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Summary (Abstract) of doctoral thesis contents

Coordinated activities of motor cortex network are thought to be essential for
elaborate movements. When animals perform voluntary movement, neurons in many
brain areas change their activities. Voluntary movements have various parameters
such as direction, force, and speed. Neuronal activities related to such parameters
are detected especially in motor cortical areas. These activities have been studied
mainly with electrophysiological methods using monkeys. In those experiments,
however, it is difficult to identify input/output, cell type, or spatial distribution of
task related neurons.

The first objective of my thesis is to functionally and anatomically reveal
layer-projection patterns between two cortical motor areas in the mouse. There are
two separate forelimb motor areas in the rodent neocortex, which are called the
rostral forelimb area (RFA) and the caudal forelimb area (CFA). To understand how
neuronal activities in the RFA and the CFA are coordinated during movement, it is
necessary to reveal synaptic connections between the RFA and the CFA. Therefore, 1
developed in vivo Channelrhodopsin-2 (ChR2)-based photostimulation mapping with
electrical recording of neurons (optogenetic tracing) in either ChR2 transgenic mice,
where the layer 5b (L5b) neurons strongly express ChR2, or in mice where both the
upper layers and L5b were transfected with an adeno-associated virus (AAV) that
encoded ChR2-YFP (Yellow Fluorescent Protein) (AAV-ChR2 mice). First, I confirmed
that spiking activity was rapidly induced near the photostimulation points due to
direct photostimulation of nearby neurons in both ChR2 transgenic mice and
AAV-ChR2 mice. Next, I performed optogenetic tracings. Photostimulation of the RFA
in ChR2 transgenic mice reproducibly induced spiking activity in layer 5 (L5) in the
CFA. By contrast, stimulation of the CFA did not induce any detectable spiking in L5
in the RFA of ChR2 transgenic mice. Spiking activity was not detected in layer 2/3
(L2/3) in either the RFA or the CFA after photostimulation of the other areas.
Photostimulation of either the RFA or the CFA in the AAV-ChR2 mice induced spiking
in L5 in the other areas. By contrast, spiking activity was not detected in L2/3 in
either the RFA or the CFA when the other areas were photostimulated in AAV-ChR2
mice, although both spontaneous and evoked activities were detected in L2/3 near the
photosimulation sites. These results indicate that neurons in the upper layers, but
not L5b, of the CFA induce strong postsynaptic responses in L5 of the RFA, and that
RFA neurons in L5b induce strong postsynaptic responses in L5 of the CFA. All
anatomical results obtained with anterograde or retrograde fluorescent tracers were
consistent with those obtained with the optogenetic tracings. I conclude that the
neuronal activity that occurs in the RFA and the CFA during movement is generated

through these asymmetric reciprocal connections.
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The second objective of my thesis is to develop a method to examine motor direction
selectivity of L2/3 excitatory neurons in the CFA with in vivo two-photon calcium
imaging. To do so, I developed a novel lever-pull/push task for head-restrained mice.
In the first stage of learning, I trained head-restrained mice to perform a voluntary
(self-initiated) lever-pull movement with their right forelimb to get a drop of water.
After mice acquired lever-pull movements, I trained the mice to also perform
lever-push movements in the same session. This second stage of learning consisted of
two blocks: a pull-movement block and a push-movement block. The mice had to pull
(push) the lever to get the reward in the pull (push) -movement block. The block was
switched after 30 successes of desired movements. The push/pull switch was repeated
several times in a session. The performance of lever movements improved during six
training sessions. While the mice performed the lever-pull/push task, I conducted
two-photon calcium imaging of L2/3 neurons in the Ileft CFA where a
genetically-encoded calcium indicator was expressed. I detected the lever-pull- and/or
lever-push-related activity in many neurons and estimated the motor direction
selectivity in individual neurons. The data suggest that L2/3 excitatory neurons with
different motor direction selectivity may be spatially separated within the CFA.

These results demonstrate that it is possible to identify the movement direction
selectivity of neurons in the mouse motor cortex with two-photon imaging. Extending
my study will reveal input/output, cell types, layers, and spatial distribution of
neurons with the movement direction selectivity and how these neuronal activities
emerge during learning. In particular, it is important to clarify how the motor
direction selectivity is generated through the asymmetric reciprocal connections
between the RFA and the CFA, which I revealed in the first part of my thesis. My
results help to understand how the coordination between the cortical areas executes

appropriate movements.
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Summary of the results of the doctoral thesis screening

HEEE T, EEVBEBLO RN RE RS ICHRZ RS, ~ U A RMEBE O R Z 1T -
7o TTHEBEBLEFLELERGLEEL IR~ ZAZIGSH L7 optogenetic tracing JEZBAIZ L.
ToOOEHEFFEIR . Rostral Forelimb Area (RFA) & Caudal Forelimb Area (CFA) @ >
TAFREGHERN LB LV TR L, RIZ, v U R ICHEEEEIRE TRk Z v T L —
LI EZ2F2EIEL2ERAZHBEL, TORELE2EITLTNDLYTADCFA T2H T2
MR NS T DA A=V T aATV, A A= 7 ST MIEES) O EE) 5 [ R IRE 0 H
mrEH+ 52 L akaRee L,

Fyxrnm R7 2 (ChR2) BNRMEE 5 BIZHS EHLTWDLI I AV 2=y 7
~ U A(ChR2 ¥V ZA) DURICHFAL —VF—Z2 BN T2 & T, AiEEBLZFHERT L5720
DOFEW, RFA & CFA Z[FE L7-, &KIZ, ChR2 = 7 2 KB E TR 21T\ 72 23 & RFA %
721X CFA CTIEENENMN IS K Z3E 87 A optogenetic tracing BEZBHEE L. 22 iTo=#E R,
RFA @ 5 @7 & CFAS JB OMILIZTRVSREMI > F 7 A AN BFEET S Z &2 A LT, KkIC
77 REE T A v A (AAV) ZH W T ChR2 Z W TR OfEEO2BICRAIE TS
optogenetic tracing V£ &4 4T 9 Z & T, CFA2/3 J& 7> & RFAL J§ ~FR\WVEERERY & 7 A A ) /3
bHZ EeERM L, i TMEdt L —H— L ETHEE Y b v —Y%—% RFA £ 71X CFA I
HAL, SEEA~MBRATOMBEOFET 2B EMBERFATIEEERILL, TO/KR
2% optogenetic tracing DFERE —HTHHLDOTH DI L ZFEIELT- SO 7 RFA & CFA
Mo FEHFRi B 5B =0IE, RFA 2% CFA XV @R fEICH Y, BEREO & KEE T &
F7Z2fHICH D Z L a2l T,

WIZHEEE T, ~ 7 AREMEERECHAIEEZ AW T L =% 2 Fmic@h»d 8
R LIz, ETHHAEES Y AOFIK L AN—F| SREEELLB LT, LAA—ZMH LY
M EZIXGEHMORCEE TE HHEEE L FR L, RIZ, EBEE~Y DY A2 L A—
Fl&EI 2 TR EFSEEZ0L, LA LEGH L XEHE2FE -ty a VN TRAEI
TOELIZMEICEI VB2 S LT, slEEBHIMA CTHLUEBSLFEEH IS Z & & AEE
L7z, WIZ, ZOREEFEITHO~ T ATBWT, MK CFA2/3 @ TH N 7 Kk MEE
BZURTEERWTE 2R TFEZMBAN Y DAL A= T EiTodz, VT NESZ M
W xR I AAV Z AW T CRFAICRBLE E 72, L AN—# LIF L 5] R0 a 2L E O
WD, lx O OIEB OES) R E BN T 5 E 2 AREL Lz, M LESIC
XV KIST oML, Sl EBICE Y B IST H2MBHERALCONEEL THfid 5
A A=V 7 e R L,

U EOHRFEZEOHIIL., v~V A Z2ELWILEOEBEH OMIER - #ENE G OB IC
RESEHBMT 228, BR2EHNEO LD ICESHH CHE 28 U CHEA I MIRIEE)
ELTCRIAINDINEMRAT L)X TOERBERMETH DL Z LN LI, 185 ST A
THHLOEHE LT,



