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Regeneration of color vision in blind rats using channelrhodopsin genes having
different wavelength properties
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We have been researching about the restoring vision by gene therapy using

originally developed channelrhodopsin gene. However patients who received the gene therapy would not
get a color vision because the channelrhodopsin protein encoded our developed gene had a
multi-wavelength sensitivity by itself. Our purpose in this study is to get a color vision and
higher light sensitivities by transducing multiple genes of different character of
channelrhodopsins. We showed the possibility of getting a color vision by a multiple gene
transduction and succeeded to develop a new type of a step-function opsin (SFO) having a multi-wave
sensitivity. By transducing the SFO gene into an appropriate retinal cells, it could possibly
enhance the light sensitivity.



® ChR2
O mVChR1

N
o
T

ChR2
ChR2

relative sensitivities
(to 468 nm)
o
G

0.0 T T T T
400 450 500 550 600 650 700

nm

(mVChR1)
mVChR1 550nm

mVChR1

mVChR1

Thy ChR2
Thyl-ChR2 TG Tomita H, PLoS ONE, 2009
MNU: MNU ocT ERG
mVChR1

VEP

293 HEK293 ChR2

HEK293
ChRZ a b c d
HEK-ChR2 ~ HEK-ChR2 [ ]
mVChR1 Venus Ca ] -N\/_\ o J\J\,-ﬁ_l_

Venus P J\\JP, \f/\, N

mVChR1 e N

640

HEK-ChR2-mVChR1 Y o
HEK mVChR1

100 V' {468 and 525 nm) : 0.159 mWimm?, (640 nm): 0.238 mWimm?
(White)  4B8nm: 0.0428 mW/mm?
HEK—mVCth s0ms 525nm: 0.0324 mW/mm?

587nm: 0.0284 mW/mm?
640nm: 0.0168 mW/mm?

e f
ON - Green 526w

W0y ezm ChR2+MVCHR1 . 2009 eza ChR2+mVGHR1
- ChRz - ChR2

[ (]
0=

Amplitude (V)
Amplitude (uV)

3 o 1
0.020 0.080 0.159 0.020 0.080 0.159
stimulus intensity (mW/mm?) stimulus intensity (mWimm?)

g h

Thy1-ChR2 TG Red ei0nm) Wi

200 22 ChRZVCHRY 20092z ChR2+mVChR1
MNU ERG g
- mucrm = mvCchR1
- s 1= )
5 3
e I .
E ERS —
MNU H H
< < 50
ERG ;
0.15 0178 0239 168 ooi77 00281 00428
stimulus Intensity (mWimm?) 526 00149 00208 00324
587 00127 00179 00284
640 00078 00107 00160
wavelength (nm) ‘stimulus intensity (mWWimm® )

(degenerated)
VEP mVChR1

degenerated Thy-1 ChR2 TG VEP

a degenerated Thy-1 ChR2 TG




468nm 525nm

a

b 400 450 500 550 600 (nm) sy R AVERRY
640nm — N i i
mVChR1 degenerated ; " .
degenerated Thy-1 ChR2 TG I? " .
mVChR1 Tt
640nm ° T
d VEP 9 T -
degenerated Thy-1 ChR2 TG v § m 2 L
mVChR1 i
degenerated Thy-1 ChR2 TG .
640nm . o
mVChR1 o a g ¢ o A
TTTT .
mVChR1 P
g i F;455%24*\‘
mVChR1 degenerated Thy-I d T W
ChR2 TG 468nm T e
mVChR1 1T T
( 9 T EI: l o ”["
mVChRL ~ LA LN o
17 ChR2 - I
AAV
mVChR1
80 ChR2

Sugano E#, Edwards G, Saha S, Wilmott LA, Grambergs RC, Mondal K, Qi H, Stiles M,
Tomita H#, Manda N, (#: equal contribution), Overexpression of acid-Ceramidase
(ASAH1) Protects Retinal Cells (ARPE19) from Oxidative Stress, J Lipid Res,
60(1):30-43, 2019 [ ] DOI: 10.1194/31r.M082198
Sakajiri Y, Sugano E, Watanabe Y Sakajiri T, Tabata K, Kikuchi T, Tomita H*,
Natronomonas pharaonis halorhodopsin Ser81 plays a role in maintaining chloride ions
near the Schiff base, Biochem Biophys Res Commun, 503(4), 2326-2332, 2018 [

] DOI: 10.1016/j-bbrc.2018.06.156
Watanabe Y, Sugano E, Tabata K, Ozaki T, Saito T, Tamai M, Tomita H*, Kinetic profiles
of photocurrents in cells expressing two types of channelrhodopsin genes, Biochem
Biophys Res Commun, 496(3), 814-819, 2018 [ ]1DOI: 10.1016/j -bbrc.2018.01.149
Fukuda T, Ishizawa Y, Donai K, Sugano E, Tomita H*, The poly-cistronic expression
of four transcriptional factors (CRX, RAX, NEURO-D, OTX2) in fibroblasts via retro-
or lentivirus causes partial reprogramming into photoreceptor cells, Cell Biol Int,
42(5), 608-614, 2018 [ ] D0I: 10.1002/cbin.10942
Komatsu M, Sugano E, Tomita H, Fujii N, A Chronically Implantable Bidirectional
Neural Interface for Non-Human Primates, Front Neurosci, 11, Article514, 2017 [

]1DOI: 10.3389/fnins.2017.00514

Li H, Xu C, Li Q, Gao X, Sugano E, Tomita H, Yang L, Shi S, Thioredoxin 2 offers




10.

11.

12.

13.

10.

11.

12.

protection against mitochondrial oxidative stress and hypertrophy induced by
hyperglycemia in H9c2, Int J Mol Sci, 18(9), E1958, 2017 [ ] DOI:
10.3390/1jms18091958
You M, Yamane T, Tomita H, Sugano E, Akashi T, A novel rat head gaze determination
system based on optomotor responses, PLoS One, 12(4), e0176633, 2017 [ ]
Sato M, Sugano E, Tabata K, Sannohe K, Watanabe Y, Ozaki T, Tamai M Tomita H*, Visual
Responses of Photoreceptor-Degenerated Rats Expressing Two Different Types of
Channelrhodopsin Genes, Sci Rep, 7, 41210, 2017 [ ] DOI:
10.1371/journal .pone.0176633
Ozaki T, Yamashita T, Tomita H, Sugano E, Ishiguro Sl, The protection of rat
retinal ganglion cells from ischemia/reperfusion injury by the inhibitory peptide
of mitochondrial py -calpain, Biochem Biophys Res Commun, 478(4), 1700-5, 2016 [
1DOI: 10.1016/j -bbrc.2016.09.006
Tabata K, Sugano E, Murakami F, Yamashita T, Ozaki T, Tomita H*, Improved transduction
efficiencies of adeno-associated virus vectors by synthetic cell-permeable peptides,
Biochem Biophys Res Commun, 478(4), 1732-8, 2016 [ ] DOI:
10.1016/j .bbrc.2016.09.014
Sugano E, Tabata K, Takahashi M, Nishiyama F, Shimizu H, Sato M, Tamai M, Tomita
H*, Local and systemic responses following intravitreous injection of AAV2-encoded
modified Volvox channelrhodopsin-1 in a genetically blind rat model, Gene Ther, 23(2),
158-66, 2016 [ ] DOI: 10.1038/9gt.2015.99
Tomita H, Tabata K, Takahashi M, Nishiyama F, Sugano E, Light induces translocation
of NF-kappaB p65 to the mitochondria and suppresses expression of cytochrome c
oxidase subunit 111 (COX I11) in the rat retina, Biochem Biophys Res Commun, 473(4),
1013-8, 2016 [ ] DOI: 10.1016/j.bbrc.2016.04.008
Tomiyama Y, Fujita K, Nishiguchi Km, Tokashiki N, Daigaku R, Tabata K, Sugano E,
Tomita H, Nakazawa T, Measurement of Electroretinograms and Visually Evoked
Potentials in Awake Moving Mice, PLoS One, 11(6), e0156927, 2016 [ ] DOI:
10.1371/journal .pone.0156927

Sugano E, Tabata K, Sakajiri Y, Watanabe Y, Tamai M, Tomita H, Protein structural
prediction of modified Volvox channelrhodopsin-1 and the verification by amino acid
sequence, The Association for Research in Vision and Ophthalmology, 2018

Tomita H, Sugano E, Tabata K, Yamane T, Nagasaka E, Kudo H, Yoshikawa D, Yoshikawa
M, Nakazawa F, Kitaura N, Tamai M, Inducrion of local photoreceptor degeneration
by a subretinal injection of N-Methyl-N-nitrosiurea in rats, The Association for
Research in Vision and Ophthalmology, 2018

) , 2018
, ) , 2018

, , 2018

, 2018

, 2017

, , 2017
, 2017

Sakajiri Y, Hara K, Watanabe Y, Sugano E, Tomita H, N-terminal region of modified
Volvox channelrhodopsin-1 (mVchR1) enhances Na+ influx by constructing new
transmembrane helix, 1st UGAS, lwate University International Symposium, 2016
Sakajiri Y, Hara K, Watanabe Y, Sugano E, Tomita H, Computational study for
red-shifted absorption spectrum mechanism of a light-driven NA+ channelrhodopsins,
1st UGAS, Iwate University International Symposium, 2016

Nagashima T, Yamashita T, Tomita H, Sugano E, Ozaki T, A regulatory mechanism of




13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

mitochondrial calpains, 1st UGAS, lwate University International Symposium, 2016
Sakajiri Y, Hara K, Watanabe Y, Sakajiri T, Sugano E, Tomita H, Pos237 N-terminal
region of modified Volvox channelrhodopsin-1(mVChR1) enchances Na+ Influx by drowing
hydrogen ion, , 2016

Watanabe Y, Sannohe K,Murakami,F, Tabata K, Sugano E, Tomita H, Usefulness of all
- trans-retinal on HEK293 cells coexpressed light-gated cation channel gene, The
87th meeting of zoological society of Japan, 2016

Kikuchi K, Sannohe K, Shiratori S, Yamane T, Tabata K, Sugano E, Tomita H, Comparative
study of N- methy N-nitrosourea- and light-induced photoreceptor degeneration in
rats, The 87th meeting of zoological society of Japan, 2016

Nagashima T, Yamashita T, Tomita H, Sugano E, Ozaki T, Characterization of a novel
calpain activator in the mitochondrial intermembrane space, The 13th Conference of
Asian Society for Mitochondrial Research and Medicine, 2016

s 120 s
2016

, 2018
, , , 2018
s , 2018
Tomita H, Possibilities of optogenetic mediated retinal gene therapies, RikenProfes,
2018
Tomita H, Optogenetic gene therapy for retinal degenerative diseases,
Regenerative medicine for vision restoration, 2018

) , 161
2017

, , FAMS

2017
) , 2017 ( 2
), 2017
) , JRPS
, 2016

Sugano E, Analysis of adverse effect caused by AAV-2 encoded modified Volvox
channelrhodopsin-1 gene therapy, 10th International Conference CLINICAL&
EXPERIMENTAL OPHTHALMOLOGY, 2016
Tomita H, Gene Therapy for Retinitis Pigmentosa, RIWC 2016 19 ,
2016

JRPS , 2016

, 27(1): 51-55. 2016 ISSN 0917-026X

2016-154087
2016



2018-176671
2018

JIG-SAW

6181278
2017

http://web.cc.iwate-u.ac.j p/~htomita/vis-neurosci/index.html

https://www.newvision-prj.com/

¢y

Norihiro Katayama

8 20282030

Tomokazu Fukuda

8 40321640

Eriko Sugano

8 70375210

Kitako Tabata

8 80714576

Takehito Kaneko

8 30332878



