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I/ Staphylococcus aureus, un pathogène redoutable 

1. Le début de l�histoire 

RCG$3-!$%&' 721<-&' &+' (])\_' 0=!%3' ><C$=' 2-<7$&' =C&BB&-' #+-$1#6-2%$&+' 7<' =;`!`;"&' 3<%' =#'

6%!$33#+6&'7&' 3-#?G;=!6!><&3'&+'"$=$&<'E2=!32a'0=&:#+7&%'b=&"$+E' W(\\(S(]//X' WFigure 1AX'

726!<,%&' ?#%' G#3#%7' ><&' 3&3' 1!c-&3' 7&' A2-%$' 3!+-' &+,#G$&3' 7&' 6!=!+$&3' 6!-!++&<3&3' 7&'

"!$3$33<%&3' WFigure 1BX_' @=' 3C#E$-' 7C<+&' 6!+-#"$+#-$!+' ?#%' =&' 6G#"?$E+!+' "$6%!36!?$><&'

Penicillium notatum' WFigure 1CX'?%!,&+#+-'7&'3!+',!$3$+'7&'?#$==#33&'KG#%=&3' d_'R#-!<6G&a'<+'

e&<+&'";6!=!E<&'@%=#+7#$3_'d<3-&'#,#+-'7&'6!""&+6&%'M'723$+B&6-&%'3&3'1!c-&3a'b=&"$+E'3C#?&%f!$-'

7&'=#'?%23&+6&'7C<+&'`!+&'-%#+3=<6$7&'#<-!<%'7&3'"!$3$33<%&3a'7#+3'=#><&==&'=&3'3-#?G;=!6!><&3'

+&'3&'3!+-'?#3'72,&=!??23_'@='2"&-'#=!%3'=CG;?!-GN3&'7C<+&'3<13-#+6&'326%2-2&'?#%'=&3'"!$3$33<%&3'

><C$='+!""#'g'?2+$6$==$+&'h_'K!+36$&+-'7&'=C$"?!%-#+6&'7<'?G2+!"N+&'!13&%,2a'b=&"$+E'2-&+7'

3&3'2-<7&3'M'<+'E%#+7'+!"1%&'7&'1#6-2%$&3'&-'726!<,%&'><&'=#'3<13-#+6&'&3-'#6-$,&'6!+-%&'-!<-&3'

=&3'1#6-2%$&3'O%#"S?!3$-$,&3_'I+-G!<3$#3"2'?#%'3&3'726!<,&%-&3a'$='?<1=$&'#=!%3'3&3'-%#,#<:'7&'

%&6G&%6G&'&+'(])]a'7#+3'=&'British Journal of Experimental Pathology !"#!$%&'()*!+,'!#-$&&'%$!+,*!

&%./!0*,!)-$&&*#&'1# !2)!(1#&'#,$!#3$#41'#/!/*/!3&,5*/!*&!5341#&%$!+,*!)$!/,6/&$#(*!#-3&$'&!0$/!

&17'+,*!01,%!)-$#'4$) !8*!(*!9$'&:!;)*4'#<!0%101/$!5*!)-,&')'/*%!(144*!$#&'/*0&'+,*!(,&$#3!1,!*#!

'#=*(&'1#/ !>*0*#5$#&:!')!16/*%?$!+,*!)$!03#'('))'#*!3&$'&!&%./!5'99'(')*!@!*7&%$'%*!5,!(A$40'<#1# !

8-$,&%*!0$%&:!)$!/,6/&$#(*!$<'//$'&!$?*(!,#*!(*%&$'#*!)*#&*,%!/,%!)*/!/&$0AB)1(1+,*/:!9$'/$#&!5-*))*!

,#*! 41)3(,)*! '#/&$6)*!*&! 5'99'(')*!@! 0%15,'%*!*#! <%$#5*/! +,$#&'&3/ !;$(*! @! (*/!5'99'(,)&3/! *&! $,!

53/'#&3%C&! <3#3%$)! 5*! )$! (144,#$,&3! /('*#&'9'+,*! 01,%! /*/! &%$?$,7:! ;)*4'#<! 53('5*!

5-$6$#51##*%!/*/!%*(A*%(A*/ !D$!53(1,?*%&*!5*/!/,)9$4'5*/!+,*)+,*/!$##3*/!0),/!&$%5!*#!EFGH:!

)$'//*%$!6'*#!0),/!*#(1%*!)$!03#'('))'#*!5$#/!)-146%* !2)!9$,5%$!$)1%/!$&&*#5%*!EFGF:!5'7!$#/!$0%./!

/*/!0%*4'.%*/!53(1,?*%&*/:!+,*!I1J$%5!;)1%*B!*&!K%/#&!>A$'#!%*0%*##*#&!)*/!&%$?$,7!5*!;)*4'#<!

*&!%3,//'//*#&!@!0,%'9'*%!(*&&*!/,6/&$#(*!@!<%$#5*!3(A*))* !D*/!&%1'/!(A*%(A*,%/!/*%1#&!9'#$)*4*#&!

%3(140*#/3/! 5-,#! L%'7! M16*)! *#! EFNH! 01,%! )*,%/! 3&,5*/! /,%! )$! 03#'('))'#*! *&! /1#! $00)'($&'1#!

&A3%$0*,&'+,* !!!

8./! EFNH:! ;)*4'#<! )$#(*! ,#! $?*%&'//*4*#&! (1#(*%#$#&! )-,&')'/$&'1#! $6,/'?*! 5*! )$!

03#'('))'#*!O!P!Au lieu d�éliminer l�infection, le risque serait que les microbes apprennent à résister 

à la pénicilline et que ces mêmes microbes soient ensuite transmis d�un individu à l�autre et 

provoquent une infection que la pénicilline ne pourra guérir » Q&'%3! 5* «Sir Alexander Fleming!

Discoverer of Penicillin », >$)! R*/&! S*5 ! T*0! EFNHU! VGQGWO! EHGW ! >*&&*! (%$'#&*! */&! $,=1,%5-A,'!

5*?*#,*! %3$)'&3 ! T,'&*! @! ,#*! ,&')'/$&'1#! 4$//'?*! 5-$#&'6'1&'+,*/! (*/! 5*%#'.%*/! 53(*##'*/:! 5*!

#146%*,/*/! /1,(A*/! 6$(&3%'*##*/! /1#&! 5*?*#,*/! %3/'/&$#&*/! @! )-,#! 1,! 0),/'*,%/! 5-*#&%*! *,7 !
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>-*/&!)*!($/!5*!S. aureus.!!

!

Figure 1. La découverte de la pénicilline par Alexander Fleming. 

(A) T'%!Y)*7$#5*%!;)*4'#<:!@!)-1%'<'#*!5*!)$!53(1,?*%&*!5*!)$!03#'('))'#* !(B)!2#A'6'&'1#!5*!)$!(%1'//$#(*!5-,#*!/1,(A*!5*!S. aureus!

/,%!4')'*,!<3)1/3!0$%!,#*!(1)1#'*!5*!L3#'('))',4!Q6)$#(W !(C)!Z6/*%?$&'1#!$,!4'(%1/(10*!3)*(&%1#'+,*!5-,#*!/&%,(&,%*!&B0'+,*!5*!

Penicillium notatum. 

!

!

2. Présentation de S. aureus 

>-*/&! *#! E[\[! +,*! D1,'/! L$/&*,%! QE[XX]E[FHW:! +,'! &%$?$'))$'&! $?*(! K4')*! ^1,7! *&!

>A$46*%)$#5!/,%!)*/!<*%4*/!5*!4$)$5'*:!16/*%?$!01,%!)$!0%*4'.%*!91'/!$,!4'(%1/(10*!5$#/!5,!

0,/!5*!9,%1#()*!*&!5-1/&314B3)'&*!0%3)*?3!/,%!5*/!0$&'*#&/:!5*/!P!$4$/!*#!<%$'#/!_!QFigure 2CW!

+,-')! #144$! /&$0AB)1(1+,*/ ! K#! E[[`:! )*! (A'%,%<'*#! 3(1//$'/! Y)*7$#5*%! Z</&1#! QE[NN]EFXFW!

QFigure 2AW!9,&!*#/,'&*!)*!0%*4'*%!@!'/1)*%!(*/!/&$0AB)1(1+,*/!@!0$%&'%!5-$6(./!*&!5-$,&%*/!)3/'1#/!

(,&$#3*/! Q>$#$5'$#! 4*5'($)! Y//1('$&'1#:! EFXFW ! 2)! )*/! 53(%'?'&! *#! E[[E! (144*! )$! 0%*4'.%*!

*/0.(*! 5*! /&$0AB)1(1+,*/! (1##,*! *&! )*/! #144$! Staphylocccus aureus ! D-3&B41)1<'*! <%*+,*!

staphyl!/'<#'9'*!P!<%$00*!_!*&!aureus /'<#'9'*!P!51%3!_ !>*&&*!6$(&3%'*!*/&!51#(!(1##,*!5,!<%$#5!

0,6)'(! /1,/! )*! #14! 5*! P! /&$0AB)1(1+,*! 51%3! _:! *#! %$'/1#! 5*! /$! (1,)*,%! =$,#*! 5-1%! /,%! 4')'*,!

<3)1/3:!5,*!@!)$!/B#&A./*!5-,#!($%1&3#1a5*!0$%!)$!6$(&3%'*!QFigure 2BW !

!
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!

Figure 2. Découverte de Staphylococcus aureus.  

(A) T'%!Y)*7$#5*%!Z</&1#!QE[NN]EFXFW:!+,'!$!'/1)3 S. aureus @!0$%&'%!5*!0,/!5-$6/(./!5*!0$&'*#&/!*#!E[[E !(B) Z6/*%?$&'1#!5,!

0'<4*#&!=$,#*!5-1%!5*!S. aureus,!/,%!4')'*,!<3)1/3 !T1,%(*!O!http://lib.sytu.edu.cn/!(C)!Z6/*%?&$&'1#!$,!4'(%1/(10*!10&'+,*!5*/!

P!$4$/!*#!<%$'#/!_!91%43/!0$%!S. aureus, $0%./!(1)1%$&'1#!5*!b%$4 !!

!

!

S. aureus! */&! ,#*! 6$(&3%'*! 0$&A1<.#*! 1001%&,#'/&*! 5*! &B0*! b%$4]01/'&'?*! QFigure 2CW !

>-*/&!,#!1%<$#'/4*!(144*#/$)!5*/!/,%9$(*/!A,4'5*/!5*!)$!0*$,!*&!5*/!4,+,*,/*/:!01%&3!0$%!X`!

@!H`c!5*!)$!010,)$&'1# !L$%!/$!($0$('&3!@!(1)1#'/*%!,#!<%$#5!#146%*!5*!&'//,/!*&!1%<$#*/!5*!

)-Ad&*:!(*&&*!6$(&3%'*!*/&!@!)-1%'<'#*!5-,#!)$%<*!0$#*)!5-'#9*(&'1#/:!5*/!0),/!63<#'#*/!Q'#9*(&'1#/!

(,&$#3*/!/,0*%9'('*))*/!&*))*/!+,*!)-'403&'<1W!$,7!0),/!<%$?*/!&*))*/!+,*!0#*,41#'*/:!43#'#<'&*/:!

*#51($%5'&*/!1,!/*0&'(34'*/!QFigure 3A et 3BW !K#!4')'*,!A1/0'&$)'*%:!S. aureus!%*0%3/*#&*!)-,#*!

5*/!0%*4'.%*/!($,/*/!4$=*,%*/!5*/!'#9*(&'1#/!#1/1(14'$)*/ !K#!*99*&:!(*&&*!6$(&3%'*!*/&!(1##,*!

#1&$44*#&!01,%!/$!($0$('&3!@!91%4*%!5*/!6'19')4/!/,%!5,!4$&3%'*)!6'1435'($)!QFigure 3CW:!*#!

0$%&'(,)'*%!)1%/!5-103%$&'1#/!1,!5*!&%$'&*4*#&!'#?$/'9/!&*)/!+,*!)$!01/*!5*!($&A3&*%/ !D*!%$001%&!

5*!)-K#+,C&*!M$&'1#$)*!5*!L%3?$)*#(*!QKMLW!5*/!'#9*(&'1#/!#1/1(14'$)*/!*&!5*/!&%$'&*4*#&/!$#&']

'#9*(&'*,7!5$#/!)*/!3&$6)'//*4*#&/!5*!/$#&3!0,6)'+,*!9%$#e$'/:!0,6)'3!*#!=,'#!X`EX:!$!%*01%&3!+,*!

S. aureus! (1#/&'&,*! )-,#! 5*/! &%1'/! 4'(%1]1%<$#'/4*/! )*/! 0),/! 9%3+,*44*#&! '/1)3/! 5$#/! )*/!

'#9*(&'1#/! #1/1(14'$)*/ ! >*! 0$&A1<.#*:! %*0%3/*#&3! @! EH:Fc:! (1#/&'&,*! $?*(! Escherichia coli!

QXVcW!*&!Pseudomonas aeruginosa Q[:NcW:!)$!41'&'3!5*/!4'(%1]1%<$#'/4*/!'5*#&'9'3/!5$#/!(*/!

'#9*(&'1#/ !2)!*/&!3<$)*4*#&!%*/01#/$6)*!5-*#?'%1#!X`c!5*/!/*0&'(34'*/!(1#&%$(&3*/!*#!4')'*,!

A1/0'&$)'*% !!
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Figure 3. Staphylococcus aureus. 

 (A)!T0*(&%*!5-'#9*(&'1#/!5*!S. aureus !(B)! 2403&'<1!*#!(%1f&*/!/,%! )*!?'/$<*!5-,#!*#9$#&! !QL*%*'%$:!X`ENW !(C)!Z6/*%?$&'1#!$,!

4'(%1/(10*!3)*(&%1#'+,*!@!6$)$B$<*!5-,#!6'19')4!5*!S. aureus!QI,#&*%!X``[:!0A1&1!>%*5'&O!g$#'(*!I$#*B!>$%%!]!&A*!>*#&*%/!91%!

8'/*$/*!>1#&%1)!*&!L%*?*#&'1#h/!L,6)'(!I*$)&A!24$<*!D'6%$%B!QLI2DW !!

!

!

D$! 0$&A1<3#'*! 5*! (*/! '#9*(&'1#/! */&! $,=1,%5-A,'! &%./! 91%&*4*#&! $((*#&,3*! 0$%!

)-$,<4*#&$&'1#! (%1'//$#&*! 5*/! %3/'/&$#(*/! $,7! $#&'6'1&'+,*/! QFigure 4W.! K#! *99*&:! 0*,! $0%./!

)-'#&%15,(&'1#! 5*! )$! 43&A'('))'#*! 01,%! (146$&&%*! )*/! '#9*(&'1#/! @! S. aureus! %3/'/&$#&*/! @! )$!

03#'('))'#*:!(-*/&!$,!^1B$,4*!"#'!*#!EFVE:!+,-1#&!3&3!'5*#&'9'3/!01,%!)$!0%*4'.%*!91'/!5*/!'/1)$&/!

5*! )$! 6$(&3%'*:! %3/'/&$#&/! @! (*! #1,?*)! $#&'6'1&'+,*! QS*&A'('))'#]^*/'/&$#&!S. aureus:!MRSAW ! >*/!

/1,(A*/!/*!/1#&!*#/,'&*!%$0'5*4*#&!0%10$<3*/!@!&%$?*%/!)-K,%10*!0,'/!@!5-$,&%*/!0$B/!5$#/!)*!

41#5*!&*)/!+,*!)*!g$01#:!)-Y,/&%$)'*!*&!)*/!K&$&/]"#'/ !D*!&%$'&*4*#&!0$%!)$!?$#(14B('#*!$!3&3!$)1%/!

4'/!*#!0)$(*!(1#&%*!(*/!/1,(A*/!S^TY!5$#/!)*/!$##3*/!EF[`:!+,'!$!(1#5,'&!*#!EFFV!@!)-'/1)*4*#&!

5-,#*! /1,(A*! ?$#(14B('#*]%3/'/&$#&*! /,%! ,#! 0$&'*#&! =$01#$'/! *#! &%$'&*4*#&! 01/&]103%$&1'%*!

QI'%$4$&/,:! X``EW ! Y! )-'4$<*! 5*! )$! %$0'5*! 5'//34'#$&'1#! 5*/! /1,(A*/! S^TY:! 5*/! '/1)$&/! 5'&/!

?$#(14B('#*]'#&*%435'$'%*/! Qi$#(14B('#]2#&*%4*5'$&*! Staphylococcus aureus:!VISAW! 1#&! 3&3!

'5*#&'9'3/! *#! K,%10*:! *#! Y/'*! *&! $,7! K&$&/]"#'/! 0,'/! *#&%*! X``X! *&! X``H:! 5*/! /1,(A*/!

?$#(14B('#*]%3/'/&$#&*/!Qi$#(14B('#]^*/'/&$#&!Staphylococcus aureus, VRSAW!/1#&!9'#$)*4*#&!

$00$%,*/!$,7!K&$&/]"#'/!Qj$%$' et al.:!X`EGW !

! !
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Figure 4. Evolution de la résistance aux antibiotiques de Staphylococcus aureus.  

K#!6)*,:!$##3*!5h$00%16$&'1#!0$%!)$!;8Y!Q;*5*%$)!8%,<!Y<*#(BW!5*!)h,/$<*!5*!)h$#&'6'1&'+,* !K#!%1,<*:!$##3*!5h$00$%'&'1#!5h,#*!

/1,(A*!5*!S. aureus!%3/'/&$#&*!@!)h$#&'6'1&'+,*:!*#!1%$#<*:!%3/'/&$#(*!'#&*%435'$'%*!Q8*<,(A':!EF[XU!;,(A/ et al.:!EFFVU!I$#$k'!

$#5!I'%$4$&/,:!EFF\U!D$(*B!$#5!S'&(A*)):!EFVFU!^$44*)k$40!$#5!l**9*%:!EFNGW !

3. Facteurs de virulence de S. aureus  

3.1. Les protéines d�adhésion 

D1%/!5*!)-'#9*(&'1#:!S. aureus '#'&'*!)$!(1)1#'/$&'1#!5*!/1#!Ad&*!*#!$5A3%$#&!&1,&!5-$61%5!@!

5*/! (1401/$#&/! 5*! )$! 4$&%'(*! *7&%$(*)),)$'%* ! >*&&*! 0%*4'.%*! 3&$0*! */&! 0*%4'/*! <%m(*! $,7!

0%1&3'#*/!5-$5A3/'1#:!+,'!/1#&!/B#&A3&'/3*/!*#!536,&!5*!0A$/*!*701#*#&'*))*!5*!(%1'//$#(* !Z#!

5'/&'#<,*! 5*,7! <%$#5*/! 9$4'))*/! 5*! 0%1&3'#*/! 5*! /,%9$(*! O! )*/! ST>^YSS/! Qmicrobial surface 

components recognizing adhesive matrix moleculesW! *&! )*/! TK^YS/! Qsecretable expanded 

repertoire adhesive molecules) Q8%*'/6$(A et al.:!X`EEW !

Les MSCRAMMs! 1#&! 3&3! '5*#&'9'3*/! *#! EFFN! QL$&&' et al.:! EFFN$W! *&! (140%*##*#&! &%1'/!

<%$#5/! &B0*/! 5*! 9$(&*,%/! $//1('3/! 5*! 4$#'.%*! (1?$)*#&*! $,7! 0*0&'51<)B($#*/! 5*! )$! 0$%1'!

6$(&3%'*##*!Q;1/&*%!*&!Innk:!EFF[WO!)*/!P!;'6%1#*(&'#]6'#5'#<!0%1&*'#/!_!Q;#6LY!*&!;#6LoW:!)*/!

P!(),40'#<!9$(&1%/!_!Q>)9Y!*&!>)9oW!*&!)*/!0%1&3'#*/!5*!)'$'/1#!$,!(1))$<.#*:!&*))*/!+,*!)$!0%1&3'#*!

>#$ !D*/!;#6L!0*%4*&&*#&!)-$5A3/'1#!5*/!6$(&3%'*/!@!)$!/,%9$(*!(*)),)$'%*!5*!)-Ad&*!Qb%,#54*'*% 

et al.:!X``NW!0,'/!)*,%!'#&*%#$)'/$&'1#!0$%!)*/!(*)),)*/!*#51&A3)'$)*/!*#!/*!)'$#&!/03('9'+,*4*#&!@!

)$! 9'6%1#*(&'#*:! ,#*! <)B(10%1&3'#*! +,'! =1,*! ,#! %d)*! (%,('$)! 5$#/! )-$5A3/'1#! 5*/! (*)),)*/! @! )$!

4$&%'(*! *7&%$(*)),)$'%*! QL*$(1(k et al.:! EFFFW ! >*/! 9$(&*,%/! (1#&%'6,*#&! $,//'! @! )-'#'&'$&'1#! 5*!

)-'#9*(&'1#!0$%!)*,%!9'7$&'1#!/,%!)*!4$&3%'*)!6'1435'($)!%*/&3!)1#<&*40/!$,!(1#&$(&!5*!)-Ad&*!*#!

4')'*,!A1/0'&$)'*%!Qb%**#* et al.:!EFFHW !D*/!>)9Ypo!*,7:!/*!)'*#&!$,!9'6%'#1<.#*!+,'!*/&!,#!9$(&*,%!

5*! (1$<,)$&'1# ! D1%/! 5*! )$! (1$<,)$&'1#:! (*! 9$(&*,%! '#'&'$)*4*#&! /1),6)*! 5$#/! )*! 0)$/4$:! */&!

&%$#/91%43! *#! 9'6%'#*:! '#/1),6)* ! D*/! P! (),40'#<! 9$(&1%/! _! '#A'6*#&! )$! 0A$<1(B&1/*! 0$%! )*,%!

$(&'?'&3!5*!)'$'/1#!$,!9'6%'#1<.#*!QI'<<'#/ et al.:!X``VW !K#9'#:!)$!0%1&3'#*!>#$!QL$&&' et al.:!EFFN6W!

*/&!3<$)*4*#&!'40)'+,3*!5$#/!)-$5A3/'1#!@!)$!/,%9$(*!(*)),)$'%*!*#!/*!)'$#&!$,7!&'//,/!%'(A*/!*#!

(1))$<.#*!*&p1,!($%&')$<'#*,7!QTJ'&$)/k' et al.:!EFFGW !D$!0%1&3'#*!>#$!*/&!%*&%1,?3*!91%&*4*#&!

$//1('3*!@!5*/!1/&314B3)'&*/!QK)$/%' et al.:!X``XW:!5*/!k3%$&'&*/!Q^A*4 et al.:!X```W!1,!*#(1%*!5*!

)-$%&A%1/*! Qq, et al.:! X``NW ! "#*! 51,6)*! 91#(&'1#! 5*! (*&&*! 0%1&3'#*! $! %3(*44*#&! 3&3! 4'/*! *#!



2#&%15,(&'1#! XV!

 

3?'5*#(*:!0,'/+,-*))*!/*!)'*%$'&!/03('9'+,*4*#&!$,!514$'#*!(1))$<3#*,7!5*!(*%&$'#/!%3(*0&*,%/!

5,! (140)34*#&! Q>E+W! *&! '#A'6*%$'&! )$! ?1'*! ()$//'+,*! 5,! (140)34*#&:! 0*%4*&&$#&! $'#/'! $,!

0$&A1<.#*!5-3(A$00*%!$,!/B/&.4*!'44,#'&$'%*!5*!)-Ad&*!Ql$#< et al.:!X`EGW !

Les SERAMs:!(1#&%$'%*4*#&!$,7!ST>^YSS/:!#*!%*<%1,0*#&!+,*!5*/!0%1&3'#*/!$&&$(A3*/!

5*!4$#'.%*!#1#!(1?$)*#&*!@! )$!0$%1'!(*)),)$'%*!Q8%*'/6$(A et al.:!X`EEW !L$%4'!(*&&*!()$//*:!1#!

5'/&'#<,*! 5*/! 9$(&*,%/! *7&%$(*)),)$'%*/! &*)/! +,*! )*/! K$0! Qextracellular adhesin proteinW:! )*/! K96!

Qextracellular fibrinogen!binding proteinW! 1,! *#(1%*! 5*/! (1$<,)$/*/ ! j1,/! (*/! 9$(&*,%/! /1#&!

$//1('3/! @! 5*/! 0$&A1)1<'*/! *#51?$/(,)$'%*/! Q>A$?$k'/ et al.:! X``HW ! D*/! 0%1&3'#*/! K$0! /1#&!

%*&%1,?3*/!5$#/!0),/!5*!FVc!5*/!'/1)$&/!5*!S. aureus!*&!0%3/*#&*#&!)$!($%$(&3%'/&'+,*!5*!/*!)'*%!@!

,#! )$%<*! 3?*#&$')! 5*! (1401/$#&/! 5*! )-Ad&*! Q9'6%1#*(&'#*:! 9'6%'#1<.#*:! 0%1&A%146'#*:!

1/&3101#&'#*   W !K))*/!/1#&!3<$)*4*#&!($0$6)*/!5-'#&*%$<'%!$?*(!)$!41)3(,)*!5-$5A3/'1#!(*)),)$'%*!

2>YS]E!*&!5-'#A'6*%!)$!%301#/*!(*)),)$'%*!'#9)$44$&1'%*!$'<r*!Q>A$?$k'/ et al.:!X``XW !K#!0),/!5*!

(*&&*! 0%10%'3&3! $#&']'#9)$44$&1'%*:! )*/! 0%1&3'#*/! K$0! 01//.5*#&! 5*/! 0%10%'3&3/!

'44,#1415,)$&1'%*/!)*,%!0*%4*&&$#&!5*!415,)*%!)$!%301#/*!5*/!)B40A1(B&*/!j:!'#5,'/$#&!,#*!

&1)3%$#(*!'44,#'&$'%*!01,%!)*!0$&A1<.#*!Q>A$?$k'/ et al.:!X``HW !K#9'#:!)*/!K$0!1#&!%3(*44*#&!

3&3!'5*#&'9'3/!(144*!'#A'6'&*,%/!5*!)-$(&'?'&3!5*/!#*,&%10A')*/!QT&$0*)/ et al.:!X`ENW:!+,'!/1#&!)*/!

0%*4'.%*/!(*)),)*/!'44,#'&$'%*/!@!4'<%*%!/,%!)*!/'&*!5*!)-'#9*(&'1# !

Y'#/':! )*/!0%1&3'#*/!5*!/,%9$(*!5*!S. aureus! =1,*#&!,#!%d)*!(%,('$)! )1%/!5*! )-'#'&'$&'1#!5*!

)-'#9*(&'1#!0$%!)*,%/!($0$('&3/!5-$5A3/'1#!$,7!5'993%*#&*/!41)3(,)*/!0)$/4$&'+,*/!*&!&'//,)$'%*/:!

+,'!0*%4*&&*#&!)-'#?$/'1#!5*!)-Ad&* !"#*!91'/!)-'#'&'$&'1#!5*!)-'#9*(&'1#!%3$)'/3*:!5-$,&%*/!0%1&3'#*/!

/1#&! $)1%/! #3(*//$'%*/! 01,%! 9$?1%'/*%! )$! 5'//34'#$&'1# ! 2)! /-$<'&! *#! 0$%&'(,)'*%! 5*/! 0%1&3'#*/!

/3(%3&3*/ !

!

3.2. Les protéines sécrétées 

K#(1%*! $00*)3*/! *71&17'#*/:! *))*/! /1#&! /B#&A3&'/3*/! *#! 0A$/*! 01/&]*701#*#&'*))*! 5*!

(%1'//$#(*!*&!'#&*%?'*##*#&!5$#/!)$!0$&A1<3#'('&3!5*!S. aureus, *#!),'!0*%4*&&$#&!5*!/*!5'//34'#*%!

5$#/! )-Ad&*! *&! 5-3(A$00*%! @! /1#! /B/&.4*! '44,#'&$'%* ! D$! 0),0$%&! 5*/! /1,(A*/! 5*! S. aureus!

0%15,'/*#&! ,#! <%1,0*! 5-*#sB4*/! $00*)3*/! (B&1)B/'#*/:! (140%*#$#&! #1&$44*#&! )*/!

A341)B/'#*/! :!!:!"!*&!#!+,'!01//.5*#&!5'993%*#&*/!91#(&'1#/!Q8'#<*/ et al.:!X```W !D-A341)B/'#*! !

91%4*! 5*/! 01%*/! @! )$! /,%9$(*! 5-,#! <%$#5! #146%*! 5*! (*)),)*/! Qi$#5*#*/(A et al.:! X`EXW! 0$%!

)-$//*46)$<*! 5*! /*/! 41#14.%*/! *#! ,#! A141A*0&$4.%*:! +,'! 0*%4*&! )*! &%$#/01%&! 5*! 0*&'&*/!

41)3(,)*/!($&'1#'+,*/!Qlt:!>$XtW!'#5,'/$#&!)$!#3(%1/*!5*!)$!(*)),)*!('6)* !D-A341)B/'#*!!:!+,'!$<'&!



2#&%15,(&'1#! X\!

 

0),&d&!/,%!)*/!3%B&A%1(B&*/:!AB5%1)B/*!)$!/0A'#<14B3)'#*!0%3/*#&*!5$#/!)$!4*46%$#*:!(1#5,'/$#&!

@!,#*!415'9'($&'1#!5*!/$!9),'5'&3!*&!,#*!53/&$6')'/$&'1#!5*!/$!/&%,(&,%*!*#!51,6)*!(1,(A*!QI,/*6B 

et al.:! X``\W ! D-A341)B/'#*!"! */&! (153*! 0$%! )-Y^M222! Qu! 2 ! EW! *&! $00$%&'*#&! @! )$! ()$//*! 5*/! LTS!

Qphenol soluble proteinsW:!+,'!1#&!)$!($0$('&3!5*!)B/*%!,#!<%$#5!#146%*!5*!(*)),)*/!5,!/B/&.4*!

'44,#'&$'%*! Qo*%,6* et al.:! X`ENU! i$#5*#*/(A et al.:! X`EXW ! >*&&*! &17'#*! %*<%1,0*! )*/!

($%$(&3%'/&'+,*/! 5*/! 5*,7! 0%3(35*#&*/! *&! 0*,&! *#! 0),/:! $<'%! (144*! 53&*%<*#&! @! A$,&*/!

(1#(*#&%$&'1#/! 01,%! /1),6')'/*%! )$! 4*46%$#* ! K#9'#:! )-A341)B/'#*! #! */&! 0$%&'(,)'.%* ! K))*!

$00$%&'*#&! $?*(! )$! )*,(1('5'#*! 5*! L$#&1#]i$)*#&'#*:! @! )$! ()$//*! 5*/! &17'#*/! 5'&*/! P! @! 5*,7!

(1401/$#&/!_ !>*&&*!()$//*!5*!0%1&3'#*/!*/&!(1#/&'&,3*!5*!5*,7!01)B0*0&'5*/!P!T!_!QslowW!*&!P!;!_!

QfastW:! *#! %393%*#(*! @! )*,%! ?'&*//*! 5-3),&'1#! /,%! /,001%&! (A%14$&1<%$0A'+,*! QR115'#:! EFV`W !

D-A341)B/'#*! #! */&! ($0$6)*! 5*! )B/*%! ,#*! <%$#5*! ?$%'3&3! 5-3%B&A%1(B&*/! *#! 91%4$#&! ,#! 01%*!

4*46%$#$'%* !

D*/! /,0*%$#&'<.#*/! (1#/&'&,*#&! ,#*! /*(1#5*! 9$4'))*! 5-*71&17'#*/! %*<%1,0$#&! )$! &17'#*!

jTTj]E!Qtoxin shock syndrom toxin!1W!$'#/'!+,*!)$!0),0$%&!5*/!*#&3%1&17'#*/!5*!S. aureus Q8'#<*/ 

et al.:!X```W!>*&&*!()$//*!5*!0%1&3'#*/!/3(%3&3*/!*/&!($%$(&3%'/3*!0$%!/$!0B%1<3#'('&3!*&!/$!91%&*!

($0$('&3! @! /&'4,)*%! )$! 0%1)'93%$&'1#! 5*/! )B40A1(B&*/! j:! '#530*#5$44*#&! 5*! )$! /03('9'('&3!

$#&'<3#'+,*!5*!(*/!(*)),)*/!QS$%%$(k!*&!l$00)*%:!EFF`W !>*/!&17'#*/:!*#!/*!)'$#&!$,7!%3(*0&*,%/!

5,!>SI!Qcomplexe majeur d�histocompatibilitéW!5*!()$//*!22:!'#5,'/*#&!,#*!91%&*!0%1)'93%$&'1#!5*/!

)B40A1(B&*/!j:!(*!+,'!*#&%$v#*!)$!/B#&A./*!5*!(B&1k'#*/!*#!&%./!91%&*/!+,$#&'&3/!@!)-1%'<'#*!5,!

(A1(!&17'+,*:!/1,?*#&!41%&*) !

8-$,&%*/!&B0*/!5-*71&17'#*/!/1#&!/3(%3&3*/!0$%!S. aureus, #1&$44*#&!5*/!)'0$/*/!*&!5*/!

#,()3$/*/:!(A$%<3*/!5-$001%&*%!)*/!#,&%'4*#&/!@!)$!6$(&3%'*!QT$'5]T$)'4 et al.:!X``GU!T4*)&s*% et 

al.:! EFFXW:! 5*/! (1$<,)$/*/! '40)'+,3*/! 5$#/! )$! (1$<,)$&'1#! 5,! 0)$/4$! /$#<,'#! Qb'%$,51 et al.:!

EFF\U! T$'5]T$)'4 et al.:! X``GW! 1,! *#(1%*! ,#*! /&$0AB)1k'#$/*:! +,'! 0$%! /$! ($0$('&3! @! /*! )'*%! @!

(*%&$'#/! 0*0&'5*/! /'&,3/! /,%! )*/! #*,&%10A')*/! Q ]539*#/'#*/W:! $61)'&! /1#! $(&'?'&3! 6$(&3%'('5*!

Qo1k$%*J$ et al.:!X``VW !

! !
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II/ Régulation de l�expression des gènes de virulence chez S. aureus 

S. aureus *70%'4*!/*/!9$(&*,%/!5*!?'%,)*#(*!5*!4$#'.%*!&*401%*))*:!*#!91#(&'1#!5*!)$!0A$/*!

5-'#9*(&'1#O! )*/! 0%1&3'#*/! 5-$5A3/'1#! /1#&! *70%'43*/! *#! 536,&! 5*! 0A$/*! *701#*#&'*))*! 5*!

(%1'//$#(*!01,%!)-'#?$/'1#!5*!)-Ad&*!*&!)$!(1)1#'/$&'1#!5*/!&'//,/ !D*/!*71&17'#*/!/1#&!*70%'43*/!

*#! 0A$/*! 01/&]*701#*#&'*))*! )1%/! 5*! )$! 5'//34'#$&'1# ! D$! &%$#/'&'1#! */&! 9'#*4*#&! %3<,)3*! 0$%!

)-$(&'1#! (11%51##3*! 5*! 5'993%*#&/! %3<,)$&*,%/! &*)/! +,*! )*/! /B/&.4*/! @! 5*,7! (1401/$#&/! Qtwo 

components regulatory systems:!j>^TW:!)*/!9$(&*,%/!5*!&%$#/(%'0&'1#!Q;jW!*&!)*/!Y^M!%3<,)$&*,%/ !

D*/!43($#'/4*/!5*!%3<,)$&'1#!0$%!)*/!Y^M!*&!)*!/B/&.4*!@!5*,7!(1401/$#&/!agr!/*%1#&!5-$61%5!

*70)'('&3/! 5$#/! )$! %*?,*! P! Current knowledge on regulatory RNAs and their machineries in 

T&$0AB)1(1((,/!$,%*,/!_!@! )$+,*))*! =-$'!(1#&%'6,3!Q^14'))B et al.:!X`EX6:!$##*7*!22W!Qu!22 !EW ! g*!

53?*)100*%$'!*#/,'&*!)$!%3<,)$&'1#!0$%!)*/!9$(&*,%/!5*!&%$#/(%'0&'1#!Qu!22 !XW !

!

1. Régulation de l�expression des gènes de virulence par les petits ARN 

S.aureus! */&! )-,#! 5*/! 0$&A1<.#*/! 4$=*,%/! 5*! )-A144*:! %*01#/$6)*! 5-,#! <%$#5! #146%*!

5-'#9*(&'1#/!(144,#$,&$'%*/!*&!#1/1(14'$)*/!Qu!2 !XW !D-*70%*//'1#!5*/!<.#*/!5*!?'%,)*#(*!5*!(*!

0$&A1<.#*!*/&!9'#*4*#&!%3<,)3*:!<%m(*!@!)-$(&'1#!(11%51#3*!5*!5'993%*#&/!9$(&*,%/!5*!%3<,)$&'1#:!

51#&!5*/!/B/&.4*/!@!5*,7!(1401/$#&/:!5*/!9$(&*,%/!5*!&%$#/(%'0&'1#!*&!5*/!Y^M!%3<,)$&*,%/ !8*!

%3(*#&*/!3&,5*/!1#&!0*%4'!)-'5*#&'9'($&'1#!5*!#1,?*$,7!Y^M!%3<,)$&*,%/!51#&!5*/!Y^M!$<'//$#&!

*#!cis, 5*/!Y^M!$#&'/*#/: 5*/!0*&'&/!Y^M!#1#!(15$#&/!1,!5*/!Y^M4!(15$#&!5*/!0*0&'5*/ !8$#/!)$!

%*?,*!P!Current knowledge on regulatory RNAs and their machineries in T&$0AB)1(1((,/!$,%*,/!_!

Q^14'))B et al.,! X`EX6:! $##*7*! 22W! /1#&! 0%3/*#&3/! 0),/'*,%/! *7*40)*/! 5-Y^M! %3<,)$#&! )$!

0$&A1<3#'('&3!5*!S. aureus!$'#/'!+,*!5'993%*#&/!$/0*(&/!5*!)$!%3<,)$&'1#!$#&'/*#/ !!

L),/!%3(*44*#&:!5*!#1,?*$,7!Y^M!%3<,)$&*,%/!1#&!3&3!'5*#&'9'3/:!51#&!)$!91#(&'1#!$!3&3!

%3/1),* !>-*/&!)*!($/!0$%!*7*40)*!5*!^/$Y:!51#&!)$!91#(&'1#!$!3&3!'5*#&'9'3*!5$#/!)-3+,'0*!Q^14'))B 

et al.:!X`ENW!*&!+,'!$<'%$'&!(144*!,#!$&&3#,$&*,%!5*!)$!?'%,)*#(*:!*#!0$%&'(,)'*%!5*/!'#9*(&'1#/!

$'<,*/ !8*!4$#'.%*!'#&3%*//$#&*:!(*%&$'#/!5*!(*/!Y^M!%3<,)$&*,%/!1#&!3<$)*4*#&!3&3!'5*#&'9'3/!

/,%! 5*/! 3)34*#&/! <3#3&'+,*/! 416')*/ ! >-*/&! )*! ($/! 5*! T0%8:! +,'! */&! (153! 0$%! ,#! ')d&! 5*!

0$&A1<3#'('&3!*&!+,'!*/&!(1##,!01,%!$,<4*#&*%!)$!?'%,)*#(*!5$#/!)*!415.)*!/1,%'/!Q;*)5*# et al.:!

X`EEW !"#!$,&%*!Y^M!(15$#&!,#!0*0&'5*!#1443!LTS]4*(!$,7!0%10%'3&3/!0%1]'#9)$44$&1'%*/!*&!

(B&1)'&B+,*/!&B0'+,*/!5*/!LTS!QPhenol!Soluble ModulinsW!$!3&3!'5*#&'9'3!/,%!)$!($//*&&*!T>>4*(!

Qw,*(k et al.:! X``FW:! %*/01#/$6)*! 5*! )-$+,'/'&'1#! 5,! <.#*! 5*! %3/'/&$#(*! @! )$! 43&A'('))'#*! *&!

)-17$('))'#*!Ql$&$B$4$ et al.:!X```W !Y'#/':!)-$//1('$&'1#!5*!(*/!Y^M!$?*(!)*/!3)34*#&/!<3#3&'+,*/!
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416')*/:! 01&*#&'*))*4*#&! 01%&*,%/! 5*! <.#*/! 5*! ?'%,)*#(*! *&! 5*! %3/'/&$#(*! $,7! $#&'6'1&'+,*/:!

&341'<#*! 5-,#! )'*#! *7'/&$#&! *#&%*! 5*,7! 53&*%4'#$#&/! *//*#&'*)/! 01,%! )$! 6$(&3%'*! +,*! /1#&!

)-3?1),&'1#!*&!)-$5$0&$&'1# !

!

2. Régulation de l�expression des gènes de virulence par les facteurs de 

transcription : la famille de protéines Sar 

2.1. Identification de SarA et mécanismes de régulation des gènes cibles 

D$! 9$4'))*! 5*/! 0%1&3'#*/! T$%! $! )$%<*4*#&! 3&3! 53(%'&* ! K))*! */&! $//1('3*! $,7! '#9*(&'1#/!

(144,#$,&$'%*/! /,%?*#,*/! *#! K,%10*:! $,! >$#$5$! *&! $,7! K&$&/]"#'/! (*/! 5*%#'.%*/! $##3*/!

QjA,%)1J et al., X`EXU!26$%%$ et al.:!X`EGW !>*&&*!9$4'))*!5*!0%1&3'#*/!*/&!/03('9'+,*!@!)$!9$4'))*!

5*/!T&$0AB)1(1(($(*$*!Q26$%%$ et al.:!X`EGW !D*!0%*4'*%!9$(&*,%!5*!&%$#/(%'0&'1#!'5*#&'9'3!@!(*&&*!

9$4'))*!*/&!T$%Y!Qstaphylococcal accessory regulator AW !2)!/-$<'&!5-,#*!0%1&3'#*!5*!)'$'/1#!@!)-Y8M:!

51#&! )*! )1(,/! <3#3&'+,*! */&! /1,/! )$! 530*#5$#(*! 5*! &%1'/! 0%141&*,%/! LE:! LX! *&! LG:!

5'993%*#&'*))*4*#&!*70%'43/!$,!(1,%/!5*!)$!(%1'//$#(*!(*)),)$'%*!Qo$B*% et al.:!EFFVW !D$!/B#&A./*!

5*!T$%Y!*/&!4$7'4$)*!*#!0A$/*!01/&]*701#*#&'*))*!5*!(%1'//$#(*:!+,'!(1%%*/01#5!3<$)*4*#&!@!)$!

0A$/*!5-$(&'?$&'1#!5,!/B/&.4*!agr!Q>A'*#!*&!>A*,#<:!EFF[W !T$%Y!$<'&!5*!5*,7!9$e1#/!5'993%*#&*/ !

T1'&!5*!4$#'.%*!5'%*(&*!0$%! )'$'/1#!$,7!%3<'1#/!0%141&%'(*/!5*/!<.#*/!('6)*/:!/1'&!5*!4$#'.%*!

'#5'%*(&*!0$%! )'$'/1#!@! )$!%3<'1#!0%141&%'(*!5,! )1(,/!agr! Q>A*,#< et al.:!EFF\:!X``NU!>A'*#!*&!

>A*,#<:!EFF[U!>A'*# et al.:!EFFFW !8$#/! )*!5*,7'.4*!($/:! ')!?$!0*%4*&&%*!5-$(&'?*%! )$!/B#&A./*!

5-Y^M22! *&! 5-Y^M222! 01,%! 0%141,?1'%! )-$(&'?$&'1#! 5*/! *71&17'#*/! QA341)B/'#*/!  :! "! *&! #W!

Qo%1##*% et al.:! X``NU! >A'*# et al.:! EFFFU! 8,#4$# et al.:! X``EW! *&! )$! %30%*//'1#! 5*/! 0%1&3'#*/!

5-$5A3/'1#:!&*))*/!+,*!)$!0%1&3'#*!Y!*&!)*/!0%1&3'#*/!5*!)'$'/1#!$,!9'6%'#1<.#*!1,!@!)$!9'6%'#*(&'#*.!

T$%Y! 0*%4*&! )-$(&'?$&'1#! 5*! 0),/'*,%/! 0%1&3'#*/! 5-$5A3/'1#! Q;#6Ypo:! >)9YpoW! *&! 5*! (*%&$'#*/!

*71&17'#*/ ! Y! )-A*,%*! $(&,*))*:! $,(,#*! /3+,*#(*! 539'#'*! #-$! 3&3! ()$'%*4*#&! 5341#&%3*! 01,%! )$!

)'$'/1#!5*!T$%Y!@!/*/!('6)*/ !>*0*#5$#&!,#*!/3+,*#(*!(1#/*#/,/!%'(A*!*#!%3/'5,/!Ypj!5*!XV!06!$!

3&3!53(%'&*!*#!$41#&!5*!)$!61'&*!jYjY!$,!#'?*$,!5,!0%141&*,%!LX!5*!)-103%1#!agr!Q>A'*# et al.:!

EFFFW:! $)1%/! +,-,#*! /3+,*#(*! (1#/*%?3*! 5*! /*,)*4*#&! \! 06! %'(A*! *#! %3/'5,/! Ypj:! $! 3&3! 0),/!

%3(*44*#&!0%101/3*!5$#/!)$!4C4*!%3<'1#!QT&*%6$ et al.:!X``GW !>*&&*!/3+,*#(*!5*!\!06:!$'#/'!

+,-,#*!$,&%*!/3+,*#(*!/'&,3*!5$#/!)$!4C4*!%3<'1#!Q^*B*/ et al.:!X`EEW!*&!*#<)163*!5$#/!)*/!XV!

06!53(%'&/!0$%!>A'*# et al. QEFFFW:!(1#/&'&,*%$'*#&!5*,7!/3+,*#(*/!*#!&$#5*4!01,%!)$!9'7$&'1#!

5-,#!5'4.%*!5*!T$%Y!Q^*B*/ et al.:!X`EEW !

!
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! K#!0),/!5*!/*/!91#(&'1#/!5*!%3<,)$&*,%!5*!)$!&%$#/(%'0&'1#:!T$%Y!$!3<$)*4*#&!3&3!$//1('3*!@!

)$! %3<,)$&'1#! 5*! )$! /&$6')'&3! 5*/! Y^M4! (A*s! S. aureus! QS1%%'/1# et al.:! X`EXW ! >*! 9$(&*,%! */&!

($0$6)*! 5*! /*! )'*%! @! ,#! <%1,0*! 5-Y^M4! *&! 5*! )*/! /&$6')'/*%! *#! )'4'&$#&! )*,%! $((*//'6')'&3! $,7!

%'61#,()3$/*/ !L$%4'!(*/!Y^M4:!9'<,%*#&!#1&$44*#&!5*/!9$(&*,%/!5*!?'%,)*#(*!&*)/!+,*!agrA,!)*/!

A341)B/'#*/!Q :!!!*&!#W:!)*!9$(&*,%!5*!)'$'/1#!@!)$!9'6%1#*(&'#*!;#6Y!1,!)$!0%1&3'#*!5*!)'$'/1#!$,!

(1))$<.#*!>#$ !Y!)-'#?*%/*:!T$%Y!0*,&!$,//'!53/&$6')'/*%!)*/!Y^M4!*#!0$%&'(,)'*%!(15$#&!01,%!,#!

<%$#5!#146%*!5-*#sB4*/!5,!43&$61)'/4*!QS1%%'/1# et al.:!X`EXW !T$%Y!/*%$'&!51#(!,#*!0*&'&*!

0%1&3'#*! $,7! 4,)&'0)*/! 91#(&'1#/! $<'//$#&! @! )$! 91'/! $,! #'?*$,! &%$#/(%'0&'1##*)! *&! 01/&]

&%$#/(%'0&'1##*) !

 

2.2. Les facteurs de transcription homologues à SarA 

D-3),('5$&'1#!5*!)$!/&%,(&,%*!(%'/&$))1<%$0A'+,*!5*!T$%Y!$!41#&%3!+,-*))*!$00$%&'*#&!@!)$!

9$4'))*!5*/!P!J'#<*5]A*)'7!0%1&*'#/!_!QD', et al.:!X``VW:!()$//'+,*4*#&!(1401/3*!5*!('#+!A3)'(*/!

 !*&!5*!&%1'/!9*,'))*&/!!!(1##*(&3/!0$%!0),/'*,%/!61,()*/!QFigure 5AW!Qb$='J$)$!*&!o,%)*B:!X```W !

>*/! 0%1&3'#*/! 01//.5*#&! &1,&*/! ,#! 514$'#*! I&I! (helix!turn!helix) 5*! )'$'/1#! @! )-Y8M:!

(144,#34*#&! %*&%1,?3! 5$#/! )*/! 9$(&*,%/! 5*! &%$#/(%'0&'1# ! D$! %3/1),&'1#! 5*! )$! /&%,(&,%*!

(%'/&$))1<%$0A'+,*! 5*! T$%Y! 0$%! D', et al.,! *#! X``V! $! %3?3)3! ,#*! 1%<$#'/$&'1#! *#! A1415'4.%*!

QFigure 5BW !8$#/!(*&&*!/&%,(&,%*:!)*/!A3)'(*/! G!*&! N!(1401/*#&!)*!41&'9!I&I:!+,'!0*%4*&!)$!

)'$'/1#!5*!)$!0%1&3'#*!$,!/'))1#!4$=*,%!5*!)-Y8M!('6)* !D*/!9*,'))*&/!!X!*&!!G!(1401/*#&!)*!41&'9!

$00*)3!P!J'#<*5!A*)'7!_!+,'!(1#/&'&,*!)*!514$'#*!5*!)'$'/1#!$,!/'))1#!4'#*,%!5*!)-Y8M !

!

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Représentation schématique de la topologie des « winged!helix proteins » (A) et structure de l�homodimère 

SarA (B) (Figure adaptée de Liu et al., 2006 et Gajiwala et Burley, 2000). 

(A) j101)1<'*!5*/!PJ'#<*5]A*)'7!0%1&*'#/!_ !D$!0$%&'*!M]&*%4'#$)*!5*!(*&&*!()$//*!5*!0%1&3'#*/!*/&!4$=1%'&$'%*4*#&!5*!#$&,%*!

A3)'(1a5$)*:!(1401/3*!5*!&%1'/!A3)'(*/! !QIE:!IX:!IGW!01,%!/*,)*4*#&!,#!9*,'))*&!!!QTEW !D$!0$%&'*!>]&*%4'#$)*!*/&!(1401/3*!5*!

5*,7!9*,'))*&/!!!QTX!*&!TGW!5'/01/3/!5*!4$#'.%*!$#&']0$%$)).)*:!$'#/'!+,*!5*/!5*,7!61,()*/!RE!*&!RX!+,'!91%4*#&!)$!/&%,(&,%*!5'&*!

P!$')3*!_!5*!)$!0%1&3'#* !D*/!61,()*/!RE!*&!RX!01/'&'1##*#&!)-A3)'(*! !IG!Q%1/*W!5*!)$!4C4*!4$#'.%*!+,*!)*/!$')*/!5-,#!0$0'))1#:!

(*!+,'!$!'#/0'%3!/1#!#14!@!(*&&*!()$//*!5*!0%1&3'#*/!Qb$='J$)$!*&!o,%)*B:!X```W !(B) T&%,(&,%*!5*!)-A1415'4.%*!T$%Y !>A$+,*!

41#14.%*!QT$%YE!*#!?*%&!*&!T$%YX!*#!=$,#*W!*/&!(1#/&'&,3!5*!('#+!A3)'(*/! !*&!&%1'/!9*,'))*&/!!!/,'?$#&!)-1%5%*! E X]!E G N]

!X!G] H !D*!41&'9!I&I!+,'!0*%4*&!)$!)'$'/1#!$,!/'))1#!4$=*,%!5*!)-Y8M:!*/&!(1#/&'&,3!5*/!A3)'(*/! G!*&! N !D*/!9*,'))*&/!!X!*&!!G!

91%4*#&!)*!41&'9!$')3!5*!)$!/&%,(&,%*!*&!0*%4*&&*#&!)$!)'$'/1#!5*!)$!0%1&3'#*!$,!/'))1#!4'#*,%!5*!)-Y8M!QD', et al.:!X``VW !
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b%m(*! @! 5*/! $)'<#*4*#&/! 5*! /3+,*#(*:! 5-$,&%*/! 9$(&*,%/! 0%3/*#&$#&! 5*/! A141)1<'*/!

/&%,(&,%$)*/!$?*(!T$%Y!1#&!3&3!($%$(&3%'/3/!Q>A*,#< et al.:!X``NW !>*/!9$(&*,%/!1#&!3&3!/,65'?'/3/!

*#!&%1'/!<%1,0*/:!/,%!)$!6$/*!5*!)*,%!&$'))*:!5*!)*,%!/'4')$%'&3/!5*!/3+,*#(*/!*&!5*!)*,%/!A141)1<'*/!

/&%,(&,%$)*/!Q>A*,#< et al.:!X``NU!D', et al.:!X``VW !D*/!9$(&*,%/!#*!01//35$#&!+,-,#!/*,)!514$'#*!

5*!)'$'/1#!@!)-Y8M!91%4*#&!)*!0%*4'*%!<%1,0*!*&!(140%*##*#&!T$%Y:!T$%^:!T$%j:!T$%i:!T$%q!*&!^1&!

Qrepressor of toxinW !D*!5*,7'.4*!<%1,0*!*/&!(1401/3!5*/!9$(&*,%/!)*/!0),/!)$%<*/:!01//35$#&!5*,7!

514$'#*/!5*!)'$'/1#!@! )-Y8M:!(A$(,#!3&$#&!,#!A141)1<,*!5*!T$%Y !>*!<%1,0*!(140%*#5!T$%":!

T$%i! *&! T$%x ! K#9'#:! )*! &%1'/'.4*! <%1,0*! (140%*#5! 5*/! 9$(&*,%/! +,'! #*! 01//.5*#&! +,-,#! /*,)!

514$'#*!4$'/!+,'!0%3/*#&*#&!0),/!5-A141)1<'*/!$?*(!)$!9$4'))*!5*/!%3<,)$&*,%/!&%$#/(%'0&'1##*)/!

S$%^:!'40)'+,3/!5$#/!)$!%301#/*!$,!/&%*//!*&!)$!?'%,)*#(*!(A*s!E. coli!Qb%1?*:!X`EGW !>*!5*%#'*%!

<%1,0*!(1#&'*#&!S<%Y!*&!T$%y !!

j1,/! (*/! 9$(&*,%/! 01//.5*#&! 5*/! 91#(&'1#/! 5*! %3<,)$&'1#! +,'! '#&*%?'*##*#&! 5$#/! )*/!

%3/*$,7!5*!%3<,)$&'1#!435'3/!0$%!T$%Y!*&p1,!agr!Q>A*,#< et al.:!X``[W!*&!/1#&!0%3/*#&3/!5$#/!)*!

Tableau 1. 

  



2#&%15,(&'1#! GX!

 

Tableau 1. Facteurs de transcription!(FT) de la famille Sar, chez S. aureus. 

FT Fonction/régulation Référence 

SarA 
Y(&'?$&*,%!*&!%30%*//*,%!5*!&%$#/(%'0&'1#!!

agr]530*#5$#&!1,!agr]'#530*#5$#&!

Q>A*,#< et al.:!EFF\W!!

Q>A'*#!*&!>A*,#<:!EFF[W!

!Q>A'*# et al.:!EFFFW!

Q>A*,#< et al.:!X``NW!

SarR 
^30%*//*,%!5*!T$%Y!!

^30%*//*,%!5hagr!!

QS$##$!*&!>A*,#<:!X``EW!

Q^*B*/ et al.:!X`EEW!

SarT 

Y(&'?$&*,%!5*!T$%T!

^30%'43!0$%!T$%Y!*&!agr 

Y%&^!%30%'4*!T$%j!

Q>A*,#< et al.:!X``NW!

Qq,* et al.:!X`ENW!

SarV ^30%'43!0$%!T$%Y!*&!S<%Y! Q>A*,#< et al.:!X``NW!

SarX 

Y(&'?*!/$!0%10%*!*70%*//'1#!

2#A'6*!agr!!

Y(&'?3!0$%!S<%Y!

QS$##$!*&!>A*,#<:!X``VW!

Rot 

Y,&1%3<,)*!/$!0%10%*!&%$#/(%'0&'1#!

^30%*//*,%!5*/!*71&17'#*/:!$(&'?$&*,%!5*!spa 

^30%'43!0$%!)-Y^M222!

QT$'5]T$)'4 et al.:!X``GW!

Qb*'/'#<*% et al.:!X``VW!

Qo1'//*& et al.:!X``\W!

SarS 

Y(&'?$&*,%!5*!spa!

^30%*//*,%!5*!hla!!

^30%'43!0$%!agr!*&!T$%Y!

Qj*<4$%k et al.:!X```W!

SarU 
Y(&'?*!agr !!

^30%'43!0$%!T$%j!

QS$##$!*&!>A*,#<:!X``GW!!

Q>A*,#< et al.:!X``NW!

SarY ;1#(&'1#!'#(1##,*! p!

MgrA 

Y(&'?*!/$!0%10%*!*70%*//'1#!

Y(&'?$&*,%!5*/!<.#*/!5*!)$!($0/,)*!

Y(&'?$&*,%!5*/!<.#*/!5*!)h$,&1)B/*!

Y(&'?$&*,%!5hagr !!

Y(&'?$&*,%!5*!T$%q!!

^30%*//*,%!5*!T$%T!

^30%'43!0$%!^/$Y!

Q2#<$?$)* et al.:!X``HW!

Q^14'))B et al.:!X`EX$W!

Q^14'))B et al.:!X`ENW!

QD,1#< et al.:!X``VW!

SarZ Y(&'?*!hla! Ql$'&1 et al.:!X``VW!

 

8*!4$#'.%*!'#&3%*//$#&*:!)$!0%1&3'#*!#1443*!j*7!QToxin ExpressionW!+,'!$!9$'&!)-16=*&!5*!

4$!&A./*:!01//.5*!3<$)*4*#&!)*!41&'9!(1#/*%?3!I&I!Qg1A#/1# et al.:!X``[W!0%10%*!$,7!9$(&*,%/!5*!

&%$#/(%'0&'1#!T$% !w,*!/$'&]1#!5*!(*&&*!0%1&3'#*!z!!
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III/ Tex, une protéine multi!fonctionnelle ? 

1. Tex serait impliquée dans la régulation de la transcription des toxines 

1.1. Tex régule négativement la transcription des toxines de Bordetella pertussis. 

D$! 0%1&3'#*! j*7! $! 3&3! '5*#&'9'3*! 01,%! )$! 0%*4'.%*! 91'/! *#! EFFV! 5$#/! )$! 6$(&3%'*! b%$4!

#3<$&'?*!Bordetella pertussis, +,'!*/&!)-$<*#&!0$&A1<.#*!%*/01#/$6)*!5*!)$!(1+,*),(A*!Q;,(A/ et 

al.:! EFFVW ! D-*70%*//'1#! 5*/! 9$(&*,%/! 5*! ?'%,)*#(*! 5*! (*&! 1%<$#'/4*! */&! %3<,)3*! $,! #'?*$,!

&%$#/(%'0&'1##*)!0$%!)*!/B/&.4*!@!5*,7!(1401/$#&/!o?<YT !D*!)1(,/!<3#3&'+,*!bvgAS!*/&!'#/&$6)*!

0,'/+,*! 5*/! 4,&$&'1#/! /01#&$#3*/! B! $00$%$'//*#&! %3<,)'.%*4*#&! *&! (1#5,'/*#&! @! /1#!

'#$(&'?$&'1# ! K#! (1#/3+,*#(*:! )$! /B#&A./*! 5*/! <.#*/! 5*! ?'%,)*#(*! */&! '#A'63*! QS1#$(k et al.:!

EF[FW !L$%!$'))*,%/!,#!$,&%*!&B0*!5*!4,&$&'1#!$!3&3!'5*#&'9'3:!@!)-1%'<'#*!5-,#*!/,%*70%*//'1#!5*!

)$!/1,/],#'&3! !5*!)-Y^M!01)B43%$/*!^01Y!Q>$%61#*&&' et al.:!EFFGW !D$!(1#/3+,*#(*!5'%*(&*!5*!

(*&&*!/,%*70%*//'1#!*/&!,#*!6$'//*!'401%&$#&*!5*!)$!&%$#/(%'0&'1#!5*/!5*,7!&17'#*/!4$=*,%*/!5*!

(*&! 1%<$#'/4*:! )$! &17'#*! 0*%&,//'+,*! QL&7W! *&! )-$53#B)$&*! (B()$/*! Q>B$YW:! '40)'+,3*/!

%*/0*(&'?*4*#&! 5$#/! )$! (1)1#'/$&'1#! 5*/! &'//,/! %*/0'%$&1'%*/! *&! )-3?$/'1#! 5,! /B/&.4*!

'44,#'&$'%* !>*/!4,&$&'1#/!1#&!3&3!)1($)'/3*/!/1'&!5$#/!)*!9$(&*,%!5*!&%$#/(%'0&'1#!o?<Y!QT&'6'&s:!

EFFNW:!/1'&!5$#/! )$!/3+,*#(*!TA'#*!*&!8$)<$%#1!5*! )-Y^M4!rpoA! Q>$%61#*&&' et al.:!EFFNW !8*/!

4,&$#&/!/,00%*//*,%/!5*!)$!/,%*70%*//'1#!5*!)$!/1,/],#'&3! !5*!)-Y^M!01)B43%$/*!1#&!*#/,'&*!

3&3! %*(A*%(A3/! QFigure 6W! Q;,(A/ et al.,! EFFVW ! b%m(*! @! (*&&*! /&%$&3<'*:! ,#! #1,?*$,! )1(,/!

<3#3&'+,*! 5*! #$&,%*! '#(1##,*! $! 3&3! ($%$(&3%'/3:! 01%&$#&! )$! 4,&$&'1#! %*/01#/$6)*! 5*! (*&&*!

/,%*70%*//'1# ! 8*/! $)'<#*4*#&/! 5*! /3+,*#(*! 1#&! 3&3! %3$)'/3/! 5341#&%$#&! +,*! (*! )1(,/! 3&$'&!

(1#/*%?3!*#&%*! )*/!6$(&3%'*/!b%$4]01/'&'?*/!*&!b%$4]#3<$&'?*/ !>-*/&!5*!(*&&*!4$#'.%*:!+,*! )$!

0%1&3'#*! #1443*! j*7! 01,%! P! Toxin Expression _! $! 3&3! $'#/'! '5*#&'9'3* ! D*/! $)'<#*4*#&/! 5*!

/3+,*#(*/! 1#&! %3?3)3! )$! 0%3/*#(*! 5*! 5*,7! 514$'#*/! 91#(&'1##*)/:! ,#! 514$'#*! M]&*%4'#$)!

A141)1<,*!$,!%30%*//*,%!5,!4$)&1/*!S&)^!5-!E. coli Q;'<<* et al.:!EFFNW!*&!,#!514$'#*!>]&*%4'#$)!

A141)1<,*! $,! 514$'#*! 5*! 9'7$&'1#! @! )-Y^M:! )*! 41&'9! 5*! &B0*! Zo! %*&%1,?3! 5$#/! )$! 0%1&3'#*!

%'61/14'+,*!TE!QoB(%19& et al.:!EFF\W.!

D-*99*&! %30%*//*,%! 5*! j*7! /,%! )$! &%$#/(%'0&'1#! 5*/! &17'#*/! >B$! *&! L&7! *&! )$! 0%3/*#(*! 5*!

514$'#*/! 5*! )'$'/1#/! $,7! $('5*/! #,()3'+,*/! /,<<.%*#&! +,*! j*7! $<'%$'&! (144*! %3<,)$&*,%!

&%$#/(%'0&'1##*)!5*!)$!/B#&A./*!5*/!&17'#*/ !D$!91#(&'1#!0%3('/*!5*!)$!0%1&3'#*!#-$!(*0*#5$#&!0$/!

3&3! ?$)'53*!($%! /$! 53)3&'1#! /-*/&!%3?3)3*! '401//'6)*:! /,<<3%$#&! +,*! j*7! */&! *//*#&'*))*! 01,%!B. 

pertussis !
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Figure 6. Représentation schématique de la stratégie expérimentale adoptée par Fuchs et al. (1996) pour la recherche 

des gènes impliqués dans la régulation de l�expression de la sous!unité   de l�ARN pol (figure adaptée de Fuchs et al., 

1996). 

D-3&,5*!01%&*!/,%!5*,7!/1,(A*/!5*!B. pertussis:!o>\H!*&!^LiG !D$!(1#/3+,*#(*!5-,#*!/,%*70%*//'1#!5*!)$!/1,/],#'&3! !5*!)-Y^M!

01)B43%$/*!(1#5,'&!@!,#!0A3#1&B0*!#1#!A341)B&'+,*!QIDx]W !Y0%./!4,&$<*#./*!$)3$&1'%*:!)*/!4,&$#&/!/,00%*//*,%/!5*!(*&&*!

/,%*70%*//'1#! 1#&! 3&3! '/1)3/! /,%! )$! 6$/*! 5*! )*,%! $(&'?'&3! A341)B&'+,*:! %*/&$,%3*! /,%! <3)1/*! $,! /$#<! QIDxtW ! >*/! 4,&$#&/! 1#&!

*#/,'&*! 3&3! &%$#/91%43/! 0$%! )*/! )1('! /$,?$<*/ rpoA *&!bvgA:! %*/01#/$6)*/! 5*! )$! 4,&$&'1#!*#! ($,/*! 5*! )$! /,%*70%*//'1# !j%1'/!

<%1,0*/!5*!4,&$#&/!$#&']/,00%*//*,%/!1#&!$)1%/!3&3!'5*#&'9'3/ !>*,7!51#&!)-$(&'?'&3!A341)B&'+,*!$!3&3!0*%5,*!/,'&*!@!)-'#/*%&'1#!

5*! rpoA Q&B0*! 2W:! (*,7! 51#&! )-$(&'?'&3! A341)B&'+,*! $! 3&3! 0*%5,*! /,'&*! @! )-'#/*%&'1#! 5*! bvgA! Q&B0*! 22W! *&! (*,7! 51#&! )-$(&'?'&3!

A341)B&'+,*!*/&!&1,=1,%/!0%3/*#&*:!&341'<#$#&!51#(!5,!9$'&!+,*!)$!4,&$&'1#!%*/01#/$6)*!5*!)$!/,%*70%*//'1#!5- !#-*/&!01%&3*!#'!

0$%!rpoA:!#'!0$%!bvg!4$'/!0$%!,#!&%1'/'.4*!)1(,/!<3#3&'+,*!Q&B0*!222W !>*/!5*%#'*%/!1#&!$)1%/!3&3!/1,4'/!@!,#*!(140)34*#&$&'1#!

0$%!)$!)'6%$'%'*!<3#14'+,*!5*!B. pertussis!j1A$4$!2!Q/,%!(1/4'5*W!5$#/!)*!6,&!5-'5*#&'9'*%!)*!)1(,/!<3#3&'+,*!01%&$#&!)$!4,&$&'1#!

$#&']/,00%*//*,% ! ;'#$)*4*#&:! 5*/! *703%'*#(*/! 5*! 4,&$<*#./*! 0$%! &%$#/01/1#! 1#&! 3&3! 4*#3*/:! 01,%! '5*#&'9'*%! (*! )1(,/! *&!

($%$(&3%'/*%!/$!/3+,*#(* !

!

!

1.2. Tex régule positivement la transcription des toxines de Clostridium perfringens  

>144*!(A*s!B. pertussis:!,#!%d)*!5*!j*7!(144*!%3<,)$&*,%!5*!)$!/B#&A./*!5*/!&17'#*/!$!

3&3!4'/!*#!3?'5*#(*!5$#/!)$!6$(&3%'*!b%$4]01/'&'?*!C. perfringens QI* et al.:!X``VW. 8*/!$#$)B/*/!

0$%! M1%&A*%#! 6)1&! 1#&! %3?3)3! +,*! )-*70%*//'1#! 5*! )-Y^M4! tex! $! )'*,! *#! 536,&! 5*! 0A$/*!

*701#*#&'*))*!5*!(%1'//$#(*!$0%./!X!A!5*!(,)&,%*:!5*!4$#'.%*!/B#(A%1#*!$?*(! )$!/B#&A./*!5*/!

&17'#*/!5*!C. perfringens. L1,%!3?$),*%!)$!91#(&'1#!5*!j*7!5$#/!)$!?'%,)*#(*:!,#*!53)3&'1#!5,!<.#*!

tex! $! 3&3! %3$)'/3*! 5$#/! ,#*! /1,(A*! 5*! C. perfringens ! >1#&%$'%*4*#&! @! )-3&,5*! 4*#3*! /,% B. 
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pertussis:! )$! 0%1&3'#*! j*7! #-*/&! 0$/! *//*#&'*))*! 01,%! )$! (%1'//$#(*! 5*! C. perfringens ! 8*/!

*703%'*#(*/!5*!M1%&A*%#!6)1&!1#&!3&3!%3$)'/3*/!5$#/!)*/!/1,(A*/!/$,?$<*!*&!4,&3*!Q{texW!01,%!

$#$)B/*%!)-*99*&!5*!j*7!/,%!)$!/B#&A./*!5*!XV!9$(&*,%/!5*!?'%,)*#(* !D*!&$,7!5*/!&%$#/(%'&/!(15$#&!

+,$&%*!&17'#*/!(140%*#$#&!&%1'/!AB$),%1#'5$/*/!QnagH, nagJ, nagLW!*&!,#*!*71/'$)'5$/*!QnanJW!

*/&!5'4'#,3!5*!5*,7!91'/!5$#/!)$!/1,(A*!$tex!0$%!%$001%&!@!)$!/1,(A*!/$,?$<* !j*7!$!51#(!,#!*99*&!

01/'&'9!/,%!)$!&%$#/(%'0&'1#!5*!(*/!+,$&%*!9$(&*,%/!$)1%/!+,*!)$!/B#&A./*!5*/!$,&%*/!9$(&*,%/!5*!

?'%,)*#(*!%*/&*!'#(A$#<3* !K#9'#:!(*&&*!3&,5*!$!5341#&%3!+,*!j*7!/*!)'*!0%393%*#&'*))*4*#&!$,7!

%3<'1#/!H-!"j^!5*/!+,$&%*!Y^M4!(15$#&!01,%!(*/!&17'#*/ !K&$#&!51##3!)-*99*&!01/'&'9!5*!j*7!/,%!

)*,%!&%$#/(%'0&'1#!*&!/$!($0$('&3!@!/*! )'*%!@!(*/!%3<'1#/:! ')!$!3&3!01/&,)3!+,*!)$!0%1&3'#*!$<'%$'&!

(144*!$#&']&*%4'#$&*,%!5*!)$!&%$#/(%'0&'1# !

Y'#/':!,#*!91#(&'1#!(144,#*!5*!%3<,)$&'1#!5*!)-*70%*//'1#!5*/!&17'#*/!0$%!)$!0%1&3'#*!j*7!

$!3&3!3&$6)'*!*#&%*!5*,7!6$(&3%'*/!5'/&$#&*/!5$#/!)-3?1),&'1#:!B. pertussis *&!C. perfringens !8$#/!)*!

0%*4'*%!($/:!j*7!*7*%(*!,#*!91#(&'1#!5*!%30%*//*,%!/,%!)*/!&17'#*/!$)1%/!+,*!5$#/!)*!5*,7'.4*!

($/:! j*7! $,%$'&! ,#*! $(&'1#! 5-$(&'?$&*,% ! >*0*#5$#&: )*/! 43($#'/4*/! 41)3(,)$'%*/! 0%3('/! 5*!

%3<,)$&'1#!#*!/1#&!0$/!539'#'/!*&!1#!#*!0*,&!0$/!*7(),%*!+,*!(*/!%3<,)$&'1#/!/1'*#&!'#5'%*(&*/ !8*!

4$#'.%*! '#&3%*//$#&*:! (*&&*! 91#(&'1#! 5*! j*7! 5$#/! )$! ?'%,)*#(*! #-$00$%$v&! 0$/! (1#/*%?3*! 5$#/!

&1,&*/!)*/!6$(&3%'*/!0$&A1<.#*/:!(144*!53(%'&!(']5*//1,/!QI* et al.:!X``VW !

 

2. Implication de Tex dans l�adaptation de Streptococcus pneumoniae à 

son environnement 

o$/3! /,%! )*/! 0%3(35*#&*/! 3&,5*/! 5$#/! )*/+,*))*/! ')! $! 3&3! 01/&,)3! +,*! j*7! 01,%%$'&! $<'%!

(144*! %3<,)$&*,%! &%$#/(%'0&'1##*)! 5*/! <.#*/! 5*! &17'#*/:! 0),/'*,%/! 3&,5*/! /*! /1#&! 5$#/! ,#!

0%*4'*%!&*40/! '#&3%*//3*/!@! )-*99*&! 5*! )$! 0%1&3'#*! /,%! )$! /B#&A./*! 5*! 0#*,41)B/'#*:! )-,#*!5*/!

&17'#*/!4$=*,%*/!5*!S. pneumoniae QI'%/& et al.:!X``[U!L$&1# et al.:!EFFGW.!>*&&*!&17'#*!01//.5*!

5*/!0%10%'3&3/!A341)B&'+,*/!*&!(B&1)B&'+,*/!0$%!)'$'/1#!$,!(A1)*/&3%1)!0%3/*#&!/,%!)*/!(*)),)*/!

*,($%B1&*/!QY)1,9:!X```W !"#*!/1,(A*!53)3&3*!$,!#'?*$,!5,!<.#*!j*7!$!3&3!(1#/&%,'&* !D-$(&'?'&3!

A341)B&'+,*!5*!)$!0#*,41)B/'#*!$!*#/,'&*!3&3!$#$)B/3*!/,%!61v&*!5*!<3)1/*!$,!/$#<!5$#/!)*/!5*,7!

/1,(A*/! Q/$,?$<*! *&! 4,&3*W! 4$'/! $,(,#*! 5'993%*#(*! #-$! 3&3! (1#/&$&3* ! D-*99*&! 5*! j*7! /,%! )$!

(%1'//$#(*!*&!)$!?'%,)*#(*!5*!S. pneumoniae!$!3&3!$#$)B/3*!QI* et al.:!X``VW !Y,(,#!*99*&!5*!j*7!

/,%!)$!(%1'//$#(*!6$(&3%'*##*!#-$!3&3!16/*%?3 !>*0*#5$#&:!)1%/+,*!)*/!5*,7!/1,(A*/!Rj!*&!{tex 

1#&! 3&3! 4'/*/! *#! (1403&'&'1#:! ,#! %*&$%5! /'<#'9'($&'9! 5*! )$! (%1'//$#(*! 5*! )$! /1,(A*! {tex $! 3&3!

%*01%&3* !D$!?'%,)*#(*!5*/!5*,7!/1,(A*/!$!*#/,'&*!3&3!&*/&3*!5$#/!5*,7!415.)*/!5-'#9*(&'1#!(A*s!

)$!/1,%'/!1|!)*/!6$(&3%'*/!1#&!3&3!'#=*(&3*/!/1'&!5*!9$e1#!'#&%$]?*'#*,/*!Qi.vW!/1'&!'#&%$]03%'&1#3$)*!
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Qi.pW!QI* et al.:!X``VW !8$#/!(*/!(1#5'&'1#/:!)*!&$,7!5*!41%&$)'&3!5*/!/1,%'/!%*/&$'&!'#(A$#<3!5$#/!

)*/!5*,7!/1,(A*/ !K#!%*?$#(A*:!$0%./!(1]'#1(,)$&'1#!5*/!5*,7!/1,(A*/:!)$!/1,(A*!4,&$#&*!$tex!

0%3/*#&$'&!,#!&$,7!5*!41%&$)'&3!0),/!%$0'5*!+,*!)$!/1,(A*!/$,?$<* !>*&&*!(1403&'&'1#!*#&%*!)*/!

/1,(A*/!41#&%*!in vivo *&!in vitro!+,*!j*7!*7*%(*!,#!(1#&%d)*!9'#!/,%!)-*70%*//'1#!5*/!<.#*/!*&!

0%16$6)*4*#&!/,%!)*/!43($#'/4*/!5-$5$0&$&'1# !D-$(&'?'&3!5*!)'$'/1#!5*!j*7!$!*#/,'&*!3&3!&*/&3*!

/,%! )-Y8M! <3#14'+,*! *&! ,#! Y^M! %'(A*! *#! ,%'5'#*/! /*! %3?3)$#&! 01/'&'?*! 01,%! (A$(,#! 5*/! 5*,7!

&B0*/!5-$('5*/!#,()3'+,*/ !

o'*#! +,-')! /1'&! 5'99'(')*! 5-$//1('*%! j*7! @! ,#*! 91#(&'1#! 0%3('/*:! )-*#/*46)*! 5*! (*/! 3&,5*/!

/,<<.%*! ,#! %d)*! 5*! j*7! 5$#/! )$! %3<,)$&'1#! 5*! )-*70%*//'1#! 5*/! <.#*/! '40)'+,3/! 5$#/! 5'?*%/*/!

91#(&'1#/:! /1'&! 5$#/! )$! ?'%,)*#(*! 01,%! B. pertussis! *&! C. perfringens:! /1'&! 5$#/! )-$5$0&$&'1#! @!

)-*#?'%1##*4*#&! 01,%! S. pneumoniae ! D$! %3/1),&'1#! 5*! )$! /&%,(&,%*! (%'/&$))1<%$0A'+,*! 5*! )$!

0%1&3'#*!$!3&3!3),('53*!(A*s!P. aeruginosa Qg1A#/1# et al.:!X``[W *&!/,001%&*!/1#!%d)*!01&*#&'*)!

5*!%3<,)$&*,% !L$%!$'))*,%/:!,#*!(1#/*%?$&'1#!'#$&&*#5,*!5*!/$!/&%,(&,%*!(A*s!)*/!6$(&3%'*/!*&!)*/!

*,($%B1&*/ $!3&3!16/*%?3* !

!

3. Analyse de la structure cristallographique de Tex chez Pseudomonas 

aeruginosa 

3.1. La structure de la protéine Tex est modulaire 

D$!%3/1),&'1#!5*!)$!/&%,(&,%*!(%'/&$))1<%$0A'+,*!5*!j*7!(A*s!P. aeruginosa Qg1A#/1# et al.:!

X``[W!'#5'+,*!+,*!)$!0%1&3'#*!*/&!5*!91%4*!$))1#<3*!*&!4$=1%'&$'%*4*#&!(1401/3*!5-A3)'(*/! !

QHGc!5-A3)'(*/!! :!E`c!5*!9*,'))*&/!!W !>*&&*!/&%,(&,%*!(146'#3*!@!)-$)'<#*4*#&!5*/!/3+,*#(*/!5*!

0%1&3'#*/!1#&!%3?3)3!+,$&%*!514$'#*/!5*!)'$'/1#!$,7!$('5*/!#,()3'+,*/!QFigure 7AWO!5*,7!41&'9/!

(1#/*%?3/!5*!9'7$&'1#!@!)-Y8M!QI&I!*&!IAIW:!,#!41&'9!TE!5*!9'7$&'1#!$,7!Y^M!QOB!fold domainW!*&!

,#!41&'9!x+<;!5*!&B0*!P!^M$/*!I])'k*!_ !>*/!5'993%*#&/!41&'9/!/1#&!1%<$#'/3/!$,&1,%!5-,#*!<%$#5*!

A3)'(*! !(*#&%$)*:!/30$%3/!*#!5*,7!514$'#*/!5'/&'#(&/ !D-,#!(1#/&'&,3!5*!)$!0%17'4'&3!/0$&'$)*!5*!

I&I!*&!IAI!*&!)-$,&%*!5*!x+<;!*&!TE!QFigures 7B!7CW !!!

 !



2#&%15,(&'1#! G\!

 

!

Figure 7. Structure de la protéine Tex (Figure tirée de Johnson et al., 2008). 

(A) ^*0%3/*#&$&'1#!5*!)$!/3+,*#(*!0%'4$'%*!5*!j*7!$?*(!)*/!N!514$'#*/!5*!)'$'/1#!$,7!$('5*/!#,()3'+,*/O!)*!514$'#*!I&I!5*!

)'$'/1#!$,7!Y8M!*#!/'40)*!6%'#!Q6)*,W:!)*!514$'#*!^M$/*!I!Qx+<;W!Q%1,<*W:!)*!514$'#*!IAI!5*!)'$'/1#!$,7!Y8M!51,6)*/!6%'#/!

Q=$,#*W!*&!)*!514$'#*!TE!5*!)'$'/1#!$,7!Y^M!/'40)*/!6%'#/!Q?*%&W !(B,C) 8*,7!1%'*#&$&'1#/!5*!)$!/&%,(&,%*!(%'/&$))1<%$0A'+,*!5*!

j*7!5*!P. aeruginosa !D*/!N!514$'#*/!5*!9'7$&'1#!$,7!$('5*/!#,()3'+,*/!/1#&!5*!)$!4C4*!(1,)*,%!+,-*#!QYW !

!

Le domaine HtH (Helix!turn!helix) %*(1##$'&!)*!/'))1#!4$=*,%!5*!)-Y8M!0$%!)-'40)'($&'1#!

5-,#*!A3)'(*! !QY%$?'#5 et al.:!X``HW !8$#/!)*!($/!5*!j*7:!(*!514$'#*!*/&!0%35'&!01,%!'#&*%$<'%!

$?*(!,#!Y8M!*#!/'40)*!6%'#:!*#!%$'/1#!5*!)-*#(146%*4*#&!/&3%'+,*!)'3!@!)$!<%$#5*!&$'))*!5*!)$!

0%1&3'#*!Q[V!k8$W!Qg1A#/1# et al.:!X``[W !>*!514$'#*!*/&!0$%!$'))*,%/!0$%9$'&*4*#&!/,0*%01/$6)*!

$?*(! )-A3)'($/*! @! Y8M! I*)G`[! %*&%1,?3*! (A*s! )*/! Y%(A3*/ ! >*&&*! A3)'($/*! =1,*! ,#! %d)*! 5$#/! )$!

%30)'($&'1#!5*!)-Y8M!*#!53%1,)$#&!)-Y8M!*#!51,6)*!6%'#!*&!*#!,&')'/$#&!)-A3)'(*! G!5*!/1#!514$'#*!

I&I!01,%!#*!9'7*%!+,-,#!/*,)!5*/!5*,7!6%'#/!5*!)-Y8M!Qor&&#*% et al.:!X``\W !D$!/,0*%01/'&'1#!5*/!

5*,7!514$'#*/!I&I!5*!(A$+,*!0%1&3'#*!/,<<.%*!,#!43($#'/4*!/'4')$'%*!01,%!j*7:!5$#/!)*+,*)!

)-Y8M!*#!/'40)*!6%'#!/*%$'&! 9'73!/,%!I&I!*&!/*!0%1)1#<*%$'&!@!&%$?*%/! )$!($?'&3!(*#&%$)*!5*!j*7!

QFigure 8W !

 !
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!

Figure 8. Modèle proposé pour la fixation d�acides nucléiques au domaine Hth de 

Tex (figure tirée de Johnson et al., 2008). 

D$!/&%,(&,%*!5*!)-A3)'($/*!I*)G`[!5-Y%(A3*!$!3&3!/,0*%01/3*!@!)$!/&%,(&,%*!5*!j*7!Q*#!<%'/W:!

0$%! $)'<#*4*#&! 5*/! 514$'#*/! I&A! Q*#! 6)*,W ! D$! &%$=*(&1'%*! 5*! )-Y8M! /'40)*! 6%'#! )'3! @!

I*)G`[!/*!0%1=*&&*!@!&%$?*%/!)$!($?'&3!(*#&%$)*!5*!j*7 !

!

 

Le domaine YqgF!1,!P!^M$/*!I])'k*!_!*/&!*#(1%*!4$)!(1##,!/,%!)*!0)$#!91#(&'1##*)!4$'/!

*/&!(1#/*%?3!5$#/!5*!#146%*,7!<3#14*/!6$(&3%'*#/!QY%$?'#5 et al.:!X```U!L1#&'#<:!X``XW !>*!

514$'#*! */&! $,//'! &%1,?3! 5$#/! )$! %3/1)?$/*! ^,?>:! %*/01#/$6)*! 5*! )$! %3/1),&'1#! 5*/! =1#(&'1#/!

I1))'5$B! )1%/! 5*! )$! %*(146'#$'/1#! A141)1<,*! QY%$?'#5 et al.:! X```U! o*##*&&! *&! R*/&:! EFFHW !

>*0*#5$#&! j*7! #-$! 0$/! 5-$(&'?'&3! #,()3$/'+,*! A$6'&,*))*4*#&! $//1('3! $,! 41&'9! x+<;:!

0%16$6)*4*#&! *#! %$'/1#! 5*! )-$6/*#(*! 5-,#! %3/'5,! ($%617B)$&*! (1#/*%?3! +,'! */&! #3(*//$'%*! @!

)-$(&'?'&3!5*!(1,0,%* !Z#!0*,&!51#(!%$'/1##$6)*4*#&!0*#/*%!+,*!)$!%30%*//'1#!5*!)$!&%$#/(%'0&'1#!

5*/!&17'#*/!5*!B. pertussis!0$%!j*7!#*!%3/,)&*%$'&!0$/!5-,#*!$(&'?'&3!#,()3$/'+,*!5*!)$!0%1&3'#* !

Le domaine HhH! (Helix!hairpin!helixW! )'*! 5*/! Y8M! *#! 51,6)*! 6%'#! /$#/! /03('9'('&3! 5*!

/3+,*#(*! QTA$1! *&! b%'/A'#:! X```W ! j*7! 01//.5*! 5*,7! 41&'9/! IAI! $5=$(*#&/:! %*)'3/! 0$%! 5*/!

'#&*%$(&'1#/!AB5%10A16*/!0*%4*&&$#&!5*!<3#3%*%!,#*!/*,)*!,#'&3!(140$(&*!QIAIWX !>*!41&'9!*/&!

/'&,3!*#!/,%9$(*!5*!)$!0%1&3'#*!j*7:!*&!/*%$'&!51#(!$((*//'6)*!01,%!9$?1%'/*%!)$!%*(1##$'//$#(*!5*!

)-Y8M!*#!51,6)*!6%'# !!

Le domaine S1! */&! ,#! 41&'9! *#(1%*! $00*)3! Zo]91)5! Qoligonucleotides/oligosaccharides 

binding foldW!+,'!%*(1##$v&!)*/!Y^M!*#!/'40)*!6%'# !D*!41&'9!Zo!$!3&3!'5*#&'9'3!'#'&'$)*4*#&!(A*s!

)$!0%1&3'#*!%'61/14'+,*!TE:!'40)'+,3*!5$#/!)-'#'&'$&'1#!5*!)$!&%$5,(&'1#!(A*s!)*/!*#&3%16$(&3%'*/!

QT,6%$4$#'$#:!EF[GW !>*!41&'9!Zo!0%3/*#&*!('#+!9*,'))*&/!!!5'/01/3/!5*!4$#'.%*!1%&A1<1#$)*!*&!

)*!/'&*!5*!)'$'/1#!$,7!Y^M!/*!/'&,*!/,%!)*/!9*,'))*&/!!X!*&!!G!QjA*16$)5 et al.:!X``GW !>*!41&'9!Zo!

*/&! %*&%1,?3! 5$#/! 5*! #146%*,/*/!0%1&3'#*/! 5*/! &%1'/! %.<#*/! 5,! i'?$#&:! +,'! %*(1##$'//*#&! )*/!

$('5*/! #,()3'+,*/! *#! /'40)*! 6%'#/! QS,%s'# et al.:! EFFHW ! >A*s! )*/! *,($%B1&*/:! (*/! 0%1&3'#*/!

'#&*%?'*##*#&! 5$#/! )*! 4$'#&'*#! 5*! )h'#&3<%'&3! 5,! <3#14* ! K#! *99*&:! *))*/! /1#&! 5*/! 01'#&/! 5*!

(1#&%d)*!5$#/!5*/!43($#'/4*/!(*#&%$,7!5*!)$!(*)),)*!&*)/!+,*!)$!%30)'($&'1#:!)$!&%$#/(%'0&'1#:!)$!

&%$5,(&'1#! 1,! )$! %301#/*! @! ,#! (A1(! &A*%4'+,*! QjA*16$)5 et al., X``GW ! >A*s! )*/! 6$(&3%'*/:! (*/!

0%1&3'#*/!/1#&!/1,?*#&!4,)&']91#(&'1##*))*/ !>-*/&!)*!($/!#1&$44*#&!5*!)$!0%1&3'#*!%'61/14'+,*!

TE:! +,'! *#! 0),/! 5*! /1#! '40)'($&'1#! 5$#/! )-'#'&'$&'1#! 5*! )$! &%$5,(&'1#:! $! 3&3! $//1('3*! @! 5-$,&%*/!

0%1(*//,/:! &*)/! +,*! )$! &%$#/(%'0&'1#! QI$=#/51%9! *&! o1#':! X`EXU! T,kA151)*&/ et al.:! X``VW:! )$!



2#&%15,(&'1#! GF!

 

/&$6')'&3!5*/!Y^M!Qo%'$#' et al.:!X``[U!8*)?'))$#' et al.:!X`EEW:!)$!trans]&%$5,(&'1#!QI$=#/51%9!*&!

o1#':!X`EXW!1,!*#(1%*!)$!%30)'($&'1#!5*!)-Y^M!?'%$)!5,!0A$<*!w!!Qj$k*/A'&$ et al.:!X`ENW !>-*/&!

51#(!,#!41&'9!,6'+,'&$'%*!5*/!0%1&3'#*/!$B$#&!,#!%d)*!5$#/!)*!43&$61)'/4*!5*/!Y^M  

>A*s!P. aeruginosa:!j*7!/*!)'*!0%393%*#&'*))*4*#&!@!5*/!Y^M!*#!/'40)*!6%'#!Q/6W!0,'/+,*!

)*/!(140)*7*/!Y^M/6]j*7!/1#&!$,!41'#/!E`!@!G`!91'/!0),/!/&$6)*/!+,*!)*/!(140)*7*/!'40)'+,$#&!

5*/! Y^M56! 1,! Y8M! 5*! 4C4*/! &$'))*/! QXH! #,()31&'5*/W! Qg1A#/1# et al.:! X``[W ! 8*! 4$#'.%*!

/,%0%*#$#&*:!)$!53)3&'1#!5,!514$'#*!TE!$61)'&!)-'#&*%$(&'1#!$?*(!)*/!5'993%*#&/!/,6/&%$&/!3&,5'3/!

+,-')/! /1'*#&! *#! /'40)*! 6%'#! 1,! *#! 51,6)*! 6%'#! Qg1A#/1# et al.:! X``[W ! 8*! 0),/:! 5*/! 4,&$&'1#/!

01#(&,*))*/!5$#/!)*!41&'9!Zo!$)&.%*#&!91%&*4*#&!)-$(&'?'&3!5*!)'$'/1#!$,7!$('5*/!#,()3'+,*/ !>*/!

51##3*/!?1#&!51#(!@!)-*#(1#&%*!5,!415.)*!0%101/3!5$#/!)$!Figure 8!5-,#*!0$%&!*&!5-$,&%*!0$%&:!

/1#&! 3<$)*4*#&! *#! (1#&%$5'(&'1#! $?*(! )$! 0%3/*#(*! 5-$,&%*/! 514$'#*/! 5*! 9'7$&'1#! $,7! $('5*/!

#,()3'+,*/!0%1(A*/!5$#/!)-*/0$(*:!+,'!01,%%$'*#&!01&*#&'*))*4*#&!'#&*%?*#'%!5$#/!)*,%!9'7$&'1#!

*#!$6/*#(*!5,!514$'#*!TE !Y'#/':!4C4*!/'!)-AB01&A./*!5-,#!(A$#<*4*#&!(1#91%4$&'1##*)!/,'&*!

@!)$!53)3&'1#!5*!TE!1,!5*!4,&$&'1#/!01#(&,*))*/!$!3&3!3($%&3*!0$%!)*/!51##3*/!5*!0,%'9'($&'1#!*&!

5*!(%'/&$))'/$&'1#!5*!)$!0%1&3'#*!51#&!)*!(1401%&*4*#&!%*/&*!'#(A$#<3!Qg1A#/1# et al.:!X``[W:!(*!

%3/,)&$&!01/*!51#(!5*/!+,*/&'1#/!/,%!)-'40)'($&'1#!5*!TE!5$#/!(*/!'#&*%$(&'1#/ !

8*! )$! 4C4*! 4$#'.%*:! )$! 0%17'4'&3! /0$&'$)*! 5*! (*/! 514$'#*/! 5*! )'$'/1#! $,7! $('5*/!

#,()3'+,*/!*#&%*!*,7!$4.#*!@!/*!5*4$#5*%!+,*))*/!/1#&!)*/!(1#/3+,*#(*/!91#(&'1##*))*/!5*!(*&&*!

1%<$#'/$&'1#!*&!/,%!+,*))*/!('6)*/!?$!$<'%!)$!0%1&3'#*!QY8M56:!Y^M56:!Y8M/6:!Y^M/6!zW !

!

3.2. Tex est l�orthologue structural de la protéine eucaryote Spt6 

"#*! 3&,5*! 0AB)1<3#3&'+,*! %3$)'/3*! 0$%! g1A#/1# et al. QX``[W! $! %3?3)3! +,*! j*7! /*%$'&!

)-1%&A1)1<,*!5*!)$!0%1&3'#*!*,($%B1&*!T0&V!Qsuppressor of Ty6W!QFigure 9W:!'5*#&'9'3*!'#'&'$)*4*#&!

(A*s!)$!)*?,%*!Saccharomyces cerevisiae Q>)$%k]Y5$4/!et al.,!EF[\W !>*&&*!0%1&3'#*:!5*!)1($)'/$&'1#!

#,()3$'%*!QTJ$#/1# et al.,!EFF`W:!=1,*!5*/!%d)*/!?$%'3/!)1%/!5*!)$!&%$#/(%'0&'1# !

D$! &%$#/(%'0&'1#! 5*/! <.#*/! (A*s! )*/! *,($%B1&*/! */&! ,#! 0%1(*//,/! (140)*7*! *&! 9'#*4*#&!

%3<,)3 !>*&&*!%3<,)$&'1#!0*,&!$?1'%!)'*,!+,*)+,*!/1'&!)$!0A$/*!5*!&%$#/(%'0&'1#:!4$'/!0%*#5!0)$(*!

)*! 0),/! /1,?*#&! $,! 414*#&! 5*! )-'#'&'$&'1# ! D1%/! 5*! )-'#'&'$&'1#! 5*! )$! &%$#/(%'0&'1#:! )-Y^ML! 22!

&%$#/(%'&! &1,&!5-$61%5! X`!@!V`!#,()31&'5*/:!0,'/!5$#/!(*%&$'#/!($/:!,#*!0$,/*!5*! )-Y^ML!22!*/&!

16/*%?3*:!+,'!*40C(A*!)-3)1#<$&'1#!(140).&*!5,!&%$#/(%'&!QlJ$k!$#5!D'/:!X`EGW !>*&&*!91%4*!5*!

%3<,)$&'1#! &%$#/(%'0&'1##*))*! $! 3&3! 16/*%?3*! 01,%! ,#! <%$#5! #146%*! 5*! <.#*/! (A*s! )*/!

S$44'9.%*/! *&! )$! 8%1/10A')*! Q^$/4,//*#!et al.,! EFFG! U! j$#<!et al.,! X```! U! ^$A)!et al., X`E`! U!

o,(k)*B!et al.,!X`ENW !2)!/-$<'&!51#(!5-,#*!3&$0*!)'4'&$#&*!5$#/!)*!0%1(*//,/!5*!&%$#/(%'0&'1#:!*&!)$!

&%$#/'&'1#!5*!(*&&*!3&$0*!@!,#*!3)1#<$&'1#!5'&*!P!0%15,(&'?*!_!*/&!3<$)*4*#&!A$,&*4*#&!%3<,)3* !



2#&%15,(&'1#! N`!

 

K#!*99*&:!5*/!415'9'($&'1#/!'401%&$#&*/!0%*##*#&!0)$(*!/,%!)*!(140)*7*!91%43!0$%!)-Y^ML!22!*&!

)-Y^M4! *#! (1,%/! 5*! /B#&A./*:! +,'! 0*%4*&&*#&! )*! %*(%,&*4*#&! 5*! 9$(&*,%/! $55'&'1##*)/!

0*%4*&&$#&!)-3)1#<$&'1#!0%15,(&'?*:!$'#/'!+,*!5-$,&%*/!9$(&*,%/!'40)'+,3/!5$#/!)$!4$&,%$&'1#!*&!

)-*701%&!5*/!Y^M4 !D-,#*!5*!(*/!415'9'($&'1#/!*/&!,#*!0A1/0A1%B)$&'1#!5,!514$'#*!>]&*%4'#$)!

5*!)-Y^ML!22!Q>j8W !!

D*!>j8!5*!)-Y^ML!22!*/&!(1#/&'&,3!5-,#!A*0&$0*0&'5*!%303&3!5*!/3+,*#(*!(1#/*#/,/!jB%E]

T*%X]L%1G]jA%N]T*%H]L%1V]T*%\:!51#&!)*!#146%*!5*!%303&'&'1#/!?$%'*!/*)1#!)-*/0.(*!Q>1%5*#!et al.,!

EF[H! U! R*/&! $#5! >1%5*#:! EFFHW ! Y,! (1,%/! 5*! )$! &%$#/(%'0&'1#:! 5*/! (A$#<*4*#&/! 5*!

0A1/0A1%B)$&'1#!0%*##*#&!0)$(*!/,%!(*!41&'9:!+,'!%3<,)*#&!)*!%*(%,&*4*#&!5*/!9$(&*,%/!'40)'+,3/!

5$#/! )*/! 5'993%*#&*/! 0A$/*/! 5*! )$! &%$#/(%'0&'1#! $'#/'! +,*! )$! 4$&,%$&'1#! *&! )-*701%&! 5*/! Y^M4!

QS*'#A$%&!et al.,!X``H:!>A$04$#!et al.,!X``\:!S$B*%!et al.,!X`EXW !8*!0%*4'.%*/!3&,5*/!1#&!$'#/'!

4'/!*#!3?'5*#(*!)-*7'/&*#(*!5-,#!P!(15*!_!%*9)3&$#&!)-3&$&!5*!0A1/0A1%B)$&'1#!5,!>j8!5*!)-Y^ML!22!

&1,&! $,! )1#<! 5*! )$! &%$#/(%'0&'1#:! *//*#&'*))*4*#&! 6$/3! /,%! )$! 0A1/0A1%B)$&'1#! 5*! T*%X! *&! T*%H!

Qo,%$&1J/k'! X``G! U! K#<)199! $#5! S,%0AB:! X``[W ! 8$#/! (*! 415.)*:! T*%H! */&! &1,&! 5-$61%5!

0A1/0A1%B)3*! QT*%H0W! )1%/! 5*! )-'#'&'$&'1#! 5*! )$! &%$#/(%'0&'1#:! (*! +,'! 0*%4*&! 5*! %*(%,&*%! )*/!

*#sB4*/!#3(*//$'%*/!@!)-$=1,&!5*!)$!(1'99*!\]43&AB)<,$#1/'#*!*#!H-!5*/!Y^M4:!$'#/'!+,*!(*%&$'#/!

9$(&*,%/! 5*! &*%4'#$'/1# ! T*%X! */&! *#/,'&*! 0A1/0A1%B)3*! @! /1#! &1,%! QT*%X0W! *&! 9$(')'&*! )*!

%*(%,&*4*#&! 5*! 9$(&*,%/! 5-3)1#<$&'1#:! *&! #1&$44*#&! )$! 0%1&3'#*! T0&V! Ql$0)$#! et al.,! X```! U!

K#<)199:!X``[!U!x1A!et al.,!X``\!U!x1A!et al.,!X``[W !^3(*44*#&:!,#!#1,?*$,!415.)*!$!3&3!0%101/3:!

5$#/! )*+,*)! )*!%*(%,&*4*#&!5*!T0&V!#*!530*#5%$'&!0),/! ,#'+,*4*#&!5*! )$!0A1/0A1%B)$&'1#!5*!

T*%X:!4$'/!3<$)*4*#&!5*!jB%E!QS$B*%!et al.,!X`EXW !K#!*99*&:!*#!(1#=,<,$'/1#!$?*(!T*%X0:!jB%E0!

*40C(A*%$'&! )*! %*(%,&*4*#&! 5*/! 0%3(35*#&/! 9$(&*,%/! 5*! &*%4'#$'/1#! *&! /&'4,)*%$'&! 91%&*4*#&!

(*),'! 5*/! 9$(&*,%/! 5-3)1#<$&'1#! 51#&! T0&V:! +,'! /*! )'*! 0%393%*#&'*))*4*#&! @! jB%E0! QS$B*%!et al.,!

X`EXW !

"#*!91'/!)-3&$0*!5*!&%$#/(%'0&'1#!0%15,(&'?*!$&&*'#&*:!)-Y^ML!22!0%1<%*//*!/,%!)-Y8M!1|!*))*!!

*/&! (1#9%1#&3*! @! 5-$,&%*/! P! 6$%%'.%*/! _ ! D$! 0%3/*#(*! 5*! #,()31/14*/! (1#/&'&,*! ,#*! 6$%%'.%*!

#$&,%*))*! @! )$! &%$#/(%'0&'1#! *&! 0*%&,%6*! 51#(! 91%&*4*#&! )$! /B#&A./*! 5,! &%$#/(%'&! Q2s6$#!et al.,!

EFFE!U!L*&*/(A!$#5!D'/:!X``[W !L$%4'!)*/!0%1&3'#*/!'#&*%?*#$#&!01,%!9$(')'&*%!)-3)1#<$&'1#:!T0&V!$!

)$!($0$('&3!5-'#5,'%*!5*/!415'9'($&'1#/!5*!/&%,(&,%*!5*!)$!(A%14$&'#*!0$%!'#&*%$(&'1#!5'%*(&*!$?*(!

)*/! A'/&1#*/! IG! 1,! IN! Qo1%&?'#! et al.,! EFFVW ! >*&&*! ($0$('&3! 5*! )$! 0%1&3'#*! 0*%4*&&%$'&! 5*!

53/$//*46)*%!)*!#,()31/14*!*#!$?$)!5*!)-Y^ML!22:!0,'/!5*!)*!%3$//*46)*%!*#!$41#&!Qo1%&?'#!et 

al.,! EFFV:! I$%&s1<! et al.,! EFF[! U! T$,#5*%/! et al.,! X``VW:! 9$(')'&$#&! $)1%/! )$! 0%1<%*//'1#! 5*! )$!

01)B43%$/*! /,%! )-Y8M! (1,%/! 5*! &%$#/(%'0&'1# ! Y'#/':! T0&V! $,%$'&! )$! ($0$('&3! 5-$,<4*#&*%! )$!

0%1(*//'?'&3!5*!)-Y^ML!22 !>*0*#5$#&:!(*&&*!($0$('&3!#*!/*!)'4'&*!0$/!@!)$!/*,)*!91#(&'1#!5-A'/&1#*!

(A$0*%1##*! 5*! T0&V:! 3&$#&! 51##3! +,*! )$! 0%1&3'#*! */&! 3<$)*4*#&! ($0$6)*! 5-$,<4*#&*%! (*&&*!



2#&%15,(&'1#! NE!

 

0%1(*//'?'&3!/,%!5*!)-Y8M!#,!5301,%?,!5*!#,()31/14*/:!$,//'!6'*#!in vitro!+,-in vivo QK#51A!et 

al., X``N!U!L*&*/(A!$#5!D'/,!X``[!U!Y5*%A$)'!et al.,!X``FW !8*!0),/:!0$%!/$!)'$'/1#!@!)-Y^ML!22:!T0&V!

/*%$'&!3<$)*4*#&!'40)'+,3!5$#/!)-*701%&!5*/!Y^M4!4$&,%*/!5$#/!)*!(B&10)$/4*!Qx1A et al., X``\!U!

x1A!et al.,!X``[!U!8'*61)5 et al.,!X`E`6W !L1,%!(*)$:!,#*!'#&*%$(&'1#!5*!T0&V!*/&!#3(*//$'%*!$?*(!)$!

0%1&3'#*!2J/E!Ql%1<$#!et al.,!X``X!U!x1A!et al.,!X``\!U!8'*61)5 et al.,!X`E`6W:!+,'!*/&!*))*]4C4*!

)'3*!$,!9$(&*,%!5-*701%&!^K;EpY)B !2)!*/&!'#&3%*//$#&!5*!/'<#$)*%!+,-,#*!53)3&'1#!5*!)$!0%1&3'#*!

2J/E!*#&%$v#*!5*/!$#14$)'*/!$,!#'?*$,!5*!)-30'//$<*!5*/!Y^M4:!$'#/'!+,*!)*,%!%3&*#&'1#!5$#/!)*!

#1B$,!(*)),)$'%*!Qx1A!et al.,!X``\W !K#9'#:!,#!%d)*!5*!T0&V!5$#/!)*!(1#&%d)*!+,$)'&3!5*/!Y^M4!$!3&3!

4'/!*#!3?'5*#(*!(A*s!)$!5%1/10A')*:!1|!T0&V!(1])1($)'/*!$?*(!5*/!(1401/$#&/!5*!)-*71/14*!/,%!

)*/!/'&*/!$(&'9/!5*!&%$#/(%'0&'1#!$9'#!5*!53<%$5*%!)*/!Y^M4!4$)!30'//3/!QY#5%,)'/ et al.:!X``XW !

L),/! 0$%&'(,)'.%*4*#&:! )$! /1,/],#'&3! ^%0V! 5*! )-*71/14*! '#&*%$<'%$'&! /1'&! 5'%*(&*4*#&! $?*(! )*!

9$(&*,%!5-*701%&!^K;EpY)B:!/1'&!$?*(!)$!0%1&3'#*!2J/E!+,'!0*%4*&&%$'&!5*!)'*%!)*!(140)*7*!91%43!

0$%!^K;EpY)B!*&!)-*71/14*!@!(*),'!(1401/3!5*!T0&V!*&!5*!)-Y^ML!22!QY#5%,)'/!et al.,!X``X!U!x1A!et 

al., X``\W ! Y'#/':! T0&V! 0*%4*&&%$'&! ,#! (1,0)$<*! (1]&%$#/(%'0&'1##*)! *#&%*! 3)1#<$&'1#! 5*! )$!

&%$#/(%'0&'1#:!4$&,%$&'1#!*&!*701%&!5*/!Y^M4!Q8'*61)5 et al.:!X`E`6W !8*!4$#'.%*!'#&3%*//$#&*:!

)$! 0%1&3'#*! j*7! 5*!P. aeruginosa! $! 3&3! (1]0,%'9'3*! $?*(! )-Y^ML! *&! )*! 53<%$51/14*:! +,'! */&! )$!

4$(A'#*%'*! 5*! 53<%$5$&'1#! 5*/! Y^M4! 6$(&3%'*#/! Qg1A#/1# et al.:! X``[W ! >*('! +,'! 01,%%$'&!

/,<<3%*%! )-'40)'($&'1#! 5*! (*&&*! 0%1&3'#*! 5$#/! )*! 5'$)1<,*! *7'/&$#&! *#&%*! )$! &%$#/(%'0&'1#! *&! )$!

53<%$5$&'1#!5*/!Y^M4 !!

!

j*7!0%3/*#&*!X\c!5*!/'4')$%'&3!$?*(!T0&V!%*&%1,?3*!*//*#&'*))*4*#&!5$#/!)*/!41&'9/!I&I:!

IAI:!x+<;!*&!TE!Qg1A#/1# et al.:!X``[W !D$!(140$%$'/1#!5*/!/&%,(&,%*/!(%'/&$))1<%$0A'+,*/!5*/!

5*,7! 0%1&3'#*/! 41#&%*! +,*! )*! (1%0/! (*#&%$)! 5*! T0&V! */&! &%./! 0%1(A*! 5*! )$! 0%1&3'#*! j*7!

6$(&3%'*##*!QFigure 9W !>*0*#5$#&:!)$!0%1&3'#*!T0&V!01//.5*!&%1'/!514$'#*/!$55'&'1##*)/:!+,'!),'!

(1#9.%*#&!5*!#1,?*))*/!91#(&'1#/!Qg1A#/1#!et al.,!X``[\!U!>)1/*!et al.,!X`EEW !

D$!0%*4'.%*:!/'&,3*!*#!M]&*%4'#$):!'#&*%?'*#&!5$#/!)*!%*4$#'*4*#&!5*!)$!(A%14$&'#*!$,!

(1,%/!5*!)$!&%$#/(%'0&'1# !>*!514$'#*!*/&!$,//'!%*+,'/!01,%!)-'#&*%$(&'1#!$?*(!)$!0%1&3'#*!2J/E:!

'40)'+,3*! 5$#/! )*! %*(%,&*4*#&! 5*! 9$(&*,%/! 5-*701%&! 5*/! Y^M4! QFigure 9CW ! QY#5%,)'/! et al.,!

X``X!U!x1A!et al., X``\!U!8'*61)5 et al.:!X`E`6W !D*!/*(1#5!514$'#*!$55'&'1##*)!5*!T0&V!*/&!/'&,3!

*#! >]&*%4'#$) ! 2)! /-$<'&! 5,! 514$'#*! TIX:! %*/01#/$6)*! 5*! )$! )'$'/1#! 5*! T0&V! @! )-*7&%34'&3! >]

&*%4'#$)*!0A1/0A1%B)3*!5*!)-Y^ML!22!01,%!)-3)1#<$&'1#!5*!)$!&%$#/(%'0&'1#!QFigure 9CW!Q8'*61)5 

et al.:!X`E`$!U!x1A et al.:!X``\W  D*/!41&'9/!TIX!/1#&!)$%<*4*#&!%*&%1,?3/!/,%!5*/!0%1&3'#*/!5*!

/'<#$)'/$&'1#!*,($%B1&*/ !L%./!5*!EEE!0%1&3'#*/!01//35$#&!,#!514$'#*!TIX!1#&!3&3!'5*#&'9'3*/!

/,%!)*!<3#14*!A,4$'#:!'40)'+,3*/!5$#/!5*/!/B/&.4*/!5*!%3<,)$&'1#!0jB%]530*#5$#&/!QD',!$#5!

M$/A:!X`EXW !^3(*44*#&:!)$!/&%,(&,%*!5*!)-*7&%34'&3!>]&*%4'#$)*!5*!T0&V!$!3&3!%3/1),*!(A*s!)*!
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0$%$/'&*!'#&%$(*)),)$'%*!Antonospora locustae!Q8'*61)5 et al.:!X`E`$W!*&!$!%3?3)3!)$!0%3/*#(*!5*!

5*,7! 514$'#*/! TIX! *#! &$#5*4:! &1,/! 5*,7! #3(*//$'%*/! *&! /,99'/$#&/! 01,%! )$! )'$'/1#! 5*! T0&V! @!

)-Y^ML!22 !K#9'#:!!T0&V!01//.5*!3<$)*4*#&!,#!514$'#*!8D8!Qdeath!like domainW!QFigure 9CW:!+,'!

(A*s! )*/! *,($%B1&*/:! */&! (1##,! 01,%! 0*%4*&&%*! )*/! '#&*%$(&'1#/! *#&%*! 0%1&3'#*/! QlJ1#! et al.,!

X`EXW !>*!415,)*!*/&!<3#3%$)*4*#&!%*&%1,?3!/,%!5*/!0%1&3'#*/!'40)'+,3/!5$#/!5'?*%/!0%1(*//,/!

'44,#'&$'%*/!&*)/!+,*!)*/!%3$(&'1#/!'#9)$44$&1'%*/:!)-$010&1/*!1,!*#(1%*!)$!#3(%1/*!QS$%&'#1#!

et al.,!X``E!U!L$%k!et al.,!X``\!U!lJ1#!et al.,!X`EXW !>A*s!T0&V:!')!/-$<'&!5,!514$'#*!)*!0),/!(1#/*%?3!

%*&%1,?3! /,%! )$! 0%1&3'#* ! 2)! */&! 51#(! 0%16$6)*! +,-')! '#&*%?'*##*! 5$#/! 5*/! '#&*%$(&'1#/!

'#&*%41)3(,)$'%*/!'401%&$#&*/!Q>)1/*!et al.,!X`E`W !!

 

 

Figure 9. Comparaison des structures de Tex et Spt6 (Figure adaptée de Johnson et al., 2008 et Close et al., 2010).  

(A) ^*0%3/*#&$&'1#!5*!)$!/3+,*#(*!0%'4$'%*!5*!j*7!$?*(!)*/!N!514$'#*/!5*!)'$'/1#!$,7!$('5*/!#,()3'+,*/O!)*!514$'#*!I&I!5*!

)'$'/1#!$,7!Y8M!*#!/'40)*!6%'#!Q6)*,W:!)*!514$'#*!^M$/*!I!Qx+<;W!Q%1,<*W:!)*!514$'#*!IAI!5*!)'$'/1#!$,7!Y8M!51,6)*/!6%'#/!

Q=$,#*W!*&! )*!514$'#*!TE!5*! )'$'/1#!$,7!Y^M!/'40)*/!6%'#/!Q?*%&W !(B) *&!(C)!>140$%$'/1#!/(A34$&'+,*!5*! )-1%<$#'/$&'1#!5*/!

514$'#*/!5*!j*7!QoW!*&!T0&V!Q>W !D*/!N!514$'#*/!5*!9'7$&'1#!$,7!$('5*/!#,()3'+,*/!5*!j*7!/1#&!5*!)$!4C4*!(1,)*,%!+,-*#!QYW !

D-1%<$#'/$&'1#!5*!(*/!514$'#*/!*/&!(1#/*%?3*!(A*s!T0&V!QI&A!*#!6)*,:!x+<;!*#!1%$#<*!91#(3:!IAI!!*#!=$,#*!*&!TE!*#!?*%&!91#(3W:!

+,'!01//.5*!*#!0),/!&%1'/!514$'#*/!$55'&'1##*)/O!,#!514$'#*!5*!)'$'/1#!$,!#,()31/14*!*&!@!)$!0%1&3'#*!2J/E!*#!M]&*%4'#$)!Q?*%&!

()$'%W!Q8'*61)5 et al.:!X`E`6W:!,#!514$'#*!TIX!*#!>]&*%4'#$)!Q1%$#<*!()$'%W!+,'!'#&*%$<'%$'&!$?*(!)-Y^M!01)B43%$/*!Q8'*61)5 et al.:!

X`E`$U!g1A#/1# et al.:!X``[W!*&!,#!514$'#*!8D8:!01&*#&'*))*4*#&!'40)'+,3/!5$#/!5*/!'#&*%$(&'1#/!'#&*%41)3(,)$'%*/!'401%&$#&*/!

Q>)1/*!et al.,!X`E`W !

 !
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S$)<%3! )$! 0%3/*#(*! 5*! 514$'#*/! $55'&'1##*)/! /,%! T0&V:! 1#! (1#/&$&*! ,#*! (1#/*%?$&'1#!

3&$1##$#&*!5,!(},%!5*/!/&%,(&,%*/!5*!T0&V!*&!j*7 !Z#!0*,&!$'#/'!34*&&%*!)-AB01&A./*!+,*!j*7:!

(144*!T0&V:!01,%%$'&!*7*%(*%!,#!%d)*!()3!5$#/!)$!%3<,)$&'1#!5*!)-*70%*//'1#!5*/!<.#*/!*&!5$#/!)*/!
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Y,!(144*#(*4*#&!5*!(*!0%1=*&:!$,(,#*!'#5'($&'1#!#-3&$'&!5'/01#'6)*!+,$#&!@!)$!91#(&'1#!

5*!)$!0%1&3'#*!j*7!(A*s!S. aureus !T*,)*/!)*/!3&,5*/!%3$)'/3*/!/,%!)*/!$,&%*/!1%<$#'/4*/!6$(&3%'*#/!

Q2#&%15,(&'1#! u! 222W! '#5'+,$'*#&! ,#*! 91#(&'1#! 01//'6)*! 5*! j*7! $,! #'?*$,! 5*! )$! %3<,)$&'1#! 5*!

)-*70%*//'1#!5*/!9$(&*,%/!5*!?'%,)*#(*!Q(A*s!B. pertussis:!;,(A/ et al.,!EFFV!*&!(A*s!C.perfringen/:!

Y6* et al.:!X`E`W!5*!)-$5$0&$&'1#!5,!0$&A1<.#*!@!/1#!*#?'%1##*4*#&!QS. pneumoniae:!I* et al.,!

X``VW!1,!5,!43&$61)'/4*!5*/!Y^M!QP. aeruginosa:!g1A#/1# et al.,!X``[W !>*0*#5$#&:!)*!&%$?$')!5*!

4*/! 0%353(*//*,%/! QjA14$/! b*'//4$##:! *#! (1))$61%$&'1#! $?*(! Y)$'#! g$+,'*%:! 2#/&'&,&! L$/&*,%:!

L$%'/W:!1#&!0*%4'/!5*!91%4,)*%!,#*!0%*4'.%*!AB01&A./*!/,%!)$!91#(&'1#!5*!j*7!5$#/!)$!%3<,)$&'1#!

0$%!)*/!Y^M!(A*s!S. aureus !K#!*99*&:!(*/!5*%#'*%/!1#&!4*#3!5*/!*703%'*#(*/!5*!(A%14$&1<%$0A'*!

5-$99'#'&3:! 5$#/! )*! 6,&! 5-'5*#&'9'*%! )*/! 0%1&3'#*/! '#&*%$<'//$#&! $?*(! )-Y^M222:! +,'! */&! )-*99*(&*,%!

'#&%$(*)),)$'%*! 5,! /B/&.4*! 5*! 5*#/'&3! (*)),)$'%*! QM1?'(k et al.:! EFFGW ! 8$#/! (*/! *703%'*#(*/:!

)-Y^M222!6'1&'#B)3!@!/1#!*7&%34'&3!G-!$!3&3!9'73!@!,#*!4$&%'(*!5*!/&%*0&$?'5'#*:!0,'/!'#(,63!$?*(!

,#! *7&%$'&! 6%,&! 5*! S. aureus ! D*/! 0%1&3'#*/! 1#&! 3&3! 3),3*/! 0$%! ,#! <%$5'*#&! 5*! (1#(*#&%$&'1#!

(%1'//$#&! *#! /*)! %3?3)$#&! 5*,7! 0%1&3'#*/! 3),3*/! $,7! 91%&*/! (1#(*#&%$&'1#/! /$)'#*/O!

)-*#51%'61#,()3$/*!222!Q^M$/*!222W:!+,'!*/&!%*+,'/*!01,%!)$!53<%$5$&'1#!5*/!Y^M4!%30%'43/!0$%!
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,#*! 4$(A'#*%'*! 0%1&3'+,*! (140)*7*:! (140%*#$#&! #1&$44*#&! )$! ^M$/*! K:! +,'! 53<%$5*!
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Z6=*(&'9/! N[!

 

 

Figure 10. Mécanisme de répression possible d�ARNm par les ARN régulateurs d�E. coli, médié par la protéine Hfq (figure 

adaptée de Vogel et Luisi, 2011). 

D-Y^M!%3<,)$&*,%!Q6)*,W!$//1('3!@!)$!0%1&3'#*!I9+!Q?'1)*&W!/*!9'7*!$,!/'&*!5*!)'$'/1#!5,!%'61/14*Q%6/:!%1,<*W:!'#A'6$#&!)-'#'&'$&'1#!

5*!)$!&%$5,(&'1#!*&!(1#5,'/$#&!@!)$!53<%$5$&'1#!5,!4*//$<*%!('6)*!0$%!)$!^M$/*!K!Q=$,#*W !

!

Y)1%/! +,*! I9+! */&! ,#! (1]9$(&*,%! *//*#&'*)! 5*/! /Y^M! (A*s! E. coli,! (A*s! S. aureus! (*&&*!

0%1&3'#*!#-*/&!0$/!%*+,'/*!01,%!)$!%3<,)$&'1#!5*!)-*70%*//'1#!5*/!<.#*/!0$%!)-Y^M222!*&!#-*/&!0$/!

*//*#&'*))*!01,%!)$!(%1'//$#(*!6$(&3%'*##*!Qo1A# et al.:!X``\U!I,#&s'#<*% et al.:!X``HW !>*0*#5$#&:!

)*!%d)*!5*!I9+!(A*s!(*&!1%<$#'/4*!%*/&*!$46'<,!/*)1#!)$!/1,(A*!5*!S. aureus 3&,5'3* !D$!53)3&'1#!
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/$,?$<*!QD', et al.:!X`E`W !!
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)-*70%*//'1#!5*/!<.#*/!*#!%*(1##$'//$#&!5*/!/'<#$&,%*/!5'993%*#&*/!5*/!Y^M!QI1)4+?'/&!*&!i1<*):!

X`EGW ! T$(A$#&! +,*! j*7! 5*! S. aureus 01//.5*! 5*/! 514$'#*/! 5*! 9'7$&'1#! @! )-Y^M! *&! %*(1##$v&!

)-Y^M222:! ')! 4*! /*46)$'&! +,*! j*7! 01,?$'&! C&%*! ,#! $(&*,%! 01&*#&'*)! 5*! )$! %3<,)$&'1#! 01/&]

&%$#/(%'0&'1##*))* !!

>-*/&!01,%+,1'!)*/!16=*(&'9/!5*!4$!&A./*!1#&!3&3!0%'#('0$)*4*#&!91($)'/3/!/,%!)$!0%1&3'#*!

j*7!$9'#!Q'W!5-3),('5*%!)$!/'<#$&,%*!5*!j*7!/,%!)*/!Y^M:!Q''W!5-'5*#&'9'*%!)*/!(1]9$(&*,%/!*&!('6)*/:!*&!

)-*#/*46)*! 5*/! 91#(&'1#/! %3<,)3*/! 0$%! j*7! *&! Q'''W! $#$)B/*%! )*/! 43($#'/4*/! 5*! %3<,)$&'1#! $,!

#'?*$,!41)3(,)$'%* !g-$'!$'#/'!,&')'/3!*&!4'/!$,!01'#&!,#!*#/*46)*!5-$00%1(A*/!(140)34*#&$'%*/!

in vivo! *&! in vitro.! Y,! (1,%/! 5*! 4$! &A./*! =-$'! $,//'! 0$%&'('03! @! )-'#&%15,(&'1#! 5-,#*! #1,?*))*!

$00%1(A*! 0%1&314'+,*! +,'! 0*%4*&! 5*! /,'?%*! )*/! (A$#<*4*#&/! 5*! )$! /,%9$(*! 6$(&3%'*##*! *#!

%301#/*! @! )$! %3<,)$&'1#! 0$%! )*/! /Y^M ! >*! &%$?$')! 5*! (1))$61%$&'1#! 0,6)'3! 5$#/! o'1(A'4'*:! */&!
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I/ Stratégie expérimentale 

1. Présentation de la stratégie expérimentale adoptée pour mon projet de 

thèse 

Y9'#!5*!53&*%4'#*%!)$!91#(&'1#!5*!j*7!(A*s!S. aureus,!,#*!/&%$&3<'*!*703%'4*#&$)*!$!3&3!

4'/*!*#!0)$(*!+,'!/-$%&'(,)*!$,&1,%!5*!&%1'/!<%$#5/!$7*/!5*!%*(A*%(A*!QFigure 12W:!%3,#'//$#&!)*/!

$/0*(&/!in vitro!*&!in vivo.!!

8$#/!,#!0%*4'*%!&*40/:!=*!4*!/,'/!'#&3%*//3*!$,7!'#&*%$(&'1#/!j*7]Y^M !>144*!53(%'&!

0%3(35*44*#&:!j*7!$!3&3!0,%'9'3*!(144*!)'<$#5!01&*#&'*)!5*!)-Y^M222:!*99*(&*,%!'#&%$(*)),)$'%*!

5,! /B/&.4*! 5*! 5*#/'&3! (*)),)$'%*! agr! QZ6=*(&'9/W ! 2)! 3&$'&! 51#(! &1,&! 5-$61%5! #3(*//$'%*! 5*!

(140%*#5%*!(144*#&!j*7!/*!)'*!@!(*&!Y^M !>*&&*!3&,5*!/-*/&!3&*#5,*!@!5-$,&%*/!Y^M!#1#!(15$#&/!

'5*#&'9'3/!5$#/!)-3+,'0*!Q^/$Y:!^/$KW!+,'!(144*!)-Y^M222!QFigure 11AW:!%3<,)*#&!)-*70%*//'1#!5*!

5'?*%/!Y^M4!$,!#'?*$,!01/&]&%$#/(%'0&'1##*)!0$%!,#!43($#'/4*!5*!&B0*!$#&'/*#/ !D*/!91#(&'1#/!

5*!^/$K!*&!^/$Y!1#&!3&3!3),('53*/!5$#/!)-3+,'0*!Qb*'//4$## et al.:!X``FU!^14'))B et al.:!X`ENW !

Y)1%/! +,*! ^/$K! /*! %*&%1,?*! 5$#/! &1,/! )*/! /&$0AB)1(1+,*/! *&! )*! <*#%*! o$('))$(*$*:! ^/$Y! */&!

/03('9'+,*! @! S. aureus ! ^/$K! '#&*%$<'&! $?*(! )-Y^M4! sucC (15$#&! )$! /,(('#B)]>1Y! /B#&A3&$/*!

QFigure 11BW!*&!)-Y^M4!opp3A (15$#&!,#!&%$#/01%&*,%!Yo>!01,%!%30%'4*%!)*,%!&%$5,(&'1# !>*&!

Y^M! (11%51##*! )$! %30%*//'1#! 5*! #146%*,/*/! *#sB4*/! 5,! 43&$61)'/4*! (*#&%$)! Q(B()*! j>Y:!

91)$&*W!)1%/+,*!)*/!/1,%(*/!($%61#3*/!/-30,'/*#&!Qo1A# et al.:!X`E`U!b*'//4$## et al.:!X``FW !8*!

%3(*#&/!&%$?$,7!*99*(&,3/!*#!(1))$61%$&'1#!$?*(!>'$%$#!>1#51#!Q2oL>:!L$%'/W!/,<<.%*#&!+,*!^/$K!

/*%$'&!'#5,'&!0$%!)*!/B/&.4*!@!5*,7!(1401/$#&/!T%%Yo!+,'!%301#5!@!)-$#$3%16'1/*!*&!@!)$!/B#&A./*!

5*/!%$5'($,7!MZ!Q8,%$#5 et al.,!51##3*/!#1#!0,6)'3*/W !^/$Y!$00$%&'*#&!$,!%3/*$,!5*!%3<,)$&'1#!

5*!)$!?'%,)*#(*!530*#5$#&!5,!9$(&*,%!5*!&%$#/(%'0&'1#!T'<4$!o !>-*/&!,#!0%15,'&!5*!4$&,%$&'1#!

5-,#!Y^M!)1#<!5*!X\V!#&/:!+,'!%30%'4*!)$!&%$5,(&'1#!5-,#!%3<,)$&*,%!4$=*,%!5*!)$!&%$#/(%'0&'1#:!

S<%Y!QFigure 11CW !K#!%3<,)$#&!)$!/B#&A./*!5*!S<%Y:!^/$Y!/&'4,)*!)$!91%4$&'1#!5*/!6'19')4/!*&!

'#?*%/*4*#&:! %30%'4*! )$! /B#&A./*! 5*! )$! ($0/,)*! +,'! */&! #3(*//$'%*! 01,%! 0%1&3<*%! )$! 6$(&3%'*!

(1#&%*! )$! 0A$<1(B&1/*! 0$%! )*/! 4$(%10A$<*/ ! >*&! Y^M! $<'%$'&! (144*! ,#! $&&3#,$&*,%! 5*! )$!

?'%,)*#(*:!*#!0$%&'(,)'*%!5*/!'#9*(&'1#/!$'<,*/!Q^14'))B et al., X`ENW !!

D$! /&%,(&,%*! /*(1#5$'%*! 5*/! &%1'/! Y^M! QY^M222:! ^/$Y:! ^/$KW! $! 3&3! 3&$6)'*:! %3?3)$#&! 5*/!

/'<#$&,%*/! (144,#*/! *&! /03('9'+,*/! @! (A$(,#! 5-*,7 ! >*/! Y^M! (1#&'*##*#&! ,#*! /3+,*#(*!

(1#/*%?3*!*#!/'40)*!6%'#!%'(A*!*#!(B&1/'#*/!+,'!/-*/&!$?3%3*!C&%*!)*!01'#&!5-$#(%$<*!01,%!'#&*%$<'%!
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Figure 11. Répression post!transcriptionnelle par les ARN non codants de S. aureus (figure adaptée de Huntzinger et al., 

2005, Geissmann et al., 2009 et Romilly et al., 2014). 
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Figure 12. Présentation schématique de la stratégie expérimentale utilisée pour mon projet de thèse. 
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2. Etablissement du protocole de purification de Tex 
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Figure 13. Schéma simplifié du dispositif de mesure DLS.  
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3. Etablissement du protocole de purification des ARN 
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4. Les stratégies pour analyser in vitro l�interaction de Tex à l�ARN 
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Figure 14. Principe de la cartographie en solution. 
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7*!4#%-,,"' '$* 8(&< (B) 2!,' &! /"#G-.( %,.%*(4#(5 &01>3 $#%&%'" ,0('# )!' /!*I$"< 1)*+' G9.*-&9'( (,H9/!#%I$(5 $, 

-&%8-,$4&"-#%.( /!*I$" (, X0 ?-*!,8(D ('# G9O*%." A &01>3 (# &! *"6(*'( #*!,'4*%)#!'( ?>FD 1`V ('# $#%&%'"( )-$* '9,#G"#%'(* &(' 

7*!8/(,#' .0123 4-/)&"/(,#!%*(' ?6(*#D< K! >F '0!**a#( !$ ,%6(!$ .(' 4-$)$*(' %,.$%#(' .!,' &01>3< K! 4-/)!*!%'-, .(' )*-7%&' 

.( 4-$)$*(' '$* &01>3 '($& (# 4-/)&(N" A &! )*-#"%,( )(*/(# .0!,!&9'(* &(' 4G!,8(/(,#' %,.$%#' )!* &! 7%N!#%-, .( &! )*-#"%,( 

?)*-#(4#%-, -$ !$8/(,#!#%-, .( 4-$)$*(D<  

 

=-$* '$%6*( &! 7-*/!#%-, .(' 4-/)&(N(' (# "6!&$(* &($* '#!O%&%#" (# &! ')"4%7%4%#"5 b0!% $#%&%'" 

)&$'%($*' /"#G-.(' 4-/)&"/(,#!%*('<  

Des expériences de gel retard -,# "#" (77(4#$"(' '$* &01>3EEE5 >'!1 (# >'!@ ?/!*I$" !$ 

=cB A &($* (N#*"/%#" X0D .!,' &('I$(&&(' &(' 4-/)&(N(' F(N[1>3 '-,# 7-*/"' A BCdL (, )*"'(,4( 

.( 4-,4(,#*!#%-,' 4*-%''!,#(' .( F(N5 )$%' '-,# '")!*"' .( &Y1>3 '($& '$* 8(& .( )-&9!4*9&!/%.( 

X; 4-,#(,!,# B /` .( /!8,"'%$/< 19!,# *(,4-,#*" .(' .%77%4$&#"' )-$* '")!*(* &(' 4-/)&(N('5 

b0!% !$''% $#%&%'" .($N !$#*(' !))*-4G('5 &! 7%&#*!#%-, '$* ,%#*-4(&&$&-'( (# &! ')(4#*-'4-)%( .( 

7&$-*('4(,4(5 I$% ! "#" *"!&%'"( (, 4-&&!O-*!#%-, !6(4 _< e(*,!44G% ?Ee`L5 _#*!'O-$*8D<  

La filtration sur nitrocellulose 4-,'%'#( A !b-$#(* .(' 4-,4(,#*!#%-,' 4*-%''!,#(' .( F(N 

-$ .( F(N ."&"#" .( '-, .-/!%,( _Q ?F(N  _QD A &Y1>3 >'!1 /!*I$" (, X0< K01>3 7%N" A &! )*-#"%,( 

('# !&-*' *(#(,$ '$* &! /(/O*!,( .( ,%#*-4(&&$&-'( !&-*' I$( &01>3 &%O*( )!''( !$ #*!6(*' .$ 7%&#*(5 

)(*/(##!,# !%,'% .( /('$*(* &( )-$*4(,#!8( .01>3 7%N" A &! )*-#"%,(<  

La spectroscopie de fluorescence (N)&-%#( &! 7&$-*('4(,4( %,#*%,'+I$( .( &! )*-#"%,(5 

8","*"( !)*+' (N4%#!#%-, .(' 8*-$)(/(,#' !*-/!#%I$(' .(' #*9)#-)G!,('5 #9*-'%,(' -$ 

)G",9&!&!,%,('< L(' !4%.(' !/%,"' ?aaD )($6(,# )-#(,#%(&&(/(,# a#*( /!'I$"' &-*' .( &! &%!%'-, 

.( &Y1>3 'Y%&' '-,# &-4!&%'"' )*-4G(' -$ .!,' &( '%#( .( &%!%'-,5 -$ '$%#( A $, 4G!,8(/(,# 

4-,7-*/!#%-,,(& .( &! )*-#"%,( %,.$%# )!* &! 7%N!#%-, .( &01>3< L(##( /"#G-.( ! &0!6!,#!8( .0a#*( 
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'%/)&( A /(##*( (, )&!4( (# )(*/(# .( 4!*!4#"*%'(* &(' )!*!/+#*(' .( &%!%'-, .(' 4-/)&(N(' 

)*-#"%,('[!4%.(' ,$4&"%I$('<  

@#!,# .-,," &! 8*!,.( /!b-*%#" .( #9*-'%,(' .!,' &! )*-#"%,( F(N )!* *!))-*# !$N 

#*9)#-)G!,(' (# !$N )G",9&!&!,%,('5 ,-$' !6-,' 4G-%'% .( /(,(* &Y(N)"*%(,4( (, '$%6!,# &( '%8,!& 

.Y"/%''%-, .(' *"'%.$' #9*-'%,('< =-$* 4(&!5 &! '-$*4( UV .$ ')(4#*-7&$-*%/+#*( ! "#" $#%&%'"( 

)-$* (N4%#(* &(' #9*-'%,(' A B^X ,/ ?&-,8$($* .Y-,.( /!N%/!&( .Y!O'-*)#%-, .( &! #9*-'%,(D< K(' 

#*9)#-)G!,(' "#!,# "8!&(/(,# (N4%#!O&(' A 4(##( &-,8$($* .0-,.(5 -,# "8!&(/(,# "#" (N4%#"'< 

1)*+' !b-$# .( I$!,#%#"' 4*-%''!,#(' .01>3 A $,( I$!,#%#" 7%N( .( F(N5 b0!% (,*(8%'#*" (# "6!&$" 

&0%,#(,'%#" .( 7&$-*('4(,4( )-$* 4G!I$( ')(4#*( (,*(8%'#*" (,#*( cCC (# cXC ,/5 4-**%8" &(' 

.-,,"(' )!* &! 7&$-*('4(,4( .$ #!/)-, (# )!* &0(77(# .( .%&$#%-,5 )-$* 7%,!&(/(,# *()*"'(,#(* &! 

6!*%!#%-, .$ '%8,!& .( 7&$-*('4(,4( (, 7-,4#%-, .( &! 4-,4(,#*!#%-, (, )*-#"%,(< 1)*+' 

,-*/!&%'!#%-,5 &(' .-,,"(' .$ 8*!)G( -,# "#" #*!%#"(' )!* &( /-.+&( /!#G"/!#%I$( .( _4!#4G!*. 

?_4!#4G!*.5 QfZfD A &Y!%.( .$ &-8%4%(& g*%8%, ^ ?OringLabD5 I$% 8",+*( &(' )!*!/+#*(' .( &%!%'-, 

4-/)*(,!,# &! 4-,'#!,#( .( .%''-4%!#%-,5 &! 4--)"*!#%6%#" .( &%!%'-, (# &! '#-(4G%-/"#*%( .$ 

4-/)&(N(< 

 

5. Les stratégies pour analyser les fonctions de Tex in vivo 

17%, .( 4-/)*(,.*( &! 7-,4#%-, .( F(N in vivo5 b0!% 4-,'#*$%# .($N /$#!,#' .$ 8+,( tex .!,' 

&(' '-$4G(' >3hcfC (# JTCCQ5 )!* &0$#%&%'!#%-, .$ '9'#+/( F!*8(F*-,! ?Sigma!AldrichD< 2!,' 4( 

'9'#+/(5 $, %,#*-, !$#-4!#!&9#%I$( .( 8*-$)( EE iKE< K#*ei )*-6(,!,# .( Lactococcus lactis5 ('# 

$#%&%'" )-$* '0%,'"*(* .( /!,%+*( '%#([')"4%7%I$( .!,' &! '"I$(,4( 8",-/%I$( .$ 8+,( A %,!4#%6(*< 

=!* 4(##( /"#G-.(5 -, (N)&-%#( &0!4#%6%#" *%O-H9/( .( 4(# %,#*-, I$% '0%,'+*( !$ ,%6(!$ .( &! 

'"I$(,4( 123 4%O&( 8*j4( A &! )*-#"%,( K#*15 $,( #*!,'4*%)#!'( %,6(*'(< 1)*+' %,'(*#%-, .( 

&0%,#*-,5 &! )*-#"%,( K#*1 8",+*( &0123 4-/)&"/(,#!%*( (# &(' (,H9/(' .( *")!*!#%-, .( &0Gk#( 

%,#(*6%(,,(,# )-$* 4*"(* $,( %,'(*#%-, )(*/!,(,#(< L( '9'#+/( )(*/(# .0-O#(,%* .(' /$#!,#' 

4-,.%#%-,,(&' )$%'I$( &0%,#*-, )($# a#*( (N4%'" A #(/)"*!#$*( )(*/%''%6( )!* &! )*-#"%,( K#*1 

?Figure 15D ?l!- et al.5 BCChD< 

L( '9'#+/( -*%8%,!& ! "#" /%' (, )&!4( .!,' &0"I$%)( '$%#( !$N .%77%4$&#"' *(,4-,#*"(' &-*' 

.( &0%,!4#%6!#%-, .( 8+,(' )!* *(4-/O%,!%'-, G-/-&-8$( 4G(H S. aureus. =-$* &( 4!*!4#+*( 

-*%8%,!& (# %,,-6!,# .( &! /"#G-.( !$ /-/(,# -m b0!% *()*%' &( )*-b(#5 b0!% 4G-%'% .0(, ."4*%*( &( 

)*%,4%)( .!,' 4(##( )!*#%( .( /-, /!,$'4*%#< 2!,' $, )*(/%(* #(/)'5 &! '"I$(,4( .$ 8+,( tex ! 

"#" '-$/%'( A $, !&8-*%#G/( %,7-*/!#%I$( !7%, .( ."7%,%* &(' /(%&&($*' '%#(' 4!,.%.!#' )-$* 

&0%,'(*#%-, .( &0%,#*-,< =!* !%&&($*'5 &0%,#*-, .-%# !$''% a#*( /-.%7%" )-$* 8","*(* $, !))!*%(/(,# 
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-)#%/!& !6(4 &(' '"I$(,4(' 4%O&(' .$ 8",-/( O!4#"*%(,< L(4% ('# *"!&%'" )!* =L> !)*+' '"&(4#%-, 

.(' -&%8-,$4&"-#%.(' !))*-)*%"'< 1$ /-/(,# .( 4G-%'%* &( '%#( .0%,'(*#%-, .( &0%,#*-,5 .($N 

)-''%O%&%#"' (N%'#(,#n &0%,'(*#%-, )($# a#*( *"!&%'"( '-%# '$* &( O*%, '(,' .$ 8+,( A %,!4#%6(*5 '-%# 

'$* &( O*%, !,#%'(,' .( 4( /a/( 8+,(< 2!,' &( )*(/%(* 4!'5 &0%,#*-, #*!,'4*%# '(*! 7-,4#%-,,(& (# 

)-$**! )-#(,#%(&&(/(,# a#*( (N4%'" )!* &! )*-#"%,( K#*15 *('#!$*!,# &! '"I$(,4( .$ 8+,( .( 

.")!*# (# 4-,.$%'!,# !%,'% A $,( /$#!#%-, 4-,.%#%-,,(&&(< 2!,' &( .($N%+/( 4!'5 &! '"I$(,4( 

#*!,'4*%#( '(*! 4-/)&"/(,#!%*( A &0%,#*-, (# .-,4 ,-, 7-,4#%-,,(&&( (# ,( )-$**! )!' a#*( (N4%'"( 

)!* K#*1< 3-$' ,( '-//(' .-,4 )&$' %4% .!,' &( 4!.*( .0$,( /$#!#%-, 4-,.%#%-,,(&&(< 30!9!,# 

!$4$,( %,7-*/!#%-, 4-,4(*,!,# &( 4!*!4#+*( (''(,#%(& .( F(N 4G(H Staphylococcus aureus, b0!% 

4G-%'% .0(77(4#$(* 4(##( %,'(*#%-, '$* &( O*%, '(,' .$ 8+,(5 .( 7!o-, A )-$6-%* 8","*(* $, /$#!,# 

4-,.%#%-,,(& '% &( 8+,( tex '( *"6"&!%# a#*( (''(,#%(&< 

K0%,#*-, /-.%7%" !$ ,%6(!$ .(' '"I$(,4(' .0%,'(*#%-, ! (,'$%#( "#" 4&-," (, !6!& .Y$, 

)*-/-#($* %,.$4#%O&( !$ 4!./%$/ .!,' &( 6(4#($* )3KfQhZ ?."*%6" .( )L3cf .( S. aureus, 

LG!*)(,#%(* et al.5 BCCZD I$% )-''+.( $,( -*%8%,( .( *")&%4!#%-, #G(*/-'(,'%O&(< 2(' 4(&&$&(' .( 

S. aureus -,# "#" #*!,'7-*/"(' !6(4 4( )&!'/%.( )!* "&(4#*-)-*!#%-,5 )$%' &! #*!,'4*%)#%-, .( 

&0%,#*-, ! "#" %,.$%#( !$ 4G&-*$*( .( 4!./%$/ A cCdL< 17%, .Y"6%#(* &Y(N4%'%-, -$ &! *(/-O%&%'!#%-, 

.( &Y%,#*-, !%,'% %,'"*"5 &( )&!'/%.( #G(*/-'(,'%O&( .-%# (,'$%#( a#*( "&%/%," !7%, .0"6%#(* 

&0(N)*(''%-, .( &! )*-#"%,( K#*1< L0('# )-$*I$-%5 &(' 4(&&$&(' '-,# (N)-'"(' A $,( #(/)"*!#$*( .( 

ZcdL< 2($N *"'$&#!#' )-''%O&(' )($6(,# !&-*' a#*( -O#(,$'n ?%D &! 4*-%''!,4( .(' 4(&&$&(' 

)-''".!,# &0%,#*-, .!,' &($* 8",-/( A 4(##( #(/)"*!#$*( %,.%I$( I$( &( 8+,( %,!4#%6" ,0('# )!' 

(''(,#%(& -$ ?%%D &0!O'(,4( .( 4(&&$&(' '$* /%&%($ 8"&-'" (, O-%#( #"/-%8,( .$ 4!*!4#+*( (''(,#%(& 

.$ 8+,( %,!4#%6"< 

2!,' &( 4!' .( tex5 4(##( /$#!#%-, ! "#" %,#*-.$%#( (, 3[#(*/%,!& A &! )-'%#%-, ZCZ (# b$'#( 

!6!,# &( .-/!%,( _Q (, L[#(*/%,!&5 A &! )-'%#%-, BCCQ ?Figure 15D< K0%,#*-, "#!,# 4-/)-'" .0$, 

8*!,. ,-/O*( .( 4-.-,' '#-)5 &0%,'(*#%-, A &! )-'%#%-, ZCZ .(6*!%# !O-$#%* A &! '9,#G+'( .Y$,( 

)*-#"%,( #*-,I$"( %,!4#%6(5 6-%*( A &Y!O'(,4( .( '! '9,#G+'(< 3-$' !))(&&(*-,' 4( /$#!,# 

p qF(N r .!,' &! '$%#( .$ #(N#(< 2!,' &( .($N%+/( 4!'5 ,-$' .(6*%-,' 8","*(* &0"I$%6!&(,# .0$,( 

)*-#"%,( ."&"#"( .( '-, .-/!%,( _Q .( 7%N!#%-, !$N 1>35 I$( ,-$' ,-//(*-,' p F(N  _Q r< 

KY%,'(*#%-, 4-**(4#( .(' %,#*-,' ! (,'$%#( "#" 6"*%7%"( )!* .(' (N)"*%(,4(' .( 3-*#G(*, O&-#<  
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Figure 15. Résumé du protocole de construction des mutants conditionnels par le système Targetron! (adapté de 

Sigma!Aldrich). 

KY%,'(*#%-, A &! )-'%#%-, ZCZ (, 3[#(*/%,!& 8",+*(*! '-%# $,( )*-#"%,( #*-,I$"( 4-,#(,!,# $,%I$(/(,# &( .-/!%,( J#G .( &%!%'-, 

!$N 1235 '-%# &Y"I$%6!&(,# .Y$,( ."&"#%-, 4-/)&+#( .( F(N< KY%,'(*#%-, A &! )-'%#%-, BCCQ '( '%#$( I$(&I$(' ,$4&"-#%.(' !)*+' &( 

."O$# .$ .-/!%,( _Q (# 4-**(')-,.*! A &! )*-#"%,( i."&"#"(i .( '-, .-/!%,( _Q .( &%!%'-, !$N 1>3< 
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U,( 7-%' &Y%,'(*#%-, 4-,7%*/"(5 ,-$' !6-,' *"!&%'" I$(&I$(' #('#' )G",-#9)%I$('< K0(77(# 

.(' /$#!#%-,' ! "#" !,!&9'" '$* &! 4*-%''!,4( O!4#"*%(,,( (, /%&%($ *%4G( ?eJED (# (, /%&%($ 

4!*(,4" (, ,$#*%/(,#' ?3s`D< L(##( "#$.( ! "#" )-$*'$%6%( !6(4 &Y!,!&9'( .( &! 7-*/!#%-, .$ 

O%-7%&/ )*"4-4( )!* &( .")k# .0$,( 4$&#$*( O!4#"*%(,,( '$* )&!I$( (&%'!5 '$%6% .0$,( 4-&-*!#%-, !$ 

L*%'#!& V%-&(# ?`!#(*%(& ] ̀ "#G-.('5 t VEEE< c< h< BD< L(##( /"#G-.( '%/)&( I$% )(*/(# .( 6%'$!&%'(* 

&0!.G"*(,4( .(' O!4#"*%(' '$* &( '$))-*# )&!'#%I$(5 ! "#" *"!&%'"( )!* L< K!9' .!,' &0"I$%)( .$ =* 

u< V!,.(,('4G ?E3_@>`5 K9-,D< U,( "#$.( 4-/)!*!#%6( .$ )*-#"-/( .(' '-$4G(' '!$6!8(' (# 

/$#"(' .!,' &( 4-,#(N#( .( &! '-$4G( JTCCQ ! *"4(//(,# "#" *"!&%'"( (, 4-&&!O-*!#%-, !6(4 &! 

)&!#(7-*/( )*-#"-/%I$( .( &0Ee`L ?=< J!//!,,5 K< v$G, (# P< LG%4G(*5 _#*!'O-$*8D !7%, .( 

."#(*/%,(* &(' 7-,4#%-,' ."*"8$&"(' )!* &0!O'(,4( .( &! )*-#"%,( F(N -$ )!* &! ."&"#%-, .$ 

.-/!%,( _Q<  

P0!% )!* !%&&($*' !,!&9'" &0(N)*(''%-, .( &01>3/ tex )!* .(' (N)"*%(,4(' 3-*#G(*, (, 

7-,4#%-, .( &! )G!'( .( 4*-%''!,4(< K(' 1>3 #-#!$N -,# "#" )*")!*"' A )!*#%* .( BG5 ZG (# hG .( 

4$&#$*( .(' '-$4G(' JTCCQ (# >3hcfC< K! '-$4G( >3hcfC ('# /$#"( .!,' &( 8+,( rsbU, I$% ('# 

&Y!4#%6!#($* .$ 7!4#($* .( #*!,'4*%)#%-, _%8/! e %/)&%I$" .!,' &! *")-,'( !$ '#*('' (# &! 

*"8$&!#%-, .( &Y(N)*(''%-, .(' 8+,(' .( 6%*$&(,4( 4G(H S. aureus< L(##( /$#!#%-, 4-,.$%# A $,( 

)&$' 7-*#( '9,#G+'( .( &Y1>3EEE (, )G!'( '#!#%-,,!%*( .( 4*-%''!,4( .!,' &! '-$4G( >3hcfC I$( 

.!,' &! '-$4G( JTCCQ< K0$#%&%'!#%-, .( 4(' .($N '-$4G(' /0! )(*/%' .( 6"*%7%(* '% &! '9,#G+'( .( 

F(N .")(,. .( _%8/! e< E& /( '(/O&!%# %/)-*#!,# .( 6"*%7%(* 4(# !')(4# )$%'I$( &( 8+,( tex '( 

#*-$6( &-4!&%'" b$'#( (, !6!& .( &0-)"*-, sigB ?>"'$&#!#' t EV< BD<  

K( )*-7%& .Y(N)*(''%-, .( &! )*-#"%,( ! (,'$%#( "#" '$%6% !$ 4-$*' .( &! 4*-%''!,4( 

O!4#"*%(,,( )!* w('#(*, O&-#< 3( .%')-'!,# )!' .0!,#%4-*)' !,#%[F(N5 b0!% !$ )*"!&!O&( %,'"*" $,( 

"#%I$(##( uK1T A &Y(N#*"/%#" L[#(*/%,!&( .( &! )*-#"%,( '!$6!8( -$ .( &! )*-#"%,( ."&"#"( .$ 

.-/!%,( _Q< L(##( %,#"8*!#%-, ! "#" *"!&%'"( (, $,( "#!)( .!,' &! '-$4G( JTCCQ ."&"#"( .$ 

'9'#+/( .( *('#*%4#%-,[/-.%7%4!#%-, ?ePLQCCD ?V!8,(* et al.5 Qff:D< KY%,'(*#%-, .( 4(##( "#%I$(##( 

!6!%# )-$* -Ob(4#%7 .( *"!&%'(* .(' (N)"*%(,4(' .( 4-[%//$,-)*"4%)%#!#%-, )-$* %.(,#%7%(* &(' 

)!*#(,!%*(' )-#(,#%(&' .( F(N ?Figure 16D ?K%-&%-$ et al.5 BCQBD< P0!% *"!&%'" )&$'%($*' (N)"*%(,4(' 

)%&-#(' I$% -,# 4-,.$%# *"4(//(,# A &0%.(,#%7%4!#%-, .( )*-#"%,(' )!*#(,!%*(' )!* ')(4#*-/"#*%( 

.( /!''( ?(, 4-&&!O-*!#%-, !6(4 &! )&!#(7-*/( )*-#"-/%I$( .( &0Ee`LD< K0!,!&9'( .(' 1>3 4-[

%//$,-)*"4%)%#"' '(*-,# !,!&9'"' )!* '"I$(,o!8( G!$# ."O%# ?E&&$/%,!5 !4#$(&&(/(,# (, 4-$*'D< 
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Figure 16. Résumé du protocole d�immunoprécipitation de Tex avec ses partenaires ARN ou protéines. 

U, (N#*!%# 4(&&$&!%*( .(' '-$4G(' ePLQCC )-''".!,# &! )*-#"%,( F(N x# ?*-'(D -$ F(N _Q ?*-'( 7-,4"D !6(4 $,( "#%I$(##( uK1T 

?*-$8(D -,# "#" )*")!*"' A cG .( 4$&#$*(5 )$%' %,4$O"' !6(4 $, !,#%4-*)' !,#%[uK1T ?O&($D< 1)*+' 4(,#*%7$8!#%-,5 &(' !,#%4-*)' 

4-$)&"' !$N 4-/)&(N(' F(N\F(N _Q[1>3 -$ F(N\F(N _Q[)*-#"%,(' '-,# &!6"'5 )$%' &0"&$#%-, ! &%($ )!* 4-/)"#%#%-, !6(4 &( uK1T 

)()#%.( ?,-%*D< K(' 1>3 4-["&$"' !6(4 F(N '(*-,# !,!&9'"' )!* '"I$(,o!8( A G!$# ."O%# (# &(' )*-#"%,(' )!* ')(4#*-/"#*%( .( 

/!''(< 
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6. Analyse des bornes de l�ARNm tex par « RACE » circulaire 

17%, .( ."#(*/%,(* '% &Y1>3/ tex ('# #*!,'4*%# '-$' &! 7-*/( .Y$, -)"*-, !6(4 &( 8+,( 

sa1867 (# &! *"8%-, )*-/-#*%4( .( tex5 ,-$' !6-,' )*-4"." A $,( !,!&9'( .(' O-*,(' .( &01>3/ 

)!* XY[cY >1L@ ?Rapid Amplification of cDNA endsD< =-$* 4(&!5 &(' 1>3 #-#!$N .(' '-$4G(' >3hcfC 

(# JTCCQ -,# "#" (N#*!%#' (# 4%*4$&!*%'"'< U,( *"!4#%-, .( >F[=L> ! (,'$%#( "#" *"!&%'"( '$* &(' 

b-,4#%-,' .(' 1>3 &%8$"'5 )$%' &(' 7*!8/(,#' -O#(,$' -,# "#" 4&-,"' .!,' &( 6(4#($* .Y(N)*(''%-, 

)P@F< 2(' 4(&&$&(' .YE. coli -,# 7%,!&(/(,# "#" #*!,'7-*/"(' !6(4 4(' 6(4#($*' ?`!#"*%(& ] 

`"#G-.('5 t VEEE< QD< U,( !,!&9'( '#!#%'#%I$( .(' )*-.$%#' .( '"I$(,o!8( .(' 7*!8/(,#' .Y123 

)-*#"' )!* &( 6(4#($* ! !&-*' "#" *"!&%'"(5 I$% )(*/(# .( ."#(*/%,(* &(' (N#*"/%#"' X0 (# c0 UF> 

!%,'% I$( &! )-'%#%-, .$ '%#( .( ."/!**!8( .( #*!,'4*%)#%-,< 
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II/ Purification des protéines Tex et Tex S1 

1. Purification de Tex et Tex S1 

B K .( 4$&#$*( .( 4G!I$( '-$4G( )-''".!,# F(N -$ F(N _Q )-*#!,# $,( "#%I$(##( .( h 

G%'#%.%,(' A &($* (N#*"/%#" 3[#(*/%,!&( -,# "#" 4(,#*%7$8"' (# &(' 4$&-#' -,# "#" &9'"'< K(' (N#*!%#' 

O*$#' -,# (,'$%#( "#" )$*%7%"' '$44(''%6(/(,# '$* 4-&-,,( !$ ,%4y(& )$%' '$* 4-&-,,( "4G!,8($'( 

.Y!,%-,' ?Figure 17A et 17BD ?`!#"*%(& ] ̀ "#G-.('5 t EEE< BD< 1)*+' )$*%7%4!#%-, (# 4-,4(,#*!#%-, 

.( &0"4G!,#%&&-,5 b0-O#%(,' 8","*!&(/(,# B A X /8 .( )*-#"%,(' F(N -$ F(N _Q .!,' cCC z& .( 

6-&$/(< K( *!))-*# 2gB:C,/\2gBhC,/ /('$*" "#!,# '$)"*%($* A B A &! 7%, .( &! )$*%7%4!#%-,5 

'$88+*( I$( &(' !4%.(' ,$4&"%I$(' 4-,#!/%,!,#' -,# "#" "&%/%,"'<  

 

2. Contrôle de l�homogénéité de Tex et Tex S1 par DLS (Dynamic Light 

Scattering) 

1)*+' 4G!I$( )$*%7%4!#%-,5 &0G-/-8","%#" .(' )*-#"%,(' ('# 4-,#*k&"( )!* .%77$'%-, 

.9,!/%I$( .( &! &$/%+*( ?Dynamic Light Scattering, DLSD ?t E< BD< g, -O'(*6( &! )*"'(,4( .0$, 

8*!,. )%4 /-,-.%')(*'( *()*"'(,#!,# cC; .0%,#(,'%#" *(&!#%6( .!,' 4G!I$( )*")!*!#%-,5 I$% 

4-**(')-,. A Q^ ,/ .( .%!/+#*( )-$* F(N x# (# QX ,/ )-$* F(N _Q ?Figure 17C et 17DD< L(4% 

%,.%I$( I$0%& (N%'#( $,( )-)$&!#%-, /!b-*%#!%*( 4-**(')-,.!,# A 4G!I$( )*-#"%,(< L()(,.!,# 

)-$* F(N x#5 b0!% '-$6(,# -O'(*6" .(' )!*#%4$&(' .( #*+' 8*!,.(' #!%&&(' ?'$)"*%($*(' A QCC ,/D5 

4-**(')-,.!,# )*-O!O&(/(,# A .( &0!8*"8!#%-,< L(' )!*#%4$&(' '-,# ,"!,/-%,' (, I$!,#%#"' #*+' 

7!%O&(' 6-%*( ,"8&%8(!O&(' ?%,7"*%($* A X; .0%,#(,'%#"D< K0(,'(/O&( .( 4(' %,7-*/!#%-,' *"6+&( 

.-,4 I$( 4G!I$( )*")!*!#%-, ('# *(&!#%6(/(,# G-/-8+,(< P0!% '-$6(,# $#%&%'" 4( 4*%#+*( )-$* 

'$%6*( &! I$!&%#" .( &! )*-#"%,( !$ 4-$*' .$ #(/)'<  
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Figure 17. Etapes de la purification des protéines Tex (A) et Tex S1 (B) et contrôle de la solubilité des protéines par 

DLS (C, D). 

(A) =$*%7%4!#%-, .( &! )*-#"%,( F(N x# (# (B) F(N  _Q< 1 8!$4G(5 7*!4#%-,' *"4$)"*"(' !)*+' )$*%7%4!#%-, '$* 4-&-,,( 3%[3F1< @e 

{ (N#*!%# O*$# .( )*-#"%,(' #-#!&('5 uF { )*-#"%,(' ,-, *(#(,$('5 w { 7*!4#%-,' -O#(,$(' !)*+' &!6!8(5 @  { )*-#"%,( "&$"( A XCC 

/` .0%/%.!H-&(< 1 .*-%#(5 '")!*!#%-, '$* $,( .($N%+/( 4G*-/!#-8*!)G%( "4G!,8($'( .0!,%-,' ?`-,-|D< K! )*-#"%,( ! "#" "&$"( 

)!* $, 8*!.%(,# .( vL& (,#*( QCC (# cXC /`< @&&( ('# "&$"( (,#*( QhC (# BCC /` vL&< K( )*-7%& .( .(,'%#" -)#%I$( A B:C ,/ !%,'% 

I$( &0!,!&9'( '$* 8(& .(' "4G!,#%&&-,' 4-**(')-,.!,#' !$ )%4 '-,# %,.%I$"' )-$* 4G!I$( )$*%7%4!#%-,< 1)*+' )$*%7%4!#%-,5 

&0G-/-8","%#" .(' )*-#"%,(' F(N x# (C) (# F(N  _Q (D) ! "#" 4-,#*k&"( )!* 2K_< 
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III/ Interaction de Tex aux ARN 

1. Tex reconnaît les motifs en simple brin riches en adénines et uraciles 

1.1. Analyse de l'interaction de Tex à l'ARNIII 

Le domaine central de l'ARNIII, un site de haute affinité pour Tex ? PY!% 6%'$!&%'" &! 

7-*/!#%-, .(' 4-/)&(N(' (,#*( F(N (# &Y1>3EEE )!* .(' (N)"*%(,4(' .( 8(& *(#!*. ?t E< cD< @, 

&0!O'(,4( .( F(N5 $,( '($&( O!,.( 4-**(')-,.!,# A &01>3EEE ('# -O'(*6"(< K0!b-$# .( 

4-,4(,#*!#%-,' 4*-%''!,#(' .( &! )*-#"%,( 4-,.$%# A &! 7-*/!#%-, .0$,( .($N%+/( O!,.( *(#!*."( 

4-**(')-,.!,# !$ 4-/)&(N( F(N[1>3EEE< L(##( O!,.( !))!*!R# !$N G!$#(' 4-,4(,#*!#%-,' .( F(N 

?A )!*#%* .( C5X }`D< 1$N 7!%O&(' 4-,4(,#*!#%-,' .( F(N5 &01>3EEE .%/%,$( .( /!,%+*( )*-8*(''%6( 

'!,' I$( &( 4-/)&(N( )$%''( a#*( 6%'$!&%'"< L(4% '$88+*( I$( &( 4-/)&(N( '( .%''-4%( (, 4-$*' .( 

/%8*!#%-, -$ I$( F(N %,#(*!8%# A )&$'%($*' '%#(' .!,' &01>3EEE (# I$( 4(' %,#(*!4#%-,' '-,# 

)*-O!O&(/(,# .( ,!#$*( 4--)"*!#%6( ?Figure 18AD< L( 4-/)-*#(/(,# "&(4#*-)G-*"#%I$( 

)!*#%4$&%(* ,( /0! )!' )(*/%' .0"6!&$(* !6(4 )*"4%'%-, &! 4-,'#!,#( .( .%''-4%!#%-, .$ 4-/)&(N(< 

=!*!&&+&(/(,# A &01>3EEE5 b0!% !$''% !,!&9'" &0%,#(*!4#%-, .( F(N !$ .-/!%,( cY .( &01>3EEE ?,#' 

cXZ[XQZD I$% ('# $, .-/!%,( %,.")(,.!,#5 '$77%'!,# )-$* *")*%/(* &Y(N)*(''%-, .( .%6(*' 1>3/ 

?e-%''(# et al., BCC^~ LG(6!&%(* et al., BCQCD< K! /a/( !))*-4G( ! "#" $#%&%'"( .!,' &!I$(&&( 

&Y%,#(*!4#%-, .%*(4#( .( F(N !6(4 &( .-/!%,( cY /!*I$" (, XY ! "#" #('#"(< E4%5 /a/( A $,( 

4-,4(,#*!#%-, "&(6"( .( &! )*-#"%,( ?^5X z`D5 !$4$, 4-/)&(N( ,0! "#" 6%'$!&%'" ?Figure 18BD< 

2(' (N)"*%(,4(' .( 4-/)"#%#%-, -,# (,'$%#( "#" /(,"(' !7%, .( ."#(*/%,(* &! ')"4%7%4%#" 

.( 7%N!#%-, .( F(N '$* &Y1>3EEE< =-$* 4(&!5 .(' 4-,4(,#*!#%-,' 4*-%''!,#(' .Y1>3EEE ,-, /!*I$" 

(,#%(* ?4-,#*k&( )-'%#%7D5 ."&"#" .( '-, .-/!%,( 4(,#*!& ?1>3EEE q^[fD -$ ."&"#" .( '! #%8([O-$4&( 

Qc ?1>3EEE qQcD -,# "#" !b-$#"(' !$ /%&%($ *"!4#%-,,(& ?Figure 18CD< L-//( !##(,.$5 &01>3EEE 

'!$6!8( ,-, /!*I$" (,#*( (, 4-/)"#%#%-, !6(4 &01>3EEE /!*I$" )-$* %,#(*!8%* !6(4 F(N< U,( 

4-/)"#%#%-, (77%4!4( ('# !$''% -O'(*6"( !6(4 &01>3EEE qQc (, !44-*. !6(4 &( 7!%# I$( &! #%8([O-$4&( 

Qc '($&( ,0('# )!' 4!)!O&( .( '( 7%N(* A F(N ?Figure 18DD< @, *(6!,4G(5 &Y1>3EEE ."&"#" .( '-, 

.-/!%,( 4(,#*!& ?1>3EEE q^[fD ! )(*.$ &! 4!)!4%#" .0(,#*(* (, 4-/)"#%#%-, !6(4 &01>3EEE )-$* '( 

7%N(* A F(N ?Figure 18CD< 2(' (N)"*%(,4(' !,#"*%($*(' *"!&%'"(' )!* @< J$,#H%,8(* !6!%(,# /-,#*" 

I$( &! ."&"#%-, .( 4( .-/!%,( ,0(,#*!%,!%# )!' .( 4G!,8(/(,#' .( '#*$4#$*( .(' !$#*(' .-/!%,(' 

.( &01>3EEE<  

 

1%,'% &0(,'(/O&( .(' *"'$&#!#' '$88+*( I$( &( .-/!%,( 4-/)*(,!,# &(' #%8('[O-$4&(' ^ A f 

4-,'#%#$( $, '%#( .( G!$#( !77%,%#" )-$* F(N !&-*' I$( &( .-/!%,( c0 I$% *")*%/( &! #*!.$4#%-, .( 
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)&$'%($*' 1>3/ 4%O&(' ,( 4-,#%(,# )!' .( '%8,!$N .( *(4-,,!%''!,4( )-$* F(N< 

 

Figure 18. Analyse de la formation des complexes Tex!ARNIII par gel retard.   

(A) u-*/!#%-, .$ 4-/)&(N( (,#*( &01>3EEE /!*I$" (, X0 (# .(' 4-,4(,#*!#%-,' 4*-%''!,#(' .( F(N ?C5B ~ C5c ~ C5Z ~ C5X ~ C5h ~ C5: ~ 

Q ~ B (# X z`D< K01>3 &%O*( (# &( 4-/)&(N( '-,# %,.%I$"'< (B) E,#(*!4#%-, (,#*( &( .-/!%,( c0 .( &01>3EEE (# .(' 4-,4(,#*!#%-,' 

4*-%''!,#(' .( F(N ?C5CQ ~ C5Q ~ Q (# ^5X z`D< (C) T!//( #"/-%, .( 7-*/!#%-, .$ 4-/)&(N( (,#*( &01>3EEE /!*I$" (, X0 (# .(' 

4-,4(,#*!#%-,' 4*-%''!,#(' .( F(N ?C5B ~ C5Z ~ C5X z`D5 '$%6% .(' (N)"*%(,4(' .( 4-/)"#%#%-, (77(4#$"(' !6(4 &01>3EEE '!$6!8( 

?1>3EEED5 ."&"#" .(' #%8('[O-$4&(' ^ A f ?1>3EEE q^[f5 6%-&(#D -$ ."&"#" .( &! #%8([O-$4&( Qc ?1>3EEE qQc5 -*!,8(D< K($*' 

4-,4(,#*!#%-,' '-,# .( C5Q (# C5Z z`< F(N ! $,( 4-,4(,#*!#%-, .( C5X z`< K01>3EEE '!$6!8( (# &01>3EEE qQc 4-/)+#(,# (77%4!4(/(,# 

!6(4 &01>3EEE /!*I$" (, X0< E,6(*'(/(,#5 &01>3EEE q^[f ,0! !$4$, (77(# '$* &( 4-/)&(N( 1>3EEE[F(N< (D) @N)"*%(,4(' .( 

4-/)"#%#%-, $#%&%'!,# 4-//( 1>3 7*-%. &! #%8([O-$4&( Qc .( &Y1>3EEE ?-*!,8(5 C5Q (# C5Z z`D (# &! #%8([O-$4&(QZ ?6(*#5 C5Q (# C5Z 

z`D< (E) u%8$*( .( &01>3EEE (# .(' .%77"*(,#' .-/!%,(' $#%&%'"' -$ ."&"#"(' ?6%-&(#5 -*!,8(56(*# -$ b!$,(D< 

 

Tex reconnaît les régions en simple brin riches en A/U de l�ARNIII. 2(' (N)"*%(,4(' .( 

4!*#-8*!)G%( (, '-&$#%-, )!* G9.*-&9'( (,H9/!#%I$( -,# "#" *"!&%'"(' '$* &01>3EEE %'-&" (# 7%N" A 

F(N< 2!,' 4(##( "#$.( b( ,0!% !,!&9'" I$0$,( )!*#%( .( &01>3EEE 4-/)*(,!,# &(' ,$4&"-#%.(' Q A 

B:C< K(' 4-$)$*(' (,H9/!#%I$('5 *()-*#"(' '$* &! '#*$4#$*( '(4-,.!%*( .( &01>3EEE5 '( 4-**+&(,# 

)!*7!%#(/(,# !6(4 &(' *"'$&#!#' )*"4".(,#' -O#(,$' )!* e(,%#- et al. ?BCCCD< @, (77(#5 &(' 8$!,%,(' 

4-$)"(' )!* &! >3!'( FQ (# &(' ,$4&"-#%.(' (, '%/)&( O*%, 4-$)"' )!* &! >3!'( FB '-,# 

)*%,4%)!&(/(,# &-4!&%'"' .!,' &(' O-$4&(' (# &(' *"8%-,' %,#(*[G"&%4-%.!&(' ?Figure 19D< @, 

*(6!,4G(5 &! >3!'( VQ %,.$%# .(' 4-$)$*(' )*%,4%)!&(/(,# .!,' &(' G"&%4('<  

@, )*"'(,4( .( F(N5 .(' 4G!,8(/(,#' .!,' &(' )*-7%&' .( 4-$)$*(' .( &01>3EEE -,# "#" 

-O'(*6"' '($&(/(,# !6(4 &! >3!'( FB< 2( ,-/O*($'(' *"8%-,' (, '%/)&( O*%, !))!*!%''(,# 



>"'$&#!#' ] 2%'4$''%-, h: 

 

)*-#"8"(' 4-,#*( &0!##!I$( )!* &! >3!'( FB5 4(&&('[4% 4-/)*(,,(,# &(' ,$4&"-#%.(' BQ[BX5 ZQ[Zh5 

QXh[QhQ !%,'% I$( &! O-$4&( !)%4!&( B< 2(' )*-#(4#%-,' )&$' 7!%O&(' '-,# "8!&(/(,# -O'(*6"(' !$ 

,%6(!$ .(' O-$4&(' !)%4!&(' c (# Z<  

2( /!,%+*( '$*)*(,!,#(5 !$4$,( )*-#(4#%-, ,0! "#" -O'(*6"( .!,' &! *"8%-, %,4&$!,# &(' 

#%8('[O-$4&(' ^ (# : !&-*' I$( &! ."&"#%-, .( 4( .-/!%,( )(*#$*O( 7-*#(/(,# &0%,#(*!4#%-, .( F(N 

?t EEE< QD< E& ,0('# .-,4 )!' A (N4&$*( I$( &! O-$4&( !)%4!&( f *%4G( (, $*%.%,(' )$%''( a#*( &( '%#( .( 

G!$#( !77%,%#" )-$* F(N< E& '(*! !%,'% ,"4(''!%*( .( 4-/)&"#(* 4(' .-,,"(' )!* &0!,!&9'( 4-/)&+#( 

.( &01>3EEE< K0!,!&9'( .( &0(/)*(%,#( (, 7-,4#%-, .( &! 4-,4(,#*!#%-, .( F(N )(*/(##*! !$''% .( 

*"6"&(* &(' '%#(' .( G!$#( !77%,%#"< 20!$#*(' '-,.(' )&$' )*"4%'(' 4-//( &( )&-/O -$ &( _J1=@ 

)*"4%'(*-,# &(' *"8%-,' .0%,#(*!4#%-,< L()(,.!,#5 4(##( "#$.( )(*/(# .0-*(' (# ."bA .( *"6"&(* I$( 

#-$#(' &(' *"8%-,' )*-#"8"(' )!* F(N '-,# *%4G(' (, !.",%,(' (# $*!4%&('5 I$% '-,# .(' '%#(' 

!))*-)*%"' )-$* &(' /-#%7' .( *(4-,,!%''!,4( A &01>3 .( #9)( ge<  

 

Figure 19.  Cartographie en solution de l�ARNIII marqué à son extrémité 5�, complexé ou non à la protéine Tex.  

(A) 1$#-*!.%-8*!)G%( /-,#*!,# &(' )*-7%&' .( 4-$)$*(' (,H9/!#%I$(' '$* &01>3EEE '($& ?[D -$ 4-/)&(N" A F(N ?�5 C5X z`D< K(' 

H-,(' .( )*-#(4#%-, '-,# (,4!.*"(' (, *-$8(< FQ5 FB5 VQn G9.*-&9'(' )!* &! >3!'( FQ5 &! >3!'( FB (# &! >3!'( VQ5 *(')(4#%6(/(,# 

~ Fn >3!'( FQ (, 4-,.%#%-,' .",!#$*!,#('~ Kn G9.*-&9'( !&4!&%,(< (B) K(' 4-$)$*(' (,H9/!#%I$(' '-,# *()-*#"(' '$* &! '#*$4#$*( 

'(4-,.!%*( .( &01>3EEEn 7&+4G( )&(%,(n >3!'( FQ5 7&+4G( O&!,4G(n >3!'( FB5 #*%!,8&(n >3!'( VQ< K(' )*-#(4#%-,' %,.$%#(' )!* F(N 

'-,# *()*"'(,#"(' (, *-$8(< 

  



>"'$&#!#' ] 2%'4$''%-, hf 

 

1.2. Analyse de l'interaction de Tex aux ARN non codants RsaA et RsaE 

Tex interagit avec RsaA et RsaE. K(' *"'$&#!#' )*"4".(,#' /-,#*(,# I$( F(N *(4-,,!R# 

(''(,#%(&&(/(,# &(' *"8%-,' (, '%/)&( O*%, *%4G(' (, 1 (# U .( &Y1>3EEE< =-$* 8","*!&%'(* 4(' 

.-,,"('5 b0!% !,!&9'" &! 4!)!4%#" .( F(N A '( 7%N(* A .Y!$#*(' 1>3 *"8$&!#($*' .-,# &! 7-,4#%-, ! 

"#" ."4*%#( )*"4".(//(,# ?t E< QD<  

2(' (N)"*%(,4(' .( 4-/)"#%#%-, -,# "#" *"!&%'"(' )!* *(#!*. '$* 8(&5 .!,' &('I$(&&(' .(' 

4-,4(,#*!#%-,' 4*-%''!,#(' .( >'!1 -$ >'!@ ,-, /!*I$" -,# "#" !b-$#"(' A &Y1>3EEE /!*I$" (, 

X0 (, )*"'(,4( .0$,( 4-,4(,#*!#%-, .-,,"( .( F(N ?C<X "`D< U,( 4-/)"#%#%-, ! "#" -O'(*6"( .!,' 

&(' .($N 4!'5 %,.%I$!,# I$( F(N ('# 4!)!O&( .( '( &%(* A 4(' .($N 1>3 ?Figure 20D< L()(,.!,# %& 

'(/O&(*!%# I$( &0!77%,%#" '-%# )&$' 7-*#( )-$* >'!1 I$( )-$* >'!@< @, (77(#5 &! 4-/)"#%#%-, ('# 

-O'(*6"( !6(4 $,( 4-,4(,#*!#%-, !''(H 7!%O&( .( >'!1 ?QCC ,`D ?Figure 20AD !&-*' I$0%& 7!$# h 

7-%' )&$' .( >'!@ )-$* %,G%O(* &! 7-*/!#%-, .$ 4-/)&(N( (,#*( F(N (# &01>3EEE ?Figure 20BD< >'!1 

(# >'!@ )-''+.(,# .(' '#*$4#$*(' '(4-,.!%*(' I$% '( *(''(/O&(,#5 /!%' >'!1 4-,#%(,# $,( *"8%-, 

%,#(*G"&%4-%.!&( )&$' *%4G( (, 1\U I$( >'!@ ?Figure 20D< 

 

Figure 20. Analyse de la formation des complexes Tex!ARNIII et compétition avec RsaA (A) ou RsaE (B) par gel retard.   

1 8!$4G(5 7-*/!#%-, .$ 4-/)&(N( (,#*( &Y1>3EEE /!*I$" (, XY (# F(N ?C5X z`D5 '$%6% .(' (N)"*%(,4(' .( 4-/)"#%#%-, (77(4#$"(' 

!6(4 >'!1 -$ >'!@ (, 4-,4(,#*!#%-,' 4*-%''!,#(' ?C ~ C5Q ~ C5Z ~ C5h ~ Q (# B z`D< F(N ! $,( 4-,4(,#*!#%-, .( C5X z`< 1 .*-%#( '-,# 

*")*"'(,#"(' &(' '#*$4#$*(' .(' .($N 1>35 I$% %,.%I$(,# $,( *"8%-, 4(,#*!&( .( >'!1 )&$' *%4G( (, *"'%.$' 1\U ?(, b!$,(D I$( 

>'!@< 
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 Détermination de l�empreinte de Tex sur RsaA. 2(' (N)"*%(,4(' .YG9.*-&9'( 

(,H9/!#%I$( -,# "#" *"!&%'"(' !6(4 &! >3!'( FB .!,' &(' /a/(' 4-,.%#%-,' I$( )-$* &01>3EEE ?t 

EEE< QD< L-//( !##(,.$5 &(' 4-$)$*(' /!b-*%#!%*(' -,# "#" *(#*-$6"(' .!,' &! *"8%-, *%4G( (, 1\U 

%,4&$!,# &(' )-'%#%-,' hQ A ^C ?Figure 21D< @, )*"'(,4( .( 4-,4(,#*!#%-,' 4*-%''!,#(' .( F(N5 

$,( '($&( H-,( .( )*-#(4#%-, ! "#" -O'(*6"( !$ ,%6(!$ .(' ,$4&"-#%.(' hZ A ^C< L(' .-,,"(' '-,# 

(, !44-*. !6(4 &(' *"'$&#!#' -O#(,$' '$* &01>3EEE I$% 4-,7%*/(,# I$( F(N '( &%( )*"7"*(,#%(&&(/(,# 

A .(' *"8%-,' (, '%/)&( O*%, *%4G(' (, !.",%,(' (# $*!4%&('. 

 

Figure 21. Cartographie en solution de l�ARN RsaA marqué à son extrémité 5�, complexé ou non à la protéine Tex.  

(A) 1$#-*!.%-8*!)G%( /-,#*!,# &(' )*-7%&' .( 4-$)$*(' (,H9/!#%I$(' '$* >'!1 '($& ?[D -$ 4-/)&(N" A F(N ?�5 Q z`D< K(' H-,(' 

.( )*-#(4#%-, '-,# %,.%I$"(' ?#D5 &(' 4-$)$*(' ,-, ')"4%7%I$(' %,.$%#(' )!* F(N "8!&(/(,# ?�D< FQ5 FBn G9.*-&9'(' )!* &! >3!'( 

FQ (# &! >3!'( FB *(')(4#%6(/(,# (, )*"'(,4( .( 4-,4(,#*!#%-,' 4*-%''!,#(' .( F(N ?C5B ~ C5Z ~ C5h ~ C5: (# Q z`D~ Fn >3!'( FQ (, 

4-,.%#%-,' .",!#$*!,#('~ Kn G9.*-&9'( !&4!&%,(< (B) K(' )*-#(4#%-,' %,.$%#(' )!* F(N '-,# *()*"'(,#"(' (, *-$8( '$* &! '#*$4#$*( 

'(4-,.!%*( .( >'!1< 

 

 

2. Tex possède plusieurs sites de fixation à l'ARN 

2.1. Le domaine S1 de Tex est essentiel pour la reconnaissance des motifs riches en 

A/U 

PY!% )!* &! '$%#( "#$.%" '% &( /-#%7 ge .( F(N "#!%# *(')-,'!O&( .( &! *(4-,,!%''!,4( .(' 

'"I$(,4(' *%4G(' (, 1\U5 )!* 7%&#*!#%-, '$* ,%#*-4(&&$&-'( ?t E< cD< K! 4-$*O( .( '!#$*!#%-, /-,#*( 

I$( &( )-$*4(,#!8( .01>3 &%" A F(N !$ )&!#(!$ ('# )($ "&(6" ?.( &Y-*.*( .( cX;D5 4( I$% )-$**!%# 

*"'$&#(* .0$,( *"#(,#%-, )($ (77%4!4( .(' 4-/)&(N(' F(N[1>3 '$* &(' 7%&#*('< 3"!,/-%,'5 %& ('# 

)-''%O&( .( ."#(*/%,(* $,( 4-,'#!,#( .( .%''-4%!#%-, ?y2D .( F(N )-$* >'!15 I$% 4-**(')-,. A 
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XC; .( &! 4-,4(,#*!#%-, (, )*-#"%,( ,"4(''!%*( )-$* 7%N(* &! #-#!&%#" .( &01>3 )!*4( I$( .!,' 4(' 

4-,.%#%-,' (N)"*%/(,#!&('5 &01>3 /!*I$" ('# )*"'(,# (, I$!,#%#"' ,"8&%8(!O&('< 2!,' 4(##( 

(N)"*%(,4(5 '% &0-, 4-,'%.+*( I$( &( )&!#(!$ .( '!#$*!#%-, ('# !##(%,# !6(4 Q "` .( )*-#"%,( F(N5 

&! 6!&($* .( y2 ."#(*/%,"( 8*!)G%I$(/(,# 4-**(')-,. A XZC ,` ?Figure 22AD< K( *"'$&#!# .( 

4(##( (N)"*%(,4( %,.%I$( "8!&(/(,# I$( &! ."&"#%-, .$ .-/!%,( _Q .( F(N !O-&%# 4-/)&+#(/(,# 

&0%,#(*!4#%-, !6(4 >'!15 /a/( A $,( 4-,4(,#*!#%-, .( X z` .( )*-#"%,( ?Figure 22AD< L(4% 

'$88+*( I$( &( /-#%7 _Q b-$(*!%# $, *k&( 4*$4%!& .!,' &! 7%N!#%-, .( F(N !$N 1>3< 

 

2.2. La protéine Tex  S1 est capable d'accommoder des structures en tiges!boucles 

2(' (N)"*%(,4(' .( 4-/)"#%#%-, -,# (,'$%#( "#" *"!&%'"(' (, !b-$#!,# !$ 4-/)&(N( 7-*/" 

.( F(N ?XCC ,`D (# >'!1 /!*I$" (, X05 .(' 4-,4(,#*!#%-,' 4*-%''!,#(' .( .%77"*(,#' 1>3 7*-%.' n 

&01>3 >'!1 ,-, /!*I$"5 $, 1>3 I$% /%/( $, '%#( /%,%/!& #*-$6" .!,' &01>3EEE ?#%8([O-$4&( B5 

TB2D5 &( /a/( 1>3 )-*#!,# (, X0 $,( '"I$(,4( *%4G( (, U ?TB2 extraboucleD (# $, 

-&%8-*%O-,$4&"-#%.( .( : ,$4&"-#%.(' .( '"I$(,4( 111UTTU1 ?CspAD I$% 4-,#%(,# &( '%#( 

)*"7"*(,#%(& .( &! )*-#"%,( 4G!)(*-,( L')1 4-,'#%#$"( .0$, /-#%7 ge '%/%&!%*( A 4(&$% -O'(*6" 

4G(H F(N ?_< `!*H%5 4-//$,%4!#%-, )(*'-,,(&&(D< 2!,' 4(' (N)"*%(,4('5 &! 6!&($* .( *!.%-!4#%6%#" 

*(#(,$( '$* &( 7%&#*( )-$* &( 4-/)&(N( F(N[>'!1 /!*I$" ! "#" 7%N"( 4-//( 6!&($* .( *"7"*(,4( A 

QCC;< K0!b-$# .( I$!,#%#"' 4*-%''!,#(' .01>3 7*-%. 4-/)"#%#($* .-%# '( #*!.$%*( )!* $,( O!%''( 

*"8$&%+*( .( &! *"#(,#%-, .$ 4-/)&(N( >'!1[F(N '% 4(# 1>3 ('# 4!)!O&( .( '( 7%N(* !$ /a/( '%#( 

-$ A $, '%#( )*-4G( .( 4(&$% .( >'!1 ?Figure 22BD< 

2( /!,%+*( !##(,.$(5 &0!b-$# .( I$!,#%#"' 4*-%''!,#(' .( >'!1 7*-%. %,.$%# $,( 

4-/)"#%#%-, (77%4!4( )$%'I$0A $,( 4-,4(,#*!#%-, .( ZCC ,` .( >'!1 7*-%.5 ZC; .$ 4-/)&(N( ! 

"#" .%''-4%"< K(' .($N !$#*(' /-#%7' '#*$4#$*"' FeB (# FeB (N#*!O-$4&( /-,#*(,# $, )*-7%& 

)!*#%4$&%(* -m $,( 4-/)"#%#%-, ('# -O'(*6"( !$N 7!%O&(' 4-,4(,#*!#%-,' .(' .($N 1>3 )-$* 

!##(%,.*( $, )&!#(!$ A ZC; ?Figure 22BD< U,( 8*!,.( )!*#%( .(' 4-/)&(N(' >'!1[F(N ,( '-,# 

.-,4 )!' .")&!4"' )!* 4(' /-#%7' '#*$4#$*"'< L(4% /( )(*/(# .( )*-)-'(* I$( &(' 4-/)&(N(' 

>'!1[F(N '(*!%(,# G"#"*-8+,(' (# I$( &! )*-#"%,( )$%''( 4-,#(,%* )&$'%($*' '%#(' .( 7%N!#%-, A 

&01>3< @, *(6!,4G(5 &( /-#%7 (, '%/)&( O*%, p L')1 r ,( .")&!4( )!' >'!1 .( '-, '%#( .0%,#(*!4#%-, 

.!,' &! 8!//( .( 4-,4(,#*!#%-,' $#%&%'"(' ?Figure 22BD< L( *"'$&#!# '$88+*( '-%# I$( 4(# 1>3 

p L')1 r ,( '( 7%N( )!' .( /!,%+*( 7-*#( A F(N -$5 I$( '-, '%#( .( 7%N!#%-, ,( '( 4G(6!$4G( )!' 

!6(4 4(&$% .( >'!1< L( *"'$&#!# ('# %,!##(,.$ .!,' &! /('$*( -m F(N *(4-,,!R# $,( *"8%-, (, 

'%/)&( O*%, .( >'!1 I$% 4-,#%(,# $,( '"I$(,4( )*-4G( .( &01>3 L')1<  
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Figure 22. Analyse de la formation des complexes Tex!RsaA et Tex S1!RsaA par filtration sur nitrocellulose. 

(A) 2(' 4-,4(,#*!#%-,' 4*-%''!,#(' .( F(N ?-*!,8(D -$ F(N _Q ?-*!,8( 4&!%*D ?C5Q ~ C5B ~ C5c ~ C5Z ~ C5h ~ C5: ~ Q ~ B (# X z`D -,# "#" 

!b-$#"(' A &Y1>3 >'!1 /!*I$" (, XY< K( )-$*4(,#!8( .01>3 /!*I$" *(#(,$ '$* &( 7%&#*( ('# *()*"'(,#" (, 7-,4#%-, .( &! 

4-,4(,#*!#%-, .( F(N -$ F(N _Q< K! )*-#"%,( ."&"#"( .( '-, .-/!%,( _Q )(*. '! 4!)!4%#" .( &%!%'-, A >'!1< (B) @N)"*%(,4(' .( 

4-/)"#%#%-, (77(4#$"(' !6(4 .(' 4-,4(,#*!#%-,' 4*-%''!,#(' .(' 1>3 7*-%.' >'!1 ?-*!,8(D5 .( &! #%8([O-$4&( B .( &Y1>3EEE ?6%-&(# 

7-,4"D5 .( &! #%8([O-$4&( B .( &Y1>3EEE (# .(' X ,$4&"-#%.(' 4-,'"4$#%7' UU111 .( &! *"8%-, %,#(*G"&%4-%.!&( (, XY ?6%-&(# 4&!%*D (# 

.( &0-&%8-,$4&"-#%.( L')1 ?111UTTU15 6(*#D ?C5CX ~ C5Q ~ C5B ~ C5Z ~ C5h (# C5: z`D< F(N ! $,( 4-,4(,#*!#%-, .( XCC ,`< (C) K! #%8([

O-$4&( B (# '-, /-#%7 (N#*![O-$4&( ('# *()*"'(,#"( '$* &! '#*$4#$*( '(4-,.!%*( .( &Y1>3EEE ?6%-&(#D< F-$#(' &(' (N)"*%(,4(' -,# "#" 

*"!&%'"(' (, #*%)&%4!#'< 

 

19!,# *(,4-,#*" $,( 7-*#( 6!*%!O%&%#" .( *"#(,#%-, -)#%/!&( .(' 4-/)&(N(' '$* 7%&#*( .( 

,%#*-4(&&$&-'(5 b0!% $#%&%'" $,( !$#*( !))*-4G( O!'"( '$* &! ')(4#*-'4-)%( .( 7&$-*('4(,4(5 (, 

4-&&!O-*!#%-, !6(4 _< e(*,!44G% ?Ee`L5 _#*!'O-$*8D< 3-$' !6-,' '$%6% &( 4G!,8(/(,# .( 

7&$-*('4(,4( "/%'( )!* &(' #9*-'%,(' (# &(' #*9)#-)G!,(' .( F(N5 %,.$%# )!* &! 7%N!#%-, .( .%6(*' 

1>3< K(' (N)"*%(,4(' .( #%#*!#%-, -,# "#" *"!&%'"(' !6(4 $,( 4-,4(,#*!#%-, 7%N( .( F(N x# -$ 

F(N _Q ?BCC ,`D (# .(' 4-,4(,#*!#%-,' 4*-%''!,#(' .(' .%77"*(,#' 7*!8/(,#' .01>3 7*-%.' 

$#%&%'"' )*"4".(//(,#5 !6(4 (, )&$'n &! '"I$(,4( %,#(*G"&%4-%.!&( *%4G( (, 1\U .( >'!1 

?UUU1U1UT5 RsaAcD (# &0-&%8-*%O-,$4&"-#%.( L')1 /$#" .!,' '-, '%#( .0%,#(*!4#%-, ?11CUTTU15 

CspA3D< 2!,' $, )*(/%(* #(/)'5 b0!% "6!&$" &(' 4-,.%#%-,' (N)"*%/(,#!&(' !7%, .0"6%#(* &(' 

%,#(*!4#%-,' ,-, ')"4%7%I$(' .( #9)( "&(4#*-'#!#%I$(< L0('# )-$*I$-% b0!% .� !$8/(,#(* &! 

4-,4(,#*!#%-, (, 3!L& .( QCC /` A BCC /` )-$* "&%/%,(* &(' 4-/)&(N(' .( 7!%O&( !77%,%#" ?y2 S 

cCC ,`D< 
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K(' *"'$&#!#' -O#(,$' %,.%I$(,# #-$# .0!O-*. I$( )-$* &! /!b-*%#" .(' 1>3 #('#"'5 %& (N%'#( 

.($N 4-,'#!,#(' .( .%''-4%!#%-, .%77"*(,#(' ?Tableau 2D ?Figure 23D< K0$,( #*+' !77%,( .( &0-*.*( 

.( QC A cC ,` (# &0!$#*( )&$' 7!%O&( 4-/)*%'( (,#*( XC (# QhC ,`< L0('# &( 4!' .(' 4-/)&(N(' 

7-*/"' (,#*( &(' -&%8-,$4&"-#%.(' L')1 (# >'!1 !6(4 F(N x# (# .( FeB !6(4 F(N x# -$ 

F(Nq_Q< 3-$' !6-,' "8!&(/(,# -O'(*6" )-$* &(' %,#(*!4#%-,' FeB[F(N x# -$ FeB[F(Nq_Q (, 

)!*#%4$&%(*5 I$( .+' &0!b-$# .( &01>3 A QC ,`5 $, I$(,4G%,8 .( 7&$-*('4(,4( %/)-*#!,# !))!*!R#5 

.( &0-*.*( .( ZC;5 )$%' &0"I$%&%O*( .( &0%,#(*!4#%-, ('# (,'$%#( *!)%.(/(,# !##(%,# ?.+' BCC ,` 

.01>3 !b-$#"D ?Figure 23D< L( )*-7%& )(*/(# .0%,#*-.$%*( %4% &! ,-#%-, .( 4--)"*!#%6%#"< 2!,' 

&0"#!# !4#$(& .(' (N)"*%(,4('5 %& ('# 4()(,.!,# .%77%4%&( .( .-,,(* $,( (N)&%4!#%-, *!#%-,,(&&( (# 

$,%I$( A 4(' *"'$&#!#'< g, )($# "/(##*( &0G9)-#G+'( .( &! )*"'(,4( .( .($N '%#(' .( 7%N!#%-, .( 

&01>3 '$* &! )*-#"%,(< E& ,0('# )!' %/)-''%O&( I$( &! 7%N!#%-, .0$,( )*(/%+*( /-&"4$&( .01>3 '$* 

&0$, .(' '%#(' .( F(N %,.$%'( (,'$%#( &! 7%N!#%-, .0$,( !$#*( /-&"4$&( .01>3 !6(4 $,( !77%,%#" )&$' 

7!%O&(5 4( I$% )-$**!%# "8!&(/(,# (N)&%I$(* &( 7!%# I$( ,-$' #*-$6%-,' .($N 4-,'#!,#(' .0!77%,%#" 

)-$* $, /a/( '9'#+/(< E& '(*! .-,4 %/)-*#!,# .( ."#(*/%,(* &! '#-(4G%-/"#*%( .(' 4-/)&(N(' 

7-*/"'<  

K(' *"'$&#!#' -O#(,$' !6(4 &! #%8([O-$4&( B .( &Y1>3EEE -$ &! /a/( #%8([O-$4&( )-*#!,# (, 

X0 $,( '"I$(,4( *%4G( (, U -,# /-,#*" I$( 4(' .($N 1>3 7-*/(,# $, 4-/)&(N( '#!O&( !6(4 &! 

)*-#"%,( '!$6!8( (# /$#"( ?Figure 23D ?Tableau 2D< K(' -&%8-,$4&"-#%.(' L')1 ?11AUTTU1D (# 

>'!1 ?UUU1U1UTD '-,# "8!&(/(,# 4!)!O&(' .( 7-*/(* .(' 4-/)&(N(' .( G!$#( !77%,%#" !6(4 F(N< 

@, *(6!,4G( .!,' &(' .($N 4!'5 ,-$' ,0!6-,' )!' -O'(*6" .( '%8,!$N ')"4%7%I$(' !6(4 &! )*-#"%,( 

F(N _Q5 '$88"*!,# I$( &! ."&"#%-, .$ .-/!%,( _Q ! !O-&% &! *(4-,,!%''!,4( .( 4(' /-#%7' (, 

'%/)&(' O*%,' ?Figure 23D ?Tableau 2D< E& (, ('# .( /a/( !6(4 &0-&%8-,$4&"-#%.( L')1c 

?11CUTTU1D .-,# &0!.",%,( A &! )-'%#%-, c ! "#" /$#"( (, 49#-'%,(< 1$4$,( %,#(*!4#%-, ,0! "#" 

."#(4#"( )-$* 4(# -&%8-,$4&"-#%.( !6(4 &! )*-#"%,( F(N _Q< 2( )&$'5 4-,#*!%*(/(,# A &0(,'(/O&( 

.(' !$#*(' 1>35 $,( '($&( 4-,'#!,#( .0!77%,%#" ! "#" ."#(4#"(5 I$% ('# )!* !%&&($*' )&$' %/)-*#!,#( 

?y2 { QX^ ,`D I$( 4(&&(' .(' .($N !$#*(' -&%8-,$4&"-#%.(' (, '%/)&( O*%, ?Tableau 2D< L( *"'$&#!# 

'$88+*( .-,4 I$( &! /$#!#%-, 8","*"( ?1#LD ! $, %/)!4# ,-, ,"8&%8(!O&( '$* &! &%!%'-, .( F(N 

x# A 4(# -&%8-,$4&"-#%.(5 )$%'I$0%& '(/O&(*!%# I$( &! 4-,'#!,#( .( )&$' G!$#( !77%,%#" -O'(*6"( 

)-$* &(' !$#*(' -&%8-,$4&"-#%.(' '-%# )(*.$( .!,' 4( 4!'< 

E& ('# %,#"*(''!,# .( '%8,!&(* I$( &( /-#%7 (, '%/)&( O*%, .( >'!15 I$% ('# &! *"8%-, #*-$6"( 

)*-#"8"( )!* F(N 4-,#*( &0!##!I$( )!* &! >3!'( FB ?Figure 21D5 ('# *(4-,,$( .( /!,%+*( 

')"4%7%I$( )!* &( .-/!%,( ge .( F(N< L(4% 4-,7-*#( &(' (N)"*%(,4(' .( ,%#*-4(&&$&-'( I$% -,# 

/-,#*" I$( &( .-/!%,( _Q ('# %/)-*#!,# )-$* &! 7%N!#%-, .( >'!1< U, *"'$&#!# I$% *('#( %,#*%8$!,# 

('# I$( &( /-#%7 L')1 ,0('# )!' 4!)!O&( .( .")&!4(* &( 4-/)&(N( 7-*/" (,#*( >'!1 (# F(N ?Figure 
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22AD< E& '(*! .-,4 %/)-*#!,# .0!,!&9'(* &! 7-*/!#%-, .(' 4-/)&(N(' F(N\F(Nq_Q[>'!1 )!* 

')(4#*-'4-)%( .( 7&$-*('4(,4( /!%' !$''% .( *(,-$6(&(* &(' (N)"*%(,4(' .( 4-/)"#%#%-, '$* 

,%#*-4(&&$&-'( .!,' &(' 4-,.%#%-,' %-,%I$(' $#%&%'"(' )-$* &! ')(4#*-'4-)%( .( 7&$-*('4(,4(< 

K0(,'(/O&( .(' *"'$&#!#' -O#(,$' )!* &(' .($N #(4G,%I$(' /( )(*/(##(,# !%,'% .0"/(##*( 

&0G9)-#G+'( '(&-, &!I$(&&( &( .-/!%,( _Q '(*!%# (''(,#%(& )-$* &! 7%N!#%-, .(' /-#%7' *%4G(' (, 1\U 

(, '%/)&(' O*%,' (# I$( .0!$#*(' .-/!%,(' .( &! )*-#"%,( F(N )-$**!%(,# ($N5 %,#(*6(,%* )-$* 

7%N(* .(' /-#%7' (, #%8([O-$4&(<  

Tableau 2. Constantes de dissociation kD en nM, obtenues lors de la formation des complexes Tex!ARN  ou 

Tex"S1!ARN par spectroscopie de fluorescence. Nd : non détectable. 

 

  

 Tex wt!ARN 

  kD en nM 

Tex S1!ARN 

 kD en nM 

TB2 ARNIII cC ,` 

hc ,` 

QC ,` 

QBc ,` 

TB2 ARNIII + motif extraboucle B^ ,` 

:C ,` 

cB ,` 

Xc ,` 

CspA : AAAUGGUA cQ ,` 

QBZ ,` 

,. 

CspA 3 : AACUGGUA QX^ ,` ,. 

Motif RsaA central:  UUUAUAUG QC ,` 

:c ,` 

,. 
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Tex !S1 
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Figure 23. Analyse de la formation des complexes Tex!ARN et Tex  S1!ARN par spectroscopie de fluorescence. 

 2(' 4-,4(,#*!#%-,' 4*-%''!,#(' .Y1>3 ?QC ~ BC ~ cC ~ ZC ~ :C ~ QBC ~ QhC ~ BCC ~ BXC ~ cCC ~ cXC ~ ZCC ~ ZXC ~ XCC ~ hCC ~ ^CC ~ :CC ~ 

fCC ~ QCCC ,`D -,# "#" !b-$#"(' A F(N -$ F(N  _Q ?BCC ,`D5 )$%' &0%,#(,'%#" .$ '%8,!& .( 7&$-*('4(,4( "#" (,*(8%'#*" (,#*( cCC (# 

cXC ,/< 1)*+' ,-*/!&%'!#%-, .(' .-,,"(' O*$#('5 &! 6!*%!#%-, .$ '%8,!& .( 7&$-*('4(,4( (, 7-,4#%-, .( &! 4-,4(,#*!#%-, (, 

)*-#"%,( ! "#" *()*"'(,#"( 8*!)G%I$(/(,#5 )$%' &(' .-,,"(' .$ 8*!)G( -,# "#" '-$/%'(' !$ /-.+&( /!#G"/!#%I$( .( _4!#4G!*. 

A &0!%.( .$ &-8%4%(& Origin 75 I$% ! )(*/%' .( 8","*(* &(' )!*!/+#*(' .( &%!%'-, .$ 4-/)&(N( 4-/)*(,!,# &! 4-,'#!,#( .( 

.%''-4%!#%-,5 &! 4--)"*!#%6%#" .( &%!%'-, (# &! '#-(4G%-/"#*%( .( &%!%'-,< 
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IV/  Analyse de l'ARN messager de Tex 

1. Localisation génomique de tex 

K! )-'%#%-, .$ 8+,( tex '$* &( 8",-/( ! "#" !,!&9'"( 8*j4( !$ &-8%4%(& .( 6%'$!&%'!#%-, (# 

.0!,,-#!#%-, .( 8",-/(5 1)-&&-5 !6(4 )-$* -*8!,%'/( .( *"7"*(,4( &! '-$4G( .( S. aureus 3cQX< 

K( 8+,( tex ('# 4-." (, !,#%'(,' (# .( /!,%+*( %,#"*(''!,#(5 ('# '%#$" (, !6!& .$ 8+,( .$ 7!4#($* 

.( #*!,'4*%)#%-, sigma B< 2Y!$#*( )!*#5 tex )*"'(,#( $, *(4-$6*(/(,# .( ^ ,$4&"-#%.(' !6(4 &( 

8+,( sa1867 '%#$" (, cY5 4-**(')-,.!,# A $,( )*-#"%,( G9)-#G"#%I$( ?Figure 24D< L(4% %,.%I$( 

I$( tex ('# )*-O!O&(/(,# #*!,'4*%# '-$' &! 7-*/( .Y$, -)"*-, !6(4 4( 8+,( (# I$0$, 4-$)&!8( 

#*!.$4#%-,,(& )-$**!%# !6-%* &%($ )-$* #*!.$%*( _1Q:h^<  

 

 

Figure 24. Représentation schématique de la localisation génomique de tex et des gènes environnants. 

 

2. La synthèse de Tex est régulée en fonction de la phase de croissance 

=!* .(' (N)"*%(,4(' .( 3-*#G(*, O&-# b0!% '$%6% .!,' $, )*(/%(* #(/)'5 &0(N)*(''%-, .( 

&01>3/ tex .!,' &(' .($N '-$4G(' JTCCQ (# >3hcfC ?Figure 25D< L-//( (N)&%I$" )&$' G!$# ?t 

E< ZD5 &! '-$4G( >3hcfC 4-,#%(,# $,( /$#!#%-, .!,' &( 8+,( rsbU5 4-,.$%'!,# A $, 7!4#($* .( 

#*!,'4*%)#%-, _%8/! e %,!4#%7 (# A $,( (N)*(''%-, )&$' 7-*#( .Y1>3EEE (, )G!'( '#!#%-,,!%*( I$( 

.!,' &! '-$4G( JTCCQ -m &! /$#!#%-, !$ ,%6(!$ rsbU ! "#" 4-**%8"(<  

P0!% '$%6% &0(N)*(''%-, .( &01>3/ tex .(' '-$4G(' >3hcfC (# JTCCQ !)*+' B5 Z (# hG .( 

4$&#$*( .!,' &( /%&%($ *%4G( eJE< K(' /a/(' (N)"*%(,4(' -,# "#" *"!&%'"(' !6(4 &(' '-$4G(' 

/$#!,#(' .!,' &('I$(&&(' &0%,#*-, ! "#" %,#*-.$%#< e%(, I$( &( 8(& /-,#*( .(' '%8,!$N ,-, 
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Figure 25. Analyse de l'expression de l'ARNm tex par DIG!Northern blot en fonction de la phase de croissance.  
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Figure 26. Analyse de l'expression de la protéine Tex par Western blot en fonction de la phase de croissance.   
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3. tex est!il transcrit en opéron?  
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Tableau 3. Résultat de l�analyse statistique de la position du site de démarrage de la transcription dans les 

souches RN6390 et HG001. 
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Figure 27. Analyse de l'expression du messager tex par tiling array et RNA!seq sur 4 souches différentes de S. aureus. 

Résultats de Ruiz de los Mozos et al., 2013. 
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V/ Détermination de la fonction de Tex chez S. aureus  

1. Analyse comparative du protéome de la souche HG001 sauvage et de 

ses mutants par spectrométrie de masse quantitative LC MSMS 

1.1. Principe!de!la!LC MSMS!

 !""#$ #%&'()*+$ ,-./$ '-$ /01-0+2(#$ #%&+1("#.0-'#$ 34$ 56$ 789$ :;-($ <!./01*(0$ ,#*%$"*0-.0/$
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,!(0$-C!'(1$'-$/D.0E?/#$,#$'-$&1!0+(.#$<-1$&'-<+#$#.$0!*0$,+C*0$,#$2?.#$#0$';-*01#$-$+0+$(./+1+#$

:*/0#$-F-.0$'#$,!"-(.#$GH$,#$=#%$3=#% GH86$>;(./#10(!.$<!11#<0#$,#/$(.01!./$-$+0+$<!.01I'+#$&-1$

J!10E#1.$C'!0 3Figure 2586$K-./$'#$C*0$,;!C0#.(1$,#/$(.@!1"-0(!./$/*1$'#/$<(C'#/$1+2*'+#/$&-1$=#%9$

'#$&1!0+!"#$,#/$/!*<E#/$/-*F-2#/$#0$"*0+#/$,-./$'#$<!.0#%0#$2+.+0()*#$,#$'-$/!*<E#$LMBBH$-$

+0+$-.-'D/+$&-1$> NOGOG$ 3Liquid Chromatography coupled to tandem Mass Spectrometry89$ #.$

<!''-C!1-0(!.$-F#<$'-$&'-0#@!1"#$&1!0+!"()*#$,#$G01-/C!*12$3P6$L-""-..9$>6$Q*E.$#0$R6$ E(<E#19$

G01-/C!*1286$ RS-($ <E!(/($ ,S#@@#<0*#1$ <#00#$ +0*,#$ -F#<$ '-$ /!*<E#$ LMBBH9$ &'*0I0$ )*#$ '-$ /!*<E#$

TJUVWB9$,-./$'-)*#''#$'-$"*0-0(!.$-*$.(F#-*$,*$2?.#$rsbU -$+0+$<!11(2+#$3L#1C#10 et al.,$XBHB86$

>#/$"!0/$ <'+/$&!*1$ 1+*//(1$*.#$-.-'D/#$)*-.0(0-0(F#$,#$&1!0+!"#$/!.0 reproductibilité 

expérimentale$ #0$ réplicas biologiques6$ 5'/$ <!.,(0(!..#.0$ '-$ @(-C('(0+$ #0$ '-$ @(.#//#$,#/$ F-1(-0(!./$

!C/#1F+#/6$ !.<1?0#"#.09$-&1?/$/+&-1-0(!.$&-1$<E1!"-0!21-&E(#$#.$&E-/#$(.F#1/#$#0$(!.(/-0(!.9$

'#/$&#&0(,#/$/!.0$@!<-'(/+/$#0$01-./"(/$&-1$,#/$<E-"&/$+'#<01!/0-0()*#/$A$*.$&1#"(#1$-.-'D/#*1$

,#$0D&#$Y*-,1*&I'#9$)*($&#1"#0$'#*1$/+&-1-0(!.$#.$@!.<0(!.$,S*.#$&1#"(?1#$2-""#$,#$1-&&!10$

"-//#Z<E-12#$3"Z[86$\&1?/$<#00#$&1#"(?1#$/+&-1-0(!.9$'#/$&#&0(,#/$/!.0$@1-2"#.0+/$,-./$*.#$

<E-"C1#$ ,#$ <!''(/(!.9$ &*(/$ #.F!D+/$ A$ *.$ /#<!.,$ -.-'D/#*1$ ,#$ 0D&#$=]^$ 3Time Of Flight89$ )*($
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,S!C0#.(1$*.$/&#<01#$1#&1+/#.0+$21-&E()*#"#.0$&-1$'S(.0#./(0+$,*$/(2.-'$#.$@!.<0(!.$,*$0#"&/$,#$

1+0#.0(!.$ ,#/$ &#&0(,#/$ (!.(/+/$ 3Figure 2886$  E-)*#$ /&#<01#$ ,#$ @1-2"#.0-0(!.$ &#&0(,()*#$ #/0$
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Figure 28. Représentation schématique des différentes étapes de l�analyse d�un extrait de protéines totales par LC!MS 

MS. 

$

1.2. Identification!des!protéines!de!l�échantillon!

K#*%$ "+0E!,#/$ <!"&'+"#.0-(1#/$ !.0$ +0+$ *0('(/+#/$ &!*1$ (,#.0(@(#1$ #0$ )*-.0(@(#1$ '#/$

&1!0+(.#/$&1+/#.0#/$,-./$'S+<E-.0(''!.6$

Quantification!relative!par!la!méthode!du!Spectral!Count.$ #00#$&1#"(?1#$"+0E!,#$/#$

C-/#$ /*1$ '-$ '(/0#$ ,#/$ &1!0+(.#/$ (,#.0(@(+#/$ &-1$ '#$ "!0#*1$ ,#$ 1#<E#1<E#$ O-/<!0$

3http://www.matrixscience.com86$  #00#$ '(/0#$ <!"&!10#$ *.#$ (.@!1"-0(!.$ )*-.0(0-0(F#$ )*($ #/0$

1#&1+/#.0+#$&-1$'#$.!"C1#$,#$/&#<01#/$OGOG$*0('(/+/$&!*1$(,#.0(@(#1$*.#$&1!0+(.#6$ #'*(N<($#/0$

,(1#<0#"#.0$1#'(+$A$ 'S-C!.,-.<#$1#'-0(F#$,#$ '-$&1!0+(.#$,-./$ 'S#%01-(06$>#$ 0-*%$,S#%&1#//(!.$,#$

<#00#$&1!0+(.#$#/0$-'!1/$,+0#1"(.+$&-1$'#$1-&&!10$d$$

3.!"C1#$,#$/&#<01#/$OGOG$&-1$&1!0+(.#$,-./$*.#$<!.,(0(!.$\8$

!!!!!!!!!!!!!!!!!!!!!!!!!!!$

3.!"C1#$,#$/&#<01#/$OGOG$&-1$&1!0+(.#$,-./$*.#$<!.,(0(!.$e8$

!

! Méthode!MS1!Label Free.! #00#$/#<!.,#$"+0E!,#$&#*0$f01#$-&&'()*+#$/*1$'#/$,!..+#/$OG$

/-./$"-1)*-2#$&1+-'-C'#$,#/$&1!0+(.#/6$5<(9$ 'S-(1#$,#$<E-)*#$&#&0(,#$-//!<(+#$A$'S(,#.0(@(<-0(!.$

,S*.#$&1!0+(.#$#/0$<-'<*'+#$21g<#$A$*.$'!2(<(#'6$>#$0-*%$,S#%&1#//(!.$#/0$-'!1/$,+0#1"(.+$&-1$'#$

1-&&!10$d$$
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3"$-(1#/$,#/$&#&0(,#/$,S*.#$&1!0+(.#$#.$<!.,(0(!.$\8$

!!!!!!!!!!!!!!!!!!!!!!!!$

3"$-(1#/$,#/$&#&0(,#/$,#$'-$"f"#$&1!0+(.#$#.$<!.,(0(!.$e8$

$

$

Limites!et! complémentarité!des!deux!méthodes.!P!*1$ '#$ G&#<01-'$  !*.09$ #.$ ,#//!*/$

,S*.#$ F-'#*1$ /#*('$ ,#$ h$ /&#<01#/$ OGOG$ &-1$ (,#.0(@(<-0(!.9$ 'S#%&'!(0-0(!.$ ,*$ ,(@@+1#.0(#'$
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,-./$'-$<!.,(0(!.$-C/#.<#9$2+.+1-.0$,#/$1+/*'0-0/$#11!.+/6$
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1.3. Cheminement!expérimental!
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3&1+&-1-0(!.$ ,#$ 'S+<E-.0(''!.9$ ,!/-2#$ &-1$ '-$ "+0E!,#$ ,#$ e1-,@!1,$ #0$ /+&-1-0(!.$

<E1!"-0!21-&E()*#86$ a.$ #@@#09$ *.#$ C!..#$ /*&#1&!/(0(!.$ ,#/$ W$ &1!@('/$ ,S+'*0(!.$ &#&0(,()*#/$

<E1!"-0!21-&E()*#/$ 3<!11#/&!.,-.0$ -*%$ V$ <!.,(0(!./$ 0#/0+#/$ #.$ 01(&'(<-0/$ =#%$ i09$  =#%$ #0$

=#% GH8$ 3Figure 29A8$ #0$ *.#$E!"!2+.+(0+$,*$.!"C1#$ 0!0-'$ ,#$ /&#<01#/$OGOG$,#$&1!0+(.#/$

(,#.0(@(+#/$&-1$O-/<!0$A$^KTj$Hk$3Figure 29B8$!.0$+0+$!C/#1F+#/6$$
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Figure 29. Indices de qualité a!priori de l�analyse comparative des protéomes (P. Hammann, IBMC Strasbourg). 
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"!(./$/*&+1(#*1/$A$,#*%$!.0$+0+$@*/(!..+/6$>#/$&1!0+(.#/$,S(.0+1f0$"!.01-.0$,#/$0#.,-.<#/$,#$

F-1(-0(!./$(,#.0()*#/$!.0$0!*0#/$+0+$<!.01I'+#/$"-.*#''#"#.0$3(.0+21-0(!.$"-.*#''#$,#/$-(1#/$

&#&0(,()*#/86$l!(<($,!.<$<!.<1?0#"#.09$ '-$,+"-1<E#$#%&+1("#.0-'#$*0('(/+#$&!*1$(,#.0(@(#1$ '#/$

&1!0+(.#/$,!.0$'-$/D.0E?/#$#/0$,+1+2*'+#$&-1$=#%6$

\&1?/$01-(0#"#.0$,#$.!/$+<E-.0(''!./$&-1$'#$/&#<01!"?01#$,#$"-//#9$cUm$&1!0+(.#/$!.0$+0+$
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'("(0#/$ ,#$ <E-12#$ ,S+<E-.0(''!.$ /*1$ LP> $ -(./($ )*S-*$ 0#"&/$ ,#$ /+&-1-0(!.$ ,#/$ &#&0(,#/9$ )*($

("&!/#$ *.#$ <!.01-(.0#$ ,S(""!C('(/-0(!.$ ,*$ /&#<01!"?01#$ ,#$ "-//#6$ G*1$ <#/$ cUm$ &1!0+(.#/9$

/#*'#"#.0$ UWV$ !.0$ +0+$ 1#0#.*#/$ -&1?/$ -.-'D/#$ &-1$ OGH$ >-C#'N^1##6$ >#$ 1-&&!10$ ,#/$ F-'#*1/$

!C0#.*#/$&-1$/&#<01-'$<!*.0$!*$&-1$OGH$>-C#'N^1##$-$#./*(0#$+0+$#@@#<0*+$#.01#$<E-)*#$/!*<E#$

"*0+#$#0$'-$/!*<E#$/-*F-2#$3 =#%ZLMBBH$#0$=#% GHZLMBBH86$K-./$'S-&&1!<E#$G&#<01-'$ !*.09$

'#/$&1!0+(.#/$<-.,(,-0#/$1#0#.*#/$!.0$*.$1-&&!10$/*&+1(#*1$A$X$31+&1#//(!.8$!*$(.@+1(#*1$A$B6h$

3-<0(F-0(!.89$0+"!(2.-.0$,S*.$#@@#0$/(2.(@(<-0(@$,#$=#%$/*1$'#*1$/D.0E?/#$3\..#%#/9$Tableau 186$

K-./$ 'S-&&1!<E#$ OGH$ >-C#'N^1##$ 3\..#%#/9$ Tableau 289$ '#/$ &1!0+(.#/$ /+'#<0(!..+#/$ !.0$ *.$

1-&&!10$/*&+1(#*1$A$X$!*$(.@+1(#*1$A$B6h9$-F#<$*.#$p!value$(.@+1(#*1#$A$B6Bh6$ #/$+0-&#/$/*<<#//(F#/$

,S-.-'D/#$ !.0$ -(./($ &#1"(/$ ,#$ /+'#<0(!..#1$ h7$ &1!0+(.#/6$ >#/$ 1+/*'0-0/$ !C0#.*/$ &-1$ '#/$ ,#*%$

-&&1!<E#/$ !.0$ #./*(0#$ +0+$ <!"&-1+/$ &!*1$ .#$ &1#.,1#$ #.$ <!"&0#$ )*#$ '#/$ &1!0+(.#/$ ,!.0$ '#/$

1-&&!10/$ +F!'*#.0$ ,-./$ '#$"f"#$ /#./$ &-1$ '#/$ ,#*%$ -&&1!<E#/$ -F#<$ ,#/$ ,!..+#/$ /0-0(/0()*#/$

/(2.(@(<-0(F#/6$ J!*/$ -F!./$ !C/#1F+$ )*#$ '#/$ ,!..+#/$ !C0#.*#/$ #.01#$ '-$ 0#<E.()*#$ ,*$ G&#<01-'$

 !*.0$ #0$ ,*$ OGH$ >-C#'N^1##$ .#$ &1+/#.0-(#.0$ &-/$ 0!*:!*1/$ '-$ "f"#$ 0#.,-.<#6$ n.#$ ,#1.(?1#$

-.-'D/#$-$-'!1/$+0+$#@@#<0*+#$&!*1$F+1(@(#1$"-.*#''#"#.0$'#/$/&#<01#/$!C0#.*/$#0$1#<-'<*'#1$'#/$

-(1#/$,#$ <E-)*#$&#&0(,#$ /-<E-.0$)*#$&-1@!(/9$ '-$"(21-0(!.$,#/$&#&0(,#/$.S#/0$&-/$ /01(<0#"#.0$

/*&#1&!/-C'#$,S*.#$#%&+1(#.<#$A$'S-*01#$#0$.+<#//(0#$,-./$<#10-(./$<-/$*.#$<!11#<0(!.$"-.*#''#6$

>#$1+/*'0-0$ @(.-'$,#$<#00#$-.-'D/#$"-.*#''#$-$,+"!.01+$)*#$/*1$ '#/$h7$&1!0+(.#/9$/#*'#"#.0$V$

,S#.01#$#''#/$/#*'#"#.0$&1+/#.0#.0$*.#$F-1(-0(!.$/(2.(@(<-0(F#$#0$@(-C'#$3\..#%#/9$Tableau 386$ #$

1+/*'0-0$ 0+"!(2.#$ ,!.<$ ,#$ F-1(-0(!./$ 01?/$ @-(C'#/$ !C/#1F+#/$ #.01#$ '#/$ ,(@@+1#.0#/$ <!.,(0(!./9$

("&'()*-.0$ ,#/$ &1!0+(.#/$ @-(C'#"#.0$ -C!.,-.0#/$ !*$ &1!<E#/$ ,*$ /#*('$ ,#$ ,+0#<0(!.$ ,#$ <#00#$

#%&+1(#.<#9$"-(/$,!.0$'-$1+2*'-0(!.$/#"C'#$@(.#6$

\$ <#$ /0-,#$ ,#$ .!/$ #%&+1(#.<#/9$ ('$ +0-(0$ #//#.0(#'$ ,#$ F+1(@(#1$ )*#$ '-$ &1!0+(.#$ =#%$ #0$ '-$

&1!0+(.#$ G\HcUm$ <!,+#$ &-1$ '#$"f"#$ !&+1!.$ 34$ 5l6$ V8$ +0-(#.0$ 0!*0#/$ ,#*%$ &1!,*(0#/$ ,-./$ '-$

/!*<E#$/-*F-2#$#0$)*#$'#/$,#*%$"*0-0(!./$1+-'(/+#/$3=#% GH$#0$ =#%8$<!.,*(/-(#.0$A$'-$/D.0E?/#$

,#$&1!0+(.#/$01!.)*+#/$#0$.S-@@#<0-(#.0$&-/$'-$/D.0E?/#$,#$G\HcUm6$a.$#@@#09$.!*/$.S-F!./$&-/$&*$
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Figure 30. Représentation graphique des niveaux d�expression des trois protéines retenues (Phage Infection Protein, 

FnbB et Spa) ainsi que Tex et SA1867 par Spectral Count (A) ou MS1 Label!Free (B) dans la souche HG001 sauvage (bleu), 

HG001!Tex "S1 (rouge) ou HG001!"Tex (vert) (P. Hammann, IBMC, Strasbourg). 

$

>#/$1+/*'0-0/$"!.01#.0$&1#"(?1#"#.0$)*#$2'!C-'#"#.0$'#/$"*0-0(!./$(.01!,*(0#/$,-./$'#$

2?.#$tex$!.0$(.,*(0$&#*$,S#@@#0$/*1$'#$&1!0+!"#$,#$S. aureus.$>#/$,#*%$/!*<E#/$"*0-.0#/$/#"C'#.0$

/#$<!"&!10#1$,#$"-.(?1#$/("('-(1#9$C(#.$)*#$'#/$-.-'D/#/$C1*0#/$,#$/&#<01!"+01(#$,#$"-//#$-(#.0$

1+F+'+$)*#')*#/$,(@@+1#.<#/$)*($!.0$/!*F#.0$+0+$-001(C*+#/$A$*.#$"-*F-(/#$1#&1!,*<0(C('(0+$,#/$

01(&'(<-0/$ #@@#<0*+/$ &!*1$ <E-)*#$ /!*<E#$ 3\..#%#/9$ Tableau 1 "#.0(!./ 404 only86$
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3 '@e !*$clumping factor89$,#$'-$&1!0+(.#$\$3G&-8$#0$,S*.#$&1!0+(.#$-&&#'+#$_$P(&$̀ $3Phage Infection 

Protein)$ 3\..#%#/9$ Tableau 386$ K#*%$ ,#$ <#/$ &1!0+(.#/$ /!.0$ ,#/$ @-<0#*1/$ ("&'()*+/$ ,-./$
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Les! facteurs!ClfB!!.0$+0+$,+"!.01+/$ @!10#"#.0$-//!<(+/$A$,#/$"!,?'#/$,S#.,!<-1,(0#/$
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'S-,E+/(!.$ ,#$ '-$ C-<0+1(#$ -*$ @(C1(.!2?.#$ ,#/$ 0E1!"C!<D0#/$ 1#<1*0+/$ /*1$ '-$ F-'F#$ <-1,(-)*#$

#.,!""-2+#9$&*(/$'#*1$-21+2-0(!.$/*<<#//(F#$3^(0[2#1-', et al.9$XBBUr$]se1(#. et al.9$XBBXr$G*''-" 

et al.9$HWWB86$KS-*01#/$+0*,#/$!.0$+2-'#"#.0$&#1"(/$,#$,+@(.(1$*.$1I'#$,#$<#/$&1!0+(.#/$,-./$,#/$

"!,?'#/$,S-10E1(0#/$3R!/#@//!. et al.9$XBBHr$P-'")F(/0 et al.9$XBBh8$!*$#.<!1#$,-./$'S(.E(C(0(!.$,#$
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@(C1(.!2?.#6$ a.@(.9$ <#/$ @-<0#*1/$ &-10(<(&#.0$ #*%$ -*//($ A$ '-$ @!1"-0(!.$ ,#/$ C(!@('"/$ icaRN

(.,+&#.,-.0/$#0$&!*11-(#.0$#%#1<#1$*.$1I'#$<'+$,-./$'-$<!'!.(/-0(!.$,#/$@!//#/$.-/-'#/$,#$'SEI0#$
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(""*.(0-(1#6$$
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F-1(-C'#/$,#/$52O$/(0*+/$/*1$'#/$'D"&E!<D0#/$e$3>e89$#.01-u.-.0$*.#$&1!'(@+1-0(!.$'D"&E!<D0-(1#$
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]se1(#. et al.9$XBBX86$ #00#$&1!'(@+1-0(!.$"?.#$A$';-.#12(#$3(.-<0(F-0(!.8$,#/$>e$!*$A$';-&!&0!/#$

/#'!.$/-$<!.<#.01-0(!.$3]SG#-2E,E- et al.9$XBBU86$ #00#$&1!0+(.#$-$+2-'#"#.0$+0+$,+<1(0#$<!""#$

(.0#1-2(//-.0$-F#<$'#$@-<0#*1$,#$F!.$v(''#C1-.,$#0$<!.01(C*#$A$'S(.@'-""-0(!.$'!<-'#$,#/$0(//*/$

#.,!""-2+/$&-1$'S(.@#<0(!.$#.$(.0#1-2(//-.0$-F#<$'#$@-<0#*1$=J^TNH$3Mw"#[ et al.9$XBB786$P'*/$

1+<#""#.09$ '-$ &1!0+(.#$ \$ -$ +0+$ 01!*F+#$ ("&'()*+#$ ,-./$ '-$ /01*<0*1#$ ,#/$ C(!@('"/$ icaRN

(.,+&#.,-.0/$3O#1(.! et al.9$XBBWr$xE* et al.9$XBHH86$5'$-$+0+$,+"!.01+$)*#$/-$,+'+0(!. ,("(.*#$'-$

<-&-<(0+$,#$<#10-(.#/$/!*<E#/$,#$S. aureus$A$-,E+1#1$-*%$<-0E+0#1/$,-./$*.$"!,?'#$(.@#<0(#*%$,#$

'-$/!*1(/$3O#1(.! et al.9$XBBW86$a.@(.9$'-$&1!0+(.#$\$&#*0$f01#$,+0-<E+#$,*$&#&0(,!2'D<-.#$&-1$'#/$
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&#&0(,!2'D<-.#$ED,1!'-/#/$&!*1$"!,(@(#1$'-$1+&!./#$(""*.(0-(1#$,#$'SEI0#$3e#<q#1 et al.9$XBH786$

\(./(9$<#00#$&1!0+(.#$#/0$1#)*(/#$#.$,+C*0$,#$&E-/#$,S(.@#<0(!.$&!*1$&#1"#001#$'-$<!'!.(/-0(!.$,#$

'SEI0#$#0$-&1?/$+0-C'(//#"#.0$,#$'S(.@#<0(!.9$&!*1$&#1"#001#$'-$/*1F(#$,#$'-$C-<0+1(#$,-./$'SEI0#$

&-1$,#/$/01-0+2(#/$,S+F-/(!.$,*$/D/0?"#$(""*.(0-(1#6$ #00#$&'*1-'(0+$,#/$1I'#/$,#$'-$&1!0+(.#$\$

.+<#//(0#$*.#$1+2*'-0(!.$@(.#$,#$/!.$#%&1#//(!.6$ S#/0$/-./$,!*0#$&!*1$<#/$1-(/!./$)*#$<#''#N<($#/0$

/!*"(/#$A$*.$1+/#-*$,#$1+2*'-0(!.$<!"&'#%#$<!"&1#.-.0$,#$"*'0(&'#/$@-<0#*1/9$,!.0$'#$/D/0?"#$

,#$,#./(0+$<#''*'-(1#$agr9$'#$@-<0#*1$T!09$'#$/D/0?"#$A$,#*%$<!"&!/-.0/$G-#TG$#0$'#/$@-<0#*1/$,#$'-$

@-"(''#$G-1\$3e!(//#0 et al.9$XBBmr$M#(/(.2#1 et al.9$XBBUr$M(1-*,! et al.9$HWWmr$L*.0[(.2#1 et al.9$

XBBhr$J!F(<q et al.9$HWWV86$ !""#$'-$&'*&-10$,#/$&1!0+(.#/$,#$/*1@-<#9$'-$&1!0+(.#$\$#/0$#%&1("+#$

#.$&E-/#$ #%&!.#.0(#''#$ ,#$ <1!(//-.<#$&*(/$ 1+&1("+#$ -*$ <!*1/$ ,#$ '-$ &E-/#$&!/0N#%&!.#.0(#''#$

3L*.0[(.2#1 et al.,$XBBh86$P!*1$-//*1#1$<#00#$1+2*'-0(!.$,#$'-$&1!0+(.#9$'#/$&1+<+,#.0/$@-<0#*1/$

F!.0$-2(1$,#$"-.(?1#$<!!1,!..+#$3Figure 3186$T!0$3Repressor of toxins8$:!*#$*.$1I'#$<1*<(-'$,-./$

'#/$ &1#"(?1#/$ +0-&#/$ ,#$ 'S(.@#<0(!.6$ 5'$ #/0$ #%&1("+$ #.$ &E-/#$ #%&!.#.0(#''#$ ,#$ <1!(//-.<#$ #0$

1+&1("#$'#$/D/0?"#$A$,#*%$<!"&!/-.0/$G-#TG6$a.$<!./+)*#.<#9$'-$/D.0E?/#$,#/$#%!0!%(.#/$#/0$

(.E(C+#$ 3M#(/(.2#1 et al.9$ XBBUr$O!.02!"#1D et al.9$ XBHB86$T!0$ -<0(F#$ +2-'#"#.0$ '#$ 1+2*'-0#*1$

01-./<1(&0(!..#'$G-1G9$)*($/#$@(%#$A$'-$1+2(!.$&1!"!01(<#$,# spa9$&!*1$-<0(F#1$/-$01-./<1(&0(!.$3M-!$

#0$G0#i-109$XBB7r$=#2"-1q et al.9$XBBB86$>#$1+2*'-0#*1$01-./<1(&0(!..#'$G-1=9$)*($#/0$+2-'#"#.0$

#%&1("+$#.$,+C*0$,#$<1!(//-.<#$C-<0+1(#..#9$1+&1("#$G-#TG$#0$-<0(F#$G-1G$35.01!,*<0(!.$4$556$X6$

X8$3O-..-$#0$ E#*.29$XBBUr$=#2"-1q et al.9$XBBB89$"#.-.0$-(./($A$'S-<0(F-0(!.$,#$'S\TJ"$spa6$

>!1/$,*$&-//-2#$#.$&E-/#$&!/0N#%&!.#.0(#''#$,#$<1!(//-.<#9$'#$/D/0?"# agr$#/0$-<0(F+$/!*/$'S#@@#0$

,#$'-$,#./(0+$<#''*'-(1#$#0$F-$1+&1("#1$'-$/D.0E?/#$,#/$&1!0+(.#/$,S-,E+/(!.$.+<#//-(1#/$#.$,+C*0$

,S(.@#<0(!.$#0$$&1!"!*F!(1$<#''#$,#/$#%!0!%(.#/9$&#1"#00-.0$'-$,(//+"(.-0(!.$,#$'-$C-<0+1(#$,-./$

'SEI0#$3J!F(<q9$XBBVr$J!F(<q et al.9$HWWV86$>S\TJ555$#/0$-'!1/$/D.0E+0(/+$#0$<#'*(N<($F-$-2(1$,#$,#*%$

"-.(?1#/d$ 3(8$ ('$ F-$ /#$ @(%#1$ ,(1#<0#"#.0$ /*1$ '#/$ /+)*#.<#/$ GE(.#$ #0$ K-'2-1.!$ ,#/$ \TJ"$ ,#/$

&1!0+(.#/$,#$/*1@-<#$,!.0$'-$&1!0+(.#$\9$21g<#$A$*.$"+<-.(/"#$,#$0D&#$-.0(/#./$<!.,*(/-.0$A$'-$$

,+21-,-0(!.$/*<<#//(F#$,*$,*&'#%#$#0$A$'-$1+&1#//(!.$(11+F#1/(C'#$,#$spa 3L*.0[(.2#1 et al.,$XBBh8$

3((8$'S\TJ555$&#*0$+2-'#"#.0$-2(1$(.,(1#<0#"#.0$#.$1+&1("-.0$'-$01-,*<0(!.$,#$T!0$3M#(/(.2#1 et 

al.9$XBBU8$#0$G-1=$3G<E"(,0 et al.9$XBBV89$<#$)*($-$&!*1$<!./+)*#.<#$*.#$C-(//#$,#$'-$/D.0E?/#$,#$

G-1G9$#0$'-$1+&1#//(!.$,#$'S\TJ"$spa6$>#$1+2*'-0#*1$01-./<1(&0(!..#'$G-1\9$)*($#/0$A$/!.$"-%("*"$

,S#%&1#//(!.$A$<#$/0-,#$,#$'-$<1!(//-.<#$<#''*'-(1#$1+&1("#$+2-'#"#.0$G-1=$#0$G-1G$#0$<!.01(C*#$A$

'-$1+&1#//(!.$,#$'-$/D.0E?/#$,#/$&1!0+(.#/$,S-,E+/(!.$3 E#*.2 et al.9$XBB786$\(./(9$<#$1+/#-*$,#$

1+2*'-0(!.$<!"&'#%#$("&'()*#$,(@@+1#.0/$@-<0#*1/$)*($/S#.01#"f'#.0$&!*1$(.,*(1#$'-$1+2*'-0(!.$

@(.#$,#/$@-<0#*1/$,#$F(1*'#.<#$,#$S. aureus #0$.!0-""#.0$,#$'-$&1!0+(.#$\6$
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Figure 31. Modèle de régulation transcriptionnelle de spa,!en fonction de la phase de croissance de S.!aureus. 

 

La!«!Protein!Phage!Infection!»$@-(0$&-10(#$,S*.#$<'-//#$,#$&1!0+(.#/$#%&1("+#/$<E#[$'#/$

C-<0+1(#/$M1-"N&!/(0(F#/6$ S#/0$*.#$&1!0+(.#$(.0+21-'#$,#$'-$"#"C1-.#$)*($-$+0+$"!.01+#$<E#[$L. 

lactis <!""#$+0-.0$.+<#//-(1#$A$'S(.@#<0(!.$&1!,*<0(F#$&-1$'#$&E-2#$3O!!.#D et al.9$XBBU86$n.#$

"*0-0(!.$.!.$/#./$(.01!,*(0#$,-./$'#$2?.#$,#$<#00#$&1!0+(.#$#.01-(.#$*.#$1+/(/0-.<#$A$'S(.@#<0(!.$

&-1$ '#$ &E-2#$ 3M-1C*00$ #0$ -'69$ HWWm86$ K#$ &'*/9$ <S#/0$ '-$ /#*'#$ &1!0+(.#$ 1#)*(/#$ &!*1$ 'S(.@#<0(!.$

&E-2()*#$<E#[$'#/$C-<0+1(#/$M1-"$&!/(0(F#/6$>#/$&E-2#/$:!*#.0$*.$1I'#$#//#.0(#'$,-./$'S-,-&0-0(!.$

#0$ 'S+F!'*0(!.$,*$1?2.#$C-<0+1(#.6$ 5'/$ /!.0$#.$#@@#0$ 1#/&!./-C'#/$,#$ 'S-<)*(/(0(!.$,#$.!"C1#*%$

2?.#/$,#$F(1*'#.<#$&-1$'#/$C-<0+1(#/$3K#2E!1-(.$#0$l-.$O#',#1#.9$XBHXr$J!F(<q et al.9$XBHB8$#0$

,#$ <#$ @-(09$ <!.01(C*#.0$ @!10#"#.0$ A$ '#*1$ F-1(-C('(0+$ 2+.+0()*#6$ >S*.#$ ,#/$ <-1-<0+1(/0()*#/$

1#"-1)*-C'#/$,#$S. aureus$#/0$/-$21-.,#$<-&-<(0+$,S-,-&0-0(!.$A$,#$.!"C1#*%$#.F(1!..#"#.0/$

3L!',#. et al.9$XBB7r$>(.,/-D9$XBHBr$O-'-<E!i-$#0$K#>#!9$XBHB86$P'*/(#*1/$+0*,#/$!.0$&#1"(/$,#$

"#001#$#.$+F(,#.<#$*.$1I'#$#//#.0(#'$,#$<#/$&E-2#/$,-./$<#/$"+<-.(/"#/$,S-,-&0-0(!.6$5'/$/!.0$

#.$ #@@#0$ 1#/&!./-C'#/$ ,*$ 01-./@#10$ ,#$ 2?.#/$ ,#$ 1+/(/0-.<#$ -*%$ -.0(C(!0()*#/$ 3e1*//!i et al.9$

XBB786$ S#/0$'#$<-/$&-1$#%#"&'#$,#$'-$1+/(/0-.<#$A$'-$"+0E(<(''(.#$#0$A$'S!%-<(''(.#9$)*($/!.0$,*#/$A$

'S-<)*(/(0(!.$ ,#$ '-$ <-//#00#$ SCCmec$ /*1$ '#$ <E1!"!/!"#$ 3Q-0-D-"- et al.9$ XBBB86$  #/$ &E-2#/$

&#*F#.0$ +2-'#"#.0$ 01-./"#001#$ ,#/$ 2?.#/$ ,#$ F(1*'#.<#9$ &1(.<(&-'#"#.0$ ("&'()*+/$ ,-./$ '#/$

/01-0+2(#/$,S+F-/(!.$,*$/D/0?"#$(""*.(0-(1#$3>(.,/-D9$XBHBr$O-'-<E!i-$#0$K#>#!9$XBHB86$ S#/0$

'#$<-/$,#$)*#')*#/$/*&#1-.0(2?.#/$3#.0+1!0!%(.#/9$=GG=NH8$-(./($)*#$,#$<#10-(.#/$'#*<!<(,(.#/$

3Pl>8$35.01!,*<0(!.$4$56$V8$3>(.,/-D et al.9$HWWc86$ #/$&E-2#/$!.0$,!.<$*.#$@!10#$(.@'*#.<#$/*1$'-$

,(//+"(.-0(!.$ ,#/$ 2?.#/$ #0$ &#*F#.0$ ("&-<0#1$ A$ '-$ @!(/$ '#/$ /!*<E#/$ 1#/&!./-C'#/$ ,S(.@#<0(!./$

<!""*.-*0-(1#/$#0$'#/$/!*<E#/$1#/&!./-C'#/$,S(.@#<0(!./$#.$"('(#*$E!/&(0-'(#16$
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\(./(9$ 'S#./#"C'#$ ,#$ <#/$ @!.<0(!./$ /*22?1#$ )*#$ =#%$ &!*11-(0$"!,*'#1$ '-$ /D.0E?/#$ ,#/$

@-<0#*1/$,S-,E+/(!.$-*$,+C*0$,#$'-$<1!(//-.<#$C-<0+1(#..#6$P!*1$)*#''#$1-(/!.$=#%$(.0#1F(#.0N#''#$

,-./$'-$1+2*'-0(!.$,#$<#/$@-<0#*1/$y$ #00#$&1!0+(.#$/#1-(0N#''#$("&'()*+#$,-./$'-$1+2*'-0(!.$,#/$

@-<0#*1/$,S-,E+/(!.$ '!1/$,#$ '-$ 01-./(0(!.$,#$ '-$&E-/#$,#$ <!'!.(/-0(!.$A$ '-$&E-/#$,S(.F-/(!.$,#$

'SEI0#y$P-1$"-.)*#$,#$0#"&/9$:#$.S-($&-/$1+*//($A$F-'(,#1$<#/$1+2*'-0(!./$in vivo &!*1$+0*,(#1$'#$

"+<-.(/"#$&-1$'#)*#'$=#%$1+&1("#$'-$/D.0E?/#$,#$<#/$01!(/$&1!0+(.#/6$a0-.0$,!..+$'-$<-&-<(0+$,#$

=#%$A$/#$'(#1$-*%$\TJ$34$55589$=#%$&!*11-(0$1+2*'#1$/#/$<(C'#/$/!(0$-*$.(F#-*$01-./<1(&0(!..#'$/!(0$

-*$.(F#-*$&!/0N01-./<1(&0(!..#'$!*$(.0#1F#.(1$-*%$,#*%$.(F#-*%6$>-$,+0#1"(.-0(!.$,*$0#"&/$,#$

,#"(NF(#$,#$<#/$\TJ"$-(./($)*#$'-$<!./01*<0(!.$,#$@*/(!./$,#$2?.#/$/#1!.0$,!.<$#//#.0(#'/$&!*1$

,+0#1"(.#1$A$)*#'$.(F#-*$-$ '(#*$'#*1$1+2*'-0(!.6$\D-.0$-.-'D/+$ '#/$1+2(!./$&1!"!01(<#/$,#$<#/$

01!(/$2?.#/9$-*<*.$"!0(@$<!./#./*/$.S-$+0+$1#01!*F+$/*22+1-.0$)*S('/$&!*11-(#.0$f01#$1+&1("+/$,#$

"-.(?1#$(.,(1#<0#$&-1$=#%6$ S#/0$&!*1)*!(9$:#$"#$/*(/$+2-'#"#.0$(.0+1#//+#$-*$<!*1/$,#$"-$0E?/#$

A$,+0#1"(.#1$'#/$+F#.0*#'/$&-10#.-(1#/$,#$=#%$&-1$(""*.!&1+<(&(0-0(!.9$-@(.$,#$,+0#1"(.#1$/($

<#00#$&1!0+(.#$(.0#1F(#.0$,-./$'#$<-,1#$,S*.$<!"&'#%#$&-10(<*'(#1$&!*1$1+2*'#1$/#/$<(C'#/6$
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2.  Construction de mutants d'insertion de!tex!dans les souches RN6390 et 

HG001 de S.aureus 

2.1. Tex!n'est!pas!essentielle!pour!la!croissance!bactérienne!

 !""#$#%&'()*+$,-./$'-$/01-0+2(#$#%&+1("#.0-'#9$:;-($<!./01*(0$,#*%$"*0-.0/$,;(./#10(!.$

,#$=#%6$>;*.$A$'-$&!/(0(!.$7B7$,*$2?.#$3_$ =#%$`89$)*($,#F1-(0$-C!'(1$'-$/D.0E?/#$,#$'-$&1!0+(.#$<-1$

&'-<+#$#.$0!*0$,+C*0$,#$2?.#$#0$';-*01#$&'-<+#$:*/0#$,#F-.0$'#$,!"-(.#$GH$,#$=#%$3_$=#%$ GH$`86$

>;(./#10(!.$<!11#<0#$,#/$(.01!./$-$$+0+$<!.01I'+#$&-1$J!10E#1.$C'!0 3Figure 2586$K-./$'#/$,#*%$

<-/9$ '#/$ #%&+1(#.<#/$ ,#$ &1!0+!"()*#$ <!"&-1-0(F#$ .S!.0$ &-/$ &#1"(/$ ,#$ 1#01!*F#1$ <#/$ ,#*%$

&1!0+(.#/$"*0+#/$,-./$'#/$+<E-.0(''!./$3T+/*'0-0/$4$l6$H86$ #<($/*22?1#$/!(0$)*S#''#/$.#$/!.0$&-/$

/D.0E+0(/+#/9$<#$)*($&!*11-(0$f01#$<!E+1#.0$&!*1$ =#%$,!.0$'S(.01!.$#/0$&!/(0(!..+$#.$0!*0$,+C*0$

,#$ 2?.#9$ /!(0$ )*S#''#/$ /!.0$ 1-&(,#"#.0$ ,+21-,+#/6$ >#$ @-(0$ )*#$ .($ 'S*.#$ .($ 'S-*01#$ .#$ /#$ /!(0$

1#01!*F+#$ '!1/$ ,#/$ #%&+1(#.<#/$ ,#$ &1!0+!"()*#$ (.,()*#$ )*#$ '#/$ ,#*%$ "*0-.0/$ <!./01*(0/$

,#F1-(#.0$2+.+1#1$,#/$&E+.!0D&#/$+)*(F-'#.0/6$

$ >#$&E+.!0D&#$,#$<1!(//-.<#$,#/$/!*<E#/$"*0+#/$-$+0+$-.-'D/+$#.$"('(#*$1(<E#$eL5$#0$#.$

"('(#*$"(.("*"$JxO6$\*<*.$&E+.!0D&#$,#$<1!(//-.<#$.;-$+0+$!C/#1F+$,-./$<#/$,#*%$"('(#*%$

3Figure 3289$<#$)*($(.,()*#$)*#$=#%$.S#/0$&-/$#//#.0(#''#$&!*1$'-$<1!(//-.<#$,#$S. aureus. 

$

$

Figure 32. Courbes de croissance des souches RN6390 wt (bleu foncé), RN6390! Tex (bleu), RN6390!Tex  S1 (bleu 

clair) et HG001 (orange foncé), HG001  Tex (orange), HG001! Tex S1 (orange clair) en BHI (A) ou NZM (B). 

n.$F!'*"#$,#$XB$"'$,#$"('(#*$eL5$!*$JxO$-$+0+$(.!<*'+$-F#<$<E-)*#$/!*<E#$&-1$'#$"f"#$.!"C1#$,#$<#''*'#/$&1!F#.-.0$,;*.#$

&1+<*'0*1#$,#$H$"'$1+-'(/+#$#.$eL5$&#.,-.0$'-$.*(0$A$Vmz 6$$>-$K]UBB."$,#$';+<E-.0(''!.$-$+0+$"#/*1+#$#0$'#$.!"C1#$,#$<#''*'#/$

#./#"#.<+$,-./$'#/$XB$"'$,#$eL5$-$+0+$-:*/0+$&!*1$<E-)*#$@(!'#6$>#/$<*'0*1#/$#.$eL5$!.0$+0+$(.<*C+#/$&#.,-.0$HB$E$A$Vmz 9$*.$

-'()*!0$-$+0+$&1+'#F+$0!*0#/$'#/$E#*1#/$&#.,-.0$HB$E$#0$'-$K]UBB."$-$+0+$"#/*1+#6$>#$"f"#$&1!0!<!'#$-$+0+$/*(F($&!*1$'#/$<*'0*1#/$

#.$"('(#*$JxO$"-(/$'-$&1+<*'0*1#$-$+0+$&1+-'-C'#"#.0$<#.01(@*2+#$#0$'#$<*'!0$-$+0+$'-F+$,#*%$@!(/$&-1$H$"'$,#$=1(/$&L$m6h$A$XBz<$

-F-.0$,Sf01#$1#&1(/$,-./$H$"'$,#$"('(#*$JxO$&*(/$#./#"#.<+#$,-./$XB"'$,*$"f"#$"('(#*6$
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2.2. Tex!serait!un!répresseur!de!la!synthèse!des!biofilms!

a.$<!''-C!1-0(!.$-F#<$^6$l-.,#.#/<E$35JGaTO9$>D!.89$.!*/$-F!./$+0*,(+$'-$&1!,*<0(!.$,#$

C(!@('"/$,-./$'#/$,#*%$@!.,/$2+.+0()*#/$TJUVWB$#0$LMBBH$-(./($)*#$'#*1/$"*0-.0/$1#/&#<0(@/9$

&-1$ '-$ 0#<E.()*#$ ,*$  1(/0-'$ l(!'#06$  !.@!1"+"#.0$ -*%$ ,!..+#/$ ,#$ '-$ '(00+1-0*1#9$ .!*/$ -F!./$

!C/#1F+$)*#$'-$/!*<E#$LMBBH$&1!,*(0$&'*/$,#$C(!@('"$)*#$TJUVWB9$A$<-*/#$,#$'S(.-<0(F-0(!.$,#$

G(2"-$e$3 -//-0 et al.9$XBBU86$>#/$/!*<E#/$"*0+#/$,-./$ '#/$,#*%$ @!.,/$2+.+0()*#/$&1!,*(/#.0$

+2-'#"#.0$ *.$ &#*$ &'*/$ ,#$ C(!@('"$)*#$ '#/$ /!*<E#/$ /-*F-2#/$ 1#/&#<0(F#/$ 3Figure 33A86$  #00#$

,(@@+1#.<#$#/0$"!(./$"-1)*+#$-F#<$'-$/!*<E#$ =#%6$=#%$-*1-(0$,!.<$*.$#@@#0$1+&1#//#*1$/*1$'-$
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Figure 33. Quantification de la production de biofilms par la technique du Cristal Violet en BHI (A) ou BHI + 0,25 % 

glucose (B).  
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Figure 34. Représentation schématique des différentes phases de formation d�un biofilm chez le genre Staphylococcus 

(figure adaptée de Otto, 2008). 
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Figure 35. Représentation schématique du locus génétique ica, sur le génome.  
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Figure 36. Quantification de la production de PIA/PNAG par immunoblot (A) et de la production de biofilms par la 

technique du Cristal Violet (B). 
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Figure 37. Courbes de croissance des souches BJC100 wt ne portant pas d�étiquette FLAG (violet  foncé), BJC100!Tex wt 

FLAG (violet) et BJC100!Tex S1 FLAG (violet clair). 
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\XUB."Z\XcB."6$ e(#.$ )*#$ ';+<E-.0(''!.$ ,;\TJ$ (""*.!&1+<(&(0+/$ -F#<$ '-$ &1!0+(.#$ /-*F-2#$

&1+/#.0-(0$*.$1-0(!$\XUB."Z\XcB."$/*&+1(#*1$A$X9$*.$&(<$,;-C/!1C-.<#$01?/$("&!10-.0$A$X7B$."$

(.,()*-(0$'-$&1+/#.<#$,#$&E+.!'$,-./$'#$"('(#*6$O-'21+$';-:!*0$,#$&'*/(#*1/$+0-&#/$,#$&*1(@(<-0(!.$

&-1$,*$<E'!1!@!1"#$(/!-"D'()*#9$:#$.#$/*(/$&-/$&-1F#.*#$A$+'("(.#1$<#/$01-<#/$<!.0-"(.-.0#/6$

 #&#.,-.09$:S-($0!*0$,#$"f"#$-.-'D/+$/($,-./$<#00#$#%&+1(#.<#$&('!0#9$'S\TJ555$+0-(0$&1+/#.09$&-1$

*.#$ 1+-<0(!.$ ,#$ T=NP T6$ a.$ #@@#09$ '#/$ #%&+1(#.<#/$ ,#$ <E1!"-0!21-&E(#$ ,;-@@(.(0+$ 1+-'(/+#/$

-.0+1(#*1#"#.0$34$]C:#<0(@/8$@!.0$,#$'*($*.$C!.$0+"!(.$,#$1+-<0(!.9$&*(/)*#$<#0$\TJ$/#$'(#$A$=#%6$

 #&#.,-.09$';\TJ555$.S-$&-/$+0+$-"&'(@(+$,-./$<#0$+<E-.0(''!.9$.($,;-(''#*1/$,-./$'#/$#%01-(0/$,;\TJ$

0!0-*%$,#$'-$"f"#$/!*<E#6$5'$#/0$,!.<$01?/$&1!C-C'#$)*S-&1?/$V$E$,#$<1!(//-.<#$'#$0-*%$,S\TJ555$

.#$/!(0$&-/$/*@@(/-.09$/-<E-.0$)*#$<#'*(N<($/S-<<*"*'#$#.$&E-/#$/0-0(!..-(1#$,#$<1!(//-.<#6$\(./(9$

('$/#1-$.+<#//-(1#$,S-*2"#.0#1$'-$)*-.0(0+$,S#%01-(0$C1*0$&!*1$#@@#<0*#1$';-.-'D/#$&-1$TJ\N/#)6$

G#*'#$ ';-.-'D/#$ ,#/$ &1!0+(.#/$ &-10#.-(1#/$ ,#$ =#%$ -$ +0+$ &!*1/*(F(#9$ )*($ #/0$ ,+<1(0#$ ,-./$ '#$

&-1-21-&E#$/*(F-.06$

$

Figure 38. Contrôle de l'expression de la protéine Tex au cours des immunoprécipitations avec les protéines 

partenaires (A) ou les ARN partenaires sur gel de polycacrylamide 10% (B). 

n.#$@1-<0(!.$-'()*!0#$,#$HB$#'$#/0$&1+'#F+#$A$<E-)*#$+0-&#$,#$';(""*.!&1+<(&(0-0(!.9$"+'-.2+#$A$h$#'$,#$C'#*$,#$,+&I0$#0$,+&!/+#$

/*1$2#'$GKGNP\Ma$HBk6$>${$'-,,#19$ ${$-'()*!0#$&1+'#F+#$-&1?/$<#.01(@*2-0(!.$,#$';#%01-(0$(.<*C+$-F#<$';-.0(<!1&/$-.0(N^>\M9$v${$

<!.0#.*$,#$';+<E-.0(''!.$-&1?/$'-F-2#9$a${$<!.0#.*$,#$';+<E-.0(''!.$-&1?/$+'*0(!.6$>-$&1+/#.<#$,#$=#%$!*$=#% GH$#/0$/D"C!'(/+#$

&-1$'-$&1+/#.<#$,;*.#$&#0(0#$+0!('#$/*1$'-$,1!(0#$,#/$2#'/6$ !""#$-00#.,*9$'-$&1!0+(.#$.;#/0$&-/$,+0#<0+#$,-./$'-$/!*<E#$eR HBB9$

)*($.#$&!10#$&-/$,#$^>\M6$

 $
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2. Analyse des partenaires protéiques de Tex 

2.1. Cheminement!expérimental!

>#/$+'*-0/$,S(""*.!&1+<(&(0-0(!.$,#$=#%$-F#<$/#/$&-10#.-(1#/$&1!0+()*#/$!.0$+0+$-.-'D/+/$

&-1$ '-$0#<E.()*#$_$G&#<01-'$ !*.0$`6$ !""#$,+<1(0$&1+<+,#""#.09$.!*/$-F!./$&1!<+,+$A$*.#$

/+'#<0(!.$/01(.2#.0#$&!*1$<-1-<0+1(/#1$'#/$+F#.0*#'/$&-10#.-(1#/$,#$=#%$#0$'S#@@#0$,#$'-$,+'+0(!.$,*$

,!"-(.#$GH6$$

=!*0$ ,S-C!1,9$ '#/$ &1!0+(.#/$ +'*+#/$ /&+<(@()*#"#.0$ ,-./$ <E-)*#$ +<E-.0(''!.$ !.0$ +0+$

(,#.0(@(+#/$d$HHm$&1!0+(.#/$!.0$+0+$1#01!*F+#/$,-./$'-$/!*<E#$eR HBB$.#$<!.0#.-.0$&-/$,S+0()*#00#$

^>\M9$VWX$&1!0+(.#/$,-./$'-$/!*<E#$=#%$i0$#0$UX$&1!0+(.#/$,-./$'-$/!*<E#$=#% GH6$J!*/$-F!./$

#./*(0#$+'("(.+$0!*0#/$'#/$&1!0+(.#/$1#0#.*#/$,#$"-.(?1#$.!.$/&+<(@()*#$-*%$C(''#/6$ #/$,#1.(?1#/$

+0-.0$.!"C1#*/#/$#0$"-:!1(0-(1#"#.0$1#&1+/#.0+#/$&-1$'#/$&1!0+(.#/$1(C!/!"-'#/9$<!..*#/$&!*1$

f01#$-C!.,-.0#/$,-./$'-$<#''*'#6$a.@(.9$'#/$&1!0+(.#/$,!.0$'#$.!"C1#$,#$/&#<01#/$+0-(0$(.@+1(#*1$A$

h$!.0$+2-'#"#.0$+0+$+'("(.+#/6$K#$<#00#$"-.(?1#9$.!*/$-F!./$!C0#.*$UU$&1!0+(.#/$/&+<(@()*#/$A$

=#%$ i0$ ,!.0$ 7$ &1!0+(.#/$ <!""*.#/$ A$ =#%$ i0$ #0$ =#% GH$ 3\..#%#/9$ Tableau 486$ P-1"($ '#/$

&1!0+(.#/$'#/$&'*/$-C!.,-.0#/$-//!<(+#/$A$=#%$i0$@(2*1#.0$.!0-""#.0$'-$PJP-/#$3polynucléotide 

phosphorylase89$'-$TJ-/#$RH$#0$'-$TJ-/#$�9$)*($/!.0$)*#')*#/$*.#/$,#/$&1!0+(.#/$<!"&!/-.0$'#$

,+21-,!/!"#$,#$S. aureus, )*($#/0$*.$<!"&'#%#$"*'0(&1!0+()*#$("&'()*+$,-./$'-$,+21-,-0(!.$,#/$

\TJ$-*$.(F#-*$&!/0N01-./<1(&0(!..#'$3T!"(''D et al.9$XBH7r$T!*% et al.9$XBHH86$KS-*01#/$&1!0+(.#/$

&-1"($'#/$"#(''#*1#/$<-.,(,-0#/9$!.0$+2-'#"#.0$+0+$1#01!*F+#/$'(+#/$A$=#%9$)*($!.0$<#00#$@!(/$*.$

1I'#$-*$.(F#-*$01-./<1(&0(!..#'6$5'$/S-2(0$,*$@-<0#*1$,#$01-./<1(&0(!.$G(2"-$\9$,#$'-$/!*/N*.(0+$$$

,#$ '-$KJ\$2D1-/#$#0$,*$1+2*'-0#*1$01-./<1(&0(!..#'$G-1T6$G#*'#/$<#/$01!(/$,#1.(?1#/$&1!0+(.#/$

-(./($ )*S*.#$ &1!0+(.#$ 1(C!/!"()*#$ 01?/$ @-(C'#"#.0$ ,+0#<0+#9$ /!.0$ 1#01!*F+#/$ <!""*.+"#.0$

<E#[$=#%$i0$ #0$=#%pGH6$  #&#.,-.0$ 'S-C!.,-.<#$,#$ '-$&1!0+(.#$=#%pGH$,-./$ <#00#$ #%&+1(#.<#$

&('!0#$1+F?'#$)*#$'S(""*.!&1+<(&(0-0(!.$,#$<#00#$&1!0+(.#$-$+0+$"!(./$#@@(<-<#$)*#$<#''#$,#$=#%$

i06$O-'21+$'#$@-(0$)*#$=#%pGH$/!(0$"!(./$-C!.,-.0#$)*#$=#%$i09$('$#/0$0!*0$,#$"f"#$(.0+1#//-.0$

,#$ .!0#1$ )*#$ '-$ PJP-/#9$ )*($ #/0$ 'S*.$ ,#/$ <!"&!/-.0/$ "-:#*1/$ ,*$ ,+21-,!/!"#9$ .S#/0$ &-/$

1#01!*F+#$ -//!<(+#$ A$ =#%pGH6$  #$ 1+/*'0-0$ /*22?1#$ )*#$ '#$ ,!"-(.#$ GH$ ,#$ =#%$ &!*11-(0$ f01#$

("&'()*+$,-./$'S(.0#1-<0(!.$,#$'-$&1!0+(.#$-F#<$'#$,+21-,!/!"#6$$

$
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2.2. Tex! interviendrait elle!dans! la! régulation!post transcriptionnelle!des! facteurs!

d�adhésion!via!le!dégradosome!?!

X6X6H Définition du dégradosome 

 #$ <!"&'#%#$ "*'0($ &1!0+()*#$ #/0$ 1#)*(/$ ,-./$ '#/$ &1!<#//*/$ .!1"-*%$ ,#$ "-(.0(#.$ ,#$

';(.0+21(0+$<#''*'-(1#9$0#'/$)*#$'-$"-0*1-0(!.$,#/$\TJ$,#$01-./@#109$,#/$\TJ$1(C!/!"()*#/9$"-(/$

+2-'#"#.0$&!*1$ '-$,+21-,-0(!.$,#$ '-$&'*&-10$,#/$\TJ"6$>-$ 1+2*'-0(!.$,#$ '-$,+21-,-0(!.$,#/$

\TJ"$#/0$/!*F#.0$"(/#$#.$&'-<#$&-1$'-$<#''*'#$&!*1$/S-,-&0#1$A$/!.$#.F(1!..#"#.0$3K1#//-(1# et 

al.,$XBHVr$O(''#1 et al., XBHH86$>#$,+21-,!/!"#$-$+0+$(,#.0(@(+$(.(0(-'#"#.0$<E#[$E. coli,$'!1/$,#$'-$

&*1(@(<-0(!.$ ,#$ ';#.,!1(C!.*<'+-/#$ a$ 3TJ-/#$ a8$ 3 -1&!*/(/ et al.9$ HWW786$ In vivo,$ <#00#$ TJ-/#$

@!1"#$*.$'-12#$<!"&'#%#$&1!0+()*#$-F#<$'-$&!'D.*<'+!0(,#$&E!/&E!1D'-/#$3PJP-/#89$*.#$E+'(<-/#$

3TE'e89$ #0$ *.#$ +.!'-/#$ 3e-.,D1- et al.,$ XBHV$ &!*1$ *.#$ 1#F*#86$ G($ '#$ "+<-.(/"#$ &1+<(/$ ,#$

,+21-,-0(!.$,#/$\TJ$&-1$'#$,+21-,!/!"#$1#/0#$-*:!*1,;E*($#.<!1#$"-'$<!..*9$,(@@+1#.0#/$+0*,#/$

!.0$+0+$"#.+#/$/*1$'-$<-1-<0+1(/-0(!.$#0$'-$@!.<0(!.$,#$<E-<*.$,#$/#/$<!"&!/-.0/6$\(./(9$('$-$+0+$

,+"!.01+$)*#$'-$TJ-/#$a$(.(0(#$'#$<'(F-2#$#.$hS$,#$'S\TJ$"!.!&E!/&E!1D'+$)*($#/0$'#$/*C/01-0$

&1+@+1#.0(#'$,#$ 'S#.[D"#$3O-<q(#9$HWWc86$ #00#$1#<!..-(//-.<#$/#$ @-(0$-&1?/$ 'S-00-)*#$&-1$*.#$

&D1!&E!/&E!ED,1!'-/#$ 3T&&L8$ )*($ <-0-'D/#$ '-$ <!.F#1/(!.$ ,*$ hS$ 01(&E!/&E-0#$ ,#$ 'S\TJ$ #.$ hS$

"!.!&E!/&E-0#$3K#-.- et al., XBBc86$>S$#%!1(C!.*<'+-/#$VSNhS$)*($#/0$'-$PJP-/#$(.0#1F(#.0$&!*1$

,+21-,#1$'S\TJ$&-1$/!.$#%01+"(0+$VS$/!*F#.0$-(,+#$,#$';E+'(<-/#$TE'e$)*($&#1"#0$/!.$-<<?/$-*%$

1+2(!./$/01*<0*1+#/$3 -1&!*/(/9$XBBmr$ -1&!*/(/ et al.9$HWW7r$K#$>-D et al.9$XBHV86$KS-*01#/$+0*,#/$

!.0$"!.01+$<E#[$'#/$M1-"$.+2-0(F#/9$)*#$L@)$34$]C:#<0(@/8$#/0$<-&-C'#$,#$1#<1*0#1$'-$TJ-/#$a9$

&!*1$,+21-,#1$ '#/$\TJ"$/!*F#.0$<(C'+/$&-1$ '#/$\TJ.<$3O!1(0- et al.9$XBBh86$K-./$<#$"!,?'#9$

'S\TJ.<9$#/0$1#<!..*$&-1$'-$&1!0+(.#$<E-&#1!.#$L@)$)*($#/0$#''#N"f"#$-//!<(+#$A$'-$TJ-/#$a6$>#$

<!"&'#%#$-(./($@!1"+$#/0$1#<1*0+$/*1$'S\TJ"$<(C'#$&!*1$@-F!1(/#1$'S(.0#1-<0(!.$\TJ.<N\TJ"6$>-$

TJ-/#$a$ (.(0(#$-'!1/$ '-$,+21-,-0(!.$,#$ 'S\TJ"$<(C'#9$)*($#/0$#./*(0#$&!*1/*(F(#$&-1$ '#/$-*01#/$

<!"&!/-.0/$ ,*$ ,+21-,!/!"#9$ 1#<1*0+/$ -&1?/$ <#$ &1#"(#1$ <'(F-2#$ 3Figure 3986 >S(.0#1-<0(!.$

,(1#<0#$,#$L@)$A$'-$TJ-/#$a$-$<#&#.,-.0$+0+$1#"(/$#.$,!*0#$"-(/$('$#/0$<'-(1$)*#$L@)9$'#/$\TJ.<9$

#0$ '-$TJ-/#$a$<!.:!(.0#"#.09$ (.0#1F(#..#.0$&!*1$ 1+&1("#1$,#$"-.(?1#$ (11+F#1/(C'#$ '#/$\TJ"$

<(C'#/$3K#/.!D#1/$#0$O-//+9$XBHX86 

$
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$

Figure 39. Modèle possible de fonctionnement du dégradosome relié aux ARNnc chez les bactéries Gram négatives. 

>S\TJ.<$ 3C'#*8$ (.,*(0$ #.$ <!.,(0(!./$ ,#$ /01#//$ F-$ /#$ '(#1$ -*$ <!"&'#%#$ &1+N@!1"+$L@)$ 3F(!'#08NTJ-/#$ a$ 3:-*.#86$ >#$ <!"&'#%#$

0#1.-(1#$L@)NTJ-/#$aN\TJ.<$F-$-'!1/$/#$&!/(0(!..#1$-*$.(F#-*$,#$'-$/+)*#.<#$GE(.#$#0$K-'2-1.!$3GK8$,#$'S\TJ"$<(C'#$31!*2#8$

21g<#$A$*.$"+<-.(/"#$,S-&&-1(#"#.0$-.0(/#./9$<#$)*($F-$#"&f<E#1$'S-<<?/$,#$'-$/+)*#.<#$GK$-*$1(C!/!"#$3F#1086$>-$,+21-,-0(!.$

,#$'S\TJ"$#/0$#./*(0#$(.(0(+#$&-1$'-$TJ-/#$a$&*(/$&!*1/*(F(#$&-1$'#/$-*01#/$<!"&!/-.0/$,*$,+21-,!/!"#9$&!*1$-C!*0(1$A$*.#$

,+21-,-0(!.$<!"&'?0#$,#$<#'*(N<(6$

 

 E#[$'#/$M1-"$&!/(0(F#/9$'#/$<!"&!/-.0/$,*$,+21-,!/!"#$!.0$+0+$(,#.0(@(+/$0!*0$,S-C!1,$

<E#[$ Bacillus subtilis$ 3 !""(<E-* et al.9$ XBBW8$ #0$ &'*/$ 0-1,$ <E#[$ Staphylococcus aureus,$

.!0-""#.0$ &-1$ '-$ 0#<E.()*#$ ,*$ ,!*C'#$ EDC1(,#$ 3T!*% et al.,$ XBHH86$ K#*%$ !10E!'!2*#/$

@!.<0(!..#''#/$ ,#$ '-$ TJ\/#$ a$ !.0$ +0+$"(/$ #.$ +F(,#.<#9$ '#/$ TJ-/#/$ RH$ #0$ RX9$ -//!<(+#/$ <!""#$

&1+<+,#""#.0$A$*.$<!"&'#%#$&1!0+()*#$<!"&!/+$,#$'-$PJP-/#9$,S*.#$+.!'-/#$#0$,S*.#$E+'(<-/#$

3 /E\8$ 3T!*% et al.,$ XBHH86$ K#*%$ #.[D"#/$ /*&&'+"#.0-(1#/$ !.0$ +0+$ (,#.0(@(+#/$ ,-./$ '#$

,+21-,!/!"#$,#/$C-<0+1(#/$M1-"$&!/(0(F#/9$)*($/!.0$'-$&E!/&E!@1*<0!q(.-/#9$,!.0$'#$1I'#$1#/0#$

&!*1$ '#$ "!"#.0$ "+<!..*$ #0$ '-$ TJ-/#$ �9$ )*($ #/0$ *.$ E!"!'!2*#$ @!.<0(!..#'$ ,#$ '-$ TJ-/#$ a$

3O-1(.<!'- et al.9$XBHX86$>S(.0#1-<0(!.$,(1#<0#$,#$<#/$,(@@+1#.0/$&-10#.-(1#/$#0$ '#*1$"+<-.(/"#$

&1+<(/$,-./$'-$,+21-,-0(!.$,#/$\TJ"$1#/0#$A$+0-C'(1$&!*1$<#/$C-<0+1(#/6$>#/$TJ\/#/$RH$#0$RX9$,#*%$

E!"!'!2*#/$@!.<0(!..#'/$,#$'-$TJ-/#$a$/!.0$,#/$#.[D"#/$C($@!.<0(!..#''#/$)*($&!//?,#.0$A$'-$

@!(/$*.#$-<0(F(0+$hSNVS$#%!.*<'+-/#$#0$*.#$-<0(F(0+$#.,!.*<'+-/#6$M1g<#$A$<#/$,#*%$-<0(F(0+/9$<#/$

TJ-/#/$F!.0$,!.<$-2(1$,#$"-.(?1#$/D.#12()*#9$/!(0$#.$(.(0(-.0$*.#$,+21-,-0(!.$&-1$'S#%01+"(0+$hS$

,#$'S\TJ"$<(C'+9$/!(0$#.$2+.+1-.0$,#/$<!*&*1#/$#.,!.*<'+!'D0()*#/6$K-./$'#/$,#*%$<-/9$'S\TJ"$

/#1-$#./*(0#$,+21-,+$&-1$'-$PJP-/#$,!.0$'S-<<?/$-*1-$+0+$@-<('(0+$&-1$'SE+'(<-/#$ /E\6$>#$1I'#$,#$'-$

TJ\/#$�$,-./$<#/$"+<-.(/"#/$/#1-(0$,S(.0#1F#.(1$,-./$'-$,+21-,-0(!.$,#/$\TJ"$/01*<0*1+/$)*#$

'-$TJ-/#$RH$.#$/#1-(0$&-/$<-&-C'#$,#$,+21-,#1$#@@(<-<#"#.0$3T!*% et al.,$XBHH86$>-$TJ-/#$�$<!""#$

'-$TJ-/#$a$#/0$&1+/#.0#$#.$&-10(#$,-./$'-$"#"C1-.#$,#$'-$C-<0+1(#6$ E#[$S. aureus9$'-$TJ-/#$�$#0$

'#/$TJ-/#/$RHZRX$.#$/!.0$&-/$#//#.0(#''#/$A$'-$<1!(//-.<#$C-<0+1(#..#9$"-(/$#''#/$<!.01(C*#.0$A$'-$

1+&!./#$-*$/01#//$#0$A$'-$F(1*'#.<#$3O-1(.<!'- et al.,$XBHX$r$>(.,#1 et al.9$XBH786$a.@(.9$<!""#$
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+F!)*+$&'*/$E-*09$L@)$.#$/#"C'#$&-/$1#)*(/#$,-./$'#/$"+<-.(/"#/$,#$1+&1#//(!.$,#/$2?.#/$&-1$

'#/$\TJ.<$<E#[$S. aureus$3T!"(''D et al.,$XBHX86$

\(./(9$/-<E-.0$)*#$=#%$#%#1<#$*.#$1+2*'-0(!.$.+2-0(F#$/*1$'#/$C(!@('"/$34$l6$X6$X8$#0$/*1$

<#10-(.#/$&1!0+(.#/$,S-,E+/(!.$,#$S. aureus$34$l6$H6$V8$#0$)*#$,#/$<!"&!/-.0/$,*$,+21-,!/!"#$

,# S. aureus !.0$+0+$(""*.!&1+<(&(0+/$-F#<$=#%$34$l56$X6$H89$/#1-(0N('$&!//(C'#$,S("-2(.#1$)*#$<#00#$

&1!0+(.#$<!.01(C*#$-*%$"+<-.(/"#/$,#$1+&1#//(!.$,#/$@-<0#*1/$,S-,E+/(!.$&-1$'#$,+21-,!/!"#9$

'!1/$,#$'-$01-./(0(!.$#.01#$'-$&E-/#$,#$<!'!.(/-0(!.$#0$,S(.F-/(!.$,#$'SEI0#y$

X6X6X Tex agirait!elle au niveau post!transcriptionnel pour réprimer les facteurs 

d�adhésion de G6$-*1#*/$y$

>#/$ &1!0+(.#/$ ,S-,E+/(!.$ 01!*F+#/$ 1+&1("+#/$ &-1$ =#%$ ,-./$ '#/$ #%&+1(#.<#/$ ,#$

&1!0+!"()*#$ ,(@@+1#.0(#''#9$ ^.Ce$ #0$ '-$ &1!0+(.#$ \9$ /!.0$ 0!*0#/$ '#/$ ,#*%$ ("&'()*+#/$ ,-./$ '-$

/D.0E?/#$,#/$C(!@('"/$ica!(.,+&#.,-.0/$3O#1(.! et al.9$XBBWr$]se1(#. et al.9$XBBX86$>-$&1!0+(.#$\$

#.$ &-10(<*'(#1$ #/0$ *.$ <!"&!/-.0$ #//#.0(#'$ ,#/$ C(!@('"/$ ,#$ .-0*1#$ &1!0+()*#6$ a.$ #@@#09$ <#00#$

&1!0+(.#$ #/0$ <-&-C'#$ ,S(.(0(#1$ '-$ @!1"-0(!.$ ,#/$ C(!@('"/$ ,#$ "-.(?1#$ agr!,+&#.,-.0#$ !*$ agr!

(.,+&#.,-.0#$3O#1(.! et al.9$XBBW86$G-<E-.0$)*#$'#/$C(!@('"/$!C/#1F+/$&!*1$'-$/!*<E#$LMBBH$.#$
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Figure 40. Modèle proposé par Reyes!et!al.!(2011) pour la régulation du promoteur P2 du système Agr par AgrA, SarA 

et SarR (figure adaptée de Reyes!et!al., 2011).  
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X6X6V La protéine Tex pourrait!elle faire le lien entre transcription et métabolisme des 

ARN ? 
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#0$&!/0N01-./<1(&0(!..#'$,#$'-$1+2*'-0(!.$,#/$2?.#/9$#.$&-10(<*'(#1$("&'()*+/$,-./$$'S-,E+/(!.$,#$

S. aureus.$

  



$ HBU$

 

  



$ HBm$

 

  

 Conclusions & perspectives 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 !.<'*/(!./$b$&#1/&#<0(F#/$ HBc$
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I/ La protéine Tex de!S.!aureus!possède plusieurs sites de fixation 

aux ARN.  

1. Le domaine OB  

K*1-.0$<#$01-F-('$,#$0E?/#9$:#$"#$/*(/$0!*0$,S-C!1,$-00-<E+#$A$<-1-<0+1(/#1$'#/$(.0#1-<0(!./$

,#$'-$&1!0+(.#$=#%$,#$S. aureus$-*%$\TJ$in vitro. >-$'(-(/!.$,#$=#%$-*%$-<(,#/$.*<'+()*#/$-F-(0$

,+:A$+0+$,+"!.01+#$-.0+1(#*1#"#.0$<E#[$S. pneumoniae &-1$,#/$#%&+1(#.<#/$,#$J!10Ei#/0#1.$#0$

G!*0Ei#/0#1.$3L# et al.9$XBBU86$P'*/$0-1,9$R!E./!. et al. 3XBBc8$!.0$"!.01+$)*#$'-$&1!0+(.#$=#%$

,#$P. aeruginosa$ #/0$<-&-C'#$,S(.0#1-2(1$-F#<$ '#/$-<(,#/$.*<'+()*#/9$-F#<$*.#$ @!10#$&1+@+1#.<#$

&!*1$ '#/$ \TJ$ #.$ /("&'#$ C1(.6$ K#/$ #%&+1(#.<#/$ ,#$ <E1!"-0!21-&E(#$ ,S-@@(.(0+$ !.0$ +2-'#"#.0$

&#1"(/$,S(,#.0(@(#1$'S\TJ555$,#$S. aureus9$)*($#/0$'S#@@#<0#*1$(.01-<#''*'-(1#$,*$/D/0?"#$,#$,#./(0+$

<#''*'-(1#$agr$ 3J!F(<q et al.,$ HWWV$ r$T!"(''D et al.,$ XBHX89$ <!""#$ /*C/01-0$&!//(C'#$,#$=#%$ 34$

]C:#<0(@/86$K#/$#%&+1(#.<#/$,S#"&1#(.0#$#.[D"-0()*#$,#$=#%$/*1$'S\TJ555$#0$T/-\$3T+/*'0-0/$4$5556$

H6$X8$"S!.0$&#1"(/$,#$,+"!.01#1$&1#"(?1#"#.0$)*#$=#%$/#$'(#$&1+@+1#.0(#''#"#.0$-*%$1+2(!./$

/("&'#/$C1(./$1(<E#/$#.$-,+.(.#/$#0$*1-<('#/6$

K#$"-.(?1#$ (.0+1#//-.0#9$ R!E./!. et al. !.0$"(/$#.$+F(,#.<#$ '-$&1+/#.<#$,S*.$"!0(@$GH$

#.<!1#$-&&#'+$"!0(@$]eN@!',$3oligonucleotide/oligosaccharide binding proteins8$/*1$'-$&1!0+(.#$

=#%$,#$P. aeruginosa 35.01!,*<0(!.9$4$5556$V86$ #$"!0(@$#/0$&1+/#.0$,-./$*.$'-12#$&-.#'$,#$&1!0+(.#/$

-//!<(+#/$-*$"+0-C!'(/"#$,#/$\TJ9$-*//($C(#.$<E#[$'#/$C-<0+1(#/$)*#$<E#[$'SE*"-(.$3=E#!C-', et 

al.,$XBBV8$#0$#/0$<!..*$&!*1$/-$@!10#$-@@(.(0+$&!*1$'#/$/+)*#.<#/$\Zn$,#/$\TJ$3#626$e!.( et al., 

HWWH9$xE-.2$#0$K#*0/<E#19$HWWX9$Q!"-1!F- et al.,$ XBBh86$\@(.$,#$,+0#1"(.#1$ 'S("&'(<-0(!.$,*$

"!0(@$GH$,#$=#%$,-./$'#/$"+<-.(/"#/$,#$1#<!..-(//-.<#$-*%$\TJ$<E#[$S. aureus9$*.#$&1!0+(.#$

"*0-.0#$,+'+0+#$,#$GH$3=#% GH8$-$+0+$<!./01*(0#$#0$/!.$(.0#1-<0(!.$A$,(@@+1#.0/$\TJ$/01*<0*1+/$

!*$.!.9$-$+0+$0#/0+#$&-1$,#*%$-&&1!<E#/$<!"&'+"#.0-(1#/d$'-$@('01-0(!.$/*1$.(01!<#''*'!/#$#0$'-$

/&#<01!/<!&(#$,#$@'*!1#/<#.<#$3T+/*'0-0/$4$5556$X86$>#/$1+/*'0-0/$!C0#.*/$&-1$<#/$,#*%$"+0E!,#/$

(.,()*#.0$)*#$'#$"!0(@$GH$,#$=#%$/#1-(0$.+<#//-(1#$A$'-$@(%-0(!.$,#/$"!0(@/$/("&'#/$C1(./$1(<E#/$#.$

\Zn$,#/$\TJ$<(C'#/6$a.$#@@#09$'-$@!1"-0(!.$,#/$<!"&'#%#/$+0*,(+#$&-1$@('01-0(!.$/*1$.(01!<#''*'!/#$

"!.01#$)*#9$-*$<!.01-(1#$,#$'-$&1!0+(.#$/-*F-2#9$'-$&1!0+(.#$=#%$,+'+0+#$,#$/!.$,!"-(.#$GH$.S#/0$

&'*/$<-&-C'#$,#$1#<!..-u01#$'S\TJ$T/-\$3T+/*'0-0/$4$5556$X6$H8$,!.0$'#$"!0(@$<#.01-'$-$+0+$(,#.0(@(+$

<!""#$*.$/(0#$,#$E-*0#$-@@(.(0+$&!*1$=#%$3T+/*'0-0/$4$5556$H6$H86$P-1$-(''#*1/9$'#/$0(01-0(!./$1+-'(/+#/$

&-1$ /&#<01!/<!&(#$,#$ @'*!1#/<#.<#$-F#<$,#/$!'(2!1(C!.*<'+!0(,#/$/("&'#/$C1(./$ 1(<E#/$#.$\Zn$

3T/-\<9$ /&\9$ /&\V8$!.0$,+"!.01+$*.#$'(-(/!.$#@@(<-<#$,#$'-$&1!0+(.#$=#%$i09$)*($#/0$-C!'(#$-F#<$

'-$&1!0+(.#$=#% GH6$a.$1#F-.<E#9$<#/$"f"#/$#%&+1(#.<#/$1+-'(/+#/$-F#<$,#$&#0(0/$\TJ$/01*<0*1+/$

3=eX9$=eX$#%01-C!*<'#8$,!.0$'-$C!*<'#$-&(<-'#$&!//?,#$*.#$/+)*#.<#$1(<E#$#.$n9$/!.0$1#<!..*/$
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,#$"-.(?1#$(,#.0()*#$&-1$=#%$i0$#0$=#% GH$3T+/*'0-0/$4$5556$X6$X86$K#/$#%&+1(#.<#/$,#$<!"&+0(0(!.$

1+-'(/+#/$ &-1$ @('01-0(!.$ /*1$ .(01!<#''*'!/#$ #.01#$ '#$ <!"&'#%#$=#%$i0NT/-\$ 1-,(!"-1)*+$ #0$ <#/$

"f"#/$\TJ$/01*<0*1+/$@1!(,/$"!.01#.0$)*#$<#/$"!0(@/$.#$,+&'-<#.0$)*S*.#$&-10(#$,#/$<!"&'#%#/$

T/-\N=#%$i0$3T+/*'0-0/$4$5556$X6$X86$ #&#.,-.09$<!.01#$0!*0#$-00#.0#9$'#/$"f"#/$#%&+1(#.<#/$,#$

<!"&+0(0(!.$1+-'(/+#/$-F#<$'S!'(2!1(C!.*<'+!0(,#$ /&\$3\\\nMMn\89$)*($&!//?,#$<!""#$T/-\$

3nnn\n\nM8$*.#$/+)*#.<#$1(<E#$#.$\Zn9$.S!.0$&-/$"!.01+$,#$<!"&+0(0(!.6$ #<($(.,()*#$/!(0$)*#$

 /&\$.#$/#$'(#$&-/$A$=#%$,-./$'-$2-""#$,#$<!.<#.01-0(!./$+0*,(+#/9$/!(0$)*#$<#0$\TJ$/#$'(#$A$*.$

/(0#$,#$=#%$)*($.#$/#$<E#F-*<E#$&-/$A$<#'*($,#$T/-\6$>S#./#"C'#$,#$"#/$1+/*'0-0/$/*22?1#$,!.<$

)*#$=#%$<!.0(#.0$&'*/(#*1/$,!"-(.#/$,#$@(%-0(!.$A$'S\TJ$,!.0$'#$"!0(@$]e6$$

K#$"-.(?1#$ /*1&1#.-.0#9$ <#/$ 1+/*'0-0/$ .#$ /!.0$ &-/$ 0!*0$ A$ @-(0$ #.$ -<<!1,$ -F#<$ <#*%$ ,#$

R!E./!. et al. 3XBBc89$ )*($ !.0$ ,+"!.01+$ )*#$ '-$ ,+'+0(!.$ <!"&'?0#$ ,*$ ,!"-(.#$ GH$ -C!'(0$

'S(.0#1-<0(!.$,#$=#%$,#$P. aeruginosa$A$0!*0$0D&#$,S-<(,#/$.*<'+()*#/$)*S('/$/!(#.0$#.$/("&'#$C1(.$

!*$#.$,!*C'#$C1(.$3\TJ/C9$\TJ,C9$\KJ/C9$\KJ,C86$K-./$<#$<-/9$'-$@!1"-0(!.$,#/$<!"&'#%#/$-$

+0+$ /*(F(#$ &-1$ 2#'$ 1#0-1,6$ K#$ &'*/9$ '#*1/$ #%&+1(#.<#/$ !.0$ ,+"!.01+$ )*S-*N,#//!*/$ ,#$ HB$ .0/9$

'S(.0#1-<0(!.$ -F#<$=#%$i0$ +0-(0$ -*//($ -C!'(#6$ K-./$ .!01#$ <-/9$ =#%$i0$ ,# S. aureus #/0$ 0!*:!*1/$

<-&-C'#$,#$'(#1$,#$&#0(0/$!'(2!1(C!.*<'+!0(,#/$'!.2/$,#$c$.0/6$

\D-.0$<!./0-0+$<#/$,(@@+1#.<#/$,#$'(-(/!.$-*%$-<(,#/$.*<'+()*#/$#.01#$'-$&1!0+(.#$=#%$,#$

P. aeruginosa$#0$/!.$E!"!'!2*#$,#$S. aureus9$:S-($-.-'D/+$'-$<!./#1F-0(!.$,#/$,!"-(.#/$GH$#.01#$

'#/$ ,#*%$ &1!0+(.#/$ -(./($ )*#$ '-$ &1!0+(.#$ ,#$ <E!<$ 0E#1"()*#$  /&e$ 3Cold shock protein B86$ >-$

/01*<0*1#$<1(/0-''!21-&E()*#$,#$<#00#$&1!0+(.#$-$+0+$1+/!'*#$#.$&1+/#.<#$,S*.$E#%-1(C!.*<'+!0(,#$

1nU 3hSNnnnnnnNVS8$#0$,S*.$E#&0-.*<'+!0(,#$1 m$3hSNMn nnn\NVS86$ #/$<!"&'#%#/$<!./0(0*#.0$

,!.<$*.$"!,?'#$&!*1$<#00#$@-"(''#$,#$&1!0+(.#/$3G-<E/ et al.9$XBHX86$>#$,!"-(.#$]e$,#$ /&e$#/0$

!12-.(/+$/!*/$'-$@!1"#$,#$h$@#*(''#0/$%$#0$#/0$01?/$/("('-(1#$A$<#'*($,#$=#%$,#$P. aeruginosa$3eD<1!@0 

et al.,$HWWm86$K-./$'#$<!"&'#%#$ /&eN1nU9$'#/$(.0#1-<0(!./$&1(.<(&-'#/$/!.0$,#$0D&#$ED,1!&E!C#$

#0$ /!.0$ ,!"(.+#/$ &-1$ 'S#"&('#"#.0$ ,#$ &'*/(#*1/$ -<(,#/$ -"(.+/$ -1!"-0()*#/$ 3L(/XW9$ PE#Xm9$

PE#Hm9$ =1&c8$ -F#<$ '#/$ *1(,(.#/$ nX$ A$ nh$ ,#$ 'S\TJ$ 3Figure 4186$ P-1$ -(''#*1/9$ ,#/$ 1+/(,*/$

ED,1!&E('#/$3M'.hW9$\/&Xh9$'D/m9$\/.HB8$(.0#1-2(//#.0$&-1$'(-(/!.$ED,1!2?.#$-F#<$'#/$*1(,(.#/$

&!*1$&!/(0(!..#1$'S\TJ$<!11#<0#"#.0$/*1$'#$,!"-(.#$GH$#0$@-F!1(/#1$'S#%&!/(0(!.$!&0("-'#$,#/$

C-/#/$&!*1$/S#"&('#1$/*1$'#/$-<(,#/$-"(.+/$-1!"-0()*#/$3Figure 4186$$

 $
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Figure 41. Représentation schématique des interactions de la protéine CspB à son ligand rU6 (figure tirée de Sachs et!

al.,!2012). 

>S#"&('#"#.0$,#/$-<(,#/$-"(.+/$-1!"-0()*#/$L(/XW9$PE#Xm9$PE#Hm$#0$=1&c$3#.$21(/8$-F#<$'#/$*1(,(.#/$nX$A$nh$,#$'S\TJ$3#.$.!(18$

#/0$1#&1+/#.0+$&-1$,#/$'(2.#/$<!.0(.*#/9$#.$21(/6$>#/$'(-(/!./$ED,1!2?.#/$#.01#$'#/$-<(,#/$-"(.+/$ED,1!&E('#/$3M'.hW9$\/&Xh9$'D/m9$

\/.HB9$#.$21(/8$#0$'#/$*1(,(.#/$nX$A$nh$,#$'S\TJ$/!.0$#.$&!(.0(''+/6$

$

n.$"!,?'#$/("('-(1#$,#$'(-(/!.$,#$=#%$,#$P. aeruginosa$-*%$\TJ$&#*0$f01#$#.F(/-2+6$a.$

#@@#09$C-/+$/*1$,#/$-'(2.#"#.0/$,#$/+)*#.<#$-F#<$ /&e$3Figure 42A89$*.$"!,?'#$,*$,!"-(.#$GH$

,#$'-$&1!0+(.#$=#%$de P. aeruginosa$ 3Pa!=#%GH8$<!"&'#%+$A$1nU$-$+0+$1+-'(/+$&-1$G6$O-1[($3Figure 

42B!C86$  #$ "!,?'#$ "!.01#$ )*#$ '-$ ,(/01(C*0(!.$ ,#/$ <E-12#/$ #/0$ <!./#1F+#$ #.01#$ '#/$ ,#*%$

&1!0+(.#/9$,#$"f"#$)*#$'#/$-<(,#/$-"(.+/$-1!"-0()*#/$("&'()*+/$,-./$'S(.0#1-<0(!.$,(1#<0#$,#$

GH$-F#<$ 'S\TJ6$>#/$-<(,#/$-"(.+/$PE#Xm$#0$L(/XW$<!11#/&!.,-.0$1#/&#<0(F#"#.0$A$PE#UmH$#0$

L(/UcV$,-./$Pa!=#%GH$/!.0$/01(<0#"#.0$<!./#1F+/6$>S-<(,#$-"(.+$=1&c$#/0$-C/#.0$<E#[ PaN=#%GH$

#0$PE#Xm$#/0$/*C/0(0*+$&-1$*.$1+/(,*$ED,1!&E!C#$"-(/$.!.$-1!"-0()*#9$>#*UcH$3Figure 42C86$

>S-.-'D/#$,#$'-$/01*<0*1#$&-1$TOJ$,#$ /&eN1nU$/*22?1#$+2-'#"#.0$)*#$'#$/(0#$,S(.0#1-<0(!.$/#1-(0$

&'*/$+0#.,*$)*#$<#'*($!C/#1F+$,-./$'-$/01*<0*1#$<1(/0-''!21-&E()*#$#0$@#1-(0$(.0#1F#.(1$'#/$PE#VB$

#0$PE#Vc6$$

 E#[$ S. aureus9$ 0!*/$ '#/$ --$ ("&'()*+/$ ,-./$ '-$ 1#<!..-(//-.<#$ A$ 'S#%<#&0(!.$ ,*$ 1+/(,*$

=D1UWU9$/!.0$<!./#1F+/$/*1$=#% 3Sa!=#%GH8$3Figure 42A86$\(./(9$('$#/0$1-(/!..-C'#$,#$&#./#1$)*#$

'#$/(0#$,#$'(-(/!.$A$'S\TJ$,#$SaN=#%GH$#/0$/("('-(1#$A$PaN=#%GH$#0$ /&e6$>#/$,(@@+1#.<#/$,#$@(%-0(!.$

!C/#1F+#/$#.01#$'#/$&1!0+(.#/$SaN=#%$#0 PaN=#%$-*%$\TJ$/!.0$,(@@(<('#/$A$#%&'()*#1$"-(/$.#$/!.0$

&1!C-C'#"#.0$&-/$,*#/$-*$"!0(@$GH6$ #00#$!C/#1F-0(!.$<!.@!10#$<#&#.,-.0$"!.$ED&!0E?/#$,#$

,+&-10$ /#'!.$ '-)*#''#$ ,S-*01#/$ ,!"-(.#/$ ,#$ SaN=#%$ (.0#1F(#.,1-(#.0$ ,-./$ '-$ @(%-0(!.$ ,S\TJ$

/01*<0*1+/9$<!.01-(1#"#.0$-*%$"!0(@/$/("&'#/$C1(./$)*($#*%9$/!.0$<'-(1#"#.0$,+&#.,-.0/$,#$'-$

&1+/#.<#$,*$,!"-(.#$GH6$$
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\*$ <!*1/$ ,#$ "#/$ #%&+1(#.<#/$ ,#$ /&#<01!/<!&(#$ ,#$ @'*!1#/<#.<#9$ :S-($ !C0#.*$ ,#*%$ qK$

,(@@+1#.0/$3'S*.$,#$E-*0#$-@@(.(0+9$'S-*01#$,#$&'*/$C-//#$-@@(.(0+8$&!*1$'#/$<!"&'#%#/$@!1"+/$#.01#$

=#%$ i0$ !*$ =#% GH$ -F#<$ '#/$ \TJ$ /01*<0*1+/$ 3=eX$ #0$ =eX$ #%01-C!*<'#8$ #0$ =#%$ i0$ -F#<$ '#/$

!'(2!1(C!.*<'+!0(,#/$ #.$ /("&'#/$ C1(./$ 3T/-\<$ #0$  /&\8$ 3T+/*'0-0/$ 4$ 5556$ X6$ X9$Tableau 286$  #$

1+/*'0-0$/*22?1#$)*#$,#*%$+F+.#"#.0/$,#$'(-(/!.$&!*11-(#.0$#%(/0#19$)*($<!11#/&!.,1-(#.0$&#*0N

f01#$A$'-$@(%-0(!.$,#$,#*%$"!'+<*'#/$,#$=#%$/*1$*.#$"!'+<*'#$,S\TJ6$ #$&E+.!"?.#$-$+0+$!C/#1F+$

&!*1$ 0!*/$ '#/$ \TJ$ 0#/0+/9$ /-*@$ 'S!'(2!1(C!.*<'+!0(,#$ /("&'#$ C1(.$  /&\V$ 3\\CnMMn\89$ ,!.0$

'S-,+.(.#$A$'-$&!/(0(!.$V$-$+0+$"*0+#$#.$<D0!/(.#$34$5556$X6$X9$Tableau 286$P!*1$<#'*(N<(9$*.$/#*'$qK$

-$+0+$,+0#1"(.+$)*($#/0$h$A$HB$@!(/$/*&+1(#*1$-*%$qK$,+0#1"(.+/$&!*1$'#/$-*01#/$\TJ$0#/0+/6$ #<($

(.,()*#$ )*#$ '-$ "*0-0(!.$ -@@#<0#$ ,S*.#$ "-.(?1#$ .!.$ .+2'(2#-C'#$ '-$ @(%-0(!.$ ,#$ =#%$ A$

'S!'(2!.*<'+!0(,#9$<#$)*($/#"C'#$<!E+1#.0$-F#<$'#$<-1-<0?1#$_$&1+@+1#.0(#'$`$,*$"!0(@$GH$&!*1$'#/$

/+)*#.<#/$1(<E#/$#.$\Zn6$

 

Figure 42. Alignement de séquences du domaine S1 des protéines Bs CspB, Pa!Tex et Sa!Tex (A) et modèle de fixation 

de l�ARN à ce domaine dans les protéines Bs!CspB (B) et Pa!Tex (C). (S. Marzi, IBMC, Strasbourg). 

(A) >#/$-<(,#/$-"(.+/$,*$,!"-(.#$GH$<!./#1F+/$#.01#$'#/$01!(/$&1!0+(.#/$BsN /&e9$Pa!=#%$#0$Sa!=#%$/!.0$1#&1+/#.0+/$,S*.#$"f"#$

<!*'#*16$ >#/$ 1+/(,*/$ ED,1!&E!C#/$ <!./#1F+/$ #.01#$ '#/$ 01!(/$ &1!0+(.#/$ #0$ .+<#//-(1#/$ A$ 'S-.<1-2#$ ,#$ 'S\TJ$ /*1$ '-$ /01*<0*1#$

<!11#/&!.,-.0$ A$ PE#Hh9$ PE#Hm9$ PE#Xm9$ L(/XW9$ /!.0$ #.$ #.<-,1+/6$ (B)$ #0$ (C)$ >-$ ,(/01(C*0(!.$ ,#/$ <E-12#/$ ,#$ <E-)*#$ --$ #/0$

1#&1+/#.0+#$#.$C'#*$&!*1$ '#/$1+2(!./$<E-12+#/$.+2-0(F#"#.0$#0$#.$1!*2#$&!*1$ '#/$1+2(!./$<E-12+#/$&!/(0(F#"#.06$>#/$-<(,#/$

-"(.+/$("&!10-.0/$&!*1$'-$@(%-0(!.$-*%$\TJ$/!.0$1#&1+/#.0+/$#.$F#106$>S\TJ$/#$@(%#$A$*.#$1+2(!.$-"&E(&-0E()*#$,#$'-$&1!0+(.#6$

>#/$1+2(!./$ED,1!&E!C#/$,*$/(0#$/!.0$<!./0(0*+#/$,S-<(,#/$-"(.+/$-1!"-0()*#/$)*($/S#"&('#.0$/*1$'#/$C-/#/$,#$'S\TJ6$>#/$1+2(!./$

ED,1!&E('#/$#.F(1!..-.0#/$-*$/(0#$,#$@(%-0(!.$&!/(0(!..#.0$'S\TJ$<!11#<0#"#.0$/*1$/!.$/(0#$,#$@(%-0(!.6$ #/$1+2(!./$("&'()*#.0$

,#/$--$<E-12+/$&!/(0(F#"#.0$)*($@!1"#.0$,#/$'(-(/!./$ED,1!2?.#$-F#<$'#/$C-/#/$,#$'S\TJ6$



 !.<'*/(!./$b$&#1/&#<0(F#/$ HHV$

 

2. Perspectives concernant l�étude des interactions ARN!Tex$

>S#./#"C'#$,#$"#/$-.-'D/#/ in vitro "#0$<'-(1#"#.0$#.$-F-.0$'S("&!10-.<#$,*$,!"-(.#$GH$

,#$Sa!=#%$&!*1$/!.$(.0#1-<0(!.$-*%$\TJ6$ #&#.,-.09$('$/#1-$#//#.0(#'$,S(.@(1"#1$!*$,#$F-'(,#1$<#/$

1+/*'0-0/6$a.$#@@#0$:S-($!C/#1F+$)*#$'-$&1+/#.<#$,#$<!.<#.01-0(!./$#.$J- '$-*N,#//*/$,#$HhB$"O$

#/0$ *.$ <1(0?1#$ #//#.0(#'$ &!*1$"-(.0#.(1$ *.#$ &1!0+(.#$ E!"!2?.#$ #0$ /!'*C'#$ #0$ &!*1$ +F(0#1$ '#/$

(.0#1-<0(!./$ .!.$ /&+<(@()*#/6$ 5'$ /#1-$ ,!.<$ ("&!10-.0$ ,#$ 1#.!*F#'#1$ '#/$ #%&+1(#.<#/$ ,#$

<!"&+0(0(!.$ ,-./$ <#/$ <!.,(0(!./9$ #0$ -.-'D/#1$ '-$ @(%-0(!.$ ,#$ =#%$ A$ T/-\$ &-1$ /&#<01!/<!&(#$ ,#$

@'*!1#/<#.<#6$  #00#$ 0#<E.()*#$ /#1-$ *0('#$ &!*1$ ,+0#1"(.#1$ '-$ /0�<E(!"+01(#$ ,#/$ <!"&'#%#/$

("&'()*+/6$a.@(.9$,#/$#%&+1(#.<#/$,#$"(<1!<-'!1("+01(#$&!*11-(#.0$f01#$-*//($#.F(/-2#-C'#/$&!*1$

-&&!10#1$,#/$(.@!1"-0(!./$0E#1"!,D.-"()*#/$#0$<(.+0()*#/$3e*1.!*@ et al.9$XBHX86$>S#./#"C'#$

,#$<#/$,!..+#/$/#1-$*0('#$&!*1$,+@(.(1$*.$<!"&'#%#$"(.("-'$&!*1$#@@#<0*#1$*.#$+0*,#$/01*<0*1-'#6$

a.$#@@#09$'-$,+0#1"(.-0(!.$,#$'-$/01*<0*1#$<1(/0-''!21-&E()*#$,#$'-$&1!0+(.#$-F#<$'S*.$,#/$

!'(2!1(C!.*<'+!0(,#/$ 1(<E#/$ #.$ \Zn$ 3T/-\<9$  /&\9$  /&\<8$ !*$ '#/$ 0(2#/NC!*<'#/$ 3=eX9$ =eX$

#%01-C!*<'#8$ 0#/0+/$ &1+<+,#""#.09$ &#1"#001!.0$ ,#$ ,+0#1"(.#1$ &1+<(/+"#.0$ )*#'/$ /!.0$ '#/$

1+/(,*/$ )*($ (.0#1F(#..#.0$ ,-./$ <#/$ ,#*%$ 0D&#/$ ,#$ <!"&'#%#/6$ RS-($ #@@#<0*+$ ,#/$ #//-(/$ ,#$ <!N

<1(/0-''(/-0(!.$/*1$'#$<!"&'#%#$=#%N /&\$"-(/$/-./$/*<<?/$:*/)*SA$&1+/#.06$P-1-''?'#"#.0$A$<#/$

+0*,#/$/01*<0*1-'#/9$,#/$"*0-0(!./$&!.<0*#''#/$,-./$'#$,!"-(.#$]e$&#1"#001-(#.0$,S+F-'*#1$'#$

,#21+$ ,S("&'(<-0(!.$ ,#/$ 1+/(,*/$ <!./#1F+/$ <!""#$ =1&c9$ PE#Hm9$ PE#Xm$ #0$ L(/XW9$ )*($ !.0$ +0+$

,+<1(0/$<!""#$,+0#1"(.-.0/$"-:#*1/$,#/$(.0#1-<0(!./$#.01#$'#/$\TJ$#0$ /&e$!*$Pa!=#%$3Figure 

41!428$3G-<E/ et al.,$XBHX$r$R!E./!. et al.9$XBBc86$5'$/#1-$+2-'#"#.0$(.0+1#//-.0$,#$1+-'(/#1$,#/$

"*0-0(!./$-*$.(F#-*$,#/$\TJ9$ $&!*1$F-'(,#1$ '-$&1+@+1#.<#$,*$,!"-(.#$GH$&!*1$ '#/$/+)*#.<#/$

1(<E#/$#.$\Zn6$K#$"f"#9$ '-$<!"&!/(0(!.$,#/$C-/#/$,#$'-$C!*<'#$-&(<-'#$,#$'-$0(2#NC!*<'#$X$,#$

'S\TJ555$ 1+F+'#1-$ /($ 'S-C/#.<#$ ,#$ /+)*#.<#/$ \Zn$ ,-./$ <#00#$ 0(2#NC!*<'#$ -@@#<0#$ /!.$

-<<!""!,-0(!.$&-1$'#/$-*01#/$,!"-(.#/$,#$'-$&1!0+(.#6$
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II/ Tex agirait comme régulateur de l�état physiologique des 

bactéries lors de l�infection 

1. Conclusions. 

>#$,#*%(?"#$-%#$,#$"#/$1#<E#1<E#/$<!./0(0*-(0$'-$,+0#1"(.-0(!.$,#$'-$@!.<0(!.$,#$=#%$in 

vivo6$ K#/$ +0*,#/$"#.+#/$ /*1$ ,(@@+1#.0/$ !12-.(/"#/$ !.0$ ,+"!.01+$ )*#$ <#00#$ &1!0+(.#$ &!*F-(0$

:!*#1$,#/$1I'#/$"*'0(&'#/6$a''#$&#*0$-*//($C(#.$(.0#1F#.(1$,-./$'-$F(1*'#.<#$3^*<E/ et al.,$HWWU$r$

R!E./!. et al.,$XBBc$r$\C# et al.,$XBHB8$)*#$'S-,-&0-0(!.$,*$&-0E!2?.#$A$/!.$#.F(1!..#"#.0$3L# 

et al., XBBU86$=#%$-$+2-'#"#.0$+0+$(,#.0(@(+#$<!""#$'(2-.,$,#$'S\TJ555$,# S. aureus -F-.0$"!.$

-11(F+#$ -*$ '-C!1-0!(1#$ 34$]C:#<0(@/8$ #0$ &-1$ '-$ /*(0#9$ .!*/$ -F!./$,+"!.01+$ )*#$ '-$ &1!0+(.#$ #/0$

<-&-C'#$,#$/#$ '(#1$A$,#/$\TJ$1+2*'-0#*1/$ 0#'/$)*#$ 'S\TJ555$!*$T/-\$3T+/*'0-0/$4$ 55589$)*($ /!.0$

("&'()*+/$,-./$'-$1+2*'-0(!.$,#$'-$F(1*'#.<#$,#$<#$&-0E!2?.#6$\(./(9$:S-($0#.0+$,#$,+@(.(1$)*#''#$

&!*F-(0$f01#$'-$@!.<0(!.$,#$<#00#$&1!0+(.#$<E#[$<#0$!12-.(/"#.  

K#/$#%&+1(#.<#/$,#$J!10E#1.$#0$v#/0#1.$C'!0$.!*/$!.0$,S-C!1,$(.,()*+$)*#$'-$/D.0E?/#$

,#$ =#%$ #/0$ @!10#"#.0$ 1+&1("+#$ #.$ &E-/#$ #%&!.#.0(#''#$ 0-1,(F#6$ ]19$ 'S\TJ555$ #0$ T/-\$ +0-.0$

"-:!1(0-(1#"#.0$#%&1("+/$#.$&E-/#$/0-0(!..-(1#$3J!F(<q et al.,$HWWV$r$J!F(<q9$XBBV89$<#$1+/*'0-0$

/*22?1#$)*#$=#%$.S#/0$&1!C-C'#"#.0$&-/$*.$<!@-<0#*1$,#/$"+<-.(/"#/$,#$1+&1#//(!.$&-1$<#/$

\TJ6$  !"&0#$ 0#.*$ ,#$ <#00#$ -/D.<E1!.(<(0+9$ )*#'$ &!*11-(0$ f01#$ '#$ '(#.$ #.01#$ =#%$ #0$ '#/$ \TJ$

1+2*'-0#*1/$y$>-$@!.<0(!.$,#$=#%$in vivo$-$+0+$-C!1,+#$&-1$'-$<!./01*<0(!.$,#$"*0-.0/$,S(./#10(!.$

,-./$ '#/$ /!*<E#/$ TJUVWB$ #0$ LMBBH$ -@(.$ ,S(.-<0(F#1$ <!"&'?0#"#.0$ '#$ 2?.#$ !*$ ,S(.,*(1#$ *.#$
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Figure 43. Représentation schématique de la régulation temporelle des facteurs de virulence de S. aureus et implication 

potentielle de Tex dans ces réseaux (Fechter et al., 2014). 
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2. Perspectives 

P", $8,#+&1&, 1**"$&'(& -', "#M'$&#$', )(&8$',,1(&', 2#.)+ /1#-$1 '3*+")&'$B SZ1(& &$"), 

4)%+', *"&'(&)'++',6 )+ ,'$1 )0*"$&1(& -' M1+)-'$ ,) +1 -8$8D#+1&)"( -' +1 *$"&8)(' S6 C/+X '& !)* 1 

+)'# 1# ()M'1# &$1(,4$)*&)"(('+ '&`"# *",&@&$1(,4$)*&)"(('+ *1$ +.#&)+),1&)"( -' DV(', $1**"$&'#$, 
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I/ Souches de Staphylococcus aureus et plasmides utilisés 

 

Tableau 4. Présentation des souches bactériennes utilisées. 

Souche Description Phénotype Origine 

FP\Ng= Y8$)M8' -' +1 ,"#4:' PC5C iNJO@k agr

*",)&)M'6 *",,V-' #(' -8+8&)"( -' >>*% 

1# ()M'1# -# DV(' rsbU 

agr+ rsbU! !'(D et al.6 >gii 

FP\Ng= 5'3@k=k I(,'$&)"( -' +l)(&$"( 9 +1 *",)&)"( k=k -# 

DV(' tex 

FP\Ng= 5'3@J==> I(,'$&)"( -' +l)(&$"( 9 +1 *",)&)"( J==> 

-# DV(' tex 

FPkJJ= Y8$)M8' -' +1 ,"#4:' PC5C iNJO@k6 

-8+8&8' *"#$ +' ,Z,&V0' -' $',&$)4&)"( 

hsdR! agr!

rsbU! 

m$'),?)$&: et al.6 >giN

;<==> Y8$)M8' -' +1 ,"#4:' PC5C iNJO@k rsbU

$8*1$8 

rsbU restorée ;'$%'$& et al.6 J=>=

;<==> 5'3@k=k I(,'$&)"( -' +l)(&$"( 9 +1 *",)&)"( k=k -# 

DV(' tex 

;<==> 5'3@J==> I(,'$&)"( -' +l)(&$"( 9 +1 *",)&)"( J==> 

-# DV(' tex 

XRC>== Y8$)M8' -' ;<==>6 -8+8&8' *"#$ +' 

,Z,&V0' -' $',&$)4&)"( 

hsdR! TypeIII! X$)1( R',&'$ EIPALFj6 !1$),K

XCR>== 5'3 n]S< Y8$)M8' -' ;<==>6 -8+8&8' *"#$ +' 

,Z,&V0' -' $',&$)4&)"( 

'$ZF

XCR>== 5'3 J==> n]S< Y8$)M8' -' ;<==>6 -8+8&8' *"#$ +' 

,Z,&V0' -' $',&$)4&)"( 

'$ZF

 

 

Tableau 5. Présentation des plasmides utilisés. 

Plasmide Description Origine 

*RL5 !$"0"&'#$ 5_6 10*F n'$0'(&1, 

*cLN= !$"0"&'#$ 5O6 &1D \3:), '( P&'$6 10*F c)1D'( 

*ja5IP H'4&'#$ (1M'&&'6 *$"0"&'#$ !,!14 )(-#4&)%+' 9 

+lI!5<6 *",,V-' +' DV(' +14o6 10*F6 '$0F 

H1D('$ et al., >ggi 

*P]g>\J H'4&'#$ (1M'&&' -8$)M8 -' *CPNg EC:1$*'(&)'$ et al.6 

J==OK6 "$)D)(' -' $8*+)41&)"( *5>i> 4"*@\Nk&, $'* 

Ck &:'$0",'(,)%+'6 *$"0"&'#$ !41- )(-#4&)%+' 1# 

41-0)#06 10*F6 '$0F 

Q1" et al., J==\ 
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II/ Tampons et solutions 

@ j)+)'# ]Xp >= D`+ %14&"&$Z*&"('6 >= D`+ P1C+6 O D`+ '3&$1)& -' +'M#$' 

@ j)+)'# X;I ESigmaKp >J6O D`+ '3&$1)& -' 4'$M'1# -' M'1#6 O D`+ '3&$1)& -' 4q#$ -' %q#/6 >= D`+ *'*&"(',6 

JD`+ YErK@D+#4",'6 J6OD`+ P1J;!Wk 

@ j)+)'# Pojp >= D`+ Po 10)('6 O D`+ P1C+6 J D`+ jDAWk@_;JW 

@ A"+#&)"( s>= E*1$ '3'0*+' S>=Kp > 0j -<5!6 > 0j -C5!6 > 0j -55!6 =6JO 0j -S5!   

@ 510*"( -' +Z,' E*#$)/)41&)"( -' 5'3Kp JO 0j 5$),@;C+ *; _6O EktCK6 >= 0j jDC+J6 i== 0j mC+6 >= 0j 

)0)-1b"+'6 > 0j6 u@0'$41*&"8&:1("+6 >=v D+Z48$"+B   

@ 510*"( -' +Z,' E0'0%$1(', 4'++#+1)$', -' S. aureusK p >= 0j 5$), ;C+ *; _BO 9 J=tC6 J= 0j  P1C+6 > 

0j LY5S6 O 0j jDC+J6 O= wD`0+ +Z,",&1*:)('6 4"4x&1)+ -l)(:)%)&'#$, -' *$"&81,', >==36 =6==k a YP1,' 

I E> a`0+K '& J w+ FP1,' SB 

@ 510*"( Sp JO 0j 5$),@;C+ *; _6O EktCK6  J 0j jDC+J6 >== 0j mC+6 > 0j  u@0'$41*&"8&:1("+   

@ 510*"( Xp JO 0j 5$),@;C+ *; _6O EktCK6 J 0j jDC+J6 > j mC+6 > 0j  u@0'$41*&"8&:1("+   

@ 510*"( -' ,&"4x1D'p O= 0j 5$),@;C+ *; _6O 9 ktC6 O 0j jDC+J6 O== 0j mC+6 O=v D+Z48$"+ 

@ 510*"( 5SL O=3 p J j 5$),@14'&1&'6 =B=O j LY5S6 *; iBNB  

@ 510*"( 5XL >3p ig 0j 5$),@%"$1&' *; i6N h > 0j LY5S  

@ 510*"( 5X J=3p ig 0j 5$),@%"$1&' *; i6NB  

@ 510*"( 5jP >3p J= 0j 5$),@;C+ *; _6O EJ=tCK6 O 0j jDC+J6 >== 0j P1C+ 

@ 510*"( -.8+#&)"( SFPp =6O j 148&1&' -.100"()#06 > 0j LY5S6 J=v *:8("+ 

@ 510*"( F5X O3p O= 0j 5$),@;C+ *; i6O EN_tCK6 \ 0j jDC+J6 k= 0j mC+  

@ 510*"( AAC J3p N== 0j P1C+6 >O 0j 4)&$1&' -' ,"-)#0 *; _    

@ 510*"( T5>p J= 0j 4)&$1&' -' ,"-)#0 *; k6O h > 0j LY5S h _ j #$8' h =6=JOv 3Z+V(' 4Z1("+ h =6=JOv 

%+'# -' %$"0"*:8("+B  

@ 510*"( ]p =6> j P1CWJ h =6> j P1;CWJ6 *; g6=B   

@ A"+#&)"( -' %+"41D' >=3 EP"$&:'$( %+"&Kp >==0+ 14)-' 01+8)2#' >3 r >=v $814&)/ -' %+"41D' (Roche)  

@ 510*"( -' -8(1&#$1&)"(p =6=O j P1W;6 =6> j P1C+ 

@ 510*"( -' -8&'4&)"(p =B> j 5$), ;C+ *; gBO6 =B> j P1C+ 

@ 510*"( -l:Z%$)-1&)"(p =6O j P1!6  _v AYA6 > 0j LY5S  

@ 510*"( -' +1M1D' EP"$&:'$(Kp S4)-' 01+8)2#' >36  =BNv 5?''( J= 

@ 510*"( -' ('#&$1+),1&)"(p =B> j 5$), ;C+ *; _BO  

@ A"+#&)"( -' %+"41D' Ey',&'$( %+"&Kp J=0+ 5XA r Ov +1)& '( *"#-$' 

@ 510*"( 5XAp O= 0+ 5$),@;C+ *; _BO6  iB_\ D P1C+ 

@ 510*"( 5XA5p J== 0+ 5XA6 J== w+ 5?''(J= 
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III/ Analyse des interactions Tex!ARN in vitro 

1. Préparation du matériel biologique 

1.1. Surexpression des protéines Tex et Tex !S1  

>B>B> Culture d� LB 4"+) et induction de l'expression des protéines 

a(' 4"+"()' -lLB 4"+) j>O &$1(,/"$08' 1M'4 +' *+1,0)-' *cLN= Ec)1D'(K ,#$'3*$)01(& 

5'3 "# 5'3 zA>6 ',& *$8+'M8' ,#$ %")&' -' !8&$) ]X 10*)4)++)(' E>== "D`"+K6 *"#$ '(,'0'(4'$ O 

0+ -# 0U0' 0)+)'# +)2#)-' -1(, #(' /)"+' L$+'(0'Z'$ *#), ',& )(4#%8' 9 N_tC *'(-1(& +1 (#)& 

,"#, 1D)&1&)"( 4"(,&1(&' E>i= $*0KB ]', 4#+&#$', ,"(& '(,#)&' $81+),8', *1$ '(,'0'(4'0'(& 1# 

>`>==V0' -' J /)"+', L$+'(0'Z'$ -' O ] 4"(&'(1(& 4:14#(' > ] -' 0)+)'# ]X@10* *1$ +1 *$8@

4#+&#$' -' %14&8$)',6 *#), )(4#%8' 9 N_tC *'(-1(& k : 7#,2#l9 "%&'(&)"( -l#(' YW\==(0 -' =6N 

E*:1,' '3*"('(&)'++' -' 4$"),,1(4'KB S YW\==(0 { =6N6 +', 4#+&#$', ,"(& *+148', 9 >itC *'(-1(& 

'(M)$"( > :6 7#,2#l9 1&&')(-$' YW\==(0 { =6O6 *#), +l'3*$',,)"( -' 4:12#' *$"&8)(' ',& )(-#)&' 

*1$ 17"#& -' > 0j I!5< '& +', 4#+&#$', ,"(& $'0),', ,"#, 1D)&1&)"( *'(-1(& +1 (#)& 9 >itCB ]', 

4'++#+', ,"(& '(,#)&' 4'(&$)/#D8', Ek=== $*0 *'(-1(& >O 0)( 9 ktCKB ]', 4#+"&, -' 4'++#+', ,"(& 

+1M8, *1$ N= 0+ -' 5$),@;C+ >= 0j *;_6O *#), 4'(&$)/#D8, 9 ("#M'1# Ek=== $*0 J= 0)(6 9 ktCKB 

>B>BJ Lyse des cellules 

C:12#' 4#+"& 4'++#+1)$' ',& $'*$), -1(, +' &10*"( -' +Z,' EN 0+`D -' 4'++#+',K 4"(&'(1(& +' 

+Z,"bZ0' EO 0D`D 4'++#+',K6 O a -' YP1,' I`D -' 4'++#+', '& #( 4"4x&1)+ -l)(:)%)&'#$, -' *$"&81,', 

ERocheKB ]1 +Z,' -', 4'++#+', ',& )()&)8' *1$ +l14&)"( -# +Z,"bZ0' *'(-1(& >O 0)( -1(, +1 D+14'B 

]', 4'++#+', ,"(& '(,#)&' &$1)&8', *1$ ,"()41&)"( 1#3 #+&$1,"(, *'(-1(& N= ,'4 9 >J= H Ei 3K *#), 

4'(&$)/#D8', E>O=== $*0 *'(-1(& >O 0)( 9 ktCK *"#$ 8+)0)('$ +', -8%$), 4'++#+1)$',B ]', 

,#$(1D'1(&, ,"(& *$8+'M8,6 ,"#0), 9 #(' #+&$1@4'(&$)/#D1&)"( EkO=== $*0 *'(-1(& J : N= 9 ktCK6 

*#), +l'3&$1)& %$#& ',& $84#*8$8B ]1 ,#$'3*$',,)"( -', -'#3 *$"&8)(', ',& '(,#)&' M8$)/)8' *1$ 

+.1(1+Z,' -.#( 1+)2#"& -' >= w+ ,#$  D'+ AYA@!S<L >=vB L(/)(6 +', %)++', P)Jr@P5S ,"(& 17"#&8', 

1#3 '3&$1)&, %$#&, EO== w+`O 0D -' *$"&8)(',6 QiagenK '& +.)(4#%1&)"( ',& $81+),8' ,"#, 1D)&1&)"( 

+'(&' 9 ktC *'(-1(& > :B 
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2. Purification de Tex et Tex "S1 

2.1. Purification sur colonne Ni2+"NTA 

]', '3&$1)&, %$#&, 1--)&)"((8, -' +1 $8,)(' ,"(& &"#& -.1%"$- 4'(&$)/#D8, E_=== $*0 

*'(-1(& >= 0)(#(&', 9 ktCK *#), +', %)++', +)8', 1#3 *$"&8)(', &1D#8', -' \ :),&)-)(', ,"(& 

-8*",8', ,#$ #( ,#**"$& 4:$"01&"D$1*:)2#' !"+Z!$'* EBioradK '& +', /$14&)"(, ,"(& $84"+&8', 

*1$ D$1M)&8B ]', *$"&8)(', ("( $'&'(#', *1$ +1 01&$)4' P)Jr@P5S ,"(& $84#*8$8',B ]', %)++', ,"(& 

'(,#)&' +1M8', 1M'4 O M"+#0', -# &10*"( -' +Z,' r >= 0j -.)0)-1b"+'B ]l8+#&)"( -' 4:12#' 

*$"&8)(' ',& '(,#)&' '//'4&#8' *1$ 17"#& -' >= 0+ -' &10*"( S r O== 0j -.)0)-1b"+'B a( 1+)2#"& 

-' >= w+ -' 4:12#' /$14&)"( ',& 1(1+Z,8 ,#$ D'+ AYA@!S<L >=vB ]1 /$14&)"( -.8+#&)"( 4"(&'(1(& +1 

*$"&8)(' 5'3 "# 5'3zA> *1$&)'++'0'(& *#$)/)8' ',& -)1+Z,8' 4"(&$' +' &10*"( S ,"#, 1D)&1&)"( 

4"(,&1(&'6 &"#&' +1 (#)& 9 ktCB  

 

2.2. Purification sur colonne échangeuse d'anions (MonoQ)  

]1 4"+"((' j"("c E> 0+6 41*14)&8 O= 0D -' *$"&8)(',6 GE HealthcareK 4"#*+8' 9 #(' ;!]C6 

',& -.1%"$- +1M8' 9 +.;JW 0)++)c *#), 82#)+)%$8' *1$ +' *1,,1D' -' >= M"+#0', -' &10*"( SB ]', 

/$14&)"(, -)1+Z,8', ,"(& 4'(&$)/#D8', E>N=== $*0 *'(-1(& >= 0)( 9 k tCK *#), -8*",8', ,#$ 

4"+"(('B C:12#' *$"&8)(' ',& '(,#)&' 8+#8' *1$ #( D$1-)'(& -' >== 0j 9 JO= 0j mC+B Y', 

/$14&)"(, -' O== w+ 4:14#(' ,"(& $84"+&8', '& #( 1+)2#"& -' >= w+ ',& 1(1+Z,8 ,#$ D'+ AYA@!S<L 

>=vB ]', /$14&)"(, 4"(&'(1(& +', *$"&8)(', *#$', E8+#8', '(&$' \O '& >=O 0j mC+K ,"(& 

$1,,'0%+8',B 

 

2.3. Concentration et stockage des protéines   

]', *$"&8)(', 1)(,) *#$)/)8', ,"(& 4"(4'(&$8', 1# 0")(, O /"), *1$ 4'(&$)/#D1&)"( ,#$ 

/)+&$', S0)4"( -' 41*14)&8 k 0+6 4"(,&)&#8, -.#(' 0'0%$1(' -' 4'++#+",' -' | 4#&@"// } 8D1+ 9 O=m 

EMilliporeKB !"#$ 4'+16 +', /)+&$', ,"(& -.1%"$- +1M8, 1M'4 k 0+ -l;JW 0)++)c *1$ 4'(&$)/#D1&)"( 

Ek=== 3 D *'(-1(& >O 0)( 9 ktCK6 *#), +', 84:1(&)++"(, -' 5'3 '& 5'3 zA> ,"(& 4'(&$)/#D8, Ek=== 

3 D *'(-1(& N= 0)( 9 ktCKB C:12#' 84:1(&)++"( ',& '(,#)&' -)1+Z,8 J /"), > : 4"(&$' +' &10*"( -' 

,&"4x1D' 9 ktC6 *#), #( M"+#0' -' D+Z48$"+ ',& 17"#&8 9 4:14#( '& )+, ,'$"(& /)(1+'0'(& 4"(,'$M8 

9 @J=tCB 
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3. Préparation des ARN régulateurs 

3.1. Transcription in vitro de l�ARNIII 

NB>B> Linéarisation du plasmide et purification de la matrice ADN 

]', DV(', 4"$$',*"(-1(& 9 +.SFPIII ,1#M1D' "# 0#&8 '& 1# -"01)(' Nl6 "(& 8&8 4+"(8, 

1M1(& 0"( 1$$)M8' -1(, #( *+1,0)-' -8$)M8 -' *aC>i6 7#,&' '( 1M1+ -# *$"0"&'#$ -' 

&$1(,4$)*&)"( -' +.SFP *"+Z08$1,' -# *:1D' 5_B ]1 +)(81$),1&)"( -# *+1,0)-' 1 '(,#)&' 8&8 

'//'4&#8' -1(, #( M"+#0' $814&)"(('+ -' JO= w+ 4"(&'(1(& >== wD -' *+1,0)-'6 JO w+ -' +.'(bZ0' 

X10;I 9 J= a`w+ EOa`wD  SYP 9 -)D8$'$6 BioLabsK6 JO w+ -' &10*"( X10;I >=3 '& J6O w+ -' XAS 

>= 0D`0+B 

]1 -)D',&)"( '(bZ01&)2#' ',& $81+),8' 9 N_tC *'(-1(& N :6 *#), +1 $814&)"( ',& 1$$U&8' *1$ 

1--)&)"( -' JO= w+ -' *:8("+@4:+"$"/"$0'B ]', &#%', ,"(& 08+1(D8, *#), 4'(&$)/#D8, E>N=== $*0 

*'(-1(& > 0)(KB ]lSYP 4"(&'(# -1(, +1 *:1,' 12#'#,' ',& $84#*8$8 '& *$84)*)&8 *'(-1(& N= 0)( 

9 @i=tC -1(, +1 41$%"D+14'6 *1$ 1--)&)"( -' >`>= -.S48&1&' -' ,"-)#0 S4P1 N j *; O6\ '& N 

M"+#0', -l8&:1("+ 1%,"+#B S*$V, 4'(&$)/#D1&)"( E>N=== $*0 *'(-1(& N= 0)( 9 ktCK6 +', 4#+"&, 

,"(& +1M8, *1$ J== w+ -.8&:1("+ i= v6 4'(&$)/#D8, 9 ("#M'1# E>N=== $*0 *'(-1(& >= 0)( 9 ktCK6 

,84:8, ,"#, M)-' *'(-1(& O 0)( '& $'*$), -1(, O= w+ -.;JW 0)++)cB ]1 4"(4'(&$1&)"( '( SYP ',& 

-8/)()' *1$ 0',#$' -' +1 YWJ\= (0 E> #()&8 YW { O= wD`0+ -.SYPKB 

NB>BJ Transcription )( M)&$". 

 ]1 &$1(,4$)*&)"( ,.'//'4&#' *'(-1(& N : 9 N_tC -1(, #( M"+#0' $814&)"(('+ -' k== w+ 

4"(&'(1(& >\ w+ -' 4:12#' P5! =6> j6 k w+ -' ,*'$0)-)(' >== 0j6 k= w+ -' &10*"( 5_ >=36 k w+ 

Y55 =6O j6 k w+ XAS >= 0D`0+6 k w+ FP1,)(' k= a`w+6 O w+ -.SFP *"+Z08$1,' -# *:1D' 5_ '& k= 

wD -' *+1,0)-' +)(81$),8B  

S*$V, 4'(&$)/#D1&)"( J 0)( 9 >==== $*06 #( *$84)*)&8 %+1(4 4"$$',*"(-1(& 1# 

*Z$"*:",*:1&' D8(8$8 1# 4"#$, -' +1 &$1(,4$)*&)"( )(-)2#' #( &1#3 -' ,Z(&:V,' '//)414'B ]', SFP 

,"(& '3&$1)&, *1$ &$1)&'0'(& -', 84:1(&)++"(, 1# *:8("+@4:+"$"/"$0' *#), *$84)*)&8, 4"00' 

-84$)& 4)@-',,#, EG IIIB NB>B>K '& $'*$), -1(, O= w+ -' %+'# #$8'B  

]', SFP ,"(& '(,#)&' *#$)/)8, *1$ 8+'4&$"*:"$V,' ,#$ #( D'+ -' *"+Z14$Z+10)-' iv6 5XL 

>36 #$8' i jB ]' D'+ EO= 0+K ',& *"+Z08$),8 '(&$' -'#3 *+12#', -' M'$$' '( *$8,'(4' -' O== w+ 

-lS!A >=v '& -' O= w+ 5LjLYB ]' D'+ *"+Z08$),8 ',& '(,#)&' *$84:1#//8 >O 0)( 9 JO= H 4"(,&1(&B 

].84:1(&)++"( 4"(&'(1(& +.SFP EO= w+K ',& -8(1&#$8 *1$ 4:1#//1D' *'(-1(& > 0)( 9 g=tC *#), *+148 
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-1(, +1 D+14' > 0)( 1M1(& -.U&$' -8*",8 ,#$ +' D'+B ]1 0)D$1&)"( ,' /1)& 9 N== H *'(-1(& \: 9 J=tCB 

].SFP ',& '(,#)&' $8M8+8 *1$ '3*",)&)"( -# D'+ ,"#, $1Z"(, aHB ]1 %1(-' -' D'+ ',& $1*)-'0'(& 

-84"#*8' '& +.SFP ',& 8+#8 -' 01()V$' *1,,)M' *'(-1(& +1 (#)& 9 ktC ,"#, 1D)&1&)"(6 -1(, O== w+ 

-' &10*"( -.8+#&)"(B ].SFP ',& $84#*8$86 '3&$1)& *1$ +.1--)&)"( -' O== w+ -' *:8("+@4:+"$"/"$0' 

EG IIIB NB >B>K '& $'*$), -1(, N= w+ -l;JW 0)++)c ,&8$)+'B ]1 4"(4'(&$1&)"( -' +.SFP ',& /)(1+'0'(& 

-8&'$0)(8' *1$ 0',#$' -' +1 YWJ\=(0 E> #()&8 YW { k= wD`0+ -.SFPK 1M1(& -.U&$' 4"(,'$M8 9 @

J=tCB  

 

3.2. Synthèse chimique des ARN non codants RsaA, RsaE, de la tige"boucle 2 de l�ARNIII 

et d�un petit fragment d�ARN simple brin 

!"#$ +.'(,'0%+' -', 1#&$', SFP -' *'&)&' &1)++' 9 8&#-)'$6 ("#, 1M"(, /1)& 1**'+ 9 +1 ,"4)8&8 

IY56 4:'b 2#) )+, "(& 8&8 *$"-#)&, *1$ ,Z(&:V,' 4:)0)2#' '& *#$)/)8, *1$ ;!]C (www.idtdna.com). 
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IV/ Analyse de la formation des complexes Tex!ARN par gel retard 

1. Marquage de l�ARN à l�extrémité 5� 

SM1(& ,"( 01$2#1D'6 +.SFP EJ= wDK ',& &"#& -.1%"$- -8*:",*:"$Z+8 -1(, #( M"+#0' 

$814&)"(('+ -' J= w+B !"#$ 4'+16 +.SFP ',& -8(1&#$8 *1$ 4:1#//1D' 9 g=tC *'(-1(& > 0)(6 ,#)M) 

-.#(' )(4#%1&)"( -' > 0)( -1(, +1 D+14'B ]1 $814&)"( ',& $81+),8' > : 9 N_tC '( *$8,'(4' -' J w+ 

-' &10*"( nSA5 S! >=3 '& J w+ -.'(bZ0' nSA5 E> a`w+6 FermentasKB N= w+ -.'1# ,"(& 17"#&8, *#), 

+.SFP ',& '3&$1)& *1$ 1--)&)"( -' O= w+ -.#(' ,"+#&)"( *:8("+ 4:+"$"/"$0' *; O6\ EG IIIBNB>B>K '& 

$'*$), -1(, J= w+ -.;JW 0)++)cB  

]' 01$2#1D' -' +.SFP 9 +.'3&$80)&8 O. ',& '//'4&#8 > : 9 N_tC -1(, #( M"+#0' $814&)"(('+ 

-' J= w+ 4"(&'(1(& O w+ -.SFP -8*:",*:"$Z+86 J w+ -' &10*"( 5k !Pm >=3 EFermentasK6 > w+ 

-.'(bZ0' 5k !Pm E>= a`w+K6 O w+ ~�@!NJ� S5! >= wC)`w+ '& _ w+ -.;JW 0)++)cB ].SFP 01$2#8 ',& 

'(,#)&' $'*$), -1(, J= w+ -' %+'# #$8' '& *#$)/)8 *1$ 8+'4&$"*:"$V,' ,#$ D'+ -' *"+Z14$Z+10)-' 

Ov6 5XL >36 #$8' i jB ]1 0)D$1&)"( ,.'//'4&#' 9 JO 0S *'(-1(& J :6 *#), +', SFP ,"(& $8M8+8, *1$ 

1#&"$1-)"D$1*:)' -# D'+B ]1 %1(-' 4"$$',*"(-1(&' 9 +.SFP 01$2#8 ',& -84"#*8' *#), +.SFP ',& 

8+#8 '& *$84)*)&8 EG IIIB NB>BJKB 

 

2. Analyse des complexes Tex!ARN sur gel retard 

].SFP 01$2#8 ',& $'*$), -1(, -' +.;JW 0)++)c ,&8$)+' -' 01()V$' 9 "%&'()$ >==== 4*0`w+B 

].SFP ,#%)& #( &$1)&'0'(& -' -8(1&#$1&)"( *1$ 4:1#//1D' -' > 0)( 9 g=tC ,#)M) -' > 0)( -1(, +1 

D+14'6 *#), ',& $'(1&#$8 -1(, +' &10*"( 5jP 9 J=tC *'(-1(& >O 0)(B ]1 /"$01&)"( -# 4"0*+'3' 

',& $81+),8' -1(, #( M"+#0' /)(1+ -' >= w+ '( *$8,'(4' -' > w+ -.SFP 01$2#8 E>==== 4*06 

4"(4'(&$1&)"( )(/8$)'#$'  9 > (jK '& > w+ -' 4"(4'(&$1&)"(, 4$"),,1(&', -' 5'3 E>= (j 9 >= wjK 

-1(, +' &10*"( 5jP *'(-1(& >O 0)( 9 J=tCB >= w+ -' %+'# D+Z48$"+ ,"(& '(,#)&' 17"#&8, '& +', 

84:1(&)++"(, ,"(& -8*",8, ,#$ #( D'+ -' *"+Z14$Z+10)-' \v6 5X >36 jDC+J J 0j *'(-1(& O : 9 

N== H6 9 ktCB a(' 1#&"$1-)"D$1*:)' -# D'+ ',& '(,#)&' $81+),8'B  
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3. Expériences de compétition par gel retard 

 !"# !$%&'(!)*!"# +!# *,-%&.(.(,)# ",).# '&/0("&!"# +/)"# 0!"# -1-!"# *,)+(.(,)"# 23!# *!00!"#

+&*'(.!"# *(4+!""3"# 56# 789# :;# "/3<# 23=># 0=?@A777# -/'23&# ",).# /B,3.&"# 0/# %',.&()!# C!$# ># 3)!#

*,)*!).'/.(,)#<($!#+!#DEE#)F#!.#+!"#*,)*!).'/.(,)"#*',(""/).!"#+=?@A#*,-%&.(.!3'#),)#-/'23&#

/00/).#+!#GEE#>#HEE#)F9#

 

  



F/.&'(!0#I#F&.J,+!"# G:K#

 

V/ Détermination de l�empreinte de Tex aux ARN 

1. Hydrolyse enzymatique et détection directe des coupures 

 =?@A#-/'23&#"3L(.#.,3.#+M/L,'+#3)#.'/(.!-!).#+!#+&)/.3'/.(,)4'!)/.3'/.(,)#56#789#G;9#

NJ/23!#'&/*.(,)#/#0(!3#+/)"#3)#O,03-!#<()/0#+!#GE#P0#*,).!)/).#0M?@A777#5GEEEEE#*%-Q'&/*.(,);#

'!)/.3'&#!.#G#PR#+=?@A.#.,./0#+/)"#0!#./-%,)#CFA9# /#<,'-/.(,)#+3#*,-%0!$!#?@A7774C!$#!".#

'&/0("&!# !)# %'&"!)*!# +!# C!$# 5DEE# )F# ,3# G# PF;# %!)+/).# GD# -()# ># :ESN9#  !"# '&/*.(,)"#

!)TU-/.(23!"#",).#'&/0("&!"#!)#%'&"!)*!#+!#G#P0#+!#@A/"!#CG#5EVEG#WQP0;V#+!#@A/"!#C:#5EVE:D#

WQP0;#,3#+!#@A/"!#8G#5EVEG#WQP0;#%!)+/).#D#-()#>#:ESN9# !"#'&/*.(,)"#",).#/''1.&!"#%/'#3)!#

!$.'/*.(,)#%J&),0(23!#+!"#?@A#/%'X"#/B,3.#+!#HE#P0#+=?*A/#EVY#FV#EVD#P0#Z[Z#GE\#!.#DE#P0#+!#

%J&),0#%]#DVY#"3(O(!#+!#0/#%'&*(%(./.(,)#+!"#?@A#56#7779#Y9G9G;9#^)<()V#0!"#&*J/).(00,)"#",).#'!%'("#

+/)"# GE# P0# +!# L0!3# <,'-/-(+!V#-&0/)R&"# /3# O,'.!$# !.# 0/# '/+(,/*.(O(.&# +/)"# *J/23!# .3L!# !".#

/B3".&!9##

 !"#*,3%3'!"#+!#0M?@A#",).#/""(R)&!"#!)#'&/0("/).#!)#%/'/00X0!#3)!#JU+',0U"!#/0*/0()!#!.#

3)!#JU+',0U"!#%/'#0/#@A/"!#CG#!)#*,)+(.(,)"#+&)/.3'/).!"9##

@A/"!#CG_#G#P0#+=?@A777#-/'23&#5DEEEE#*%-;#!.#G#P0#+=?@A.#.,./0#",).#/B,3.&"#>#D#P0#+!#

./-%,)#`CGV#%3("#()*3L&"#>#DESN#%!)+/).#D#-()9# =JU+',0U"!#!".#!)"3(.!#'&/0("&!#!)#%'&"!)*!#+!#

G#P0#+!#@A/"!#CG#5EV:#WQ-0;#>#DESN#%!)+/).#GE#-()9##

]U+',0U"!#/0*/0()!_#:#P0#+=?@A#-/'23&#5GEEEEE#*%-;#!.#G#PR#+=?@A.#.,./0#",).#()*3L&"#

+/)"#D#P0#+!#./-%,)# #%!)+/).#G#-()#>#KESN9#C,3"#0!"#&*J/).(00,)"#",).#!)"3(.!#+&%,"&"#"3'#3)#

R!0#+!#%,0U/*'U0/-(+!#a\V#Cb^#G$V#3'&!#a#F#/U/).#"3L(#%'&/0/L0!-!).#3)#%'&*J/3<</R!#YE#-()#>#

cD#-?9# /#-(R'/.(,)#!".#!)"3(.!#!<<!*.3&!#>#cD#-?#%!)+/).#:#J#YE9# !#R!0#!".#.'/)"<&'&#"3'#3)!#

O(!(00!#/3.,'/+(,R'/%J(!V#'!*,3O!'.#+!#"/'/)#d'/%#!.#%0/*&#+/)"#3)!#*/""!..!#/O!*#3)#&*'/)#+!#

<03,',R'/%J(!#5Sigma;#%!)+/).#0/#)3(.#>#4aESN9#

#

2. Hydrolyse enzymatique suivie d�une extension d�amorce  

2.1. Marquage d'oligonucléotide à l'extrémité 5'  

 =,0(R,)3*0&,.(+!# 3.(0("&# 5eCNN??ee???NC??NCNC?NC;# !".# *,-%0&-!)./('!# /3$#

)3*0&,.(+!"#+!#0/#.(R!4L,3*0!#K#+!#0=?@A7779# !#-/'23/R!#>#0=!$.'&-(.&#D=#!".#!<<!*.3&#G#J#>#YcSN#

+/)"#3)#O,03-!#'&/*.(,))!0#+!#:E#P0#*,).!)/).#D#P0#+=,0(R,)3*0&,.(+!#5G#-F;V#:#P0#+!#./-%,)#CH#

fAg#GE$#5Fermentas;V#G#P0#+=!)TU-!#CH#fAg#5GE#WQ-0V#Fermentas;V#D#P0#+!#hifY:j#?Cf#5GE#PN(QP0;#
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!.# c# P0# +=]:k# -(00(l9#  =,0(R,)3*0&,.(+!# -/'23&# !".# !)"3(.!# "&%/'&# +!# 0=!$*X"# +=?Cf# %/'#

*J',-/.,R'/%J(!#+=!$*03"(,)#"3'#3)!#*,0,))!#F(*',L(,Z%()#5BioRad;9# =&*J/).(00,)#!".#*,-%0&.&#

%/'#YE#P0#+=]:k#-(00(l#%3("#+&%,"&#"3'#0/#*,0,))!#!.#*!).'(<3R&#5:EEE#'%-#%!)+/).#H#-()#>#HSN;9#

 =&03/.#*,).!)/).#0=,0(R,)3*0&,.(+!#-/'23&#!".#*,)"!'O&#>#4:ESN9##

#

2.2. Hydrolyses enzymatiques et détection des coupures  

 !"#*,)+(.(,)"#!$%&'(-!)./0!"#*,)*!')/).#0!"#JU+',0U"!"#!)TU-/.(23!"#",).#(+!).(23!"#

># *!00!"# +&*'(.!"# %'&*&+!--!).# 56# 89# G;9#  /# "!30!# +(<<&'!)*!# !".# 23!# 0=?@A777# '/+(,/*.(<# !".#

'!-%0/*&# %/'# :# %-,0!"# +M?@A777# ),)# -/'23&9# ?%'X"# /''1.# +!"# JU+',0U"!"# !)TU-/.(23!"V#

!$.'/*.(,)#%J&),0(23!#!.#%'&*(%(./.(,)#+!"#?@A#JU+',0U"&"V#0!"#*30,."#",).#'!%'("#+/)"#H#P0#+M]:k#

-(00(l9# =JUL'(+/.(,)#!".#!<<!*.3&!#%/'#0=/++(.(,)#+!#G#P0#+=,0(R,)3*0&,.(+!#-/'23&#5GEEEEE#*%-;#

!.#()*3L/.(,)#+!#G#-()#>#KESN#"3(O(#+!#G#-()#+/)"#0/#R0/*!9#G#P0#+!#./-%,)#@Cb#D$#!".#!)"3(.!#

/B,3.&# !.# 0!"# &*J/).(00,)"# ",).# ()*3L&"# %!)+/).# GD#-()# ># :ESN9#  /# '&O!'"!# .'/)"*'(%.(,)# !".#

'&/0("&!#%!)+/).#YE#-()#>#YcSN#/%'X"#/++(.(,)#+!#:#P0#+=3)!#",03.(,)#+!#+ACf#5:VD#-F;#!.#G#P0#

+!#@C#?F8#5:#WQP0;#+/)"#3)#O,03-!#.,./0#+!#GD#P09# /#'&/*.(,)#!".#/''1.&!#%/'#/B,3.#+!#DE#P0#

+=?*A/#EVY#F#%]#DVY# !.#:EE#P0#+=&.J/),0# /L",03# 56# 7779# Y9G9G;#%3("# '!%'("!#+/)"#GE#P0#+!#L0!3#

<,'-/-(+!9#?%'X"#-&0/)R!#/3#O,'.!$#+!"#+(<<&'!)."#!""/("V#0/#'/+(,/*.(O(.&#!".#/B3".&!#+!#-/)(X'!#

(+!).(23!#%,3'#*J/23!#.3L!9##

W)!# "&23!)*!# !".# '&/0("&!# !)# %/'/00X0!# %,3'# /""(R)!'# 0/# %,"(.(,)# +!"# *,3%3'!"#

!)TU-/.(23!"9# N,--!# %'&*&+!--!).V# 0=JUL'(+/.(,)# +!# 0=,0(R,)3*0&,.(+!# !".# '&/0("&!# /O!*# :#

%-,0!"#+M?@A#<',(+#+/)"#0!#./-%,)#@CbV#+/)"#3)#O,03-!#.,./0#+!#:E#P09# !#-&0/)R!#!".#!)"3(.!#

%/'./R&#!)#H#&*J/).(00,)"#+!#D#P0#),.&"#?V#CV#e#!.#N9#[/)"#*J/*3)#+!"#.3L!"V#"!',).#/B,3.&"#:#P0#+!#

./-%,)# @Cb# D$V# GVD# P0# +=3)!# +!"# 23/.'!# ",03.(,)"# mGE# 53)# +!"# +ACf# !".# !)# *,)*!).'/.(,)#

0(-(./).!;V#EVD#P0#+3#++ACf#GEE#PF#5*,''!"%,)+/).#/3#+ACf#.!'-()/.!3';V#G#P0#+!#0/#'&O!'"!#

.'/)"*'(%./"!#?F8#5GWQP0;#!.#D#P0#+=]:k#-(00(l9# !"#'&/*.(,)"#",).#!<<!*.3&!"#%!)+/).#YE#-()#>#

YcSN#%3("#.'/(.&!"#*,--!#+&*'(.#B3".!#*(4+!""3"9#C,3"#0!"#&*J/).(00,)"#",).#*J/3<<&"#G#-()#>#KESNV#

"3(O(#+!#G#-()#+/)"#0/#R0/*!9# !"#!""/("#",).#+&%,"&"#"3'#3)#R!0#+!#%,0U/*'U0/-(+!#a\V#Cb^#G$V#

3'&!#a#F9#?%'X"#3)!#-(R'/.(,)#+!#YJ#5-(R'/.(,)#*,3'.!;#!.#+!#DJ#5-(R'/.(,)#0,)R3!;#>#cD#-?V#0!#

R!0#!".#'!*,3O!'.#+!#saran wrapV#%0/*&#>#4aESN#+/)"#3)!#*/""!..!#/O!*#3)#&*'/)#+!#<03,',R'/%J(!#

5Sigma;#%!)+/).#0/#)3(.9##
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VI/ Analyse de la formation des complexes Tex!ARN par filtration 

sur nitrocellulose 

1. Analyse de la formation des complexes Tex!ARN et Tex S1!ARN 

 M?@A#-/'23&#'/+(,/*.(O!-!).#>#",)#!$.'&-(.&#DM#"3L(.#.,3.#+M/L,'+#3)#.'/(.!-!).#+!#

+&)/.3'/.(,)4'!)/.3'/.(,)#56#789#G;9#NJ/23!#'&/*.(,)#!".#%'&%/'&!#!)#.'(%0(*/.#!.#/#0(!3#+/)"#3)#

O,03-!#<()/0#+!#DE#P0#*,).!)/).#0M?@A#'!)/.3'&#>#YEEEE#*%-Q'&/*.(,)#+/)"#0!#./-%,)#CFA9# /#

<,'-/.(,)#+!"# *,-%0!$!"#C!$4?@A#!".# '&/0("&!#!)#%'&"!)*!#+!# *,)*!).'/.(,)"# *',(""/).!"#!)#

%',.&()!"V#%!)+/).#GD#-()#>#:ESN9##

 !"#<(0.'!"#+!#)(.',*!0030,"!#*,).!)3"#"3'#3)!#-(*',%0/23!#+!#Kn#%3(."#5%,',"(.&#EVHD#P-V#

*/%/*(.&#:DE#P0V Millipore)#",).#0/O&"#Y$#/3#%'&/0/L0!#%/'#%/""/R!#+!#GEE#P0#+!#./-%,)#CFAV#%3("#

",3-("#>#/"%('/.(,)#",3"#O(+!#>#3)!#%'!""(,)#*,)"./).!9# !"#&*J/).(00,)"#",).#!)"3(.!#+&%,"&"#

"3'#0!"#<(0.'!"#!.#/"%('&"9# !"#<(0.'!"#",).#0/O&"#>#),3O!/3#%/'#%/""/R!#+!#Y$#GEE#P0#+!#./-%,)#

CFAV#%3("#G#P0#+M?@A#'/+(,-/'23&#!".#+&%,"&#/<()#+M!".(-!'#0/#'/+(,/*.(O(.&#-/$(-/0!#'!.!)3!#

"3'#0!#<(0.'!9# /#%0/23!#!".#!)"3(.!#%0/*&!#",3"#3)!#0/-%!V#B3"23M>#"&*J/R!#*,-%0!.#+!"#<(0.'!"V#%3("#

GEE#P0#+!#0(23(+!#+!#"*().(00/.(,)#",).#/B,3.&"#>#*J/23!#%3(.#!.#3)#*,-%./R!#+!#0/#'/+(,/*.(O(.&#

'!.!)3!#"3'#*J/23!#<(0.'!#!".#'&/0("&#R'o*!#>#3)#0!*.!3'#+!#%0/23!#5Chameleon;V#'!0(&#>#3)#"U".X-!#

()<,'-/.(23!#%!'-!../).#0=/*23("(.(,)#+!"#+,))&!"9#

#

2. Expériences de compétitions par filtration sur nitrocellulose 

 !"# !$%&'(!)*!"# +!# *,-%&.(.(,)# ",).# '&/0("&!"# +/)"# 0!"# -1-!"# *,)+(.(,)"# 23!#

%'&*&+!--!).#56#879#G;V#>#0/#+(<<&'!)*!#23M>#0M?@A#-/'23&#",).#/B,3.&"#0/#%',.&()!#C!$#>#3)!#

*,)*!).'/.(,)#<($!#+!#EVD#!F#!.#+!"#*,)*!).'/.(,)"#*',(""/).!"#+M?@A#*,-%&.(.!3'"9# #
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VII/ Analyse de la formation des complexes Tex!ARN par 

spectroscopie de fluorescence 

1. Contrôle de l�homogénéité des protéines par Dynamic Light Scattering 

(DLS) ou diffusion de la lumière 

W)!#&./%!#%'&/0/L0!#+!#*,).'p0!#+!# 0=J,-,R&)&(.&#+!"#%',.&()!"#!".#)&*!""/('!#/<()#+!#

O&'(<(!'#23=!00!"#)!#%'&"!).!).#%/"#+=/R'&R/.(,)#!)#",03.(,)9# /#.!*J)(23!#+!#q#[ Z#r#(-%0(23!#

3)!#",3'*!#0/"!'#+('(R&!#"3'#0M&*J/).(00,)#*,).!)3#+/)"#3)!#*3O!#!)#%0/".(23!V#23(#"!'/#+(<<3"&!#

%/'#0!"#-/*',-,0&*30!"#%'&"!).!"#!)#",03.(,)9# !"#<03*.3/.(,)"#+M().!)"(.&#+!#0/#03-(X'!#+(<<3"&!#

",).# /0,'"# -!"3'&!"V# !00!"# *,''!"%,)+!).# /3$# -,3O!-!)."# /0&/.,('!"# +!"# -/*',-,0&*30!"#

5s-,3O!-!)."#b',d)(!)"s;#%!'-!../).#+!#+&+3('!#0!3'#./(00!9#^)#!<<!.V#%03"#0!"#%/'.(*30!"#",).#

%!.(.!"V#%03"#0!3'"#-,3O!-!)."#"!',).#'/%(+!"#!.#+,)*V#%03"#0!"#<03*.3/.(,)"#+!#0/#03-(X'!#"!',).#

'/%(+!"9#N!..!#-&.J,+!#/#&.&#3.(0("&!#/O/).#*J/23!#!$%&'(!)*!#/<()#+!#*,).'p0!'#0=J,-,R&)&(.&#

+!"#%',.&()!"#C!$#!.#C!$ ZGV#23(#,).#.!)+/)*!#>#"=/R'&R!'#>#J/3.!#*,)*!).'/.(,)9##

f,3'#*!0/V#0!"#%',.&()!"#",).#30.'/*!).'(<3R&!"#/3#%'&/0/L0!#5HDEEE#'%-#%!)+/).#HD#-();V#

%3("#DE#P0#+!"#"3')/R!/)."#",).#%'&0!O&"#!.#%0/*&"#+/)"#3)!#*3O!#!)#%0/".(23!#5.'W8(!d#N3O!..!"#

G:9D# $#G:9D# $#HD#--V# */%/*(.&#"# DE#P0V#BioRad;9# N!..!# *3O!# !".# %0/*&!#+/)"#3)# R'/)30,-X.'!#

5Zetasizer NanoS;#'!0(&#>#3)#"U".X-!#()<,'-/.(23!V#%!'-!../).#0M/23("(.(,)#+!"#+,))&!"#5logiciel#

ZetasizerV#Malvern;9##

#

2. Analyse de la formation des complexes Tex!ARN et Tex S1!ARN par 

spectroscopie de fluorescence 

C,3.#+=/L,'+V#HDE#P0#+!#./-%,)#CFA#:$#,).#&.&#().',+3(."#+/)"#3)!#*3O!#!)#23/'.T#+!#G#

*-#+!#.'/B!.#,%.(23!#!.#+!#:#--#+!#0/'R!3'#().&'(!3'!#5HE#$#G:VD#$#G:VD#--V#Hellma Analytics;V#

%0/*&!# +/)"# 3)# "%!*.',<03,'(-X.'!# 5t03,',-/$4HV# Jobin Yvon;9#  /# 0(R)!# +!# L/"!# +3#

"%!*.',%J,.,-X.'!#/#&.&#!)'!R(".'&!#*,).'!#*!..!#*3O!V#23(#"!'.#+!#'&<&'!)*!9#

 /#%',.&()!#C!$#d.#,3#C!$ ZG#!".#!)"3(.!#/B,3.&!#># 0/# *3O!#+!#-/)(X'!#>#,L.!)('#3)!#

*,)*!).'/.(,)# <()/0!# +!# :EE# )F# +!# %',.&()!"9# ?%'X"# /++(.(,)# +!# 0/# %',.&()!V# 0/# ",03.(,)# !".#

J,-,R&)&("&!# %/'# .',("# '!.,3')!-!)."# "3**!""(<"# +!# 0/# *3O!# %3("# 0!# "(R)/0# +=&-(""(,)# +!"#

.U',"()!"#!$*(.&!"#>#:cD#)-#5!.#+!"#.'(%.,%J/)!"#23(#",).#&R/0!-!).#!$*(./L0!"#>#*!..!#0,)R3!3'#

+=,)+!";# !".# !)'!R(".'&# !).'!# YEE# !.# HDE#)-9#k)#%',*X+!# !)"3(.!# ># 0/# .(.'/.(,)V# %/'# /B,3.# +!#

*,)*!).'/.(,)"#*',(""/).!"#+=?@A#+!#GE#>#GEEE#)F#>#C!$#d.#,3#C!$ ZG9#N,--!#%'&*&+!--!).V#



F/.&'(!0#I#F&.J,+!"# GYY#

 

/%'X"# *J/23!# /B,3.# +!# 0=/*(+!# )3*0&(23!# 0/# *3O!# !".# J,-,R&)&("&!# %/'# .',("# '!.,3')!-!)."#

"3**!""(<"V#%3("#0!#"(R)/0#+=&-(""(,)#!".#!)'!R(".'&#+!#0/#-1-!#-/)(X'!#/3#<3'#!.#>#-!"3'!#+!#0/#

.(.'/.(,)9# !"#+,))&!"#L'3.!"#,L.!)3!"#",).#*,''(R&!#%/'#0=!<<!.#./-%,)#!.#0=!<<!.#+!#+(03.(,)V#%3("#

),'-/0("&!"#R'o*!#/3#-,+X0!#-/.J&-/.(23!#+!#Z*/.*J/'+9# !"#+,))&!"#",).#'!%'&"!).&!"#",3"#

0/#<,'-!#+M3)#R'/%J!#'!%'&"!)./).#0!#23!)*J()R#+!#<03,'!"*!)*!#%0/*&#!)#,'+,))&!"V#!)#<,)*.(,)#

+!#0/#*,)*!).'/.(,)#+M?@A9#

#
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VIII/ Analyse de la fonction de Tex in vivo 

1. Analyse de l'ARNm tex par RACE circulaire 

1.1. Préparation des ARN totaux 

W)!#*,0,)(!#+!"#",3*J!"#]eEEG#!.#@AnYKE#!".#-("!#!)#%'&*30.3'!#+/)"#G#-0#+!#-(0(!3#

b]7# %!)+/).# 0/# )3(.9#  !# 0!)+!-/()#-/.()V# 0!"# *30.3'!"# ",).# '&/0("&!"# %/'# /B,3.# +!# DEE#!0# +!#

%'&*30.3'!#>#DE#-0#+!#-(0(!3#b]7#!.#()*3L&!"#>#YcSN9#[!"#%'&0XO!-!)."#+!#:E#-0V#GE#-0#!.#D#-0#

",).#</(."#'!"%!*.(O!-!).#>#:#JV#H#J#!.#n#J#+!#*30.3'!"#!.#0!"#?@A#.,./3$#",).#!$.'/(."#(",0&"#R'o*!#

/3#u(.#qt/".@A?#f',#b03!#g(.#r#"!0,)#0!#%',.,*,0!#+3#<,3')(""!3'#5MP Biomedicals;9# !"#?@A#",).#

!)"3(.!#.'/(.&"#>#0/#[A/"!#+/)"#3)#O,03-!#'&/*.(,))!0#+!#:E#!0#*,).!)/).#GE#!R#+M?@A#.,./3$#+!#

*J/23!#",3*J!V#:#!0#+!#[A/"!#7#5G#WQ#v0;#!.#:#!0#+!#./-%,)#[A/"!#GE$V#%3("#",).#.'/(.&"#/3#%J&),0#

!.# %'&*(%(.&"# +/)"# 0!"# -1-!"# *,)+(.(,)"# 23!# %'&*&+!--!).# 56# 7779Y9G9G;9# 70"# ",).# !)"3(.!#

+&%J,"%J,'U0&"# 56# 78# G;# %3("# ># ),3O!/3# !$.'/(."# %/'# .'/(.!-!).# /3# %J&),04*J0,',<,'-!# !.#

'!%'&*(%(.&"9#

#

1.2. Traitement des ARN avec l'enzyme TAP (Tobacco Acid Pyrophosphatase) 

 /#.,./0(.&#+!"#?@A#.,./3$#+&%J,"%J,'U0&"#",).#.'/(.&"#/O!*#0M!)TU-!#C?f#/<()#+!#0/(""!'#

3)#-,),%J,"%J/.!#!)#D=#%,3'#%!'-!..'!#0!3'#*('*30/'("/.(,)9# /#'&/*.(,)#/#0(!3#+/)"#3)#O,03-!#

.,./0#+!#DE#!0V#!)#%'&"!)*!#+!#GE#W#+M!)TU-!#C?fV#D#!0#+!#./-%,)#C?f#GE$#!.#GE#W#+!#@A/"()!9#

 !#.,3.#!".#()*3L&#HD#-()#>#YcSNV#%3("#0!"#O,03-!"#",).#*,-%0&.&"#>#:EE#!0#/O!*#+!#0M]:k#-(00(lV#

.'/(.&"#/3#%J&),04*J0,',<,'-!V#%'&*(%(.&"#56#7779Y9G9G;#!.#'!%'("#+/)"#G:#!0#+M#]:k#-(00(l9#

#

1.3. Circularisation des ARN 

 !"#?@A#%'&*&+!--!).#.'/(.&"#>#0/#C?f#",).#+&)/.3'&"#%/'#()*3L/.(,)#>#KDSN#%!)+/).#D#

-()# %3("# +/)"# 0/# R0/*!# %!)+/).# D# -()9# f,3'# *J/23!# .3L!# +M?@A# .,./3$V# +!"# +(03.(,)"# ",).#

%'&%/'&!"#/00/).#+!#YE#)RQ!0#>#G#!RQ!0V#%3("#+(<<&'!).!"#23/).(.&"#+!#*!"#?@A#",).#*('*30/'("&!"#

+/)"#3)#O,03-!#'&/*.(,))!0#+!#:D#!0#*,).!)/).#YE#)R#>#G#!R#+M?@AV#HE#W#+M!)TU-!#CH#@A?#0(R/"!#

7V#:VD#!0#+!#./-%,)#CH#@A?#0(R/"!#GE$V#a\#[FZkV#GE#W#@A/"()!V#GW#[A/"!#7#5G#WQv0;9# !#.,3.#!".#

()*3L&# ># YcSN# %!)+/).# HD# -()V# %3("# %3'(<(&# %/'# %J&),04*J0,',<,'-!# !.# %'&*(%(.&# *,--!#

%'&*&+!--!).#56#7779Y9G9G;9# !"#*30,."#",).#'!%'("#+/)"#GE#!0#+=]:k#-(00(l9#
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1.4. Réaction de RT!PCR 

W)#-&0/)R!#'&/*.(,))!0#!".#%'&%/'&#+/)"#DE#!0#+!#O,03-!#*,).!)/).#GE#!0#+!"#?@A#0(R3&"V#

GE#!0#+!# ./-%,)# sk)!#".!%#@C4fN@s#D$V#:#!0#+M3)#-&0/)R!#+!#+ACf#>#GE#-F#*J/*3)V#GVD#!0#

+M,0(R,)3*0&,.(+!#"!)"#>#GE#!FV#GVD#!0#+M,0(R,)3*0&,.(+!#/).("!)"#>#GE#!FV#:#!0#+M!)TU-!#sk)!#

Z.!%#@C#fN@s#!.#GE#W#+!#@A/"()!9# !# .,3.#!".#%0/*&#+/)"#3)# .J!'-,*U*0!3'#!.# 0!#%',R'/--!#

"3(O/).#!".#+&-/''&_#

#

Réverse transcription DESNV#YE#-()#

Inactivation de le réverse transcriptase!activation 

de l'ADN polymérase (34 cycles) 

KDSNV#GD#-()##

[&)/.3'/.(,)# KHSNV#G#-()#

]UL'(+/.(,)# DcSNV#G#-()#

^$.!)"(,)# c:SNV#G#-()#

Extension finale c:SNV#GE#-()#

#

 !"#%',+3(."#+!#@C4fN@#",).#/)/0U"&"#"3'#R!0#+M/R/',"!#G\4C?^#G$V#%3("#%3'(<(&"#"3'#R!0#

/R/',"!#G\9#

#

1.5. Clonage des produits de RT!PCR 

G9D9G Transformation de cellules XL1 blue d' E.coli 

 !"#%',+3(."#+!#@C4fN@#,L.!)3"#",).#*0,)&"#+/)"#0!#O!*.!3'#%w^CV#"!0,)#0!#%',.,*,0!#+3#

u(.#<,3')(""!3'#5sN0,)!w^CCF#fN@#*0,)()R#u(.sV#Fermentas;9#GEE#!0#+!#*!0030!"#+M#E.coli#m G#L03!#

*J(-(,*,-%&.!).!"#",).#!)"3(.!#.'/)"<,'-&!"#/O!*#GE#P0#+!"#%',+3(."#+!#@C4fN@#%3'(<(&"V#%/'#

*J,*#.J!'-(23!#+!#YE#-()#>#HSNV#"3(O(#+!#G#-()#>#H:SN9#KEE#P0#+!# b#0(23(+!#",).#/B,3.&"V# 0!"#

*!0030!"#",).#()*3L&!"#GJ#>#YcSN#",3"#/R(./.(,)#5GaE#'%-;#%3("#*!).'(<3R&!"#5GYEEE#'%-#%!)+/).#

D#-();9#^)<()V#!00!"#",).#&./0&!"#"3'#-(0(!3#",0(+!# b#/-%(*(00()!#5GEE#PRQP0;#!.#()*3L&!"#>#YcSN#

%!)+/).#0/#)3(.9##

#
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G9D9: Contrôle des clonages par PCR/colonie 

 !"#.'/)"<,'-/)."#",).#*,).'p0&"#%,3'#0M()"!'.(,)#+!"#?[A*#+/)"#0!#O!*.!3'#%w^C9#NJ/23!#

'&/*.(,)#"!#</(.#+/)"#3)#O,03-!#+!#:D#P0 *,).!)/).#D#P0 +M?[AV :VD#P0 +!#./-%,)#s['!/-C/2s#GE$V#

EVD#P0##+!#*J/23!#+ACf#>#GE#-F#*J/*3)V#EVD#P0##+M,0(R,)3*0&,.(+!#"!)"V#EVD#P0#+M,0(R,)3*0&,.(+!#

/).("!)"V# EVG# P0# +M!)TU-!# s['!/-C/2s# %,0U-&'/"!# ># EVD# WQ# P09  /# '&/*.(,)# /# 0(!3# "!0,)# 0!#

%',R'/--!#"3(O/)._#

#

Dénaturation initiale KDSNV#Y#-()#

35 cycles #

[&)/.3'/.(,)# KHSNV#YE#"!*#

]UL'(+/.(,)# DESNV#YE#"!*#

^$.!)"(,)# c:SNV#:#-()#

Extension finale c:SNV#GE##

 

 !"#%',+3(."#fN@#%,"(.(<"#%,3'#0M()"!'.(,)#+!#0M?[A*#+/)"#0!#O!*.!3'#",).#!)"3(.!#!)O,U&"#

%,3'# "&23!)x/R!# ># e?CNV# %3("# /)/0U"&"# %,3'# 0/# %,"(.(,)# +3# "(.!# yG# +!# +&-/''/R!# +!# 0/#

.'/)"*'(%.(,)# +!# tex# -/)3!00!-!).V# R'o*!# /3# 0,R(*(!0# +M/0(R)!-!).# +!# "&23!)*!# Z!'(/0N0,)!'#

5Softonic;9#

#

2. Visualisation de l'expression de l'ARNm de Tex et ses cibles in vivo, par 

DIG!Northern blot 

2.1. Principe du DIG!Northern 

N!..!#-&.J,+!#*,)"(".!#>#"U).J&.("!'#+!"#",)+!"#?@A#-/'23&!"#># 0/#+(R,$UR&)()!#%/'#

.'/)"*'(%.(,)#in vitro#+3#L'()#?[A#-,+X0!#%/'#0M?@A#%,0U-&'/"!#CcV#!)#%'&"!)*!#+M#WCf#-/'23&#

%/'#0/#+(R,$UR&)()!9#N,).'/('!-!).#/3$#",)+!"#'/+(,/*.(O!"#23(#%'&"!).!).#3)#'("23!#%,.!).(!0#

%,3'# 0/# "/).&# !.# 3)!# +!-(4O(!# .'X"# *,3'.!# +!# 0M,'+'!# +!# GD# B,3'"V# 0!"# ",)+!"#-/'23&!"# ># 0/#

+(R,$UR&)()!#%!3O!).#1.'!#-/)(%30&!"#"/)"#'("23!#!.#%'&"!).!).#3)!#+3'&!#+!#O(!#+M3)#/)#/3#

-,()"V#*,)"!'O&!"#>#4:ESN9#f/'#/(00!3'"V#*!"#",)+!"#R/'/).(""!).#3)#.!-%"#+!#+&.!*.(,)#*,3'.#+!#

0M,'+'!#+!#0/#+!-(#J!3'!V#*,).'!#3)!#!$%,"(.(,)#+M3)!#)3(.#*,-%0X.!#%,3'#0!"#",)+!"#'/+(,/*.(O!"9#

f,3'#0M!)"!-L0!#+!#*!"#'/(",)"V#*!..!#.!*J)(23!#/#&.&#3.(0("&!#+/)"#),.'!#0/L,'/.,('!#%,3'#0M&.3+!#

+!"#?@A#-!""/R!'"#in vivo. 
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2.2. Choix et synthèse des oligonucléotides 

:9:9G Synthèse des sondes ADN par PCR 

f,3'#*J/23!#?@A-#&.3+(&#5tex, spa, fnbB;V#0!#*,3%0!#+M,0(R,)3*0&,.(+!"#/#&.&#*J,("(#+/)"#

0/#"&23!)*!#*,+/).!#+3#RX)!V#+!#-/)(X'!#>#R&)&'!'#3)!#",)+!#+!#YEE#>#HEE#)3*0&,.(+!"9#Z3'#

0M,0(R,)3*0&,.(+!# /).("!)"# +!# *J/23!# *,3%0!# /# &.&# /B,3.&# 0!# %',-,.!3'# Cc#

5C??C?Ne?NCN?NC?C?;V#23(#"!'O('/#>#0/#.'/)"*'(%.(,)#+3#%',+3(.#fN@#+!#0/#",)+!#%/'#0M?@A#

%,0U-&'/"!#Cc9##

f,3'# *J/23!# ",)+!V# 0/# '&/*.(,)# +!# fN@# /# &.&# '&/0("&!# +/)"# 3)# O,03-!# <()/0# +!# DE# !0#

*,).!)/).#DE#)R#+M?[A#R&),-(23!#+!# 0/#",3*J!#]eEEGV#:EE#!F#+!#*J/23!#+ACfV#EVD#!F#+!#

*J/23!#,0(R,)3*0&,.(+!#"!)"#!.#/).("!)"#5Tex DIG!Northern for#!.#T7#'!"%!*.(O!-!).,  Tableau 

6;# 0!# ./-%,)#)&*!""/('!#># 0M?[A#%,0U-&'/"!# 5seN#L3<<!'s;#>#*,)*!).'/.(,)# <()/0!#G$#!.# 0M?[A#

%,0U-&'/"!#J/3.!#<(+&0(.&#sfJ3"(,)s#5Finnzymes;#>#EVE:#WQ!09# !#%',R'/--!#*J,("(#%,3'#*!..!#

fN@#!".#*!03(#'!*,--/)+&#%/'#0!#<,3')(""!3'V#/O!*#3)!#.!-%&'/.3'!#+MJUL'(+/.(,)#+!"#/-,'*!"#

*J,("(!#!)#R'/+(!).#+!#DD#>#nDSNV#+3#</(.#+!"#.!-%&'/.3'!"#+!#<3"(,)#'!0/.(O!-!).#&0!O&!"#!.#3)!#

.!-%&'/.3'!#+M!$.!)"(,)#+!#c:SN#%!)+/).#GD#"!*9# !"#%',+3(."#fN@#",).#+&%,"&"#"3'#R!0#/R/',"!#

G\#%3("#%3'(<(&"#!.#'!%'("#+/)"#YE#!0#+M!/3#-(0(l9##

:9:9: Transcription#()#O(.',#des sondes DIG!ARN 

 /#'&/*.(,)#/#0(!3#%!)+/).#:J#>#YcSNV#+/)"#:E#!0#+!#O,03-!#'&/*.(,))!0#*,).!)/).#YEE#>#

DEE#)R#+!#%',+3(.#fN@#%3'(<(&V#:#!0#+3#-&0/)R!#+!#-/'23/R!#>#0/#+(R,$UR&)()!#GE$#*,).!)/).#

0=!)"!-L0!#+!"#ACf#+,).#0!"#WCf#-/'23&"#5 /L!0()R#F($V#D$#*,)*!).'/.!+V#Roche;#:#!0#+!#./-%,)#

Cc#GE$V#G#!0#+!#bZ?#>#:#-RQ-0V#G#!0#+!#"%!'-(+()!#>#EVE:#FV#G#!0#+!#[CC#EVG#FV#G#!0#+!#@A/"()!#>#

HE#WQ!0#!.#:#!0#+=!)TU-!#Cc9#W)#.'/(.!-!).##[A?"!#!".#!)"3(.!#'&/0("&#%/'#/B,3.#+!#Y#!0#+!#[A/"!#

7V#Y#!0#+!#./-%,)#[A/"!#GE$#!.#H#!0#+=]:k#-(00(lV#%3("#0/#'&/*.(,)#!".#/''1.&!#%/'#0=/B,3.#+!#n#!0##

+=^[C?#EVG#F9# !"#?@A#",).#<()/0!-!).#%'&*(%(.&"#%/'#/B,3.#+!#DEE#!0#+=^.k]#/L",03#%!)+/).#0/#

)3(.#>#4:ESNV#%3("#",).#'!%'("#+/)"#:E#!0#]:E#-(00(l#!.#0!3'#*,)*!).'/.(,)#!".(-&!#%/'#-!"3'!#+!#

0/#[k:nE)-9#

#

#
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2.3. Cultures de S. aureus 

W)!#%'&4*30.3'!#!".#'&/0("&!#>#YcSN#%!)+/).#0/#)3(.#",3"#/R(./.(,)#5GaE#'%-;#>#%/'.('#+=3)!#

*,0,)(!#!)"!-!)*&!#+/)"#G#-0#+!#-(0(!3#b]7#+/)"#3)#.3L!#".&'(0!#+!#GD#-09# /#*30.3'!#!".#'&/0("&!#

>#YcSN#",3"#/R(./.(,)#+/)"#:E#-0#+!#-(0(!3#b]7#+/)"#3)!#<(,0!#̂ '0!)-!U!'#+!#GEE#-0V#!)"!-!)*&"#

%/'#:EE#P0#+!#%'&4*30.3'!9#?%'X"#Y#J#+!#*30.3'!V#0/#.,./0(.&#+!"#:E#-0#!".#*!).'(<3R&!#GD#-()#>#HEEE#

'%-#!.#0!"#?@A#",).#(",0&"#*,--!#%'&*&+!--!).#R'o*!#/3#u(.#q#t/".@A?#f',#b03!#g(.#r#"!0,)#0!#

%',.,*,0!#+3#<,3')(""!3'#5MP Biomedicals;9#

#

2.4. Northern blot  

:9H9G Z&%/'/.(,)#+!"#?@A#.,./3$  

 !"#?@A#.,./3$#",).#+=/L,'+#+&)/.3'&"#%/'#*J/3<</R!#D#-()#>#cESNV#%3("#"&%/'&"#"!0,)#

0!3'# ./(00!#%/'#&0!*.',%J,'X"!#"3'#3)#R!0#+=/R/',"!#G\#!)#*,)+(.(,)"#+&)/.3'/).!"9#N!#R!0#!".#

%'&%/'&#%/'#-&0/)R!#+!#Y#R#+=/R/',"!#+/)"#YEE#-0#+!#./-%,)#Cb^#G$#!.#+!#n#-0#+!#R3/)(+()!#

.J(,*U/)/.!#G#F9#N!"#*,)+(.(,)"#-/().(!))!).#0!"#?@A#+&)/.3'&"#/3#*,3'"#+!#0/#-(R'/.(,)9# !"#

&*J/).(00,)"V#+M3)#O,03-!#+!#:E#P0#!.#*,).!)/).#*J/*3)#GD#PR#+=?@AV#",).#'!%'("#+/)"#3)#O,03-!#

+!#L0!3#3'&!#%3("#+&%,"&"#"3'#0!#R!09# /#-(R'/.(,)#"=!<<!*.3!#%!)+/).#Y#J#>#GEE#8#>#HSN9##

:9H9: Transfert des ARN sur membrane de nitrocellulose  

 !"#?@A#-!""/R!'"#>#&.3+(!'#&./).#0,)R"#5z#GEEE#).";V#0!#R!0#O/#"3L('#+!3$#L/()"#"3**!""(<"#

23(#/(+!',).#/3#.'/)"<!'.#+!"#?@A#"3'#-!-L'/)!#%/'#0/#"3(.!9#70#!".#+,)*#+=/L,'+#%0/*&#YE#-()#

+/)"#0!#./-%,)#+!#+&)/.3'/.(,)#*,).!)/).#EVED#F#A/k]#!.#EVG#F#A/N0V#"3(O(#+=3)#"!*,)+#L/()#+!#

YE# #-()#+/)"# 0!# ./-%,)#)!3.'/0("/).#*,).!)/).#+3#C'("#]N0#GE#-FV#%]#c9D#>#:ESN9# !#R!0#!".#

!)"3(.!# &23(0(L'&# D# -()# +/)"# +3# ./-%,)# ZZN# :$# ># :ESN9#  !"# ?@A# ",).# .'/)"<&'&"# "3'# 3)!#

-!-L'/)!#+!#)(.',*!0030,"!#5]UL,)+4AyV#Amersham;#(-L(L&!#+!#./-%,)#ZZN#:$9# !#.'/)"<!'.#

!".#!<<!*.3&#",3"#O(+!#/O!*#0=/%%/'!(0#Biometra#>#GDE#-L/'#%!)+/).#GJ#GD#>#:ESN9#

:9H9Y Hybridation des membranes  

?%'X"# .'/)"<!'.V# 0/# -!-L'/)!# !".# %0/*&!# ",3"# W8# ># :DH# )-# 5W8# Z.'/./0()u!'# GaEEV#

Stratagene;9#N!#%,)./R!# 0(!#+!#-/)(X'!#*,O/0!).!# 0!"#?@A#># 0/#-!-L'/)!9#N!00!4*(#!".#!)"3(.!#

%0/*&!#+/)"#GE#-0#+!#./-%,)#+=JUL'(+/.(,)#+/)"#3)#<,3'#',./.(<#5Hybrigene;#>#naSN#%!)+/).#HD#

-()9#G#P0#+!#",)+!#?@A#!".#-&0/)R&!#>#DEE#P0#+3#-1-!#./-%,)V#*J/3<<&!#D#-()#>#cESNV#%3("#
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/B,3.&!#>#:E#-0#+!#./-%,)#+=JUL'(+/.(,)9# =JUL'(+/.(,)#+!#0/#",)+!#!".#'&/0("&!#%!)+/).#3)!#)3(.#

>#naSN9##

:9H9H Détection des ARN messagers 

 /#-!-L'/)!#!".#.,3.#+=/L,'+#0/O&!#+!3$#<,("#D#-()#>#:ESN#%/'#GE#-0#+!#./-%,)#ZZN#:$V#

"3(O(#+!#+!3$#<,("#GD#-()#+/)"#GE#-0#+!#./-%,)#+!#0/O/R!#>#naSNV#/O/).#+=1.'!#L0,23&!#%!)+/).#

YE#-()#-()(-3-# +/)"# 0/# ",03.(,)# +!# L0,*/R!# G$9#  =/).(*,'%"# /).(4+(R,$UR&)()!# 5EVcD# WQ-0V#

Roche;# !".# *!).'(<3R&# D#-()# ># GEEEE# '%-V# %3("# :# P0# ",).# %'&0!O&"V# /++(.(,))&"# +!# :E#-0# +!#

",03.(,)#+!#L0,*/R!#G$#!.#()*3L&"#YE#-()#>#:ESN9# /#-!-L'/)!#!".#!)"3(.!#0/O&!#+!3$#<,("#+/)"#

+3#./-%,)#+!#0/O/R!V#%3("#()*3L&!#D#-()#+/)"#0!#./-%,)#+!#+&.!*.(,)9#t()/0!-!).V#0/#'&O&0/.(,)#

"!# <!'/# %/'# /B,3.# +!# 23!023!"# R,3..!"# +!# '&/*.(<# N[f4Z./'# 5Roche;V# %3("# !$%,"(.(,)# +!# 0/#

-!-L'/)!#>#3)#<(0-#/3.,'/+(,R'/%J(23!#%!)+/).#D#-()#>#G#J!3'!9#

W)#*,).'p0!#().!')!#23(#%!'-!.#+!#O("3/0("!'#0=?@A'#DZ#!".#()+("%!)"/L0!V#%,3'#O&'(<(!'#

23!#0!"#23/).(.&"#+=?@A#.,./3$#+/)"#*J/23!#!""/(#",).#*,-%/'/L0!"9#

#

3. Construction de mutants conditionnels de tex par insertion d�un intron 

dans la séquence génomique : le système Targetron# 

3.1. Choix du site d'insertion de l'intron sur le gène tex 

 /#"&23!)*!#+3#RX)!#tex /#&.&#",3-("!#>#3)#/0R,'(.J-!#()<,'-/.(23!#5www.ingex.com;V#

/<()#+!#+&.!'-()!'#0!"#-!(00!3'!"#"&23!)*!"#*/)+(+/.!"#%,3'#0M()"!'.(,)#+!#0M().',)V#/()"(#23!#0!"#

,0(R,)3*0&,.(+!"#)&*!""/('!"#># 0/#-,+(<(*/.(,)#+!# 0M().',)#%,3'#",)#()"!'.(,)#,%.(-/0!#+/)"# 0/#

"&23!)*!# *J,("(!9# ?%'X"# ",3-(""(,)V# 3)!# 0(".!# +!# "(.!"# %,.!).(!0"# ),3"# !".# %/'O!)3!# 5/))!$!#

Tableau 5;9#N,--!#&O,23&#%03"#J/3.#5@&"30./."#I#[("*3""(,)#6#79#H;#0M()"!'.(,)#+!#0M().',)#/#&.&#

'&/0("&!#"3'#0!#L'()#"!)"#/3#.,3.#+&L3.#+3#RX)!V#/O/).#0!#+,-/()!#+!#0(/(",)#>#0M?[A#].J#5%,"(.(,)#

HEH;#!.#>#0M!$.'&-(.&#N#.!'-()/0!#+3#RX)!V#B3".!#/O/).#0!#+,-/()!#ZG#+!#<($/.(,)#/3$#?@A#5%,"(.(,)#

:EEG;9#

3.2. Création du plasmide pNL9162 contenant l�intron modifié 

Y9:9G Réaction de PCR pour la modification de l'intron 

W)!#fN@#*J!O/3*J/).!#/#&.&#'&/0("&!#*,)<,'-&-!).#/3#%',.,*,0!#+3# <,3')(""!3'#!.#O/#

%!'-!..'!#+!#-3.!'#0M().',)#"3'#3)!#'&R(,)#+!#YDE#%L#5@&"30./."#I#[("*3""(,)V#6#79#H;9#W)#-&0/)R!#
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*,).!)/).#0!"#H#/-,'*!"#)&*!""/('!"#>#0/#'&/*.(,)#!".#+M/L,'+#%'&%/'&#+/)"#3)#O,03-!#+!#:E#P0#

*,).!)/).#:#P0#+M/-,'*!#7bZ#>#GEE#PFV#:#P0#+M/-,'*!#^bZG+#>#GEE#PFV#:#P0#+M/-,'*!#^bZ:#>#:E#

PFV#:#P0#+!#0M/-,'*!#3)(O!'"!00!#^bZ#>#:E#PF#5Tableau 6;#!.#G:#P0#]:k#-(00(l9# /#fN@#!".#!)"3(.!#

'&/0("&!#+/)"#3)#O,03-!#'&/*.(,))!0#+!#DE#P0#*,).!)/).#YcVD#P0#+M#]:k#-(00(lV#G#P0#+!#0M().',)#

"/3O/R!#23(#"!'O('/#+!#L'()#-/.'(*!V#D#P0#+!#./-%,)#fN@#['!/-#./2#L3<<!'#GE$V#D#P0#+3#-&0/)R!#

+!#+ACf#>#:VD#-F#!.#EVD#P0#+=!)TU-!#['!/-#C/2#5DWQv0;9#

 !#%',R'/--!#+!#fN@#"3(O(#!".#0!#"3(O/)._#

#

Dénaturation initiale KHSNV#YE#"!*#

30 cycles: #

[&)/.3'/.(,)# KHSNV#GD#"!*#

]UL'(+/.(,)# DDSNV#YE#"!*#

^$.!)"(,)# c:SNV#YE#"!*#

Extension finale c:SNV#:#-()#

#

 !"#%',+3(."#fN@#,).#!)"3(.!#&.&#+&%,"&"#"3'#R!0#/R/',"!#:\#%,3'#*,).'p0!V#%3("#%3'(<(&"#

"3'# *,0,))!# %/'# 0M3.(0("/.(,)# +3# u(.# *,--!'*(/0# sA3*0!,"%()#e!0# !.# fN@# *0!/)#3%s# 5Macherey!

Nagel;#!.#0!"#*30,."#'!%'("#+/)"#YE#P0#+!#./-%,)#+=&03.(,)9#

Y9:9: [(R!".(,)#+!"#().',)"#-,+(<(&"#!.#+3#%0/"-(+!#%A KGn:  

 !"#+(R!".(,)"#+!"#().',)"#,).#&.&#'&/0("&!"#+/)"#3)#O,03-!#.,./0#+!#nE#P0V#*,).!)/).#DE#

P0#+!#%',+3(.#fN@#%3'(<(&#5",(.#!)O(',)#:VD#PR;V#n#P0#+!#./-%,)#+!#'!".'(*.(,)#sC/)R,s#GE$V#:#P0#

+M!)TU-!#]()+777#5:E#WQ#P0;#!.#:#P0#+M!)TU-!#b"'e7#5GE#WQP0;V#%3("#",).#()*3L&!"#H#J#>#YcSN#!.#

%3'(<(&!"# "3'# 0!"# -1-!"# *,0,))!"# 23!# %'&*&+!--!).# 5sA3*0!,"%()# e!0# !.# fN@# *0!/)# 3%sV#

Macherey!Nagel;9#

 /#+(R!".(,)#+3#%0/"-(+!#!".#'&/0("&!#+/)"#0!"#-1-!"#*,)+(.(,)"V#%3("#3)!#%3'(<(*/.(,)#/3#

%J&),04*J0,',<,'-!#!".#'&/0("&!#56#7779Y9G9G;V#"3(O(#+=3)!#+&%J,"%J,'U0/.(,)9#N!..!#'&/*.(,)#/#0(!3#

+/)"#3)#O,03-!#.,./0#+!#HE#P0V#*,).!)/).#0/#.,./0(.&#+3#%0/"-(+!#+(R&'&#%3'(<(&#5:E#P0;V#H#P0#+!#

./-%,)# +!# +&%J,"%J,'U0/.(,)# q#A^bY# r# GE$# 5Biolabs;V# Y# P0# +=!)TU-!# +!# +&%J,"%J,'U0/.(,)#

q#N7f#r#5Biolabs;#!.#GY#P0#+=]:k#-(00(l9# !#.,3.#!".#()*3L&#G#J#>#DESNV#%3("#!".#"3(O(#+=3)#.'/(.!-!).#

/3#%J&),04*J0,',<,'-!#!.#+=3)!#%'&*(%(./.(,)#>#0=^.k]#/L",03#%!)+/).#0/#)3(.#>#4:ESN9#
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Y9:9Y  (R/.(,)#+!#0=().',)#!.#+3#%0/"-(+!#%A KGn: 

 !"#0(R/.(,)"#,).#&.&#'&/0("&!"#+/)"#3)#O,03-!#.,./0#+!#:E#P0V#*,).!)/).#GE#)R#+!#%0/"-(+!#

0()&/'("&#5G#P0;V#GEE#)R#+M().',)#0()&/'("&#5GE#P0;V#:#P0#+!#./-%,)#0(R/"!#GE$V#G#P0#+M!)TU-!#CH#

0(R/"!#5:WQP0#;#>#!.#n#P0#+=#]:k#-(00(l#%3("#,).#&.&#()*3L&!"#%!)+/).#0/#)3(.#>#GnSN9#

#

3.3. Transformation des cellules DH5" d�E.coli 

GEE#P0#+!#*!0030!"#*J(-(,*,-%&.!).!"#E. coli#[]D$#",).#.,3.#+M/L,'+#.'/)"<,'-&!"#/O!*#

GE#P0#+!#%',+3(.#+!#0(R/.(,)V#%3("#"3L(""!).#3)#*J,*#.J!'-(23!#+!#YE#-()#>#HSNV#"3(O(#+!#G#-()#>#

H:SN9#KEE#P0#+!# b#0(23(+!#",).#/B,3.&"#%3("#0!"#*!0030!"#",).#()*3L&!"#GJ#>#YcSN#",3"#/R(./.(,)#

5GaE#'%-;9# !"#*!0030!"#",).#!)"3(.!#*!).'(<3R&!"#5GYEEE#'%-#%!)+/).#D#-();V#%3("#&./0&!"#"3'#

-(0(!3#",0(+!# b#/-%(*(00()!#5GEE#PRQ#P0;#!.#()*3L&!"#>#YcSN#%!)+/).#0/#)3(.9#

 /#O&'(<(*/.(,)#+3#%0/"-(+!#!".# !)"3(.!# '&/0("&!#%/'#!$.'/*.(,)#!.#+(R!".(,)#+!# *!03(4*(9#

 M!$.'/*.(,)# "!# </(.# %/'# 0=3.(0("/.(,)# +3# u(.# *,--!'*(/0# q# A3*0!,"%()# %0/"-(+# r# 5%',.,*,0!#

<,3')(""!3'V#Macherey!Nagel;V# /#+(R!".(,)V#23(#%!'-!.#+!#O&'(<(!'#0M()"!'.(,)#+!#0M().',)#+/)"#0!#

%0/"-(+!#/#!)"3(.!#0(!3#+/)"#GE#P0#+!#O,03-!#.,./0#*,).!)/).#D#P0#+!#%0/"-(+!"#!$.'/(."V#G#P0#+!#

./-%,)#+!#+(R!".(,)#q#C/)R,#D$#rV#EVD#P0#+=!)TU-!#Hind777#5:E#WQP0;V#EVD#P0#+=!)TU-!#BsreG#5GE#

WQP0;#!.#Y#P0#+=]:k#-(00(l9# !#.,3.#!".#()*3L&#>#YcSN#%!)+/).#G#J#YE#%3("#D#P0#",).#+&%,"&"#"3'#R!0#

+=/R/',"!#:\9# !"#*0,)!"#%,"(.(<"#",).#<()/0!-!).#!)O,U&"#>#GATC,#%,3'#"&23!)x/R!9#

#

3.4. Transformation des cellules RN4220 de S. aureus 

G#PR#+3#%0/"-(+!#%,'./).#0M().',)#",).#/B,3.&"#>#GEE#P0#+!#*!0030!"#@AH::E#%3("#.'/)"<&'&"#

+/)"#3)!# *3O!#+M&0!*.',%,'/.(,)# 5e!)!f30"!'QF(*',f30"!'#N3O!..!"V#BioRad;# !.# .'/)"<,'-&!"#

%/'#&0!*.',%,'/.(,)#>#:9D#u8#%!)+/).#G9aE#-"9#KEE#P0#+!#b]7#",).#/B,3.&"#/3$#*!0030!"V#23(#",).#

!)"3(.!#()*3L&!"#>#YcSN#%!)+/).#Y#J9# !"#*!0030!"#",).#!)"3(.!#*!).'(<3R&!"#5YcDE#'%-#%!)+/).#

D#-();V#0!"#*30,."#'!%'("#+/)"#GEE#P0#+!#-(0(!3#!.#&./0&"#"3'#-(0(!3#b]7#/R/'#y#!'U.J',-U*()!#5GE#

PRQP0;9# !"#L,{.!"#",).#()*3L&!"#>#YESN#%!)+/).#0/#)3(.9#

#
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3.5. Transformation des cellules RN6390 et HG001 de S. aureus et induction de la 

transcription de l'intron 

Y9D9G Extraction du plasmide pNL9162 portant l'intron 

W)!#*,0,)(!#+!"#*!0030!"#@AH::E#.'/)"<,'-&!"#!".#-("!#!)#%'&*30.3'!#+/)"#:E#-0#+!#b]7#

y#!'U.J',-U*()!#5GE#PRQP0;#!.#()*3L&!#>#YESN#%!)+/).#0/#)3(.9# !#0!)+!-/()#-/.()V#0!"#*30.3'!"#

",).#*!).'(<3R&!"#D#-()#>#YcDE#'%-9# !"#*!0030!"#",).#0U"&!"#%/'#()*3L/.(,)#>#YcSN#%!)+/).#YE#

-()V#/%'X"#/B,3.#+!#G#-0#+!#./-%,)#+!#0U"!#/++(.(,))&#+!#:E#P0#+!#0U","./%J()!#>#:VD#PRQ#P09# !"#

%0/"-(+!"#",).#!$.'/(."#%/'# 0M3.(0("/.(,)#+3#u(.# *,--!'*(/0#q#A3*0!,"%()#%0/"-(+#r# 5%',.,*,0!#

<,3')(""!3'V#Macherey!Nagel;#"!0,)#0!#%',.,*,0!#+3#<,3')(""!3'9#

Y9D9: Transformation des cellules RN6390 et HG001 de Z9# /3'!3" et induction de 

l'expression de l'intron 

 /#.'/)"<,'-/.(,)#+!"#*!0030!"#!".#'&/0("&!#+/)"#0!"#-1-!"#*,)+(.(,)"#23!#%'&*&+!--!).#

56#87779Y9H;V#%/'#&0!*.',%,'/.(,)9#W)!#*,0,)(!#+!#*J/23!#-3./).#!".#-("#!)#%'&*30.3'!#+/)"#D#-0#

+!#b]7#y#!'U.J',-U*()!#5GE#PRQP0;#!.#()*3L&!#>#YESN#%!)+/).#0/#)3(.9# !#0!)+!-/()#-/.()V#+!"#

*30.3'!"#",).#'&/0("&!"#>#%/'.('#+!#GEE#P0#+!#*J/23!#%'&*30.3'!V#+/)"#GE#-0#+!#b]7#!'U.J',-U*()!#

!.#()*3L&!"#>#YESN#B3"23M>#*!#23!#0/#[knEE)-#",(.#&R/0!#>#EVD9# M!$%'!""(,)#+!#0M().',)#!".#!)"3(.!#

()+3(.!#%/'#/B,3.#+!#*J0,'3'!#+!#*/+-(3-#>#GE#PF#!.#()*3L/.(,)#>#YESN#%!)+/).#KE#-()9#[!"#

+(03.(,)"#+!#*!"#*30.3'!"#>#GE4nV#GE4c#!.#GE4a#",).#<()/0!-!).#&./0&!"#"3'#b]7#/R/'#y#!'U.J',-U*()!#

>#YESN#%!)+/).#0/#)3(.9#

Y9D9Y Vérification de l'insertion de l'intron dans l'ADN génomique de HG001 et RN6390 

par PCR sur colonie  

 M()"!'.(,)#+!#0M().',)#+/)"#0M?[A#R&),-(23!#!".#O&'(<(&!#%/'#fN@#"3'#*,0,)(!V#+/)"#0!"#

*,)+(.(,)"#"3(O/).!"_#*J/23!#'&/*.(,)#/#0(!3#+/)"#3)#O,03-!#'&/*.(,))!0#+!#DE#P0V#*,).!)/).#n#P0#

+M3)#-&0/)R!#+!#+ACf#>#:VD#-FV#D#P0#+!#./-%,)#fN@#s['!/-C/2s#GE$V#EVD#P0#+M,0(R,)3*0&,.(+!#

"!)"#>#GE#PFV#EVD#P0#+M,0(R,)3*0&,.(+!#/).("!)"#>#GE#PFV#EVD#P0#+M!)TU-!#['!/-C/2#>#5DWQP0;#!.#

YcVD#P0#+M]:k#-(00(l9# !#%',R'/--!#3.(0("&#!".#0!#"3(O/)._#

# #
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Dénaturation initiale KDSNV#D#-()#

35 cycles: #

[&)/.3'/.(,)# KDSNV#YE#"!*#

]UL'(+/.(,)# DDSNV#YE#"!*#5().',)#%,"(.(,)#:EEG;#Q#DaSN#5().',)#%,"(.(,)#HEH;#

^$.!)"(,)# c:SNV#Y#-()#

Extension finale c:SNV#Y#-()#

#

 !"# %',+3(."# fN@# +!"# *0,)!"# .!".&"# %,"(.(<"# ",).# %3'(<(&"# "3'# R!0# +M/R/',"!# G\# 5u(.#

sA3*0!,"%()#e!0#!.#fN@#*0!/)#3%sV#Macherey!Nagel;#%3("#!)O,U&"#>#"&23!)*!'#%,3'#*,)<('-/.(,)9#

Y9D9H ^0(-()/.(,)#+3#%0/"-(+!#%A KGn: 

 !"#*0,)!"#%,"(.(<"#%,3'#*J/23!#()"!'.(,)#+/)"#0!"#",3*J!"#@AnYKE#!.#]eEEG#",).#-("#!)#

*30.3'!"#+/)"#Y#-0#+!#-(0(!3#b]7#!'U.J',-U*()!#!.#()*3L&"#>#YESN#%!)+/).#0/#)3(.9#W)!#,|"!#+!#

*!"#*30.3'!"#!".#&./0&!#"3'#-(0(!3#",0(+!#b]7#/R/'#!.#()*3L&!#>#H:SN#%!)+/).#0/#)3(.V#+/)"#0!#L3.#

+M&0(-()!'#0!#%0/"-(+!#%,'.!3'#+M3)!#,'(R()!#+!#'&%0(*/.(,)#.J!'-,"!)"(L0!9##

 M&0(-()/.(,)#+3#%0/"-(+!#!".#!)"3(.!#O&'(<(&!#%/'#'!%(23/R!#+!"#*,0,)(!"#/U/).#%,3""&#>#

H:SNV#"3'#-(0(!3#b]7#y#!'U.J',-U*()!#>#YESN#!.#"3'#-(0(!3#b]7#"/)"#!'U.J',-U*()!#>#YcSN9#[/)"#

0!#%'!-(!'#*/"V#/3*3)!#*,0,)(!#)!#+!O'/(.#/%%/'/{.'!#&./).#+,))&#23!#0!#%0/"-(+!#23(#%,'./(.#0/#

'&"("./)*!#>#0M&'U.J',-U*()!#/#&.&#&0(-()&9#[/)"#0!#+!3$(X-!#*/"V#0M/%%/'(.(,)#+!#.'/)"<,'-/)."#

"3'# L,{.!# .&-,(R)!'/# +3# "3**X"# +!# 0M()"!'.(,)# +!# 0M().',)# +/)"# 0M?[A# R&),-(23!9# ^)# !<<!.V# 0!#

%0/"-(+!#%,'./).#0M,'(R()!#+!#'&%0(*/.(,)#.J!'-,"!)"(L0!#/U/).#&.&#!$*("&V#0!"#L/*.&'(!"#+,(O!).#

1.'!#*/%/L0!"#+!#%,3""!'#>#YcSN9#

#

3.6. Analyse du phénotype des souches mutées 

Y9n9G Analyse du phénotype de croissance en milieu NZM 

W)!# *,0,)(!#+!# *J/23!# ",3*J!# 5@AnYKE#}CV#@AnYKE4HEHV#@AnYKE4:EEGV#]eEEG#}CV#

]eEEG4HEH#!.#]eEEG4:EEG;#!".#-("!#!)#%'&*30.3'!#+/)"#G#-0#+!#-(0(!3#b]7#>#YcSN#%!)+/).#0/#

)3(.9# /#[knEE)-#!".#-!"3'&!#0!#0!)+!-/()#-/.()V#%3("#0!"#%'&*30.3'!"#",).#*!).'(<3R&!"#5GYEEE#

'%-#%!)+/).#D#-()#;V#0!"#*30,."#",).#0/O&"#%/'#G#-0#+!#C'("#]N0#%]#c9D#>#:ESN#5GYEEE#'%-#%!)+/).#

D# -();# !.# ",).# <()/0!-!).# '!%'("# +/)"# G# -0# +!# -(0(!3# A~F9#  !"# *30.3'!"# ",).# '&/0("&!"# %/'#

!)"!--!)*!-!).#+!#GE#-0#+!#-(0(!3#+!# *30.3'!#b]7#/O!*# 0!#-1-!#),-L'!#+!# *!0030!"#%,3'#
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*J/23!#",3*J!#!.#0/#[knEE)-#!".#-!"3'&!#.,3.!"#0!"#J!3'!"#%!)+/).#K#J9#

Y9n9: Quantification de la production de biofilms par la méthode du Cristal Violet 

(Claire Lays, INSERM Lyon) 

 /# .!*J)(23!# +!# *,0,'/.(,)# /3# *'("./0# O(,0!.# %!'-!.# +!# -!"3'!'# +!# -/)(X'!# "!-(4

23/).(./.(O!# 0/# <,'-/.(,)#+!#L(,<(0-9#?%'X"#:H#J#+!# *30.3'!# !)#%0/23!#+!#Kn#%3(."V# 0!# L(,<(0-#

L/*.&'(!)#<,'-&#/3#<,)+#+!#*J/23!#%3(.#!".#!".(-&#/%'X"#*,0,'/.(,)#/3#*'("./0#O(,0!.#!.#-!"3'!#+!#

0/#[kDcE)-#%/'#"%!*.',%J,.,-&.'(!9# /#O/0!3'#+!#[k#!".#%',%,'.(,))!00!#>#0/#+!)"(.&#+!#L(,<(0-#

<,'-&9#

 !"# +(<<&'!).!"# ",3*J!"# L/*.&'(!))!"# ,).# &.&# *30.(O&!"# !)#b]7# ># YcSN# %!)+/).# 0/# )3(.9#

?%'X"# "./)+/'+("/.(,)# ># [knEE)-# �# GV# *J/23!# "3"%!)"(,)# /# &.&# +(03&!# /3# G_:DE# !)# b]7#

"3%%0&-!).&#+!#EV:D#\#+!#R03*,"!9#:EE#!0#+!#*!..!#"3"%!)"(,)#,).#&.&#.'/)"<&'&"#+/)"#3)!#%0/23!#

+!#Kn#%3(."#>#<,)+#%0/.#5Becton Dickinson;9#[!3$#%3(."#,).#&.&#3.(0("&"#%,3'#*J/23!#",3*J!9# !#

-(0(!3#b]7#y#R03*,"!#EV:D#\#/#&.&#3.(0("&#*,--!#.&-,()9# /#%0/23!#/#&.&#/0,'"#()*3L&!#:H#J#"/)"#

/R(./.(,)#>#YcSN9#?%'X"#()*3L/.(,)V#0!#*,).!)3#+!#*J/23!#%3(.#/#&.&#'!.('&#+,3*!-!).#!.#0!"#%3(."#

,).#&.&#'()*&"#/3#fbZ#5Invitrogen;#%,3'#&0(-()!'#0!"#L/*.&'(!"#),)#/+J&'!).!"9# !#L(,<(0-#/#&.&#

*,0,'&#>#0=/(+!#+=3)!#",03.(,)#+!#GDE#!0#+!#*'("./0#O(,0!.#5EVEG#\#%QO;#5Merck;#%!)+/).#YE#-()9# !#

"3'%03"#+!#*,0,'/).#/#&.&#'()*&#H#<,("#/3#fbZ9# /#%0/23!#/#&.&#!)"3(.!#"&*J&!#YE#-()#!.#0!#*,0,'/).#

*,).!)3#+/)"# 0!#L(,<(0-#/#&.&#'!",03L(0("&#/O!*#GEE#!0#+=/*(+!#/*&.(23!#YY#\#5OQO;#5VWR;9# /#

[kDcE)-#/#/0,'"#&.&#-!"3'&!#%,3'#*J/23!#%3(.#>#0=/(+!#+=3)#0!*.!3'#+!#%0/23!#5-(*',#^ 7Z?#?3.,#

@!/+!'V#-,+!0#naEV#BioRad;9#C,3"#0!"#!""/("#,).#&.&#'&/0("&"#.',("#<,("#!.#0/#-,U!))!#+!"#O/0!3'"#

+!#[kDcE)-#/#&.&#*/0*30&!#%,3'#*J/23!#",3*J!#!.#0!#.&-,()9#

#

4.  Analyse quantitative du protéome des souches HG001 et RN6390 

sauvages et mutées 

4.1. Conditions de croissance des souches 

W)!# *,0,)(!# +!# *J/23!# ",3*J!# 5]eEEG# d.V# ]eEEG4HEHV# ]eEEG4:EEG# !.# @AnYKE# d.V#

@AnYKE4HEH#!.#@AnYKE4:EEG;#!".#-("!#!)#%'&*30.3'!#+/)"#G#-0#+!#-(0(!3#b]7#>#YcSN#%!)+/).#

0/#)3(.V#",3"#/R(./.(,)#5GaE#'%-;9# !"#*30.3'!"#",).#%'&%/'&!"#!)#.'(%0(*/."#%,3'#*J/23!#",3*J!#

+/)"#DE#-0#+!#b]7#%!)+/).#YJ#>#YcSNV#%3("#*!).'(<3R&!"#GD#-()#>#HEEE#'%-9#

#
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4.2. Protocole d�extraction des protéines totales 

H9:9G Lyse cellulaire 

 !"#*30,."#*!0030/('!"#",).#0/O&"#/O!*#+3#C'("#]N0#GE#-F#%]#c9D#>#:ESNV#%/'#*!).'(<3R/.(,)#

5HEEE#'%-#%!)+/).#GD#-();#%3("#'!%'("#+/)"#D#-0#+!#./-%,)#+!#0U"!#*,).!)/).#GE#-F#C'("#]N0#

%]#c9D#>#:ESNV#:E#-F#A/N0V#G#-F#̂ [C?V#D#-F#FRN0:V#0U","./%J()!#DE#PRQ-0V#DEE#P0#+=()J(L(.!3'"#

+!#%',.&/"!"#GEE$V#:#P0#[A/"!7#5GWQP0;#!.#:#P0#@A/"!9# /#0U"!#!".#!)"3(.!#'&/0("&!#%/'#()*3L/.(,)#

>#YcSN#%!)+/).#YE#-()#+!"#*!0030!"9#

H9:9: Extraction des protéines totales 

 !"#%',.&()!"# .,./0!"#",).#!$.'/(.!"#%/'#/B,3.#+!#Y#-0#+!#C'(T,0�#5Life Technologies;#>#

*J/23!#&*J/).(00,)#5:DE#P0QGEc#*!0030!";9#^00!"#",).#!)"3(.!#-&0/)R&!"#/3#O,'.!$#%!)+/).#GE#"!*#

%3("#0/(""&!"#>#.!-%&'/.3'!#/-L(/).!#D#-()9#YEE#P0#+!#'&/*.(<#bNf#5G4b',-,4Y4*J0,',%',%/)!;#

%!'-!../).#0/#"&%/'/.(,)#+!"#%',.&()!"#!.#+!"#/*(+!"#)3*0&(23!"#!)#",03.(,)#",).#!)"3(.!#/B,3.&"9#

 !"#.3L!"#",).#>#),3O!/3#-&0/)R&"#GE#"!*#/3#O,'.!$V#0/(""&"#D#-()#>#:ESN#%3("#*!).'(<3R&"#GE#-()#

>#GY#EEE#'%-9# /#%J/"!#"3%&'(!3'!#23(#*,).(!).#0!"#?@A#!".#&0(-()&!#!.#KEE#P0#+=&.J/),0#/L",03#

",).#/B,3.&"#>#0/#%J/"!#()<&'(!3'!#+!#*,30!3'#',"!V#23(#*,).(!).#0!"#%',.&()!"9# !"#&*J/).(00,)"#

",).#-&0/)R&"V#0/(""&!"#D#-()#>#:ESNV#%3("#*!).'(<3R&"#D#-()#>#:EEE#R9#c#O,03-!"#+=/*&.,)!#<',(+#

",).#/B,3.&"#/3$#"3')/R!/)."#+/)"#3)#.3L!#t/0*,)#DE#-0#!.#0/(""&"#>#%'&*(%(.!'#%!)+/).#0/#)3(.#>#

4:ESN9# !#0!)+!-/()V#0!"#&*J/).(00,)"#",).#*!).'(<3R&"#>#aEEE#'%-#%!)+/).#YE#-()V#0!"#*30,."#",).#

0/O&"# %/'# Y# -0# +=&.J/),0# aE\V# "&*J&"# ",3"# J,..!# !.# '!",03L(0("&"# +/)"# GEE# P0# +=3)# ./-%,)#

+&)/.3'/).# q# :[# r# 5c# F# 3'&!V# :# F# .J(,3'&!V# H\# N]?fZV# :D# -F# C'("4]N0# %]# a;# !.# 0!3'#

*,)*!).'/.(,)#!".#<()/0!-!).#!".(-&!#%/'#0/#-&.J,+!#+!#b'/+<,'+9#

4.3. Estimation de la concentration des protéines totales par la méthode de Bradford. 

:E#P0#+!#*J/23!#'&%0(*/.#%3'V#+(03&#:$#,3#+(03&#H$#+/)"#+!#0=]:k#-(00(l#",).#+&%,"&"#+/)"#

3)!#-(*',%0/23!#Kn#%3(."#5Noon;#!)#+3%0(*/."#!.#:aE#P0#+!#'&/*.(<#+!#b'/+<,'+#5BioRad;#+(03&#D$#

",).#/B,3.&"9#^)#%/'/00X0!V#3)!#R/--!#&./0,)#!".#'&/0("&!#+/)"#0!"#-1-!"#*,)+(.(,)"#>#0=/(+!#+!#

bZ?V#+,).#0!"#*,)*!).'/.(,)"#O/'(!).#+!#DE#>#DEE#PRQ-09# /#-(*',%0/23!#!".#!)"3(.!#%0/*&!#+/)"#

3)# 0!*.!3'# +!# %0/23!# 5Microplaque Reader, Model 550,# BioRad;# !.# 0=/L",'L/)*!# ># DKH# )-#

!)'!R(".'&!9#^)<()V#3)#R'/%J!#!".#.'/*&#+!#0/#[kDKH)-#!)#<,)*.(,)#+!#0/#*,)*!).'/.(,)#!)#bZ?V#0!"#

-!"3'!"# +!# [kDKH)-# -,U!))!"# +!"# +3%0(*/."# ",).# '!%,'.&!"# "3'# 0/# +',(.!# &./0,)# !.# 0!"#

*,)*!).'/.(,)"#+!"#%',.&()!"#.,./0!"#!".(-&!"9#
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4.4. Analyse comparative des protéomes des souches HG001 et RN6390 sauvages et 

mutées  

H9H9G Préparation des échantillons et digestion trypsique 

D# !R# +!# %',.&()!"# %/'# '&%0(*/.# ",).# %'&*(%(.&"# %/'# /B,3.# +!# -&.J/),0# !.# /*&./.!#

+=/--,)(3-#E9G#FV#%3("#'!%'("#+/)"#3)#./-%,)#*,).!)/).#+3#L(*/'L,)/.!#+=/--,)(3-#DE#-F9#

W)!# &./%!# +!# +&)/.3'/.(,)# ># KnSN# %!)+/).# GE# -()V# "3(O(!# +=3)!# '&+3*.(,)4# /0uU0/.(,)# +!"#

*U".&()!"#%'&*X+!).#0/#+(R!".(,)#+!"#%',.&()!"#'&/0("&!#%!)+/).#0/#)3(.#>#.!-%&'/.3'!#/-L(/).!V#

/O!*#:EE#)R#+!#.'U%"()!#%/'#&*J/).(00,)9##

H9H9: Séparation chromatographique liquide en phase inverse des peptides 

 /# *J/()!# *J',-/.,R'/%J(23!# 3.(0("&!# !".# 0!#-,+X0!# A/), N# W0.'/# :[# f03"# 5Eksigent!

Sciex;9# !"#%!%.(+!"#"&*J&"#/3#Z%!!+#8/*#",).#'!%'("#+/)"#3)!#",03.(,)#+=]:k4/*(+!#<,'-(23!#E9G#

\9#DEE#)R#+!"#%!%.(+!"#",).#()B!*.&"#3)#"U".X-!#A/),#]f N#+!#.U%!##q#C'/%#^03.!#r#NGa#5%J/"!#

'&O!'"!;#>#</(L0!#+&L(.#5YEE#)0Q-);9#W)!#%'!-(X'!#*,0,))!#5Trap C18;#*,)*!).'!#!.#&0(-()!#0!"#

"!0"#+!"#&*J/).(00,)"9# !"#%!%.(+!"#",).#!)"3(.!#&03&"#+!#0/#*,0,))!#"&%/'/.(O!#NGa#%/'#R'/+(!).#

+=JU+',%J,L(*(.&# !)# G:E# -)9# NJ/23!# '&%0(*/.# +=()B!*.(,)# !".# !"%/*&# +!# H# JV# *,-%'!)/).# 0/#

'&R&)&'/.(,)#+!#0/#*,0,))!#NGa#"/)"#!<<!.#-&-,('!#!.#0/#*/0(L'/.(,)#%&'(,+(23!#+3#"%!*.',-X.'!#

+!#-/""!9#

H9H9Y Analyse de masse des peptides 

 =/)/0U"!# +!"# &*J/).(00,)"# /# &.&# '&/0("&!# %/'# f9# ]/--/))V#  9# g3J)# !.# w9# NJ(*J!'#

5%0/.!<,'-!#%',.&,-(23!V#7bFNV#Z.'/"L,3'R;9#

 !#-,+!#+=(,)("/.(,)#^Z7#5Electrospray Ionisation;#>#0=!).'&!#+!#0=()".'3-!)./.(,)##R&)X'!#

+!"#%!%.(+!"#-30.(*J/'R&"V#%'()*(%/0!-!).#+!"#:#>#Y#<,("#*J/'R&"V#5Fy:];:y#!.#5FyY];Yy9#N!"#

(,)"# ",).# /)/0U"&"# %/'# *U*0!# +=/*23("(.(,)# +!#G# "%!*.'!#FZ# 5-/""!# +!"# %!%.(+!";# "3(O(# +!# :E#

"%!*.'!"#FZFZ#5<'/R-!)./.(,)#+!"#:E#%!%.(+!"#0!"#%03"#().!)"!"#+3#"%!*.'!#FZ;9#NJ/23!#*U*0!#

q#C,%#:E#r#+3'!#G9D#"!*,)+!"9#W)!#'XR0!#+=/*23("(.(,)# 0(-(./).# 0=,L"!'O/.(,)#*,)"&*3.(O!#+=3)#

%!%.(+!#+!#-1-!#-/""!#/3R-!).!#0/#+U)/-(23!#+!#+&.!*.(,)#+!#%!%.(+!"#</(L0!-!).#/L,)+/)."#

+/)"# 0!"# !$.'/(."# 5%',L0&-/.(23!# +!# 0/# *,4&03.(,)# %!%.(+(23!# %',%,'.(,))!00!# ># 0/# ./(00!# +3#

%',.&,-!;9# =/%%/'!(00/R!#!".#+!#.U%!#l#CktV#-,+X0!#.'(%0!#Ckt#DnEE#5Eksigent!Sciex;9# !#<(*J(!'#

<()/0#+=/*23("(.(,)#*,-%,'.!#0/#",--!#+!"#"%!*.'!"#+!#<'/R-!)./.(,)#+!#%!%.(+!"V#+&.!*.&"#>#0/#

",'.(!#+!#*,0,))!#]f N9#
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H9H9H Identification des peptides par bioinformatique 

 =!)"!-L0!#+!#*!"#+,))&!"#!$%&'(-!)./0!"#+!#<'/R-!)./.(,)#FZFZ#!".#*,-%/'&!#>#3)!#

L/)23!#+!#"%!*.'!"#FZFZ#.J&,'(23!"#+!#0=,'R/)("-!#L/*.&'(!)#+!#'&<&'!)*!#5S. aureus AYGD;9# !#

0,R(*(!0#F/"*,.#5Matrix Science;#*,-%(0!#*!"#+,))&!"#!.#/..'(L3!#3)#"*,'!#+=(+!).(<(*/.(,)#%/'#

%!%.(+!#!.#",--!#0!"#"*,'!"#+!"#%!%.(+!"#+("*'(-()/)."#%/'#%',.&()!9#?<()#+=!".(-!'#0/#<(/L(0(.&#

+!#0=(+!).(<(*/.(,)#!.#+!#+&.!'-()!'#3)#"!3(0#+!#"*,'!#>#%/'.('#+323!0#0=(+!).(<(*/.(,)#!".#O/0(+&!V#

3)!#L/)23!#'&O!'"!#+!"#"&23!)*!"#%',.&(23!"#+!#S. aureus#!".#<3"(,))&!#>#*!00!#+!#0=,'R/)("-!#

+!#'&<&'!)*!9# =(+!).(<(*/.(,)#+=3)!#%',.&()!#q#'&O!'"!#r#!".#"U),)U-!#+!#q)=(-%,'.!#23,(#r9#[/)"#

0!#0(".()R#<()/0#+=(+!).(<(*/.(,)V#*0/""&#%/'#"*,'!#F/"*,.#+&*',(""/).V#0!"#J(."#'&O!'"!"#/%%/'/(""!).#

!)#L/"#+!#./L0!/39#70"#",).#*,-%.&"#%,3'#+&.!'-()!'#3)#./3$#+!#</3$#%,"(.(<"#9# !#*'(.X'!#/*.3!0#+!#

%3L0(*/.(,)#!".#3)#t[@#5False Discovery Rate;#()<&'(!3'#>#G#\V#O/0!3'#/**!%./L0!#+=!''!3'9#

#

5. Insertion d�un FLAG!tag en C!terminal du gène tex par recombinaison 

homologue dans la séquence génomique 

5.1. Choix de la position de l�insertion du FLAG pour Tex WT et Tex S1 

 !#t ?e#/#&.&#()"&'&#>#0M!$.'&-(.&#N#.!'-()/0!#+3#RX)!#tex#+M3)!#%/'.V#/<()#+!#O("3/0("!'#0/#

%',.&()!# "/3O/R!# !.# ># 0/# %,"(.(,)# GK:n# +3# RX)!# +M/3.'!# %/'.V# 23(# %!'-!..'/# +!# O("3/0("!'# 0/#

%',.&()!# "/)"# ",)# +,-/()!# ZG# +!# 0(/(",)# /3$# ?@A9# N!"# ()"!'.(,)"# ,).# &.&# '&/0("&!"# +/)"# 0!"#

",3*J!"#bwNGEE#+!#S. aureusV#+&0&.&!"#+!#0!3'#"U".X-!#+!#'!".'(*.(,)Q-,+(<(*/.(,)9#

5.2. Choix des oligonucléotides 

 !# %',.,*,0!# 3.(0("&# %,3'# 0/# *,)".'3*.(,)# +3# %0/"-(+!# %!'-!../).# 0/# '!*,-L()/(",)#

J,-,0,R3!#/#&.&#/+/%.&#+!#8/R)!' et al.,#GKKa9#

 !"#,0(R,)3*0&,.(+!"#,).#&.&#*J,("("#+!#-/)(X'!#>#*'&!'#3)!#'&R(,)#+MJ,-,0,R(!#"3<<("/).!V#

)&*!""/('!# ># 0/# '!*,-L()/(",)# J,-,0,R3!# %,3'# 0M()"!'.(,)# +!# 0=&.(23!..!# t ?e9# N!3$4*(#

%!'-!..!).#+M/-%0(<(!'#0!"#GEEE#+!')(!'"#)3*0&,.(+!"#%,3'#0M()"!'.(,)#+3#t ?e#>#0M!$.'&-(.&#+3#

RX)!# "/3O/R!9# f,3'# 0/# %',.&()!# "/)"# ",)# +,-/()!# ZGV# 0!"# GK:n# %'!-(!'"# )3*0&,.(+!"# ,).# &.&#

/-%0(<(&"V#%!'-!../).#/()"(#0M()"!'.(,)#+3#t ?e#B3".!#/O/).#*!#+,-/()!9#

5.3. Amplification des régions d'homologie par PCR 

 !"# '&R(,)"#+MJ,-,0,R(!# ,).# &.&# /-%0(<(&!"#%/'#fN@#+/)"# 0!"# *,)+(.(,)"# "3(O/).!"9#W)#

O,03-!#'&/*.(,))!0#+!#DE#P0#/#&.&#%'&%/'&#23(#*,-%'!)+#GE#P0#+!#./-%,)#seNs#D$V#G#P0#+!#*J/23!#
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+ACf#>#GE-FV#:VD#P0#+!#*J/23!#,0(R,)3*0&,.(+!#"!)"#!.#/).("!)"#>#GE#PFV#G#P0#+M?[A#5DE#)R;V#GVD#

P0#+!#[FZkV#EVD#P0#+M!)TU-!#fJ3"(,)#>#:WQP0#!.#:a#P0#+M]:k#-(00(l9# /#'&/*.(,)#/#!)"3(.!#!3#0(!3#

"!0,)#0!#%',R'/--!_#

#

Dénaturation initiale KaSNV#YE#"!*#

25 cycles: #

[&)/.3'/.(,)# KaSNV#GE#"!*#

]UL'(+/.(,)# DDSNV#YE#"!*##

^$.!)"(,)# c:SNV#YE#"!*#

Extension finale c:SNV#GE#-()#

#

5.4. Création du plasmide pMUTIN portant la région homologue suivie du FLAG 

D9H9G Digestion du plasmide et des régions homologues 

D#PR#+!#%0/"-(+!#%FWC7A#",).#+(R&'&"#+/)"#3)#O,03-!#'&/*.(,))!0#+!#DE#P0#*,).!)/).#H#

P0#+!#%0/"-(+!V#D#P0#+!#./-%,)#+!#+(R!".(,)#g%)#L3<<!'#GE$V#G#P0#+M!)TU-!#g%)#>#GEWQP0V#H#P0#

+M!)TU-!#]()+#777#>#GE#WQP0#!.#Yn#P0#+M#]:k#-(00(l9# !#-&0/)R!#'&/*.(,))!0#!".#!)"3(.!#()*3L&#

%!)+/).#H#J#>#YcSNV#%3("#0/#+(R!".(,)#!".#O&'(<(&!#"3'#R!0#+M/R/',"!#G\#/O/).#+M1.'!#%3'(<(&!#"3'#

R!0#R'o*!#/3#u(.#se!0#!.#fN@#*0!/)#3%s#5Macherey!Nagel;9#f,3'#&O(.!'#/3#%0/"-(+!#+!#"!#'!0(R3!'#

"3'# 03(4-1-!V# ,)# %',*X+!# !)"3(.!# ># 3)!# +&%J,"%J,'U0/.(,)V# +/)"# 0!"#-1-!"# *,)+(.(,)"# 23!#

%'&*&+!--!).# 56# 789G;9#  /# +(R!".(,)# +!"# '&R(,)"# J,-,0,R3!"# !".# '&/0("&!# +/)"# 0!"# -1-!"#

*,)+(.(,)"9#

D9H9: Ligation du palsmide avec les régions homologues et transformation d' ^9*,0( 

 /# 0(R/.(,)# +3# %0/"-(+!# !.# +!"# '&R(,)"# J,-,0,R3!"# !".# '&/0("&!# +/)"# 3)# O,03-!#

'&/*.(,))!0#+!#GE#P0V#*,).!)/).#:E)R#+!#%0/"-(+!#5G#P0;V#:EE#)R#+!#%',+3(.#fN@#%3'(<(&#5Y#P0;V#G#

P0#+!#./-%,)#+!#0(R/.(,)#CH#GE$V#G#P0#+M!)TU-!#CH#0(R/"!#>#GEWQv0#:#WQv0#!.#H#P0#+M]:k#-(00(l9# !#

.,3.#!".#()*3L&#>#GnSN#%!)+/).#0/#)3(.9#GEE#P0#+!#*!0030!"#m G#L03!#+M#E. coli ,).#&.&#.'/)"<,'-&!"#

/O!*#0!#%0/"-(+!#"!0,)#0!"#-1-!"#*,)+(.(,)"#23!#%'&*&+!--!).#56#87779Y9Y;9#

#
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5.5. Transformation de la souche BJC100 de S. aureus et intégration du FLAG dans le 

génome 

 /#.'/)"<,'-/.(,)#!".#'&/0("&!#%/'#/B,3.#+!#D#PR#+M?[A#+/)"#GEE#P0#+!#*!0030!"#bwNGEE#

*,-%&.!).!"V#%/'#&0!*.',%,'/.(,)#56#87779Y9H;9##

 !"#()"!'.(,)"#",).#O&'(<(&!"#%/'#fN@#"3'#:E#)R#+M?[A#*J',-,",-(23!#!$.'/(.#+!"#",3*J!"#

+/)"#0!"#-1-!"#*,)+(.(,)"#23!#%'&*&+!--!).V#"!0,)#0!#%',R'/--!_#

#

#

#

##

#

#

#

 !"#%',+3(."#fN@#%'&"!)./).#3)#'&"30./.#%,"(.(<#%,3'#0M()"!'.(,)#",).#<()/0!-!).#!)O,U&"#

/3#"&23!)x/R!#%,3'#*,)<('-/.(,)9#

#

5.6. Vérification de l'insertion du FLAG par Western blot 

D9n9G Cultures de Z9#/3'!3" 

W)!#*,0,)(!#+!"#",3*J!"#bwNGEE#"/3O/R!"#!.#t ?e3&!"#!".#%'&0!O&!#!.#-("!#!)#%'&*30.3'!#

+/)"#:#-0#+!#b]7#y#&'U.J',-U*()!#5GE#PRQP0;#%!)+/).#0/#)3(.#>#YcSN9# !"#*30.3'!"#",).#!)"3(.!#

'&/0("&!"#%/'#/B,3.#+!#G#-0#+!#%'&*30.3'!#+/)"#GEE#-0#+!#b]7#y#&'U.J',-U*()!#!.#0!"#%',.&()!"#

.,./0!"#",).#!$.'/(.!"#>#+(<<&'!)."#.!-%"#%/'#%'&0XO!-!).#+!#HE#-0V#:E#-0#!.#GE#-0#>#:#JV#H#J#!.#n#

J#'!"%!*.(O!-!).9#

D9n9: Lyse des cellules et détermination de la concentration en protéines totales par la 

méthode de Bradford 

 !"#*!0030!"#",).#*!).'(<3R&!"#5YcDE#'%-#%!)+/).#GD#-()#>#HSN;V#0!"#*30,."#",).#0/O&"#%/'#

:E#-0#+!#C'("#]N0#:E#-F#%]#c9D#>#:ESN#5YcDE#'%-#%!)+/).#GD#-()#>#HSN;#%3("#'!%'("#+/)"#+3#

./-%,)#+!#0U"!#*,).!)/).#:E#-F#C'("4]N0#%]#c9D#>#:ESNV#GE#-F#FRN0:V#GDE#-F#A/N0V#:#-F#[CCV#

Dénaturation initiale KDSNV#D#-()#

34 cycles: #

[&)/.3'/.(,)# KDSNV#YE#"!*#

]UL'(+/.(,)# DDSNV#YE#"!*##

^$.!)"(,)# c:SNV#YE#"!*#

Extension finale c:SNV#D#-()#
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G#-F#^[C?V#DE#PRQP0#0U","./%J()!#!.#()*3L&"#>#YcSN#%!)+/).#YE#-()9# !"#*!0030!"#",).#!)"3(.!#

*!).'(<3R&!"#5D#-()#>#GYEEE#'%-;V#:#P0#+!#[A/"!#7#5GWQv0;#!.#3)#*,*u./(0#+M/).(4%',.&/"!"#5GEE$;#

",).#/B,3.&"#/3$# "3')/R!/)."V#%3("# 0!"# 0U"/."# ",).# ()*3L&"#D#-()#>#YcSN9# /# *,)*!).'/.(,)#!)#

%',.&()!"#.,./0!"#!".#+&.!'-()&!#%/'#0/#-&.J,+!#+!#b'/+<,'+#56#87779H9Y;9#

D9n9Y Western blot 

GEE#PR#+!#%',.&()!"#.,./0!"#",).#'!%'("!"#+/)"#D#P0##+!#L0!3#3'&!#+/)"#3)#O,03-!#.,./0#+!#

GD#P0#!.#*J/'R&!"#"3'#3)#R!0#Z[Z4f?e^#GE\9# !"#%',.&()!"#",).#-("!"#>#-(R'!'#%!)+/).#:E#-()#
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6. Identification des partenaires de Tex par immunoprécipitation 

6.1. Identification des protéines partenaires 
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n9G9: Lyse des cellules 

?%'X"#Y#J#+M()*3L/.(,)V#0!"#*!00030!"#",).#*!).'(<3R&!"#GD#-()#>#YcDE#'%-#!.#'!%'("!"#+/)"#

D#-0#+!#./-%,)#+!#0U"!#*,).!)/).#+3#CbZ#G$V#G\#+!#C'(.,)#m4GEEV#3)#*,*u./(0#+M/).(%',.&/"!"#!.#

G#-F#^[C?9# /#0U"!#!".#!<<!*.3&!#+!#-/)(X'!#-&*/)(23!V#%/'#0M3.(0("/.(,)#+3#t/".f'!%#5Y$#HE#"!*V#

"!.9#n9EV#Sigma;#!.#0!"#+&L'("#*!0030/('!"#",).#&0(-()&"#%/'#*!).'(<3R/.(,)#D#-()#>#GY#EEE#'%-9#

n9G9Y Immunoprécipitation 

 /# %'&%/'/.(,)# +!# 0/# '&"()!# *,3%0&!# /3$# /).(*,'%"# /).(4t ?e# /()"(# 23!#

0M(--3),%'&*(%(./.(,)# ",).# </(."# "!0,)# 0!"# '!*,--/)+/.(,)"# +3# <,3')(""!3'# 5Sigma;. HE# P0#

+M/).(*,'%"#/).(4t ?e#",).#/B,3.&"#%/'#-0#+!#0U"/.V#%3("#()*3L&"#%!)+/).#:#J#>#HSN9# !"#/).(*,'%"#

/U/).#0(&#0!"#*,-%0!$!"#",).#!)"3(.!#*!).'(<3R&"#%!)+/).#YE#"!*#>#nEEE#RV#%3("#0/O&"#Y#<,("#/O!*#

DEE#P0#+!#./-%,)#CbZ9# M&03.(,)#"!#</(.#%/'#*,-%&.(.(,)#!)#()*3L/).#GEE#P0#+!#t ?e#%!%.(+!#>#

GDE# )RQP0# /O!*# 0!"# /).(*,'%"# *,3%0&"# /3$# *,-%0!$!"V# %!)+/).# YE#-()-()# ># HSN9#  !# .,3.# !".#

*!).'(<3R&#YE#"!*#>#nEEE#RV#!.#0!"#"3')/R!/)."#*,).!)/).#0!"#%',.&()!"#%/'.!)/('!"#",).#'&*3%&'&"9#

n9G9H Analyse des protéines co!éluées avec Tex 

 M/)/0U"!# +!"# %',.&()!"# %/'.!)/('!"# +!# C!$# /# &.&# -!)&!# +!# 0/# -1-!# -/)(X'!# 23!#

%'&*&+!--!).V#%/'#0/#.!*J)(23!#+!# N4FZFZ#%3("#*,-%/'/(",)#+!"#"%!*.'!"#>#3)!#L/)23!#+!#

+,))&!"#56#87779H9H;9#

#

6.2. Identification des ARN partenaires 
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+!.!'-()/)."#()#O(.',#/)+#()#O(O,#()#Staphylococcus aureus9#t^FZ#7--3),09#F!+9#F(*',L(,09#40V#G�K9#
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N,)0,)V#g9F9V#]3-%J'!U"V#]9V#/)+#k=e/'/V#w9f9#5:EE:;9#(*/@#^)*,+!"#/#C'/)"*'(%.(,)/0#@!%'!"",'#7)O,0O!+#
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ZJ0/!"V#[9V#/)+#f',B/)V#Z9w9#5:EEG;9#C'/)"*'(%.(,)#f',<(0()R4b/"!+#7+!).(<(*/.(,)#,<#Z./%JU0,*,**3"#/3'!3"#

e!)!"#@!R30/.!+#LU#.J!#/R'#/)+Q,'#"/'?# ,*(9#w9#b/*.!'(,09#183V#cYHG�cYDY9#

[3O/0V# F9V# g,'!%/),OV# ?9V# t3*J"L/3!'V# k9V# t!*J.!'V# f9V# ]/00!'V# ?9V# t/LL'!..(V# ?9V# NJ,30(!'V#  9V#F(*3'/V# @9V#

g0/J,0TV#b9f9V#@,-LUV#f9V#!.#/09#5:EGY;9#^"*J!'(*J(/#*,0(#@(L,",-/0#f',.!()#ZG#W)<,0+"#Z.'3*.3'!+#-@A?"#

k).,#.J!#@(L,",-!#<,'#?*.(O!#C'/)"0/.(,)#7)(.(/.(,)9#f ,Z#b(,09#119#

^R0,<<#ZV#F3'%JU#Z#5:EEa;9#N'/*u()R#.J!#@A?#%,0U-!'/"!#77#NC[#*,+!9#C'!)+"#e!)!.9#24V#:aE4a9 

^0/"'(V#F9k9V#CJ,-/"V#w9@9V#Zu())!'V#@9?9V#b0!O()"V#w9Z9V#b!!)u!)V#g9^9V#A!0",)V#N9 9V#/)+#Z-!0.!'V#F9Z9#5:EE:;9#

Z./%JU0,*,**3"#/3'!3"#*,00/R!)#/+J!"()#*,).'(L3.!"#.,#.J!#%/.J,R!)!"("#,<#,".!,-U!0(.("9#b,)!#30V#:cD�

:aE9#

^)+,J#FV#~J3#}V#]/"!R/d/#wV#}/./)/L!#]V#g(-#[gV#?(+/#FV#7)3u/(#AV#A/'(./#CV#�/-/+/#CV#t3'3U/#?V#Z/.,#

]V#�/-/R3*J(#�V#F/)+/0#ZZV#@!()L!'R#[V#}/+/#CV]/)+/#]9#5:EEH;9#F,0#N!00#b(,09#24V#YY:H4Yn 

t!*J.!'V# f9V# N/0+!0/'(V# 79V#  (,0(,3V# ^9V# /)+# @,-LUV# f9# 5:EGH;9# A,O!0# /"%!*."# ,<# @A?# '!R30/.(,)# ()#

Z./%JU0,*,**3"#/3'!3"9#t^bZ# !..9#588V#:D:Y�:D:K9#

t!0+!)V#b9V#8/)+!)!"*JV#t9V#b,30,*V#f9V#/)+#@,-LUV#f9#5:EGG;9#CJ!#Z./%JU0,*,**3"#/3'!3"#@A,-!#/)+#7."#

N,--(.-!).#.,#8('30!)*!9#f ,Z#f/.J,R9#79#

t(RR!V#@9F9V#@/-"!(!'V#C9F9V#/)+#Z/(!'V#F9]9#5GKKH;9#CJ!#-/))(.,0#'!%'!"",'#5F.0@;#,<#^"*J!'(*J(/#*,0(9#w9#

b/*.!'(,09#176V#aHE�aHc9#

t(.TR!'/0+V#w9@9V#t,".!'V#C9w9V#/)+#N,$V#[9#5:EEn;9#CJ!#().!'/*.(,)#,<#L/*.!'(/0#%/.J,R!)"#d(.J#%0/.!0!."9#A/.9#

@!O9#F(*',L(,09#4V#HHD�HDc9#



@&<&'!)*!"#L(L0(,R'/%J(23!"# GDK#

 

t(.T%/.'(*uV#t9V#]3-%J'!U"V#]9V#Z-U.JV#^9V#g!))!+UV#N9?9V#/)+#k=e/'/V#w9f9#5:EE:;9#^)O(',)-!)./0#'!R30/.(,)#

,<#L(,<(0-#<,'-/.(,)#()#().!)"(O!#*/'!#3)(.#(",0/.!"#,<#Z./%JU0,*,**3"#!%(+!'-(+("9#w9#],"%9#7)<!*.9#52 !"#"$
"#%&!

'()*+,)-(./ ! '& ! 012+3-456 ! 0& ! ,78! 9:;,-, ! <&=&! >"??@A&! BC(847.4! DE-! (.,FGHIJK784+47847)! H(ED(L2!
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'(P-E74.)(7JH(78(7[!=-E)4(76!(7!O),+35LE.E..16!,1-416!O)-,(7!V4Z2,7!̀ 4,86!)E!G4D(.(47)!F834-47.4!,78!
0E6)!I4LL!K7C,6(E7!G14!)E!`E66!ED!)34!I4LL!^,LL!F7.3E-!'17.)(E7&!K7D4.)&!K2217&!72 !R#@@$R#TS&!

0,\768E-D !B& !,78!HE7( !K&Y&!>"?#"A&!M1L)(+L4!,.)(C()(46!ED!NVFJP(78(7[!+-E)4(76!O#!,78!0De&!H(E.3(2(4!94 !
#@WW$#@@S&!

0,7,/( ! 0& ! ,78! 0(-,2,)61 ! ]&! >#QQRA&! fB24-[(7[! (7D4.)(E16! ,78! 8-1[J-46(6),7)! 8(64,646JJC,7.E25.(7!
-46(6),7)![-,2J+E6()(C4!.E..(g&!V(3E7!V,(/,!;,//,(!h,663(!<&!<+7&!OE.&!K7)4-7&!M48&!86 !"?R@$"?%?&!

0,-)*E[ ! ;&F& ! ^,8, ! U& ! 0,78, ! 0& ! ,78! ^(76)E7 ! '&! >#QQ%A&! BC(847.4! )3,)! O+)W ! O+)@ ! ,78! O+)T! .E7)-EL!
)-,76.-(+)(E7!4LE7[,)(E7!P5!NVF!+EL524-,64!KK!(7!O,..3,-E25.46!.4-4C(6(,4&!;4746!G4C&!12 !S@R$STQ&!
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04 !i& !U3E-7)E7 !<& !I,-2(.L4JG,C(6 !O& !,78!M.G,7(4L !̀ &O&!>"??TA&!U4_ !,!+1),)(C4!)-,76.-(+)(E7,L!,..466E-5!
D,.)E- !(6!(7CELC48!(7!+,)3E[47!D()7466!(7!O)-4+)E.E..16!+7412E7(,4&!M(.-EP&!=,)3E[&!41 !#QQ$"?T&!

04(L2,77 !I& !O.3Z4()*4- !9& !;4-/4 !I& !Y,7()),7,/E2 !V& !M,./ !G& !,78!;X)* !'&!>#QQTA&!MEL4.1L,-!P,6(6!ED!
(7)4-.4LL1L,-!,8346(E7!(7!)34!P(ED(L2JDE-2(7[!O),+35LE.E..16!4+(84-2(8(6&!MEL&!M(.-EP(EL&!20 !#?%S$#?Q#&!

0([[(76 !<& !`E1[32,7 !F& !Y,7!]4664L !]&=&M& !Y,7!O)-(\+ !<&F&;& !,78!'E6)4- !U&<&!>"??TA&!IL12+(7[!D,.)E-!F!
ED! O),+35LE.E..16! ,1-416! (73(P()6! +3,[E.5)E6(6! P5! 312,7! +EL52E-+3E71.L4,-! L41.E.5)46&! 'BMO!
M(.-EP(EL&!`4))&!258 !"Q?$"QT&!

0(-,2,)61 !]&!>"??#A&!Y,7.E25.(7J-46(6),7)!O),+35LE.E..16!,1-416a!,!74Z!2E84L!ED!,7)(P(E)(.!-46(6),7.4&!
`,7.4)!K7D4.)&!G(6&!1 !#WR$#@@&!

0(-6) ! N&F& ! ;E6,( ! H& ! N1)2,7 ! F& ! ;14-(7 ! I&<& ! V(.E)4-, ! =& ! F78-4Z ! =&^& ! ,78! 9:I,LL,[3,7 ! I&! >"??%A&!
O)-4+)E.E..16!+7412E7(,4!G4D(.(47)!(7!=7412EL56(7!E-!F1)EL56(7!0,6!N481.48!Y(-1L47.4!(7!M47(7[()(6&!
<&!K7D4.)&!G(6&!197 !RWW$R@#&!

0EL847 !M&U&;& !'4(L !B&<& !`(786,5 !<&F& !=4,.E./ !O&<& !G,5 !V&=&<& !B7-([3) !M&I& !'E6)4- !U&<& !MEE-4 !I&B& !01-6) !
`& !F)/(7 !N& !4)!,L&!>"??WA&!IE2+L4)4![47E246!ED!)ZE!.L(7(.,L!O),+35LE.E..16!,1-416!6)-,(76a!BC(847.4!DE-!
)34!-,+(8!4CEL1)(E7!ED!C(-1L47.4!,78!8-1[!-46(6),7.4&!=-E.&!V,)L&!F.,8&!O.(&!j&!O&!F&!101 !QR%T$QRQ#&!

0EL2eC(6) !B& !,78!YE[4L !<&!>"?#SA&!F!62,LL!NVF!64-C(7[!PE)3!)34!0De!,78!I6-F!-4[1LE76&!;4746!G4C&!27 !
#?RS$#?R%&!

017)*(7[4- ! B& ! HE(664) ! O& ! O,C4,71 ! I& ! H47()E ! k& ! ;4(662,77 ! U& ! V,2,74 ! F& ! `(7, ! ;& ! B)(4774 ! <& !
B3-462,77 !H& !B3-462,77 !I& !4)!,L&!>"??@A&!O),+35LE.E..16!,1-416!NVFKKK!,78!)34!478E-(PE71.L4,64!KKK!
.EE-8(7,)4L5!-4[1L,)4!6+,![474!4_+-466(E7&!BMH9!<&!24 !%"W$%S@&!

0164P5 !M& !O3( !]& !H-EZ7 !I&]& !G([-4 !<& !M47[(6)1 !'& !O4E !]&O& !HE3,.3 !;&F& !O.3L(4C4-) !=&M& !93L478E-D !
G&0& ! ,78! B,-3,-) ! I&F&! >"??RA&! O)-1.)1-4! ,78! H(ELE[(.,L! F.)(C()(46! ED! H4),! UE_(7! D-E2! O),+35LE.E..16!
,1-416&!<&!H,.)4-(EL&!189 !%R#Q$%R"T&!

KP,--, ! <&F& ! =4-4*JN148, ! B& ! I,--ELL ! N&]& ! ,78! O3,Z ! `&V&! >"?#SA&! ;LEP,L! ,7,L56(6! ED! )-,76.-(+)(E7,L!
-4[1L,)E-6!(7!O),+35LE.E..16!,1-416&!HMI!;47E2(.6!14 !#"T&!

K7[,C,L4 ! O& ! C,7! ^,24L ! ^& ! `1E7[ ! U&U& ! `44 ! I&k& ! ,78! I3417[ ! F&`&! >"??@A&! N,)cM[-F ! ,! N4[1L,)E-! ED!
F1)EL56(6 !K6!,!N4[1L,)E-!ED!Y(-1L47.4!;4746!(7!O),+35LE.E..16!,1-416&!K7D4.)&!K2217&!73 !#W"S$#WS#&!

K*P,7! M; ! `164! GO&! >#QQ#A&! U-,76.-(+)(E7! E7! 71.L4E6E2,L! )42+L,)46! P5! NVF! +EL524-,64! KK! (7! C()-Ea!

(73(P()(E7!ED!4LE7[,)(E7!Z()3!473,7.4247)!ED!64e147.4J6+4.(D(.!+,16(7[&!;4746!G4C&!5 !T%SJQT& 

<,7*E7 !`& !`XD8,3L !O& !,78!F-C(86E7 !O&!>#Q%QA&!K847)(D(.,)(E7!,78!71.L4E)(84!64e147.4!ED!)34!84L),JL56(7!
[474 !3L8 !,8\,.47)!)E!)34!,..466E-5![474!-4[1L,)E-!>,[-A!ED!O),+35LE.E..16!,1-416&!MEL&!;47&!;474)&!M;;!
219 !W%?$W%@&!

<E376E7 !O&<& !ILE64 !G& !NEP(76E7 !0& !Y,LL4)J;4L5 !K& !GEC4 !O&`& !,78!0(LL !I&=&!>"??%A&!I-56),L!6)-1.)1-4!,78!
NVF!P(78(7[!ED!)34!U4_!+-E)4(7!D-E2!=6418E2E7,6!,4-1[(7E6,&!<&!MEL&!H(EL&!377 !#WT?$#WRS&!

<E64D66E7 !B& !0,-)DE-8 !9& !9:H-(47 !`& !=,))( !<&M& !,78!'E6)4- !U&!>"??#A&!=-E)4.)(E7!,[,(76)!B_+4-(247),L!
O),+35LE.E..16!,1-416!F-)3-()(6!P5!Y,..(7,)(E7!Z()3!IL12+(7[!',.)E-!F !,!VEC4L!Y(-1L47.4!G4)4-2(7,7)&!
<&!K7D4.)&!G(6&!184 !#@R"$#@%?&!

],()E !I& !ME-(63(), !G& !M,)612E)E !k& !]1-E/,Z, !]& !,78!O4/(2(*1 !]&!>"??TA&!VEC4L!GVF!P(78(7[!+-E)4(7!
O,-h!.E7)-(P1)46!)E!C(-1L47.4!(7!O),+35LE.E..16!,1-416&!MEL&!M(.-EP(EL&!62 !#T?#$#T#R&!

],7[ ! M& ! ]E ! k&J=& ! `(,7[ ! i& ! NE66 ! I&`& ! `(1 ! l& ! M1--,5 ! H&B& ! ,78! 0EE/ ! M&! >"?#SA&! IELL,[47JP(78(7[!
M(.-EP(,L! O1-D,.4! IE2+E747)6! N4.E[7(*(7[! F8346(C4! M,)-(_! MEL4.1L4! >MOINFMMA! ED! ;-,2J+E6()(C4!
H,.)4-(,!K73(P()!IE2+L4247)!F.)(C,)(E7!C(,!)34!IL,66(.,L!=,)3Z,5&!<&!H(EL&!I342&!288 !"?@"?$"?@S#&!
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],+L,7 !I&G& !ME--(6 !<&N& !^1 !I&!J)(7& !,78!^(76)E7 !'&!>"???A&!O+)@!,78!O+)T!,-4!,66E.(,)48!Z()3!,.)(C4!
)-,76.-(+)(E7!,78!3,C4!.3,-,.)4-(6)(.6!ED![474-,L!4LE7[,)(E7!D,.)E-6!(7!G&!24L,7E[,6)4-&!;4746!G4C&!14 !
"T"S$"TSW&!

],),5,2, !k& !K)E !U& !,78!0(-,2,)61 !]&!>"???A&!F!V4Z!IL,66!ED!;474)(.!BL4247) !O),+35LE.E..16!I,664))4!
I3-E2E6E24! 24. ! B7.E846! M4)3(.(LL(7! N46(6),7.4! (7! O),+35LE.E..16! ,1-416&! F7)(2(.-EP&! F[47)6!
I342E)34-&!44 !#@WQ$#@@@&!

]-E[,7!V< !](2!M !F37!O0 !h3E7[!; !]EPE-!MO !I,[745!; !B2(L(!F !O3(L,)(D,-8!F !H1-,)EZ6/(!O !;-447PL,))!

<'&! >"??"A&! NVF! +EL524-,64! KK! 4LE7[,)(E7! D,.)E-6! ED! O,..3,-E25.46! .4-4C(6(,4a! ,! ),-[4)48! +-E)4E2(.6!

,++-E,.3& MEL!I4LL!H(EL& 22 !TQRQJQ"&!

]Z,/!0& !`(6!<U&!>"??SA&!IE7)-EL!ED!)-,76.-(+)(E7,L!4LE7[,)(E7&!F771&!N4C&!;47&!47 !W%SJ@?%&!

]ZE7!G !kEE7!<0 !O3(7!Ok !<,7[!U0 !](2!0; !OE!K !<4E7!<0 !=,-/!00&!>"?#"A&!F!.E2+-43476(C4!2,71,LL5!

.1-,)48!+-E)4(7J+-E)4(7! (7)4-,.)(E7!8,),P,64! DE-! )34!G4,)3!GE2,(761+4-D,2(L5&!V1.L4(.!F.(86!N46&!40 !

GSS#JT& 

`,.45 !N&^& !,78!M().34LL !F&F&H&!>#QTQA&!;47),25.(7J-46(6),7)!O),+35LE.E..16!,1-416&!U34!`,7.4)!294 !
#W"@$#W"T&!

`,6, ! K& ! UEL48EJF-,7, ! F& ! GEP(7 ! F& ! Y(LL,714C, ! M& ! 84! LE6! ME*E6 ! K&N& ! Y4-[,-,JK-([,-,5 ! M& ! O4[1-, ! Y& !
',[4[,L)(4- !G& !=47,846 !<&N& !Y,LL4 !<& !4)!,L&!>"?##A&!;47E24JZ(84!,7)(64764!)-,76.-(+)(E7!8-(C46!2NVF!
+-E.466(7[!(7!P,.)4-(,&!=-E.&!V,)L&!F.,8&!O.(&!j&!O&!F&!108 !"?#R"$"?#RR&!

G4!`,5 !V& !O.31 !G&<& !,78!;E))462,7 !O&!>"?#SA&!H,.)4-(,L!O2,LL!NVFJP,648!V4[,)(C4!N4[1L,)(E7a!0De!,78!
K)6!F..E2+L(.46&!<&!H(EL&!I342&!288 !RQQT$%??S&!

`(2 !k& !<,7, !M& !̀ 1E7[ !U&U& !,78!̀ 44 !I&k&!>"??WA&!IE7)-EL!ED!;L1.E64J!,78!V,ILJK781.48!H(ED(L2!'E-2,)(E7!
P5!-PD!(7!O),+35LE.E..16!,1-416&!<&!H,.)4-(EL&!186 !R""$R"Q&!

`(784- ! =& ! `424(LL4 ! O& ! ,78! N4884- ! =&! >"?#WA&! U-,76.-(+)E24J^(84! F7,L5646! ED! @mJB786! (7! NV,64! <!
M1),7)6!ED!,!;-,2J=E6()(C4!=,)3E[47!N4C4,L!,!NEL4!(7!NVF!M,)1-,)(E7 !N4[1L,)(E7!,78!G4[-,8,)(E7&!=`EO!
;474)&!10&!

`(786,5 ! <&F&! >"?#?A&!;47E2(.!C,-(,)(E7!,78!4CEL1)(E7!ED!O),+35LE.E..16!,1-416&! K7)&! <&!M48&!M(.-EP(EL&!
300 !Q%$#?S&!

`(786,5 !<&F& !N1*(7 !F& !NE66 !0&'& !]1-4+(7, !V& !,78!VEC(./ !N&=&!>#QQ%A&!U34![474!DE-!)E_(.!63E./!)E_(7!(6!
.,--(48!P5!,!D,2(L5!ED!2EP(L4!+,)3E[47(.()5!(6L,786!(7!O),+35LE.E..16!,1-416&!MEL&!M(.-EP(EL&!29 !@"R$
@WS&!

`(EL(E1 ! B& ! O3,-2, ! I&M& ! I,L84L,-( ! K& ! 04LD4- ! F&JI& ! '4.3)4- ! =& ! Y,784746.3 ! '& ! YE[4L ! <& ! ,78! NE2P5 ! =&!
>"?#"A&! ;LEP,L! -4[1L,)E-5! D17.)(E76! ED! )34! O),+35LE.E..16! ,1-416! 478E-(PE71.L4,64! KKK! (7! [474!
4_+-466(E7&!=`EO!;474)&!8 !4#??"R%"&!

`(1! HF ! V,63! =G&! >"?#"A&! BCEL1)(E7! ED! O0"! 8E2,(76! ,78! +3E6+3E)5-E6(74! 6([7,LL(7[! 74)ZE-/6&! =3(LE6!

U-,76!N!OE.!`E78!H!H(EL!O.(&!367 !"@@TJRS& 

`(1 !k& !M,77, !F&I& !=,7 !I&J0& !]-(/617EC !K&F& !U3(4L !G&<& !I3417[ !F&`& !,78!h3,7[ !;&!>"??TA&!O)-1.)1-,L!,78!
D17.)(E7!,7,L5646!ED!)34![LEP,L!-4[1L,)E-5!+-E)4(7!O,-F!D-E2!O),+35LE.E..16!,1-416&!=-E.&!V,)L&!F.,8&!O.(&!
j&!O&!F&!103 !"SQ"$"SQR&!

`(1 !k& !^1 !V& !GE7[ !<& !;,E !k& !h3,7[ !i& !M1 !I& !O3,E !V& !,78!k,7[ !;&!>"?#?A&!0De!(6!,![LEP,L!-4[1L,)E-!
)3,)!.E7)-EL6!)34!+,)3E[47(.()5!ED!O),+35LE.E..16!,1-416&!=LEO!974!5&!

`1E7[ ! U&U& ! G172,7 ! =&M& ! M1-+35 ! B& ! =-E\,7 ! O&<& ! ,78! `44 ! I&k&! >"??TA&! U-,76.-(+)(E7! =-ED(L(7[! ED! )34!
2[-F!N4[1LE7!(7!O),+35LE.E..16!,1-416&!<&!H,.)4-(EL&!188 !#%QQ$#Q#?&!
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M,./(4 !;&F&!>#QQ%A&!N(PE71.L4,64!B!(6!,!@:J478J84+47847)!478E71.L4,64&!V,)1-4!395 !R"?$R"S&!

M,L,.3EZ, !V& !,78!G4`4E !'&N&!>"?#?A&!MEP(L4![474)(.!4L4247)6!ED!O),+35LE.E..16!,1-416&!I4LL&!MEL&!`(D4!
O.(&!67 !S?@R$S?R#&!

M,77, !F&I& !,78!I3417[ !F&`&!>"??SA&!6,-j !,!6,-F!0E2ELE[ !K6!N4+-46648!P5!O,-U!,78!N4[1L,)46!Y(-1L47.4!
;4746!(7!O),+35LE.E..16!,1-416&!K7D4.)&!K2217&!71 !SWS$S@S&!

M,77, !F&I& ! ,78!I3417[ !F&`&! >"??TA&!B_+-466(E7! ED!O,-i !,!V4[,)(C4!N4[1L,)E-!ED! ,[-! ,78!B_E+-E)4(7!
O57)346(6 !K6!F.)(C,)48!P5!M[-F!(7!O),+35LE.E..16!,1-416&!<&!H,.)4-(EL&!188 !W"%%$W"QQ&!

M,77, ! F& ! ,78! I3417[ ! F&`&! >"??#A&! I3,-,.)4-(*,)(E7! ED! 6,-N ! ,! ME81L,)E-! ED! 6,-! B_+-466(E7! (7!
O),+35LE.E..16!,1-416&!K7D4.)&!K2217&!69 !%%@$%QT&!

M,-(7.EL, !;& !O.3nD4- !U& !H43L4- !<& !H4-73,-8) !<& !93L647 !]& !;E4-/4 !I& !,78!^EL* !I&!>"?#"A&!NV,64!k!ED!
O),+35LE.E..16!,1-416!,78!()6!-EL4!(7!)34!,.)(C,)(E7!ED!C(-1L47.4![4746&!MEL&!M(.-EP(EL&!85 !%#R$%S"&!

M,--,./ !=& !,78!],++L4- !<&!>#QQ?A&!U34!6),+35LE.E..,L!47)4-E)E_(76!,78!)34(-!-4L,)(C46&!O.(47.4!248 !R?@$
R##&!

M,-)(7E7!' !0ED2,77!] !U6.3E++!<&!>"??#A&!U34!+5-(7!8E2,(7a!,!+E66(PL4!242P4-!ED!)34!84,)3!8E2,(7J

DEL8!D,2(L5!(2+L(.,)48!(7!,+E+)E6(6!,78!(7DL,22,)(E7&!I1--!H(EL&!11,!N##%J"?& 

M,54-!F !04(842,77!M !`(86.3-4(P4-!M !O.3-4(4./!F !O17!M !0(7)4-2,(-!I !]-4224-!B !B(./!G !I-,24-!=&!

>"?#"A&! IUG! )5-E6(74! +3E6+3E-5L,)(E7! (2+,(-6! )4-2(7,)(E7! D,.)E-! -4.-1()247)! )E! NVF! +EL524-,64! KK&!

O.(47.4!336 !#R"SJ@& 

M,*2,7(,7 !O&]& !̀ (1 !;& !<47647 !B&N& !̀ 47E5 !B& !,78!O.3744Z(78 !9&!>"???A&!O),+35LE.E..16!,1-416!6E-),64!
21),7)6!84D4.)(C4!(7!)34!8(6+L,5!ED!61-D,.4!+-E)4(76!,78!(7!)34!+,)3E[4746(6!ED!,7(2,L!(7D4.)(E76&!=-E.&!
V,)L&!F.,8&!O.(&!j&!O&!F&!97 !@@#?$@@#@&!

M,*2,7(,7 !O&]& !UE7JU3,) !0& !O1 !]& !,78!O.3744Z(78 !9&!>"??"A&!F7!(-E7J-4[1L,)48!6E-),64!,7.3E-6!,!
.L,66!ED!61-D,.4!+-E)4(7!81-(7[!O),+35LE.E..16!,1-416!+,)3E[4746(6&!=-E.&!V,)L&!F.,8&!O.(&!j&!O&!F&!99 !""QS$
""Q%&!

M4(73,-)! F ! ],2476/(! U ! 0E4++74-! O ! H,12L(! O ! I-,24-! =&! >"??@A&! F! 6)-1.)1-,L! +4-6+4.)(C4!

ED!IUG!D17.)(E7&!;4746!G4C& 19 !#W?#J#@& 

M4-(7E !V& ! UEL48EJF-,7, !F& !Y4-[,-,JK-([,-,5 ! M& !Y,LL4 ! <& !OEL,7E !I& !I,LCE !B& !`E+4* ! <&F& !'E6)4- !U&<& !
=47,846 !<&N& !,78!`,6, !K&!>"??QA&!=-E)4(7!FJM48(,)48!M1L)(.4LL1L,-!H43,C(E-!(7!O),+35LE.E..16!,1-416&!<&!
H,.)4-(EL&!191 !%S"$%WS&!

M(LL4- !I& !O.3Z,LP !H& !M,(4- !]& !O.31L* !G& !G12./4 !O& !h,.34- !H& !M,54- !F& !O58EZ !<& !M,-.(7EZ6/( !`& !
GEL/47 !`& !4)!,L&!>"?##A&!G57,2(.!)-,76.-(+)E24!,7,L56(6!24,61-46!-,)46!ED!2NVF!657)346(6!,78!84.,5!(7!
54,6)&!MEL&!O56)&!H(EL&!7 !W@%&!

ME7,./ !G&M& !F-(.E !H& !N,++1EL( !N& !,78!',L/EZ !O&!>#Q%QA&!=3,64!C,-(,7)6!ED!HE-84)4LL,!P-E7.3(64+)(.,!
,-(64!P5!6+E7),74E16!84L4)(E76!(7!)34!C(-!LE.16&!MEL&!M(.-EP(EL&!3 !#R#Q$#R"%&!

ME7)[E24-5 !I&=& !HE5L4JY,C-, !O& !,78!G,12 !N&O&!>"?#?A&!K2+E-),7.4!ED!)34!;LEP,L!N4[1L,)E-6!F[-!,78!
O,4NO!(7!)34!=,)3E[4746(6!ED!IFJMNOF!jOFS??!K7D4.)(E7&!=`EO!9VB!5&!

MEE745 !G&U& ! <,77 !M& !,78!;4LL4- !H&`&!>"??TA&!O1P.4LL1L,-! LE.,)(E7!ED!+3,[4! (7D4.)(E7!+-E)4(7!>=(+A! (7!
`,.)E.E..16!L,.)(6&!I,7&!<&!M(.-EP(EL&!52 !TTW$TR"&!

ME-4(LLE7 !=& !B7)47*, ! <&M& !'-,7.(EL( !=& !M.G4C()) !G& !'E6)4- !U&<& !'-,7.E(6 !=& !,78!Y,18,1_ !=&!>#QQ@A&!
NEL4! ED! O),+35LE.E..16! ,1-416! .E,[1L,64! ,78! .L12+(7[! D,.)E-! (7! +,)3E[4746(6! ED! 4_+4-(247),L!
478E.,-8()(6&!K7D4.)&!K2217&!63 !WRS%$WRWS&!
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ME-(), !U& !M,/( !]& !,78!F(P, !0&!>"??@A&!NV,64!BJP,648!-(PE71.L4E+-E)4(7!.E2+L4_46a!24.3,7(.,L!P,6(6!
ED!2NVF!846),P(L(*,)(E7!248(,)48!P5!P,.)4-(,L!7E7.E8(7[!NVF6&!;4746!G4C&!19 !"#RT$"#%T&!

ME--(6E7 !<&M& !F784-6E7 !]&`& !H447/47 !]&B& !O24L)*4- !M&O& !,78!G172,7 !=&M&!>"?#"A&!U34!O),+35LE.E..,L!
F..466E-5!N4[1L,)E- !O,-F !(6!,7!NVFJH(78(7[!=-E)4(7!)3,)!ME81L,)46!)34!2NVF!U1-7EC4-!=-E+4-)(46!ED!
`,)4JB_+E747)(,L!,78!O),)(E7,-5!=3,64!O),+35LE.E..16!,1-416!I4LL6&!'-E7)&!I4LL&!K7D4.)&!M(.-EP(EL&!2&!

M1-*(7 ! F&;& ! H-4774- ! O&B& ! 01PP,-8 ! U& ! ,78! I3E)3(, ! I&! >#QQ@A&! OI9=a! ,! 6)-1.)1-,L! .L,66(D(.,)(E7! ED!
+-E)4(76!8,),P,64!DE-!)34!(7C46)([,)(E7!ED!64e147.46!,78!6)-1.)1-46&!<&!MEL&!H(EL&!247 !@ST$@W?&!

Vo!B(83(7 !G& !=4-/(76 !O& !'-,7.E(6 !=& !Y,18,1_ !=& !0XX/ !M& !,78!'E6)4- !U&<&!>#QQ%A&!IL12+(7[!D,.)E-!H!
>ILDHA !,!74Z!61-D,.4JLE.,)48!D(P-(7E[47JP(78(7[!,8346(7!ED!O),+35LE.E..16!,1-416&!MEL&!M(.-EP(EL&!30 !
"W@$"@R&!

VEC(./ ! N&=&! >"??SA&! MEP(L4! [474)(.! 4L4247)6! ,78! P,.)4-(,L! )E_(7E646a! )34! 61+4-,7)([47J47.E8(7[!
+,)3E[47(.()5!(6L,786!ED!O),+35LE.E..16!,1-416&!=L,62(8!49 !QS$#?@&!

VEC(./ !N&=& !NE66 !0&'& !=-E\,7 !O&<& !]E-7PL12 ! <& !]-4(6Z(-)3 !H& !,78!ME[3,*43 !O&! >#QQSA&!O57)346(6!ED!
6),+35LE.E..,L!C(-1L47.4!D,.)E-6!(6!.E7)-ELL48!P5!,!-4[1L,)E-5!NVF!2EL4.1L4&!BMH9!<&!12 !SQTR$SQR@&!

VEC(./ !N&=& !I3-(6)(4 !;&B& !,78!=47,8b6 ! <&N&!>"?#?A&!U34!+3,[4J-4L,)48!.3-E2E6E2,L! (6L,786!ED!;-,2J
+E6()(C4!P,.)4-(,&!V,)&!N4C&!M(.-EP(EL&!8 !@W#$@@#&!

9pH-(47 !`& !]4--([,7 !O&^& !],Z !;& !0E[,7 !M& !=47,8b6 !<& !`()) !G& !'()*[4-,L8 !G&<& !'E6)4- !U&<& !,78!IE_ !G&!
>"??"A&!M1L)(+L4!24.3,7(626!DE-!)34!,.)(C,)(E7!ED!312,7!+L,)4L4)!,[[-4[,)(E7!P5!O),+35LE.E..16!,1-416a!
-EL46!DE-!)34!.L12+(7[!D,.)E-6!ILDF!,78!ILDH !)34!64-(74$,6+,-),)4!-4+4,)!+-E)4(7!O8-B!,78!+-E)4(7!F&!MEL&!
M(.-EP(EL&!44 !#?SS$#?WW&!

9:V4(LL ! B& ! =E**( ! I& ! 0E16)E7 ! =& ! O25)3 ! G& ! 012+3-456 ! 0& ! NEP(76E7 ! G&F& ! ,78! 9:;,-, ! <&=&! >"??RA&!
F66E.(,)(E7!P4)Z447!M4)3(.(LL(7!O16.4+)(P(L()5!,78!H(ED(L2!N4[1L,)(E7!(7!O),+35LE.E..16!,1-416!K6EL,)46!
D-E2!G4C(.4JN4L,)48!K7D4.)(E76&!<&!IL(7&!M(.-EP(EL&!45 !#SRQ$#S%%&!

9:V4(LL !B& !=E**( !I& !0E16)E7 !=& !012+3-456 !0& !NEP(76E7 !G&F& !`E1[32,7 !F& !'E6)4- !U&<& !,78!9:;,-, !<&=&!
>"??%A&!F!VEC4L!O),+35LE.E..16!,1-416!H(ED(L2!=347E)5+4!M48(,)48!P5!)34!'(P-E74.)(7JH(78(7[!=-E)4(76 !
'7H=F!,78!'7H=H&!<&!H,.)4-(EL&!190 !S%S@$S%@?&!

9:O4,[383, ! M& ! C,7! O.3EE)47 ! I&<& ! ]4--([,7 ! O&^& ! B26L45 ! <& ! O(LC4-2,7 ! ;&<& ! IE_ ! G& ! `47)(7[ ! =&<& ! ,78!
'E6)4- ! U&<&! >"??TA&! O),+35LE.E..16! ,1-416! +-E)4(7! F! P(78(7[! )E! CE7! ^(LL4P-,78! D,.)E-! F#! 8E2,(7! (6!
248(,)48!P5!.E764-C48!K[;!P(78(7[!-4[(E76&!'BHO!<&!273 !W%S#$W%W#&!

9))E !M&!>"??%A&!O),+35LE.E..,L!H(ED(L26&!I1--&!UE+&!M(.-EP(EL&!K2217EL&!322 !"?R$""%&!

917 !O& !N4884- !=& !G(8(4- !<&J=& !'-,7.E(6 !=& !IE-C,[L(, !F&JN& !H1)),**E7( !B& !;(-,18 !I& !;(-,-8 !M& !O.3-47*4L !
<& !,78!`(784- !=&!>"?#SA&!U34!I63F!GBFGJPE_!NVF!34L(.,64!(6!(2+E-),7)!DE-!e1E-12!6476(7[!.E7)-EL!(7!
O),+35LE.E..16!,1-416&!NVF!H(EL&!10 !#@R$#T@&!

=,[4) !M&O& !,78!04L2,77 !<&G&!>"??SA&!U34qmR?!D,2(L5!ED!6([2,!D,.)E-6&!;47E24!H(EL&!4 !"?S&!

=,L2eC(6) ! V& ! 'E6)4- ! U& ! '()*[4-,L8 ! <&N& ! <E64D66E7 ! B& ! ,78! U,-/EZ6/( ! F&! >"??@A&! '(P-E74.)(7JH(78(7[!
=-E)4(76!,78!'(P-(7E[47JH(78(7[!IL12+(7[! ',.)E-6!=L,5!G(6)(7.)! NEL46! (7! O),+35LE.E..,L!F-)3-()(6!,78!
O56)42(.!K7DL,22,)(E7&!<&!K7D4.)&!G(6&!191 !RQ#$RQ%&!

=,-/!00 !`E!kI !`(7!OI !^,7[!` !k,7[!<] !^1!0&!>"??RA&!U34!84,)3!8E2,(7!61+4-D,2(L5!(7!(7)-,.4LL1L,-!

6([7,L(7[!ED!,+E+)E6(6!,78!(7DL,22,)(E7&!F771!N4C!K2217EL&!25 !@T#J%T& 

=,)E7 !<&I& !F78-4Z !=&^& !HE1L7E(6 !;&<& !,78!M().34LL !U&<&!>#QQSA&!MEL4.1L,-!,7,L56(6!ED!)34!+,)3E[47(.()5!
ED!O)-4+)E.E..16!+7412E7(,4a!)34!-EL4!ED!+7412E.E..,L!+-E)4(76&!F771&!N4C&!M(.-EP(EL&!47 !%Q$##@&!
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=,))( ! <&M& ! FLL47 ! H&`& ! M.;,C(7 ! M&<& ! ,78! 0EE/ ! M&! >#QQW,A&! M6.-,22JM48(,)48! F834-47.4! ED!
M(.-EE-[,7(626!)E!0E6)!U(66146&!F771&!N4C&!M(.-EP(EL&!48 !@%@$T#R&!

=,))( ! <&M& ! H-424LL ! U& ! ]-,\4Z6/,J=(4)-,6(/ ! G& ! FP84L7E1- ! F& ! U,-/EZ6/( ! F& ! N5847 ! I& ! ,78! 0EE/ ! M&!
>#QQWPA&!U34!O),+35LE.E..16!,1-416!.ELL,[47!,8346(7!(6!,!C(-1L47.4!84)4-2(7,7)!(7!4_+4-(247),L!64+)(.!
,-)3-()(6&!K7D4.)&!K2217&!62 !#@"$#T#&!

=4,.E./ !O&<& !'E6)4- !U&<& !I,24-E7 !H&<& !,78!H4-478) !F&N&!>#QQQA&!H,.)4-(,L!D(P-E74.)(7JP(78(7[!+-E)4(76!
,78!478E)34L(,L!.4LL!61-D,.4!D(P-E74.)(7!248(,)4!,834-47.4!ED!O),+35LE.E..16!,1-416!)E!-46)(7[!312,7!
478E)34L(,L!.4LL6&!M(.-EP(ELE[5!145 !SWRR$SW%T&!

=4-4(-, !`&H&!>"?#WA&!K2+4)([E!J!-4C(4Z&!F7&!H-,6&!G4-2,)EL&!89 !"QS$"QQ&!

=4)46.3!O< !`(6!<U&!>"??%A&!N,+(8 !)-,76.-(+)(E7J(784+47847)!LE66!ED!71.L4E6E246!EC4-!,!L,-[4!.3-E2,)(7!

8E2,(7!,)!06+R?!LE.(&!I4LL&!134 !RWJ%W& 

=E7)(7[ ! I&=&! >"??"A&! OjNYBk! FVG! OjMMFNka! VEC4L! 8E2,(76! ,78! E-)3ELE[146! ED! 41/,-5E)(.!
)-,76.-(+)(E7!4LE7[,)(E7!D,.)E-6&!V1.L4(.!F.(86!N46&!30 !STWS$ST@"&!

l14./ !O&k& !]3,7 !H&F& !̂ ,7[ !N& !H,.3 !U&J0&`& !]-4)6.324- !G& !I347 !̀ & !]-4(6Z(-)3 !H&V& !=46.34L !F& !G4`4E !
'&N& !,78!9))E !M&!>"??QA&!MEP(L4!;474)(.!BL4247)JB7.E848!I5)EL56(7!IE774.)6!Y(-1L47.4!)E!M4)3(.(LL(7!
N46(6),7.4!(7!MNOF&!=`EO!=,)3E[&!5&!

N,.3(8 !O& !93L647 !]& !̂ ,LL74- !j& !0,./4- !<& !04./4- !M& !,78!h(4P13- !̂ &!>"???A&!FL)4-7,)(C4!U-,76.-(+)(E7!
',.)E-qH!K6!K7CELC48!(7!N4[1L,)(E7!ED!H(ED(L2!B_+-466(E7!(7!,!O),+35LE.E..16!,1-416!M1.E6,L!K6EL,)4&!<&!
H,.)4-(EL&!182 !T%"W$T%"T&!

N,3L! =H ! `(7! Ik ! O4(L,! FI ! 'L577! NF ! M.I1(74! O ! H1-[4! IH ! O3,-+! =F ! kE17[! NF&! >"?#?A&! .JM5.!

-4[1L,)46!)-,76.-(+)(E7,L!+,164!-4L4,64&!I4LL&!141 !WS"JW@& 

N,224L/,2+ !I&0& !,78!]44D4- !I&O&!>#QWSA&!=47(.(LL(7a!()6!,7)(P,.)4-(,L!4DD4.)!(7!Z3EL4!PLEE8!,78!64-12!
DE-!)34!342EL5)(.!O)-4+)E.E..16!,78!O),+35LE.E..16!,1-416!#&!<&!IL(7&!K7C46)&!22 !TWQ$T@R&!

N,6216647!BH& !`(6!<U&!>#QQSA&!K7!C(CE!U-,76.-(+)(E7,L!+,16(7[!,78!.,+!DE-2,)(E7!E7!)3-44!G-E6E+(L,!34,)!

63E./![4746&!=-E.&!V,)L&!F.,8&!O.(&!jOF!90 !RQ"SJR&!

N44.4 !N&<& !,78!M,_Z4LL !F&!>#QQ#A&!GVF![5-,64a!6)-1.)1-4!,78!D17.)(E7&!I-()&!N4C&!H(E.342&!MEL&!H(EL&!26 !
SS@$SR@&!

N4546 !G& !F78-45 !G&9& !ME7E8 !F& !]4LL45 !̂ &`& !h3,7[ !;& !,78!I3417[ !F&`&!>"?##A&!IEE-8(7,)48!N4[1L,)(E7!
P5!F[-F !O,-F !,78!O,-N!UE!IE7)-EL!,[-!B_+-466(E7!(7!O),+35LE.E..16!,1-416 &!<&!H,.)4-(EL&!193 !T?"?$

T?S#&!

N342 ! M&V& !`4.3 ! B&M& !=,))( ! <&M& !M.G4C()) ! G& !0EE/ ! M& ! <E746 !G&H& !,78! ^(L34L216 ! ]&N&! >"???A&! U34!
IELL,[47JH(78(7[! F8346(7! K6! ,! Y(-1L47.4! ',.)E-! (7! O),+35LE.E..16! ,1-416! ]4-,)()(6&! K7D4.)&! K2217&!68 !
SRRT$SRRQ&!

NE2(LL5 !I& !I34C,L(4- !I& !M,-*( !O& !M,6e1(8, !H& !;4(662,77 !U& !Y,784746.3 !'& !^46)3ED !B& !,78!NE2P5 !
=&! >"?#",A&! `EE+JLEE+! (7)4-,.)(E76! (7CELC48! (7! ,7)(64764! -4[1L,)(E7! ,-4! +-E.46648! P5! )34!
478E-(PE71.L4,64!KKK!(7!O),+35LE.E..16!,1-416&!NVF!H(EL&!9 !#WT#$#WR"&!

NE2(LL5 !I& !I,L84L,-( !K& !=,-247)(4- !G& !`(EL(E1 !B& !NE2P5 !=& !,78!'4.3)4- !=&!>"?#"PA&!I1--47)!/7EZL48[4!
E7!-4[1L,)E-5!NVF6!,78!)34(-!2,.3(74-(46!(7!O),+35LE.E..16!,1-416&!NVF!H(EL&!9 !W?"$W#S&!

NE2(LL5 !I& !`,56 !I& !UE2,6(7( !F& !I,L84L,-( !K& !H47()E !k& !0,22,77 !=& !;4(662,77 !U& !HE(664) !O& !NE2P5 !
=& ! ,78! Y,784746.3 ! '&! >"?#WA&! F! VE7JIE8(7[! NVF! =-E2E)46! H,.)4-(,L! =4-6(6)47.4! ,78! G4.-4,646!
Y(-1L47.4!P5!N4[1L,)(7[!,!N4[1L,)E-!(7!O),+35LE.E..16!,1-416&!=`EO!=,)3E[!10 !4#??SQRQ&!
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NE1_ !I&M& !G4M1)3 !<&=& !,78!G172,7 !=&M&!>"?##A&!I3,-,.)4-(*,)(E7!ED!IE2+E747)6!ED!)34!O),+35LE.E..16!
,1-416!2NVF!G4[-,8E6E24!0ELE47*524J`(/4!IE2+L4_ &!<&!H,.)4-(EL&!193 !@@"?$@@"T&!

N1(*!84!LE6!ME*E6 !K& !Y4-[,-,JK-([,-,5 !M& !O4[1-, !Y& !Y(LL,714C, !M& !H(),-)4 !V& !O,-,2,[E !M& !GE2(7[146 !
O& !F--,(,7E !I&M& !'4.3)4- !=& !NE2P5 !=& !4)!,L&!>"?#SA&!H,64!=,(-(7[!K7)4-,.)(E7!P4)Z447!@rJ!,78!SrJjUN6!
IE7)-EL6!(.,N!2NVF!U-,76L,)(E7!(7!O),+35LE.E..16!,1-416&!=`EO!;474)!9 !4#??W??#&!

O,.36 ! N& ! M,_ ! ]&B&F& ! 04(742,77 ! j& ! ,78! H,LP,.3 ! <&! >"?#"A&! NVF! 6(7[L4! 6)-,786! P(78! )E! ,! .E764-C48!
61-D,.4!ED!)34!2,\E-!.EL8!63E./!+-E)4(7!(7!.-56),L6!,78!6EL1)(E7&!NVF!18 !T@$RT&!

O,(8JO,L(2 ! H& ! G172,7 ! =&M& ! M.FL4464 ! '&M& ! M,.,+,[,L ! G& ! M1-+35 ! B& ! M.V,2,-, ! =&<& ! F-C(86E7 ! O& !
'E6)4- !U&<& !=-E\,7 !O&<& !,78!]-4(6Z(-)3 !H&V&!>"??SA&!;LEP,L!N4[1L,)(E7!ED!O),+35LE.E..16!,1-416!;4746!P5!
NE)&!<&!H,.)4-(EL&!185 !T#?$T#Q&!

O,1784-6!F !IE-4!`< !`(6!<U&!>"??TA&!H-4,/(7[!P,--(4-6!)E!)-,76.-(+)(E7!4LE7[,)(E7&!V,)!N4C!MEL!I4LL!H(EL&!7 !

@@RJTR& 

O.,).3,-8 !;&!>#QWQA&!Be1(L(P-(12!(7!7E7J4L4.)-EL5)4!2(_)1-46&!I342&!N4C&!44 !R$S@&!

O.32(8) !]&F& !M,77, !F&I& !,78!I3417[ !F&`&!>"??SA&!O,-U!K7DL147.46!6,-O!B_+-466(E7!(7!O),+35LE.E..16!
,1-416&!K7D4.)&!K2217&!71 !@#SQ$@#W%&!

O3,E !i& !,78!;-(63(7 !V&Y&!>"???A&!IE22E7!DEL8!(7!34L(_$3,(-+(7$34L(_!+-E)4(76&!V1.L4(.!F.(86!N46&!28 !
"TWS$"T@?&!

O24L)*4- ! M&O& ! ;(LL ! O&N& ! ,78! K,78ELE ! <&<&! >#QQ"A&! `E.,L(*,)(E7! ED! ,! .3-E2E6E2,L! 21),)(E7! ,DD4.)(7[!
4_+-466(E7!ED!4_)-,.4LL1L,-!L(+,64!(7!O),+35LE.E..16!,1-416&!<&!H,.)4-(EL&!174 !W???$W??T&!

O),+4L6 !G&F&I& !N,25,- !]&i& !H(6.3EDD !M& !]X./-()*JHL(./Z484 !M&!CE7 !M(L84- !'&<& !N15/47 !M& !B(647P4(6 !
<& ! M.^3E-)4- ! ^&<& ! 04--2,77 ! M& ! ]4664L ! ]&=&M&! C,7 ! 4)! ,L&! >"?#WA&! O),+35LE.E..16! ,1-416! 64.-4)46! ,!
17(e14!.L,66!ED!741)-E+3(L!64-(74!+-E)4,64!(73(P()E-6&!=-E.&!V,)L&!F.,8&!O.(&!111 !#S#%R$#S#Q"&!

O)4-P, !]&M& !M,./(7)E63 !O&;& !HL4C(76 !<&O& !01-LP1-) !H&]& !,78!O24L)*4- !M&O&!>"??SA&!I3,-,.)4-(*,)(E7!ED!
O),+35LE.E..16!,1-416!O,-F!H(78(7[!O()46&!<&!H,.)4-(EL&!185 !WW#?$WW#R&!

O)(P()* !O&!>#QQWA&!M1),)(E76!(7!)34!PC[F![474!ED!HE-84)4LL,!+4-)166(6!)3,)!8(DD4-47)(,LL5!,DD4.)!-4[1L,)(E7!
ED!C(-1L47.4!84)4-2(7,7)6&!<&!H,.)4-(EL&!176 !@T#@$@T"#&!

O)E-* ! ;& ! 9+85/4 ! <&F& ! ,78! h3,7[ ! F&! >"??WA&! IE7)-ELL(7[! 2NVF! 6),P(L()5! ,78! )-,76L,)(E7! Z()3! 62,LL !
7E7.E8(7[!NVF6&!I1--&!9+(7&!M(.-EP(EL&!7 !#W?$#WW&!

O1P-,2,7(,7 !F&N&!>#Q%SA&!O)-1.)1-4!,78!D17.)(E76!ED!-(PE6E2,L!+-E)4(7!O#&!=-E[&!V1.L4(.!F.(8!N46&!MEL&!
H(EL&!28 !#?#$#W"&!
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Tableau 1: Analyse comparative des protéomes de la souche HG001 sauvage et de ses mutants par la technique du Spectral Count (1/2)

LEGENDE:

ratio Respect des guidelines = min. 5 spectres Nb répl. Nombre de réplicats

ratio ratio>2 Moy #Spc Moyenne du nombre de spectres

ratio ratio<0.5 Stdev Déviation standard

CV% CV<20% CV(%) Coefficient de variation (%)

Protéine retenue après validation manuelle, présentant 

une variation significative et fiable.

2001/Rn1 404/Rn1

ACC Nb Name Nb répl. Moy #Spc Stdev CV(%) Nb répl. Moy #Spc Stdev CV(%) Nb répl. Moy #Spc Stdev CV(%) ratio ratio

CLFB_STAAN Fibrinogen-binding protein B 1 0,33 0,58 173,21 3 2,33 0,58 24,74 1 0,67 1,15 173,21 7,00 2,00

Q2G221_STAA8 Phage infection protein, putative 3 9,00 4,58 50,92 3 21,00 4,36 20,76 3 21,00 2,65 12,60 2,33 2,33

LEPA_STAA8 Ribosomal back-translocase LepA 3 3,33 2,52 75,50 3 7,33 3,21 43,83 3 6,67 3,06 45,83 2,20 2,00

Q7A717_STAAN SA0589 protein 1 0,33 0,58 173,21 2 0,67 0,58 86,60 2 0,67 0,58 86,60 2,00 2,00

GYRA_STAA8 DNA gyrase subunit A 3 3,67 2,08 56,77 3 8,33 1,15 13,86 3 12,00 6,08 50,69 2,27 3,27

Q7A415_STAAN SA2100 protein 2 1,67 1,53 91,65 3 6,33 3,06 48,24 3 4,00 1,73 43,30 3,80 2,40

Q7A3G3_STAAN SA2327 protein 2 5,00 5,00 100,00 3 10,33 4,93 47,74 3 11,67 4,04 34,64 2,07 2,33

LEP_STAAN Leader peptidase IB nd nd nd nd 2 3,67 6,35 173,21 1 5,00 8,66 173,21 2001 only 404 only

RSMH_STAAN rRNA (cytosine-N(4)-)-methyltransferase RsmH 3 1,33 0,58 43,30 3 6,00 5,57 92,80 3 4,00 4,36 108,97 4,50 3,00

Q2FVW2_STAA8 N-acetylmuramoil-L-alanine amidase 3 2,00 1,00 50,00 3 6,33 3,06 48,24 3 4,00 1,73 43,30 3,17 2,00

CLFB_STAAN Fibrinogen-binding protein B 1 0,33 0,58 173,21 3 2,33 0,58 24,74 1 0,67 1,15 173,21 7,00 2,00

FTSA_STAAN Cell division protein FtsA 3 3,33 0,58 17,32 3 5,00 1,00 20,00 3 11,00 6,56 59,61 1,50 3,30

Q7A3U0_STAAN Respiratory nitrate reductase alpha chain 2 5,33 4,73 88,61 3 6,33 5,13 81,03 3 11,33 6,66 58,75 1,19 2,13

Q2G1U8_STAA8 Putative uncharacterized protein 3 4,00 2,00 50,00 3 6,00 1,00 16,67 3 8,00 4,00 50,00 1,50 2,00

Q7A4R3_STAAN SA1708 protein 2 4,00 3,61 90,14 3 6,67 2,08 31,22 3 9,00 3,61 40,06 1,67 2,25

Q2FYV0_STAA8 Putative uncharacterized protein nd nd nd nd nd nd nd nd 3 1,67 1,15 69,28 nd 404 only

SPA_STAAN Staphylococcal protein A 3 5,67 3,06 53,91 3 15,33 1,53 9,96 3 8,00 1,00 12,50 2,71 1,41

GYRB_STAAN DNA gyrase subunit B 2 5,00 4,58 91,65 3 10,67 1,53 14,32 3 9,33 1,53 16,37 2,13 1,87

Q7A5K8_STAAN PBP2 2 9,67 8,74 90,38 3 22,00 2,65 12,03 1 9,67 16,74 173,21 2,28 1,00

CLPB_STAAN Chaperone protein ClpB 2 7,67 7,51 97,90 3 17,33 2,89 16,65 3 15,00 4,00 26,67 2,26 1,96

COAE_STAAN Dephosphocoenzyme A kinase 2 2,67 2,31 86,60 3 5,33 0,58 10,83 3 5,00 1,73 34,64 2,00 1,88

Q7A3Z5_STAAN SA2119 protein nd nd nd nd 1 0,33 0,58 173,21 nd nd nd nd 2001 only nd

TRXB_STAAN Thioredoxin reductase 3 10,00 1,73 17,32 3 6,00 1,00 16,67 3 9,67 1,15 11,95 0,60 0,97

Q7A569_STAAN Uncharacterized protein 3 6,33 2,08 32,87 3 6,67 1,53 22,91 3 6,67 2,89 43,30 1,05 1,05

Q7A6Q3_STAAN Glycolytic operon regulator 3 1,33 0,58 43,30 3 1,67 0,58 34,64 3 1,33 0,58 43,30 1,25 1,00

Q7A6K0_STAAN Poly D-alanine transfer protein 3 4,67 2,52 53,93 3 3,67 1,15 31,49 3 4,67 0,58 12,37 0,79 1,00

NAGD_STAAN Protein nagD homolog 3 9,67 3,21 33,25 3 6,67 0,58 8,66 3 9,00 2,65 29,40 0,69 0,93

Q2FXT8_STAA8 Protein SecDF 3 4,00 1,73 43,30 3 6,67 2,31 34,64 3 6,00 1,00 16,67 1,67 1,50

Q2G2T8_STAA8 Putative uncharacterized protein 3 2,67 1,15 43,30 3 2,67 0,58 21,65 3 2,33 1,53 65,47 1,00 0,88

COAD_STAAN Pantetheine-phosphate adenylyltransferase 2 1,00 1,00 100,00 3 1,33 0,58 43,30 1 0,67 1,15 173,21 1,33 0,67

Rn1 2001 404

SPECTRAL COUNT





Tableau 1: Analyse comparative des protéomes de la souche HG001 sauvage et de ses mutants par la technique du Spectral Count (2/2)

2001/Rn1 404/Rn1

ACC Nb Name Nb répl. Moy #Spc Stdev CV(%) Nb répl. Moy #Spc Stdev CV(%) Nb répl. Moy #Spc Stdev CV(%) ratio ratio

Rn1 2001 404

SPECTRAL COUNT

Q7A5X9_STAAN Riboflavin kinase / FAD synthase ribC 3 4,67 0,58 12,37 3 3,00 1,73 57,74 3 3,33 0,58 17,32 0,64 0,71

Q7A7U8_STAAN SA0247 protein 3 8,67 3,51 40,52 3 8,00 2,00 25,00 3 9,00 5,57 61,86 0,92 1,04

LUXS_STAAN Autoinducer-2 production protein LuxS 3 8,00 1,00 12,50 3 5,67 1,15 20,38 3 7,33 1,53 20,83 0,71 0,92

ISPT_STAAN Undecaprenyl diphosphate synthase 2 1,33 1,15 86,60 2 1,00 1,00 100,00 2 1,00 1,00 100,00 0,75 0,75

Q7A5G7_STAAN Glucose-6-phosphate 1-dehydrogenase 3 6,00 1,00 16,67 3 7,00 1,00 14,29 3 7,33 1,53 20,83 1,17 1,22

Q7A4T6_STAAN Uncharacterized protein 3 2,33 0,58 24,74 3 2,67 0,58 21,65 3 1,67 1,15 69,28 1,14 0,71

Q2G116_STAA8 Putative uncharacterized protein 2 2,33 2,08 89,21 3 1,33 0,58 43,30 2 1,33 1,53 114,56 0,57 0,57

RL14_STAAN 50S ribosomal protein L14 3 26,33 2,31 8,77 3 26,67 1,15 4,33 3 36,33 4,51 12,41 1,01 1,38

Y197A_STAAN UPF0457 protein SA1975.1 3 1,67 1,15 69,28 3 2,00 1,00 50,00 3 1,33 0,58 43,30 1,20 0,80

ODO2_STAA8 Dihydrolipoamide succinyltransferase component of 2-

oxoglutarate dehydrogenase complex

3 2,00 0,00 0,00 3 2,00 0,00 0,00 3 2,00 0,00 0,00 1,00 1,00

Q7A4P5_STAAN Aldehyde dehydrogenase 3 5,33 1,53 28,64 3 2,67 0,58 21,65 3 3,67 2,52 68,63 0,50 0,69

Q7A4U8_STAAN Uncharacterized protein 3 1,00 0,00 0,00 nd nd nd nd 2 0,67 0,58 86,60 Rn1 only 0,67

Q2G2C1_STAA8 Pyruvate carboxylase 3 11,33 2,31 20,38 3 8,00 5,20 64,95 3 5,67 4,73 83,40 0,71 0,50

Q2FZ09_STAA8 Protein RecA 3 21,00 1,00 4,76 3 21,00 2,65 12,60 1 6,33 10,97 173,21 1,00 0,30

Q7A3C9_STAAN Uncharacterized protein 3 1,33 0,58 43,30 2 2,00 1,73 86,60 2 0,67 0,58 86,60 1,50 0,50

Y947_STAAN UPF0223 protein SA0947 3 1,00 0,00 0,00 2 1,33 1,15 86,60 1 0,33 0,58 173,21 1,33 0,33

YABA_STAAN Initiation-control protein yabA 2 0,67 0,58 86,60 2 0,33 0,58 173,21 nd nd nd nd 0,50 Rn1 only

Q2FXV0_STAA8 Putative uncharacterized protein 2 6,67 5,86 87,89 1 2,67 4,62 173,21 1 3,00 5,20 173,21 0,40 0,45

AROA_STAA8 5-enolpyruvylshikimate-3-phosphate synthase 2 0,67 0,58 86,60 1 0,33 0,58 173,21 nd nd nd nd 0,50 Rn1 only

Q2FWW1_STAA8 MHC class 2 analog protein 1 0,33 0,58 173,21 nd nd nd nd nd nd nd nd Rn1 only Rn1 only

OAT2_STAAN Ornithine--oxo-acid aminotransferase 2 3 1,33 0,58 43,30 1 0,33 0,58 173,21 nd nd nd nd 0,25 Rn1 only

Q7A6J3_STAAN Probable cytosol aminopeptidase 1 0,67 1,15 173,21 1 0,33 0,58 173,21 1 0,33 0,58 173,21 0,50 0,50

Q2FWJ5_STAA8 S1 RNA binding domain protein 3 9,00 2,65 29,40 nd nd nd nd 1 0,33 0,58 173,21 Rn1 only 0,04





Tableau 2: Analyse comparative des protéomes de la souche HG001 sauvage et de ses mutants par la technique du MS1 Label-Free (1/2)

LEGENDE:

ratio Respect des guidelines = min. 5 spectres Nb répl. Nombre de réplicats

ratio ratio>2 Moy #Spc Moyenne du nombre de spectres

ratio ratio<0.5 Stdev Déviation standard

CV% CV<20% CV(%) Coefficient de variation (%)

Protéine retenue après validation manuelle, présentant une 

variation significative et fiable.

ACC Nb Name Moy Stdev CV% Moy Stdev CV% Moy Stdev CV% p-value ratio p-value ratio

CLFB_STAAN Fibrinogen-binding protein B 1,00E+05 3,57E+04 35,72 1,83E+05 7,52E+03 4,11 3,22E+04 4,96E+04 154,05 0,0173 1,83 0,1271 0,32

Q2G221_STAA8 Phage infection protein, putative 1,83E+05 1,34E+05 73,37 3,35E+05 2,66E+05 79,46 1,70E+06 1,04E+06 61,02 0,4281 1,83 0,0660 9,27

LEPA_STAA8 Ribosomal back-translocase LepA 1,09E+05 4,84E+04 44,37 1,12E+05 7,14E+04 63,92 6,41E+05 5,07E+05 79,10 0,9590 1,02 0,1448 5,88

Q7A717_STAAN SA0589 protein 3,67E+05 3,46E+04 9,43 2,99E+05 9,97E+03 3,34 9,13E+05 3,12E+05 34,14 0,0302 0,81 0,0394 2,49

GYRA_STAA8 DNA gyrase subunit A 9,62E+05 1,73E+05 18,01 1,03E+06 5,64E+04 5,50 1,94E+06 6,35E+05 32,73 0,5801 1,07 0,0618 2,02

Q7A415_STAAN SA2100 protein 4,68E+05 2,20E+04 4,70 5,97E+05 9,44E+04 15,81 4,94E+05 4,11E+04 8,32 0,0819 1,28 0,3819 1,06

Q7A3G3_STAAN SA2327 protein 1,83E+06 3,96E+05 21,69 1,83E+06 4,10E+05 22,33 1,40E+06 5,16E+05 36,97 0,9807 1,00 0,3172 0,76

LEP_STAAN Leader peptidase IB 2,06E+06 9,12E+04 4,42 1,93E+06 2,10E+05 10,84 1,76E+06 3,20E+05 18,16 0,3789 0,94 0,1902 0,85

RSMH_STAAN rRNA (cytosine-N(4)-)-methyltransferase RsmH 7,31E+05 2,45E+04 3,35 6,89E+05 7,18E+04 10,41 4,98E+05 2,87E+05 57,54 0,3956 0,94 0,2340 0,68

Q2FVW2_STAA8 N-acetylmuramoil-L-alanine amidase 4,68E+05 2,20E+04 4,70 5,97E+05 9,44E+04 15,81 4,94E+05 4,11E+04 8,32 0,0819 1,28 0,3819 1,06

CLFB_STAAN Fibrinogen-binding protein B 1,00E+05 3,57E+04 35,72 1,83E+05 7,52E+03 4,11 3,22E+04 4,96E+04 154,05 0,0173 1,83 0,1271 0,32

FTSA_STAAN Cell division protein FtsA 4,82E+05 3,17E+05 65,68 7,24E+05 1,08E+05 14,98 1,73E+06 1,56E+06 90,31 0,2792 1,50 0,2464 3,59

Q7A3U0_STAAN Respiratory nitrate reductase alpha chain 3,09E+05 5,77E+04 18,67 2,74E+05 7,00E+04 25,60 8,23E+05 4,50E+05 54,65 0,5338 0,88 0,1213 2,66

Q2G1U8_STAA8 Putative uncharacterized protein 3,32E+05 4,40E+04 13,26 3,70E+05 5,51E+04 14,89 7,36E+05 2,57E+05 34,86 0,4027 1,11 0,0547 2,22

Q7A4R3_STAAN SA1708 protein 7,96E+05 8,03E+05 100,89 8,44E+05 9,26E+05 109,66 1,34E+06 8,75E+05 65,10 0,9486 1,06 0,4685 1,69

Q2FYV0_STAA8 Putative uncharacterized protein 9,12E+05 8,64E+04 9,47 7,27E+05 1,96E+05 26,93 3,88E+05 2,80E+05 72,22 0,2092 0,80 0,0365 0,43

SPA_STAAN Staphylococcal protein A 4,87E+05 1,00E+05 20,51 1,04E+06 2,39E+05 23,03 5,20E+06 3,97E+06 76,34 0,0212 2,13 0,1090 10,67

GYRB_STAAN DNA gyrase subunit B 5,19E+06 7,17E+06 138,00 1,32E+06 1,42E+05 10,78 1,09E+07 8,31E+06 76,54 0,4022 0,25 0,4219 2,09

Q7A5K8_STAAN PBP2 1,02E+06 1,27E+05 12,51 8,06E+05 1,77E+05 21,93 2,02E+06 2,74E+05 13,58 0,1714 0,79 0,0045 1,99

CLPB_STAAN Chaperone protein ClpB 4,84E+06 5,55E+05 11,48 4,99E+06 1,41E+06 28,18 4,68E+06 1,97E+06 42,18 0,8694 1,03 0,8988 0,97

COAE_STAAN Dephosphocoenzyme A kinase 3,88E+05 1,07E+05 27,65 3,00E+05 1,26E+04 4,21 6,60E+05 1,60E+05 24,26 0,2338 0,77 0,0705 1,70

Q7A3Z5_STAAN SA2119 protein 2,11E+05 1,98E+04 9,36 1,62E+05 8,85E+04 54,61 8,18E+04 3,04E+04 37,13 0,4004 0,77 0,0035 0,39

TRXB_STAAN Thioredoxin reductase 4,80E+06 3,54E+04 0,74 3,31E+07 9,54E+06 28,87 2,56E+07 1,71E+07 66,99 0,0068 6,88 0,1036 5,33

Q7A569_STAAN Uncharacterized protein 3,67E+05 4,87E+04 13,27 7,86E+05 4,59E+04 5,84 8,49E+05 3,17E+05 37,33 0,0004 2,14 0,0598 2,31

Q7A6Q3_STAAN Glycolytic operon regulator 7,63E+04 1,79E+04 23,49 1,25E+05 2,12E+04 16,88 3,27E+05 2,40E+05 73,56 0,0376 1,64 0,1463 4,28

Q7A6K0_STAAN Poly D-alanine transfer protein 2,61E+05 4,55E+04 17,46 3,61E+05 1,71E+05 47,47 7,33E+05 2,33E+05 31,85 0,3819 1,39 0,0263 2,81

NAGD_STAAN Protein nagD homolog 6,61E+05 4,71E+05 71,16 8,63E+05 3,68E+05 42,61 1,73E+06 4,05E+05 23,48 0,5900 1,31 0,0412 2,61

Q2FXT8_STAA8 Protein SecDF 1,36E+07 9,94E+05 7,30 1,12E+07 9,67E+05 8,60 5,98E+06 6,87E+06 114,94 0,0408 0,82 0,1295 0,44

Q2G2T8_STAA8 Putative uncharacterized protein 6,93E+05 1,41E+05 20,32 6,60E+05 1,32E+05 20,02 3,03E+05 1,77E+05 58,57 0,7866 0,95 0,0407 0,44

404/Rn1

MS1 LABEL-FREE

Rn1 2001 404 2001/Rn1





Tableau 2: Analyse comparative des protéomes de la souche HG001 sauvage et de ses mutants par la technique du MS1 Label-Free (2/2)

ACC Nb Name Moy Stdev CV% Moy Stdev CV% Moy Stdev CV% p-value ratio p-value ratio

404/Rn1

MS1 LABEL-FREE

Rn1 2001 404 2001/Rn1

COAD_STAAN Pantetheine-phosphate adenylyltransferase 5,77E+05 2,60E+04 4,51 6,02E+05 1,19E+05 19,79 2,47E+05 1,84E+05 74,45 0,7387 1,04 0,0367 0,43

Q7A5X9_STAAN Riboflavin kinase / FAD synthase ribC 1,12E+06 4,63E+04 4,14 1,04E+06 7,44E+04 7,16 4,72E+05 2,13E+05 45,14 0,1962 0,93 0,0069 0,42

Q7A7U8_STAAN SA0247 protein 1,16E+06 7,64E+04 6,59 9,83E+05 2,49E+05 25,30 4,76E+05 1,62E+05 34,08 0,3095 0,85 0,0028 0,41

LUXS_STAAN Autoinducer-2 production protein LuxS 2,71E+06 1,45E+05 5,36 2,22E+06 2,51E+05 11,31 9,24E+05 4,22E+05 45,71 0,0429 0,82 0,0023 0,34

ISPT_STAAN Undecaprenyl diphosphate synthase 2,55E+05 1,92E+04 7,54 1,62E+05 3,59E+04 22,17 8,21E+04 1,02E+05 124,17 0,0166 0,63 0,0447 0,32

Q7A5G7_STAAN Glucose-6-phosphate 1-dehydrogenase 1,40E+06 3,10E+05 22,11 1,30E+06 1,76E+05 13,52 4,61E+05 2,46E+05 53,41 0,6401 0,93 0,0147 0,33

Q7A4T6_STAAN Uncharacterized protein 8,06E+05 8,90E+04 11,05 7,85E+05 7,07E+04 9,01 2,62E+05 6,14E+04 23,40 0,7639 0,97 0,0010 0,33

Q2G116_STAA8 Putative uncharacterized protein 5,87E+05 4,95E+04 8,43 6,96E+05 1,60E+05 23,01 2,65E+05 1,77E+05 66,80 0,3208 1,19 0,0389 0,45

RL14_STAAN 50S ribosomal protein L14 2,37E+07 4,86E+05 2,05 2,20E+07 1,73E+06 7,84 7,13E+06 8,14E+06 114,11 0,1832 0,93 0,0245 0,30

Y197A_STAAN UPF0457 protein SA1975.1 6,46E+05 5,31E+04 8,22 6,16E+05 6,70E+04 10,89 1,03E+05 5,18E+04 50,06 0,5693 0,95 0,0002 0,16

ODO2_STAA8 Dihydrolipoamide succinyltransferase component of 2-

oxoglutarate dehydrogenase complex

1,34E+06 2,93E+04 2,19 6,11E+05 3,97E+05 65,01 4,50E+05 6,99E+05 155,40 0,0338 0,46 0,0923 0,34

Q7A4P5_STAAN Aldehyde dehydrogenase 7,37E+05 8,46E+04 11,47 1,09E+06 2,07E+05 19,07 4,56E+05 4,23E+05 92,64 0,0536 1,47 0,3222 0,62

Q7A4U8_STAAN Uncharacterized protein 6,33E+06 2,06E+05 3,26 6,49E+06 5,38E+05 8,29 1,85E+06 1,36E+06 73,63 0,6644 1,02 0,0049 0,29

Q2G2C1_STAA8 Pyruvate carboxylase 2,83E+06 1,11E+06 39,19 2,34E+06 8,46E+05 36,10 1,10E+07 8,10E+06 73,39 0,5792 0,83 0,1570 3,90

Q2FZ09_STAA8 Protein RecA 6,94E+05 2,82E+05 40,62 6,85E+05 1,88E+05 27,43 1,15E+06 5,49E+05 47,58 0,9647 0,99 0,2666 1,66

Q7A3C9_STAAN Uncharacterized protein 6,92E+05 9,45E+04 13,66 5,75E+05 2,25E+05 39,18 3,26E+05 8,94E+04 27,40 0,4564 0,83 0,0082 0,47

Y947_STAAN UPF0223 protein SA0947 5,41E+05 4,20E+04 7,76 5,04E+05 1,23E+05 24,31 8,80E+04 4,45E+04 50,62 0,6448 0,93 0,0002 0,16

YABA_STAAN Initiation-control protein yabA 7,98E+04 3,24E+03 4,05 6,86E+04 5,94E+03 8,66 2,51E+04 4,14E+04 164,62 0,0457 0,86 0,0846 0,31

Q2FXV0_STAA8 Putative uncharacterized protein 2,05E+06 3,32E+05 16,19 2,44E+06 4,83E+05 19,81 1,54E+06 8,37E+05 54,53 0,3184 1,19 0,3771 0,75

AROA_STAA8 5-enolpyruvylshikimate-3-phosphate synthase 1,34E+05 1,38E+04 10,31 1,42E+05 2,16E+04 15,23 3,69E+04 1,68E+04 45,43 0,6205 1,06 0,0015 0,28

Q2FWW1_STAA8 MHC class 2 analog protein 1,08E+05 2,70E+04 24,93 1,58E+05 8,04E+04 51,03 2,74E+05 3,79E+04 13,84 0,3716 1,45 0,0035 2,53

OAT2_STAAN Ornithine--oxo-acid aminotransferase 2 2,23E+05 3,13E+04 14,07 1,87E+05 3,00E+04 16,06 3,79E+04 4,72E+04 124,48 0,2249 0,84 0,0048 0,17

Q7A6J3_STAAN Probable cytosol aminopeptidase 1,09E+06 2,51E+05 23,12 9,50E+05 5,34E+05 56,26 3,05E+05 1,06E+05 34,73 0,7084 0,87 0,0077 0,28

Q2FWJ5_STAA8 S1 RNA binding domain protein 6,82E+05 2,61E+04 3,83 1,70E+05 9,01E+04 53,03 6,99E+04 2,53E+04 36,20 0,0007 0,25 0,0000 0,10





Tableau 3: Analyse comparative des protéomes de la souche HG001 sauvage et de ses mutants après vérification manuelle des aires des peptides obenues par MS1 

Label-Free (1/2)

LEGENDE:

Protéine retenue après validation manuelle, 

présentant une variation significative et fiable.

m/z Rapport masse / charge

z Charge

ACC Nb Name Sequence Score Mascot m/z z Rn1-1 Rn1-2 Rn1-3

Q2G221_STAA8  Phage infection protein K.LTDTGSSVVVEK.A 92.4 617,8289 2 1,44E+05 1,65E+05 1,88E+05

K.ALNFAADDVPAQFPK.I 75.0 802,4126 2 1,08E+05 1,48E+05 1,41E+05

K.AGLTIEENVPTINK.I 67.0 749,9108 2 5,81E+04 8,11E+04 6,45E+04

Q7A382|CLFB_STAAN Fibrinogen-binding protein B K.TTNDANSIATNSELK.N 70.8 789,8831 2 2,37E+04 4,52E+04 1,83E+04

K.MQDQTVPQEANSQVDNK.T 33.2 644,6317 3 3,92E+04 4,84E+04 3,62E+04

P99134|SPA_STAAN Staphylococcal protein A R.NGFIQSLKDDPSQSTNVLGEAK.K 84.2 783,399 3 1,81E+05 1,94E+05 2,19E+05

R.NGFIQSLKDDPSQSANVLGEAQK.L 64.7 816,0823 3 1,52E+05 2,83E+05 1,93E+05

K.ADAQQNNFNKDQQSAFYEILNMPNLNEAQR.N 60.6 878,6693 4 3,91E+04 7,24E+04 4,92E+04





Tableau 3: Analyse comparative des protéomes de la souche HG001 sauvage et de ses mutants après vérification manuelle des aires des peptides obenues par MS1 

Label-Free (2/2)

LEGENDE:

Protéine retenue après validation manuelle, 

présentant une variation significative et fiable.

m/z Rapport masse / charge

z Charge

ACC Nb Name

Q2G221_STAA8  Phage infection protein

Q7A382|CLFB_STAAN Fibrinogen-binding protein B

P99134|SPA_STAAN Staphylococcal protein A

2001-1 2001-2 2001-3 404-1 404-2 404-3 Moy. Rn1 Moy. 2001 Moy. 404 2001/Rn1 404/Rn1

2,68E+05 3,64E+05 2,88E+05 2,57E+05 2,58E+05 3,80E+05 1,66E+05 3,07E+05 2,98E+05 1,85 1,80

2,40E+05 2,72E+05 2,22E+05 2,55E+05 2,10E+05 3,35E+05 1,32E+05 2,45E+05 2,67E+05 1,85 2,02

1,13E+05 1,52E+05 1,25E+05 1,16E+05 1,16E+05 3,14E+05 6,79E+04 1,30E+05 1,82E+05 1,91 2,68

3,45E+04 4,77E+04 5,67E+04 1,83E+04 2,59E+04 9,76E+04 2,91E+04 4,63E+04 4,73E+04 1,59 1,62

6,89E+04 8,16E+04 7,46E+04 2,84E+04 5,02E+04 1,32E+04 4,13E+04 7,50E+04 3,06E+04 1,82 0,74

3,76E+05 4,25E+05 2,73E+05 2,04E+05 2,87E+05 3,97E+05 1,98E+05 3,58E+05 2,96E+05 1,81 1,49

3,87E+05 5,20E+05 3,92E+05 2,28E+05 3,44E+05 5,44E+05 2,09E+05 4,33E+05 3,72E+05 2,07 1,78

9,84E+04 1,55E+05 9,44E+04 3,84E+04 7,39E+04 8,92E+04 5,36E+04 1,16E+05 6,72E+04 2,16 1,25





Tableau 4: Analyse des protéines partenaires de Tex dans les souches BJC100 sauvage, BjC100-Tex flag et BJC100 Tex-2001 flag (1/3)

LEGENDE:

Score / #Spectra

Ratio

MW(kDa) Masse moléculaire (kDa)

pI Point isoelectrique

#Spectra Nombre de spectres

Accession Number Description MW(kDa) pI Score # Spectre Score # Spectre Score # Spectre TEX/BCJ100 TEX2001/BCJ100

TEX_STAPH_N315 >TEX_STAPH_N315 80,9 6 6001,3 6717 TEX only

TEX2001_STAPH_N315 >TEX2001_STAPH_N315 75,4 5,9 3632,1 523 TEX2001 only

Q2FWJ5_STAA8 S1 RNA binding domain protein 80,9 5,9 6448,6 5147 3598 410 IP only IP only

GYRA_STAA8 DNA gyrase subunit A 99,3 4,9 876,4 37 202,9 6 IP only IP only

RPOD_STAA8 RNA polymerase sigma factor RpoD 42,1 4,8 299,5 11 147,1 4 IP only IP only

SARR_STAA8 HTH-type transcriptional regulator SarR 13,7 9,8 204,8 10 120,3 5 IP only IP only

RL35_STAA8 50S ribosomal protein L35 7,7 12,8 98,2 6 33,7 1 IP only IP only

PNP_STAA8 Polyribonucleotide nucleotidyltransferase 77,3 4,7 1326,1 78 TEX only

RS15_STAA8 30S ribosomal protein S15 10,6 10,9 154,4 55 TEX only

Q2FYY6_STAA8 Glutamine synthetase 50,8 4,9 652,4 28 TEX only

PARC_STAA8 DNA topoisomerase 4 subunit A 90,9 6 581,6 23 TEX only

RL5_STAA8 50S ribosomal protein L5 20,3 -1,1 162,8 20 TEX only

Q2FYI0_STAA8 Penicillin-binding protein 2 80,4 9,1 673,4 20 TEX only

Q2G0X6_STAA8 Type I restriction-modification system, M 

subunit 

56,1 4,4 503,3 20 TEX only

RNJ1_STAA8 Ribonuclease J 1 62,6 6,9 518,9 18 TEX only

Q7A4Y5_STAAN SA1626 protein 59,4 4,5 474,2 18 TEX only

KPYK_STAA8 Pyruvate kinase 63,1 5,1 586,6 16 TEX only

GATB_STAA8 Aspartyl/glutamyl-tRNA(Asn/Gln) 

amidotransferase subunit B 

53,6 4,9 508,9 14 TEX only

ADDB_STAAN ATP-dependent helicase/deoxyribonuclease 

subunit B 

134,3 5,1 413,1 14 TEX only

RNY_STAA8 Ribonuclease Y 58,5 5,1 440,1 14 TEX only

Q2FWZ9_STAA8 UDP-N-acetylmuramyl tripeptide synthetase, 

putative 

49,2 6,1 440,6 14 TEX only

GPSB_STAA8 Cell cycle protein GpsB 13,1 5,8 218,4 12 TEX only

Q99SD7_STAAN Transcription termination factor Rho 49,9 7,8 319 12 TEX only

GATA_STAA8 Glutamyl-tRNA(Gln) amidotransferase subunit 

A 

52,8 4,9 323,5 11 TEX only

Validation à 1%FDR mais spectres MSMS de mauvaise qualité (inspection visuelle)

Ratio>2 ou spécifique à une IP

PROTEINES IDENTIFIEES UNIQUEMENT DANS 1 OU 2 IP

BCJ100 TEX-Flag TEX-2001-Flag RATIOS IP/Ctrl





Tableau 4: Analyse des protéines partenaires de Tex dans les souches BJC100 sauvage, BjC100-Tex flag et BJC100 Tex-2001 flag (2/3)

Accession Number Description MW(kDa) pI Score # Spectre Score # Spectre Score # Spectre TEX/BCJ100 TEX2001/BCJ100

BCJ100 TEX-Flag TEX-2001-Flag RATIOS IP/Ctrl

Q2G2G6_STAA8 Uncharacterized protein 40 5,8 357,2 11 TEX only

UPP_STAA8 Uracil phosphoribosyltransferase 23 6,1 243,3 11 TEX only

ADDA_STAA8 ATP-dependent helicase/nuclease subunit A 141,2 5 344,2 10 TEX only

PGK_STAA8 Phosphoglycerate kinase 42,6 5 288,8 10 TEX only

Q2FY88_STAA8 Probable ATP-dependent helicase 35,9 9,3 152,3 10 TEX only

SYA_STAA8 Alanine--tRNA ligase 98,5 4,9 313 9 TEX only

AHPC_STAA8 Alkyl hydroperoxide reductase subunit C 21 4,7 250,4 9 TEX only

TOP1_STAAN DNA topoisomerase 1 79 9,7 352 9 TEX only

SYP_STAAN Proline--tRNA ligase 63,8 4,9 273,7 9 TEX only

Q2FVL2_STAA8 Putative uncharacterized protein 28,9 0 282,4 9 TEX only

Q2G1Y6_STAA8 SA0959 protein 69,2 4,8 332,7 9 TEX only

EZRA_STAAN Septation ring formation regulator EzrA 66,2 4,6 260,5 9 TEX only

EZRA_STAA8 Septation ring formation regulator EzrA 66,2 4,6 268,7 9 TEX only

Q2FXM1_STAA8 Uncharacterized protein 15,2 10,1 235,8 9 TEX only

Q2FY60_STAA8 6-phosphogluconate dehydrogenase, 

decarboxylating 

51,8 4,9 285,8 8 TEX only

Q2FWE9_STAA8 ATP synthase gamma chain 29,5 5 210,1 8 TEX only

Q2G0Q8_STAA8 Cysteine synthase 33 5,2 172,4 8 TEX only

PFLB_STAA8 Formate acetyltransferase 84,8 5,2 286,1 8 TEX only

FEMX_STAA8 Lipid II:glycine glycyltransferase 48,5 9,3 266,8 8 TEX only

Q99RM9_STAAN Nitrite reductase 88,6 5,1 338,4 8 TEX only

IF2_STAA8 Translation initiation factor IF-2 77,8 5 377 8 TEX only

Y1193_STAA8 Uncharacterized protein SA1069 60,5 4,5 225,1 8 TEX only

EBPS_STAAN Elastin-binding protein EbpS 53,2 6 203,2 7 TEX only

Q2FWA0_STAA8 Glutamine--fructose-6-phosphate 

aminotransferase [isomerizing] 

65,8 4,8 317,2 7 TEX only

SYI_STAA8 Isoleucine--tRNA ligase 104,8 5,2 239 7 TEX only

PPAC_STAA8 Probable manganese-dependent inorganic 

pyrophosphatase 

34 4,5 270,4 7 TEX only

Q2FY78_STAA8 Pseudouridine synthase 28 9,7 255 7 TEX only

Q7A719_STAAN SA0587 protein 34,7 9,2 169,7 7 TEX only

Q2FZ59_STAA8 Uncharacterized protein 13,4 5,7 271,4 7 TEX only

PYRH_STAA8 Uridylate kinase 26,1 6 217,1 7 TEX only

GI:87201814 >GI:87201814 11,3 4,5 194,2 6 TEX only

LEPA_STAA8 Elongation factor 4 68,1 4,7 261,8 6 TEX only

FABI_STAA8 Enoyl-[acyl-carrier-protein] reductase 

[NADPH] FabI 

28 5,6 105,6 6 TEX only

G6PI_STAAN Glucose-6-phosphate isomerase 49,8 4,7 188,5 6 TEX only





Tableau 4: Analyse des protéines partenaires de Tex dans les souches BJC100 sauvage, BjC100-Tex flag et BJC100 Tex-2001 flag (3/3)

Accession Number Description MW(kDa) pI Score # Spectre Score # Spectre Score # Spectre TEX/BCJ100 TEX2001/BCJ100

BCJ100 TEX-Flag TEX-2001-Flag RATIOS IP/Ctrl

RPOE_STAA8 Probable DNA-directed RNA polymerase 

subunit delta 

20,9 3,4 235,5 6 TEX only

GRPE_STAA8 Protein GrpE 24 4,3 121,6 6 TEX only

Q2FXT8_STAA8 Protein-export membrane protein SecDF 82 10 253,7 6 TEX only

Q2G072_STAA8 Putative uncharacterized protein 28,8 6,6 213,3 6 TEX only

Q7A5Z0_STAAN Signal recognition particle protein 50,7 9,3 181,5 6 TEX only

Q2FVV6_STAA8 Uncharacterized protein 26,6 6,8 207,4 6 TEX only

Q2FZR9_STAA8 3-oxoacyl-[acyl-carrier-protein] synthase 2 43,7 4,9 192,9 5 TEX only

CH60_STAAN 60 kDa chaperonin 57,5 4,4 152,8 5 TEX only

FEMB_STAA8 Aminoacyltransferase FemB 49,6 5,3 106,3 5 TEX only

Q2FZF9_STAA8 Glycerophosphoryl diester 

phosphodiesterase, putative 

34,7 9,1 128,8 5 TEX only

OATA_STAA8 O-acetyltransferase OatA 69,1 9,9 122,5 5 TEX only

Q2G0J0_STAA8 Phosphate acetyltransferase 34,9 4,6 109,5 5 TEX only

Q2FZH5_STAA8 Phosphoenolpyruvate-protein 

phosphotransferase 

63,2 4,5 231 5 TEX only

Q2G0X5_STAA8 Probable restriction modification system 

specificity subunit 

47,1 9,6 234,3 5 TEX only

SODM1_STAA8 Superoxide dismutase [Mn/Fe] 1 22,7 5 167,3 5 TEX only

Q7A4H1_STAAN Uncharacterized protein SA1868 tex 80,9 6 3632,1 410 TEX2001 only





Tableau 5: Sites candidats pour l'insertion de l'intron LI. LtrB dans la séquence génomique de tex, générés d'après l'algorithme informatique du site 

http://www.sigma-genosys.com/targetron/

Location Gene 5`exon Gene 3`-exon Score  E-value

404|405s AGCGATATGGATGAAGGCACGTAAACATGA intron AGTCTCAATTGAAGA  11.09  0.007

2001|2002s GCATTTGTAGATATAGGTGTTAAACAAGAT intron GGACTTGTCCATGTT  9.65 0.030

1113|1114s GTACAAATGGTTAAAGCGTATGATGTGCAA intron TTAATTGCAATTGGC  9.18 0.045

532|533a ACACACCTTGATGATACATATCTTTTAAAA intron TTTTTGTTCTATATT  9.18 0.045

854|855s TGTCCCTTCGATAGAGCGTGAAATCCATGC intron TGATTTAACTGAAAA  9.18 0.045

356|357a ATCCATATCGCTAATGGCTCTAACCCTTTA intron CGTTTCGCCTCAGTT  8.62 0.069

1191|1192a CGCTTCATTGACAATGATGAATTGTACTGG intron CAACTGATGCTTTTT  8.43 0.079

1800|1801s TTGGATATGGATGAACTGGCGATTGAATTA intron CAAGTCGGTGTACCT  8.30 0.087

528|529s CAAATTTCAGATAATCCTAAATATAGAACA intron AAAATTTTAAAAGAT  7.85 0.122

2073|2074s AATCCAATGGATATTGTCAGTGTTGGTGAT intron ATCGTTGACGTTTGG  7.85 0.122

98|99s ATTAACACTGCTAGAAGAAAAAAATACAGT intron ACCATTTATTGCGAG  6.98 0.232

1480|1481a GCGAACTTAGACCAGACACATATTGTAATA intron ATGATGATGATGCTG  6.89 0.249

2121|2122s TACAGTATTGACAAAAATAAAGACAAAGTA intron TCATTAACGATGATT  6.78 0.269

1303|1304a CACTTAATGGATCTTGAACGCGTCGTCCAA intron TTGATACGGCACTTC  6.66 0.291

1410|1411s CATGATGTTAATCAAAAAGCACTAGAAAAT intron GCATTAACTTTCGTT  6.19 0.380

1252|1253a CCACTTGAAAATCAGGAAATTCATCTCTAG intron CAATTTCTGATGCTG  6.04 0.415

943|944a TAAATGCTGGATCTACGCCTAATATTTGTT intron TACCTTTCATTGGAG  5.97 0.432

1601|1602s GTTAAGCAAGATTAAGCGTTTGGGTGCTAA intron AACTTTTGAGCAGAG  5.97 0.434
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Introduction

Staphylococcus aureus is a commensal bacterial species of human 
and a remarkable opportunistic pathogen, which is one of the 
main causes of hospital-acquired infections. S. aureus is respon-
sible for a wide spectrum of human diseases ranging from minor 
skin infections to systemic infections such as sepsis and endocar-
ditis.1,2 One of the major concerns is the fact that the treatment 
of S. aureus diseases is hampered due to the emergence and spread 
of multi-drug resistant and hypervirulent strains.3 Hence, deter-
mining the regulatory networks and their dynamics involved in 
fast adaptive responses and in virulence is a prerequisite to find 
alternative strategies to combat S. aureus infections.

A successful infection by S. aureus is caused by several 
immuno-evasive strategies, but also by the production of a large 
array of S. aureus virulence factors. These factors include surface 
proteins that are required for the adhesion and invasion of the 
host, exoproteins that are involved in host immune evasion, and 
toxins that disseminate in host tissues allowing the bacteria to 
acquire novel nutrients.4-6 To be able to adapt to various environ-
ments, S. aureus has evolved a plethora of signaling pathways that 
coordinate the temporal expression of virulence genes in response 
to both environmental and host signals.7 Protein-mediated 
transcriptional regulation is central in these regulatory circuits. 
Moreover, intricate and complex interactions are also occurring 
between multiple regulators such as two-component systems, 
regulatory proteins, peptide secondary metabolites, ribonucleases 
and RNAs.7-9
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Staphylococcus aureus is one of the major human pathogens, 

which causes numerous community-associated and hospital-

acquired infections. The regulation of the expression of 

numerous virulence factors is coordinated by complex 

interplays between two component systems, transcriptional 

regulatory proteins and regulatory RNAs. Recent studies 

have identi�ed numerous novel RNAs comprising cis-acting 

regulatory RNAs, antisense RNAs, small non coding RNAs and 

small mRNAs encoding peptides. We present here several 

examples of RNAs regulating S. aureus pathogenicity and 

describe various aspects of antisense regulation.

Current knowledge on regulatory RNAs and their 
machineries in Staphylococcus aureus
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Beside transcriptional control, regulation of mRNA transla-
tion and decay are major ways to rapidly modify gene expression 
in response to growth, perturbation of the environmental cues, 
stress and virulence.9 Recent studies in S. aureus identified the 
machineries involved in mRNA decay and evidenced the role of 
several ribonucleases in the regulation of virulence gene expres-
sion. These enzymes have been recently considered as potential 
targets for therapeutic development against staphylococcal infec-
tions.9 The stability of mRNAs is modulated by the activity of 
ribonucleases (RNases) but also by trans-acting factors such 
as small non coding RNAs (sRNAs) and RNA-binding pro-
teins.10-13 In 1993, the largest multi-functional regulatory RNA 
(RNAIII) was discovered to be the main intracellular effector of 
the quorum sensing system.14 Later it was shown that RNAIII 
acts as an antisense RNA to regulate translation and decay of 
mRNA targets in a coordinated manner with the double-strand 
specific endoribonuclease III.10,11,15,16 More recently, several stud-
ies revealed that the S. aureus genome likely encodes a huge diver-
sity of sRNAs (reviewed in ref. 17 and 18), as demonstrated for 
many other bacteria.19,20 These studies include computer software 
predictions coupled to expression studies,21-24 microarrays,13,25,26 
cloning and conventional sequencing of small sized cDNA librar-
ies27 and high throughput sequencing approaches28,29 (Lioliou 
et al. personal communication). More than 250 sRNA genes 
were discovered. Most of them are distributed all over the core 
genome while some of them are located in pathogenicity islands 
and plasmids. The sRNAs include cis-acting regulatory regions 
of mRNAs (the so-called riboswitches), cis-encoding antisense 
RNAs (asRNA) and non-coding RNAs (ncRNAs). In addition, 
mRNAs carrying small open reading frames (sORF) have been 
identified29,30 and one of them was recently shown to express a 
small cytolytic peptide.31 Although functional and mechanistic 
studies of sRNAs are still lagging behind, recent works show that 
sRNAs bring the missing links in the regulatory pathways that 
allow S. aureus to sense population density and various environ-
mental changes, modify cell surface properties, adjust its metabo-
lism during cell growth and regulate virulence gene expression 
(reviewed in ref. 17 and 18). More surprisingly, a recent genome-
wide analysis combining high throughput sequencing and til-
ing arrays revealed a large number of discrete antisense RNAs 
indicative of pervasive transcription occurring along the S. aureus 
genome. In the same study, the role of RNase III in the deg-
radation of sense/antisense duplexes was highlighted.32 Hence, 
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to rapid degradation of glmS mRNA.50 The conservation of the 
catalytic site strongly suggests that the Glc-6P-induced cleavage 
is also preserved in S. aureus. For the FMN riboswitch, which 
controls expression of the hypothetical protein SA1316, alter-
native pairings are predicted to regulate the accessibility of the 
ribosome binding site. Hence, FMN binding would stabilize the 
formation of a hairpin structure sequestering the SD sequence to 
inhibit translation initiation.18 Two unusual mechanisms involv-
ing SAM riboswitches have been described in Gram-positive 
bacteria. In Clostridium acetobutylicum, a SAM riboswitch acts 
as antisense RNA to control the expression of ubiG operon via 
transcriptional interference.51 In Listeria monocytogenes, a SAM 
riboswitch was shown to regulate in trans the translation of 
prfA mRNA encoding a transcriptional activator of expression 
of virulence factors, highlighting a link between bacterial viru-
lence and nutrient availability.52 Although such mechanisms are 
not yet described in S. aureus, transcriptomic analysis has shown 
that short transcripts comprising the whole regulatory regions 
were detected most likely due to premature transcription termi-
nation.28,29 Furthermore, additional large 5'UTRs and 3'UTRs 
have been recently identified suggesting that they might carry 
specific regulatory domains.28,29

All these riboswitches regulate the synthesis of essential pro-
teins involved in amino acid transport and biosynthesis, as well 
as co-factor and nucleotide biosynthesis. As these regulatory ele-
ments evolved specific binding pockets suitable for the recogni-
tion of small molecules, they have been considered as tractable 
targets for anti-microbial compounds.33,53 Recent work has suc-
cessfully led to the design of non-metabolizable agonistic mol-
ecules targeting the guanine riboswitch in S. aureus based on 
the crystal structure of the riboswitch.54 A pyrimidine derivative 
compound, which was able to bind efficiently the guanine ribo-
switch, constitutively switches off the expression of the essential 
guaA gene encoding GMP synthase. This compound shows bac-
tericidal activity against S. aureus and reduced infection in mice. 
As atomic structures are solved for numerous classes of ribo-
switches,39 they offer new opportunities to design novel chemical 
compounds with anti-microbial activities.37

Intricate Interactions between Regulatory Proteins 

and RNAs in Quorum Sensing System

The quorum sensing system, which senses the population den-
sity, has multiple functions in S. aureus physiology and pathogen-
esis. It is aimed not only to respond to environmental changes but 
also to regulate virulence gene expression.55,56 While the system 
coordinates the temporal expression of numerous virulence fac-
tors, strategies have been developed to interfere with virulence 
and prevent the rapid appearance of drug resistance.7 Briefly, the 
system is composed of two divergent transcripts, RNAII encod-
ing a quorum sensing cassette and a two-component system 
and RNAIII encoding hemolysin delta (Fig. 1). The quorum 
sensing cassette produces the autoinducer peptide AIP which 
upon a threshold concentration, activates the membrane kinase 
AgrC and the response regulator AgrA through a phosphoryla-
tion mechanism. Studies performed with methicillin resistant 

ribonucleases and regulatory sRNAs are intimately linked in 
post-transcriptional regulation.

In this present review, we will describe several novel and rep-
resentative mechanisms exploited by regulatory RNAs and their 
machineries to control gene expression in S. aureus. A particular 
focus will be on regulatory RNAs involved in virulence.

Cis-acting Regions of mRNAs Regulate Metabolic 

Pathways Essential for Bacterial Growth

In bacteria, the 5' untranslated regions (5'-UTR) of numerous 
mRNAs have evolved dedicated regulatory sites which act as 
direct sensors of the physical and metabolic states of the cell.33-

36 Some of the most widespread cis-acting elements of mRNAs 
are the so-called riboswitches, which regulate expression of 
downstream genes in response to elevated concentrations of spe-
cific metabolites.37 Elegant biochemical, genetic and structural 
studies reveal the mechanisms by which riboswitches achieve 
a strict specificity to small ligands to regulate expression of the 
downstream gene.37-39 Impressive structural studies of the most 
widespread riboswitch classes show that each ligand binds to a 
dedicated and conserved cleft formed by a compact three-dimen-
sional folding of the 5' UTR (reviewed in ref. 39). This specific 
interaction often induces mRNA conformational changes that 
have direct consequences on the expression of the following cod-
ing sequence.40 Based on sequence and structure conservation,41,42 
15 riboswitches were mapped on S. aureus genome. Until now, 
7 operons and 33 genes are expected to be under the control of 
riboswitches specific for S-adenosylmethionine (SAM), thiamine 
pyrophosphate (TPP), flavin mononucleotide (FMN), lysine, 
glycine, guanine, 7-aminomethyl-7-deazaguanine (preQ1) and 
glucosamine-6-phosphate (Glc-6P).23,24,27-29,43 For many of them, 
alternative basepairings can form either an anti-terminator hair-
pin or a Rho-independent terminator suggesting that binding of 
the metabolite (SAM, TPP, lysine, glycine, preQ, FMN) to the 
aptamer domain would induce premature transcription arrest.18 
A highly conserved yybP motif was predicted to regulate tran-
scription termination/anti-termination of SA0878 encoding a 
transporter protein.18,44 This simple but highly common motif 
in bacteria has been often associated with genes involved in con-
trolling the cellular pH.44 Interestingly, recent works show that 
alkali pH enhanced the duration of RNA polymerase pauses 
on the nascent alx mRNA in E. coli and promoted the folding 
of an active pH responsive element to enhance translation.45 
This would certainly mean that either the RNA polymerase or 
the RNA might sense the proton or hydroxide ions. Such a pH 
effect has not yet been demonstrated in S. aureus although it was 
reported that pH variation affected virulence factor production.46

Two riboswitches, which are expected to recognize Glc-6P 
and FMN, might regulate their downstream genes, glmS and 
SA1316, respectively, by different mechanisms. In Gram-positive 
bacteria, Glc-6P acts as a co-factor of the regulatory domain of 
glmS mRNA and confers a catalytic activity to the 5'UTR.47 The 
crystal structure of glmS regulatory region has shown that the 
active site is pre-folded and that the ribozyme activity is only pro-
moted by Glc-6P binding.48,49 This initial cleavage might lead 
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AgrA and RNAIII, might reflect a stepwise evolution in the life-
style of S. aureus, in order to establish its pathogenicity.57

RNAIII is one of the fascinating regulatory and structured 
mRNAs that regulates multiple targets involved in virulence 
and peptidoglycan metabolism.6,17,58 The non-coding parts of 
RNAIII are the regulatory domains, which control gene expres-
sion at the post-transcriptional level via an antisense mechanism. 
The 5'UTR of hld binds to the leader region of hla mRNA to 
facilitate ribosome recruitment (Fig. 1 and ref. 59) while the large 
3' UTR is acting primarily as a repressor domain. The 3'UTR is 
characterized by three redundant hairpin structures with a con-
served C-rich sequence located in the apical loops. This motif is 

S. aureus strains show that AgrA directly activates the expres-
sion of the adjacent RNAIII and the synthesis of several cyto-
lytic PSM peptides while it represses the synthesis of metabolic 
enzymes and of staphyloxanthin biosynthesis by an unknown 
mechanism.57 Interestingly, recent observations show that AgrA 
enhances expression of the sRNA RsaE, which in turn represses 
the synthesis of enzymes involved in the TCA cycle at the post-
transcriptional level.23,28 Whether AgrA activates expression of 
other sRNAs to repress expression of RNAIII-independent target 
genes is still an open question. RNAIII was also shown to coor-
dinate the temporal expression of numerous accessory factors.6,14 
Hence the two effectors of the quorum sensing system, namely 

Figure 1. The agr system and its two main intracellular e�ectors AgrA and RNAIII. The quorum-sensing circuit is shown at the top: it involves the auto-

inducing peptide (AIP, black circle) matured and exported by AgrB. AIP activates the AgrC/AgrA two-component system. The agr system regulates the 

expression of multiple genes in an RNAIII-independent manner via AgrA and in an RNAIII-dependent manner. RNAIII-independent regulation: AgrA 

activates the synthesis of several peptides by binding to their promoter regions (Phenol soluble modulin, PSM) and represses metabolic enzymes 

by an unknown mechanism. Repression might occur via the expression of a small non-coding RNA, RsaE, which is enhanced by AgrA. RsaE regulates 

enzymes of the central metabolism.23,28 RNAIII-dependent regulation: the secondary structure of RNAIII and three of the hairpin domains containing a 

redundant UCCC motif are colored in gray. RNAIII encodes hemolysin delta (hld). The 3’ non coding region of hld which contains the three redundant 

hairpin loops binds to the ribosome binding sites of coa mRNA encoding coagulase, rot mRNA encoding repressor of toxins Rot, and spa mRNA encod-

ing protein A. In all cases, RNAIII prevents the binding of the 30S ribosomal subunit to inhibit translation and recruits the endoribonuclease III (RNase 

III) to initiate rapid degradation. The 5’ non coding region of hld binds to hla mRNA to facilitate ribosome binding and to activate translation. Dashed 

bars and dashed arrows are for transcriptional regulation while black bars and arrows are for post-transcriptional regulation. Bars are for repression 

and arrows for activation. The data are taken from previous works.10,15,16,57,59
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in its hosts.68-70 These elements include prophages, transposons, 
plasmids and pathogenicity islands (SaPI). Although several 
major virulence factors are encoded on the core genome, oth-
ers are carried on SaPIs such as the superantigens and several 
enterotoxins, implying that these factors have been transferred 
horizontally. Another type of mobile element, the so-called staph-
ylococcal chromosome cassette (SCCmec), confers resistance to 
methicillin and other antibiotics to S. aureus strains.70 Mobile 
elements and extra-chromosomal elements are tightly controlled 
so that they do not compromise the integrity of the host. Among 
the regulatory factors, short antisense RNAs (asRNA) were 
the first regulatory RNAs discovered to control transposition, 
plasmid replication, partition and conjugation in the 80s years 
(reviewed in ref. 71 and 72). In 1989, the first asRNA discov-
ered in S. aureus was shown to control the replication of pT181 
plasmid.73 Later, several ncRNAs, asRNAs and mRNAs encod-
ing small peptides have been identified in SaPIs, prophages and 
SCCmec.21,27-29,74,75 Mechanistic and functional studies on some 
of these RNAs revealed unexpected features that are summarized 
below.

An sRNA mediates inter-relations between pathogenicity 
islands and the core genome. Several sRNAs, named SprA-G for 
small pathogenicity island RNA, were identified in SaPIs.21,31,76 
The fact that the sRNAs are expressed from SaPIs, which were 
horizontally acquired, does not preclude that the RNA will regu-
late target genes located within the same locus. An example is 
provided by SprD, a ncRNA expressed from PIϕ.21,29 SprD was 
shown to repress translation initiation of sbi mRNA encoding an 
immune-evasion molecule, a gene located on the core genome.76 
SprD contains four hairpin structures and the third one interacts 
with the ribosome binding site of the sbi mRNA to form a long 
duplex of 40 base pairs interrupted by bulged nucleotides. The 
interaction is sufficient to prevent translation initiation in vivo 
and has no effect on the half-life of sbi mRNA. As for S. aureus 
RNAIII, SprD-dependent repression takes place independently 
of the Sm-like Hfq protein.76 Strikingly, sbi mRNA strongly 
decreased at the stationary phase of growth while the yield of 
SprD remained almost unchanged suggesting that an additional 
level of regulation takes place independently of SprD. Whether 
this downregulation is agr-dependent and affects transcription 
or mRNA degradation have still to be addressed. SprD contrib-
uted to S. aureus diseases in a mouse model, but this effect was 
not linked to the repression of Sbi production, indicating that 
SprD might regulate the synthesis of other proteins that play 
major roles during the host infection.76 This work suggested that 
the regulatory functions of SprD have evolved to mediate inter-
connections between the SaPI and the core genome, in order to 
regulate virulence gene expression.

Antisense RNAs with different properties. Several short and 
structured asRNAs have been identified to regulate plasmid rep-
lication,73 and to repress the expression of transposase28,29 or the 
synthesis of small cytolytic peptides.31 These sRNAs are short, 
highly structured and contain regions that are fully complemen-
tary to their target mRNAs since they are transcribed in the 
opposite direction. Analysis of the mechanism of action for sev-
eral of them reveals unusual binding pathways that are directly 

often used to bind G-rich sequences in mRNAs located primarily 
in the ribosome binding sites (Fig. 1). Although the topologies 
of the RNAIII-mRNA duplexes are different, they all efficiently 
prevent ribosome binding and recruit the double-strand specific 
endoribonuclease III (RNase III), which initiates the rapid deg-
radation of the repressed mRNAs.10,15,16 These mRNAs encode 
adhesin factors (protein A, coagulase, SA1000) and the tran-
scriptional repressor of toxins, Rot. Through the regulation of 
Rot, RNAIII indirectly activates the transcription of exotoxins 
and represses the transcription of adhesins such as protein A.10,11 
Hence, RNAIII regulates the synthesis of spa and hla mRNAs 
at two different levels involving feed-forward regulatory loops  
(Fig. 1). Such a double regulation ensures that the repression is 
irreversible and provides a rapid induction of exotoxins.60,61 Recent 
work suggested that part of the coding sequence of hld could bind 
to map mRNA encoding the major histocompatibility complex 
class II analogous protein to activate translation62 suggesting that 
activation of the map mRNA translation may interfere with hld 
translation. In addition, RNAIII represses several hydrolases and 
amidases involved in the metabolism of peptidoglycan and hence 
it may contribute to the cell wall integrity at high cell density10,56 
(Lioliou et al. personal communication). Regulation of peptido-
glycan metabolism might be the common function of RNAIII 
in all staphylococcal species including S. epidermidis. Apart from 
RNase III, is there another protein that facilitates the RNAIII 
functions? In contrast to Gram-negative bacteria, the Sm-like 
Hfq protein has no detectable effect neither on RNAIII-target 
mRNA complex formation, on RNAIII-dependent regulation in 
vivo, nor on the RNAIII stability.10,23,63

Many questions await further experimental works: is the 
structure of RNAIII sufficient for its regulatory functions? Does 
RNAIII target other mRNAs encoding regulatory proteins? 
Does the translation of hld affect regulation? Does RNAIII act in 
concert with other sRNAs? Do other sRNAs contribute to regu-
lation of virulence gene expression? The importance of RNAIII/
AgrA for S. aureus pathogenesis has also been the subject of 
debate. The vast majority of clinical isolates from acute infections  
express RNAIII.64 However, the level of RNAIII may vary con-
siderably among clinical isolates65 and the pattern of proteins 
regulated by RNAIII is not conserved in all isolates.57,66 Recent 
study suggested that agr mutations, which are often found in 
methicillin-resistant strains, might be an adaptation of the patho-
gen within the infected host but conversely this loss of function 
might be counter-selective outside the host.67 The regulators 
involved in the modulation of RNAIII expression or its stability 
are not known. Another future task would be to understand how 
modulation of RNAIII concentration may affect its regulatory 
circuits and what could be the advantages for S. aureus to develop 
variations in the pattern of virulence gene expression.

S. aureus Acquires Novel sRNAs  

through Mobile Elements

Mobile genetic elements play essential roles in genome evolution 
since they favor the acquisition of novel functions that have con-
ferred to S. aureus a wide range of adaptive processes for survival 
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involving several G-C pairings that is subsequently converted 
into a duplex of 87 base pairs (Fig. 2C). The formed complex 
modifies the folding process of the mRNA during transcription 
so that a Rho-independent terminator structure is stabilized just 
upstream the initiation codon, resulting in a premature termina-
tion of transcription. In addition, this hairpin structure seques-
ters the SD sequence of repC, which might block the access of the 
ribosome (Fig. 2C). The mechanism relies on specific properties. 
The antisense RNAI has to bind to the 5'UTR of repC mRNA 
within a short time window to be effective so that the mRNA 
folding pathway during transcription can be modified. The for-
mation of the sense-antisense duplex is indeed a very fast and 
productive process that is a direct consequence of specific inter-
actions between designed three-dimensional structures of the 
interacting RNAs, a feature that is generally common to short 
asRNAs regulating essential processes of extra-chromosomal 
elements.71

dependent on the structures of the mRNA and the asRNA. 
Novick and collaborators were the first to describe how the anti-
sense RNAI causes transcriptional attenuation of the mRNA 
encoding the rate-limiting replication RepC protein of plas-
mid pT181 73 (Fig. 2A), a mechanism often used in plasmids of 
Gram-positive bacteria.71,72 This plasmid confers to the bacteria 
several antibiotic resistances. The mechanism is as follows. The 
repC mRNA can potentially adopt two distinct conformations in 
which an anti-terminator or a terminator of transcription can be 
alternatively form (Fig. 2A and B). In the absence of RNAI, the 
nascent repC transcript forms preferentially into a conformation 
that permits transcription throughout the repC mRNA. As the 
consequence, translation can occur since the Shine and Dalgarno 
sequence (SD) is accessible to recruit the ribosome (Fig. 2A). In 
the presence of RNAI, the asRNA binds to a hairpin structure 
of repC mRNA that is transiently formed during transcription. 
The initial binding probably occurs via a loop-loop interaction 

Figure 2. Antisense regulation of plasmid pT181 replication. (A) Genetic organization of pT181 plasmid and its control region. RNAI is the antisense 

RNA. (B) Schematic secondary structure model of repC mRNA leader region as proposed by Novick et al.73 The formation of the large helical domain 

formed by helices I and III favors the formation of an anti-terminator hairpin to favor the transcription of the whole mRNA. In this structure, the Shine 

and Dalgarno sequence (SD) and the initiation codon are available for translation. (C) The antisense RNAI traps a transient hairpin structure of repC 

mRNA during transcription, and the formation of the RNAI-mRNA duplex stabilizes a Rho-independent terminator to arrest transcription. RepC syn-

thesis is thus abolished.
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dispensable in vivo. Instead, the active region is located in its 5' 
part that is partially complementary to the ribosome binding site 
of SprA1 (Fig. 3). The reason for this unexpected observation 
lies in the structures of the two RNAs. The fully complementary 
regions of both RNAs correspond to Rho-independent termina-
tors, which are highly stable hairpin motifs terminated by four 
G-C base pairs. Such stable structures probably do not favor the 
rapid formation of stable intermolecular pairings. Instead, the 5' 
unpaired region of SprA1-AS may be more appropriate to pro-
mote fast and early binding with the connecting loop L2 of the 
pseudoknot structure of SprA1 (Fig. 3), a mechanism used by 
sRNAs of Gram-negative bacteria.78 Again, Hfq was not found 
associated with the antisense RNA regulation. In light of this 
study, the structures and the sequences of both the sRNA and 
the target must be taken into account to identify the regulatory 
sites involved in antisense regulation. In addition, this study adds 
further evidence that S. aureus expresses a large variety of pep-
tides.6,30,31,70,75,77 Interestingly, the PSM peptides are controlled by 
AgrA74 as is the quorum sensing AIP peptide while two other 
hypothetical peptides were activated by the alternative σB fac-
tor required for stress adaptation, antibiotic resistance and viru-
lence.30 Whether these short mRNAs regulate gene expression 
as it was shown for S. aureus RNAIII remained to be studied. 
Elucidation of their functions, structure and mechanisms of 
action is certainly another area of interest.

 !"#$%&%"'"()%*+,*"-'*$+.%&/"0!!1*+'#%2" 

with sRNA Function?

Little information yet exists on S. aureus RNA-binding proteins 
(RNA chaperone, RNA helicase, enzymes, post-transcriptional 
regulators…) that might be associated with sRNA regulation. 

A recent work has revisited and questioned the definition of 
the active region of a short and structured asRNA.31 Among the 
SprA-G sRNAs, two of them, SprA1 and SprG were shown to 
be expressed together with their asRNAs, SprA1-AS and SprF, 
respectively.21,29 It was previously predicted that these two RNA 
pairs form type I toxin-antitoxin modules in which SprA1 and 
SprG would encode small hydrophobic peptides.77 The SprA1/
SprA1-AS module is found in several copies in the core genome 
and plasmids. SprA1 was proposed to be a multifunctional RNA 
since its 3' end could potentially base pair with the 3'-UTRs of 
three mRNA targets.21 The peptide, resulting from the transla-
tion of SprA1 sORF, has a lytic activity on human erythrocytes 
and displays an antimicrobial activity against Gram-positive and 
Gram-negative bacteria.31 The SprA1 encoded peptide shares 
physicochemical properties with S. aureus PSM, which are also 
amphipathic α-helical peptides.57,74 An sRNA encoding a PSM 
was recently identified within the SCC-mec cassette, and this 
PSM has pro-inflammatory and cytolytic activities, and has sig-
nificant impact on immune evasion and disease.74 PSM genes are 
also present in multi-copies and RNAIII encodes one of them. 
However, an asRNA against mRNA expressing a PSM was not 
demonstrated so far. Both SprA1 and SprA1-AS are constitutively 
expressed and the yield of the asRNA is significantly higher than 
that of SprA1.31 The structure of SprA1 is characterized by two 
pseudoknot motifs in which the ribosome binding site is partly 
imbedded but this conformation does not hinder the formation of 
the ribosomal initiation complex.31 Structure probing combined 
with mutational analysis shows that the short SprA1-AS binds 
to the ribosome binding site of SprA1 through imperfect pair-
ings to prevent translation of the peptide (Fig. 3). Unexpectedly 
the interacting region does not involve the 3' end of SprA1-AS, 
which is fully complementary to the 3' end of SprA1 and is 

Figure 3. Antisense regulation of the synthesis of a small cytolytic peptide encoded by SprA1. The secondary structures of SprA1 and of the antisense 

RNA SprA1 AS are from Sayed et al. SprA1 contains two pseudoknot structures H2 and H5. SprA1 is a mRNA which encodes a small cytolytic peptide. 

The 5’ end of SprA1 AS forms imperfect base pairings with the ribosome binding site of SprA1 and unfolds the pseudoknot structure H2 to prevent 

translation. SD is for Shine and Dalgarno, START is for the initiation codon, and STOP for the stop codon. The fully complementary regions of SprA1 and 

SprA1 AS (surrounded in gray) do not interact. The model of repression mechanism is from Sayed et al.
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for several other sRNAs targeting mRNAs.23,31,63,76 Moreover 
Hfq is not involved in the stability/turnover of sRNAs.23,30,31,63,76 
As many of the experimentally studied sRNAs interact rapidly 
with their target mRNAs in vitro and form stable complexes 
sufficient to prevent ribosome binding, they might preclude the 
need for Hfq. It was also proposed that there is an apparent link 
between the dispensability of Hfq, the GC content of the bacte-
rial genomes and the stability of the formed sRNA-mRNAs.91 
This apparent paradox between the absence of in vivo effect 
of Hfq and the ability of the protein to bind RNA in vitro was 
explained by the fact that Hfq is not produced in RN6390/COL 
strains.11 The reason why Hfq cannot be detected has not been 
yet investigated although it was suggested that mutations in the 
promoter region led to a significant decrease of hfq transcrip-
tion.11 Interestingly, a recent work92 showed that Hfq is detected 
only in several clinical strains and in the 8325-4 strain but not in 
COL and RN6390, two laboratory-adapted strains.11,63 In 8325-
4, where Hfq is expressed, its deletion decreases pathogenicity in 
a murine peritonitis infection model.92 Specifically, the deletion 
of Hfq deregulates the expression of 116 genes, many of them 
being associated to virulence.92 More specifically, deletion of hfq 
causes increased synthesis of the surface carotenoid pigment and 
decreased synthesis of exoproteases.92 In light of this latter work, 
the behavior of S. aureus (8325-4 strain) cells was analyzed in a 
low-fluid-shear environment where the bacteria initiated a novel 
attachment-independent biofilm phenotype.93 These cells dis-
played slower growth and attenuated virulence characteristics, 
such as decreased carotenoid production, increased susceptibility 
to oxidative stress and reduced survival in blood. Microarray pro-
filing of these cells showed alterations in several metabolic path-
ways, and unexpectedly, expression of the hfq gene was strongly 
decreased. This study suggested that S. aureus 8325-4 strain 
responds to a low-fluid-shear environment by initiating a bio-
film/colonization phenotype with decreased virulence character-
istics that could be in part attributed to hfq.93 These two studies 
show that Hfq impacts stress response and pathogenesis when it 
is expressed. Conversely, in other strains, Hfq function may have 
been superseded by other factors and hence this riboregulator has 
been downsized by mutational loss of its promoter. Hence, many 
questions have now to be addressed more specifically: what are 
the functions and the mechanisms of action of Hfq in strains 
expressing the protein? Does Hfq promote the formation of some 
of sRNA-mRNA pairs? Does S. aureus Hfq bind to RNAs simi-
larly than the E. coli Hfq protein? Are there functional Hfq ana-
logs particular/specific to strains that do not express Hfq? How 
does regulation occur in strains deficient in Hfq? What would be 
the advantages of expressing (or not) Hfq in S. aureus?

Interestingly, a recent work has shown that the conserved and 
ubiquitous metallo-protein SMc01113 in Sinorhizobium meliloti, 
ortholog to E. coli YbeY, alters the accumulation of sRNAs and 
their mRNA targets in a way similar to Hfq.94 Although these 
effects might be indirect since the protein has been associated 
with the maturation of the ribosome at high temperature,95,96 the 
protein shares intriguing structural similarities with the MID 
domain of eukaryotic AGO proteins.97 This protein might be 
part of the bacterial sRNA pathway,94 and although It is found 

In contrast to Gram-negative bacteria, all the sRNAs studied 
so far which regulate gene expression though mRNA binding 
do not require the Sm-like Hfq protein (see below). However, 
there is a growing list of works showing that mRNA stability is 
a highly controlled process in S. aureus that allows the patho-
gen to respond to environmental variations, nutrient availabil-
ity, growth rate and cell density (reviewed in ref. 9, 12 and 79). 
Among the proteins that alter mRNA turnover, the pleiotropic 
transcriptional regulatory protein SarA was unexpectedly identi-
fied.13 Whether SarA binds to RNA or indirectly affects mRNA 
degradation through the activation of sRNAs are open questions. 
Moreover, the roles of several ribonucleases in S. aureus virulence 
have been appreciated,9 and among these enzymes, RNase III 
has been clearly identified as a major partner in sRNA regula-
tion.10,15,16,32 Some of the recent data are discussed below.

The controversy concerning S. aureus Hfq protein. Hfq is 
the well-known Sm-like RNA chaperone protein whose function 
has been deeply studied in Gram-negative bacteria (reviewed in 
ref. 80). Hfq is able to bind sRNAs and mRNAs,81,82 promotes 
RNA conformational changes favoring the binding of sRNAs to 
their target mRNAs, stabilizes sRNAs against degradation and 
mediates transcription antitermination at Rho-dependent termi-
nators through binding to Rho.83 The first crystal structure of 
Hfq bound to a A(U)5G sequence was solved in S. aureus reveal-
ing a homohexameric ring made of two distinct faces where the 
AU5G oligonucleotide binds to the proximal face.84 Comparison 
with the structure of E. coli Hfq protein reveals that the overall 
structure in both distant bacteria is very similar but significant 
differences in the repartition of charges have been observed.85,86 
This is particularly true for the region connecting the proximal 
and distal faces, which is strongly negative in S. aureus and con-
versely strongly positive in E. coli.87 Such differences might have 
some consequences on the RNA recognition and the role of Hfq 
in the formation of mRNA-sRNA complexes. Works in E. coli 
and S. aureus show that the proximal site would be dedicated to 
the recognition of internal A/U rich sequences of sRNAs while 
the distal site would preferentially recognize A-rich sequences.87 
More recent studies described that the proximal face of E. coli 
Hfq has a strong preference for the Rho-independent terminator 
U-tail sequences of sRNAs and has a particularly high affinity for 
the 3'OH end of a U6 oligonucleotide.88,89 This specific recogni-
tion of the 3' end of sRNA by Hfq plays a direct role in the sta-
bilization of sRNA.88 Comparison of S. aureus Hfq-A(U)5G and  
E. coli Hfq-U6 reveals that the conformation of the RNA 
backbone is very different in both structures where it is highly 
constrained in E. coli allowing a specific recognition of the 3' 
terminal hydrogen bond of the RNA by Hfq.89 These differences 
are most likely linked to the nature of the sequences of both oli-
gonucleotides rather than the sequences of Hfq itself.89

Although S. aureus Hfq binds to RNA, its role in sRNA-depen-
dent regulation remains obscure in contrast to enterobacteria.90 
Deletion of the hfq gene in various strain backgrounds (RN6390, 
COL, Newman) shows that Hfq is not involved in stress response, 
antibiotic resistance and virulence.11,63 S. aureus Hfq binds tightly 
to RNAIII in vitro but has no detectable effect on RNAIII-target 
mRNAs complex formation.10,15 A similar behavior was found 
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the enzyme has been associated with novel functions such as pro-
cessing of mRNAs with overlapping 5'UTRs, maturation process 
stabilizing the mRNA, sRNA and asRNA-dependent regulation. 
Finally, a recent work shows that inactivation of the rnc gene in 
the 8325-4 strain decreased the synthesis of extracellular toxins 
due to a destabilization of RNAIII and secY2 mRNA, one com-
ponent of the accessory secretory pathway.104 The effect of RNase 
III on RNAIII levels was not observed in RN6390,15 but as previ-
ously described some significant differences between 8325-4 and 
RN6390 strains were observed although they originated from the 
same parental strain.105 Deletion of rnc in 8325-4 strain resulted 
in a less virulent strain compared with the isogenic wild type 
strain in a murine peritonitis model104 while the rnc mutant had 
no effect on cell growth.15,104 Taken together, all these studies 
show that RNase III is a global player of RNA-dependent regula-
tion in S. aureus, which has consequences on the regulation of the 
synthesis of virulence factors.

The impact of other ribonucleases in S. aureus pathogen-
esis and sRNA regulation. Other enzymes than RNase III 
are also expected to be associated with the sRNA-dependent 
regulation. In E. coli, the endoribonuclease RNase E and the 
phosphorolytic exoribonuclease PNPase are both required for 
sRNA-dependent regulation.106,107 These two enzymes are part 
of a multi-enzymatic complex, the so-called degradosome, which 
also contains the RNA helicase RhlB and the glycolytic enzyme 
enolase (reviewed in ref. 108). Although there is no homolog 
of RNase E in Gram-positive bacteria,109 several enzymes were 
proposed to be organized into a multi-enzymatic complex in  
S. aureus26 and B. subtilis.110,111 Using various strategies, net-
works of interactions have been identified between two glycolytic 
enzymes (enolase and phosphofructokinase), the DEAD-box 
RNA helicase CshA and four RNases, namely RNase J1, RNase 
J2, RNase Y and PNPase.26,110,112 The two B. subtilis enzymes 
RNase J1/J2 are endowed with a dual activity of an endoribo-
nuclease and a 5'-3' exoribonuclease113 while RNase Y, is the 
functional equivalent of RNase E and cleaves mRNA at unpaired 
U/A rich sequences.114,115 Hence, S. aureus and B. subtilis share the 
same components and three of them (enolase, PNPase, DEAD-
box RNA helicase) are also conserved in Gram-negative bacte-
ria. More surprisingly, the protein subunit of RNase P, RnpA, is 
associated with CshA in S. aureus and this interaction takes place 
in B. subtilis too.26 Although the degradosome-like is conserved 
in Gram-positive bacteria, the interaction networks between the 
components diverged slightly.26 In S. aureus, the two proteins, 
CshA and enolase, are central since CshA binds to enolase, Pflk, 
RNase Y, RNase J1 and RpnA while enolase recognizes PNPase, 
RNase Y and CshA (Fig. 4). However, this work does not pro-
vide information on the stoichiometry between the different 
partners, nor if these interactions happen in the same complex. 
The interactions might be highly dynamic and sub-populations 
of the degradosome could occur depending on the subcellular 
localization of the RNases or of the RNA. It is intriguing that 
glycolytic enzymes are also part of the degradosome raising the 
question about the functional links between metabolic enzymes 
and ribonucleases. The glycolytic enzymes are known to respond 
to both glycolytic and TCA cycle intermediates, and are thus 

in several S. aureus strains, its function has not been studied yet. 
In B. subtilis, it was shown that three small basic proteins act as 
RNA chaperones of the sRNA FsrA, to promote degradation of 
mRNAs encoding iron-dependent proteins under conditions of 
iron deprivation.98 Obviously, the use of genetic screens and/or 
purification of ribonucleoprotein particles might help to identify 
the protein co-factors of S. aureus sRNAs.

The RNase III as a major player of RNA-dependent regula-
tion. S. aureus RNase III belongs to a large class of ubiquitous 
enzymes which cleave double-stranded RNA (dsRNA) to gener-
ate short RNA duplexes ended by 2 nt 3'-overhang. In eukary-
otes, the equivalent enzymes are involved in biogenesis of siRNA/
miRNA in higher organisms.99 RNase III is a highly conserved 
Mg2+-dependent endoribonuclease among bacteria and consists 
of a catalytic and a dsRNA binding domain and functions as a 
homodimer (reviewed in ref. 100). S. aureus RNase III is capable 
of recognizing and cleaving a variety of structures such as imper-
fect duplexes, helices interrupted by bulged residues and loop-loop 
interaction.101 Besides the well-known function in the maturation 
of large rRNAs, a recent study shows that the E. coli RNase III 
has a widespread role in cellular mRNA processing and contrib-
utes to the turnover of many sRNAs thus affecting indirectly the 
transcriptome.102 In S. aureus, the enzyme acts as a co-factor of the 
quorum-sensing dependent RNAIII to coordinate the repression 
of several mRNA targets encoding protein A, coagulase and the 
repressor of toxins Rot.10,15,101 Binding of RNAIII to its mRNA 
targets facilitates the decay by RNase III thus rendering the 
repression irreversible. Given the fact that in Gram-positive bac-
teria, sRNAs form rather long duplexes with target mRNAs,10,103 
the role of RNase III in antisense regulation is probably more 
widespread than previously expected. A recent study based on 
deep sequencing to analyze short RNA fractions of S. aureus has 
revealed a large collection of 22 nt long RNA fragments generated 
by RNase III digestion of sense/antisense transcripts all over the 
chromosome.32 More than 75% of the mRNAs were subjected to 
specific RNase III processing as a result of antisense regulation. 
Deletion of RNase III reduced significantly the amount of short 
RNA fragments and concomitantly accumulation of low levels of 
antisense transcripts were visualized.32 These data are indicative 
of antisense transcription all over the genome and this pervasive 
transcription is hidden due to RNase III processing of sense/anti-
sense transcripts. This activity of RNase III can be considered as 
an RNA quality control mechanism to remove efficiently tran-
scriptional noise. Interestingly, the involvement of RNase III in 
this novel post-transcriptional process appears to be restricted to 
Gram-positive bacteria.32 Moreover, several asRNAs were tran-
scribed in a  B-dependent manner, and the levels of the sense 
RNA was regulated accordingly by RNase III.32 Therefore under 
specific conditions, the levels of asRNAs can reach a threshold 
concentration so that the mRNA yield can be modulated.32 
Besides antisense regulation, this study calls to the question, how 
many targets can RNase III recognize? Based on in vivo immu-
noprecipitation of wild type or cleavage-defective mutant RNase 
III followed by deep sequencing, we have recently identified a 
large number of RNA targets (Lioliou et al. personal communi-
cation). In addition to rRNA processing and mRNA turnover, 
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interconnect metabolism, stress adaptation and virulence, and 
how they mediate crosstalks between pathogenicity islands and 
the core genome. Deep mechanistic studies show that sRNAs 
acting as antisense RNA bind to their mRNA targets with very 
efficient ways that are dependent on designed three-dimensional 
structures to favor efficient initial contacts followed by rapid 
propagation of intermolecular base pairings. Thus, the specificity 
of antisense regulation not only relies on sequence complemen-
tarities but also on specific structure motifs of RNAs that prevent 
or favor the pairings. Continued studies of individual sRNAs and 
their machineries should certainly unravel unexpected functions 
and regulatory mechanisms, such as novel cis-acting regulatory 
elements, sRNA targeting enzymes, sRNA involved in antibiotic 
resistance.

One major point is the fact that it is difficult to generalize the 
impact of sRNA regulation in S. aureus due to great variability 
between the strains. For instance, detailed comparison of strains 
expressing or not Hfq would certainly be of importance to moni-
tor the gain of function. Another challenge is to understand the 
contribution of S. aureus sRNAs in the human context and to 
gain knowledge about the roles of sRNAs and their co-factors 
during human colonization and infection. 

Note

Several works showed that Staphylococcus aureus Hfq failed 
to substitute Escherichia coli Hfq (Vecerek B, Rajkowitsch, L., 

sensors of nutritional stress. Hence, it was proposed that they 
might coordinate the action of RNases under energy limiting 
conditions.116 Interestingly, functional relationships between 
metabolic adaptation to nutritional status, mRNA stability regu-
lation and virulence factor production have been well described 
(Somerville and Proctor, 2009), and at least three RNase com-
ponents of the degradosome-like may play a role in virulence 
and stress adaptation, namely PNPase, RNase Y and RpnA.26 
Disruption of the S. aureus pnpA gene induced a mild change in 
mRNA turnover, however, cells became sensitive to cold shock.12 
These data suggested that mRNA turnover plays an important 
role in response to stress and changes of the environmental cues. 
S. aureus cvfA gene encodes RNase Y, which contains a trans-
membrane domain, a KH RNA-binding domain and a metal-
dependent phosphorylase (HD) domain.117,118 RNaseY has been 
first described as an enzyme endowed with a phosphodiester-
ase activity carrying by its HD domain, which is required for 
hemolytic activity and virulence in mice and silkworm infection 
models.118 However, works performed in B. subtilis, have shown 
that RNase Y is an endoribonuclease with a preference for 5' end 
monophosphorylated mRNA and cleaves unpaired U/A rich 
sequences in structured regulatory regions of mRNAs such as 
the SAM-riboswitch.114 Interestingly enough, the localization of 
RNase Y at the membrane is essential in vivo indicating that 
subcellular localization is required for the turnover of a subset 
of mRNAs.115 Although the target genes of RNase Y are not yet 
defined in S. aureus, deletion of cvfA represses the transcription 
of the agr operon resulting in the repression of exotoxin genes, 
and in the accumulation of protein A.117 The third protein RpnA, 
which is the co-factor of RNase P, is an essential protein most 
likely due to its role in tRNA maturation.119 Unexpectedly RpnA, 
which adopts an aß-fold structure,120 exhibits a ribonuclease 
activity in vitro against rRNAs and mRNAs. This activity was 
not demonstrated in vivo although a high number of mRNAs 
were more stable in rnpA deficient cells. A specific compound 
(RNPA1000), which inhibited the ribonuclease activity of RnpA 
in vitro, was recently selected. It decreased growth of Gram-
positive bacteria, prevent biofilm formation and impaired patho-
genesis in a murine acute model of S. aureus infection.121 Thus 
RNA decay machinery appears to be an appropriate target for 
the design of anti-microbial therapeutics. Considering the devel-
opment of high throughput methods, one could expect to gain 
knowledge on the whole set of RNA targets of ribonucleases. 
This will be of importance in order to get a more complete pic-
ture of the complexity of the RNA-dependent regulatory net-
works and of the role of these enzymes in sRNA regulation in 
this facultative pathogen.

Perspectives

This review gives a brief glimpse on the functions of some of 
the regulatory RNAs from S. aureus. However, we are still far to 
get a full appreciation of the sRNA functions and of the com-
plex and intermingled interactions occurring between sRNAs 
and regulatory proteins to regulate gene expression. The sRNAs 
for which the functions have been determined show how they 

Figure 4. Networks of interactions involving several ribonucleases. 

The interactions have been demonstrated in vivo using the double 

hybrid approach.26 Thickness of the arrows represents the strength of 

the interaction. Full arrows represent interactions that are speci�c of 

S. aureus whereas dashed arrows are for interactions conserved in S. 

aureus and B. subtilis. The data are adapted from Roux et al.26 PNPase is 

for polynucleotide phosphorylase, CshA for DEAD box RNA helicase, Pfk 

for phosphofructokinase, RnpA for the protein component of RNase P 

and RNase for Ribonuclease. Speci�c functions of proteins in virulence, 

stress response, gene expression and RNA metabolism are given. The 

di�erent gray colors denote similar functions for the protein partners.
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a b s t r a c t

We have adapted a method to map cell surface proteins and to monitor the effect of specific regulatory

RNAs on the surface composition of the bacteria. This method involves direct labeling of surface proteins

of living bacteria using fluorescent dyes and a subsequent separation of the crude extract by 2D gel

electrophoresis. The strategy yields a substantial enrichment in surface proteins over cytoplasmic pro-

teins. We validated this method by monitoring the effect of the regulatory RNA MicA in Escherichia coli,

which regulates the synthesis of several outer membrane proteins, and highlighted the role of Staphy-

lococcus aureus RNAIII for the maintenance of cell wall integrity.

© 2014 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Bacteria interact constantly with their environment via surface-

associated proteins to fulfill a range of functions including adhe-

sion, environmental sensing, and nutrient transport. A major

drawback in studies of surface proteins is their difficulty of

extraction. Different tools have been employed to enrich mem-

brane fractions, but none are able to give a full map of membrane

proteins, due to difficulty of experimental conditions settings,

contamination or significant loss of these proteins through frac-

tionation [1e3].

Here we have adapted a method that allows specific labeling of

exposed lysine residues of surface proteins from living bacteria

followed by 2D gel electrophoresis [4,5]. This method was applied

to Escherichia coli and Staphylococcus aureus to follow the dynamics

of cell surface composition that could be controlled by the

expression of regulatory RNAs.We have analyzed two RNAs that are

known to modify the surface properties of the bacteria in order to

respond to environmental conditions or to escape the host-defense

mechanisms. In E. coli, the sigma E-induced MicA senses envelope

stress and represses the synthesis of several outer membrane

proteins (OmpA, OmpX, LamB, OmpW, Tsx), and of the response

regulatory protein PhoP [6e8], while in S. aureus, the multiple-

target regulatory RNAIII controls the switch between the expres-

sion of surface proteins and excreted toxins [9,10]. Both RNAs

regulate gene expression at the post-transcriptional level by

binding in the 50 region of mRNA targets. The results reported show

that the method is suitable to gain insights into cell envelope

composition and its dynamics upon a variety of experimental

conditions.

2. Methods

The E. coli strain MC4100 was transformed with a plasmid

derived from PZE12-luc, either lacking insert (as control) or

expressing wild-type MicA (Table S1), and was grown at 37 �C in LB

medium supplementedwith ampicillin until late exponential phase

(OD ¼ 1). S. aureus RN6390 strain, derived from NCTC8325, and the

isogenic LUG950 strain (deletion of rnaIII gene, DrnaIII, see
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Table S1) were grown in BHI medium until late exponential phase

(OD ¼ 5).

Cells from 10 ml (E. coli) or 2.5 ml of culture (S. aureus) were

centrifuged at 4500 g at 4 �C, washed twice with 1 ml of PBS buffer

(137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.76 mM KH2PO4, pH

8) and resuspended in 200 ml of the PBS buffer. The Cy Dyes 2, 3 and

5 were prepared freshly in anhydrous dimethylformamide. Acces-

sible lysines of cell surface proteins were labeled with 200 pmol of

Cy Dye for 30 min at 4 �C in the dark, and the reaction was stopped

by the addition of 20 ml of 10 mM lysine for 10 min at 4 �C. Cells

were pelleted by centrifugation at 12,000 g for 1 min.

E. coli cells were disrupted by the addition of 1 ml of Trizol for

5 min at 20 �C. 100 ml of 1-bromo 3-chloropropane chloroformwas

added to the samples, incubated for 5 min at 20 �C and centrifuged

for 10 min at 12,000 g. Cold ethanol (200 ml) was added to the pink

phase and the samples were incubated for 5 min at 20 �C, and

centrifuged for 5min at 2000 g. Proteins from the supernatant were

precipitated with 7 volumes of cold acetone for at least 2 h

at �20 �C. Disruption of S. aureus cells was achieved by 30 min

incubation at 37 �C in 200 ml of lysis buffer (10 mM TriseHCl pH 7.5,

20 mM NaCl, 1 mM EDTA, 5 mM MgCl2, 50 mg/ml lysostaphin,

protease inhibitors cocktail (Roche), 2 U of DNase, and 2 U of

RNase). Proteins were dissolved in the 2D buffer (7 M urea, 2 M

thiourea, 50mMDTT, 4% CHAPS) in a total volume of 400 ml. Protein

concentration was measured using the Bio-Rad Bradford assay and

300 mg of total protein extract was used for 2D gel fractionation.

2D gel analyses were carried out according to the manufac-

turer's recommendations (Biorad). After electrophoresis, gels were

scanned on a DIGE imager (GE Healthcare) and stained with

colloidal blue to visualize the whole set of proteins. Statistical

analysis of protein variation was performed for at least two inde-

pendent replicates. After scanning, the data were analyzed with

PDQuest software (Biorad). Protein spots were excised from 2D-

gels, trypsin digested, and MALDI mass spectroscopy was carried

out on an Autoflex III (Bruker-Daltonik GmbH, Germany) matrix-

assisted laser desorption/ionization time-of-flight mass spectrom-

eter (MALDI-TOF) used in reflector positive mode. Experimental

details are given in the Supplementary Information.

3. Results and discussion

3.1. The three Cy-Dyes differentially label surface proteins on living

cells

Two previous studies in human [4] and Legionella pneumophila

[5] have shown that the three Cy Dyes specifically label membrane

proteins. However, using two complementary approaches we have

verified that the three dyes did not efficiently penetrate into the

Gram-negative E. coli and the Gram-positive S. aureus cells

(Supplementary Information). Cy Dye labeled bacteria submitted to

imaging with a Zeiss LSM780 laser scanning confocal microscope

reproducibly showed that the fluorescence accumulated predomi-

nantly at the periphery of the bacteria (Figure S1A). Consistently,

the Cy Dye labeling was more efficient on membrane-enriched

protein fractions than on cytoplasmic protein fractions

(Figure S1B, see Supplementary Information). All in all, these data

strongly suggested that the Cy Dyes penetrate only poorly in E. coli

or S. aureus live cells.

Fig. 1. Labeling of the surface proteins in living Escherichia coli and Staphylococcus aureus cells. (A, B) Two-dimensional gel fractionation of Cy Dye labeled proteins from E. coli

(A) and S. aureus (B) were performed. Labeling was done with cyanine 2, 3 and 5 (Cy 2, Cy 3 and Cy 5, respectively). All spots corresponding to membrane proteins and cell surface

proteins are numbered in red while the spots corresponding to cytoplasmic proteins are in green. Spots numbered in yellow color corresponded to S. aureus proteins found in

different compartments of the cells as demonstrated from a quantitative proteomic analysis [1]. The program Psort (psort.hgc.jp) was used to predict the localization of S. aureus

proteins. For more details, the identity of the proteins and their localization are given in Tables S2 and S3.
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A comparative analysis of the target proteins labeled by the

three fluorophores was then performed. Live E. coli and S. aureus

cells were treated separately with each of the three Cy Dyes. After

labeling, the cells were collected by low-speed centrifugation to

remove excess of unbound dye. Analysis of the supernatant showed

that it contained less than 3% of the total proteins from the samples,

thus confirming that the labeling protocol did not cause extensive

lysis of the cells. The samples were submitted to 2D gel electro-

phoresis and subsequently scanned to visualize the fluorescent

proteins, which were then identified by MALDI-TOF (Fig. 1). For

E. coli, the data showed a significant enrichment in membrane

proteins over cytoplasmic proteins (Figure S1, Table S2). For

S. aureus, among the labeled proteins, only 20% of them were

predicted to be located in the membrane (Table S3). A quantitative

proteome of S. aureus COL strain [1] revealed that many proteins

with a cytoplasmic location were also found temporary or perma-

nently associated with the membrane sub-fractions (Fig. 1,

Table S3). Because the Cy Dyes penetrate poorly in S. aureus

(Figure S1), it might be possible that these proteins are transiently

located at the membrane, as it is the case for several enzymes

involved in the respiration (Table S3). Rather unexpectedly, we

found that the three Cy Dyes displayed differential labeling prop-

erties (Fig. 1) although we did not find specific signatures for each

Cy Dye (outer/inner membrane proteins). These variations most

likely reflect subtle differences in their structures because the three

Cy Dyes gave comparable labeling efficiencies when proteins from

Fig. 2. Effect of regulatory RNA expression on the surface protein patterns in E. coli and S. aureus. (A) Two-dimensional gel electrophoresis of Cy Dye 5 labeled proteins from the

E. coli wild-type strain expressing high levels of MicA (þMicA; overproduction of MicA encoded on a plasmid) and from the same strain expressing low levels of MicA (-MicA;

chromosomal level of MicA expression). The difference in MicA expression is shown in Figure S2. Cytoplasmic proteins are circled in green and membrane proteins are in red. The

names of the proteins and their corresponding genes are given in the table. The quantification (fold change) represents the ratio of protein yield obtained from the wild-type strain

expressing high levels of MicA from a plasmid over that of wild-type strain. The data were reproducibly found in three independent experiments. We have only considered the

effects above 2-fold. (B) Two-dimensional gel electrophoresis of Cy 5 labeled proteins from S. aureuswild-type (WT) strain expressing high levels of RNAIII and the isogenic LUG950

strain deleted of the rnaIII gene (DrnaIII). The green spots correspond to cytoplasmic proteins that are predominantly observed in the DrnaIII mutant strain, and only protein A is

shown in red. Other details are given in Figure S3.
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crude extracts were treated under denaturing conditions, typically

in buffers containing urea or detergent (results not shown).

Therefore, it is of importance to perform comparative proteomics

on living cells with the same Cy Dye. Although the approach is

sensitive, several outer membrane proteins such as OmpA in E. coli

were not detected (Table S2). The most likely explanation is the

inaccessibility of lysine residues of OmpA to the dyes. Indeed, the

crystal structure of OmpA has revealed that only one lysine could be

exposed at the surface of the cell [11].

3.2. The Cy dye labeling method can map changes of the cell surface

In the following experiments, Cy 5 was used for differential

proteomics analysis, because we observed that slightly more

membrane proteins were labeled with this dye (Fig. 1; Tables S2

and S3). The cell surface proteomes were analyzed for wild-type

E. coli cells expressing low levels of MicA and for the same strain

expressing high levels of MicA from a multicopy plasmid. Ten

proteins with altered yields were reproducibly observed (Fig. 2(A)).

Six of them are known to be anchored tomembranes (YdgH, OmpX,

YrbC/MlaC, RbsB, GapA, and WrbA) or associated with membrane

proteins (MreB), while the others (PflB, and TalB) are presumed to

be cytoplasmic. Because MicA regulates translation and degrada-

tion of mRNA targets by binding to their 50 untranslated regions, we

analyzed by Northern blot experiments the levels of several mRNAs

(ompX, yrbC/mlaC, mreB, and wrbA) that were activated (wrbA) or

repressed (ompX, yrbC/mlaC, mreB) by MicA at the post-

transcriptional level (Figure S2A). These experiments showed that

the steady state levels of the mRNAs correlated well with the

proteomic data (Fig. 2, S2A). We then searched for putative base-

pairings between MicA and the mRNAs whose expression was

affected by high MicA expression. Besides the known ompX/ompA

mRNA targets, basepairing interactions were predicted for the 50

tail of MicA with mreB mRNA and yrbE/mlaE mRNA, which lies in

the same operon as yrbC/mlaC (Figure S2BeD). Notably, Hfq, the co-

factor of many sRNAs in E. coli, has been shown to repress the

expression ofmreB at the post-transcriptional level [12]. However, a

translational reporter assay performed with the leader region of

mreB fused to lacZ did not show any effect of MicA on protein

synthesis (Figure S2C) while a slight but specific repression of MicA

on YrbE/MlaE-LacZ synthesis was observed only in cells grown

until OD 0.3 (Figure S2D). As a positive control, we showed that

MicA strongly repressed the synthesis of OmpX-LacZ under iden-

tical experimental conditions (Figure S2B). These data suggested

that some of the MicA-dependent effects observed in this study

might be indirect (see discussion in Supplementary Information).

However, the reporter gene constructs are different from the

genomic context ofmreB and yrbE/mlaE, andwe do not exclude that

the selected regulatory regions are only partial. Interestingly, the

yrb/mla operon is the ABC transport system that preserves lipid

asymmetry in the Gram-negative outer membrane particularly in

stressed cells [13]. Hence, MicA might contribute to maintain the

lipid asymmetry under membrane stress conditions.

The same approach was performed on the S. aureus strain

RN6390 and its isogenic DrnaIII derivative strain (Fig. 2(B)). The

data revealed that the synthesis of protein A, a major cell-surface

protein involved in adhesion and innate immune evasion, is

repressed by RNAIII in agreement with previous observations that

RNAIII binds to spa mRNA to inhibit translation [14]. In addition,

the levels of several transporters were significantly decreased by

RNAIII (Figure S3A). Surprisingly, several enzymes involved in the

metabolism, likely localized in the cytoplasm, were found in the

DrnaIII mutant strain, although these proteins did not vary

significantly between both strains in total protein extracts (result

not shown). These data suggested that the absence of RNAIII

rendered the membrane more permeable to the dye although

significant lysis of bacteria was not observed. This is consistent

with the fact that the synthesis of several peptidoglycan hydro-

lases (LytM, Sa2353) is repressed by RNAIII in late exponential

growth [15]. Thus, we propose that the absence of RNAIII induces

an overproduction of these enzymes, modifying the remodeling of

the peptidoglycan and the physical properties of the cell wall.

In conclusion, direct labeling of cell surface/membrane proteins is

a sensitive approach to monitor changes of the cell envelope

composition governed by regulatory RNAs. Themethod can easily be

applied to monitor the effect of other types of regulators (proteins,

metabolites) and to follow dynamical properties of the membranes

in response to stress and varying environmental conditions.
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1. Introduction  

Despite its chemical simplicity, RNAs fold into intricate three-dimensional structures that 

are able to recognize a variety of trans-acting ligands such as nucleic acids, proteins and 

small molecules with high affinity and specificity. Moreover, the ability of RNA molecules 

to adopt alternative conformations makes them ideal regulators of gene expression (for 

reviews see 1, 2). For instance, bacterial mRNAs can adopt highly structured domains in 

their 5� untranslated regions which serve as genetic switches in response to temperature (3, 

4), pH (5), divalent ions (6), and to the intracellular concentration of metabolites (7), 

uncharged tRNAs (8), RNA-binding proteins (9), non-coding RNAs (10, 11), and foreign 

DNA (12). Furthermore, the folding of an RNA molecule is a complex process that occurs 

during its transcription. Analysis of the transcription speed, pausing properties of RNA 

polymerase and the effect of the transcriptional complex and associated factors can reveal 

insights on the folding pathway of the nascent transcript and on folding intermediates 

occurring along this pathway (13). Thus, there is an increasing interest in studying the 

structural features of RNAs, their plasticity and versatility, and their folding pathways (14), 

and many of these aspects of RNA biology can be addressed using chemical mapping 

experiments.  

 Chemicals have the obvious advantage of probing RNA molecules of any size 

under a wide range of experimental conditions (i.e., by varying temperature, pH, and the 

concentration of monovalent and divalent ions). The accessibility or the reactivity of each 

nucleotide towards chemicals identifies without ambiguity the unpaired regions of RNAs. 

The combination of dimethylsulfate (DMS), 1-cyclohexyl-3-(2-

morpholinoethyl)carbodiimide metho-ptoluene sulfonate (CMCT), and kethoxal provides 

information on the four bases at one of their Watson-Crick positions. Diethylpyrocarbonate 

(DEPC) and Nickel-complex map the adenines and guanines, respectively, at their N7-

position (Table 1). These two reagents are very sensitive to the stacking of the base rings 

and attack only these positions within a helix if the deep groove is widened (15). Besides 

these base-specific reagents, other probes cleave or modify RNA in a sequence-

independent manner. Hydroxyl radicals generated by Fe-EDTA, which cleave the riboses, 

are useful to map the solvent-accessible surface and divalent ion binding pocket of large 

and compact RNA structures. This tool has been particularly used in time-resolved probing 

techniques to follow conformational rearrangements and transient interactions occurring 

during RNA folding or during the assembly of RNA-ligand complexes (16). Finally, other 

approaches such as lead(II)-induced cleavages (17), acylation of ribose 2�-OH functions by 



"!

!

1M7 (SHAPE) (18), and in-line probing (19) are based on differences in the flexibility of 

individual internucleotide linkages and gave information on unpaired regions regardless of 

the RNA sequence. 

 The reactivity of each nucleotide is used as constraints to elaborate reliable RNA 

secondary structure model inferred from the sequence. This is often obtained by coupling 

the mapping data with the help of several computer folding programs which are based on 

energy minimization (20), statistics (21), stochastic simulations (22), nearest-neighbor 

methods (23) and on phylogenetic and sequence comparison (24). This latter approach 

takes into account the base compensatory changes and/or mutations occurring during 

evolution in addition to the structure probing data. Several programs can also predict long-

range interactions like pseudoknots or tertiary structure modules (25-28). Once the 

secondary structure has been established, three-dimensional models can be built ab initio 

or by homology modeling using an RNA motif database (for a review, see 29). The 

resulting model can be further validated by site-directed mutagenesis studies coupled with 

chemical probing to analyze the effect of mutations on the RNA structure. For instance, 

compensatory base changes validate the existence of base pairings, and appropriate 

deletion help to define independent structural domains.  

 Alternative methods using chemicals have been developed. Chemicals have been 

extensively used to map the binding site of a specific ligand, to study RNP assembly and 

the conformational changes of the RNA (for reviews see 30, 31). A complementary 

approach, the so-called chemical interference, defines a set of nucleotides, which have lost 

the capability to interact with a ligand when they are modified by a chemical probe. Finally 

chemical probes tethered to protein or RNA can provide topographical information on 

ligand-RNA complexes by inducing site-specific cleavage of a proximal RNA after 

binding (e.g. 32, 33). 

 One of the main concerns is how the RNA can be folded in a more complex 

environment such as in living cells. Ligand binding may indeed change the RNA folding or 

stabilize a defined conformation. Structure-specific chemical probes are unique tools to 

map RNA structure in vivo under different cell growth conditions. The use of probes is 

however limited by their inability to penetrate the cell wall and membrane due to their size, 

structure, and/or charge. The reagents that have gained widespread use for in vivo RNA 

probing are dimethylsulfate (e.g. 34, 35), to a lesser extent kethoxal (36), lead(II)-induced 

cleavages (37), and SHAPE (38). The comparison between in vivo and in vitro probing 

provides complementary data for determining functional RNA structure. Interestingly, new 
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high-throughput technologies have been recently developed to study RNA structural 

features within complex RNA populations in vitro where numerous molecules could be 

probed at once (39). These techniques combine acylation of ribose 2�-OH with multiplexed 

paired-end deep sequencing of primer extension products. Due to these major innovations 

in the detection and analysis of the chemical probing data, a full appreciation of the RNA 

structure dynamics in living organisms can be reachable in a nearest future.   

 Here, we provide an experimental guide of the most commonly used chemical 

probes and lead(II)-induced cleavages for mapping the structure of a specific RNA in vitro 

and in vivo.  

 

2. Material 

2.1. Equipment 

1. Equipment for denaturing PAGE (Model S2, Gibco BRL) is used to size end-labeled 

RNA products and labeled cDNA fragments.  

2. Basic laboratory materials are required such as microcentrifuge, vortex, thermoblock, 

water bath, radioactivity counter.  

2. Eppendorf tubes, tips, and buffers should be sterilized before use. 

 

2.2. RNA preparation 

1. DNA template for in vitro transcription (e.g. a linearized plasmid or a PCR product 

containing the sequence of interest under the control of a T7 promoter). 

2. T7 RNA polymerase 50000 units/ml (Biolabs) supplied with 10x reaction buffer. 

 

2.3. End labeling of RNAs and of oligodeoxyribonucleotide 

1. Safety rules have to be applied for handling radioactive materials (see Note 1) 

2. In vitro transcribed RNA purified and dephosphorylated at its 5� end (around 5  g). 

3. HPLC-purified oligodeoxyribonucleotide, 50 mM in water. Store at !20°C. 

4. T4 polynucleotide kinase (PNK) 10 U/mL (Ambion, Austin, USA). 

5. T4 RNA ligase (Ambion, Austin, USA). 

6. Radiochemicals: [" - 
32

P]ATP (3000 Ci/mmol); [5� - 
32

P]pCp (3000 Ci/mmol) 

(Amersham). 

7. RNA elution buffer: 500 mM ammonium acetate, pH 6.5, 1 mM 

ethylenediaminetetraacetic acid (EDTA). 

8. Phenol saturated with 0.1 M Na-acetate, pH 5.5. 
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9. Phenol/chloroform/isoamyl alcohol (25:24:1) mixture, pH 5.5. 

 

2.4. Modification reaction 

1. Most of these chemical reagents are potential carcinogens; therefore, until the removal 

of the first ethanol supernatant, chemical modification procedures are carried out under a 

fume hood. DMS and kethoxal solutions are discarded in 1 M sodium hydroxide waste and 

CMCT in 10% acetic acid waste (see Note 1). 

2- RNA transcripts are synthesized in vitro using T7 RNA polymerase and purified on 

polyacrylamide gel electrophoresis under denaturing conditions. After elution, the RNA is 

kept at -20°C in sterile bi-distillated water and renatured just before used.!

3- Buffer N1 5#: 250 mM sodium cacodylate pH 7.5, 25 mM magnesium acetate, 250 mM 

ammonium chloride. 

4- Buffer N2 5x: 250 mM sodium borate pH 8.0, 50 mM magnesium acetate, 250 mM 

ammonium chloride.  

5- Buffer N3 5x: 250 mM Tris Acetate pH 7.5, 5 mM magnesium acetate, 100 mM 

potassium acetate (see Note 2). 

6. Chemical probes: DMS (Aldrich) is diluted 1:30 in 100% ethanol; CMCT (Aldrich) is 

dissolved at 100 mg/mL in water, and kethoxal (ICN Biochemicals) is diluted at 40 mg/mL 

in 20% ethanol (see Note 3). DEPC (Sigma-Aldrich) is not diluted before the reaction. The 

reagents are prepared just before use. 

7. Lead(II) acetate purchased from Acros organics is extemporenously dissolved in sterile 

bi-distillated water. 

8. Total tRNA from yeast was purchased from Sigma. 

 

2.5. Fractionation of end-labeled RNA fragments 

1. Buffer  T1: 20 mM sodium citrate pH 4.5, 1 mM EDTA, 7 M urea, 0.02% xylene 

cyanol, 0.02% bromophenol blue. 

2. Ladder Buffer: 0.1 M Na2CO3/ 0.1 M NaHCO3 pH 9. 

3. RNA loading buffer: 0.02% xylene cyanol, 0.02% bromophenol blue in 8 M urea. 

 

2.6. Detection of cleavages by primer extension 

1. 10x RTB buffer: 500 mM Tris-HCl pH 8.3, 100 mM MgCl2, 500 mM KCl, 10 mM DTT. 

2. Prepare a dNTP mix (2.5 mM of dATP, dGTP, dCTP, dTTP) (Promega) 

3. For sequencing reactions, prepare each ddNTP at 5 mM (GE Healthcare Life Sciences) 
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3. Primer extension was performed with avian myeloblastosis virus reverse transcriptase 

(AMV RT) purchased from Finnzymes (France) or from Life Sciences (USA).  

4. DNA loading buffer: 1 mM EDTA, 0.02% xylene cyanol, 0.02% bromophenol blue in 

formamide. 

 

2.7. Fractionation of cleaved fragments by polyacrylamide-urea gel electrophoresis 

1. Electrophoresis apparatus for slab gels (30 cm x 40 cm, BRL) and generator (2000 W, 

Biorad) are required for the separation of the end-labeled RNA or cDNA fragments 

generated after enzymatic hydrolysis on polyacrylamide-urea gel electrophoresis (PAGE).  

2. TBE buffer : 0.09 M Tris-borate pH 8.3, 1 mM EDTA.  

3. Prepare 1 l solution of polyacrylamide 25% in urea 8 M: dissolve 480 g urea (Merck) in 

625 ml Rotiphorese 40 (acrylamide/bis-acrylamide :19/1, Roth, Karlsruhe, Germany). 

Complete with bi-distillated water, filtrate the solution.  

4. Products for acrylamide polymerization: N, N, N�, N�-tetramethyle-ethylenediamine or 

TEMED (Roth); ammonium persulfate should be prepared as a 10% (w/v) solution in 

water.  

5. Gel fixing solution: 10% ethanol, 6% acetic acid in water. Prepare 2 l before gel fixing. 

 

3. Methods 

3.1. Establishing the protocols 

1. To probe the structure of RNAs with different chemicals requires the use of defined 

buffer conditions (pH, ionic strength, magnesium concentration, temperature). The choice 

of the buffers will depend on the biological function of the analyzed RNA and will take 

into account the optimal conditions for the chemical reaction (Table 1). For instance 

CMCT and kethoxal reactions only work at pH 8.0. Many of the chemicals work in a large 

range of monovalent and divalent ion concentration and of temperature. Hence, the 

influence of magnesium can be tested on the RNA folding, and thermal transition of RNAs 

can be obtained by varying the temperature (see Note 4). These experiments provide 

information on the stability of stem-loop structures, and on tertiary elements which are the 

first to break during the melting of the RNA structure.  

2. The chemical reaction is influenced significantly by the electrostatic environment of the 

nucleotides. Hence, the reactivity of a nucleotide does not always reflect the 

stereochemical accessibility. However, chemical probing is a method of choice to build 

reliable secondary structure models and to unravel the existence of specific structural 
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modules involving noncanonical base pairs (i.e., Loop C motif in Figure 1, 40). In 

particular, base-specific chemicals easily detect noncanonical base pairs like sheared A-G 

base pair or reverse Hoogsteen A-U base pair, which are widespread in RNA molecules.  

3. The probe:RNA ratio must be adapted so that the experiments are conducted under 

limited and statistical conditions in order to get less than one modification or cleavage per 

molecule. For the first experiment, different concentrations of the chemical probe and a 

time-scale dependence should be performed. Reducing agents (DTT, or ß-

mercaptoethanol) should be included in footprinting assays if the RNA ligand is a protein.  

4. The protocols have been adapted for the analysis of the Escherichia coli thrS mRNA 

(41). Typical experiment is shown in Figure 1.  

 

3.3. Choice of the detection method 

1. The identification of the cleavages depends on the length of the RNA molecule. The use 

of end-labeled RNA is limited to molecules containing less than 200 nucleotides, and this 

method can only detect cleavages. The primer extension approach detects stops of reverse 

transcription (RT) at the residue preceding a cleavage or a modification at a Watson-Crick 

position. Modification at the N7 position of adenine by DEPC is sufficiently bulky to arrest 

reverse transcriptase. However, for modification of the N7 position of guanines by DMS, a 

specific treatment is required to induce specific cleavage at the modification site. The 

length of the primer varies from 12 to 18 nucleotides. For long RNA, primers are selected 

every 200 nucleotides when gel electrophoresis is used for data analysis.  

2. Assays should be performed to define the best concentration of the RNA, the choice of 

the primer sequence, and the hybridization conditions in order to get an efficient primer 

extension.  

3. As an alternative approach, primer extension can be done using fluorescently labeled 

oligonucleotides and the labeled DNA fragments are sized by capillary electrophoresis. 

This sensitive method permits an easy quantification of the data using the whole-trace 

Gaussian integration (42).  

 

3.4. RNA preparation  

1. The RNA is transcribed in vitro with T7 RNA polymerase from a plasmid template 

carrying the T7 promoter fused to the gene of interest. Depending on the size of the RNA, 

the purification is done either by gel filtration column (43), monoQ column (44) or 

denaturing polyacrylamide-urea gel electrophoresis (PAGE) (45). Although PAGE is the 
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best method to separate full-length RNA from abortive transcription or cleavage products, 

the elution process of the RNA from the gel is not highly efficient for rather long RNAs (> 

500 nts) (see Note 5).  

2. For 5' end labeling, the RNA is previously dephosphorylated at its 5' end, and labeled 

using [ -32
P]ATP (150  Ci) and T4 polynucleotide kinase according to the Ambion 

protocol (http://www.ambion.com/techlib/misc/RNA5_labeling.html). To avoid the 5� 

dephosphorylation of RNA, which is not efficient for structured RNAs, in vitro RNA 

transcription can be started with ApG (Sigma).  

2. The 3' end labeling is performed with [5'-
32

P]pCp (150  Ci) and T4 RNA ligase 

according to the Ambion protocol (http://www.ambion.com/techlib/misc/ 

RNA3_labeling.html).  

3. The labeled RNA can be purified by gel filtration. However to get an homogenous RNA, 

we usually prefer to purify the RNA by electrophoresis on 8% polyacrylamide (0.5% bis-

acrylamide): 8 M urea slab gels. To the sample, 5  l of RNA loading buffer is added before 

PAGE loading.  

4. After PAGE purification, labeled or cold RNAs are eluted from gel slices covered with 

the RNA elution buffer in the presence of 20% (vol) phenol, and passive elution is done at 

4°C overnight by gently mixing. After phenol extraction, the RNA is precipitated with 2.5 

volumes of cold ethanol. After two washing steps with 200  l of 70% cold ethanol, the 

pellet is vacuum-dried and dissolved in sterile bi-distillated water.  

5. Since the RNA is purified under denaturing conditions, it is worth spending effort to 

carry out a renaturation process before the probing experiments (see Note 6). One protocol 

is as follows: the RNA is pre-incubated 1 min at 90°C in sterile bi-distillated water, quickly 

cooled on ice (1 min) and brought back (20 min) at 20°C or at 37°C in the appropriate 

buffer containing MgCl2. 

 

3.5. Lead(II)-induced cleavages of RNAs in vitro 

1. Labeled mRNA (1  l, 50000 cpm) or the cold RNA species (2 pmoles, 1  l) were 

previously denatured in water (§3.4., step 5) and renatured in the presence of 4  l of buffer 

N3 5x at 20°C (or 37°C) for 15 min. The reactions was carried out in a total volume of 

20  l. 

2. 1  l of total tRNA (1  g) was added to all samples. 
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3. Hydrolysis was initiated with 2.5  l of different concentrations of lead(II)-acetate from 

12 mM, 40 mM, 80 mM to 120 mM for 10 min at 20°C or 5 min at 37°C. (The best 

conditions in our hand was 40 mM). Mix and centrifuge briefly the samples (see Note 2). 

4. An incubation control was performed in which lead(II)-acetate was replaced by sterile 

bi-distillated water. 

5. The reactions were stopped by adding 5  l of 0.1 M EDTA. 

6. To all samples, 50  l of 0.3 M sodium acetate pH 5.5 and 150  l of cold ethanol were 

added. After a vigorous mix, the samples were transferred in a dry ice-ethanol bath for 

10 min and centrifuge (13000 g at 4°C for 15 min). 

7. The supernatant was discarded with caution (if end-labeled RNA is used, check that no 

radioactivity is present). The pellet was washed with 200  l of 80% cold ethanol. The 

samples are centrifuged (13,000 g at 4°C for 5 min), and the supernatants are removed. 

This step is repeated once. 

8. The pellets were vacuum-dried for several seconds and dissolved in either 4  l of sterile 

bi-distillated water (for primer extension) or dissolved in 6  l of RNA loading buffer for 

PAGE analysis.  

 

3.6. Base-specific modification of RNA in vitro 

1. We provide here protocols for primer extension of RNAs modified by DMS (N1A, N3C, 

N7G), CMCT (N1G, N3U), kethoxal (N1, N2G) and DEPC (N7). To visualize methylation 

of N7 of guanines by DMS, an additional treatment has to be carried out to cleave the 

ribose-phosphate backbone at the modification sites. For the interpretation of the data, it 

should be reminded that DMS methylates more strongly N1A than N3C and CMCT 

modifies more strongly N3U than N1G. Uridines are occasionally stabilized in an enol-

tautomer form due to a specific local environment and can be reactive towards DMS at 

their N3 position. Reactions with CMCT and kethoxal have to be carried out at pH 8.0. In 

addition kethoxal reacts with the N1 and N2 Watson�Crick positions of guanine, giving a 

cyclic adduct between these two positions and its two carbonyls, which has to be stabilized 

by borate ions.  

2. All reactions are carried out in a total volume of 20  l. A control lacking the reagent is 

incubated in parallel under the same conditions to detect pauses of reverse transcriptase. 

Unlabeled mRNA is first heated in sterile bi-distillated water at 90°C for 1 min, then 

cooled on ice for 1 min and renatured in the appropriate buffer.  
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3.6.1. DMS modification (N3C, N1A)  

1- 2 pmoles of mRNA (per assay) were renatured by incubation at 37°C for 5 min in buffer 

N1 1x.  

2- 1  l of tRNA (2  g/ l) and 1  l of pure DMS or 1  l of DMS freshly diluted in ethanol 

at 1:2 (vol/vol), 1:5 or 1:10 were added. For the incubation control, DMS was replaced by 

ethanol. The tubes were gently mixed and rapidly centrifuged. The reaction was performed 

in a total volume of 20  l at 37°C for 5 min. The optimal chemical modification was 

obtained with DMS diluted at 1:10.  

3- The reactions were stopped by ethanol precipitation of the RNA as described above 

(§3.5., steps 7 to 9). 

 

3.6.2. DMS modification (N7G)  

1- Same conditions were used as for DMS modifications of N3C and N1A except that the 

reaction was carried out for 15 min at 37°C. 

2- After ethanol precipitation (see §3.5., steps 7 to 8), the pellets were dissolved in 10  l of 

1 M Tris-HCl pH 8.3 and 10  l of 8 mg/ml sodium borohydrate (dissolved in water 

extemporaneously). The reaction was carried out in the dark and on ice for 10 min, 

followed by ethanol precipitation of the modified RNA (§3.5., steps 7-8). 

3- The RNA pellets were dissolved in 10  l of aniline (100  l of bi-distilled aniline 

(Fluka), 60  l acetic acid, 930  l H2O) and incubated at 60°C for 10 min in the dark. The 

reactions were stopped by ethanol precipitation and treated as described above (§3.5., steps 

7-9). 

 

3.6.3. CMCT modification (N3U, N1G) 

1- 2 pmoles of mRNA (per assay) were first incubated at 37°C for 10 min in buffer N2 1x 

in a total volume of 15  l.  

2- 1  l of tRNA (2  g/ l) and 4  l of CMCT (40 or 60 mg/ml dissolved in buffer N2 1x 

just before use) were added, and the samples were gently mixed. The modification was 

carried out in a total volume of 20  l at 37°C for 10 min or at 20°C for 20 min. The 

optimal modification of mRNA is seen with CMCT at 40 mg/ml. The reactions were 

stopped by ethanol precipitation and treated as described above (§3.5, steps 7-9). 
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3.6.4. DEPC carbethoxylation (N7A) 

1- 2 pmoles of mRNA (per assay) were renatured by incubation at 37°C for 15 min in 

buffer N1 1x in a total volume of 15  l.  

2- 1  l of tRNA (2  g/ l) and 4  l of pure DEPC were added, and the tubes were mixed 

gently. The reaction was carried out at 37°C for 20 min in a total volume of 20  l. The 

reactions were stopped by ethanol precipitation as described above (§3.5., steps 7-9). 

 

3.6.5. Kethoxal modification (N1,N2G) 

1- 2 pmoles of mRNA (per assay) were renatured by incubation at 37°C for 15 min in 

buffer N3 1x in a total volume of 15  l. 

2- To the samples, were added 1  l of total tRNAs (2  g/ l) and 1  l or 2  l of kethoxal 

solution (kethoxal is diluted at 40 mg/ml in 20% of ethanol). The reactions were done at 

37°C for 5 min in a total volume of 20  l. The optimal modification of mRNA was with 

2  l of kethoxal at 40 mg/ml. After the reactions, 10  l of 100 mM sodium borate pH 8.0 

were added (see Note 7).  

3- The reactions were stopped by ethanol precipitation and treated as described above 

(§3.5., steps 7-9) except that the pellets were dissolved in 4  l of 100 mM sodium borate 

pH 8.0 instead of water. 

 

3.7. Fractionation of end-labeled RNA fragments 

3.7.1. Ladders for cleavage assignments 

1. RNase T1 ladder: labeled mRNA (25000 cpm) was pre-incubated at 50°C for 5 min in 

5  l of Buffer  T1 containing 1  g total tRNA. Reaction was performed at 50°C for 10 min 

in the presence of 1  l of RNase T1 (0.5 U). The sample was shifted to 4°C and kept at -

20°C. 

2. Alkaline ladder: labeled mRNA (100000 cpm) was incubated at 90°C for 3 min in the 

presence of total tRNA (2  g) in 5  l of ladder buffer. The sample was shifted to 4°C and 

kept at -20°C. 

 

3.7.2. Purification of end-labeled RNA fragments by PAGE  

1. The end-labeled RNA fragments were sized by electrophoresis on 15% polyacrylamide-

(0.5% bis)- 8 M urea slab gels (0.35 mm x 30 cm x 40 cm) in 1x TBE.  

2. 15% PAGE was prepared as follows; 100 ml of solution containing 60 ml 25% 

polyacrylamide- 8 M urea, 10 ml 10x TBE buffer, 30 ml 8 M urea, TEMED (75  l) and 
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10% ammonium persulfate (750  l) (see Note 8). The gel solution was poured slowly 

between two glass plates that were separated by one spacer on each side and placed at the 

horizontal on the bench. After polymerization (around 30 min), the comb was removed and 

the wells were washed carefully. Gels were pre-run  for 30 min at 75 W. 

3. The samples were heated (except the RNase T1 and alkaline ladders) for 3 min at 90°C, 

centrifuged briefly and 3  l were loaded per well. Before loading, be aware that each 

sample contains the same amount of radioactivity (except for the ladder that should be 

twice amount).  

4. PAGE was run warm (75 W) to avoid band compression. The migration conditions must 

be adapted to the length of the RNA, knowing that on 15% PAGE, xylene cyanol migrates 

as a 39 nucleotides-long RNA and bromophenol blue as 9 nucleotides.  

5. At the end of the run, the 15% PAGE was transferred without drying on an old 

autoradiography film, and wrapped with a plastic film. Overnight exposure is done at -

80°C using an intensifying screen.  

6. Several technical problems might be observed (see Notes 9-14). 

 

3.8. Detection of cleavages or modifications by primer extension  

3.8.1. Hybridization and primer extension 

1. To the 4  l of the modified or cleaved mRNA (2 pmoles), 1  l of 5' end-labeled DNA 

primer (around 100000 cpm) was added. The samples were heated 1 min at 90°C, and 

quickly cooled on ice after a brief centrifugation. 

2. RTB buffer 5x (1  l) was added and the samples were incubated for 15 min at 20°C.  

3. Primer extension was performed in a total volume of 15  l. To the hybridization mix, 

were added 2  l of RTB 5x, 2  l of dNTP mix (2.5 mM of each dNTP), 4  l sterile H2O, 

1  l of RT (2 U/ l diluted freshly in the commercial buffer). The samples were incubated 

for 30 min at 37°C.  

4. To improve the quality of the gels, the RNA template was hydrolyzed by alkaline 

treatment. Just after primer extension, were added 20  l of the buffer (50 mM Tris-HCl 

pH 7.5, 7.5 mM EDTA, 0.5% SDS), and 3.5  l of 3 M KOH. The samples were heated at 

90°C for 3 min and at 37°C for at least 1 h. To all samples, 6  l of 3 M acetic acid, 100  l 

0.3 M sodium acetate pH 5.5 and 300  l of cold ethanol were added. After precipitation, 

the pellets were washed twice with 70% ethanol, vacuum-dried and dissolved in 6  l of 

DNA loading buffer. 
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3.8.2. Gel fractionation of labeled cDNA fragments 

1. The cleavage positions were identified by running in parallel a sequencing reaction. The 

elongation step was performed as described above (§3.8.1., step 3) except in the presence 

of one of the didesoxyribonucleotide ddXTP (2.5  M), the corresponding 

desoxyribonucleotide dXTP (25  M) and the three other desoxyribonucleotides (100  M).  

2. All samples were heated at 90°C for 3 min, and centrifuged briefly. 

3. 3  l were loaded on 8% polyacrylamide-(0.4% bis)-8 M urea slab gels in TBE 1X as 

described above (§3.7.2.). The migration conditions must be adapted to the size of the 

fragments to be analyzed, knowing that on 8% PAGE, xylene cyanol migrates to 81 

nucleotides and bromophenol blue to 19 nucleotides. After migration, the gels were dried, 

and exposed at -80°C with an autoradiography and intensifying screen overnight. 

4. Technical problems that were revealed on the autoradiography might occur during the 

handling process (see Notes 14-16). 

 

3.9. In vivo lead(II)-induced cleavages 

1. For the first experiment, it is essential to evaluate the quantity of lead(II) required for 

mild hydrolysis. For this preliminary experiment, total RNAs are prepared and fractionated 

on agarose gels and the most abundant rRNAs are visualized by ethidium bromide (37). 

Upon increasing concentrations of lead(II)-acetate (25 to 200 mM), the intensities of 16S 

and 23S rRNAs significantly decreased. Choose a concentration of lead(II)-acetate where 

significant amount of full-length rRNAs is observed.   

2. The protocol described below was adapted for E. coli to map the structure of mRNA and 

ncRNAs (37) (see Note 17).  

3- Bacteria (20 ml of culture) were grown in LB medium to mid-logarithmic phase at 37°C 

(until an OD600 of 0.5 was reached) in a Falcon tube. 

4- A fresh solution of 1 M lead(II)-acetate in sterile bi-distillated water was 

extemporaneously prepared (see Note 2). Then, 2.8 ml of this solution was mixed with 

3.2 ml of sterile water and 2 ml of pre-warmed 4x concentrated LB (at 37°C) to give 8 ml 

of lead(II)-acetate/LB solution at 350 mM.  

5- 8 ml of the lead(II)-acetate/LB solution (350 mM) were then added to 20 ml of cells at 

mid-logarithmic phase. This gave a final concentration of lead(II)-acetate 100 mM. For the 

first trials, different concentrations of lead(II)-acetate (50, 100, 150 and 200 mM final 

concentration) should be used and the reaction was performed 5 min at 37°C with gentle 

shaking.  



$)!

!

6- Incubation control was performed under the same experimental conditions, except that 

lead(II)-acetate is avoided. 

7- Reactions were stopped by addition of 10 ml of cold 0.5 M EDTA (1,5-fold molar 

excess) and immediately put on ice. The cells were pelleted (3000 g for 15 min at 4°C) and 

resuspended in 1.5 ml of cold buffer 10 mM Tris-HCl pH 8, 100 mM NaCl, 1 mM EDTA. 

The cells were transferred in a 1.5 ml microtube and centrifuged (13000 g, 15 min at 4°C). 

8- E. coli cells were disrupted by adding 200  l of buffer containing 50 mM Tris-HCl 

pH 8.0, 8 % sucrose, 0.5 % triton, 10 mM EDTA, 4 mg/ml lyzozyme, and incubated 5 min 

in ice. 

9- Total RNAs were prepared by phenol extraction treatment (see Note 18). To the 

samples, 200  l of phenol saturated with 0.1 M sodium acetate pH 5.5 and 10 mM EDTA 

were added. Cells were vortexed during 30 sec at high speed under the fume hood. The 

samples were heated at 65°C during 15 min and mixed every 5 min.   

10- The mixture was cooled on ice and centrifuged (10 min, 13000 g). The aqueous phases 

were carefully collected, and the phenol and interface were re-extracted by vortexing the 

samples with 100  l 0.1 M sodium acetate pH 5.5.  

11- After centrifugation, the aqueous phases were pooled and extracted once with 

phenol:chloroform previously saturated in sodium acetate 0.1 M pH 5.5, and once with 

chloroform. The RNA was then precipitated twice with 3 volumes of cold ethanol in the 

presence of 0.3 M sodium acetate (final concentration). 

12- The pellets were washed twice with 200  l of 80 % ethanol, vacuum-dried, and 

dissolved in a small volume of sterile bi-distillated water. The RNA concentration was 

measured and 10  g of material was used for primer extension. 

13- Primer hybridization, elongation by reverse transcriptase, and PAGE fractionation 

were as described (§3.8.), except that primer extension was conducted at 45°C for 30 min 

with 5 U of reverse transcriptase.  

14. Technical problems might occur during the handling process (see Notes 19-20). 

 

3.10. In vivo DMS modification  

1. DMS modification can be performed in vivo under different growth conditions 

(temperature, medium, growth phase). The protocol described below was adapted for E. 

coli to map the structure of mRNA at 15°C and 37°C (4).  

2- Bacteria (15 ml of culture) were grown in LB medium in a 50 ml sterile tube to mid-

logarithmic phase at 37°C (until an OD600 of 0.5 was reached). 
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3- Reactions were performed with 30, 60 or 120  l of DMS for 3 min at 37°C, or with 60, 

120, and 240  l of DMS for 3 min at 15°C after gentle shaking. The best conditions for 

modifications were with 60  l of DMS at 37°C and 120  l of DMS at 15°C.  

4- The reactions were stopped by adding 75 ml of cold stop buffer containing 100 mM 

Tris-HCl pH 8, 100 mM ß-mercaptoethanol, 5 mM EDTA. 

5- The cells were pelleted (3000 g, 15 min, 4°C), and dissolved in 1.5 ml of cold buffer 

10 mM Tris-HCl pH 8, 100 mM NaCl, 1 mM EDTA. The cells were transferred in a 1.5 ml 

micro tube and centrifuged (13000 g, 15 min, 4°C). 

6- Incubation control is performed on cells grown and treated in the same conditions as 

above but in the absence of DMS. A stop control was also done to verify that no DMS 

modification occurred during the RNA extraction. In that control, DMS was added after 

the addition of the stop buffer. 

7- Preparation of total RNAs, primer extension and PAGE fractionation were as described 

above (§3.9., steps 8 to 13).  

 

4. Notes 

1. Safety rules. For manipulating radioactivity, work behind a plexiglass screen, and wear 

glasses and gloves. For phenol extraction, work under a fume hood. Since all the chemicals 

modify nucleic acids, they are potential carcinogens. It is therefore essential to manipulate 

the reagents under a fume hood and to wear protective gloves. The reagent solutions, the 

supernatant derived from the first precipitation step following the RNA modification and 

all the tubes that have been in contact with the reagent must be treated as follows : for 

DMS and kethoxal, all samples are discarded in 1N sodium hydroxide, and for CMCT all 

samples are treated in 10% acetic acid.  

2. For lead(II)-induced cleavages, buffers with chloride ions should be avoided as Pb(II) 

acetate might form precipitates with it. Since Pb
2+

competes with Mg
2+

 for RNA binding, 

the efficiency of cleavages will depend on the Pb
2+

/Mg
2+

 ratio. 

3. Kethoxal is a highly viscous solution and should therefore be weighted instead of 

pipetting. First, tare a micro tube, transfer some kethoxal in the tube with a 200  l pipettor 

and weight the tube again. The same procedure is done with CMCT. 

4. Since the chemical reactions are influenced by the temperature, the experimental 

conditions have to be adapted for each temperature. For instance, DMS modification at 

4°C was for 20 min with 1  l of DMS whereas at 50°C reaction was for 5 min with 1  l of 

DMS diluted 1:16; CMCT modification was at 4°C for 45 min with 5  l of CMCT 
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40 mg/ml and was at 50°C for 5 min with 5  l of CMCT 14 mg/ml; kethoxal modification 

at 4°C was for 30 min with 5  l of kethoxal 20 mg/ml and at 50°C was for 5 min with 1  l 

of kethoxal 10 mg/ml.  

5. In vitro RNA transcripts generated by T7 RNA polymerase have an heterogenous 3' end 

and sometimes at the 5' end. A solution is to incorporate ribozymes into the transcripts at 

the 5'- and/or 3'-end of the target RNA sequence (46). Fractionation of RNA on PAGE 

remains the method of choice for purification. For long RNA molecules, electro-elution 

might help to increase the elution efficiency.  

6. During PAGE purification, the RNA is denatured, it is thus essential to design 

renaturation protocols in order to obtain homogeneous RNA population and to test whether 

this conformation is biologically relevant (enzymatic activity for ribozyme, efficient ligand 

binding). Alternative RNA conformations may co-exist and by varying the concentration 

of MgCl2, one of the two conformers might be stabilized. If the conformers have different 

electrophoretic mobilities on native polyacrylamide gel, chemical probing can be used to 

distinguish them. After chemical modification, the co-existing structures are separated on a 

native polyacrylamide gel, and the modification sites for each conformer are then 

identified by primer extension. 

7. Kethoxal might have a partially denaturing effect on RNA structure even if the reaction 

was not too strong (all the guanines are modified). Concentration of kethoxal or the 

incubation time should be reduced in order to get only modifications at guanines located in 

single-stranded regions. 

8. To keep high resolution of the gels, acrylamide, urea solutions, and in particular 

ammonium persulfate should be prepared freshly. 

9. Each experiment should be repeated at least twice, and only the reproducible 

cleavages/modifications will be considered. As mentioned previously, the elaboration of a 

reliable secondary structure RNA model requires data from various chemicals.  

10. No full-length RNA: reaction was too strong (see Figure 1, lanes 4 and 5). Time of the 

reaction and/or chemical concentrations have to be reduced (Figure 1, lane 2). 

11. Compression of bands due to stable secondary structure (in general rich in G-C base 

pairs) can be observed using end-labeled RNA. Heat the samples before loading on the gel 

and the gels should be warm before sample loading and during the migration. 

12. Aggregation of end-labeled RNA in the gel pockets and only fragments of small sizes 

can be visualized. The pellets were not correctly dried after ethanol precipitation. The data 

cannot be interpreted. 
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13. Samples do not migrate correctly during electrophoresis due to the presence of salt. 

Add several washing steps with ethanol 80% at the end of the procedure. 

14. Appropriate incubation controls are essential to identify cleavages that are induced 

during the incubation treatments, and the pauses of reverse transcriptase that are due to 

stable secondary structures or cuts. Nucleotides for which strong bands are visible in the 

control lanes are not considered for the interpretation. If too many bands occur in the 

incubation controls of end-labeled RNA, repurify the RNA and prepare new sterile buffers. 

If too many RT pauses in the incubation controls, it can be due to RNase contamination, 

strong secondary structure of RNA (the extension can be done at 42°C), or to the primer 

location. AMV (Avian Myeloblastosis Virus) RT should be used rather than MMLV 

(Moloney Murine leukemia Virus) RT, the latter being more sensitive to RNA secondary 

structure. 

15. Absence of signal after primer extension: the modified RNA did not efficiently 

precipitate, the pellet was lost during the removal of supernatant, the hybridization 

conditions need to be optimized. Optimal conditions for primer hybridization should be 

established in a series of pilot experiments. The optimal temperature for annealing varies 

from RNA to RNA, depending on the G+C content, the propensity of the RNA to form 

secondary structure, and the length of the primer. 

16. Reverse transcriptase stops at the nucleotide preceding the cleaved nucleotide. Thus, 

the resulting cDNA is one nucleotide shorter than the cDNA corresponding to the 

sequencing lane (see Figure 1). 

17- Data from in vivo probing are more complex to interpret than the in vitro probing. One 

of the main reasons is that the studied RNA might be involved simultaneously in several 

complexes. However, in vivo mapping becomes powerful when it is used in a comparative 

manner. For example, conformational changes of mRNA induced by a trans-acting ligand 

can be identified upon repression or activation of translation. DMS and lead(II)-induced 

cleavages can be used to monitor the conformational changes of mRNA under different 

growth conditions and environmental cues such as temperature (4).  

18- Alternative to phenol extraction, other protocols used to extract total RNAs can be 

used. Reagents combining phenol and guanidine thiocyanate enable a straightforward 

isolation of total RNAs from samples of human, yeast, bacterial and viral origin. Fastprep 

instrument and the associated commercial kits (Q-biogen) to lyse the cells and to prepare 

total RNA extracts is also an efficient method.  
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19- Weak signals and no-more full-length RNA: incomplete homogenization or lysis of 

samples, not enough material (increase the quantity of RNA), reaction was too strong 

(reduce either the quantity of the reagent, or/and the time of incubation). Check that the 

reaction was efficiently stopped before the extraction of total RNAs.  

20- Strong stops in the control lanes: degradation of RNA, pauses of RT due to stable 

secondary structures, post-transcriptional modifications which stop reverse transcriptase 

elongation (primer should be changed in order to cover the modified base). !
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Table 1: list of the most commonly used chemicals for probing RNA structure 
 

Probes Target Modification Direct 

detection 

RT 

detection 

In 

vivo 

Comments 

Base-

specific 

chemicals 

      

DMS A(N1) 

C(N3) 

G(N7) 

N1-CH3 

N3-CH3 

N7-CH3 

- 

+ 
b
 

+ 
b
 

+ 

+ 

+ 
b
 

+ 

+ 

+ 

- pH 4.5-10 

- T° 4-90°C 

- Tris should be avoided 

because DMS reacts with 

amine groups 

DEPC
c
 A(N7) N7-CO2H2 + 

b
 + ? - pH 4.5-10 

- T° 4-90°C 

- Tris should be avoided 

because DEPC reacts with 

amine groups 

CMCT G(N1) 

U(N3) 

N1�C=N�R 

| 

NH�R� 

 

N3�C=N�R 

| 

NH�R� 

- 

 

 

 

- 

+ 

 

 

 

+ 

- 

 

 

 

- 

- pH 8  

- T° 4-90°C 

- soluble up to 300 mg/mL 

in water 

kethoxal G(N1) 

G(N2) 

N1�CH�OH 

| 

R� C�OH 

| 

N2�N�H 

- + + - pH 8 

- stabilized by borate ions 

Ribose 

specific 

reagent 

      

1M7
a
 - 2�-OH ribose 

- Unpaired 

nucleotide 

O-acylation - + + - Active under a wide 

range of conditions 

- rapidly hydrolyzed in 

water 

Divalent 

ions and 

hydrolytic 

cleavages 

      

Pb(II) 

acetate 

- Specific 

binding sites for 

divalent ions 

- unpaired and 

dynamic regions 

�Np (3�p) + + + - chlorure should be 

avoided  

- Reaction is stopped by 

the addition of EDTA 

 

Ni(II) 

complex 

- Unpaired 

guanines, G(N7) 

Oxydation of 

guanine 

+ 
b
 + ? - Reaction is stopped by 

the addition of EDTA 
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Fe-EDTA 

(radical 

hydroxyl) 

- Accessible 

surface of large 

RNA 

- Binding sites 

for divalent ions 

- Cleavage at 

ribose (C1�, 

C4�) 

+ + ? - Reactivity relatively 

insensitive to pH, T°C 

- Only sodium phosphate 

should be avoided and 

glycerol (lower than 

0.5%) 

In-line 

probing
c
 

- Unpaired nt 

 

Phosphate 

linkage 

cleavage 

+ + ? - Works under a wide 

range of conditions: salt 

and Mg, T°C 

- Optimal pH 7.5-8 

- long incubation time 

 

DMS, dimethylsulfate; DEPC, diethylpyrocarbonate; CMCT, 1-cyclohexyl-3-(2-morpholinoethyl) 

carbodiimide metho-p-toluene sulfonate; (a) 1M7, 1-methyl-7-nitroisatoic anhydride, other 

derivatives of 1M7 are NMIA (N-methylisatoic anhydride) and BzCN (benzoyl cyanide). Detection 

method: (direct) detection of cleavages on end-labeled RNA molecule; (indirect) detection by 

primer extension with reverse transcriptase using either 
32

P-labeled primer or primer labeled at the 

5� end with a fluorophore. (+) The corresponding detection method can be used; (b) a chemical 

treatment is necessary to cleave the ribose-phosphate chain prior to the detection. In vivo mapping: 

probes, which diffuse efficiently across membranes and cell walls (+), other probes can be used 

after permeabilization of the cell (-), probes that were not yet used in vivo (?). Specificity, and 

products generated by the probe action are indicated. Most of the probes provided information 

useful to build a secondary structure model and elements of the tertiary folding, and to map the 

binding sites of RNA ligands. (c) not appropriate for mapping the binding sites of proteins because 

DEPC modifies proteins and the time of incubation for in-line probing is quite long.  
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Legend to Figures 

 

Figure 1: Chemical probing on Escherichia coli thrS mRNA. (A) Gel electrophoresis 

fractionation of products resulting from dimethylsulfate (DMS; N1A>>N3C) and 1-

cyclohexyl-3-(2-morpholinoethyl) carbodiimide metho-p-toluene sulfonate (CMCT; 

N3U>>N1G) modifications followed by primer extension analysis. (Lane 1, 6) Incubation 

controls performed in the absence of DMS or CMCT, respectively; (lanes 2 to 5) DMS 

reactions performed with 1  l of pure DMS (lane 2), 1  l of DMS diluted in ethanol 1:2 

(lane 3), 1:5 (lane 4) or 1:10 (lane 5); (lane 7) CMCT modification of free mRNA in the 

presence of 4  l of CMCT 40 mg/ml; (lanes 9 to 11) CMCT modification of thrS mRNA in 

the presence of increasing concentrations of threonyl-tRNA synthetase (ThrRS) (lane 9, 

50 nM; lane 10, 100 nM; lane 11, 250 nM). (Lanes A, G, C, U) sequencing ladders 

corresponding to the mRNA sequence. (B) Structure of the stem-loop located in the 5� 

leader of thrS mRNA that is specifically recognized by ThrRS. (Top) crystallographic 

structure of the stem-loop structure according to (47). Nucleotides reactive towards 

chemicals are in grey. (Bottom) Secondary structure model showing the reactivity of 

nucleotides towards DMS (N1A, N3C) and CMCT (N3U, N1G): circled nucleotides are 

reactive: strong (black circle) and weak reactivity (dashed circle) ; no symbol, not reactive. 

The internal loop, the so-called loop C motif, adopts a particular structure formed by three 

stacked triple base pairs explaining the weak reactivity of A-20 at N1, and the non 

reactivity of C-21 at N3 towards DMS while U-43 which is bulging out is highly reactive 

at N3 towards CMCT. Most of the nucleotides of the apical loop are also highly reactive at 

one of their Watson-Crick position. This loop is the main binding site of ThrRS as 

evidenced by the protection observed at N3 positions of U-29, U-31, U-34 and U-35 and 

N1 position of G-32 while N1 position of G-30 became more reactive upon protein 

binding. The chemical data were fully correlated with the crystal structure of thrS mRNA 

associated with ThrRS (45).   
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Caractérisation d�une interaction spécifique entre l�ARNIII de Staphylococcus aureus et la protéine Tex 
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Function of Tex in small RNA mediated regulation of gene expression in Staphylococcus aureus !"#$%&'" 
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 !"#$%%%&'(&S. aureus !"# $%&"'()*) $%++! ,& *)-,./#!,* +/0!,* (! ./ 1'*,.!&$! (! ./ 2/$#)*'!3 4. 
/-'# /, &'1!/, 5%"# #*/&"$*'5#'%&&!. !& '&#!*/-'""/&# /1!$ "!" 678+ $'2.!"9 5!*+!##/&# ./ *)5*!""'%& 
'()& *+,-./0()& '!1'2.)/,0& (-& 3!(4*+())/,0& '()& (4,-,4/0()5& 6()& (4*.+/(07()& '(& 72+,81-,9+1*2/(&
'!1::/0/-.&,0-&*(+8/)&'!/'(0-/:/(+&'(;4&*+,-./0()&)(&3/10-&<&3!"#$%%%=&3!(0',+/>,0,$.)/"! 444 :78/"! 444; !# 
<!=3 6.%*" >,! ./ 78/"! 444 ()-*/(! .!" (,5.!=!" 678444?678+9 ./ @%&$#'%& (! <!= &A!"# 5/" 
$%&&,!3 <!= :<%='& B=5*!""'%&; !"# .A%*#C%.%-,! (! ./ 5*%#)'&! !,$/*D%#! E5#F '+5.'>,)! (/&" ./ 
*)-,./#'%& #*/&"$*'5#'%&&!..! !# 5%"#?#*/&"$*'5#'%&&!..!3 B..! $%&#'!&# (!,= (%+/'&!" (! .'/'"%& G .A6H8 
:ICI !# I#C; !# G .A678 :EJ !# K>-L;3 6@'& (! ()#!*+'&!* "/ @%&$#'%& $C!M S. aureus9 ,& 1/*'/&# 
().)#) (, (%+/'&! EJ / )#) $%&"#*,'# :<!= (!.#/ EJ; !# ./ .'/'"%& (! <!= !# <!= (!.#/ EJ /,= 678 / 
)#) /&/.D")! 5/* (!" #!$C&'>,!" '& 1'#*%3 8%," /1%&" +%&#*) >,! <!= "! .'! /,= +%#'@" "'+5.!" 2*'&" 
*'$C!" !& 6NO (! 5.,"'!,*" 678 *)-,./#!,*" !# >,! .! (%+/'&! EJ $%&"#'#,! !& "%'9 .! (%+/'&! (! 
.'/'"%& /,= 6783 H!" (%&&)!" 5*).'+'&/'*!" ",--P*!&# >,! (!1;-+()& ',81/0()& )(+1/(0-& 1;))/&
'+5.'>,)" (/&" $!" '&#!*/$#'%&"3 Q/ @%&$#'%& (! <!= / !&",'#! )#) )#,(')! 5/* ./ $%&"#*,$#'%& (! 
+,#/&#" (A'&"!*#'%&3 Q!" "%,$C!" "/,1/-!" !# +,#)!" +%&#*!&# ,&! $*%'""/&$! '(!&#'>,! !& +'.'!, 
*'$C! !# +'&'+,+9 '&('>,/&# >,! ?(4&0!()-&*1)&())(0-/(33(&*,;+&S. aureus3 Q!" +,#/&#" 5*%(,'"!&# 
5.," (! 2'%@'.+" >,! .!" "/,1/-!"9 '&('>,/&# ,& *R.! (! <!= (/&" ./ 1'*,.!&$!3 B&@'&9 (!" 
(4*.+/(07()& '!/88;0,*+.7/*/-1-/,0& (-& *+,-.,8/@;(& ,0-& 8,0-+.& ;0& +A3(& '(& ?(4& '10)& 31& +.9;31-/,0&

#*/&"$*'5#'%&!..! !#N%, 5%"# #*/&"$*'5#'%&&!..! (!" @/$#!,*" (! 1'*,.!&$! 5*)$%$!"9 .%*" (! ./ 5C/"! (! 
-+10)/-/,0&'(&31&7,3,0/)1-/,0&<&31&'/)).8/01-/,0&'10)&3!2A-(5 

Staphylococcus aureus9 6789 <!=9 4&#!*/$#'%&" 

 

S.aureus 786444 '" $%&"'(!*!( /" / +/"#!* *!-,./#%* %@ 1'*,.!&$! -!&! !=5*!""'%&3 <C! 786 
*!-,./#!" -!&! !=5*!""'%& /# #C! 5%"#?#*/&"$*'5#'%&/. .!1!. /..%S'&- *!5*!""'%& %@ ",*@/$! 5*%#!'&" 
/&( /$#'1/#'%& %@ !=%#%='&"3 4& 1'#*% 5,..!(?(%S& !=5!*'+!&#" .!( #% #C! '(!&#'@'$/#'%& %@ #S% 5*%#!'&" 

'&#!*/$#'&- S'#C 7864449 #C! !&(%*'2%&,$.!/"! 444 :78/"! 444;9 T&%S& #% (!-*/(! 786444 +786 
(,5.!=!" /&( <!=3 <!= :<%='& B=5*!""'%&; '" /& %*#C%.%- %@ #C! !,T/*D%#'$ 5*%#!'& E5#F9 T&%S& #% 2! 

'&1%.1!( '& #*/&"$*'5#'%&/. /&( 5%"# #*/&"$*'5#'%&/. *!-,./#'%&3 4# '" $%+5%"!( %@ #S% H86 2'&('&- 
(%+/'&" :I#I /&( ICI; /&( #S% 786 2'&('&- (%+/'&" :EJ /&( K>-L;3 <% (!$'5C!* #C! 786 2'&('&- 

$/5/$'#D %@ <!=9 S! C/1! $%&"#*,$#!( / 1/*'/&# %@ #C! 5*%#!'& ./$T'&- #C! 5,#/#'1! 786 2'&('&- 

',81/0&BC& D?(4EBCF=& 10'&1013GH('& -2(&>/0'/09&*+,*(+-/()&,:& >,-2& -2(&I/3'& -G*(&10'& -2(&?(4 EBC&
5*%#!'& 2D ('@@!*!&# '& 1'#*% #!$C&'>,!"3 4&(!!( <!= *!$%-&'M!" 5*!@!*!&#'/..D ,&5/'*!( 6NO *'$C 

"!>,!&$!" %@ "!1!*/. *!-,./#%*D 786"9 /&( #C/# #C! EJ (%+/'& '" 5!* "!9 #C! 786 2'&('&- (%+/'&3 
I%S!1!*9 %#C!* (%+/'&" %@ <!= "!!+ #% 2! /."% '&1%.1!( '& 786 2'&('&-3 <% 2!##!* (!@'&! #C! 
@,&$#'%& %@ <!= '& 1'1%9 S! '&"!*#!( /& '&#*%& '&#% #C! $%('&- *!-'%& %@ #!=3 U'.( #D5! /&( +,#/&# 
"#*/'&" -*!S /# #C! "/+! */#! '& *'$C /&( +'&'+/. +!('/9 +!/&'&- #C/# <!= '" &%# !""!&#'/.3 V& #C! 
%#C!* C/&(9 +,#/#!( "#*/'&" 5*%(,$!( +%*! 2'%@'.+ #C/& #C! S'.( #D5! "#*/'&"9 ",--!"#'&- / *%.! %@ 
<!= '& 1'*,.!&$!3 L'&/..D9 / $%+2'&/#'%& %@ '++,&%5*!$'5'#/#'%& /&( 5*%#!%+'$" !=5!*'+!&#" 
C'-C.'-C#!( / 5%""'2.! *%.! %@ <!= '& #C! *!-,./#'%& %@ 1'*,.!&$! @/$#%*" !=5*!""'%& /# #C! 
#*/&"$*'5#'%&/. /&(N%* 5%"##*/&"$*'5#'%&/. .!1!. (,*'&- #C! #*/&"'#'%& @*%+ $%.%&'"/#'%& #% '&1/"'%& %@ 
the host. 

Staphylococcus aureus9 7869 <!=9 4&#!*/$#'%&" 
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