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PIPSKICTE BIA 2R B EE/EH

x| A

R W 2

KAH REAL™

(R LA B, dbat 100084; 2rb R MY A B 77 e, kst 100083;
e R B RE A S EOR B, 5 430070)

HE B " (autophagy) % —Ft £ A4 AW F + 94K F 69 IR BERIRAR B TS R 1812, Bl T
PRI JE 45 4 6, B A AR B O SR A 2 AR dm B 35 514 HLAE 1A B IR B AR P BEATIE R . AR A
I, — BB g BLILEZ 4-5F BR 5-3 B&C I A (type 1 phosphatidylinositol 4-phosphate 5-kinase isoform C,
PIPSKIC) 2 A 53| it 2., Armilahdhmied, SUk—A BEIE BLILES 4-BRBR S BEC DA 23t
ARBK Fa R (omegasome) 89 5 4K 75, Bt ik R, B KT A K. FIAE, B ST LR R4 B
fi§ BEALES 5- B Mssd 5 25 XM IR, B b, I — A BEAS BLILEF 4-BE RS- BEC R A £ A

ARG AR T A HRE RV .
KR

H Wi (autophagy )& 7 3540 P A Ok <7 1 i Y B
fift A, A IV AR — SR K Oy T A K2
T 1 20 B2 A B/ 231 LA 56 e B e [ AL )
MU Az s 71~ 2 320 4 B R, 9] an Ah s
WAEVIERR . AR iPiEE . bR
SIEFER — MM T, B S A KOK & (omegasome)
e AMARTE R, SR AARLS « IR AR S
IR B R A A AN BRE A,

TEWFLBh W 40 M P, — BB T I UL P 4 -1k 1R 5-
W (type 1 phosphatidylinositol 4-phosphate 5-kinase,
PIPSKI) S ikt 7 K 5 I 1 JUL 5 4-16f 12 (phosphati-
dylinositol 4-phosphate, PI4P)#% 1k, % 15 i B L 124, 5-
181 (phosphatidylinositol 4,5-bisphosphate, PI1(4,5)P2).
F1-TPIAPTE B PN 1R = FE ARG i, 2 A CPTP2 (1) 22
e, PIPSKIATE by 33X A ik 4 (1) 48 14 3350 7 {3 47 PTP2
RS (R A v b A A P

PIPSKIZEAT =N o1, AT FUR L o =
A B A PIPSKICAE25 347 ) — AN B 55 58 AR A2 it
= UM 2 R 0K 1 R 2R 25 5 1k (lethal congenital
contractural syndrome type 3)f %5 K. 53 4b, 1% 5848
AEAFPIPSKIC I BET RS , Mif 5 HEEPTP2R) £ 152
FUFE, IR 23 ECT SO B BB . PIPSKIC
FELE AR MO b, (HAE N AR A0 A,
B I RIFFCUE B & AR AT B R (R i o . Lk
22 JE A R P AT LRI, 538k, Brown4g P E
20014 [P 4R IE #4575 T PIPSKIA ) B 1 LA A PIP2]

[0 WROR A4, — 2R Bt I O JU LI 4- Tl PR S - e C Y 2

P BT 240 RS R PN A 2 T P 2 i ok et ol o o 2
YEFH o 40 B 15 1) 52 o, 2 S 32 1ok 7%, {HPIPSKIC
SN A R R A B A AN 2

i T B HUPIPSKICTE 41 f [ Wit v A2 75 & A H,
PATTAE 0 LB ) 4t M AR T PIPSKIC, R i A%
T PIPSKICHI 4N B AE 4L AL H1 i RICK 3t 44 (14 T %
LS, AWKV B 4B 17 A 2 BRI L 5))
Wb RS 1), ERERE S0 R BT AT 2 T 2R
gL, TERERET, W BEVLRE S-S Mss4 J2 PIPSKI
() R E . B AT] & IR MissA (1 9, i Uk 7Y 5 A% T Bk
TEVURAEEE 5 B WE7KP 0 B SR FEAIG . DL 5 R,
PIPSKICYE H WA R B e bl 45 B2 H .

1 MRIERE
1.1 E#k. HABARFNRTRL

ARSI I A R ) TR R A B Rk T GFP-Atg8
(1) 5 4= BUBY474 1 Flmss4*. B A5 R 5% 0 1 1k )
H Invitrogen/ ), GFP-Atg8 it i Yoshinori Ohsumi
SEEG F PTG . AT ST FH R L 304 40 A A R I
PIP5KICIJNRK (normal rat kedney)l it , NRK4H fig
W 5 3 AR X RS 240 488 BT (American Type Culture
Condition, ATCC), 7£:A& ¢ ¥ 4k shRNA J5 HHL 70
R T8 Bide e R 4 e R o B PIPSKICKS 5 Ak 4
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J Z BT HIshRNAY [ 1 ifg 5 35 1) 24 3 AR A7 R 28 7],
P51 h5'-GAG ATG CAC CTC AAG TTC GAT
TCA AGA GAT CGA ACT TGA GGT GCA TCT TT-3',
GFP-DFCP1 5 ki K tistakis 52 56 55 I
1.2 EFHFE

W FLBh ) A0 M5 35 BT S 7R3 A I T 10% i
2 1ML (FBS) IDMEM, % 3% 5855 5% CO,. 37 °C
TEILRE FRAR o VLA B A 5 15 5% 25 v 1) a3 R 4
JE T o

1 RESD-NYLk R 72 0E: 1 L dd H,O. 1.7 gt
AL 20 g
1.3 RERAEE

V40 W A R B3 v B85 9, PBSYE 5 H14%
% % FA ] 52 10 min, FH 25 10%I0L.15 PBSE] 14130 min,
SRJE 10 pg/mLIHTARE & 1 h, PBSEE3 WG FH 2¢
JEFRIC I —HUEE 1 h, PBSUE3ME, 3 A
B TS
1.4 ik

PIPSKICHT ¥ e H & [FECST 2 w(Cell Signaling
Technology. Inc, 1ot#3296), Lamp147{{4&Il4 5 Enzo Life

Science’A ] (1ot#05031003), LC3(PMO036)F1p62(PM045)
Pu ) HMBL 2 H] (Medical & Biological Laboratories
Co)).
1.5 R

ARSI vp B MECR AR AT T IR 2 OLYMPUS FV1000
WOCIL R RIS P BGRB8 B Al v 42
VT PAR IR KA, BEAT H 24

2 HFR
2.1 I EN B R PIPSKICRET IR 5 B K AR A By
M EERE

TEILA (P FL 200 40 . B W A v L Ak 2
Je A7 P B T A B AR [ | A ——BR
Kontith, 2 Ja F AR M RICK A rh K k. BICK i
2546 0] DL GFP-DECP 1 b5t 1Y, A1 Fo Al 175 6)
A RN L2 RO IR PIPSKICTR 52 5 AL (B 1A) b 3%
15 7 GFP-DFCP 15U K W 4 2L RRCK 3t 44 TR 72 1l o

EFOT, YA hs ROK SR TT i K &
JER, A TAE TS FRA RS T 8 hiX AN i) £ LA
25 ] DATEIS i) RIS 3] — 58 1) SFRLN. . - 1B &5
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A: ENRK A il b 43 51 %% Anonspecific-shRNAFIPIPSKIC-shRNA, #J 4 HNSFIPIPSKIC knock-down(KD)[#)58 5E 41 it &, JHPIPSKICHT{ATLE West-
ern blot HRTIIFEER U B: 2 ARIITI& (1) PIPSKIC KDAH I 5 A1 Mtk BEATNS p 4 IR RICK A 4 (1) b7 38 2 11GFP-DFCP1, AR5 IfiLi#% I DMEME;
FEIEYUBALFES h)5 I GFP(4 (0) FILC3 (2L () T AREAT F 32 5 4 (i (s J]U=5 pm).

A: NRK cells were transfected with nonspecific(NS)-shRNA and PIP5KIC-shRNA to generate NS and PIP5SKIC knock-down(KD) stable cell lines. The
knockdown efficiency of PIPSKIC KD stable cell line was verified by Western blot using antibody against PIPSKIC; B: NS and PIP5SKIC KD stable
cell lines were transfected with omegasome marker GFP-DFCP1 and were starved for 8 h with serum-free DMEM medium. DFCP1 and LC3 were im-
munostained with antibodies against GFP(green) and LC3(red), respectively(scale bar=5 pm).

Bl PIPSKICER S B KA S
Fig.1 PIP5KIC knockdown leads to abnormal morphology of omegasomes

RBIR, fEXHE A, GFP-DFCP1 5 A0k, b 1E# [
WK g4, I HASLC3FT bR i) AR AT 38 73 3L €
fir, X 5 Sk R oE LS — 3. (HAEPIPSKIC
FeE mAR 40 i, L T oK ZIRGFP-DFCPI,

RE 1% 18 1 WK 6 A4 0 T 1, 3 I 75 45 PIPSKIC 1] R
1E FIREAR TR o e A JE 8 E VR
2.2 IHE AR BURPIPSKICS| & B K F
TF&

5 LT () S0 FRAT T A IR, PIPSKICT R A% 5%

WA AR TE R A2 5 DAL 45 SRR3R W, PIPSKIC

A: Nonspecific(NS)HIPIPSKIC KD i 5 ££ AN 3% IfiLifF FDMEME; 77 4 b Lk ab B8 b, HILC3(ZL o) iLamp] (4 () $T # 2E 47 G 5 5% e %
bR =5 um); B: G it B R A REAN 40 LC3 0K S5 48 11 3 B0 o ARRALECH Hh Gt 10041 MY, 15 7 2 3 -3 10O 37 S 38 1) Al 22,
*%%P<(),001; C: Nonspecific(NS)HPIPSKIC KD i) 5 HIDPBSYLIkAL #i4 hJi5 WU (1R b, F Western bloth Il p62 1 AR5 L. Actin g N2,
A: Nonspecific(NS) and PIP5SKIC KD stable cell lines were starved for 8 h with serum-free DMEM medium, and then endogenous LC3(red) and
Lampl(green) were detected by immunostaining(scale bar=5 um); B: average number of LC3 puncta in each cell in figure A was quantified. One hundred
cells were counted. Error bars represent s.d. from three independent experiments, ***P<0.001; C: Nonspecific(NS) and PIP5SKIC KD stable cell lines were
starved for 4 h with DPBS. The degradation of p62 was detected by Western blot using antibody against p62. Actin was used as the internal control.
E2 LR PIPSKICRRFEAR B kKT
Fig.2 PIP5KIC knockdown reduces autophagy level
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ST

T RCK AR IGTE B, R T KL PIPSKICHEAR & 15 [
KT FAMEACE, BATI T AW 584 . LC3/2Atg8
TE R 7L B P v 0 TR 05 2, B SR b g 18 W A,
Lamp L& % B broad g (1,

WE2ALE R PTR, YIRS hm, 7o 2L,
A RKELC31) mUIR S H I (R AR E MIRPIPSKIC
(40, LC3 0k 45 74 1 i B SR sk, 9 LG A
REHIE R et 45 4L Bon(K12B), 7Ex) 4,
A4 AT 3 5 A 17,574 1T £ PIPSKIC
i G 1R S5 20 v, AR A ) 1 ST A B R A
10.094,

h T D e AR, FRATEAE A T AR
F-BORAS I . p624F Ay 11 W5k 1R 45 Sk e At I 40 B
F AR T it B 2 IRz 16 B S B R rh JEA T A
W E2CHT 7, {E IDPBSYL ik 4k 4 hjim, i I 20 i)
pO24E /K Y- T4 W I8 %, {HPIPSKICHAR (1) S5

Y rp62 8 1K VB AR 50 hiF1, R WZAH 11
AP FEAG. BL &S FHER], PIPSKICHE F AR
JE R R A AT EEME
2.3 B HPIPSKICHEIREYIMss4kiE G 4RAR B
Mk 7k T B

0 M. 11 W3 A — ol 7 1 R R 7L 3 42 A i v R
WAL, BERErp A g R 5 FLsh 40 g 2
6L, KRBT LAY B = AN BE: 1 Mg AL 247 15 (phago-
phore assembly site, PAS) & H WA T il 501K
Rl YRR AR S T PRIUAE B BRI 1 g i A
PIPSKICH [A] Y5 #)Mssd i 15 A7 [FFF 1 47E H, Bl
KL T mss4 i P BUR IS A BRI BRI . AL
HAf FHFM4-64K AR i, FHGFP-Atg8 K bric H
Mg A4

KI3AZE L R, fEYURAC T his, B AR RSP Rf v
CLZ8 HH IR B ORI A, (H AEMss4 2R3 1 TR A,

A {ERFE R 8% REB Y4741 (WT) RN R BUR S AL T Mromss4°rh id 235 H WS ARR L 8 I GFP-Atg8(4x (M), JFHIFM4-64 bRl B (AL (L), 37 °CH#
ii2 hja FISD(-N)BEEFRIE YU AR BT h(hr =2 pm); B: ZEil BEZR s A B P RERE T 1 E WA 40 L A9, B 2 et b ST 40N A, IR 22 2R3k
TSI AR HE 2, **P<0.01; C: HIGFPHUA £ Western blot - KMl A IS 4TIl [ GFP-Atg8 BT I LL G . PGKIGA £,

A: autophagosome marker GFP-Atg8(green) was overexpressed in yeast strain BY4741(WT) and mss4®. Vacuole was stained with FM4-64(red). After

heat shock for 2 h at 37 °C, the strains were starved for 1 h with SD(-N) medium for live cell imaging(scale bar=2 um); B: cells with Atg8 puncta in fig-

ure A were quantified. 40 cells were counted. Error bars represent s.d. from three independent experiments, **P<0.01; C: GFP-Atg8 in cells from figure

A was detected by Western blot using antibody against GFP. PGK1 was used as the internal control.
E3 Bt rhMssdKiE S B MKTE TR

Fig.3 Autophagy level decreases in mss4® cells
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AR B WEAR I ] kb . St gt IR BoR, 4R
AR BB RE R OR2995% IR A M T 1 T R E A, (R
Mss4 2R3 B E R LA 76.9% 41 IE R T F A4

GFP-Atg8/¥) By )t v DL A WK - 7B
I % A ik R b, GEP-Atg8Fi 1 WA — i gk A0
Ol AR, — RS LR, GFP-AtgSil 87U i Hu 7 kg,
E WA A AR ZA0, EBCHIE5 R el UG H, 18
PUEALHE4 )5, mss4°41 [)GFP/GFP-Atg8 (1) Lt 5] 2 1]
AR TR AR U BAZ AL F KT B T AR
DL F g AR, Mss47E H W IF i A= ke /E o

3 e

TEW LB P a0 Mo h, 3 A1 R AR PIPSKICHAR
Ji BROK A A4 1) T 1t B S, 3 T 1 WAk A £1%) T ik
b, AWK, XA R85 RAE R R 43 2] T 50
1, 1X 3 BPIPSKICTE H W A4 1 JE el 4 B 2211
EHT . fHAS — & 12, FEPIPSKICHIL 5 BR K i 44
SR B LR 1 e i 45 0, HLC3 R RO 45 44 AR
AT LB R, BATTHEDN 7T 88 2 PIPSKICH i Ik S 8L T
IR 3t A T 1 WG A 1) 73 e R 52 B, e T 3 SOk
BRI o DA AT BROK Tt A4 A2 40 R P 5 D9 L= 11,
WL { WA KA B 23 25, AR P REUT A I
P4 e 1717 T2 F TR 4 4, EIX — R 1A 5 2 i 21
WFFURAUE I

Ty AN RAT I ) R PIPSKIC Y 36 42
A S A BROK A (R T 1R 2 A D — Pl I 1t UL 2 5-
i, PIPSKICH) 5 A1 H] A& K PIAPH A B PIP2, i}
PIP2JE 1R % 85 (A T AE MBS 1 (4 s 407 A, 7 W] BEAE RK
Ktk EAELEAPIP, 1 PIPSKICHI AR S0 T PIP2
(A 5 AT S i 381 1 e o BB (9 5, G
T BRRROK At A 1) S 5 FH 18 A T B sk D>, (R FRAT
WA BEHEBRPIPSKICH Jof (1] 422 5 X5 i KK i 44 1)
TERe XA ) LA 15 T3 — B 5T .
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Function of PIP5KIC in Autophagosome Formation

Liu Mei', Chen Lilian?, Zhang Shaojin’, Rong Yueguang'*
(!School of Life Science, Tsinghua Univerdity, Beijing 100084, China; > School of Biology, China Agricultural University, Beijing
100083, China; *Colledge of Animal Science and Techology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract Autophagy is a conserved lysosome-dependent degradative pathway in eukaryotes. During au-
tophagy, autophagosomes engulf and deliver the accumulated proteins and damaged organelles to lysosomes for
degradation. In our study, we found that type I phosphatidylinositol 4-phosphate 5-kinase isoform C (PIPSKIC) is
involved in autophagosome formation. In mammalian cells, omegasome morphology is abnormal and autophagy
level is decreased when PIPSKIC is knocked down. Similar phenotype was also found in yeast cells. The inactiva-
tion of Mss4, which is the homologue of type I phosphatidylinositol 4-phosphate 5-kinase in yeast, leads to the
reduction in autophagy level. Based on these evidences, we concluded that PIPSKIC plays an important role in au-
tophagosome formation.

Key words autophagy; omegasome; PIPSKIC
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