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[X#E) HEFLHHEAERY, HAKEA; i, BAEE(C23); CCRME@E, RABRE

(5 FE] Bo RTALERSEF@IEBHRE0L5THE . FE @fRERG C2C12 LR M F XN 0.5
mmol/ L it AN A AEMANL R K., R TREZLEKXAIFT CQCRMETRL—MeF PRy, RERFOH
IgE. TALAREE3Ih TAHRWEALH, LZh RAHRI. @BEEQRA RN A LN &L
AREE6hWBEEORORBENBETH(SEFHEIL P<0.05), 8 E24h. RRETFELAMNBA-FE(X
R C23) KA, T AAL AL 1 h BT L—80kDa &4, M3 110 kDa £ 9] 2855, T AL AL 6h A= 12h & H N
2. ABEAKRBEREERI LB FAMILE 24 h, £IZPE R A F R LN ZAIH, B AT 0K 2] 8 %
BEOLRRITHRARNEBNEADSH., b AR ELFEFHAEORBATWEMBFEL 110 kDa 2Kk 5
FHERY, @ FEH C2C12 mIaEA= 1% .
[FESES] R363 [ CRAFRIRES] A

The Molecular Mechanism of Nucleolar Impairment Induced by Peroxide Hydrogen in

C2C12 Myogenic Cells
WANG Kang-Kai, DENG Gong-Hua, LIU Ke, YI YurXin, E ShurMei, ZHANG Ling Li, and XIAO Xiarr Zhong
( Department o Pathaphysiology, Xiangya School o Medicine, Central South University, Changsha 410078, china)

[KEY WORDS] Hydrogen Peroxide (H»03); Nucleolus; Nnucleolin/ C23; C2C12 Myogenic Cells; Antisense
Oligonucleotide
[ ABSTRACT] Aim To observe the effect of oxidative stress on nucleolar impairment in C2C12 and clarify the possible

Methods 0.5 mmol/ L. peroxide hydrogen (H,0) were added into the cultured C2C12 cell lines to

Toluidine Blue staining and total protein synthesis analysis were performed to assess H,O5 induced nucle

molecular mechanism.
mimic oxidative stress.
olar structural and functional injury respectively.  Immunoblotting and antisense oligonucleotide were used to detect the changes of
nucleolar protein nucleolin ( also named C23) . Results Toluidine Blue staining showed predominantly compact, centrally lo-
calized nucleoli in intact control cells, but in HyOy treated cells, an early onset of nucleolar segregation could be found after 3 h
and 6 h.
significantly decreased after 6 h treatment with H,0,( P< 0.05), and lasted for 24 h.
was found by using immunoblotting after 1 h treatment with H,O,, and accompanied by dowrr regulation of its primary 110 kDa
band. The 110 kDa band decreased remarkably after 6 h and 12 h treatment with H,0,.

oligonucleotides for 24 h and 48 h, expression of nucleolin was dowrr regulated significantly, and nucleolar segregation and inhibr

Total protein synthesis analysis revealed that compared with normal cells, the capability of cellular protein synthesis is

Moreover, an 80 kDa band of nucleolin

After transfected nucleolin antisense

LI

tion of total protein synthesis could be observed.

Conclusion

The molecular mechanism of oxidative stress mediated nucleo-

lar impairment is related to cleavage and dowrr regulation of intact nucleolin.
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L1 #

DMEM ¥ % Bk # 2 XA &R £ H AL
A AX RN E RN EEFAY T
ANE] P AR A 47 B (HRP) AR B L 2 4T &
IeG. £ F L ¥ IgC X DAB R & kA& R R X FLZ
E AN E F f RFEACE B Bactin £ TR
& 2 Santa Cruz /A 8 7= db: R G 8 A 4L 2 & B F
Py RXEX R ENEER A T A RN
AamR(ER o
* 1 RCER X IE MBS TR FS

& e )7 41 IBHERA
IEX(S) 5'-ATG GTG AAG CIC GCA AAG GCI' GGC-3  Bfliai
BEHL(R) 5"-CAG CCG TAC ATC GCT GIC ACT TCG -3 #ifisin
= L(AS) 5" GCC AGC CIT TGC GAG CIT CAC CAT-3*  ifRia4n

1.2 YHpEEFRE
C2CI2 ALIR 4E 42 ¥ A i . E R 4o T

Jil & 15% % 4 /N4 1 7E %9 DMEM 3% 5 % F 37 °C,
5% CO, EFAAFER, FHAMEKEL 85% B4
R HoO, BN, H 2 H(BANAERE
£3K): E¥EXEAMATMLE DMEM &35 &,
@N,0, HF 4H fm A4 0.5 mmol /L H,0, H9 74 M1 7
DMEM %5 #. 4 58 37°C.5% CO, BHHFREF
30 mins1 h\3h.6 h\12h f1 24 h, B £ EBFE
REIZHANAA(BAIAETREEI R): EEMH
PR, QR XA ZBRA M, (IE X BRAEH, [
MAZBR L EAH
1.3 ®i-%e
BERERFER PR LTETA NSRS
WHEER2K, 4% L RTREIBREZABRERE
7 30 min, BB Hh & 0F R Z 5 2 i B F 0. 1% thdr
W X-100/ B BL h & o iR = IR AL 4L 15 min, B BR
HERFR G2 1% FREZ/ 1% HHBRALE
BEE2mn, BREZAHBRREFE, AT HA,
MEHFHE.
1.4 SRIZENEEST T
BEBREEN T EH#T. M5, A 1xSDS v
HEZ RS A, W E M & B R, 100 CE # 10
min, 12 kr/ min & /& 5 min, Yt & £ & . X A Bradford
FRITEOEE, #l&FHNEGH S E-80 CkH R
FE. 30 Mg BEEZ 10% B 7 % B 5 A E ik
E6ohJG, M (ACER) ZHBRTEFTIE, 2% 4+
mFEEEZEEHAIh BEMARRELCEMF

i Bactin % % 4k X% HRP 4710 89 £ 41 %70 & 41
F1G, EELFEFE 1hF0.5h, DAB B &7 &
HITRE,
1.5 YR EBREKESINSH

KHE Choukroun £V Z T F = #H7. KEE
Hulfe, BB EZARERFEERRLS AAR
BEN T EL AR EL MR EORS LR
DNA #F 28, AXITE: ARERERAKEN
= MR B Fi( V) / £ F 4 DNA(Me) o
1.6 RXEZEERESE C2C12 4

RAE A SH AN REHHELEERHAS LA
FHE ey EE O # 4T, A 660 UL TG i1 DMEM
ERBEBBECEEARX EXRMNEZ TR
B, AB AW 455 12 W ERAERGERT
% DMEM %% £ % 0.5 ml, &K E 30 min. 7
o7& DMEM 5 £ 2% 40 3 3% /5, fm A\ 1.5 mL
7 DMEM #%, A4 Al m A xR X\ IE
X HENEZHERERERRNREGT. 4h EHMA
2 mL 4 20% /N4 f1vE B DMEM 3 5 3, FF 24 h =
BhREZERLNBCLEEONRE . FEREKZ
REURREEERENIN.
1.7 SeithbiE

By £s RF BARLEA  £%, 24
B LhiR B B & FE 4. WL P< 0.05 H BT A F 5
HEER.

2 &R

2.1 TEASE C2C12 Mt rIR
FORRG 22 Qe i 5 ORI, 1IEH C2C12 40— M
B 1~ 2 DIRGL BUR BIAL T A A k. iR
WEAFE 3 h, FEMR OB EENZ, 185~ 7
A, AbHE 6 h BEONHIE, LA A% A SR 2 X 10
ANIEA (K 1 AR 2, Figure 1 and Table 2)
SEHAGRTER KN, H0, ¥ 6 h 5, 5
XTREZLAH LG, & B BB /) R R 749 50% (P
< 0.05) (K 2, Figure 2), 24 h J&, 40 & R H BE
A Rt FRZH 4 B Y 25% 245 (P < 0.01) .
% 2. Hy0, BT C2C12 MRBIAR = AR IR (« )
Table 2. Statistic analysis of stained nucleoli after 0. 5 mmol/ L

H, Oy induced nucleolar impairment

! A Uk B
1E % % IR 1.5%0.6
H,0,3 h 5.9 %0. 7
Hy0,6h 10.3%1.3"

a: P< 0.05,b: P< 0.01, 51FH X B EL#L .
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1. Hy0, X¢ C2C12 ALJE AR (= 24980820 ( 20 x 10)

Figure 1. Effect of 0. 5 mmol/ L. hydrogen peroxide on nucleolar structure in C2C12 (20 x 10).

—e— Hz0:

10 —a&— FHH

BERAAMEN

0 th g 6h 12h 24h

2. H,0, 3t C2C12 ALIRMA R EB A EE IS a:
P<0.05, b: P< 0.01, 5IE# XA LLE.

Figure 2. Effect of 0. 5 mmol/ L hydrogen peroxide on cellular protein synthe-
sis in C2C12

2.2 WEAER C2C12 MR- ERF

G REEN T 43t R R, T % BE 4H 4 41 i 3 L)
Y KL — 2% 110 kDa HItZ /- & 267, 0. 5 mmol/ L.
H0, Kb C2C12 408 1 h, AR 2 sk huiknr
F U B 73— 45> T =218 80 kDa 124 f# (& 3,
Figure 3),Hy0, 47 6 h A1 12 h i N &, A 110
kDa &7 B LU 59, 0 80 kDa 255 I {2 3% 8 98 (3% 3,
Table 3) .

2.3 BRIZEFETEMNZCEMSIEENEN

FIFH G PR e LAZ R 3 N C2C12 41 24 h
JE AR A0 S B R, B 8 B3 43 AT R IR UL R
BE B A AZ A= 2 B B U RIA, T IE R BEALAZ IR
WA R E A RIRIE LW E 4, Figure 4), KJE
PRI, ) SUZRR AL G 24 h, dHZA R &R
HRIRIEEL N IEH X R A . IE 5 BEHUAZ R 4b 3
HFIXEN 1/3(P< 0.05), 1M 1E X Kz Bl LR BR 4k 72
HEEFENBALEBREARITZEZR(P> 0.05, %
4,Table 4) .

& 3. H,0, £ C2C12 ALRAMZ - REARBHIREE
Table 3. Density of 0. Smmol/ L. hydrogen peroxide on cleavage

of nucleolin in C2CI12

A F B 8] 110 kDa 4&717 80 kDa 2% ff
0 1.427%0. 19 0. 00 £0. 00
0.5h 1.27 £0.23 0.29 %0. 10"
1h 1.04 £0. 18 0.39%0. 09
3h 0. 82 %0.21° 0.51%0. 12"
6h 0.53%0. 17 0.86 £0.22"
12h 0.39%0. 15 0.97 0. 21"

ar P< 0.05, b: P< 0.01, 51EF 0 B [a)( 1E 5% HR) 41 He Ao

s g o

& 3. H,0, 3 C2C12 AR HARiZ - R E R R B

Figure 3. Effect of 0. 5 mmol/ L. hydrogen peroxide on cleavage of nucleolar protein nucleolin in C2C12
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4. R MAZEEFT C2C12 HAEMZ - R ERAFRIENZIT
Figure 4. Effect of antisense on the expression of nucleolin in
C2C12 cells.

FIFH g o AR e SURZ TR T N C2C12 41 24 h
J&i, R i 22 G AR AT IR, R SR B % 2H 44 P A
A= et 0N B 35 22 T IR B 0 BN OE L S BN LA TR #%
P (P< 0.05, B 5 1K 5, Figure 5 and Table 5) o

S A REE KL, B R AR R %
P2 24 h A1 48 h Ji5 4H AL B 9 J5R £5 BCE Ak o IELAL %
1E SCRTRE AL A% B2 3 B ALK ( P < 0. 05) ; T 1E SR B
VUL e e 5 IE W X A M LR A gt 2 £ 7
(P> 0.05, % 5,Table 5)
x4 RXEZREHREW C2C12 MEZCEZEANEZR
Table 4. Density of antisense oligonucleotides on the expression
of nucleolin in C2C12 cells

4 A IRIEAE
1EH 0 IR 1.06 0. 14
1E X R 0.90%0. 10
BEHLIZ R 0.90 %0. 09
KR 0. 48 0. 08*

a: P< 0.05, 5IE X IRAIHE R .

B 5. %I E R XEEER C2C12 YRR I- #8982 ( 20 x 10)

A RXIRA, B NBENZIRAH, CONIESURIRA, D AR UZRA.

Figure 5. Effect of nucleolin anti- sense on nucleolar structure in C2C12 cells

R5BRICERNEZERY C2C12 AEZCEMRAERA
BREENHIR
Table 5. Effect of nucleolin anti- sense oligonucleotides on nucle-

olar structure and total protein synthesis in C2C12 cells

. BEAARK

| A3 -
gL o4 h e 48 h
IEH 6 AR 1.45 0. 43 5.91%0.28 5.98 0. 41
1E R 2.01£0.97 6.02 £0. 49 5.97 0. 32
Bl AL A% R 1. 67 £0. 66 5.89 £0. 36 5.86£0. 34
LR 6.75 0. 59° 3.91 £0. 33° 3.31 %0. 25"

a: P< 0.05, b: P< 0.01, 51E% %} BR4H EL#% .

3 it

VE R & R4 7, A e & A
JRHIE R, TR IE R E S S R T &
BN IS SR SR W, A AE R R
R0 AL S i 1 R, WD OR R L4 B 4y
B FRE UERIHE AL R 2 B A Ak B AT 5] O
MAMA AN B . RSB EERIN: 1~ 2
AR T e o BUBR (A AT ORI AR Sy 2 A RA U HLd
HEIA IR . 5 R AU ST B~ 5 W
A4 T I 0 R AR W 2 38 S, Y ARNE . AT
FELAE LAY b, 33— 35 R A 0. 5 mmol/ L i 48 LS
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R 80 S A A 2R, WL T C2C12 LR 41 A
AZ M 5 ThRe ISR, &5 BRI AR R F gE
g1 C2C12 A MI R A= 40 73 43 25, B R i =2 et ] IR
HEMER G 3 h 5, ARZRCAEZ A RE A
WORL, T IEH AR UAE 1~ 24 iRaEAs
BRE 1A RIS EALE 45 6 h S5 4l A B T
HIA R B R %, HRESEEE 24 h, 17 BB Al A R EE
JIRFE(6 h) Wi 5 TS5 (3 h) .

NT B R AN BT B A G 1 T
PLER . AHF 75K A S g% BRI H R, R A i 7K P 3
KT ZMZLEARNRIE RS TSR, X
HEAHE RNA KA B K T 2% Nopp140. Nucleophos-
min, Fibrillarin PA X #4738 ( Nucleolin) 55 . &5 5 & IH,
BARERIEHENH 3 ¥ REN 110 kDa. £ %
PEEAEFESE 1 h, BRI 110 kDa EA744, I8 TR 2] —
%k 80 kDa F i 7, JF i A5 1ot 48 A4 S A 3 B[R] (%) ZE
K, 1% 80 kDa 7B W IOV, 1 110 kDa = 32 i 95
550 REER 5 Kito 251 PHE K R % S (1) Saos2 FI
MG63 4 T R IR R T A [F . Lk 2
RSN, EACRIET LA 5] A% A B
{CREAS T RAEWZ, M FEAE I 110 kDa 42K
SRR . BRikz A, R EA R LR
AR SR, R REEAST TR (ERRK
) .

RERRARLTE KRR THANIR: SEHET]
EEZA M T Re i E 5 AR B2 &I 110
kDa 583 5> T I &9/, T X AR 1) K AETE
I [8] 9% & AR AFAE — & 17158 P, BV i 4k & 0k 5
AT KWL HL0, AEFE 1 h) K 528> 1 110 kDa
IR, SR 5 FEUZA 1045 (H20, 402 3 h 5 N
) EFE Z AR B S R R R KR WA
RMEI . NICAT T — 20 K R CHR, W 8%
RSN S ThRE MR, 45 8 R, A0 7R
B B %A R R R R A St g A0
{ZZ mRNA, {2 PR 5, Rt B Azl R &
EIRIE . 1 [F) Bt R AS A% AT G R 38 22 2 1)
S EARK AR, XIER: BCEEKS TR
TR SE T DL S BUZ A S T RS2 B

BAoRm R —MEM TR LOHBRERD, 2&%14C
EHRTEERZN M AR CEARSER
10% o FHINREPE KAZFEAR LY & i 40 A 3 5 A=

KRN A B oy B Gt i R A S AT R AR
SRR d e 0, R R R —
FAEH BB B IREBIRE B i AR IUE JUIESE
BAZRE AR K52 7 1 110 kDa (& D>
25 7SN BT ERZA . BT A R
AW BRI P, IR E AR KSR, T E AR
HHTE A RFT L T B A L B
AR A S W, 2 P Tl R IR AE? DR TR
FEZH LR T BRIR S0 A AT i 4 P 45 o) LTS AT AR A
FCo
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