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Utilization of microenvironment of nanotubes in in-vitro evolution
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We have found that organic nanotubes promoted refolding and thus leading
innate activity of peptides when applied to the in-vitro translation reaction of the peptides. The
observation was successfully adopted to the in-vitro evolution technology to construct a random
peptide library with improved content of active peptides.



in vitro evolution, IVE

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

1015

IVE
disulfide
(S-9) B
IVE
ACS Nano, 2012
IVE
IVE
3-1
cDNA
3
cDNA c¢DNA
PCR

a GTx1-15 34 aa, 3S-S
T-type Caz*

ICK (inhibitor cystine
knot) GTx1-15

DCLGFMRKCIPDNDKCCRPNLVCSRTH
KWCKYVF
b BPTI
Kunitz

BPTI (Bovine Pancreatic Trypsin
Inhibitor)

58 aa, 3 S-S

RPDFCLEPPYTGPCKARIIRYFYNAKAG
LCQTFVYGGCRAKRNNFKSAEDCMRTC
GGA

¢ o-Bgtx 74aa,5S-S

o-bungarotoxin a-Bgtx

IVCHTTATSPISAVTCPPGENLCYRKMW
CDAFCSSRGKVVELGCAATCPSKKPYEE

VTCCSTDKCNPHPKQRPG
3-2
3
cDNA SP6 RNA polymerase
in vitro transcription
cRNA cRNA
3-3
a-Bgtx nAChR
acetylcholine binding
protein (AChBP) SPR
FCCS Xenopus
nAChR
BPTI
trypsin
4-1
(a) T-type Caz*
ICK (inhibitor

cystine knot) GTx1-15 (b)
Kunitz
BPTI (Bovine Pancreatic Trypsin
Inhibitor) (c)
o-bungarotoxin
a-Bgtx 3
S-S

variation
(NNS or NNB)
library

cDNA



4-2

a-Bgtx BPTI
A
0 10mM His
o-Bgtx 3
BPTI
4-3 IVE
c¢DNA library mRNA
puromycin
mRNA 4-2
puromycin
C mRNA-peptide
LGIC

HFLEZATFF

47 400) r' = S mm) KE/mRNA

- — e == l.

PR A AR/ #UAT7H

I
1
1
t |y J
ER g ! o O
: oA B AR/ F-TATOYZ AT 7ER
‘ 5 = 0

Frersrrrd
BRDU=F i
DA R F ok V. B RS
T~ : L
S TRAMS PN GE :

AMF;/Fa1—7 - 22O0RBEFFL LITANATFEIERFTORNE

\
I
I
I
I
1
I
'

Kubo, T.

“Random peptide library for ligand and
drug development” in Toxins and Drug
Discovery, pp 207-230, Eds. Lourdes J.
Cruz, & Sulan Luo, Springer, DOI:
10.1007/978-94-007-6726-3_2-1 (2017)
Naimuddin, M., & Kubo, T.

“A high performance platform based on

cDNA display for efficient synthesis of
protein fusions and accelerated
directed evolution.”
ACC Combinatorial Science,
18:117-129 (2016)

Kimura, T. & Kubo, T.
“Peptidome and transcriptome analysis

of the toxin-like peptides in the venom
glands of tarantula Grammostola
rosea” in Spider Venoms, pp 251-270,
Eds. P. Gopalakrishnakone, et al.,
Springer, DOI:
10.1007/978-94-007-6646-4_13-1 (2016)
Yamaguchi, Y., Kimoto, H., Yang, X.,
Filkin, S., Utkin, Y., Kubo, T\, &
Inagaki, H.
“Pr-SNTX, a short-chain three-finger
toxin from Papuan pigmy mulga

snake, is an antagonist of muscle-type
nicotinic acetylcholine receptor
(0Bde)”

Biosci. Biotech. and Biochem., DOI:
10.1080/09168451.2015.1065169
(2015)

Kubo, T., Naimuddin, M., & Ono, S.
“In vitro evolution from pluripotent

peptide libraries with natural
neurotoxin scaffolds to target
receptors, proteases and trophic
factors”

Protein Science 24:55-56 (2015)

Nemoto, N., Fukushima, T., Kumachi,
S., Suzuki, M., Nishigaki, K., Kubo, T.
“Versatile C-terminal specific

biotinylation of proteins using both a
puromycin-linker and a cell-free
translation system for studying
high-throughput protein-molecule
interactions”



Analytical Chemistry 86:8535-8540
(2014)

23
Single Molecule Motion Maps of Open
and Desensitization States of
Nicotinic Acetylcholine Receptors

Naoto Yagi
Biophysical Society 58 th
Annual Meeting
2014/02/19
Functional characterization of
three-finger toxins, Pr SNTX and
Pr-LNTX, from New Guinean
venomous snake, Pseudechis
rossignolii

2014/06/15

Utilization of three-finger peptide

library and evolution in vitrotoward

protease inhibitors Ca i Weiyan

Naimuddin Mohammed

10th
IST Asia Pacific Congress on Animal,
Plant and Microbial Toxins

2014/06/16
scaffold
37
2014/11/26
14
2014/06/25
D
1
D
2014/11/21
2015/02/26

2015/06/23

Christele Huron Jean-Pierre
Changeux Pierre-Jean
Corringer

15

2015/06/24

2015/07/10
Study of Ligand-dependent Single
Molecule Dynamics of Nicotinic
Acetylcholine Receptor
38
2015/07/2
Pluripotent random peptide library
inspired by natural neurotoxins in the
accelerated gene evolution
Naimuddin Mohammed
10th European Biophysics Congress
Dresden 2015/07/18
In vitro evolution from pluripotent
peptide libraries with natural
neurotoxin scaffolds to target recept
ors, proteases and trophic factors
Naimuddin Mohammed
29th Annual Symposium of th e
Protein Society Barcelona 2015/07/23
Utilization of neurotoxin-inspired
peptide libraries in in-vitro evolution,
and its proved pluripotency to target
GPCRs, proteases and trophic factors
Naimuddin Mohammed
18th World
Congress of the International Society
on Toxinology Oxford, England
2015/09/25
Realtime single molecular motion
analysis of nicotinic acetylcholine
receptor alpha 7 by diffracted x-ray
tracking method

60th Annual
Meeting of Biophysical Society
2016/02/28



2016/05/12

68

2016/07/26
X-ray imaging of single protein's

motion with ultra-high speed and
accuracy

The 31st
International Congress on High-speed
Imaging and Photonics Osaka 2016
/11/08

cDNA
VEGF-3
Naimuddin Mohammed

39
2016/12/02

3D Motion Maps of TRPV1 cation
channel depicted by Diffracted X-Ray
Tracking Method

54
2016/11/27
€2
Three-Finger =~ VHH
_ 39
2016/11/30
@X 1 DXT a7

39

2016/12/02
@Modulated dynamics of PAM-a 7
nAChR from X-ray single molecular
observations
Biophysical Society
61st Annual Meeting New Orleans
2017 /02/14

2014-110562
2014/05/28

Naimuddin Mohammed

2014-266738
2014/12/26

Naimuddin Mohammed

2014-266737
2014/12/26

5717143
2015/03/27

5787298
2015/08/07

eY)
KUBO, Tai

10178030



2

(3

4



