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The development of methods to control enzyme activity using protein-protein
splicing and virus-like particles
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In this research project, we established a platform for the technology that
enables complete on/off control of enzyme activity. Specifically, we established a technical gasis
to introduce protein of interest into exosomes and/or extracellular vesicles, and load them into
target cells with high efficiency, and a platform for reassemble protein fragments introduced from
outside the cell with corresponding protein fragments expressed in the cytosol, to form active
full-length proteins. These technologies can be widely applied to cell biology research. For
example, they can be applied to the selection of the cells after transfection or genome editing,
analysis of the dynamics of extracellular vesicles or viruses, and regulation of toxic protein
activity in clinic.



MRNA

ERT2

ON/OFF

ON/OFF
split-inten
1 N C
OFF - ON
Puromycin N-acetyltransferase,
PAC split-intein gp4l-
1 IMPDH1 Cfa
split-inten C
Cfa gp41-1 IMPDH1
split-intein PAC

PAC
PAC C
split-intein
western blotting

extracellular vesicles, EVs

EV

CD9

EV/
EV/
EV/

D4 2 D4

EV/
EV/ western blotting

CD9
EV/ EV/



PAC
intein
D4 CD9
EV/ CD9
D4
VSV-G
EV/
D4 EV/
OFF -~ ON

PAC

EV/

split-intein 2 3 4
2 4
100%
2 4
split-
EV/
CD9 EV/
D4
D4 EV/
CD9
D4
EV/
D4

BERMTH) - BT oXE
("7 A L ZBRKIF. EV)

Horikawa et al. BBRC2021 LY
Opadele et al. FEBSL 2024 \ 4

BERIEME D ST I

Horikawa et al. BBRC 2021 ‘

€« o

1. Anastassov S, Filo M, Khammash M. Inteins: A Swiss army knife for synthetic biology.

Biotechnol Adv. 2024, 73, 108349.

2. Ramachandran R, Heuck AP, Tweten RK and Johnson AE. Structural insights into the
membrane-anchoring mechanism of a cholesterol-dependent cytolysin. Nat Struct Biol.

2002, 9, 823-827.



Horikawa Mei Sabe Hisataka Onodera Yasuhito 582

Strategies for all-at-once and stepwise selection of cells with multiple genetic manipulations 2021

Biochemical and Biophysical Research Communications 93 99
DOl

10.1016/j .bbrc.2021.10.016

Opadele Abayomi Emmanuel Nishioka Soichiro Wu Ping- Hsiu Le Quynh- Thu Shirato Hiroki Nam 598

Jin- Min Onodera Yasuhito

The lipid- binding D4 domain of perfringolysin O facilitates the active loading of exogenous 2024

cargo into extracellular vesicles

FEBS Letters 446 456

DOl
10.1002/1873-3468.14807

1 0 0

Abayomi Emmanuel Opadele, Soichiro Nishioka, Ping-Hsiu Wu, Hiroki Shirato, Jin-Min Nam, Yasuhito Onodera

D4 facilitates active cargo recruitment into EV.

10

2024

(Nam JinMin)

(60414132) (14301)







