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«	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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Codon 

 

Anticodon 

A184 (P4-P6)   equivalent to C1=G36 

A183 (P4-P6)   equivalent to G2=C35 

The	most	common	RNA-RNA	interacBon	module	



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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3 2 1
3’		mRNA	

tRNA	5’	
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ct6A	
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ribose	

ribose	
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						CH3-CHOH(CO2H)-CHNH-CO-		

(unstable	in	vitro	>	t6A)	

Thr	

cyclisaUon	(minus		H20)	=	ct6A	
6	

G	
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		-CH3	
=	m1G	

translaUonal	
				anUslip	

3’	

B37	

	(CH3)2C=CH-CH2-	
	=		i6A	

		CH3S-	
=	ms2A>ms2i6A	





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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Around the third base pair 
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U(+3)
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Y3-ending	codons	



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)	



mnm5s2U 

Rozov,	et	al.	Nature	Comm.	6,	7251	(2015)	



Trends	in	Biochemical	Sciences,	September	2016,	Vol.	41,	P.	798	

V34 = cmo5U34	 S34 = mnm5s2U34 
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Watson-Crick-like 
GoU tautomeric pair 

Usual GoU wobble pair 
ONLY G34oU(+3) 

Novel GoU wobble pair 

WHEN G(+3)oU34* 
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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		



Turner	energy	for	
Codon-An/codon	

triplet	pairs	
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					OpBmum		
decoding	region	

ModulaBon	by	B34/B37	modificaBons	

Natural	
evolu/on	

Natural	
evolu/on	

ModulaBon	by	anBcodon	loop	sequence	
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	tRNA	core	mutaBons	

No	binding	region	/	Non	func:onal	tRNA	

EnzymaBc	deficiencies	



GeneBc	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)	

MulBplicity	of	
enzymes	for	
modificaBons	
of	tRNAs	

Non	random	
codon	usage	of	
synonymous	
codons	in	
mRNAs	

Fine	structure	
of	ribosomes	

and	mulBplicity	
of	co-factors	

Specificity	of	
aminoacyl-

ARNt	
synthetases		
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	dependent	
Second	
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code	

Third	
geneUc	
code	
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Nucleic	Acids	Res.	44,	8020-8040	(2016).	
	



Second		
geneBc		
code	

First	geneBc	code	

tRNA	aminoacylaUon	by	
aminoacyl-tRNA	synthetases	

Codon	usage	in	mRNAs	
(genome	size	and	GC	content)		

Gene	expression	



tRNA	

Aminoacyl-tRNA	
synthetase	

tRNA	idenUty	
elements	
recognized	by	the	
protein	AnUcodon	recogniUon	

CatalyUc		site	

The second genetic code 



Efficient	and	accurate	translaUon		
with	non-random	codon	usage	and	protein	

homeostasis/regulaUon	>	allow	
readjustments	of	the	cellular	proteome	

Adjusted	pool	(amount/species)	of	
fully	mature	tRNAs,	rRNA	&	mRNA	
>	Bases	and	riboses	modificaUons		

Second		
geneBc		
code	

Third	
geneBc	
code	

First	geneBc	code	

tRNA	aminoacylaUon	by	
aminoacyl-tRNA	synthetases	

Codon	usage	in	mRNAs	
(genome	size	and	GC	content)		

	

Gene	expression	





Code deviations, recoding, codon reassignments 

ABSENT 

MOST FREQUENT 

Most frequent                              miscodings  
 
(decoding errors          and       code ambiguities) 

absent 
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