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Allosteric modulators that recognize the transition-states of receptor channels
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To establish the new drug development platform for the allosteric
modulators, in vitro evolution (IVE) technology and a single molecular dynamic study were applied to
the neuronal nicotinic acetylcholine receptor (nAChR) alpha 7. The nAChR alpha 7 molecules undergo
molecular dynamic motions with/without ligands. In our previous study, both the agonistic and
antagonistic receptor ligands were successfully identified by IVE technology from the three-finger
(3-F) scaffold-based library. Thus, the alpha 7 binder peptides that recognize the various dynamic
states were screened from the library. The candidate peptides were under investigation to
characterize the positive/negative allostericity of the nAChR alpha 7. Diffracted X-ray Tracking
method was applied to study the transition states of alpha 7 receptor, and ivermectine, one of the
Positive Allosteric Modulators (PAMs), showed to induce molecular motions to the receptor distinct
from the ligand acetylcholine.



scaffold
Scaffold-

based library
Nucleic Acid Res, 2009; Molecular Brain, 2011; Anal. Biochem, 2011; Toxicon, 2012; ACS

Combinatorial Science, 2016

Allosteric

B2
Nanobody NMR

Nature 535:448, 2016 Nanobody 15kDa

Nanobody 1/3 1/5
diversity invitro evolution
DXT  Diffracted

X-ray Tracking Method
Scientific Reports, 2018  Allosteric

1
Scaffold-based library
3-1
3-finger (3-F)
peptide 60aa, A Inhibitor Cystine Knot A 8
30aa, B peptide library .
NAChR apha7 (a.7) : "\
peptide invitro evolution, H >
library . 3
t

; B AROTHEMAT T REMVLE

library 15 20aa 10t LRRTF K247  Thwoo finges
10%2 diversity WMRTFR(ALSNR) B (A)

libi . Inhititor Cystine KnotWAR ¥ K (
1orary JtRthx) MM (B) . €R: 7>
ALNRARABD



i P pree— . S p—— 1
KRB CENRTFRONAS LTS~ '
(4-7 kDa) -; = ‘ EX / mRNA
PCR #I#% BR/ RYRTFF
t > lep
AR ¢ {/& 7 /6" K
\ N
Bhba
TI7777777777
-NEDY)—F
DR ] R
AT =D~
SALERMGF I~ G

DEREBATFFEMBELMANS FREORN

BERENS Fiflk: cONA displayi%
(D3-finger protein cDNA library
@mRNASRE. (lLinker ligation

@RI\ DOERIR;3-F libraryD{E R
GEmRNAD EIEF T & HDONARRL

(©)3-F cDNA-RNA-Linker-protein library
DRIH FREE—XITEHRR

(8)3-F cDNA-RNA-Linker-protein@)cDNABR /3 %
SBBUZLIPCR + > DB

UEDYAINERYRTET, 10185 LL
L ®M3-finger proteinD P M S|A S F I
EDOBNTI/BRIEFHFOLDOAEL - IRE

SWERATFFRME

MBETIANTFEILTIY)

B

7\

t lnvl!roe 3
. ’ "

wazsREze '\7-ﬂ~'-") VAR

32 nAChR a7
NAChR alpha 7 (a7)
of acetylcholine (ACh)
channel pore ca*
of

active open (A),
resting closed (R), desensitized (D)

,RAD ACh R
(A) desensitized state I ¥ >
(D)
3 A 4‘/7/)
dlosteric transition state (X) ChRa7TOTPORAF) ' JEISAIE (X) ZBORAD
1k’&€7)bcﬁ¥1k’&ww\79’- FO¥A (R, resting
closed; A, active open; D, desensitized; X, allosteric
transition state)
of X
carbachol, nicotine, epibatidine (+) O] of
31 library library 2
library 2 library [ligand (+) — ligand (-)]
library ligand (+)
of
4-1 nAChR a7 AChBP
NAChR o7 cDNA new born rat brain cDNA library PCR protein
coding His SP6 RNA polymerase promoter
pSD64TR
plasmid cap CcRNA Ambion, MegaScript Kit
microinjection 2-3 2% Triton X-100 Ni-NTA
microinjection
refolding ER translocation ric-3
NACHO microinjection Two-electrode voltage clump nNAChR a7
100 uM
nNAChR a7 acetylcholine binding protein (AChBP)
Aplysia kurodai cDNA cDNA
AChBP cDNA  His Strep-tag |1 refolding
TALON BIACORE Ak-AChBP
oa—bungarotoxin Kd=30nM
42 3-F
His NAChR a7  Ni-NTA Three-

nAChRa7




finger (3-F) peptide library cDNA-linker-3-F peptide binder

selection ACh nAChR a7 unbound
fraction  ACh( )nAChR a7
cDNA selectioncycle
5 AChBP
selection
selection cycle
6 selection cycle cDNA PCR 3-F
DNA  plasmid vector transformation
plasmid DNA
6
4-3 3-F
nNAChR a7

DXT (Diffracted X-ray Tracking)

DXT nAChR
o7  Positive Allosteric Modulator (PAM)  Ivermectin (IVM)
5 nNAChR o7 ACh IVM
twisting tilting ACh IVM

NAChR o7



6 6 4 6

Mio Kazuhiro Ishihara Masaki Fujimura Shoko Sasaki Daisuke Nozawa Shunsuke Ichiyanagi 529

Kohei Fukaya Ryo Adachi Shin-ichi Kuramochi Masahiro Sekiguchi Hiroshi Kubo Tai Sasaki

Yuji C.

X-ray-based living-cell motion analysis of individual serotonin receptors 2020

Biochemical and Biophysical Research Communications 306 313
DOl

10.1016/j .bbrc.2020.05.200

Fujimura Shoko Mio Kazuhiro Kuramochi Masahiro Sekiguchi Hiroshi Ikezaki Keigo Mio 124

Muneyo Hengphasatporn Kowit Shigeta Yasuteru Kubo Tai Sasaki Yuji C.

Agonist and Antagonist-Diverted Twisting Motions of a Single TRPV1 Channel 2020

The Journal of Physical Chemistry B

11617 11624

DOl
10.1021/acs. jpch.0c08250

Kubo, T., & Naimuddin, M. 2070

cDNA Display of Disulfide-containing Peptide Library and in vitro Evolution 2020

Methods in Molecular Biology 57-67
DOI

10.1007/978-1-4939-9853-1_4

Mio, K. Fujimura, A. Kuramochi, M. Ishihara, M. Honda, M. Kubo, T. Sekiguchi, H. Sasaki, 44

Y.C.

Toward understanding of internal motion measurement with  quantum probe and cryo-EM 2019

JOURNAL OF PESTICIDE SCIENCE 210-215

DOl
10.1584/jpestics.W19-40




Sekiguchi, H., Kuramochi, M., Ikesaki, K., Okamura, Y., Yoshimura, K., Matsubara, K., Chang, J. 8
W., Ohta, N., Kubo, T., Mio, K., Suzuki, Y., Chavas, L. M., & Sasaki, Y.

Diffracted X-ray blinking tracks single protein motions 2018
Scientific Reports 1709
DOl

10.1038/s41598-018-35468-3

Kubo, T., & Naimuddin, M

cDNA Display of Disulfide-containing Peptide Library and in vitro Evolution 2019

Methods in Molecular Biology

DOl

6 0 3

Shoko Fujimura, Kazuhiro Mio, Masahiro Kuramochi, Hiroshi Sekiguchi, Muneyo Mio, Tai Kubo, Yuji C. Sasaki

ANTAGONIST-INDUCED CLOCKWISE ROTATION IN THE TRPV1

63rd annual meeting Biophysical Society (BPS19)

2019

TRPV1 1 Rotational Motions of Single TRPV1 Channel upon Gating

19

2019




Screening and characterization of allosteric modulators for nAChR a 7 from structurally constrained pept ide librarie

10th International Peptide Symposium

2018

Rotational Brownian Motion of TRPV1 Channel observed by Synchrotron Diffracted X-ray Tracking and Labora tory X-ray blinking
analysi

62th Annual Meeting Biophysical Society

2018

X 1 TRPV1 3

27

2018

3D motion of TRPV1 cation channel depicted by diffracted X-ray tracking method

56

2018




1

PCT/JP2019/003815 2019
1

2014-266738 2019




