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Figure S1. Further Validation of DREADDs (Related to Figure 1) 
(A) Photomerge of a representative sagittal section of Silencing DREADDs mouse brain stained for 
rabbit-anti-HA (red) and cell nuclei with DAPI (blue). Color-matched boxes were added to the edges to 
make a rectangular image. Scale bar represents 2 mm. 
(B) Average velocity of Activating mice vs. paired littermate controls after i.p. injection of 0.5 mg/kg 
CNO (left) and Silencing mice vs. paired littermate controls after i.p. injection of 1.0 mg/kg of CNO 
(right) over 3 hour recording sessions. Open circles represent control animals and closed circles 
represent Activating/Silencing animals. Data represent mean ± SEM (error bars). n=3 per group, 
*p<0.05 by unpaired Student’s t-test. 
(C) Representative coronal sections immunostained for rabbit-anti-Cleaved Caspase-3 (red) and DAPI 
(blue) of MCAO infarct (right) and contralateral control area (left) of the same section from the same 
mouse. Scale bar represents 500 μm. Inset represents a magnified portion of the main image. The 
MCAO model of stroke was used as a positive control to identify cell death. 
(D) Quantification of Cleaved Caspase-3+ cells per mm2 in infarct vs contralateral area of the same 
mice as in (C). Data represent mean ± SEM (error bars). n=4 per group. **p<0.005 by paired Student’s 
t-test.  
(E) Representative sagittal cortical/hippocampal sections immunostained for mouse anti-NeuN  
(green), rabbit anti-Cleaved Caspase-3 (red) and DAPI (blue) of a littermate control mouse (left) and 
Activating mouse (right) collected 3 hours after injection of 0.5 mg/kg CNO. Scale bar represents 500 
μm.  
(F) Quantification of Cleaved Caspase-3+ cells per mm2 in the cortex and hippocampus of Activating 
mice vs littermate control mice. Data represent mean ± SEM (error bars). n=3 per group. n.s. (not 
significant) by unpaired Student’s t-test. 
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Figure S2. Neuronal Activity-Regulated Brain Endothelial Transcriptome Cell Purity (Related to 
Figures 2 and 6) 

(A-C) The counts per million (CPM) of brain cell-specific markers in the Activating (A), Silencing (B) 
and Barrel Cortex (C) datasets. Values for each gene are also listed in the tables (left). 
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Figure S3. Further Characterization of Neuronal Activity-Regulated BBB Function (Related to 
Figure 4) 

(A) Pgp protein expression of Activating vs. Silencing cortices/hippocampi following CNO administration 
measured by targeted mass spectrometry. Data represent mean ± SEM (error bars). n=4 per group. 
p=0.15 by unpaired Student’s t-test. 
 (B) Normalized brain:blood ratios of Rh123 fluorescence in Vehicle-treated vs Tariquidar (Pgp 
inhibitor)-treated wildtype mice. The rhodamine fluorescence (brain:blood) of each mouse was 
normalized to the average fluorescence of the vehicle-treated mice (Excitation=505nm, 
Emission=560nm). n=3 per group. Data represent mean ± SEM (error bars). *p=0.034018 by unpaired 
Student’s t-test. 
(C) Normalized Rhodamine123 (Rh123) fluorescence in non-activated brain regions and organs of 
Activating vs. Silencing mice following CNO administration (~ZT3-ZT4). Mutants were paired with 
littermate controls. The rhodamine fluorescence (brain:blood) of each mutant was normalized to the 
fluorescence of its littermate control (Excitation=505nm, Emission=560nm). Data represent mean ± 
SEM (error bars). Individual data points are shown. *p<0.05 by unpaired Student’s t-test. 
(D) Representative sagittal sections of the cortex immunostained for lectin (green), rat anti-CD45 (red) 
and DAPI (blue) of littermate control mice (top), a Silencing mouse (bottom left) and an Activating 
mouse (bottom right) collected 3 hours after injection of CNO. Dosages are noted. There were no 
alterations in CD45+ cells due to neuronal modulation. n=3 per group. Scale bar represents 200 μm 
(E) Evan’s Blue raw fluorescence of the plasma and corresponding brains of Activating mice (green) 
and respective littermate controls (blue) (left) and Silencing mice (red) and respective littermate 
controls (blue) (right) following CNO administration. The dotted lines represent the autofluorescence 
of a control mouse in the given batch that was not injected with Evan’s Blue (Excitation=620nm, 
Emission=680nm). Note that plasma was diluted an extra 40X. 
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Figure S4. Neuronal Activity-Dependent Effect on Core Circadian Clock (Related to Figures 5 
and 6) 
(A) Log2 fold change of mRNA expression in Activating or Silencing groups relative to respective 
littermate controls of core circadian clock genes in brain endothelial cells after DREADDs-mediated 
manipulation of glutamatergic activity. Data represent mean ± SEM (error bars). n=4 mice per group. 
*p<0.05, **p<0.005, n.s. (not significant) by Wald Test. 
(B) Log2 fold change of mRNA expression in +Whisker group relative to –Whisker group of core 
circadian clock genes in brain endothelial cells after behaviorally motivated changed in barrel cortex 
neurons. Data represent mean ± SEM (error bars). n=3 mice per group. **p<0.005, ***p<0.001, n.s. 
(not significant) by Wald Test. 
(C) Representative coronal section of an Activating mouse SCN stained for rabbit anti-HA (red) and 
DAPI (blue). 3V represents the third ventricle and the dotted area represents the SCN. Scale bar 
represents 200 μm. 
(D) Representative coronal section of an Activating mouse SCN stained for rabbit anti-Bmal1 (green), 
rat anti-HA (red) and DAPI (blue). 3V represents the third ventricle and the dotted area represents the 
SCN. Scale bar represents 100 μm. 
(E) Representative coronal sections of the SCN immunostained for rabbit anti-Bmal1 (green),goat anti-
cFos (red) and DAPI (blue) of littermate control mice (top), a Silencing mouse (bottom left) and an 
Activating mouse (bottom right) collected 3 hours after injection of CNO. Dosages are noted. Scale bar 
represents 200 μm. 
(F)  Quantification of cFos+ cells per mm2 in the SCN of Activating mice vs paired littermate control 
mice. Data represent mean ± SEM (error bars). n=6 mice per group. n.s.=not significant (p=0.119) by 
Unpaired Student’s t-test. 
(G)  Quantification of cFos+ cells per mm2 in the SCN of Silencing mice vs paired littermate control 
mice. Data represent mean ± SEM (error bars). n=5 mice per group. n.s.=not significant (p=0.489) by 
Unpaired Student’s t-test. 
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Figure S5. Validation of Endothelial-specific Bmal1 knockout and diurnal behavior (Related to 
Figure 5) 
(A) Schematic of conditional disruption of Bmal1 and expected PCR product sizes. Yellow triangles 
represent loxP sites. L1, R4, and L2 represent primers. Adapted from Figure 5A of (Storch et al., 2007).  
(B) Schematic of strategy to purify CD31+ (endothelial) cells and CD31- (non-endothelial) cells to 
determine if Bmal1 was disrupted from the cells’ genomes of endothelial-specific Bmal1 knockout mice 
and littermate controls by PCR and gel electrophoresis. 
(C) Representative image of section stained with rat anti-CD31 (green) and endogenous tdTomato 
fluorescence (red) in VECadherin-CreERT2; Rosa-lsl-tdTomato mice and wildtype controls in the cortex.  
(D) Relative mRNA expression of endothelial PAR bZip genes at ZT0 vs.  ZT12 normalized to GAPDH 
in RiboTag-purified brain endothelial cells from littermate control mice (top) and Ribotag-purified brain 
endothelial cells from endothelial-Bmal1 conditional knockout mice (bottom).  Expression levels 
represent 2-ΔΔct. Data represent mean ± SEM (error bars). n=5. *p<0.05, ***p<0.001, n.s. (not 
significant) by unpaired Student’s t-test. 
(E) Water intake at the end of the dark and light periods across 4 days in endothelial-specific Bmal1 
knockout mice and littermate controls. n=8-9 per group. 
(F) Chow intake at the end of the dark and light periods across 4 days in endothelial-specific Bmal1 
knockout mice and littermate controls. n=8-9 per group. 
(G) Relative mRNA expression of Abcb1a normalized to GAPDH across a 24 hour day (12:12 hour 
dark:light) in littermate controls (left) and endothelial-Bmal1 knockout mice (right). Expression levels 
represent 2-ΔΔct. Data represent mean ± SEM (error bars). n=4 mice per group. Rhythmicity was 
assessed by linear regression. Results are represented as solid lines if the statistical model indicates 
rhythmicity. Non-rhythmic fits are represented by dashed lines. The statistical model was only 
considered if the BICW > 0.4. 
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Figure S6. Comparison of Behaviorally Motivated vs. DREADDs-Mediated, Neuronal Activity-
Regulated Brain Endothelial Transcriptomes (Related to Figure 6) 

Heat maps of genes statistically significantly (by Wald Test) regulated by whisker stimulation in the 
+Whisker and –Whisker replicates (top) and the same genes viewed in the Activating replicates and 
paired littermate control replicates (middle) and the Silencing replicates and paired littermate control 
replicates (bottom). Color scale represents arbitrary units of expression. Blue represents lower 
expression and red represents higher expression. Pearson Correlation Coefficients shown above 
respective heat maps. 
 

  

r = 0.539843 

r = 0.089476 

508 Genes Downregulated by  
Whisker Stimulation 

727 Genes Upregulated by  
Whisker Stimulation 

+Whisker 

- Whisker 

Activating 

Control 

Silencing 

Control 



11 
 

  

A c
tiv
a t
in
g

S i
le
n c
in
g

W
h i
s k
e r

S lc10a3
S lc10a7
S lc11a2
S lc12a2
S lc12a4
S lc12a6
S lc12a7
S lc12a9
S lc15a2
S lc15a4
S lc16a1
S lc16a11
S lc16a13
S lc16a2
S lc16a4
S lc16a9
S lc17a5
S lc19a1
S lc19a3
S lc1a1
S lc1a2
S lc1a3
S lc1a4
S lc1a5
S lc20a1
S lc20a2
S lc22a15
S lc22a17
S lc22a5
S lc22a8
S lc23a2
S lc24a6
S lc25a1
S lc25a10
S lc25a11
S lc25a12
S lc25a15
S lc25a16
S lc25a17
S lc25a19
S lc25a20
S lc25a22
S lc25a23
S lc25a24
S lc25a25
S lc25a28
S lc25a3
S lc25a30
S lc25a32
S lc25a33
S lc25a36
S lc25a37
S lc25a38
S lc25a39
S lc25a4
S lc25a40
S lc25a42
S lc25a44
S lc25a45
S lc25a46
S lc25a5
S lc26a10
S lc26a11
S lc26a2
S lc27a1
S lc27a4
S lc29a1
S lc29a3
S lc29a4
S lc2a1
S lc2a8
S lc30a1
S lc30a4
S lc30a5
S lc30a6
S lc30a7
S lc30a9
S lc31a1
S lc31a2
S lc33a1
S lc35a1
S lc35a2
S lc35a3
S lc35a4
S lc35a5
S lc35b 1
S lc35b 2
S lc35b 3
S lc35b 4
S lc35c2
S lc35d 1
S lc35d 2
S lc35e1
S lc35e2
S lc35e4
S lc35f 2
S lc35f 5
S lc36a1
S lc36a4
S lc37a3
S lc37a4
S lc38a10
S lc38a11
S lc38a2
S lc38a3
S lc38a5
S lc38a6
S lc38a7
S lc38a9
S lc39a1
S lc39a10
S lc39a13
S lc39a3
S lc39a6
S lc39a8
S lc39a9
S lc3a2
S lc40a1
S lc41a1
S lc43a2
S lc44a1
S lc44a2
S lc44a5
S lc45a4
S lc46a3
S lc48a1
S lc4a1ap
S lc4a2
S lc4a4
S lc4a7
S lc50a1
S lc52a2
S lc52a3
S lc5a3
S lc5a6
S lc6a1
S lc6a11
S lc6a17
S lc6a6
S lc6a8
S lc7a1
S lc7a3
S lc7a5
S lc7a6

S lc7a6o s
S lc7a7
S lc9a1
S lc9a2

S lc9a3r1
S lc9a3r2
S lc9a6
S lc9a8

S lco 1a4
S lco 1c1
S lco 2b 1

(ò ,p < 0 .0 0 1 )

(ò ,p < 0 .0 0 5 , > 0 .0 0 1 )

(ò ,p < 0 .0 5 , > 0 .0 0 5 )

(n .s . )

(ñ ,p < 0 .0 5 , > 0 .0 5 )

(ñ ,p < 0 .0 0 5 , > 0 .0 0 1 )

(ñ ,p < 0 .0 0 1 )



12 
 

Figure S7. Neuronal Activity-Regulated Slc Transporter Transcriptome (Related to Figures 3 and 
6) 
Heat map for binned p-values and activity-regulated directionality of Slc transporters (>10 average 
CPM) in Activating vs. Control (left), Silencing vs. Control (middle) and +Whisker vs. –Whisker (right). 
Color scale denotes if a given gene was upregulated (↑) (red) or downregulated (↓) (blue) and whether 
the change was statistically significant by Wald Test (intensity of color).  
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  Table S1. DAVID Pathway Analysis for 748 genes downregulated by glutamatergic activation, Related to 
Figure 2 

  

Table S2. DAVID Pathway Analysis for 625 genes upregulated by glutamatergic activation, Related to 
Figure 2 
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  Table S3. DAVID Pathway Analysis for 603 genes downregulated by glutamatergic silencing, Related to 
Figure 2 

  

Table S4. DAVID Pathway Analysis for 718 genes upregulated by glutamatergic silencing, Related to Figure 
2 
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  Table S5. DAVID Pathway Analysis for 138 genes upregulated after glutamatergic silencing AND 
downregulated after glutamatergic activation, Related to Figure 2 

  

Table S6. DAVID Pathway Analysis for 105 genes upregulated after glutamatergic activation AND 
downregulated after glutamatergic silencing, Related to Figure 2 
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 Table S7. DAVID Pathway Analysis for 508 genes downregulated by whisker stimulation, Related to Figure 
6 

  

Table S8. DAVID Pathway Analysis for 727 genes upregulated by whisker stimulation, Related to Figure 6 

  


