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Selenoprotein synthesis, a complex 
mechanism of co-translational recoding

Selenoprotein mRNA assembly and processing : 
similarities with sn(o)RNPs 

SBP2 shares a common RNA binding domain with core proteins of small 
non-coding RNPs. Selenoprotein mRNP assembly in the 3’UTR is similar to 
that of snRNPs (splicing) or snoRNPs (ribosome biosynthesis) and involves 
a complex linked to the HSP90 chaperone (Boulon et al., 2008). 

We have demonstrated that several selenoprotein mRNAs, unlike most 
mammalian mRNAs, bear a hypermethylated m32,2,7G cap instead of a 
classical 7-methylguanosine (m7G) cap and undergo a similar 5’ end matu-
ration pathway than non-coding RNAs (Wurth et al. 2014). 
The trimethylguanosinesynthase 1 (Tgs1) hypermethylates the cap of  sele-
noprotein mRNAs and is recruited by the assembly chaperone Survival of 
Motor Neuron (SMN) devoted to sn- and snoRNP maturation. 
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The cap of selenoprotein mRNAs 
is hypermethylated 

Selenoproteins, key players of oxidative stress protection, are synthesized by 
co-translational recoding mechanisms of in-frame UGA codons. In mammals, 
this process is governed by the recruitment of dedicated factors to a hairpin 
structure, called Selenocysteine Insertion Sequences (SECIS), in the 3’UTR 
of selenoprotein mRNAs. Essential in this process is the SECIS binding pro-
tein 2 (SBP2) that binds the SECIS RNA and recruits translation and assem-
bly factors to the mRNP. 
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Functional role of SMN  in selenoprotein synthesis.  The Spinal Muscular Atrophy (SMA) pathology leads to reduced levels of selenoprotein mRNAs in the spinal chord

Mouse model of the SMA pathology

Selenoprotein mRNA levels are reduced in the spinal chord of SMA mice but not in the brain
Origin of the oxydative stress detected in Spinal Muscular Atrophy (SMA)?

selenoprotein mRNAs selenoprotein mRNAs

GST-eIF4E
binding    

 SelR
GPx1
GPx4
SelM
SelW
SelT
SelO
TrxR1
Sel15
SelK
GPx3
SelN
HPRT
LDHA

IP 
α-m3G brain spinal

chord

mRNA levels
in SMA mice

Class 1
m3G cap

Class 2
m3G/m7G cap

Class 3
m7G cap

     strong

weak

Spinal Muscular Atrophy

The same selenoprotein mRNAs that bear
 m3G cap and that are poorly recognized by initiation 
factor eIF4E in HEK293 cells are also preferentially 

reduced in the spinal chord of SMA mice

HEK293 cells

 Collaboration with S. Massenet (Nancy)

 Met 35S pulse chase

0 

0,5 

1 

1,5 

FFL 
SBP2 

EFSec
 

NSEP1 
NCL 

SMN

Gem
in4

 

Gem
in5

 

PRMT5 

MEP50
 

pIC
ln 

RioK
1 

Nop
58

 

HAGPx1 
HAGPx1Cys 

Selenoprotein 
synthesis factors

SMN 
complex

Methylosome

H
A-

G
Px

1 
ex

pr
es

si
on

 le
ve

l

** ** **

*

** **
* *

*

*

*

*
*

**
*

siARN:

5’UTR 3’UTR
HA GPx1 

UGA
SECIS

Sec

5’UTR
HA GPx1Cys 

UGU

Cys 3’UTR

SECIS

HA-GPx1(Sec)

HA-GPx1(Cys)

De novo translation assays using stable inducible cell lines 
(Flp-In T-Rex 293 system)

Selenoprotein
recoding 

mechanism

Classical
translation

The inhibition of SMN, but not of Gemin4 and 5, affects the translational recoding of the selenoprotein HA-GPx1(Sec). 
Inhibition of methylosome components affects both HAGPx1(Sec) and HA-GPx1(Cys)

 

Inhibition of SMN and of methylosome components has a functional impact on HA-Gpx1 selenoprotein synthesis in vivo 

Interaction network between SBP2 and the components 
of the SMN and methylosome complex

Cytoplasm

Wurth et al., 2014

In IP GFP

GFPGFP
-S

BP2

GFPGFP
-S

BP2

SMN

Gemin 2

Gemin 4

WB
α-SMN

WB
α-Gemin 2

WB
α-Gemin 4

UGA
m7GTgs1 

LF

m3G

m3G

eIF4E

x

3’UTR

SBP2
Sec

EFsec
m3G

UGA

Sec

selenoprotein

Sec incorporation

Translation initiation
Selenoprotein mRNAs are not efficiently
 recognized by  initiation factor eIF4E 

Selenoprotein mRNA
translational recoding

Cap hypermethylation by Tgs1

selenoprotein mRNA

SECIS

SBP2

AAAAA

AAAAA

AAAAAAAA

3’UTR

SBP2

STOP

STOP

SMN 

?

UGA

STOP

D1
D2 G

EF

CH3

G
EF

B
D3

CH3

CH3

pIC
ln

D1
D2

CH3

E
F G

BD1
D2m7G D3

CH3
CH3CH3

pICln
pICln

 6S complex

Methylosome

PRMT5

CH3
CH3

D3 B
pICln

pICln MEP50

MEP50

PRMT5
Sm proteins

4 4
3 3

5 5
SMNSMN8 8

7 766 Unrip2 26Unrip

Complexe SMN

Aim: Determine the implication of the SMN com-
plex and the methylosome in the cap maturation 

and expression of selenoprotein mRNAs 

Role of the SMN complex and the methylosome 
in snRNP assembly 
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The SMN complex interacts with SBP2 Components of the methylosome interact with SBP2

Transfections and co-immunoprecipitation in HEK293 cells

SMN recruits Tgs1 for cap hypermethylation
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The entitre SMN complex interacts with SBP2 and 
contributes to the recruitment of Tgs1 for the cap 

hypermethylation of selenoprotein mRNAs

Inactivation of SMN inhibits cap hypermethylation and 
reduces selenoprotein synthesis in vivo

 The methylosome complex  
 acts in concert with the SMN complex and also interacts 

with SBP2 

We revealed that  selenoprotein mRNA levels 
are reduced in the Spinal muscular atrophy pathology 

Lower motor neuron disease caused by loss-
of-function mutations in the SMN1 gene 

Major cause of neonal death of genetic origin 
1/6000

Increased oxydative stress was observed in 
motor neurons of the spinal chord
(Hayashi et al., 2012)


