiuiK, and grpE missense mutants at 30°C), as well as efficiency of transformation by

the ^7iA66 plasmid, is significantly decreased in a dna.1259 chpA::kan double mutant.

These results strengthen the proposal of other workers (2) that the chpA gene product is a

functional analog of the DnaJ chaperone in E.coli.
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THE EXPRESSION OF GENES LOCATED ON THE SUBGENOM1C RNA OF

LEAFROLL VIRUS

IMarek Juszczuk and Maria Danuta Hulanicka

Department of Microbial Biochemistry, Institute of Biochemistry and Biophysics. PAS

The genome of the potato leafroll virus (PLRV) consists of a single positive sense-

nonpolyadenylated RNA, about 6000 nucleotide long containing a small genome-linked

protein (VPg) at its 5 end. Sequence analysis revealed the presence of six open reading

frames (ORF) in two gene clusters separated by a small intercistronic region. The first

three ORFs, (ORF1, ORF2 and ORF3) are translated from the genomic RNA (gRNA),

whereas the latter three (ORF4. ORF5 and ORF6) are translated from the subgenomic

RNA (sgRNA), which is detected only in infected cells. ORF5 is nested in ORF4 but

with a different reading frame, whereas ORF6 does not contain an AUG codon and is

separated by a stop codon from ORF4. Like many other RNA viruses, expression is

regulated at the level of translation and by selective transcription of portions of the

genome, resulting in subgenomic RNA (sgRNA).

PLRV explores several mechanisms to translate its genome. The mechanisms of

expression of ORFs located on sgRNA are not well known. They were studied only in

vivo using translational fusions of cDNA copy of particular ORF with the GUS gene. No

in vitro studies on translation of sgRNA have yet been reported. Therefore several

plasmids carrying viral cDNA, complementary to sgRNA, joined to the T7 phage

promoter, were constructed. All desired mutations were introduced into viral cDNA by

site-directed mutagenesis. Transcripts synthesized in vitro were translated by rabbit

reticulocyte lysate or wheat germ extract with [>5S] methionine and analysed by PAGE.

The results obtained indicate that: a) ORF4 and ORF5 are translated from the same

RNA molecule; b) ORF6 is translated by suppression of the stop codon separating ORF4

from ORF6, and the presence of suppressor tRNA is necessary for the readthrough;

c) translation of sgRNA occurs according to the scanning model, since insertion of the

strong palindrome (Go = -61 kcal/mol) prevents initiation of translation; d) lack of the

leader sequence of sgRNA (212 nucleotides) increases the translation efficiency of ORFs

downstream located and affects the ratio of synthesized proteins encoded by ORF4

and ORF5.
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TOPOLOGY AND STOICHIOMF.TRY OF Mg2" BINDING TO THE OPEN

PROMOTER COMPLEX.

W. J. Smagovviez, T. Lozinski and K.L. Wierzehowski

Department of Biophysics, Institute of Biochemistry and Biophysics. PAS

Formation of the transcriptionally active open complex. RP()2, on the /,PR promoter,

from its inactive form, R P Q I . requires binding o f - 3 Mg~ ions and is accompanied by a

conformat-ional transition changing accessibility of some of T residues within the

transcription bubble to oxidation by KMnO, (I). Recently we also found similar Mg : i-

induced changes in oxidability of T residues within the transcription buble in KMnO.4

footprints for open complexes (2) formed with E.coli RNA polymerase on consensus-like

promoters bearing variously located A,,.Tn tracts bending DNA axis (3). They manifest

itself as a shift of maximum accessibility to oxidation from T(-3) to '!'(i2) in the non-

coding DNA strand. Quantitative analysis of the footprints for three promoters of the

latter series with differently bent DNA axis (4): b, g and m, and for the control unbent

promoter a, in function of Mg~' concentration is now present-ed. Assuming that changes

in the intensity of bands (on footprinting gels) corresponding to T(-3) and T( *2) reflect

changes in relative amount of RPO1 and RP()2 complexes, we used the Scatchard

formalism to deduce the number of Mg"-bound in the RPQ2 transcription complex. This

number, not determined directly till now, was found equal to -2 H for all the promoters

studied, what means that bending of DNA axis upstream of the -!() promoter region does

not affect topology of the transcription bubble. When heparin was added to preformed

RP()2 transcription complexes before footprinting, to prevent unspeciflc binding of RNA

polymerase to DNA, we observed unusual exposure to oxidation of two T residues in the

-48 region upstream from the transcription start site, without any change in nucleotidc

accessibility within the transcription bubble. This effect was observed for all the

promoters tested and its magnitude seems to depend in some cases on the direction of

DNA bending.
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TRANSCRIPTIONAL PATTERN OF THE Escherichia coli ihfB (himD) GENE

EXPRESSION

Anna W^glenska', Biji Jacob2 and Agnieszka Sirko1

'Department of Microbial Biochemistry, Institute of Biochemistry and Biophysics, PAS
2SUNY at Stony Brook, NY, USA

Integration host factor (IHF) is a small heterodimer containing subunits encoded by the

unlinked ihfA (himA) and ihfB (himD) genes. The transcriptional pattern of ihfB

expression in the logarithmic and stationary growth phases was investigated. The ihfB

gene is expressed as both monocistronic and polycistronic (hybridizing also to an internal

rpsA probe) transcript. The intensity of the polycistronic transcripts, initiated upstream of

rpsA, decreased sharply upon growth cessation. In contrast, expression of the

monocistronic ihfB transcript strongly increased when cells entered stationary growth

phase. The observed growth-rate-dependent regulation of these transcripts expression is

in agreement with the previously published data about the regulation of the rpsA and ihfB

promoters (I). IHF acts as a heterodimeric protein, therefore the reported coordination of

the amounts of the ihfA- and //^-specific transcripts (2) and that of the a and P subunits

(3) is not surprising. In this paper we demonstrate that, as has been found for ihfA (4),

ihfB is also transcribed from multiple promoters. However, the significance of the

apparent cotranscription of ihfA and ihfB with the genes encoding proteins of the

translational apparatus remains puzzling.
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YEAST TRANSCRIPTION TERMINATION SEQUENCES ENHANCE

EXPRESSION OF THE RECOMBINANT PLANT TRYPSIN INHIBITOR, CPTI

II IN Sacchuromyces cerevisiae

B. Rcmpola, M. Stankiewicz and M. Fikus

Department of Biophysics, Institute of Biochemistry and Biophysics. PAS

The synthetic gene coding for the trypsin inhibitor from squash, CPTI II, was previously

successfully cloned in Escherichia coli and Saccliaromyces cerevisiae. It was found that

in the yeast expression/secretion systems the most important factor in yield determination

was the expression vector itself.

To one of the plasmids previously used, pJK6-CPTI II, transcription terminating

sequences originating from CAT I gene of X cerevisiae were added. It resulted in the

tenfold increase of the yield of the recombinant CPTI II.

The yield was further increased by about 20% when the yeast strain, BJ5464, deficient in

vacuolar proteases, was used for transformation with pJK6 - CPTI Il-T plasmid (1,2).

However, the maximal yield of CPTI II (1.36 mg/11 of supernatant) was three times

lower than that obtained with the pYHT vector constructed in our laboratory.
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AN EXAMINATION OF THE INFLUENCE OF NUCLEAR DNA

POLYMERASES ON ADAPTIVE MUTATIONS IN THE YEAST Saccharomyces

cerevisiae

Hanna Baranovvska, Agnieszka Halas and Zofia Policinska

Department of Genetics, Institute of Biochemistry and Biophysics, PAS

Selection induced mutations that occur as specific and direct responses to environmental

challenges under intense prolonged selection was discovered in nondividing yeast cells

by Hall (I) and Steele and Jinks-Robertson (2) in 1992. Since the mechanism of this

phenomenon was unknown, we started our investigations with question, if temperature-

sensitive mutation cdc2-l in DNA polymerase 5 may have influence on the selective

induced mutation occured at the LYS2 locus in the yeast cells. We found that when the

activity of this polymerase is impaired, the frequency of adaptive mutations enhanced

markedly (3). Therefore, we extended our investigations to all DNA polymerases present

in yeast nucleus and to the MSH gene, responsible for mismatch repair process. We

found that mutations in the two essential DNA polymerases s and 8, which are

responsible for elongation in DNA replication, showed strong influence on the

enhancement of adaptive mutation frequency in the tested LYS2 locus. Similarly, deletion

of the MSH gene influenced the frequency of adaptive mutations in the same way.

Mutations in other DNA polymerases, including the third essential DNA polymerase a

and two nonessential DNA polymerases p and Rev3 showed no such effect. The obtained

results suggest that polymerase errors formed during elongation and their persistence in

mutants deficient in post-synthetic mismatch repair activity are the cause of the adaptive

mutation appearence in the yeast cells. Studies on the comparison of DNA sequences in

adaptive revertants LYS and revertants that appeared spontaneously in DNA polymerasc

mutants are in progress.
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ATTEMPTS TO ESTIMATE PARTICIPATION OF UmuD7 PROTEIN IN

MAINTAINING DNA INTEGRITY

Elzbicta Speina, Jaroslaw Ciesla and Celina Janion

Department of Molecular Biology, Institute of Biochemistry and Biophysics, PAS

UmuD'C - the E. coli SOS mutagenic proteins play a critical role in damage inducible

mutagenesis. It is believed that these proteins, in complex with RecA and DNA

polymerase III holoenzyme. enable error-prone replication of DNA and bypass the non-

coding lesions. However, UmuD'C (or UmuD' alone) may participate in error-free repair

and recovery of intact DNA.

We report the simple and fast purification of the UmuD' from bacteria overexpressing

this protein. We used Exoli BI.(DK3) strain carrying '17 RNA polymerase gene under

1PIG inducible lacL/1'5 promoter and pl;,C48 plasmid which contains UmuD' coding

legion subcloned under the 17 promoter. We attempted to examine whether this protein

protects plasmid DNA integrity in the in vitm assay. Preliminary results show thai

purified UmuD' helps to prevent the conversion of plasmid DNA from the covalently

closed circular (ccc) to the open circular (oc) form and from the oc to the linear form.

However, when 8-oxoguanine residues or abasic sites were introduced chemically into

DNA, UmuD' protein had no influence on plasmid protection.
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CODING PROPERTIES OF AN ANTILEUKEMIC DRUG,

2-DEOXY-2-CHLOROADENOSINE (2CDA), STUDIED IN A DEFINED

OLIGODEOXY-NUCLEOTIDE TEMPLATE SEQUENCE

Agnieszka M. Bukowska and Jaroslaw T. Kusmierek

Department of Molecular Biology, Institute of Biochemistry and Biophysics, PAS

2-Chloro-2'-deoxyadenosine (2CDA) is used for treatment of several lymphoid

malignancies. The best and most durable therapeutic effects have been seen in patients with

hairy cell leukemia. It is known that 2CDA is incorporated into DNA in cells (1). The aim

of our study was to determine the coding properties of 2CDA located at preselected sites in

oligodeoxynucleotide templates.

2CDA phosphoramidite was prepared and it was used for synthesis of six 25-mer templates

with 2CDA located at site 21 from 3'-end. The templates differed each from the other in

3'- and 5'-neighbors of 2CDA. Analogous templates containing unmodified A in the place

of 2CDA and complementary primers (20-mers) were also synthesized.

Kinetic parameters (Km and Vmav) for site-specitlc incorporation of dNTPs by AMV reverse

transcriptase were determined using Goodman's methodology (2). Frequency of

incorporation (Vmax : K,,,) of dTTP opposite 2CDA is 20 - 40 fold lower than opposite A in

each of four sequences studied. Substitution of chlorine in adenine strongly influences the

Km values (0.08 - 0.18 uM for A and 1.8 - 4.9 uM for 2CDA), whereas Vmax values are

similar, especially when we compare these values for A and 2CDA in the same sequences.

The results indicate that 2CDA is a poorer counterpart of T than unmodified A, but is still

capable of forming a base pair with T.

The preliminary results on incorporation of dCTP, dGTP and dATP have shown that Km

values are three orders of magnitude higher than for incorporation of dTTP. In each case

studied the frequency of insertion of these nucleotides opposite 2CDA was at least several

times lower than opposite A. This indicate that incorporation of 2CDA into DNA would not

lead to base substitution during DNA replication.
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CRYSTALLOGRAPHIC STUDIES ON THE EFFECT OF SUBSTITUENTS ON

MUTAGENIC ACTIVITY OF FUROCOUMARINS

Arkadiusz Ciesiclski

Department of Genetics, Institute of Biochemistry and Biophysics, PAS

1'urocoumarins are known as the agents causing formation of crosslinks and

monoadducts in double-stranded DNA, which is connected with their strong mutagenic

effects (1). Their activity toward DNA resulted from their planar Ti-electron structure.

The conjugated Tr-electron bonds are able to form photoadducts with CC double bonds of

pyrimidines after UV-irradiation. The formation of photoadducts depends mainly on

intercalation facility and lability of their n-electron structure. Among furocoumarins used

in mulagenesis there are many with different substituent groups bounded to the molecular

skeleton, which may influenced their 71-electron excitation energy and may cause

differentiation in the 71-electron structure. Therefore the effect of substituents may be

essential for the genotoxity of the furocoumarines. The purpose of this investigation was

to study the effects of substituents on psoralen and angelicin activity. The

crystallographic measurements of monocrystals of six furocoumarin derivatives with

carboethoxy and carbomethoxy group bound to the active site of the molecule have been

done. The solved structures show that in each tested case the substituent is planar to the

furocoumarin skeleton, while in crystal structure of 8-methoxypsoralen the methoxy

group forms highly non planar torsion angle (2). Although the structure of

8-methoxypsoralen shows that the methoxy group is not planar, in DNA its planarity may

be forced by two layers of bases between which it intercalates. Therefore, the

conformation of substituent in furocoumarins can be spontaneous (in derivatives of

carbomethoxy and carboethoxy) or forced (methoxy derivatives) during intercalation and

not observed in molecule itself. This may explain why in spite of non planar

conformation of methoxy group in 8- and 5-methoxypsoralen itself, in DNA they have

significantly different mutagenic activity (1)
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DIFFERENT DNA POLYMERASES ARE INVOLVED IN NUCLEOTIDE AND

BASE EXCISION REPAIR SYSTEMS IN Saccharomyces cerevisiae

Witold Jachymczyk, Agnieszka Halas, Hanna Baranowska, Jerzy Zuk and Zofia

Policiiiska

Department of Genetics, Institute of Biochemistry and Biophysics, PAS

We have studied the ability of different yeast DNA polymerase mutant strains to carry

out repair synthesis in yeast cells irradiated with UV-light or treated with MMS. DNA

repair was analysed through molecular weight changes in nuclear DNA after treatment

with mutagens and posttreatment incubation. We found that for the repair of lesions

caused by UV irradiation - repaired predominantly by Nucleotide Excision Repair

system - two essential DNA polymerases 5 and e were involved. DNA polymerase 5 was

also involved in repair of lesions caused by MMS - repaired through Base Excision

Repair system. However, instead of DNA polymerase s, nonessential DNA polymerase

Rev3 is engaged in this system and both enzymes act cooperatively during repair of

methylated bases in the yeast DNA. Polymerase a and P are not engaged in DNA repair

or play only minor roles, similarly in both excision systems operated in S. cerevisiae

cells. Therefore, yeast cells differ from other eucaryotic organisms in using polymerase

Rev3 for repair single strand breaks appearing in DNA after excision of methylated bases

instead of polymerase P which is engaged in this process in other eucaryotic cells.

PL9701504
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D/N7, A NOVEL DNA DAMAGE-INDUCIBLE GENE OF Sacc/taromyces

cerevisiae, IS A STRUCTURAL HOMOLOG OF THE RAD2 AND RAD27 DNA

REPAIR GENES AND ITS EXPRESSION IS ELEVATED IN THE DIM

MUTANTS

P. Mieczkowski, M. Fikus and Z. Ciesla

Laboratory of Mulagenesis and DNA Repair, Institute of Biochemistry and Biophysics,

PAS

In response to DNA damage, cells induce the expression of genes that facilitate the repair

of DNA lesions. A number of DNA damage inducible (DIN) genes have been identified

in Saccharomyces cerevisiae. An outstanding question how DIN genes are regulated by a

common mechanism remains largely open. However, recently several S. cerevisiae

genes which are involved in regulation of the DIN genes expression have been

identified. They include: the DUN I gene that encodes a nuclear protein kinase; RAD53

which controls the kinase activity of Dun I; MECI that encodes a kinase activating

Rad53. Finally. DNA polymerase z seems to play an important role in the signaling

pathway that activates DIN genes transcription acting as a sensor of DNA replication

blocks.

In this report we characterize a novel DNA damage-inducible gene, DIN7. We show both

with the use of the DIN^-ktcZ fusions and by Northern analysis of DIN7 mRNA that the

expression of the gene is induced by exposure of cells to UV light, MMS (methyl

methansulfonate) and tIIf (hydroxyurea). By comparison of the predicted Din7 amino

acid sequence to those in databases we found that it belongs to a family of proteins

which include: S. cerevisiae Rad2 and its S pombe and human homologs Radl3 and

Xpgc: S. cerevisiae Rad27 and it S. pombe homolog Rad2; and S. pombe I'.xo I. All these

proteins are endowed with DNA nuclea.se activity and are known to play an important

function in DNA repair. The greatest sequence homology between Din7 and S. cerevisiae

Rad2 and Rad27 is found within two blocks which overlap highly conserved domains A

and B or domain B of the latter proteins, respectively.

Expression of the DIN7 gene was studied in mutants defective in the signaling pathway

that activates DNA damage-induced transcription. No inducibility of DIN7 was found in

MMS treated cells of the rml55-2I mutant. Also the inducibility of D/.V7 by MMS was

significantly lower in a strain which encodes defective DNA polymera.se t; unable to act

as a sensor of DNA damage. Surprisingly, a high basal level of DIN7 expression was

found in strains with the DUN I gene inactivated by transposon insertion. We postulate

that a form of Dunl may be a negative regulator of the D1N7 expression.

PL9701505
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DNA REPAIR ENZYME ACTIVITY AND OXIDATIVE DNA DAMAGE IN THE

TUMOR AND NON-TUMOROUS TISSUES FROM LUNG CANCER PATIENTS

Olesya Mospan1, Tomasz H. Zastawny2, Barbara Tudek3

'On leave from N.N.Petrov Research Institute of Oncology,

department of Clinical Biochemistry, Medical School, Bydgoszcz,

Department of Molecular Biology, Institute of Biochemistry and Biophysics, PAS

Tobacco smoking plays a causative role in human lung cancer. Characterisation of DNA

damages and enzymes repairing these damages is important for the understanding of

cancer pathogenesis and susceptibility to the carcinogenic effect of tobacco smoke. We

examined

N-methylpurine (MeP), 2,6-diamino-4-hydroxy-5N-rnethylformamidopyrirnidine-DNA

glyco-sylases (Fpg=Fapy-7MeG-glycosylase) and O6-alkyIguanine-DNA-alkyltransferase

(AGT) activities in normal and cancer lung tissues of 19 smokers (14 men and 5 women)

and 7 ex-smokers (4 men and 3 women). We also measured oxidative DNA base

modifications by gas chromatography-mass spectrometry.

No considerable induction of AGT and Fpg activities by tobacco smoking was observed

in the lung tissue of smokers compared to ex-smokers (p=0,25). However both in

smokers and ex-smokers sex-associated differences in the Fpg activity in normal lung

tissue were observed. In women (8 persons) Fpg activity was as high as MeP-DNA-

glycosylase and considerably exceeded that in men (18 persons; p=0,001). Also, only in

women, the Fpg activity in normal lung tissue was substantially higher than in the tumor

(p<0,05). Unexpectedly, the same level of unsubstituted Fapys was observed in the DNA

from normal lung tissue in men and women. In tumoruous tissue, both in men and

women, the DNA content of Fapy-Gua was increased and in women, additionaly Fapy-

Ade level. It is then possible that contrary to bacterial multifunctional Fpg protein in

human tissues different proteins are engaged in the repair of oxidatively damaged and of

alkylated formamidopyrimidines. Activities of AGT and MeP-glycosylases in normal and

cancer tissues had no substantial sex-associated differences.

AGT level in the normal lung tissue of patients with squamous cell (sc) cancer was

higher (p=0,09), than in the patients with adenocarcinomas (N=8) and sc tumors. Also in

squamous cell tumor DNA, the level of Fapy-Gua and Fapy-Ade was 2-fold higher than

in adenocarcinomas. These initial results suggest that individual susceptibility to the

carcinogenic effect of tobacco smoking can be associated with the efficiency of

alkylation and oxidative DNA damage repair.
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FIDELITY OF DNA REPLICATION ON LEADING AND LAGGING STRAND

IN Escherichia coli

Iwona J. Fijalkowska, Piotr Jonczyk, Magdalena Tkaczyk-Maliszewska and

Malgorzata Podsiadla

Laboratory of Mutagenesis and DNA Repair, Institute of Biochemistry and Biophysics,

PAS

In recent years significant insight has been gained into the mechanisms by which

organisms produce mutations. In general, mutations are generated during the process of

DNA replication, either because of the inherent inaccuracy of the process or because of

the occurrence of DNA damage that alters the coding properties of DNA. DNA

replication initiates from specialized origin and from there replication fork generally

proceeds bidirectionally. Due to the antiparallel nature of the two strands, replication of

the two strands actually occurs in opposite directions: in the same direction of the fork

(leading strand) or against the fork (lagging strand). Since the two strands of the moving

replication fork are replicated by distinct mechanisms, different level of mutagenesis in

the two strands may be expected. We investigate the mutagenic potentials of leading and

lagging strands of DNA replication in the model organism Escherichia coli. We

constructed a series of E. coli strains carrying a mutational target gene (the lac operon) in

two orientations with respect to the origin of chromosomal DNA replication . Therefore,

in one case the (t) transcribed strand is replicated as a leading strand, in the other

orientation as a lagging strand. We used specific lacZ alleles that can revert to lac by a

defined pathway (e.g., AT —»T-A transversion). Such strains provide a rapid method for

investigating the specificity and levels of a mutagenic process.

To study replication errors, we employed strains defective in either postreplicative DNA

mismatch repair (imttL strains) or exonucleolityc proofreading (JnaQ strains). Our

results indicate, a few fold difference (3- to 4-fold) in the level of mutagenesis between

two mutL strains carrying target gene in two orientations according to the origin of

replication. Similar differences in the mutational levels were obtained in the strains

defective in proofreading (mutD5 or dnaQ49). We conclude that the fidelity of

replication of the leading strand is different from the fidelity of replication of the lagging

strand during chromosomal replication. Currently we investigate which step: DNA

polymerase base-selection, proofreading or mismatch repair are critical in maintaining

the differences in the fidelity of leading versus lagging strands during chromosomal DNA

replication.
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is/A MUTATION INHIBITS UV-INDUCED GC->AT AND AT->GC

TRANSITIONS IN recA* STRAINS AND GC->TA AND AT->TA

TRANSVERSIONS IN recA730 STRAINS

A. IJcbenek and I. Pietrzykowska

Department of Molecular Biology, Institute of Biochemistry and Biophysics. PAS

The aim of this study was to investigate the influence of the is/A mutation on the

specificity of UV-induced mutations in recA+ strains, as well as in strains constitutively

expressing RecA coprotease ativity, recA730 and recA730lexA(Def) strains. We have

previously shown that the is/A mutation inhibits SOS - induced phenomena, including

SOS mutagenesis, most probably by inhibiting RecA coprotease activity (1,2). UV- light

induces mutations that are predominantly base substitutions (60-75%) followed by

smaller contributions of single base frameshifts and deletions . Among base substitutions

the largest group consists of the transitions GC—>AT and AT—»GC (6). On the other

hand, in recA441 and recA730 strains constitutively expressing the SOS functions,

AT—>TA and GC—»TA and GC-»CG transversions are mainly observed (4, 5, 7). To

analyze the effect of the is/A mutation on mutation specificity, we used a system

described by Couples and Miller(3).

Our results show that the is/A mutation inhibits appearance of UV-induced AT—>GC and

GC^AT transitions in recA* strains. In contrast to recA* in the recA730 strain,

constitutively expressing RecA coprotease activity, formation of transversions GC-^CG

and AT-»TA is inhibited by the is/A mutation. This indicates that the is/A mutation

inhibits specifically SOS-related mutagenesis but is not specific for the type of mutation

(transversion or transition). This is consistent with our previous observations that the is/A

mutation inhibits SOS phenomena dependent on RecA coprotease activity.
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MMS-INDUCED MUTAGENESIS: DINA DAMAGE AND REPAIR IN dnaQ

Escherichia coli K-I2 STRAINS

Elzbieta Grzesiuk and Celina Janion

Department of Molecular Biology, Institute of Biochemistry and Biophysics, PAS

MMS-induced mutagenesis was studied in FC24I4 (ABI157 dnaQ49) and KC2415

(dnaQ itinuDC) strains. Bacteria were transformed with various plasmids harboring

combination of the umuD(D')C genes and the influence of the plasmids on mutagenesis,

MFD and DNA repair were examined. It has been found that (i) Repair of MMS-induced

lesions depends on umuD'C, umuD' (and to much less degree, on timuDC, or umuD)

genes encoded by plasmid DNA; (ii) MMS-induced mutations, in contrast to DNA

repair, are highest in the cells transformed with plasmid DNA harboring umuDC, and

lowest or non detectable, in cells with plasmid harboring unmD'C. It is postulated that

UmuD'C or UmuD' proteins play a role in the repair of damaged DNA and/or in

maintenance of DNA integrity. The kinetics of these processes (perhaps due to

introducing too many lesions) seems to be different in E.coli dnaQ and dnaQdnaQ

cells, and probably this is a reason that (iii) MMS-induced mutations in dnuQ49 strains

are not subject to MFD.
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MUTAGENESIS OF k PHAGE INDUCED UNDER NONPERMISSIVE

CONDITIONS FOR DNA PHAGE REPLICATION

A. Czajkowska and I. Pietrzykowska

Department of Molecular Biology, Institute of Biochemistry and Biophysics, PAS

Studies on the mechanism of UV-induced mutagenesis in X phage, independent of DNA

replication, were continued. We have shown that this mutagenic pathway requires both

UmuD' and C proteins, but UmuD' seems to be most essential. We have observed that a

high level of UmuD' considerably increases the efficiency of UV-induced mutagenesis of

XsusOa in the host nonpermissive for DNA replication.

To learn more about the possible nature of premutagenic lesions involved in this

mutagenic pathway, we have studied the effect of overproduction of UmuD' on the

frequency of MMS-induced reversion of X.susOx to sus' in E. coli 594 su\ a host

nonpermissive for phage DNA replication. The results show that in the SOS-induced su

host, overproduction of UmuD' more efficiently enhances mutagenesis of XxusOg. phage

induced by MMS than by UV. This suggests involvement of AP-sites as the possible

premutagenic lesions in the mutagenic pathway which is independent of DNA

replication.
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MUTATION INDUCTION AND MUTATION FRKQUKNCY DECLINE IN

HALOGEN LIGHT IRRADIATED Escherkhia coli K -12 AB1157 STRAIN

Anna Wojcik and C'elina Janion

Department of Molecular Biology. Institute of Biochemistry and Biophysics, PAS

The effects of halogen light irradiation on reversion of argE3—> Arg' in E. coli K-12

AH 1 I 57 strain and its mfd ' mutant and on mutation frequency decline (MFD) after

transiently incubating irradiated bacteria under non-growing conditions were studied.

The induction of mutations, the mutational specificity and the MFD effect had the same

characteristic features as those seen in /-.'. coli B strains after irradiation with 254 nm UV

light. The vast majority o\~ urgE3 reversion occur by tRNA supressor formations: supB

derived from one of the glnll genes encoding tRNA for glutamine reading CAA codon

and v;//;£u,dllL.(. derived from sitpb.44 amber supressor. Both mutations are the result of

CiC to AT transitions. MFD which is due to repair of premutagenic lesions in the

transcribed strand of ginU gene and prevents mutations leading to supB formation, was

not observed for halogen light-induced mutations in the mfd-l strain.

In bacteria irradiated with halogen light and incubated immediately in a rich medium to

express mutations, the formation of supB predominated strongly over that of supE,^,^, in

mfd' cells but was at a similar level in mfd ' cells.

It has been shown that overproduction of UmuD'C proteins led to a large increase in

mutation frequency, which was much greater in mfd than in mfd ' strains. Introduction

of the zcfl 17::Jn 10 transposon to AB1 157 makes cells more sensitive to halogen light

irradiation, whereas introduction of the mfd-l mutation does not.

PL9701508

m.82



- Mutagenesis and DNA Repair

MUTS AND UMUD(D')C PROTEINS ARE INVOLVED IN MFD-CONNECTED

REPAIR OF MMS INDUCED DNA LESIONS

Elzbieta Grzesiuk

Department of Molecular Biology, Institute of Biochemistry and Biophysics, PAS

Decline in mutation frequency under conditions of protein synthesis inhibition, MFD

phenomenon, has been observed for MMS induced and transiently starved Escherichia

coli argE3 strain. Appearance of MMS induced AT—>TA transversion depends on

umuDC operon and is susceptible to MFD. In E.coli strain defective in mismatch repair

system slower kinetics of MFD has been observed. In the same strain but with deletion of

umuDC operon MFD effect has not been observed et all. Transformation of mutS

AumuDC strain with plasmids harboring umnD(D')C genes does not restore MFD. In

imitS and mutS ' AumuDC strains harboring unniD' plasmid the level of MMS induced

Arg* revertants has been low. This observation seems to indicate a very efficient UmuD'

dependent DNA repair proceeding during starvation. The presence of repair process can

also be confirmed by estimation of the sensitivity of the CCC form of plasmid DNA

isolated from MMS treated and starved bacteria to Fpg endonuclease. Damage to DNA

leads to conversion of the CCC DNA into the OC form after Fpg digestion. umuD(D ')C

plasmid DNAs isolated from MMS treated mutS' bacteria show increase in resistance to

Fpg digestion. This means that DNA is repaired during starvation. This result together

with observation that plasmid DNA harboring umuD(D')C genes does not restore MFD

in nmlS "AumuDC strain lead to the following conclusion: in MMS treated and starved

mutS' strain MFD effect depends on umuDC operon of chromosomal origin.
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PHOTOADDUCTS OF LECITHINS: THEIR POSSIBLE ROLE IN THE

PHOTOCHEMOTHERAPY PUVA (PSORALEN + UVA)

Zofia Zar^bska, Ewa Waszkowska, Jaroslaw Poznariski

Department of Molecular Biology, Institute of Biochemistry and Biophysics, PAS

For over twenty years the photochemotherapy PUVA applied to the patients with

psoriasis was considered to be explained by the photochemical reactions occuring in the

nuclear DNA. We have proposed an another target to be operating in the therapy, the

phospholipids of the cell membrane. In that new approach it was suggested that

photochemical reactions within phospholipids trigger the alterations in the resting cells of

the skin, and some immunological changes in the circulating lymphocytes. That

hypothesis led to discovery of the photoadducts of psoralens formed in the unsaturated

fatty acids, and breakdown of lecithins.

The photoadducts identification was based on the following findings.

1. In the micelles of synthetic lecithins are formed psoralen adducts involving furan-ring

of the psoralens and double bonds of the fatty acid (oleic and linoleic). That was in

contrast to the previous results obtained in ethanolic solutions, where only pyrone-ring

psoralen psoralen cycloadducts were detected.

2. The reaction of the photoaddition was accompanied by the //ww-isomerization of fatty

acid around double bond, and by oxidation reaction yet to be identified. The breakdown

of lecithin led to release of the fatty-acid-adducts with psoralens, and that reaction

proceeds with the rate comparable to the photoaddition reactions, of 3.5% yield.

3. The novel photoproduct found in micelles was the covalent binding of psoralen to the

vinyl bond of fatty acid by the non-cyclobutane type. The binding link was formed with

the water addition, saturating both: 4'5'-furan of psoralen (8-MOP) and 9-10 bond of the

acid.

The reaction proceeds probably through radical mechanism in the water medium.

4. The NMR analysis for the link-adducts of 8-MOP to oleic/linoleic acid revealed the

specific signals of protons located at 7.6 - 7.7 ppm, which differ from signals between

6.7 -7.6 ppm (separated by 0.9 ppm) detected for the cyclobutane type of adduct. The

adducts struc-ture has been confirmed by the mass spectrometry analysis.

The psoralen-fatty-acid cyclobutane type adducts were shown to participate in the

regulatory pathway of phospholipases and protein kinase C of the human platelets. The

discovery and identification of novel photoadducts in lecithins may serve as a probe of

the reactions occuring in vivo in lymphocytes during course of phototherapy.

PL9701512
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POL2- RAD53- DliSI REGULATORY PATHWAY IS NOT INVOLVED IN

DAMAGE-INDUCIBLE EXPRESSION OF THE Saccharomyces cerevisiae GENE

IMalgorzata Adamczyk and Ewa Sledziewska-Gojska

Laboratory of Mutagenesis and DNA Repair, Institute of Biochemistry and Biophysics,

PAS

The S. cerevisiae MAG gene is coding alkylation repair DNA glycosylase. Besides

3-methyladenine, 7-methylguanine and 7-methyladenine MA(i encoded glycosylase

removes also ethenobases, induced in cellular DNA by vinyl helides, and the DNA

deamination product hypoxanthine . Transcription of the MAG gene is induced by DNA

damaging agents such as MMS, UV or NQO. Transcriptional activation of number of

genes involved in DNA metabolism is a pait of eucaryotic response to DNA damage.

POL2-RAD53-DUN/-signal transducing pathway has recently been postulated to be

involved in the regulation of the general response of the S.cerevisiae cells to I1U or

MMS. We have analysed the expression of MAG in S. cerevisiae strains carrying

MAG::lacZ fusion and deficient in either POL2, RAD53 or DUN I function.

P-galactosidase activity has been assayed in cells exposed to MMS. It has been found

that, in contrast to DNA-damage inducible RNR genes, neither mutation in sensory

C-terminal part of polymerase s (pol2-Il), nor in Sadl/Rad53 or Dunl cellular kinases

(sadl-1 or dunl-21 ::TRP1, diml-25::TRP/, respectively) affects the induction of

MAGr.lacZ fusion in the response to MMS treatment, as compared to control POL2,

SAD//RAD53, DUN1 strains.

PL9701509
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SPECIFIC PROTEIN-PROTEIN INTERACTIONS BETWEEN Hscherichia coli

DNA REPLICATION PROTEINS

Piotr Jonczyk, Adrianna Nowicka and Iwona .1. Fijalkowska

Laboratory of Mutagenesis and DNA Repair. Institute of Biochemistry and Biophysics.

PAS

The mechanisms that control the fidelity of DNA replication are a matter of a

considerable interest. These mechanisms are being investigated by a number of

approaches, including detailed structural and kinetic studies. Important tools in these

studies are mutant versions of DNA polymerases that affect DNA polymerase activities,

including its fidelity. The replicase of/., cnli. DNA polymerase III holoen/.yme. has been

extensively studied as a model replication machine for the last 20 years. The core of the

DNA polymerase III consists of one subunit each of u (DNA polymerase). encoded by

dual; gene, c (V—>5" proofreading exonuclease) encoded by dnaOtmuiD). and 0

encoded by holF. gene. It has been suggested that the proper interactions within the core

of DNA polymerase III could be essential for maintaining optimal fidelity of DNA

replication.

We have been particularly interested in elucidating protein-protein interactions between

Dual' and DnaQ. In a attempt to achieve this goal we have used a Sacclioromvccs

ccrcvisiac two hybrid system. Using this system we.were successful in demonstrating

direct interactions between DnaK and DnaQ proteins, and between DnaQ and I loll;

proteins occurring in vivo. We have also tested these interactions in three of the well

characterized dnaO mutants, which exhibit a strong imitator phenotype. We assumed that

it should be possible to identify such classes of mutants, in which differences in

interactions between the core subunits of the DNA pol III would be correlated with an

altered fidelity of replication. Our results show that the mulD5 and dna()')2ft mutations

did not affect the r. - a and s: - 0 interactions. The data are consistent with the

localization of the base substitutions in these mutants in the K.xo I motif of these allelcs.

which is responsible for the catalytic activity of DnaQ. In contrast, the dnaO49 mutation

greatly reduces the strength of interaction of v, with both the u and 0 subunits. Thus, the

imitator phenotype of dnci(J49 may be the result of an altered protein conformation of the

i: subunit and in consequence of an altered interactions between the core proteins.
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THE ROLE OF DNA POLYMERASES OF YEAST Saccharomyces cerevisiae IN

INDUCED GENE CONVERSION

Arkadiusz Ciesielski, Agnieszka Halas and Jerzy Zuk

Department of Genetics, Institute of Biochemistry and Biophysics, PAS

In yeast Saccharomyces cerevisiae three different DNA polymerases are known to be

engaged in DNA replication. These are DNA polymerase a(POLl), s(POL2) and 5

(POL3). The existence of different termosensitive noncomplementing mutants of genes

POL1, POL2 and POL3 offers the possibilitty of using a genetic approach to investigate

the involvement of these DNA polymerases in induced gene conversion.

For this purpose we constructed heteroallelic and homoallelic diploids in respect to

polymerase mutations poll, pol2 and pol3. In heteroallelic strains we studied conversion

in polymerase genes and in homoallelic strains, conversion in threonine gene.

Cells were UV irradiated or MMS treated and incubated under restrictive conditions

(37°C) or preincubated 6h in permisive conditions (23°C).

Significanly higher frequency of convertants were observed after preincubation of cells

in permisive conditions than after direct transfer to restrictive ones, for all three

heteroallelic diploids. These results suggest an essential role of polymerases a, E and 8 in

mitotic gene conversion events.

PL9701510
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THYMINE GLYCOLS ARE MORE POTENT INHIBITORS OF DNA

REPLICATION THAN IMIDAZOLE RING-OPENED PURINES

Maria-Anna Gnjziewicz1, Tomasz II. Zastawny2 and Barbara Tudck'

'Department of Molecular Biology. Institute of Biochemistry and Biophysics, PAS

"Department of Clinical Biochemistry, Medical School, Bydgoszcz

Biological properties of imidazole ring-opened purines (formamidopyrimidines, Fapy-

Gua. Fapy-Ade) are poorly studied, although their level in some (e.g. lung) tissues is

quite high and increases markedly in neoplastic diseases. We investigated the effect of

DNA oxidation by Fapy-inducing system, which generates hydroxyl radicals:

hypoxanthne/xanthine oxidase/Fe'7FD FA (I) on DNA replication in vitro by 17 DNA

polymerase. Ml? phage DNA was oxidized to different extent and the level of base

modifications was measured by gas chromatography-mass spectrometry (2). Dose

response increase in the level ofFapy-Gua, Fapy-Ade, 8-OIKiii i and thymine glycol was

observed at lower doses of oxidizing agent, with Fapy-Gua and 8-OHG being prevalent

modifications. At higher doses, this tree radical reaction generated mainly Fapy-Gua,

Fapy-Ade, SOI Id and 5OHMelJra. Ml? DNA modified at lower dose of oxidizing

agent was used as a template for replication by 17 DNA polymerase in the presence of

[° S|dATP and the reaction products were analysed by polyacrylamide gel

electrophoresis. On oxidized template modifications of all bases blocked DNA

replication, however the "stop" signal opposite purines was weaker than opposite

pyrimidines. In this DNA the amount of Fapy-Gua and Fapy-Ade was 3 times higher than

that of thymine glycol and hydanloines. When deoxyoligonucleotide consisting of 20

adenine residues and a miscelaneous fragment to anneal '"P labelled primer was used as a

template, one product of replication by 17 DNA polymera.se was found on this template,

which contained 25-fold level of Fapy-Ade than nonoxidised deoxyoligonucleotide.

Modification of M13 phage DNA with dimethylsulfate and NaOll. which generated

Fapy-7-MeGua in the template, resulted in appearance of DNA replication "stops"

opposite all guanine residues. This suggested that in contrast to Fapy-7MeGua,

imsubstituted fonnamidopyrimidines might only weakly, or not at all. block DNA

replication, however their coding properties remain to be established.
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UV-INDUCED MUTAGENESIS: MFD EFFECT IN AB1157 Escherkhia coli

K-12 STRAINS

Anna Fabisiewicz an'l Celina Janion

Department of Molecular Biology, Institute of Biochemistry and Biophysics. PAS

Recent progress in DNA repair allows to elucidate the phenomenon of mutation

frequency decline (MFD) more thoroughly. MFD, a loss of certain mutations in UV-

irradiated bacteria, is a special case of preferential repair of premutagenic lesions from

the transcribed strand of the tRNA suppressor genes.

MFD was mainly studied in E.coli B bacteria. The presented data show the MFD effect

occurs by measuring argE3 to Arg' reversions in UV-irradiated and transiently starved

E.coli K-12 strains. Analysis of mutational specificity revealed that reversions to Arg',

both in mfd and mfd' strains, are predominantly the result of supB formation and to

much less extend of supEam to supE,lchn, conversion. The MFD effect was not observed in

mfd' strains as well as in uvrA' strains. In uvrA' a substantial number of the revertants

arise by back mutations and the ratio of supB to back mutations was approximately 1:1.

Transformation of bacteria with pGW2123 plasmid harbouring unniD'C does not

influence reversion frequency.

Introduction of zcj117::Tn 10 to AB1157 makes strain more sensitive to UV-irradiation,

but introduction of mfd mutation does not.

PL9701511
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CONSTRUCTION OF A RECOMBINANT BACULOVIRUS AS AN

INSECTICIDE

Joanna Michalik', Evva Szolajska1 and Jadvviga ChroboczekJ

'Department of Protein Biosynthesis, Institute of Biochemistry and Biophysics. PAS

"Institute of Structural Biology, Grenoble, France

Phytophagous insect pests account lor a considerable losses in agricultural and forrest

production each year. Use of biological control agents, most notably baculoviruses. as

alternatives to chemical pesticides is the most promising approach to introduce a new.

ecologically safe insecticide. Hundreds of baculoviruses which have been described,

infect invertebrates and 90% of them infect lepidopterus insects, many of which are

major agricultural and forest pests. A main detterent to the commercial development of

viral pesticides has been the relatively slow pesticidal action of the viruses. Genetic

engineering offers a potential solution to this shortcoming. A rccombinanl virus carrying

a foreign gene encoding, for example, an insect toxin, hormone or the en/yme should kill

insect pest faster or cause quicker cessation of feeding. We constructed a recombinant

baculovirus carrying the sequence for poneratoxin, a paralysing peptide toxin produced

by the ant Puiaponera ckivula. We assume that our recombinant should be more toxic

and have shorter lethal time with comparison to the wild type baculovirus. For genetic

manipulations we used a well characterized Auto^rapha calijonuca nuclear polyhedrosis

virus.

IV.90



IV - Virial Pathogenesis

CONSTRUCTION OF FULL-LENGTH cDNA COPIES OF POTATO VIRUS Y

(PVY) ISOLATES

A.M. Chachulska1, C. Robaglia2and W. Zag6rski'
1 Department of Protein Biosynthesis, Institute of Biochemistry and Biophysics, PAS
2 Laboratoire de Biologie Cellulaire, INRA, Versailles, France

Potato Virus Y (PVY) is the type member of Poryviridae family, the largest group of

plant viruses. Its genome is composed of one single-stranded RNA molecule, coding for

a single polyprotein. Cloning of the full-length genomic PVY cDNA (10 kb long) created

technical difficulties. Recently, the development of methods of long fragment PCR

amplification has resolved the problem (1). Here we report the construction of full length

cDNA copies for several phenotypically different PVY isolates and preliminary studies

of their infectivity and polymorphism.

Viral RNAs were extracted from purified virions or directly from infected plants. RNAs

were reverse-transcribed and amplified with a synthetic 3' primer, composed of polyT

tail (30 nucleotides long) and 24 conserved bases of 3'non-translated region (3'NTR).

5' primer was composed of SP6 promoter and the first 28 conserved bases of the PVY.

Purified vcDNAs were submitted to in vitro transcription and introduced into tobacco

protoplasts by PEG-CaCl2 method. Total RNA and proteins were extracted from

protoplasts and analysed. The cDNAs were also submitted to the restriction fragment

length polymorphism (RFLP) analysis - digested by restriction enzymes and analysed by

gel electrophoresis.

The use of RT-PCR method made it possible to amplify cDNAs for three local,

phenotypically distinct PVY isolates, even without previous virus purification. RNA

transcripts could be obtained for all the cDNAs. Some transcripts induced replicative

forms in tobacco protoplasts and expression of the coat protein.

RT-PCR/RFLP analysis of the complete PVY genomes is in progress. Different

restriction patterns are observed for studied isolates and correlations between restriction

fragment length polymorphism patterns and phenotypes (host range, symptoms

expression and interactions with host resistance genes) are looked for.

REFERENCES
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GENETIC VARIABILITY IN NATURAL ISOLATES OF NUCLEAR

POLYHEDROSIS VIRUS SsMNPV

Joanna Michalik1, Ludmila Strokovska2, Oleg Okunev2, Jadwiga Ziemnicka' and

Ewa Szolajska1

'Department of Protein Biosynthesis, Institute of Biochemistry' and Biophysics. PAS

'institute of Genetics, Kijev

"Institute of Plant Protection, Poznari

Baculoviruses infecting invertebrates (mainly insects) are big viruses of complicated

structure and life cycle, carrying double-stranded covalently closed DNA. The size of

their DNA is usually characteristic for the particular type of virus isolated from its host.

Baculoviruses are an efficient and ecologically safe means of controlling the pest

peculations. I'rom this point of view a natural viral patogen of satin moth Stilpnotia

salicis, the nuclear polyhedrosis virus SsMNPV was analysed as a possible insecticide

in fighting this pest (1). For use of baculoviruses as insecticides the knowledge of their

structural and genetic character is required. We analysed occluded proteins as well as

structure and size of SsMNPV genome. The genome size was established as 128 - 134

kb, based on Hind III and Sad restriction analysis (2). Viral genome DNA from four

different SsMNPV isolates, obtained from naturally infected larvae of satin moth over a

period of 1 1 years showed limited heterogeneity in DNA restriction patterns. This

indicates, that analysed viruses contained distinct, but closely related genotypes.

REFERENCES
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INFECTIOUS TRANSCRIPTS OF POTATO LEAFROLL VIRUS

Ewa Sadowy1, Bruno Gronenborn2 and Danuta Maria Hulanicka'

'Department of Microbial Biochemistry, Institute of Biochemistry and Biophysics, PAS
2Institut des Sciences Vegetales, CNRS, Gif-sur-Yvette, France

Infectious transcripts play a key role in research on plant viruses at the molecular level.

In vitro "run-off' transcripts synthesized on the template of the full cDNA copy of the

viral genome are used for infection of protoplasts or, in the case of some viruses, of

whole plants. Mutagenesis of cDNA clones enables studies of the functions of particular

ORFs. Recently, infectious clones have come into use as expression vectors in plants.

Potato Leafroll Virus (PLRV) belongs to group II of luteoviruses. Its genome consists of

a single 5.9kb (+) RNA molecule with a protein (VPg) linked to the 5 end. Six open

reading frames (ORFs) were found in the sequence. A number of cDNA clones covering

the whole genome of a Polish isolate of PLRV was constructed. Four overlapping clones

were selected and assembled using restriction sites. The full copy was positioned

between T7 RNA polymerase promoter and the unique Seal site. Full-length transcripts

of the viral genome were able to replicate in protoplasts. Analysis of total protoplast

proteins with anti-PLRV antibodies showed the presence of the viral coat protein (the

product of ORF4) and the fusion protein consisting of the coat protein and the

readthrough protein (the product of ORF6). Activity of the transcript was strictly

dependent on the presence of the cap analogue at the 5 end. The sequence analysis of

the full-length clone showed the presence of 31 nucleotide variants in comparison to the

consensus sequence of the Polish PLRV isolate previously established.

In nature PLRV is limited to the phloem tissue and is transmitted by aphids in a

persistent manner. Hence we plan construction of an agroinfectious clone as an

alternative way of infecting the host plant. For this purpose the cDNA copy of the PLRV

genome was fused to a 35S CaMV promoter, cloned in a binary vector pBIN19, and

introduced into Agrobacterium tumefaciens. Infectivity tests on potato cv. Desiree and

Nicotiana benthamiana are now in progress.
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SIMPLE AND RAPID TECHNIQUE TO DETECT PVY PRESENCE IN

Solanaceae PLANTS

Magdalena Krzymowska and Jacek Hennig

Department of Plant Biochemistry, Institute of Biochemistry and Biophysics, PAS

The study of plant-virus interactions requires a method which enables not only detection

of virus presence, but also its distribution in the infected plant tissue. We adopted a

tissue print immunoblot technique for localization of potato virus Y (PVY) coat protein

(CP) in infected potato and tobacco tissue. In potato stem cross-sections PVY CP was

detected on the whole surface of the prints, however significantly higher concentration

was observed in epidermis and phloem tissue. In the petiole of infected tobacco leaves

the presence of viral protein was confined mainly to peripheral layers of parenchyma and

epidermis. In phloem tissue the signal was also visible but it was significantly weaker.

In our hands this approach is highly specific and gives resolution on the level of

individual cells, thus it can be applied in several fields. As potyviral capsid proteins are

involved in several events of pathogenesis the technique for immunolocalization of PVY

CP could provide information which will shed new light on the virology of PVY.
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SYNTHESIS AND BIOLOGICAL ACTIVITIES OF THIATED

5-SUBSTITUTED PYRIMIDINE 2'-DEOXYNUCLEOSIDES AND THEIR

5-MONOPHOSPHATES
M. Bretner, K. Felczak, and T. Kulikowski

Department of Molecular Biology, Institute of Biochemistry and Biophysics, PAS

5-Hydroxymethyl-2'-deoxyuridine (hmdUrd) exerts cytotoxic properties vs several

normal and leukemic cell lines (1), and its 5'-monophosphate is an inhibitor of

thymidylate synthase (TS). It was suggested previously that uracil N(3)-H is important

for binding of dUMP derivatives to TS. On the other hand it has well been known that

the substitution of sulfur atom to uracil moiety instead of carbonyl 2 or 4 enhance the

acidity of N(3)-H. To examine the influence of such a substitution on TS binding and

cytotoxicity vs leukemic cells 2-thio- and 4-thio- derivatives of hmdUrd and hmdUMP

were synthesized.

In contrast to Fink's hydroxymethylation reaction that used strong alkali, milder

conditions (0.5M TEA, pH 12, 65°C) were applied to the hydroxymethylation of

recently prepared 2-thiodUrd (2) to give 2-thiohmdUrd (j) in 30% yield.

4-ThiohmdUrd (2) was prepared with the use of different procedure: hmdLJrd was

peracylated to give tri-O-toluoyl derivative substituted at 3'-, 5'- and 5-CH2-positions.

The protected nucleoside was selectively thiated at position 4 with the use of Lawesson's

reagent, and deblocked with methanolic ammonia.

The nucleosides J. and 2 were examined vs L5I78Y mouse leukemia and 3T3 fibroblast

cells, and exerted cytotoxic properties similar to hmdUrd. To obtain their

5'-monophosphates highly selective enzymatic phosphorylation procedure using wheat

shoot phosphotransferase system was applied to J. and 2 to give 2-thiohmdUMP (3) and

4-thiohmdUMP (4). The interactions of 3 and 4 with TS were investigated. Both

nucleotides exerted kinetic properties similar to that of hmdUMP.

Cooperation with Nencki Institute of Experimental Biology, Warszawa.

Supported by KBN Grant No 6 62539203 P/01.
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SYNTHESIS, CONFORMATIONS AND BIOLOGICAL PROPERTIES OF

POTENTIAL ANTI-H1V AGENTS - PYRIMIDINE 2,3' -DIDEOXY-3' -

FLUORONUCLEOSIDES

Nocolai E. Poopeiko1, Alicja K. Drabikowska', Andrzej Piasek and Tadeusz

Kulikowski
i

Department of Molecular Biology. Institute od Biochemistry and Biophysics, PAS

AIDS Diagnosis and Therapy Center, Warsaw

2',3'-dideoxy-3'-fluorothymidine (FLT) is the most potent inhibitor of retrovirus HIV, but

it exhibits even more cytotoxic side-effects than the standard drug 3'-azido-2'.3'-

dideoxythymidine (AZT) (1). The foregoing prompted us to synthesize the new analogue

with potentially less cytotoxic properties, and study its solution conformations and

biological properties. Regioselective synthesis of 2',3'-dideoxy-3'-fluoro-?-chloro-4-

thiouridine via sequential modification of the sugar moiety and the base of 2',5'-di-0-

benzoyl-3'-fluorouridine is described. Solution conformations of several pyrimidine 2',3'-

dideoxy-3'-fluoronucleosides were deduced from high resolution (500 MHz) II NMR

spectra. All these compounds exert exclusively S-type (C-2'-endo) conformation.

Biological properties of 3'-fluoronucleosides were investigated. 2-Thio-3'-

fluoronucleosides were moderate substrates for thymidine phosphorylase and were quite

inactive vs uridine phosphorylase, while 4-thio congeners were inactive v.v both

enzymes. Several pyrimidine 2',3'-dideoxynucleosides were evaluated against a syncytia

inducing HIV-1 strain (cat#3) isolated in the laboratory of the AIDS Diagnosis and

Therapy Center, Warsaw. One of them - 2',3'-dideoxy~3'-fluoro-2-thiouridine showed

promissing anti -HIV activity in CEM cells comparable to the activity of the known

antiretroviral agent - AZT.

Supported by the Slate Committee for Scientific Research (Grants No 662539203 p/01

and 4 PO5F 030 1 lpOl). N. E. P. is grateful for the European Fellowship Fund stipend

from the Institute of Biochemistry and Biophysics. PAS.
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THE GENETIC STABILITY OF POTATO SPINDLE TUBER V1ROID (PSTVd)

MOLECULAR VARIANTS

A. Gora-Sochacka', T. Candresse2 and W. Zag6rski'

'Department of Protein Biosynthesis, Institute of Biochemistry and Biophysics, PAS

^Station de Pathologie Vegetale, INRA, Bordeaux, France

Potato spindle tuber viroid (PSTVd) is a non-encapsidated, single stranded, circular

pathogenic RNA of approximately 360 nucleotides. Since PSTVd does not code for

proteins, it is completely dependent on the host plant enzymatic system for its replication

and for expression of its pathogenicity.

Little is currently known on the stability or evolution of natural PSTVd populations. In

an effort to better understand these aspects of PSTVd biology, we have analyzed the

genetic stability of PSTVd variants upon serial passaging in tomato plants, both at the

sequence and pathogenicity levels. Tomato plants were inoculated with several different

PSTVd variants in an infectious cDNA form. The progenies from such inoculations were

analysed after one and six consecutive passages in tomato. Six different PSTVd variants

(1), with different levels of pathogenicity were analysed in this way. While the severe

parental sequence S23 was found to be genetically stable within the time-frame of the

experiment, all five other parental sequences analysed, irrespective of their

pathogenicity, led to the appearance of complex populations. Divergence was observed

at the level of sequence of the progeny, and also at the level of pathogenicity of

individual progeny molecules. In two cases, the sequence of the parental molecule was

retained in the progeny population. In three other cases, the parental molecule was

completely out-competed and eliminated.

These data interpreted in the conceptual framework of the Eigen theory show that PSTVd

sequences, regardless of the severity of the disease they induce, compose a unique quasi-

species (2) with distinct possibilities of phenotype conversion.
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CHANGES IN MORPHOLOGY OF Pinus mugo TURRA (POPULATION

GROWN IN BOTANICAL GARDEN, POWSIN) AND POLYPRENOL

SPECTRUM

B. Kazimierczak1, A. Marczewski1 and T. Chojnacki'

'Department of Lipid Biochemistry, Institute of Biochemistry and Biophysics, PAS
:Botanical Garden, PAN, Powsin

The object of our studies was the population of 22-years old pines Pinus mugo Turra

(seeds picked at Tatra Mountains); selects (dwarfish and plants of slow growth) and

control plants. We checked if there is any correlation of morphological and anatomical

features (height and shape of shrub, length and structure of needles, size and shape of

cones) and polyprenol spectrum.

Polyprenols are long chain isoprenoid alkohols, which usually occur in plant cells.

Composition of polyprenol mixture can be considered as a species specific

chemotaxonomic criterion. In this pine acetates of family of 13 - 18 isoprenoid alcohols

with dominating P-16 (prenol built of 16 units) are accumulated.

Changes in morphology and anatomy of 73 selects and 100 control plants and the

contents and types of polyprenols in all plants (TLC, HPLC) were studied. One- and

several-years old needles of some other pines were also examined. Distinct

morphological and anatomical changes (in comparison with control plants selects were

2.2 times lower, cones appeared later, vitality of needles was decreased) were observed

in selects. We found that most of 2 years old needles revealed 2-3 times higher content

of polyprenols in comparison with I year old needles. Polyprenol P-16 dominated in all

cases. Proportions of other polyprenols were slightly changed. Typical polyprenols

esterified with longer chain fatty acids were detected in nearly half of plants examined.

Intrinsic correlation between polyprenol contents or pattern and morphological-

anatomical features were not found. Present results (domination of P-16, no intrinsic

correlation) indicate that selects and control plants probably belong to one species, Pinus

mugo Turra, with tremendous natural variability.
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CONSTRUCTION AND ANALYSIS OF POTATO PLANTS CARRYING

DIFFERENT FRAGMENTS OF POTATO LEAFROLL LUTEOVIRUS cDNA

Andrzej Palucha and Danuta Maria Hulanicka

Department of Microbial Biochemistry, Institute of Biochemistry and Biophysics, PAS

Potato leafroll virus (PLRV), a member of the luteovirus group, is the cause of world-

wide losses in potato production. Potato is one of the most important agronomic crops in

Poland and PLRV infection results in significant losses, because there is no known

cultivar naturally resistant to this virus. We have therefore undertaken broad-range

studies on this virus, with a

view to construction of transgenic potatoes resistant to PLRV infection. Using

previously constructed binary plasmids carrying different fragments of the potato leafroll

virus cDNA covering the coat protein (CP) gene region, Agrobacterium mediated

transformations of potato cv. Bzura were performed.

This cultivar is naturally resistant to two other viruses, PVX and PVY, and is widely

used in agriculture. Further transformation experiments resulted in the construction of

additional 41 transgenic lines carrying viral cDNA fragments covering the CP gene with

flanking regions of different lengths. All cDNA fragments were integrated into the plant

chromosome in both orientations, sense and antisense. All transgenic potato lines

resistant to kanamycin were characterized by Southern analysis. Digestion with one

restriction enzyme enabled us to establish the number of genetic loci where viral cDNA

integrated. The integrity of the introduced expression cassetes was assessed by double

digestions. The expression of introduced viral cDNA was checked by Northern analysis.

The resistance of transgenic plants to PLRV was tested by inoculation by aphid

transmission or grafting. ELISA tests were employed for virus detection in transgenic

and control plants.

Selected transformants expressing viral RNA were resistant to virus challenge by

viruliferous aphids. Expression of the antisense construct carrying the sequence

complementary to subgenomic RNA prevented virus infection even after grafting.

Resistance was transmitted to tuber progeny. Moreover, transgenic plants remained

resistant to PVY and PVX.
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EFFECT OF DNA METHYLATION ON TRANSIENT EXPRESSION OF PR-s

GENES IN TOBACCO PROTOPLASTS

Robert Brodzik and Jacek Hennig

Department of Plant Biochemistry, Institute of Biochemistry and Biophysics. PAS

Transient expression of genes in transfected protoplast is a powerful method for analysis

of promoter activity and its regulatory elements. Three different constructs, containing

PR-1 a, PR-2d tobacco promoters and CaMV 35S promoter fused with uitlA gene (GUS)

as a reporter, were constructed. After amplification in Escharichiu colt strains DH5a or

GM33 and GM48 (Dam and Dam Dem mutants, respectively) constructs were tested

individually in tobacco protoplasts. In contrast to 35S promoter, marked differences in

expression of both PR-s promoters were detected. High level of GUS expression driven

by PR-1 a or PR-2d was observed when template DNA was obtained from the DH5a

strain. //; vitro DNA methylation with the Dam methylase, prior to protoplasts

transfection, restored high levels of expression of investigated promoters. Additionally,

gel retardation assay was used to detect differences in binding of PR-la promoter

fragments containing GATC or GmATC sequences with tobacco nuclear extracts. Our

results suggest that A' methyl-adenine (6-mA). present in GATC sequences, may be

involved in control of PR-s promoters expression.
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INTERSPECIFIC FUSION OF PROTOPLASTS FROM Solatium nigrum AND

Solarium tuberosum

Anna Szczerbakowa and Robert Brodzik

Department of Plant Biochemistry, Institute of Biochemistry and Biophysics. PAS

Somatic hybridization between resistant wild Solanaceous species and susceptible potato

cultivars offers a possibility to improve the tolerance to pathogens in cultivated potato.

We are attempting to produce somatic hybrids between Solatium nigrum, a common

weed unsusceptible to Phytophtora infestans, and potato lines derived from Bzura and

Tarpan cvs.

Our approach includes: (a) in vitro culturing of S. nigrum plants, (b) cell suspension

cultures of potato lines, (c) protoplast isolation from leaves and cell suspensions,

(d) PEG-mediated fusion between green mesophyll protoplasts of S. nigrum and non-

coloured protoplasts from dark-cultured potato cells, (e) regeneration of plants from

protoplast-derived calli.

We have succeeded in material propagation, in selecting the proper lines and the

conditions of protoplasts isolation from the fusion partners, as well as in achieving the

suitable frequency of heterokaryocyte formation.

The regeneration of plants from S. nigrum mesophyll protoplasts is much advanced up to

the stage of embryogenic callus, while the potato protoplast-derived callus is up till now

non-embryogenic. Though still a problem, the identification, selection and culturing of

cell hybrids are the closest tasks of particular importance.
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OCCURRENCE OF POLYISOPRENOIDS IN SEEDS

W. Jankowski and M. Chouda

Department of Lipid Biochemistry. Institute of Biochemistry and Biophysics, PAS

Tri-/ra/M-polyprenols composed of: 10, 11 and 12 isoprene units are encountered the

most frequently in leaves of dicotyledone plants, whereas Gymnnosperms accumulate in

the needles di-/ran.v-polyprenols with chain length from 13 to 25 units (1). Very long

polyprenols with chain length more than hundred units, which therefore could be

recognized as a short natural rubber molecules, have been recently isolated from leaves

of Rosaceac, Combretaceae and Asteraceae families (2). Polyprenol spectrum is a

characteristic feature of a given plant species, however, the contents of polyprenol

mixture in leaves entirely depends on physiological age of the organ and growth

conditions of the plant.

On the contrary to substantial amount of data on polyisoprenoids from leaves very scant

results on the occurrence of polyisoprenoids in seeds have been published so far,

therefore we performed and report results of a search for these lipids in seeds of —40

species from collections of Arboretum of Institute of Dendrology and of Botanical

Garden of PAS.

Lipids were extracted from -1 g portions of lyophilized seed homogenized in 5 ml of

hexane. The homogenates were further extracted in 5 ml of hexane and 10 ml of acetone

followed by chloroform : methanol - 2 : 1 (CM) completed leech. The extracts were

analyzed by the TLC.

Upids are the main component of about 90% of seeds - their content in analyzed by us

samples range from 6 1 % dry weight (Pimis cemhra) to 5% dry weight (Larix Jecichia).

In all analyzed seeds, except Ulmus, trigycerides are the most abundant observed lipid

class displaying very similar chromatographic properties. All lipid fractions extracted

with acetone show similar chromatographic pattern whereas only in fraction extracted

with CM from Q. rubra appear a lipid which is not observed in any other analyzed seeds.

In none of analyzed seeds accumulation of polyprcnols in amounts comparable to leaves

has been encountered.
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OPTIMIZATION OF CONDITIONS FOR STABLE TRANSFORMATION OF

WHEAT WITH THE USE OF A HELIUM-DRIVEN GENE GUN

Cezary Krysiak and Marta Dobrzariska

Department of Plant Biochemistry, Institute of Biochemistry and Biophysics, PAS

A plasmid (pAHC25) containing bacterial uidA and bar genes fused to plant promoters

(1) was utilized to standardize conditions for the delivery of foreign DNA into wheat

with the use of a commercial gene gun (Bio-Rad's Biolistic PDS-1000/He system).

Conditions for coating of tungsten particles (microprojectiles) with plasmid DNA,

vacuum gauge, and thickness of membrane (macroprojectile) were patterned after

Sanford et at. (2) and kept constant. Variable parameters included microprojectile size,

helium pressure, target distance, and source of target cells. Transformation achieved was

assessed by measuring GUS activity in bombarded explants and in plants regenerated

from such explants in the presence of PPT.

Medium size tungsten particles (approx. 1 )im in diameter), a moderately high pressure

(1000-1600 psi) and a relatively short target distance (6-9 cm) seemed to ensure the best

conditions for transformation of immature wheat embryo and embryo scutellum as well

as calli derived from these explants. From among 1050 callus lines four fertile

transformants were obtained and caryopses cropped were kept for further experiments.
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THE OCCURRENCE OF THE LONGEST CHAIN POLYPRENOLS IN LEAVES

OF PLANTS

F. Swiezewska, M. Szymariska, K. Skorupiriska, J. Hertel, V. Kulcitsky

and T. Chojnacki

Department of Lipid Biochemistry, Institute of Biochemistry and Biophysics. PAS

Polyprenols are linear polymers of isoprenoid units. The mainly-cv'.v-polyprenols of the

size from ca. 10 to ca. 25 isoprene units are common for several angiosperms and

gymnosperms (I). The type of polyprenol mixture can serve as a chemotaxonomic

species-specific marker.

In plant tissues two major forms of polyprenols arc found, i. e. free alcohols and esters

with carboxyiic acids (acetic acid or fatty acids).

They are accumulated in leaves up to 5% of wet weight and should be considered as

secondary metabolites accumulated in the process of physiological aging.

While the size of the largest size molecules of natural rubber exceeds 400 isoprcne

residues, the largest molecules of polyprenols described in this report are built from ca.

30-100 isoprene units. In leaves of some Rosaceae we have observed the presence of

polyprenols -30-50 in addition to the main group of prenols -18-25. This group of larger

size polyprenols has been overlooked in the older reports. Thus, in Sorhus suecica, we

found now the presence of trace amount of prenologues of the size 40-50 isoprene units

and in Primus mcisa considerable proportion of total polyprcnols are prenols -33-45.

The longest known polyprenol molecules were found in leaves of Comhretaceae.

Several plant species belonging to this systematic group are mangrove-type shrubs and

trees. The presence of large amounts of long chain polyprenols (20-100 isoprene units) in

l.umnitzera raccmosa (2) was confirmed on studying 20 other species of Comhrctaceae.

In the majority of studied species the polyprenols of the size exceeding 30 isoprene

residues occurred in the form of carboxyiic esters. In one of them, Comhretum molle the

long chain polyprenols (20-70 isoprene units) occurred as free alcohols.
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TRANSGENIC POTATO TRANSFORMED WITH BINARY VECTOR OF

SOYBEAN p-l,3-ENDOGLUCANASE AND NPT II GENES

Maria Borkowska, Magdalena Krzymowska, Andrzej Talarczyk, Malik F. M.

Awan, Ludmila Yakovleva, Kazimierz Kleczkowski and Bernard Wielgat

Department of Plant Biochemistry, Institute of Biochemistry and Biophysics, PAS

Potato cultivars cv. Tarpan (susceptible to infection by Phytophthora infestans) and cv.

Bzura (showing relative resistance to this pathogen) were transformed with a binary

vector containing genes coding for soybean p-l,3-endoglucanase and neomycin

phosphotransferase (NPT II). Several lines of transformed plants, selected on

kanamycin, showed 2 to 8 fold increase of p-l,3-endoglucanase activity as compared to

the non transformed plants. Presence of the soybean P-l,3-endoglucanase gene in potato

genome was confirmed using PCR technique and further by electrophoresis of

synthesised DNA fragments. Transformed plants were transfered from micropropagation

tubes to the pots and after 4-6 weeks of cultivation in greenhouse the susceptibility of

transgenes to infection by Phytophthora infestans was monitored. Detached leaves of

potato plants were inoculated with a single drop of sporangial suspension containing 100

sporangia. The inoculated leaflets (50 per treatment) were incubated at 20°C and about

100% humidity. After 7 days the leaves were washed with water and sporangial titre was

checked by counting in haemocytometer. Transgenic plants of both cultivars have shown

significant reduction of sporangia production. This means that potato plants transformed

with the soybean P-l,3-endoglucanase had acquired increased resistance to Phytophthora

infestans infection.
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USING POTATO VIRUS Y GENES TO ENGINEER THE PVY RESISTANCE IN

TOBACCO AND POTATO

A.M. Chachulska1, A. Lipska', M. Krzymowska2 and W. Zagorski1

1 Department of Protein Biosynthesis, Institute of Biochemistry and Biophysics. PAS
: Department of Plant Biochemistry, Institute of Biochemistry and Biophysics, PAS

Potato Virus Y (PVY) is the type member of the potyvirus family that is the largest and

economically the most important group of plant viruses. Their genome is composed of

one single-stranded RNA molecule that encodes a single polyprotein. PVY is one of the

main viral pathogens of potato plantations, provoking serious diseases of not only potato

but also of pepper and tobacco in Europe and North America.

Construction of genetically engineered PVY resistant potato and tobacco cultivate is of a

great economical interest. It can be achieved by expression of coat protein (CP) and viral

polymerase genes or other parts of viral genome. It was demonstrated that the expression

of a sense or antisense RNA, not of a protein, could be responsible for protection against

the virus (1).

We chose several strategies to obtain plants resistant to PVY. Firstly, a set of constructs

was prepared, using a cDNA fragment encompassing the end of NIa protease gene and

the N-terminal half of PVYN polymerase gene, in order to obtain the RNA-mediated

virus resistance. The cDNA fragment was cloned in binary vectors in both orientations to

get sense and antisense transcripts in plants. Two different promoters were chosen: the

35S CaMV promoter and the tRNA"1 gene as a polymerase III promoter. A full-length

polymerase gene with initiation and termination codons was also cloned in a binary

vector, as well as 3' and 5' non-coding regions of the PVY -Wi isolate.

All these constructs were introduced into tobacco plants (cultivars Xanthi XDH8 and

SRI) or potato (cultivar Irga) by Agrohucterium - mediated transformation. Genetically

modified lines were regenerated. They are now submitted to molecular analysis at the

DNA and RNA level to confirm the viral cDNA insertion, number of copies and the

RNA expression. More than 40 tobacco transformed lines have been already tested for

the PVY resistance, some of these lines show complete or partial resistance to PVY after

a mechanical inoculation. Tests of the next generation of resistant plants and of new

transgenic lines are in progress.

RHFRENCES

1. Vlugt van der. R.A.A. et al. (1992) I'hml Mol Biol. 20, 631-639

V.I 06



VI - Plants: Metabolic Pathways and Responses to Environmental Stimuli

ACTIVITY OF p-OXIDATION OF FFA IN GERMINATING APPLE EMBRYOS

Bozena Maciejewska and Renata Bogatek

Institute of Experimental Plant Biology, Warsaw University

Lipids, the major storage material in the apple seeds, are during germination and

dormancy removal hydrolysed to free fatty acids, then converted to carbohydrates, which

are the substrates for energy generation. Undisturbed production of metabolic energy and

metabolites of sugar catabolism in embryonic axis is one of the factors ensuring the

normal germination of apple embryos and seedlings development. P-oxidation plays an

important role in the degradation of fatty acids. Moreover, its product (acetyl-CoA) is the

main substrate for the TCA cycle as well as for gluconeogenesis.

P-oxidation activity in cotyledons and in embryonic axis of germinating dormant

embryos was studied. Overall P-oxidation activity was several times higher in cotyledons

than in axis, however its specific activity in both organs was similar. This indicates that

complex of enzymes involved in p-oxidation is present in cotyledons as well as in

embryonic axis. This activity is shown to be sufficient for complete transformation of

fatty acids, formed in cotyledons from storage lipids, into acetyl-CoA. Presented results

suggest that P-oxidation activity is not the limiting factor in catabolic changes occuring

in dormancy removal in apple embryos.
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BIOSYNTHESIS OF BENZOIC ACID DERIVATIVES IN Vanillaplanifolia

TISSUE CULTURES

Andrzej Podstolski and Ewa Witkowska

Institute of Experimental Plant Biology, Warsaw University

It is generally accepted that the main phenolic compounds participating in natural vanilla

flavor formation (vanillin, vanillic acid, vanillyl alcohol, p-hydroxybenzaldehyde,

p-hydroxybenzoic acid) derives from phenylopropanoid pathway leading from

L-phenylalanine or L-tyrosine through //rw.v-cinnamic acid to lignin. The question arises

at which point(s) these two pathways divide and what kind of mechanism is employed

in side chain shortening of C,,- C:, phenylopropanoids and formation of C(,- C, benzoate

derivatives.

The aim of this study was to establish the branching point(s) and the immediate Q, - C,

precursor(s) of C,,-C| benzoates. The reaction of chain shortening was studied using

crude enzyme preparation and potential substrates - trans-cinnamic acid, p-coumaric

acid, caffeic acid, ferulic acid and coniferyl aldehyde. The products of the reaction were

analysed using C,8 reversed phase HPLC column.

The results indicate, that in cultured vanilla tisssues a non-oxidative type of chain

shortening operates and that the only substrate cleaved is p-coumaric acid, producing

p-hydroxybenzaldehyde. Thus, we propose that phenylopropanoid and benzoate

pathways divide at p-coumaric acid level.
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CELL WALL MODIFICATIONS IN THE COLD-ACCLIMATED WINTER

RAPE LEAVES

Maria Kubacka and Alina Kacperska

Institute of Experimental Plant Biology, Warsaw University

In earlier studies we have shown that prolonged (21 days) exposure of winter oilseed

rape {Brassica napus L. var. oleifera L. cv Jantar ) plants to 2°C resulted mainly in

increase of pectin content in a cell wall. Present experiments showed that out of 8 sugars

found (with GC) in pectin fraction from cold-treated leaves, galactose, mannose,

arabinose, rhamnose increased by about 300%, glucose by ca 200%. Uronic acid content,

which made up the greatest part of pectin fraction (more than 70%) showed only a small

increase. The freezing treatment (-5°C for 18h) resulted in a decrease of all studied

sugar contents, glucose changes being reversible. Our data suggest that modifications in

pectin content and composition may be an important factor in plant responses to low

temperature stress.
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CHANGES IN PHENOLICS CONTENT AND COMPOSITION IN WINTER

OILSEED RAPE PLANTS TREATED WITH COLD

Danuta Solecka and Alina Kacperska

Institute of Experimental Plant Biology, Warsaw University

In the leaves of winter oilseed rape plants (Brassica napus I,, var. oleifera L. cv Jantar),

grown for 3 weeks in cold (+2°C), a marked increase in the total and specific activities of

phenylalanine ammonia-lyase (PAL. H.C. 4.3.!.?) was observed (1). A brief free/ing

treatment (-5°C for 1 8 h followed by 6 h at 2°C) caused a large, very rapid and transient

increase in PAL activity. Present experiments show that the cold or frost-dependent

increase in PAL activity was associated with the 10 or 20% increase in phenolic acid

contents, respectively. Most of the phenolic acids occurred in etherified form.

HPLC separation and identification of phenolic acids from the studied leaves indicated,

that the level of soluble ferulic acid increased about 3 times in the response to cold or

free/ing treatments. The levels of sinapic and caffeic acids did not change in cold grown

leaves but after the freezing treatment they reached 260 and 130% of a control,

respectively. Hsterified forms accounted for ca 100 % of the phenolic acid pool.

In the cell wall the level of phenolic acids (mainly ferulic acid) was very low and did not

change during plant growth in cold. The total lignin content was maintained at low level

and did not change after the low temperature treatments. On the other hand, the

treatments resulted in almost twofold increase the content of alkali-soluble lignin.

Observed modifications in phenolic compound contents may point to an important role

of phenylpropanoids in plant acclimation to low temperature conditions.

RLIhRKNCLS

I. Solecka, D. and Kacperska, A. (1995) Plant Physiol. Biochcm. 33, 585-591.

VI.110



VI - Plants: Metabolic Pathways and Responses to Environmental Stimuli

CHARACTERISTIC OF ACC OXIDASE ACTIVITY FROM SUNFLOWER

HYPOCOTYL SEGMENTS

R. Bogatek1, C. Bailly2, D. Dumet2, F. Corbineair and D. Come2

'institute of Plant Experimental Biology, Warsaw University
2Laboratoire de Physiologie Vegetale Appliquee, Universite Pierre et Marie Curie, Paris,

France.

In vivo ethylene production by hypocoryl segments of sunflower seedlings and in vitro

activity of 1-aminocyclopropane-l-carboxylic acid oxidase, extracted from the same

tissues, increase with increasing concentrations of 1-aminocyclopropane-l-carboxylic

acid (ACC) and oxygen. ACC oxidase activity follows Michaelis-Menten kinetics. The

apparent Km values of the enzyme towards ACC, estimated in vivo and in vitro, are 219

/jMand 20.6 f.iM, respectively. Both Km values towards O2 are similar, ca 10.6 - 11.4 %.

A decrease in concentration in one of the substrates (ACC or O2 ) results in an increase in

in vivo apparent Km of ACC oxidase for the other substrate. On the contrary, Km values

of the enzyme towards ACC or CK estimated in vitro are not dependent upon the

concentration of the other substrate (ACC or O2).
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ETHYLENE FORMATION IN THE DROUGHT- OR Cu2+ - STRESSED BEAN

LEAVES

M. Kubacka, R. Bogatek and A. Kacperska

Institute of Plant Experimental Biology, Warsaw University

It is commonly accepted that promoted synthesis of ethylene in the stressed tissue is due

to a rapid synthesis ot'ACC. Activity of ACC oxidase seems to be the non-limiting factor

. On the other hand, free radical generating system is known to be involved in ethylene

formation under in vitro conditions, at least. Moreover, it is known that a burst of active

oxygen species (AOS) formation appears as an early event in tissue subjected to different

stresses. The main aim of the presented studies was: to differentiate between the ACC

oxidase dependent and free radical-driven reactions involved in ethylene formation in the

drought- or Cir'-stressed bean leaves. Kthylene evolution has been estimated in vivo and

in vitro using different substances affecting ACC oxidation (e.g. Co21, phenylhydrazine,

propyl gallate). Results confirm our previous suggestion that in tissues showing initial

level of injury the total ethylene production may results from ACC oxidase activity and

free radical reaction as well.
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GLUCOSE CONTENT AND ULTRASTRUCTURE OF MERJSTEMATIC

CELLS OF BEAN ROOTS UNDER PHOSPHATE DEFICIENCY

Malgorzata Wanke1, Maria Podbielkowska2 and Anna M. Rychter1

'institute of Experimental Plant Biology, Department of Plant Bioenergetics, Warsaw

University

institute of Botany, Department Plant Anatomy and Cytology, Warsaw University

Bean plants {Phaseohts vulgaris L.) cultured for 14-17 days on complete (+P) or

phosphate-deficient (-P) nutrient medium accumulate sugars in the roots as the result of

the increased assimilate translocation (1). In -P roots glucose content was about 3 times

higher than control (2). It is assumed that accumulated glucose is not metabolicaly active,

and may represent vacuolar or intracellular pool. The localization of sugars in the whole

roots as well as in the cell would help to elucidate their role in adaptation of plants to

phosphate deficiency.

The purpose of this work was to study the effect of low Pi content in the roots on glucose

level, structure and ultrastructure of the cells in specialized zones of root: the apical

meristem, the elongation and maturation zone.

Our result indicated different response of root zones to phosphate deficiency in the

medium. A large part of glucose was localized in the meristematic zone of-P roots and

only slight differences in glucose content in elongation and maturation zones in +P and -

P bean root tip were noted. The electron microscopy observations carried out on the

meristematic cells of bean roots showed marked diffrences between t P and -P roots in

intracellular structure of meristematic cells. Large vacuoles (vacuolar expansion),

invaginations of plasma membrane into cell are dominating features in periblem cells of

Pi deficient roots. In contrast ultrastructure of plerom cells in meristematic zone looked

the same as the control.

Adaptative strategy in response to phosphate deficiency in the environment is developed

in meristematic cells of bean roots. Those adaptations include the changes in metabolism

as well as morphology and ultrastructure of root cells.
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ISOLATION OF G- AND F-ACTIN FROM WINTER OILSEED RAPE LEAVES

Cabriela Smoleriska-Sym1, IMagdalena Madeja2 and Maria Malicka-Blaszkiewicz2

'institute of Experimental Plant Biology, Warsaw University

institute of Biochemistry, University of Wroclaw

Actin is the most abundant protein in all eucariolic cells and plays an important role in a

cell integrity, structure and a cell motility. The structural and motile functions of actin

depend on a dynamic conversion between monomeric (globular) G-actin and filamentous

[•"-actin. a linear polymer of G-actin subunils.

The studies reported here were aimed at the elaboration of actin isolation procedure

which may allow for future studies on modifications of G- and F-actin contents in plant

tissues subjected to cold treatment. The isolation of actin was performed in a low ionic

strength cytoskeleton-isolation buffer, according to Abe and Davis (1). The actin content

was determined by an inhibition of DNase 1 (from bovine pancreas) under standard assay

conditions, as described by Malicka-Blaszkicwicz and Roth (2). The total actin content

was measured after dilution of the sample with G-actin-stabilizing buffer. F-actin content

was calculated by substracting the amount of G-actin from the total actin content. The

actin polymerization status in the examined sample was defined by the F:G actin ratio.

The preliminary experimental data indicate that the amount of G-actin in cold-acclimated

(CA) leaves was two times higher than that in non-acclimated (NA) ones. F-actin content

and actin polymerization in the cold- and frost-affected tissues are under investigations.
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LIGHT-DEPENDENT REGULATORY MECHANISMS ACTING ON THE

TRANSCRIPTION OF THE PHOTOSYNTHETIC ISOFORM OF

PHOSPHOENOLPYRUVATE CARBOXYLASE IN SORGHUM

Szecherezada Rydz1, Jean Vidal2 and Anna Rychter'

'institute of Experimental Plant Biology, Department of Plant Bioenergetics, Warsaw

University
2ParisXI University, Institute of Plant Biotechnology, Orsay, France

Phosphoenolpyruvate carboxylase (PEPC, EC 4.1.1.31) is a key enzyme of

photosynthetic CCb fixation in C4 plants. This work is part of the study of the

photoregulation of the transcription of a gene coding for the C4 PEPC isoform. A protein

binding to a 400 bp fragment of the C4 PEPC gene promoter from sorghum {Sorghum

vulgare cv. Tamaran) was identified by gel electrophoresis mobility shift assays. The

specificity of protein-DNA interaction was proved by a competition binding assay using

an excess of cold specific competitor DNA. Binding of the protein factor was detected

only with protein extracts from etiolated leaves or of corresponding nuclei. This binding

is dependent upon phytochrome as suggested by the classical photoreversibility test

(R/FR). Because the transcriptional efficiency of PEPC C4 gene is considerably higher in

green than in etiolated leaves (1,2), the protein factors could represent transcription

factors repressing the gene expression. In vitro, the binding activity was lost after

incubation in the presence of ATP/Mg2+ or GTP/Mg2+, but was maintained if the assays

contained heparine. Both the requirement for GTP and the effect of heparine pointed to

the involvement of the nuclear NK2 protein kinase. Incubation of protein extracts from

green leaves in the presence of alkaline phosphatase led to restoration of the binding

activity in the mobility shift assay. It therefore suggests the occurrence of the protein

factor under inactive-phosphorylated form in green leaves. Altogether the results suggest

that the transcription of the C4 PEPC gene is controlled by a light-activated cascade

involving phytochrome as the photoreceptor and reversible phosphorylation/

dephosphorylation event.
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OXIDATIVE RESPONSE TO Phytophthora infcstans ELICITOR IN Solanum

luherosum and Solanum nigrum SUSPENSION CELLS

Urszula Maciejewska and Malik F. IY1. A wan

Department of Plant Biochemistry, Institute of Biochemistry and Biophysics, PAS

Contact of potato cells with pathogenic fungus Phytophthom infcslans or its elicitors

triggers various defence responses related to specific and /or general, polygenic

resistance. The reactions typical for specific resistance occur also, in modified form, in

the case of polygenic and non-host resistance. Although in this plant/pathogen system

polygenic resistance is believed to be more reliable and durable than specific resistance,

studies in this field are limited (1).

in the present work the oxidative burst, an early response during plant/pathogen

interaction (2), was examined in cells of two potato cvs: Tarpan and Bzura, polygenically

susceptible and resistant to P.infcsUms, respectively. As a reference, the oxidative burst

in cells of S. nigrum, non-host for P. infestans. was determined. Suspension cells of the

plants were treated with culture filtrate (CF) from P. infestans, as elicitor. The oxidative

burst was measured by luminol-dependent chemiluminescence (LDC) method (3).

The CF- treated cells differed in the oxidative response in respect of kinetic and

intensity.The cells of both potato cvs showed only one phase of oxidative burst, which

appeared rapidly after the treatment. In Tarpan cells an increase in LDC was much

greater and prolonged than that in B/uia cells. In contrast, in cells of S. nigrum LDC

increased in two phases reaching peaks at 40 min and 100 min after elicitation. The

studied cells responded to the elicitor in dose dependent manner. The addition of

catalase or ascorbate reduced CF-induced [.DC in all types of cells, whereas superoxide

dismutase increased the LDC in cells of Bzura and S. nigrum but reduced it in cells of

Tarpan.
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PHOSPHATE DEFICIENCY INDUCED CHANGES IN ISOENZYMES

PATTERN OF HYDROGEN PEROXIDE SCAVENGING ENZYMES IN BEAN

ROOTS

E. Malusa ' and A.M. Rychter2
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University

The lack of the phosphate in the plant culture medium decreases the respiration rate of

the roots by restriction of cytochrome pathway and induction of alternative pathway

activity (1,2). Lower activity of cytochrome pathway and a high degree of reduction of

respiratory chain components would favour production of active oxygen species and it is

speculated that they may play an important role in activation of expression of alternative

oxidase activity (3). The purpose of this study was to examine the changes induced by

phosphate starvation among the isoenzymes of the most important free radicals

scavenging enzymes in order to evaluate their role in control of hydrogen peroxide level.

Changes in isoenzyme profiles of peroxidase, catalase and superoxide dismutase were

studied in the extracts of roots of bean plants grown for two weeks with or without

phosphate in the medium. It was found by polyacrylamide gel electrophoresis that

phosphate deficiency affected two of the main peroxidase isoenzymes when benzidine

was used as an electron donor. A slow migrating isoenzyme band showed a decrease of

expression in 12-days old plants and was completely absent after 15 days of culture. At

the same time, a new fast migrating isoenzyme was expressed in phosphate deficient root

extracts. These isoenzymes were not visible when quaiacol was used instead of

benzidine, thus are probably involved in different physiological functions. A decrease in

expression of fast moving catalase isoenzyme was also induced by phosphate deficiency.

Superoxide dismutase was not affected by the treatment. The effect of phosphate

deficiency stress on turnover of hydrogen peroxide and possible involvement of

antioxidant enzymes in protective mechanism is discussed.
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THE CHANGES IN PYRIDINE NIICLEOTIDE LEVELS IN LEAVES AND

ROOTS OF BEAN PLANTS (PHASEOLUS VULGARIS L. CV. ZLOTA SAXA)

DURING PHOSPHATE DEFICIENCY

I. Juszczuk and A.M. Rychter
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University

A large decrease in inorganic phosphate content in bean plants (Phaseolus vulgaris L.cv.

Zlota Saxa) grown on phosphate deficient medium induced the changes in the levels of

pyridine nucleotides. The decrease in the level of oxidized pyridine nucleotides was

noted both in the leaves and roots. In -P leaves the concentrations of both reduced

nicotinamides increased. However in -P roots the level of NADPH increased but the

content of NADH did not change during phosphate deficiency. The more pronounced

changes in the levels of pyridine nucleotides in the roots as compared to the leaves might

be a result of a significant effect of Pi-deficiency on the overall rate of respiration (1,2).

Modifications in the respective nucleotide levels were reflected by higher values of the

NADPH/NADP, NADH/NAD and RC ratios as well as in the leaves and roots. Relative

accumulation of reduced forms of pyridine nucleotidesin 18-day-old -P bean plants

indicates that the equilibrium of oxidation-reduction reactions was shifted in the direction

of redox equivalents-yielding system both in green and non-green tissues. Cytosolic

NAD-dependent malate dehydrogenase and NADP-malic enzyme activities showed

changes dependent on the level of particular forms of pyridine nucleotides. The changes

in the levels of particular forms of pyridine nucleotides after 14 days of plant growth

without Pi in the nutrient medium appear to be delayed plant response to phosphate

deficiency.
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THE INFLUENCE OF RESPIRATION AND ENERGY UTILIZATION

PROCESSES ON ATP POOL IN PHOSPHATE DEFICIENT BEAN ROOTS

A. Gniazdowska, M. Mikulska and A.M. Rychter
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University

The ATP pool in the tissue depends on the efficiency of energy production and intensity

of energy utilization processes. In the roots respiration is the main process involved in

ATP production, while growth, maintenance of biomass and ion uptake are the major

energy consuming processes. The energy efficiency of respiration depends on the

participation of alternative pathway, which was found to increase during phosphate

deficiency (1). The aim of this study was to investigate the relationship between tissue

ATP level dependent on phosphate status and alterations of intensity of growth and ion

uptake processes.

The decrease in inorganic phosphate level in bean (Phaseolus vulgaris) roots effected

total tissue respiration, its sensitivity to cyanide and SHAM and influenced the ATP level

in cells (1). ATP level in 8 days old -P roots was similar to the control, but in 10 days old

plants it decreased twice and after 19 days was only 30% of the control. Root relative

growth rate (RGR) was higher for -P plants than for the control up to 12 days of culture,

and droped down during two weeks of phosphate starvation similarly to the control. The

net rate of nitrate uptake (NNUR) did not differ for 8-10 days old +P and -P plants, but

after the prolonged culture it decreased rapidly for -P plants and for 19 days old -P plants

was 8 times lower than for the control.

At the beginning of plant culture on phosphate deficient medium no differences in ATP

content and NNUR level were observed but root growth (RGR) of-P plants was higher

than that of the control. The rapid decrease in ATP pool connected with prolonged

phosphate starvation inhibited NO3 uptake more than root growth. We can conclude that

the decrease in Pi and ATP level in the tissue change the energy economy of the root.

Some of energy dependent processes (ion uptake) seem to be more sensitive to low ATP

level while some others (growth) are not affected or even stimulated in order to support

plant survival.
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ATTEMPTS AT PLRV REPLICATION IN Saccharomyces
cerevisiae CELLS: CONSTRUCTION OF PLASMIDS CARRYING
THE cDNA CORRESPONDING TO FULL LENGTH PLRV
GENOME UNDER YEAST PROMOTER.

Krzysztof Pluta and Danuta Hulanicka*
*Deparlment of Microbial Biochemistry; Institute of Biochemistry and Biophysics, PAS

Virus infection involves a complex interplay between functions encoded by the
viral and host genomes. Recently, it has been shown that yeast can be a host for
replication of a higher eucaryotic viral genome. Saccharomyces cerevisiae,
expressing BMV replication proteins can support RNA-dependent replication and
transcription of BMV RNA3 derivatives [1,2].
Since yeast cell posses a complete machinery for higher eucaryotic viral genome
replication, this system should be a convenient way to study host factors that
directly and indirectly influence the virus replication.
We have undertaken studies on Potato Leafroll Virus (PLRV) replication in yeast
cells. PLRV is a member of luteovirus family of plant viruses. Its genome consists
of a single 5.9kb (+) RNA molecule. The full length cDNA of PLRV genome
inserted into plasmid pFCK under T7 promoter, has been used for construction of
two shuttle vectors (pYFC and pYFT). Previously, it has had been shown that
transcripts of the viral genome sequence have been able to replicate and to produce
viral proteins in protoplasts [3]. In the pYFT the PLRV genome has been
positioned between ADH1 promoter and 35S terminator. The other plasmid -
pYFC, has not got any terminator. Products of viral replication in yeast cells have
been analysed by Northern and Western blot methods. Two RNA bands have been
found by hybridisation with a probe (cDNA of subgenomic (sg) RNA), one
corresponding to genomic RNA, and the second (ca. 2.7kb) resembling sgRNA.
This finding indicate for PLRV replication in yeast cells, since sgRNA arises only
during multiplication of the virus in infected cells. Attempts to identify viral
proteins with anti-PLRV antibodies in yeast's extracts have not been successful so
far.
To confirm an ability of the mentioned constructs to replicate in yeast cells, further
investigations will be performed.
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