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F— b7 7 DT EEAEMICEE IR SN TS MRN O EE R SRR THh D, HERERE Saccharomyces
cerevisiae \(LBWTCA— "7 7 U—NFEIhb e, A— 77 U—l X X0 E (Atg X0 E) BNA—
N7 7Y —LEROBICERE L, A — 7 73V —AREME (pre—autophagosomal structure, PAS) Z A%
%, PAS BT D & /AR B IR MK S v, FRBEN & FRIEH D IR AR 23 0 iR~ D MR N Rk 4y & el A e K
MR L, LA Z & T, A= 77 IV —AEMENS —ERENNIBSERENS, A— 77 TV — A5
R E G EX) VY= ERE L, A= 7 7 T —LICNBENT RO DRI NS,

A= 77 A= LRI HETH D5 20 FEEHD Atg X VX7 B a7 Atg Z U7 G LT, 2hblide o
DOEEL = FEHR LTV, 2N DHOMEEL= v MIERE FICZERANCER L, PAS 2545, ZRET
DWFFEIZL Y, 5 DOEEL = N D PAS ~DRTEAER A LN L R o TELN, R T 7 FUVNA ) v h—)b
3-%F—PHEHEMA T (PISKCI) @ PAS JFTE(LESHEIZEA & 20T 22 - T2V, PISKCI (X, "R T 7 F VA ¥ b
— BV BT DE L TRAT 7 FINA ) b= 3-U e (PI3P) ZPEAET 5 PI3-FF—F D Vps3d 5
AR TH D PISKCI IZ ko THEA ST PIP I PIP FEA Z v NV BaEtelifE = v N Th 5 Atg2-Atgls
AR L O Atgle HAIKD PAS ~DFFEICEE TH 5,

ARFFE T, PISKCI OV T 2=> N TH D Atgld [T h—7X 7 &A1 LT PI3KCI Z4fE ik L, PISKCI &
WMEEHT 25 R0 84 L)) 70y T 4 TBIOERSITICEVRIEL, T 25Z &2k, PISKCI ©
PAS RITEAVEERE DRBA % B8 UT-, MRATOREE, PISKCI 134 — F 7 7 P —ICBEREIABRE & % o /37 ' Vac8,
PAS O B AT T % Atgl HAKRE L OPAS IZRTEALT BB/ NED X LRI ETh 5 Atgd EFE/EHAT 2 Z &M
BH BT 572, Vac8 & OFAEAEMICIL, PISKCI 1% Atgld @ C RIRMEBNEE THDH Z L Nbho7-, Atgld iz
fkEad e & /X7 'E mNeonGreen % {51 L, PISKCT MR N JRITE % w2 Y BAMER & AV THRMT L 725 3 PI3KCT-Vac8
MM AAMERIC KB O H D atgl4MHIIZIWTIX PISKCI DiRIAIE~D JHTERS PAS (FREMHEZ o 737 B mCherry
AUz Atgl AR 7 2= | Atgl? BT DR ~ORTENBFITRT Lz, 62, Mgs o
7 TP D Pgkl OOy FEEEIZETM L 72 fE R, atg/4MICB W TEA— h 7 7 U—TEHERMEF LTV A Z &M
Dotz Vac8 I Atgl HAKRZMIERICRE T2 %E 25 Z L AME I T3, Vac8 X, PI3KCI DEHukE
~OBEER, WM - ToO PISKCL & Atgl AR E DG EIRET 2 Z LI2 X V| PI3KCI @ PAS ~D FTE{LIZES
442 LR ENT, I, PISKCI & Atgl BEEROMANEMIL, PIKCI O% 7 2=y N Th D Atg38 ® C
RIBGEIR & Atgl BAEROY 7=y N Th D Atg29 O CEBEIK E OMEMERZ ML TRIAZ EFF LML
77o S BI1Z, PI3KCI & Atg9 & OFHAEAEMAICIZ, PIKCI YT 2= +® 1 ->Th % Vps30 @ BARA R A A 3 E
BETHhAZLEPALNI LT, £7-. ZOFMAMERIZIT Atgd 25 Atgl BAKE OFEAERZ/ LT PAS IZ/BTE(L
THMEND D Z & DIRER S I7z, PISKCI-Atgl AR EVEH R L OVPISKCI-Ated BIAR EVEH OMi#E % K48 L
T2 BARDVERL 2 3 I 72 53 . Atg38 DR & Vps30 D BARA R A A L DKRIE (vps30°8) o — F 8 BAR TI% PI3KCI
DARLEN /2D T ERNbh o7z, Atg38 ITHEH O C RKIGHEK T 2 BIREZ A L, N AR T Atgld 38 KLU Vps34
LFEEMT 2 Z L TPISKCI 2L EAT DI ERMEIN TV, £ T, Atgd38 @ C RiFfEIkE KL SH, £
ZIZ Gend WA H U RITEO ZBIKLEH D coiled-coil FHIKDEH] AN L 72 (atg35P-GONES)
atg38M-GONLC vps30PHA — BZE BARIZIUNTIE, PISKCT AN E L L, & SIS b gtz 1 v L PISKCT & Atgl
BEERB LN Atg & OMAEERNKIB L TWD Z & 2R Lz, S RBEMEBMNT OFE R, PISKCI-Atgl #HA KM
FIEAMER M KIB LTz atg38™-GONA 1k, PI3KCI-Atg9 MR AAER A KIB LTz vpsS30P AR 35\ C PI3KCT @ PAS ~
D JBEITESHNAR T L, W BEA/ERICRIBOH 5 atg38P-GONLS vps30P 5k TIE PISKCI @ PAS ~D {1EIZIEIE
SERILKbNT, A— F7 7 V—IEEIZBWTHEERIZ, R HFOMEERNKE LI TIEA— b7 7 U —
DNERASENCID Uy WA EMERN KRB LR TIEA— 7 7 O—123FE L Lz, DL EOfEE S, PISKCI-Atgl
AR L O PISKCI-Atg9 RIFE B AEH DMiE 73 PISKCI @ PAS ~D R LB LA — 7 7 O—ICEHEETHDH =
LB BMNE T,

ARFZEIZ X 0 . PISKCI @ PAS ~DJRfE{biE ¥ L OVPAS (ZH61T 5 & o _ 7 R EAE IS B4 2 BB AR 20 RANVE:
b7, ARFEORRIL, WAL 2 &M OERBIT D4 — 7 7 V=D THEDOHIZEICB W CH EE
fReFE 2D L HIfES NG,
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Macroautophagy (hereafter autophagy) is a major intracellular degradation system in most eukaryotic cells.
When autophagy is induced, a membrane cisterna called the isolation membrane or phagophore forms in the
cytoplasm, and it expands, bends, and closes to form a double membrane vesicle called the autophagosome.
In autophagy, various cellular components are sequestered within autophagosomes and transported to
lysosomes/vacuoles for degradation. Upon autophagy induction, autophagy-related (Atg) proteins assemble
and organize the pre—autophagosomal structure (PAS) to initiate autophagosome formation. Although previous
studies revealed the mechanisms that target these proteins to the PAS, that for phosphatidylinositol
3-kinase complex I (PI3KCI) remains unknown. To investigate the mechanism that targets PI3KCI to the PAS,
I focused on proteins that associate with PI3KCI. In Saccharomyces cerevisiae, PI3KCI is composed of the
PI3K Vps34 and the conserved regulatory subunits Vpslb, Vps30, Atgl4, and Atg38. In this study, I tagged
the PI3KCI-specific component Atgl4 with the FLAG sequence, performed immunoprecipitation of PI3KCI, and
discovered that PI3KCI associates with the vacuolar membrane anchor Vac8, the PAS scaffold Atgl complex,
and the pre—autophagosomal vesicle component Atg9 via the Atgl4 C—terminal region, the Atg38 C-terminal
region, and the Vps30 BARA domain, respectively. While the Atgl4-Vac8 association is constitutive, the
Atg38-Atgl complex and Vps30-Atg9 associations are enhanced upon autophagy induction depending on Atgl
kinase activity. A previous study revealed that Atg9 binds to a subunit of the Atgl complex, and is thereby
recruited to the PAS. I found that the association of PI3KCI-Atg9 was decreased in cells defective in
Atg9 binding to the Atgl complex. These data suggest that the PAS localization of Atg9 is a prerequisite
for the association of PI3KCI with Atg9. Fluorescence microscopy analysis showed that the associations
of PI3KCI with the Vac8, the Atgl complex, and Atg9 are important for the PAS localization of PI3KCI.
Our results allow us to propose the following model for the mechanism of the PAS localization of PI3KCI:
(i) PISKCI is recruited to the vacuolar membrane by associating with Vac8 via the Atgl4 C-terminal region.
(ii) Upon autophagy induction, PI3KCI binds to the Atgl complex via the Atg38 C-terminal region at the
PAS. (iii) The BARA domain of Vps30 in PI3KCI associates with Atg9 in the Atg9 vesicle associated with
the Atgl complex at the PAS. These associations cooperate to target PI3KCI to the PAS. This study establishes
the molecular basis of the PAS targeting of PI3KCI during autophagosome biogenesis.
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