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L'exposé a été présenté en deux parties:

1- Généralités sur les nucléotides modifiés dans les ARNs
(et ADN), ainsi que leurs enzymes de modification
correspondants

2- Importance de ces nucléotides modifiés pour la
traduction génétique - en particulier pour
|'émergence d'un code génétique 'quasi universel’
tel que nous le connaissons actuellement
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transcriptional modifications of bases and ribose in RNA

» = chemical reactions catalysed
Groups pddition by very specific enzymes
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Examples of base &/or ribose me'rhylahon 1 RNA
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Other 'simple' Modifications in RN
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RNA 'EDITING'

Same types of
base conversion
also exist for

DNA but require
distinct enzymes

DNA 'EDITING'

= BASE CONVERSION

50
RNA

polymer

L

Deamination enzymatique = RNA modification
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C s >
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) no more G

2- add new base*®

Base exchange
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Q OH 1- remove base
-0-r=0

RNA
RNA polymer
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In summary o * = RNA
= S

NH, (= Uridine ] ]
CH 5D K= ¢ -NH|CH,4 @*cx== Exist also in DNA
4

'CHZOH hm5 <:| \ -NH COCH3 acC
-CH,CONH, ncm5U l
-CH,CO,CH, mcm3U s, , «— -CH3 m3C,m3U, m3W
-CH(OH)CO,H chm3U I (|:5 \Il\l3 -(CH,),CH(NH,)CO,H acp3VU,acp3¥
-CH(OH)CO,CH; mchm3U <7 Cs. N
Py V| He D 40 |- s s2U,s2C
-CHNH,CH; mnm°U _ , I s 2 é}oubly modified | $*2U* (6)
-CH,NHCH,CO,H  cmnm3U Ribose |=C |72€ ot
~CH,NHCH,CH=C(CH;) inm5U -NH(CH,),CH(NH,)CO,H — k*C
el ho°U || -NH(CH,),NH-C-(:NH)NH, agm2C
-OCH,4 mo°U W (c1'-¢5) | 2OH
-OCH,CO,H cmo°U CH, m'W T amino acid

-CH; Cm,Um é}oubly modified | *€m,*Um (10)

*
Implicated in WC base pairing

Update Dec. 2010

Pyrimidine derivatives in RNA
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RNA [ NH, | =0 Exist also Inosine
-NH | CH, in DNA °A
-NH| (CH,), mé:
< =NH | CH,CH=C(CH;)CH,0H i0tA
-NH | CH,COOH amino acid ac®A
-NH | CONHCH,CO,H v g8 A
-NH | CONHCH(CO,H)CH(OH)CH, 6A
Update Dec. 2010 \_ -NH | CONHCH(CO,H)CH(OH)CH,CH,  hnSA
m2,76'm2,2,76
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' ' ' Q< mimG, OHyW ,yW,
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| Doubly mOdIfI%> 3 2'0H NH|cH, 3 e Q}oubly modied] )
“Am,*6m (6) T -NH|(CHy), m°6 msZméA, ms2iéA

Purine derivatives in RNA *

-Ribose-PO,H, Arp,Grp

msZio®A, ms2t6A
msZhnA, m2.8A

Implicated in WC base pairing
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Total of

Occurrence of modified nucleosides according

107 to the type of cellular RNAs RNA
distinct
Mod Nucl. RNA tvoe tRNA  sn(o)RNA  rRNA mRBNA
75-95nt  70-1200nt 1600-4000nt 100-3000nt
b Content ~ 3-20nt  0-13nt 65-200nt  O-5nt Majority are
4-26% 0-10% 1-3% <1% exclusively
present in
—= Diversity 89 10 30 13 tRNAs

msZio®A ;
ms2mbA  ms?hnfA

Update Nov 2009 Grosjean - Collége de France- Mai 2011




E. coli | rRNA

Mostly in
decoding

center vepti dyl

—> They are mostly located in functional regions of RNAs molecules
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Fully mature, functional
tRNAPhe from Yeast
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'CCA-Phe | E. coli
Fully mature, 5 PG — C
functional tRNAPhe 8 :8 9 nt modifications
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A—U G A A G—C
Uu—A U—A
Uu— G—C
D GA A GACACCLrJn1A58 GA AU cuccc U YA
021" cucm?G,, RN G U " cuca L1011 A
s 11l m°C,UGUG, y C g 1111 GGCGG |, yC
G gAGAGC Cy 54 55 G AGAGC Cy 55
m2’2G26 A m’G I:)20 7
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85 modified nucleotides in
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alQ cmnm>3(s2)U  hoS5U imG-14 meA
%anQ cmnm’Um  mosU . _ 0/ —p (MIimG 1 2ymea
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S Majority = U-derivatives Mai 2011



Functions of modified nucleotides in RNAs

>> Mostly 'tuning roles’, probably 'collective actions'
> thus extremely difficult to demonstrate a precise
function of a given modified nucleotide in RNA
(same as for mods in DNA)
Nevertheless

- Some have structural/stabilization roles

- Others favor or forbid selected RNA/protein
interactions = molecular screens

- Many of them (in t+rRNAs) play essential roles in
translation process (efficiency/accuracy/regulation)

Grosjean - College de France- Mai 2011



Les enzymes de modification

des ARN et leur évolution

‘RNA substrates’
4 (generally bigger than the enzyme itself)

Most are
single protein

Other are
heteromers

Most are:
site-specific

Other are:
multisite- or
dual-specific

or associated with
other proteins (multi-
protein complexes)

or bound to cellular
substructures

THESE TYPES OF ENZYMES CORRESPOND TO MAJORITY
OF THE RNA/DNA MODS ENZYMES IDENTIFIED SO FAR
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Such types of machineries

catalyses methylation of 'RNA substrates’
2'-O-ribose or

isomerisation of U into ¥

Reaction is
+ Cofactors

generally
site-specific

O

target nucleotide

multi-protein

Protein alone complex + gRNA

(in Archaea only)

N— —

RNP-type of Enzyme

The specificity of the enzyme depends on the sequence of the RNA-guide
> thus here one common enzyme + various gRNAs

Grosjean -College de France- Mai 2011



HOW MANY RNA MODIFICATION ENZYMES

EXIST IN A GIVEN CELL TO ACCOUNT FOR

ALL MODIFICATIONS IN THE DIFFERENT
TYPES OF CELLULAR RNAs ?

Saccharomyces cerevisiae (a model system)

Grosjean - College de France- Mai 2011



Modification map of yeast rRNAs

About 105 mods

Catalysed by snoRNP complex
containing Cbf5p (enzyme) + Nhp2 + Nopl0O + Garl = 4 proteins

Adapted from

Fournier et al, 2002 Grosjean - College de France- Mai 2011




Modification map of yeast rRNAs

A
] |||.||]||l-

All, except one are catalysed by snoRNP complex
containing Noplp (enzyme) + Nop56p+Nop58p+Snul3p = 4 prot

Adapted from
Fournier et al, 2002 Grosjean - College de France- Mai 2011




Modification map of yeast rRNAs

various base modifications

Catalysed by about 10 base modification enzymes

Adapted from

Fournier et al, 2002 Grosjean - College de France- Mai 2011



Cytoplasmic tRNAs Mitochondrial 1RNAs

tRNAs

42 distinct isoacceptors % o 24 distinct isoaccept
30 different modif. @ S.cerevisiae 10 different modif.
at 35 positions N % | ) at 15 positions

% @D  — 3 times leSsS ——p
Cm,Am \.
. 8
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@ \® ® Co ® //
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i@ @ @ _ 750 @B 20B)
—D
€Y .\mSC
® @
m3c,cm —@—/ - @
® /\ @
/*°\
| 6 In blue:Simple cmnm>U
o N modified nucleotides
Cm m!G
76-90 nt mcmcsrgﬁg g'vs,l In red:Complex
in length gy modified nucleotides
nem > Um Grosjean - College de France- Mai 2011




Enzymatic formation of pseudouridine in yeast tRNAs

) i Update Dec 2010
cytoplasmic § 7633 mitochondrial 8 o
O
O
@,

> 8‘ 3:7 Pus1
us/ _ Multisite spec.
Kele o 00 OO% e oooooOO%
(I
Q B 00000
000 0wk o 0%32
© PT 4 ] C)OOO Pus4
Pusé6 Silfles-spec. Pusé6 1 Site-spec
Site- spe\3 O_ - Site- spe 4_ Pus3
<«— Pus3 Region-spec.
32 o Region-spec. 5259 320
Site-spec. ITe-spec. O
P ? 34+36 O
35 TOTAL: 8 tRNA:W-synthases

Pus7 Overlapping spec. in vitro only

+ one=Pus5->the only ¥ in mit.in rRNAs

Pusb: pos. 2819 in mit 215 rRNA

So far, none are catalysed by snoRNP



Enzymatic formation of methylated nucleotides in ytRNAs

76-93 . ops 685 Update April 2011
cytoplasmic PO Sitesspecific mitochondrial
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0-0 m'Asg -0
2 900_%00000033 3-8
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8‘ (TrmS P m*2G5 O—OOOO m>Ugy
- O-0
e S0 R
O ym - Trmb
O m1§;7<_ WY€37 O 004— ;\16
(Trms) {Tyw2+3+4] O, .0 37
°C34.40 ©0

Trm9
+
Grosjean - College de France- Mai 2011 -

Total: 16 Mtases+3 prot.cofactors
So far, none are catalysed by snoRNP



Other types of base-modification enz. in S.cerevisiae

cytoplasmic 630 76-90 mitochondrial
Thgt | +G. O
0-0
O-0
O-0
3-8 [ritt
@00 C O 000000 O 5
11
OD17a,bC|)|6C|)(|) O0000A~ O .’ O O BN O
0000 5,20 O YD 9900~ 00000~ O
.+.O OO—OQ.(; %! Dus3 OLy O000 Qo ofe
\O20ab | pust |_3-5°0 o0 0=00,10 J
/ 0:8 Wyes el Tywl->4 8:8
OO-O Tadl 8:0 Qri7+'?"
men U34\9I34 y «miI,, (I3,) O OO v A7
00, 7 7 Mtol/Mssl |5 Oyt A
i pls: R °As; cmnmU.; 5 © 0O *"As7| Mod5
§Us, (Tad23] | | SucS+Kael "$2Uy, [ MtuleNsf1+'?
|
Tum1+Urm1+Uba4 |y o Complex
+Ncs2+Ncs4+Nfs1 © moditicarion
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S. cerevisiae (mi1'0+cy'l'o) Enzymes (including Prot. factors) / ORFs

tRNAs (31 distinct mods/36 pos) min 62 - 65 MAX

rRNAs (9 distinct mods/105 pos) 18 - 25 + MANY gRNAs
mRNAs, snRNAs, snoRNAs

(6 distinct mods/about 15 pos) 10 - 15
Other types of RNAs (?)
TOTAL: 90 - 105

Not including all other ‘'maturation’ enzymes (intron splicing, CCA addition, 5'+ 3" trimming...)

Assuming an average MW of 60 kDa (about 550 aa) per enzyme
(as well as for the auxiliary protein factors )
--->90-100 PROTEINS correspond to MORE than 1% of the
S.cerevisiae genome / i.e more than the genetic information required
for coding the structural genes for the pre-t+rDNAs (about 0.35%).

Same conclusion (about 17:) was reached by Glenn Bjork in the case of E.coli

Grosjean - College de France- Mai 2011




The evolutionary aspect of RNA modification machinery

in the different types of organisms

1 1

Methylases
Isomerases
Deaminases
Thiolases
Acetylases
Formylases
Oxydases
Reductases
Glycosylases
Ribosylases
Transferases

+ many others...

More than 100

1) They certainly have been acquired
progessively during cellular evolution

2) Inspection of their amino acid sequences
and their 3D-architecture (when available)
should allow to shed light on their emergence
during cellular evolution

Grosjean - College de France- Mai 2011



The emergence of RNA modification enzymes and the genetic code

Grosjean - Mai 2011
Archaea
Eukarya
11 uniqu Bacteria
Zlﬂgnigue
o\ / 7} 21 unique

Ser | Tyr| Cys Gene lost, non-orthologous
Leu Trp gene displacement, etc...
Leu |Pro| His| Arg \ ) —

Gln >\J Gene duplication &
Ile |[Thr| Asn Ser Gene speciation

Co-evolution with
gy the genetic code

Met Lys| Arg 17 —
Val |Ala | Asf Gly| | Organelles Endosymbiosis A &
Glu .

Lateral gene
transfer

Most commonly
used nuclear
Genetic Code

to date

Which kind of primordial A /DNA world? ' A FULL SET OF
FUNCTIONAL tRNAs,

tRNA modification
enzymes were present ? probably already enzymatically
modified, was needed to read all

. e the sense+stop codons (probably
WHICH ONES? Prebiotic Soup  also less than 20 am.ac.)

-




The 'almost universal' Genetic Code

Codon>>2=U C A G

Phe |Ser |Tyr|Cys | 3=U,C
1=U [Ceu stopw{Trpstoy A G 61 SENSE CODONS
C |Leu [Pro[His[Arg 3 STOP CODONS
Gln 20 AMINO ACIDS
(] r sSn er
A [Tle [Thr|Asn| S
G [Met Lys| Arg | + 2 amino acids
Val Ala | Asp| Gly (SeC=UAG:; Pyl=UAA)
Glu

Questions ?

1- Does it results entirely from a very early 'frozen accident'
(Francis Crick hypothesis)?

2- Or from a laborious progressive molecular tinkering during Evolution ?

3- How important was the progressive acquisition of the many RNA
modification enzymes in either of these two, not necessarily exclusive
alternative hypothesis ?

Grosjean - College de France - May 2011



GENETIC TRANSLATION ON THE RIBOSOME (A-site)

codon= ’rrlple’r

MRNA 5|

................. Often not always WC-type
| 2 3 <<<ex: G:U, A:C, U:U ...
T ——

Normally always WC-type
A:U, C:G, U:A or G:C >>>

lllllllllll

Anticodon-Codon
interaction

OOOQQQO
00000 .

O

“
n

Elongator tRNA

TRNA complexed with
. Elongation factor
Anticodon J
branch Am
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Distribution of (hyper)modified nucleosides in anticodon of tRNAs

Organelles
Eukarya J \ in position 34 (wobble base)
/ e | ,q | Bacteria
out Q7 prec out
12 3
?r(;g& (m)cmo®U f ' IT+I —mRNA
of mcm>(s2)U(m) (cm)nmU(m) O e]®) ﬁ
(m)hm®U BN (cm)nm®(s$)U 37 o Wobble
37 ncm2U(m) mnm>(s?)U ) base
ac*C -
l CREEN T B
il 38
V)
10 blk = 27 red
T Archaea T
—_ * Phe | Ser | Tyr| Cys . * _
= QU7 | 4 codon  [Teu| [t = 16U* = 43%
boxes> »>| Leu | Pro| His | Arg
. oo are found in tRNAs of the
e |Thr|Asn | Ser 2 _codon . -, )
Viet Lys |Arg |<¢7€0 split' decoding boxes
\ Val |Ala |Asp| Gly|  boxes
Glu /

> (Hyper)modifications are late

acquisition during evolution
Grosjean - College de France - May 2011



Decoding pattern of Mycoplasma capricolum (minimalist Bacterium)

Two tRNA-Met (e+i) + special 1RNA-Ile(C*AU)

codon anticodon codon anticodon codon anticodon codon anticodon

aminoacid aminoacid aminoacid aminoacid

U0U. o can |UCU UAU: | cua |YYcys| cea

UuC - UCC S UAC UGC *

UUAL . cmnmS UmAA UCA cer UGA UAA UGAT ; cmnm> UmCA

UuG CrR2  yeg UAG Stop |ygg P CUCR

CUU CCU CAUH i s cue |CGU ICG

cucL cccP CAC _ CGC

cua ) UAG jcca | UGG jcaa Gl Lmnn s2vug CGA™ 0 | <Rare codon

CUG CCG CAG & CGG ” Unassigned

AUU__ | cau |ACU acu (ARUpsn| cuu [ASUser|

AUC ACC Tho AAC ¥ AGC n

avAMet| k2cau  |aca UGU AR, prnme s UUY AGA cmnms UCY
cavijlauceti| CRUe |ace AAG CUU  |aGG

GUU GCU GAUASp cuc |Geu

GUC GCC GAC GGC cl

cua’?Y vac |[geA*?| vuec [gaa V. |eealtY| wucc

G 1y fmnms s2UUGQ
GUG GCG GAG GGG

Grosjean - Collége de France - May 2011 >>> TOTAL : 28 fRNA with distinct anticodons



Decoding pattern of Escherichia coli

Two tRNA-Met (e+i) + special 1RNA-Ile(C*AU)

codon | anticodon | COdON anticodon codon | anticodon | €0dON | anticodon
aminoacid aminoacid aminoacid aminoacid
Uuvu Phe UCU S = |UAU Tyr * UGU Cys
uuC GAR vcc, | ¢S5GA * |uac QUA  [yac GCA
UUA_ _ lomnm® Umaa [ UCA <— cmo°UGA: |JAA UGA Stop
uuG cmAA |uce | “®2 Huac Stop |uygeTrp| chmea
cuou |7 T |ccu | CAU v CGU ~TOG™
: : - UG : .
cuc *GAG jccc t.leGG CACHlS Q cec A .
CUA L4e_u cmnm5 UAG CCAP <JC_O C CC:)GUGGG CAA s 1.'315 R CGAAr g r&_‘l‘{are codon ;
CUG “CAG . [ccc | ‘CAG CUG |CGG ~..CCG~
AUU GAU |ACU AAU v AGU
: g Asn Ser
auclle v acc, | GGU |aac QUU  |.cc GCU
AUATILle| k2cpay ACA «— %gmof‘UGU 'AAALYS mr¥|5s2UUU AGA mnm5 UCU
AUi|AUGMet | acicavue [ACG : CGU {aaG AGG CCU
GUU * RCC . |ecu .: GAUA 1u*Q e ceu | e
cuc | !GAC jece gGC fleac™°P|” I e
GUA 4a_ mo°UAC GCA 4_a 4 05UG:_C GAAGlu I AP GGA 4_y E_‘mnms ucc ;
GUG GCG 7 |GAG GGG ~..CCC."

Grosjean - College de France - May 2011

>>> TOTAL: 41 tRNA with distinct anticodons




Decoding pattern of S. cerevisiae (cytoplasmic)

Two tRNA-Met (e+i); NO special t1RNA-Ile(UAUV)

codon anticodon codon anticodon codon anticodon codon anticodon
aminoacid aminoacid aminoacid aminoacid
UuU UCU YGA - |UAU v |uveu

Phe g Tvr Cvys
uucC dnan vee, |y ilvac 7| cva |uec | cca
UUA eun!m 5UmaAA| UCA f:lcm5UGA:_ UAA UGA *Stop
UUG ~ |°C2A  |ucG  |iCGA {uaG StoP |ueeTrp| Cmca
CuU ccu [ IGG |CAU CGU fce™
cuc _L€AG .fccc k4 jcac™®| cue |cec,
cua~“f.uae {cca " “hemiuee fcaa o1, = 0ve |cea d :
CUG 7 lecce | cac | 'cue|cee “CCG .
AUUIle IAU |ACU | IGU EAAUASH - AGU. .
AUC ¥ l*y ACC, b | 'AAC AGC GCU
AUATlel WA ACA Encm5UGUAAAL  [mem*s*UUU | AGA mem 5 UCU
AUugMet| CAUe |AcCG : CGU  |aaG 724 AGG 4ccu
7 =T
GUU e | GCU : IGC ':GAUAsp ceu | o
GUC 1 GAC :|Gce GAC GUC |GGC
Valﬁ SUAC Ala + : Gly (GCC
GUA ncm”UAC 1GCA ricm®UGC|GAA 2 GGA memSUCe
“CAC y ; G 1y |memrs?uuC

GUG CAC “lgce GAG A GGG "GCC

Grosjean - College de France - May 2011

553 TOTAL : 42 tRNA with distinct anticodons




in 4-(unsplit) codon set in 4-(unsplit) codon set
Organelles
ho®U |
U; u+ -o,? Liassay Us Eukarya | |_m’¢ | Bacteria
C; =|G;, Cs
u,, A, —— > ut, 4—: A, nemdy [ T (m)cn;\oig
0
G;| EVOLUTION (C34)  G;| NOTHING mo®U
in common 5
ncm’U™
- ac*C
* X0°U3zq Archaea
Ty X <> X=O0H (ho®U)
¢ P X = OCHs (mo5U) N

X = OCH,COOH (cmo55)
X =0CH>COOCH3 (mcmo~U)

= =
OH  OH in Bacteria
* Xcm5U34
* HN/%I»CHTCO X|<> X=NH (ncm®U)
2
* (0] N
0 ] i
; o in Eukarya/Archaea
H H
OH OH

* Positions involved in
WC base pairing

- v

need several enzymes
distinct in Bacteria
/ as in Eukarya/Archaea
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in 4-(unsplit) codon set

U
C;
U;, A;
G,
— Organelles
wm3(s?)U
cmnm?(s2)U .
f5c(m) ,\ Bacteria
ukarya oQ
E 14 6luQ
qalQ Q preQ1
manQ __\ (©)mamS(s2)U(m)
memd(s2)U mz v mnm3se2U
mchmU m 5(s2)U
m5c Um GC4C nm (S)
s2Um *
U2
Archaea

in 2-(split) codon set

heed several enzymes

U* U,
E—— oty <o,
U*;,= >4,
EVOLUTION (Cis) “G,
Xnm°U
cmnm®s2Us; -
N CHo-NH-X |<> X=H (nm°V)
H * J L X =CH, mnm°U)
= <>07 "n X=CH,COO mnm°U)
0
cmnm®Ums,4 e
H OH OHH<> 0CH3 in Bacteria
U*
) 34
5
mcm532U34 *l Xcm©Uszg
*
HN” 33—CH2-COX |<> X=0CH3 (mcm®U)
<ok
B <>07"n
HO
0 in Eukarya/Archaea
ncm®Umag
"o o <>| OCHj3;

= distinct as for B/E/A

* Positions involved in WC base pairing

Grosjean - College de France - May 2011



Evolutionary implications

Bacteria Archaea Eukarya

Obviously, progressive introduction 2
of modified U*/G*/C* at the | — 1%
wobble position-34 AND

@) Wobble
addition of new tRNAs allow the %_8 base
introduction of more amino acids S5-8
within the 'split' decoding boxes 3.3

! >>>>> Bacteria # Archaea # Eukarya > Evolution still goes on

4 + 2-codon boxes 4 + 2 + 1 codon boxes

Phe | Ser (Tyr |Cys Selenocysteine
Leu Pyrolysine
Leu | Pro|His | Arg
el I\
Tle Thel Asnl Ser Latest' introduction

B Ly Arg P
Val | Ala| Asp| GIy T——— Met
Glu

Primordial .“
frozen
accident?

Few am.ac. mmmmp 18 qm.qc. Em=)>

(which ones ?) Grosjean - College de France - May 2011



GENETIC TRANSLATION ON THE RIBOSOME (A-site)

mRNA codon
1 2% 3
5 | _ E | 3

‘Wobble’ base (degenerescency)

Often modified

llllllllllll

‘Dangling’ purine O
Often modified O O

34

O-0O
Q-0 | .
O — O Anticodon-Codon interaction
O-0
O-0

Bases 36+35 of tRNA
37 | are "SANDWICHED'
between modified nts

tRNA
Anticodon
branch

Grosjean - College de France - May 2011



Modification of Purine-37

mmm) Also Species specific

codon Eukarya
mRNA 1 2 3
e e Bacteria
OOo{—Wobble base
O
Purine O O
o-0
O-0 Wybutosine
Anticodon stem in S. cerevisiae
| fungi
and several fungi Archaea
CH,00C  NHCOOCH,
N\ /
7 G = encoded (gene level)
Post-transcriptionnally ¢z —
modified » (( Phe ) Ser | Tyr| Cys
Ceu stop | Trp
Leu | Pro| His | Arg
e I GIn
" OH @ Ile | Thr| Asn| Ser
. . - O Met Lys| Arg
Tricyclic -~ yW Val |Ala | Asp| Gly
Imidazo-purine Glu
fing HO OH

Grosjean - College de France - May 2011




Biosynthesis of Wyosine derivatives in Eukarya

:
H ji[ ) i FMN
HZNJ\ N
OH

N N N N,
o Orr resa @R
N AdoMet> © " C, derivative? - AdoMet
“ o OH 0 > e}

Guanine in Trmd TyW1
position-37 | HO_ ©OH HOIIoH HO OH Tyw2
M acp

of tRNAPhe G m'G imG-14

I
I
I
I
1

\/

yw W” (+Hco,) ™ W.72
R A J—i.2
Further hydro;(ylated ngh cost In energy
in mammals
OHyW

Grosjean - College de France - May 2011



H3000(|3H NH COOCH, P-site tRNA A-site tRNA

N/L

Wybutine

In most Yeast
(S.saccharomyces) 0

Dangling end
(base stacking)
MRNA-U,/tRNA-A,,

5 77 allows stabilization

HN \
‘ > Stabilizes codon/anticodon
LY [ .
N N H

interaction at the A-site and
allows to avoid frameshifting
during mRNA translation

G u an i ne Grosjean - College de France - May 2011




Frameshifting avoidance during translation : importance of modified base in tRNA

Construct Slippery site variation 1 {]D
Pre-slippage Post-slippage
pSCV-I G GGU UUA GGG UUU A m ] G

SCV-II G GGU UUU GGG UUU U
P e l
imG-14

I
=)
T

Slippery More slippery

= Frameshift

ooooooooooooooooooooo :
/’l
Slippery Site ,/
4
5’...0;\(} GGU UUAonnts-o /‘
\\\ /’J
e P

fd
=
T

[
=
I

-1 PRF Frequency, %

Secondary
structure element

Less slippery

10

!

Lucy SCV-LA 0

\\ "I}

0-Frame G GGUUUA G GGU UUU

Frameshift frequency
evaluated from the pSCV-I1 pSCV-II
ratio of Luc-R/Luc-F ‘
fluorescence Slippery Sequence

Adapted from William F. Waas et al (Paul Schimmel's lab) JBC 282, 2007I Grosjean - Collége de France - May 2011



Main function of Purine-37 during translation: a molecular ‘Anti-slip’

2 3 CH
T ¥ Probably HTCH20H=CiCH3
.. ps y ,
O Wobble base the most lerrffr'ameshlf'rmg N,IN\>
CC)> ancient requency CH:S /JQN N
' . | e
_ anti-slip Isopentenyl " o] ms2ieA
8 - 8 derivatives
Purine 8:8 - . HO  OH
O-0O E :
ukarya |m . :
Y : Bacteria
1 OHyw(*)
o,yW s
L yW % 16A ms2méA
. yW-86 \m'6%7 hn®A N,
U imG-14 : ms2hn®A Xo
Derivative S NG < T | !
: acbA 6 cirteieinie
. . epae * m°A
Limit frameshifting. imG2 > derivaTtive
CH300CCHNHCOOCH; | fpequenc E mimG - CH
: frequency % N\ MME S - | Archaea .. pas (IZHSOH
Limit frameshifting| ., . &ncon
frequency Y
4 These probably also limit frameshift ? I Ng\/l[ b
S NH, HNCH; N7 TN
1l = HO
CHIN N NJ\/[N\ NJIN\> o t6A
C{IQ CHs “Nl N> |*N N
HO  OH HO—= o "o o " o HO  OH
m'| m-2A m©SA

T
O
(@]
T
T
(@]
o
T

Grosjean - May 2011



CONCLUSION

r
< N » £ ® :
‘ *’..‘ 2 v
Site E Oq. . % .

CAA GAG UAU

ribosome

mRNA
5’

Nucleotides modification in TRNAs
(also in rRNAs-not discussed here)
allows:

Qt0” eer1A  More accurate in-frame

translation process

Phe |Ser [Tyr | Cys

|| Leu stop | Trp

3’

Leu | Pro|His | Arg
Gln
Ile |Thr|Asn| Ser
| Met Lys| Arg|
Val | Ala| Asp Gly
Glul

During cellular evolution, the progressive acquisition of
genes coding for t+rRNA modification enzymes have
obviously allowed to build-up the 6C as it is to date

In other words, the 6C has never been completely 'frozen' and it is

still co-evolving with the emergence of new modification enzymes

Grosjean - College de France - May 2011




For more information, consult the following book:

DNA and RNA Modification Enzymes:
Structure, Mechanism, Function and Evolution

Published by LANDES BioSciences , 2009
Editor: Henri Grosjean
and :

Fine-Tuning of RNA Functions by Modification and Editing

Published by Springer-Verlag, 2005
Editor: Henri Grosjean

These books are available at the Library of University Paris-11 - Orsay



Grosjean - College de France - Mai 2011

- a Review paper recently published in

FEBS Letters (2010), vol 584, pp 252-264, entitled.
Deciphering synonymous codons in the three domains of
Life: Co-evolution with specific tRNA modification enzymes
By H. Grosjean, V. de Crécy-Lagard and C. Marck

and :

-  IUBMB Life (2007), vol 59, pp 634658

Comparative Rnomics and Modomics in Mollicutes:

prediction of gene function and evolutionary implications

By de Crécy-Lagard V, Marck C, Brochier-Armanet C and
Grosjean H.

PDF available upon request to HG
henri.gros jean@igmors.u-psud.fr



