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Phototaxis behavior based on non-ocular photosensing
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During the course of the investigation of neural mechanism of negative
phototaxis behavior, we accidentally found that the slugs can evade light places even if their eyes
were bilaterally removed. This unexpected finding prompted us to investigate how the slugs detect
light in the absence of eyes. Our study revealed that the isolated brain of the slugs responds to
light at the electrophysiological level, and that the pleural kinds of opsin mRNAs are expressed in
the brain. Our present study suggests that the slugs can detect and evade light by using their brain

as a photosensor if they are blinded by damage to the tentacles.



nm

nm

440 nm

1B

700 nm

440
700

time (s) within the light spot

o

X1

400 nm 480 nm

to the head B to the tail
- n.s.
<]
* &
=
5
[
£
£
£ 20
2
B 10
g
440 nm 700 nm = 440 nm 700 nm
n=26 n=25 n=15 n=15

S E T IFREICAR Y Mea S LeBa0 AR Y FINIFTERR



xenopsin

MRNA RT-PCR
€ 1h 2h
g100- * 100+ *
5 80 801
£
5 60+ 60+
(&]
x 407 401
©
T 20+ 201
£
x 0 0
light dark light dark
B2 WlRE~= 2RO ES =T A 2 T HIROER A~ iATe - L R TE T,
brain
rhodopsin
cerebro-pleuro opn5A
connective opn5B
xenopsin
retinochrome
18S rRNA
S
v
= 8
400 nm a7
x 6
85
Qo
E 4
2
= 3
g 2
4
G, rhodopsin Opn5A 80!

) brain ST brain ST brain ST brain ST
Opn5B  xenopsin
rhodopsin  opn5A  opn5B  xenopsin

K3 B LOfAIZEBIT AT v AR T ORE

RT-PCR Opn5A  xenopsin  mRNA

4 Opn5B 3 C

rhodopsin Opn5A xenopsin 3



5 * corresponding author

1. Matsuo Y, Yamanaka A, and "Matsuo R. (2018). RFamidergic neurons in the olfactory
centers of the terrestrial slug Limax. Zoological Letters 4, 22.
10.1186/s40851-018-0108-9

2. "Matsuo R, Takatori Y, Hamada S, Koyanagi M, and Matsuo Y. (2017). Expression and
light-dependent translocation of B -arrestin in the visual system of the terrestrial
slug Liamx valentianus. J Exp Biol 220, 3301-3314. 10.1242/jeb.162701

3. Fujisaki Y and "Matsuo R. (2017). Context-dependent passive avoidance learning in the
terrestrial slug Limax. Zool Sci 34, 532-537. 10.2108/zs170071

4. "Matsuo R, Tanaka M, Fukata R, Kobayashi S, Aonuma H, and Matsuo Y. (2016).
Octopaminergic system in the central nervous system of the terrestrial slug Limax.
J Comp Neurol 524, 3849-3864. 10.1002/cne.24039

5. Suenaga Y, and “Matsuo R. (2016). Length of memory retention period depends on the
extent of protein synthesis in the terrestrial slug Limax. Neurosci Lett 630, 222-227.

10.1016/j .neulet.2016.08.004

8
1. Matsuo R, Koyanagi M, Sugihara T, Terakita A, Nishiyama H. Opsins involved in the visual

function in the terrestrial slug Limax. 2018 11 24

2. Nishiyama H, Nagata A, Matsuo R. Light sensing and avoidance by non-ocular photosensing
system in Limax. 2018 11 23

3. . RFamide
. 2018 5 27
4.
.20 9 21
5 B
. 2017 5 27

6. Fujisaki Y and Matsuo R. Context-dependent passive avoidance learning in the
terrestrial slug Limax. 2017 11 25
7. Matsuo R, Nagata A and Matsuo Y. Physiological and molecular properties of the eye

of the terrestrial slug Limax. 2016 9 2

. 2016 5 29

1
Matsuo R 33 . “ The computation and robustness of the mini-cognitive centers of
terrestrial mollusks - an exquisite outcome of brain evolution.” in Brain Evolution

by Design, Chapter 9, Shigeno S, Murakami Y, Nomura T ed., Springer (2017).



http://ww.fwu.ac. jp/~matsuor/
http://ww.fwu.ac. jp/teachersdatabase/detai l/?masterid=61&gakkaid=202&gakubuid=20
https://researchmap. jp/matsuor/

2018 7 27



