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[WE] B/ B8 B ol S B 7E % 38 3l bk il 45 7 W LA il (VSMC) 12 % - A
Jitp 1A 2R G5 B0 e S DR T 4 (ATF4) B 418 11 O Tk % B it p300 235 1 52 ), 40 20 R 018 W o
U I3 X B K VSMC VE FH B T REAL . T3k A7 18 M B ol R RURE AL SR AE L il v 5 R
FAFEAR RS 3% (0 K B E 3h ik VSMC, 43 15 % 40 CIE 5 R R It 375 00 380 ) R b e Ve e o ot 3% 4 (12
W O 10T R ) o JH A IR SR BRI 97 TR 72 h UL 43 ) SR JH S B i PCR . Western E1 05 2 4%
SRS W N A I P Y S 1LY X VSMC 12 3R 12 3R 30 I (ubiquitin activating enzyme , &
FRED) . B%E’FE HBMHEEA l(B-transducin repeat containing protein 1, B-TrCP1) .p300 K ATF4
mRNA Rik, E1 . B-TrCP1.p300 } ATF4 & 1335 M A ARG MR m, &8 (D8 H%E
T 1L S B ik VSMC 2 & (E1,B-TrCP1 . p300 & ATF4 mRNA Kk, 51E W 4l AH ke, 22
A G EE (P <0.01), B[] GE K 5 48 1 5 52 385 1 75 4172 R (E1.B-TrCP1 ., p300 J
ATF4 mRNA F KB Wi FH i, 2 56 3 L (P <0.01)  (2) 18 P B 3 8 1 v (3 3= 3h ik
VSMC E1.B-TrCP1.p300 % ATF4 & (R LE N, HEF ML, ZRHAGRIT¥E L (P<
0.01) ; R[] SE 1<, 8 12 B 28 38 1M 34 2H E1 . B-TrCP1 & p300 & [ 323K B Th i , 22 A i i
BN (P<0.01), ATF4 RILA FREH HER TG =2 L (P>0.05), (3) 18k B 52 i
T8 S B A PR, S0 BRI M B, 22 R SRR (P < 0.01) ; Rl R RE K, 12
P B I 3 2H B 1 AT MW T (P < 0.01) . Z5i8 18R s i v v Bk B B
Jik VSMC 17 2% -5 14 B AR A2 35 Ak, (5 X ATF4 1) 4 it 32 BEL, ] fE A p300 223548 A 5 . X
Sy k25 R I T, By V6 1% 1 B 0 I A AR R AR T — i ) R R S B A

(k8| BEohbil, 180, Mg, Fuil; 2%, AEABEEEE; 3
PG T 4

Effects of chronic renal failure rat serum on histone acetyltransferase p300 and activation of
activating transcription factor 4 of arterial smooth muscle cells cultured in vitro ZHANG Yao-
quan, HU Hong, YAO Xia -juan, CHEN Yan. Department of Nephrology, Jiangyin Hospital, Southeast
University Medical College, Jiangyin 214400, China

[Abstract] Objective To investigate the effects of the rat serum with chronic renal failure
(CRF) on ubiquitin - proteasome pathway, histone acetyltransferase p300 and activation of activating
transcription factor 4(ATF4) of rat arterial vascular smooth muscle cells(VSMCs) cultured in wvitro, and
explore the possible mechanism. Methods To establish the rat model of CRF by 5/6 nephrectomy,

VSMCs were incubated in the media with the 10% of CRF serum or control serum in vitro. The mRNA
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expressions of ubiquitin(Ub), ubiquitin activating enzyme(E1), ubiquitin ligases enzymes (- transducin
repeat containing protein 1, B-TrCP1), p300 and ATF4 in the rat VSMCs were examined by using real -
time PCR. Expressions of El, B-TrCPI, p300 and ATF4 proteins in response to the CRF serum in
VSMCs were determined by Western blotting analysis. The enzyme activities of 20S proteasomes in the
total protein were examined by using three special fluorogenic peptide substrates. Results The
CRF serum significantly promoted the mRNA expressions of Ub, E1, B -TrCP1, p300 and ATF4 in
VSMCs in a time dependent manner. Compared with that in control serum group, the mRNA levels of Ub,
El, B-TrCP1, p300 and ATF4 in CRF serum group increased significantly (P < 0.01). The CRF serum
also increased the protein expressions of El, B-TrCPl and p300 in a time dependent manner. The
expression of ATF4 was decreased, but the difference was not significant (P > 0.05). Compared with
that in control serum group, the protein expressions of E1, §-TrCP1, p300 and ATF4 in CRF serum
group increased significantly (P < 0.01). The activities of 20S proteasomes in the CRF serum group
were significantly increased in a time dependent manner. Compared with that in control serum group, the
activities of 20S proteasomes in the CRF serum group increased significantly (P <0.01). Conclusions

The serum of CRF rat can effectively active the ubiquitin - proteasome pathway, but ATF4

ubiquitinylated degradation is blocked. The latter may be associated with increased expression of p300.
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55 55 b e T B A R R 22— o L - UL A AR
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BT, )RR (ERS) 25 T VSMC
B AR I Ao A, G R 4 e R TR I O SR L T 4
(ATF4 ) XF A2 VSMC [a] BB 4 20 Bf 434 L 2 45 il
BRE I 3 A LG R R B AR IR
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Rz R -E AR RGEA WL, e H AR
6 T ATF4 193z Z AR 7 48 1 ko 7 il
p300 J& ATF4 1% J5 2l W 1, KR iES
5 ATF4 1 £ 1Ak , 8 BE T ATF4 25 &, BA
Hoyz ZACRE MR E ™Y, CRF B I 48 7 3 UL 40
it p300 1) 2R IR AR ARG O H AT IEANTE 2 . A
F5E R T CRE K BRI 37 B4 Hh 15 33 10 32 30 ik
VSMC, W57 2 - 8 [ B AR 3 48 1% 1% Je ATF4

p300 1Y F B AL AL, Ny Bk — A 45 ATF4 (1 R 15 2
R PR 0 S 0 A A

W5 7%
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1 SR #) . 6 ~ 8 Ji lik SPF 2 Mt Wistar K
40 2 AR T & (220+15) g, FEALT R 240, 20
20 H o o LA T A CRFBERY, O R A H il
.73 VA T RAEIE R KRBT . 44 5/6
DI ARHI/E CRF BLEL, RIS 4 B UIBRA 1 )5
DYBR 76 ¥ 2/3 B9 B 5t o 93 B 6 J& % SPF 4% M ik
Wistar KB 10 H, (R & (150£15) g, F T 40 1%
It VLB R = R AE L s s
fefit,

2. FEIRH X #s . DMEM-F12 8535 58 G
A= 137 (32 8 Hyclone ) 5 B-actin Hrik CRIIH ) ;
R ALIZ Z P05 B (ubiquitin activating enzyme , i FR
E1) $it {4 ( 32 E Millipore) ; EH11Z £ 2w & —$T
( € [# Chemicon) ; #$t p300 £ o FEHL 1K | St
ATF4(c-20) Z e BEPUIA RIBH T EE M A E
1 1(B-transducin repeat containing protein 1,3-TrCP1)
Z yEBEBUA BRI E ALY (HRP) FRic 9T
Pt (32 [ Santa Cruz) ; 20 i 24 i W (L6 W1 RE T
% ) ; RNAout ik /Il & (4% PH R KW A H D) ;
RT-PCR & 5] & (b 52 1 K %% 50 ) ; SYBR Green
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PCR 7] & ( H A TaKaRa) ; 25 (A B4 SR Y
(3£ [ Sigma) ; 34 91 fb 2% & 06 (ECL) 252 i 7 &
( 2 [# Pierce) ; 3% [E Bio-Rad ¢ Y6 5E & PCR 1Y ; 3
LR VRORE AR TR A (B S — A ) 5 B e iU
£4:(5500, 35 H Alphaimager) o

=k

1. U7 R BT 4k . CRF AR ARG 12 B K
SRR I S 5 I A, L AR 32 30 ik o, 432
MY IR A, 0.22 wm fFLIE RS U8 L 432% , -70°C TR
fE4 Mo I A fb K 4 2 PR 3 & (BUN) 28.76
mmol/L, JL i (Ser) 250.80 wmol/L, K*5.90 mmol/L,
Na *143.20 mmol/L, Cl” 102.23 mmol/L, CO,CP 22
mmol/L . 1F % Il 7 B9 >R 5 77 15 #1 CRF IL3E A ]
I3 A AL 2 : BUN 7.75 mmol/L, Ser 56.60 mol/L,
K*4.60 mmol/L,Na*134.20 mmol/L., C1 95.32 mmol/L,
CO,CP 24 mmol/L,

2. KB E 3 Bk veMC RGBS 37 % K 4y
A TCWH AT EUE KB ESN K, 403 25 S
FI PR, B9 5 1 mmx 1 mm /N, DL e vk k4T
VSMC [ JEAREE 3%, B A 20% it 47 1L 1) DMEM
SF12 53 3 37°C 5%CO, JE 35 46 b 15 55 A0 e
K 2] 80% il 7 Bt FH [ g 9 A AR AR, DL — o 6 B 4%
Pl EHT B FRh HEA T Y I B . SCR A 3 ~ 51K
YA . VSMC 2528 R DB 8 2 fla - 18 UL 3 2R
F (a-SMA) I 9 S . LI h 24 IEH
1375 40 < 2R FH 109% 19 1F % K BRUALIE 3% 5% ; CRF I %
2 - R FH 109%CRF K UM Al . 40 s 9% 72 h,
B3 A AH A5 0 24 h 48 h 72 h, 7E A [A] il B AH 5
HEATAH G S5

3. SEAY E i PCRERINZ E E1.B-TiCP1,
p300 & ATF4 mRNA ik : 55 37 40 i JC 118 [7] 25
T GO WIS , A 10% IE & I3 5% CRF 1L 375 A
[] 14 Bsf 1] 5, A A RN Aout 2 #1 , #5328 500 &0 18 1
547 5 RNA $2 1L, 4% 8 SYBR Green PCR i 7l
UL, 7E Bio-Rad #¢ )68 i PCRAX L #EATH”
W 51 H gAY TREARERA A EITA
B BN 32 2 1E LEE 5°- TGG CCG TAC
TCT TTC TGA-3", Jx L % 5°- CTC CAC TTC CAG
GGT GAT-3"; E1 1E X %% 5°- AGC CTA ATG GTG
AGG AGA TG-37, Jx X %% 5°-TCA GCG GAT GGT
GTA TCG-37; B-TrCP 1E X %% 5°- ATG CAA GCG
AAT TCT CAC AGG-3", Jx X5 5°-GGA ACG ATC
TTT GGA GCA GGT-3"; ATF4 1F 4% 5 -GTT GGT

CAG TDC CTC AGA CA-37, Jx XL 4% 5’ -CAT TCG
AAA CAG AGC ATC GA-37;p300 1E X 5% 5-GGG
ACT AAC CAA TGG TGG TG-37, J& X 5 5 - ATT
GGG AGA AGT CAA GCC TG-3"; B-actin 1F 55 5°-
GAG CTA CGA GCT GCC TGA CG-37, Ju X % 5 -
CCT AGA AGC ATT TGC GGT GG-3", % mRNA
E"J*HX%%‘%:@SE ACt =Ctpuw—Ctyz, '—Cji(ff,ﬁﬁiéﬂ Hﬁiﬁ s
A ACt= ACt rmm—ACt yma o mRNA B A5 502 4k
B A

4. Western E[J 705 3% 45 I ~F ¥ WL 40 J 4 E1 .,
B-TrCP1.p300 Jz ATF4 5 H 43k . (1) 5740
Te i )2 T GO WY, 10% 1E # IfiL 3% 5% CRF 1ML
T WA (] B B[] e i A M A 2R 1 T O
(2) K BB PURIE TR A HL20 peg 2R AR
il 25 10% SDS-PAGE #E Jic vk , 5% 58, 5% it g i
WA = 0 A 2 b 43 i A B4R E1(1:2000) |
ATF4(1:400) .B-TrCP1(1:1000) ,p300(1:1000) .
B-actin (1:1000) 4CHE T it % . DL HRP brid 1Y
IeG —HT(1:10 000) ERIFE 1 h, PeBE )5, IMA K
TR B, BRI AG A AR 73T o

5. B ARG PEAR I . 4B TE 10% 1E 7 1L
8¢ CRF M5 A5 , 43 BI7E 24 h 48 h. 72 h # 47
MR 5256 . (1) LUK 1 0.01 mol/L PBS ¥ 74 4 fifd
20 i ] 4 5 R 2B, 4°C 1000xg B9 40> 5 min, 4
JLTUE FH 1xPBS ¥ 2 U, 5% A EP & 1, 41l 20 mmol/L
Tris(pH 7.6) 1 ml, JE8CE WA H 5 min, 1 37°CK
W5 min, 288 3K . 13 000xg &5 .0> 10 min, B -
1 o (2) 1] Bradford ¥ W 2 2 FIR EE . (3) & 2H BRIk
VI & 20 we 40 5 2R AR B0, 435 5 & g
KRR IEY S . Z BUKY S: N-Succinyl - Leu-Leu -
Val-Tyr-7-Amido-4-Methyleoumarin , # %} 43 ¥ it &
763.9 , P & A& 5 380 nm A1 440 nm, B
BEE H AWM. IKYZ: Z-Leu-Leu-Glu-B-
naphthylamide, B X4y T R 632.8, I kI kG
WK 335 nm A1410 nm , B2 K -25 R BE- £ ikok
fi#t g 3% 1 5 ICHY) B2 Boc-Gln- Ala- Arg-7-amido-4 -
methylcoumarin hydrochloride , #H X% 43 ¥ Jii & 667.2,
R0 R B 380 nm A1 440 nm , Sz W i AR il
15 PE)TE 37°C/K A 30 min (G2 E R 10 pmol/L,
ZZ WM pH 8.0 HEPES, KW A £ 4 500 wl) . 4R
Jei AR FRIK 2 B2 b O, A B F 7K 3 ml i
J&i K FH SRR AL AT 9 6T 5 , LR O BE (A)
{8 S e T 95 1, A B 5 28 1 A 05 M B E A OG
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F PRI I FATE , LI ELE 3K,

= GiE Tk

TR DL x £ KR, DI E) A [H) 35 b5 2R H
WA R 2 B R R T 22 40 B, A R AS ) B R A 22 T
K FH SNK k47 2 8 L dst, fdH SPSS 10.0 #1432k
75381, P <0.05 Mok 22 38 Gt L.

s R

1. KR FE Sk VSMC %5« 3 sh Bk B J5
3~5 d BV 4 A 2L R B Y, 10 d J5 k4T
AR B B A 25 U R N AR K 2 B Kl
o, G e S OB B 07 A R AERIRES  a-SMA
B PE Y 8 B, 78 5 T DL ALZ2 R4, L
K1,

(C)
A MEHOE R IR KR 32 8 ik VSMC 55 5 K (x200) 5 B : KR
F Bk VSMC 20”43 " HE A (x100) 5 C : 20 i - SMA J% 6 [
P (R PE T x400)
B 1 E 3k VSMC B SR % 5

2. CRF K BRI 38 4il 3% 3= 2 ik VSMC AN [5] B[]
J51Z % \E1.B-TrCP1 . ATF4 % p300 mRNA % ik 78
1k: CRF I35 FIEUE Vi LAz 3R (E1.B-TrCP1
p300 2 ATF4 mRNA Fik ¥y B, 5 1EH 1 i 4140
Fb 22 A G2 X (P<0.01) ., Fifi s [A] 4 ZE
K, IE % M 492 & (E1.B-TrCP1 . p300 & ATF4
mRNA 235 JCHH i 28 1k ; CRF M5 4172 & \E1.B-
TrCP1.p300 }2 ATF4 mRNA %A B #i 1 i , 22 54
GiitE X (P<0.01), WK 2,

3. CRF K BRI 375 038 3= 2 ik VSMC AN [m] it [i]
J& E1.B-TrCP1,ATF4 J p300 2 i) %5 : CRF

<923
O 1 1t 35 4 BCRF IfiL 75 41
; i 44 abe
Xo iy
nb:é =3 ab
<4 552
- =2l a
E 2 E 14
E £
=0 — 0
= 24h  48h T2 h “7 24h 48h T2 h
I fi) I i)
- > 15 = 8]
abc =
Z 1 4 Z 6
N = 1=
— .H,K(:S al =z
Q_' -‘_‘ ab m %14-
(;) = 2 a g 'HJ&(
= + o
| E
0 = 04
24h  48h 72 h 24h  48h 72 h
st 1] s [
— 6 abe
=
=
<Zt EﬂE‘F4 ab
)
(=)
o
[=N
48h 72 h
fis} ]

5 IEWMIE A, P<001; 5424 h bk, P <
0.01; 5[A2H 48 h [L#:, P < 0.01

2 WHASTR AT E) 92 E E1LB-TrCP1  ATF4 K&

p300 mRNA 1) 335 (20} % i PCR)
I 7% 0 3% °F ¥ WLZ0 B JS E1 . B-TrCP1 ., ATF4 J%
p300 & AR IA S L, 51w miE 4 2 58 H 5%
TR (P <0.01), FlES[E] A9 2B, 1F 10035 40
E1.B-TrCP1.ATF4 & p300 25 4 ¢ 3k Jo W W28 1k
CRF IfiL{% 41 E1.B-TrCP1 & p300 %% ik & i T &
ERAGI#EX(P<001),ATF4 ZEWUA T
MR RIS I¥E L. WK 3,

4. CRF I35 %5 K B 32 2l ik VSMC 2 1 Bl A4 35
PERYSZ R . CRF I3 1FE F S BB fF VSMC 28 11 il {4
()35 PR A TR N, 5 OE IV AR 22 R A St
RN (P<001), FASE] A RE R 1E 5 s 48K
P it A 3% 4 0 B S 22 4k 5 CRF I3 41 48 11 B A0
PEZET =, ZRASIFE (P <0.01), W&,

Wi

A A5 AL S CRF S %O A8 I A Y B 2 i
Wz —, fe—D5 50 B AR E) VSMC £ 3)
PEPE R, EERRIESE VSMCTES IR R AR
N, R T WLAR Y i) R SRR AL, B2 AL S i R
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1 CRF L% X £ s ik VSMC 28 B 1A 208 W EE 36 P AU 520 (A, x =5 ,n=3)

KPS JEY 7 JKYI B
21 51
24h 48 h 72h 24 h 48 h 72h 24h 48 h 72h
T L5 20 527425 553110 54355 132325  131.3:58  132.7+8.7  94.6x4.2 950450  95.2+4.5
CRF IfiLi 41 96.3+3.8"  1253+5.0" 146.0+53™ 237.7+2.7"  330.7£12.9" 391.6+7.6™ 192.7+6.4"  290.6x11.0" 381.3+10.0™

TE G E I A P < 0.01 ;5[4 24 h Heks P < 0.01 ;5 [F4H 48 h LA, P < 0.01

118 000
43 000
11 800
43 000
300 000
43 000
38 000
43 000

OE#IMmiE4  MCRF L4l

DE'H 3.0 abe "rﬁ] 32 abe

24 h 48h 72 h 24 h 48h 72 h
A ] i ]
EﬂEH 3.5 abe M}H 3.0

24h  48h 72 h
Fisf [ i ]
Wel.3.5: IEW LT ;2.4 .6: CRF IL{5 26 5 15 1E 3 17 41
Wk, P <0.01; 5424 h b, P <0.01; 5448 h L4,
‘P <0.01
B3 PSR E] 5 B, B-TrCP1  ATF4 & p300 45 [ 1Y #E3k
(Western E[J 305 )

24 h 48h 72 h

. A S ATF4 & VSMC [ 1 B FF 20 g
Al ol R b SR PE R Y. B H kR
Runx2 %045 & T Fa-1(Cbfa-1) fil ATF4 7] % Sk
B 7 40 R 2 38 A 200 R AR S 2R R R G 2R O,
ATF4 [R] Bt J2 P 5T 9 6 38 (ERS) 2o 72 i 5 22 1
{55 HF", Masuda ZE“0F 5% & PO TE i g 1R o) 14
) VSMC 45 1k 3 72 7 43 ATF4 K i R AL 1Y ATF4 2
K kis, K25 TR 5800 VSMC & Rl F
FEAES Ak B 3 AR S0 ATF4 () 2 35 BE il VSMC

Ti] B 40 i 3 R Ak S 45 4k

ABF5E R, CRF LT 403 & 30 ik VSMC J&
ATF4 A mRNA FRiE T+, HoR A 3Rk Rl AR L F
SR Fh e, HR P B R 2 . A Y R s A
TZHE-EAMKRG M EH /A 1L : Ub El
mRNA [R5 K E1 & AR A BT &, EE
Fif it A 3% P R, L R () 0 E K 2K
RRGIG TR S 30 . X UEEH ATF4 ] ARk 1
Free b T AR i T2 2R - AR R 50 R 0 LT
B, 0z AL IR . SR R-E A BHEA RS
I AE B4 5 v 2 E3 B2, B3 B H G 41410
A FUR IR 0L — . ATF4 B4R S0k E3 R
B-TrCP1"™, AMF5E & I B-TrCP1 F& K FlEE 1 %
TR P87 B I T, L R A ) A K SRR B W T
X VL] ATR4 35 M 47 22 T 8 JFHE HL A S B3 g
TR T RS

ATFAVE R SR+, — W R G 2 8 £
P& 4, an R 1L . £ BE 1k L 32 % 1k & SUMO
(small ubiquitin-related modifier ) fL 55 , M fij 15 21| H
KR L S o e . AR R, 41
F 2 Bk 5% 7 i§ p300 J& ATF4 B 3% 5 8 28 3 A
T, AU AES 5 ATF4 1Y 2 BEAL , if fiE FIl ATF4
G, AR I 2R E-™ . p300 &
F 2 — Ff A X 43 7 B2 & o 300 000 1 K 43 T &
I, 76 45 i 7L sh 4 40 it b 35 3k, HAE R ]
Prpia) s B AR SE . HEE A &R 24045k,
TAZ 548 45 6 1 (55 50 DNA 454 FF b 75 ) L KIX 45
Fy 3k (5 CREB 45 & Fr b7 )  Bromo 25 #4385 (1] L)
gk 5 2 Ak R AR L AR A R S A
HAT S5t 3 Il 27 BEd8 45 #3055 . p300 AT LL 5 £
2 53 PR - 8 0 TR DG R A 45 A A BLAE
FH AL 2 A B R s L B P R 36, 5 5
Z A 3.

A2 5245 i p300 # il T ATF4 1972 2 4k k%
fift , FEOLFFSAFAE 7 AWEFE & I CRF 135 3%
J& p300 mRNA FlEE FH 1Y R IX 4 BT A, ELFE I
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(] %) 2 G p300 K3k B Wi = o HH T p300 Xf ATF4
B RRIRAE T, AT A 34 4 T ATF4 B R 2L = 3=
K AT RE A p300 HP Al Tz &R AR RS R
A Ko MR T B — LT, R & X p300
HEAT IE 5P 7 TR 9 B9 g WA X — R
R R I Y R S B Ik i 4 7
LA AR, ATF4 2 1 3R A AR RF 23, R R Ik
2R E AR R G ARG, 7T RE A oAt J5E 41 41

THIIRE . p300 2 ik Rr 2L 4 i A] g S L s A
Z\-# o

2 % X #t
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AT AT E#ERAS SR —LFE BiFEiC

AR LT — 26 0 G H8 b B 1 W AR e ir B4R S, B2 —

- B AR -

U BRI, AT LU R 1 HR 3o

1fiL % (BP) 5 5 ZE(CY) LKA H O (ESRD)
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