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In vivo ¯ber photometry is a powerful technique to analyze the dynamics of population neurons
during functional study of neuroscience. Here, we introduced a detailed protocol for ¯ber
photometry-based calcium recording in freely moving mice, covering from virus injection, ¯ber
stub insertion, optogenetical stimulation to data procurement and analysis. Furthermore, we
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applied this protocol to explore neuronal activity of mice lateral-posterior (LP) thalamic nucleus
in response to optogenetical stimulation of primary visual cortex (V1) neurons, and explore axon
clusters activity of optogenetically evoked V1 neurons. Final con¯rmation of virus-based protein
expression in V1 and precise ¯ber insertion indicated that the surgery procedure of this protocol is
reliable for functional calcium recording. The scripts for data analysis and some tips in our
protocol are provided in details. Together, this protocol is simple, low-cost, and e®ective for
neuronal activity detection by ¯ber photometry, which will help neuroscience researchers to carry
out functional and behavioral study in vivo.

Keywords: Fiber photometry; surgical operation; optogenetical stimulation; neural activity;
freely moving recording.

1. Introduction

In vivo ¯ber photometry is a simple and cost-
e®ective system for optically recording real-time
activity of neurons' dendrites, axons and soma body
in freely moving animal combining with calcium ion
(Ca2þ) indicators.1,2 The equipment is made up of
the laser source, dichroscope, optical ¯ber coupler,
¯ber patch cable, ¯ber stub, optical ¯lter, photo-
multiplier, ampli¯er, oscilloscope and computer.1,2

Fiber photometry detects the °uorescence change of
Ca2þ concentration monitored by indicators such as
BAPTA-AM, Fura2-AM, Fluo3-AM, Fluo4-AM, or
genetically encoded calcium indicators (GECIs),
etc.3,4 The increase of Ca2þ concentration was
generally used as a reporter of enhanced neuron
activity due to Ca2þ in°ux into activated neuron.5,6

GCaMP protein is an extensively used GECI based
on circularly permuted green °uorescent protein
(cpGFP), calmodulin,7 and the Ca2þ/CaM-binding
peptide (M13pep).6,8 The GCaMP indicator can be
expressed in speci¯c types of neurons driven by
certain promoters,9 even be localized to sub-cellular
fraction by fusing with speci¯c signal peptides.7

When binding with Ca2þ, the °uorescent intensity
of GCaMP rises from low to high, which can be
detected by the photosensitive element. Currently,
injection procedure of adeno-associated virus
(AAV) with GCaMP gene into target site was
elaborated and well described by Mathon et al. 11

and Cetin et al. 10 However, due to the lack of de-
tailed operational protocol for ¯ber photometry,
this technique is still di±cult for beginner to handle
during their study. While the in vivo ¯ber pho-
tometry of Ca2þ recording coupled with optoge-
netics technique is pivotal to explore neural
function, the detailed step by step protocol is still

scanty. Here, we introduced the detailed protocol of
a simple, cost-e®ective method for in vivo ¯ber
photometry coupled with optogenetics to detect
neural activity. We applied GCaMP6s, a long po-
tential duration and sensitive version of GCaMP
calcium indicator, for calcium detection in freely
moving mice.12 Based on GCaMP6s indicator and
optogenetical stimulation,5,13,14 we recorded the
real-time calcium waveform of lateral-posterior
(LP) thalamic nucleus neurons in response to
optogenetically stimulated V1 neurons in freely
moving mice. Moreover, we also detected axonal
calcium dynamics of optogenetically activated V1
neurons in target region LP by in vivo ¯ber pho-
tometry. Finally, the con¯rmation of virus injection
and precise ¯ber insertion demonstrates that the
procedure is reliable in operation accuracy for neu-
ron activity recording. Our protocol will contribute
to functional study of neural circuits and also help
researcher quickly grasp and easily operate in vivo
¯ber photometry technique to their own study.

2. Materials

Reagents

— Experimental Mice (Two-month old Male
C57BL/6 mice, use of live mice must conform to
the Research Ethics Committee rules)

— Sterile Saline (0.9% NaCl)
— Anesthetics: Mixed anesthetics (7.5 g urethane

(U2500-100 g, Sigma), 3 g chloral hydrate
(Tianjin Damao Chemical Reagent Factory,
China) and 75mg xylazine (X1251-5 g, Sigma)
in 100mL ddH2O); 1% Iso°urane (R510-22,
RWD life science, China) in medical oxygen
(Wuhan Shuanglonghe, China)
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— Dental Cement Kit (Super-Bond C&B of Sun
Medica, Japan):monomer, polymer (L-typeClear),
catalyst V, spoon and ceramic disc (Fig. 1(a)).

— Viruses: AAV2/8-hSyn-hChR2(H134R)-mCherry
in 1.13Eþ13 V.G./mL titer (bought from Obio

Technology, China); AAV2/9-hSyn-GCaMP6s
in 1.12Eþ13V.G./mL titer (bought from Obio
Technology, China)

— Mineral oil and hot glue
— PBS and 4% paraformaldehyde (PFA)

Notes: (a) and (b) Surgical tools and materials. A1, spoon for dental cement polymer; A2, catalyst V for dental cement; A3, monomer for dental

cement; A4, L-type polymer; A5, ceramic disk for cement mixing; A6, ¯ne forceps; A7, vanas scissors; A8, forceps; A9, ¯ber stub holders; A10,

wrenches for holders; A11, blade for mouse hair shaving; A12, thin ¯ber stub for stimulation; A13, thick ¯ber stub for recording; B, virus
microinjection needle made by pulled glass capillary fused with 10�L syringe by hot glue. (c) Equipments for microinjection. C1, KDS LegatoTM

130micro-pump; C2, high speed dental drill; C3, desktop digital stereotaxic instruments; C4, mouse adaptor; C5, stereomicroscope; C6, temperature

controller; C7, small animal anesthesia machine (The images of C1-7 are from RWD website which were allowed for citation.). (d) Instruments for
optogenetic stimulation and Ca2þ signal recording. D1, optogenetics laser source and manipulator; D2, ¯ber photometry detector. (e) Schematic

diagram for in vivo Ca2þ signal recording by ¯ber photometry under laser stimulation.

Fig. 1. Materials and equipment for surgical operation of virus injection and ¯ber stub insertion.

In vivo ¯ber photometry of neural activity

1743001-3

J.
 I

nn
ov

. O
pt

. H
ea

lth
 S

ci
. 2

01
7.

10
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.w
or

ld
sc

ie
nt

if
ic

.c
om

by
 H

U
A

Z
H

O
N

G
 U

N
IV

E
R

SI
T

Y
 O

F 
SC

IE
N

C
E

 A
N

D
 T

E
C

H
N

O
L

O
G

Y
 o

n 
09

/2
2/

18
. R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



Equipment
— 10�L injection syringe (Tip diameter 0.7mm,

Shanghai Gaoge industrial and trade, China)
(Fig. 1(b))

— Borosilicate glass capillary with ¯lament (O.D.:
1.5mm, I.D.: 0.86mm, #BF150-86-10 from
Sutter, USA)

— Hot glue gun
— Surgical tools: Vanas scissors (S11037-08, RWD

life science, China), ¯ne forceps (F11020-11,
RWD life science, China), ¯ber stub holders
(Convergence Technology, China), blade, sleeve
(Convergence Technology, China), hexagon bar
wrenches, thin ¯ber stubs (ø62.5�m, NA.0.22
for stimulation, Convergence Technology,
China), thick ¯ber stubs (ø200�m, NA.0.37 for
Ca2þ signal detection, Convergence Technolo-
gy, China) (Fig. 1(a))

— Animal surgical pad (#80098, RWD life science,
China)

— Cotton swab
— Precision wipes (Kimtech science)
— 1mL syringe with needle
— Stereomicroscope (#77001, RWD life science,

China) (Fig. 1(c))
— Mouse/Neonatal rat adaptor (#68030, RWD

life science, China) (Fig. 1(c))
— Desktop digital stereotaxic instruments

(#68025, RWD life science, China) (Fig. 1(c))
— Temperature controller (#69001, RWD life

science, China) (Fig. 1(c))
— High speed dental drill and 0.5mm diameter

drill-bits (#78001 and #78012, RWD life sci-
ence, China) (Fig. 1(c))

— Puller PC-10 (DL Naturegene Life Sciences,
USA)

— KDS LegatoTM 130 micro-pump (KD Scienti¯c,
USA) (Fig. 1(c))

— Rhythm dual optogenetics light source 473 nm
and accessories (Convergence Technology,
China) (Fig. 1(d))

— Fiber photometry from Convergence Technolo-
gy (Emission Filters, bandpass 500–550 nm,
Dichroscope, 491 nm, Semrock; Photomultiplier,
Hamamatsu Photonics; Laser source; Photo-
coupler; Oscilloscope, DSView) (Fig. 1(d))

— Small animal anesthesia machine-Iso°urane
(R510iIP, RWD life science, China) (Fig. 1(c))

— Oxygen pressure relief (R-PG, RWD life science,
China)

— Small animal video tracking system: Color video
camera (Sony), HW-SET DVC100 Rev. 1.1
(Dazzle), Lens (1/3 CCTV CS, IR, 2.8mm,
1:1.2, Tamron)

— Software: AMCap9.11 for camera, DSView
v0.9.6, Image J, Python for recorded data ¯ltra-
tion, Matlab 2012b, Notepadþþ

Procedures:

(1) Stereotaxic microinjection of virus in
adult mice brain

Anesthesia
Mice were anesthetized by intraperitoneal (i.p.) in-
jection of mixed anesthetics at 900�L per 100 g
body weight. Then mice were fastened in the ste-
reotaxic apparatus after squeezing the hind limb to
ensure its deep anesthesia (Fig. 2(a)). Shaved the
fur on the mouse scalp and removed head skin by
scissors to expose skull for dental cement adhesion.
Apply lubricant ophthalmic gel to both eyes to
avoid keratitis during surgery.

Mouse skull horizontal calibration
For successful virus injection and ¯ber stub
embedding, we need to do the calibration to ensure
the top of mice skull is in the horizontal plane.
Bregma point is set as the origin of anterior to
posterior (AP), medial to lateral (ML) and dorsal to
ventral (DV). From bregma to lamda, the distance
is 4.10mm to 4.40mm depending on mice age 7 to
10 weeks,14 so the location of lamda point would be
AP:�4.10–�4.40, ML: 0.00, DV: �0.03 (Fig. 2(b)).
Besides the bregma-lamda axis, the alignment of
medial to lateral axis is necessary. We chose the
point (AP:�2.00, ML: 0.00, DV: Z0, Z0 is the value
on the skull) as middle and marked it. The left
hemisphere point (AP:�2.00, ML: 2.50, DV: Z1)
and the right hemisphere point (AP:�2.00, ML:
�2.50, DV: Z2) should be adjusted to the same al-
titude (Z1 ¼ Z2). A � 0.03mm Z value shift is ac-
ceptable in skull horizontal calibration (Fig. 2(b)).
Usually, it takes 5min to do the calibration.

Virus injection
Locate the injection site (Fig. 2(c)) and drill a hole
gently by 0.5mm diameter to expose the dura
(Fig. 2(d)). Cover the hole by sterile saline to keep it
moist, and then ¯x the injector (made by fusing
10�L syringe with electrode through hot glue and
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¯lled it with mineral oil) on the micro-drive arm of
micro pump (KDS LegatoTM 130 micro-pump). The
virus was loaded into injector through direct suck-
ing or sucking by micro pump. Totally 300 nL of

AAV2/8-hSyn-ChR2-mCherry virus were injected
into V1 region (AP: �3.80, ML: 2.50, DV: 0.40,
0.65) or AAV2/9-hSyn-GCaMP6s virus into LP
nucleus (AP: �2.22, ML: 1.60, DV: 2.62) at 20 nL/
min for 15min (Figs. 3(a) and 3(b)). The saline on
skull surface should be cleaned before loading in-
jector to target site and added again after the in-
jector loading. Additional 5min of rest time before
withdrawing the injector is needed to avoid virus
back°ow. Totally, we take 45min to ¯nish micro-
injection of both AAV2/8-hSyn-ChR2-mCherry
and AAV2/9-hSyn-GCaMP6s virus to each mouse.

(2) Fiber stub embedding

Remove saline and dry the skull with wipes and
cotton swabs. Replace the micro-drive arm of micro
pump with stub holder (Fig. 3(c)) and penetrate
thick ¯ber stub with 2.62mm depth from dura into
LP (AP: �2.22, ML: 1.60, DV:2.62), which was
used for Ca2þ signal detection of LP nucleus. Dental
cement was made up in pre-cold ceramic disc with
4 drop monomer, 1 drop catalyst and 1 small °at
spoon polymer. A tiny of Tack-It clay was put on
the ¯ber penetration site at V1 to avoid hole clog-
ged by the cement (Fig. 3(d)). Subsequently, the
whole skull was covered by the dental cement in
multi-layers to strengthen the ¯ber stub connection
with skull. Wait about 5min for cement being so-
lidi¯ed and carefully remove Tack-It clay by ¯ne
scissors. Additional 5min later, ¯ber stub tightly
fastened on skull can be released from holder. An-
other thin ¯ber stub for optogenetical stimulation
should be embedded in V1 (AP: �3.80, ML: 2.50,
DV: 0.40) with 0.40mm depth from dura at an
angle of 30�(the angle is on the AP vertical plane),
since horizontal distance between V1 stimulation
site and LP nucleus is too close to a®ord both stubs
of optogenetic ¯ber and photometry ¯ber (Fig. 3
(e)). The same procedure was performed to make
cement as the thin ¯ber stub fastening (Figs. 3(f)
and 3(g)). After dual ¯ber stub embedding, mouse
was transferred onto 37�C temperature controller
till to wake up. The surgical operation of dual ¯ber
stub insertion needs about 50min totally depending
on personal experience, which contains �20min of
dental cement solidi¯cation for each ¯ber.

(3) Ca2þ signal detection

The surgical mice should be cared for 2–3 weeks to
ensure the target proteins expression of AAV virus

Notes: (a) Anesthetized mouse is fastened on adaptor after shaving. �1 ,
screws for adjusting the incisor adaptor to calibrate horizontal plane

along bregma-lamda axis;�2 and�3 , screws for adjusting level of two ear
bars to calibrate horizontal plane along medial-lateral axis. (b) Hori-

zontal plane calibration strategy. a, coordinates of bregma; b, coordi-

nates of lamda, the attitude of a and b (Z value) should be same; c,

coordinates of reference point; d and e, the symmetry point coordinates
of head skull. When Z1 ¼ Z2, the medial-lateral axis is in horizontal

plane. (c) Determination of target sites X and Y coordinates. The en-

larged image shows the target site labeled by small cross with blade. (d)

Burr-hole on skull for target sites (V1 and LP) and opening of the dura.

Fig. 2. Horizontal calibration of mouse skull during
stereotaxic surgery.

In vivo ¯ber photometry of neural activity
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before Ca2þ signal recording. The instruments for
optogenetical stimulation and ¯ber photometry
were customized. Mice were anesthetized in animal
anesthesia machine with iso°urane (iso°urane at
1% in oxygen, oxygen °ow at 200mL/min). The
peak output stimulation of optogenetic ¯ber is
700�W at 100 ms duration and 5% duty ratio for
100 stimuli. And ¯ber photometry output is

recorded by oscilloscope of DSCope (DreamSource
Lab) and analyzed by DSView v0.9.6 software (as
shown in Fig. 4(a) and supplemental video). The
sampling rate is 20 kHz and the signal ampli¯er for
photomultiplier (PMT) is 106 times. In freely
moving mice, Ca2þ signal of thalamic LP nucleus
was recorded (Fig. 4). Another camera (HW-SET
DVC100 Rev. 1.1, Sony) was used for monitoring

Notes: (a) Inserting needle to the target LP coordinate and injecting virus. (b) The injecting speed is 20 nL/min and total volume of injected virus is
300 nL. (c) Replacing the micro-drive for injector by ¯ber stub holder. (d) Loading the thick ¯ber stub (for calcium recording) to target coordinates

and covering the other burr-hole by Tack-It clay. (e) Inserting the thin ¯ber stub (for optogenetical stimulation) to the V1 coordinates at 30� angle of
skull horizontal plane along anterior–posterior axis after recording stub is ¯xed by dental cement. (f) Accomplished insertion of stimulation ¯ber stub

in V1 (a) and recording ¯ber stub in LP (b) for detecting LP neuron calcium dynamics. (g) Diagram of optogenetical stimulation in V1 and ¯ber
photometry recording of LP neurons. \a" is thin ¯ber stub for optogenetical stimulation, \b" is thick ¯ber stub for Ca2þ signal recording; V1 was

injected with AAV2/8-hSyn-ChR2-mCherry (virus �1 ), LP was injected with AAV2/9-hSyn-GCaMP6s (virus �2 ). (h) Accomplished insertion of

stimulation ¯ber stub in V1 (a) and recording ¯ber stub in LP (b) and contralateral V1 (c) for axonal calcium detection of V1 neurons. (i) Diagram of

optogenetical stimulation in V1 and calcium activity recording of stimulated axon terminals targeting on LP and contralateral V1 (Contra-V1) after
V1 neurons are activated. \a" is stimulation ¯ber stub, \b" and \c" are recording ¯ber stubs for axons in LP and contra-V1, respectively. Both

AAV2/8-hSyn-ChR2-mCherry and AAV2/9-hSyn-GCaMP6s viruses (�1 and �2 ) are injected to V1.

Fig. 3. Virus microinjection and ¯ber stub insertion.
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Notes: (a) Fiber photometry of LP neurons in freely moving mouse received laser stimulation in V1. (b, c) Diagram of virus injection and ¯ber

insertion for V1-LP Ca2þ activity pathway detection. (d) Control 1 is ¯ber photometry data recorded in LP neuron of mouse without AAV2/8-hSyn-

ChR2-mCherry injection (�1 ) in V1, but only with AAV2/9-hSyn-GCaMP6s (�2 ) virus injection in LP. No response was observed in LP neuron
under 10, 20 and 100 pulses laser stimulation in V1. The black arrows indicate signal artifact of 10, 20 and 100 pulses optogenetical stimulation,

which should be ¯ltered by arithmetic. (e) Control 2 is ¯ber photometry data acquired in dead mouse with AAV2/8-hSyn-ChR2-mCherry (�1 )
injection in V1 and AAV2/9-hSyn-GCaMP6s (�2 ) injection in LP. No response but optogenetical stimulation artifact was detected in LP neuron

under 10, 20 and 100 pulses laser stimulation in V1 as indicated by black arrows. (f) Control 3 is the recording data in LP neuron of virus �1 and �2
injected mouse when ¯ber cable stimulation is set in environment for 100 pulse. Black bar indicates laser stimulation. No response was detected in LP

neuron under laser stimulation in environment. (g) Test 1 is the recording data of LP neuron in freely moving mouse with injected both virus �1 and

�2 under 10, 20 and 100 pulses, respectively. The increase of LP neuron calcium dynamics can be detected under laser stimulation in V1. The black

arrows indicate signal artifact of optogenetical stimulation at 10, 20 and 100 pulse. (h, i) The sketch of virus injection and ¯ber stub insertion for
calcium recording of V1 axons projecting to LP and contralateral V1 (Contra-V1). (j) Axonal Ca2þ signal of activated V1 neurons targeting on

Contra-V1 (left panel) and LP (left panel). (k) Typical Ca2þ signal after ¯ltering the noise of optogenetical stimulation artifact and instruments

generated high frequency wave.

Fig. 4. Fiber photometry of LP neurons and V1 neuronal axons Ca2þ dynamics in response to optogenetical stimulation of V1 in
freely moving mice.
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the mice behavior during laser stimulation (473 nm)
and Ca2þ signal recording (supplemental video).

(4) Perfusion and Brain Dissection

After ¯ber photometry, mice were anesthetized by
mixed anesthetics (i.p.) and transcardially perfused
by 4% PFA in 1 � PBS. It is necessary to con¯rm
the accuracy of virus injection and correct site of
¯ber stub insertion according to the °uorescence
protein expression in injection area and position of
stubs' well (Figs. 5(a) and 5(b)) respectively. Mice
brains were dissected out and sectioned by vibra-
tome (Leica VT1200S), then brain slices were im-
aged by auto-staged °uorescent microscope
(Olympus, BX63). The whole process of animal
perfusion, brain dissection, sectioning and slice

imaging can be ¯nished in 24 h. The imaging for
each brain slice by °uorescent microscope takes
3min.

(5) Data Filtration

During ¯ber photometry, the real calcium signal
exported from oscilloscope was mixed with high
frequency noise and optogenetical stimulation arti-
fact, which should be ¯ltered by two custom scripts
based on python software. The supplemental text 1
is a script for 100Hz low-pass ¯ltration to remove
high frequency noise caused by ¯ber photometry
instruments. Then the ¯ltered data was further
processed by the other script (shown in supple-
mental text 2) to remove the optogenetical stimu-
lation artifact. The ¯nal ¯ltered data would be
transformed into graphical plot of (F-F0)/F0 ratio
by Matlab software (Fig. 4(k)).

3. Results

We recorded Ca2þ dynamics of LP thalamic nucleus
neurons and V1 neurons' axons targeted in LP nu-
cleus and contralateral V1 (contra-V1) by ¯ber
photometry combining with optogenetical stimula-
tion in freely moving mice. When mice were injected
with AAV2/9-hSyn-GCaMP6s in LP but not
AAV2/8-hSyn-ChR2-mCherry injection in V1
(control 1 in Fig. 4), only stimulation artifact but
not calcium response was detected in LP neurons
under laser stimulation in V1 (Fig. 4(d)). Similarly,
no calcium response was observed in LP neurons of
dead mice, although mice were injected with
AAV2/9-hSyn-GCaMP6s in LP and AAV2/8-
hSyn-ChR2-mCherry injection in V1 alive (control
2 in Fig. 4(e)). When laser stimulation was set in
the environment instead of mouse V1, no response
even stimulation artifact were detected in LP neu-
rons with virus injection (control 3 in Fig. 4(f)),
ruling out the possibility of artifact interference
from retina by environment light. Under laser
stimulation of 10, 20 and 100 pulses in V1, calcium
waves were recorded in LP neurons of virus injected
mice (test 1 in Fig. 4(g)), indicating LP neurons
respond to activation of V1 neurons with ChR2
expression. Postmortem sectioning and imaging
con¯rmed the accuracy of virus infection (Fig. 5(a))
and the recording ¯ber insertion (Fig. 5(b)). Fur-
thermore, calcium response was also detected in
axon cluster of ChR2 expressed V1 neurons in

Notes: (a) AAV2/8-hSyn-ChR2-mCherry virus was accurately injected

into V1 and expressed mCherry after two weeks. (b) AAV2/9-hSyn-
GCaMP6s virus expressing GcamP6s was accurately injected into LP,

and recording ¯ber was inserted into LP. (c) Clear projection of virus

injected V1 neurons to LP and contralateral V1. (d) Injection site of

virus �1 and �2 mix in V1 showing the co-expression of ChR2-mCherry
and GCaMP6s.

Fig. 5. Con¯rmation of virus injection and ¯ber insertion.
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target region LP under laser stimulation in soma of
V1 neurons (shown in Fig. 4(j)), suggesting this
¯ber photometry protocol is also applied to axon
cluster's Ca2þ detection. The neural activity of V1
neurons' axons in LP can be recorded, although its
amplitude is lower than that of soma Ca2þ signal of
LP neurons (Fig. 4(j)). However, there is hardly any
calcium response in V1 neurons' axons targeting on
contra-V1 under laser stimulation (Fig. 4(j)), which
may be due to lower density of V1 projection in
contra-V1 than that in LP (Fig. 5(c)). The co-in-
fection of AAV2/9-hSyn-GCaMP6s and AAV2/8-
hSyn-ChR2-mCherry virus in V1 lead to the co-
expression of ChR2 and GCaMP6s protein in V1
neurons (Fig. 5(d)), although the °uorescent in-
tensity of GCaMP6s is low. Taken together, these
results showed that this ¯ber photometry protocol
is reliable to record the soma and axon Ca2þ
activity of neurons.

4. Discussion

4.1. Identi¯cation of Bregma and
coordinate

Determination of accurate coordinate for virus in-
jection to speci¯c brain nucleus is a primary key
step during microinjection operation, which largely
depends on correct veri¯cation of bregma and
lamda points. When opening head skin, sagittal
suture is clear under moist skull, then suture can be
labeled by ¯ne forceps. The intersection of superior
coronal sinus and sagittal suture is bregma point.
After referring to the coordinate of speci¯c target
site from The Mouse Brain in Stereotaxic Coordi-
nates (George Paxinos and Keith B. J. Franklin,
Second Edition), it is necessary to adjust the coor-
dinates by practicing injection of dye (Fluorescence
Dye: Carboxy°uorescein diacetate, succinimidyl
ester or Evans Blue) followed by immediate check-
ing of brain section to ¯nally verify its accurate
coordinates, as a result of the coordinate shifting a
little within mice in di®erent laboratories.

4.2. Fiber stub

The thick ¯ber stub for Ca2þ signal recording is
customized of the particular length and polished °at
end which is unchangeable. The thin ¯ber stub for
optogenetical stimulation can be truncated by op-
tical ¯ber cutter, and polished by ¯re quickly.

4.3. Anesthetic during surgical
operation

The surgical duration would be beyond of anes-
thetic e±cacy, so it is necessary to supply anesthetic
during surgery. When mouse beard shake fast, it is
the time to add extra anesthetic. The additional
anesthetic is 0.05mL of mixed anesthetics per 20 g
body weight, which would prolong the anesthesia
for at least 30min.

4.4. Enhancement of dental cement

adhesion

The dry and coarse skull surface is helpful for ad-
hesion of dental cement. Application of absolute
ethyl alcohol on the skull surface by cotton swab
can dehydrate the skull, which facilitates the ce-
ment adhesion after ethanol volatilization. A tiny
screw can also be useful for fastening of cement on
the rest skull region. Before tightening the screws, a
drilled shallow hole can make the operation simple,
but avoid penetrating the skull.

4.5. Fiber photometry of axon terminal

calcium dynamics

Due to the overlapping of excitation wavelength
(473 nm) of GCaMP6s with ChR2, the optogene-
tical stimulation interferes with calcium recording
in the same brain region, and vice versa. However,
during calcium recording of the axon terminals of
V1 neurons, we can rule out the interference be-
tween two operations as described in the following.
Firstly, the distance between the optogenetical
stimulating site (soma body of V1 neuron) and the
recording site (axon terminals in LP) is 2.63mm,
which reduced the possibility of interference be-
tween them. Secondly, the excitation of recording
¯ber was adjusted at low intensity of 100�W, which
will not activate V1 neuron soma. Finally, the in-
sertion of recording ¯ber is deeper than stimulation
¯ber, so the soma of V1 neuron would not be af-
fected by excitation of recording ¯ber.

4.6. Equipment calibration

Optogenetics laser intensity was measured by pho-
tometer at 473 nm, and the output capacity is ¯xed
(700�W output at 100ms duration and 5% duty
ratio). Recorded output of ¯ber photometry was
analyzed by in DSView software. Background grid
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was adjusted to 2 v/div. and 10 s/div., which makes
the wave type cli®y and scouting easily. Through
adjusting laser output intensity, base line can be
adjusted to reference line at 1.50V, thus neural
activity recording will not exceed the maximum
detection threshold. If GCaMP6s expression level is
high, the signal ampli¯er for PMT should be turned
lower at 105 times to avoid recorded value out
of detection threshold. Similarly, the ampli¯er
should be adjusted to high level (107 times) when
GCaMP6s expression is low.

4.7. Postoperative care of surgical mice

The surgical mice need to be cared in incubator at
37�C for 6 h and feed on jelly food.

4.8. Modi¯cation of virus-based

expression system

Many studies in neuroscience need to be carried out
on multi-sites, real-time, awake animal, special
structure (synapse, soma body, spine and cyto-
plasmic organoids) and speci¯c input or output to
target neurons. To realize these demands, we can
modify the virus-based expression system by con-
structing the viral promoter and fusing the speci¯c
subcellular localization signal peptide sequence with
inserted proteins gene such as GECIs, optogenetics
proteins,15 designer receptors exclusively activated
by designer drugs (DREADDs),16 etc.

4.9. Application of in vivo ¯ber

photometry

In vivo ¯ber photometry is a powerful technique to
detect the real-time information of animal brain due
to minimal invasion, deep brain recording, easy
manipulation and low cost. For two photon micro-
scope, it is hard to detect neural activity in freely
moving animals which is also limited in deep brain
imaging. Along the promotion of °uorescent indi-
cator for neurotransmitter, potential, ions and so
on, the ¯ber photometry can also be used for
detecting the change of glutamine release, potential
reactive oxygen species, zinc ion, mitochondrial
membrane potential and nitric oxide, etc.17–28

Meanwhile, in vivo ¯ber detection system is conve-
nient for long term and frequent recording during
aging, development, learning and memory, and be-
havioral study which might last for long duration.

However, ¯ber photometry still cannot reach the
single cell resolution of in vivo animal.

5. Conclusions

We described a detailed protocol of ¯ber photome-
try in freely moving mouse, including virus injec-
tion, ¯ber stub embedding as well as brain Ca2þ
signal recording under optogenetical stimulation.
This protocol would be helpful for the neuroscience
researchers to carry out in vivo functional study
through detecting population neural activity by
¯ber photometry. Together with the advance of
optogenetics, genetic sensor, Ca2þ sensor develop-
ment and viral-based expressing system, this tech-
nique will greatly contribute to dissect and
elucidate the function of neural circuits.
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