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3.1 BNIP-2 WED KLC1  

3.2 BNIP-2 KLC   

        KHC  

3.3 BNIP-2 kinesin-1  

3.4 BNIP-2  

3.5 BNIP-2 Trans-Golgi network TGN  

3.6 BNIP-2  

3.7 BNIP-2 phosphatidylserine (PS)  

3.8 BNIP-2 CRAL-TRIO Lys271 PS  

      

3.9 BNIP-2 Cdc42 Cdc42GAP PS BNIP-2 

      

3.10 BNIP-2 PS  

3.11 BNIP-2 PS  

3.12 BNIP-2 Ser114 Thr116  

3.13 BNIP-2 Ser114 Thr116 KLC1 PS  

      

3.14 BNIP-2 C2C12  

4 24 
4.1 BNIP-2 WED KLC1  

4.2 BNIP-2  

4.3 BNIP-2 CRAL-TRIO PS  

4.4 BNIP-2  

4.5 BNIP-2  

4.6 BNIP-2  

5 32 
6 55 
7 56 

2



 

 

 
BNIP-2  

Bcl-2

Bcl-2 homology BH

4 BH1 BH2 BH3 BH4

1

(Adams et al., 1998) Bcl-2

1 Bad Bid

BH3 1 Bax Bak

BH1 BH2 BH3 BH3-like

BNIP Bcl-2 and adenovirus E1B-associated protein Bcl-2

(Zhang et al., 2003)  BNIP

Bcl-2 adenovirus E1B 19kDa protein

BNIP-1 BNIP-2 BNIP-3 3

(Boyd et al., 1994) BH3-like

BNIP-1 BNIP-3

(Nakajima et al., 2004, Zhang et al., 

2009) BNIP-2

 

BNIP-2 N BH3-like C CRAL-TRIO

314 1A CRAL-TRIO

1B BH3-like CRAL-TRIO

BNIP-2 BNIP-2

CRAL-TRIO Cdc42GAP

BCH BNIP-2 and Cdc42GAP homology domain

GAP

RRLRK 235-239aa GAP

BNIP-2 CRAL-TRIO EYV 288-290aa Cdc42

RRKMP 217-221aa Cdc42GAP

(Low et al., 2000)  

BNIP-2 BNIP-2

BNIP-2

3



 

BNIP-2 Cdc42

Cdc42T17N BNIP-2 BNIP-2

Cdc42 (Zhou et al., 2005)

BNIP-2 BNIP-2

BNIP-2

 

 

caytaxin  
371 caytaxin BNIP-2

1A BNIP-2

caytaxin BNIP-2 caytaxin C

CRAL-TRIO caytaxin ATCAY

Cayman

Jittery sidewinder

 (Bomar et al., 2003) Cayman ATCAY exon9

S301R

exon9 exon9 CRAL-TRIO

CRAL-TRIO caytaxin

 

caytaxin CRAL-TRIO kidney-type glutaminase (KGA)

peptidyl-prolyl isomerase Pin1 (Buschdorf et al., 

2006; Buschdorf et al., 2008) KGA

Pin1 

Ser/Thr-Pro cis-trans BNIP-2

CRAL-TRIO Cdc42 Cdc42GAP caytaxin CRAL-TRIO

(Buschdorf et al., 2006)

caytaxin

caytaxin yeast two-hybrid

(Aoyama et al., 2009) kinesin light 

chain 1 KLC1 KLC1

1 kinesin-1 KLC1

caytaxin C N KLC1

N ELEWED KLC1

ELE AAA KLC1

WED AAA KLC1

4



 

WED KLC

kinesin-1 calsyntenin 1 Gadkin vaccinia virus A36R

F12 (Ward et al., 2004, Schmidt et al., 2009, 

Konecna et al., 2006) WED caytaxin

WED  

caytaxin caytaxin

caytaxin

kinesin-1 1 m/

caytaxin

caytaxin

caytaxin

kinesin-1

(Aoyama et al., 2009)
caytaxin

 

 

kinesin-1  
mRNA

kinesin dynein

myosin myosin

kinesin dynein

dynein

kinesin (Hirokawa et al.,  2010)  

45 kinesin

N C 3

kinesin kinesin-1

N 2 kinesin heavy chain KHC 2 kinesin 

light chain KLC 4

KHC KLC KLC

KLC N KHC C heptad repeat

C Tetratricopeptide repeat TPR

TPR kinesin-1

5



 

mRNA

 (Hirokawa et al., 2009)

kinesin-1

Hereditary Spastic Paraplegia: HSP kinesin-1 Kif5B

(Tanaka,Y. 1998) kinesin-1

APP (Arimoto et al., 2011)

Huntingtin (Rong et 

al., 2007) kinesin-1

1  

kinesin

kinesin

kinesin KIF17

CaMKII (Guillaud et al., 2008)

kinesin-1 UNC-76

Ser/Thr

(Toda et al., 2008) kinesin kinesin

kinesin

 

 

CRAL-TRIO Sec14-like  

phosphatidylinositol PtdIns

PH

FYVE PX C2  

CRAL-TRIO cellular retinaldehyde binding protein/Trio protein homology

1 Sec14-like

500 Pfam entry: pfam00650

(Aravind et al., 1999) CRAL-TRIO/Sec14-like  phosphatidylinositol 

transfer protein Sec14p Sec14p phosphatidylcholine PC

PtdIns

6



 

(Curwin et al., 2009) CRAL-TRIO PtdIns

α-tocopherol transfer protein α-TTP CRAL-TRIO

E PTP-MEG2 CRAL-TRIO Phosphatidylserine 

PS (Zhao et al., 2003)  

Sec14p α-TTP CRAL-TRIO

Sec14p N

α-helical C α/β 2

C α/β

Sec14p 239 Lys K239

Sec14p K239A PtdIns

(Sha et al., 1998) α-TTP 221 Arg

R221 Sec14p K239 α-TTP R221W

E  (Panagabko 

et al., 2003) α-TTP E

 

Sec14p K239 α-TTP R221 BNIP-2 271

Lys caytaxin 295 Lys 1C

caytaxin CRAL-TRIO S301R

Cayman S301 CRAL-TRIO

caytaxin

caytaxin

BNIP-2 CRAL-TRIO

caytaxin  

 

 

1

 

3 2

7



 

2

 

Ras

G Rab

(Stenmark, 1994) Rab GDP

GTP

Rab 60

Rab

Rab5 Rab11 Rab9

Rab5

Rab11

Rab9  

PS

PtdIns(3)P PtdIns(4)P PtdIns (4,5)P2/ PtdIns (3,4,5)P3/PS

 (Yeung et al., 2008)  
 

 

BNIP-2 caytaxin BNIP-2 KLC1 WED

CRAL-TRIO C

BNIP-2 caytaxin

BNIP-2 kinesin-1

BNIP-2 BNIP-2

Fibroblast growth factor (FGF) receptor

(Low et al., 1999) BNIP-2 kinesin-1

BNIP-2 kinesin-1

BNIP-2 BNIP-2 kinesin
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FLAG M2 Sigma Myc 9E10

Tubulin DM1A Sigma Syntaxin6 Synaptic Systems GM130

5G8 MBL Transferrin receptor 1 TfR1 MEM-75 Acris

Rab9 Cell Signaling Actin ACTN05 (Thermo) FITC

IgG Wako Rhodamine IgG Wako Alexa488

IgG Invitrogen Rodamine IgG Wako KLC1 KLC2

KLC  

BNIP-2 BNIP-2 N

1-130aa GST

4 3

BNIP-2

 

 

 

pXJ40-humanBNIP-2 Boon Chuan Low ( The National University of 

Singapore) N- Flag BNIP-2

pcDNA3-Flag-BNIP-2 F1

5'-CGCGAATTCGATGGAAGGTGTGGAACTT-3' R1

5'-GGGTCTAGATTACTGTTCATTTTTCGGTT-3' pXJ40-humanBNIP-2

PCR EcoRI XbaI Flag

Flag-pcDNA3  

pcDNA3-His-BNIP-2-His pET28b Novagen 6×His PCR

BNIP-2 cDNA

pcDNA3  

pcDNA3-Flag-BNIP-2WED/AAA pXJ40-humanBNIP-2

F1 R2 5’-TATCCGCGGCCTCAAACTCATTACTATTC-3’

PCR F2 5’-TATCCGCGGCTGATCTTCCAAAACCCAA 

G-3’ R1 2 PCR Sac II Sac II
WED AAA

Flag-pcDNA3  

9



 

BNIP-2-GFP F3 

5’-ACGAAGCTTATGGAAGGTGTGGAACTT -3’ R3 

5’-AGTGGTACCTGTTCATTTTTCGGTTC-3’ pXJ40-humanBNIP-2

PCR Hind III Kpn I pAcGFP1-N1

Clontech  

BNIP-2 BNIP-2RKM BNIP-2RLR

BNIP-2LAV BNIP-2EYV F1 R1

PCR BNIP-2

 cDNA Nar I

Gly-Ala-Ala Nar I Flag

His WT  

BNIP-2RKM F  5'-CAAGGCGCCGCGCCCAGTCTGGGATGGCTCA-3’ 

BNIP-2RKM R  5'-ATCGGCGCCTCGAGTTGTTGCACCATTTA-3’ 

BNIP-2RLR F  5'-AGAGGCGCCGCGAAAAATCTAAAATCCCTAA-3’ 

BNIP-2RLR R  5'-ATCGGCGCCTCTATCAATTTGCTGATATC-3’ 

BNIP-2LAV F  5'-CTTGGCGCCGCTACAAGACCATTTATTAGCT-3’ 

BNIP-2LAV R  5'-ATCGGCGCCAAGTGTTCTGATAAACCAAG-3’ 

BNIP-2EYV F  5'-ATGGGCGCCGCTGGCATACCAGAATGCATAA-3’ 

BNIP-2EYV R  5'- TTTGGCGCCCATGGGGACAAGTTCTGCTA-3 

BNIP-2 BNIP-2 K242H BNIP-2 PF

BNIP-2 K271W PCR

Flag His WT  

BNIP-2K242H F 5’-ACGGAAAAATCTACACTCCCTAATCATTG-3’  

BNIP-2K242H R 5’-CAATGATTAGGGAGTGTAGATTTTTCCGT-3’    

BNIP-2PF F  5’-GCTGTTACAAGACTGGTTATTAGCTCGAA-3’  

BNIP-2PF R  5’-TTCGAGCTAATAACCAGTCTTGTAACAGC-3’ 

BNIP-2K271W F 5’-GAAATTCAGCCAATGGATTAGATACGTGT-3’ 

BNIP-2K271W R 5’-ACACGTATCTAATCCATTGGCTGAATTTC-3’  

 

Lact-C2-GFP Sergio Grinstein Department of Biochemistry University of 

Toronto) Rab11-GFP Rab11-RFP Rab5-GFP Miklos Geist

Semmelweis University Flag-Gadkin VolkerHaucke  Freie 

University, Berlin Myc-KIF5DN KLC1-Myc

(Aoyama et al., 2009)  

BNIP-2 RNAi BLOCK-iT PolII miR RNAi expression vector kit with EmGFP 
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invitrogen pcDNA6.2-GW/EmGFP-miR

BNIP-2 RNAi  

5’-TGCTGTTCCCACTCAAACTCATTACTGTTTTGGCCACTGACTGACAGTAAT

GATTGAGTGGGAA-3’ 

5’-CCTGTTCCCACTCAATCATTACTGTCAGTCAGTGGCCAAAACAGTAATGAG

TTTGAGTGGGAAC 

 

 
HEK293T COS7 HeLa C2C12 HEK293T COS7 HeLa

Dulbecco’s modified Eagle’s medium D-MEM Sigma 10% Fetal 

Bovine serum FBS  C2C12 D-MEM 15% FBS

2% horse 

serum D-MEM 5 CO

37  

HEK293T

HEK293T 1.2 x 10 100mm dish

0.25M CaCl  50μl  DNA 10μg 2xBBS pH6.95  50mM BES, 

280mM NaCl, 1.5mM Na2HPO4 500μl

20 16

PBS(-) 48  

PBS(-) 10ml 1000rpm, 5 , 

4 A 150mM NaCl, 100mM HEPES (pH7.9), 

1mM EDTA, 1% TritonX-100, 5% glycerol, 1x protease inhibitor cocktail (2 µg/ml 

Leupeptin, 2 µg/ml Papstain, 2 µg/mlbenzamide Hydrochloride Monohydrate)  1ml

15.000rpm, 30 , 4

 

 

 

GST-BNIP-2 N GST-BNIP-2 N WED/AAA GST-KLC1

BL21 cDNA pGEX-5X-3 

LB IPTG 

isopropyl-thio-B-D-galactopylanoside 1mM 25 12

PBS(-)

15,000rpm,4 ,20

Glutathione-Sepharose 4B GE healthcare PBS(-)

11



 

 

His-BNIP-2 His-BNIP-2

100mm dish10 HEK293T 10ml

A 15.000rpm, 30 , 4

Ni-NTA Agarose QIAGEN

4 2 Wash

0.5M NaCl2, 100mM Tris-HCl (pH 8.0)  Elution

0.5M NaCl2, 100mM, Tris-HCl (pH 8.0), Imidazole (pH 8.0)

PBS(-)  

 

 
SDS-PAGE B 25mM Tris, 5% methanol

PVDF PALL 100%

B No.590, Advantec A 0.3M Tris, 5%methanol

2 B 1 C 25 mM Tris, 40 mM 6-aminohexanoic 

acid, 5%methanol 3

A B C

12V 1 5%

PBST PBS 0.05% Tween20 1

5 /PBST 4 1 PBST 3

horse radish peroxidase 5%

/PBST 1 PBST 3

ECL Western Blotting Analysis System (GE healthcare)

X  

 

 
HEK293T 400μl Protein-G-Sepharose

Amersham Bioscience 20μl 4 2

4000rpm 30 4

1μg 4 2 20μl 4

2 A 3

2×SDS 100mM Tris-HCl (pH6.8), 1% SDS, 0.2% BPB, 20% 

glycerol, 100mM DTT SDS-PAGE
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GST-pull down assay 
HEK293T 400µl GST 5µg

4 2 Glutathione-Sepharose 4B 20µl

4 2 A 5 2×SDS

SDS-PAGE

 

 

 
Frezza (Frezza et.al 

2007) PBS

5ml 10mM Tris-MOPS, 1m MEGTA/Tris, 0.2M 

sucrose

(1600rpm 3-4strokes) 600g 10 4

7000g 10 4

5ml

7000g 10 4

A

15000rpm, 30 , 4  

 

L i p i d  m e m b r a n e  
P h o s p h a t i d y l s e r i n e  S i g m a C h l o r o f o r m / m e t h a n o l  1 : 1  v / v

0 5 0 1 0 0 2 0 0 4 0 0 p m o l / µ l

H y b o n d  C + GE healthcare 1μ l 1

4  
 

L i p i d - m e m b r a n e  o v e r l a y  a s s a y   
L i p i d  m e m b r a n e 1 5 ( 1 0 0 p m o l )

P I P  s t r i p s E l e c t r o n  R e s e a r c h  

L a b L i p i d  m e m b r a n e  

D ( 1 0 m M  T r i s - H C l ( p H 8 . 0 ) ,  1 5 0 m M  N a C l ,  

0 . 1 %  T w e e n 2 0 0 ) 3 %  f a t t y  a c i d - f r e e  b o v i n e  s e r u m  a l b u m i n B S A

1

D  + 3 %  f a t t y  a c i d - f r e e  B S A 2 . 5μg / m l

4 D
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1 0 3 1 B N I P - 2

D  + 3 %  f a t t y  a c i d - f r e e  B S A 1

D 1 0 3 2

D  + 3 %  f a t t y  a c i d - f r e e  B S A 1

D 1 0 3 ECL Western Blotting Analysis System

X  

   

 
COS7 HeLa 4.0×10 24 

24 Lipofectamine 2000 invitrogen

DNA 24

1µg 24

4%PFA/PBS 20 0.2% TritonX-100/PBS

1:100-1:1000

OLYMPUS FV1000

µ-Dish NIPPON Genetics

24  

Image J a

b

a/b 2 COS7

a/b 8 HeLa 4

a/b COS7 4.23 1.03 SD , n=30

HeLa 2.88 0.79 SD , n=30  

 

RNAi 

BLOCK-iT PolII miR RNAi expression vector kit with EmGFP invitrogen

LacZ RNAi HeLa

Lipofectamine 2000 72

GFP
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3.1 BNIP-2 WED KLC1  

caytaxin ELEWED 115-120aa  KLC1

WED KLC1 (Aoyama et al.,2009)

BNIP-2 EFEWED 94-99aa  BNIP-2 WED

KLC1 BNIP-2 KLC1

HEK293T

Flag-BNIP-2 KLC1-Myc Myc

Flag

Flag-BNIP-2 KLC1-Myc 3A GST-BNIP-2 N

GST-BNIP-2(1-130) BNIP-2 WED AAA N

GST-BNIP-2(1-130) WED/AAA GST

KLC1-Myc HEK293T

GST-pull down assay GST-BNIP-2 (1-130) KLC1

GST-BNIP-2(1-130) WED/AAA KLC1

3B BNIP-2 WED KLC1

 

 

3.2 BNIP-2 KLC
KHC  

COS7 MCF7 HeLa BNIP-2

BNIP-2 (Zhou et al., 

2005) BNIP-2 N 1-130aa HeLa

C 147-314aa

4A KLC1 WED AAA BNIP-2 

WED/AAA HeLa

BNIP-2 WED/AAA

4B KLC1

BNIP-2 WED/AAA

 

BNIP-2 KLC1 BNIP-2

KLC KHC KLC
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Gyoeva et al., 2000

4C COS7 BNIP-2 KLC

BNIP-2

KHC KLC 4C

BNIP-2 WED KLC HKC

BNIP-2  

 

3.3 BNIP-2 kinesin-1  
BNIP-2 kinesin-1 kinesin-1

KIF5A KIF5DN

(Kimura et al., 2005) KIF5DN Flag-BNIP-2 COS7

BNIP-2

83%

KIF5DN

BNIP-2 5A

KIF5DN BNIP-2

caytaxin N

WED

(Aoyama et al.,2009) BNIP-2 N

WED BNIP-2 N BNIP-2-N-RFP

Flag-BNIP-2 16

5B WED AAA

BNIP-2-N-WED/AAA-RFP 53 5B

BNIP-2 N

WED BNIP-2 kinesin-1

 

 

3.4 BNIP-2  

BNIP-2 (Zhou 

et al., 2005) BNIP-2

BNIP-2 BNIP-2

BNIP-2

BNIP-2 GST-BNIP-2 1-130aa

BNIP-2 BNIP-2

BNIP-2 6A COS7 HeLa

16



 

BNIP-2 BNIP-2

BNIP-2 kinesin-1 KLC1

BNIP-2 BNIP-2

BNIP-2

6B

BNIP-2 6C

4 30

HeLa 37

BNIP-2

BNIP-2

37 5

BNIP-2

( 6D) BNIP-2

 

 

3.5 BNIP-2 Trans-Golgi network TGN  
BNIP-2 Protein disulfide isomerase ER

BNIP-2 A

(Lin et al., 2002) BNIP-2

3

cis-Golgi trans-Golgi network TGN

cis-Golgi TGN

TGN

Syntaxin 6 cis-Golgi GM130 BNIP-2

BNIP-2 Syntaxin 6 B GM130

7C BNIP-2 TGN

Brefeldin A BFA BNIP-2 BFA

ARF-GEF ARF1 COPI AP1

cis-Golgi ER

TGN  (Lippincott-Schwartz et al., 

1989) COS7 BFA GM130

BNIP-2

7C BNIP-2 HeLa

17



 

7C BNIP-2 TGN

 

COS7 BNIP-2 7E  

 

3.6 BNIP-2  
BNIP-2 TGN

TGN BNIP-2

GTPase

Rab BNIP-2

COS7 BNIP-2

Rab11 8A

Rab5

8B

Transferrin receptor protein TfR

Gadkin Cdc42GAP p50RhoGAP BNIP-2 8C,D,E

Gadkin TGN (Schmidt et al., 2009) Cdc42GAP

Rab11 Rab5 (Sirokmany et al., 2006)  

BNIP-2 BNIP-2 Rab11

Rab11 8G Rab5

TfR BNIP-2

8H,I BNIP-2

Rab9 8F BNIP-2

 

BNIP-2

BNIP-2-GFP COS7 GFP

BNIP-2-GFP

9A BNIP-2-GFP

0.48 0.262 SD, n=35 μm/sec

COS7 BNIP-2-GFP

Rab11-RFP BNIP-2-GFP

Rab11-RFP ( 9B)  

 

3.7 BNIP-2 phosphatidylserine PS  

BNIP-2 C CRAL-TRIO CRAL-TRIO

18



 

(Panagabko et al., 2003; Saito et al., 

2007) BNIP-2

15

BNIP-2 Lipid-membrane overlay assay

assay BNIP-2

BNIP-2 C

BNIP-2 C CRAL-TRIO

BNIP-2

BNIP-2 HEK293T His-BNIP-2

His-BNIP-2

Lipid-membrane overlay assay

Phosphatidylserine PS 10A

Phosphatidic acid PA Phosphatidylinsitol monophosphate PtdInsP

PS

GST-BNIP-2 N

GST-BNIP-2(1-130) PS assay 

PS 10B BNIP-2 N

C CRAL-TRIO PS  

 

3.8 BNIP-2 CRAL-TRIO Lys271 PS
 

BNIP-2 CRAL-TRIO PS

CRAL-TRIO PS

CRAL-TRIO α-TTP Sec14p

CRAL-TRIO

 (Sha et al., 1998; Panagabko et al., 2003)

caytaxin α-TTP CRAL-TRIO

 (Bomar et al., 2003) Bomar et al.

caytaxin α-TTP

BNIP-2 CRAL-TRIO α-TTP Sec14p

 

α-TTP CRAL-TRIO E

α-TTP CRAL-TRIO 192

R192H 221

R221W  (Panagabko et 

19



 

al.,2003) BNIP-2

α-TTP R192 R221 BNIP-2 K242 K271

Sec14p K239 α-TTP R221 BNIP-2 K271

Sec14p K239 PtdIns (Sha et al., 1998

BNIP-2 PS

11A 242 271

His-BNIP-2 4

BNIP-2 L257 Cdc42GAP L173 Cdc42GAP L173

(Sirokmany et al., 2006

257-259 LAV GAA BNIP2 LAV/GAA

BNIP-2 PF(262-263aa)

BNIP-2 11B HEK293T

PS

Lipid-membrane overlay assay BNIP2 LAV/GAA

PS BNIP-2 K271W PS

11B) BNIP-2 K242H BNIP-2 PF/LV PS

 

BNIP-2 K271W

assay PA PtdIns(3)P PtdIns(5)P

PS  

10A  

BNIP-2 COS7

BNIP-2 LAV/GAA 20%

BNIP-2 K271W

11C BNIP-2 K271W Cdc42GAP

BNIP-2 K271W

BNIP-2 Cdc42GAP 11D BNIP-2 

K271W

BNIP-2 α-TPP Sec14p CRAL-TRIO

BNIP-2 PS K271

PS BNIP-2

 

 

3.9 BNIP-2 Cdc42 Cdc42GAP PS BNIP-2

20



 

 

BNIP-2 Cdc42 Cdc42GAP Cdc42

Cdc42 BNIP-2 CRAL-TRIO EYV 288-290aa

Cdc42GAP RRKMP 217-221aa) RRLRK 235-239aa

GAP (Low et al., 2000)

PS

12A BNIP-2 BNIP-2 PS

Lipid-membrane overlay assay

BNIP-2 PS 12B

BNIP-2 COS7

12C)

Cdc42 Cdc42GAP GAP BNIP-2

PS  

 

3.10 BNIP-2 PS  
PS

TGN  (Yeung et al., 2008; Fairn et al., 2011; 

Uchida et al., 2011) BNIP-2 PS

PS GFP-Lact-C2

PS (Yeung et al., 2008) COS7 GFP-Lact-C2

Lact-C2-GFP PS

COS7 Lact-C2-GFP

BNIP-2 BNIP-2

13A BNIP-2

PS 13B

PS BNIP-2 PS

PS BNIP-2 PS

PS BNIP-2 K271W

Lact-C2-GFP

13C TfR BNIP-2 K271W

13D  

 
3.11 BNIP-2 PS  

HEK293T BNIP-2 14A

BNIP-2

21



 

ATG

BNIP-2

lambda protein phosphatase λPPase BNIP-2

14A

Lipid-membrane overlay assay His-BNIP-2 2

14B

His-BNIP-2 Lipid-membrane overlay assay 

BNIP-2 PS 14B

BNIP-2 PS  

 

3.12 BNIP-2 Ser114 Thr116  

Flag-BNIP-2 HEK293T Flag

15A 2 λPPase

1 BNIP-2

Flag-BNIP-2 N 1-130aa Flag-BNIP2 

C 147-314aa HEK293T Flag

C N

15B BNIP-2 Fibroblast 

growth factor FGF receptor (Low et al., 

1999) N Y118 Y118A

15D

PhosphoSitePlus

BNIP-2 S114 22

T116 6 http://www.phosphosite.org/homeAction.do

S114A T116A

15D BNIP-2 S114

T116 Ser/Thr  

 

3.13 BNIP-2 Ser114 Thr116 KLC1 PS
 

kinesin kinesin

BNIP-2 kinesin

BNIP-2 S114

T116 KLC1

22



 

BNIP-2 S114A,T116A BNIP-2 

S114D,T116D

BNIP-2 KLC-1

15E PS Lipid-membrane 

overlay assay 

BNIP-2 PS 15F

BNIP-2

15G BNIP-2 S114 T116 KLC1 PS

 

 

3.14 BNIP-2 C2C12  
C2C12

BNIP-2

BNIP-2 C2C12

BNIP-2 C2C12

 16A

C2C12 BNIP-2

BNIP-2 16A

C2C12 BNIP-2

BNIP-2 16B  

BNIP-2

BNIP-2 BNIP-2 16C

BNIP-2 BNIP-2
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4.1 BNIP-2 WED KLC1  

BNIP-2 caytaxin WED KLC1

 (Aoyama et al, 2009) C CRAL-TRIO

90 N KLC

WED

BNIP-2 caytaxin kinesin-1

GST-pull down assay BNIP-2

97-99 WED KLC1

3) BNIP-2 KLC BNIP-2

BNIP-2

BNIP-2 BNIP-2

4.6  

BNIP-2 BNIP-2

KLC KHC 4C kinesin-1

KIF5DN BNIP-2

BNIP-2 5A

KLC BNIP-2 N BNIP-2

KIF5DN BNIP-2

5B KLC BNIP-2 N

BNIP-2 kinesin-1

BNIP-2 WED AAA BNIP-2-WED/AAA

KLC CRAL-TRIO

 4B Zhou BNIP-2 CRAL-TRIO

 (Zhou et al. 2005)

BNIP-2

BNIP-2 CRAL-TRIO
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caytaxin BNIP-2 WED KLC

17

calsyntenin 1 EDDWDD 890-895aa QLEWDD

961-966aa (Konecna et al., 2006

Gadkin DLEWED 207-212aa GLEWEN 257-262aa (Schmidt et al., 

2009) SKIP NLEWDD 210-215aa STDWED

239-244aa (Rosa-Ferreira et al., 2011) vaccinia virus A36R ESDWED

61-66aa SLIWDN 94-99aa (Ward et al., 2004)

KLC kinesin Dodding 

WED 2

(Dodding et al., 2011) BNIP-2

WED EFEWED 94-99aa WED

KEEWQD 7-12aa caytaxin WED ELEWED

115-120aa KEEWQD 16-21aa

BNIP-2 2 WED AAA KLC1

B caytaxin  16-21aa KEEWQD

KLC1 (Aoyama et al, 2009)

BNIP-2 caytaxin 2 WED KLC1

calsyntenin 1 2 WED SKIP

1 WED (Rosa-Ferreira et al., 2011)

KLC 1 WED 2

WED KLC WED

KLC KLC WED

WED

KLC BNIP-2

WED

 

Dodding 

2 WED

460 Dodding et al., 2011

WED KLC

KLC kinesin

WED

BNIP-2 CRAL-TRIO
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KLC  

 

4.2 BNIP-2  
BNIP-2

BNIP-2

D kinesin dynein

(Hirokawa et al., 2009) BNIP-2

0.48μm/sec A kinesin

BNIP-2 kinesin-1

BNIP-2 COS7

HeLa C2C12 BNIP-2

16A BNIP-2

BNIP-2

4.5  

 
4.3 BNIP-2 CRAL-TRIO PS  

CRAL-TRIO

BNIP-2 CRAL-TRIO Cdc42 Cdc42GAP

(Zhou et al., 2005) caytaxin CRAL-TRIO kidney-type glutaminase 

KGA peptidyl-prolyl isomerase Pin1

(Buschdorf et al., 2006; Buschdorf et al., 2008) BNIP-2

CRAL-TRIO

BNIP-2 LC/MS

AP-2 complex 

subunit α-2 p115 Arf-GAP with SH3 domain ANK repeat and PH 

domain-containing protein 2(ASAP2) RalA binding protein 1 RalBP1 Oxysterol 

binding protein2 OSBP2

BNIP-2

data not shown CRAL-TRIO

BNIP-2 caytaxin CRAL-TRIO

lipid-membrane overlay 
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assay BNIP-2 phosphatidylserine PS

10A BNIP-2 PtdIns monophosphates phosphatidic acid 

PA  

 

CRAL-TRIO PS

PTP-MEG2 PTP-MEG2 N CRAL-TRIO

C PTP-MEG2

CRAL-TRIO

(Zhao et al., 2003) PTP-MEG2 CRAL-TRIO

BNIP-2 CRAL-TRIO PS

BNIP-2  

BNIP-2 PS yeast 

Sec14p human α-TTP

BNIP-2 BNIP-2 K271W PS

PtdIns monophosphates PA

10A BNIP-2 CRAL-TRIO PS

BNIP-2

CRAL-TRIO Sec14p α-TTP CRAL-TRIO

α-TTP R221 E

R221 BNIP-2 K271 X

α-TTP R59 R192 R221

PtdIns phosphates

(Kono et al., 2013 E

Kono PtdIns phosphates

2 PtdIns phosphates

α-TTP α-TTP E

E

BNIP-2 PS BNIP-2

BNIP-2 PS BNIP-2

 

 

BNIP-2 PS BNIP-2

PS BNIP-2 K271W LAV/GAA

PS
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11C BNIP-2

PS

PS

BNIP-2 WED/AAA

B PS BNIP-2

BNIP-2 KLC

 

BNIP-2 Cdc42 Cdc42GAP Cdc42

Zhou (Zhou et al., 2005)

Cdc42 VPMEYVGI 285-292aa 251-284aa 34

K271 LAV

257-259aa 34

Cdc42 EYV 288-290aa GAA BNIP-2 EYV/GAA

12C

VPMEYVGI 285-292aa

CRAL-TRIO

K271 LAV  

 

PS 5-11%

PS

TGN

(Leventis and Grinstein, 2010) PS

PS

(Vance et al., 2005) PS

PS

(Uchida et al., 2011)

evectin-2 PH PS  

PS TGN

BNIP-2 BNIP-2 PS
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PS Lact-C2-GFP PS  (Yeung 

et al., 2008) BNIP-2 TGN Lact-C2

13A Lact-C2 BNIP-2

BNIP-2

BNIP-2 Lact-C2 13B BNIP-2

BNIP-2

BNIP-2 kinesin-1

kinesin-1 BNIP-2

caspase (Valencia et al., 2007) granzymeB (Scott et al., 2010) 

 

 

4.4 BNIP-2  
14B BNIP-2 PS

BNIP-2

18A BNIP-2 KLC1 PS

PS

kinesin-BNIP-2- kinesin

kinesin-BNIP-2-

kinesin-1

BNIP-2

PhosphoSitePlus

Ser114 Thr116 Tyr118

Ser114 Thr116

15F,G BNIP-2

BNIP-2 Tyr118 FGF receptor C Src

N. Ishida-Kitagawa, 

unpublished data C Src BNIP-2

 

 

BNIP-2 vaccinia virus

18B vaccinia virus
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TGN

kinesin-1

 (Hall, 2004) A36R

WED A36R KLC

Src Src

A36R kinesin

vaccinia virus

kinesin kinesin

BNIP-2

kinesin myosin

 (Ali et al., 2007) C2C12

BNIP-2

16A,B BNIP-2

BNIP-2  

 

4.5 BNIP-2   

caytaxin

caytaxin

caytaxin (Aoyama et al., 

2009) BNIP-2
COS7 BNIP-2

COS7 BNIP-2

HeLa

PS PS synthase

PS phosphatidylethanolamine PE

(Leventis and Grinstein, 2010) BNIP-2

KHC

Milton Miro

(Boldogh and Pon, 2007) Milton

kinesin-1 BNIP-2

PS BNIP-2
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BNIP2 BNIP-2

( 16C)  

 

4.6 BNIP-2   

BNIP-2 caytaxin kinesin-1

BNIP-2 WED KLC

CRAL-TRIO PS BNIP-2

Cdc42GAP

Rab11 (Sirokmany et 

al., 2006) BNIP-2 Cdc42GAP

8E Rac

Cdc42 Rab5

(Schiefermeier et al., 2011) BNIP-2 Rac1

Cdc42 Cdc42GAP

BNIP-2 Rac1 Cdc42

 

PS

Cdc42

(Fairn et al.,2011) BNIP-2 PS BNIP-2

Cdc42

BNIP-2

BNIP-2 kinesin
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A

B 

C 
147                                         290

4.00

2.40

0.80

-0.80

-2.40

-4.00
1 63 126 189 252 315

(AA)

[GENETYX : Hydrophilicity / Hydrophobicity Plot]
Date : 2011.10.12
Filename : BNIP2@314aa.gpt
Sequence size : 314
Parameter : Kyte & Doolittle
Average Span : 5

1                63                  126                 189                 252                 
315 

 

 
4.00       

 
2.40 

 
0.80 

 
-0.80 

 
-2.40 

 
-4.00 (aa)

BNIP-2 CRAL-TRIO domain 

BH3-like domain

caytaxin 

BNIP-2 

α-tocopherol  
transfer protein 

371 aa 

314 aa 

278 aa 

78%, 91% (identity, similarity ) 

vitamin E 

Cdc42,Cdc42GAP 

(α-TTP) 

39%, 59% 

CRAL-TRIO domain 

KLC1 11%,36% 

BNIP-2 CRAL-TRIO  
A BNIP-2 caytaxin αTTP BNIP-2 caytaxin BNIP-2
caytaxin C 78 identity 91 similarity BNIP2 Caytaxin N 39
identity 59 similarity  
B BNIP-2 Kyte-Doolitle CRAL-TRIO  
C BNIP-2 αTTP Sec14p CRAL-TRIO

Sec14p K239 a-TTP R211 BNIP-2 K271

 

WED 

WED 
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PtdIns(4,5)P2 
PtdIns(3,4,5)P3

Phosphatidylserine 
(PS)

PtdIns(3)P

PtdIns(4)P

PS
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Flag-BNIP-2

KLC1-Myc

A

B

IP: Flag

IP: Myc

WB: Myc

Input 
2.5 %

WB: Flag

IgG

+ - +

- + +

+ - +

- + +

WB: Myc

CBB

66

45

kDa

83

62

GST
GST-BNIP-2(1-130)

GST-BNIP-2(1-130) WED/AAA
KLC1-Myc

Input 
2 %

BNIP-2 KLC1  
A HEK293T Flag-BNIP-2 KLC1-Myc

Flag Myc Myc
Flag KLC1

BNIP-2
B KLC1-Myc HEK293T GST-

BNIP-2(1-130 GST-BNIP2(1-130) WED/AAA GST pull down assay

+ - -
- + -
- - +
+ + +
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Flag-BNIP-2 MergeKLC

Flag-BNIP-2 MergeKHC

KLC

KHC

A

Flag-BNIP-2 Flag-BNIP-2 WED/AAA

G
ra

y 
Va

lu
e

Distance(pixeles) Distance(pixeles)

200 
 

150 

 

100 

 

50 

250 
 

200 

 

150 

 

100 

B

Flag-BNIP2-N Flag-BNIP2-C 

C

BNIP-2 KLC KHC  
A HeLa Flag-BNIP-2-N Flag-BNIP-2-C
Flag  
B HeLa Flag-BNIP-2 Flag-BNIP-2 WED/AAA

Flag

Flag-BNIP-2: 86.7% (mean ratio=6.66±3.25(SD),n=30)
Flag-BNIP-2 WED/AAA: 23.3% (mean ratio=3.26±1.09(SD),n=30) No-transfection: 10.0% (mean 
ratio=2.88±0,79(SD),n=30) 

C BNIP-2 KLC KHC COS7 Flag-BNIP-2
Flag KLC KHC

KLC KHC Scale bar; 10μm 
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Myc-KIF5DN Flag-BNIP-2 Merge

*

*

A

B
RFP Flag-BNIP-2 Merge

BNIP-2-N-RFP Flag-BNIP-2 Merge

BNIP-2-N-WED/AAA-RFP Flag-BNIP-2 Merge

*

BNIP-2 kinesin-1  
A COS7 Flag-BNIP-2 ( ) KIF5DN Flag-BNIP-2( ) KIF5DN ( )

BNIP-2 Flag-BNIP-2
KIF5DN Flag-BNIP-2

Flag-BNIP-2: 83.3% (mean ratio=12.7±6.67(SD),n=30) Myc-KIF5DN+Flag-BNIP-2: 
3.3% (mean ratio=3.35±1.44(SD),n=30) Myc-KIF5DN: 0% (mean ratio=3.30±0.82(SD),n=30) 

B COS7 RFP Flag-BNIP-2( ) BNIP-2N-RFP Flag-BNIP-2( )
BNIP-2N-WED/AAA-RFP Flag-BNIP-2( ) BNIP-2

Flag-BNIP-2
R F P + F l a g - B N I P - 2 : 7 0 . 0 % ( m e a n 

ratio=11.5±5.68(SD),n=30) BNIP-2-N-RFP+Flag-BNIP-2: 16.7% (mean ratio=50.6±3.21(SD),n=30)
BNIP-2-N-WED/AAA-RFP+Flag-BNIP-2: 53.3% (mean ratio=9.70±4.78(SD),n=30) Scale bar; 10μm 
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BNIP2 MergeRab11-
GFP

MeMeMeeeeeeeeeeeeeeeergrggrgrgrgrgrgrggrgrgrgrgrgrgrgrrggrrrrgrgrgrgrgrgrgrggggggggggeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeRaRaaaaaaaab1b1b1b1b1b1b1b1b1b1b1b11b11b1111-1-1-1-1-1--1-1-1-11-11-1-1-1-11-1-11-1
GGFGFGFGFGFFGFGFFGFGFGFGFGFFGGFGFPPPPPPPPPPPPPPPPPP

BNNNIPIPI 2
TubulinBNIP-2 MergeA B

BNIP2RNAi

BNIP-2 GFP

C

D

Nocodazole 
+

4 oC, 
 30min

4 oC, 
30min 

 
37oC, 
5min

Nocodazole 
-

TubulinBNIP-2 Mergeg

BNIP-2  
A BNIP-2 RNAi HeLa 72

BNIP-2 BNIP-2 RNAi
 

B BNIP-2 COS7 BNIP-2 ( ) tubulin ( )
Scale bar; 10μm 

C HeLa BNIP-2 ( ) tubulin ( ) ( ) 5μM
30 ( )  

D HeLa 30 (C) ( ) HeLa
30 37 (C) ( )

Scale bar; 10μm 
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BNIP-2BNIP-2 Brefeldin A (-) Brefeldin A (+) 

BNIP-2 GM130 Merge

B
re

fe
ld

in
 A

 (-
) 

B
re

fe
ld

in
 A

 (+
) 

Flag-BNIP-2 MergeSyntaxin 6

BNIP-2 HA-JPDI MergeA

B

C
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BNIP-2 Mitochondria MergeD

BNIP-2 trans-Golgi network(TGN)  
A COS7 HA-JPDI(ER )

BNIP-2 ( ) HA ( )  
B COS7 Flag-BNIP-2 syntaxin6

(TGN )( ) Flag ( )
 

C COS7 HeLa ( ) μg/ml BrefeldinA 30
BNIP-2 ( ) GM130 ( )(cis-Golgi )( )
BNIP-2 BNIP-2  

D COS7 BNIP-2 ( ) mitotracker( ) Scale bar; 10μm 
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A
Rab11-GFPBNIP-2 Merge

MergeBNIP-2 TfR
C

Rab5-GFPBNIP-2 Merge
B

MergeBNIP-2 Gadkin-GFP
D

MergeBNIP-2 Flag-Cdc42GAP
E

g
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Flag-BNIP-2 MergeRab11-GFP gggg

Rab9Flag-BNIP-2 Merge
F

Rab5-GFPFlag-BNIP-2 Merge
H

G

TfRFlag-BNIP-2 Merge
I

g

BNIP-2  
A)(B)(D)(E) COS7 24
BNIP-2 (C) BNIP-2 TfR

(G)(H) COS7 Flag-BNIP-2
24 Flag (F)(I) COS7

Flag-BNIP-2 24 Flag Rab9 TfR
Merge

Scale bar; 10μm 
(A)(G)Rab11-GFP: (B)(F)Rab5-GFP: (C)(I)TfR:

(D)Gadkin:
(E)Cdc42GAP: (F)Rab9:  
 
 

42



0:00s                 5:00s     10:00s 

BNIP-2-GFP

Rab11-RFP

Merge

A

B

BNIP-2  
A COS7 BNIP-2-GFP

BNIP-2 Scale bar; 5μm 
B COS7 BNIP-2-GFP( ) Rab11-RFP( ) 24

Scale bar; 10μm 
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K271WWT

S1P 

PtdIns(3,4)P2 

PtdIns(3,5)P2

PtdIns(4,5)P2

PtdIns(3,4,5)P2 

PA 

PS 

Blank

LPA 

LPC 

PtdIns 

PtdIns(3)P 

PtdIns(4)P 

PtdIns(5)P 

PE 

PC 

Incubation

WB: BNIP-2

-A

B GST GST-BNIP-2 N 
1-130aa

pmol

0 

25 

50 

100 

200 

400 

PS

Incubation

WB: 
BNIP-2

66

45

30 
 
kDa

GST GST-BNIP-2 N 
(1-130aa)

CBB  

10 BNIP-2 Phoshatidylserine PS  
A HEK293T His-BNIP-2(2.5μg/ml) His-BNIP-2K271W(2.5μg/ml)

Lipid membrane BNIP-2 His-
B N I P - 2 B N I P - 2
LPA,Lysophosphatidic Acid; LPC,Lysophospocholine; PE, Phosphoethanolamine; PC, 
Phosphatidylcholine; S1P, Sphingosine-1-Phosphate; PA, Phosphatidic Acid 

B GST GST-BNIP-2N(1-130) (2.5μg/ml) PS 0-400pmol
Lipid membrane BNIP-2

GST BNIP-2
GST GST-BNIP-2 N(1-130) CBB  
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240 NLKSLIIVHPSWFIRTLGAATRPFISSKFSQKIRYVFN 277
240 NLHSLIIVHPSWFIRTLLAVTRPFISSKFSQKIRYVFN 277

240 NLKSLIIVHPSWFIRTLLAVTRLVISSKFSQKIRYVFN 277
240 NLKSLIIVHPSWFIRTLLAVTRPFISSKFSQWIRYVFN 277

K242H
LAV/GAA

K271W
PF/LV

BNIP-2

240 NLKSLIIVHPSWFIRTLLAVTRPFISSKFSQKIRYVFN-- 277
190 KVRGIHLINEPVIFHAVFSMIKPFLTEKIKERIHMHGNNY 229
208 RMGKFYIINAPFGFSTAFRLFKPFLDPVTVSKIFILGSSY 247

     :  : :::    : : : : :**:      :*    

Sec14p 
α-TTP 
BNIP-2

WT LAV/GAA K271WK242H PF/LV 

pmol

0 

25 

50 

100 

200 

400 

PS

Incubation

WB: BNIP-2

CBB  
66

45

88

58
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kDa kDa
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B 
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D + + - -

- - + +

+ - + -

- + - +

+ + - -

- - + +

+ - + -

- + - +

Input

Cdc42GAP

WB: Flag

His-BNIP-2

His-BNIP-2 K271W

Flag 

Flag-Cdc42GAP

11 BNIP-2 K271W PS  
A BNIP-2 240-277 Sec14p α-TTP

( ) BNIP-2 ( )  
B His-BNIP-2 BNIP-2  (2.5μg/ml) PS 0-400pmol Lipid 

membrane BNIP-2 ( HEK293T
BNIP-2 CBB ( ) BNIP-2

( ) BNIP-2  
C BNIP-2 COS7 24 Flag

BNIP-2 Flag-BNIP-2: 
86.7% (mean ratio=12.5±4.57(SD),n=30) Flag-BNIP-2K242H: 80.0% (mean ratio=11.5±4.16(SD),n=30)
Flag-BNIP-2LAV/GAA: 20.0% (mean ratio=7.13±5.40(SD),n=30) Flag-BNIP-2PF/LV: 66.7% (mean 
ratio=11.0±4.63(SD),n=30) Flag-BNIP-2K271W: 6.7% (mean ratio=4.71±2.22(SD),n=30) 

D HEK293T His-BNIP-2 His-BNIP-2K271W Flag-Cdc42GAP
Ni-NTA Agarose

Flag Cdc42GAP

WT K271WPF/LVLAV/GAA K242H
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RKM/GAA RLR/GAA EYV/GAAWT

WB:BNIP-2 

pmol

0 

25 

50 

100 

200 

400 

PS

Incubation
B

C 

314

BNIP-2 RKM

BNIP-2 RLR

BNIP-2 EYV

BNIP-2

A

217-- RGAAPSLGWLRKCYQQIDRRLRKNLKSLIIVHPSWFIRTLLAVTRPFISSKFSQKIRYVFNLAELAELVPMEYVGI--292

217-- RRKMPSLGWLRKCYQQIDRGAAKNLKSLIIVHPSWFIRTLLAVTRPFISSKFSQKIRYVFNLAELAELVPMEYVGI--292

217-- RRKMPSLGWLRKCYQQIDRRLRKNLKSLIIVHPSWFIRTLLAVTRPFISSKFSQKIRYVFNLAELAELVPMGAAGI--292

217-- RRKMPSLGWLRKCYQQIDRRLRKNLKSLIIVHPSWFIRTLLAVTRPFISSKFSQKIRYVFNLAELAELVPMEYVGI-292
Cdc42-binding motifCdc42GAP-binding motif

CRAL-TRIO

GAP activity

217 292

147         290
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RKM/GAA RLR/GAA EYV/GAAWT

12 BNIP-2 Cdc42 Cdc42GAP PS  
A BNIP-2 CRAL-TRIO Cdc42 Cdc42GAP GAP ( )

( )  
B (A) (2.5μg/ml) PS 0-400pmol Lipid membrane

BNIP-2  
C (A) COS7 24 Flag

BNIP-2 Flag-
BNIP-2: 76.5% (mean ratio=15.9±11.8(SD),n=17) Flag-BNIP-2RKM/GAA: 94.1% (mean 
ratio=16.1±6.42(SD),n=17) Flag-BNIP-2RLR/GAA: 94.1% (mean ratio=15.2±6.73(SD),n=17) Flag-
BNIP-2EYV/GAA: 82.4% (mean ratio=14.4±5.34(SD),n=17) 
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A

Lact-C2-GFPFlag-BNIP-2 MergeB

BNIP-2 Lact-C2-GFP Merge

Flag-BNIP-2 K271W Lact-C2-GFP MergeC

Flag-BNIP-2 K271W TfR MergeD

13 BNIP-2 BNIP-2 K271W PS  
A COS7 Lact-C2-GFP BNIP-2

 
B COS7 Lact-C2-GFP Flag-BNIP-2 Flag

 
C COS7 Lact-C2-GFP Flag-BNIP-2 K271W
Flag  
D COS7 Flag-BNIP-2 K271W Flag
TfR  

Scale bar; 10μm 
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WB: BNIP-2 

λPPase  -            + A

B

14 BNIP-2 PS  
A HEK293T λPPase 30 30 λPPase(-)

BNIP-2  
B His-BNIP-2 λPPase His-BNIP-2(2.5μg/ml) BNIP-2

( ) PS Lipid membrane
BNIP-2 ( ) BNIP-2

BNIP-2 Lipid membrane assay
( )  

 

49



WB:Flag

147                 290
314

BNIP-2

94 EFEWED 99 

111 RKGSITEY 118

CRAL-TRIO

WB: Flag

λPPase  -            + 

WB:Flag

Flag-Bnip-2 

Flag-BNIP-2 
 N 

Flag-BNIP-2 
 C 

A

B

C

D

Flag-WT + - - + - -

Flag-S114A,T116A - + - - + -

Flag-S114D,T116D - - + - - +

KLC1-Myc - - - + + +

WB: anti-Myc

WB: anti-Flag

IP: anti-Flag

Input WB: anti-Myc

: IgG

E
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25 
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100 
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F

G

WT S114A, 
T116A 

Incubation S114D, 
T116D 

WT S114A,T116A S114D,T116D 

15 BNIP-2 S114 T116 KLC1 PS  
A Flag-BNIP-2 HEK293T λPPase 30

λPPase(-) Flag
 

B Flag-BNIP-2 N Flag-BNIP-2C HEK293T
Flag BNIP-2N

 
C S114,T116 WED CRAL-TRIO  
D HEK293T Flag

 
E HEK293T BNIP-2 KLC1-Myc

Flag Myc
Flag  

F BNIP-2  (2.5μg/ml) PS Lipid membrane
BNIP-2  

G BNIP-2 COS7 24 Flag
 

 
 

51



BNIP-2 Actin(F-actin) Merge

BNIP-2 Mitochondria Merge

GM

DM  
5day

A

λPPase - +    -     +

WB: 
BNIP-2 

     WB: 
 BNIP-2 

 
 

WB: 
 Glutaminase 

 
WB: 

 Actin 

Liver(mouse) 

C

λPPase - -

Myoblasts 
GM) 

Myotubes 
(DM  Day 5)

B

WB:BNIP-2 

GM

DM  
5day

16 C2C12 BNIP-2  
A (GM) (DM5day) C2C12 BNIP-2 ( )
mitotracker( )( ) Rhodamine ( )( )  
B (GM) (DM5day) C2C12 BNIP-2

BNIP-2  
C BNIP-2

Glutaminase actin
( )

BNIP-2
( )  
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Human BNIP2               88--PSENSNEFEWEDDLPKPK--105 
Mouse BNIP2               88--PSENSDEFEWEDDLPKPK--105 
Zebrafish BNIP2          205--PSDNSNEFEWEDDLPKPK–-222 
Frog BNIP2               198--ASENSNEFEWEDDLPKPK–-215 
Human Caytaxin            109--FLGNGNELEWEDDTPVAT–-126 
Mouse Caytaxin            109--FLGNGNELEWEDDTPVAT–-126 
Rat Caytaxin              109--FLGNGNELEWEDDTPVAT--126 
Dog Caytaxin              109--FLGNGNELEWEDDTPVAA–-126 
Chicken Caytaxin          111--FLGNGNELEWEDDTPVAT–-128 
Zebrafish Caytaxin         81--FITNGNDLEWEDDTPVAS–-98 
Frog Caytaxin             113--FVGNGNELEWEDDTPVAC--130 
Human BNIP-Sα (BNIPL)      51--QLDSGHEFEWEDELPRAE–-68 
Mouse BNIP-Sα (BNIPL)     105--QLDSGHEFEWEDDLPRAE–-122 
Zebrafish BNIP-Sα (BNIPL) 139--FPESMHDLEWEDDLPRMG–-156 

A

B 
Human BNIP2            7--KEEWQD--12    94--EFEWED--99 
Human caytaxin        16--KEEWQD--21   115--ELEWED--120 
Human calsyntenin 1 890--EDDWDD--895  961--QLEWDD--966 
Human Gadkin         207--DLEWED--212  257--GLEWEN--262 
Human SKIP           210--NLEWDD--215  239--STDWED--244 
Vaccinia virus A36R   61--ESDWED--66    94--SLIWDN--99 

 
 

17 BNIP-2 KLC  
A BNIP-2 BNIP-2 KLC
B BNIP-2 calsyntenin, Gadkin SKIP vaccinia virus A36R WED  
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