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Physics, CA, USA). Laser wavelength was tuned to 900 nm to image CX3CR1GFP/+ 
microglia, 920 nm to image GCaMP6s fluorescence, or 950 nm to image tdTomato. 
Imaging utilized a 40× water-immersion lens and a 180×180 μm field of view ( 512×512 
pixels). A 565-nm dichroic mirror with 525-/50-nm (green channel) and 620-/60-nm (red 
channel) emission filters. The laser power was maintained at 30–40 mW. Imaging in 
cortex was conducted 50 to 150 μm beneath the brain surface. To image microglial 
dynamics and neuronal calcium activity in the awake condition, mice were trained to run 
on a custom-designed circular treadmill (freely rotating disc) while head fixed (Fig S1A). 
All mice received 3 days of training (2 times a day, 10 min each time) to become familiar 
with the system prior to imaging. To induce general anesthesia in awake mice, 
isoflurane (3% for initiation, 1.2% for maintenance) was administrated by an anesthesia 
nose cone, while ketamine/xylazine (87.5 mg/kg Ket, 12.5 mg/kg Xy) or urethane (1.6 
mg/kg) were administered through intraperitoneal injection.  To image microglial 
dynamics, we acquired eight z-stack slices (2 μm step, 14 μm total thickness) every 
minute (Fig. S1C). For calcium imaging, continuous acquisition (1 Hz) was carried out 
approximately 60 μm from the brain surface, corresponding to the approximate depth of 
microglial z-stacks, or at 150 μm depth to study the somatic activity of neurons in 
cortical layer 2/3. 
 
Drug Application 

Intracerebral administration of neuromodulators or antagonists was carried out 
through a catheter implanted 2 weeks after the chronic window implantation surgery 
(Fig. 3A, left panel). The catheter was filled with ACSF and no microglia activation was 
observed within the area of the window after implantation. A 10 µL total solution volume 
was applied through the catheter and into the brain. Neuromodulators were applied at 
the following concentrations: 5 mM acetylcholine chloride, 1 mM dopamine 
hydrochloride, 3 mM norepinephrine, 5 mM serotonin hydrochloride. The dose of 
muscimol chosen (870 µM) represents the minimal dose needed to induce significant 
suppression of neuronal activity. Clozapine N-oxide (CNO) was intraperitoneally 
injected at 5 mg/kg to activate Gi-DREADD in awake mice.  

 
Data Analysis 

Images were analyzed using ImageJ (3). For evaluating changes in microglial 
volume and process surveillance territory under awake and anesthetized conditions, a Z 
stack was assembled using an image at each Z level with the least distortion in the X-Y 
plane (selected from five repeat images at each slice level; Fig. S1C). Images in the Z 
stack were aligned through the StackReg plugin and a maximum-intensity projection 
(MIP) along the Z axis was created. The MIP image was then thresholded to obtain a 
two-dimensional rendering of total process area which indicates the microglial process 
volume. A bounding box that connects the distal-most edges of microglial processes 
was then created in the X-Y plane. The area encompassed within this bounding box 
was defined as the microglial surveillance territory. Volume and territory values in 
subsequent stacks were normalized to the values of the first stack to determine 
changes over time. Process velocity was measured using the “Manual tracking” plugin. 
Z stacks acquired 10 to 20 min into imaging were used to evaluate microglial dynamics 
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Fig. S2. Neuronal network activity in the somatosensory cortex of awake and 
anesthetized mice. 
(A-D) Two-photon imaging of neuronal calcium activity in the soma (A) and dendrites 
(C) of excitatory neurons (soma:150 µm beneath cortical surface; dendrites: 50 µm 
beneath cortical surface; AAV9.CamKII.GCaMP6s.WPRE.SV40) before and 1 min after 
isoflurane anesthesia (3% for initiation; 1.2% for maintenance). (B) ΔF/F traces of the 
six somas circled in (A) before and 1 min after isoflurane anesthesia. (D) ΔF/F traces of 
six neuronal dendrites highlighted in (C) before and 1 min after anesthesia. (E and F) 
Field potential recordings 50 µm beneath the cortical surface showing slow wave activity 
emerging after isoflurane anesthesia. 
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Fig. S3. Neuronal network activity decreases after whisker trimming. 
(A) Two-photon time-lapse images of calcium activity (5 min projection) at 50 µm 
beneath cortical surface. (B) ΔF/F traces of the six neuronal segments circled in A 
before and after whisker trimming. (C) Sum of neuronal ΔF/F (value>1.2) in 5 min 
(calcium activity) before and after whisker trimming. N=6 segments, *P<0.05, paired t-
test.   
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Fig. S4. Neuronal network activity decreases after application of muscimol. 
(A) Two-photon time-lapse images of calcium activity (5 min intensity projection) in layer 
2/3 excitatory neurons before and after intracerebral administration of muscimol (870 
µM). (B) ΔF/F traces of six neurons before and after muscimol application. (C) Sum of 
neuronal ΔF/F (value>1.2) in 5 min (calcium activity) before and after application of 
muscimol. N=6 neurons, *P<0.05, paired t-test.  
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Fig. S5. Verification of channelrhodopsin-2 expression in VGAT positive neurons 
and function in excitatory neurons. 
(A) Whole-cell recording in VGAT-positive neurons (inhibitory neurons) expressing 
ChR2 and 1 ms light induced action potential in VGAT-positive neurons. (B) Different 
frequencies of light stimulation inhibited firing in excitatory neurons. 
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