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Supplementary Figure 1. Optimization of light stimulation by the wireless optogenetic 
implant.  
a. Rectifier efficiency versus input power for two loading conditions. n=3. b. Optical properties of 
the adipose tissues and brain. Based on this data, the attenuation coefficients were calculated 
(Adipose tissue, µ′s =0.8 mm-1; Brain, µ′s =1.6 mm-1). n=3. c. Demonstrates the degradation of the 
encapsulated implant in 20 mM Hydrogen Peroxide at 60 ˚C. Epoxy coating before submerging in 
hydrogen peroxide solution (left panel). Epoxy coating without Parylene C after 5 days in solution. 
Red circles represent some intrusion of liquid (middle panel). No intrusion of liquid under epoxy 
coating with Parylene C after 5 days in solution. (right panel). d. Heat emission from the device 
following optogenetic light stimulations with indicated pulse width. n=5. e. Heat emission from 
the device following optogenetic light stimulations with indicated pulse frequency. Mice 
stimulated with 10-Hz frequency, n=3; with 1-Hz or 20-Hz frequencies, n=4. f. Real-time 
intracellular Ca2+ influx changes following optogenetic light stimulation with indicated pulse 
width and frequency. Cells stimulated with 500-µs pulse width and 100-Hz frequency, n=90; with 
1-ms pulse width and 50-Hz frequency, n=105. g. Heat emission from device following 
optogenetics light stimulation with indicated pulse width and frequency. Mice stimulated with 
500-µs pulse width and 100-Hz frequency, n=4; with 1-ms pulse width and 50-Hz frequency, n=3. 
All Data are expressed as means ± s.e.m. 
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Supplementary Figure 2. Characterization of Adipo-ChR2 mice. 
a. mRNA expression of Yfp in the inguinal WAT and skeletal muscle of Adipo-ChR2 and littermate 
controls. mRNA expression relative to 36B4. n=4. b. Real-time changes in the inguinal WAT 
temperature of Adipo-ChR2 mice following optogenetics light stimulation. n=5. c. Schematic 
illustration of the iBAT temperature recording following optogenetic light stimulation. d. 
Quantification of light-stimulated iBAT thermogenesis of Adipo-ChR2 and littermate controls in 
(c). Control, n=7; Adipo-ChR2, n=4. e. mRNA expression of Ucp1 (left) and Serca2 (right) in the 
indicated beige adipocytes. mRNA expression relative to 36B4. Ucp1; Wild-type, n=4; Ucp1 KO, 
n=4; Serca2; Wild-type, n=5; Serca2KD, n=7. f. mRNA expression of ChR2 in indicated beige 
adipocytes. mRNA expression relative to 36B4. n=3.  Data were analyzed by unpaired two-sided 
t-test (a, d, and e-f). All Data are expressed as means ± s.e.m. n.s., not significant. 
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Supplementary )igure �. The reTuirement of S(5&$� for aGipose tissue thermogenesis.

a. Real-time changes in intracellular Ca2+ influx in wild-type (left), Ucp1 .O (middle), and Serca2 depleted
beige adipocytes (right) in response to noradrenaline (NA) treatment (shown by red arrows). :ild-type,
n=85; Ucp1 .O, n=�0; Serca2.D, n=85. b. Oxygen consumption rate (OCR) in wild-type, Ucp1 .O, and
Serca2 depleted beige adipocytes. :ild-type, n=9 for both groups; Ucp1 .O, n=10 for both groups;
Serca2.D, n=8 for both groups. c. 4uantification of light-stimulated thermogenesis in the sNeletal muscle
of the indicated mice. Control with AA9-*)P, n=4; Control with AA9-ChR2, n=5; Adipo- Serca2 .O with
AA9-ChR2, n=5. G. /ocomotor activity of Adipo-ChR2 mice and littermate controls. All mice were
stimulated with optogenetics wireless implant at 10 Hz with a 5-ms pulse width for 10 min per day. Control,
n=8; Adipo-ChR2, n=11. Data were analyzed by two-way ANO9A (b) or one-way ANO9A (c) by 7uNey
s
post hoc test, or unpaired two-sided t-test (d). All Data are expressed as means± s.e.m. n.s., not significant.
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Supplementary Figure 3. The requirement of SERCA2 for adipose tissue thermogenesis. 
a. Real-time changes in intracellular Ca2+ influx in wild-type (left), Ucp1 KO (middle), and Serca2 
depleted beige adipocytes (right) in response to noradrenaline (NA) treatment (shown by red 
arrows). Wild-type, n=85; Ucp1 KO, n=70; Serca2KD, n=85. b. Oxygen consumption rate (OCR) 
in wild-type, Ucp1 KO, and Serca2 depleted beige adipocytes. Wild-type, n=9 for both groups; 
Ucp1 KO, n=10 for both groups; Serca2KD, n=8 for both groups. c. Quantification of light-
stimulated thermogenesis in the skeletal muscle of the indicated mice. Control with AAV-GFP, 
n=4; Control with AAV-ChR2, n=5; Adipo- Serca2 KO with AAV-ChR2, n=5. d. Locomotor 
activity of Adipo-ChR2 mice and littermate controls. All mice were stimulated with optogenetics 
wireless implant at 10 Hz with a 5-ms pulse width for 10 min per day. Control, n=8; Adipo-ChR2, 
n=11. Data were analyzed by two-way ANOVA (b) or one-way ANOVA (c) by Tukey's post hoc 
test, or unpaired two-sided t-test (d). All Data are expressed as means ± s.e.m. n.s., not significant. 
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Supplementary Figure 4. The effect of optogenetic stimulation on adipose tissues. 
a. mRNA expression of Serca2 in the inguinal WAT of wild-type mice following CL-316, 243 
treatment. The mice at 10 weeks old were treated with saline or CL-316, 243 at 1 mg kg-1 for 5 
days. mRNA expression relative to 36B4. n=6. b-d. mRNA expression of pro-inflammatory 
genes (b), pro-fibrosis genes (c), and thermogenesis genes (d) in the inguinal WAT of Adipo-
ChR2 mice and littermate controls. mRNA expression was relative to 36B4. Control, n=8 for 
inflammation genes and fibrosis genes, n=4 for thermogenesis genes; Adipo-ChR2, n=10 for 
inflammation genes and fibrosis genes, n=5 for thermogenesis genes. e. mRNA expression of 
pro-inflammatory genes in the inguinal WAT of mice that received wireless optogenetic devices 
or sham-operated mice. Fourteen days after sham operation or implanted operation, the inguinal 
WAT was harvested. Sham-operated, n=5; Device-implanted, n=4.  mRNA expression was 
relative to 36B4. f. Glucose tolerance test in Adipo-ChR2 mice and littermate controls. Mice 
received optogenetic light stimulation at 10 Hz with a 5-ms pulse width for 10 min for 19 days 
on a HFD. n=5. g. Liver triglyceride contents in Adipo-ChR2 mice and littermate controls. n=5. 
Data were analyzed by unpaired two-sided t-test (a-e, and g) or two-way repeated-measures 
ANOVA (f). All Data are expressed as means ± s.e.m. n.s., not significant. 
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*ene FRrZard 5eYerVe

Ccr2 ATCCAC**CATACTATCAACATC TC*TA*TCATAC**T*T**T*

ChR2 CAAT*TTACT*T*CC**AT* ATTTCAAT**C*CACACATA

Cidea ATCACAACT**CCT**TTAC* TACTACCC**T*TCCATTTCT

Col1a1 *CTCCTCTTA****CCACT CCAC*TCTCACCATT****

Col3a1 CT*TAACAT**AAACT****AAA CCATA*CT*AACT*AAAACCACC

Col6a1 CT*CT*CTACAA*CCT*CT CCCCATAA**TTTCA*CCTCA

Col6a3 *CT*C**AATCACTTT*T*C CACCTT*ACACCTTTCT***T

Cox7a1 CA*C*TCAT**TCA*TCT*T A*AAAACC*T*T**CA*A*A

Cox8b *AACCAT*AA*CCAAC*ACT *C*AA*TTCACA*T**TTCC

Dio2 CA*T*T**T*CAC*TCTCCAATC T*AACCAAA*TT*ACCACCA*

Elovl3 TCC*C*TTCTCAT*TA**TCT **ACCT*AT*CAACCCTAT*A

Emr1 CTT**CTAT***CTTCCA*TC *CAA**A**ACA*A*TTTATC*T*

Ifng ACA*CAA**C*AAAAA**AT* T**T**ACCACTC**AT*A 

Il1b AT*CCACCTTTT*ACA*T*AT A*CCCTTCATCTTTT****T

Il6 CCCCAATTTCCAAT*CTCTCC **AT**TCTT**TCCTTA*CC

Lgals3 T*CT**TTCCA***ACTCAA CCACC**CCTCT*TA*AA*A

Lox CA*CCACATA*ATC*CAT**T *CC*TATCCA**TC**TTC

Pcolce2 T*T**C**CATTCTTACC* CCCTCA**AACT*T*ATTTTCCA

Pgc1a A*CC*T*ACCACT*ACAAC*A* *CT*CAT**TTCT*A*T*CTAA*

Serca2 TC*ACA**ACA*AAA*A*T*T* AAACT*AATTCAACTCACCA*C

Tgfb CTCCC*T**CTTCTA*T*C *CCTTA*TTT**ACA**ATCT*

Tnfa AT**CCTCCCTCTCATCA*T TTT*CTAC*AC*T***CTAC

Ucp1 CACCTTCCC*CT**ACACT CCCTA**ACACCTTTATACCTAAT**

Yfp A*CT*AA***CATC*ACTTC A*CA**ACCAT*T*ATC*C

36B4 TCCA**CTTT***CATCA CTTTATCA*CT*CACATCACTCA*A


