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CONFERENCE PROGRAMME

MONDAY, August 27th, 2001

15.00-19.00

Registration at the hotel “Pushchino”
20.00-22.30

Get-together reception at the Institute of Protein Research

Tuesday, August 28th

9.00-9.20

Introduction:  Brian Clark
Vadim Ivanov
Opening ceremony

9.20-10.00
Harry Noller

Structure of the 70S ribosome and its functional complexes with  tRNA and mRNA

10.00-10.40
Venkatraman Ramakrishnan
Structural basis for selection of cognate tRNA by the ribosome
Coffee break
Crystallographic structure of the ribosome

and its components

Co-chairpersons:

Anders Liljas
Nikolay Kisselev
11.00-11.30
Marat Yusupov
Localization of mRNA on the X-ray ribosome structure

11.30-12.00
Ada Yonath

Selected steps in protein biosynthesis as seen at high resolution by X-ray crystallography
12.00-12.30
Maria Garber
Structural studies of ribosomal RNA-protein complexes

12.30-12.50 Dmitry Vassylyev

2.3 Å Resolution crystal structure of bacteria-specific L17 ribosomal protein from Thermus thermophilus
Lunch

Structural aspects of translation
Co-chairpersons:

Albert Dahlberg
Alexander Chetverin
15.00-15.40 Brian Clark

Mimicry of RNA and protein in protein synthesis

15.40-16.10 Richard Brimacombe
Transposing the Atomic Structures for 16s and 23s Ribosomal rna into the E. coli System

16.10-16.40 Robert Zimmermann

Ligand crosslinking as an accurate method for probing the peptidyl transferase center of the Escherichia coli ribosome

16.40-17.00
Martin Laurberg
Flexibility of elongation factor G and a possible location of the fusidic   acid binding site

Coffee break
Co-chairpersons:                  Mathias Springer
Maria Garber
17.20-17.40 Barend Kraal

Functioning of the ribonucleoprotein complex of tmrna with proteins smpb, S1, and ef-tu
17.40-18.00
Olga Dontsova
Interaction of RNP with the E. coli ribosome

18.00-18.20 James Ofengand
Role of pseudouridine and pseudouridine synthases in the ribosome

18.20-18.40 Galina Karpova

Location of template on human ribosome as revealed from the data on the crosslinking with reactive mRNA analogs

Dinner

WEDNESDAY, August 29th

Day for excursions and informal contacts

THURSDAY, August 30th

MECHANISMS OF PROTEIN SYNTHESIS
Co-chairpersons:

Robert ZIMMERMAN
 Fatima GYOEVA
9.00-9.30 Knud Nierhaus
Features and functions of the ribosomal E site

9.30-9.50 Anatoly Gudkov
The structure-function relationships in elongation factor G from Thermus thermophilus
9.50-10.20 Mathias Sprinzl

Function of translation factors during bacterial protein biosynthesis

10.20-10.40
Clelia Ganoza
Conservation of translation initiation and elongation reactions

Coffee break
11.00-11.20 Philip Cunningham

Genetic analysis of ribosomal RNA function

11.20-11.50 Albert Dahlberg

Peptide bond formation in the 50S ribosomal subunit

11.50-12.10 Alexey Wolfson

Elongation factor Tu and tRNA identity

12.10-12.40 Kimitsuna Watanabe
Structural and functional compensation for deficit in RNA with proteins in animal mitochondrial translation systems

Lunch
Poster session

(15.00–17.00)
Mechanisms of protein synthesis
Co-chairpersons:

Knud Nierhaus
 Vadim Agol
17.00-17.30 John Atkins

Analysis of recording provides insight to ribosome function

17.30-17.50 Jonathan Dinman

The biochemistry and genetics of programmed ribosomal frameshifting

17.50-18.20 Dieter Söll

Aminoacyl-trna synthesis: a post-genome perspective

18.20-18.40 Anna El’skaya

Molecular interactions during trna channeling in translational compartments

Dinner

Termination OF TRANSLATION
Co-chairpersons:

Yoshikazu Nakamura
 Alexey Ryazanov
20.30-21.00 Warren Tate

Three dimensionality of the translational termination complex encoded by the linear sequence of the mRNA

21.00-21.20 Ludmila Frolova
Eukaryotic class-1 polypeptide release factors specifically contact and recognize stop codons within the ribosome

21.20-21.40 Richard Buckingham


Translation termination in e. coli: Mutational analysis of the conserved motif ggq in release factors rf1 and rf2

21.40-22.10 Emanuel Murgola

Ribosomal rna sites for functional rna-rna and rna-protein interactions affecting translation termination

friday, August 31st

Termination and post-termination steps
Co-chairpersons:
Mathias Sprinzl
  Lev Kisselev
9.00-9.30 Yoshikazu Nakamura

Protein trna mimicry in translation termination and recycling

9.30-9.50 Måns Ehrenberg

The mechanism of action of RF3 in prokaryote translation termination

9.50-10.10 Akira Kaji

The fourth step of protein biosynthesis catalyzed by ribosome recycling factor RRF: An ideal target for new antimicrobial agents

10.10-10.30
Vyacheslav Kolb

Co-translational folding of firefly luciferase in prokaryotic and eukaryotic translation systems

Coffee break
Regulation of translation
Co-chairpersons:

Thomas Hohn
 Lev Ovchinnikov
11.00-11.30 John Hershey

Structure and regulation of mammalian initiation factors

11.30-11.50 Alexey Ryazanov

Alpha-kinases: Elongation factor 2 kinase and its newly discovered relatives

11.50-12.10 Yuri Svitkin

The partner of human poly(A) binding protein (PAIP2) regulates translation

12.10-12.40
Bertil Daneholt

Assembly and transport of a specific premessenger rnp particle

Lunch

Co-chairpersons:
John Hershey
Anna El’skaya
15.00-15.30 Vadim Agol

Tissue-specific control of IRES-dependent translation

15.30-16.00
Thomas Hohn

Shunting and controlled reinitiation: the encounter of cauliflower mosaic virus with the translational machinery

16.00-16.30 Joseph Atabekov

Role of a plant virus-coded movement protein and coat protein in regulation of viral RNAs translation

Coffee break
16.50-17.20
Mathias Springer

Regulatory and structural studies of E. coli and A. aeolicus ribosomal protein L20

17.20-17.40
Jiri Jonák

High cellular level of elongation factor Tu and a new strategy of transcription regulation of its encoding tuf gene in Bacilli

17.40-18.00
Dmitry Agafonov

A novel stress-response protein that inhibits translation at the aminoacyl-tRNA binding stage

18.00-18.20
Bulat Iskakov
Regulation of protein synthesis in plants

Dinner

20.30–22.30
Cultural program: 
Concert of the Dominant Quartette

SATURDAY, September 1st

Cell-free protein synthesis
Co-chairpersons:

John Atkins
Alexander Spirin

9.00-9.30 James Swartz

Cost-effective cell-free protein synthesis

9.30-10.00
Takuya Ueda

Genuine cell-free protein-synthesizing system reconstituted with pure components

10.00-10.30 Yaeta Endo

Recent advances in the cell-free protein synthesis system

Coffee break
10.50-11.20
Shigeyuki Yokayama
11.20-11.40
Wolfgang Mutter
11.40-12.00
Wlodzimierz Zagorski

Potyvirus genome expression in heterologous cell systems

Lunch
Plenary lecture and Closing ceremony

Co-chairpersons: 

Warren Tate
 Alexey BOGDANOV
15.00-17.00
Alexander SPIRIN
How does the ribosome work? The line from rna base composition to ribosome structural mobility
19.30-22.30
Farewell party

SUNDAY, September 2nd

Morning:  Departure to Moscow and the Sheremetievo-2 airport
STRUCTURE OF THE 70S RIBOSOME AND ITS FUNCTIONAL COMPLEXES WITH tRNA AND mRNA

Harry F. Noller1, Marat M. Yusupov1,2, Gulnara Zh. Yusupova1,2, Albion Baucom1, Kate Lieberman1, Thomas N. Earnest3, Laura Lancaster1, Anne Dallas1, Kurt Fredrick1, J.H.C. Cate4
1Center for Molecular Biology of RNA, UCSC, Santa Crus, CA 95064

2Present address: Laboratoire de Biologie et Genomique Structurales de l’IGBMC, CNRS, Starsboug, France

3Macromolecular Crystallography Faculty, Advanced Light Source, LBNL, Berkeley, CA 94720

4Whitehead Institute, MIT, Cambridge, MA 01242

Crystal structures of Thermus thermophilus 70S ribosomes complexed with mRNA and two or three tRNAs have been solved to resolutions of up to 5.5 Å (1,2). At this resolution, the chains of the 16S, 5S and 23S rRNAs can be traced completely, and all of the ribosomal proteins of known structure can be fitted to the electron density. Significant differences can be seen in the structures of the 30S and 50S subunits in the 70S ribosome, compared with the high-resolution structures of the free subunits (3-5).

The molecular interactions in all of the twelve intersubunit bridges have been identified. All three possible types of interaction – RNA-RNA, RNA-protein and protein-protein – are observed. The core bridge interactions around the center of the interface, close to the tRNA binding sites, are mainly RNA-RNA interactions, while those involving proteins tend to be distributed around the periphery of the interface. RNA-RNA bridge contacts are dominated by minor groove-minor groove interactions between RNA helices from 16S and 23S rRNA.

The structure of the P-tRNA can be fitted directly to the 5.5 Å map with little change in its structure compared with the structure of free tRNA, while the E-tRNA is noticeably distorted in several places by its interactions with the ribosome. Significant interactions are made between E-tRNA and the ribosome in the 30S subunit as well as the 50S subunit, although its anticodon appears to interact only minimally with the mRNA. The A-tRNA was positioned in a 7 Å Fourier difference map; negative density is observed at the positions of bases A1492 and 1493, providing evidence for their proposed flipping into the minor groove of the A-codon-anticodon helix (6). In the absence of A-tRNA, protein density overlaps its 50S binding site, indicating that a conformational change in a 50S ribosomal protein (most likely L16) must take place during the accommodation step of A-tRNA binding. The main interactions between the tRNAs and the ribosome are with 16S and 23S rRNA, but all three tRNAs also interact with ribosomal proteins.

The path of the mRNA through the 30S subunit was visualized directly by Fourier difference maps using ribosomal complexes programmed with three different mRNAs and complexes in which all components except mRNA were present. The part of the mRNA bound by the ribosome comprises 30±1 nucleotides, within experimental error of the value reported by nuclease protection studies more than thirty year ago (7).

Some of the intersubunit bridges are located very close to, or even in contact with the tRNAs. There if evidence from several different approaches that these particular bridges are dynamic structural elements of the ribosome. The implication that they may participate in tRNA translocation is consistent with the idea that translocation involves dynamic interactions in the ribosome structure at the subunit interface.

References

Cate JH, Yusupov MM, Yusupova GZh, Earnest TN, and Noller HF (1999) Science 285:2095-2104.
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STRUCTURAL BASIS FOR SELECTION OF COGNATE TRNA BY THE RIBOSOME

V. Ramakrishnan, D.E. Brodersen, A.P. Carter, W.M. Clemons, Jr., R.J. Morgan-Warren, F.V. Murphy IV, J.M. Ogle, M.J. Tarry, and B.T. Wimberly

MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH, United Kingdom

We have determined the crystal structure of the 30S ribosomal subunit and its complexes with mRNA and tRNA ligands in the presence and absence of the antibiotic paromomycin. These studies shed light on a crucial step in decoding, in which the ribosome recognizes codon-anticodon base pairing between mRNA and A-site tRNA.
LOCALIZATION OF mRNA ON THE X-RAY RIBOSOME STRUCTURE

M.M.Yusupov 1*, G.J.Yusupova 1*, J.H.Cate 2, T.N.Earnest 3 and H.F.Noller 1

1Center for the Molecular Biology of RNA, University of California, Santa Cruz, Santa Cruz, CA 95064

2Whitehead Institute for Biomedical Research and Massachusetts Institute of Technology, Cambridge, MA 02142

3Lawrence Berkeley Laboratory, Berkeley, CA 94720

*Present Address: Institut de Génétique et de Biologie Moléculaire et Cellulaire, UPR 9004 du CNRS, Strasbourg, France

We have solved the crystal structure of the complete Thermus thermophilus ribosome containing bound mRNA and tRNAs at 5.5 Å resolution. All of the 16S, 23S and 5S rRNA chains, the most of ribosome proteins, the A-, P- and E-site tRNAs and mRNA have been fitted to the electron density map.

Localization of the 36 nucleotides long mRNA (phage T4 gene 32 mRNA fragment, containing Shine-Dalgarno sequence) on the ribosome has been made by comparison of the three functional complexes: ribosome-mRNA-tRNAfMet-tRNAPhe, ribosome-mRNA-tRNAfMet and ribosome-tRNAfMet. 

The mRNA electron density allowed us to model the SD duplex and codon-anticodon duplexes in A- and P-sites. Single strain part of the mRNA is also well visible on the 30S subunit.

SELECTED STEPS IN PROTEIN BIOSYNTHESIS AS SEEN AT HIGH RESOLUTION BY X-RAY CRYSTALLOGRAPHY

 F.Schluenzen1, J.Harms1, R.Zarivach2, M.Gluehmann1, A.Tocilj1, M.Pioletti3, A.Bashan2, I.Agmon2, T.Auerbach2, H. Bartels2, H.A.S.Hansen1, S. Gat2, F.Franceschi3 and A.Yonath1,2
1 Max-Planck-Res. Unit for Ribosomal Structure, Notkestr. 85, 22603 Hamburg, Germany.

2 Dept. of Structural Biology, Weizmann Institute, 76100 Rehovot, Israel.

3 Max-Planck-Institut für Molekulare Genetik, Ihnestr. 73, 14195 Berlin, Germany. 

Crystallography of ribosomes met with severe technical and conceptual problems, owing to their large size, their complex structure, their high inherent flexibility, their conformational heterogeneity, the lack of internal symmetry, their weak diffraction power and their extreme beam sensitivity. Nevertheless, gradual improvement of crystal quality, the implementation of cryo-bio-crystallography and the stabilization of selected conformations of the ribosomal particles by functional or chemical means, led to the determination of the structures of the small and the large subunits at high resolution.

 The images emerged from these studies show that the ribosome is a precisely engineered machine, capable of transmitting information over long distances in order to create the defined sequence of events required for the biosynthetic process. It indicates that the decoding of the genetic information and the formation of the peptide bond are accomplished mainly by the ribosomal RNA and that the ribosomal proteins are essential for maintaining the correct conformation, for directing the progression of the mRNA chain, for effective binding of the non ribosomal factors participating in the process and perhaps for assisting the assembly of the particles. 

The determination of the binding sites of several antibiotic agents showed that they inhibit the various ribosomal functions by different mechanisms, and that these can be achieved by direct interactions or by allosteric effects. Examples that will be discussed are physical blockage of functional sites, inducing incorrect fold, creating new base-pairs, the prevention of conformational transitions that should take place during the translation process, etc. 

The localization of the translational initiation factor 3 (IF3) revealed that the selection of the initiator tRNA is based on space exclusion principles, and that the anti association property of IF3 is linked to the conformational mobility of the small ribosomal subunit.

STRUCTURAL STUDIES OF RIBOSOMAL RNA-PROTEIN COMPLEXES

Maria B. Garber, Stanislav V. Nikonov, George M. Gongadze, Roman V. Fedorov, Vladimir A. Meshcheryakov, Natalia A. Nevskaya, Alexey D. Nikulin, Anna A. Perederina, Svetlana V. Tishchenko, Philippe Dumas1, Bernard Ehresmann1, Chantal Ehresmann1, Victor Lamzin2, Anders Liljas3, Wolfgang Piendl4, Isao Tanaka5
Institute of Protein Research RAS, 142290 Pushchino, Moscow Region, Russia

1 UPR 9002 du CNRS, IBMC, 15 rue R. Descartes, 67084 Strasbourg-cedex,  France 

2 Molecular Biophysics, Center for Chemistry and Chemical Engineering, Lund University, Box 124, SE-22 100 Lund, Sweden   

3 Institute of Medical Chemistry and Biochemistry, University of Innsbruck, Austria 

4 European Molecular Biology Laboratory Outstation Hamburg, c/o Desy Notfestr. 85, D-22603 Hamburg, Germany 

5 Hokkaido University, Sapporo, 060-0810, Japan

Several bacterial and archaeal ribosomal RNA-protein complexes have been crystallized and the crystal structures have been determined. Analysis of interactions within the complexes allows understand details of specific recognition between RNA and protein binding sites. Comparison of the structures of homologous complexes provides new insights into the reason for their different stability.

2.3 Å RESOLUTION CRYSTAL STRUCTURE OF BACTERIA-SPECIFIC L17 RIBOSOMAL PROTEIN FROM THERMUS THERMOPHILUS
Dmitry G. Vassylyev1, Mikako Shirouzu1, Takashi Wada1, and Shigeyuki Yokoyama1,2
1Cellular Signaling Laboratory, RIKEN Harima Institute

2Department of Biophysics and Biochemistry, Graduate School of Science, Tokyo University

We have determined the crystal structure of T. thermophilus L17 ribosomal protein (119aa) at 2.3 Å resolution with single isomorphous replacement technique. The crystals belong to space group P4(1) with unit cell dimensions: a=109.2 Å, c=128.8 Å. There are nine molecules in the asymmetric unit of the crystal which are arranged as the dimers of two different types. In fact, there are four dimers of one type and four dimers of another. The single L17 molecule may be classified as alpha/beta structure and consists of the two domains, which are linked by the central (-helix. One of the domains includes well known helix-turn-helix (HtH) DNA/RNA binding motif, which is likely to interact with ribosomal RNA. Interesting, in one type of dimers, the recognition helices of HtH motifs of the L17 monomers are arranged antiparallel to each other at the distance of 27 Å. This allows them to fit to the adjacent major grooves of dsDNA in the way, which is reminiscent of the protein/DNA interactions observed in the repressor/operator complexes. The possible L17 binding to dsDNA is consistent with the recent observation that L17 makes complex with the curved DNA in solution, and suggests a plausible extra-ribosomal L17 function.

MIMICRY OF RNA AND PROTEIN IN PROTEIN SYNTHESIS

B.F.C. Clark

Institute of Molecular and Structural Biology

Aarhus University, 8000 Aarhus C, Denmark

The elongation step of protein synthesis is one of the most well understood biological processes in structural terms. Structures for all the cycle steps have been solved for elongation factor, EF-Tu, complexes off the ribosome. mRNA is decoded by aminoacyl-tRNA which is brought to the ribosome in the form of a ternary complex with elongation factor Tu and GTP. Our group has in particular determined the structure of the ternary complex consisting of yeast Phe-tRNA, T. aquaticus EF-Tu and the GTP analogue GDPNP. The ternary complex has an extended shape of approximately 115Å in the longest dimension. The EF-Tu:GDPNP component binds exclusively to the acceptor arm of the Phe-tRNA, involving all three domains of the protein. The 3'-CCA end of the Phe-tRNA binds in a cleft formed by domains 1 and 2. In the GDP conformation of EF-Tu, a large conformational change takes place, destroying the binding site, so that the factor is no longer capable of binding tRNA. We can now precisely characterise why all aminoacyl-tRNAs are recognised by one protein and have identified a new RNA binding motif.

The structural similarity of the ternary complex with the published structure of elongation factor G in the GDP or empty form has led us to propose the concept of structural macro​molecular mimicry of protein and RNA. It is proposed that release factors RF1 and RF3 together would also have structural similarity with the ternary complex at the ribosomal A-site. Other types of macromolecular mimicry will also be reviewed.

We can now consider that the ternary complex is a step in molecular evolution from the RNA to the protein worlds.

References

1)
Crystal structure of the ternary complex of Phe-tRNAPhe, elongation factor Tu and a GTP analogue.

P. Nissen, M. Kjeldgaard, S. Thirup, G. Polekhina, L. Reshetnikova, B.F.C. Clark & J. Nyborg.
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2)
Macromolecular Mimicry of Nucleic Acid and Protein


G. Nautrup Pedersen, J. Nyborg & B.F.C. Clark


IUBMB Life, 48, 13-18 (1999)
TRANSPOSING THE ATOMIC STRUCTURES FOR 16S AND 23S RIBOSOMAL RNA INTO THE E. COLI SYSTEM

Richard Brimacombe, Jutta Rinke-Appel, Florian Mueller, Monika Osswald and 

Klaus von Knoblauch, Max-Planck-Institut für Molekulare Genetik, Ihnestrasse 73, 

14195 Berlin, Germany

The recently-published atomic structures for 30S and 50S ribosomal subunits were obtained with ribosomes from Thermus thermophilus and Haloarcula marismortui, respectively. Similarly, the derivation of a structure for the 70S ribosome was made with T. thermophilus ribosomes. However, the great majority of the available biochemical information has been collected over the years using ribosomes from Escherichia coli. In order to usefully interpret all this information in terms of the atomic structures, there is now a pressing need to transpose the latter into the E. coli system, where the best available structural data has been obtained by cryo-electron microscopy. There are significant differences in the secondary structures of the 16S and 23S rRNA molecules from E. coli as opposed to those from the halo- or thermophilic organisms, and in consequence the conversion of the atomic structures into the E. coli sequence is not trivial. In collaboration with the laboratory of Dr. Marin van Heel (London) we are currently using a cryo-electron microscopic reconstruction of the E. coli 70S ribosome at ca 7 Angstrom resolution as a framework for making this conversion, and the latest status of the work will be presented.

A further consequence of the availability of atomic structures for the ribosomal subunits is that any new biochemical data can now be interpreted immediately in terms of these structures. In collaboration with the laboratory of Dr. Olga Dontsova and Dr. Alexey Bogdanov (Moscow) we are investigating the binding of E. coli 4.5S RNA to the 70S ribosome. This molecule, in combination with the protein Ffh, is the prokaryotic equivalent of the signal recognition particle, but it has for some time been suspected that the 4.5S RNA may have a dual function. We have found that the 4.5S molecule can exist in two distinct  conformations, only one of which is capable of binding Ffh. The other form can be cross-linked with high specificity to the 3’- terminus of 16S rRNA, a site which is far from the protein exit site on the 50S subunit, where a signal recognition function might be expected to occur. Moreover, this form of the 4.5S molecule shows an extraordinary resistance to nuclease digestion. The latest status of these investigations will also be presented. 

LIGAND CROSSLINKING AS AN ACCURATE METHOD FOR PROBING THE PEPTIDYL TRANSFERASE CENTER OF THE Escherichia coli RIBOSOME

Robert A. Zimmermann, Jacek Wower, Lee A. Sylvers, Kirill V. Rosen, Bruce A. Maguire and Anton Manuilov, Department of Biochemistry and Molecular Biology, University of Massachusetts, Amherst, MA 01003, USA

Over the past decade, we have developed a number of photoreactive compounds for affinity labeling studies on ribosome-ligand complexes. Among them are the nucleotides 2-azidoadenosine, 8-azidoadenosine and 2,6-diazidoadenosine which have been incorporated into tRNA molecules at a variety of different positions in a site-specific fashion. These compounds do not significantly perturb the structure or function of the tRNA and, when irradiated with near UV light, yield very short crosslinks on the order of 2 - 4 Å to ribosomal components in their immediate neighborhood. With the advent of high-resolution crystal structures of archaeal and bacterial ribosomes, it has been possible to assess the accuracy of the information gained from crosslinking various photoreactive tRNA derivatives to the ribosomal A, P and E sites. In general, the crosslinking results are in good agreement with the crystal structures. For example, azidoadenosine probes at position 76 of tRNA, aminoacyl-tRNA and peptidyl-tRNA label U2506 and U2585 of the 23S rRNA at the A and P sites in patterns that reflect the functional state of the ribosomal complex. These data provide biochemical evidence for the role of 23S rRNA in positioning the 3' ends of A- and P-site tRNAs as well as for the interplay among these contacts that takes place during peptide bond formation. In addition, our affinity labeling approach has demonstrated that there is at least one protein, L27, in intimate contact with the 3' end of tRNA at the peptidyl transferase center of the bacterial ribosome. This very basic protein, which may also participate in tRNA placement, has no known counterpart in archaeal ribosomes. We are presently synthesizing a photoreactive version of CCdA-p-puromycin, a transition-state analog of the peptidyl transferase reaction, to obtain further information on the way in which the position of the substrate changes in the course of peptidyl transfer. We are also using azidoadenosine-containing tRNAs to examine how mutations in specific nucleotides of the rRNA affect the location of tRNA at the peptidyl transferase center.

FLEXIBILITY OF ELONGATION FACTOR G AND A POSSIBLE LOCATION OF THE FUSIDIC ACID BINDING SITE

Martin Laurberg1, Ole Kristensen1, Kirill Martemyanov2, Anatoly T. Gudkov2, Ivan Nagaev3, Diarmaid Hughes3 and Anders Liljas1
1Department of Molecular Biophysics, Centre for Chemistry and Chemical Engineering, Lund University, Box 124, SE-221 00, Lund, Sweden

2Institute of Proten Research, Russian Academy of Sciences, Pushchino, Russia

3Department of Cell and Molecular Biology, BMC, Uppsala University, Box 596, SE-75124, Uppsala, Sweden

The crystal structure of the ribosomal elongation factor G (EF-G) from Thermus thermophilus carrying the point mutaion His573Ala was determined at a resolution of 2.8 Å. In comparison to wild-type EF-G the mutant has a more closed structure obtained from a 10 degree rigid rotation of domains III, IV and V with regards to domains I and II. Domain III, partially traced in previous structures, has now been fully interpreted from the map. This domain folds into the double split (-(-( motif also observed for EF-G domain V and for several ribosomal proteins. The interface between the GTP nucleotide binding domain and domain III is formed by or close to the switch regions observed in all G-proteins. A large number of fusidic acid resistance mutations are located in domain III with the strongest flanking a cleft between domains I and III. The functional implications of the domains movements and a possible fusidic acid binding site are discussed.

FUNCTIONING OF THE RIBONUCLEOPROTEIN COMPLEX OF tmRNA With Proteins SmpB, S1, AND EF-Tu

Sharief Barends 1 , A. Wali Karzai 2, Robert T. Sauer 2, Jacek Wower3 and Barend Kraal 1, 
1Dept. Biochemistry, LIC, Leiden University, PO Box 9502, 2300 RA Leiden, The Netherlands, 2Dept. Biology, MIT, Cambridge, MA 02139, USA, and 3Cell & Mol. Biosciences, Auburn University, AL 36849-5415, USA

Transfer-messenger RNA (tmRNA) mimics functions of aminoacyl-tRNA and mRNA, subsequently, when rescueing stalled ribosomes on a 3’ truncated mRNA without stop codon. In addition, this mechanism marks prematurely terminated proteins by a C-terminal peptide tag as a signal for degradation by specific cellular proteases. For Escherichia coli, previous studies on initial steps of this 'trans-translation' mechanism revealed, that tmRNA alanylation by Ala-tRNA synthetase and binding of Ala-tmRNA by EF-Tu(GTP for subsequent delivery to stalled ribosomes are inefficient when compared to analogous reactions with canonical tRNAAla [1]. In other studies, protein SmpB [2] and ribosomal protein S1 [3] appeared to bind directly to tmRNA and to be indispensable for trans-translation. We therefore searched for additional and synergistic effects of the latter two on tmRNA alanylation and its subsequent binding to EF-Tu(GTP. Kinetic analysis of functioning combined with band shift experiments and structural probing demonstrate, that tmRNA may indeed form a multimeric complex with SmpB, S1 and EF-Tu(GTP which leads to a considerably enhanced efficiency of the initial steps of trans-translation. Whereas S1 binds to the mRNA region of tmRNA, SmpB and EF-Tu interact with its acceptor arm region. Interaction with SmpB and EF-Tu was also observed at the acceptor arm of Ala-tRNAAla, but there the alanylation efficiency was inhibited rather than stimulated by SmpB. Therefore, SmpB may function as an essential modulator of the tRNA-like acceptor arm of tmRNA during its successive steps in trans-translation.

The discovery of the trans-translation mechanism as a ribosome-rescue and quality-control process of bacterial protein synthesis has opened our eyes for a new field of possible interactions between translational components. Genes for tmRNA have been detected in all known prokaryotic genomes, but not in eukaryotes thus far. In the latter case, however, we have found first indications for a comparable trans-translation mechanism, though in a different context.

[1] Barends, S., Wower, J. and Kraal, B. (2000) Kinetic parameters for tmRNA binding to alanyl-tRNA synthetase and elongation factor Tu from Escherichia coli. Biochemistry, 39, 2652-2658.

[2] Karzai, A.W., Susskind, M.M. and Sauer, R.T. (1999) SmpB, a unique RNA-binding protein essential for the peptide-tagging activity of SsrA (tmRNA). Embo J., 18, 3793-3799.

[3] Wower, I.K., Zwieb, C.W., Guven, S.A. and Wower, J. (2000) Binding and cross-linking of tmRNA to ribosomal protein S1, on and off the Escherichia coli ribosome. Embo J., 19, 6612-6621.

INTERACTION OF RNP WITH THE E.COLI  RIBOSOME

Olga A. Dontsova1, Petr V. Sergiev1, Olga N. Avdeeva1, Olga V. Shpanchenko1, Maria I. Zvereva1, Pavel V. Ivanov1, Natalia I. Topilina1, Galina Aglyamova1, Alexey A. Bogdanov1, Markus Kalkum2, Yoshika Teraoka2, Knud H. Nierhaus2 and Richard Brimacombe2

1Department of Chemistry, Moscow State University, 119899, Moscow, Russia

2Max-Planck-Institute fuer Molekulare Genetik, Ihnestrasse 73, D-14195, Berlin, Germany

Besides conventional participants of the translation process two RNP complexes, containing small RNA can bind the ribosome: tmRNA-protein complex and 4.5S RNA-Ffh protein (bacterial SRP)

Transfer-messenger RNA (tmRNA) together with some proteins is necessary to rescue the ribosome arrested by truncated mRNA lacking stop-codon. Besides ribosome resque tmRNA mediates an addition of tag-peptide to the defective peptide chain, which is the signal for the recognition by specific proteases. 

Since tmRNA is rather large and highly structured the question arises how does it pass through the ribosome. We propose the model describing tmRNA behavior during its functioning which includes a strong conformational change in the course of binding to the ribosome stimulated by preceding significant change in EF-Tu structure upon GTP hydrolysis. To test this hypothesis we have detected and studied the complex of deacylated tmRNA with EF-Tu-GDP using photoaffinity cross-linking and footprinting technique. Two zero-length cross-linking sites and bases protected in footprinting experiments in EF-Tu·GDP(tmRNA complex were localized in the highly conservative region outside the tmRNA part that could be expected to interact with EF-Tu by analogy to aminoacylated tRNA. 

4.5S RNA-Ffh complex (prokaryotic SRP) is necessary for co-translational transport of proteins through the cell membrane. After the synthesis of a short signal peptide on the ribosome it is recognized by SRP – signal recognition particle, responsible for the guiding of the ribosome to the specific membrane receptor. Until now little is know about the SRP interaction with the ribosome and a possible mechanism of the translational block. To obtain the ribosome-SRP complex, the E.coli strain has been transformed with the plasmid producing fragment of Ffh protein which lacks the domain responsible for the receptor binding. An affinity tag has been fused to the C-terminus of the protein, separated from the Ffh protein part by a linker, cleavable by TEV protease. After induction of expression of both mutant protein and mRNA, coding for the exporting protein, the complexes of the ribosomes with the mutant SRP accumulate in the cell and then are isolated from the cell lyzates using affinity chromatography.  First footprinting experiments indicate that tRNAs may occupy A- and P-sites at the 50S ribosomal subunit. Thus SRP blocks the translational process at the stage of translocation. We hypothesize that SRP affects the ribosomal E-site.

ROLE OF PSEUDOURIDINE AND PSEUDOURIDINE SYNTHASES IN THE RIBOSOME

Nancy S. Gutgsell1, Mark Del Campo1, Yusuf Kaya1, Serge Jean-Charles1, Lauri Peil2, Jaanus Remme2, and James Ofengand1
1Department of Biochemistry and Molecular Biology, University of Miami School of Medicine, Miami, FL 33136

2Department of Molecular Biology, Tartu University, Tartu, Estonia

Pseudouridine () is omnipresent in ribosomal RNA.  Cytoplasmic ribosome small subunits contain as few as 0 (H. volcanii) or 1 (E. coli) or as many as 44 (X. laevis) whereas large subunits have as few as 4 (S. solfataricus) or as many as 57 (M. musculus).  Even organellar ribosomes have at least 1 .  The reason(s) for the presence of  in ribosomes is(are) not known, nor is there yet an explanation for the large difference in number of  between prokaryotes and eukaryotes.  In E. coli, the focus of this work, there are 11 1 in 16S RNA and 10 in 23S RNA, including a newly discovered  at position 2604.  The 10 50S  are clustered in 3 regions in the secondary structure of E. coli 23S RNA, but are all in the vicinity of the A site when positioned on the 3-D structure of the H. marismortui  50S by locating the equivalent residues in that structure (done in collaboration with A. Malhotra).   sequencing of H. marismortui rRNA is in progress.  The single 30S  is also in the same vicinity when the two subunits are joined.  Seven enzymes make the 11 .  Two of the 23S RNA enzymes make  at 3 sites each.  The other 5 are specific for a single each.  Each of the synthases was inactivated by gene deletion or disruption resulting in the loss of the appropriate  from the ribosomal RNA.  Therefore, no  is made by more than one synthase.  Restoration of the gene by plasmid transformation caused the  to reappear in each case whereas rescue with a mutant gene in which an aspartate in a common sequence context was replaced by asparagine or threonine did not result in  reappearance.  Loss of single  synthases and their concomitant  did not affect exponential growth except for RluD, which makes 1911, 1915, and 1917 in 23S RNA.  Disruption of this gene which should make a truncated synthase containing the N-terminal 2/3 of the protein strongly decreased the exponential growth rate.  Sucrose gradient profiles of the ribosomes at 12 mM Mg++ showed a defect in the large subunit.  Fewer 70S and excess 50S subunits were found along with ca. 40S particles which were shown to be misassembled (assembly dead-end) or assembly precursors of 50S.  Rescue with a wild-type plasmid-encoded gene resulted in wild-type growth,  formation, and a normal ribosome profile.  However, rescue with mutant RluD (D139N or D139T) which does not make  either in vitro or in vivo nevertheless yielded wild-type growth and a wild-type ribosome profile.  We conclude that RluD has two distinct and separate functions, one involved in ribosome assembly (possibly as an RNA chaperone) and another in synthesis of 1911, 1915, and 1917.

LOCATION OF TEMPLATE ON HUMAN RIBOSOME AS REVEALED FROM THE DATA ON THE CROSSLINKING WITH REACTIVE mRNA ANALOGS

Galina G. Karpova, Dmitri M. Graifer, Konstantin N. Bulygin, Alexey A. Malygin, Natalia A. Demeshkina, Aliya G. Ven’yaminova, Laboratory of Ribosomal Structure and Function and Group of Oligoribonucleotide Chemistry, Novosibirsk Institute of Bioorganic Chemistry, Siberian Branch of Russian Academy of Sciences, Novosibirsk, Russia, 630090

Using a unique set of mRNA analogs, derivatives of short oligoribonucleotides varying for both the types of crosslinking groups and points of attachment of these groups in the oligomer, environment of mRNA codons at the A, P and E sites of human 80S ribosomes has been studied. Taken all together, the data on the crosslinking of human ribosomes with mRNA analogs make it possible to draw the pattern of template arrangement on the ribosome. According to the pattern, G961 of 18S rRNA is in vicinity of position -3 of the template, G1207 is in neighborhood to positions from +1 to -3, and C1057 is close to position +1. Nucleotides A1823 and A1824 are in vicinity of position +4, while G1702 is close to +6/+7 but not far away from positions +3/+4 and +12/+13. Proteins S3 and S3a are close to the template in the region of positions from -3 to -6 and from +3 to +13, i.e. occupy a central position in the mRNA binding center, while S26 is disposed in vicinity of positions from +1 to +3 and is likely to be in neighborhood to several nucleotides of template at the 5' side from position +1. Proteins S2 and S6 are close to positions from -3 to +1, while S15 is near positions from +1 to +4. And finally, 18S rRNA nucleotide U630 that was found to be crosslinked to synthetic mRNAs carrying 4-thiouridines at definite locations, is distant from the region of codon-anticodon interactions and is positioned at the foot of a loop formed by the template. Comparison of the data on mRNA arrangement on human ribosomes with the results known for Escherichia coli ribosomes allowed to reveal for the first time both similarities in organization of mRNA binding center of bacterial and mammalian ribosomes and peculiarities of functioning the mammalian (in particular, human) ribosomes. The similarity is that the mRNA codons at the A, P and E sites are surrounded by the analogous, i.e. located at the same positions of the evolutionary conserved parts of the secondary structure, nucleotides of the small subunit rRNAs. Namely, these nucleotides are G961, G1207, G1702 and A1823/A1824 of 18S rRNA corresponding to nucleotides G693, G926, G1401 and G1491/A1492 of 16S rRNA, respectively. Nucleotide C1057 of 18S rRNA corresponds to 16S rRNA U789 located in the rRNA region “790 stem-loop” that is known to play an important role in the decoding process. A loop that mRNA makes on the human ribosome seems to exist also in the case of bacterial ribosomes. The foot of this loop is located near the highly conserved fragment “530 stem loop” of small subunit rRNA. The main peculiarities of mammalian ribosomes are related to their less conformational flexibility as compared to the bacterial ribosomes, that results in the interaction with the mRNA through a less number of the molecular contacts in the case of mammalian ribosomes.

This work was supported by the program “Cell-free Protein Synthesis” (1992-1998) and by the Russian Foundation for Basic Research (projects nos. 94-04-11288, 96-04-50115, 99-04-49537 and 99-04-49889). 
FEATURES AND FUNCTIONS OF THE RIBOSOMAL E SITE

Knud H. Nierhaus , Max-Planck-Institut für Molekulare Genetik, Ihnestr. 73, 14195 Berlin, Germany

The ribosomal E site is a universal characteristic of ribosomes. The following features have been demonstrated: The site binds exclusively deacylated tRNA in a stable fashion. Half-lives of binding are more than one hour at 37 °C, at 0 °C more than 10 h. Stable binding depends on codon-anticodon interaction in accord with the observed positions of E-site bound tRNAs in 70S crystals and cryo-electron microscopy. Stable binding is seen also with native polysomes. In fungi such as yeast the stability of a deacylated tRNA bound to the E site is so enormous, that a third ATP dependent elongation factor EF-3 is essential to allow the release from the E site.

Cognate tRNA at the E site is essential to establish a post-translational state of the ribosome, one of the two states the ribosome is oscillating between during the elongation phase. This post-translocational state (P and E sites occupied) is significantly different to a ribosome carrying a peptidyl-tRNA at the P site with a free adjacent E site as indicated by the following observations: Firstly, occupation of the A site of a post-translocational ribosome requires 80 kJ/mol as compared to 40 kJ/mol if the E site is free. Secondly, the A-site occupation is totally blocked by a number of drugs such as aminoglycosides, viomycin and thiostrepton, that hardly affect the A-site occupation if the E site is free. Finally, a cognate tRNA at the E site induces a low-affinity state for aminoacyl-tRNA binding at the A site.

At least two functions of the E site can be envisaged: (1) The low affinity of the A site induced by an occupied E-site is an elegant mean to prevent selection of non-cognate ternary complexes aa-tRNA∙EF-Tu∙GTP, that amount to 90% of the e.g. 41 different ternary complexes in the E. coli cell. Therefore, the A-site selection has to tackle only the selection from cognate plus near-cognate complexes thus reducing the selection problem by an order of magnitude. (2) A cognate tRNA at the E site seems to be essential for maintaining the reading frame.

For Reviews see:

1: K. H. Nierhaus: The allosteric three-site model for the ribosomal elongation cycle: Features and Future. Biochemistry 29, 4997-5008 (1990)

2: K. H. Nierhaus: Solution of the ribosome riddle: How the ribosome selects the correct aminoacyl-tRNA out of 41 similar contestants. Molecular Microbiology 9, 661-669 (1993)

3: K. H. Nierhaus, et al. 2000: Ribosomal Elongation Cycle. In The Ribosome. Structure, Function, Antibiotics, and Cellular Interactions. R. A. Garrett et al., eds. ASM Press, Washington D.C., 319-335 (2000).

THE STRUCTURE-FUNCTION RELATIONSHIPS IN ELONGATION FACTOR G from Thermus thermophilus
Anatoly. T. Gudkov, Kirill. A. Martemyanov, Anders Liljas1, Alexander S. Yarunin and Alexander V. Kolesnikov, Institute of Protein Research, Russian Academy of Sciences, 142290 Pushchino, Moscow Region, Russia

1Department of Molecular Biophysics, Lund University, Box 124, S-211 00 Lund, Sweden

As far as three decades ago, it was suggested [1] that conformational changes might occur upon EF-G interaction with GTP and fusidic acid on the ribosome. However, only determination of the EF-G tertiary structure made it possible to correlate numerous biochemical data with its structural features.

On the basis of the EF-G spatial structure, a number of mutated EF-G were constructed and studied in vitro. The results of these studies indicate that different structural elements of the EF-G molecule undergo structural changes and domain movements in the course of its interaction with the ribosome. For example, EF-G variants with Thr84Ala or Asp109Lys mutations show strong resistance to fusidic acid (FA) whereas EF-Gs with Gly16Val or Glu119Lys mutations are the first examples of FA hypersensitive EF-G species. A correlation between FA of EF-G mutants and their affinity to the GTP analogue is revealed in the studies while interactions with GDP show no changes. Thus, FA hypersensitive mutants have a high affinity for uncleavable GTP analog but association of resistant mutants with GTP is decreased. These results support the idea that the affinity of EF-G to GTP and sensitivity of the factor to FA might be functionally connected and depend on the conformational dynamics of EF-G. At the same time, numerous FA resistant mutations were found in interdomain regions [2-3] of the factor and might influence its domain movement.

The substitution of Asp22 (located in the P-loop) by Ala greatly decreases GTPase activity of EF-G while His87Gly mutations neighboring consensus DxxG sequence and designated as the switch II region completely inactivates this activity. These data indicate the importance of these structural motifs for the GTP binding and its hydrolysis for all G proteins, including elongation factors. At the same time, replacement of eleven residues in the effector loop of EF-G by the corresponding part of this loop from EF-Tu reduces the GTPase activity of EF-G but completely inhibits its ability to stimulate translocation. These data may reflect the structural differences in the ribosome since EF-Tu and EF-G consecutively interact with the post- and pre-translocational states of the ribosome.

Studies of the functional role of EF-G individual domains revealed interesting relationship between structure and its function of the factor. Thus, mutant EF-G with a deletion of domain IV still displays the specific GTPase activity in the presence of ribosomes but cannot stimulate translocation. Moreover, when several amino acid residues are inserted in the loop at the distal end of domain IV, the translocational activity of EF-G decreases by a factor of 4-5, but its GTPase activity is not affected. Substitution His573Ala alone or the double mutation HIS573ALA/Asp576Ala in the same loop has no effect on the EF-G function. Thus, the intact conformation of the loop at the top of domain IV, as well as the entire domain IV, is necessary for its correct interaction with the ribosome, possibly, in a region of the decoding center of the 30S subunit. On the other hand, deletion of domain III decreases the rate of ribosome-dependent GTP hydrolysis by three orders of magnitude, and the mutant protein cannot catalyze translocation despite the presence of domain IV, which is necessary for translocation. It is possible to assume that domain III is important for EF-G to interact with the ribosome in a conformation that involves a certain arrangement of domains III and IV to ensure both translocation activation and GTP hydrolysis in the resulting complex of EF-G with the ribosome.

1. Bodley, J.W., Zieve, F.J., and Lin, L. (1970) J. Biol. Chem. 245, 5662-5667.
2. Johanson, U,. Ævarsson, A., Liljas, A., and Hughes, D. (1996) J. Mol. Biol. 258, 420-432.

3. Laurberg, M., Kristensen, O., Martemyanov, K., Gudkov, A. T., Nagaev, I., Hughes, D., and Liljas, A. (2000) J. Mol. Biol. 303, 593-603.

FUNCTION OF TRANSLATION FACTORS DURING BACTERIAL PROTEIN BIOSYNTHESIS

Mathias Sprinzl

Laboratorium für Biochemie, Universität Bayreuth, D-95440 Bayreuth

Several GTPases participate in protein biosynthesis: initiation factor 2 (IF2) controls the binding of initiator methionyl-tRNA to the ribosomal initiation complex, elongation factors 1 (EF-Tu) and 2 (EF-G) are responsible for the codon-specific binding of aminoacyl-tRNA and peptidyl-tRNA to the ribosomal A-site and P-site, respectively. Elongation factor Ts EF-Ts is the nucleotide exchange factor of EF-Tu and finally, the release factor 3 (RF3) is a GTPase involved in the termination of protein synthesis. Structure(1,2), interactions and reaction mechanism of these GTPases involved in protein biosynthesis of an extreme thermophilic bacterium Thermus thermophilus were systematically investigated.

GTPase of EF-Tu controls the fidelity of codon recognition during binding of aminoacyl-tRNA to ribosomal A-site. The mechanism, how the GTPase of EF-Tu is activated by codon-specific interaction of aminoacyl-tRNA with the programmed ribosomes is not known. GTP analogues capable of "substrate assisted catalysis"(3) suggest, however, an involvement of an "arginine finger" in codon-dependent activation of GTPase in the aminoacyl-tRNA.EF-Tu.GTP complex. 

EF-Ts-catalysed nucleotide exchange from EF-Tu.GDP was studied by structural analysis of the EF-Tu/EF-Ts complex and kinetic measurements of the exchange reaction. The three in Thermus thermophilus occurring GTPases IF2, EF-Tu, EF-G (RF3 was not found in this thermophilic bacterium) as well as initiation factor 1 (IF1), release factor 1(RF1) and ribosomal recycling factor (RRF) are expected to bind in the tRNA binding sites on the ribosome. Interactions with the ribosomes are essential for regulation of the corresponding GTPases. We attempted to identify the partial rRNA sequences which interact with these translation factors by in vitro selection of RNA molecules from random oligonucleotide libraries. RNAs which interacted with EF-Tu.GTP (Kd ~ 10-9 M to 10-7 M) revealed a short consensus sequence 5´-ACCG(AAG)-3´, which is also found in the (-sarcin/ricin region of 23S rRNA(4) and 10Sa RNA. Similar investigation with the elongation factor G revealed a sequence resembling the thiostrepton region of 23S rRNA and finally a consensus sequence from the peptidyl transferase centre of 23 S RNA was in aptamers that bind to release factor I. These results are in good agreement with the recently determined tRNA binding sites on 70S ribosomes and provide a way to identify the ribosomal components responsible for regulation of the different GTPases during particular translation steps.

1) Berchthold, H., Reschetnikova, L., Reiser, C.O.A., Schirmer, K., Sprinzl, M. and Hilgenfeld, R.: Crystal structure of active elongation factor Tu reveals major domain rearrangements. Nature (1993) 365, 126-132.

2) Wang, Y., Jiang, Y., Meyering-Vos, M., Sprinzl, M. & Sigler, P.B.: Crystal structure of the EF-Tu EF-Ts complex from Thermus thermophilus. Nature Structural Biology (1997) 4, 650-656.

3) Ahmadian MR, Zor T, Vogt D, Kabsch W, Selinger Z, Wittinghofer A, Scheffzek K: Guanosine triphosphatase stimulation of oncogenic Ras mutants. Proc Natl Acad Sci U S A (1999) 96, 7065-7070.

4) 
Hornung, V., Hofmann, H.-P., Sprinzl, M.: In vitro selected RNA molecules that bind to elongation factor Tu. Biochemistry (1998) 37, 7260-7267.

CONSERVATION OF TRANSLATION INITIATION AND ELONGATION REACTIONS

M. Clelia Ganoza, H. Aoki and M.C. Kiel.  Banting and Best Department of Medical Research, University of Toronto, Toronto, Ontario, Canada

Reconstitution of the initiation and elongation facets of synthesis directed by a native mRNA template revealed that the combination of the pure known initiation and elongation factors does not catalyze synthesis of the N-terminal peptides of the coat protein of the MS2 bacteriophage.  Addition of the pure proteins EFP, W2 and RbbA is essential for the properly initiated synthesis of these products in vitro.  Gene interruption experiments have revealed that the efp gene, encoding the EFP protein, is essential for cell viability and for the synthesis of peptide bonds in Escherichia coli cells.  Mutations in the genes encoding the W2 and RbbA proteins are conditionally-lethal suggesting that these proteins may also serve an essential function in vivo.  The sequence of EFP, W2, and RbbA bears a striking similarity to that of the eukaryotic initiation factors eIF5A, eIF4A and EF3, respectively.


Study of the mechanisms of these proteins indicates that they act in a similar fashion to their eukaryotic counterparts.  EFP promotes the synthesis of initial dipeptides and has a more pronounced effect on peptide bond synthesis of amino acids that are poor acceptors for the peptidyl transferase.  The crystal structure of the homologous Archaebacterium jannaschii EFP (eIF5A) suggests that the protein is charge-polarize and bears an elongated shape.  These properties are consistent with the binding properties of EFP to the 70S and 30S particles.  EFP also footprints to domain V of the 50S subunit.  Thus the EFP spans both subunits and activates peptide bond synthesis with poor acceptors of the peptidyl transferase.


W2 (eIF4A) is an ATP independent-helix destabilizing protein that acts to unwind mRNA templates and has no detectable activity with unstructured polynucleotides.  The W2 protein has a dramatic effect on the initiation of synthesis directed by native templates.  Interestingly, the W2 protein also affects strongly the formation of the ternary initiation complex, suggesting that it acts as an initiation factor.


The RbbA protein (EF3) is a ribosome-dependent ATPase that harbors an intrinsic ATPase activity.  The protein is essential for synthesis in the presence of physiological concentrations of ATP and GTP.  RbbA binds preferentially to the 30S subunit and can be crosslinked to the ribosomal protein S1.  RbbA also binds specifically to the 900 base-pair switch region of the 16S rRNA which has been shown by mutagenesis to be required for fidelity and/or for proper translocation.  RbbA also specifically binds to EFTu and is selectively inhibited by hygromycin, consistent with the idea that the protein fosters translational fidelity.


These results indicate that the mechanisms of initiation and elongation of synthesis are far more conserved than previously suspected, a result consistent with the nearly universal conservation of the genetic code.

GENETIC ANALYSIS OF RIBOSOMAL RNA FUNCTION

HyunDae D. Cho1, KangSeok Lee2 and Philip R. Cunningham3

1University of Washington School of Medicine, Biochemistry Department,Seattle, WA 98195. 2Stanford University School of Medicine, Department of Genetics, Stanford, California  94305. 3Wayne State University, Department of Biological Sciences, Detroit, MI  48202

A genetic system was developed to study ribosomal RNA function in vivo. In this system, the chloramphenicol acetyltransferase (CAT) message is translated exclusively by plasmid-encoded ribosomes. Expression of CAT renders the cells resistant to chloramphenicol and the level of chloramphenicol resistance depends upon the amount of functional CAT protein produced by the plasmid-derived ribosomes. We recently engineered the Green Fluorescent Protein (GFP) gene so that its message is also translated only by the plasmid-encoded ribosomes to provide high-throughput analysis of ribosome function.

Using this system, each of the thirty-two nucleotides from positions 1396 to 1410, and from positions 1490 to 1506 of the ribosomal decoding region of Escherichia coli 16S rRNA were randomly mutated. Three hundred functional mutants were selected and analyzed to determine the nucleotide distribution at each of the mutated positions. Extensive nucleotide preferences and interactions were observed.  Subunit association experiments showed that the m3U1498G mutation disrupts subunit association. Genetic complementation revealed that a G712C mutation in helix 34 of 23 S rRNA restored function to the m3U1498G mutant.  Mutational studies of helix 34 showed that only mutations that disrupt the closing base pair of the loop complement the m3U1498G mutation. These data suggest that helix 34 of 23 S RNA docks with the penultimate helix 44 of 16 S rRNA and that this interaction is essential for subunit association.  Genetic complementation has been used extensively to identify functionally important molecular interactions in a number of metabolic systems.  The experiments presented here demonstrate the potential of this approach for identifying these interactions in the translational apparatus.

PEPTIDE BOND FORMATION IN THE 50S RIBOSOMAL SUBUNIT

Albert E. Dahlberg

Department of Molecular & Cell Biology and Biochemistry,

Brown University, Providence, RI, 02912, USA

The high resolution crystal structure of the Haloarcula marismortui 50S ribosomal subunit places A2451 (E. coli numbering) at the center of the peptidyl transferase region.  A model for peptide bond formation has been proposed in which A2451 plays a crucial role in acid-base catalysis.  Evidence to support this model came from pH-dependent dimethyl sulfate modification of A2451, which was interpreted as representing an altered pKa.  

We have used genetic and biochemical methods to probe the peptidyl transferase region and test the model. We find that ribosomes with mutations at A2451 continue to synthesize full length, functionally active proteins in vivo and in vitro, and that the pH-dependent DMS reactivity at A2451 occurs only in inactive ribosomes.  Thus additional models for ribosomal transpeptidation need to be considered.

ELONGATION FACTOR Tu AND tRNA IDENTITY

Alexey Wolfson,  Frederick J. LaRiviere, Haru Asahara, Taraka Dale, Olke Uhlenbeck

Dept. Chemistry, Univ. of Colorado at Boulder, Boulder, CO 80309, USA

tRNA identity is established by aminoacyl-tRNA synthetases in the aminoacylation reaction and is considered not to be affected by any downstream step of translation. After aminoacylation elongation factor Tu (EF-Tu) delivers all elongator aa-tRNAs to the ribosome A-site. Since is has been shown that EF-Tu binds all elongator aa-tRNAs with similar affinities, EF-Tu is considered to be a rather non-discriminative protein, accommodating equally well different tRNAs and amino acids.

Recently it became clear that most living organisms synthesize Asn-tRNAAsn and (or) Gln-tRNAGln through transamidase pathway and hence face the problem of dealing with misacylated Asp-tRNAAsn and Glu-tRNAGln. There is biochemical evidence that EF-Tu does not bind these misacylated tRNAs, indicating that not all combinations of amino acids and tRNAs result in efficient binding. Thus, EF-Tu might possess certain discriminative power towards aa-tRNAs.

To systematically address this problem we have constructed a set of 16 different aminoacyl-tRNAs and investigated their interaction with T.thermophilus EF-Tu. E.coli tRNAAla, tRNAVal, tRNAGln, and yeast tRNAPhe were each aminoacylated with Ala, Val, Gln, and Phe, resulting in a set of 4 cognate and 12 misacylated tRNAs. Expectedly, the four cognate tRNAs bound EF-Tu with similar affinities. On the contrary, misacylated tRNAs displayed a significantly broader range of affinities with a difference of almost 10000-fold between the strongest (Gln-tRNAAla) and weakest (Ala-tRNAGln). Each amino acid and tRNA body contributes different binding energies to the interaction, resulting in weak to strong hierarchies of amino acids and tRNAs. The same Gln>Phe>Val>Ala hierarchy of amino acid binding is observed in all four tRNA backgrounds. The hierarchy of tRNA bodies is independent of the amino acid attached and is reversed compared to amino acid hierarchy; tRNAAla being the strongest binder, followed by tRNAVal, tRNAPhe, and tRNAGln, respectively. Our results suggest that the observed uniform binding of cognate tRNAs to EF-Tu is achieved through a compensation mechanism, with tight binding amino acids attached to weak binding tRNAs and vice versa. Thus by allowing only certain combinations of amino acids and tRNA bodies to fall in the "natural" range of affinities, EF-Tu may contribute to the definition of tRNA identity and improve translational accuracy.

STRUCTURAL AND FUNCTIONAL COMPENSATION FOR DEFICIT IN RNA WITH PROTEINS IN ANIMAL MITOCHONDRIAL TRANSLATION SYSTEMS

Tsutomu Suzuki, Takashi Ohtsuki and Kimitsuna Watanabe
Department of Integrated Biosciences, Graduate School of Frontier Sciences, University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa-shi, Chiba 277-8562,  Japan

Animal mitochondrial (mt) translation systems possess a characteristic feature that RNA is extremely simplified. Whereas more than 50 species of tRNA are required in usual bacterial and eukaryotic cytoplasmic translation systems, only 22 species are sufficient for translation of about 60 codons in animal mitochondria, which are the minimal set of tRNA for decoding the genetic code. Moreover, only 4 kinds of modified nucleosides are sufficient for discrimination of 60 codons. 

  Nematode mt translation system possesses another unique feature that the T arm-lacking tRNAs exist, which are scarcely found in other systems. Of 22 tRNA species, 20 are of this type, and the remaining 2 tRNAs specific for serine have a truncated T arm. We have found two species of EF-Tu in nematode cell extract, one (EF-Tu1) corresponding to the former tRNA group and another (EF-Tu2) to the latter group. EF-Tu1 has extra 57 amino acid residues in the C-terminal region which seem to compensate for the missing T arm in these tRNAs.

  Another characteristic feature resides in the mt ribosome (mitoribosome). As compared with E. coli ribosomes, the total length of mitoribosomal RNA (rRNA) is shortened to about a half, instead protein contents are increased, so that the molecular mass and whole sizes of mitoribosomes are similar to those of E. coli ribosomes. We have analyzed ribosomal proteins from bovine mitochondria by combination of 2D gel electrophoresis with LC/MS analysis and found a unique feature that the ribosomal proteins with binding sites on rRNA shortened or lost in the mitoribosome were elongated as compared with the E. coli counterparts.

     In this report we summarize how proteins compensate for the deficit in RNA by referring to these two cases for EF-Tu1 and mitoribosomes. 
ANALYSIS OF RECODING PROVIDES INSIGHT TO RIBOSOME FUNCTION

P.V. Baranov, A.J. Herr, R.F. Gesteland and John F. Atkins
Department of Human Genetics, University of Utah, 15N 2030-E Rm 7410, Salt Lake City, UT 84112-5330, USA

In decoding a minority of mRNAs the meaning of specific codons is redefined or there is a redirection of linear readout. In the latter in response to signals within mRNA, ribosomes shift frame at specific places at high freqeuncy, or bypass a block of nucleotides within the coding sequence. The signals help to overcome the features responsible for standard non-overlapping triplet reading. Specific pseudoknots stimulate several cases of programmed frameshifting, both +1 and –1, but stem loops or internal Shine Dalgarno sequences are the stimulatory signals in other cases. Examples of both +1 and –1 frameshifting will be presented together with a description of the bypassing of 50 nucleotides between codons 46 and 47 in decoding phage T4 gene 60. Part of our recent work has shown that in E. coli ribosomal protein ribosomal protein L9 restrains mRNA slippage and its effect can be counteracted by mRNA structure. Mutants of L9 have arisen in several different genetic selections and a full deletion constructed. Strains lacking L9 are viable but have impaired growth.

THE BIOCHEMISTRY AND GENETICS OF PROGRAMMED RIBOSOMAL FRAMESHIFTING

Jonathan D. Dinman.  Department of Molecular Genetics & Microbiology, University of Medicine and Dentistry of New Jersey – Robert Wood Johnson Medical School, 675 Hoes Lane, Piscataway, NJ 08854, USA

The maintenance of correct translational reading frame is fundamental to the integrity of the protein synthetic process, and ultimately to cell growth and viability.  Despite numerous cellular controls designed to ensure the accuracy of this process, certain viruses have evolved specific signals on their mRNAs that induce elongating ribosomes to shift reading frame, a mechanism called “Programmed Ribosomal Frameshifting” (PRF).  These exceptions to this general rule of translation elongation provide a unique window into the molecular machinery that normally controls reading-frame maintenance.  The development of a yeast-based frameshifting system has provided us with a unique set of tools to probe the mechanisms governing translational fidelity.  We have used genetic, biochemical and molecular methods to characterize the trans-acting factors, and the physical and biochemical parameters that ultimately determine the frequency with which ribosomes shift reading frame.  These parameters include: changes in the residence time of ribosomes at a particular PRF signal and the precise steps of the elongation cycle that such kinetic changes might occur; changes in the stabilities of ribosome-bound tRNAs due to alterations in intrinsic ribosomal components such as ribosomal proteins and rRNAs; and defects in the abilities of ribosomes to recognize and correct errors.  In combination with the new high-resolution structural understanding of ribosomes, this approach is leading us to new insights into ribosome structure/function relationships.

AMINOACYL-tRNA SYNTHESIS: A POST-GENOME PERSPECTIVE

Debra Tumbula, Constantinos Stathopoulos, Hubert Becker, Michael Ibba and Dieter Söll
Department of Molecular Biophysics & Biochemistry, Yale University, New Haven, CT 06520-8114, USA

The ribosome requires a full complement of correctly aminoacylated tRNAs in order to perform mRNA-templated protein synthesis. Aminoacyl-tRNA synthesis is principally catalyzed by the aminoacyl-tRNA synthetase (AARS) family of proteins. The ability of an AARS to discriminate between multiple substrates and accurately attach a particular amino acid to its cognate tRNA species is a universal requirement for the faithful translation of genetic information into the sequence of a polypeptide. In the pre-genomic era it was a generally held belief that virtually every cell and organelle would contain 20 AARSs, with one particular enzyme responsible for the synthesis of each set of the 20 aminoacyl-tRNA isoacceptors required for mRNA translation. The identification in Escherichia coli of two distinct AARS classes each containing ten members provided seemingly incontrovertible support for the “Twenty AARS” hypothesis. This view of aminoacyl-tRNA synthesis was initially confounded when the genomes of two methanogenic archaea were sequenced and annotated.  A variety of analyses consistently identified genes encoding only sixteen AARSs, raising the question of how these organisms synthesized Asn-tRNA, Cys-tRNA, Gln-tRNA and Lys-tRNA.  The identification of the alternative pathways by which these four aminoacyl-tRNAs are made has provided unexpected insight into the structural and functional diversity of aminoacyl-tRNA synthesis not envisaged earlier.  Furthermore, functional genomics and comparative phylogenetic studies have shown that far from being idiosyncracies of methanogenic archaea, these alternative pathways of aminoacyl-tRNA synthesis are widespread in the living kingdom.  To date, three novel activities have been characterized: tRNA-dependent amidations (Asn-tRNA and Gln-tRNA; 1), an unusual class I lysyl-tRNA synthetase (Lys-tRNA; 2) and a dual-specificity prolyl-tRNA synthetase (Cys-tRNA; 3).  The last of these, the prolyl-cysteinyl-tRNA synthetase (ProCysRS), is the first example of a single AARS that harbors two distinct aminoacyl-tRNA synthesis activities.  The substrate specificity of ProCysRS is strictly determined by sequence specific protein-tRNA interactions, providing an effective means of quality control without recourse to editing of incorrect products.  The observation that particular tRNAs are able to commit ProCysRS to function in alternative catalytic forms also supports the hypothesis that contemporary aminoacyl-tRNA synthesis arose from the RNA world via ribonucleoprotein intermediates.  The structure and tRNA specificities of the tRNA-dependent amidation enzymes show that the three domains diverged in their mechanism of Gln-tRNA synthesis, and they provide direct evidence for a relationship between amino acid metabolism and protein synthesis.
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MOLECULAR INTERACTIONS during tRNA CHANNELING in TRANSLATIONAL COMPARTMENTS

Anna V.El’skaya, Boris S.Negrutskii, Zoya M. Petrushenko, Tanya V. Budkevich, Vyacheslav F.Shalak

Dept. Translational Mechanisms , Institute of Molecular Biology and Genetics, NAS of Ukraine, Kiev, 03143

One of the specific features of mammalian cells is compartmentation of particular metabolic processes including protein biosynthesis. The translational compartments are supposed to contain all the components of the protein-synthesizing machinery, however, they may differ by a predominantly translated specific mRNA. A common property of such compartments is assumed to be tRNA/aminoacyl-tRNA channeling during an elongation cycle. The channeling is believed to improve the efficiency of protein synthesis by diminishing the amount of non-specific searching, increasing effective concentrations, avoiding side-reactions, and stabilising intermediate products, etc. 

 
The data obtained on rabbit liver translational components evidence that eEF1A and aminoacyl-tRNA synthetases (ARS) are the partners responsible for the so-called «from hand to hand» mechanism of tRNA channelling. First, the formation of an unusual [eEF1A*GDP*tRNA] complex has been  demonstrated by different techniques for several tRNA   (Phe, Leu, Tyr, Ser and Val). Stability of the complex is decreased with increasing salt concentration but at least 70% of tRNA molecules are present in the complex even at 0.2 M KCl. The regions of tRNA involved in the interaction with eEF1A*GDP have been determined by the methods of protection from RNase hydrolysis and chemical modification. These sites of tRNALeu or tRNAPhe are found to be similar to the Phe-tRNA regions contacting the protein in [Phe-tRNA*EF-Tu*GTP] complex according to its X-ray structure. The changes in endogenous fluorescence of eEF1A*GDP in the presence of tRNAPhe suggest some conformational alteration in the protein. The preliminary neutron scattering data, obtained in collaboration with Prof. I.Serdyuk (Institute of Protein Research, Russia), have also revealed rather substantial structural changes in eEF1A*GDP complexed with tRNAVal as compared to free eEF1A*GDP.


Second, another non-orthodox complex of eEF1A, assumed to participate in tRNA channeling, is revealed as a quaternary one [eEF1A*GDP*tRNA*ARS]. Formation of such a complex including tRNAPhe and PheRS has been demonstrated by gel-shift assay and BIAcore technique. No complex has been found if eEF1A is replaced with a prokaryotic analogue EF1A or some other proteins of the molecular mass and total charge similar to those of ARS are substituted for the latter. The biosensor assay demonstrates a direct interaction of rabbit liver PheRS with eEF1A*GDP while the presence of tRNAPhe accelerates the factor binding to the enzyme. The data suggest conformational re-arrangement of the protein molecules during their interaction. The affinity constants for [eEF1A*GDP*tRNAPhe] and [PheRS*eEF1A*GDP*tRNAPhe] formation have been found in a nanomolar range favouring functional importance of the complexes.

A modified scheme of the elongation cycle in higher eukaryotic protein biosynthesis considering the tRNA/aa-tRNA channeling route and non-orthodox complexes will be discussed as well as the importance of interactions between the translational components for the structural and functional organization of the translational compartment in mammalian cells.

THREE DIMENSIONALITY OF THE TRANSLATIONAL TERMINATION COMPLEX ENCODED BY THE LINEAR SEQUENCE OF THE mRNA

Warren P Tate, Department of Biochemistry, University of Otago, Dunedin, New Zealand

When an in phase stop codon in the mRNA enters the A site of the translating ribosome it signals an unusual coding event, in that the decoding protein release factor rather than a tRNA enters the three dimensional space of the cavern between the subunits, make contacts with mRNA, and with the surfaces of the cavern formed by both ribosomal subunits, with the P site tRNA, and potentially with the last amino acids of the completed polypeptide. The linear mRNA sequence markedly influences the three dimensional arrangement of the termination complex at the ribosomal active centre. The stop signal is an extended element and encompasses the termination codon (nucleotides +1 to +3) and sequences that extend on either side. These features specify the boundaries of the complex and the orientation  of the release factor within the space. The sequence bias found in the extended stop signal at the ends of genes in the genome of Escherichia coli, is strongly conserved between both laboratory and pathogenic strains (E. coli K12MG1655 and the enterohaemorrhagic E. coli 0157:H7 strain EDL933), despite the fact that the pathogen contains ~25% more genes, and the two strains diverged ~4Myr ago.

The last sense codon (nucleotides –1 to –3) before the stop codon in bacterial genes is strongly biased and is decoded frequently by tRNAs that have an mnm5s2U at position 34, and a modified A at position 37, specifying likely important determinants of the termination complex. The P site tRNA forms a close fitting boundary for the bacterial release factor, since zero length crosslinks directed from position 32 near the anticodon, and from position 8 at the elbow between the two helices of the tRNA to the release factor, shows that the factor ‘snuggles’ up beside this tRNA in the complex. While the amino acid carried by the P site tRNA may also mark a boundary for the release factor as yet we have no evidence of close contact between the amino acid and the decoding factor at the peptidyltransferase centre. Nevertheless four strategies have provided evidence that the factor has structural determinants close to the centre: (i) SERF, a modified form of SELEX, (ii) site directed crosslinking from novel cysteine linked crosslinking reagents (in collaboration with Professor Olga Dontsova, Moscow) and (iii) hydroxyl radical cleavage directed from cysteines introduced at specific residues in the release factor and (iv) molecular modelling have all provided data to support release factor peptidyltransferase centre interactions. SERF and hydroxyl radical cleavage have also identified positions of close contact between the factor and 16S ribosomal RNA in the vicinity of decoding site of the small subunit. The recently published three dimensional structures of the ribosomal subunits and the 70S ribosome provide excellent templates to model the experimental data.

At the decoding site there is crosslinking evidence for at least three nucleotides (+4 to +6) downstream of the stop codon being in close contact with the decoding release factor, and these nucleotides also have significant influence of the efficiency of decoding. Three further nucleotides in the mRNA (+7 to +9) influence the strength of the signal, although as yet there is no supporting evidence for direct contact of the factor with these positions. The nature of the P site tRNA and the sequence downstream of the stop codon can both affect the orientation of the release factor in the termination complex, as determined by its ability to crosslink with the first base of the stop codon.

EUKARYOTIC CLASS-1 POLYPEPTIDE RELEASE FACTORS SPECIFICALLY CONTACT AND RECOGNIZE STOP CODONS WITHIN THE RIBOSOME

Ludmila Frolova1,2 , Laurent Chavatte3, Stephanie Kervestin4, Olivier Jean-Jean4,  Alain Favre3 and Lev Kisselev1,2 

1Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, 119991 Moscow, Russia

2Institut Curie, Paris, France 

3Institut Jacques Monod, CNRS-Universite Paris 7, Paris, France 

4CNRS FRE 2219, Université Pierre et Marie Curie, Paris, France

Class-1 eukaryotic polypeptide release factors (eRF1s) respond to the three stop codons UAA, UAG and UGA triggering the hydrolysis of peptidyl-tRNA at the ribosomal peptidyl transferase center (reviewed in [1]). In prokaryotic RF1 and RF2, two tripeptides have been recently identified that serve as stop codon recognition sites (“protein anticodons”) [2]. However, nothing is known about decoding mechanism for termination in eukaryotes. Here, we have applied two experimental strategies to analyse the mRNA-eRF1 recognition problem. We have monitored photocrosslinking of 42-mer mRNA to mammalian ribosomal components in the presence of functionally active tRNAAsp gene transcript. We have shown that  42-mer mRNA crossreacts with both ribosomal RNA and ribosomal proteins; photocrosslinking pattern undergoes characteristic modification upon addition of tRNAAsp providing evidence for appropriate mRNA phasing onto the ribosome; when human eRF1 is added to the ribosome(mRNA(tRNAAsp complex  it crosslinks with mRNA containing s4UGA stop codon located in the A site but not with the s4UCA containing mRNA used as a control; this link is located inside the NM domain of eRF1 which is known [3] to be catalytically active. Human eRF3 does not crossreact with 42-mer mRNA and does not affect the yield of eRF1-mRNA crosslinking reaction. These data show that termination codon at the A site is located in close proximity to the ‘core’ part of eRF1 as has been shown earlier for RF2 and mini-mRNA in the E. coli ribosome [4]. The second approach used in this work explores the eukaryotic organisms with a variant genetic code. Recent studies focus on eRF1 from ciliates in which some stop codons are reassigned to sense codons. Using an in vitro assay based on mammalian ribosomes, we show that eRF1 from the ciliate Euplotes aediculatus responds to UAA and UAG as stop codons and lacks the capacity to decipher the UGA codon which encodes cysteine in this organism. This result strongly suggests that in ciliates with variant genetic codes eRF1 does not recognize the reassigned codons. Recent hypotheses describing stop codon discrimination by eRF1 are not entirely consistent with the set of eRF1 sequences available so far and require direct experimental testing. Taken together, our data imply that decoding specificity toward stop codons is conferred by eRF1 and not by ribosome or its components.

[1] Kisselev L. and Buckingham R.H. (2000) Trends Biochem. Sci. 25, 561-566.
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TRANSLATION TERMINATION IN E.  COLI: MUTATIONAL ANALYSIS OF THE CONSERVED MOTIF GGQ IN RELEASE FACTORS RF1 AND RF2 
Liliana Mora1, Valérie Heurgué-Hamard1, Stéphanie Champ1, Måns Ehrenberg2, Lev  L. Kisselev3 and Richard H. Buckingham1
1UPR9073 du CNRS, Institut de Biologie Physico-Chimique, 13 rue Pierre et Marie Curie, Paris 75005, France, 2Department of Cell and Molecular Biology, BMC, Box 596, S-75124 Uppsala, Sweden and 3Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, 32 Vavilova, Moscow 117984, Russia

Release factors RF1 and RF2 are required for the recognition of stop signals in mRNA and for the release of newly synthesised polypeptide chains (1). In decoding stop signals in the ribosomal A-site, the factors bear a functional similarity to, and may mimic structurally, nonsense suppressor tRNAs. A single sequence motif, containing a Gly-Gly-Gln (GGQ) tripeptide is conserved in all eubacterial, archibacterial and eukaryotic release factors (2). The motif is thought to correspond to the CCA end of tRNA, an idea consistent with the crystal structure of human eRF1 (3). In both RF1 and RF2 in E. coli the Gln residue in this motif is post-translationally modified to N5-methylglutamine, a modification that is required for optimal function of RF2 (4). In order to study the role of this region of release factors, amino acid changes have been introduced at each of the three conserved positions. All of the changes introduced at any of the positions of the GGQ motif have considerable effects on the level of expression of release factors RF1 and RF2, mediated by the stability of the mutant proteins. Expression of many of the mutant proteins was toxic to the cell, including that of a mutant truncated shortly after the GGQ motif. The toxicity of at least some of the mutant proteins may therefore be related to their instability towards proteolytic degradation, giving rise to truncated products. The toxic mutant factors or their degradation products may bind to ribosomes inhibiting the action of the normal factor. The activity of the mutant proteins in releasing tetrapeptides from ribosomes paused at a stop signal on mRNA was studied in vitro after purification of the factors as C-terminally His-tagged proteins. Changes to the Gly residues eliminated release activity. In contrast, changing the Gln residue to Glu or Ala in either RF1 or RF2 allowed the factors to retain substantial activity, ranging from 21 to 48 % that of the normal protein. These observations are consistent with the data on mutagenesis of human eRFI where substitutions of either Gly abolished RF activity in vitro (2) whereas changes of Gln for other amino acids affected RF activity only partially (5). These results are difficult to reconcile with the hypothesis that the amide nitrogen of the Gln residue plays an important role in peptide release by coordinating a water molecule at the peptidyl transferase centre (3).
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RIBOSOMAL RNA SITES FOR FUNCTIONAL RNA-RNA and RNA-PROTEIN INTERACTIONS AFFECTING TRANSLATION TERMINATION

Emanuel J. Murgola, Alexey L. Arkov, Natalya S. Chernyaeva Van Dyke, Klas O. F. Hedenstierna, Vance P. Hobbs, Frances T. Pagel, Wenbing Xu, and Song Q. Zhao, Department of Molecular Genetics, The University of Texas M. D. Anderson Cancer Center, Houston, TX 77030 

While it is well established that ribosomal RNAs (rRNAs) play an active role in every aspect of translation, it is still not clear which sites or structures function precisely in the termination stage, participating, for example, in interactions with peptide chain release factors, recognition of the termination codons, transmission of the termination signal to the hydrolytic center, or hydrolysis of peptidyl-tRNA. In one approach to these questions, we screened for mutations causing readthrough at 1 or 2 of the termination codons, following PCR random mutagenesis of specific segments of a cloned rrnB operon. Our results suggest the involvement of several sites or structures in functional interactions or associations during translation termination in E. coli.


We have characterized UAG- and UGA-suppressing mutations in two structures in 16S rRNA, namely the tetraloop that caps helix 8 and the internal loop of helix 44, which from recent crystal structures appear to be on the interface side of the small subunit, separated by about 30 Å. The proximity, phenotype similarity, and location in the interface cavity suggest that these two regions could be involved in specific RNA-RNA or RNA-protein interactions.
 A site in 16S rRNA and one in 23S rRNA, mutations in which cause readthrough at UGA codons and defective UGA-dependent hydrolysis of ribosome-bound peptidyl-tRNA, are involved in the binding of release factor 2 (RF2), which functions specifically at the UGA termination codon.  By mutational analyses of the highly conserved 23S rRNA structure referred to as the "GTPase center", we have implicated four specific nucleotides as "RF2-interactive sites", sites that interact with the release factor RF2. Furthermore, we have shown in vivo that the evolutionarily conserved large subunit protein L11, which binds to the GTPase center RNA by way of its carboxy terminal domain, is required for UAG termination (and also is somewhat inhibitory of UGA termination) precisely by way of its amino terminal domain.  Finally, we have obtained mutational evidence for a functional association in termination between the GTPase center (domain II) of 23S rRNA and helix 73 at the entrance to domain V, either directly, by RNA-RNA interaction(s), or indirectly through the mediacy of a release factor.


For all of these mutant sites, we will propose possible mechanisms of action in the light of recent high resolution structural analyses of the ribosome.

PROTEIN tRNA MIMICRY IN TRANSLATION TERMINATION AND RECYCLING

Yoshikazu Nakamura, Makiko Uno, Toshinobu Fujiwara, Tomohiko Toyoda, Ouliana Tin*, Maria Garber*, and Koichi Ito, Institute of Medical Science, University of Tokyo, Minato-ku, Tokyo 108-8639, Japan, and *Institute of Protein Research, Russian Academy of Science, Pushchino, Russia

The termination of protein synthesis takes place on the ribosomes as a response to a stop, rather than a sense, codon in the 'decoding' site (A site). Polypeptide release factors (RFs) play an essential role in this process. Although the termination process and the RF activity were discovered in vitro in the late 1960's, much of the mechanism and the apparatus have remained obscure. After three decades of investigation, we are now aware of a peptide determinant in RFs equivalent to the anticodon of tRNA. Genetic and biochemical analyses showed that the tripeptides Pro-Ala-Thr in bacterial RF1 (UAG-specific) and Ser-Pro-Phe in RF2 (UGA-specific) determine the RF specificity. The first and third amino acids independently discriminate the second and third purine bases, respectively, hence referred to as a tripeptide 'anticodon'. 


The stop codon decoding is highly accurate. The molecular basis of the accuracy, however, is still unknown. While RF-specific tripeptides in domain D are primarily responsible for selective reading of cognate stop codons, charge-flip RF variants in conservative Glu residues in domain C were capable of triggering peptide release at non-cognate stop, and even sense, codons, and compensated for the growth interference by the 'harmful' tripeptide 'anticodon' alleles. These findings showed that the electrostatic interaction involving negative charges in domain C controls the accurate docking of RF in the ribosome and that the charge flipping creates a novel phenotype of translation termination by 'codon bypassing' via relaxed positioning of the peptide anticodon in the decoding pocket of the ribosome.


After release of nascent polypeptides, the posttermination complex composed of the ribosome, deacylated tRNA, RF and mRNA needs to be dissociated for the next round of protein synthesis. Ribosome recycling factor (RRF), in concert with elongation factor EF-G, is required for disassembly of the posttermination complex. Three groups including my group have recently solved the crystal structure of RRF. These three molecules are composed of two domains, domain 1 and domain 2, bridged by two loops (a hinge), and superimpose almost perfectly with tRNA except for the amino acid-binding 3' end. It has been proposed that RRF is a near perfect tRNA mimic to explain the mechanistic disassembly of the posttermination ribosomal complex. RRF, however, is architecturally different from tRNA in that the hinge of RRF forms a flexible 'gooseneck' elbow, while the elbow of tRNA is rigid, and that this flexibility of RRF is vital for its function. We assume that nature may not have created such protein of a tRNA mimic to simply substitute for tRNA unless protein is required to pursue some function(s) that tRNA cannot do.

The mechanism of action of RF3 in prokaryote translation termination

Andrei Zavialov, and Måns Ehrenberg, Institute of Cell and Molecular Biology/Molecular Biology, BMC, Box 596, Uppsala University, S-751 24 Uppsala, Sweden

The mechanism by which RF3 removes RF1 or RF2 from the ribosome after hydrolysis of the esterbond in peptidyl-tRNA has been established. Free RF3 forms a very stable complex with GDP, and enters the ribosome in GDP-conformation. When the ribosome is in complex with RF1 or RF2, GDP rapidly dissociates from RF3 and a strong complex is formed on the ribosome between RF3 and either RF1 or RF2. If, and only if, the peptide has been cleaved off peptidyl-tRNA, GTP binds to RF3, changes its conformation and forces RF1 or RF2 to dissociate rapidly. The driving force is that RF3 in GTP conformation binds very strongly to the ribosome, but cannot co-exist there with RF1 or RF2. After removal of RF1 or RF2, GTP is hydrolysed and RF3 leaves the ribosome in GDP conformation. This means that the previously identified strong cooperative interaction between RF1 or RF2 and guanine nucleotide free RF3 on the ribosome indeed occurs during the normal working cycle of RF3 and its physiological meaning can now be understood. The new model also clarifies why RF3 speeds up erroneous termination at sense codons, but has negligible effect on correct termination at nonsense codons. Our new experimental data show that ribosome dependent GTP hydrolysis on RF3 is stimulated by RF1 or RF2 in a codon specific way, suggesting that the eukaryotic translation termination factor eRF3 may function in a way similar to that of RF3. 

THE FOURTH STEP OF PROTEIN BIOSYNTHESIS CATALYZED BY RIBOSOME RECYCLING FACTOR RRF: AN IDEAL TARGET FOR NEW ANTIMICROBIAL AGENTS

Akira Kaji, Michael Kiel, Aiko Muto, Go Hirokawa, Emeline Teyssier* and Hideko Kaji*

Department of Microbiology University of Pennsylvania, *Department of Biochemistry and Molecular Pharmacology Thomas Jefferson University, Philadelphia Pennsylvania, USA

Protein synthesis has been a traditional target of antibacterial agents. The efficacy of the antibiotics in this category is based on their selective toxicity on the bacterial ribosomes. Hence, these antibiotics do not inhibit eukaryotic cytoplasmic protein synthesis. It should be noted that these antibiotics inhibit mitochondrial protein synthesis without serious clinical side effects. We introduce an ideal bacterial protein target of possible new antibiotics that belong to this category. The novel target is RRF (ribosome recycling factor) which catalyzes the fourth step of bacterial protein synthesis, disassembly of the post-termination complex. Inhibition of RRF is bactericidal at the lag phase while it is bacteristatic in the log phase. Eukaryotic homologue of RRF is involved in the mitochondrial but not in the cytoplasmic protein synthesis. RRF is ubiquitously distributed throughout the living organisms except for Archea. Protein synthesis system of Archea is very similar to that of eukaryotes while it does not have mitochondria. Thus, it is understandable that this organism does not have RRF that is not involved in eukaryotic cytoplasmic protein synthesis. Hence, specific inhibitors of the bacterial RRF would not inhibit the eukaryotic cytoplasmic protein synthesis while it inhibits the mitochondrial protein synthesis in the same way as the conventional antibiotics that inhibit bacterial protein synthesis. Inhibition of mitochondrial protein synthesis by conventional antibiotics, such as erythromycin or tetracycline, is known not to cause serious side effects. 
The crystal structure as well as the solution structure of RRF has been solved. It is therefore possible to design computer guided new antibiotics based on these structures. The RRF structure consists of two domains, domain I and II. It has an amazing similarity with the structure of tRNA. Upon inactivation of temperature sensitive RRF, ribosome not only remains on the mRNA, but also starts random translation of the downstream sequence of the mRNA. This is an unscheduled translation of the portion of the mRNA that is not translated normally. For its function, RRF binds to the ribosomal A site. The next step is translocation of the A site bound RRF to the P site by EF-G in an analogous way to the translocation of tRNA on the ribosome. The final step in the disassembly reaction by RRF is the release of EF-G and RRF from ribosomes simultaneous with the release of ribosomes from mRNA. The relative movement of domains I and II of RRF must be important for the last step. Biochemical and biophysical evidence will be presented which support the above mechanism of action of RRF. In addition, influence of mRNA sequence surrounding the termination codon on the behavior of ribosomes in response to RRF will be discussed.
CO-TRANSLATIONAL FOLDING OF FIREFLY LUCIFERASE IN PROKARYOTIC AND EUKARYOTIC TRANSLATION SYSTEMS
Vyacheslav A. Kolb, Aigar Kommer, Maxim S. Svetlov and Alexander S. Spirin

Institute of Protein Research, Russian Academy of Sciences, 142290 Pushchino, Moscow Region, Russia

Folding kinetics of luciferase from Photinus pyralys firefly was recorded by continuous monitoring the enzymatic activity of the protein synthesized de novo in bacterial or eukaryotic cell-free translation systems. Blocking of translation with inhibitors resulted in an abrupt halt of the active luciferase accumulation in both the translation systems, indicating immediate acquisition of native structure by the full-length enzyme released from the ribosome and virtual absence of a post-translational phase in luciferase folding. In contrast, refolding of denatured luciferase was slow in the cell-free translation systems. The conclusion was drawn that the enzyme acquires its native structure co-translationally both in eukaryotic and prokaryotic cytosol.

Inasmuch as only a negligible activity of molecular chaperons was detected in prokaryotic cell extracts, synthesis of luciferase was performed also in translation reactions enriched with active chaperones of both the DnaK and the GroEL families added in excess, together or separately. Blocking of the enzyme synthesis in such systems resulted in the same abrupt cessation of active luciferase accumulation. Thus, no prolongation of the post-translational folding phase was observed in the presence of chaperones, although effectiveness of denatured luciferase refolding increased significantly.

Specific enzymatic activity of the firefly luciferase was found to be equally high, irrespective of whether this protein was synthesized in eukaryotic or prokaryotic translation systems. This indicates the similar effectiveness of co-translational folding in both bacterial and eukaryotic cytosols. Moreover, the synthesis of luciferase in the presence of an excess of molecular chaperones did enlarge neither the yield nor the specific activity of the enzyme, demonstrating a dispensable role of chaperones in co-translational folding. 

STRUCTURE AND REGULATION OF MAMMALIAN INITIATION FACTORS

John Hershey, Chris Fraser, Greg Mayeur and David Freistroffer, Dept. of Biological Chemistry, Univ. of California, Davis, CA  95616, USA

The initiation phase of protein synthesis is promoted by at least 12 initiation factors comprising 28 polypeptides.  These proteins interact with the mRNA, Met-tRNAi and 40S and 60S ribosomal subunits to catalyze formation of the 80S initiation complex.  High resolution structures of many of the initiation factors have been determined, but knowledge of how the initiation factors assemble on the surface of the 40S ribosomal subunit and how they function is for the most part lacking.  We have focused on the largest of the initiation factors, eIF3, which contains 11 subunits.  The mammalian cDNAs and corresponding yeast genes have been cloned, allowing manipulation of the individual subunits.  Attempts to define subunit-subunit interactions by the yeast two-hybrid system, FarWestern blotting and GST pulldowns have given equivocal results, as it appears that a subunit removed from the eIF3 complex is capable of many nonspecific interactions (i.e., it is “sticky”).  A more useful approach has been to express groups of subunits in baculovirus-infected insect cells, then identify and isolate subcomplexes.  A stable core complex containing the a (p170), b (p116), g (p44) and i (p36) subunits forms, but the well-expressed c (p110) subunit associates only poorly (in contrast to the situation in yeast).  Subcomplexes of g+i, g+i+b and i+b also have been identified.  In addition, work in progress shows that k (p28) binds to the core, but j (p35) does not.  eIF4B interacts with the g subunit, but not the a subunit.  Experiments are being carried out to determine if the subcomplexes are capable of binding to 40S ribosomal subunits and/or to eIF4F.

One of the protein kinases that phosphorylate eIF4B has been identified as the rapamycin-sensitive p70 S6 kinase (S6K1), which phosphorylates serine-422.  We speculate that eIF4B may be the relevant target of S6K1 during mitogen stimulation of 5’-TOP mRNA translation.  eIF3 is phosphorylated on at least 4 subunits when serum-starved cells are stimulated by serum.  The hyperphosphorylation correlates with the binding of eIF3 to 40S subunits.  Tagged eIF3 subunits purified from baculovirus-infected insect cells are being used to isolate eIF3 kinases and characterize their specificities.

ALPHA-KINASES: ELONGATION FACTOR 2 KINASE AND ITS NEWLY DISCOVERED RELATIVES

Alexey G. Ryazanov, Department of Pharmacology, UMDNJ-R.W.Johnson Medical School, Piscataway, NJ 08854

Phosphorylation of elongation factor 2(eEF-2) was discovered in A.S.Spirin’s laboratory as a most prominent phosphorylation in animal tissue extracts.  Phosphorylation inactivates eEF-2 and, therefore, represents the mechanism of global protein synthesis regulation at the elongation stage.  Our recent studies of eEF-2 kinase reveal interrelationship between the rate of protein synthesis, protein turnover and aging.  Cloning and sequencing of eEF-2 kinase led to the discovery of a new class of protein kinases unrelated to conventional eukaryotic protein kinases, - alpha-kinases.  In addition to eEF-2 kinase, we identified and cloned five more alpha-kinases in mammals.  Two of them, channel-kinase 1 and channel-kinase 2 represent a novel type of signaling molecule that are ion channels covalently linked to protein kinases.  These proteins are involved in the regulation of calcium influx in mammalian cells.  The other two alpha-kinases, heart alpha-kinase and muscle alpha-kinase are likely to be involved in the regulation of differentiation of heart and muscle cells. 

THE PARTNER OF HUMAN POLY(A) BINDING PROTEIN (PAIP2) REGULATES TRANSLATION

Yuri V. Svitkin, Kianoush Khaleghpour, Avak Kahvejian, Hiroaki Imataka, Guylaine Roy, Andrew W. Craig, and Nahum Sonenberg

Department of Biochemistry McGill University, Montreal, Quebec, Canada H3G 1Y6

The 3’ poly(A) tail and the 5’ cap structure of eukaryotic mRNA cooperate to synergistically enhance translation (1). This effect is mediated by a bridging complex, which is composed of the poly(A) binding protein (PABP), eIF4G, and the cap-binding protein, eIF4E (2). An additional link between the poly(A) tail and the initiation machinery may be provided by a PABP-interacting protein 1 (Paip1), which shares similarity with the central portion of eIF4G (3). Recently we described another PABP-interacting protein (Paip2), which acts as a repressor of translation both in vitro and in vivo (4). In a Krebs-2 cell extract, Paip2 preferentially inhibited translation of poly(A)+, as compared to poly(A)-, mRNA; both cap-dependent and picornavirus internal ribosome entry site (IRES)-dependent mechanisms of translation initiation were sensitive to this inhibition. However, eIF4G cleavage by picornavirus 2A protease, or supplementation of the extract with the eIF4G C-terminal fragment, rendered IRES-directed translation poly(A)-independent and refractory to the inhibition by Paip2. Thus, the eIF4G/PABP-signaling cascade plays a major role in the regulation of IRES activity by the poly(A) tail. Indeed, Paip2 had no effect on translation from hepatitis C virus IRES, which is eIF4G-independent. Evidence will be presented that Paip2 decreases the affinity of PABP for poly(A), and disrupts the repeating structure of the poly(A) ribonucleoprotein. Paip2 contains two binding sites for PABP. However, only the N-terminal PABP-binding domain in Paip2 is responsible for the inhibition of PABP binding to poly(A) and, consequently, for translational inhibition. Taking together, our data show that Paip2 inhibits translation by interdicting PABP function. Paip2 and Paip1 might play important roles in regulating translation initiation in proliferation, development, differentiation, and virus infections.

1. Sachs, A. (2000) in Translational control of gene expression (Sonenberg, N., Hershey, J. W. B., and Mathews, M. B., eds), pp. 447-465, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York

2. Imataka, H., Gradi, A., and Sonenberg, N. (1998) EMBO J. 17, 7480-7489

3. Craig, A. W., Haghighat, A., Yu, A. T., and Sonenberg, N. (1998) Nature 392, 520-523

4. Khaleghpour, K., Svitkin, Y. V., Craig, A. W., DeMaria, C. T., Deo, R. C., Burley, S. K., and Sonenberg, N. (2001) Mol. Cell 7, 205-216

ASSEMBLY AND TRANSPORT OF A SPECIFIC PREMESSENGER RNP PARTICLE

Bertil Daneholt,  Alla Alzhanova-Ericsson, Dimitri Nashchekin, Piergiorgio Percipalle , Om Prakash Singh, Teresa Soop, Xin Sun,  Neus Visa, and Jian Zhao

Department of Cell and Molecular Biology, Medical Nobel Institute, Karolinska Institutet, P.O. Box 285, SE-17177 Stockholm, Sweden

The Balbiani ring (BR) system allows a specific gene and its transcription product to be visualized on the ultrastructural level in the context of the cell. The morphological information can be related to molecular data obtained by biochemical, immunological and molecular genetic approaches. It has been revealed that a well-defined, ring-like  mRNP particle is being formed on the BR gene, that the assembly and disassembly of spliceosomes are rapid and mainly co-transcriptional events, that the BR RNP particle moves from the gene to the nuclear pore in a random manner, that the RNP particle passes through the pore in a highly ordered, multi-step process (binding, specific docking, unfolding, shedding of some proteins, translocation, and initiation of protein synthesis). Specific BR RNA-binding proteins have been investigated, including an essential splicing factor (hrp45), a splicing repressor (hrp23), a transport mediator (hrp36), a cap-binding protein (CBP20), an RNA unwindase (hrp84), and a translational regulator (p40/50). The various proteins bound to the BR RNA show different flow patterns, each related to the functional role  of the protein. It should be emphasized that also BR RNA-associated proteins functioning in the cytoplasm are added to the transcript co-transcriptionally, suggesting that the fate of the transcript is determined to a large extent already at the assembly of the RNP particle on the gene. 

TISSUE-SPECIFIC CONTROL OF IRES-DEPENDENT TRANSLATION

E.V. Pilipenko1,2, T.V. Pestova3,4, E.G. Viktorova2, E.V. Khitrina2, R.P. Roos1, C.U.T. Hellen3, and V. I. Agol2,4
1Dept. Neurology, Univ. Chicago; 2Inst. Poliomyelitis & Viral Encephalitides, Russian Acad. Med. Sci., Moscow; 3Dept. Microbiology & Immunology, State Univ. New York, Brooklyn; 4Moscow State Univ.

Data are accumulating that IRES-dependent initiation of translation may be controlled in a tissue-specific manner. In particular, this notion is supported by studies on dependence of pathogenicity of picornaviruses on the properties of their translational cis-elements. Certain modifications of these elements in poliovirus and Theiler’s murine encephalomyelitis virus (TMEV, GDVII strain) RNAs do not affect markedly reproductive potential of the viruses in standard laboratory cell cultures but result in a severe attenuation of neurovirulence due to a decrease in the capacity of the virus to grow in neurons. By using a reconstructed cell-free system, it is demonstrated that translation initiation mediated by the TMEV IRES requires, in addition to canonical initiation factors, a host protein, the pyrimidine tract-binding protein (PTB) or its neuron-specific form, nPTB. There are several PTB/nPTB-binding sites in the TMEV IRES and several RNA-recognition motifs (RRM) in PTB/nPTB, permitting these proteins to function as RNA chaperons. PTB and nPTB exhibit similar but not identical affinities for the oligopyrimidine motifs. This difference is particularly conspicuous in the case of TMEV IRES containing mutations in the PTB/nPTB binding sites. For efficient function of the latter mutant TMEV IRESes (but not for the wild type IRES), nPTB cannot replace PTB. There is a strong correlation between the altered binding of nPTB to mutant IRESes, the failure of such IRESes to promote efficient translation initiation in the presence of nPTB, and the attenuated phenotype of the respective virus mutants. Thus, a difference in the cellular distribution of IRES-specific transacting factors (ITAFs) may contribute to the difference in the growth potential of TMEV in different cells. Another illuminating example of tissue-specific control of IRES-dependent translation concerns the IRES of foot-and-mouth disease virus (FMDV), which requires, in addition to canonical initiation factors and PTB, another ITAF (ITAF45, Mpp-1), a cell cycle-dependent RNA-binding protein of 45 kDa known to be absent from neurons. Stable binding of eIF4G/4A to the FMDV IRES requires cooperative action of PTB and ITAF45. This additional requirement explains the inability of the FMDV IRES to function efficiently in neurons, which lack ITAF45. The ITAFs that we have identified as well as other similar proteins may be involved in the cell-dependent translation control of a variety of IRES-dependent viruses. Since translation of a subset of cellular mRNAs is accomplished by IRES-dependent initiation, we propose that tissue-specific distribution of ITAFs may contribute to cell differentiation and physiological modulation of cellular properties.

SHUNTING AND CONTROLLED REINITIATION: THE ENCOUNTER OF CAULIFLOWER MOSAIC VIRUS WITH THE TRANSLATIONAL MACHINERY

Hyun-Sook Park, Lyubov A Ryabova, Misha M Pooggin, Kappei Kobayashi, Orlene Guerra-Peraza, Johannes Fütterer*, Thomas Hohn, Friedrich-Miescher-Institute, P.O. Box 2543, CH-4002 Basel, Switzerland and *ETH Zentrum, CH-8092 Zürich, Switzerland


Cauliflower mosaic virus (CaMV) has developed “shunting” and “virus controlled reinitiation” as mechanisms to use its RNA as polycistronic messenger and simultaneously preserve structural RNA elements required for replication. 


Ribosome shunting deviates a scanning/reinitiating ribosome from the center of the 600 nt long leader structure which contains packaging and replication elements. The shunting structure consists of a small open reading frame (sORF A) properly spaced in front of a strong stem structure. After having translated the sORF, ribosomes are shunted around the stem structure and reinitiate at the closest AUG or non-AUG start codon downstream of it. sORF and stem structure are exchangeable, but their spacing is critical. Viral mutants of the sORF start codon revert readily by restoring a start codon at the original or at a second site. CaMV with a hybrid leader including stem structures from rice tungro bacilliform virus, a different plant pararetrovirus, is viable, although the hybrid leader becomes modified upon selective pressure. An 18S ribosomal RNA binding element [Yueh and Schneider, Genes & Devel 14(2000)414] can also be employed to shunt the CaMV leader, although by a different mechanism.


CaMV polycistronic translation is controlled by the translation activator of the virus (TAV). Reinitiation after sORF translation is a common mechanism. However, becomes very inefficient after large ORF translation, unless a factor like TAV is present. TAV is a multifunctional protein; it enhances also shunting, is responsible for transporting the proteins translated from original and transgenic virus RNA into the interior of the inclusion body it forms, interacts with the viral capsid protein and is essential for efficient reverse transcription. TAV has affinities for dsRNA, ssRNA and DNA-RNA heteroduplexes. 


A yeast two-hybrid method applied to an Arabidopsis cDNA library was employed to characterize TAV-protein interactions. A protein related to the yeast Uso-1 transport protein was identified, as well as subunit g of eIF3 and subunit L24 of the 60S ribosome. L24 competes with eIF3g for the same TAV binding site, but neither with the Uso1-like protein nor the ribosomal protein L18, another TAV interacting protein detected by others [Leh  et al., Virology 266(2000)1]. In agreement with these findings, TAV binds also to the complete 60S ribosome and to the complete eIF3. In transfected plant protoplasts, eIF3g inhibits translation of the second ORF of a reporter RNA, probably because the subunit competitively inhibits the complete functional factor. On the other hand, addition of L24 to the system strongly enhances second ORF translation. 

ROLE OF A PLANT VIRUS-CODED MOVEMENT PROTEIN AND COAT PROTEIN IN REGULATION OF VIRAL RNAs TRANSLATION

Joseph G. Atabekov, Nina P. Rodionova, Olga V.Karpova, and Stanislav V. Kozlovsky, Department of Virology of Moscow State University, Moscow 119899

The cell-to-cell translocation of the plant virus genome via plasmodesmata (PD) is mediated by one or more virus-coded movement proteins (MPs) and, not infrequently, by the coat protein (CP). Different viruses use distinct strategies for coding intercellular movement. In particular, the movement of TMV is mediated by the 30K protein encoded by a single gene, whereas the potato virus X (PVX) (filamentous, flexible virus) requires the products of the CP gene and three overlapping MP genes (triple gene block, TGB) designated as TGBp1, TGBp2 and TGBp3, respectively. Polyfunctional TMV 30K MP modifies the PD permeability (increases the size exclusion limit, SEL, of PD), interacts with PD receptors, binds RNA in sequence-independent manner. TMV RNA and MP form an extended linear RNP complexes, differing from virions, which serve as a transport form of infection. Therefore, it should be targeted to and translocated through PD and it obviously should be translatable being exported into the healthy cell.

We found that MPs of tobamoviruses are efficient translational repressors: the MP-TMV RNA complexes formed at the MP:RNA molar ratios of 75:1 and more were nontranslatable in vitro and noninfectious to isolated protoplasts. However, they were infectious to intact plants, suggesting that they could be converted into the translatable and replicatable form in planta. It was shown that phosphorylation of the TMV MP either before or after RNP formation converted nontranslatable MP-RNA complexes into a form that was translatable in vitro and infectious to protoplasts and plants. 

Contrary to TMV, the genomic RNA of PVX moves through PD as assembled virions, which most probably play a role of transport form in PVX infection. Therefore, a cellular mechanism should exist that renders encapsidated PVX RNA accessible to ribosomes. The phenomenon of “cotranslational disassembly” of encapsidated RNA reported for many positive strand RNA viruses appeared to be nonfunctional with PVX. However, two new mechanisms of translational activation of PVX RNA were revealed. 

Firstly, we found that the PVX-coded 25K TGBp1 MP is a potent translational activator: PVX virion RNA could be converted into a fully translatable form after interaction of PVX particles with the TGBp1. The 25K TGBp1 of PVX increases the PD SEL, has weak RNA-binding properties and has ATPase activity; however, the TGBp1-PVX complexes formation was ATP-independent. Using IEM it was shown that TGBp1 molecules bound selectively to only one extremity of the viral particle (that presumably contains the 5’ end of RNA). Evidently, the TGBp1-triggered mechanism of PVX remodeling can operate only at the level of progeny particles, but not in the early events of infection when TGBp1 has not been yet produced.

Secondly, translational activation of PVX RNA could be achieved by in situ phosphorylation of the PVX CP by Ser/Thr specific protein kinases (PKs). Phosphorylation induced a considerable conformational changes in PVX CP. The evidence is presented indicating that the mechanism of translational activation of PVX RNA by phosphorylation of the N-terminal Ser/Thr rich region of PVX CP operates in vivo. The results show that the cellular PK(s) and the PVX-coded TGBp1 convert PVX virion RNA into a translatable form using different domains of the PVX CP for their activities (phosphorylation and complex formation, respectively).

A model is proposed in which two different mechanisms of translational PVX RNA activation (remodeling) in vivo are involved: phosphorylation of the N-terminal region of the CP by cytoplasmic PK(s) renders PVX RNA translatable in primary inoculated cells, whereas, translational activation of progeny virions destined for plasmodesmata trafficking is triggered by TGBp1. It is not ruled out that both mechanisms operate concurrently.

REGULATORY AND STRUCTURAL STUDIES OF E. COLI and A. AEOLICUS RIBOSOMAL PROTEIN L20

M. Guillier1, F. Allemand1, S. Raibaud2, A. Rak3, I. Lebars4, C. Chiaruttini1, M. Garber3, Y. Timsit1, F. Bontems4, F. Dardel2 and M. Springer1
1IBPC, 13 rue Pierre et Marie Curie, 75005 Paris, France; 2Faculté de Pharmacie, avenue de l’Observatoire, 75006 Paris, France; 3Institute of Protein Research, Pushchino, Russia; 4Laboratoire de RMN, Ecole Polytechnique, Palaiseau, France


The IF3 operon of E.coli consists of three genes: infC, rpmI and rplT, encoding translation initiation factor 3 (IF3), ribosomal proteins L35 and L20, respectively. The expression of the two ribosomal protein genes is negatively regulated at the translational level by the cellular concentration of L20. L20 represses the expression of the L35 gene directly and indirectly represses that of its own gene via translational coupling. We have previously shown that the cis-acting region essential for L20-mediated repression (the translational operator of L35 gene) extends over 350 nucleotides, upstream of the L35 gene. This exceptionally long operator contains a pseudoknot bringing together two distant regions of the operator (1). The nucleotides forming the 5' strand of the key stem of the pseudoknot are located within the gene for IF3, whereas those forming the 3' strand are located 280 nucleotides downstream, adjacent to the Shine-Dalgarno sequence of the gene for L35. Our current working model postulates that, in the presence of L20, the pseudoknot forms and blocks translation.


Chemical modification experiments have recently shown us that L20 from Escherichia coli (Eco L20) protects nucleotides not only within the pseudoknot, but also in an additional region located between the upstream and the downstream sequences involved in the long-range interaction that forms the pseudoknot. We have shown that mutations introduced in this newly characterised region decrease control. A model explaining how this region affects the formation of the pseudoknot and thus L20-mediated repression will be presented.


L20 is strictly eubacterial and no equivalent has been found either in archaea or in eukaryotes. It is one of the ribosomal proteins for which no structure is yet available. Although L20 is known to be located on the back side of the large subunit, it has not been identified on the 3D structure of Thermus thermophilus 70S ribosomes. To determine its 3D structure, we have purified L20 from Aquifex aeolicus (Aae L20). We showed that Aae L20 is capable of performing the main functions of its E. coli ortholog in vivo. First, the Aae L20 gene can complement an E. coli rplT deletion. Second, AaeL20 is able to repress the translation of E. coli L35 expression. We also showed that Aae L20 behaves essentially the same way as Eco L20 in in vitro experiments. First, Aae L20 protects the same regions of the operator as Eco L20 against chemical modification. Second, upon binding to the operator, both proteins promote pausing of elongation by reverse transcriptase at the same nucleotides. With these results in mind, we have crystallised the Aae L20 protein and decided to solve its 3D structure using both X-ray crystallography and heteronuclear NMR. The structure of a part of the protein will be presented.

(1) Chiaruttini, C., Milet, M. and Springer, M. (1996) EMBO J. 15, 4402-4413

HIGH CELLULAR LEVEL OF ELONGATION FACTOR Tu AND A NEW STRATEGY OF TRANSCRIPTION REGULATION OF ITS ENCODING tuf GENE IN BACILLI

Jiří Jonák, Libor Krásný, Zbyněk Černý, and Vladimír Fučík, Laboratory of Protein Biosynthesis, Institute of Molecular Genetics, Academy of Sciences of the Czech Republic, Flemingovo n. 2, 166 37 Prague 6, Czech Republic

A great effort has been already made to decipher the regulation of expression of the most abundant protein in bacteria, elongation factor Tu, but it is still unclear how it is controlled. In Escherichia coli, by far the most studied organism, this is further complicated by the fact that there are two separate tuf genes coding for EF-Tu. In Bacillus stearothermophilus, similarly to Escherichia coli, the molar ratio between elongation factor Tu (EF-Tu) and elongation factor G (EF-G) is about 10:1 despite the fact that genes coding for both proteins are organized in the same transcriptional unit, streptomycin (str) operon and there is only one tuf gene in B. stearothermophilus. Two promoters were identified to control transcription of the tuf gene coding for EF-Tu in B. stearothermophilus: (i) strp, the main operon promoter, situated at the 5’ end of the operon and (ii) tufp, an additional promoter, situated within the operon, upstream of the tuf gene. The strp directs transcription of a polycistronic mRNA mediating synthesis of all five proteins coded by the operon genes, including those for EF-Tu and EF-G. The tufp directs transcription of a monocistronic tuf mRNA mediating synthesis of EF-Tu only. Northern blotting experiments revealed that tuf mRNA is present in the cell in at least one order of magnitude higher concentration than the polycistronic mRNA and a similar scheme was found to exist also in Bacillus subtilis [Krasny et al., J. Mol. Biol. 283 (1998) 371-381]. In complete agreement with this finding it was demonstrated in CAT assays that the strength of the tufp promoter region of B. stearothermophilus to initiate transcription is (in contrast to E. coli) about 10 times higher than that of the strp promoter region. The difference in the activity was found to be mainly due to two oppositely acting cis-elements, situated upstream of the tufp and strp: an A/T rich block stimulated activity of the tufp about three-fold whereas an upstream region of the strp suppressed its activity about two-fold. Futhermore, tufp in its core form was about twice as active as strp in this form. These findings indicate that B. stearothermophilus, in contrast to E. coli, employs the straightforward strategy of achieving the high expression of EF-Tu simply by upregulating transcription of the tuf gene and downregulating the transcription of the other genes of the str operon. This new strategy, differential transcription, may also function in B. subtilis and B. halodurans, since they have almost identical organization of the str operon with B. stearothermophilus. Sequencing of str operons of more bacilli will reveal whether this scheme might be common to most of them.

A NOVEL STRESS-RESPONSE PROTEIN THAT INHIBITS TRANSLATION AT THE AMINOACYL-tRNA BINDING STAGE

Dmitry E. Agafonov, Vyacheslav A. Kolb, and Alexander S. Spirin, Institute of Protein Research, Russian Academy of Sciences, Pushchino, Moscow Region, Russia 142290
Surface labeling of Escherichia coli ribosomes with the use of the tritium bombardment technique has revealed a minor unidentified ribosome-bound protein (spot Y) that is hidden in the ribosome and becomes highly labeled upon dissociation of the 70S ribosome into subunits [Agafonov, D.E., Kolb, V.A., & Spirin, A.S. (1997) Proc. Natl. Acad. Sci. USA 94, 12892-12897]. Its gene was identified as yfia, an open reading frame located upstream the phe operon of E. coli. This protein of 12.7 kDa was isolated and characterized. An affinity of the purified protein Y for the 30S subunit, but not for the 50S ribosomal subunit was shown. The protein proved to be exposed on the surface of the 30S subunit, whereas the attachment of the 50S subunit resulted in shielding the protein Y. This suggests the protein location at the subunit interface of the 70S ribosome. The protein was shown to stabilize ribosomes against dissociation.

Ribosomes from the bacterial cells growing at a normal physiological temperature contain no pY, whereas the temperature downshift results in the appearance of the protein in the ribosomes. The protein also appears in the ribosomes of the cells reached the stationary phase of the growth at a physiological temperature. Our experiments with cell-free translation systems demonstrate that the protein inhibits translation at the elongation stage by blocking the binding of aminoacyl-tRNA to the ribosomal A site. Accordingly the protein was named as ribosome-associated inhibitor A (RaiA) and its ORF yfia was renamed to RaiA. The function of the protein in adaptation of cells to environmental stress is discussed.

REGULATION OF PROTEIN SYNTHESIS IN PLANTS 
Bulat K. Iskakov, Naila S. Polimbetova, Saule Sh. Zhanybekova, Rashid Zh. Akbergenov, Serik M. Shaikhin

Laboratory of Protein and Nucleic Acids Research, Institute of Molecular Biology and Biochemistry, Kazakh Academy of Sciences, 

86, Dosmukhamedov St., 480012, Almaty, Kazakhstan

Influence of cis- and trans-acting factors controlling mRNA translation efficiency in plants is studied worse than in animals. Several lines of evidence suggest that the factors responsible may be contained not only in cis within the leaders and trailers of mRNAs, but also in trans as part of the translational machinery. 

Although in general the main pathways of mRNA biogenesis and translation are similar for all eukaryotic cells, recent studies have demonstrated that there may be substantial differences in regulatory mechanisms operating in different cell types. Thus plant translation factors differ from their mammalian analogs by structure and are not interchangeable in heterologous cell-free systems. 

In our laboratory it was shown that plant cells appear to lack in control mechanisms by reversible phosphorylation of translation initiation factor 2 (peIF2) and elongation factor 2 (peEF2) that were well demonstrated to operate in mammalian cells. 

At the same time in wheat germ cytoplasm we detected 45S RNP particles that were identified as functional equivalent of 48S translation preinitiation complexes accumulating in vivo to a substantial amount by reasons yet unknown. In the composition of these complexes we have found a discrete small RNA (5.3S RNA, 134 base-long), the amount of which increased 5-6 times under heat shock conditions. We have found that isolated 5.3S RNA selectively and tightly binds factor peIF2 through its (-subunit. Moreover, exogenously added to cell-free system 5.3S RNA (but not 5S or 5.8S rRNAs) was able to selectively inhibit translation of different reporter mRNAs. These data suggested that 5.3S RNA may be involved in translational control in wheat germ system at least under heat shock conditions. 

To elucidate the origin of 5.3S RNA it was cloned (by RT-PCR) and sequenced. Data Bank search revealed that 5.3S RNA is a specific 5’-terminal fragment of plant 18S rRNA the first 20 nucleotides of which may participate in formation of “central pseudoknot” (“CP”) which was shown to be important for translation initiation could be completed by joining of large ribosomal subunit. We noted that the loop (pos. 9-15) of the first hairpin of 18S rRNA (and hence of 5.3S RNA) may form not only the “CP” with the central domain of 18S rRNA (pos. 1146-1149), but also a so called “5’-3’ pseudoknot” (“5’-3’-P”) with the 3’ domain (pos. 1803-1809). So 18S rRNA (and hence the small ribosomal subunit itself) may exist in two alternative conformations: a “CP”-conformation which is important for initiation of translation and “5’-3’”-conformation that may be important for elongation. Using the synthetic oligoRNAs imitating the structure of the first hairpin of 18S rRNA we have shown that only those of them which possessed complementarity to 3’-end of 18S rRNA were able to inhibit translation of different reporter mRNAs. 

Also we have demonstrated that complementarity between mRNA 5’-UTR with another internal region of 18S rRNA may enhance its translation efficiency. 

Thus, these data demonstrate that switch in conformation of 18S rRNA as well as its partial base pairing with mRNA may constitute important points of translational control. 

COST-EFFECTIVE CELL-FREE PROTEIN SYNTHESIS

James R. Swartz, Dong-Myung Kim, Nathalie Michel-Reydellet, Jim Zawada and Michael Jewett Department of Chemical Engineering, Stanford University, Stanford, CA 94305-5025

Cell-free protein synthesis offers many potential advantages for economical, efficient and multi-plexed protein production.  All of the cellular resources can be harnessed to make a single protein product.  Direct access to the reaction is gained since the cell-wall barrier has been removed, and the product is directly accessible.  Finally, increased control of reaction kinetics and environmental conditions allows the proper folding of even complex proteins containing disulfide bonds.  This capability potentially allows the continuous, on-line isolation of the bioactive proteins in relatively pure states.

BioPro Designer™ software has been used to evaluate potential process costs.  One barrier to economical cell-free protein synthesis has been unreliable process performance caused by variation in cell extract quality.  We are addressing that as well as process cost by developing a well-controlled, high-density, defined medium fermentation.  We are also examining the expression of a number of proteins in order to identify fundamental limitations and to develop methods for general success.

However, the major barrier to low-cost production has been the cost of the reaction substrates, especially the secondary energy source (often phosphoenol pyruvate) required to regenerate ATP.  We have developed new ATP regeneration schemes to allow the use of much cheaper substrates such as pyruvate or glucose-6 phosphate.  The potential use of nucleoside mono-phosphates instead of the tri-phosphates as mRNA substrates also reduces costs.  Just as importantly, we have significantly increased protein yields by avoiding deleterious side reactions, by using condensed cell extracts, and by employing scalable bioreactors.

Of course, one major cost and process integration goal is to produce properly folded proteins directly from the cell-free reaction.  Our first model protein, human lymphotoxin, contains no disulfide bonds, but normally forms aggregates.  The addition of the chaperonins, DnaK, DnaJ, and GrpE, significantly improved both solubility and the recovery of active protein.  Our next model, the protease portion of murine urokinase, contains six disulfide bonds.  We showed that protein synthesis proceeded efficiently under the oxidized conditions required for disulfide bond formation.  However, the reaction mixture rapidly reduced the standard redox buffer, a mixture of oxidized and reduced glutathione.  Mutants in the normal reduction pathway did not stop this reduction, but treatment of the cell extract with 2mM iodoacetamide was effective.  With this modification and the addition of DsbC, 40µg/ml of bioactive urokinase protease was synthesized in a simple batch reaction.

These results now open the potential for economical and continuous production of properly folded, complex mammalian proteins.  Clearly, yields must still be increased and we are proceeding with a variety of approaches.  We are also beginning to explore simple methods such as filtration and centrifugation for the on-line isolation and initial purification of products from the reaction mixture.  Early results with affinity adsorption suggest high yields and purity from simple purification protocols.  Taken together, these results suggest that cell-free protein synthesis is an attractive alternative for large-scale, cost-effective protein production.

GENUINE CELL-FREE PROTEIN-SYNTHESIZING SYSTEM RECONSTITUTED WITH PURE COMPONENTS
Takuya Ueda1, Akio Inoue1, Yukihide Tomari2, Midori Kaida1, Ryoko Baba1 and Yoshihiro Shimizu2, 1 Department of Integrated Biosciences, Graduate School of Frontier Sciences, 2Department of Chemistry and Biotechnology, Graduate School of Engineering, The University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo 113-8656, Japan.

Thirty-one protein factors involved in E.coli translation system were expressed as his-tag fusion forms in E.coli cells and purified to homogeneity. These factors including IF, EF, RF, RRF and aminoacyl-tRNA synthetases were highly active judging from in vitro assay systems. Transcription/translation coupled cell-free translation system was reconstructed using these factors, ribosome, tRNAs and T7RNA polymerase, and appeared to be able to produce more than 0.1 mg DHFR protein with proper length per 1 ml reaction depending on template DNA. We named this translation system as PURE system (Protein–synthesizing using recombinant elements). The  lysozyme, GFP, and T7 gene10 were produced more than 100 g in 1ml reaction in one hour. The enzymatic activities of DHFR, lysozyme, and GFP were examined and it turned out that these proteins were actually synthesized as active forms.

Based upon the advantage that most of components in the PURE system exist as his-tag form, we designed purification process. After reaction termination, ribosome was firstly removed by ultrafiltration using membrane with a cut-off of 100kDa. Subsequently, his-tagged components were eliminated by passing through the Ni2+-column. The purity of product was analyzed by SDS-PAGE and we observed highly purified DHFR. These procedures used in purification are mild for proteins and are completed within a few hours including protein-synthesizing reaction. Moreover, target protein can be expressed and purified as a native form without any tag in the PURE system.

We subtracted RF1 from the PURE system. Using the DHFR template with codon UAG at position of the 37th amino acid, suppression efficiency of UAG codon was examined using the PURE system in the absence of RF1. The peptide synthesis was expected to be terminated at UGA codon by RF2. It turned out that codon UAG was efficiently translated in the presence of UGA-specific suppressor tRNA. Thus, the PURE system is able to insert an amino acid corresponding to a particular termination codon, suggesting to be highly applicable for synthesizing protein with unnatural amino acid. 

Because the slight nuclease activities originated from ribosome were observed in the PURE system, we constructed the PURE system containing human placental RNase inhibitor and tm RNA. In this system, the productivity of the protein was increased 50% and durability of peptide synthesis was elongated to 3 hours even in the batch system. These supplemental systems will be useful for the improvement of the PURE system.

RECENT ADVANCES IN THE CELL-FREE PROTEIN SYNTHESIS SYSTEM

Tatsuya Sawasaki, Kairat Madin, Tomio Ogasawara, and Yaeta Endo
Department of Applied Chemistry Faculty of Engineering, and The Venture Business Laboratory, Ehime University, Matsuyama 790-8577, Japan
Materialization of genetic information is an essential step toward modern biology in both basic and applied fields today. We reported a novel system for a high-throughput screen as well as for massive production of gene products which is based on the wheat germ cell-free translation system we had developed. Electron microscopic examination revealed in vitro formation of large and circular-helical polysomes, indicating that the system retains its ability close to those in intact cells. The methodology consists of additional developments; 1) optimization of structures of the 5’- and 3’- UTRs of mRNA without using 7mGpppG and poly(A)-tail, 2) design of primers for generating transcription templates by PCR directly from E. coli cells carrying cDNAs, and 3) construction of a cell-free expression vector specialized for massive production of proteins. Based on the methods developed we could show that the system has a high performance for materialization of genetic information directly from the cDNA library and discuss its possible application in the post-genome era.

Shigeyuki Yokayama

Wolfgang Mutter

POTYVIRUS GENOME EXPRESSION IN HETEROLOGOUS CELL SYSTEMS

Wlodzimierz Zagorski
HOW DOES THE RIBOSOME WORK?

The Line from RNA Base Composition to Ribosome Structural Mobility

Alexander S. Spirin

Institute of Protein Research, Russian Academy of Sciences,
Pushchino, Moscow Region, Russia

Early comparative studies of base compositions of nucleic acids in different bacterial species demonstrated that, whereas DNA is strongly variable, the total cellular RNA contains both a variable DNA-like fraction and an evolutionary conservative bulk [1]. Later the major conservative fraction of RNA was shown to represent mainly the RNA of ribosomes, whereas the DNA-like fraction was identified as mRNA.


The ribosomal RNAs were isolated and shown to be covalently continuous, high-polymer polynucleotide chains [2, 3]. From physical studies of the high-polymer RNAs two basic principles of their macromolecular structure were formulated: (a) formation of intrachain short double helices (secondary structure), and (b) compact folding (tertiary structure) [3-5]. At the same time, drastic switches between conformations depending on physico-chemical conditions were experimentally observed, and the conformational mobility was stated as a characteristic feature of RNA macromolecules.


The conformational studies of RNA were logically developed into investigations of structural transformations of ribosomes [6]. Ribosomes dissociate into two unequal compact subunits upon lowering Mg2+ concentration and in high concentrations of monovalent cations. Two types of further structural transformations of the ribosomal subunits were discovered: (a) the reversible disassembly into RNA and individual ribosomal proteins under very high ionic strength (e.g., in 6 M CsCl), with the conservation of the compact state of the RNA core [7, 8] (see also [9]); (b) the unfolding into a swollen particle and then a ribonucleoprotein strand, without loss of proteins, upon removal of Mg2+ and progressive lowering ionic strength [10, 11]. These findings led to the first experiments on reconstitution of ribosomes [8, 12, 13] and the demonstration of self-folding of two ribosomal RNAs into specifically shaped compact cores [9, 14, 15].


The structural mobility of ribosomal RNA and ribosomes in vitro became a physical basis for the conception of functional intraribosomal movements during translation. The model of intersubunit mobility was proposed to explain the translocational movement of tRNA and mRNA on the ribosome [16, 17], and later the first physical evidence of a conformational alteration of the ribosome (increase of radius of gyration) as a result of translocation was presented [18-20]. Along with the intersubunit movement, a large-block mobility within the small (30S) subunit during translocation was suggested [21]. 


Studies of EF-G-independent (“non-enzymatic”) translocation and factor-free translation demonstrated that all principal mechanisms of the translational dynamics are inherent to the ribosome, rather than introduced by additional protein factors, such as EF-Tu and EF-G [22]. The elongation factors were considered as GTP-dependent catalysts of the spontaneous (downhill) non-covalent reactions, namely aminoacyl-tRNA binding and translocation, that are mechanistically accomplished by the ribosome itself [23, 24]. The concept of the ribosome as a molecular machine was developed: (a) instead of a mechanical “motive force” or a mover in macro-machines, the thermal motion at the molecular level is sufficient to provide spatial displacements and movements of domains and ligands, and (b) selection and fixation of proper conformational states by ligands (substrates, products and factors) ensure the ordering of the elongation cycle process. 


Probing the ribosomal surface with hot tritium bombardment technique [25, 26] showed significant changes of the ribosome depending on the functional state. A shielding of vast surface areas on both the large and the small ribosomal subunits was observed in response to EF-G binding, this being interpreted as a loving tight embrace of the ribosomal couple (Agafonov et al., uublished).
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18S rRNA-COMPLEMENTARITY IN THE 5’-UNTRANSLATED REGION OF mRNA MAY ENHANCE ITS TRANSLATION EFFICIENCY IN PLANTS.

Rashid Zh. Akbergenov1, Saule Sh. Zhanybekova1, Ruslan V. Kryldakov1, Naila S. Polimbetova1, Thomas Hohn2, Bulat K. Iskakov1

1Laboratory of Protein and Nucleic Acids Research, Institute of Molecular Biology and Biochemistry, Kazakh Academy of Sciences, 86, Dosmukhamedov St., 480012, Almaty, Kazakhstan; 2Friedrich Miescher-Institut, P.O.Box 2543, CH-4002 Basel, Switzerland 

The mechanism of eukaryotic translation initiation supposes binding of 40S ribosomal subunit to mRNA near its 5´-cap structure by means of cap-binding factors. At the same time numerous data demonstrate interaction of 40S subunit not only with the cap-site of mRNA 5´-untranslated region (5’-UTR) but also within its cap-distal segments. The later kind of binding may be relatively cap- or cap-binding-factor-independent. The 5’-UTRs of specific plant viral and cellular mRNAs are able to act as translational enhancers (TE) especially under different stress conditions. Some of them were well characterized, however mechanisms of their functioning are still unknown. 

When analyzing the nucleotide sequences of different TE 5’-UTRs of plant viral and cellular mRNAs we noted their complementarity to the internal region of plant 18S rRNA in the interval from 1090 to 1135. Such complementarity might serve as a means for attracting 40S ribosomal subunits that may explain in part their TE-ability. 

To experimentally verify this idea we designed six mRNAs each coding for bacterial (-glucuronidase (GUS) and differing only by the structure of their 5’-UTRs. All 5’-UTRs were of 41-base in length, differing only by 10-nucleotide inserts in the middle, that were complementary to sequential adjacent domains of 18S rRNA (positions from 1082 to 1134) with 10-base increment. The mRNA with random 41-base long 5’-UTR served as a control. Using wheat germ (WG) cell-free system we have demonstrated that mRNAs with the inserts complementary to 18S rRNA in the regions 1105-1114 ([1105-1114]-GUS) and 1115-1124 ([1115-1124]-GUS) were translated most efficiently exceeding the control by 3 times. Four linked copies of insert (4x[1115-1124]-GUS) enhanced translation of reporter mRNA even better than well-studied natural TE-5’-UTRs of tobacco mosaic viral (TMV) and potato Y-viral (PVY) genomic RNAs. 

Sucrose gradient analysis have demonstrated that TE-ability of synthetic 10-base inserts well correlate with their ability to bind high-salt-washed WG 40S ribosomal subunit, indicating interaction to occur without assistance of initiation factors. 

It is known that 5’-UTRs of TMV and PVY genomic RNAs are able to support high levels of mRNA translation at elevated temperature (heat shock, HS) when cap function is disrupted. We also tested the ability of synthetic 5’-UTRs to support translation under HS-conditions and have demonstrated that the mRNA 4x[1115-1124]-GUS was well translated at elevated temperature while the control mRNA was not. 

Thus, for the first time for plant systems we have demonstrated that the complementarity between mRNA 5’-UTR and internal (1100-1130) region of 18S rRNA may constitute a mechanism of 43S preinitiation complex joining to mRNA without assistance of cap-binding translation factors. Such a mechanism implies the defined region(s) of 18S rRNA to be exposed and accessible for complementary interaction with mRNA 5’-UTR. The extent of complementarity should not be too high (about ten base pairs with six G:C pairs) and multiple copies of complementary modules may increase the probability of recruiting 40S subunits. This mechanism may not only partially explain the TE-ability of specific plant viral and cellular 5’-UTRs but also allows to artificially construct efficiently translatable mRNAs that could be selectively translated under different stress conditions. 

INTERACTIONS OF ANTIBIOTIC TETRACYCLINE WITH E. COLI RIBOSOME
Maria M. Anokhina1, Irina S. Alpeeva1, Vera A. Spiridonova2, Eugeny N. Dobrov2, Tsezi A. Egorov3, Brigitte Wittmann-Liebold4, Knud H. Nierhaus5, and Alexei M. Kopylov1, 1Chemistry Department and 2A.N. Belozersky Institute of Physical Chemical Biology, Moscow State University, 119899 Moscow, and 3Institute of Bioorganic Chemistry, Russian Academy of Sciences, Moscow, Russian Federation. 4MDC for Molecular Medicine, Berlin-Buch and 5Max-Planck-Institut for Molecular Genetic, Berlin, Germany.

Tetracyclines (Tc) are commonly used highly commercialized group of antibiotics with a broad spectrum of activities. Tc bacterial sensitivity is mainly due to the inhibition of protein biosynthesis; the main target of Tc is the ribosome. From functional point of view Tc is known to block bacterial protein biosynthesis by inhibiting aminoacyl-tRNA binding to the ribosome at the A-site. From a thermodynamic point of view, nothing but early occasional attempts were made. The structure of Tc binding site on the ribosome is not clear yet. Earlier, Cooperman et al, and Barta et al, using large excess of Tc over ribosome made a direct photo-activated affinity modification and revealed, that Tc was able to react with proteins, including S7, 16S rRNA-binding site of S7, as well as 23S rRNA. On the other hand, a genetic analysis has demonstrated that Tc resistant mutations indeed are located in 16S rRNA, but not at S7 binding site. Taking these data into consideration the discrepancies could be explained as artifacts of not adequate conditions of modification.

Recently, Ramakrishnan et al. have solved a crystal structure of the T. thermophilis 30S ribosomal subunit with bound Tc at about 9 Å resolution. They have revealed two Tc binding sites: the primary one is located around helixes H31, H34 of 16S rRNA, and proteins S13, S10, S3; the second one is located around helixes H11, H27 and protein S12. Using the same approach, Yonath et al. have revealed six Tc binding sites at 4.2 Å resolution. Two of them coincide with the previous sites, others are helixes H28, H29, H40, H43 and proteins S4, S9, S7. And again, the ambiguity of the results could be a consequence of the condition of the complex formation. 

To solve Tc binding puzzle we have revitalized a direct photo-activated affinity modification approach, paying a special attention for optimizing parameters of ribosome - Tc complex formation. A study of pseudo-equilibrium binding of Tc with 70S ribosome, 30S and 50 subunits has been performed by nitrocellulose filter-binding assay. The main problem to be overcome is a discovered by us an ability of Tc for non-specific binding with the ribosome. Nevertheless, a high affinity Tc binding site on the 30S ribosomal subunits has been detected, while 50S subunit does not have any. Tc binding constants of 70S ribosome and 30S subunit are similar, though Tc binding level for 30S subunit is higher than that for 70S ribosome. 

To identify 30S proteins, which are in a contact with a specifically bound Tc, we have performed a photo-activated affinity modification of 30S subunit by 7-[3H]-Tc using DRSH-250 Hg arc lamp, emitting mainly at 366 nm. After irradiation the proteins were separated by RP-HPLC chromatography and the radioactive fractions were sequenced by micro-sequencing and mass spectrometry. It turned out that two fractions were labeled, having sets of the proteins: 1st – S12, S21, 2nd – S9, S6 and S5.

Combining all up-to-date data we could assume that Tc modifies proteins S12 and probably S9. The more detailed protein analysis is currently under performance.

The work is supported by RFBR 01-04-48643, RFBR-OEAD 01-0402007, Univ. of Russia 992185, and DAAD.

Study of the interaction between SRP and the ribosome of E.coli
Olga N. Avdeeva1, Alexandr G. Myasnikov1, Petr V. Sergiev1, Alexey A. Bogdanov1, Richard Brimacombe2, Olga A. Dontsova1

1 - Department of Chemistry, Moscow State University, Moscow, Russia

2 - Max-Planck Institut für Molekulare Genetik, Berlin, Germany

Co-translational transport of proteins through the cell membrane is essential for the cell viability. After the synthesis of a short signal peptide on the ribosome it is recognized by SRP – a ribonucleoprotein particle, responsible for the guiding of the ribosome to the specific membrane receptors. In E. coli SRP consists of 4.5S RNA and Ffh protein. After interaction of SRP with the ribosome the translation is blocked as it was well documented for eukaryotes but was not proved for prokaryotes. In contrast to the SRP interaction with its membrane receptor, which is well-characterized, the way it interacts with the ribosome is a matter of only indirect and controversial observations.

To obtain the ribosome-SRP complex, the E. coli strain has been transformed with the plasmid producing a fragment of Ffh protein, which lacks the domain responsible for the receptor binding. A dimer of S. aureus protein A Z-domains has been fused to the C-terminus of the protein as an affinity tag, separated from the Ffh protein part by a linker, cleavable by TEV protease. After induction of expression of the mutant protein the complexes of the ribosome with the mutant SRP accumulate in the cell. They were isolated from the cell lysates using affinity chromatography. The footprinting analysis showed that tRNAs occupy A- and P-sites at the 50S ribosomal subunit. Thus SRP blocks the translational process at the stage of translocation. The work is now in progress.

Study of Translation Initiation in Yeast using DNA Microarrays

Julie Baron-Benhamou, Thomas Preiss, Matthias W. Hentze

European Molecular Biology Laboratory, Gene Expression Programme, Meyerhofstrasse 1, 69117 Heidelberg, Germany

The mRNA cap structure is bound by either the nuclear (CBC) or the cytoplasmic (eIF4F) cap binding complex. Following mRNA export, CBC must be exchanged for eIF4F in the cytoplasm. It is not known how this exchange occurs or how this remodeling event is integrated with mRNA function. It has been recently shown that CBC can interact with eIF4G, bridging factor belonging to the eIF4F complex. We now would like to address the question of a role of the nuclear cap binding complex in translation in vivo in yeast Saccharomyces cerevisiae. For this purpose, we make use of yeast strains expressing as a sole source of eIF4G either a wild type form of the protein or mutant forms where interactions with other critical factors are affected. A combination of DNA microarrays with density gradient centrifugation would allow us to identify mRNAs differentially associated with polysomes. 

RAPID TRANSLATION SYSTEM (RTS): A HIGH THROUGHPUT CELL-FREE PROTEIN EXPRESSION SYSTEM 

Thomas Hoffmann, Cordula Nemetz, Thomas Metzler, Manfred Watzele, Frank Wedekind, Bernd Buchberger and Wolfgang Mutter

Roche Diagnostics GmbH, Nonnenwald 2, D-82372 Penzberg, Germany

Accelerated by the tremendous progress of worldwide genome projects the scientific focus increasingly shifts from the level of genes to the physiological role of the gene product. In order to assign function to the fast growing number of newly discovered open reading frames the proteins have to be synthesized from their corresponding cDNA. However, being a major drawback, no universally applicable approach for fast and convenient expression exists until now. A major drawback of cell based protein expression methods is the necessity of very time consuming cloning steps to optimize expression rates and functional activity of proteins by using different species and cell lines for expression.

In contrast, cell-free protein expression can be performed directly from a linear, PCR-generated template. In combination with highly productive lysate systems from E. coli substantial amounts of protein can be synthesized in small volume in a highly parallel manner. This experimental set-up could be used for target screening, expression optimization or systematic modification of proteins. The method has been adapted to 96-well format and can be subsequently combined with standard methods for functional or structural analysis.

As an example we demonstrate the statistic modification of short N-terminal pre-sequences using GFP as a reporter protein. A set of several hundred protein variants have been expressed and quantitatively analyzed within a few weeks. The resulting experimental data show a significant and strong influence of N-terminal tag sequences on fluorescence level.

By these data we proved our concept of fully automated high-throughput protein synthesis based on E.coli cell-free protein expression.

PARTIAL UNFOLDING OF PROTEINS IN THE PRESENCE OF MEMBRANES: MYOGLOBINS AND CYTOCHROME b5

Liana V. Basova, Ekaterina N. Trofimova, Nelly B. Ilyina, Elisaveta I. Tiktopulo, Valentina E. Bychkova, Laboratory of Protein Physics, Institute of Protein Research, RAS, Pushchino, Moscow Region 142290

A conformational state of proteins in the presence of membranes is still investigated insufficiently. The current work contributes to our knowledge by summarizing the experimental data obtained for some proteins: apo- and holo- myoglobins and cytochrome b5. Structural and thermodynamic properties of the proteins of interest have been studied in the presence and absence of negatively charged phospholipid vesicles at the 1:50 molar protein/phospholipid ratio. The changes in the protein structure and conformational transitions have been monitored by scanning differential microcalorimetry, far and near circular dichroism, absorption  and tryptophan fluorescence. Interestingly, all studied proteins show similar properties in the presence of vesicles. They lose their rigid tertiary structure as it follows from microcalorimetry and near UV circular dichroism measurements. The heat absorption peak is absent for proteins in the presence of vesicles and the intensity of near UV CD spectra drastically decreases. Changes in the absorption spectra reflect the changes in the heme environment. The increase of tryptophan fluorescence, usually quenched in the native protein structure, is an evidence for partial unfolding of the protein structure. However, proteins retain a pronounced secondary structure and sufficient compactness as it follows from far UV CD spectra and the position of the fluorescence spectrum maximum. Properties of proteins studied are similar to those observed under modeling conditions of moderately low both pH and dielectric constant of media. The obtained results show that negatively charged vesicles (as a model of cellular membranes) can affect the native protein structure leading to its partial unfolding. These findings might be taken into account at the biosynthesis of proteins on the membrane-bound ribosomes.

This work was supported by the Russian Foundation for Basic Research (99-04-48552).

CONSERVED RESIDUES IN APOMYOGLOBIN: INFLUENCE OF Trp14 SUBSTITUTION BY Phe and Ala ON PROTEIN FOLDING

Alexandra E. Duyusekina, Dmitry A. Dolgikh1, Ekaterina N. Trofimova, Nelly B. Ilyina, Elisaveta I. Tiktopulo, Valentina E. Bychkova, Peter E. Wright2, Laboratory of Protein Physics, Institute of Protein Research, RAS, Pushchino, Moscow Region 142290; 1Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry, RAS, Moscow 117871; 2The Scripps Research Institute, La Jolla, CA 92037

The formation of folding nuclei in proteins whose folding occurs through kinetic intermediates is challenging and attracts the attention of many research groups. There are several approaches to solve this problem. One of these approaches, developed by Oleg B. Ptitsyn, is to find experimentally non-functional conserved residues in the selected protein family and to check their influence on protein folding. Prof. Ptitsyn found 6 non-functional conserved positions in apomyoglobin structure. Using site-directed mutagenesis mutated genes with replacements in these positions have been prepared. This work is a part of systematic investigation of the role of non-functional conserved residues in the folding of the obtained mutant proteins initiated by Prof. Ptitsyn. The effect of Trp14 replacements at the 8th position on A-helix in apomyoglobin structure on protein folding has been studied by circular dichroism, tryptophan fluorescence, microcalorimetry and stopped-flow techniques. It has been shown that both mutations (Trp14 by Phe and Ala) destabilize the apomyoglobin structure, especially the substitution by Ala. The stability of the protein structure has been studied by pH- and urea-induced unfolding and temperature melting. Folding-unfolding kinetics has been monitored by changes in tryptophan fluorescence and far UV CD spectra depending on urea concentration. The estimated phi-value, which is a measure of involvement of the selected residue into the transition state, is 0.5 for Trp14Phe mutant protein. The substitution of Trp14 by Ala destabilizes the protein structure so that the refolding of the mutated protein is complicated by protein aggregation. However, this mutant protein still can bind the heme and form the holo-protein whose structure can be studied by 2D NMR. The obtained results suggest that the non-functional conserved position of Trp14 is important for protein folding and stability. The consequence of the current work might shed light on the protein folding during the protein biosynthesis on ribosomes.

This work has been supported by the United States Civilian Research and Development Foundation Award (RB2-2022).

ROLE OF ABC CASSETTES OF FUNGAL ELONGATION FACTOR 3 IN TRANSLATION

Kalpana Chakraburtty, Baxter Healthcare Corporation, U.S.A.
Elongation factor 3 (EF-3) is a unique requirement of the fungal translational machinery. Ribosomes from mammals and higher eukaryotes do not require this protein. Western blot analyses of cell-free extracts have identified the presence of EF-3 exclusively in the fungi family. The YEF3 gene has been cloned and sequenced from S. cerevisiae, C. albicans, C.neoformans and P. carinii.  The derived amino acid sequence of EF-3 from these diverse species are highly homologous and are functionally interchangeable.  EF-3 belongs to the family of proteins referred to as 'traffic ATPases'. The ABC cassettes of EF-3 show a high degree of sequence identity to the membrane-associated ABC transporters.  However, the intermotif distance in NBSII of EF-3 is variable and uniquely different suggesting an independent function of this region.  Deletion and site-directed mutational analyses identified the crucial residues in the ABC cassettes and their function in translation. The implication of the nucleotide-binding motifs and the significance of the variable intermotif distance between the A and the BC cassettes in motif II may provide a useful basis for molecular modeling of EF-3 and other structurally related traffic ATPases. This information in turn may provide important clues for designing inhibitory compounds targeted to inhibit the function of all ABC proteins.  For EF-3, such compounds could be exploited as potential antifungal drugs.

Location of RNA-recognition module in complex of ribosomal protein L25 with fragment of 5S rRNA from E.coli
Yu. Chirgadze and E. Larionova

Institute of Protein Research, Russian Academy of Sciences, 142290 Pushchino, Moscow Region, Russia

The RNA-recognition module of ribosomal protein L25 was analyzed using the data of three-dimensional known structure of the L25 and 5SrRNA-fragment complex from E.coli. The structure of a double-chained fragment of ribosomal 5SrRNA is a distorted double helical A-form. Interatomic contacts (d<3.35Å) between the protein and RNA were found to be formed by 13 side chains of polar residues. The majority of protein-RNA contacting residues were located inside the largest polar cluster on the protein surface. The obtained result correlates strongly with the location of DNA-recognition modules of several transcription factors bound with the double helical B-form of operator DNA.
GENERATION and CHARACTERIZATION OF BACTERIOPHAGE N4-CODED VIRION RNA POLYMERASE DELETION MUTANT (mini-vRNAP) FOR RNA SYNTHESIS  USING  SINGLE-STRANDED DNA TEMPLATES

Elena K. Davydova1,2, Krystyna M. Kazmierczak1, and Lucia B. Rothman-Denes1
1Department of Molecular Genetics and Cell Biology, The University of Chicago,

Chicago, IL 60637, USA

2Institute of Protein Research RAS, Pushchino, 142292, Russia

Coliphage N4 virion RNA polymerase (vRNAP) is a 3,500 aa phage-coded, virion-encapsidated protein responsible for early transcription of the phage linear double-stranded DNA genome. In contrast to other DNA-dependent RNAPases, N4 vRNAP recognizes promoters on single-stranded DNA (ssDNA) templates.  These promoters are characterized by conserved sequences and a 5 bp stem, 3 base loop hairpin structure.  In vivo, E. coli gyrase and ssDNA binding protein (SSB) are required for transcription by N4 vRNAP.

We found that recombinant vRNAP is expressed at a low level and is extensively degraded. The central one-third of the protein, characterized as a stable transcriptionally active domain, was cloned. Mini-vRNAP was expressed at a high level and purified. 

Based on weak sequence matches to other polymerases, single amino acid substitutions were introduced into mini-vRNAP to determine residues that participate in DNA and substrate binding and in catalysis.  Studies using purified mutant enzymes show that K1667 interacts with incoming NTPs, Y1675 is essential for dNTP discrimination, R1421 participates in contacts with template DNA, D1556 and D1948 most likely chelate a Mg2+ ion in the active center (numbers indicate positions in full-size vRNAP). The corresponding mutant proteins exhibit less than 5% activity of the wild-type mini-vRNAP in an in vivo system developed to express genes under vRNAP promoter control.

The following properties of mini-vRNAP were studied in vitro:

· Specificity of promoter recognition 

· Start site selection and first phosphodiester bond formation

· Promoter clearance

· Transcription activation by E. coli SSB.

The results revealed an absolute requirement for the loop and for purines in the central loop position of the promoter hairpin (position -11) for promoter binding (Kd=1nM vs 150nM). The enzyme clears the promoter when the nascent RNA grows from 10 to 12 nt.  Mini-vRNAP starts to unwind the DNA-RNA transcription hybrid 10 bp upstream of the 3' end of the nascent RNA; however, the hybrid reforms further upstream, unless E. coli SSB is present.  Eco SSB prevents RNA:DNA hybrid formation by binding to both the RNA product and the DNA template. Separation of product RNA from template DNA is essential for DNA recycling and efficient RNA synthesis, since mini-RNAP requires single-strandedness around the transcription start site for promoter binding. 

The mini-vRNAP/E. coli SSB system may be a helpful tool for mRNA synthesis in cell-free transcription-translation systems. Mini-vRNAP is stable and easy to purify in large quantities, it uses ss DNA as a template, and is capable of prolonged linear RNA synthesis in the presence of E.coli SSB. Mini-vRNAP incorporates derivatized NTPs with high efficiency, and the Y1675F mutant enzyme can incorporate dNTPs almost as efficiently as NTPs.

70S RIBOSOMAL COMPONENTS NEIGHBORING POSITIONS 33 AND 37 OF ANTICODON STEM-LOOP ANALOG OF E.COLI tRNAPhe
Zhanna Druzina and Barry S. Cooperman
Chemistry Department, University of Pennsylvania, Philadelphia, PA 19104

Photolabile derivatives of an RNA anticodon stem-loop (Ph-ASLs) corresponding to positions 26-43 in the anticodon region of Escherichia coli tRNAPhe were used to probe interactions of the anticodon loop with the E.coli ribosomes. The Ph-ASLs carry 4-thiouridine, capable of forming zero-length photocrosslinks to rRNA as well as to proteins, in positions adjacent to either the 5’- or 3’-anticodon nucleotides (position 33 and 37 in tRNAPhe, respectively). Ph-ASLs bind efficiently to the 70S subunits in mRNA dependent manner under P-site conditions. Such binding is competitive with respect to full size tRNAPhe. Similarly, in the presence of P-site bound tRNAPhe, Ph-ASLs bind to the A-site of poly(U) programmed ribosomes. The site of Ph-ASL binding is confirmed by protection of specific set of 16S rRNA nucleotides from chemical modification by DMS or kethoxal. We are pursuing photocrosslinking studies from P- and A-site using wild-type and both mutants ribosomes favoring either the 912-888 or the 912-885 conformation. These conformations constitute an important switch region of 16S rRNA that influence the fidelity of mRNA translation (Lodmell JS & Dahlberg AE (1997) Science 27, 1262-7). 

FUNCTIONAL IMPLICATIONS FROM THE STRUCTURE OF THE SMALL RIBOSOMAL SUBUNIT IN COMPLEX WITH EDEINE, THE INITIATION FACTOR 3 (IF3) AND TETRACYCLINE

François Franceschi1, Marta Pioletti1, Frank Schlünzen2 , Jörg Harms2 and 3Ada Yonath

1Max Planck Inst. for Molecular Genetics, Berlin, Germany. 2Max Planck Research Group for Ribosome Structure, Hamburg, Germany. 3Weizmann Institute of Sciences, Rehovot, Israel

We determined and refined the 3.2 Å structure of the 30S subunit. This model was used to determine the structures of three functionally relevant complexes. These were obtained by soaking crystals of the 30S subunit of Thermus thermophilus in solutions containing edeine, the C-terminal domain of IF3 (IF3C), and tetracycline. 

We localized edeine in the vicinity of the E-site, interacting with universally conserved nucleotides of 16S rRNA in Helices 24 (H24), H28, H44 and H45. Furthermore, the binding of edeine induces the formation of a new base pair, between C795 at the loop of H24 and G693 at the loop of H23. This base pair would impose constraints on the mobility of the platform, which is believed to move during translation. Our structure offers a good explanation as to why edeine blocks the path of the mRNA between the decoding region and the anti Shine-Dalgarno (anti-SD) region of the 16S rRNA in prokaryotes. Similarly, as to why edeine interferes with the AUG recognition process and thus hampers the formation of the 80S initiation complex in eukaryotes. Overall, the effect of edeine is to alter the path of the mRNA, thereby affecting initiation as well as tRNA binding to the P-site. We localized IF3C at the solvent side of the platform, close to the anti-SD region of the 16S rRNA. Based on this location we docked the N-terminal domain of IF3 onto the 30S structure and found that it should be placed in close proximity to the P-site. 

The position of IF3C shows clearly that the anti-association activity of IF3C is not due to physical blockage of the inter-subunit interface, but rather the product of a change in the conformational dynamics of the subunit. It also explains the correlation between the binding of IF3 to the small ribosomal subunit and the requirement of prokaryotic mRNAs to interact with the anti-SD region of 16S rRNA for efficient translation. 

We identified six tetracycline-binding sites on the 30S subunit, with relative occupancies ranging from 1 to 0.41 (Tet-1 to Tet-6).

The Tet-1 binding site is located in a pocket formed by residues of Helix 34 (H34) and H31 of 16S rRNA. The Tet-1 site interferes with the location where the A-site tRNA binds. Thus, tetracycline can physically prevent the binding of the tRNA to the A-site, in agreement with the classical model of tetracycline as an inhibitor of A-site occupation. Tet-2 is located in a hydrophobic pocket of S4. Tet-3 is buried inside H40, between its stem loop and its tetraloop. Tet-4 is located in a cavity formed by H29, H30, and H43. Tet-5 lies in a rather tight pocket confined by H11, H20, H27 and S17. Tetracycline bound to Tet-5 position could limit the mobility needed by H27 to switch between the error prone conformation, to the restrictive conformation. Tet-6 is located in the vicinity of the E-site, in a cavity defined by the N-terminal end of S7, Arg120 of S9, and the helices H28, H34, H38, and H43 of 16S rRNA. Overall, our data for the six positions of tetracycline can explain the sometimes contradictory reported biochemical and functional data for tetracycline binding to the 30S subunits.

GENERAL STRESS PROTEIN Ctc OF BACILLUS SUBTILIS SPECIFICALLY BINDS TO 5S rRNA

Alexey P. Korepanov, George M. Gongadze and Maria B. Garber

Institute of Protein Research, Russian Academy of Sciences, 142290 Pushchino, Moscow Region, Russia

In Bacillus subtilis stress proteins are induced in response to different environmental conditions such as heat shock, salt stress, glucose and oxygen limitation or oxidative stress. More than 10 years ago the Ctc protein was found among stress proteins of Bacillus subtilis. This protein was assigned to general stress proteins because it was produced under various stresses.  So far the role of the Ctc protein in cell is unknown. During the last few years the gene coding homologous Ctc protein of Bacillus subtilis was found in genomes of more than twenty bacteria. These proteins were united to the CTC family.

Five years ago we found that the Ctc protein of Bacillus subtilis has a homology with ribosomal proteins Escherichia coli L25 and Thermus thermophilus TL5. Proteins L25 and TL5 bind with the region of the conservative 5S rRNA loop E. Recently spatial structures of the L25 and TL5 have been determined. Tertiary structures of the L25 protein and of the RNA-binding N-terminal domain of TL5 are very similar and have the same contacts with RNA. Atoms of the five identical amino acid residues interacting with RNA form a conservative cluster in both proteins. It turns out that these amino acid residues are invariant for proteins of the CTC family. Based on these data, we have suggested that proteins of the CTC family could bind specifically to ribosomal 5S RNA. 

Thus it is the first work devoted to investigation of the role of the general stress protein Ctc in cell.

In the present work we have overproduced Bacillus subtilis general stress protein Ctc in E. coli, and a method for isolation of the protein has been developed. It is shown that the general stress protein Ctc specifically binds to 5S rRNA. The protein interacts with the same region of 5S rRNA as ribosomal proteins L25 and TL5. Thus, 5S rRNA is a probable target for protein Ctc.
ARRANGEMENT OF mRNA ON HUMAN RIBOSOME AT THE P SITE AND UPSTREAM OF IT AS REVEALED FROM CROSSLINKING DATA 
Dmitri M. Graifer, natalia a. demeshkina, marina n. Repkova, Aliya G. Ven’yaminova, and Galina G. Karpova, Laboratory of Ribosomal Structure and Function and Group of Oligoribonucleotide Chemistry, Novosibirsk Institute of Bioorganic Chemistry, Siberian Branch of Russian Academy of Sciences, Novosibirsk, Russia, 630090

Crosslinking of mRNA analog, derivative of dodecaribonucleotide pUUAGUAUUUAUU bearing a perfluoroaryl azide group at atom N7 of the guanine residue, in various model complexes with human 80S ribosomes was studied. The derivative was obtained with the use of an approach we have suggested earlier for selective introduction of a photoactivable group at guanosine residue in oligoribonucleotides containing the only G. The method is based on (i) alkylation of N7 atom of guanine with 4-(N-2-chloroethyl-N-methylamino) benzylamine, ClRCH2NH2, under conditions in which other bases remain untouched, with subsequent couple of perfluoroaryl azide group at the introduced aliphatic aminogroup of the -RCH2NH2 residue. It was found that affinity of the ribosomal P site to Val-tRNAVal with the cognate modified codon GUA in a buffer with 13 mM Mg2+ is several times lower than that to Phe-tRNAPhe with cognate codon UUU, while in a buffer containing 3 mM Mg2+ and polyamines both affinities are similar. Nevertheless, mRNA analog cross-linking patterns did not depend on the conditions of the complexes formation. In the binary complex with 80S ribosomes (i.e. without tRNAs), mRNA analog was crosslinked to the 3’-terminal sequence 1840-1849 of 18S rRNA. This crosslink likely reflects contacts necessary for the correct orientation of the mRNA part unfixed by codon-anticodon interactions upstream of the P site bound codon. It is worthwhile to notice that the respective site in bacterial 16S rRNA, 1508-1517, was never found to be crosslinked with mRNA analogs.  In a complex with Val-tRNAVal and cognate codon GUA at the P site (guanosine with modifying group was at position +1) , crosslinking occurred preferentially to tRNA rather than to 18S rRNA. In complexes where the P site was occupied with Phe-tRNAPhe and the cognate UUU codon, modified guanosine located at position –3 (in respect to the first nucleotide of the P site bound codon) was crosslinked to nucleotide G1207 of 18S rRNA. This nucleotide corresponds to G926 of bacterial 16S rRNA that was found earlier to be located at the 70S ribosomal decoding site. The environment of the mRNA analog position –3 at the E site was not affected by tRNA molecule located at this site. In all complexes with Phe-tRNAPhe at the P site, mRNA analog was effectively crosslinked to tRNA. Modifying group at position –3 was capable of crosslinking to tRNAVal cognate to GUA codon located at the E site as well as to noncognate tRNAAsp. Besides, crosslinking to P site bound tRNAPhe from position –3 also took place.The results show that no codon-anticodon interaction occurs at the E site of human ribosomes, and indicate that the E site is located alongside of the P site.

This work was supported by the Russian Foundation for Basic Research (project Nos. 99-04-49889 and 99-04-49537).

Studies on the translation initiation factors (eIF) 4 from Drosophila
Greco Hernández, Paula Vázquez and Rolando Rivera-Pomar

Max Planck Institute for Biophysical Chemistry,  Dept. Molecular Biology, Am Fassberg 11, 37077-Goettingen, Germany. E-mail: hgreco@gwdg,de

Postranscriptional control in the early Drosophila embryo has a central role in establishing polarity and segmentation. The genetics of developmental factors involved in the regulation of mRNA localisation and translation is well known. However, little is known on the basic mechanisms of translation driven those processes. This is a consequence of the lack of studies on the basic translation machinery. A systematic search and the characterisation of translation factors in Drosophila will open the way to understand molecular mechanisms related to pattern formation. Here we show the characterisation of the Drosophila translation initiation factors eIF4, which catalyse the recruitment of the ribosome at the 5' end of the mRNA. Our study comprises several eIF4E isoforms, eIF4G, two eIF4B isoforms and, eIF4A. All these factors have an important maternal contribution. From early cellular blastoderm stage on, they are ubiquitously expressed, although not homogeneously distributed. Both mRNA and protein of eIF4E-1,2 and eIF4G accumulate in germ plasm and pole cells, which is not the case of eIF4A and eIF4B. All factors are detected in the cytoplasm, being eIF4G, eIF4A and eIF4B clearly localised in the apical region of the cells in blastoderm stages. Interaction between the factors was analysed by the yeast two-hybrid system and a primary network of interactions determined. From those factors, eIF4B function is little known, even in other systems. Therefore we further characterise two isoforms of Drosophila eIF4B, named “long” (eIF4B-L) and “short” (eIF4B-S). They are likely generated by alternative pre-mRNA splicing derived from a single gene located in chromosome 3. Both eIF4B-L and eIF4B-S are expressed during development as judged by RT-PCR and Western blot. Interestingly, UV-crosslinking experiments showed that recombinant eIF4B-L, but not eIF4B-S is able to recognise putative IRES derived from the 5' UTRs of HAV and the Drosophila Ultrabithorax, and eIF4G cellular mRNAs. In concordance with these results, only eIF4B-L stimulated both cap and IRES-dependent translation in Drosophila translation extracts. This results suggest a different role for eIF4B-S in regulating translation during development.

This work was supported by the MPG.

COMPLEX OF tmRNA AND EF-TU: UNEXPECTED MODES OF INTERACTION

Maria I. Zvereva1,2, Pavel V. Ivanov1,2, Yoshika Teraoka2, Natalya I. Topilina1, Olga A. Dontsova1, Alexey A. Bogdanov1, Markus Kalkum2, Knud H. Nierhaus2 and Olga V. Shpanchenko1,2
1 Department of Chemistry, Moscow State University, 119899, Moscow, Russia;

2 Max-Planck-Institut für Molekulare Genetik, AG Ribosomen, Ihnestrasse 73, D-14195, Berlin, Germany

tmRNA is a stable RNA in bacteria of 360±40 nucleotides that can be charged with alanine and can function as both tRNA and mRNA. Ribosomes that are stalled either in a coding region of mRNA or at the 3’-end of an mRNA fragment lacking a stop codon are rescued by replacing their mRNA for tmRNA. Here we demonstrate that the interaction of tmRNA with the elongation factor Tu shows unexpected features. tmRNA can be efficiently cross-linked with EF-Tu using a zero-length cross-link. The efficiency of cross-linking does not depend on an intact CCA-3’ end and is about the same, regardless whether protein mixtures such as the post-ribosomal supernatant (S100 enzymes) or purified EF-Tu are present. Two cross-linking sites with EF-Tu(GDP have been identified that are located outside the tRNA part of tmRNA indicating an unusual interaction of tmRNA with EF-Tu(GDP.

Analysis of the 70S E.coli ribosome structure at 8 Å resolution

Bruno P. Klaholz,* Rishi Matadeen,* Tillmann Pape,* Marina V. Rodnina,$ Wolfgang Wintermeyer,$ Richard Brimacombe,# Marin van Heel,*

*Imperial College of Science, Technologie and Medicine, Department of Biochemistry, London SW7 2AY, UK; $Institut für Molekularbiologie, Universität Witten/Herdecke, 58453 Witten, Germany; #Max-Planck-Institut für Molekulare Genetik, 14195 Berlin, Germany

The processes of mRNA decoding and polypeptide synthesis within ribosomal translation require molecular recognition and enzymatic activity. To better understand the relationship between the ribosome structure and its function, we have investigated the three-dimensional structure of functional complexes of the E. coli ribosome. We present the structure of an initiation complex of the 70S ribosome at 8 Å resolution, using cryo-electron microscopy and angular reconstitution of ice-embeded single particles imaged with a Philips CM300 microscope operating with a liquid Helium-cooled specimen holder. The electron density map allows to fit the crystal structures of the ribosomes (the 30S and 50S subunits, and the full 70S unit) from the related organisms H. marismortui and T. thermophilus. This provides an atomic model of the E. coli ribosome showing conformational changes upon subunit assembly and differences between these prokaryotes.
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Protonated Base Pair Participating in rRNA Tertiary Structure Interactions

Andriy V. Kubarenko1, Petr V. Sergiev1, Alexey A. Bogdanov1, Richard Brimacombe2 and Olga A. Dontsova1
1Department of Chemistry, Moscow State University, Moscow, 119899, Russia

2Max-Planck-Institut für Molekulare Genetik, Ihnestrasse 73, 14195 Berlin, Germany

Atomic structure of the large and small ribosomal subunits has been recently solved for ribosomes from Haloarcula marismortui and Thermus thermophilus respectively, while vast majority of structural biochemical data have been obtained for ribosomes from Escherichia coli. Nowdays, the only avaible three-dimational structure of Escherichia coli ribosomes was constructed by computer modeling on the basis of cryo-electron microscopy analysis. Recently we have compared the location of several helices in this model with their location in ribosomal subunit atomic structure. Also, using the atomic structure of ribosomal subunits we have evaluated the reliability of the data obtained for Escherichia coli ribosomes from cross-linking experiments and other chemical approaches, vigorously used for model building. 

In our work based on comparison of Escherichia coli 23S rRNA with intra-ribosomal tertiary structure of Haloarcula marismortui we have found charged CH+-U base pair. At the beginning the existence of this base pair was predicted theoretically and then proved experimentally by means of reduction of the protonated residue with sodium borohydride followed by primer extension analysis. Sodium borohydride was chosen as a reagent to probe protonated residues due its ability to reduce N1-methylated adenosine. In addition, a charged AH+-G base pair was found in Escherichia coli 23S rRNA in the course of this analysis. Both 23S rRNA charged pairs do exist only in large subunit and absent in free rRNA. 

AFFINITY TAG FOR rRNA

Andrei A. Leonov1, Petr V. Sergiev1, Richard Brimacombe2, Alexey A. Bogdanov1 and Olga A. Dontsova1
1Deptartment of Chemistry, Moscow State University, Russia

2 Max-Planck-Institut für Molekulare Genetik, Germany

Four non-conserved helical elements of the 23S rRNA from E.coli (h9, h25, h45, h98) have been extended by in vitro mutagenesis. Into the loop ends of these helix extensions the binding sequence for the MS2 coat protein has been introduced (Sergiev P. et al., JMB (2001), 307(5):1341-9). All four mutants are viable and show no difference with wild type ribosomes. Ribosomes, carrying such an extension could be used for studies on lethal mutations in other areas of the rRNA as it could be isolated from the mixture with the wild type ribosomes by affinity chromatography. For this purpose the construction, which consists of the dimmer of MS2 coat protein, TEV protease site and ZZ-domen of protein A was made. After binding to IgG sepharose and elution by TEV protease the ribosome-MS2 coat protein complex could be obtained. In this work some steps of the whole procedure of isolating were made. It provides some ideas for the further ways of investigation in this area.

INTERACTION OF HUMAN RIBOSOMAL PROTEINS (hRPs) WITH VARIOUS DOMAINS OF 18S rRNA AND FRAGMENTS OF PRE-mRNA OF hRP S26

Alexey A Malygin, Anton V. Ivanov, Oksana I. Baranovskaya, and Galina G. Karpova, Laboratory of Ribosomal Structure and Function, Novosibirsk Institute of Bioorganic Chemistry, Siberian Branch of Russian Academy of Sciences, Novosibirsk, Russia, 630090

Interactions of RNA transcripts, corresponding to both central and 3’-terminal domains of the 18S rRNA, with 40S human ribosomal proteins (hRPs) have been studied by means of a number of methods, such as RNA-protein blotting, nitrocellulose filter binding assay; besides, proteins capable of binding to the biotinylated transcripts immobilized on avidin-agarose have been determined. Binding curves of hRPs to both transcripts had a complex character with apparent association constants within a range of 108-106 M-1. Proteins having a maximum affinity to the 3’-terminal domain were identified as S2/S3a, S8, S16/S19/S26 and S17/S18/S24/S25. The central domain was bound mainly to proteins S2/S3a, S5/S7/S9, S10, S17/S18/S24/S25, and also to protein S8. To identify hRPs contacted to double stranded regions of the transcripts, the Methylene Blue mediated photocrosslinking method was applied. It was found that protein S5/S7/S9 was crosslinked to RNA corresponding to the central domain of 18S rRNA, whereas protein S8 was cross-linked to both transcripts. This indicates that binding site of protein S8 is formed by both domains sequences disposed close to each other in the 40S subunit. The binding of a number of RNAs, transcribed from different regions of hRP S26 gene, with hRPs has been studied by means of nitrocellulose filter binding assay and RNA-protein blotting. It was shown that proteins S23, S26, and S13/S16 as well as S2/S3a, S6, S8, S10, S11, and S20 were bound to the first intron of hRP S26 pre-mRNA. Splicing in vitro of the hRP S26 pre-mRNA fragment that contained the first intron, the second exon, the second intron and part of the third intron, was not affected by 40S hRPs. However, addition of hRPs to the HeLa nuclear extract increased significantly yields of UV-induced cross-links of the transcripts to the cell proteins. All transcripts were crosslinked to the same set of the cell proteins. Ribosomal proteins could be cross-linked to the RNAs only without the cell extract. This suggests that the cell proteins competed with ribosomal proteins for binding to the first exon of hRP S26 pre-mRNA. The work has been supported by the Russian Foundation for Basic Research (project No. 01-04-48974) and by SubProgram “Human Genome” of the Federal Scientific and Technical Program.
on the coupling of protein synthesis and gtp hydrolysis

Wim Möller, Molecular Cell Biology Division, Signal Transduction and Protein Structure, Sylvius, Box 9503, 2300RA Leiden, NL

Fritz Lipmann argued in the sixties that Elongation Factor G is responsible for pulling up the messenger one triplet in the ribosome. The energy liberated during the hydrolysis of GTP by EF-G in association with the ribosome was used, according to him, for the purpose of this motile process. Recently the finding of shape similarities between the extra domain 1V of the factor EF-G and transfer RNA suggested a way in which this domain may help to pull peptidyl tRNA from the A-site to the P-site under concomitant movement of the messenger-RNA labeling indicated that EF-G strongly interacts with ribosomal RNA, therefore being the other potential handle for movement. On the other hand it is known for a long time that the ribosomal proteins L7, L12, L10 and L11 are instrumental in generating and transmitting signals for GTP hydrolysis. For instance, it has been shown that the trigger for EF-G dependent GTP hydrolysis resides in the dimeric protein L7/L12, which exists in a crystal both in a compact and stretched conformation. Because L7/L12 is such a flexible and “on two feet walking” protein, its detailed structure has been difficult to determine. Furthermore it forms part of an RNA-protein network close to other potential RNAse sites. In this context the precise stoichiometry of GTP hydrolysis associated with peptide bond formation is of obvious interest. There has been a strong feeling that EF-G and EF-Tu each hydrolyse one molecule of GTP for each peptide bond formed. But the actual results for the two factors are controversial. In the case of EF-Tu, numbers of one and two have been found, while the situation of EF-G is complicated by a high, translocation uncoupled mode of GTP hydrolysis, whose nature is unknown and has been ascribed even to contaminating nucleases. Recently new, kinetic evidence was given that the hydrolysis of GTP by Elongation Factor EF-G does cause subsequent tRNA movement and translocation.

Here we rejuvenate work from our own laboratory showing that high ‘uncoupled’ GTP hydrolysis seen by EF-G is not due to contaminating nucleases of the ribosome, but constitutes an intrinsic property of the particle, requires L7/L12 and is only expressed in the presence of EF-G. Thus ribosomes deprived of L7/L12 do not show any GTP hydrolysis in the presence of the factor EF-G. Addition of highly purified L7/L12 to 50S ribosomal cores restores the full, high rate of EF-G induced GTP hydrolysis at four copies of L7/L12, independent of the functional state of the ribosome. In fact L7/L12 is a GAP protein which triggers EF-G dependent GTP hydrolysis (Kischa et al., 1971; Savelsbergh et al., 2000). In our poly U system this hydrolysis is of the order of 1000 molecules of GTP. In contrast only 1-2 molecules of GTP per peptide bond of Phe are hydrolyzed by the EF-Tu ternary complex. Our consideration is that the high hydrolysis by EF-G in vitro (1-10 sec-1) is physiological, in other words corresponds to the in vivo rate of elongation, whereas peptidization of phenylalanine always is severely limited by the slow diffusion of the aminacyl tRNA’s. Ribosomes, viewed as a dynamic ribozymal system, which is basically powered by a bipartite, protein induced GTP hydrolysis in its natural context, may solve the riddle of translocation.

MECHANISM OF TRANSLOCATION AND CODON RECOGNITION OF E.Coli RIBOSOME

Kozo Nagano,  and  Nozomi Nagano
Dept. Information Dynamics, Tokyo Metropolitan Institute of Gerontology, 35-2 Sakaecho, Itabashi-ku, Tokyo 173-0015, Japan and Fac. Pharmaceutical Sciences, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0000, Japan
The -sarcin-ricin binding loop (SRL) in 23S rRNA is essential for binding EF-Tu, EF-G and RF-3. We have  found the nucleotide sequence complementarities between the region of 23S rRNA near the SRL and one side of helix 35 (1068-1073/1102-1107) of 16S rRNA and between the other side of helix 35 and GTC loop of almost all tRNAs. GTP hydrolysis of EF-G·GTP complex facilitates such inter-subunit RNA-RNA interactions. Helix 93 (2588-2594/2599-2606) of 23S rRNA is located below A and P site tRNAs in the pre-translocational state. Base pairing of the SRL region with the helix 35 of 16S rRNA results in rotation of helices 94, 96 and 97 of 23S rRNA and disruption of a base pair between the 75 position of A site tRNA and G2553 in the A-loop of 23S rRNA by traversing of helix 73 of 23S rRNA, while the other base pairing between helix 35 of 16S rRNA and GTC loop of A site tRNA gives rise to a rotational movement of tRNA docking pair (1) around an axis of rotational symmetry between the anticodon loops of the two tRNAs at the A and P sites. Helix 93 moves along with the tRNA pair and collides with helix 80 (2246-2250/2254-2258) of 23S rRNA, resulting in breakage of a base pair between the 74 position of P site tRNA and G2252 in the P-loop of 23S rRNA. After translocation, helix 93 occupies the space between P and E site tRNAs as a stopper against the translocational movement. When a new aminoacyl-tRNA comes to a so-called R site (the recognition mode of A site), the base pair between its GTC loop and the 16S rRNA plays a role in discarding noncognate ones because of failure in forming two GC base pairs between its D-loop and the GTC loop of P site tRNA, while cognate and near-cognate ones succeed in obtaining the two GC base pairs that are in competition with the two GC base pairs already formed between the P and E site tRNAs. In the latter case, the direction of helix 93 is toward the SRL. When GTP hydrolysis of a ternary complex of aminoacyl-tRNA·EF-Tu·GTP occurs, the spatial relationship between the aminoacyl-tRNA and E site tRNA is like two poises on a balance, and the shock transmitted from the conformational change of EF-Tu·GDP breaks the weaker side of the two codon-anticodon base pairs. If the codon-anticodon interaction at the E site is stronger than the new interaction at the R site, the location of helix 84 (2299-2304/2312-2317) of 23S rRNA just below the E and P site tRNAs helps the two GC base pairs between the E and P site tRNAs in the competition against the two GC base pairs between the R and P site tRNAs. Helix 93 returns to the location in the post-translocational state. On the other hand, when the codon-anticodon interaction at the R site is comparatively strong in case of cognate aminoacyl-tRNA, the helix 84 collides with the two GC base pairs of the P-E tRNA docking pair and helps to expel the E site tRNA from the ribosome immediately after the R site tRNA occupies the space allowed for the A site. Helix 93 directs toward the location in the pre-translocational state, and becomes stabilized. In other words, helix 93 turns around one cycle during the course of one step of elongation. The movements of helix 73 (2043-2057/2611-2625), helix 89 (2455-2471/2479-2496) and helix 94 (2630-2637/2781-2788) of 23S rRNA are concerted with the movements of the above-described helices, opens the gate for the A site finger helix 38 (868-885/891-909) of 23S rRNA in the pre-translocational state so that it could be cross-linked to the 20:1 position of A site tRNA, and closes it in the post-translocational state. The experimental findings such as allosteric negative cooperativity between the A and E sites, cross-linking and footprinting data, and so on can be explained by a set of sterically and phylogenetically reasonable three-dimensional molecular models of the RNA·protein complexes.
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HUMAN CLASS-1 POLYPEPTIDE RELEASE FACTOR: SITE-DIRECTED MUTAGENESIS OF CONSERVED REGIONS REVEALS FUNCTIONALLY ESSENTIAL AMINO ACID RESIDUES

Alim Seit Nebi, Ludmila Frolova and Lev Kisselev
Engelhardt Institute of Molecular Biology, 119991 Moscow, Russia

Eukaryotic class-1 termination factors (eRF1) respond to all three stop codons in the absence of GTP and eRF3 (1(, are structurally and functionally dissimilar with prokaryotic RF1 and RF2 (2(, contain a stop codon recognition site at the N-terminal domain (3( and have a tRNA-like shape (4(. Strongly conserved GGQ tripeptide (positions 183-185) is functionally essential (5( and occupies one extremity of eRF1 molecule, whereas the conserved NIKS motif (positions 61-64) is located at the other end of the eRF1 molecule (4(. These two regions were subjected to site-directed mutagenesis. Q185I mutant was completely inactive, whereas Q185G and Q185R mutants retained half of their initial RF activity. Other Q185 mutants were inactivated more deeply but not completely. These data contradict the model (4( in which Gln185 plays a critical role in orientation of the water molecule toward hydrolyzable bond in peptidyl-tRNA via interaction between carbonylic oxygen and amide nitrogen with hydrogen atoms of H2O. Reduction of activity in Q-substituted eRF1 mutants is probably due to the loss of non-covalent binding with R189 which holds the spatial structure of the mini-domain (4(. Loss of activity of R189A and R189Q mutants is consistent with this suggestion. All Q185 and R189 mutants  responded equally to all three stop codons. This result argues in favour of the idea (5( that GGQ mini-domain is not involved in stop codon recognition. Rather, it takes part in triggering hydrolytic reaction but without direct involvement of the side chain of Gln185. The NIKS motif is composed from strongly conserved Ile-Lys dipeptide surrounded by less conserved amino acids. I62A and I62N mutants exhibited 2-fold reduced ability to bind to the ribosome and 5-fold reduction in RF activity demonstrating its essential role at least in binding to the ribosome. K63 is less essential since K63S and K63Q mutants are 100% active but K63A mutant has 2-fold reduced RF activity. TAS motif flanking the NIKS from the left side (positions 58-60) was assumed to be a part of the stop codon recognition site in eRF1 (6(. However, S60A, S60V, S60T, S60E and T58K mutants are 90(10% active. These data are in disagreement with this proposal. When highly conserved R65 and R68 residues were substituted the reduced ribosome binding ability was observed showing the involvement of these amino acids in the interaction, most likely with rRNA.
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Analysis of interactions between ribosomal protein S8 and 16S rRNA from Methanococcus jannaschii
Alexei Nikulin1, Oleg Nikonov1, Svetlana Tishchenko1, Natalia Fomenkova1, Natalia Nevskaya1, Philippe Dumas2, Bernard Ehresmann2, Chantal Ehresmann2, Wolfgang Piendl3, Maria Garber1 and Stanislav Nikonov1
1Institute of Protein Research, Russian Academy of Sciences, 142290 Pushchino, Moscow Region, Russia; 2UPR 9002 du CNRS, IBMC, 15 rue R. Descartes, 67084 Strasbourg-cedex, France; 3Institute of Medical Chemistry and Biochemistry, University of Innsbruck, Austria.

The crystal structure of the S8/16S rRNA complex from a hyperthermophilic archaeon Methanococcus jannaschii has been determined at 2.6 Å resolution. Almost all contacting amino acid residues of the protein are located in the C-terminal domain. The protein interacts with the minor groove of helix H21 at two sites located one helical turn apart, with S8 forming a bridge over the RNA major groove. The central part of helix H21 is widened and distorted and the base of universally conserved A642 protrudes from the helix, forming a platform to interact with the protein. Protein-RNA interface contains the intermolecular hydrophobic core. The specificity of binding is mainly determined by a net of hydrogen bonds. The most of the protein and RNA atoms forming these hydrogen bonds lay in the two corresponding parallel planes. 

INTERACTION OF RIBOSOMAL PROTEIN S15 WITH THE FRAGMENT OF 16S rRNA

Alexei Nikulin1, Svetlana Tishchenko1, Svetlana Revtovich1, Bernard Ehresmann2, Chantal Ehresmann2, Philippe Dumas, Maria Garber1, Stanislav Nikonov1 and Natalia Nevskaya1
1Institute of Protein Research, Russian Academy of Sciences, 142290 Pushchino, Moscow Region, Russia; 2UPR 9002 du CNRS, IBMC, 15 rue R. Descartes, 67084 Strasbourg-cedex, France
Crystal structure of mutant ribosomal protein S15 (Thr3CysS15) complexed with the fragment of 16S rRNA from thermophilic bacteria Thermus thermophilus have been determined and analyzed. The earlier determined structure of the wild-type complex revealed two distinct RNA-binding sites on the protein. One of these sites corresponds to the conserved restricted area that recognizes functional groups of the shallow groove G-U/G-C motif in the upper part of helix H22. Conserved residues of this site interact with RNA by means of atoms, which form the plane surface. The other site on the protein surface covers a large area, which anchors the protein to the junction of three helices of the RNA. The mutated residue is located in the helix (1, which is involved in protein-RNA interaction. Comparison of the protein-RNA interfaces in mutant and the wild-type complexes has revealed some differences in their structures. 

PROTEINS REPLACE RNA IN MAMMALIAN MITOCHONDRIAL RIBOSOMES 

Thomas W. O'Brien and Wesley Faunce 

Department of Biochemistry and Molecular Biology, Health Sciences Center, University of Florida, Gainesville, FL 32610

Despite vast differences in their composition and physical properties, the small subunits of mammalian mitochondrial ribosomes and eubacterial ribosomes have similar ultrastructural features.  However, the mitoribosomes have only 60% of the RNA in bacterial ribosomes.  They lack 12 major RNA helical structures, containing instead a dozen extra proteins.  Spatial coordinates for conserved proteins and RNA structural elements provide a framework for modeling the mitoribosome structure. In order to understand the structure of mitoribosomal 12S rRNA in ribosomal subunits, to investigate differences between the small subunit RNAs of mitochondrial and bacterial ribosomes, and to provide a framework for localizing structural and functional domains in mitochondrial ribosomes, we probed the 12S rRNA in the 28S subunit with enzymes (RNases A, T1 and V1) and chemicals (DMS and CMCT).  Enzymatic probing of the 12S rRNA in 28S subunits has identified surface accessible nucleotides, and chemical probing of the RNA has identified bases in single stranded regions that are exposed to solvent. Some regions having conserved secondary structure in 12S and E. coli 16S rRNA have different chemical reactivities, probably reflecting a different environment imposed by the extra proteins in mitochondrial ribosomes. Predictions of this model are consistent with known biochemical information: (1) the number of "extra" proteins in mitochondrial ribosomes, relative to bacterial ribosomes, equals the number of missing stem structures; (2) the "extra/new" ribosomal proteins are not homologues of proteins in bacterial, eukaryotic cytoplasmic or even yeast mitochondrial ribosomes; (3) several new ribosomal proteins have lower isoelectric points; (4) recruited proteins are pre-existing (bifunctional); and (5) protein-protein interactions predominate in mammalian mitochondrial ribosomes.

Supported by the USPHS, NIH Research Grant GM 15438

SELF-ASSEMBLING PROTEIN MICROCHIPS 

Wei Wang, Christopher Ashfield, Donald Montgomery, and Andrew V. Oleinikov

CombiMatrix Corporation, Mukilteo, WA 98275, USA

Protein biochips that can present many different proteins simultaneously will greatly accelerate research and development in medical and biological sciences. One element essential for producing protein biochips is a fast and flexible method for immobilization of many different proteins.  Methods that employ serial immobilization strategies using mechanical spotting devices suffer from numerous problematic issues and are constrained in their ability to produce one-of-a-kind chips.  We have completed proof-of-concept demonstrations of a parallel immobilization strategy for producing protein biochips using self-assembling tags. Proteins are prepared by in vitro translation, which facilitates the laborious task of purifying thousands of different proteins. The in vitro translation techniques produce proteins with tags affixed at random positions; therefore, the resulting ensemble of immobilized proteins presents random orientations. This greatly improves interrogating the activity of the proteins. Proof-of-principle experiments have demonstrated that this schema is effective for specific immobilization and detection of proteins.

RIBOSOME SHUNTING IN TWO PLANT PARARETROVIRUSES 

Pooggin MM1,2, Fütterer J3, Ryabova LA1, He X1, Skryabin KG2 and Hohn T1

1Friedrich Miescher Institute, CH-4002 Basel, Switzerland;

2Centre “Bioengineering”, Russian Academy of Sciences, 117312 Moscow, Russia;

3Institute of Plant Sciences, ETH Zentrum, CH-8092 Zürich, Switzerland

We are investigating translation strategies in rice tungro bacilliform virus (RTBV) and cauliflower mosaic virus (CaMV), which represent two distinct genera of plant DNA pararetroviruses. Pregenomic RNA (pgRNA) of these viruses serves as a template for viral replication by means of reverse transcription and is also used as a polycistronic mRNA. RTBV has evolved a leaky scanning mechanism to translate the three consecutive ORFs from pgRNA, whereas CaMV encodes a special reinitiation factor (TAV) allowing polycistronic translation. In both viruses, translation of pgRNA is initiated by a ribosome shunt mechanism to bypass a large region of its long, structured leader that contains several short ORFs and a putative encapsidation signal. Here we present several lines of evidence that, both in CaMV and RTBV, a phylogenetically conserved configuration comprising the most 5'-proximal short ORF followed by the stable stem structure is required for shunting, as shown in plant protoplasts from Japanese violet and rice as well as in wheat germ extracts. Swapping of RNA elements (individually and in different combinations) between CaMV and RTBV leaders was performed to verify the conservation of the shunt mechanism. The RTBV consensus shunt elements – the short ORF, the stem base and a landing site downstream of the stem – were able to functionally replace the respective CaMV elements in mediating ribosome shunt and polycistronic translation of pgRNA. Consistently, when these RTBV elements were introduced into the CaMV full-length genome, the resulting chimerical virus was infectious. Forced evolution of the latter mutant virus upon several passages in turnip plants revealed new important features of shunting. The enhancing effect of TAV on ribosome shunting in CaMV and RTBV was also investigated. In addition, we obtained evidence that during infection by a particular CaMV mutant the ribosome shunt could occur over an artificial scanning barrier inserted in the CaMV leader.

References:

1. Pooggin MM, Fütterer J, Skryabin KG and Hohn T (2001) Ribosome shunt is essential for infectivity of cauliflower mosaic virus. Proc. Natl.  Acad. Sci. U S A, 98: 886-891.

2. Pooggin MM, Hohn T and Fütterer J (2000) Role of a short open reading frame in ribosome shunt on the cauliflower mosaic virus RNA leader. J. Biol. Chem. 275:17288-17296.

3. Pooggin MM, Fütterer J, Skryabin KG and Hohn T (1999) A short open reading frame terminating in front of a stable hairpin is the conserved feature in pregenomic RNA leaders of plant pararetroviruses. J. Gen. Virol. 80:2217-2228.

A STRUCTURE-THERMODYNAMIC STUDY OF PROKARYOTIC RIBOSOMAL SMALL SUBUNIT BIOGENESIS

Timofei I. Rassokhin1, Andrey V. Golovin1, Timofey S. Rozdestvensky1, Sergey I. Bessonov1, Elena V. Petrova1, Vera A. Spiridonova2, Juergen Brosius3, Alexei M. Kopylov1, 1Chemistry Department and 2A.N. Belozersky Institute of Physical Chemical Biology, Moscow State University, 119899 Moscow, Russian Federation. 3Muenster University, Muenster, Germany

E. coli (Eco) ribosomal protein S7 is a key protein of prokaryotic ribosomal small subunit biogenesis. It initiates a folding of the 3’-major domain of 16S rRNA by binding to its lower part. It also interacts with S12-S7 intercistronic str mRNA region repressing its own translation. Recently, X-ray structure of T. thermophilus (Tth) 30S subunit has been solved. On the other hand, the majority of biochemical data has been collected for E. coli ribosomes. Therefore, a good choice in ribosome biogenesis research should be a comparative study of RNA-binding properties of TthS7 versus EcoS7. In addition, while at present most of studies are concentrated on a structure, thermodynamic studies are highly underestimated and underdeveloped.

E. coli over-producers for EcoS7 and TthS7 proteins have been created, and protocols for the isolation of sufficient amounts of the proteins with the best up-to-date known RNA-binding parameters have been developed.

In vitro, by nitrocellulose filter-binding assay the homologous complex of EcoS7 with the Eco16S rRNA fragment of 236 nucleotides long, corresponding to the lower half of 3’-major domain, has been characterized. It turned out that both the binding nature and an apparent dissociation constant (Kd) are strongly affected by methods of preparation of the protein as well as RNA. To estimate this phenomenon a processing of binding data have been advanced. The homologous complex has Kd 6.5(1.9 nM; an active binding fraction is also calculated for both protein and rRNA, which improves Kd estimation further.

Next step is criss-cross comparative study for the complex TthS7 and the Eco16S rRNA fragment. The rationale for this step is our earlier finding that, despite only 50% sequence identity, plasmid-expressed TthS7 was able to incorporate into E. coli ribosomes in vivo. Therefore, for this case TthS7 could be considered as EcoS7 “natural mutant”. In vitro TthS7 binds to Eco16S rRNA with Kd 35.8(9.3 nM, which is high enough for a heterologous complex; and again an active binding fraction of the protein and the RNA has been estimated. As Tth30S subunit structure is known, a reasonable explanation of thermodynamic data in terms of structure is now in progress.

More interesting and surprising finding is that TthS7 protein is able for heterologous binding with S12-S7 intercistronic str mRNA region of E. coli, though analogous Tth str mRNA region does not have an extended intercistronic interruption at all. Probably that fact reflects a high conservation of S7 RNA-binding site. A deletion analysis as well as application of SELEX technique for this RNA region has brought more insights into a possible mechanism of a translational feed-back control of str mRNA.

The work is supported by RFBR 01-04-48643, RFBR-NSFC 99-04-39072, Univ. of Russia 991700, DAAD, and in part RFBR 01-04-48603, Min. Ind. Sci. Technol. 415/99, Moscow Gov. 2.1.172.

FUNCTIONAL IMPORTANCE OF THE TRANSIENT rRNA STRUCTURES DURING RIBOSOME LARGE SUBUNIT ASSEMBLY IN E. COLI
A. Liiv and J. Remme, Inst. Mol. & Cell Biol., Tartu University, Tartu, Estonia

An important step of ribosome biogenesis is ribosomal RNA (rRNA) folding into functional structure. rRNA folding starts during transcription (co-transcriptional folding) and is completed after the transcription (refolding). We have analyzed secondary structures around the both ends of pre-23S rRNA that form during transcription (transient structure) and the structure of the same regions after the transcription (final structure). Secondary structure models of the transient rRNA folds were constructed, based on the chemical modification data using in vitro transcripts in combination with computer modelling. Nucleotide substitution mutations were introduced into 23S rRNA gene to alter the transient structure but not the final structure. Formation of the mature structure (processing stem) on the 23S rRNA variants was detected by chemical modification and RNase III cleavage. Stabilization of the transient structure leads to the folding trap blocking the processing stem formation. The folding trap in the mutant pre-23S rRNA can be relieved by secondary mutations destabilizing the transient rRNA structure. This approach allowed us to define the essential elements for the refolding of the transient pre-23S rRNA, i.e. formation of the processing stem structure. Base-pairing of the 23S rRNA ends is essential for ribosome large subunit assembly. This fact lends us a possibility to test the formation of the processing stem in vivo according to the incorporation of plasmid-encoded 23S rRNAs into functional ribosomes. The pre-23S rRNA variants that were able to form processing stem in vitro were found to be assembled into functional ribosomes in vivo. Thus, the results obtained in vitro were confirmed by in vivo experiments. A model of the pre-23S rRNA folding pathway is proposed. Our data suggest that the folding pathway of E. coli 23S rRNA is genetically encoded.

VIRAL "REINITIATION" FACTOR INTERACTS WITH THE HOST TRANSLATION MACHINERY

Hyun-Sook Park, Thomas Hohn and Lyubov A. Ryabova
Friedrich-Miescher Institute, P.O. Box 2543, CH-4002 Basel, Switzerland

Translation of the cauliflower mosaic virus (CaMV) 35S polycistronic RNA is 5'cap-dependent and requires reinitiation. The CaMV transactivator of viral polycistronic translation, TAV, controls translation reinitiation of major open reading frames on the 35S and other polycistronic RNAs. The yeast two-hybrid method applied to an Arabidopsis cDNA library has identified several candidates for partners interacting with TAV. A protein interacting with both C-terminal and full-length TAV was identified as subunit g of eukaryotic intitiation factor 3 (eIF3g). A second interacting protein was identified as ribosomal protein L24 of the large ribosomal subunit and its N-terminal part is responsible for the interaction. Both interactions were confirmed in vitro. An additional ribosomal protein, L18, described by Leh et al. [Virology 266 (2000)] interacts with TAV N-terminal part in vitro. We found that eIF3g and L24 compete for TAV-binding, while L18 binds to a different domain of TAV. TAV physically interacts with the eukaryotic initiation factor eIF3 and the 60S ribosomal subunit.

The effects of these interactions on TAV-reinitiation activity were tested in plant protoplasts. Transient expression of eIF3g and L24 in plant protoplasts strongly affects TAV-mediated transactivation activity. Over-expression of eIF3g inhibited the reinitiation activity of TAV, indicating competition with the entire eIF3 for TAV-binding. Thus, eIF3g acts as part of the complete factor. Interaction of TAV with ribosomal protein L24 enhanced reinitiation activity indicating that L24 might function alone. 

Taking together our results show that TAV function depends on multiple interactions with the host translation machinery. We propose that TAV mediates efficient recruitment of eIF3 to both 40S and 60S ribosomes allowing expression of polycistronic mRNAs by reinitiation, overcoming the normal cell barriers to this process.

The TAV action model will be discussed.

NOVEL TYPE OF SIGNALING MOLECULES:  PROTEIN KINASES FUSED TO ION CHANNELS

Lillia V. Ryazanova, Maxim V. Dorovkov, Karen S. Pavur, and Alexey G. Ryazanov, Department of Pharmacology, UMDNJ-R.W.Johnson Medical School, Piscataway, NJ 08854

Recently we cloned and sequenced elongation factor-2 kinase and found that it represents a new class of protein kinases with a novel type of catalytic domain that is unrelated to the conventional eukaryotic protein kinases (1-3).  This new class, which we named alpha-kinases, is also represented by Dictyostelium myosin heavy chain kinases.  Using human cDNA libraries, we cloned and sequenced two new alpha-kinases with a very unusual structure (4).  At the C-terminus they have a typical alpha-kinase catalytic domain while their N-terminal portions are ion channels belonging to the TRP family of ion channels.  We named these proteins Channel-Kinase 1 (ChaK1) and Channel-Kinase 2 (ChaK2).  ChaK1 has a wide tissue distribution and, according to Northern analysis, is present in virtually all human tissues, while ChaK2 is expressed predominantly in kidneys.  Purified recombinant alpha-kinase catalytic domains of ChaK1 and ChaK2 can efficiently catalyze autophosphorylation and can phosphorylate myelin basic protein.  Both protein kinases are specific for ATP and catalyze phosphorylation of serine and threonine residues.  The channel portions of ChaK1 and ChaK2 are closely related to each other (60% identity) and to melastatin (50% identity).  Melastatin is a putative calcium channel belonging to the TRP family that is specifically down regulated in metastatic melanoma. Evidently channel-kinases appeared in evolution through the fusion of an alpha-kinase catalytic domain with a TRP-like ion channel.  Although the physiological function of channel-kinases is not known, they are likely to be involved in the regulation of calcium influx in mammalian cells.

1.Ryazanov, A.G., et al. (1997) Identification of a new class of protein kinases represented by eukaryotic elongation factor-2 kinase, Proc. Natl. Acad. Sci. USA  94: 4884-4889. 

2.Ryazanov, A.G., et al.(1999) Alpha-kinases: a new class of protein kinases with a novel catalytic domain, Current Biology  9: R43-R45.

3.Pavur, K.S., et al. (2000) Mapping the functional domains of elongation factor-2 kinase, Biochemistry  39: 12216-12224.

4.Ryazanova, L.V., et al. (2001) Novel type of signaling molecules: protein kinases covalently linked with ion channels, Molecular Biology  35: 271-283

LOCALIZATION OF HELICAL ELEMENTS OF E. COLI 23S rRNA THAT DIFFER FROM THE H. MARISMORTUI 23S rRNA
P. Sergiev1, R. Matadeen2, A. Leonov1, T. Pape2, E. van der Sluis2, F. Mueller3, M. Osswald3, K. von Knoblauch3, R. Brimacombe3, A. Bogdanov1, M van Heel2, O. Dontsova1

1Moscow State University, Russia, 2Imperial College of Science, Medicine and Technology, UK, 3Max-Planck Institut fur Molekulare Genetik, Germany

The atomic structure of the ribosomes from thermo- and halophilic bacteria became available a year ago. However the majority of the biochemical data are obtained for the mesophile E. coli. Here we study the localization of unconserved RNA helices in the 23S rRNA from E. coli, which are structurally different (or even not present) in H. marismortui. Helical elements h9, h25, h45, h63 and h98 have been extended by in vitro mutagenesis. Plasmids expressing corresponding mutant rrnB operons have been introduced into the E. coli strain lacking all rrn operons in the genome. Upon the displacement of the plasmid expressing wild type rRNA, the only ribosomes, left in the cell were mutant. Helix 63 extension was found to be lethal in the absence of the wild-type ribosomes. Pure mutant ribosomes were separated from the strains expressing h9, h25, h46 and h98 extensions. Cryo-EM localization of helices 9, 45 and 98 has been done. The results were compared with the recently published x-ray structure of H. marismortui 50S subunit. Helix 45 position was the same in both structures.  In the case of helix 9 the small difference between cryo-EM and x-ray data was detected. This might be due to the significant difference in the secondary structures of the 23S rRNA region around helix 9 between E. coli and H. marismortui. Helix 98 is absent in H. marismortui, however its location, determined by cryo-EM lies in the area, corresponding to this secondary structure region of H. marismortui. Helix 25 location has not been determined, due to the multiple changes of the 23S rRNA conformation, caused by the helix 25 extension.
NEW GENETIC CONSTRUCTS DESIGNED FOR mRNA TRANSLATION IN A WHEAT GERM CELL-FREE SYSTEM

Lyubov A. Shaloiko1,2, TatyanaV. Ivashina2,3, Igor E. Granovsky3, Vladimir V. Antonenko2, Vladimir N. Ksenzenko2, and Alexander S. Spirin2
1Institute of Protein Research, 2Branch of Shemyakin and Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences, Pushchino, Moscow Region, 142290, Russia

3Skryabin Institute of Biochemistry and Physiology of Microorganisms

5'-UTR and 3'-UTR of plant virus RNAs are commonly used as enhancer elements for cap-independent 5'-terminal initiation of mRNA translation in a wheat germ cell-free system (WGS). We have examined the effect of satellite tobacco necrosis virus (STNV) 5'- and 3'-UTRs on translation of GFP mRNA. We have found that the 3'-UTR inhibits translation at high concentration of the mRNA, both in the presence and in the absence of 5'-UTR.

Searching an effective enhancer leader which could provide for efffective cap-independent translation of mRNA and overcome the inhibition effect of excess mRNA we have analyzed an enhancing properties of 5'-UTR of photoprotein obelin mRNA from hydroid polyp Obelia longissima. We have shown that this leader can be used as an effective enhancer of translation in WGS being fused with different reporter genes (GFP, E. coli folA and lacZ, and cat from Tn9). At low mRNA concentrations (up to 200 pmol/ml) it exhibits essential additive enhancing effect in combination with STNV 3'-UTR, and no translation inhibition is observed even at high mRNA concentrations (up to 1200 pmol/ml).

A number of 5'-end truncated variants of the obelin leader were also tested for the ability to provide an enhancing effect on mRNA translation. It was shown that the maximum effect can be achieved using either full-length obelin leader (61 nt) or 5'-truncated 23 nt obelin leader followed by the 10nt plasmid derived sequence 5'-GGGAAAGCTT-3' as 5'-UTRs.

THE MAJOR CORE PROTEIN OF CYTOPLASMIC mRNP, p50, PACKS mRNA AND MODIFIES ITS SECONDARY STRUCTURE

Maxim A. Skabkin1, Alexey V. Sorokin1, Konstantin G. Chernov1, Valentina M. Evdokimova1, Peter V. Ruzanov1, Adri A.M. Thomas2, and Lev P. Ovchinnikov1 

1Institute of Protein Research, Russian Academy of Sciences, Pushchino, Moscow Region, 142290 Russia

2Department of Molecular and Cell Biology, University of Utrecht , Padualaan 8, 3584 CH Utrecht, The Netherlands

The major mRNP protein p50 is a component of both translatable polysomal and nontranslatable free mRNPs of mammalian cells. At a low p50/mRNA ratio typical for polysomal translatable mRNPs, p50 promotes translation initiation, while at higher p50/mRNA ratios characteristic of free nontranslatable mRNP, it inhibits initiation (1, 2). The truly molecular mass of this protein is 35.6 kDa. p50 consists of two main domains. The N-terminal cold shock domain forms a (-barrel and specifically interacts with nucleic acids. The C-terminal domain is built up by alternating positively and negatively charged clusters of amino acid residues; it nonspecifically binds to RNA and participates in protein-protein interactions, so in the absence of RNA, p50 forms homomultimeric complexes (3). 

The current study was focused on properties of p50 compexes with alpha-globin mRNA. It was shown that at a low p50/mRNA ratio p50 binds with its N- and C-terminal domains to alpha-globin mRNA as a monomer, while at a higher p50/mRNA ratio, the protein undergoes multimerization and binds to mRNA with its N-terminal domain only. Upon mRNA saturation, the formed complexes are highly homogeneous; they have a buoyant density in CsCl of 1.4 g/cm3 and a sedimentation coefficient of about 30 S typical of informosomes. 

At a low p50/RNA ratio, p50 displays RNA-annealing activity and is able to catalyze the hybridization of two complementary single-stranded RNAs. At higher p50/RNA ratios, p50 exhibits RNA-melting activity. Additionally, p50 possesses the RNA strand-exchange activity provided by its C-terminal domain. Thus, p50 can be regarded as a protein that contributes to mRNA organization and packing within mRNPs thereby affecting mRNA translational activity. 

(1) Minich, W.B. and Ovchinnikov, L.P. (1992) Biochimie 74, 477-483.

(2) Evdokimova, V.M. et al. (1998) J. Biol. Chem. 273, 3574-3581.

(3) Evdokimova, V.M. et al. (1995) J. Biol. Chem. 270, 3186-3192.
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AN APPROACH TO POST-TRANSCRIPTIONAL REGULATION OF MAJOR mRNP PROTEIN p50 SYNTHESIS IN RABBIT RETICULOCYTE LYSATE

Olga V. Skabkina, Maxim A. Skabkin, Nadezhda V. Popova, Lev P. Ovchinnikov

Institute of Protein Research, Russian Academy of Sciences, Pushchino, Moscow Region, 142290 Russia

The major protein of cytoplasmic mRNP p50 is a member of the family of multifunctional proteins containing the cold shock domain. In the nucleus these proteins can interact with promoters and enhancers of many genes and regulate their transcription, while in the cytopolasm they are responsible for mRNA packing into mRNPs and affect their translational activity. Therefore, the amount of these proteins in the cell must be under strict control. As shown, in bacterial cells, the content of proteins of this family is controlled mainly at the post-transcriptional level. Since in eukaryotic cells the post-transcriptional control of gene expression is believed to be dependent on regulatory sequences in 5’ and 3’ UTR of mRNA and on specific proteins interacting with these mRNA regions, we studied the effect of exogenous 5’ and 3’ UTR fragments of p50 mRNA on p50 synthesis in the rabbit reticulocyte cell-free translation system. It was shown that the entire 272 nt 3’ UTR fragment as well as its first part (149 nt) strongly inhibited p50 synthesis, while its last 123 nt part as well as 5’ UTR fragment produced no effect on p50 mRNA translation. Northern-blot studies showed that inhibition of p50 synthesis by 3’ UTR fragments was not a result of p50 mRNA degradation but can be explained by their direct effect on translation. The first part of the 3’ UTR fragment was shown to inhibit not only the synthesis of p50 but also of luciferase and globin, while its last part produced no effect on synthesis of these proteins. Addition of the first part of 3’ UTR fragment to the rabbit reticulocyte cell-free translation system results in a complete decay of polysomes, while its last part causes no change in the polysome profile. Thus, the first part of the 3’ UTR fragment blocks mRNA translation mainly at the stage of initiation. This may be explained by its ability to bind some translation initiation factor(s) either directly or through protein(s) specifically interacting with it. UV-crosslinking studies revealed four proteins of 69, 50, 46, and 44 kDa specifically interacting with the 3’ UTR fragment of p50 mRNA: 69 kDa and 50 kDa proteins bind to its first part, and 46 kDa and 44 kDa proteins associate with its last part. Currently, purification and identification of these proteins are in progress.

This study is supported by the Russian Foundation for Basic Research (00-15-97903, 01-04-49038)

FUNCTIONAL SELECTION OF THE CONSERVED RRNA SEQUENCE FOR 

PEPTIDYL-TRANSFER REACTION IN E. COLI  RIBOSOME
Tsutomu Suzuki, Neuza Satomi Sato and Kimitsuna Watanabe

Department of Integrated Biosciences, Graduate School of Frontier Sciences, University of Tokyo, Bldg. FSB-301, 5-1-5 Kashiwanoha, Kashiwa, Chiba Prefecture, 277-8562, Japan
The highly conserved functional domains of rRNA have crucial roles for peptidyl-transfer reaction. The biochemical and structural studies revealed that the conserved residues in P loop (helix 80) and A loop (helix 92) position CCA-termini of both peptidyl- and aminoacyl-tRNAs to facilitate the peptide bond formation catalyzed by A2451 in the large loop of the domain V (PTase center). To comprehend the functional importance of the highly conserved residues in rRNA, we established a method for functional selection of rRNA sequence from randomized rRNA library in E. coli cells (SSER; systematic selection of functional sequence by enforced replacement). The system consist of a E. coli strain NT101, which was constructed by introduction of a plasmid containing rrnB operon and sacB gene [pRB-sacB-Ampr] into TA542 ( strain lacking all chromosomal rrn operons developed by Squires’s group). The completely randomized library of specifc rRNA sequence was prepared by using a template plasmid [pRB-Kmr] carrying the same origin and kanamycin resistance gene which was transformed into NT101. When the introduced library had a functional sequence, the host plasmid pRB-sacB-Ampr was replaced giving a sucrose and kanamycin resistant cells. The consensus of functional sequence was identified by DNA sequencing of introduced plasmid. In the present work, we show results of sequences essential for ribosome function in the 23S rRNA: P loop (helix 80), A loop (helix 92), PTase center in the large loop of the domain V (2448-2554), S/R loop (helix 95) and 715 loop (helix 34) selected from completely randomized library. The proposed catalytic triad, A2451-G2447-G2061, was randomized and the functional sequence sets were selected by this method.  Since A2447 was selected as functional sequence in addition to G2447, the charge transfer model is not essential for ribosome function in E. coli cells.

PURIFICATION AND CHARACTERIZATION OF HFQ PROTEIN FROM ESCHERICHIA COLI – A GLOBAL REGULATOR OF GENE EXPRESSION

Ioulia M. Vassilieva1, Мaxim V. Rouzanov1, Natalia V. Zelinskaya1, Isabella Moll2, Udo Blaesi2, and Мaria B. Garber1, 1Institute of Protein Research, Russian Academy of Sciences, 142290 Pushchino, Moscow Region, Russia; 2Institute of Microbiology and Genetics, Vienna Biocenter, Dr. Bohrgasse 9, 1030 Vienna, Austria
Hfq (also denoted host factor I, HF-I) is a highly conservative heat-stable bacterial protein which is involved in regulation of gene expression. It was discovered through its role in the replicative cycle of RNA bacteriophage Q(. It appears to work as a pleiotropic regulator of an increasing number of genes in bacteria. Expression of hfq is autogenously regulated. Hfq positively regulates the expression of rpoS, encoding the σs subunit of RNA polymerase, at a post-transcriptional level by altering the structure of the mRNA allowing enhanced translation. σs is a central regulator of genes induced by osmotic stress, low pH, oxygen limitation, heat shock, elevated H2O2, UV light, starvation and entry into stationary phase. The mechanism of regulation of rpoS expression includes OxyS RNA. This is a small untranslated RNA which is induced in responce to oxidative stress in E. coli. OxyS RNA binds Hfq in vivo and in vitro, alters its activity and thereby prevents rpoS mRNA translation. Hfq is known to facilitate degradation of several mRNA, including ompA mRNA (an exeptionally stable mRNA encoding the major outer membrane protein of E. coli) and rpsO mRNA, encoding ribosomal protein S15. Hfq regulates the stability of ompA mRNA by competing with 30S ribosomes for binding to the ompA 5’-UTR. Hfq is also an effector of poly(A) metabolism since it stimulates the elongation of poly(A) tails catalyzed by poly(A) polymerase I in vitro and affects the lenghts of oligo(A) tails in vivo. Hfq is one of the non-specific DNA-binding proteins in E. coli which form the nucleoid.

In this work we have cloned and overexpressed the hfq gene from E. coli and elaborated the protein purification procedure. We have shown by gel-filtration and ultracentrifugation that in the absence of RNA protein Hfq forms a hexamer. The first crystals of Hfq were obtained. The oxyS gene from E. coli was cloned as well. This regulator RNA was obtained in preparative quantities by T7 transcription in vitro. We made stable Hfq-OxyS RNA complexes and tested them by band shift assay.

ULTRAVIOLET LIGHT INHIBITS TRANSLATION THROUGH ACTIVATION OF THE UNFOLDED PROTEIN RESPONSE KINASE PERK IN THE LUMEN OF THE ENDOPLASMIC RETICULUM

Shiyong Wu1, Yuanyuan Hu1, Ju-Lin Wang1, Madhumita Chatterjee1 and Randal J. Kaufman2.  1Department of Radiation Oncology, 2Howard Hughes Medical Institute and Department of Biological Chemistry, University of Michigan Medical Center, Ann Arbor, MI  48109


Overexposure to ultraviolet light can cause inflammation, premature skin aging and cancer.  UV-irradiation alters the expression of multiple genes that encode functions to repair DNA-damage, arrest cell growth or induce apoptosis.  In addition, UV-irradiation inhibits protein synthesis, although the mechanism is not known.  In this report, we show that UV-irradiation induces phosphorylation of eukaryotic translation initiation factor 2 on the alpha subunit (eIF2() and inhibits protein synthesis in a dosage and time dependent manner.  The UV-induced phosphorylation of eIF2( is inhibited by the overexpression of a non-phosphorylatable mutant of eIF2( (S51A) or two dominant negative mutants of PERK.  However, the phosphorylation cannot be inhibited by overexpression of a dominant negative PKR, which suggests that UV-induced eIF2( phosphorylation is specifically regulated by PERK.  Our data also shows that UV-induced translational inhibition is partially reversed in MCF-7 cells, which are stably transfected with a dominant negative PERK.  These results suggest a novel mechanism by which UV-irradiation regulates translation via an ER-stress signaling pathway.

INVOLVEMENT OF 18S rRNA 5’-TERMINAL DOMAIN IN THE CONTROL OF mRNA TRANSLATION IN PLANTS

Saule Sh. Zhanybekova, Naila S. Polimbetova, Rashid Zh. Akbergenov, Serik M. Shaikhin, Thomas Hohn*, Bulat K. Iskakov

Laboratory of Protein and Nucleic Acids Research, Institute of Molecular Biology and Biochemistry, Kazakh Academy of Sciences, 86, Dosmukhamedov St., 480012 Almaty, Kazakhstan, * Friedrich Miescher-Institut, P.O.Box 2543, CH-4002 Basel, Switzerland

Earlier in wheat germ (WG) ribosomes we have detected small RNA (5.3S RNA, 134 nucleotides) the amount of which increased several times under heat shock conditions. It was shown that 5.3S RNA is tightly bound to 40S ribosomal subunits (both native and derived). This RNA could be dissociated from native 40S subunits in high salt buffer with 2 M urea as an RNP-complex (35S) that contain specific set of polypeptides with Mr of 86000 (p86), 90000 (p90), 105000 (p105), and 120000 (p120) out of which p86, p90, and p105 being the major ones. Isolated 5.3S RNA (unlike 5S and 5.8S rRNAs) was able specifically and tightly bind WG initiation factor 2 (peIF2) and inhibit in vitro translation of reporter mRNA in WG cell-free system. These data suggested that 5.3S RNA may be involved in translational control in wheat germ system at least under heat shock conditions. 

To clarify the origin of 5.3S RNA we cloned it and sequenced. Sequence analysis revealed that 5.3S RNA is identical to 5’-terminal domain of plant 18S rRNA. Supposedly, accumulation of 5.3S RNA under heat shock conditions is due to nuclease cleavage of 18S rRNA at specifically exposed site that may change the translation ability of WG ribosomes. Indeed, short treatment of WG extract with micrococcal nuclease resulted in substantial accumulation of 5.3S RNA-containing ribosomes. 

It is known that first 25 nucleotides of bacterial 16S rRNA make a hairpin and the loop of this hairpin participates in formation of the “central pseudoknot” (“CP”) which was shown to be important for translation initiation. Formation of “CP” appears to be essential for initiation could be completed by joining the large ribosomal subunit. 

We noted that the loop -(9)UGAUCCU(15)- of the first hairpin of plant 18S rRNA (and hence of 5.3S RNA) may form not only the “CP” with the central domain (pos. 1146-1149), but also a so called “5’-3’ pseudoknot” (“5’-3’-P”) with the 3’ domain (pos. 1803-1809). So 18S rRNA (and hence the small ribosomal subunit itself) may exist in two alternative conformations. 

To experimentally test the possible importance of these conformations we prepared synthetic oligoRNA imitating the structure of the first hairpin and several others that differ from it by base substitutions in the loop. Using WG cell-free system we have shown that only those of them which possessed complementarity to 3’-end of 18S rRNA were able to inhibit translation of different reporter mRNAs in concentration depending manner obviously by hindering the switching between alternative conformations. 

Interestingly, the oligoRNAs imitating the structure of the first hairpin of 18S rRNA were able to specifically crosslink to polypeptide with Mr 86000 (p86) in the presence of ATP. By these properties p86 corresponds to peIFiso4G, indicating that this translation factor may interact with 18S rRNA and participate in switching between “5’-3’”- and “CP” conformations. Surprisingly, several naturally uncapped plant viral mRNAs, which are known to be efficiently translated without assistance of eIF4F contain in their untranslated regions the short sequences imitating the loop of the first hairpin of 18S rRNA. 

Thus the switching of 5’- terminal loop of 18S rRNA between alternative positions at the center and 3’-end may constitute an important mechanism of translational control utilized in cap-independent translation initiation. 
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From the Airport by bus or taxi to the Rechnoy Vokzal Station, then by Underground to the Yuzhnaya Station where you can get on a Moscow-Pushchino bus. This will take 4 hours.

From the Airport by bus or taxi to the Rechnoy Vokzal Station, then by Underground to the Kurskaya Station where you get to the Kursk Railway Station. There you can take an electric train to Serpukhov. In Serpukhov you can get on a bus to Pushchino. This will take 5 hours.
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