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The ribosome is an amazing RNA machine
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peptidyl-transferase
center

nascent peptide
exit tunnel

Nissen et al., (2000) Science, 289, 920; Voorhees et al., (2009) Nat.Struct.Mol.Biol., 16, 528, Voss et al., (2006) J Mol Biol, 360, 893
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Ribosome stalling controls expression of important bacterial and eukaryotic genes
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Erythromycin (ERY) Ketolides:Telithromycin (TEL)

Schlunzen, (2001) Nature, 413,814; Tu et al., (2005) Cell, 121, 257; Bukley et al., (2010). PNAS 107, 17158; Dunkle et al.(2010) PNAS 107, 17152



Erm methyltransferase



Translation attenuation controls the expression of erm genes

Leader ORF  Spacer Resistance Gene
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Horinouchi & Weisblum (1980) PNAS 77, 7079; Gryczan et al.(1980) Nucl Acids Res 8, 6081
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Vazquez-Laslop, et al. (2008) Mol. Cell 30, 190



Specific sequence of the nascent peptide controls stalling

key sequence
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Vazquez-Laslop, et al. (2008) Mol. Cell 30, 190; Ramu et al. (2011) Mol. Cell 41, 321






tunnel

A2062 the most flexible residue in the tunnel



The mutant ribosomes are functionally active, but do not ‘recognize’ the nascent peptide!
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Vazquez-Laslop, et al. (2008) Mol. Cell 30, 190; Vazquez-Laslop, et al. (2010) EMBO J. 29, 3108



Voorhees et al., (2009) NSMB, 16, 528; Scheming et al. (2005) Nature, 438, 520;



A2062 and A2503 are sensors of the stalling signal in the tunnel




Modified nucleotides in 23S rRNA

m2A2503

Toh et al. (2008) RNA, 14, 98



Posttranscriptional modification of the rRNA sensor contributes to the recognition of
the stalling signal
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Modification of A2058 in the tunnel affects translation of several proteins
and reduces cell fitness
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Gupta et al. (2013), Nature Communications, in press



Where do sensors send the signal?

What becomes broken in the stalled ribosome?

peptidyl transferase center
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Stalled ribosome is unable to catalyze peptide bond formation

Vazquez-Laslop, et al. (2008) Mol. Cell 30, 190



Peptide and antibiotic affect the peptidyl transferase A-site
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Peptidyl transferase center is the target of the stalling signal

Ramu et al. (2011) Mol. Cell 41, 321



A site P site

The A2062 and A2503 sensor in the exit tunnel may relay the stalling signal to the A-site of the
peptidyl transferase center



Translation attenuation control requires the antibiotic

Leader ORF  Spacer Resistance Gene
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Horinouchi & Weisblum (1980) PNAS 77, 7079; Gryczan et al.(1980) Nucl Acids Res 8, 6081



What is the role of the antibiotic in nascent peptide-dependent ribosome stalling?

A road-block
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Specific tunnel sensors recognize the presence of the stalling cofactor and its structure

Vdzquez-Laslop et al. (2011), PNAS, 108, 10496



Peptidyl
transferase

The analog signal from the peptide and small molecular cofactor is integrated in the
peptidyl transferase center



Nascent peptide defines the recognition of the small molecular cofactor
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ERY TEL

EmCL: MGI FSIFVI v X
ErmBL: M LVFQMRNVD . . . .. v v
CLBL: MGIFSMRNVD. . . .. v v

The potential to discriminate between the cofactor structures resides in the
C-terminus of the stalling nascent peptide
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The nature of the P-site amino acid defines what small molecule can be

recognized as a stalling cofactor.



Small molecule can affect the discriminating properties of the ribosome

peptidyl-tRNA
drop-off
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Macrolides stop protein synthesis at the early rounds of translation by
promoting drop-off of peptidyl-tRNAs with short nascent peptides
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Specific proteins can be synthesized y the drug-bound ribosome.
The structure of the antibiotic in the tunnel affects the spectrum of synthesized proteins

Kannan et al. (2012), Cell, 151, 508



»CneumanbHble HYKNeoTUOHbIE CEHOCPbI B TYHHErNEe No3BonstoT pubocome
«y3HaBaTb» OnpeaeneHHble CTPYKTYPbl B CUHTE3NPYEMOM Bernke.

» AHTNBMOTUK NOMOraeT pubocome pacrno3HaTb Takue CTPYKTYbl, HO U cam
aHTUONOTMK Pacrno3HaAETCS Kak CUrHamn OCTaHOBKU TPaHCNSALNMN.

»MeHaa cTpykTypy benka, 3akogmposaHoro B MPHA MOXHO HayunTb
pnbocomMy y3HaBaTb pa3Hble HU3KOMOJSIEKYIAPHYE COeANHEHNS.

» Taknm obpasom pubocoma BbICTYNaET B Ka4eCTBE CEHCOpPa N BHOBb
CUHTECUpPYEMOro nNenTnaa N HEKOTOPbLIX MariblX MOSIEKYIT
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