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Glucose Starvation Induced Autophagy in Saccharomyces cerevisiae:

Inducing Conditions and Unique Involvement of Select Atg Proteins

Shan Meihua', Xie Zhiping®, Wang Yue'*
('School of Medicine, Nankai University, Tianjin 300071, China; *School of Life Sciences and Biotechnology,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract Nutrient depletion induces autophagy, a protective subcellular degradation process. We hypothe-
sized that autophagy triggered by different conditions might involve diverse molecular mechanisms. Here we explored
glucose starvation conditions that efficiently induce autophagy in budding yeast Saccharomyces cerevisiae, and exam-
ined the differential involvement of known Atg proteins in autophagy between nitrogen and glucose starvation condi-
tions. We tested four conditions of glucose depletion, including YCD-D, SC-D, SD-D and YPD-D, and found SC-D
to be most effective at inducing autophagy. We further tested the levels of autophagy in all 38 atg mutants under both
glucose starvation (SC-D) and nitrogen starvation (SD-N) conditions, using the Pho8A60 assay and the GFP-Atg8
processing assay. We found that five mutants, including azgli4, atg204, atg214, atg234 and atg384, displayed differ-
ing levels of autophagy under the two conditions. In particularly, autophagy in atg//4 and atg204 cells was reduced in
SC-D, but normal in SD-N; autophagy in atg214 and atg234 cells was blocked in SC-D, but only partially reduced in
SD-N. In contrast, the level of autophagy in atg384 cells was normal in SC-D, but reduced in SD-N. Our work laid the
foundation for further mechanistic investigation of glucose starvation induced autophagy.
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4 A S TR AR A R S BT D [ — R 6
AEAFSEHL ) V40 B B At R0 el I T B — AL
J2 JE ) I 3 (autophagosome), £ 2 41 il A () 4 i
1818 B 5 It A (9 BE vh N 00 BEAT P fige, A 2 TR
MRS A% BR A5 ot 49 21 8 5 R, 5 B 4 i R i
WiksW, B BE(Saccharomyces cerevisiae)h % Fh 5614
A LA 5 R IR AR B A G B DL BL AN, BRI
M CUH B i LR DL S B — S SR PR L TR A4S
AF LA E RO Zh 40 U 22 R S R R LR
PEIUREER I =155

4 1 E R 1201 226047 A ] 78 IR 7L 20 i 4
RIS 7T HL DA R 5 2 0 A 3 R I R
CaH T RATERNRIE, Hrb—> 5 2 1) RAE
T X i 2F B% BE(Saccharomyces cerevisiae). & 7 i
BR(Pichia pastoris)F1 2 JE U ¥ Bk (Hansenula poly-
morpha) 1B AL i 84, & HEj N1k, fEIX iz L)
HhE 4 A 38 [F Wi AH O (autophagy-related, ATG)%E
PRI R RS, L, 170 E R T A e R A O HL
i, % F 3 1%k £ % 3 B A Cvt(cytoplasm to vacuole
targeting)iE 15 £ PR H W (mitophagy). i % )
4 F Wi (pexophagy) 55 1k £ 14 H Wi #B 2 26 AN ) 2>
() o A2 1 T A 5o e S5 i A P ) W A%
YERBIOYY, X ST ATGHE R [PIHF 5T 45 R 46K 2 40
FAE RN F IO T3

A B ) R AR e R o S — R R ST I S
o BYVRFA T IRTEHLE CEHF 7 BT
W 5: B AMPYE AL (AMP-activated protein kinase,
AMPK)i% 5 H W&, cAMPHK 8t P 2 (¥ B [cAMP-
dependent protein kinase, also known as protein kinase
A (PKA)HIER F 55 3 B8 7] UM &2 5 14 1 (target of ra-
pamycin complex 1, TORC )il H BERT, 7EFRERE,
PEULR I AMPKO@ A4S B0, PRAREA I, 3
AR, BEYLHRE AR T S IR IS TOS 45 #1845
#mTORC1, M ifi # filmTORCI ¥ 7% £, HHUnc-
S1FE 2 138 1 (Unc-51-like kinase 1, ULK1) A H
1% 15 1 ATG 13 FIFIP2004H i IULK 1 52 & 1R 75 5 77
A T #mTORCLM I, *4mTORCIK i I, ULK1
B EWPHE I KA. SRR A HRIERR, 1FR
mTORCIHIJEY), ULK 1S & AAEREIUKIS 51 H 1
HR A A B ULKIAIATGSE & I8 it % H 1
2[4y 5 FIFIP200 A1 ATG 16L 1A F 15 FH, 3 B A H 1
R RIS, SRRV TS T 1) B W 58 4 LI, 1774

PRI A SZ S, sz, FATRHEIUR A 1
H W RN B AR SO S A, I HAEL
AT, ROV T BRI H S 2 THL
fla RIFABE 72 S REIUR A PRI O

N T B T AR LR S A T B A, 3R
ITLA B WEBIE 7 B 93 4 1 1 B S S0 ZE ), IR R
R L] A SCUEEL 1 DY 7ok 11 1% 2% £+ Y PD-
D(Yeast extract, Peptone, Dextrose without Dextrose)
SC-D(Synthetic Complete without Dextrose). SD-
D(Synthetic minimal Dextrose without Dextrose) Al
YCD-D(Yeast nitrogen base, Casamino acids, Dextrose
without Dextrose), 73 A 1 EATTHT B W55 5 7K1,
B JETIE T SC-DJe REA R T H W KA R YL R
e ZJa, FATREIM 1 PP 24T B Fhatg 322 wi
M) E W DL 45 R M, arglid. aig204. atg2iA.
atg23A N atg38ATX & TEAL B Ak 1) B Wk K A 7K i)
TAEG R BN, X UE B 40 5 b AE URBE B
TEOL T AAAE A [F 1R 23 5 HL

1 Rt 57HE%E
1.1 EHRFABAL

ASCAT 2 BY 474115 50 H ZF BE B (Saccha-
romyces cerevisiae)f) 3[R il bk FE®) . 7F LAk |
PATHRYE S50 77 ZE i 7 — RV AR E R (R D).

Ho, BHATGI. ATGI1. ATG205%F) F %
A7 VE B AT B R R, PUSURIUGT72/UG27
AR, BT 5140 0362, PCR3ATG 545 24148 bp ATG
5 DRI [R5 e 91 LA S a2k 0 e b 1 5 [ URA 3/HIS 31
B R B, i PCRFT BOn] B 4% 85 45 B IR m B 2 5 1)
PR AE . R S5 1T 2 1) 1 9K 1E AT B % PCR S ik Al
Pho8A60 77 255 Ik, LA {/ i R 1 IR 1 . pho8460
HiphoA 13 ()R EEF FH & A [B1UE 7 51 1) )5 K pho8 A60-
HISP/pho13A-LEU2, i &I PCREL /i U] 3 #IDNA
B, FEHT LR . FRiphol 3A-LEU2E N2 &
HR R, 3 5 Kipho13A-LEURHE 4T B0k i 75 LA
BY47415 R 40 Jy #5 B PCR1S Fpho 1 3 44 %5 15 1
_3#7250~850 bp ) F Bpro(51#: 5'-AGA TCC GCG
GTT GGA TAT TTT AGA CAA TGG-3'fil5'-CAG
CGA GCT CAT CTT CAA CGT CTT CCT CTA-3")fl
2 BB RS T U100 bpZE R iS00 bpi) A Biter(51 4
5-GGT TGT CGA CCG AAG AGA GAG CCT TGA
AGA-3"f15-GTA CGC GGC CGC TGG GCC ATT
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Table 1 Strains used in this study
R BRI R
Name Genotype Source
BY4741 MATa his341 leu240 LYS2 met1540 ura340 [25]
Ys4741 BY4741 pho8460::HIS phol34::LEU This study
Ys711 BY4741 atgliA::URA pho8460::HIS phol34::LEU This study
Ys719 BY4741 atgl94::KanMX pho8460::HIS phol34::LEU This study
Ys720 BY4741 atg204::URA pho8460::HIS phol34::LEU This study
Ys721 BY4741 atg214::KanMX pho8460::HIS phol34::LEU This study
Ys722 BY4741 atg224::KanMX pho8460::HIS phol34::LEU This study
Ys723 BY4741 atg234::KanMX pho8460::HIS phol34::LEU This study
Ys724 BY4741 atg244::KanMX pho8460::HIS phol34::LEU This study
Ys726 BY4741 atg264::KanMX pho8460::HIS phol34::LEU This study
Ys727 BY4741 atg274::KanMX pho8460::HIS phol34::LEU This study
Ys729 BY4741 atg294::KanMX pho8460::HIS phol34::LEU This study
Ys731 BY4741 atg314::KanMX pho8460::HIS phol34::LEU This study
Ys732 BY4741 atg324::KanMX pho8460::HIS phol34::LEU This study
Ys733 BY4741 atg334::KanMX pho8460::HIS phol34::LEU This study
Ys734 BY4741 atg344::KanMX pho8460::HIS phol34::LEU This study
Ys738 BY4741 atg384::KanMX pho8460::HIS phol34::LEU This study
Ys500 BYA4741 leu2::LEU2 met15::METI15 his3::HIS3 ura3::URA3-GFP-Atg8 This study
Ys501 BY4741 atglA::HIS leu2::LEU2 metl15::METI5 ura3::URA3-GFP-Atg8 This study
YsS11 BY4741 atgliA::HIS leu2::LEU2 metl5::METI5 ura3::URA3-GFP-Atg8 This study
Ys513 BY4741 atgl34::KanMX leu2::LEU2 metl5::MET15 his3::HIS3 ura3::URA3-GFP-Atg8 This study
Ys517 BY4741 atgl74::KanMX leu2::LEU2 metl5::METI5 his3::HIS3 ura3::URA3-GFP-Atg8 This study
Ys519 BY4741 atgl94::KanMX leu2::LEU2 metl5::MET15 his3::HIS3 ura3::URA3-GFP-Atg8 This study
Ys520 BY4741 atg204::HIS leu2::LEU2 metl5::METI5 ura3::URA3-GFP-Atg8 This study
Ys521 BY4741 atg214::KanMX leu2::LEU2 metl5::MET15 his3::HIS3 ura3::URA3-GFP-Atg8 This study
Ys522 BY4741 atg224::KanMX leu2::LEU2 metl5::MET15 his3::HIS3 ura3::URA3-GFP-Atg8 This study
Ys523 BY4741 atg234::KanMX leu2::LEU2 met15::MET15 his3::HIS3 ura3::URA3-GFP-Atg8 This study
Ys524 BY4741 atg244::KanMX leu2::LEU2 metl5::METI5 his3::HIS3 ura3::URA3-GFP-Atg8 This study
Ys526 BY4741 atg264::KanMX leu2::LEU2 metl5::METI5 his3::HIS3 ura3::URA3-GFP-Atg8 This study
&2 ATEEMRRSY
Table 2 Primers used for gene deletion
SIAL TR SIS (5—3)
Name Sequence (5'—3")
Atgl F ATG GGA GAC ATT AAA AAT AAA GAT CAC ACAACC TCT GTG AAC CAT AAT GCT TCG TAC GCT GCA GGT CG
Atgl R TTAATT TTG GTG GTT CAT CTT CTG CCT CAA TAT TTT CAA CCT GTT TGC GCA TAG GCC ACT AGT GGATC
Atgll F ATG GCA GAC GCT GAT GAA TAT AGC ACT GCA CCT ACC CAG CAA GAA ATA GCT TCG TAC GCT GCA GGT CG
Atgll R TCAAAC TCC CTG GTA TGA AAC CAC AAC CGC AGT GAC CTG AAA CCA AAC GCA TAG GCC ACT AGT GGATC
Atg20 F ATG TCA GAC TTA AAT GAT GTC CAA GAA AAT GCT AAATTG AAT TCG GAA GCT TCG TAC GCT GCA GGT CG
Atg20 R CTATGC AAAATC TTG ATG TCT TTT GAC TTC TTT CCA AAT TTC TAA ATT GCA TAG GCC ACT AGT GGA TC

TTT TAA AGG-3'). J BtproHSac 1IHISac 1iH 4k, 4
N B i KL R Sac T-Sac TH7 & [FIES, F Biter HSal 1
HMINot T4k, 1di N F|Sal I-Not I67 55, #¢ i 45 3 5t ki
phol13A-LEU2,

4N, 5 KiBS-Ura3-GFP-Atg8 7] DA % 1A GFP-Atg8
fRRlA S (R R 2), A8 SCR e rs i 2 GFP S GFP-
Atg8IIAFNT LA, ATTTHERNIEEE 1 H WA A R 7K

1.2 ‘mpEEFR &G

Y M TE 8 7 5 AR T B 77 2R B (Ds0n£91.0),
SRJE 5 L3 DG BRIV ES R B Lk h, 55 H
Wi o A B8 75 A IR FTR o
1.3 Pho8A6075 ;% R ALP(alkaline phosphatase)
B E A

TEpho8460 phol3ATH ¥ 1, H W& 115 T K1
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AT DL T 0 el A B TR Ml 1 3 P AT AR
SO EL3 DAH T E, I N150 nLZ f# (20 mmol/L
PIPES pH6.8, 50 mmol/L KCI, 100 mmol/L KOAc,
10 mmol/L MgSO4, 10 pmol/L ZnSO4, 1 mmol/L
PMSF(phenylmethylsulfonyl fluoride), 0.5% Triton
X-100)F1100 WLIZ B o G BRE, B0, X4 pL b3
WIMA16 WLZART . 80 WL &5 A3 JEK A p-55it fid 3 2
R — 4 £k (p-nitrophenylphosphate, 1.3 mmol/L)ff] Jx
M3 (250 mmol/L Tris-HC1 pHS8.5, 10 mmol/L MgSOs,
10 pumol/L ZnSOs, 0.4% Triton X-100) A% il i fr) i
P, 30 °CJe 87— B [A] J5 AN 100 pL 2 131 mol/L
glycine, pH11.0)2% b 8. F WK B AR A HR:

Autophagy activity=(Dsampie—Denzyme blank—Dsubstrate
vlank)/(Reaction time XProtein concentration x0.018)
1.4 GFP-Atg8%& ZENTE

2 i 5% 5% B0 B a, B =AU B IR 554
Western blot#; MIGFPAR 252, 1% g %% ¥i+1:5 000
fJGFP— $t(M20004L, ABMARTA &) &2 h, ¥ 5
R, 1%]05¢ fig W5 F3+1:10 000F] Anti-mouse - $5(W402B,
Promega/a v))iF B2 h, Yelli, Bt . WS PiiANB-actin
(AT0014, CMCTAG/A ).
1.5 itz o

FEAR SB[ 4E 1H R FISPSS 17091 78 i 7>
i, @i R HxssFoR . XF IR H SR H R H gz
FEAR I AT i 05507, P<0.0582 7H Giit 2%
& e KM Mustrator B0 A 84 HEAT I 221 o

2 &R
2.1 FREMRBEREAPEIER GRS
N T R TUAH L A BB SRR A R T

(A) 041 O Rich

B Glucose starvation

0.3

0.2

ALP activity

0.1

0 4
YCD SC SD YPD
S0 &

Q 5 >

(B) YCD SC YPD 4(; %CJ %Q
Starvation: - - - + + +
GFP-Atg8 - -
GFP L —

A: B A B BEY sATALE AN [H] () 85 77 BE(YCD. SC. SD. YPD)
B 7% 28 0 HUY, AR5 e N HE L B DL s IR A P L4 he SR
Pho8D60 ) 7 LA I H WK FrasiR 722 bRl ZE, n=3; B: Rik
GFP-Atg8( 4 i Ys5007EYCD. SC. YPDH; 75 3k rf 1% 7% 45 %4 $0Y,
SRJG 53 5 e NAH RLR SRFE 5 32 R YCD-D. SC-DFIB 55 77 3£ SD-N
PR FR4 he RESRIKEINRES gt 1, I GFPHUIA{i Western blot
RilEAEE.
A: wild type yeast cells (Ys4741) were grown to mid-log phase in four
different media (YCD, SC, SD and YPD), and then shifted to corre-
sponding glucose-depleted media for 4 h. The levels of autophagy were
measured by the Pho8A60 assay. Error bar=standard deviation, n=3; B:
wild type cells (Ys500) expressing GFP-Atg8 from plasmid BS-URA3-
GFP-Atg8 were grown to mid-log phase in YCD, SC or YPD, and then
shifted to YCD-D, SC-D or SD-N for 4 h. For each sample, 5 pg of total
protein was loaded and analyzed by Western blot with anti-GFP anti-
body.

El gEBRESBRAREIIEFGIRER
Fig.1 The search for glucose starvation conditions effective

at inducing autophagy
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Table 3 Yeast media recipe

FiFRIEEATR Bi RN IY

Name Compositions

YCD (Yeast nitrogen base,
Casamino acids, Dextrose)

SC (Synthetic Complete)

0.67% yeast nitrogen base, 0.5% casamino acids, 20 mg/L uracil, 50 mg/L tryptophan and 2% glucose

0.67% yeast nitrogen base, 20 mg/L adenine sulfate, 20 mg/L uracil, 20 mg/L tryptophan, 20 mg/L histi-

dine-HCI, 20 mg/L arginine-HCI, 20 mg/L methionine, 30 mg/L tyrosine, 60 mg/L leucine, 30 mg/L isoleu-

cine, 30 mg/L lysine-HCI, 50 mg/L phenylalanine, 100 mg/L glutamic acid, 100 mg/L aspartic acid, 150 mg/L

valine, 200 mg/L threonine, 400 mg/L serine and 2% glucose

SD (Synthetic minimal Dextrose)

0.67% yeast nitrogen base, 30 mg/L adenine sulfate, 20 mg/L uracil, 20 mg/L histidine-HCI, 50 mg/L leucine,

30 mg/L lysine-HCI, 50 mg/L tryptophan, 20 mg/L methionine and 2% glucose

YPD (Yeast extract, Peptone,
Dextrose)

1% yeast extract, 2% peptone and 2% glucose
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LRI TR, HeRFERHRE AT AWK ER
UL SR o RATEREA S ilid% 77 5 SMD(Synthetic
Minimal Dextrose) " 73 il il A B & F 24 2k g DL &%
ARV 2H A AR B IS L 0 28 R TR ) R A [] 1) 35 77 2k
YCD. SC. SD(33); £ VY Fh &5 77 sk A & 48 I 5
FREEYPD. XL IR FL R INE (1) 55 77 FE w2 T B 1Y)
PEYLI B 972 3L YCD-D. SC-D. SD-D. YPD-D. i
T Pho8A60 /7 V2 A NI B A& Y I 1) 1) 11 W 15 5 R (1]

1A). ] BLR B, H o SD-DAIYPD-DE; 5% 5 1) 15 &
MR BK, YCD-DFf &1, SC-Df . HiX— 455 —
#, FATLE T IEGFP-Atg8 (1) B Pk 7 K6 1 5% 55 GFP &
HI & &, KISC-DA M FIGFP & & B T &1L
WSD-N, {H = TYCD-D(E1B). 74k, AN T HEBR
PR 522 A REE, BR TBY4741, FATXHTNI24
B RR AR BEAT 7 AR R S5, AIF B IX — 5 R AR E AT
FE (S R ER). XL LW, SC-DE& M B

R4 TIHEFEIR S Targ REEHRAIAEXT BREKF
Table 4 Magnitudes of autophagy in 38 azg mutants under nitrogen starvation (SD-N)

and glucose starvation (SC-D)

atg RAZ EHR EN/INE EATINE

atg mutants Nitrogen starvation Glucose starvation
atgl~atgl0, atgl2~atgl§ 0% 0%

atgl9, atg22, atg24, atg26, atg32~atg34 100% 100%

atg27, atg29, atg31 30%~40% 20%~30%

atg38 80% 100%

atgll, atg20 100% 50%

atg?l, atg23 30%~40% 0%

AN B W 7K T (atgx)=[ALP(atgx, 4 h)-ALP(atgx, 0 h)J/[ALP(WT, 4 h)-ALP(WT, 0 h)]x100%, x{% % 4~ [&] [#)

ATGHERN G5 o ALP/K T N2 FThrEUE .

The relative levels of autophagy in a given mutant (azgx) is computed from the ALP values in Fig.2, using the following
formula: Relative autophagy (atgx)=[ALP(atgx, 4 h)-ALP(atgx, 0 h)[/[ALP(WT, 4 h)-ALP(WT, 0 h)] x100%.

(A)
140

120

ALP activity (%)
D >®© 5
=] (=} (=}

o
=)

N IR X\ RN v v A - N v S A g\ R\ v v
o) o) o) o)
T GG @ 4 4

ALP activity (%)
D 0
(=} (=]

N
=1

353
=]

0

[ Rich
Bl SD-N starvation

A N \vd \vd
P
A\
[ Rich
Il SD-D starvation

R

$& \\V \qv ,LQV ,L\V ,\ﬁy ,f)V [\ q’bv ,ﬁv ,ﬁ)v ,’\\V ,,;LV q;jv %&V ,&V

W W

W W W W W

PSP IR P N\

PP R ) atg R B TE AR AE Y PD SR 25 (A) BSCHE 5 25 (B) 15 7 o0 B0, S8 5 B N UYL B 57 ZESD-N Bl 11 vk 5 77 ZESC-D AR L4 he R

Pho8AG6OK /724 Wi /K F o FTbRi 22 2 ARt 22, n=3.

The indicated atg mutants were grown to mid-log phase in YPD (A) or SC (B), and then shifted to nitrogen starvation medium (SD-N) or glucose star-

vation medium (SC-D) for 4 h. The levels of autophagy were measured by the Pho8A60 assay. Error bar=standard deviation, n=3.
[El2 Pho8A6075 £ M arghi BREEIHRAY B M7k S
Fig.2 Levels of autophagy in atg mutants measured by the Pho8A60 assay
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WT atglA atgliA

atgl3A atgl7A atgl194

Starvation: - + - + -

GFP-Atg8

GFP

B-actin

atg204

atg214 atg224

atg234

atg244 atg264

Starvation: - + - + .

1L GFP-Atg8 155 5 Bl arg i B B R AE SCHE TR 3k v 15 3R ZE 0 MO, SRS AESC-DRE LI B IR 38 P LiRk4 ho BFSIKIENNFES nei A, HGFPHLIE

it Western 628 EZE R & 1 75 oo

Wild type and mutant cells expressing GFP-Atg8 from plasmid BS-URA3-GFP-Atg8 were grown to mid-log phase in SC, and then cultured in SC-D
for 4 h. For each sample, 5 pg of total protein was loaded and analyzed by Western blot with antibodies against GFP and B-actin.
[El3 GFP-Atg85I 1 75 /£ MAE L IH(SC-D) &4 T HI 4 AR B
Fig 3 Autophagy under glucose starvation (SC-D) measured by the GFP-Atg8 processing assay

Wi 175 3 200 e v PR BB DL PR 2% A1
2.2 FREIFSEHT B B RE E A FE
B R ok, BAF SC-DIX FlobE YLK 2 1F Sk 46l
= 2 MATGHE IR i B B vk 1) B e 5 3 7K SR
AFTE2B). 1E Sy B, FRATT R B A I T Lk
B 3% 28 TR ) 5 3 1 DL(RAF BI2A). R R 2%
TR DR 4 R R A PR R R A R KT — BR(R4,
— 5 RH W (1) &5 R B2 R g OR), WatglA~atgl04.
atgl24~atgl194. atg224. atg244. atg264. atg274.
atg29A. atg31A~atg34A4. SR 5 Bk Watglia.
atg204. atg2l1A. atg23AMarg38AN) 5 L A [6] (1)
H 67K P (KR 4): atgllA. atg20A% LI 35 S K F
50 A YA AL, T E B DL T T B T AR T
£150%:; atg21A4. atg23AR YL BT B Wi K1 N B A
A [130%~40%, FE UL S& A T B W 3 58 45 BH W
atg38AT VR I 5 Y A AR £020%, HE LR IS ) 5
B A RUM T, 45 8 5 GEP-Atg8 B 1) 75 2 X i B
GFPH H WAl 45 R — B (K13). X ¥JUEWISC-DF
DU SR AT ™ 40 PR B W 1 23 7 LA A R R B A [
FRIEK.

3 1Wig
s Pe it R — R AT LA R [E) R S AR

(e, WA E F EEIEH. BRI M5
o4 T BN M AR AR (S 5 I B U, R R
b REE AR R AR, AT R UE 20 B ) B A i
ZEEHE RIS, 20 R PN S S E % 1) AR A AR (A
(7, A1 200 P 1 W A ) = 2 P TR A T
UM TS5 A BRATBERCT VURAS[F (b
YLk % FYCD-D. SC-D. SD-D. YPD-D, Jf fx %
B 2 Y AW 5 S /KT I s R SC-D2& . S8, KAl
Far 7 2% A W = IR ) R B B ik 72 SD-NFISC-DiaX
PR LR S5 A T B B WK, K atglid. atg204 .
atg214. atg234Matg38A471E % 7 S (K215 4), 1E
A Ik 1t 5 TR 7 R DL+ () 4 P TE SRR B AN TR T
FELR B YL .

Horh, atg1 1AM atg20A1E FEYLR IS A H 15 B,
T Bk I TG B [ arg2 1AM atg2 3ATE B8 LR INF I
s R B EL S DL ™ 2 arg 38ATIAE BE YLK )
W S5k B 9 AT R LR B )™ B, At L 17E 2 b 8 1k
Wk HH TS G B IR, B S S AR AR R R AR
Wi iz 3% 21 [ Wi 2H 36 47 5 (phagophore assembly site,
PAS), A& K5 5 kR AR O 50 AR E A
Ik AR DOk () B, SR AN B R AR R B
HEAN T B, (Hatg 1 TAR) B W K76 RE LR 2% 1
T ECEFAER R B T 250%, FRATHEN, e AR 1% %
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BRI

T i BIAtg172 SPASI AL . 7E LA IO LAY o,
Atg20. Atg21. Atg23#ECvtiR 24 7 MAtgH A,
Atg2072sorting nexin&g [ 5K % i) il 72, H A Phox ]
PR S5 #38(Phox homology, PX), 254k i Bk LA 3-
1#% PR (phosphatidylinositol 3-phosphate, PI3P)",
YU, arg20AT PR ) E WK BRIV, B4
50%. SR, [FJ&sorting nexinfllAtg24 5 4% th HPX
SERIR, (Harg244 5 51 A RUAR LN A 284k, X ]
EAEAR LRI B W P RS A FRIIPE . Atg23
se—MAMETEE A, E AT PASHIGH BT th — LL ik
FE [ R S5 1E , 35 B Atg9 M A1 Ji] J5 25 4 B PAS ) i
[FF2IE, A E S AR T AtgO @ L T . Atg23
AR 2 2 T UYL RIS 1 WG9 k2B, T A L 1
IS [ WA 5 4= BELIT, 1 AT A f2 Atg23 6k 2k 3 B 1
I 445 ) DL R R FEEAE IR 2% A TR 1K, B Atgo A
BE B9 JT 41 JE JEL 1T 2IIAPAS . Atg2 1)@ T iR JUL B 45
& 5 M KR (WD-repeat protein interacting with phos-
phoinositides family, WIPI), t 7] 25 4 PI3P, 3= BL7E %
PEPE E W PR, AR B K B R
I REMACA, T AE RS YLK B R sk 2% 0 52 4= BE I 4R
VAW, BARAll. Atg20. Atg21f1Atg237f
FEERCVEE R AH R I AtgR H, (HIFAE JT A Cvthy 5+
HIAtgtE A2 5REIVERE S ROAREEEE B W, 244
1 Atgl9Hsorting nexin Ji& [ Atg247E iX > 1 72
HAER AN T K Atg38 B i Pk JUL I 3- W8 (phos-
phoinositide 3-kinase, PI3K) & &K1 2 Bl 4, BT
B Z R AR 3 E A K 1 Vps15-Vps34H1Atgl4-
Vs30T R, T AERE LRI JEade £ B WAL P
HATE EA3BZ 5, TAVFNAEZFA T L ER
F R 5 A B A, Vps15-Vps34 £ Atgl4-Vps307E i
HA38Z 5 MG UL T BLA R Y R S5
B, BARarg38AW MR P PIBKE SRS KR Y, 1EAT)
AT LA A R 5 2 (P3P A3 (1) E W IR &

AT, 38 pix 2o 72 7 (0 J BRI AN W 1. —F e
RE 2 B DL TR IS 200 B P9 F) A S A 5 B R, AR
P AW ARG, ML S BV T IS S
AR B IF A 58 4 R4, Bk, % FhAtgsr B ]
RELAANFI 7302 5 B, [0l 3 9 IR B R A2 Ak
Ji— MR, YL HEZR A& B s, S BUB Bt
2532 MR X5 JRATTNS 40 A A R A 5 2R — B bk
DU 40 f A=A 1k, SRR IR T AE B LRI
MR Hh4s 2 i, R SR B A, daie s

REBAERY, ERXWFFMT, RSN ER
] RE - BRI A AT T B AR R PR GED BRAN [,
M S 055 b Atg 8 AR SX R 26 AF T IR A
SAA

KA LR, BB AR B B AR 5C 207 HL I
HIW L 2 AR BV R REAT, s gl RS A
O A AR RO SR S AT
CURII38 M Atg B F IR TR W RIS A P BRI
R A, RS T ) B W5 B
FEASREA MBI RIF A 251 I RAy B4
BB WA AL, RAAH B NI LA
W Z M S 56 B, AR SCHRHRZONR AR
BEULESEAF T 10 B W 73T L BLE T A
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