
AlaRS and tRNAAla

Hou & Schimmel (1988) Nature 333, 140



Specificity for G3•U70
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AlaRS bound to tRNAAla(G•U)

G•UA•U



AlaRS bound to tRNAAla(A•U)

G•UA•U



AlaRS bound to tRNAAla
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G•U

A•U



AlaRS bound to tRNAAla(A•U)



GlnRS•tRNA•Gln~AMP Complex

Steitz et al. (1989) Science 246, 1135

Anticodon

Acceptor Stem

Gln~AMP
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Kinetics of GlnRS
tRNA Variant kcat (s-1) Km 

(µM) 
kcat/Km (M-1s-1) ΔΔG‡ 

(kcal/mol) 

Wild type (in vitro)* 0.2 0.15 1.3 x 106  

     
Discriminator Base     

     G73→A73 0.14 0.2 7.0 x 105 +0.4 

     G73→U73 0.0068 8.0 850 +4.4 
     
Acceptor Stem     

     U1:A72→G1:A72 0.92 0.66 1.4 x 106  

     U1:A72→G1:C72 0.17 1.3 1.3 x 105 +1.4 

     G2:C71→A2:U71 0.011 10 1.1 x 103  

     G3:C70→A3:U70 0.046 3.3 1.4 x 104 +2.7 

     
Anticodon Loop     

     U/C34→A34 0.00065 2.5 260 +5.1 

     U35→C35 0.00034 6.7 50 +6.1 

     G36→A36 0.036 6.6 5500 +3.3 
 



Indirect Readout in Acceptor Stem
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tRNA Structure



Modified Bases
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http://www.atdbio.com/content/14/Transcription-Translation-and-Replication
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Wybutosine Stacks

mRNA tRNA
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Wobble Pairings: Anticodon Purines
GuanineInosine Adenine

I•C

I•U

I•A

G•C

G•U

A•U

A•C

With U or C in wobble position (34) of the anticodon,
the same base pairs are possible.

Cochella & Green (2004) NSMB 11, 1160



The Bacterial 70 S Ribosome

Large Subunit (50 S)
1.6 MDa
2 rRNA’s: 5 S  (120 b), 23 S (2904 b)
31 ribosomal proteins (L1-L31)

Small Subunit (30 S)
0.9 MDa
1 rRNA: 16 S (1542 b)
21 ribosomal proteins (S1-S21)



Elongation Cycle

17
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Transpeptidation

Translocation



Arg

Peptide Synthesis Takes 
Place on the Ribosome

__________ GAA CGU CGA UAU________

__________ CUU GCA CGA TAT________

Glu

Met

P A
Transpeptidation



Arg

Peptide Synthesis Takes 
Place on the Ribosome

__________ GAA CGU CGA UAU________

__________ CUU GCA CGA TAT________

Glu

Met

P/E A

3�OH

Transpeptidation



Arg

Peptide Synthesis Takes 
Place on the Ribosome

__________ GAA CGU CGA UAU________

__________ CUU GCA CGA TAT________

Glu

Met

P A

3�OH

CUU EF-G•
GDP

EF-G•
GTP

+Pi

Translocation
with GTP hydrolysis



Arg

Peptide Synthesis Takes 
Place on the Ribosome

__________ GAA CGU CGA UAU________

__________ CUU GCA CGA TAT________

Glu

Met

P A

3�OH
Arg

EFTu•
GTP

CUU
GCU

Binding EFTu•GTP•aa~tRNA



ArgArg

Peptide Synthesis Takes 
Place on the Ribosome

__________ GAA CGU CGA UAU________

__________ CUU GCA GCU TAT________

Glu

Met

P A

EFTu•
GDP

+Pi

Release of aa~tRNA
with GTP hydrolysis



Codon-Anticodon Recognition

Ramakrishnan (1999) Science 292, 897-902.

Vacant A-Site A-Site + mRNA + Anticodon



16S-mRNA-tRNA Contacts

Ramakrishnan (1999) Science 292, 897-902.

mRNA

16S rRNA

tRNA

1st Codon Base 2nd Codon Base
3rd Codon Base
“Wobble”

16S rRNA selectively interacts with WC base 
pairs at the first and second codon positions.

A1493 A1492G530



16S Interactions
Force WC 
Pairing

Repulsion
Between G•U
Leads to 
Rejection
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Cognate vs. Non-Cognate tRNA

AAG

Phe 5’

UUU
UUU

Lys 5’

UUU
GAG

Leu 5’

UUUmRNA

tRNA

Added to peptide
1 GDP produced

Not added
0 GDP produced

Added to peptide
8 GDP produced

cognate non-cognate near-cognate



Tu & tRNA
EF-Tu•GTP•Phe~tRNAPhe

GTP

Phe



EF-Tu•Phe~tRNA Complex
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Conformational Change in EFTu Upon 
GTP Hydrolysis

29

EFTu-GTP EFTu-GDP



30

GTP-Bound

Gly83



31

GDP-Bound

31
Gly83



Induced Fit For GTP Hydrolysis 
by EF-Tu

The active site of EF-Tu for GTP hydrolysis will only assemble 
when codon-anticodon interactions allow for a favorable 
interaction between EF-Tu and the A-site of the ribosome. 



Activation of EF-Tu by Binding 
to the Ribosome
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Discrimination of Near Cognates

RS + TC RS.TC
k1

k-1

RS.aa-tRNA
kcat

EF-Tu.GDP + Pi

RS + aa-tRNA

RS.pep-tRNA

koff

 

 Km kcat kcat/Km 
(rel) 

kon (s
-1) koff (s

-1) 

cognate 0.5 nM 500 s-1 4000 7 .3 
non-cognate large .005 s-1 << 1    
near-cognate 200 nM 50 s-1 1 .1 6 

 

RS = ribosome
TC = EF-Tu•GTP•aa~tRNA


