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1-1 Type 2A protein phosphatase

1-1-1 Protein phosphatse 2A (PP2A) 

98%  (Ser)  (Thr) 

400  (protein kinase)  (1-3)

Ser/Thr  (protein phosphatase) 40

PPP PPM Asp phosphatase 3  (4)

PPP Ser/Thr

Protein phosphatase 1 (PP1) PP5

type 2A protein phosphatase PP2A PP4 PP6  (5)

PP2A 1% PP1

90%

(6)

PP2A A C

AC B

B

B55 B56 PR72 Striatin 4  (  1)

PP2A

 (6,7)

 (8) PP2A c-Myc Akt ERK1/2

Bcl-2 caspase 3



 (9-12) PP2A  (13)

PP2A PP2A

PP2A  (14)

PP2A

PP2A

(15,16)

SET/I2PP2A (SET) PP2A 1

SET-CAN

1  (2) SET PP2A

SET PP2A

1  (17)

SET

 (18,19)

OP449 ApoE Low Density Lipoprotein (LDL) 

SET PP2A

B B

 (19)

SET

SET SET



1 PP2A

A C AC

B

B B55 B56 PR72

Striatin 4



1-1-2 Protein phosphatase 6 (PP6) 

PP6  (PP6c) 

PP6Rs (PP6R1 R2 R3) 1

 ( 2) (20,21) PP6

Sit4 TORC1

 (22,23)

PP6 Aurora A kinase  (24)

DNA-dependent protein kinase (DNA-PK) DNA

 (25) PP6 nuclear factor-kappa B (NF- ) 

 (26) Ppp6c

(27) PP6

E-cadherin  (28)

PP6

PP6

PP6 PP6

Aurora A kinase

DNA (29,30)

PP6 PP6

 (31)

Ppp6c

7,12-dimethylbenz[a]anthracene (DMBA) ultraviolet B (UVB) 

 (32,33) PP6



PP6  (34)

 (35) PP6

PP6



2 PP6

(PP6c) PP6Rs 

(PP6R1 R2 R3) 1



1-2

1-2-1

2

2

 ( ) 

 ( 3A)

 (36)

 ( 3B) (37,38)



3

(A) Ub

(B) 



1-2-2

 (39)

p62/SQSTM1 C ubiquitin associated 

(UBA) LC3

LC3-interacting region (LIR) 

 (39) 7  (K) 

(K6 K11 K27 K29 K33 K48 K63) 

 (40)

K48

K63

 (41,42)

 (43-45)

(45-47)



1-2-3 Beclin 1

III PI3

 (PI) 3  (PI3P) 

 (48,49) III PI3

Vps34 Vps15/p150 Beclin 

1 Vps34 Beclin 1

 (50)

Beclin 1 Atg6

Beclin 1

 (51-53) Beclin 1

(54,55) Beclin 1

Autophagy-related protein 14-like protein (Atg14L) 

 (56,57) UV 

radiation resistance-associated gene (UVRAG) 

 ( 4A) (58,59) Bcl-2

Beclin 1 Beclin 1 Vps34

 ( 4B) (59-62) Beclin 1 III PI3

Beclin 1

( 1) (63-71) Beclin 1 III PI3



4

(A) Beclin 1/Vps34 Atg14L III PI3

UVRAG

III PI3

(B) Beclin 1 Bcl-2 Vps34 Beclin 1



1 Beclin 1

Kinase 

S14 ULK1 PI3K

S90 MK2/MK3 PI3K

S93 AMPK PI3K

S96 AMPK PI3K

T108 Mst1 Bcl-2

T119 DAPK1 Bcl-2

S234 Akt 14-3-3

S295 Akt 14-3-3

1-3

type 2A protein phosphatase

2

PP2A SET

3

PP2A PP2A

4 PP2A type 2A protein phosphatase

PP6



2 T

SET OP449



2-1 SET

20% 85%  (72)

 (73)

CHOP 26 51  (74,75)

B SET

 (19) SET

T

 (CL-1 CLGL-90 Ema GL-1 Nody-1 UL-1) B

 (17-71 CLBL-1) SET

SET 100% SET

SET 8 7 1.5

Ema 5  ( 5)

PP2A C A



5 SET

PP2Ac PP2A A SET western 

blotting PBMC SET 100%

SET PBMC: Peripheral blood 

mononuclear cells



2-2 SET

OP449 SET C

 (15,19,76-78) OP449 SET

(Accession number NM_001122821) SET (Accession 

number XM_846114) Clustal X2 

N C 100%

96%  ( 6)

SET C OP449 SET



6 SET

Clustal X2 human SET  (Accession number NM_001122821) canine 

SET  (Accession number XM_846114) 



2-3 SET OP449 SET

SET OP449 SET

Ema SET UL-1 OP449

OP449 Ema

 ( 7A) OP449 Ema UL-1

(PBMC) OP449  (

7B) OP449 SET



7 SET OP449 SET

Ema UL-1 OP449 (0~10 ) 72  (A) PBMC (B) OP449 (1 M) 

72 trypan blue exclusion assay N=3

: P < 0.05 (UL-1 )



2-4 OP449 Ema PP2A

OP449 PP2A

 (19,77) Ema OP449 PP2A

Ema OP449 PP2A 1.5

( 8) OP449 SET PP2A



8 OP449 Ema PP2A

Ema OP449 (1 M) 2 PP2A

N=3 : P < 0.05 (Control ) 



2-5 OP449

OP449 caspase 3

annexin V

Ema OP449 caspase 3

 ( 9A) FACS OP449 annexin V

 ( 9B) OP449



9 OP449

(A, B) Ema OP449 (1 M) 8 (A) western blotting

caspase 3  (B) FACS annexin V 

Tubulin

N=2



2-6 OP449 caspase

OP449

caspase OP449

Pan-caspase Z-VAD-FMK (20 M) Ema OP449

OP449  (

10) OP449



10  OP449 caspase

Ema caspase Z-VAD-FMK (20 M) 1 OP449 

(1 M) 72 trypan blue exclusion assay

N=3 : P < 0.05 N.S.: Not Significant



2-7
2-7-1 OP449

SET

OP449

CHOP T 

B T B

 (79) B

80% 90% 1

 (74,80)

8 7 SET PBMC

1.5 SET OP449 PP2A

SET

SET PP2A

2-7-2 OP449

SET T

OP449 PP2A

PP2A

PP2A



PP2A C A AC

20 B

SET PP2A B

PP2A  (81) PP2Ac SET

PP2A  (82) OP449

PP2A PP2A

Akt  (83-86) PP2A Akt Thr308 Ser473

Akt  (84,87) OP449

SET COG112 Akt

 (82) OP449 PP2A Akt

c-Myc

PP2A  (88,89) c-Myc MAPK CDK Ser62

PP2A Ser62  (90,91)

SET SET

OP449 PP2A c-Myc

 (15,77) SET

SET SET

SET PP2A

 (92-96)

SET



SET

2-7-3 SET

PBMC SET

SET

Bcr-Abl Jak2 SET

 (97) FTY720 SET

PP2A  (98)

FTY720 Sphingosine-1-phosphate 1 (S1P1) 

S1P1 PI3K/Akt PLC/PKC Raf/ERK

SET

SET EVI1 MYC/SP1/RUNX1/GATA2

ZFX

 (99-101)

microRNA-199b SET  (102)

microRNA-199b microRNA

SET



3 PP2A



3-1 Type 2A protein phosphatase Beclin 1 Ser90

Beclin 1

Beclin 1

Beclin 1

FLAG-Beclin 1 (WT) MCF7

type 1 protein phosphatase tautomycin (TAU) type 2A protein 

phosphatase okadaic acid (OA) type 2B protein phosphatase

cyclosporin A (CsA) Beclin 1

Beclin 1 phos-tag biotin HRP

OA Beclin 1

 ( 11A)

OA Beclin 1

FLAG Beclin 1 WT S90A T119A S234A

S295A MCF7 OA Beclin 1

Beclin 1 S90A Beclin 1

 ( 11B) Ser90 Beclin 1

FLAG Beclin 1 WT Beclin 1 S90A

MCF7 OA western blotting

Beclin 1 S90A Ser90 Beclin 1

Beclin 1 WT Ser90

Beclin 1  ( 11C)

Beclin 1 Ser90 HeLa



OA Beclin 1 Ser90

 ( 11D) PP2A Beclin 1 Ser90



11  Type 2A protein phosphatase Beclin 1 Ser90

(A) FLAG-Beclin 1 (FLAG-Beclin 1 WT) MCF7 

type 1 phosphatase tautomycin (TAU 1 µM) type 2A phosphatase 

okadaic acid (OA 100 nM) type 2B phosphatase cyclosporin A (CsA 10 

µM) 12 FLAG M2 FLAG-Beclin 1

Phos-tag biotin HRP Beclin 1 N=3

(B) MCF7 FLAG-Beclin 1 WT S90A T119A S234A S295A

OA (100 nM) 20 FLAG M2

Phos-tag biotin HRP Beclin 1 N=3

(C) MCF7 FLAG-Beclin 1 WT FLAG-Beclin 1 S90A

OA (100 nM) 6 FLAG M2 Ser90

Beclin 1 pSer90 Beclin 1 Beclin 1 Ser90

N=3

(D) HeLa OA (100 nM) 0~6 western blotting Beclin 1 

Ser90 Actin

N=3



3-2  Beclin 1 Ser90

Beclin 1 Ser90

 (1) 24  (2) 48  (3)

2  (4) 4  (5) 8  (6) 

 ( 12A)

LC3 I II western blotting

LC3-I LC3-II LC3-I

LC3-II

 ( 12B) Beclin 1 

Ser90  ( )  ( ) 

 ( 12B)

Beclin 1 Ser90



12 Beclin 1 Ser90

(A)  (1) 24  (2) 48  (3) 2

 (4) 4  (5) 8  (6) 

(B) Beclin 1 Ser90 Beclin 1 LC3 I II

western blotting PP2Ac

N=3



3-3 Beclin 1 Ser90

Beclin 1 Se90

FLAG-Beclin 1 MCF7

(EBSS) Beclin 1 

Ser90  ( 13A)

Beclin 1 Thr119

 (71)

Beclin 1 WT Beclin 1 T119A

MCF7 Thr119 Beclin 1

WT Beclin 1 Thr119 Beclin 1 

Thr119  ( 13B)



(A) MCF7 FLAG-Beclin 1 WT EBSS 0~60

FLAG M2 Western blotting

Beclin 1 Ser90 Thr119 N=3

(B) MCF7 FLAG-Beclin 1 WT FLAG-Beclin 1 T119A

FLAG M2 Western blotting Beclin 1 

Thr119 N=2



3-4 Beclin 1 Ser90

Beclin 1 Ser90

FLAG-Beclin 1 MCF7 FBS 24

Beclin 1 Ser90  ( 14)

Beclin 1 Ser90



14 Beclin 1 Ser90

FLAG-Beclin 1 WT MCF7 FBS 24

insulin (200 nM) 0~60 FLAG M2

Western blotting Beclin 1 Ser90

N=3



3-5 Beclin 1 Ser90

Beclin 1 Ser90

bafilomycin

LC3-II bafilomycin

LC3-II  (103)

Beclin 1 Ser90 FLAG-Beclin 1 WT

FLAG-Beclin 1 S90A MCF7

Beclin 1 S90A Beclin 1 WT bafilomycin 

LC3-II  ( 15A)

LC3-I LC3-II

 (puncta) 

puncta

 (103) FLAG-Beclin 1 WT FLAG-Beclin 1 S90A

MCF7 puncta Beclin 1 S90A Beclin 1 

WT puncta  ( 15B)

Beclin 1 Ser90



15 Beclin 1 Ser90

(A) FLAG-Beclin 1 WT (WT) FLAG-Beclin 1 S90A (S90) 

MCF7 bafilomycin (100 nM) 1

Western blotting LC3 I II

Actin

N=3

(B) FLAG-Beclin 1 WT FLAG-Beclin 1 S90A MCF7

LC3 LC3 puncta

1 puncta N=3

1 107~139 30 µM P < 0.05



3-6 PP2A Beclin 1 Ser90

OA type 2A protein phosphatase PP2A PP4 PP6

PP2A 1% PP1

90%  (6) PP2A

Beclin 1 Ser90

FLAG-Beclin 1 WT MCF7 PP2A shRNA

PP2A  ( 16A)

Beclin 1 Ser90 PP2A

Beclin 1 Ser90  ( 16B)

PP2A in vitro phosphatse assay

PP2A Beclin 1 Ser90  ( 16C)

PP2A Beclin 1 Ser90



16 PP2A Beclin 1 Ser90

(A, B) FLAG-Beclin 1 WT MCF7 nontarget shRNA 

(shNT) PP2A shRNA (shPP2A) (A) Western 

blotting shRNA N=2 VCP

(B) 30 western blotting

Beclin 1 Ser90 N=3

(C) FLAG-Beclin 1 WT MCF7 OA (100 nM) 

Beclin 1 Ser90 FLAG M2 Ser90

FLAG-Beclin 1 FLAG FLAG-Beclin 1

PP2A in vitro phosphatase assay

western blotting Beclin 1 Ser90

N=3



3-7 PP2A Beclin 1

PP2A A C

B 1

 (6)

B PP2A Beclin 1

FLAG-

B Beclin 1 Beclin 1 

 ( 17A) Beclin 1- 

 ( 17B) Beclin 1 S90A Beclin 1 WT

 ( 17C) PP2A-

Beclin 1 Ser90



17 PP2A Beclin 1

(A) HEK293T empty vector (empty) FLAG- FLAG-

western blotting Beclin 1

N=3

(B) HEK293T empty vector (empty) FLAG-

western blotting Beclin 1

N=3

(C) HEK293T empty vector (empty) FLAG-Beclin 1 WT FLAG Beclin 

1 S90A western blotting

N=3 WCL whole cell lysate



3-8 OA Beclin 1 Ser90 ROS

2015 Wei Beclin 1 Ser90 MAPKAPK2/3 (MK2/3) 

 (66) MK2/3 p38 

MAPK  (104)

ROS) p38 MAPK- MK2/3

Wei ROS p38 MAPK- MK2/3 Beclin 1 

Ser90  (66) OA Beclin 1 Ser90

ROS-p38 MAPK-MK2/3

HeLa ROS  MnTBAP EUK134 30 OA

6 OA ROS

ROS ROS  ( 18A)

ROS Beclin 1 Ser90 ROS

OA Beclin 1 Ser90

( 18B) OA Beclin 1 Ser90 ROS



18 OA Beclin 1 Ser90 ROS

(A, B) HeLa ROS EUK134 (10 µM) MnTBAP (10 µM) 30

OA (100 nM) 6 Total ROS detection kit ROS

 (A) N=2 BF: Western blotting Beclin 

1 Ser90  (B) Actin

N=3



3-9 Beclin 1 Ser90 MK2

p38 MAPK-MK2 Becin 1 Ser90

p38 MAPK-MK2 anisomycin Beclin 1 Ser90

MK2 MK2 HSP27 Ser82

MK2  (105) anisomycin

HSP27 Ser82 MK2 Beclin 1 Ser90

OA anisomycin HSP27 

Ser82 MK2

Beclin 1 Ser90  ( 19)

Beclin 1 Ser90 MK2



19 Beclin 1 Ser90 MK2

HeLa anisomycin (25 µg/ml) 30 OA (100 nM) 6

western blotting Beclin 1 Ser90 MK2

MK2 HSP27 Ser82 pSer82HSP27

Actin N=3



3-10 AMPK ULK1 Beclin 1 Ser90

MK2 Beclin 1 Ser90

Beclin 1 Ser90

AMPK

FLAG-Beclin 1 WT MCF7 AMPK

5-aminoimidazole-4-carboxamide ribonucleotide (AICAR) Beclin 

1 Ser90  ( 20A) AMPK

 (AMPK CA) AMPK raptor Ser792

Beclin 1 Ser90

( 20B) AMPK Beclin 1 Ser90

mTORC1

ULK1  (106) FLAG-Beclin 1 WT

MCF7 mTORC1 rapamycin ULK1

mTOR S6K Thr389

Beclin 1 Ser90  ( 20C)

ULK1 Beclin 1 Ser90



20  AMPK ULK1 Beclin 1 Ser90

(A) MCF7 FLAG-Beclin 1 WT AICAR (1 mM) 0 60

FLAG M2 Western blotting

Beclin 1 Ser90 N=3

(B) HEK293T empty vector (empty) FLAG-AMPK

(AMPK CA) western blotting Beclin 1 Ser90

raptor Ser792 Actin

N=3

(C) MCF7 FLAG-Beclin 1 WT rapamycin (100 nM) 0

60 FLAG M2 Western blotting

Beclin 1 Ser90 S6K Thr389

N=3 PP2A WCL whole cell 

lysate



3-11 Beclin 1 Ser90 DAPK

Beclin 1 Thr119 DAPK1 Beclin 1 Bcl-2

 (63,64)

DAPK1 DAPK2/DRP-1 DAPK3/ZIPK DAPK family  (107)

Beclin 1 Ser90

N DAPK RXXS/T

 ( 21)



21 Beclin 1 Ser90 DAPK

Beclin 1 Ser90 (Homo sapiens) Drosophila 
melanogaster  ( ) Beclin 1 Arg87 (Homo sapiens) 

Drosophila melanogaster  ( )



3-12 DAPK Beclin 1 Ser90

OA Beclin 1 Ser90 DAPK

FLAG-Beclin 1 MCF7 DAPK1 DAPK3

DAPK inhibitor Tc DAPK6 Beclin 1 Ser90

OA Beclin 1 Ser90

 ( 22A-C) DAPK MK2

Tc DAPK6 DAPK inhibitor OA MK2

DAPK Beclin 1 Ser90

MK2  ( 22D) Beclin 

1 Ser90 DAPK1 DAPK3 MK2



22 DAPK Beclin 1 Ser90

(A, B) MCF7 FLAG Beclin 1 WT DAPK inhibitor (10 µM) 

(A) Tc DAPK6 (10 µM) (B) 2 OA (100 nM) 6

FLAG M2 western blotting Beclin 

1 Ser90 N=3

(C) FLAG-Beclin 1 WT DAPK inhibitor (10 µM) 2

1 FLAG M2 western 

blotting Beclin 1 Ser90 N=3

(D) HeLa Tc DAPK6 (10 µM) DAPK inhibitor (10 µM) 2

OA (100 nM) 6 Western blotting MK2

VCP

N=2



3-13 DAPK3 Beclin 1 Ser90

DAPK1 DAPK3 Beclin 1 Ser90

shRNA DAPK1 DAPK3

FLAG-Beclin 1 MCF7 DAPK1 DAPK3 

(DAPK3 #1) shRNA  ( 23A)

Beclin 1 Ser90

DAPK3

 ( 23B) Off-target DAPK3 #1

DAPK3 shRNA (DAPK3 #2) A549

MK2 DAPK3 MK2

 ( 23C) OA Beclin 1 Ser90

DAPK3

 ( 23D) Beclin 1 DAPK1

DAPK3 in vitro kinase assay Beclin 1 Ser90

DAPK1 DAPK3 Beclin 1 Ser90

 ( 23E) DAPK3 Beclin 1 

Ser90

DAPK3 DAPK1

 (108) DAPK1 DAPK3

Rho-associated protein kinase ROCK DAPK3

 (109) OA Beclin 1 Ser90 ROCK

ROCK Y27632

ROCK Beclin 1 Ser90  ( 23F)





23 DAPK3 Beclin 1 Ser90

(A, B) FLAG-Beclin 1 WT MCF7 non target shRNA (NT)

DAPK1 shRNA (DAPK1) DAPK3 shRNA (DAPK3 #1) 

(A) Western blotting shRNA

Actin N=3 (B) 1

FLAG M2 western blotting

Beclin 1 Ser90 NT

Beclin 1 Ser90 100%

N=3 : P < 0.05 (NT )

(C, D) A549 shNT DAPK3 shRNA (shDAPK3 #2) 

(C) Western blotting shRNA MK2

N=3 (D) OA (100 nM) 6 western 

blotting Beclin 1 Ser90 VCP

N=3

(E) Beclin 1 DAPK1 DAPK3

in vitro kinase assay Western blotting Beclin 1 Ser90

N=3

(F) HeLa Y27632 (10 µM) 2 OA (100 nM) 6 

Western blotting Beclin 1 Ser90

VCP N=2



3-14 Beclin 1 Ser90

Beclin 1 Ser90

Beclin 1 Ser90 MK2

DAPK3 PP2A Beclin 1

Beclin 1 Ser90  (

24)



24  Beclin 1 Ser90

western blotting

N=3



3-15

Beclin 1

 (49) Beclin 1 Beclin 1

 (63-71) Beclin 1

PP2A- Beclin 1 Ser90

DAPK3 Beclin 1 Ser90

 ( 25)

25  

DAPK3 Beclin 1 Ser90

Beclin 1 Ser90 PP2A-



3-15-1 Beclin 1

Beclin 1 Ser90 type 2A protein phosphatse 

OA

Beclin 1 Beclin 1

PP2Ac-

Beclin 1 Ser90 Beclin 1

Beclin 1 Ser90

Beclin 1

PP2A

Beclin 1

 (110)

3-15-2 Beclin 1 Ser90

Wei Beclin 1 Ser90 MK2/3

(66) MK2/3 ROS p38

 (104) ROS OA Beclin 1 Ser90

MK2 anisomycin MK2

Beclin 1 Ser90

Wei MK2/3 Becln 1 Ser90

 (66) Beclin 

1 Ser90 MK2/3



DAPK3 Beclin 1 Ser90

DAPK3

 (111)

DAPK3 DAPK1 DAPK3

 (108) DAPK1 Beclin 1 

Ser90 DAPK3

DAPK1 ROCK DAPK3

 (109) ROCK Y27632 OA

Beclin 1 Ser90

DAPK3

3-15-3 Beclin 1 Ser90

DAPK3 Beclin 1 Ser90

Fogel Ser90

Ser93

 (67) Kim

AMPK Atg14L Beclin 1 Ser93 Ser96

 (68) Wei Ser90

Beclin 1-Vps34 lipid kinase

Bcl-2 MK2/3 Beclin 1 Ser90

 (66)

DAPK3 MK2/3

Beclin 1 Ser90 Ser93 Ser96



Beclin 1-Vps34

3-15-4 Beclin 1 Ser90 OA PP2A

OA Beclin 1 Ser90

PP2A Beclin 1 

Ser90

OA Beclin 

1 Ser90

OA type 2A protein phosphatase PP4 PP6

MK2 DAPK3

OA ROS Beclin 1 Ser90

MK2 OA

MK2 Beclin 1 Ser90

MK2 Thr222 Ser272 Thr334

 (112) PP4 PP6

DAPK3 Thr180 Thr225 Thr265

 (109) PP4 PP6

PP4 PP6 Beclin 1 Ser90

PP6 Beclin 1 C  ( 4 35C ) PP6 Ser90

PP4 shRNA 8

PP4



PP4 PP4

3-15-5 Beclin 1 Ser90

Beclin 1 Ser90

Beclin 1 Ser90

Beclin 1 Ser90  (Beclin 1

PP2A DAPK3 MK2) 

48

 (113)

 (114)

Beclin 1 Ser90

Beclin 1 Ser90

Beclin 1 Ser90



4 PP6



4-1 Type 2A protein phosphatase
4-1-1 PP6 bafilomycin

3 type 2A protein phosphatase

type 2A protein 

phosphatase

bafilomycin type 2A protein 

phosphatase western blotting HEK293T

bafilomycin p62/SQSTM1 (p62) 

26A

PP6 PP2A PP4

PP6flox/flox  (PP6 flox/floxMEF) 

Cre recombinase CreERT

(CreERT-PP6 flox/floxMEF) 4-hydroxy tamoxifen (4HT) 

PP6 bafilomycin

PP6  ( 26B) PP6 mRNA Real-time 

PCR 4HT PP6 mRNA bafilomycin

 ( 26C) type 2A protein phosphatase

PP6



26 PP6 bafilomycin

(A) HEK293T bafilomycin (baf 100 nM) 4 western blotting

type 2A protein phosphatase PP6 PP4 PP2A p62

bafilomycin

100% VCP

N=3 : P < 0.05 (bafilomycin )

(B, C) CreERT-PP6 flox/floxMEF 4HT (500 nM) bafilomycin (baf 100 

nM) 24 (B) PP6 western blotting

4HT bafilomycin

100% VCP

N=3 : P < 0.05 (C) PP6 mRNA Real-time PCR

4HT bafilomycin mRNA 100%

N=3 : P < 0.05



4-1-2 PP6

Type 2A protein phosphatase

HeLa MG132 type2A protein 

phosphatase western blotting PP2A

 (115)

MG132 PP2A

27A PP4

PP6 MG132

 (116,117) p62

MG132 27B

MG132 PP6

PP6



27 PP6

(A, B) HeLa MG132 (10 µM) 24 western blotting

type 2A protein phosphatase (A) p62 (B) 

MG132 100%

VCP N=3 : P < 0.05 

(MG132 )



4-1-3 PP6

Beclin 1 Atg7

PP6

HEK293T shRNA Beclin 1

type 2A protein phosphatase western blotting

 ( 28A) Beclin 1 PP2A PP4

PP6

beclin 1 Atg7 type 2A protein phosphatase

MEF

beclin 1 Atg7 PP6 PP2A

PP4  ( 28B C)

PP6





28 PP6

(A) HEK293T non target shRNA (NT) Beclin 1 shRNA (Beclin 1) 

western blotting type 2A protein phosphatase

nontarget shRNA (shNT) 

100% tubulin

N=3 : P < 0.05 (shNT )

(B) MEF (WT) beclin 1 MEF (KO) type 2A protein phosphatase 

western botting WT

100% tubulin

N=3 : P < 0.05 (WT )

(C) MEF (WT) Atg7 MEF (KO) type 2A protein phosphatase 

western botting WT

100% VCP

N=4 : P < 0.05 (WT )



4-2  PP6

PP6

HEK293T EBSS PP6

western blotting PP6

 ( 29A)

PP6 PP6 PP6

FLAG-PP6

HEK293T EBSS FLAG-PP6

FLAG western blotting

FLAG-PP6  ( 29B)

PP6

( 29C 24 48 48

2 48 4 western blotting

PP6 p62

PP6 p62

PP6





29 PP6

(A) HEK293T EBSS 3 western 

blotting PP6 EBSS

100% VCP

N=3 : P < 0.05 (EBSS )

(B) FLAG-PP6 empty vector (mock) HEK293T EBSS

western blotting FLAG-PP6

EBSS FLAG-PP6

100% VCP

N=6 : P < 0.05 (EBSS )

(C) 24 48 48

2 4 western blotting PP6 p62

VCP

N=3 : P < 0.05



4-3 PP6 p62

CagA Wnt

 (118,119) CagA

Wnt

CagA

 (120,121)

PP6

Gan Gan

PGE2 K19-C2mE Wnt

K19-Wnt1 100%

 (122) Gan  (WT) 

western blotting

PP6 p62 Gan

Gan WT  (

30) PP6



30 Gan PP6

 (WT / Normal) Gan  (Non Tumor) 

 (Tumor) PP6 p62 western blotting

Gan 100%

N=4 VCP : P < 0.05 (Non Tumor

) N.S. not significant (Non Tumor )



4-4 PP6

4-4-1 PP6 p62

p62 LC3

p62

 (43)

FLAG-PP6 HEK293T HeLa

PP6 p62

PP6 p62 bafilomycin

 ( 31 A, B)



31 PP6 p62

(A, B) empty vector (mock) FLAG-PP6 HEK293T  (A) 

HeLa  (B) bafilomycin (baf 100 nM) 4 FLAG M2

western blotting PP6 p62

bafilomycin p62 100%

N=3 : P < 0.05 (bafilomycin )



4-4-2 p62 PP6

PP6 p62

p62 PP6

HEK293T non target shRNA (NT) p62 shRNA (p62)  

p62  ( 32A) PP6

non target shRNA PP6

p62 shRNA

 (  32B) PP6 p62



32 p62 PP6

(A) HEK293T non target shRNA (NT) p62 shRNA (p62) 

western blotting shRNA VCP

N=2

(B) Non target shRNA p62 shRNA HEK293T

EBSS 0~6 western blotting PP6

EBSS PP6

100% VCP

N=3 : P < 0.05 (shNT )



4-4-3  Bafilomycin PP6

PP6

NIH3T3 bafilomycin PP6

LAMP1 p62 PP6 bafilomycin  (Cont) 

bafilomycin  (baf) LAMP1 p62

 ( 33A B) PP6



33 Bafilomycin PP6

(A, B) NIH3T3 bafilomycin (baf 100 nM) 4

 (A) PP6 ( ) LAMP1 ( )  ( ) (B) PP6 ( ) p62 ( ) 

( ) Merge

Hoechst333432 Merge

: 20 µM 5 µM N=3



4-5 PP6
4-5-1 PP6

PP6

PP6

HEK293T shNT PP6 shRNA (PP6 #1 PP6 #2) 

PP6  ( 34A) bafilomycin

western blotting LC3-II

PP6 LC3-II

 ( 34B) shPP6 #2

shPP6 #2 FLAG-PP6  ( 34C) bafilomycin

western blotting LC3-II PP6

LC3-II

( 34D)

Ppp6c

CreERT-PP6 flox/floxMEF 4HT PP6

bafilomycin western blotting LC3-II

Ppp6c LC3-II

 ( 34E) PP6





34 PP6

(A, B) HEK293T non target shRNA (NT) PP6 2 shRNA 

(PP6 #1 PP6 #2) (A) shRNA western blotting

tubulin N=2

(B) shNT shPP6 #1 shPP6 #2 HEK293T bafilomycin (baf

100 nM) 2 western blotting LC3-II

shNT bafilomycin

LC3-II 100% LC3-II VCP

N=3

(C, D) shNT HEK293T empty vector (mock) shPP6 #2

HEK293T empty vector (mock) shPP6 #2

FLAG-PP6 (C) PP6 western blotting

tubulin N=2 (D) 

bafilomycin (baf 100 nM) 2 LC3-II

shNT/mock

bafilomycin LC3-II 100% LC3-II

tubulin N=3

(E) CreERT-PP6 flox/floxMEF 4-hydroxy tamoxifen (4HT 500 nM) 30

12 bafilomycin (baf 100 nM) 2

Western blotting LC3-II

4HT bafilomycin LC3-II

100% LC3-II VCP

N=3



4-5-2 PP6 Beclin 1 C

3 PP2A Beclin 1

PP6 Beclin 1

FLAG-Beclin 1 HEK293T Tet On System

S-tag type 2A protein phosphatse FLAG M2

 ( 35A) PP6 type 2A protein phosphatase

Beclin 1

Beclin 1 Bcl-2 Bcl-2 Homology domain 3 (BH3) Atg14L

UVRAG Coiled-Coil Domain (CCD) Vps34 Evolutionaly 

Conserved Domain (ECD) 3  (59) PP6

Beclin 1  Human Beclin 

1 BH3 1-150 CCD 151-242 ECD 243-450 PP6

 ( 35B) HEK293T FLAG Beclin 

1 HA-PP6 FLAG M2

Beclin 1 PP6 BH3

N CCD ECD C

 ( 35C)





35 PP6 Beclin 1 C

(A) FLAG-Beclin 1 HEK293T Tet On System

S-tag-PP2A S-tag- PP4 S-tag-PP6 FLAG-Beclin 1

Beclin 1 type 2A protein phosphatase N=3 WCL: 

whole cell lysate

(B) Human Beclin 1 BH3 (Bcl-2 Homology domain 3)

CCD (Coiled-Coil Domain) ECD (Evolutionary Conserved Domain)

(C) HEK293T Beclin 1 western 

blotting PP6 Beclin 1

N=2 WCL: whole cell lysate



4-5-3 PP6 Beclin 1-Vps34

PP6 Beclin 1 Vps34

Beclin 

1 Vps34 PP6 Beclin 

1-Vps34

HEK293T FLAG-Beclin 1 HA-PP6  (WT) 

HA-PP6 H114A (DN) FLAG M2

western blotting Beclin 1 Vps34

PP6 Vps34 Beclin 1

 ( 36A)

FLAG-Vps34 HA-PP6 (WT) HA-PP6 (DN) HEK293T

FLAG Beclin 1 Vps34 PP6

Beclin 1 Vps34  (

36B)

PP2A Beclin 1 Vps34  (

36C) shNT shPP6 #2 FLAG-Vps34

Beclin 1 Vps34 PP6 Beclin 

1 Vps34  ( 36D) PP6

Beclin 1-Vps34





36 PP6 Beclin 1-Vps34

(A, B) HEK293T FLAG-Vps34 (A) FLAG-Beclin 1 (B) HA-PP6 

(WT) HA PP6-H114A (DN) FLAG M2

western blotting Beclin 1 Vps34

mock 100%

N=3 WCL: whole cell lysate : P < 0.05 N.S. not significant

(C) HEK293T FLAG-Vps34 HA-PP2A FLAG M2

western blotting Vps34 Beclin 1

mock 100%

N=3 WCL: whole cell lysate

(D) Nontarget shRNA (NT) PP6 shRNA (PP6 #2) 

HEK293T FLAG-Vps34 FLAG M2

western blotting Beclin 1 Vps34

shNT Beclin 1 100%

N=3 WCL: whole cell lysate : P < 0.05



4-5-4 PP6 Beclin 1 Vps34 Beclin 1

PP6 Beclin 1 C Vps34

Beclin 1 -

iDimerize Beclin 1 PP6

Beclin 1 Vps34  ( 37A)

HEK293T DmrA HA Beclin 1 DmrC

FLAG PP6 A/C Heterodimerizer

Beclin 1 PP6 A/C Heterodimerizer

Beclin 1 PP6 Vps34 Beclin 1

 ( 37B) PP6 Beclin 1 Beclin 

1-Vps34



37 PP6 Beclin 1 Vps34 Beclin 1

(A) iDimerize Beclin 1 PP6 HEK293T

DmrA HA Beclin 1 DmrC FLAG

 PP6 A/C Heterodimerizer DmrA

DmrC Beclin 1 PP6

(B) HEK293T DmrA-HA-Beclin 1 DmrC-FLAG-PP6 A/C 

Heterodimerizer (500 nM) 24 HA

Beclin 1 PP6 Vps34 western blotting

N=3 WCL: whole cell lysate



4-6

4-6-1 PP6

PP6 PP2A PP4 type 2A protein phosphatase

PP6 DNA

(24-26) PP6

 (29,123) PP6

PP2A

PP6

PP6 p62

PP6

 (28) PP6

mRNA mRNA

PP6

PP6

 (31,34) Ppp6c

 (124) PP6

miRNA31 PP6 mRNA

PP6

PP6

PP6 type 2A protein phosphatase PP2A

 (115)



PP2A PP6

PP2A

Phosphosite plus (http://www.phosphosite.org/) PP6 K8 K17 K132

K231 K8

K231 PP2A

38 A, C K48

K63

 (41) PP6 K8 K231 K63

p62

PP2A PP6

PP6

PP2A

K41 PP6 38B



38 PP2A PP6

PP6 K8 K231

PP2A  (A, C) PP2A

K41 PP6

 (B) PP2A PP6 K



4-6-2 PP6

PP6 Beclin 1-Vps34

PP6

Beclin 1 Vps34 PP6 Beclin 

1-Vps34 Beclin 1 PP6 Beclin 

1-Vps34 PP6

Vps34 Beclin 1

PP6 PP6

Beclin 1-Vps34

Beclin 1-Vps34 Beclin 1

(63,64,69) Vps34  (50,125) Beclin 1

Bcl-2 Bcl-xL Beclin 1-Vps34

(59-62) Bcl-2 Bcl-xL  (50,59)

PP6 Beclin 1-Vps34 Ser/Thr

(Beclin 1 Thr119 Bcl-2 Thr69 Ser70 Ser87) 

PP6 Bcl-xL Ser62 Bcl-xL

(126) PP6 Bcl-xL Beclin 1-Vps34

PP6 PP6Rs

 (127) PP6 PP6Rs  (29)

PP6 PP6 PP6Rs

PP6 PP6

Beclin 1-Vps34



PP6Rs PP6 Beclin 1

PP6 PP6Rs Beclin 1

(29) PP6 Beclin 1 PP6Rs

PP6 Beclin 1

Beclin 1

Vps34 Beclin 1

Beclin 1

Beclin 1 caspase D133 D149

C

C  (128)

Beclin 1 Beclin 1 cell free in 

vitro

Vps34 PP6 Beclin 1

Beclin 1-Vps34-UVRAG Beclin 1-Vps34-UVRAG-RUBICON

 (49) PP6 Vps34 Beclin 1

PP6

Wengrod mTORC1 PP6

mTORC1 PP6

 (129)

Wengrod PP6

rapamycin



mTOR Beclin 1 Atg

 (45) rapamycin

mTORC1 PP6 mTOR

Beclin 1

Wengrod

HEK293T MEF

mTOR

mTORC1  (130,131) PP6

PP6 PP6Rs

 (29,30,132) PP6 Aurora A kinase

 (24,29) Ppp6c MEF

Aurola A kinase

 (133) PP6

4-6-3 PP6

Atg16L1 Atg7

 (DSS) 

(134,135) IL-

 (136)



Gan PP6

p62

PP6 Gan PGE2

Wnt

 (122) Wnt

(121) Wnt PP6

p62 PP6

Beclin 1 

 (54,55) Beclin 1

(51-53) Atg7

 (137)

 (138) Gan

PP6 PP6

Gan

PP6

 (31) p62

 (139) Gan

 (140-142)

K-ras p53

 (143)

Rosenfeldt p53



p53

PP6

 (29,32,33) PP6

 (29,30,132) PP6 Aurora A kinase

DNA

 (29,123) Ppp6c

DMBA/TPA UVB

 (32,33) PP6

PP6



5



type 2A protein phosphatase

T SET OP449

2 PP2A 3

PP6 4 3

2 PP2A SET

PP2A

SET

(15,77,92-96)

SET

SET PP2A

PP2A

3 PP2A

PP2A Beclin 1 Ser90

Beclin 1 Ser90

SET PP2A

Beclin 1 Ser90

4 PP2A type 2A prtein phosphatase PP6

PP6 PP2A

PP6



 (138)

 (54,55,137)

4 Gan

 (122) Gan

PP6

PP2A PP6

PP2A PP6



39

SET OP449 PP2A SET PP2A

PP2A Beclin 1 Ser90 Beclin 1 

Ser90 DAPK3

OP449

PP6 Beclin 1 Vps34
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6-1

HeLa HEK293T

MCF7 A549

NIH3T3 MEF 1% 

antibiotic-antimycotic (AA) 10% fetal bovine serum (FBS) 

 (PBMC)

CL-1 UL-1 GL-1 Nody-1 17 71 CLBL-1

CLGL-90 Ema 1% AA 10% FBS RPMI1640 37°C

5% CO2  (MCO-5AC SANYO) 

6-2  (PBMC) 

2 PBS 1:1 Ficoll-Hypaque 

(Thermo Scientific) 20°C 833 g

20 PBMC

6-3

UL-1 Ema PBMC 96 1×104 OP449 72

trypan blue 1:1

trypan blue



6-4 PP2A

PP2A Ema

OP449 (1 M) 2 lysate buffer

type 2A protein 

phosphatase OA (10 nM) 5

reaction buffer 20

60% HClO4

PP2A

lysate buffer

50 mM MOPS (pH7.4) 0.1% NP-40

inhibitor cocktail

Reaction buffer

50 mM MOPS (pH7.4) 24 mM MgCl2 2 mM MnCl2 0.03% 2-mercaptoethanol 2.9% 

glycerol 0.2 mM phospho-peptides (K-R-pT-I-R-R)

6-5

Ema OP449 (1 µM) 8 500 rpm 5

annexin V-FITC Apoptosis Kit (Bio Vision) 

annexin V CyFlow space flow cytometer (Partec Munster) 

annexin V



6-6 DNA
6-6-1

cDNA PCR

T4 DNA ligase (Takara) In Fusion PCR Cloning Kit (Takara) 

shRNA

pLVmC ClaI/MluI

shRNA shRNA 19 bp 21 bp

shNT

shNon target (NT):  -CAACAAGATGAGAGCACCA-

shNon target (NT):   -CAACAAGATGAAGAGCACCAA-

shPP6 #1:   -GCCTGGAGATACTGTACCA-

shPP6 #2:         -GACACAAACTACATATTTA-

shPP2A: -GATACACTGGATCATATCA-

shDAPK1: -TGAGAAGCATGTAATGTTA-

shDAPK3 #1:  -GGGAACGAGTTCAAGAACA-

shDAPK3 #2:  -GACGGACGTGGTCCTCATC-

shBeclin 1:         -TGAGGATGACAGTGAACAG-

shp62:   -CCGAATCTACATTAAAGAGAA-

On ice XL10-Gold Ultracompetent Cells (Stratagene) 

on ice 30  (Dry Bath Incubato Major Science) 

42°C 45 on ice 2



LB Broth 37°C 60  (ioShaker BR-22FP Taitec) 

) 37°C

5 ml ) 

37°C 180 rpm

3,000 rpm 10  (Himac CR20 HITACHI) Plasmid 

Mini Kit I (Omega) 

6-6-2

12 2 ×105 

Opti- 2 l Polyethylenimine (PEI Polysciences) 

30

6-6-3

1×106 HEK293T 60 mm lentiviurus vector 

VSVG coat protein plasmid 

1 ml Opti-MEM PEI 30

4.5 ml  (10% FBS 1% AA DMEM) 8

3 ml 48

 (Millipore) 8



6-7

microscope cover glass (Fisherbrand) PBS

4% paraformaldehyde (Wako) 20 PBS

0.05% Triton-X PBS 1  (Mini Shaker 3D LMS) 

0.2% PBS 20

3% PBS 30

0.2% PBS PBS 4°C

PBS 60

aqueous permanent mounting medium (Dbiosys) micro slide glass 

(Matunami)  (LSM710 Carl Zeiss) 

PBS

PBS : 137 mM NaCl 2.7 mM KCl 1.76 mM KH2PO4 10 mM Na2HPO4

6-8

on ice HBS Triton-X 

100 lysate buffer on ice

5 4°C 15,000 g 15

BioRad DC 

protein assay kit (Bio-Rad) lowry lysate buffer

Triton X-100 lysate buffer : 50 mM Tris-HCl (pH 8.0) 5 mM EDTA (pH 8.0)



5 mM EGTA (pH 8.0) 1 mM Na3VO4 20 mM sodium pyrophosphate 1% Triton 

X-100 protease inhibitor cocktail (Roche) 1 tablet/50 ml

6-9

on ice HBS Triton-X 100

lysate buffer NP-40 lysate buffer

on ice 5 4°C 15,000g 15

IP wash buffer

FLAG M2 Affinity Gel (SIGMA) Stag protein Agarose (Novagen) 

4°C 3 SDS 

sample buffer FLAG peptide (SIGMA) western blotting

Wash buffer NP-40 lysate buffer SDS sample buffer

Triton-X 100 wash buffer 50 mM Tris-HCl (pH 8.0) 150 mM NaCl 5 mM 

EDTA (pH 8.0) 5 mM EGTA (pH 8.0) 1 mM Na3VO4 20 mM sodium pyrophosphate

1% Triton X-100

NP-40 wash buffer 50 mM MOPS-NaOH (pH 7.4) 150 mM  NaCl 5 mM 

EGTA (pH 8.0) 1% NP-40

Triton-X 100 lysate buffer 50 mM Tris-HCl (pH 8.0) 150 mM NaCl 5 mM 

EDTA (pH 8.0) 5 mM EGTA (pH 8.0) 1 mM Na3VO4 20 mM sodium pyrophosphate

1% Triton X-100 protease inhibitor cocktail (Roche) 1 tablet/50 ml

NP-40 lysate buffer 50 mM MOPS-NaOH (pH 7.4) 150 mM NaCl 5 mM 

EGTA (pH 8.0) 1% NP-40 protease inhibitor cocktail (Roche) 1 tablet/50 ml



SDS sample buffer 50 mM Tris-HCl (pH6.8) 0.4% SDS -mercaptoethanol 

(2ME) 2% Glycerol

6-10 In vitro kinase assay  

0.05 µg Beclin 1 (ProSpec Tech) 0.1 µg GST-human active 

DAPK1 DAPK3 (Signal Chem) kinase assay buffer 37 60

Kinase assay buffer

50 mM HEPES (pH 7.5) 10 mM MgCl2 1 mM EGTA 0.2 mM ATP 0.01% Brij-35

6-11 In vitro phosphatase assay 

FLAG-Beclin 1 MCF7 100 nM OA 20

Triton-X 100 lysate buffer FLAG-Beclin 1

FLAG M2 beads FLAG peptide

FLAG-Beclin 1 phosphatase assay buffer 0.4 µg PP2A 

(Cayman Chemical) 37 °C 60

Phosphatase assay buffer

40 mM Tris-HCl (pH 7.4) 34 mM MgCl2 4 mM EDTA 2 mM DTT 0.05 mg/ml BSA

6-12 Western blotting  

SDS

 (AE6677 ATTO) PVDF  (BIO 



RAD)  (GE Healthcare) 

3% TBS-T 30 0.5%

TBS-T 60 4°C

1 ECL

ECL Pro (GE Healthcare) 

(LAS3000 mini FUJIFILM) 

TBS-T

TBS-T 25 mM 2-Amino-2-hydroxymethyl -1 3-propanediol (Tris)-HCl (pH 7.4)

150 mM NaCl 0.05% Tween 20

6-13 Phos-tag

10 mM Phos-tag BLT (Wako) 10 mM Zn(NO3)2(H2O)6

Streptavidin HRP (GE Healthcare) Phos-tag TBS-T 

Phos-tag BLT Streptavidin HRP Amicon Ultra-0.5 Ultra cel 30 

(Millipore) 14,000 g 10 Streptavidin HRP

Phos-tag BLT 30 ml Phos-tag

TBS-T Phos-tag biotin-HRP Beclin 1

MCF7 SDS

PVDF Phos-tag

TBS-T 1 Phos-tag biotin-HRP 30 Phos-tag

TBS-T ECL pro

Phos-tag TBS-T

Phos-tag TBS-T 0.1 mM 2-Amino-2-hydroxymethyl -1 3-propanediol (Tris)-HCl 



(pH 7.4) 1 mM NaCl 0.1% Tween 20

6-14 Anti-pSer90 Beclin 1

Anti-pSer90 Beclin 1 Beclin 1 Ser90

 (C_ARMM(pS)TESAN) 

SulfoLink coupling

SulfoLink coupling

6-15 Real-time RT-PCR mRNA
6-15-1 mRNA

HBS TRIzol reagent (Invitrogen) 250 µl

3

1.5 ml 50 µl

3 15,000 rpm 4 15

200 µl -20 10 15,000 rpm 4

10 500 µl 80%

15,000 rpm 4 10 RNase 

free 11.5 µl Total RNA Nano Drop (ND-1000

nano Drop Technologies) Total RNA QuatiTect 

Reverse Transcription kit Total RNA 0.5 µl gDNA Wipeout 

Buffer 1 µl 7 µl RNase free

42 2 Primer Mix 0.5 µl RT buffer 2 µl reverse 



Transcriptase 0.5 µl 10 µl 2720 Thermal cycler Applied 

Biosystems) 42 15 95 3 cDNA

cDNA -20

6-15-2 Real-time PCR

cDNA 0.2 µl SYBR Green Master Mix 5 µl PCR 

Forward Primer (2.5 µM) 1.2 µl PCR Reverse Primer (2.5 µM) 1.2 µl dH2O 2.4 µl

5 µl CFX96 Touch  (BIO-RAD) 

Real-time PCR 95 15 DNA

94 15 60 30 72 30 45

Primer mRNA -Actin loading contorol

PP6  

Forward: CGCCAGTAACAGTGTGTGGTGA  

Reverse: GGCCACTTAGCCTTTAGTGCAAGA 

-Actin  

Forward: GATTACTGCTCTGGCTCCTAGC 

Reverse: GACTCATCGTACTCCTGCTTGC. 

6-16 Reactive Oxygen Species (ROS) 

1×104 HeLa 24 2 ROS MnTBAP 

(Adiopogen) EUK134 (Cayman) 30 100 nM OA

6 ROS total ROS detection kit for 



microscopy and flow cytometry (Enzo Life Sciences) 

6-17

± Student t-test

one-way ANOVA Student-Newman-Keuls  (P) 

5%

6-18

2



2

Actin Santa cruz Sc-1615 

Atg7 Cell Signaling Technology 8558 

Beclin 1 MBL PD017 

Phospho-Thr119 Beclin 1 ABGent  RB34163 

caspase3 Asp175 Cell Signaling Technology 9664 

DAPK1 Sigma D1319 

DAPK3 Gene Tex GTX102404 

FLAG Sigma F7425 

HA Aves ET-HA 100 

Phospho-Ser82 HSP27 Cell Signaling Technology 9709 

LC3 MBL PM036 

MK2 Cell Signaling Technology 3042 

p62 MBL PM-045 

Phospho-Ser389 p70S6K Cell Signaling Technology 9234 

PP2A A Santa Cruz Biotechnology Sc-6112 

 Abcam Ab185712 

PP2Ac Milipore 
Santa Cruz Biotechnology 

07-324 
Sc-14020 

PP4 Bethyl A300-835A 

PP6 Dr.Brautigan

Phospho-Ser792 raptor Cell Signaling Technology 2083 

SET abcam Ab1183 

S-tag Novus NB600-511 
Tubulin alpha Thermo Scientific RB-9281-P0 

VCP/p97 Gene Tex GTX113030 

Vps34 Cell Signaling Technology 4263 
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