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From	
«	FRANCIS	CRICK,	
Hunter	of	Life’s	
Secrets	»	
Robert	Olby	
CSHLP,	2009.	

The genetic code is  
redundant  
quasi-universal. 
 
But the 
representation  
of  
the codon table  
is arbitrary 
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Aminoacylated 
tRNA in A site 

5’ 3’ 

Peptidyl tRNA in P site 
Exit tRNA  
in E site 
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3rd or Wobble position (Crick) 

36-35-34	

Decoding is an ensemble  
of  
molecular recognition  
processes 

Corresponding amino acid 
attached by aminoacyl-tRNA-
synthetase 



36-35-34	
1. Mini-helix formed between 
codon and anticodon 2. Ribosomal grip 

3. Proximal extended 
anticodon 



	Mixed		
G=C/A-U	
	pairs	at		
	1-36	
	2-35	

	Mixed		
G=C/A-U	
	pairs	at		
	1-36	
	2-35	

			ONLY	A-U	pairs	
	at	1-36	/	2-35	

		ONLY	G=C	pairs	
	at		1-36	/	2-35	
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1. Calculated energies of the AntiCodon-Codon mini-helix 
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Most of the 
contacts are 
invariant 
except those 

A1493(N3)..	
G36(N2)		

A1493(N3)..
G1(N2)		
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How to optimize the ribosome « rhythm »? 
How to optimize protein synthesis and folding? 



tRNAs are very active partners 
   during ribosomal translation 
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Internal	H-bond	between	NH	and	N1(t6A37)	

H-bonds	between		
OH	and	N6/N7(A36)	

t6A37	

Rozov,	et	al.	Nature	Comm.	7,	10457(2016)	
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G34	

U34	

+3	+3	+3	

    Uridine in the mRNA G34oU(+3) 
 versus  

 Uridine in the anticodon U34oG(+ 3) 

   Ribosomal grip 



More than 110 modified nucleotides in 
transfert RNA 

From Modomics database 2013  
(http://modomics.genesilico.pl/)  

Numerous enzymes are 
necessary to introduce  

those modifications. 
They are mostly species 

specific 



G34	

U34	

+3	+3	
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mnm5s2U34 

    Modified Uridine mnm5s2U34oU(+3) 
 versus  

 Non-modified Uridine U34oG(+ 3) 
  

 in the anticodon  



mnm5s2U34	(S)	

S2	stacking	below	U35	

H-bonds	between	NH	
and	U33	sugar	

Rozov,	et	al.	Nature	Comm.	7,	10457(2016)	
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Coevolution of the genetic code with metabolic pathways 

Increasing		
complexity		
of	
modificaUons		
at	34	&	37	

Strong	tRNA	
binding	
ModulaUon	of	
helix	adaptors	

Increase	in	A/U	
and	amino	acid	
diversity		
coupled	with	
metabolic	
enzymes	

G/C-rich	RNA	
world	with	
oldest	amino	
acids		



A microfluidic-based assay 
recapitulates eukaryotic ribosomal 

translation  



Model system 
uses the 
intergenic 
IRES of 
Cricket 
Paralysis Virus 
coupled with 
the GFP as 
reporter 

INTERmolecular                        INTRAmolecular 
(2 molecules)                              (1 molecule pseudoknot) 



4096 combinations 



BLUE = Absent codon/anticodon combination 



G34oU3 present 

Poor decoding with U34 U34oG3 NOT present 

G34oA3 present 
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	tRNA	core	mutaTons	

No	binding	region	/	Non	func:onal	tRNA	

EnzymaTc	deficiencies	



Code deviations, recoding, codon reassignments 

ABSENT 

MOST FREQUENT 

Most frequent                              miscodings  
 
(decoding errors          and       code ambiguities) 

absent 



GeneTc	code	

(64	codons	for	20	
amino	acids)	

Universal	and	
redundant	

Genome	size	
and	GC	content	
of	tRNAs	and	

mRNAs		

Adjusted	pool	
of	tRNAs	

(isoacceptors	
and	

isodecoders)	

MulTplicity	of	
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modificaTons	
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Non	random	
codon	usage	of	
synonymous	
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Fine	structure	
of	ribosomes	
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of	co-factors	

Specificity	of	
aminoacyl-

ARNt	
synthetases		

O
rg
an
is
m
	d
ep

en
de

nt
	

O
rganism

	dependent	
Second	
geneUc	
code	

Third	
geneUc	
code	



UPR 9002 du CNRS,  
Architecture et Réactivité de l’ARN,  
Institut de Biologie Moléculaire et Cellulaire,  
Université de Strasbourg

Henri Grosjean (Gif) 

Gulnara & Marat Yusupov 
(IGBMC) 

N. Demeshkina, L. 
Jenner, A. Rozov 
(IGBMC) 

M.Ryckelynck, C. Rick, 
K. Pernod, F. Martin 
(IBMC) 


