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Fig. S3. Spectral properties of HaloDA1.0 sensors labeled with various dyes.  1342 
(A) One-photon excitation (Ex, dash line) and emission (Em, solid line) spectra of 1343 
HaloDA1.0 labeled with the indicated dyes and measured in the absence (gray line) and 1344 
presence of 100 μM DA (colored line).  1345 
(B) Two-photon excitation and emission spectra of HaloDA1.0 labeled with the indicated 1346 
dyes and measured in the absence (gray line) and presence of 100 μM DA (colored line).  1347 
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Fig. S4. Characterization of the HaloDA1.0 sensor expressed in cultured cells. 1351 
(A) Summary of the response of HaloDA1.0 expressed in cultured HEK293T cells and 1352 
labeled with JF646 or SiR650. All chemicals were applied at 1 μM; n = 3 wells for each 1353 
condition. 1354 
(B) Dose-response curves of HaloDA1.0 expressed in cultured HEK293T and labeled with 1355 
JF646 (left) or SiR650 (right), in response to DA or NE; n = 3 wells for each condition. 1356 
(C and D) Schematic illustration (left), representative traces (middle), and group summary 1357 
(right) of the response to locally puffing DA or SCH in order to measure the kinetics of 1358 
HaloDA1.0 labeled with JF646 (C) or SiR650 (D). τon was measured following a puff of DA, 1359 
while τoff was measured following a puff of SCH in the presence of DA; n = 4–9 cells each. 1360 
Each trace was fitted with a single-exponential function. Scale bars, 20 μm.  1361 
(E and F) Representative images (left) and group summary of normalized ΔF/F0 (right) 1362 
measured in cultured neurons expressing HaloDA1.0 and labeled with JF646 (E) or SiR650 1363 
(F) before and up to 2 hours after application of 100 μM DA, followed by the addition of 1364 
100 μM SCH; n = 3 coverslips for each condition. Scale bars, 10 μm. 1365 
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Fig. S5. Performance of HaloDA1.0 sensors in zebrafish labeled with various dyes. 1369 
(A) (Left) Schematic diagram of the zebrafish larvae’s head with various dye labeling and 1370 
the indicated field of view for confocal imaging. (Right) Representative images of the 1371 
expression of HaloDA1.0 labeled with JF635, JF646, or SiR650. Scale bars, 50 μm. Two 1372 
expanded views showing single-cell resolution in the indicated brain regions in SiR650-1373 
labeled zebrafish are shown on the right (scale bar, 20 μm).  1374 
(B) (Left) Schematic diagram and representative image of a local puff of DA or PBS onto 1375 
the zebrafish brain. The orange circle (100 μm diameter) indicates the ROI used for further 1376 
analysis. Scale bar, 50 μm. (Right) Representative traces of the change in HaloDA1.0 or 1377 
HaloDAmut fluorescence measured under the indicated conditions. The short vertical black 1378 
lines indicate local puffs. 1379 
(C) Group summary of the brightness, ΔF/F0, and relative SNR in response to local puff 1380 
under the indicated conditions; n = 3-7 zebrafish per group. 1381 
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Fig. S6. Multiplex imaging in zebrafish. 1385 
(A) Schematic diagram and representative images of multiplex imaging in the hindbrain of 1386 
zebrafish in response to a 1-s electrical shock or 10 mM pentylenetetrazole (PTZ) 1387 
application. The zebrafish were labeled with SiR650. The orange box in the overlay 1388 
indicates the ROI used for further analysis. Scale bar, 50 μm. 1389 
(B and C) Pseudocolor images (B) and example traces (C) of DA, Ca2+, and ATP signals 1390 
measured during electrical shock (B1 and C1) and PTZ application (B2 and C2). Scale 1391 
bars, 50 μm. 1392 
(D) Normalized fluorescence response (left) and cross-correlation (right) of the indicated 1393 
pairs of sensor signals measured during electrical shock; n = 8 zebrafish. 1394 
(E) DA, Ca2+, and ATP signals measured during PTZ application. (Left) Peak fluorescence 1395 
responses obtained by centering all three sensor signals with the peak Ca2+ signal. (Middle) 1396 
Normalized fluorescence response of all three signals. (Right) Scatter plot of the 1397 
normalized peak amplitude of all three signals. Individual peak amplitude was normalized 1398 
to the maximum peak amplitude for each sensor signal. The magenta circles indicate the 1399 
correlation between DA and Ca2+, while the green circles indicate the correlation between 1400 
ATP and Ca2+. The data were fitted with a linear function. A total of 33 peaks were selected 1401 
in 3 zebrafish. 1402 

(F) Group summary of the decay kinetics of all three sensor signals measured during 1403 

electrical shock (n = 8 zebrafish) or PTZ application (n = 3 zebrafish). The values were 1404 

obtained by fitting the traces with a single-exponential function. 1405 
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Fig. S7. Validation of optogenetic expression in mice. 1408 
Histological verification of the expression of the indicated sensors and optogenetic 1409 
actuators in the VTA and NAc (A), VTA and mPFC (B), and VTA and CeA (C). The dashed 1410 
lines indicate the location of the optical tract. Scale bars, 1 mm. 1411 
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Fig. S10. Pharmacologic validation during three-color recording. 1446 
Representative traces of the change in fluorescence (A), average traces (B), and group 1447 
summary of peak Z-scores (C) measured for DA, ACh and D1-MSN cAMP sensors under 1448 
control conditions and following an i.p. injection of 8 mg/kg SCH (A1, B1, and C1) or 10 1449 
mg/kg Scop (A2, B2, and C2). 1450 
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