123

Bibliography

Adamski, F.M., Donly, B.C. and Tate, W.P. (1993) Competition Between
Frameshifting, Termination and Suppression at the Frameshift Site in the
Escherichia coli Release Factor-2 Messenger RNA. Nucleic Acids Res, 21,
5074-5078.

Agrawal, R.K., Spahn, C.M.T., Penczek, P., Grassucci, R.A., Nierhaus, K.H. and
Frank, J. (2000) Visualization of tRNA movements on the Escherichia coli 70S
ribosome during the elongation cycle. J. Cell. Biol., 150, 447-459.

Allen, D.W. and Zamecnik, P.C. (1962) The effect of puromycin on rabbit reticulocyte
ribosomes. Biochim. Biophys. Acta, 55, 865-874.

Arkov, A.L., Freistroffer, D.V., Pavlov, M.Y., Ehrenberg, M. and Murgola, E.J. (2000)
Mutations in conserved regions of ribosomal RNAs decrease the productive
association of peptide-chain release factors with the ribosome during translation
termination. Biochimie, 82, 671-82.

Atkins J. A., H.A.J., MAssire C. O'Connor M., Ivanov |., and Gesteland R. F. (2000)
Poking a Hole in the Sancity of the Triplet Code: Inferences for Framing. In R.
A. Garret, S.R.D., A. Liljas, A. T. Matheson, P. B. Moore, and H. F. Noller (ed.)
The Ribosome Structure, Function, Antibiotics, and Cellular Interactions. ASM
Press American Society for Microbiology, Washington, DC, pp. 369-384.

Balakin, A.G., Skripkin, E.A., Shatsky, I.N. and Bogdanov, A.A. (1992) Unusual
Ribosome Binding Properties of Messenger RNA Encoding Bacteriophage
lambda Repressor. Nucl. Acids Res., 20, 563-571.

Baranov PV, Gesteland RF and JF, A. (2002) Release Factor 2 framsehifting sites in
different bacteria. EMBO reports, 3, 1-5.

Bartetzko, A. and Nierhaus, K.H. (1988) A simple Mgz+/NH4+/ponamine system for

poly(U) dependent poly(Phe) synthesis with near in vivo characteristics.
Methods Enzymol., 164, 650-658.

Belitsina, N.V., Tnalina, G.Z. and Spirin, A.S. (1981) Template-free ribosomal
synthesis of polylysine from lysyl-tRNA. FEBS Lett., 131, 289-292.

Belitsina, N.V., Tnalina, G.Z. and Spirin, A.S. (1982) Template-free ribosomal
synthesis of polypeptides from aminoacyl-tRNAs. Biosystems, 15, 233-421.

Berg, P., Bergmann, F.H., Ofengand, E.J. and Dieckmann, M. (1961) The enzymatic



124

synthesis of amino acyl derivatives of ribonucleic acid: I. The mechanism of
leucyl-, valyl-, isoleucyl-, and methionyl ribonucleic acid formation. J. Biol.
Chem., 236, 1726-1734.

Bergemann, K. and Nierhaus, K.H. (1983) Spontaneous, elongation factor G
independent translocation of Escherichia coli ribosomes. J. Biol. Chem., 258,
15105-15113.

Beyer, D., Skripkin, E., Wadzack, J. and Nierhaus, K.H. (1994) How the ribosome
moves along the mRNA during protein synthesis. J. Biol. Chem., 269, 30713-
30717.

Blaha, G., Burkhardt, N. and Nierhaus, K.H. (2002) Formation of 70S ribosomes:
Large activation energy is required for the adaptation of exclusively the small
ribosomal subunit. Biophys. Chem., 96, 153-161.

Blaha, G. and Nierhaus, K.H. (2001) Features and functions of the ribosomal E site.
Cold Spring Harbor Symposia on Quantitative Biology, 65, 135-145.

Blaha, G., Stelzl, U., Spahn, C.M.T., Agrawal, R.K., Frank, J. and Nierhaus, K.H.
(2000) Preparation of functional ribosomal complexes and the effect of buffer
conditions on tRNA positions observed by cryoelectron microscopy. Methods
Enzymol., 317, 292-3009.

Blumberg, B.M., Nakamoto, T. and Kezdy, F.J. (1979) Kinetics of Initiation of
Bacterial Protein Synthesis. PNAS USA, 68, 3122-3126.

Boni, I.V., Isaeva, D.M., Musychenko, M.L. and Tzareva, N.V. (1991) Ribosome
messenger recognition: mMRNA target sites for ribosomal protein S1. Nucleic
Acids Research, 19, 155-162.

Brown, C.M., Stockwell, P.A., Trotman, C.N.A. and Tate, W.P. (1990) The Signal for
the Termination of Protein-Synthesis in Procaryotes. Nucleic Acids Research,
18, 2079-2086.

Brown, C.M. and Tate, W.P. (1994) Direct recognition of mRNA stop signals by
Escherichia coli polypeptide chain release factor two. J Biol Chem, 269, 33164-
33170.

Burkhardt, N., Junemann, R., Spahn, C.M.T. and Nierhaus, K.H. (1998) Ribosomal
tRNA Binding Sites: Three-Sites Models of Translation. Crit. Rev. Biochem. Mol.
Biol., 33, 95-149.

Carter, A.P., Clemons, W.M., Jr., Brodersen, D.E., Morgan-Warren, R.J., Hartsch, T.,
Wimberly, B.T. and Ramakrishnan, V. (2001) Crystal structure of an initiation



125

factor bound to the 30S ribosomal subunit. Science, 291, 498-501.
Caskey, C.T., Forrester, W.C., Tate, W. and Ward, C.D. (1984) Cloning of the

Escherichia coli release factor 2 gene. J Bacteriol, 158, 365-8.

Chaconas, G. and Sande, J.H.v.d. (1980) 5' 32P labelling of RNA and DNA
restriction fragments. Methods Enzymol., 65, 75-88.

Cobianchi, F. and Wilson, S. (1987) Enzymes for modifying and labeling DNA and
RNA. Meth. Enzymol, 152, 94-110.

Connell, S. and Nierhaus, K. (2000) Translational Termination yet at ist End.
CHEMBIOCHEM, 1, 250-253.

Craigen, W.J. and Caskey, T. (1986) Expression of peptide chain release factor 2
requires a high efficiency frameshift. Nature, 322, 273-275.

Craigen, W.J., Cook, R.G., Tate, W.P. and Caskey, C.T. (1985) Bacterial peptide
chain release factors: conserved primary structure and possible frameshift
regulation of release factor 2. Proc. Natl. Acad. Sci. USA, 82, 3616-3620.

Curran, J.F. (1993) Analysis of Effects of Transfer RNA - Message Stability on
Frameshift Frequency at the Escherichia-Coli RF2 Programmed Frameshift
Site. Nucleic Acids Res, 21, 1837-1843.

Curran, J.F. and Yarus, M. (1988) Use of tRNA Suppressors to Probe Regulation of
Escherichia coli Release Factor 2. J. Mol. Biol., 203, 75-83.

Dabrowski, M., Spahn, C.M.T. and Nierhaus, K.H. (1995) Interaction of tRNAs with
the ribosome at the A and P sites. EMBO J., 14, 4872-4882.

Dabrowski, M., Spahn, C.M.T., Schafer, M.A., Patzke, S. and Nierhaus, K.H. (1998)
Contact patterns of tRNAs do not change during ribosomal translocation. J. Biol.
Chem., 273, 32793-32800.

Dahlquist, K.D. and Puglisi, J.D. (2000) Interaction of translation initiation factor IF1
with the E. coli ribosomal A site. J Mol Biol, 299, 1-15.

Dallas, A. and Noller, H.F. (2001) Interaction of translation initiation factor 3 with the
30S ribosomal subunit. Mol. Cell., 8, 855-864.

de Smit, M.H. and van Duin, J. (1990) Secondary structure of the ribosome binding
site determines translational efficiency: A quantitative analysis. Proc. Natl.
Acad. Sci. USA, 87, 7668-7672.

Dincbas-Renqvist, V., Engstrom, A., Mora, L., Heurgue-Hamard, V., Buckingham, R.
and Ehrenberg, M. (2000) A post-translational modification in the GGQ motif of

RF2 from Escherichia coli stimulates termination of translation. EMBO J, 19,



126

6900-7.

Donly, B.C., Edgar, C.D., Adamski, F.M. and Tate, W.P. (1990) Frameshift
autoregulation in the gene for Escherichia coli release factor-2 - Partly
functional mutants result in frameshift enhancement. Nucl. Acids Res., 18.

Dube, P., Wieske, M., Stark, H., Schatz, M., Stahl, J., Zemlin, F., Lutsch, G. and van
Heel, M. (1998) The 80S rat liver ribosome at 25 A resolution by electron
cryomicroscopy and angular reconstitution. Structure, 6, 389-99.

Durnoff, J.S. and Maitra, U. (1971) Isolation and properties of proteins factors
involved in polypeptide chain initiation in Escherichia coli. Meth. Enzymol., 20,
248-261.

Farabaugh, P. and Bjork, G. (1999) How translational accuracy influences reading
frame maintenance. EMBO J, 18, 1427-1434.

Freistroffer, D.V., Pavlov, M.Y., MacDougall, J., Buckingham, R.H. and Ehrenberg,
M. (1997) Release factor RF3 in E-coli accelerates the dissociation of release
factors RF1 and RF2 from the ribosome in a GTP-dependent manner. EMBO J,
16, 4126-4133.

Frolova, L., Tsivkovskii, R., Sivolobova, G., Oparina, N., Serpinski, O., Blinov, V.,
Tatkov, S. and Kisselev, L. (1999) Mutations in the highly conserved GGQ motif
of class 1 polypeptide release factors abolish the ability of human eRF1 to
trigger peptidyl-tRNA hydrolysis. RNA, 5, 1014-1020.

Ganoza, M.C., Cunningham, C. and Green, R.M. (1985) Isolation and point action of
a factor from Escherichia coli required to reconstruct translation. Proc. Natl.
Acad. Sci. USA, 82, 1648-1652.

Gavrilova, L.P., Kostiashkina, O.E., Koteliansky, V.E., Rutkevitch, N.M. and Spirin,
A.S. (1976) Factor-free(non-enzymic and factor-dependent systems of
translation of polyU by E coli ribosomes. J. Mol. Biol., 101, 537-552.

Geigenmdller, U. and Nierhaus, K.H. (1990) Significance of the third tRNA binding
site, the E Site, on E. coli ribosomes for the accuracy of translation : an
occupied E site prevents the binding of non-cognate aminoacyl-transfer RNA to
the A site. EMBO J., 9, 4527-4533.

Gillam, I., Milward, S., Blew, D., von Tigerstrom, M., Wimmer, E. and Tener, G.M.
(1967) The separation of soluble ribonucleic acids on benzoylated
diethylaminoethylcellulose. Biochemistry, 6, 3043-3056.

Gnirke, A., Geigenmuller, U., Rheinberger, H.-J. and Nierhaus, K.H. (1989) The



127

allosteric three-site model for the ribosomal elongation cycle. J. Biol. Chem.,
264, 7291-7301.

Gnirke, A. and Nierhaus, K.H. (1986) tRNA binding sites on the subunits of
Escherichia coli ribosomes. J. Biol. Chem., 261, 14506-14514.

Gnirke, A. and Nierhaus, K.H. (1989) Large-scale synthesis of the mRNA analogue
C17AUGA4C17. Biochem. Int., 18, 551-559.

Goringer, H.U., Hijazi, K.A., Murgola, E.J. and Dahlberg, A.E. (1991) Mutations in
16S rRNA That Affect UGA (Stop Codon)-Directed Translation Termination.
Proc Natl Acad Sci USA, 88, 6603-6607.

Grajevskaja, R.A., lvanov, Y.V. and Saminsky, E.S. (1982) 70S ribsosomes of
Escherichia coli have an additional site for deacylated tRNA. Eur. J. Biochem.,
128, 47-52.

Grill, S., Lodei, P., Gualerzi, C.O. and Blasi, U. (2000) Selective stimulation of
translation of leaderless mRNA by initiation factor 2: evolutionary implications
for translation. EMBO J, 19, 4101-4110.

Gualerzi, C.O. and Pon, C.L. (1990) Initiation of Messenger-RNA Translation in
Prokaryotes. Biochemistry, 29, 5881-58809.

Haenni, A. and Chapeville, F. (1966) The behaviour of acetylphenylalanyl soluble
ribonucleic acid in polyphenylalanine synthesis. Biochim. Biophys. Acta, 114,
135-148.

Hansen, J.L., Schmeing, T.M., Moore, P.B. and Steitz, T.A. (2002) Structural insights
into peptide bond formation. Proc. Natl. Acad. Sci. USA, 99, 11670-11675.
Hapke, B. and Noll, H. (1976) Structural dynamics of bacterial ribosomes:

IV.Classification of ribosomes by subunit interaction. J. Mol. Biol., 105, 97-109.

Hartwick, R.A., Assenza, S.P. and Brown, P.R. (1979) Identification and quatitation of
nucleotides, bases and other UV-absorbing compounds in serum, using
reversed-phase High-Performance Liquid Chromatography. J. Chromatogr.,
186, 647-658.

Hentzen, D., Mandel, P. and Garel, J.P. (1972) Relation between aminoacyl tRNA
stability and the fixed amino acid. Biochim. Biophys. Acta, 281, 228-232.

Hirashima, A. and Kaji, A. (1970) Factor dependent breakdown of polysomes.
Biochem Biophys Res Com, 41 (4), 877-883.

Hirashima, A. and Kaiji, A. (1972) Purification and properties of ribosome-releasing
factor. Biochemistry, 11, 4037-4044.



128

Hirokawa, G., Kiel, M.C., Muto, A., Selmer, M., Raj, V.S, Liljas, A., Igarashi, K., Kaji,
H. and Kaji, A. (2002) Post-termination complex disassembly by ribosome
recycling factor, a functional tRNA mimic. Embo J, 21, 2272-81.

Ito, K., Ebihara, K. and Nakamura, Y. (1998a) The stretch of C-terminal acidic amino
acids of translational release factor eRF1 is a primary binding site for eRF3 of
fission yeast. RNA, 4, 958-972.

Ito, K., Uno, M. and Nakamura, Y. (1998b) Single amino acid substitution in
prokaryote polypeptide release factor 2 permits it to terminate translation at all
three stop codons. Proc Natl Acad Sci USA, 95, 8165-9.

Ito, K., Uno, M. and Nakamura, Y. (2000) A tripeptide 'anticodon' deciphers stop
codons in messenger RNA. Nature, 403, 680-4.

Ivanov V, Beniaminov A , Mikheyev A and E, M. (2001) Hypothesis

A mechanism for stop codon recognition by the ribosome: A bioinformatic approach.
RNA, 7, 1683-1692.

Janosi, L., Ricker, R. and Kaji, A. (1996) Dual functions of ribosome recycling factor
in protein biosynthesis: Disassembling the termination complex and preventing
translational errors. Biochimie, 78, 959-969.

Janosi, L., Shimizu, I. and Kaji, A. (1994) Ribosome recycling factor (ribosome
releasing factor) is essential for bacterial growth. Proc Natl Acad Sci USA, 91,
4249-4253.

Jermutus, L., Ryabova, L.A. and Pluckthun, A. (1998) Recents advances in
producing and selecting functional proteins by using cell free translation.
Current Opinion in Biotecnology, 9, 534-548.

Jinks, R.S., Baughman, G. and Nomura, M. (1984) Regulation of ribosome
biosynthesis in E. coli. Alfred Benzon Symp.

Jinks, R.S. and Nomura, M. (1987) Ribosomes and tRNA. Escherichia coli and
Salmonella typhimurium, Vol. 2, pp. 1358-1381.

Jorgensen, F. and Kurland, C.G. (1990) Processivity errors of gene expression in
Escherichia coli. J. Mol. Biol., 215, 511-521.

Karimi, R., Pavlov, M., Buckingham, R. and Ehrenberg, M. (1999) Novel roles for
classical factors at the interface between translation termination and initiation.
Mol. Cell, 3, 601-609.

Kelmers, A.D., Weeren, H.O., Weiss, J.F., Pearson, R.L., Stulberg, M.P. and Novelli,

D. (1971) Reversed-phase chromatography system for transfer ribonucleic



129

acids-preparatory-scale methods. Meth. Enzymol., 20, 9-34.

Klenow, H. and Henningsen, I. (1970) Selective elimination of the exonuclease
activity of the deoxiribonucleic acid polymerase from Escherichia coli B by
limited proteolysis. Proc. Natl. Acad. Sci. USA, 65, 168-175.

Kung, H.F., Redfield, B., Treadwell, B.V., Eskin, B., Spears, C. and Weissbach, H.
(1977) DNA-directed in vitro synthesis of R-galactosidase. Journal of Biological
Chemistry, 252, 6889-6894.

La Teana, A., Pon, C.L. and Gualerzi, C.O. (1996) Late events in translation
initiation. Adjustment of fMet-tRNA in the ribosomal P-site. J. Mol. Biol., 256,
667-675.

Lamla, T. and Erdmann, V.A. (2001) In vitro selection of other proteins than
antibodies by means of ribosome display. FEBS Letters, 502, 35-40.

Lancaster, L., Kiel, M.C., Kaji, A. and Noller, H.F. (2002) Orientation of ribosome
recycling factor from directed hydroxyl radical probing. Cell, 111, 129-140.

Lill, R., Robertson, J.M. and Wintermeyer, W. (1984) tRNA binding sites of ribosomes
from Escherichia coli. Biochemistry, 23, 6710-6717.

Lim, V.I. and Curran, J.F. (2001) Analysis of codon:anticodon interactions within the
ribosome provides new insights into codon reading and the genetic code
structure. RNA, 7, 942-957.

Lindsley, D. and Gallant, J. (1993) On the directional specificity of ribosome
frameshifting at a "hungry" codon. Proc Natl Acad Sci U S A, 90, 5469-73.

Lipmann, F. (1963) Messenger ribonucleic acid. Prog. Natl. Acid. Res., 1, 135-161.

Lockwood, A.H., Chakraborty, P.R. and Maitra, U. (1971) A complex between
initiation factor IF2, guanosine triphosphate, and fMet-tRNA: an intermediate in
initiation complex formation. PNAS USA, 68, 3122-3126.

Luchin, S., Putzer, H., Hershey, J.W.B., Cenatiempo, Y., Grunberg-Manago, M. and
Laalami, S. (1999) In vitro study of two dominant inhibitory GTPase mutants of
Escherichia coli translation initiation factor IF2 - Direct evidence that GTP
hydrolysis is necessary for factor recycling. Journal of Biological Chemistry.,
274, 6074-6079.

Marquez, V., Wilson, D.N. and Nierhaus, K.N. (2002) Functions and interplay of the
tRNA-binding sites of the ribosome. Biochemical Society Transactions, 30, 133-
140.

Maxam, A.M. and Gilbert, W. (1977) A new method for sequencing DNA. Proc. Natl.



130

Acad. Sci. U.S.A., 74, 560-564.

Meinnel, T., Sacerdot, C., Graffe, M., Blanquet, S. and Springer, M. (1999)
Discrimination by Escherichia coli initiation factor IF3 against initiation on non-
canonical codons relies on complementarity rules. J Mol Biol, 290, 825-837.

Mignone, F., Gissi, C., Liuni, S. and Pesole, G. (2002) Unstranslated regions of
mRNAs. Genome Biology, 3, 4.1-4.10.

Milligan, F. and Uhlenbeck, O.C. (1989) Synthesis of small RNAs using T7 RNA
polymerase. Meth. Enzymol., 180, 51-62.

Moazed, D. and Noller, H.F. (1989) Intermediate states in the movement of transfer
RNA in the ribosome. Nature, 342, 142-148.

Mohr, D., Wintermeyer, W. and Rodnina, M.V. (2002) GTPase activation of
elongation factors Tu and G on the ribosome. Biochemistry, 41, 12520-12528.

Moll, I. and Blasi, U. (2002) Differential inhibition of 30S and 70S translation initiation
complexes on leaderless mRNA by kasugamycin. Biochemical and Biophysical
Research Communications, 297, 1021-1026.

Moll, 1., Grill, S., Gualerzi, C.O. and Blasi, U. (2002) Leaderless mRNAs in bacteria
surprises in ribosomal recruitment and translational control. Molecular
Microbiology, 43, 239-246.

Moore P., B., and Steitz T. A. (2002) The involvement of RNA in ribosome function.
Nature, 418, 229-235.

Mottagui, S.T. (1998) Quantitative analysis of in vivo ribosomal events at UGA and
UAG stop codons. Nucleics Acid Research, 26, 2789-2796.

Murgola, E.J., Goringer, H.U., Dahlberg, A.E. and Hijazi, K.A. (1989) Ribosomal RNA
and UGA-dependent peptide chain termination. Molecular Biology of RNA, 221-
229.

Murgola, E.J., Hijazi, K.A., Goringer, H.U. and Dahlberg, A.E. (1988) Mutant 16S
ribosomal RNA: a codon specific translational suppressor. Proc. Natl. Acad.
Sci. USA, 85, 4162-4165.

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

Nierhaus, K.H., Wadzack, J., Burkhardt, N., Junemann, R., Meerwinck, W., Willumeit,
R. and Stuhrmann, H.B. (1998) Structure of the elongating ribosome:
Arrangement of the two tRNAs before and after translocation. Proc. Natl. Acad.
Sci. USA, 95, 945-950.



131

Nirenberg, M. and Leder, P. (1964) RNA codewords and protein synthesis. The effect
of trinucleotides upon the binding of sRNA to ribosomes. Science, 145, 1399-
1407.

Noller, H.F., Yusupov, M.M., Yusupova, G.Z., Baucom, A. and Cate, J.H.D. (2002)
Translocation of tRNA during protein synthesis. FEBS Letter, 514, 11-16.

Odom, O.W., Deng, H.Y. and Hardesty, B. (1988) Fluorescence labeling and isolation
of labeled RNA and ribosomal proteins. Methods Enzymol, 164, 174-87.

Pavlov, M., Freistroffer, D., Dincbas, V., MacDougall, J., Buckingham, R. and
Ehrenberg, M. (1998) A direct estimation of the context effect on the efficiency
of termination. J. Mol. Biol, 284, 579-590.

Pavlov, M.Y. and Ehrenberg, M. (1996) Rate of translation of natural mMRNAs in an
optimized in vitro system. Arch Biochem Biophys, 328, 9-16.

Pavlov, M.Y., Freistroffer, D.V., Heurgue-Hamard, V., Buckingham, R.H. and
Ehrenberg, M. (1997) Release factor RF3 abolishes competition between
release factor RF1 and ribosome recycling factor (RRF) for a ribosome binding
site. J Mol Biol, 273, 389-401.

Poole, E.S., Brown, C.M. and Tate, W.P. (1995) The identity of the base following the
stop codon determines the efficiency of in vivo translational termination in
Escherichia coli. EMBO J, 14, 151-158.

Qian, Q., Li, J., Zhao, H., Hagervall, T., Farabaugh, P. and Bjork, G. (1998) A new
model for phenotypic suppression of frameshift mutations by mutant tRNAs. Mol
Cell, 1, 471-482.

Ramakrishnan, V. and Moore, P.B. (2001) Atomic structures at last: the ribosome in
2000. Curr. Opin. Struct. Biol., 11, 144-154.

Rappoport, S. and Lapidot, Y. (1974) The chemical preparation of acetoaminoacyl-
tRNA. Meth. Enzymol., 29, 685-688.

Remme, J., Margus, T., Villems, R. and Nierhaus, K.H. (1989) The third ribosomal
tRNA-binding site, the E site, is occupied in native polysomes. Eur. J. Biochem.,
183, 281-284.

Rheinberger, H.J. and Nierhaus, K.H. (1990) Partial Release of AcPhe-Phe-Transfer
RNA from Ribosomes During Poly(U)-Dependent Poly(Phe) Synthesis and the
Effects of Chloramphenicol. Eur. J. Biochem., 193, 643-650.

Rheinberger, H.-J., Geigenmuller, U., Wedde, M. and Nierhaus, K.H. (1988)

Parameters for the preparation of Escherichia coli ribosomes and ribosomal



132

subunits active in tRNA binding. Methods Enzymol., 164, 658-670.

Rheinberger, H.-J. and Nierhaus, K.H. (1980) Simultaneous binding of the 3 tRNA
molecules by the ribosome of E coli. Biochem. Internatl., 1, 297-303.

Rheinberger, H.-J. and Nierhaus, K.H. (1983) Testing an alternative model for the
ribosomal peptide elongation cycle. Proc. Natl. Acad. Sci. USA, 80, 4213-4217.

Rheinberger, H.-J. and Nierhaus, K.H. (1986a) Adjacent codon-anticodon
interactions of both tRNAs present at the ribosomal A and P or P and E sites.
FEBS Lett., 204, 97-99.

Rheinberger, H.-J. and Nierhaus, K.H. (1986b) Allosteric interactions between the
ribosomal transfer RNA-binding sites A and E. J. Biol. Chem., 261, 9133-9139.

Rheinberger, H.-J., Sternbach, H. and Nierhaus, K.H. (1981) Three tRNA binding
sites on Escherichia coli ribosomes. Proc. Natl. Acad. Sci. USA, 78, 5310-5314.

Rheinberger, H.-J., Sternbach, H. and Nierhaus, K.H. (1986) Codon-anticodon
interaction at the ribosomal E site. J. Biol. Chem., 261, 9140-9143.

Richardson, C.C. (1981) Bacteriophage T4 polynucleotide kinase. In ed., P.D.B. (ed.)
The Enzymes. Acad. Press., New York, Vol. 14A, pp. 299-314.

Ryabova, L.A., Vinokurov, L.M., Shekhovtsova, E.A., Alakhov, Y.B. and Spirin, A.S.
(1995) Acetyl phosphate as an energy source for bacterial cell-free translation
systems. Anal Biochem, 226, 184-186.

Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989) Molecular Cloning, a laboratory
manual: 2nd edition. Cold Spring Harbour Laboratory Press, Cold Spring
Harbour, NY.

Schilling-Bartetzko, S., Bartetzko, A. and Nierhaus, K.H. (1992a) Kinetic and
thermodynamic parameters for transfer RNA binding to the ribosome and for the
translocation reaction. J. Biol. Chem., 267, 4703-4712.

Schilling-Bartetzko, S., Franceschi, F., Sternbach, H. and Nierhaus, K.H. (1992b)
Apparent Association Constants of Transfer RNAs for the Ribosomal A-Site, P-
Site, and E-Site. J. Biol. Chem., 267, 4693-4702.

Selmer, M., Al-Karadaghi, S., Hirakawa, G., Kaji, A. and Liljas, A. (1999) Crystal
structure of Thermotoga maritima ribosome recycling factor: A tRNA mimic.
Science, 286, 2349-2352.

Shimizu, Y., Inone, A., Tomari, Y., Suzuki, T., Yokogawa, T., Nishikawa, K. and
Ueda, T. (2001) Cell-free translation reconstituted with purified components.
Nature Biotechnology, 19, 751-755.



133

Song, H., Mugnier, P., Das, A., Webb, H., Evans, D., Tuite, M., Hemmings, B. and
Barford, D. (2000) The crystal structure of human eukaryotic release factor
eRF1 - Mechanism of stop codon recognition and peptidyl-tRNA hydrolysis.
Cell, 100, 311-321.

Stryer, L. (1999) Metabolism: Basic concepts and Design. In University, S. (ed.)
Biochemistry. W. H. Freeman and Company, New York, pp. 443-462.

Subramanian, A.R. (1983) Structure and functions of ribosomal protein S1. Prog.
Nucleic Acids Res. Mol. Biol., 28, 101-142.

Subramanian, A.R. (1984) Structure and functions of the largest Escherichia coli
ribosomal protein. Trends Biochem. Sci. (Pers. Ed., 9, 491-4.

Tate, W.P. and Caskey, C.T. (1990) Termination of protein synthesis. In Spedding,
G. (ed.) Ribosomes and Protein Synthesis: a practical approach. Oxford
University Press, Oxford, pp. 81-100.

Traub, P. and Nomura, M. (1969) Structure and function of the Escherichia coli
ribosome. Mechanism of assembly of 30S ribosomes studied in vitro. J. Mol.
Biol., 40, 391-413.

Traut, R.R. and Monro, R.E. (1964) The puromiycin reaction and its relation to
protein synthesis. J. Mol. Biol., 10, 63-72.

Triana-Alonso, F., Spahn, C., Burkhardt, N., Réhrdanz, B. and Nierhaus, K. (2000)
Experimental prerequisites for determination of tRNA binding to ribosomes from
Escherichia coli. Meth. Enzymol., 317, 261-276.

Triana-Alonso, F.J., Chakraburtty, K. and Nierhaus, K.H. (1995a) The elongation
factor 3 unique in higher fungi and essential for protein biosynthesis is an E site
factor. J. Biol. Chem., 270, 20473-20478.

Triana-Alonso, F.J., Dabrowski, M., Wadzack, J. and Nierhaus, K.H. (1995b) Self-
coded 3'-extension of run-off transcripts produces aberrant products during in
vitro transcription with T7 RNA polymerase. J. Biol. Chem., 270, 6298-6307.

Uno, M., lto, K. and Nakamura, Y. (1996) Functional specificity of amino acid at
position 246 in the tRNA mimicry domain of bacterial release factor 2.
Biochimie, 78, 935-943.

Valle, M., Sengupta, J., Swami, N.K., Grassucci, R.A., Burkhardt, N., Nierhaus, K.H.,
Agrawal, R.K. and Frank, J. (2002) Cryo-EM reveals an active role for
aminoacyl-tRNA in the accommodation process. EMBO J., 21, 3557-3567.

Vestergaard, B., Van, L., Andersen, G., Nyborg, J., Buckingham, R. and Kjeldgaard,



134

M. (2001) Bacterial polypeptide release factor RF2 is structurally distinct from
eukaryotic eRF1. Mol. Cell., 8, 1375-1382.

Wadzack, J., Burkhardt, N., Junemann, R., Diedrich, G., Nierhaus, K.H., Frank, J.,
Penczek, P., Meerwinck, W., Schmitt, M., Willumeit, R. and Stuhrmann, H.B.
(1997) Direct localization of the tRNAs within the elongating ribosome by means
of neutron scattering (Proton-spin contrast-variation). J. Mol. Biol., 266, 343-
356.

Walllace, R.B. and Miyada, C.G. (1987) Oligonucleotide probes for the screening of
recombinant DNA libraries. Meth. Enzymol., 152, 432-442.

Walters, L.C. and Novelli, G.D. (1971) Analytical reversed-phase chromatography of
Escherichia coli aminoacyl-tRNAs. Meth. Enzymol., 20, 39-44.

Watanabe, S. (1972) Interaction of siomycin with the acceptor site of Escherichia coli
ribosomes. J. Mol. Biol., 67, 443-457.

Watson, J.D. (1963) Involvement of tRNA in the synthesis of proteins. Science, 140,
17-26.

Watson, J.D. (1964) Bull. Soc. Chim. Biol., 46, 1399-1425.

Weiss, R.B., Dunn, D.M., Dalhberg, A.E., Atkins, J.F. and Gesteland, R.F. (1988)
Reading frame switch caused by base-pair fromation between the 3' end of 16S
rRNA and the mRNA during elongation of protein synthesis in Escherichia coli.
EMBO J, 7, 1503-1507.

Weiss, R.B., Murphy, J.P. and Gallant, J.A. (1984) Genetic screen for cloned release
factor genes. J Bacteriol, 158, 362-364.

Wilson, D.N., Blaha, G., Connell, S.R., lvanov, P.V., Jenke, H., Stelzl, U., Teraoka, Y.
and Nierhaus, K.H. (2002) Protein synthesis at atomic resolution: Mechanistics
of translation in the light of highly resolved structures for the ribosome. Curr.
Prot. Pept. Sci., in press.

Wilson, D.N., Guevremont, D. and Tate, W.P. (2000) The ribosomal binding and
peptidyl-tRNA hydrolysis functions of Escherichia coli release factor 2 are linked
through residue 246. RNA, 6, 1704-1713.

Wilson, K.S. and Noller, H.F. (1998) Molecular movement inside the translational
engine. Cell, 92, 337-349.

Wimmer, E., Maxwell, J.H. and Tener, G.M. (1968) A simple method for isolating
highly purified yeast phenylalanine transfer ribonucleic acid. Biochemistry, 7,
2623-2628.



135

Woodwar, W.R., Wilairat, P. and Herbert, E. (1974) Preparation of reticulocyte
aminoacy-tRNA and the assay of codon recognition properties of isoacceptor
tRNA's in a reticulocyte cell-free system. Meth. Enzymol., 30, 740-746.

Yang, W.K. and Novelli, G.D. (1971) Analysis of isoaccepting tRNA's in mammalian
tissues and cells. Meth. Enzymol., 20, 44-55.

Yusupov, M.M., Yusupova, G.Z., Baucom, A., Lieberman, K., Earnest, T.N., Cate,
J.H. and Noller, H.F. (2001) Crystal structure of the ribosome at 55 A
resolution. Science, 292, 883-896.

Zaniewski, R., Petkaites, E. and Deutscher, M.P. (1984) A multiple mutant of
Escherichia coli lacking the exoribonucleases RNase I, RNase D, and RNase
BN. J. Biol. Chem., 259, 11651-3.

Zavialov, A.V., Buckingham, R.H. and Ehrenberg, M. (2001) A Posttermination
Ribosomal Complex Is the Guanine Nucleotide

Exchange Factor for Peptide Release Factor RF3. Cell, 107, 115-124.

Zhang, J. and Deutscher, M.P. (1989) Analysis of the upstream region of the
Escherichia coli rnd gene encoding RNase D. Evidence for translational
regulation of a putative tRNA processing enzyme. Journal of Biological
Chemistry, 264, 18228-18233.

Zhang, J. and Deutscher, M.P. (1992) An uridine rich sequence required for
translation of prokaryotic mRNA. Proc. Natl. Acad. Sci. USA, 89, 2605-26009.



