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Nano-mechanical Behaviors of Tension-sensoring Proteins
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At adherens junctions, a -catenin is known to act as a tension sensor and
accelerate the positive feedback of intercellular tension by recruiting vinculin. In this study, we
aimed at elucidating the mechanism how a -catenin retains its activated state while avoiding
unfolding under tension. Based on nano-tensile testing using atomic force microscopy, we found that
mechanically activated a -catenin fragment exhibited higher mechanical stability than a
non-activated one. Through the comparison with mutated and segmented fragments, we found that the
key intramolecular interactions within a -catenin act as a conformational switch. We also
demonstrated that o -catenin adaptively changes its conformation under tension to a stable
intermediate state and settles into a more stable state reinforced by vinculin binding. Our findings

suggest that the characteristics of a -catenin enable the functional dynamics of multicellular
tissues.



1.ERNEZ

AFM

AFM

(Do

o M]-MIH 275-628
o
325-360 M; 275-391
M]]-M]H 510-633
MyMy-Miy
o
M; Mi-M
M-Myy M,
/My-Myyy M-Myy
M; My-Mpy
N GST
C His a
2
o

AFM 0.02 N/m Olympus
Co.
MPTMS  Sigma Aldrich Co.

Maleimide-C;-NTA DOJINDO Lab.

N;Cl, NTA o
APTES
Sigma-Aldrich Co. AFM
NHS-PEG-Maleimide NANOCS
Inc. Glutathione
Glutathione Maleimide

2-Mercaptoethanol  Sigma- Aldrich Co.

AFM Glutathione
GST o

(A) 500 nm/s
B) ls

(€)
AFM a

PEG
Loffset AFT
AFy 40 pN
F. Worm-like chain



a Vinculin binding site  Inhibitory
. region
o-Catenin
WT Mi-Myy .-..l_l_‘
om My My

1
MT Mi-Myy 0 )

M, .-III His-tag
1
GST-tag
My-Muy N — —

b  Loading(a) Loading b

Piezo moving length (nm)

Time (s)

Cc A Final contour length L ’
o | > (V)
,_g_ < Contour length L > , “
Transition force
AFT (> AFy )
Offset length|  (iii)
Loftset
<
3 (i) Peak unfolding
0] force F,
Extension AL -
AFM
(1) o
a
A B
F. o
Ny Fu
L. bc
A b
MI'MHI
48 nm
0 nm < Lc <48 nm
Ny 48 nm <Lc
< 144 nm 50 %
A
M;
MI MIH

800

600

Force (pN)

WT M-My (A) —
WT M-Mj (B) —

-50 0 50 100 150
Extension (nm)
500
2 WT Mi-My (A)
iy A0 M-Myy
@ [ —
5 300 M,
j=2
£
S 200
o
€
=1
§ 0o 235,135.8
[y (314,107.7) (7., 1178 1235 135.8)
0 L L f
-50 0 50 100 150
Contour length L. (nm)
500
= ¥
s WT Mi-Mui (B) ' (78.4,280.1)
- 400
w (120.9, 235.7)
3
5 800 /
(=2
=
2 200 [ 54,1619
=
=1
§ 100 | (245,902) 5 &
a (88.5, 152.1)
0 s L s
-50 0 50 100 150

M,

MI/ MH'MIII

2
My/My-Myy

M,

Contour length L. (nm)

WT a-catenin

Fu
F. c

Lc =454 nm
19.0 nm
40 %

10 pN

2.8 nm
1 nm

MI/MH'MHI
MI 'MHI
MH 'MHI



M-Myy
a M]
0 nm < Lc < 48
nm Ny
Fy
MI/MH'MIH
M,
a
500
= MT M-My My-Myy
=2 400
[t
? (981, 174.8) (112.5, 162.2)
S 300 (37.6, 141.0)
o
£
.,%_ 200
;4
>
= 100 (194 14638)
D
o
0 L L )
-50 0 50 100 150
Contour length L (nm)
500
Z M MMy
2 400
Ty (113.6, 129.0)
) (32.0, 155.9)
.§ 300 (89.3, 107.5)
[=2
£
T 200
L
=4
3
% 100
@
o
0 L L 1
-50 0 50 100 150
Contour length L (nm)
c
5
AF; 20 40 60 80 100 (pN)
2  —— — ]
g 4r Unstable <@g Stable
g
g 37
8
5 2
S
o
E 1
z
(@) (b)
— M My-M
WT Wit I i-Mu
M; Mp-My
b
MI MII'MIII
MII'MIII
M,
M; Mp-Myy ng  Mp-Myy
Ny 1.5
M,
F. 1559 pN
A M-Myy
F. 107.7 pN
B F. 161.9pN c
MI'MIII

MI/ MII'MIII

N c
A
B 40 pN AF;
100 pN
MI'MHI
MI'MHI
N MI MH'MIH
N
MI'MHI
MI/ MH'MIH
3)
o
M
MI'MHI
Fu
a
o M-Myy
a
_ 500
= MT Mi-Myy + Vin
l:; 400 (373, 248.5)
g 300 [
g
% 200
't
3
= 100
[
o
0 " ; i
-50 1] 50 100
Contour length L (nm)
500 a-Catenin
ZF
=9
2 400
W
8
5 300
5 200 i )
k=)
s
>
é 100
o o Lo @r.en Vinculin
-50 0 50

MI'MHI

Contour length L. (nm)

150

MI'MHI

AFt

MI'MIH

M, b
= 195.8 pN
= 99.7 pN
M;
M;
MII'l\/IIII
M;



AFM

Koichiro  Maki, Sung-Woong  Han,
Yoshinori Hirano, Shigenobu Yonemura,
Toshio Hakoshima, Taiji Adachi,
Mechano-adaptive sensory mechanism of
a-catenin under tension, Scientific Reports,
, Vol. 6,2016, #24878
DOI: 10.1038/srep24878
Koichiro Maki, Nobuhiko Nakao, Taiji
Adachi, Nano-mechanical characterization
of tension-sensitive helix bundles in talin
rod, Biochemical and Biophysical Research
Communications, , Vol. 484, No. 2,
2017, 372-377
DOI: 10.1016/j.bbrc.2017.01.127

Koichiro Maki, Sung-Woong Han, Taiji
Adachi, Nanomechanical behaviors of -
Catenin revealed by single-molecule AFM,
21% Congress of the European Society of
Biomechanics (ESB2015), 2015.7, Prague
Czech

53 2015.9

AFM
2015
2015.9

Koichiro Maki, Sung-Woong Han, Taiji
Adachi, Mechanical roles of beta-catenin for
AJ-mediated force transmission, The &
Asian-Pacific Confernece on Biomechanics
(APBiomech2015), 2015.9, Sapporo

o

28
2016.1

AFM
28
2016.1
Koichiro Maki, Taiji Adachi, Mechano-

adaptive conformational change of a-catenin
to sense and transmit intercellular force,
European Society of Biomechanics 2016
(ESB2016), 2016.7, Lyon, France
Koichiro Maki, Taiji Adachi, Nanofishing and
Structural Imaging of Tension-sensor Protein
Employing Atomic Force Microscopy,
27

,2016.10,
Taiji Adachi, Role of mechanical force
feedback in multicellular morphogenesis: in
silico and in vitro studies, The 16"
International Conference on Biomedical
Engineering (ICBME2016), 2016.12,
Singapore
Taiji Adachi, Mechanical force feedback in
multicellular morphogenesis: in silico & in
vitro studies, Columbia University
Biomedical Seminar, 2016.11, New York

a - -
54
2016.11
Nobuhiko Nakao, Koichiro Maki, Taiji
Adachi, Nano-mechanical measurement of
integrin-based focal complex using AFM,
CDB Symposium 2017, Toward Under-
standing Human Development, Heredity, and
Evolution, 2017.3, Kobe

Vol.
33(12) 2016  1351-1357

Vol. 66(5) 2015 450-451

@

ADACHI, Taiji
@

INOUE, Yasuhiro
A

*



