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H Wi (autophagy ) s — Ffr i Bl A A4 A8 1 1 400 i /A
Fefidie, HELORR B ED Ry F(EAR, £
B A5 ) T L 25 (R A4 A5 ) [P WA 4 S i A v -4 LR
il A SRR . SRR /Ny LU SR N BRTE
RE FEPTESET. S B2 DL 40 1 P 40 B 550
JRARIE BR AR AR, I SE tHE AR IKER
B AR AR T VR R o3 PR 85 D) AH OGR4,

75 H W R, 20 PN T 58 T B A (R AR
v R T A0 i 5 60 4 LA TR s — A J5F BT %) R o
#il—— A B 4K (autophagosome), Bl J5 [ W44 1) &M ik L
T AR NS CLE I B 40 B Ay v R 5, A ) 2 e
TR AR K i, B 2% E WA 1) A IS5 4 L 1)
st — R B, T A R o~ ol e Vs i A B
IR AN SR . B ATEFOA Y, B RAA S i
AR TR R R 5l S B H RV S v 2 1)
IE G L 5e A FS. YR 2 uEds & ], HOPSE &
AAE WL 22 TB) P R e 5 o kS 224 Y, HOPS
A R 7NN 79 kDa~123 kDaff) & [ BTk e
Hrvpsll. vpsl6. vps18. vps33Jm T CIFERI KK, 1M
vps41 Filvps39J& TBASFE R K™, BF5L R, XA
ST T W05 B0 2 TR ] B IE RS, il
1) T AR RILHOPS & A5 Al LLill idvps335t-SNARE
vam3 L JzRab GTPase Ypt7 kA= 4H H.4E FS 1, A5 W
FW TR, 1Evps41Fvps39HE DR B 2R IR I B vh, 25 530
WL AR, Jf 5% I API (aminopeptidase 1)
WA RS A AT THOPSE SR 1 /54

WA FTIEIL, (HOR XN E AR TR E A4
POk 2 AR A D RE G ANTE 42, 1 LHOPS &2 & 144
FbEAR SGaa o b R S A E R ATF .

FRATAE BEAT W BE 42 JE DO B I, Dh % E
HHOPSSE 5 & b 55 4H i [ W AR 5C 1) 2 Rlvps 39,
vpsdlo BE—DHIFRY, IXLSE ] e fE A AL
PE R (0 A L R R OB AR . 2 NS 1Y
i, BATVAKIHOPSHE &R th CRE TR Hivps 16+ vpsi8
HAZH AFMRRE R FATH S g0 45 1 ) B
HOPSE &4 (1) T REAN A Wit A4 15 VI R 15 1) e P 9
PETHILR .

1 MREAE%
L1 E#RA0 B

SIS v A R BE BRI - 4 T GFP-
ATGSIF B E I BY 4741, vpsI6A. vpsISA. vps39A.
vps4IA. ypt7A. vam3A(F 1). WAL K 54T H
PRI F Invitrogen’/s 7] . GFP-ATGS)i 1 1 Yoshinori
Ohsumi S 4 % T .
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F1 AARPERRIEM

Table 1 Yeast strains used in this study

BIFR HEDA Y 225 R
Strain Genotype Reference
WT BY4741 GFP-Atg8::URA Kim et al.
vps16A BY4741 vps16A GFP-Atg8::URA This study
vps18A BY4741 vpsI SAGFP-Atg8::URA This study
vps39A BY4741 vps39A GFP-Atg8::URA This study
vps41A BY4741 vps41A GFP-Atg8::URA This study
ypt7A BY4741 ypt7A GFP-Atg8::URA This study
vam3A BY4741 vam3A GFP-Atg8::URA This study

1.2 EHRERA

P RFSD-Urak 75 3E: 1 L ddH,0. 1.7 gl RERIE.
20 g%, 5 g (NH,)SO4. 10 mLEFEFR TR A .

P RESD-NYLIkR; 77 3E: 1 L dd H,O. 1.7 gL}
BEE. 20 g AR

FERFYPDESFRAE: 1% BRI 2% 5 1 1R
2% AP, 95% dd H,O.
1.3 L

4% T AR J7: 1 mL lysis buffer + 100 pL 10%

SDS + 11 uL PI+ 11 uL PMSF.
AL PEG: H150% PEG4000. 10XTE. 10x
LiAC, BB B 5 o 40% 1% 1%,
1.4 U/ %E
ARSI T GRS AL I TR & OLYMPUS FV1000
WOCIE R RIS I G R B 18 B A 1) 42
AR AL, JEAT 24 .

2 #R
2.1 B EESIZMERAE Y FREA
FEAUBRE TR, Ry T S HEAf Hbgh A7 KL PR 1k,
IR R AR R R EIR G AR A SERG R, R
FHGFP-ATG8F5 0 [ WA, FM4-64%0 W o HEAT L4 .
WISz 2 LW UKo hy 1 hy 4 hy 7 hiXPU4p
N [H) A, e 0 B L S IR R A BRI e B AR R
P REPEAR Bl LR 2210 LT TA
R A, FEYLIRO hisf, GFP-ATGS8 = 2L /E 4 i
PR ILRECIR, SRR A RER R D, ML h
I, BTS2 B YU R, A KBS T &, GFP-

A BPAE R RGN REREAY, [ A7 Wb i 2 1 GFP-ATGR (4% €4), FHFMA-64XH O T Y (21 68) o BFAERREREIEATLIRAC B 1~T h, B SR AR
BTGNS B: WTS vps39A. vps4IA. vam3A. ypt7A FAREREIATYURAL 34 b, £ 5 L A BABT A TV A % o #20)L=5 pm.
A: wild type or mutation yeasts were transmittedwith autophagy marker GFP-ATGS (green), and vacuole was stained with FM4-64 (red), WT cells were

starved from 1 to 7 hours for living images; B: WT, vps39A, vps41A, vam3A, ypt7A yeasts were starved 4 hours for living images. Scale bar=5 pm.
1 EEpBEEEEE
Fig.1 Process of autophagy in yeast
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ATG8 rR i3 2, BWEAR KB i UYLk hitt,
BT R AR D& 5 W&, 52 2K iR BT
YEH, GFPAE 5 EB0E W OREL MILEKT hinf, 52 21
TR PEpH LA A A 1) 52 W, GFPAE 5 11 558 5 5 Ve
WK KD, 45 GFP-ATGS s5UCtR 45 K B, RIS AT B
1) E WA TE o

F A R 2 BT U0 G 1 W 1 il ot A,
B R R REAEYUIRS Wi Ay, JLT- T B W AR E N
WL, Sy T A, PR AR 2 T R TR 0 3
T EVEAULRA hAE R LS (1S5 R
2.2 vps39. vps4IHYER K 2 IGFP-ATG8 5 % i
SRS

MR BT 25 2R, e LIS F T, GFP-ATGS8 LA
S FEMA-6445 5 AR 0 A 2 R A8 4k o BRI, AT
FI A0 AT GFP-ATGS (1) 38 PRl il R R g o, 7 3L 2R 4
WIS N LS LE P AR AE YU A AF T I R AR AL,
DAJT AR AT LR i 0k o 0 DR 0 ks R v, 3RATT R
P — e R () i R o 1 e e R s e T R R PR
BARSIG S5 WL ENB, B TR (] SUR L4 he
XA E] A, B AR R GFP-ATGS L4 S5 it Rk
PR AR AEvps 39Mvps 4 145 PRl i SR 1t S A 1) TR
PR, A LS BIGFPAS 5 /R R RIS, A
XNk, {EIXPASTRAERE T, 7 GFP-ATG8 sUiR 45 1)
IR ER R, I HIXLEGFP-ATGS 1) R 54 LT 5
WA LA . HUAR, AT B — 2D (s 50 4
P22 B WAk 28 SE 3 i, {HGFP-ATGS 1) sk
SERATT DA B A3 /D SR 1 W AA [ 25 )t RS R A T €
BCIr o fEAS—HE A, TEvps39FTvps4 IFER SR 5
AR, WIS R A T BRI, hHEy
AR TR V0L 5038 Sk /N B RN .l Trvps 39
Flvps4 155 K g T CH IR R KK, WX FEZS
2 BTS2 38

KT B HE— D AUE S A vps 39 vps 4 13 R Bt Pk
SAF (KR R, GFP-ATGS 5 i vk fl A, A1k
BRI H A2 T B B A B I BEvh, > 1 A
SRR S, AWM E EYIGFP-ATG8 2
R R, T EGFPE S Rk, i T-GFP
SRR R, IR (E2A) . DRIt FRATTAT
DAIE W 5 GFP ) B D) R A 0 40 . 1 W ) 15 0
(E2BFIE2C). vps39Flvps411f i R S AR TR R
GFP-ATG8 " [FIGFP L T- 58 A HE 8 V) 1 oK, A4k
S AR A — D IO T WA R4 R .

A: GFP-ATGSEJ D)B Y B, C: B A i 5748 Y i B YL P Ak B )5 BB A 7
Western blot, {{ [ Image JA /X GFP-ATG8 B PJ E AT 5 1t 73 AT o
A: model of GFP-ATGS cleavage; B, C: WT or mutant yeasts were starved
for indicated hours before harvested for Western blot.
2 wps39. vps4liR 5k HNH|GFP-ATGS8HY IE & 571
Fig.2 vps39, vps41 losses block GFP-ATGS cleavage

W], HOPSHE #4544 55Rab GTPase Ypt7
L 2 SNAREZ [ Vam347 AH HAE . A UL, XTypt7LA
Jevam3 6 R 1 B R EAT LR A 2R, W 523 P AN 55 DA
Bl 2R S6F 1 W TR S (&1 1B)e £Eypt7LA Sovam 3t e 1tk
RAFI T, Svps39. vps4 Tl 5 Pk 58 48 18 1 Mk
MR, ZEYLRA W, 45 GFP-ATGS sk 45 1k
HR, Jf HX L qCR &M LT 50 A L E .
1M [ R LEype 7 Flvam 35 PRI 2R P 5848 (1) 18 1 o, W
WS R A T BRI AR, A 2 (0 K
SR A /N RN
2.3 wpsl6. vpsISHY TR 5K 3T GFP-ATG85 & /B #Y
A Z= A

FAEE RTHOPS & 45 44 75 41 W A 2k Kl vps 1 6F11
vpsI8() FEAS KR HEAT WL 8. A7 IR 2, M k1) 1
TR, XA FE R A RAE LIRS hivh, HF %A
GFP-ATGS fUIRZ5 i (A =, T HRFLAL L 5 B A
R —H(EI3A). A T 3G 40 B B4R B 1) 5%
mi), P LERA Wk A wl G A BT 1 LA A T
B g (K3B). 45 IR, vpsl6. vpslSH KA
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A: WT. vpsI16A. vpsISATIERERAY 1 45 W bn i 25 (I GFP-ATG8(4% (1), FIFM4-64 % i HEAT YL (o (L0 (1), DLk ALFE4 h, £ 5 T L2 A B s
BEATIGANML AR, A5 0=5 um; B: YLtk4 hjg, WT. vpsI6A. vpsISATUREEEF RENS I A& Rl B AN L9 € B A4 ol 5 A TR e B UL Tk b 31 )5 1EA T

Western blot.

A: WT, vps16A, vpsISA yeasts were transmitted with autophagy marker GFP-ATGS (green), and vacuole was stained with FM4-64 (red). Cells were

starved 4 hours for living images. Scale bar=5 pum; B: percentage of fusion cells in WT, vpsI6A, vpsI8A yeasts after 4 h starvation; C: WT, vpsI6A,

vps18A yeasts were starved for 0, 1, 4, 7 h before harvested for Western blot.

3 wpsl6. wpsISTRKTENMGFP-ATGS 53538 2 B Rh &
Fig.3 wpsl16, vpsI8 losses have no influence on fusion between GFP-ATGS8 and vacuole

YT E AR R E R T4
e, BATE WL T GFPIYBY UI(KE3C). 45 H R,
vps16Fvps 1 81F) i 2 XF GFPIF BY U, 55 B 248 B A L,
JUF BB, Kk, B2 T A 458
vps1 6Flvps 1 8HE PRI 2k 0} [ Wi il 45 T R 8 AT R M

H T HOPS K & 4 1 £ 11 45 F /2 C R i LA KN
RuAFAE— ARV, T, vpsI6Fvps 181F D fig n

AERTUARIE, W LU B AR A B0 Uk AR 15 2 15 B
ST, PRATIR FH T 1 5 R 4L 11 [ 58 740 RO, AEvps I8
SRR BB Bk — 2B R SRvps 16, R 5ERUR 55 PR 1] R
A I AR TR 2 B m(El4A) . S5 RN, BIAETE
vps16. vps18ALiag b5 ¥ 1 K ', GFP-ATG8H'GFPI]
BIPI ) LF- B0 R 25w (114B). - Fk AT B 24 R
CLZE 3 1 B 75 PCR A5 21 46 UE (14C) o
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A: WT. vpsI6A vps I SARUES Y IR BE AL B A bR ic 22 1 GFP-ATGS (4% (4), HIFM4-64X AT QL (410, LA B4 b, FF 5 3L SR 42
BB AT AN RS . FRL=5 um; B: vps16A, vps 1 SARL SR T IR RELEk AL #1 )5 3E4T Western blot; C: PCREGIE R Y5 21305
A: WT, vps16AvpsiSAdouble knock out yeasts were transmitted with autophagy marker GFP-ATGS. Cells were starved 4 hours for living images. Scale

bar=5 pm; B: vpsI6A, vpsI8A double knock out yeasts were starved for 0, 1, 4, 7 h before harvested for Western blot; C: PCR test for the efficiency of

Homologus Recombination.

Bl 4  vpsI6FAvps1 8BRS BIERIRES L2 B 20

Fig.4 Double knock out of vpsI6 and vps18 have no influence on autophagy fusion process

3 e

TEARWFGU, G I e BE LD 0 i, R T — L
1E IS AR Pk SCREEVE T IR DR o X e PR 2 B
HOPSHE AR — L8 57 o JE— 20 (1) 5 56 U 4 % W
vps39Fvps4 11y W (1) i 5 1 #2 (B GFP-ATGS 15 i
IR R ) PR OCREEAE X AN DR O 2R il
BT BT 2 AT R WTHOPS &2 4 R A B 3t
A il o B ) “tethering factor”, AL, #53 21X S
SEIFATT R, BRI, AR K, HOPSE &K1 5
NPT B B VPS 16 ATVPS 1 844 i B H ALLF- %) [ 1555 1)
Rl e PR TEAE L, DROA R SRR R A L, il R
2B 5g 0, i HAT AN LD R I aep, (3R % R
PRI, FEFRHE, 7EMFL 4l b VPS16.

VPSI8MLLT- A Wb T5 (1, 1X AT g s Attt Bt 1 2
FEALIE ) . HOPSE AR /NN 4 VPSL,
VPS16. VPS18. VPS33., VPS39 fIVPS41. vps33
() B SR F- E EBE 1K, vps T2 1, fil 25 th oK 52 3]
MR RAE LI 4 RrP R, Nk, B
—AN A HOPSH A A7 e L — MR A B A
RERIEDNRE, 12 LA At S bl T2
HOPSE A& (A7 AE O 20l i AR AL I 4l 52 56 BT
W, SR X Le Al AL S A IR R B R4 1F T, BIEYLR
AT AT, WA ST T LR R A
AT ? A ] iEHOPS & &4 vh 1) 5 AN 25 1 VPS39,
VPS4 K I AR IR ok, heE B gig
RS PR EVER . BATTHEEE— B0k
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Function of HOPS Complex Proteins in Autophagy Process

Hu Wangiu'¥, Lin Zhixiang®, Chen Lilian’, Yan Xianghua*, Chen Fang'*
(‘School of Life Science, Sichuan University, Chengdu 610064, China; *School of Life Science, Tsinghua University, Beijing 100064,
China; *School of Biology, China Agricultural University, Beijing 100083, China; *College of Animal Sciences and Technology, Hua-
zhong Agricultural University, Wuhan 430070, China)

Abstract  Autophagy is a lysosome dependent intracellular degradation process, which engulfs molecules
or organelles to lysosome and then degraded to monosaccharide or amino acid for reuse. We investigated that in
HOPS complex genes vps39 and vps4/ loss yeasts, there were extensive accumulation of GFP-ATGS, and the fu-
sion processes of autophagy were blocked. But in other two HOPS complex genes vps/6 and vpsi8 loss yeasts, the
fusion processes had little change. Moreover, in vps/6 and vpsi8 double loss cells, the fusion processes were not
disturbed. Therefore, our work provided a new insight to understand the function of HOPS complex and the fusion
process between autophagosome and lysosome.
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