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1342  Fig. S3. Spectral properties of HaloDA1.0 sensors labeled with various dyes.

1343  (A) One-photon excitation (Ex, dash line) and emission (Em, solid line) spectra of
1344  HaloDA1.0 labeled with the indicated dyes and measured in the absence (gray line) and
1345  presence of 100 uM DA (colored line).

1346  (B) Two-photon excitation and emission spectra of HaloDA1.0 labeled with the indicated
1347  dyes and measured in the absence (gray line) and presence of 100 uM DA (colored line).
1348


https://doi.org/10.1101/2024.12.22.629999
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.22.629999; this version posted December 23, 2024. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

Pharmacological profiles in HEK293T

A DA + Antag. Agonist B HaloDA1.0 - JF646 HaloDA1.0 - SiR650
D1R D2R D1R D2R *kk - JF646 ECs, (DA vs NE) EC4, (DA vs NE)
w° S 16 folds S 15 folds
L1 I siR650 woy oy
2 L (™
el g g
@ 3 DA o4 DA
%0.5 NO051 _o00 M N 0571 _480nMm
£ g NE g NE
2 o - S ol " g g 2T
¥ Ol & K ALY o S P -10 -8 -6 -4 -10 -8 -6 -4
N XO.;C’ & F ¥ KR OTATE 0?127 © 9°Q [DA] (logM) [DA] (logM)
oy QY“ N
Response kinetics
C HaloDA1.0 - JF646 D HaloDA1.0 - SiR650
DA
HaloDA1.0 - JF646 5
1 0 3.08s z 5
= o Ton ~ 0.06 s AF/F, z 4 296s
o k<] 3 ﬁ 5% S °
s ® 0.1 % 3
_ oa g oA %2 3hosH
‘ o 0.1 H ° 012
0.04s :
T~ 261s E Tor ~2.90s E 005
AF/F, 0 AFIF, 0
5% Ton Toff 5% Ton  Toff
2s 2s
Performance during 2-hour DA treatment
E HaloDA1.0 - JF646
Saline 100 uM DA o . wkx
w . ons. o«
0Oh 1h 2h S 1
el
(]
N o5
@
13
o
z @ QS (X 0
2 AR NN (Lx%o
100 uM DA
F HaloDA1.0 — SiR650
Saline 100 uM DA © ns.
0h 1h 2h 3 g
el
(5]
No5
©
£
2 P E S O S
& QF N K=
1349 100 uM DA

1350


https://doi.org/10.1101/2024.12.22.629999
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.22.629999; this version posted December 23, 2024. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

1351  Fig. S4. Characterization of the HaloDA1.0 sensor expressed in cultured cells.

1352  (A) Summary of the response of HaloDA1.0 expressed in cultured HEK293T cells and
1353  labeled with JF646 or SiR650. All chemicals were applied at 1 yM; n = 3 wells for each
1354  condition.

1355  (B) Dose-response curves of HaloDA1.0 expressed in cultured HEK293T and labeled with
1356  JF646 (left) or SiR650 (right), in response to DA or NE; n = 3 wells for each condition.
1357  (C and D) Schematic illustration (left), representative traces (middle), and group summary
1358  (right) of the response to locally puffing DA or SCH in order to measure the kinetics of
1359  HaloDA1.0 labeled with JF646 (C) or SiR650 (D). ton was measured following a puff of DA,
1360  while o was measured following a puff of SCH in the presence of DA; n = 4-9 cells each.
1361  Each trace was fitted with a single-exponential function. Scale bars, 20 ym.

1362 (E and F) Representative images (left) and group summary of normalized AF/Fo (right)
1363  measured in cultured neurons expressing HaloDA1.0 and labeled with JF646 (E) or SiR650
1364  (F) before and up to 2 hours after application of 100 uM DA, followed by the addition of
1365 100 uM SCH; n = 3 coverslips for each condition. Scale bars, 10 um.
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1369  Fig. S5. Performance of HaloDA1.0 sensors in zebrafish labeled with various dyes.
1370  (A) (Left) Schematic diagram of the zebrafish larvae’s head with various dye labeling and
1371  the indicated field of view for confocal imaging. (Right) Representative images of the
1372  expression of HaloDA1.0 labeled with JF635, JF646, or SiR650. Scale bars, 50 um. Two
1373  expanded views showing single-cell resolution in the indicated brain regions in SiR650-
1374  labeled zebrafish are shown on the right (scale bar, 20 ym).

1375  (B) (Left) Schematic diagram and representative image of a local puff of DA or PBS onto
1376  the zebrafish brain. The orange circle (100 um diameter) indicates the ROI used for further
1377  analysis. Scale bar, 50 pm. (Right) Representative traces of the change in HaloDA1.0 or
1378  HaloDAmut fluorescence measured under the indicated conditions. The short vertical black
1379 lines indicate local puffs.

1380 (C) Group summary of the brightness, AF/Fo, and relative SNR in response to local puff
1381 under the indicated conditions; n = 3-7 zebrafish per group.
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1385  Fig. S6. Multiplex imaging in zebrafish.

1386  (A) Schematic diagram and representative images of multiplex imaging in the hindbrain of
1387  zebrafish in response to a 1-s electrical shock or 10 mM pentylenetetrazole (PTZ)
1388  application. The zebrafish were labeled with SiR650. The orange box in the overlay
1389 indicates the ROI used for further analysis. Scale bar, 50 um.

1390 (B and C) Pseudocolor images (B) and example traces (C) of DA, Ca?*, and ATP signals
1391  measured during electrical shock (B1 and C1) and PTZ application (B2 and C2). Scale
1392 bars, 50 pm.

1393 (D) Normalized fluorescence response (left) and cross-correlation (right) of the indicated
1394  pairs of sensor signals measured during electrical shock; n = 8 zebrafish.

1395 (E) DA, Ca?*, and ATP signals measured during PTZ application. (Left) Peak fluorescence
1396  responses obtained by centering all three sensor signals with the peak Ca?* signal. (Middle)
1397 Normalized fluorescence response of all three signals. (Right) Scatter plot of the
1398  normalized peak amplitude of all three signals. Individual peak amplitude was normalized
1399  to the maximum peak amplitude for each sensor signal. The magenta circles indicate the
1400  correlation between DA and Ca?*, while the green circles indicate the correlation between
1401  ATP and Ca?*. The data were fitted with a linear function. A total of 33 peaks were selected
1402  in 3 zebrafish.

1403  (F) Group summary of the decay kinetics of all three sensor signals measured during
1404  electrical shock (n = 8 zebrafish) or PTZ application (n = 3 zebrafish). The values were

1405  obtained by fitting the traces with a single-exponential function.
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Fig. S7. Validation of optogenetic expression in mice.

Histological verification of the expression of the indicated sensors and optogenetic
actuators in the VTA and NAc (A), VTA and mPFC (B), and VTA and CeA (C). The dashed
lines indicate the location of the optical tract. Scale bars, 1 mm.
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Fig. S10. Pharmacologic validation during three-color recording.

Representative traces of the change in fluorescence (A), average traces (B), and group
summary of peak Z-scores (C) measured for DA, ACh and D1-MSN cAMP sensors under
control conditions and following an i.p. injection of 8 mg/kg SCH (A1, B1, and C1) or 10
mg/kg Scop (A2, B2, and C2).



