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Cranial window technique (BB &

ERIEFOAEIZKY,
CCITHEHASh TULWVEZRZHIR
Lile:o

Levasseur et al. (1975) Detailed
Description of a Cranial Window
Technique for Acute and Chronic
Experiments, Stroke 6(3): 308-317,
p.311 Fig.3.

ZEFEFDEREIZLY.,
CCITHRASN TV ERZHIBRLELT =,

Levasseur et al. (1975) Detailed Description
of a Cranial Window Technique for Acute and
Chronic Experiments, Stroke 6(3): 308-317,
p.313 Fig.5.

VY& Fifikes A

Levasseur et al. Stroke (1975)

ZEFIEZFDABICLY.,
CCISHBAShTW-EBZRIBRLEL -,

Levasseur et al. (1975) Detailed Description
of a Cranial Window Technique for Acute and
Chronic Experiments, Stroke 6(3): 308-317,
p.309 Fig.1, left: Cross-section of implanted
window.

(Forbes 1928)
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Reprinted by permission from Macmillan
Publishers Ltd: Svoboda et al.(1997) In vivo
dendritic calcium dynamics in neocortical
pyramidal neurons, Nature 385(6612): 161-

165, p.162, Fig.1b, 1c, 1d, 1f,
copyright 1997. Svovoda et al. Nature (1997) .
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Stosiek et al. (2003) In vivo two-photon calcium imaging of 40 s
neuronal networks, PNAS 100 (12): 7319-7324, p.7320 .
Fig.1: In vivo calcium imaging of neuronal populations. Stosiek et al. PNAS (2003)

Copyright (2003) National Academy of Sciences, U.S.A.
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Hine Limb Sensory Cortex

EZEEFDEEIZKY.
ZCIZHASNTUWV-EBFEIBRLELT -,

Dombeck et al. (2007) Imaging Large-Scale
Neural Activity with Cellular Resolution in
Awake, Mobile Mice, Neuron 56(1): 43-57,
p.44 Fig.1: Two-Photon Microscopy
Experimental Apparatus for Awake Mouse
Imaging.

ZEIEZDEEIZKY,
CCIZHEBASHTULWV=EZZHIBRLELT=.

Dombeck et al. (2007) Imaging Large-Scale
Neural Activity with Cellular Resolution in
Awake, Mobile Mice, Neuron 56(1): 43-57,
p.48 Fig.4A: Imaging Neural Population
Activity in Sensory Cortex of Awake,
Behaving Mice.

EFEFOEREICLY,
CCITHRASN TV ERZHIBRLELT -,

Dombeck et al. (2007) Imaging Large-Scale
Neural Activity with Cellular Resolution in
Awake, Mobile Mice, Neuron 56(1): 43-57,
p.48 Fig.4C: Imaging Neural Population
Activity in Sensory Cortex of Awake,
Behaving Mice.

Dombeck et al. Neuron (2007)
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Image by KENPEI, from
Wikimedia Commons

Ref. 2015/12/08
https://commons.wikimedia.
org/wiki/File:Aequorea_coer
ulescensl.jpg

CCBY-SA 3.0

CaZr It A2 /\2 & : Aequorine

EFEFOEREICLY,
CCITHASNTULWV-EBRZRIBRLELT =,

Tsuji et al. (1986) Site-specific
mutagenesis of the calcium-binding
photoprotein aequorin, PNAS 83 (21):
8107-8111, p. 8109 Fig. 1.

log (L/L,.)

FRRBPBRSNTULNDHY,
EARRNAEICITFE-HR

Tsuji et al. PNAS (1986)
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Green Fluorescent Protein (GFP)

Image by KENPEI, from
Wikimedia Commons

Ref. 2015/12/08
https://commons.wikimedia.
org/wiki/File:Aequorea_coer
ulescensl.jpg

CCBY-SA 3.0

*
Rendering of a green fluorescent protein (GFP) molecule
showing the location of the fluorophore and its
encapsulating barrel structure. Rendered by Robert
Campbell in the laboratory of Roger Tsien, University of
California, San Diego.
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GCaMP: Nakai et al. Nat Biotechnol (2001) 24
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lax

GCaMP3 AAV; synapsin-1 promoter

a b Cc
\ 10 APs J\mjis MS 160 ¢ :
5APs A 5 /-;«Ps 5APs 1207 /
80} Yy
, : 3 APs __f\.;iAPS 3 APs % - 2
AN\ 2 APs 2 APs 2APs 40l
500, 1 AP 1 AP 1 AP g
O | A ——— i i ol—/m . . . . . . .
AFE 1s Cell1 Cell 2 Cell 3 123 5 10
* * Number of evoked APs E 3
Reprinted by permission from Macmillan
Publishers Ltd: Tian et al.(2009) Imaging
neural activity in worms, flies and mice with
improved GCaMP calcium indicators, Nature _
Methods 6(12): 875-881, p.880 Fig.6., Tian et al. Nat Methods (2009)

copyright 2009.

25



NFETHRBBALTE=Ca Moo —3—IdCa i BE L LIZIE
95,

CaREZRILZE N TENE, EDOMFHRAZEIL-NE
MHZEMTED,



=B ERCZ(UTIL—2—(EaHR) AV EERRNER

laxl

CaMPARI (calcium-modulated photoactivatable ratiometric integrator)

EFEZFOHRTICEKY,

ZZICEASR TV -EEZEIBRLELT .

Fosque et al. (2015) Labeling of active neural circuits in vivo with designed
calcium integrators, Science 347 (6223): 755-760,
p.756 Fig. 1: CaMPARI engineering and in vitro characterization.

EFEFOEREICLY,

CCITHASN TV ERZHIBRLELT =,

Fosque et al. (2015) Labeling of active neural circuits in vivo with designed
calcium integrators, Science 347 (6223): 755-760,
p.758 Fig. 3: Response in mouse primary visual cortex.

Fosque et al. Science (2015)
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T7AROY A MIRERZFAIVIRIZEHD D

ZEFEFOHREICELY,
ClITHASNTUWV-ERZRIFRLELT =,

Pekny and Pekna (2014) Astrocyte Reactivity and
Reactive Astrogliosis: Costs and Benefits, Physiological
Reviews Vol. 94 (4): 1077-1098, p. 1080 Fig. 3.

Pekny & Pekna, Physiol Rev (2014)
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EEF72OY A MIBTECa2EEDFHER

ZEEFOHMEICLY,
CCICHEASN TOERZAIFRLELT -,

Cornell-Bell et al. (1990) Glutamate induces calcium
waves in cultured astrocytes: long-range glial signaling,
Science 247 (4941): 470-473, p. 471 Fig. 1.

Cornell-Bell et al. Science (1990)
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EZEEFDEEIZKY.
ZCIZHASNTUWV-EBFEIBRLELT -,

Dani et al. (1992) Neuronal activity triggers
calcium waves in hippocampal astrocyte
networks, Neuron 8 (3): 429-440,

p. 430 Fig. 1.

ZEREZDHEIZKY,
ClICEAShTUWV-EEFHIBRLELT=,

Dani et al. (1992) Neuronal activity triggers
calcium waves in hippocampal astrocyte
networks, Neuron 8 (3): 429-440,

p. 431 Fig. 2B.

Dani et al. Neuron (1992)

EZEEIEZDHEEIZKY,
CZICEAShTULV-EEZFHIBRLELT=,

Dani et al. (1992) Neuronal activity triggers
calcium waves in hippocampal astrocyte
networks, Neuron 8 (3): 429-440,

p. 432 Fig. 3.
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Reprinted by permission

from Macmillan
Publishers Ltd: Allen and
Barres(2009)
Neuroscience: Glia —
more than just brain
glue, Nature 457 (7230):
675-677, p. 675 Fig. 1,
copyright 2009.

Allen & Barres, Nature (2009)
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Hirase H. et al. (2004) Calcium
Dynamics of Cortical Astrocytic
Networks In Vivo. PLoS Biol )
2(4): e96. .
doi:10.1371/journal.pbio.0020096
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Hirase et al. PLoS Biol (2004)
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Reprinted by
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Publishers Ltd: :
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al. (2006)
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Nature
Neuroscience 9
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817 Fig. 1,
copyright 2006. Wang et al. Nat Neurosci (2006)
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GCaMP family

Cameleon family

Image by Shantanu
Kuveskar, from
Wikimedia
Commons

Ref. 2015/12/14
https://commons.wi
kimedia.org/wiki/Fil
e:Indian_Chameleo
n_%28Chamaeleo_z
eylanicus%29_Phot
ograph_By_Shantan
u_Kuveskar.jpg
CCBY-SA4.0
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Cat Ao —3—% %
/WITLHIOR

= ¥

tTA"tetO | Natsubori et al. (2015)

Observation and
dou ble tra nsgen |C manipulation of glial cell
function by virtue of
sufficient probe
expression, Frontiers in

C32+’f ?/:)17-_9 _7{6_% Cellular Neuroscience 9
FHIELHIOR (176): p. 2 Fig. 1.

© 2015 Natsubori,
Takata and Tanaka.
CCBY 4.0

KENGE-tet system Tanaka et al. Cell Rep 2012

41



BEZ=Z (cranial window) Z LTz A RNCaZ A/ A= 4

CZICHEASN T BB FHIBRLELT-,

Objective lens

ECoG screw electrode

. / Metal plate

£ |

Dental
cement

Arachnoid

Skull & Dura Brain

Coverslip



YC-Nano50 I 7AAY A b 2t F Rt B iR ERER
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Kanemaru et al. (2014) In Vivo Visualization of Subtle, Transient, and Local Activity of
Astrocytes Using an Ultrasensitive Ca2+ Indicator, Cell Reports 8 (1): 311-318, p. 313 Fig. 2A.
DOI: 10.1016/j.celrep.2014.05.056

CC BY-NC-ND 3.0
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Kanemaru et al. (2014) In Vivo Visualization of Subtle, Transient, and Local
Activity of Astrocytes Using an Ultrasensitive Ca2+ Indicator, Cell Reports 8 (1):
311-318, Movie S1. DOI: 10.1016/j.celrep.2014.05.056

CC BY-NC-ND 3.0 44
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Kanemaru et al. (2014) In Vivo Visualization of Subtle, Transient, and Local Activity of
Astrocytes Using an Ultrasensitive Ca2+ Indicator, Cell Reports 8 (1): 311-318, p. 313 Fig. 2B.
DOI: 10.1016/j.celrep.2014.05.056
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Kanemaru et al. (2014) In Vivo Visualization of Subtle, Transient, and Local
Activity of Astrocytes Using an Ultrasensitive Ca2+ Indicator, Cell Reports 8 (1):
311-318, Movie S2. DOI: 10.1016/j.celrep.2014.05.056

CC BY-NC-ND 3.0 47
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ZEEFOHMEICLY,
CCICHEASN TOERZAIFRLELT -,

Pekny et al. (2014) The dual role of astrocyte activation
and reactive gliosis, Neuroscience Letters 565: 30-38,
p. 32 Fig. 1

Sofroniew, TINS (2009); Pekny & Pekna, Physiol Rev (2014)
58



HNEEETIL
BfL—Y—REBEEO 7RO A/ D Ca I E

CoITEASN TV -EE - EBEZFHIBRLELT-=,




DL — Y —RBHEDOT R OY A DC %

ZZICHEASN TV EGZEIBRLEL=,




IP,R2 KO ¥ R TlECa? G &ELL

ZZICHEASN TV EGZEIBRLEL=,

IP;R2KO

61



Question

ZEEFOEAEICKY,
CZIZHEASNTUL-EEZHIBRLELT =,

Pekny et al. (2014) The dual role of astrocyte activation
and reactive gliosis, Neuroscience Letters 565: 30-38,
p. 32 Fig. 1
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* Kanemaru et al. (2013) Calcium-dependent N-cadherin up-
regulation mediates reactive astrogliosis and neuroprotection

after brain injury, PNAS 110 (28): 11612-11617, p. 11613 Fig. 1B. 63
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