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[ Abstract | Objective  Post-translational modification of protein was the most important regulatory
mechanism of cell protein in playing biological functions. This study aimed to research ubiquitination or neddy-
lation associated proteins in tumor drug resistance. Methods  We employed 1D SDS-PAGE and Chip HPLC-
MS/MS to separate and identify ubiquitinated or neddylated proteins from the lysates of CDDP treated or untreat-
ed A549 and A549/CDDP cells. Western blotting and confocal laser scanning microscopy were used to validate
those results. The sensitivity of cisplatin to cells was determined by MTT assay. Results A SUMO protein
pyruvate kinase M2 ( PKM2) was identified which located in the cytoplasm and nucleus. The expression of
PKM2 was milder in the A549/CDDP cells than in A549 cells, but it was up-regulated when A549/CDDP cells
were treated with proteasome inhibitors MG132. Drug resistance was decreased when the A549 and A549/CDDP
cells were treated with CDDP combined with MG132. Conclusion  The expression of PKM2 is negatively
correlated with drug resistance in tumor cells. The expression of PKM2 is regulated by SUMO which was a
neddylation modification, suggesting that PKM2 might be involved in the development of drug resistance.
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1.1 A549 #= A549/CDDP %1 Ltk

i i ges 20 L ik AS49 Fi N Jiti it 92 T 5L A1 A% A549/CDDP
AN [ g SRS = R A R A
1.2 Z&ZXA AL

i 4A ( CDDP) | = Jik 5 Z B (MG132) ( Sigma /3 7 ) , RIPA
S4W (i RETER A AR A BRA R , B IR IR &
1 (Roche /A T]) , N-Z, 3 I T %7 — [k W e (NEM) ( Calbiochem
A]) , UbiQapture-QTM 72 Z AL & 187 £ (ENZO LifeSciences
AN RPN PKM2 Z 5 BEHiiA (Abcam A H] ) , GAPDH 57
Bk (Sigma 24 5] ) , HRP FRIC 1 PR 1eG 2w b fA (4t
WA EREVEARAGRAT) , FOLE FRAIRES (FITC) br
ICM e 1sG 258 PR (b S E AR W B AR A BRI 2
) ECL AL % 618 & (Millipore 23 7] ) , SDS-PAGE T 1 Hi,
kA8 ( Bio-Rad /A &) ), MTT [ 3-( 4, 5-dimethylthiazol-2-yl ) -2, 5-
dip-henylte-trazolium bromide , Sigma /A &] ], — H FL IV ( DMSO,
Amresco v H]) , BARAL(SLT A #]) ,LSCM(GERAA]) o
1.3 Zafmegh i

AS549 ZijfiUFn AS49/CDDP 4% Ff T 6 FLA(3 x 10°/9L) , %
FRi K, LA CDDP (20 pmol/L) /EFJ 48 h, W BE i 12 h 45 &
MG132(10 wmol/L) ) DMEM K& FRWidE 7511, LA PBS ¥Eik 2
YR, T 5 5 P T T 390708 A 400 R 35 35 2 1 T A 751 - Y 35
TR (NEM, 10 mmol/L) 2k & RIPA 2L i, vk I 24 i
30 min, 13 000 r/min &[> 30 min, T I F 35 W, LA Bradford 353
5 2R U 5 i, A UbiQapture-Q ™ M 244 TR oK - T A A549
BN A549/CDDP MRG0 5 Ve iz 34k Kz Rk
HE.
1.4 1D SDS-PAGE 45 5 & 45-#7

Xz R A E RGN & RS M BEL 41 53 ] SDS-PAGE (43 £
WEHe B2 R 10% MR AEIEHR 15 Ry 6% ) 364743 85 CIAE 30 pl/ L
120 V.2 h) ,SDS-PAGE $EiZ A% B 52 i R-250 Jefn,, 22 E{4
5, L Quantity One 3R 4387 HEL UK 43 B 25 R o 1 2 IR VI
TIREEAE B ARG I LYk 455 64T Chip HPLC-MS/MS 4y
BT, T A5 SR & A2 A (5 mm x 0.3 mm, 5 mm) FlI Zorbax
300SB C18 43 #14% (150 mm x 0. 075 mm, 3.5 mm) ; JEFE & .

4 b, PeMi shAH : A ¥ (0. 1% H R /K% W) B ¥ (ACN-0. 1%
HTRR /K, 902 10) s WURHAR BE BRI :2 min YA B 7E A ik
B 3% I 15% (RFRL) , #2367E 70 min YA B 7E A o
FIVR BE T 15% SN2 55% (IAFREL ) 5 FRAE 26 4F AR L 10 %
THEAARRUR 90% B #1545 TAEAATR 3% B JHATHEFRE . 51
WA BT RIS [A] 2924 120 min, i3 0.3 wl /min, B4 T
BSR4 T/min, 325 °C, MS/MS 148l : 200 ~2 000, LA
Spectrum Mill MS Proteomics Workbench 3%{4: B 3l % & AN H
o BURENESHORE S FRERE 2.5, FRE 7R
A 0.7, BRIV EECH 2, B E B E A carbamido-
metholation (C) &4, Al AR &Mt oxidizedmethionine ® |
1.5 Western blot 4|

AS549 4RI F1 A549/CDDP 46 ifd 43 5] 42 CDDP (20 pmol/L)
HMG132(10 wmol/L) 4b ¥ )5 4 F 5 , 42 M 40 I 4 1 o,
50 wg HEFFEMIK S Laemmli’ s EAFZE MR A, i 5 min
)5 ,10% SDS-PAGE HE e HL vk (120 V), 2 T3 Bl 41 1 A
SDS-PAGE #Efici% %5 PVDF Bt 23 N H 5% (iR FLLL ) It
NE W43 Ef 3] PVDF 54 b, A 3 P VB R R 1) St A PKM2 £ 5
BE—HT(1:1 000 FikE) , LARHT GAPDH A Ay %t it 4 Cad ik,
TBST YR 3 U, finf PR % 14 LU 25450 /0 BB i 4616 47) il
FRICII ZH0(1: 1 000) , =R H 2 h, X LB B3, IF
Quantity One 4.5 tool FE47 6% & 4187 o
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A549 i ffIFN A549/CDDP 21 itk 53 FIHE R T 24 FLARH, 48
JRUMEBE R A AR A R, SE62H A CDDP (20 pumol/ L) £
JFH 48 h;37 Cogifif PBS THURANMG , ] 4% 2058 FA T 4% v ik 3 1
520 min 0. 5% ) Triton X-100 F 37 C & 15 min, 10% 112
MIE £ 30 min, I AL ARG RS BT PKM2 —4i(1: 1 000
W) ;4 Cid7, PBS W5 Uk 3 UG A F R B 1Y FITC #Rid
FGRAT B 40 (1: 200 i #) ,37 “CHREGIFH 90 min, PBS i UE)G
L) 50% Himdt i, ot R4 WA LgE  BRAH
1.7 mpes 25 b

WX E R AN R T 96 FLIEFRML (5 x 10°/4L) , i 9%
12 h J5 ,CDDP 4 AR [A] & BE (10,20 .40 .80 ,160 pumol/L) [
CDDP, B 241 155 Ff MG132 fi4b#8 12 h, F-ip A CDDP,
YRR A SRR BRI, T 37 C 5% CO, 8557 48 h, i A
5 mg/ml MTT 20 wl/7L, B 564 h, fil A DMSO 150 pl/7L , % b
% 10 min, F 570 nm & FLOGH FEMH. SR E L BIHEIHHE
ZiMVE A B 1Cs, . YL 25484 RI = 1C,, ( A549/CDDP) /IC,,
(A549),
1.8 “hitsxa®
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2.2  Western blot # | A549 #= A549/CDDP #%m it
PKM2 #9 % ik

Western blot 3245 2% B, ¥ /i F CDDP i [y A549 . A549/
CDDP 4iijfrh ¥4 PKM2 &3k, H T HiH] 5 R iE 20 2
(P<0.05), CDDP AbFRRGJS, PKM2 7E AS49 41 i v it 63k 1
B 225 T A549/CDDP 4 fiti (P < 0. 05) , A549 X IR 2 4 bt A
(0.22 £0.02) A5 fL % (0. 12 £ 0. 01) , A549 JmZG 4 M (0. 20 =
0.01) 254k % (0. 13 0. 01) ; CDDP F-Hi A549 4JiJ5 , PKM2 7£
AS549 Hfi Jifl v () R 3K T R, 7€ A549/CDDP i) A A R
(B 3) . Mesbh, B A EFHAIEHIF MG132 TP HE4u i /S , PKM2
FeR¥ L, o AS49 AT TET G FA AR (P <0.05) ,
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1 2 3 4
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GAPDH— s TIED "l S < 36
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E4

2.3
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CDDP g it o ¢ k38 £ 7 B %A%
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FANMAZ AU P 23550 A, FE MR LA R R A5 A
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(P<0.05,K5),

.

A:A549 Zn g % MGI32 FF7; B: AS49 %9 Jig k4% ] MG132 F 7 ;
C:A549/CDDP #a i 22 MG132 F71; D: A5S49/CDDP 2 it & 1% JA
MGI132 F7
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2.4  MTT #| m it 25 4

A549 2 i %t CDDP By 1Cy, y (12. 23 +0. 43) pmol/L,
A549/CDDP 4%} CDDP i 1C5, 47(91.23 £1.17) pmol/L, fiif
29RO 7,45 £5 . 7ERRG (T MG132 Fi CDDP {E TG , A549
A g%t CDDP () 1C5, 24 (9. 65 +0.32) umol/L, A549/CDDP 4
JiXF CDDP [ 1Cy, 4 (53.27 £1.68) pmol/L, it 2454k 5. 52
o UiHAZE A ID 6 5] MG132 W] 55 AS49 4 it K it 2
BRXt CDDP iy 245 Yy Uk

3 g
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I A 40 20 L Ak AS49./ CDDP 41 fifd 5 i i v ' 4 L 4l
iz ZALE A, I i 6 | %E5E H PKM2, HLAE
A549/CDDP 4t fifg b (i 215 W] RART7E AS49 4ii g i)
253k ;CDDP YEFH )5 , PKM2 7E A549/CDDP 4i gt ) 32
IkHE— 20 AE AS49 g R IAEE BIR L 455
MW HAL B 72 25 SR F T PKM2 (1 355 K F- 15 i
Jed A ML 24 2 5 GOAH 5C , P2 A T 24 i e 400 i Ak
HIRERE , I A R A R b PRKM2 3k, AT fiff
HXARST 250 i U AR . PKM2 2 W I A i A2 v
AR 1% B ( pyruvate kinase, PK) i 4 PRI Z —, &
TN IR fifp i A2 1) o Jm — 20 AR AR AR T RO 1, PKM2 I
PRI ZR D, e AR A T O R i 2 — o
— (1 2R A ) 59 = Ik £ % ( Z-Leu-Leu-Leu-
CHO,MGI132) + i A549 ,A549/CDDP k)5, 40 it
H PKM2 ikt b, 200 iR 25 W) USRS
MG132 5 CDDP BGAF HIA0 LS , 7T 43 591l {8 79 448 Ak
XFHU I 254 ) U R . BT MG132 2 —
A 300 R ORS8RI AR, e REREL UL
26S FH FABHA R Z R AL F B, iz K- A
Pt B8 BT A5 ) 2 1 S e A, 81T A0 R P O T
e S e, B M 20 RO R R A g T A
SR A5 R PKM2 AR AT REZE Hiz RALERIZ R LB
(NGRE

Garcia-Gonzalo 25" =) fifi F 3% ¥4 HERC1 ( HECT
and RCC1-like domain 1) 2 e BRI Ssse R FIHR
5% 7 HERC1 5 PKM2 [A] (A AR, 4559 PKM2 ok
5 HERC1 AR A& ifi HERCI J&—Fh 4 HECT 4544
BRI B3 12 R G HEE, $&8 PKM2 SR &z Rk
Wi, (HZEARIEH, WS & aifb iz 514k Rz RE
FIRE i o 85 3R 75 1 PKM2, #2875 PKM2 R 7] fig £ 4
TEFERASRZR BN, X FEEH TANREIE
APz R AL 2R R A BURA AN — YA
XMFEEAMRMRERA T ETEZ R G AW EL(UD
binding domain, UBD ) {H 1| i) 5% Fl 26 4k £ AR #4773 25
AVE AR 3 5 RPBE R LR, IZHA S 18 1 3 e e
5 ) UBD A& MR IR 192 & 2Rz R BRI
HZEEAT S T Spoden 45 4 % B, PKM2 1] % /L2
SUMO fLA&Hi , SUMO b i & —Fh iz R A& A, o]
B UBD FrifUs], i Az s A0 3 4 e P A S 2 S A
Pl SUMO J&—Fh&5ty 52 RAMRR/Nr ¥,
ZHEAREEGE BT, SUMO {LiEH 51z R IEH
A FEARAL, 1H SUMO 1 & i AT 512 RABEMiEIR A
R ZRE , & 22 4 F A E AL AT RE TR Y i A
SUMO A2 15 3 PR e s i 5\ DNA i 518 52 e ik

DR A U PRI g 1 am a E RE IR T LA S A= i A Y
[ REE

£ b ik, PKM2 5 g i 25 BAT s ) e R, Hk
TRIK-5 iR 240 i 2 R B8 S RO SG . i i PKIM2
WRIKZ 3 H it SUMO LMy . & H Bl &
TR SRR AR )~ D RE A T BRI 2 —,
2 AR 5% B 1 Jo I Ak R A N R 5 2 b AR B
o SUMO fLfgtii 22 5IEDNH IR 17 . DNA Hif51E
S R HEIN HRGE PRI | BTl 1B I RE TR 47 LA S A=t
FRAYIRITY A5, W] BB IR I 25 9 R A BT B TI R &R o
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