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Clarifying of relationship between hand movement and phase of beta oscillation
by optogenetic stimulation in awake monkey

Watanabe, Hidenori
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It has been reported that phase of the B oscillations in the motor cortex
are locked by visual stimuli instructed task condition in resting periods during the behavioral
tasks. To clarify the relationship between motor control and the phase-locking (PL) of beta
oscillation, neural activities in the motor cortex were modulated at the timing of visual stimuli by

optogenetic stimuli in awake monkey. That work collaborated with Dr. Hatsopoulos at the University
of Chicago, who focused on beta oscillations in motor control. Optical stimulation induced evoked
potentials in a wide area of the primary motor cortex during a reaching task. Across most recording
sites, the PLs with the stimulation under motor threshold enhanced significantly in according to
ones in the task trials without the stimulation. These results suggest the involvement of intrinsic
neuronal activity in the primary motor cortex in the generation of PL in response to sensory
stimulation.



12-30Hz

Dr. Hatsopoulos

Al kRS LY

=mmmmmmmnn 15 MW, 2 ms, 333 Hz, 10 pulses
IO FUCEE

1 ®
(AAV-DJ-CAG-hChR2(H134R)/EYFP)
)
( ;10ms, 50ms, 100ms. 125ms)
() EGFP
EGFP
NeuN (91.2%) , PV
GFAP (PV; 15.9%, GFAP;

1.9%)



(71565-13)

KINARM(BKIN Technologies, CA)

3.4

1.7

Matrix Array™, NeuroNexus, US
ECoG 32

(2ms duration, 10ms interval, 11 train)

3

« 2
CAG-hChR2(H134R)/EYFP AAV

« 3
6 3 LFP 6x16=96
0.8mm
« 2
Resting state
3.4sec ~2.5 sec

17 1.7

Resting target -

Resting target
Changed color
(Visual stimulus)

1.7

Go-cue to
Reaching target

’ Optical stimuli

*

Medial

Caudal

€

57
(p<0.05,U-test)
(p<0.05,U-test)

(10-30Hz)
(80-200Hz)

65%(84/128),
47%(61/128
41%(53/128)

50

. LFP
ECoG

) ) LFP
=
t)

-(a,b,c,d)=
(0.8,1.65,2,1.5mm)



Resting Visual 4

A Target-Onset Stimulus 0
(RO) Y Y(VS)
Movement ! Relstin
e —

| i
< 140 5 vs)
3 120 E 0 5 (.; )
§ 100 - E 0.5 (X;
S ] z ) ®
- cop® _ =
40 8 -
20| : (10-30Hz)
s 2 0 12 3 (80-200Hz)
Time (s)
B 5(10-30H2) High-y (80-200H2) (p<0.05, U-test)
= — X x . Before RO
2 05 \/ * TR | (Arm movement) 128
@« Before VS
E ® ® X(Resting state) 18
g oWt as *. pc0.05, U-test )
0
o 50 100 150 200
Frequency (Hz)
( 9 34%
(LFP:33 channels ; 5, EC0G:10 channels)
22%(29/128)
A + + + + + + B ¢
T FT———" ;
7 — 2=
E ¥ R oo u»-m-uM L] E g
3] : 52
: 58
TP - T % N
wobrier B 2L B TR S
> — 0 1 2 3 4
£ e T = = A Time (sec)
S e e i Res%nngserEt Ave. Trials w/ stimuli
QL_J owmwrvenars S T QR " YOO C Ave. Trials w/o stimuli (control)
1
=] R — i P I " "
s fesns fass g f oo i D S
e m R YVEE P e RTH Y TR IGR S LA

VRPN

0

fe=]

LFP Response (SNR dB)
10

a.u.
w
Deen

@1 @ @3 @4 @ @6

0 2 4
Distance from the stimulation spot (mm)

@ (Phase-locking score)

300ms 53
(p<0.01; (29) 23; 6,
(24) 22; 2; 6)



5 ®

(Blue line) (Yellow
line) (local field potential; LFP)
®
33%(33/96)
(p<0.05, U-test) (B)
3 Black line: , Blue line:
© .
(SNR) (stimulation spot)
2mm ECoG
(Red line)
(p>0.05).
A _ ~ Trials w/ stimulation
- ’S’[Imula’[lon Analysisinterval ch110 6
= | 1\ ) . (A
DED ) i‘-m‘ \‘;J-\uh\dmw v# M ""M'\-* r‘JJ“ LI”'J'.-JM.-\.V‘ J'“"* kil ( )
= &
E <§ Trlals w/o stlmulatlon -0.1sec
- [
w
2 Mt‘Mw) '““wwwrwf' m‘“ rwlwwﬁm(lﬁ“' Ml M’\
e 0 01 02 03 04
Time (sec) 0.3sec
B . Task-related & Task-related & )
& Evoked potentlal sites Silent sites
@ ¥ A ¥k
= 3 . e
Q
w 5 = 2 ?
= | [e2]
oo - T
5 . s . =
§ w/o stimulation w/ stimulation w/o stimulation w/ stimulation
<

(** p<0.01, U-test)



3 2 0 3

Watanabe Hidenori Sano Hiromi Chiken Satomi Kobayashi Kenta Fukata Yuko Fukata Masaki 11

Mushiake Hajime Nambu Atsushi

Forelimb movements evoked by optogenetic stimulation of the macaque motor cortex 2020

Nature Communications 3253
DOl

10.1038/s41467-020-16883-5

Hidenori Watanabe, Hiromi Sano, Satomi Chiken, Kenta Kobayashi, Yuko Fukata, Masaki Fukata, -

Hajime Mushiake, Atsushi Nambu

Forelimb movements evoked by optogenetic stimulation of the macaque motor cortex 2019

bioRxiv -
DOl

10.1101/2019.12.13.876219

Hosaka Ryosuke Watanabe Hidenori Nakajima Toshi Mushiake Hajime 2

Theta Dynamics Contribute to Retrieving Motor Plans after Interruptions in the Primate Premotor 2021

Area

Cerebral Cortex Communications tgab059

DOl
10.1093/texcom/tgab059

8 2 8

Hidenori Watanabe

Spatiotemporal dynamics of beta oscillation phase in the monkey motor cortex.

Neural Oscillation Conference 2019

2019




Kazutaka Takahashi, Hidenori Watanabe, Masaki Makitani, Hajime Mushiake.

Sensorimotor integration for cued reaching movements through multiple bands of cortical oscillations from the motor and
somatosensory cortices

Society for Neuroscience Annual Meeting

2019

Hidenori Watanabe

3D recordings using the Matrix Array

Society for Neuroscience Annual Meeting

2019

Hidenori Watanabe, Kazutaka Takahashi, Hajime Mushiake

Three dimensional dynamics of B oscillation phase in the monkey motor cortex during a reaching task

Society for Neuroscience Annual Meeting

2019

Hidenori Watanabe, Hajime Mushiake, Kazutaka Takahashi

Phase Locking of 3 Oscillation in the Monkey Motor Cortical Areas

The 41st Annual Meeting of the Japan Neuroscience Society

2018




Ryosuke Hosaka, Hidenori Watanabe, Toshi Nakajima, Hajime Mushiake

Increasing LFP theta power reflects protecting motor plans from an interruption in primate motor areas

The 41st Annual Meeting of the Japan Neuroscience Society

2018

Ryosuke Hosaka, Hidenori Watanabe, Toshi Nakajima, Hajime Mushiake

Increasing LFP theta power reflects protecting motor plans from an interruption in primate motor areas

11th Federation of European Neuroscience Societies forum

2018

Hidenori Watanabe, Kazutaka Takahashi, Kenta Kobayashi, Nicholas G. Hatsopoulos, Hajime Mushiake

3D microelectrode array with optical stimulation for modulating neural network dynamics in the monkey motor cortex during a
reaching task

The 99th Annual Meeting of the Physiological Society of Japan

2022

Web
http://www.neurophysiology.med.tohoku.ac. jp/work/work03/work03_2021.html

https://www.tohoku.ac. jp/japanese/2020/06/press20200626-01-hand. html




(Hatsopoulos Nicholas)

(Kazutaka Takahashi)

(Kobayashi Kenta)

(Mushiake Hajime)

(Satomi Chiken)




(Sano Hiromi)

(Nambu Atsushi)

United States of America

The University of Chicago

Organismal Biology and
Anatomy




