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We performed the following studies on claudin, which plays a barrier
function between cells, and connexin, which is responsible for substrate transport between cells.
Two CL binders wirh high affinity for CL were created from mutant variant screening of the
C-terminal domain of Clostridium perfringens enterotoxin, which is known as a inhibitory protein in

the paracellular route. These X-ray structures revealed strucrutal changes contributing to the
stability of complex formation with CL. For structural activity correlation was analyzed for
tigs?igpecifically expressed Cx by the combination of dual patch clamp and homology structure
modelling.



¢ X C—19, F—-19—1, Z—19, CK—19 (#m)

1. WFZEBIA Y DY =
O ERMRAEFEEID ET54<

DOWFFEORERRIZ LV | ML T O RIS An

IHENCEHEELRKRE Z2H->TND I ENHDL

MElpoTE T, BlZIE, Ml TIEmED

A WEBE LB U CTWE % LRk

\CHRE T DIEREN M TH H N, 2O T

BEREIL 4 [RIfEE @~ o 7N/ & claudin (CL)

N Z ENbhoTna, —J., T2

i OHIE 2 o7 < 2nm OFLETER T 5 M

FRORLF-DOEFZ VBRI (Fx v 7k

B). ZOHEA A R E AR EY E )N 88

L CHiff o HisEE rfelc T 52 &b

HohERy, ZHb b 4REEEY /N

B connexin (Cx) BNHLZTEAMT D Z LN

> TUW A,

2. WFFEDOHW

DEDO XSmO &, MR TAY

THEREA RO CL &R Bk 24 5 Cx

DIEREZ 77+ L)L THLMNZITAHAZ L&

HEET %,

3. WFFED kL

(1)  CLIZt FTiE27 fELL Eoody+ (CLI
~CL27) D3R S AU IR BL L
THMOEFEMHIZEF ST 50, EET
EHBLL, CHFRTA N ADZHEET
LHDHDAIES - —y FELTHE
HZEHEDTND, FRIZ/HFIET 5 CL4 12
e CTELIM—D LTy LY
2@ T YT e hxr (Clostridium
perfringens enterotoxin : CPE) @ C 2K
Ui K A A > (C-CPE;194~319 7% ) 2340
b TEY., 20 CCPE gL LT
C-CPE ZERIKF A TF V) —l2 kB2
— =V REME L, #7272 CL binder
DRI L X WS AR SR 21T o 72,

(2)  Cx bt hTiX2l FEU EOyT-23 5
RENTEY ., RFFETIELL T D 4 81
HERL, NRyTF U0 TERERERY
—ET VT EMAELTXy v IS
WCBITFDHET X ) BOKE ZBa Lz,

@ KBEHRHEIZHRBLIT S Cxb0 OF v v
FEEHRICAIE T D 646 DEHE]

@ Cx50 IFEWF vy LarsZ o2 A (y
j=~200pS) Z /R~ 928, HERAIZD Cx36

R, TR BRRAIERE LI Z LA,

Z OFREIE Cx D 2 >0 L— 7 (E1
LE2) DOBLELICHDHEEZLNT-D
T, Cx50Cx36E1 % A 7 & LR 7 B & ERR
L El v—7 O E| 2~ 7=,

® LEAMIEIZETET S x40 & Cx43 1%,
ENENFERE (Cx40/Cx40 |
Cx43/Cx43) TIIHEET D3 ~T 1 fsi&
(Cx40/Cx43) TIFHERET D D D ikam H°
O TWD, £ TAT BB
LifsL—=7 (E1 & E2) o7 /g
DE 2~

@ CxOT7I/BINERELIZEZA T
BHRESIT 2O TN —FIT ST B &
NTE, MUV —NTIEELRD Cx

(1)

THRATE DN, BAed 7 V—7 Tl
EETERWVWEDIGERENL T2, T
DT I—TFh G Cx26 & Cx43 Z RN,
EHIZEVEEARENRIET 02T
77

e S

CL $RFEHFMAF 21 7 A L AEHWN
7= CL binder screening R 25 L Kk~
RERARE CL Zr FFEDRE S Z M~ T8
H. 309 £ Asn & 313 /7D Ser &7 T
=T EHA L T2 C-CPE194y500, 55150 Tl
CL4A DFEABUFMPEDK) 10 £ (K, = 46 pM)
Wb R L, &5ICNRigE
11 RO+ 52 & TEKy =19 pM &
Yx b TCHRWHEARELEZ L O
C—CPE201 yy01 /53150 PTERUZ & Bl zh L 7=,
KIGE C_EFLO @ FfE CL binder %%
B ORR%IC~Y e e kA
T 52 L TREmE ST, XRET —4
VLRI S i 3% SPring—8 BL44XU B —
LT A TIUE L, 7 BRI X0 Rk
WEERE Lz, & HICHFZEm it
&7 CL4 & C-CPE A A (PDB
0D : 5B2G) Z§FH L LT CL4 &£ 25D
FEEAME CL4 binder OEAIRET LAE
A VERL L . CL4 binder @ 313 {if THRK
I D < AT A4 <0 N K Ui fE I8 0 1 5
ZEALH CLA & OFERREMEICHTH LT
LT EEW BT L,

A309

A313 J

C-CPE205n309a/83134 O X HRAE St 15



(2)

DO Fv v THEED Cx50 D 46 7 Gly 1ZF v

I RICNLET D & & HICHE 1 HEE®

~Y w7 A LM 1 v—7 (1) & o8

R 5D, 2D 66 BT AT XU L

ﬁw&iyﬁmﬁﬁﬁé&%v*wzyﬁ

K AT AERNCEE LT 1.3~1.5 fFIT

HULUEN, VP %@¢6E10\®1c

KT L7z, G46 2B RVWMABE & EBRf 2 FF>7

I BRIZiERE UToRE R (G46D, G46E, G46K)

MNOLUTO3EMNHLNE o T,

a. EBRIZIVXy v THEOTF v Rx P
FIINEL o TCWDENA A v FTiwmE
IR OP AN

b. A A EEET AEBOH D Cx50 T
1%, AEMOERNA 4o BEtEEED
7o, EEMOEMIIVOFR R L -7,

c. BRI Cx50 DA A viFEidIT A ClE
72 Cx BRI K D HE A2 DB DOIREIC

BRI B D SR D),

Cx50 G46D G46E G46K
Cx oy J T \/{ L"l /t/
TR LD S .ﬂmk-\mmy

PR Cx50 & 28 FLIK (G46D, G46E, G46K)
DFREFE—FTF )L

@ CxB0Cx36E1 ¥ * T % /3y B R L
el A, BEAMBIEVH I LIRS LN
ol Fryxrar 722 (yj)
23201 pS 25 168 pS IR T2 Z EAH L
Mmelpol-, EBHITEL RAALVOT I
By Z ZE AR I bbile U T RAK 2R L7 &
A, BROENELE U DERAKTIE, G46D
(v j=256 pS) , E62N (y j=228 pS) , E68R
(v j=231 pS) &7 BpAER Cx50 (2T
EHLTWE, 22T, BEICHR S wes
ENTWVWD Cx26 Z#FEFI/LIC Cx36 (FEIEME
67%) & Cx50 (FA[EIME 79%) OARED —FF
LA ERLL 72, Cx50 O G46 & E62 13 & b IzF
¥ FAALONMNALE S D DIk L, E68 1%
F ¥ FVHLDOIMUNALE LTz, &5,
M6i??7wﬂ@ﬁ%&w TSR AR (VAT g )
(kL. B62 [T LB IAMLEIZ 8 - 72,
:@:&wg\ﬁﬁmiéfv*wﬂwﬁﬁ
@%k?ﬁ&<%%%ﬁﬁ¢%@%kﬂEl
b%%/@%v*w WCEETHDLZ N
BB E ol (HEEERL®),

Cx50/Cx36E1 F A T X /X7 B DRER

—ET )L

© LEMAIZRTET 5 Cx40 & Cx43 1T~
TOREREER T D ARATH =M, #
Sz R E LA ST B T OB
R F I T T EBRTY Cx40/Cx43 OFEE
ITHERR CT& 22 v o7, —JF . Cx40D55N/Cx43
& (x40P193Q/Cx43 TlI~T afEd & +472
FxpxharFr B (y]) RHERTE
Too RERY—FTAEERMLIZEZA,
Cx40 D D55 F Cx43 D2 oD IV Z I v Lk
BRRFEEZECCTREEEZHT 522 NG
ME o7, Cx40 1% 193 LD Pro OREE DK
BRPEDS S BT Cx40 OARER P—FF /LT
VERLC X 7o 7278, 0x40P193Q/Cx43 D 7R E
0 Y—ET VIERTE T, TR, AR
ZE A L7~ Cx43 @ P193Q & Cx40 @ Q195 7%
KEEAEER TEDLZERHLNE 25
to:ﬂB@%%ﬂE®%%Eﬁ®¥?97

%%&%Téﬁﬂﬁ%élkﬁbﬁo
; uL. uﬁi@)

Cx40/Cx43 DAHREFR TV —FT )L
Cx40 @ D55 78 Cx43 @D Q57 TN Q58 & &
BRI EE U TRESTE R,



Cx40P193Q/Cx43 DFREF T o —FF )L
Cx40 D P193 % QITAER T 5 Z & T, Cx43
D Q195 EKFEIEAMNAREL 7o T,

@ Cx26 & Cx43DBfELTE RN T & xaE¥
VORI EDBREERL LRIy T T
VT X0 REFR L 7-, Cx26N176H/Cx43 .
Cx26K168C/Cx43 £V o7z single mutation T
IXRERICHE A DR TE 2o T2 DITxF L,
double mutation Cx26K168V-N176H/Cx43 CliX
~TafER LA A OB LD X
B AR BRTE -, AERY—FT
JLINB B AL D Cx26 & Cx43 TIX 3 DLy
FRIKFBREADER TERVDIH LT,
Cx26K168V-N176H/Cx43 TIL 3 DA EREA T
MZT5OOBKMEMEERZEST D &
THADZEILFESELTWAHZ EBHBL
o7 SR @),

Cx26/Cx43 DHRET V—FF )L
Cx26 & Cx43 1% 3 DDKEFEL LB
TR,

K168V/N176H

Cx26K168V-N176H/Cx43 DHRE T ¥V —FF
V)%

Cx26K168V-N176H & Cx43 Tl 3 2Dk
FEAITHINZ T 4 SOBIAMEAR EA/EA AT
RBThD,

5. FRRERIE

(BFFRAR R E . BFEsy 8 M ONEHERF 72 41
X THR)

GdEe&ams) Gt 4 1h)

@ Xiaoling Tong, Hiroshi  Aoyama,
Tomitake Tsukihara and Donglin Bai
Charge at the 46th residue of connexin
50 is crucial for the gap junctional

unitary conductance and
transjunctional voltage—dependent
gating

J. Physiol. (2014), 592(23), 5187-5202,
Eo el
DOI: 10.1113/jphysiol. 2014. 280636

@ Xiaoling Tong, Hiroshi Aoyama, Swathy
Sudhakar, Honghong Chen, Brian H.
Shilton and Donglin Bai
The first extracellular domain plays
an important role in unitary channel
conductance of Cxb0 gap junction
channels
PLOS ONE (2015) 10(12) e014876, 75t
H
DOI:10. 1371/ journal. pone. 0143876

® Arjewan Jassim, Hiroshi Aoyama, Willy
G. Ye, Honghong Chen and Donglin Bai
Engineered Cx40 variants increased
docking and function of heterotypic
Cx40/Cx43 gap junction channels
J. Mol. Cell. Cardiol. (2016) 90, 11-20
A
http://dx. doi. org/10. 1016/ j. y jmcc. 2
015.11.026

@ Levent B. Karademir, Hirsohi Aoyama,
Benny Yue, Honghong Chen and Donglin
Bai
Engineered Cx26 variants established



functional heterotypic Cx26/Cx43 and
(Cx26/Cx40 gap junction channels
Biochem J. (2016) 473(10) 1391-1403,
A i
doi:10.1042/BCJ20160200

(Fa¥E) G 4 )

@ Xiaoling Tong, Hiroshi  Aoyama,
Tomitake Tsukihara and Donglin Bai
Charge at the 46th residue of connexin
50 is crucial for the gap junctional
unitary conductance and
transjunctional voltage—dependent
gating
2014 International Biophysics
Congress, 20144 8 H 3 H, Australia

@ Xiaoling Tong, Hiroshi Aoyama, Swathy
Sudhakar, Honghong Chen and Donglin
Bai
The residue in the first extracellular
domain play an important role in

transjunctional-voltage dependent
gating and unitary channel
conductance of Cxb0 gap junctional
channels

Biophysical Society 59"  Annual
Meeting, 201542 H 7 H, USA

® Xiaoling Tong, Hiroshi Aoyama, Swathy
Sudhakar, Honghong Chen and Donglin
Bai
The first extracellular domain plays
an important role in unitary channel
conductance of Cxb0 gap junction
channels
International Gap Junction Conference,
20154%-4 A 1 H, Chile

@ Arjewan Jassim, Hiroshi Aoyama, Willy
G. Ye, Honghong Chen and Donglin Bai
Engineered (x40 variants showed

heterotypic colocalization and
increases gap Jjunctional coupling
with Cx43

Biophysical Society 60"  Annual
Meeting, 2016 42 H 27 H, USA
(M&FE) Gt 0 )

(PESEIA PEHE]
Ok Gt 0 1)

L
LR
HEFIZ -
FSH

HH
HiFESEHA B
ENADHI

OFfFkyt G 0 )
L5

I
HEFIZ -
TEEH -

E5
BUSHFEHH -
ERNs D5 -

(£ DAt
R— b= U5

6. AT

(1) pFgefds
FIU ¥ (AOYAMA, Hiroshi)
PN NG NE S 8 S S 6
fFge# %5 60291910

(2) WFZEH

Vg B (KONDOH, Masuo)
KBLKEE « KFPEERFLMFICR) - HEHGZ
geE %5 © 50309697



