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Challenges for synthesis of custom-made artificial enzymes based on chemical
synthesis of protein

Sato, Kohei
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In this study, we successfully developed a method that can directly
synthesize N-terminal thiazolidine-containing peptide thioester, which is an essential synthetic
intermediate for complete chemical synthesis of proteins, from the corresponding hydrazide. This
type of transformation has not been achieved by conventional methods. We also developed a novel
solid-phase chemical ligation method for efficient protein synthesis, with peptide hydrazide as the
key molecule. These results will find great utility in the preparation of useful artificial
proteins.



20

A FSAA FSAA
FSAA

(1) FSAA
2 N Thz
©)

(1) FSAA FSAA  Frl~F7 7
native chemical ligation
Fr1(1-33) Fr2(34-61) Fr3(62-94)
Fr4(95-124) Fr5(125-159) Fr6(160-178) Fr7(179-220) 7

Fr5(125-159) 6 Fr5(125-159) N
Boc
(2 Fr5(125-159)
N Thz
Thz
N-Thz
m-
Thz
1
©) FSAA
HPLC
HPLC
C
HPLC



(1]
(2]

FSAA
FSAA

conventinal <S
SPPs 0 j\ﬂ/OH
B — N
HzNHN—O — HN—{peptide}— |\ O 1 o’

o

commercially available
1) global deprotection
2) NaNO, in TFA

3) thiol, pH ~7

HS <S H o

H Nj}rn peptide] ~ | H N— peptide SR

2

o o
deprotection ligation

t Sequential NCL J i

S
coupling H o
—_— <N¥(N peptid—”\NHNH_O
Boc” 5

< j\[(N% peptide }-Cys—{ peptide] LacZa
NCL
o H reductive N-alkylation
o then ligation(s)

easily preparable[4] aldehyde-linked resin

Cu-mediated

hydroly3|s 0

M. T. Reetz J. Am. Chem. Soc. 2013, 135, 12480.
C. M. Goodman €t al. Nat. Chem. Biol. 2007, 3, 252

P. Vamosi, K. Matsuo, T. Masuda, K. Sato, T. Narumi, K. Takeda, N. Mase “Rapid Optimization of
Reaction Conditions Based on Comprehensive Reaction Anaysis Using a Continuous Flow
Microwave Reactor” Chem. Rec. 2019, 19, 77-84. (10.1002/tcr.201800048, )
K. Sato, S. Tanaka, K. Yamamoto, Y. Tashiro, T. Narumi, N. Mase “Direct synthesis of N-terminal
thiazolidine-containing peptide thioesters from peptide hydrazides” Chem. Commun. 2018, 54,
9127-9130. (10.1039/C8CCO03591A, )
N. Mase, Moniruzzaman, S. Mori, J. Ishizuka, F. Kumazawa, S. Yamamoto, K. Sato, T. Narumi
“Organocatalytic ring-opening polymerization of |-lactide in supercritical carbon dioxide under
plasticizing conditions” Tetrahedron Lett. 2018, 59, 4329-4396. (10.1016/j.tetlet.2018.10.065,

)
T. Narumi, T. Nishizawa, T. Imai, R. Kyan, H. Taniguchi, K. Sato, N. Mase “Improvement of
chemical stability of conjugated dienes by chlorine substitution” Tetrahedron 2018, 74, 6527—-6533.
(10.1016/j.tet.2018.09.030, )
T. Narumi, K. Miyata, A. Nii, K. Sato, N. Mase, T. Furuta “7-Hydroxy-N-Methylquinolinium
Chromophore: A Photolabile Protecting Group for Blue-Light Uncaging” Org. Lett. 2018, 20,
4178-4182. (10.1021/acs.orglett.8b01505, )
N. Mase, Moniruzzaman, S. Yamamoto, Y. Nakaya, K. Sato, T. Narumi “Organocatalytic
Stereoselective Cyclic Polylactide Synthesis in Supercritical Carbon Dioxide under Plasticizing



Conditions” Polymers 2018, 10, 713 (10.3390/polym10070713, )
N. Mase, Y. Nishina, S. Isomura, K. Sato, T. Narumi, N. Watanabe “Fine-bubble-based strategy for
the palladium-catalyzed hydrogenation of nitro groups. measurement of ultrafine bubbles in
organic solvents” Synlett 2017, 28, 2184-2188. (10.1055/s-0036-1588869, )
R. Kyan, K. Sato, N. Mase, N. Watanabe, T. Narumi “Tuning the catalyst reactivity of
imidazolylidene catalysts through substituent effects on the N-aryl groups” Org. Lett. 2017, 19,
2750-2753. (10.1021/acs.orglett. 7b01105, )
A. Sugita, K. Ito, Y. Sato, R. Suzuki, K. Sato, T. Narumi, N. Mase, Y. Takano, T. Matsushita, S.
Tasaka, Y. Kawata “The role of chemisorption for push-pull chromophores on SiO2surfaces in
non-electrically poling host-guest NLO polymers” J. Photochem. Photobiol., A 2017, 340, 35-45.
(10.1016/j.j photochem.2017.03.007, )
S. Matsushita, N. Masaki, K. Sato, T. Hayasaka, E. Sugiyama, S.-P. Hui, H. Chiba, N. Mase, M.
Setou “Selective improvement of peptides imaging on tissue by supercritical fluid wash of lipids
for matrix-assisted laser desorption/ionization mass spectrometry” Anal. Bioanal. Chem. 2017, 409,
1475-1480. (10.1007/500216-016-0119-3, )
M. Eto, N. Naruse, K. Morimoto, K. Yamaoka, K. Sato, K. Tsuji, T. Inokuma, A. Shigenaga, A.
Otaka “Development of an anilide-type scaffold for the thioester precursor
N-Sulfanylethylcoumarinyl amide” Org. Lett. 2016, 18, 4416-4419. (10.1021/acs.orglett.6b02207,
)

T. Nakamura, K. Sato, N. Naruse, K. Kitakaze, T. Inokuma, T. Hirokawa, A. Shigenaga, K. Itoh, A.
Otaka “Tailored synthesis of 162-residue S-monoglycosylated GM 2-activator protein (GM2AP)
analogues that allows facile access to protein library” ChemBioChem 2016, 17, 1986-1992.
(10.1002/chic.201600400, )
M. Denda, T. Morisaki, T. Kohiki, J. Yamamoto, K. Sato, |. Sagawa, T. Inokuma, Y. Sato, A.
Yamauchi, A. Shigenaga, A. Otaka “Labelling of endogenous target protein via N-S acyl
transfer-mediated activation of N-sulfanylethylanilide” Org. Biomol. Chem. 2016, 14, 6244-6251.
(10.1039/C60B01014H, )
K. Kitakaze, Y. Mizutani, E. Sugiyama, C. Tasaki, D. Tsuji, N. Maita, T. Hirokawa, D. Asanuma, M.
Kamiya, K. Sato, M. Setou, Y. Urano, T. Togawa, A. Otaka, H. Sakuraba, K. Itoh
“Protease-resistant modified human p-hexosaminidase B ameliorates symptoms in GM2
gangliosidosis model” J. Clin. Invest. 2016, 126, 1691-1703. (10.1172/JCI85300, )
P. L. Séti, H. Yamashita, K. Sato, T. Narumi, M. Toda, N. Watanabe, G. Marosi, N. Mase
“Synthesis of a self-assembling gold nanoparticle-supported organocatalyst for enamine-based
asymmetric aldol reactions” Tetrahedron 2016, 72, 1984-1990. (10.1016/j.tet.2016.02.065,

)
T. Shimizu, R. Miyajima, K. Sato, K. Sakamoto, N. Naruse, M. Kita, A. Shigenaga, A. Otaka
“Facile synthesis of C-terminal peptide thioacids under mild conditions from
N-sulfanylethylanilide peptides” Tetrahedron 2016, 72, 992—-998. (10.1016/j.tet.2015.12.070,

)
J. Cui, T. Katsuno, K. Totsuka, T. Ohnishi, H. Takemoto, N. Mase, M. Toda, T. Narumi, K. Sato, T.
Matsuo, K. Mizutani, Z. Yang, N. Watanabe, H. Tong “Characteristic fluctuations in glycosidically
bound volatiles during tea processing and identification of their unstable derivatives” J. Agric.
Food Chem. 2016, 64, 1151-1157. (10.1021/acs.jafc.5b05072, )

139 (2019 )
Solid-Phase Chemical Ligation 99 (2019 )
Kohei Sato, Shoko Tanaka, Kazuki Yamamoto, Yosuke Tashiro, Tetsuo Narumi, Nobuyuki Mase
Expanding the utility of peptide hydrazide for chemical synthesis of protein  10th International
Peptide Symposium (2018 )
Kenya Ishikawa, Kohei Sato, Shugo Tsuda, Tetsuo Narumi, Taku Yoshiya, Nobuyuki Mase
Solid-phase chemical ligation using peptide hydrazide as traceless linker 10th International
Peptide Symposium (2018 )
Shoko Tanaka, Kohei Sato, Tetsuo Narumi, Kohji Itoh, Akira Otaka, Nobuyuki Mase Synthetic
study of GM2 activator protein and its analogs by using peptide hydrazide 10th International
Peptide Symposium (2018 )
Kohei Sato, Shoko Tanaka, Yosuke Tashiro, Tetsuo Narumi, Nobuyuki Mase Facile conversion of
peptide hydrazide to peptide thioester without composition of N-terminal Thz moiety 256th ACS
National Meeting & Expo (2018 )

98 (2018 )



Kohei Sato, Kazuki Yamamoto, Tetsuo Narumi, Naoharu Watanabe, Nobuyuki Mase Direct
transformation of peptide hydrazide into N-Thz thicester peptide 25th American peptide
symposium (2017 )

N 97
(2017 )
Thz
137 (2017

)
; ; , , Simple protocol for Fmoc-based
preparation of N-terminal Thz-peptide thioester via peptide hydrazide 53
(2016 )

https://wwp.shizuoka.ac.jp/sato-kohei/

€
@



