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Development of novel middle-molecule proteasome inhibitors and their drug
delivery methods
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The purpose of this study is to develop a peptide-conjugated inhibitor that
can act easily on the 26S proteasome. This peptide region is permeable to cell membranes and
enhances its effect on drug-resistant cells. First, we searched for novel sequence peptides that
bind to membrane proteins prominently expressed in colorectal cancer by cDNA display method. Next,
peptides that accumulate on proteasomes were linked to proteasome inhibitor compounds with a
molecular weight of about 500, and compounds were synthesized that internalize cell-specifically by
receptor endocytosis and accumulate on their targets. The drug efficacy was further demonstrated by
using colon cancer-derived cell lines as a model system to verify intracellular proteasome activity
and other properties.



1

26S 26S

PS 26S PS 20S 20S PS
19S 19S RP 2.4 MDa 2)
19S RP
20S PS 20S PS 7 a B
a B 2 aBBa
B 3 B1LpB2
B5
PGPH B1 B2
B5 3
26S PS p53
p27kipl NF-k B I-k B
Pl
Pl MM
MM Pl
Pl
4 Pl
5) 2 4

26S PS 19SRP

20S PS
Pl 19S RP
26S PI 19S RP
MM
6)
26S
cDNA
C
500
3-1 RID-F
100 TEA DMF
RID-F 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide EDC 1-hydroxybenzotriazole HOBt
9-fluorenylmethoxycarbonyl Fmoc 40 6

COSMOSIL, 5C18-AR-Il, 4.6x 150 mm,
, HPLC Gilson,Inc., Middleton



HPLC 0.05 5-50

1 mL/min Spiral-TOF JMS-S3000
3-2
RPMI18226 KMS-11 RIKEN BRC Cell Bank JCRB Cell Bank
10 100
units/mL 100 pg/mL RPMI11640
, 37 5 CO2
3-3
Suc-LLVY-MCA Z-LLE-MCA Boc-LRR-MCA
CT-L PGPH T-L 20S 0.1 pg,
Enzo Life Sciences Inc., NY 25 mM HEPES [pH 8.0], 0.5 mM EDTA, 0.03
SDS 100uL 0.1~10 uM 50 uM
7-amino-4-methylcoumarin AMC A ex= 380nm A em=
480nm 37 1 26S 0.1pg
0.1—~40 uM 50 mM
HEPES [pH 7.5] 40 mM KCI 5 mM MgCl2 50 pg 0.5 mMMATP 1 mM
50 IC50
3-4
RPMI18226 KMS-11 96 5%102 cells / well
DMSO 0.1~10 uM 24 48
ATP CellTiter-GloTM Luminescent Cell Viability Assay Promega
Corporation, Madison
3-5
RPMI8226 KMS-11 96 5X%103 cells/well 0.5%
DMSO 0.1~10uM 24 48

Proteasome-Glo Assay Promega Corporation, Madison

15
RID-F  26S PS
7.8) RID-F
RID-F 26S PS
26S PS
-1 HIV-1 Tat
cell-penetrating peptide CPP 10—~16
CPP
9 CPP
Tat
Tat 6 2
Rs Tat
Rs RID-F KMS-11
8) CPP RID-F
CPP RID-F Pl CPP

CPP 3



1 CPP

Pl 2
Pl  26S PS 3
Intrinsically disordered regions IDR
20S CP 19 IDR 20S CP
Tau a - a -
Syn IDR  20% IDR 20SPS
/
26S PS
11)
20S PS o]
20S PS
20S PS
20SPS 2 a
20S PS cDNA
12) MRNA 3’
tRNA
mMRNA DNA
-cDNA 20S CP
DNA PCR 1
20S PS
7
C GC-C
GC-C
STa GC-C
GC-C
GC-C
S-S
cDNA
2 2 GC-C
GC-C
4 15
GC-C
GC-C
GC-C
S-S GC-C
GC-C
BlAcore
Kb 80nM Ko 30 50uM
ECD ST
Kb

GC-C



Kb

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)

BlAcore
cDNA GC-C

Caco-2 GC-C cGMP

GC-C
13)

GC-C

K. Tanaka, Proc. Jpn. Acad. Ser. B., 85, 12 (2009)

G.A. Collins and A.L. Goldberg, Cell, 169, 792 (2017)

M. Groll et al., Nature, 386, 463 (1997)

J. Adams and P.J. Elliott, Oncogene, 19, 6687 (2000)

D.J. Kuhn et al., Blood, 110, 3281 (2007)

P. Tsvetkov et al., Proc. Natl. Acad. Sci. USA, 114, 382 (2017)
M. Hasegawa et al., Eur. J. Med. Chem., 71, 290 (2014)
M. Tanaka et al., Eur. J. Med. Chem., 146, 636 (2018)
K.J.F.Carnevale et al., Bioconjug. Chem., 29, 3273 (2018)
C.W. Liu et al., Science, 299, 408 (2003)

F.K. Deshmukh et al., Biomolecules, 9, 190 (2019)

K. Kitamura et al., J. Mol. Biol., 387, 1186 (2009)

G.P Marszalowicz et al. Oncotarget., 5, 9460 (2014)



7 7 0 4

KAMBA Seiji OGURA Atsushi MIURA Yoshiko HASEGAWA Makoto 37

Enrichment of Uncommon Bacteria in Soil by Fractionation Using a Metal Mesh Device 2021

Analytical Sciences 1295-1300
DOl

10.2116/analsci.21P042

Seto Hirokazu Saiki Atsushi Matsushita Ryosuke Mitsukami Wataru Kamba Seiji Hasegawa 32

Makoto Miura Yoshiko Hirohashi Yumiko Shinto Hiroyuki

Development of microparticle counting sensor based on structural and spectroscopic properties 2021

of metal mesh device

Advanced Powder Technology 1920-1926
DOl

10.1016/j .apt.2021.04.002

Mitsui E, Yoshida S, Shinoda Y, Matsumori Y, Tsujii H, Tsuchida M, Wada S, Hasegawa M, Ito A, 9

Mino K, Onuki T, Yoshida M, Sasaki R, Mizukami T

Identification of ryuvidine as a KDM5A inhibitor. 2019

Scientific Reports 9952
DOl

10.1038/s41598-019-46346-x

Yamashita, S., Tanaka, M., Nodono, H., Hamada, A., Hamada, T., Hasegawa, M., Nishi, Y., Moss, 167

J., Miwa, M.

Human alcohol dehydrogenase 1 is an acceptor protein for polyADP-ribosylation. 2019

Biochemical Pharmacology 27-32

DOl
10.1016/j .bcp.2019.03.037.




Seto, H., Saiki, A., Kamba, S., Kondo, T., Hasegawa, M., Miura, Y., Hirohashi, Y. and Shinto, 35

H.

Amplification of sensor signals from metal mesh device with fine periodic structure. 2019

Analytical Sciences 619-623
DOl

10.2116/analsci.18P498.

Yin Xiaobo Konishi Takayuki Horikawa Kazuo Tanaka Ryota Togo Yuki Noda Takanori Hosoi 64

Miho Tsuchida Mie Kunoh Tatsuki Wada Shuichi Nakamura Toshinobu Tsuda Eisuke Sasaki

Ryuzo Mizukami Tamio Hasegawa Makoto

Structure and Function of Potential Glycosylation Sites of Dynactin-Associated Protein dynAP 2022

Molecular Biotechnology 611-620
DOl

10.1007/s12033-021-00435-3

Yin Xiaobo Yamada Shota Kobayashi Hiroaki Tanaka Ryota Togo Yuki Hosoi Miho Tsuchida 11

Mie Kunoh Tatsuki Wada Shuichi Nakamura Toshinobu Sasaki Ryuzo Mizukami Tamio Hasegawa

Makoto

Expression and cell transformation activity of dynactin- associated protein isoforms 2021

FEBS Open Bio 2110-2117

DOl
10.1002/2211-5463.13202

94

2021




2019

265

2022

239

DDS

2019-168564

2019




