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4.11  

4.12 Angulin-1/LSR tricellulin tTJs bTJs  
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 4 

 

 BSA: bovine serum albumin 

 bTJs: bicellular tight junctions 

 CK2: casein kinase 2 

 Cl3: claudin-3 

 CP: cyotoplasmic domain 

 DMEM: Dulbecco’s modified Eagle medium 

 DMSO: dimethylsulfoxide 

 EC: extracellular domain 

 ERK: extracellular signal-regulated kinase 

 GAPDH: glyceraldehyde-3-phosphate dehydrogenase 

 GFP: green fluorescence protein 

 GST: glutathione S-transferase 

 IP: immunoprecipitation 

 JNK: c-Jun N-terminal kinase 

 LSR: lipolysis-stimulated lipoprotein receptor 

 MAPK8: mitogen-activated protein kinase 8 

 MAPK9: mitogen-activated protein kinase 9 

 MAPK10: mitogen-activated protein kinase 10 

 PBS: phosphate-buffered saline 

 PCR: polymerase chain reaction 
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 PDGFR: platelet-derived growth factor receptor 

 P-JNK: phosphorylated JNK 

  

 PKC: protein kinase C 

  

 PVDF: polyvinylidene difluoride 

 Pyk2: proline-rich tyrosine kinase 2 

 SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

 siRNA: small interfering RNA 

 SP: signal peptide 

 TBS: tris-buffered saline 

  

 TJs: tight junctions 

 TM: signal transmembrane domain 

 tTJs: tricellular tight junctions 

 YFP: yellow fluorescence protein 

 ZO: zona occludens 
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1  

1.1  

Furuse & Tsukita 2006; Furuse 2009

tight junctions: TJs

1 Farquhar & Palade 1963; Schneeberger & Lynch 1992 TJs

30

Gunzel & Fromm 2012

bicellular tight junctions: bTJs

tricellular tight junctions: tTJs 2

2

Staehelin et al. 1969; Friend & Gilula 1972; Staehelin 1973; Wade & Karnovsky 1974; 

Walker et al. 1985; Ikenouchi et al. 2005 bTJs 1 3 4

claudin family

occludin 1 Ichikawa-Tomikawa et al. 2011; Gunzel & Fromm 

2012 tTJs 1 4

angulin-1/lipolysis-stimulated lipoprotein receptor LSR tricellulin

1 Iwamoto et al. 2014 zona occludens ZO family

ZO-1 ZO-2 ZO-3 TJs TJs

2 Stevenson et al. 1986; 
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Gunzel & Fromm 2012  

TJs

Rosenthal et al. 2012 bTJs claudin-10

Kast et al. 2012

claudin claudin-18

Kast et al. 2012 tTJs

angulin-1/LSR

Higashi et al. 2013 angulin

angulin-2/ILDR1

angulin-3/ILDR2

Higashi et al. 2013  

TJs

TJs

Sawada et al. 2003; Furuse 2009

Furuse et al. 2002; Nitta et al. 2003; Sawada et al. 2003  

 

1.2 TJs  

TJs 2
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TJs TJs

bTJs occludin claudin-1 claudin-2 claudin-4 claudin-7

TJs

Gonzalez-Mariscal et al. 2008 tTJs

angulin-1/LSR tricellulin TJs

Ikenouchi et al. 2005; Krug et al. 2009; 

Kojima et al. 2010; Masuda et al. 2011; Higashi et al. 2013 TJs

ZO-1 ZO-2

Umeda et al. 2006  

TJs TJs

TJs TJs claudin-16 ZO-1

TJs

Reichert et al. 2000; Ikari et al. 2010 tTJs

tricellulin tTJs

Nayak et al. 2013  

TJs TJs TJs

TJs TJs

TJs 4

Tsukita & Furuse 2000; Higashi et al. 2013; Nayak et al. 

2013 TJs TJs TJs
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TJs

TJs TJs

TJs

TJs

4 Yu et al. 2010 TJs

TJs

TJs

TJs TJs

TJs TJs

 

TJs TJs

EpH4 MDCK

tricellulin

Ikenouchi et al. 2005; Van Itallie et al. 2010 MDCK

Caco-2 occludin

Van Itallie et al. 2010; Buschmann et al. 2013  

 

1.3 TJs  

TJs 2

1 TJs
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claudin-2 claudin-6 claudin-7 claudin-9

claudin-1 ZO-1 angulin-1/LSR occludin claudin-1

tricellulin Ikenouchi et 

al. 2008; Masuda et al. 2011; Zavala-Zendejas et al. 2011; Cording et al. 2013  

TJs

700

Diella et al. 2004; Farhan et al. 2010; Jayaswal et al. 2010

bTJs TJs

Gonzalez-Mariscal et al. 2008; 

Gonzalez-Mariscal et al. 2014 extracellular 

signal-regulated kinase: ERK occludin claudin-1 ZO-1 ZO-2

Gonzalez-Mariscal et al. 2008

occludin

TJs

Dorfel & Huber 2012b  

tTJs

c-Jun N-terminal kinase JNK HPAC tricellulin

Kojima et al. 2010 tTJs
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1.4 tTJs

 

2 1

green fluorescence protein: GFP

1
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3 tTJs

tTJs
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2  

2.1 tTJs

 

tTJs tTJs

EpH4 claudin-3 Cl3 yellow 

fluorescence protein: YFP Cl3-YFP EpH4-Cl3

Matsuda et al. 2004

Cl3-YFP

EpH4-Cl3 tTJs bTJs

TJs

tTJs

angulin-/LSR tricellulin bTJs Cl3 occludin TJs

ZO-1 ZO-2 EpH4

angulin-/LSR tricellulin Cl3 occludin ZO-1 ZO-2

4-6

EpH4-Cl3 tTJs bTJs TJs

EpH4-Cl3 tTJs

tTJs

 

EpH4-Cl3 80 tTJs
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2 7 EpH4-Cl3

96 well 10 μM 100 μM 2

CO2 5% CO2 37

2

Sugawara et al. 

2012

dimethylsulfoxide: DMSO

EpH4-Cl3 angulin-1/LSR ZO-1

Cl3-YFP angulin-1/LSR ZO-1 INCell Analyzer 1000 system

GE Healthcare angulin-1/LSR

10 μM

protein kinase C PKC 2  

Hypericine Ro 31-8220 angulin-1/LSR

 2 8 Hypericine TJs

ZO-1 Ro 31-8220 bTJs Cl3-YFP

2 100 μM

14 angulin-1/LSR

2 8 11 Cl3-YFP ZO-1

casein kinase 2 CK2 Apigenin Critchfield et al. 1997 JNK

SP600125 Bennett et al. 2001 platelet-derived 

growth factor receptor: PDGFR proline-rich tyrosine kinase 2 Pyk2

Tyrphostin 9 Levitzki & Gilon 1991; Fuortes et al. 1999 angulin-1/LSR
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2 8 9  

 

2.2 Apigenin SP600125 Tyrphostin 9 angulin-1/LSR

tricellulin  

angulin-1/LSR

Apigenin SP600125 Tyrphostin 9 tTJs bTJs TJ

 

EpH4-Cl3 cover glass 25 μM Apigenin

25 μM SP600125 20 μM Tyrphostin 9 CO2

5% CO2 37 2

8 9 DMSO

Chiang et al. 2007; Nicholas et al. 2007; Park et al. 2011

EpH4-Cl3 angulin-1/LSR tricellulin occludin ZO-1 ZO-2

Cl3-YFP angulin-1/LSR tricellulin occludin

ZO-1 ZO-2 LSM510 Carl Zeiss

Apigenin SP600125 Tyrphostin 9 Cl3-YFP

angulin-1/LSR tricellulin occludin ZO-1 ZO-2

EpH4-Cl3 angulin-1/LSR tricellulin

10 Apigenin SP600125 Tyrphostin 

9 EpH4-Cl3 angulin-1/LSR tricellulin

10

Apigenin SP600125 Tyrphostin 9 EpH4-Cl3
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bTJs Cl3-YFP occludin TJs

ZO-1 ZO-2 11 Apigenin

SP600125 Tyrphostin 9 bTJs TJs

tTJs  

Apigenin SP600125 Tyrphostin 9 tTJs bTJs TJs

10 11

DMSO EpH4-Cl3 Cl3-YFP Cl3 angulin-1/LSR tricellulin occludin

ZO-1 ZO-2

glyceraldehyde-3-phosphate 

dehydrogenase GAPDH Apigenin 25 μM

SP600125 25 μM Tyrphostin 9 20 μM EpH4-Cl3

angulin-1/LSR 12 Cl3-YFP

Cl3 tricellulin occludin ZO-1 ZO-2

12 Apigenin SP600125 Tyrphostin 9

angulin-1/LSR tricellulin

angulin-1/LSR  

 

2.3 tTJs  

EpH4 tTJs

JNK1  14

tTJs
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3 JNK

Avdi et al. 2001; Bennett et al. 2001; Van Dross et al. 

2003 JNK1 JNK tTJs

 

 

2.4 JNK1 JNK2 angulin-1/LSR tricellulin

 

JNK JNK1 JNK2 JNK3 3

Bogoyevitch 2006 JNK1 JNK2 JNK3

tTJs bTJs TJs

EpH4-Cl3 100 pmol siRNA

siRNA EpH4-Cl3 3.5 cm2 CO2

72 37 5% CO2 EpH4-Cl3 angulin-1/LSR

tricellulin occludin ZO-1 ZO-2 Cl3-YFP

angulin-1/LSR tricellulin occludin ZO-1 ZO-2

LSM510 JNK1 JNK2 JNK3

Scramble RNA

JNK3 siRNA EpH4-Cl3 tTJs

angulin-1/LSR tricellulin  

15 JNK1 JNK2 EpH4-Cl3

angulin-1/LSR tricellulin

 15 bTJs TJs Cl3-YFP occludin
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ZO-1 ZO-2 JNK1 JNK2 JNK3

EpH4-Cl3 scramble RNA EpH4-Cl3

16 JNK1 JNK2 tTJs

bTJs TJs

 

JNK1 JNK2 JNK3 tTJs bTJs TJs

15 16

siRNA EpH4-Cl3 JNK1 JNK2 JNK3

Cl3-YFP Cl3 occludin angulin-1/LSR tricellulin ZO-1 ZO-2

GAPDH JNK1

JNK2 JNK3 EpH4-Cl3 46%

78% 69% JNK1 JNK2 JNK3 17 JNK1 JNK2

50% occludin  17 Cl3-YFP

Cl3 angulin-1/LSR tricellulin ZO-1 ZO-2

17 JNK1 JNK2 TJs

occludin JNK1 JNK2

tTJs angulin-1/LSR

tricellulin  

JNK1 JNK2 tTJs

EpH4-Cl3 50 pmol JNK1 JNK2 siRNA

15 16 EpH4-Cl3



 19 

angulin-1/LSR tricellulin angulin-1/LSR

tricellulin LSM510

JNK1 JNK2 angulin-1/LSR tricellulin

JNK1 JNK2 EpH4-Cl3

angulin-1/LSR tricellulin

18

angulin-1/LSR tricellulin JNK1 JNK2

angulin-1/LSR tricellulin

19 JNK1

JNK2 JNK1 JNK2

angulin-1/LSR tricellulin

angulin-1/LSR JNK1 JNK2

angulin-1/LSR tricellulin

Apigenin SP600125 Tyrphostin 9

3 JNK1 JNK2

angulin-1/LSR tricellulin

 

 

2.5 JNK1 JNK2 angulin-1/LSR 288

 

JNK1 JNK2 tTJs

Angulin-1/LSR tricellulin tTJs
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Masuda et al. 2011 JNK1 JNK2 angulin-1/LSR

angulin-1/LSR tricellulin tTJs

JNK1 JNK2 angulin-1/LSR

Angulin-1/LSR

GFP angulin-1/LSR-GFP EpH4

IgG GFP GFP JNK1 JNK2

JNK1

angulin-1/LSR-GFP

JNK2 angulin-1/LSR-GFP 20A

JNK1 angulin-1/LSR  

JNK1 angulin-1/LSR

POSTMOD Jung et al. 2010 POSTMOD

POSTMOD 88 260 288 391 436

452 550 246 377 JNK1

20B 260 288 391

20B

288

Villen et al. 2007 20C 260  288  

391
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Phospho.ELM 3

288

Diella et al. 2004  

JNK1 angulin-1/LSR 288

angulin-1/LSR 209-575 N

S glutathione S-transferase: GST

GST-LSR GST-LSR 288

GST-LSR S288A

JNK1 in vitro GST-LSR GST-LSR

S288A Phosphoserine

JNK1 GST-LSR

GST-LSR S288A 20D

JNK1

20D JNK1 angulin-1/LSR 288

 

EpH4 JNK1 JNK2 angulin-1/LSR 288

sodium dodecyl sulfate-polyacrylamide gel electrophoresis: 

SDS-PAGE Phos-tag SDS-PAGE Phos-tag SDS-PAGE

Mn2+-Phos-tag SDS-PAGE SDS-PAGE
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Phos-tag SDS-PAGE

JNK1 JNK2 angulin-1/LSR 288

angulin-1/LSR-GFP angulin-1/LSR

S288A -GFP EpH4 SDS-PAGE

SDS-PAGE angulin-1/LSR-GFP angulin-1/LSR

S288A -GFP 1

20E scramble RNA JNK1 JNK2 siRNA EpH4

angulin-1/LSR-GFP angulin-1/LSR S288A -GFP 

Phos-tag SDS-PAGE

scramble RNA  EpH4 angulin-1/LSR-GFP

angulin-1/LSR S288A -GFP 4 20F

- angulin-1/LSR

S288A -GFP angulin-1/LSR-GFP

20F JNK1 JNK2 EpH4 angulin-1/LSR-GFP

angulin-1/LSR S288A -GFP 4
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20F EpH4

angulin-1/LSR-GFP 5

 

20F EpH4 angulin-1/LSR S288A -GFP 

angulin-1/LSR-GFP JNK1

JNK2 EpH4

EpH4 angulin-1/LSR S288A -GFP JNK1

JNK2 EpH4 angulin-1/LSR-GFP

angulin-1/LSR S288A -GFP 

EpH4 JNK1 JNK2 288

angulin-1/LSR 20D

JNK1 angulin-1/LSR 288

JNK1 angulin-1/LSR 288 EpH4

20A JNK2 angulin-1/LSR-GFP

 JNK2 angulin-1/LSR 288

JNK1  

 

2.6 Angulin-1/LSR 288

angulin-1/LSR tricellulin tTJs  

angulin-1/LSR 288 tTJs

angulin-1/LSR-GFP angulin-1/LSR

S288A -GFP EpH4 angulin-1/LSR-GFP
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angulin-1/LSR S288A -GFP tricellulin

Angulin-1/LSR-GFP angulin-1/LSR S288A -GFP tricellulin

LSM510

Angulin-1/LSR-GFP angulin-1/LSR S288A -GFP GFP tricellulin

ZO-1 ZO-1

angulin-1/LSR-GFP angulin-1/LSR S288A -GFP tricellulin

angulin-1/LSR-GFP EpH4 angulin-1/LSR

tricellulin 21A

angulin-1/LSR S288A -GFP EpH4 angulin-1/LSR

tricellulin

21A angulin-1/LSR 288

tTJs bTJs

angulin-1/LSR tricellulin tTJs bTJs

angulin-1/LSR tricellulin  

angulin-1/LSR S288A -GFP EpH4

angulin-1/LSR-GFP EpH4 angulin-1/LSR tricellulin

tTJs bTJs  21B  

angulin-1/LSR S288A -GFP EpH4 angulin-1/LSR

tricellulin tTJs  angulin-1/LSR-GFP angulin-1/LSR S288A -GFP

EpH4
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angulin-1/LSR-GFP angulin-1/LSR S288A -GFP

21C D angulin-1/LSR S288A -GFP

angulin-1/LSR tricellulin bTJs angulin-1/LSR-GFP

angulin-1/LSR S288A -GFP

angulin-1/LSR tricellulin bTJs

angulin-1/LSR 288

angulin-1/LSR 288

angulin-1/LSR tricellulin tTJs  

 

2.7 Apigenin SP600125 Tyrphostin 9 JNK

 

Apigenin SP600125 Tyrphostin 9 angulin-1/LSR tricellulin

JNK

Apigenin 25 μM SP600125 25 μM Tyrphostin 9 20 μM EpH4-Cl3

JNK phosphorylated JNK: P-JNK JNK

GAPDH

Apigenin

SP600125 EpH4-Cl3 P-JNK

40% 22 JNK

22

Apigenin CK2 JNK

angulin-1/LSR tricellulin
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Tyrphostin 9 EpH4-Cl3 P-JNK

JNK 22 Tyrphostin 9

JNK angulin-1/LSR tricellulin

 

 

2.8  

 

2.9  

  

2.10  

 

2.11  

 

2.12  
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3  

1

Adachi et al. 2009; Farhan et al. 2010; Hoffman et al. 2010; 

Sugawara et al. 2012 TJs

TJs

Gonzalez-Mariscal et al. 2008 PKC

TJs ERK1/2 bTJs TJs

Gonzalez-Mariscal 

et al. 2008 bTJs TJs claudin occludin ZO-1 ZO-2

TJs

Gonzalez-Mariscal et al. 2008; Dorfel & Huber 2012a, 2012b tTJs

tTJs

anisomycin JNK tricellulin

Kojima et al. 2010 bTJs TJs

tTJs

tTJs

angulin-1/LSR
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3 7 13 80

angulin-1/LSR

JNK1 JNK2 angulin-1/LSR tricellulin tTJs

 2 8 9 14 15 JNK1 angulin-1/LSR

288

JNK2 JNK1 20

21  

 

3.1 JNK tTJs angulin-1/LSR  

tTJs occludin

tTJs Westphal et al. 

2010 Caco-2 fluorescence recovery after photobleaching FRAP

tTJs bTJs tTJs

Raleigh et al. 2010 angulin-1/LSR tTJs

angulin-1/LSR bTJs tTJs

tTJs angulin-1/LSR

tTJs tTJs angulin-1/LSR

bTJs tTJs angulin-1/LSR

2 tTJs angulin-1/LSR

angulin-1/LSR tricellulin tTJs

angulin-1/LSR tTJs

bTJs tTJs angulin-1/LSR
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bTJs claudin-1 occludin

2 bTJs

claudin-1 occludin tricellulin tTJs bTJs

Ikenouchi et al. 2008; Cording et al. 2013

claudin-1 occludin tTJs tTJs

bTJs tTJs angulin-1/LSR

JNK1 JNK2 claudin-1 occludin

bTJs angulin-1/LSR tTJs bTJs

JNK1

JNK2 occludin angulin-1/LSR tTJs bTJs

15 17 TJs

JNK1

JNK2 angulin-1/LSR S288 bTJs

angulin-1/LSR tTJs bTJs

Zavala-Zendejas et al. 2011  

JNK1 JNK2 angulin-1/LSR tTJs

angulin-1/LSR S288 angulin-1/LSR bTJs

angulin-1/LSR bTJs bTJs

bTJs angulin-1/LSR

angulin-1/LSR bTJs TJs

TJs Dorfel & 
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Huber 2012a; Higashi et al. 2013 JNK1 JNK2 angulin-1/LSR

S288 angulin-1/LSR bTJs

bTJs angulin-1/LSR 

bTJs tTJs angulin-1/LSR

 

angulin-1/LSR S288 angulin-1/LSR S288A

angulin-1/LSR 21 JNK1 JNK2

JNK angulin-1/LSR

angulin-1/LSR bTJs

10 18

1

JNK

TJs

Dukes et al. 2012; Farquhar et al. 2012; Choi et al. 2014 Angulin-1/LSR

angulin-1/LSR

JNK

JNK

Cariers et al. 2002 JNK bTJs

occludin Cl3 11 18 JNK

tTJs
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3.2 JNK tTJs tricellulin  

Tricellulin angulin-1/LSR

Higashi et al. 2013 JNK angulin-1/LSR S288

angulin-1/LSR bTJs 10 15

18 21 JNK tricellulin tTJs bTJs

angulin-1/LSR JNK1

JNK2 JNK tricellulin angulin-1/LSR

tTJs bTJs tTJs

angulin-1/LSR 18 21

tricellulin angulin-1/LSR angulin-1/LSR S288

21

tTJs

tricellulin angulin-1/LSR  

 

3.3 JNK angulin-1/LSR  

JNK1 JNK2 angulin-1/LSR

2

12 19 JNK 2

angulin-1/LSR

12 JNK1

JNK2 angulin-1/LSR
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MDCK

ERK1/2 occludin claudin-2 claudin-4

Rincon-Heredia et al. 2014

MDCK II ERK epidermal growth factor 

EGF claudin-2

Ikari et al. 2011 TJs

JNK

tricellulin angulin-1/LSR

 10 12 18 19

angulin-1/LSR tricellulin tricellulin tTJs

TJs

TJs

Dukes et al. 2012  

 

3.4  

 

3.5  

  

3.6  

tTJs JNK1
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JNK2 1 3

tTJs tTJs

32

32

tTJs
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4  

4.1  

EpH4 Ernst Reichmann University Children’s Hospital Zurich Zurich  

Switzerland EpH4-Cl3

EpH4 10% GIBCO 100 unit/ml GIBCO

100 unit/ml GIBCO Dulbecco’s modified Eagle medium

DMEM Nissui EpH4-Cl3 10% GIBCO 100 unit/ml 

100 unit/ml 100 unit/ml Invitrogen

DMEM EpH4 EpH4-Cl3 6 cm2

 

 

4.2  

 

 Apigenin Wako   

  

 SP600125 Wako  

 Tyrphostin 9 Enzo Life Science   

  

 Kinase inhibitor library Enzo Life Science   

 

4.3  
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3  

 

 

 angulin-1/LSR Higashi et al. 2013  

 occludin Saitou et al. 1998  

 ZO-1 Itoh et al. 1991  

 JNK1 Cell Signaling Technology  

 GST Santa Cruz Biotechnology  

 GAPDH Millipore  

 tricellulin Ikenouchi et al. 2005  

 ZO-2 Cell Signaling Technology  

 SAPK/JNK Cell Signaling Technology  

 Phospho-SAPK/JNK Thr183/Tyr185  Cell Signaling Technology  

 JNK2 Cell Signaling Technology  

 JNK3 Cell Signaling Technology  

 Phosphoserine Zymed laboratories  

  

 GFP Medical and Biological Laboratories  

  

  

 IgG Santa Cruz Biotechnology  
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 HRP-conjugated IgG Chemicon  

 HRP-conjugated IgG Upstate Biotechnology  

 HRP-conjugated  IgG light-chain specific Millipore  

 HRP-conjugated IgG Chemicon  

 Immuno-Aptamer TM IgG Nippon Gene  

  

 Cy3-conjugated IgG Kirkegaard and Perry Laboratories Inc  

 Cy3-conjugated IgG Molecular Probes  

 Cy3-conjugated IgG Chemicon  

 Cy5-conjugated IgG Amersham LIFE SIENCE  

 

4.4 siRNA  

siRNA  

 

 pCAGGSneodelEcoRI- angulin-1/LSR-GFP 

angulin-1/LSR cDNA pCAGGSneodelEcoRI

Niwa et al. 1991; 

Masuda et al. 2011  

 

 pEGFP-N1- angulin-1/LSR-GFP 
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pCAGGSneodelEcoRI angulin-1/LSR cDNA

polymerase chain reaction: PCR pEGFP-N1

 

 

 pEGFP-N1- angulin-1/LSR S288A -GFP 

pEGFP-N1- angulin-1/LSR-GFP angulin-1/LSR 288

PCR

 

 

 pGEX-5X-1- GST-LSR 

pEGFP-N1- angulin-1/LSR-GFP angulin-1/LSR 209-575

PCR pGEX-5X-1

 

 

 pGEX-5X-1- GST-LSR S288A  

pGEX-5X-1- GST-LSR angulin-1/LSR 288 PCR

 

 

siRNA  

 Mm_Mapk8_3534 
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mitogen-activated protein kinase 8 MAPK8/JNK1

Rosetta siRNA Sigma  

 

 Mm_Mapk9_6800 

mitogen-activated protein kinase 9 MAPK9/JNK2

Rosetta siRNA Sigma  

 

 Mm_Mapk10_8711 

mitogen-activated protein kinase 10 MAPK10/JNK3

Rosetta siRNA Sigma  

 

  

 

  

 

4.5  

2 EpH4

1 1

6-12 μg 100 μl

OPTI-MEM Gibco 4 μl Lipofectamine LTX Invitrogen 6 μl 

Lipofectamine Plus reagent Invitrogen 100 μl OPTI-MEM

5 2 15
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10% DMEM EpH4

3.5 cm2 72

 

 

4.6 siRNA  

2

EpH4-Cl3 siRNA  1

1 siRNA

100 pmol siRNA 5 μl Lipofectamine RNAi Max 500 μl OPTI-MEM

20 10%

DMEM EpH4-Cl3 3.5 cm2 

48-72

 

 

4.7  

EpH4 EpH4-Cl3

1% phosphate-buffered saline PBS 15

0.2% Triton X-100 PBS 15 5% PBS

30-60
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12-24 1

4

INCell Analyzer 1000 system  A1  63x 

Plan-NEOFLUAR LSM510 . 

 

4.8  

EpH4 Raleigh

Raleigh et al. 2010 Angulin-1/LSR-GFP

EpH4 PBS 2

RIPA TBS containing 1% NP-40 0.1% SDS 0.5% sodium 

deoxycholate 0.004% sodium azide 1 mM sodium orthovanadate 1 mM PMSF

10 6 cm2 1.5 

ml 1 ml  27 15

IgG Protein G Sepharose 4 Fast Flow 30

600 g 5 GFP

IgG Protein G Sepharose 4 Fast Flow 3

20400 g 5

RIPA 3 2 SDS-sample

4 100 5 SDS-PAGE

 

 

4.9  
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N GST angulin-1/LSR

GST-LSR GST-LSR 288

GST-LSR S288A pGEX-5X-1-GST-LSR

pGEX-5X-1-GST-LSR S288A  BL21

16 g/l Tryptone 10 g/l Yeast extract 5 g/l NaCl 0.4

0.5 mM IPTG 3 25 IPTG

20400 g 4 1

50 mM Tris–HCl pH 8.0 50 mM NaCl 1 mM EDTA-NaOH pH 8.0 1 mM DTT

15 1 10

1% 12.5% Triton-X

4 30 20400 g 4 20

0.5% Triton X-100

1 mM EDTA

3 8M 8 M urea 50 mM Tris-HCl

pH 8.0 1 mM DTT 1 mM EDTA 1

20400 g 4 20 4M 4M urea 50 mM Tris-HCl

pH 8.0 1 mM DTT 1 mM EDTA 1 2M 2 M urea 50 mM Tris-HCl

pH 8.0 1 mM DTT 1 mM EDTA 1 50 mM Tris–HCl pH 

8.0 150 mM NaCl 2.5 mM CaCl2 4

Glutathione Sepharose 4B GE Healthcare   2 4 °C 

20400 g 4 2
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3

Poly-Prep Chromatography Biorad

10 mM glutathione GST-LSR GTS-LSR S288A

-80

GST-LSR GTS-LSR S288A 10 μg 100 ng

JNK1 10 μM ATP kinase 25 mM Hepes  25 

mM MgCl2  Complete Protease Inhibitor Cocktail Roche  PhosSTOP Phosphatase 

Inhibitor Cocktail Roche 37 25

2 SDS-sample buffer 100 5

SDS-PAGE Phospho-serine GST JNK1

GST-LSR GTS-LSR S288A JNK1

 

 

4.10 SDS-PAGE Phos-tag SDS-PAGE 

SDS-PAGE SDS

Phos-tag SDS-PAGE

SDS Mn2+-Phos-tag

Kinoshita et al. 2006

SDS-PAGE 12.5% 5-20%

SDS-PAGE Trans-Blot 

SD cell Millipore polyvinylidene difluoride

PVDF Millipore



 43 

Phos-tag SDS-PAGE 100 μM Mn2+-Phos-tag 10%

Kinoshita Kinoshita et al. 

2006 Phos-tag SDS-PAGE Wet tank PVDF

 

 

4.11  

JNK2 1% bovine serum albumin BSA Nippon 

Gene TBST-Mg tris-buffered saline TBS containing 0.05% Tween 20 and 

5 mM MgCl2 JNK2 Immuno-Aptamer TM IgG

JNK1 5% BSA TBST TBS containing 

1% Tween 20 JNK1 HRP-conjugated IgG light-chain 

specific Phos-tag SDS-PAGE angulin-1/LSR-GFP

angulin-1/LSR S288A -GFP 5% TBST

GFP HRP-conjugated 

5% 1% BSA 5% BSA

TBST Can Get Signal Solution 1 Toyobo 5%

5% BSA TBST Can Get Signal Solution 2

Toyobo LAS-4000 

mini imaging system GE Healthcare  

 

4.12 Angulin-1/LSR tricellulin tTJs bTJs  

Angulin-1/LSR tricellulin tTJs bTJs
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angulin-1/LSR-GFP angulin-1/LSR S288A -GFP EpH4

angulin-1/LSR tricellulin LSM510

angulin-1/LSR tricellulin tTJs bTJs

DS=2 x BCi / TCi1+TCi2 DS angulin-1/LSR tricellulin

TCi1 TCi2 angulin-1/LSR

tricellulin BCi TCi1 TCi2

angulin-1/LSR tricellulin

 

 

4.13  

  

4.14  

-

F

t

t

P 0.05
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5  

 

 

 

 

 

 

 

1 Mouse Blood vessel

Epithelial cell sheets

Epithelial cells

Tight junctions: TJs

Apical side  
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2

TJs tTJs

angulin-1/LSR LSR tricellulin Tricellulin

bTJs claudin CLDN occludin OCLN TJs Tight 

junctions scaffolding ZO-1 ZO1 ZO-2 ZO2

tTJs bTJs TJs  
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3

96 well 

plate kinase Inhibitors

Fluorescence 

antibody microscope

-
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4 EpH4 EpH4 EpH4-Cl3 EpH4-Cl3 tTJs

angulin-1/LSR

LSR tricellulin TRI LSM510

 

 

 

 

 

 

 

 

LSR LSR

TRI TRI
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5 EpH4 EpH4 EpH4-Cl3 EpH4-Cl3 bTJs

occludin OCC

Cl3 LSM510

  

 

 

 

 

 

 

 

OCC OCC

Cl3 Cl3
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6 EpH4 EpH4 EpH4-Cl3 EpH4-Cl3 TJs

ZO-1

ZO-2 LSM510

  

 

 

 

 

 

 

 

ZO-1 ZO-1

ZO-2 ZO-2
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7 

EpH4-Cl3 Kinase inhibitor 37 2 2h

4 angulin-1/LSR LSR Cl3-YFP

Cl3 ZO-1 LSR Cl3 ZO-1

LSR Cl3 ZO-1 LSR

Cl3 ZO-1
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8 EpH4-Cl3 angulin-1/LSR Cl3 ZO-1

EpH4-Cl3 10 μM A 100 μM B 80

2

angulin-1/LSR LSR ZO-1 LSR Cl3-YFP Cl3

ZO-1 INCell Analyzer 1000 system

LSR Cl3 ZO-1
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9 EpH4-Cl3 Apigenin SP600125 Tyrphostin 9

Cl3-YFP angulin-1/LSR ZO-1 EpH4-Cl3

DMSO Control 100 μM Apigenin API SP600125 SP6 Tyrphostin 

9 TYR 2

angulin-1/LSR LSR A ZO-1 B INCell 

Analyzer 1000 system Cl3-YFP Cl3 LSR ZO-1

MER LSR ZO-1

Cl3  
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10 EpH4-Cl3 Apigenin SP600125 Tyrphostin 9

tTJs EpH4-Cl3 DMSO Control

25 μM Apigenin API 25 μM SP600125 SP6 20 μM Tyrphostin 9 TYR

2 angulin-1/LSR LSR

A tricellulin TRI B LSM510

Cl3-YFP Cl3 LSR TRI

LSR TRI LSR HIGH TRI HIGH

MER LSR TRI Cl3

10 μm  
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11 EpH4-Cl3  Apigenin SP600125 Tyrphostin 9

bTJs TJs EpH4-Cl3

DMSO Control 25 μM Apigenin API 25 μM SP600125 SP6 20 μM Tyrphostin 

9 TYR 2

occludin OCC A ZO-1 B ZO-2 C

LSM510 Cl3-YFP Cl3 OCC

ZO-1 ZO-2 MER

OCC ZO-1 ZO-2 Cl3 10 μm
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12 EpH4-Cl3 Apigenin SP600125 Tyrphostin 9

TJs TJs EpH4-Cl3 DMSO

Control 25 μM Apigenin API 25 μM SP600125 SP6 20 μM Tyrphostin 9 TYR

2

occludin OCC Cl3 angulin-1/LSR LSR

tricellulin TRI ZO-1 ZO-2 GAPDH Cl3

Endogenous Cl3-YFP YFP fusion  
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13  

14  
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15 EpH4-Cl3 JNK1 JNK2 JNK3 tTJs

EpH4-Cl3 scramble RNA Control

JNK1 siRNA JNK1 KD JNK2 siRNA JNK2 KD

JNK3 siRNA JNK3 KD 72

angulin-1/LSR LSR A tricellulin TRI

B LSM510

Cl3-YFP Cl3 LSR TRI LSR

TRI LSR HIGH TRI HIGH

MER LSR TRI Cl3 10 

μm  
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16 EpH4-Cl3 JNK1 JNK2 JNK3 bTJs

TJs EpH4-Cl3 scramble RNA

Control JNK1 siRNA JNK1 KD JNK2 siRNA

JNK2 KD JNK3 siRNA JNK3 KD 72

occludin OCC A ZO-1 B

ZO-2 C LSM510

Cl3-YFP Cl3 OCC ZO-1 ZO-2

MER OCC ZO-1 ZO-2 Cl3

10 μm  

 

 

 

 

 

 

 

 

 

 

 

 

 



 67 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

17 ( ) 



 68 

17 EpH4-Cl3 JNK1 JNK2 JNK3 TJs

TJs EpH4-Cl3 scramble RNA

Control JNK1 siRNA JNK1 KD JNK2 siRNA

JNK2 KD JNK3 siRNA JNK3 KD 72

JNK1 JNK2 JNK3 occludin OCC Cl3 angulin-1/LSR LSR

tricellulin TRI ZO-1 ZO-2 GAPDH Cl3

Endogenous Cl3-YFP YFP fusion  
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18 EpH4-Cl3 JNK1 JNK2 tTJs

EpH4-Cl3 scramble RNA Control JNK1

JNK2 2 siRNA JNK1/2 KD 72

angulin-1/LSR LSR A tricellulin

TRI B LSM510

Cl3-YFP Cl3 LSR TRI

LSR TRI LSR HIGH TRI HIGH

MER LSR TRI Cl3

10 μm  
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19 EpH4-Cl3 JNK1 JNK2 tTJs

EpH4-Cl3 scramble RNA Control JNK1 JNK2

2 siRNA JNK1/2 KD 72

JNK1 JNK2 angulin-1/LSR LSR tricellulin TRI GAPDH
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20 ( ) 



 72 

20 JNK1 JNK2 angulin-1/LSR 288

A EpH4 JNK1 JNK2 angulin-1/LSR-GFP

EpH4 angulin-1/LSR-GFP

72 INPUT  

GFP GFP IgG IGG immunoprecipitation: 

IP  GFP GFP

JNK1 JNK1 JNK2 JNK2

angulin-1/LSR-GFP JNK1 JNK2 B POSTMOD

angulin-1/LSR JNK1 X

angulin-1/LSR Y

JNK1 Known phosphorylation site

Phospho.ELM angulin-1/LSR Unknown 

site Phospho.ELM angulin-1/LSR

C angulin-1/LSR Angulin-1/LSR LSR

signal peptide: SP extracellular domain: EC

single transmembrane domain: TM cytoplasmic domain: 

CP 288 S288

D JNK1 LSR S288 GST-LSR

LSR GST-LSR S288A S288A JNK1 ATP JNK1 +

ATP JNK1 - in vitro LSR S288A

Phosphoserine P-ser

LSR S288A JNK1 GST JNK1
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E SDS-PAGE

angulin-1/LSR-GFP angulin-1/LSR S288A -GFP EpH4

angulin-1/LSR-GFP LSR angulin-1/LSR S288A -GFP S288A

scramble RNA 72

SDS-PAGE GFP GFP LSR S288A

LSR S288A

F Phos-tag SDS-PAGE angulin-1/LSR-GFP

angulin-1/LSR S288A -GFP JNK1 JNK2 EpH4

angulin-1/LSR-GFP LSR angulin-1/LSR S288A -GFP S288A

scramble RNA Control JNK1 siRNA JNK1 KD

JNK2 siRNA JNK2 KD 72

Phos-tag SDS-PAGE GFP GFP

LSR S288A

4 1 2 3 5 6

high mobility less phosphorylated form of LSR: LSRHM

low mobility phosphorylated form of 

LSR: LSRLM  
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21 Angulin-1/LSR 288 angulin-1/LSR

tricellulin A EpH4 angulin-1/LSR-GFP LSR

angulin-1/LSR S288A -GFP LSR S288A

72 tricellulin TRI ZO-1

LSM510

LSR-GFP TRI ZO-1

MER LSR-GFP TRI ZO-1 MER HIGH

MER 10 μm B

Angulin-1/LSR-GFP LSR-GFP angulin-1/LSR S288A -GFP LSR S288A

-GFP EpH4 angulin-1/LSR LSR TRI

tTJs bTJs N=50  *** P<0.01

A EpH4  

C A EpH4

SDS-PAGE GFP GFP GAPDH  GAPDH

angulin-1/LSR-GFP LSR angulin-1/LSR S288A -GFP LSR

S288A D C angulin-1/LSR-GFP LSR-GFP

angulin-1/LSR S288A -GFP LSR S288A -GFP

N=3 N.S. P>0.05  
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22 EpH4-Cl3 Apigenin SP600125 Tyrphostin 9

JNK EpH4-Cl3 DMSO Control 25 μM Apigenin

API 25 μM SP600125 SP6 20 μM Tyrphostin 9 TYR 2

P-JNK JNK GAPDH   
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25   

 

26   

 

27   

 

28  

 

29   
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31  
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32 JNK1 JNK2

tTJs

JNK1 JNK2

angulin-1/LSR LSR 288 S288 LSR

tTJs LSR tTJs tricellulin tTJs
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1 TJs  
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2 TJs TJs
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