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M ae 2B X EE EHeLaZli il B &
HIERRIETIA

XFAE EHEW Tz Bbs A L X A BEH*
(I M 2 2 S 20 i 5 53 1 B 2RI ST, WL A% s 2t AT 22 B s S0 5, 2 R 4T 5T, WL 325035)

HE B R AAZ GO 69 — AP R T RS TR, AR 4l g RS AR R A R
AEAAK, fxt T ARG TFAA AT RIRFRE, S LS RMAZaOrTTit—FE9
A TS EA EE2E L. ZAREAVURELL EHeLagn e, 18 13 & 47U 5L BAS M B AT
R ALC3- 169454, iE X HeLam e R A T AR 69 A v, Ja, R0 A8 Wik 454 % BN AT %
LA B A R A B E AR . 4 REZIRAE AR B4 BEA. GAPDHAZATPA R EFO I K 49

Z fEHeLam ik A A %) A RE{K. 0T EPCR4 RIEPYURIAE T/, X =& & 49 mRNAK
FAE A TR T B, 128 g %4745 5 3-Methyladenine TR 4k 32 HeLa%n il & BATHUR, =F1 & &
mMRNA# R A KF 5 EF mleAn L dm ol R &5 THUURSFe i, 4 R2RAX =MHEG EVUEES
89 B A TR, o TR A SR —F AR,
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XiEim B

A0 i F W (autophagy )45 40 Jitd 71 ik = 755 57 FlI g
AERVIIF, 573 20 5T S A0 0 2 A B0 JE Ry e
X2 L 8l 5 22 J2 I 445 #4 1) 1 W 44 (autophagosome)
v TR B W AR TV AR T i 1 R Y T A
(autolysosome), il 5T FH 4l i & 18 73 73X B4 P A 4y
AR 2 55 WS IR TR /N o 1) o, X L
NGy T 5 AT AR EE R A A R a1 B A
ATPM . [ EE 375 B 40 B P 1R 400 47 40 P s AT
FE LA R TR A, lﬁﬁﬁé’ﬁféﬂiﬂ@%@i%#ﬁvg
BHEH . ARG RE SRR, R, R
SEN IR OV . SR AR IR AT M A R
(IR A A B R DA R B R 55 D) AH OGP

TEIEFIRAT, BT A W L3 1) 40 1 78 Z2 I IR
IR ) W, ST AE 45 40 A A B A R 24
B a0 sz 2000 A e B L A4
SR, FE KSRGS B 40 A7
YER o an FARAEIELEI I, 4005 sh AL TR P, K
AT FE PRGN B AR T2 1 W 5 g 1 e 2B R e
YOG, —J7 10, AR R AR By, BT R i e
(1) A K R R i A 8 T Ak T SRR = I R
AR T REAFH A MR LE R ILAAED, 5y —J7 1, e 40 i

A] DUk R R A B R ECE AT S B 4 i At

b; LR KT WAk B 22 E

T A HT RS S AP0 T 00 e 40 B AE A
PEDET AT e IR HEAT A7 () — S8 7 1) {H 2,
NATTRIAEFU MR DN S8 DL i 1) s 45 Jie 9 4
Wb, SELR) A WEAH I K Beclin 1T SR, iX
Aol — S Ik 15 1 R SR A e R A i 1) 25 0 AN e
FEAREF IR0

R NATT AR 196247 55t 1 JB van I W% 25 Ak B 1)
/N UH 40 e o g 2] T B BRI, (H #1201 40
904FEAR, NATAFERE R KT %58 T B WA K HE
[KAtg (autophagy related genes), MM Xt H W 1 4 T
MU T — @ 0 T B H A 1L, CarmiEhE
HSSE T34 g 5L N, X B IE PRI LB T B
AR v B PR S RO Atg T LUK T B8 AN [R) 43 1 —
K DEREMEALS SRS, OifAgsHAgI2, —
5 AR 5TE R O, 2) W TR e LRE 364 1R
W A Y)(PI3K complex); 3)22. Ha MRIAEEE &
), GAtgl. Atgl3FIAtgl7, IXANE S WILE R L 40
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M 5 AW SAE DG, AF W o B R R
IR 240 JL SR 40 D 25 N, Atg12-AtgSE 51 5 Atgl 645
4, REINEE A Atg7THIT Atg12, TEKALg10, )5 ¥ 2
—FRE2BE 1. ARG Atgl 0T 5 AtgS4E A, MM
B H TR R AP

HARNATCEX AV 7 FHLEAA T — &1
T, AR A — BE SR ) B R Uk, 0 B R
RN IR AT . TSR, 2A RS 4LE
FH B (T2 27 7200 B R R 2 B R LA T T
B FE0, [H P, 2EAE RS AT T HeLadtl f L1
P ARACEE, RIL T BA RS ST
S0 B A O 8T . I UT, Behrends&EBI%] K&
A BERIKT W A0 B AT, R IR %02 T 409
ANTTRES 5 B [ W Y 1 B 1 DL TS U AT RE A AR
IR TAE . Ao, FATME A YLE S S HeLa
S W, AT R ) LUK 25 R 3 AT IR U R
HeLaZi Jitd F W i 2 A W1 8 ARG IR B 115, IR
FHPCRAEMRNA 7K P bR Se 5 AR 3E 47 I

1 P57
1.1 ApREESR, BIEHIES RADE

N5 S A0 A bk HeLally 1 v [ g 7R 55 2
i 1 Ly(CCTCC), T 510% FBS(Gibeo) 1% 10° U/LF
## . 100 mg/LEBE 7 % [(IDMEME; 7% 3 (Gibco) o,
37 °C, 5% CO, 41 FIEH R TR, 55 BN HHBSS
VE3k, TN ANHBSSE;FE2 h, ADMEM IE % 15 5% 1 41 i
JyXFHE 4 B WS, BLS mmol/L 3-Methyladenine
(3-MA, Sigma) T4t BRI A9 12 b5 FREAT LR -
1.2 ELEEAN

ARSI, LA2.5% 18 1 [ 52 10 min, Jn/b i fi
A LY VRS B oA L e AT, P 3283 0 N I3 T[]
SEVRALZEIEAN N, 4 °CIEl5E J5, DAAEBEER K IEVE,
Lo LU A0 R 2 e 2.5%% ¥, 4°C, 2 h
PAE, 0.1 mol/LE§RRZE M vE3 X, FFK15 min; 1%
HRIER1 h, 0.1 mol/LAf R 2% i B vE3 IR, BEK15 min.
FE ST 1% 85 B4 P 42 h, L8615 /K (50% 70%-
80%- 90%-+ 100% A Wi %15 min, 100% A B2k, %
10 min), ¥ (N B : A HEYR=1:1, 37 °CHEFE2 h; A H:
FIHE=1:4, 37 CCHA I AEALIEE45 °CHEAR2 h),
AL IR A (45 °C BEAA3 h, 65 °CHEA48 h). IS4
WD) 1B S T A H-7500( H A H A m RS
) FUEE,

1.3 ER MK &N

41 il £ Western S TP iU R4 B VR (GE = R AW+
RAT B2 7] RE, BCAVECE = RAEWE ARG A
F))IN AR TR B, 44 Western blothg #E I FE #5 1F,
ECL W (4 il F & CGE = RAEWHEAA B 2w 1, X
R IR, LC3PiAR. B-actinfu 44 12 A ik S840 )
B FRAC L 2 5T IgG, PR B FRad 1 =31 BIgGIe B
Abcam/A 7l .
1.4 3 [5] B8 ik

20 it LA ) 24 90(7 mol/LJK 2, 2 mol/Li fiE,
4% CHAPS, 1 mmol/L cocktail, 1% DTT, 0.2% Bio-
lyte, 2 IR 2f#, Clean Upik il & (Bio-Rad)
TH YRR 11, Bradford M E W E . — 4R H
IPG pH3-10NL, & EFER N300 pg, 73040 V
4 h, 50 V 8 h, 250 V 30 min, 1 000 V 30 min, &5 £k
THHZE10 000 V, 4EHE2265 000 Vh. 55 LR AL 58U,
PG4 2 -1 (2% SDS, 30% Hit1, 6 mol/LJR %,
0.05 mol/L Tris-HCI, pH8.8) V2, &KX 15 min.
SRIGH# 2212% SDS-PAGE FLYK 48 48 /- FE I AT Y,
[, AANE B R GRG0, W se e, B
X FHHGS-800 Calibrated Densitometer (Bio-Rad) $4f
A4, IR H12-DEE % 73 #1 # £1-PDQuest7.4.05%)
IR T ESL R k) B RS AT 3 B
L5 Rig o

3 ) 07 3 DL ZH A it 5 0t BRCZELRE b e AR T
FasE. Z W WA A BB R, VIR A B A
B B LA AT B EATLC-MS/MSJ3 A, Jf #5141
SWISS-PROTAEH s P HEAT 2 1 L4 5
1.6 Real-Time PCR

TRIzol(Invitrogen)iZ:4¢ RNA, LA PrimeScript™ 1st
Strand ¢cDNA Synthesis Kit (TaKaRa)Kf Foidi 4% 5% |
JF K H SYBR® Premix Ex Taq™ Perfect Real Time (Ta-
KaRa)it 7] &1 - Applied Biosystems StepOnePlus™ Real-
Time PCR Systems#ifTReal-Time PCR. it FH 5 4735
Ay: ALDOA(5’-CGG GAA GAA GGA GAA CCT G-3,
5’-GAC CGC TCG GAG TGT ACT TT-3"), GAPDH (5’-
TGT GTC CGT CGT GGA TCT GA-3’, 5’-TTG CTG
TTG AAG TCG CAG GAG-3’), ATP50 (5’-TGA ATC
CCT ATG TGA AGC GT-3’, 5’-CGA CTC CTT GGG
TAT TGC T-3"), NS A B-actin (5’-ACC CAC ACT GTG
CCC ATC TAC-3’, 5>-TCG GTG AGG ATC TTC ATG
AGG TA-3).
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2.1 YiHIESHeLadif & % B

A M [ ) — AN IR S R R AR B R
HEIOR A2 0l 2 R B AL 1R AR A FTHBSS
RS 5E R TR IR S HeLaZl 02 hm, 1 H BN s B
LA L2548, ) DL R4 B P B0 I 45 44 1)
HWRAA, P05 AR5 Bt R B b AR R HL A 2 2, T[]
TAF k7. Ui B HeLadl fil k242 T H W

H T A5 1K1 i WIHeLadl i & A=
T AW, AT AR O B A 343 (microtubule-
associated protein light chain 3, LC3)H #% #e 3t 47 T
R o LC3A& 7y — AN vz FHSRAS I 3 W i b i 43
o LC3TEARN LALC3-1I I A ik, 40 & A= 1 Wi
i, LC3-15 W 51 £ 1 % (phosphatidylethanolamine,
PE)%: 45, JERLC3-11. HARLC3-TSE fr oy T 5K,
i T ILE K AR 5, F DK I SLIT RS 6 s i sE R,

(B) Control

WEIBHTR, YLH%0.5 h)h, LC3-IF R & B B R
B, LC3-TL1) o B W2 36 . 4iE < A BRLE (] 222 h),
LC3-TTf 2t I S8 PR A . X AT BE A& th T-LC3-TI7E H
Wik A v e 2 2 B 1 R e At P S8

XF W AR FILC3 % 46 (1A RS UIE BH AL k2 hn LA
75 S HeLadfl 5 25 BH 2 119 5 Wk
2.2 X E Bk EE S RiE 5 4 4 EHeLaZl i B &
FRHERER

20k = AT S B X b, 45 R R DLk A
KT B2 B B a5 43 A1 A o A — B, 41 JR] IS
BCPERUF . Z2PDQuestiK £F 43 T, DMEME; 77 1 1F
W6 2 A i e R A4 B R DUOAS M 3965 £ 105
A5, HBSSH: I 16 11 W5 41 o 25 k7 44 2 1 AT LUAS: il 21
913484 A, IX 46 7 11 i 45 F sl FIAH NS 40 7 0 o
S AE AT I A A, e T VRS sk
IEHI36A AT, YURG IR R IE 240 . FRATERE T

Starved

Starved

E1 %S SHeLai ik 4+ B
A: HeLaZll o /EHBSS " 1552/ N, 3B 5 e B VEAG I 1 R AR 1) 2 18(20 000%); B: HeLa4il il /EHBSSH 1% 37 AN [R] I 1] 5, Western blotAs il LC3-1
(R 30 A S HERE AR N LC3-TT RS I . B-actin ) 1
Fig.1 Autophagy is induced in starved HeLa cells

A: representative transmission electron microscopy images of the normal and starved HeLa cells. The formation of autophagic vacuoles was indicated

by arrows (20 000%); B: Western blot analysis of LC3 expression in HeLa cells starved for indicated times. B-actin was probed as a loading control.
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SAE AR AEN SRS NENEA TS SAEATS 0 R IR 4T A (fructose-

SR U (KI2A), X SRR A MRS IEW 40 bisphosphate aldolase A, ALDOA). GAPDHAHIATP
AHEE 23 0l F B T 68%. 74%HM181%(&12B). %5+ 5 HUMEONL F5(ATP synthase subunit O, ATP50)(#
B AR S AT LC-MS/MS i il % 52, 45 Rt RiX 1.

(A)
pH3 pH10 D pH3 pH10
a

20.1

14.3

Normal Starved

(B) Normal Starved

[l Normal

1.4 - [ starved

1.2

1.0 1

0.8 4

0.6 1

Protein relative level

0.4 4

0.2 1

1 2 3

E2 e ikifiEHeLaZBfE B EFRYE R TR

Ar YURZEE S HeLaZ [ F RS, $2H0300 (g 1F 5 BTL kA R ¥ 20 i 5 4 1 AT 00 0] R ik, $RGS 54148, SR I 2-DE K% 23 BTk £ PDQuest7.4.0
X B HEAT M, 5 Sk T A 22 S B S Be 2DESIRE 2 S ) X SR EBOR LA AE HIPDQuesti £ 7 Sk 1 5 BEREAT ARG T
4559 (%P<0.05).

Fig.2 Screening of differentially expressed proteins in autophagic HeLa cells

A: about 300 pg cell lysates of normal and starved HeLa cells were loaded, electrophoresed and silver stained. The arrows show the differentially ex-
pressed proteins; B: augmented figures of differentially expressed proteins and spots density calculated with PDQuest software. The data were normal-
ized to the level of that in normal HeLa cells (*P<0.05).
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Rl EREBARFMLC-MS/MSEE
Table 1 The changed protein spot identified by LC-MS/MS

Fre Pl EE)A Oy T EAE LA it Y il INE ARl
Spot No. SWISS-PROT Protein name Theoretical Mw MS/MS peptides IR EE L
accession No. (kDa)/PI sequence Ratio
1 SplP04075 Fructose-bisphosphate aldolase 39.8766/8.06 GLAADESTGSIAK 0.32
FSHEEIAMATVTALR
2 SplP04406 Glyceraldehyde-3-phosphate- 36.2246/8.73 GALQNIIPASTGAAK 0.26
dehydrogenase VPTANVSVVDLTCR
3 SplP48047 ATP synthase subunit O, 23.377/9.97 TDPSILGGMIVR 0.19
mitochondriale LVRPPVQVYGIEGRFS
PLTTNLINLLAENGR

2.3 RT-PCRZRIUELEFERHEMRNAKFER
=T

7 S B 1 U 1 i BR AT R SRk R A,
7] B8 S BT 1 W B b g B 0 1 AR, SRS
B AR . DR, FRATAS FH S PCRG S50 45 R kAT
TR, g5 R BoR, XUn] HLUK 455 BT o0 i S 1S
FIH =R E M mRNAKCEAOR AT PR HIEW
44 Mo AH L, ALDOA. GAPDHAIATP5O/ mRNA K
T AR T 35.3%- 35.7%H129.3% (1&13), X445
SR T Uk B FRATT R ) L K ) 45 A AR, Ty —
7 THI U B 2 22 o B 1 o (R 9D 5 HEmRINAZK P 1)
NP

® Normal
O Starved
m 3-MA

e o 2
> o »

mRNA relative level

S
o

(=]

0A GAPDH

E3 ZESFEHBERImMRNAKIE
FRIIE 7 5 YL B K 3-MATIAL HLS 54T YL A HeLaZil /L S RNA,
S S A AT FH S Y BRI A S Al 22 5 4 11 ImRNAZK T (*P<0.05) .
Fig.3 The mRNA validation of changed proteins
The total RNA of starved HeLa cells with or without 3-MA pretreat-

ment and normal HeLa cells were extracted and reverse transcribed. The
mRNA level of changed proteins were analyzed with SYBR" Premix Ex
Taq™ Perfect Real Time Kit (TaKaRa) according to the manufacture’s

instruction. The data were expressed as mean+=SEM (n=3), *P<0.05.

BT YL AT LA 5 40 i R 2 2 b AR B S, Ol
TR =M B R PR S A WRAE DS, FA]
A FH 9 WA 21 701 3-MA K He La 2 it 147 99 Ak 2 i 75
ATV 3, ARG RIIImRNA R IE T 0, 459k
L, 3-MAKLFE 5, = FhmRNAZK V#5515 % 41 i %
I, R T VRS 3 R Al B (E3) . XA ARIE
], ALDOA. GAPDHHIATP50% [ 2 ik & ) A%
I T 40 R AR B s R, et 5 T A
W P A A B 42

3 e

AATTEE LU JE Hh e, | s 5 LA S g
BRGY. SORE. MR DM . M IRIT
P59 S5 E L LA AR BRI A DL R O s % D) AR
KB, HARBEAE ATG 3 1 1) % 58 DL KO H 1) g ) 4t
FT, BRI FHLE S22 7505 RS, R0 2L 1)
ARSI AN TN AT A0 ) 1 A A A P I A
o XA T AN B AR Pl IS b A
LIRS, LA DA A 00 H A R 52 i X L6 75
I A .

Ak, 2R 8 i 2 T ok
#2538 AR A ORI E A 1. 2010
F, Behrends®5 PR LI 4508 74091l RE 2 5 H
WA B LTSI AT RE AR AE A BEAEH . Gao
SN T HEIT B RRAR BT 1, 38 T LC3FHPE)
H A 0 B (412 EAT T ESE. Bertin®6UTH
CpG-ODNi% 3 J}87 41 Jf [ 1 J JEAT d 1 s 4 2 0t
I, B T 2SR — I RN EA ST

AHEFTH, FRATAE I OL % Ak B HeLadl 32 h
Jii, 335 S FEBE U 2RI 1) I A 1) T 1%, Western blot
ERIIN 2] T LC3-1 e 43X P 7 02 [ Bs E
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KA B VAT W PR S b o I U B FRAT T R Tl 2
ST YU S HeLadi i [ W AT 7T R 2R

53 15 B 1E 5 41 A DA K 17 5 A0 ) A i T s, 3R
AT FH X T FL 3k 45 A TG 119 T3 6 X A i R v Ok
A AR R L THET T %02 . 45 R K GAPDH,
B W R I 45 B A(ALDOA) LA S ATP 5 i B O WV
FE(ATPSO) =P AR R A THE . b, f
MR CpG-ODNiF 5 18 41 B Wt J5, GAPDH
()52 AR R UL S PR AR O FRATT I IR E .
N T DI UFIRAT I &5 B, FRAT R TR R
519, 16 SEPCRIV J5 V2060 31X = Fi 85 1 ) mRNA
ACFHEAT TR, R BX =Fh 85 (A I mRNA KT E
WAL R, IX RN, =R SRR R AR IA
VAN (Y S i1 e B e S L2 5 N 2 S Y

3-MA & — P PI3KIE i 41 il 771, & n) DA it f
S PE BELWT B WA TR J ke Al 19k, g2 AR B
W SO0 A R0 Ay T A I B AT 4 e A B 0 =M AR
e 5 WA G, FATE HI3-MA X HeLadll Jfl 2F 4T
TAL B 5 AT LR, 2 )5 3R B SARNA, £l = Fh
mRNA R IETE L. 45 KR, 3-MAL B 5, =Ff
mRNAZK-# 5 15 4 M4z, B8 s TYLRE S
FI4n . X iHIALDOA. GAPDHAIATP50 A%
K I BRGNS 0 ARSI,
ITRES 5 T AWM.

GAPDH 7] DL A Ak B R A T voly JE-3- g 1, {0 0
Bfi P E e B .t T-GAPDHAE 40 fitd b £ ik B0 v
HFFeAaE, BB I ER AP, Colell 55
TE W FEAS MK M caspase 1) 41 Jid 48 7 (caspase indepen-
dent cell death, CICD)I} & B, GAPDHJ&CICDI] —
Tt Bk 5 R 1, GAPDH-—J7 11 1] LA S 7 41 ft
PR AR 7K ST, T ] DU N 20 JH A AT 2 S il 42 1)
TGE, ATG12iX— B 2L H Wi EE K ] G852 GAPDHIY
V. IXRE 8 I R Y 4 i e AR DL 2 B K P,
GAPDH n] L4 il 40 ffd & 4=CICD. 53 4b, CpG-ODN
75 5 IR 40 i W )5, GAPDHIR &4 &k A2 R i, iX
HRAI S R,

ALDOA J& Wi I fiff ok B2 b i) — > H 2/l 4y 1,
AT LIKE,6- 1ol 1 SN 20 i 1 H vl = B IR R PR —
FRNT . ATP-E B T~ 2R A4 3 i, 2 A2 ) 14 e
T A O . F AT A M () F 1T 35 5 i o
FIFO4 /. FOVHE nf LI i85 JI5 ot 1~ 3K 51y 7 2 48t il
L, EENF I ISR ) “H 7 gk, Hujik

BATIXPIREES H WA OO R RE .

FATHE 5 45 23X = Fh 2 1 #L An JR  sAX
WS RE RS B VAN OG . JRATTHED 40 A2 7P o
BEZ I ZAF T, AT AE 2 BRI LEA QA DR iy 1R X,
DA 2947 B AR B2, [ I, S A S e Ml P k2 D> 7T
REHE— 2D AN A 2 A, Lt R SR R
FHRHLBIEAT 5t — 25T

FAM B 5 F FAE O S F AR RAT KB
HEBRHIK., ER2IMETORRELETH @R
8,
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Several Catabolic Proteins are Down-regulated in Starvation

Induced Autophagy in HeLa Cells

Dan-Hui Liu, Shan-Shan Han, Lu-Yun Li, Ye-Min Qu, Hong Lin, Jie Wen, Jian-Xin Li*
(Institute of Molecular & Cellular Medicine, Zhejiang Provincial Key Laboratory of Medical Genetics, Institute of Proteomics,
Wenzhou Medical College, Wenzhou 325035, China)

Abstract Autophagy is a conversed catabolic pathway that plays an important role in maintaining cell
homeostasis by degrading damaged cytosolic components and redundant proteins in eukaryotic cells. Autophagy
plays a protective role against various human diseases, including cancer. Although many autophagy related proteins
have been investigated, there are many unsolved problems about the mechanism of the occurrence and regulation
of autophagy. In this study, autophagy was induced in HeLa cells by starvation. The occurrence of autophage was
confirmed with transmission electron microscopy and LC3-I conversion, which are hallmarks of autophagy. We
used 2-DE coupled with LC-MS/MS to analyze the differential protein expression in starved HeLa cells. We found
fructose-bisphosphate aldolase A, GAPDH and ATP synthase O subunit were significantly decreased in starvation-
induced autophagy. This was confirmed with real-time quantitative PCR. To address if these proteins were directly
related with autophagy, HeLa cells were pretreated with the autophagy inhibitor 3-MA, and the total RNA were
extracted for real-time quantitative PCR after starvation. The data revealed 3-MA can rescue the mRNA decrease
of fructose-bisphosphate aldolase A, GAPDH and ATP synthase O subunit. Taken together, our results indicate that
these proteins may be involved in the regulation of autophagy, and the mechanism need further investigation.

Key words autophagy; starvation; 2-DE; Mass spectrum; differential proteins
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