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8 ¥ T oA EAZA= T, 5 AR MpS6& @ 6945 L —2K, W ApSe& & A= T 6y A b LA R
X, AR RpS6%E @ A= F 9 e 2 T RATe) Al
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KRB AR B (1S6(rpS6) H P AL T AN [ L i 4k |
{1t 25 {37 KL [ RPS6AFIRPS6BL i Clifi 43 54 1 JiE
{R5T I 22 AR W A A7 15 Ser235. Ser236. Ser240.
Ser244F1Ser247%4, fEmTOR-S6K-rpS6/5 T il ik,
rpS6HH [ Cui 1) 22 % R 1ol R Ak A7 o5 ml 4 3L B Vil
SOK MR 1k . WML rpS6ER A 1 L AE T A 55 41 il K
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G5 IR rpSOHE R AX M AAR40S /N VKL (1) 4H B
g5, AL T /AN FE R Sk, 20024, Dragon 5P it Jit
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h i, FRATTER TR AR 3% 4 B R (P-LISAYS | T
rpS64E H 2 7 5 Mppl0Ht (78 % A= T 4L € A JF B
FEAEAT HAE F AL, 3E R T rpS6tE 1 AN R AR A4
rpS6AFIrpS6D. rpSO6A & KirpS6 [ Clify K] 54~ £2 24

IZBEARER [1S6; SBALERHIA, USRI Z 51K

P A7 1 A 5 A S T IR, 1% B 11 A AR P A B e
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1.2 RIER MR N rpS62E B FIMppl0&E H 7
HEK293% #9577

HEK 29341 o % % T £ 10%J16 2 .37 [\ DMEM/
F12(1:1)3% 7 B vy, S50 {6 4 BT J6 % Nunc
Lab-Tek™E = &% B i P15 98, Fr A K EXN A
KW, B, TS 170% B2, 9K EE 21 b,
0.2% Triton X-100(PBSEL #il)ifi i%5 min, PBSI #E3
X, B %3 min, Duolinki: 71 & BRI FH 4 3 P13, 37 °C
B 130 min, [ I5F0N 1: 10053 B (1 S bt ArpS6.5 v
B Bt A4 R B Bt A Mpp 105 5 [ 471 4 (Duolink i 71 &
I PUARREBRRE) 100 uL, 4 CIRE NI H TR
2 JGPBSIE PR3, K10 min, [ 5I0A1:4005%
[FICEF™555 B Hi 4 lgG(H+L)FICF™48855 4 il IgG
(H+L) 37 °CilEFE 544 T 5 .60 min, PBSYE3 IR, BHK
10 min, 0.5 pg/mL DAPIE I [ W5 min, PBSy3
IR, B3 min, B 7 JEEHOGILER AR BB P LS.
1.3 P-LISAfZ AR MrpS62E H 5Mppl10ZE HHIHE
B{ER

A4 Duolink 2 1) & Ui W A T: 1A 1K70%
ZEEPK E T 5E 40 )5, 0.2% Triton X-100383% 5 min,
Duolink it 51 & B} FH 84 35 P ¥, 37 °CHf 14130 min, [7]
IS0 N 1:10047 B (1) G 0\ rpS6 5 v B Hi A4 A il T A
Mpp10# 52, [ 3T A4 (Duolinkisd 7] & A KT AAFR B R
F£)100 pL, 4 °CRE A RE F LA . Wash buffer AVGIE
3R, £ K2 min, I 1:5% B [JPLA MINUSFHIPLA
PLUSHR T (Duolink i 71 & 1 I HU AR BB RE), T
PRI £ 37 °CHiE B 1 h. Wash buffer Ajf YE3IK,
BEORS min, JON SR IR IE B 02 R, 37 CCIEH&
J 30 min, Wash buffer Aj AIHE BE29K, £F¢X2 min,
55 W15+ Wash buffer A, TS BTS2 b
W, 37 °C PCR 5t Vg #4100 min. Wash buffer BifVE27K,
£ 10 min, 0.1xWash buffer BR§#%E, U, 0.5 pg/mL
DAPIZ L [ V5 min, PBSHYE3 YK, BEX3 min, 3 H )5
PEFOCILIR £ AT s
1.4 rpS6E B 5Mppl0E B #ZHLITIE

¥ Miprotein A/GHEENR = i Ui Il F Ak, T 5 2
TRV IR L% W (50 mmol/L Tris-HCl, 150 mmol/L
NaCl. 1% NP-40. 0.5% sodium deoxycholate. 0.1%
SDSAIprotease inhibitor cocktail) 4 °CZ% 15 4% 5)) 24 fi#
30 min; 12 000xg. 4 °CE§.320 min. H(200 pL |35
N2 pLAdirpS6H ve FEfiiA4 °CiE F il &, n100 uL
protein A/GH#EIR, 4 "CHAGRES)S h, B0, e, R

IS U3 U5, 64T Western blot73 47

HLYk 45 o5, LA90 V. 80 min(l) 4 fF 6 55 1 4
B B IHIR AT 4 21, 5%/ IR W H37 °CHHAI1 h, N
1:5007 B 1 B HTMpp 10 5 50 [ 1444 °CHi 5 1L 1.
0.5% TBSTIHUE3 YR, H1:15 000F% B 14 (L =E- 4T lIgG/
HRP 37 °CJ W1 h. TBSTi&YE3 IR, Enlight™ b2k
DRI
1.5 HA-rpS6X H @ 1 38 T {KHA-rpS6AFTHA-
rpS6DE %R iX H KB M52

P& B HA-rpS65E DR R Bidie, a8 1 PCRIV) 7 1%
HAF HA-rpS6. HA-rpS6AFI HA-rpS6DFHEF , BamH 1
FXho DXLV )5 v % A pIRES2-EGFP i f H, L A&
BRAE L SR BEAT . I TP HA-rpS6HE DR 1K 97 189 48
5|4 HA-S6upF1 HA-S6down; HA-rpS6AXE R )1
% 514 HA-S6up F1 HA-S6Adown; HA-rpS6D%:
H9 148 514 HA-S6up F1 HA-S6Ddown. 5|47
F4n R iz HA-S6up: 5°-GCG CTC GAG ACC ATG
TAC CCC TAT GAC GTG CC-3’; HA-S6down: 5°-GCG
GGA TCC TCA TTT CTG ACT AGA CTC GGA C-3’;
HA-S6Adown: 5°-GCG GGA TCC TCA TTT CTG AGC
AGA CTC GGC CTT GCT GGT TGC GGC TCT CAG
GGC AGC-3’; HA-S6Ddown: 5>-GCG GGA TCC TCA
TTT CTG ATC AGA CTC GTC CTT GCT GGT GTC
GGC TCT CAG ATC GTC-3’,
1.6 rpS6-EGFP K H 3T {ArpS6A-EGFPF1rpS6D-
EGFPE{ZFRIXEH KHIHIE

rpS61t14 1 LIHA-1pS6-pIRES2-EGFP 4 54K, S6-
EGFPup#l S6-EGFPdown }j 5|4 ; rpS6A1Y 14 LI HA-
pS6A-pIRES2-EGFP Jy #i 4, S6-EGFPup#1S6A-EGFP-
down’}y 73 | 9; rpS6DIY 4% LIHA-rpS6D-pIRES2-EGFP
AR, S6-EGFPupMIS6D-EGFPdown 45 |4, BamH 1
H1Hind TIXUEEY) J5 v % ApcDNA3.1-EGFP ik, 4
WU LA T R ERAE . 1P H0an R BT s: S6-
EGFPup: 5’-GCG AAG CTT CCA CCA TGA AGC TGA
ACA TCT CCT TCC CTG-3’; S6-EGFPdown: 5’-GCG
GGA TCC TTT CTG ACT AGA CTC GGA CTT G-3’;
S6A-EGFPdown: 5°-GCG GGA TCC TTT CTG AGC
AGA CTC GGC CTT G-3’; S6D-EGFPdown: 5’-GCG
GGA TCC TTT CTG ATC AGA CTC GTC CTT G-3,
1.7 BB ERIEZEGFPRIEERMMAMARNIKSR
BE

{ifi F{ Lipofectamine 2000%% J*HEK 29341 Jit, H. 44
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AR P REAT: A 50 pL opti-MEMAIE I 1 15
FRHFERE2 uL Lipofectamine 2000, % iU E S minji5,
1550 pL opti-MEMAIK IfiL i 5% 77 HE 4 B¢ [10.8 pgH 41
JFRL (43 931 4 rpS6-EGFP-pcDNA3.1. rpS6A-EGFP-
pcDNA3. 11 rpS6D-EGFP-pcDNA3. 1) &, 3K
20 minj5, IAZI4IHE T . 48 hfisfEfl. 0.38 g/L
G418 TRLE , o GA18HLIE 4 bk R AE ), LA
A PR REE AT B T

PO 3L 2 £ W %%rpS6. rpS6ARNIrpS6D HEGFP
()R B L 40 PR P () A

Western blot% i EGFPRl-& & 3815 : 1 mL
SR S R Ae 2 F 3k rpS6-EGFP. rpS6A-EGFP Al
pS6D-EGFP AR [ 1) 41 ffd, L 430 pLidk4715% SDS-
PAGEHL K, HLIKES S, LA90 V. 60 min£cE¥G 8 A
R BN IR AT 4k 2 5, 5%/ g WhK37 °CH A1 h,
Hn1:1 000F B 1 % HTEGFP-tag, 37 °CJ %2 h, TBST
TEVE3IX, IN1:15 00047 % (1) 1L P fitlgG/HRP 37 °CJ
%1 he TBSTIEBE3 K, Enlight™ b 27 R il 71 v (1.
1.8 ERIZHARM S ERMNARANKERETE

¥ 3k )7 K HA-rpS6-pIRES2-EGFP., HA-rp-
S6A-pIRES2-EGFP#I HA-rpS6D-pIRES2-EGFP Jii ki
e Je NHEK2934H i v, 9 i 3843 46 g R IAHAR &
B 40 0 5 . Western blot%E e HAFI 5 (A (IR IA,
—HUAd ] 1:50087 8 14 fufianti-HA tag, 4 °CIE£1 N %
L7, TBSTIE B3¢, In1:15 000 B 1 1l =5t %
IgG/HRP 37 °CJz .1 h. TBST{# 37K, Enlight™41k,
RO B

G 58 9 e F A MHA R 25 25 1176 40 i 9 10 5

A7 A E FIEHA-pS6 . HA-rpS6AFTHA-rpS6Df# 1+
A PR T 2 B s TR AL BRI B b, e 4 i
A 42 70%~80%F 5 IS, HYNE %t [#] & 10 min, PBS !
PE3IR, BFK3 min. 0.2% Triton X-100if%5 min. 6%
BSA 37 °Cf 4160 min, Ji A 1:2005% B () % $ianti-HA
tag, 4 ‘CIE B NI . PBSYE3 VK, £:7/¢10 min, 1:400%7%
FRIICE™555 P flgG(H+L) 37 “CREE S A R R MV
60 min, PBSYE37, K10 min. 0.5 ug/mL DAPI %3k
S W5 min, PBSPYE3IR, BH3 min, $ 5 AEROG T
AL WA T,

2 R
2.1 rpS6&E A EHEK293A %= P 89 >
FEARRIE T, FRATIRI FH G328 7€ 6 XUbR 512 56 W0 5%
F: AP PE AIrpS6E 1 AN 43 A1 78 M i (R B ),
1M FLIE oy A {E 40 Az b, (R4 Az b e g S %
M58 = KA% R AR A RUSK R A 2 A b & i
HEAMppl03 & fr (& 1).
2.2 P-LISA#;KUERArpS62E H SMppl0Z&E HAYHH
E1EH
W4 AR B rpS6 4 [ /EHEK 29341 i r R %
5 Mppl10%E 1368 A7, $27-rpS6%E 11 1] fig /& U3 k% i
HE SRR AR . 8 HP-LISAR AR B FrpS6 ik
FILE 20 A 2 757 S Mpp LOEE A7 AEAT LA, I
rpS6 4 [1-5Mpp10FE [17E RARIRA FAFLEAH HAEH,
PR3 R AEAH HAE F I 2 G BE 5577 AR A oA
15 0L S rpSOEE [ LEAZ A 1K 0 A 5 B — B, RN
/DK AN ) A A R A I B rpS6 2 1 1 A7 AE(E12) 6

Bl SER A WARELAR N rpS62E A FEHEK 29340 A ) 89 93 7o
Colocalization of rpS6 and Mpp10 protein in HEK293 cells detected by double immunofluorescence

Fig.1
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El2 P-LISAH A#NrpS6%E B FIMpp10ZE A fEMAIZI— N RIHEE1ER
Fig.2 Interaction of rpS6 and Mpp10 in nucleolus detected by proximity ligation in situ assay(P-LISA)

Ho 5 SLPTUE 45 R AR WIMpp 104 1 7] HrpS6t FHAH 23 BERIFEGFPRIAEHMAMANKER
TAER(E3). EGFPRISEEBEMBEA %

& & K H 43 50 BE 10 7 1 D R4 5 T rpS6-EGFP-
& ¢ pcDNA3.1. rpS6A-EGFP-pcDNA3. 1 fllrpS6D-EGFP-
= | pcDNA3.TFE 41 ks, FK JL# % N HEK293 41 g

— 1, 3549 T Fa5E 1A ipS6-EGFP. rpS6A-EGFPLL

V| ' 1pS6D-EGFPZ (1 (A1 5 . HOC I £ B BE
' LRI 09 S B 11340750 M 23 A7 75 A 40 B 1 B
‘ SRR, RIS E D E A A A, B IR 2k

- N AL, A% A 298 6(K14). Western
| . blot7 #7 45 K B: Fo e R ISAEGFPRL& &k (M 1) 41 fy

= SaE R TR FIEGFP-taghit 84 11 (017 7E(15).
24 FEEREHARS BEEWAMRNHIREGRHA
E3 wELUEEARENrpS6E/FIMppl0ERE B A E L IEAR N BT

HEK2934RBa R ik RIHEEIER .
Fig.3 Coimmunoprecipitate of Mpp10 and rpS6 protein 1% LI TT IR M THA-rpS6-p IRES2-EGFP.

from native HEK293 cells supernatant HA-rpS6A-pIRES2-EGFP 1 HA-rpS6D-pIRES2-EGFP

A: Fa5E £ ikrpS6-EGFPHE [1JHEK 29341 il % B: F45E % ikrpS6A-EGFPE [ [FTHEK 29341 it & ; C: 45 % iArpS6D-EGFPAE [ JHEK 293 41 fitl
. METALLE HH, ipS6-EGFP. rpS6A-EGFPHIrpS6D-EGFPAE [ 3 7] ik A48 it

A: the stably transfected HEK293 cell line expressing fusion protein rpS6-EGFP; B: the stably transfected HEK293 cell line expressing fusion protein
rpS6A-EGFP; C: the stably transfected HEK293 cell line expressing fusion protein rpS6D-EGFP. Noted the characteristic distribution pattern of rpS6-
EGFP, rpS6A-EGFP and rpS6D-EGFP protein in nucleoli, all distributed in nucleoli and dispersed throughout the cytoplasm of each cell.

E4 FaFEFRKiErpS6-EGFP. rpS6A-EGFPHIrpS6D-EGFPE [ HIZRAl &
Fig.4 Stably transfected cell lines expressing fusion protein rpS6-EGFP, rpS6A-EGFP and rpS6D-EGFP observed by high
resolution confocal microscopy
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FA kL, JE8 A g N\HEK29340 o b, 35145 T e
F5iXHA-rpS6.HA-rpS6AFTHA-rpS6DAE [ ) 41 it 55
Western bloths: il ¢ 1: F& 72 41 i 2 1 24 fift v h 3 m]
il B/ HA-tagil & 8 1 1R IE(E6). Sz % O6S 5

Q
Q <
o [ &
&L

= :
anti-EGFP(59 kDa) “ -

5 Western bloti:lff2 EARE & PEGFP-tagit & Z A RIFRIX
Fig.5 Expression of EGFP-tag protein in stably transfected
cell lines detected by Western blot

Anti-HA

HEK293

HA-rpS6, HEK293

HA-rpS6A, HEK293

HA-mpS6l), HEK293

S HT R . HA-rpS6. HA-rpS6AFITHA-rpS6DZE [
ARG AR A D, At Ol YRR rpS6 £
L S rpS6-EGFP. 1pS6A-EGFPAIrpS6D-EGFPS [ —
(7).

o K ¥ B
S R

anti-HA(28 kDa)

[El6 Western blottil|i3 E 4 FHARL S & B RYRIX
Fig.6 Western blot was used to detect the expression of
HA-tag protein in stably transfected cell lines

DAPI Merge

—
b pum

=
0 pum

E7 TR NFE ERIZAHA-rpS6. HA-rpS6AFIHA-rpS6DZE [ HIHEK293 Al F HAME E AN 2
Fig.7 Distribution of HA-rpS6, HA-rpS6A and HA-rpSé6D protein in stably transfected HEK293 cell lines detected by double

immunofluorescence using rabbit anti-HA as primary antibodies
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—ELLA, rpSOHT AL AA40S /N HE (1) 21
5y ARk, BernsteinZ5 O (I 5T & IlrpS6 42 B B
MNP U3 BB SR — AN sy, U3k &
HESEM T, 2ZOETHRE = AixEa s
G FEARWEFUH, FATTRI FHP-LISAHE AR 5925 ¢
XRS5 S B UE W] T, A v 55 A% 40 hrpS6 d
AU e Rz, T Bl SU3RZ B A= SR
b PR AMppl1 03L& 7 JF HAEEAH BAEH . AHEE
e B T AR A B2 R 5, P-LISAEE AN
X 8 0T RS I 26 A% S S5 DNA ARSI, AN = T
RAEE, T H AT AR R SRR R0 8 5T R R AH BAfE
FHEAT IR ARSI, eksb> T AERe ek, A5 — AN ER 1 5T
AR F AR R AT AR B AR B — AN PO BE R, 45 AU
SN EDW 7 N A E A AL A e, U3KX iR
F A G AR ) D) g 32 A2 4 974 18S rRNAR i 44
TR B F 18S rRNAS R 1% B 4R40S /)N Y J
VA B S, CART BRI FE 45 SR R rpS6EE 1 I Ll fig
TE S5 mRNARE AR RE. AR 0 NER
Ko LEARWEF R, FATRIrpS6ts (1 BEWE HE N 5 %%
gi f gl Az b, o H 5 UBK R A 2 SR kR &
1 HMppl 03 & fir S AH B AR, FATHEMrpS6tt H
fRLfiE ] Be 5 18SHTATRNA K AN L BT K

RN A AR LAV 9 48 i AE KO8 3 i mTOR-
S6K-rpS6fi 5 il 4, mTOR» F 11 & IR 2 K K 1
(PR, AT A SORI il 1 A4, T Tk R A 11 SOKK
Wiy X ] fiirpS6tE IR 1k . PRtk R4 B, rpS6tE
1 AR A AN AR R A P A B XAEAE ) 8T
U3t [ 5 G IrpS6 £ 112 75 2 LR 10 T 2L A
MEAEUME A G ST DG 5 LR A
KEFVIARFUE . PR, FA TR T rpSe s H A
SR ArpS6AFIrpS6D. rpS6A & ¥ rpS6HE 11 Cliti [1)5
A 22 S PR IR A AL i A SR S T2 IR, 1% 5 1A
200 A R AN BE 1 W 1 1k, 1pS6DJE K rpS64k H Clifr F
5 22 AR AAT ;AT AL N R AR, 1%
TEA0 P BEARASRER IR Ak, (H AT BT R (b rpS6 £
FIR D fe, BF7T 45 R W] rpS6ANIrpS6DH (135 1
N4 Hkz Ui BrpS6sE H i3 AN 41 ik, IF Hoehr 1
U3z A E SR SR G . (EEAZA R, fe
5 1E N0 A% () o 1 T R AT 10 A7 45 5 (nuclear
localization signal or sequence, NLS), £ HL[{4% @ i {5
SAFE RN — PR AESVAONTH R H 2 IR FPKK-

KRKV/F41); 57— ] /=KR[PAATKKAGQAJKKKK
JP o 3X PR 52 4747 5 4B AT Himportin o7y iR
5, importin o & ¥ {4 7% — MNKR[PAATKKAGQA]
KKKK/JF%), "] #importin B}J] . Importin B{7 T-#% L
SEW R, 4546 T IRYIPimportin B7EGTPase
Ranflpl0ff 2 5 TR I HAs N ik . WFTTER W]
R B AR B N A0 Az 2 i sk 3 5 (A% e A
Simportin BZ 1 1% 0 I Kap123pakPselp4h &, SR )5
{EGTPase Ran/y 112 5 T R bRt 1 i A4
JRORZU s BATTHHED: rpS6HE A1 ] et A2 10 sk 1 3 i
HENH A%, HEm e TUK R A Ak, H2mpS6
AR 5% A5 5 L%, K hrpS6A-EGFP
FIHA-rpS6A 7>t AT LUE 7 T U3 R A E &4

HTAETA I, AEAHETT T, AT A T rpSe6.
rpS6ARMIrpS6DEE [ 43 Jill SHAFIEGFPR & 1 W F
fili& 8 . EGFPR-G 8 1 ) 48 FH 2201 Wl 1 s 77 (i
EAL W £2rpS6. rpS6AMIrpS6D R 178 40 I P4 143
i, (HAZEEGFPH H 73 1 13 120K, ot i)
23 ()7 B AN S ST 2, AT RE B2 rpS6. rpS6AF
rpSODE I 7E4H M A 1) 73 A sl D e R 4% . DRIt FRATT
N ¥rpS6. rpS6AFIrpS6DE H 5 A9 24 HE TR 1)
HAMRZE R Rl 5, 0% 986 S0 A MIHARL & 8 A
TEA M o0 Ain . 25 38 B EGFP R 1 43 +(Cliii)
HARFEMIrpS6. rpS6AFIrpS6D A A 7 41 il A (1) 73 Afi

PEABE G A TUEE (1) ) — DN IS S rpS6tE
& H R S R U3RL B 3 5 A 1 23 A ml A
TR, R NDRIZ . e SR e RIAEGFP
Fili 75 £ A0 R S IR AT S B, A A R R A
ANJEBEAS 40 i 11 48 1A% o #A rpS6 Rl & B 1K 4y
A, [ —AN40 fa b, rpSeRl-& 8 11 1 4041 o bt A6 41 i
(AR A AR o AT B g% A I P U5 It rpS 6 2
H PL A HARE & 8 20 A S DU uE ] 13X i, 4
WX ] g UKL & B 2GR A BUE 7R K FE 1)
e K.
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Abstract

subunit. However, using the technique of proximity ligation in situ assay and immunofluorescence analysis, the

Ribosomal protein S6 (rpS6) was considered as a component of the cytosolic 40S ribosomal

studies presented here revealed that rpS6 was not only a component of the 40S ribosomal subunit, but also colocal-
ized and interacted with Mpp10, an essential component of U3 snoRNP. The rpS6 protein had five phosphorylation
sites at the C terminus. In order to identify the relationship of distribution in nucleolus with its phosphorylation,
we constructed two mutations of rpS6. One was rpS6A whose five phosphorylatable serine residues sites were re-
placed by alanine residues, the other was rpS6D whose five phosphorylatable serine residues sites were replaced by
aspartic acides. The rpS6, rpS6A and rpS6D protein were expressed as fusion with EGFP and HA tag, respectively.
The results showed that not only rpS6 fusion protein but also rpS6A and rpS6D fusion protein could distribute in
nucleolus, suggesting the phosphorylation could not affect rpS6 protein entering into nucleolus. This work made a
way for the study of rpS6 function in nucleolus in future.
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