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We conducted two-photon calcium imaging of mouse layer 2/3 motor cortex during a
self-initiated lever-pull task. In the imaging session after 8-9-day training, head-restrained mice had
to pull a lever for aﬁproximately 600 ms to receive a water drop. We found two types of task-related
cells and clarified their spatial distribution. Next, we conducted two-photon calcium imaging in the
motor cortex during 14 training sessions of the self-initiated lever-pull task. In layer 2/3, the
accuracy of neuronal ensemble prediction of lever trajectory remained unchanged globally during the
training period. However, in layer 5a, the ensemble prediction accuracy steadily improved and one-third
of neurons, including subcortical-projecting neurons, evolved to contribute substantially to ensemble
prediction in the late stage of learning. Furthermore, we performed two-photon imaging of dendritic
activity and axonal activity in layer 1 during the mouse task performance.



20
600-700
10
2
2/3
(Hira et al.,
2013a)
GCaMP
1 AAV
2/3 Sa
1-4
11-14
1 9
FEYHEA FE%EH
& 400 ; :
iy
4= 300 ,
# 200 : E
1 100 ! :
~ 1 1
A Ollllllllll||||
1 i 11
HEET=
2/3
2
Sa
F23E =5
w0 g 06
#r 7, 0.4 ﬁ 704 /
LR § RN
£ 02 £ 302 %
0 ML‘ 0 —
FEYE FBRE SWIIH SUEH
2/3
ChR2 >a
ArchT




S5a

CCS CSp
GCaMP
CCS
CSp 1/3
2/3
CSp
Sa
Sa CCS
(Masamizu et al., 2014)
CSp CCS 1
ChR2 AAV
CSp
CSp
CSp
CSp
ChR2 ArchT  AAV
ChR2 ArchT

15

Hira R., Ohkubo F., Masamizu Y.,
Ohkura M., Nakai J., Okada T., and
Matsuzaki M.
Reward-timing-dependent
bidirectional modulation of cortical
microcircuits during optical
single-neuron operant conditioning.
Nature Communications 5, 5551, 2014.

DOI: 10. 1038/ncomms6551.
Masamizu Y., Tanaka Y.R., Hira R.,
Ohkubo F,, Kitamura K., Isomura .,
Okada T., and Matsuzaki M.
Two distinct layer-specific dynamics of
cortical ensembles during learning of a
motor task. Nature Neuroscience 17,
987-994, 2014.
DOI: 10.1038/nn.3739.
Asrican B., Augustine G.J., Berglund
K., Chen S., Chow N., Deisseroth K.,
Feng G., Gloss B., Hira R., Hoffmann
C., Kasai H., Katarya M., Kim J.,
Kudolo J., Lee L., Lo S., Mancuso J.,
Matsuzaki M., Nakajima R., Qui L.,
Tan G., Tang Y., Ting J.T., Tsuda S.,
Wen L., Zhang X, and Zhao S.
Next-generation transgenic mice for
optogenetic analysis of neural
circuits. Frontiers in Neural Circuits 7,
160, 2013.
DOI: 10.3389/fncir.2013.00160.
Hayama T., Noguchi J., Watanabe S.,
Takahashi N., Hayashi-Takagi A.,
Ellis-Davies G.C.R., Matsuzaki M.,
and Kasai H.
GABA promotes the competitive
selection of dendritic spines by
controlling local Ca2+ signaling.
Nature Neuroscience 16, 1409-1416,
2013.
DOI: 10.1038/nn.3496.
Hira R., Ohkubo F., Tanaka Y.R.,
Masamizu Y., Augustine G.J., Kasai
H., and Matsuzaki M.
In vivo optogenetic tracing of
functional corticocortical connections
between motor forelimb areas.
Frontiers in Neural Circuits 7,
55, 2013.
DOI: 10.3389/fncir.2013.00055.
Hira R., Ohkubo F., Ozawa K.,
Isomura Y., Kitamura K., Kano M.,
Kasai H., and Matsuzaki M.



Spatiotemporal dynamics of functional
clusters of neurons in the mouse motor
cortex during a voluntary movement.
Journal of Neuroscience 33, 1377-1390
2013.
DOI: 10.1523/INEUROSCI.2550-12.
2013.
Kimura R., Saiki A.,
Fujiwara-Tsukamoto Y., Ohkubo F,,
Kitamura K., Matsuzaki M., Sakai Y.
and Isomura'y.
Reinforcing operandum: rapid and
reliable learning of skilled forelimb
movements by head-fixed rodents.
Journal of Neurophysiology 108,
1781-92, 2012.
DOI: 10.1152/jn.00356.2012.
Ako R., Wakimoto M., Ebisu H., Tanno
K., Hira R., Kasai H., Matsuzaki M.
and Kawasaki H.
Simultaneous visualization of
multiple neuronal properties with
single-cell resolution in the living
rodent brain.
Molecular and Cellular Neuroscience
48, 246-257, 2011.
DOI: 10.1016/j.mcn.2011.08.005.
Kanemoto Y., Matsuzaki M., Morita S.,
Hayama T., Noguchi J., Senda N.,
Momotake A., Arai T., and Kasai H.
Spatial distributions of GABA
receptors and local inhibition of Ca2+
transients studied with GABA
uncaging in the dendrites of CA1
pyramidal neurons.
PLoS One 6. e22652, 2011.
DOI: 10.1371/journal.pone.0022652.
Matsuzaki M. and Kasai H.
Two-Photon Uncaging Microscopy.
Cold Spring Harbor Protocols,
pdb.prot5620, 2011.
DOI: 10.1101/pdb.top111.
Noguchi J., Nagaoka A., Watanabe S.,
Ellis-Davies G.C.R., Kitamura K.,
Kano M., Matsuzaki M. and Kasai H.
In vivo two-photon uncaging of
glutamate revealing the
structure-function relationships of
dendritic spines in the neocortex of
adult mice. Journal of Physiology 589,
2447-2457, 2011.
DOI: 10.1113/jphysiol.2011.207100.
Matsuzaki M., Ellis-Davies G.C.R.,
Kanemoto Y. and Kasai H.
Simultaneous two-photon activation of
presynaptic cells and calcium imaging
in postsynaptic dendritic spines.
Neural Systems & Circuits 1. 2, 2011.
DOI: 10.1186/2042-1001-1-2.
Matsuzaki M., Hayama T., Kasai H.

and Ellis-Davies G.C.R.
Two-photon uncaging of
y-aminobutyric acid in intact brain
tissue. Nature Chemical Biology 6,
255-257, 2010.
DOI: 10.1038/nchembio.321.
Obi N., Momotake A., Kanemoto Y.,
Matsuzaki M., Kasai H. and Arai T.
1-Acyl-5-methoxy-8-nitro-1,2-dihydroq
uinoline: A biologically useful
photolabile precursor of carboxylic
acids. Tetrahedron letters 51.
1642-1647, 2010.
DOI: 10.1016/).tetlet.2009.12.081.
*Kantevari S., *Matsuzaki M.,
Kanemoto Y., Kasai H. and
Ellis-Davies G.C.R.
Two-color, two-photon uncaging of
glutamate and GABA.
Nature Methods 7. 123-125, 2010.
DOI: 10.1038/nmeth.1413.

18
Dynamics of cortical
ensembles during motor learning and

neuronal operant conditioning.
MDFLI 2015.1.26

Two-photon imaging of
dynamics of cortical ensembles during
motor learning.
3rd Bioscience and Biotechnology
International Symposium 2015.1.14

37 2014.9.12

91 2014.3.17

Optogenetic mapping of
synaptic connections and motor
cortical areas in vivo.
Optogenetics2013 2013.9.26

Spatial and temporal
dynamics of function clusters of
neurons in the mouse motor cortex
during a voluntary movement.
Satellite Symposium of
Neuroscience2013 2013.6.19

2

35

2012.12.13



50 2012.9.23

Spatial and temporal
structure of cortical microcitcuit
activity for generating voluntary
movement.

The 8tk FENS Forum of Neuroscience
2012.7.14-2012.7.18
International Convention Center

)

132 2012.3.30

Spatial and temporal
structure of cortical microcircuit
activity for generating voluntary
movement.
1st International Symposium/ 59th
NIBB Conference 2012.3.11
0CC

Imaging and manipulating
neuronal activity in cortical circuits

34 2011.12.13

Neural functions revealed
by two-photon imaging and
stimulation methods
12th RIES-Hokudai International
Symposium 2011.11.22

Imaging and optical
manipulation of neural activity in the
brain.

88 2011.3.28

Neural function revealed by
new methods of chemical biology and
optogenetics.

84 2011.3.23

Optical methods for
revealing the synaptic function and
structure in the local circuit.

33 2010.9.3

Optical methods for
revealing the synaptic function and
structure in the local circuit.

The Fifth International Neural
Microcircuitry Conference 2010.6.30

Optical methods for
revealing the synaptic function and
structure in the local circuit.
TheFourth International Neural
Microcircuitry Conference 2010.6.25

2010-248940
2000 11 5

www.nibb.ac. jp/circuits/

¢y

Matsuzaki, Masanori

50353438



