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Supplementary Figure 1. Validation of optoXRV1 function in the Gsx assay. 

a-g. Analysis of optoXRV1 function in live HEK293 cells using the Gsx assay to probe specific 
G protein activation. a. G protein coupling properties of optoDop1R2V1 after activation with 
light (1 s, 525 nm, 720 μW/cm2). Maximum normalized responses are shown as relative light 
units (RLU, n=5 independent experiments, n.s. p>0.05). b. G protein coupling properties of 
optoAkhRV1 after activation with light (1s 525 nm, 720 μW/cm2). Maximum normalized 
responses are shown as relative light units (RLU, n=3 independent experiments, **p<0.01, 
***p<0.001, one-way ANOVA with Dunnett’s post-hoc test). c. G protein coupling properties 
of opto5HT1BV1 after activation with light (1 s, 525 nm, 720 μW/cm2). Maximum normalized 
responses are shown as relative light units (RLU, n=3 independent experiments, ***p<0.001, 
one-way ANOVA with Dunnett’s post-hoc test). d. G protein coupling properties of optoLgr3 
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V1 after activation with light (1 s, 525 nm, 720 μW/cm2). Maximum normalized responses are 
shown as relative light units (RLU, n=3 independent experiments, n.s. p>0.05, one-way 
ANOVA with Dunnett’s post-hoc test). e. G protein coupling properties of optoLgr4V1 after 
activation with light (1s 525 nm, 720μW/cm2). Maximum normalized responses are shown as 
relative light units (RLU, n=5, n.s. p>0.05, one-way ANOVA with Dunnett’s post-hoc test). f. 
G protein coupling properties of optosNPFR V1 after activation with light (1 s, 525 nm, 
720μW/cm2). Maximum normalized responses are shown as relative light units (RLU, n=6 
independent experiments, n.s. p>0.05, one-way ANOVA with Dunnett’s post-hoc test). g. G 
protein coupling properties of optoTk99DV1 after activation with light (1 s, 525 nm, 
720μW/cm2). Maximum normalized responses are shown as relative light units (RLU, n=3 
independent experiments, n.s. p>0.05, one-way ANOVA with Dunnett’s post-hoc test). All 
boxplots depict 75th (top), median (central line) and 25th (bottom) percentile, whiskers depict 
99th (top) and 1st (bottom) percentile. Source data and statistical details are provided as a 
Source Data file. 
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Supplementary Figure 2. Validation of optoDop1R1V2 function in Gsx and TRUPATH 
assays. 
a-d. G protein coupling properties of Drosophila Dop1R1 and optoDop1R1 in the Gsx assay 
(shown as relative light units (RLU)). a. G protein coupling responses over time of Drosophila 
Dop1R1 with 1nM DA (mean ± SEM, n=4 independent experiments). b. DA concentration 
dependent maximum activation of Gs and G15 signaling of Dop1R1 (n=4 independent 
experiments). c. G protein coupling of optoDop1R1V1 after activation with light (1 s, 525 nm, 
720 µW/cm2). Normalized response kinetics are shown as relative light units (RLU, mean ± 
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SEM, n=7 independent experiments). d. G protein coupling properties of improved 
optoDop1R1V2 after activation with light (1s 525 nm, 720 µW/cm2). Normalized response 
kinetics are shown as relative light units (RLU, mean ± SEM, n=7 independent experiments). 
e. Schematic of the TRUPATH assay. Bioluminescence resonance energy transfer (BRET) 
between Gα subunits fused to RLuc8 and Gγ subunits fused to GFP2 is diminished upon 
receptor activation and G protein subunit dissociation, resulting in lower BRET efficiency. 
Changes in the BRET emission ratio (netBRET: 515 nm/410 nm) represent G protein 
activation kinetics. Created with BioRender.com. f. Kinetic G protein coupling properties of 
Drosophila Dop1R1 after activation with 1µM DA assayed using TRUPATH (mean ± SEM, 
n=3 independent experiments, ***p<0.001, one-way ANOVA with Dunnett’s post-hoc test). g. 
G protein coupling properties of optoDop1R1V2 after activation with light (1 s, 485 nm) using 
the TRUPATH assay. Normalized response kinetics are shown (mean ± SEM, n=4 
independent experiments, ***p<0.001, one-way ANOVA with Dunnett’s post-hoc test). h. 
Mean response of wavelength-dependent induction of Gs-mediated cAMP production after 
optoDop1R1V2 activation with light (1 s, 180 µW/cm2, 430-490 nm, n=3 independent 
experiments). All boxplots depict 75th (top), median (central line) and 25th (bottom) percentile, 
whiskers depict 99th (top) and 1st (bottom) percentile. Source data and statistical details are 
provided as a Source Data file. 
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Supplementary Figure 3. Validation of optoDop1R2V2 function in Gsx and TRUPATH 
assays. 
a-e. G protein coupling properties of Drosophila Dop1R2 and optoDop1R2V2 in the Gsx assay 
(shown as relative light units (RLU)). a. G protein coupling responses over time of Drosophila 



7 
 

Dop1R2 with 1nM DA (mean ± SEM, n=4 independent experiments). b. DA concentration 
dependent maximum activation of Gi and Go signaling of Dop1R2 (mean ± SEM, 0.1/10 nM: 
n=3 independent experiments; 1.0/100 nM: n=4 independent experiments). c. G protein 
coupling responses over time of optoDop1R2V2 after activation with light (1s 525 nm, 720 
µW/cm2). Normalized response kinetics are shown (mean ± SEM, n=4 independent 
experiments). d. Light intensity-dependent maximum of Gi and Go signaling induced by 
optoDop1R2V2 (1 s, 525 nm, n=4 independent experiments). e. Wavelength-dependent 
induction of Gs-mediated cAMP production after optoDop1R2V2 activation with light (1s 180 
µW/cm2, 430-490 nm, n=3 independent experiments). f. Kinetic G protein coupling properties 
of wild type Dop1R2 after activation with 1µM DA assayed with TRUPATH (mean ± SEM, 
n=3 independent experiments, one-way ANOVA with Dunnett’s post-hoc test). g. G protein 
coupling properties of optoDop1R2V2 after activation with light (1 s, 485 nm) using 
TRUPATH. Normalized response kinetics are shown (mean ± SEM, n=4 independent 
experiments, one-way ANOVA with Dunnett’s post-hoc test). All boxplots depict 75th (top), 
median (central line) and 25th (bottom) percentile, whiskers depict 99th (top) and 1st (bottom) 
percentile. Source data and statistical details are provided as a Source Data file. 
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Supplementary Figure 4. In vivo localization of optoDopRs. 
a. Overview of immunolabeled optoDopR expression in the larval mushroom body (201y-Gal4, 
CD8-GFP, scale bars: 50 µm). b. Single cell expression of immunolabeled optoDop1R1V1 in 
larval MBONs co-labeled with membrane bound CD4-tdTomato (MBONg1/g2-Gal4, CD4-
tdTomato). Scale bar 20 µm. Expression was mostly detected in the soma, with low expression 
in the axon and dendrites. c. Immunolabeling of optoDopRs in the adult mushroom body (all 
KCs, OK107-Gal4, myr-tdTomato) co-labeled with anti-Dlg marking the MB (scale bars: 50 
µm). d. Enlarged view of optoDopR expression in the adult mushroom body (all KCs, OK107-
Gal4, myr-tdTomato) co-labeled with anti-Dlg marking the MB (scale bars: 25 µm). e. Single 
cell immunolabeling of optoDop1R1V1 expressed in an adult mushroom body KC together with 
membrane-bound tdTomato and Dlg outlining the MB (scale bar: 10, 20, 5 µm). Prominent 
labeling is only seen in the KC soma with low dendritic and axonal signal. Arrowheads indicate 
axonal varicosities. f. Single cell expression of optoDop1R2V2 in the adult mushroom body 
showing a KC labeled with membrane bound tdTomato and immunostained for opto Dop1R2V2 
and Dlg outlining the MB (scale bar: 10, 20, 5 µm). Prominent axonal and somatodendritic 
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localization can be detected, with arrowheads indicating axonal varicosities. All panels show 
representative images from at least two independent experiments with multiple samples. 
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Supplementary Figure 5. In vivo validation of optoDopR activity. 
a-c. cAMP imaging in the larval mushroom body using Gflamp1 and optoDop1R1V1 expression 
with and without 9-cis-Retinal feeding. Responses in the medial lobe (a) and soma (b) after 
10s blue light illumination are shown over time. Maximum cAMP responses in the medial lobe 
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and soma (c) after optoDop1R1V1 activation (n=8,12 biologically independent samples, two-
tailed unpaired Student’s t-test). d. cAMP imaging in the larval mushroom body using Gflamp1 
and optoDop1R1V2 expression (H24-Gal4>G-Flamp1, optoDop1R1V2, 10s 470 nm, n=11, 15). 
Responses in the soma after 10s blue light illumination are shown over time.  e-f. cAMP 
imaging in the larval mushroom body using Gflamp1 and optoDop1R2V2 expression with and 
without 9-cis-Retinal feeding (10s 470 nm, n=7,8 biologically independent samples). 
Responses in the medial lobe (e) and soma (f) after 10s blue light illumination are shown over 
time. g-i. Calcium imaging in the mushroom body using GCaMP6s and optoDop1R2V2 or 
optoDop1R1V2 expression in isolated larval brains (10s 470 nm, optoDop1R2V2: n=11,7 
biologically independent samples; optoDop1R1V2: n=8,8 biologically independent samples). 
Responses in the soma upon optoDop1R2V2 activation (g), and for optoDop1R1V2 activation in 
the medial lobe (h) and soma (i) are shown over time. j-k. cAMP or calcium imaging in the 
larval mushroom body in isolated brains with repeated light activation of optoDopRs (each light 
pulse: 10 s, 470 nm). Medial lobe cAMP responses upon optoDop1R1V2 activation (n=10 
biologically independent samples) (j) and calcium responses upon optoDop1R2V2 activation 
(n=6 biologically independent samples) (k) are shown over time. l-n. In vivo calcium imaging 
in intact larvae using GCaMP6s and optoDop1R2V2 expressed in the larval mushroom body 
(H24-Gal4>GCaMP6s, optoDop1R2V2). Maximum calcium responses in the MB medial lobe 
after light-induced activation of optoDop1R2V2 with or without 9-cis-retinal feeding (10s 470 
nm, n=5,5 animals, two-tailed unpaired Student’s t-test) (l).  Calcium responses in KC somata 
with or without 9-cis-retinal over time (m) and maximum responses (n) after light-induced 
activation of optoDop1R2V2 (10s 470 nm, n=3, 4 animals, two-tailed unpaired Student’s t-test). 
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Supplementary Figure 6. Functional validation of optoDopRs in Drosophila larvae in 
vivo.  
 
a-b. Average velocity and bending angles of Rotenone-fed animals expressing 
optoDop1R1V1(a) or   optoDop1R1V2 (b) in an endogenous Dop1R1-like pattern without 9-cis-
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Retinal feeding. Animals were tracked without light for 1min and with 525 nm light 
illumination for 1 min. Average velocity (left) or cumulative bending angles (right) in the dark 
(OFF) and during light activation (ON) are shown (optoDop1R1V1: n=29, 29 animals, 
optoDop1R1V2: n=12,12 animals, two-tailed paired Student’s t-test). c. Average velocity and 
bending angles of 9-cis-Retinal fed larvae without Rotenone treatment expressing 
optoDop1R1V2 in an endogenous Dop1R1-like pattern. Larvae were tracked without light for 
1min and with 525 nm light illumination for 1 min. Average velocity (left) or cumulative 
bending angles (right) in the dark and during light activation are shown (n=16,16, ** p<0.01, 
paired Student’s t-test).  d. Average velocity and bending angles of Rotenone-fed animals 
expressing optoDop1R2V2 in an endogenous Dop1R1-like pattern without 9-cis-Retinal 
feeding. Larvae were tracked without light for 1min and with 525 nm light illumination for 
1 min. Average velocity (left) or cumulative bending angles (right) in the dark and during light 
activation are shown (n=15,15, n.s. p>0.05, two-tailed paired Student’s t-test). e. Larval 
learning after fructose-odor training is impaired upon Dop1R1RNAi expression in the MB (n=9, 
9 independent experiments, two-tailed unpaired Student’s t-test). f. Dop1R1-dependent 
single odor-fructose learning in larvae. Animals expressing optoDop1R1V1 and Dop1R1RNAi in 
KCs were trained using fructose-odor learning (3x3min) with or without light activation during 
fructose exposure (3 min 525 nm, 720 µW/cm2). Learning index of 9-cis-Retinal fed animals 
with and without light activation during training is shown (n=8, 8 independent experiments, 
unpaired two-tailed Student’s t-test). g. Single odor-fructose learning in larvae expressing 
optoDop1R1V2 and Dop1R1RNAi in KCs.  Fructose-odor learning (3x3min) with or without light 
activation during fructose exposure (3 min 525 nm, 720 µW/cm2). Learning index of 9-cis-
retinal fed animals with and without light activation during training is shown (n=9, 11 
independent experiments, two-tailed unpaired Student’s t-test). h. Larval learning after 
fructose-odor training is impaired upon Dop1R1RNAi expression in MBONg1/g2 (n=12, 11 
independent experiments, two-tailed unpaired Student’s t-test). i Fructose reward-dependent 
induction of odor preference (AM or blank) for Dop1R1-dependent data from (h) (n=12, 11 
independent experiments, One-way ANOVA with Tukey’s post-hoc test). j. Fructose and 
optoDop1R1V2-dependent induction of odor preference (amylacetate (AM) or blank) with 
(green bars) or without (gray bars) light illumination during fructose pairing in Dop1R1RNAi 

larvae (n=9, 9 independent experiments, One-way ANOVA with Tukey’s post-hoc test, data 
from Fig. 5e).  k. Innate preference index for AM in control (w-), Dop1R1KO and Dop1R2KO 3rd 
instar larvae (n=11, 10, 9 independent experiments, One-way ANOVA with Tukey’s post-hoc 
test). All boxplots depict 75th (top), median (central line) and 25th (bottom) percentile, 
whiskers depict 99th (top) and 1st (bottom) percentile. Source data and statistical details are 
provided as a Source Data file. 
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Supplementary Figure 7. Cell type-specific function of Dop1R1 activity in blue light 
induced arousal. 
a. Activity difference of flies expressing optoDop1R1V2 in PDF neurons with (left) and without 
9-cis-Retinal (9cR) feeding (right) before and during blue light pulse exposure (24h activity 
data from Fig. 6g, n=83,77 animals, two-tailed paired t-test). b. Activity difference of flies 
expressing optoDop1R1V2 in PDF neurons (with and without 9-cis-Retinal feeding) during 
light on times using different duration of blue light pulse exposure (1/h, 10, 15 or 20min, 
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n=83,77 animals, one-way ANOVA with Tukey’s post-hoc test). c. Mean activity during 24h 
monitoring in flies expressing optoDop1R2V2 in pdf neurons with and without 9cR feeding 
(n=90 animals). Blue light pulses (12x 20min, 1/h) during daytime increase fly activity 
independently of optoDop1R1V2 activation. d. Activity difference of flies expressing 
optoDop1R2V2 in PDF neurons with (left) and without 9-cis-Retinal (9cR) feeding (right) 
before and during blue light pulse exposure (24h activity data from Fig. S6e, (n=90 animals, 
two-tailed paired t-test). e. Mean activity of pdf>optoDop1R2V2 -expressing flies during the 
entire 24h, all light on and light off phases (n=90 animals, one-way ANOVA with Tukey’s 
post-hoc test). f. myristoylated (myr-)GFP reporter expression using Dop1R1 (left panel) or 
Dop1R2 (right panel) knock-in Gal4 lines together with immunolabeling of PDF-expressing s-
LNvs and l-LNVs (somata are indicated by dotted lines). Note that Dop1R1 reporter 
expression is specific for l-LNVs, while Dop1R2 reporter expression is weak in all LNvs. Scale 
bar: 50µm, inset 10µm. All violin plots with single data points depict data distribution, dotted 
lines depict 75th (top) and 25th (bottom) percentile, solid central line the median. Source data 
and statistical details are provided as a Source Data file. 
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Supplementary Figure 8: Cell type-specific function of Dop1R2 activity in satiety. 
a. Cumulative sips over time in flies expressing optoDop1R1V2 with MB011B-Gal4 with or 
without light stimulation (mean ± SEM, n=65,65 animals). b. Cumulative sips over time in 
flies expressing Dop1R2RNAi with MB011B-Gal4 compared to control (mean ± SEM, n=50,54 
animals). c. Cumulative sips over time in flies expressing Dop1R1RNAi with MB011B-Gal4 
(mean ± SEM, n=47,41 animals). d. Cumulative sips over time in optoDop1R1V2 transgenes 
without Gal4 expression and without or with light stimulation (mean ± SEM, n=48,21 
animals). e. Total sips at 60min for optoDop1R1V2 transgenes without Gal4 expression and 
without or with light stimulation (n=48,21 animals, two-tailed Mann-Whitney test). f. 
Cumulative sips over time in optoDop1R2V2 transgenes without Gal4 expression and without 
or with light stimulation (mean ± SEM, n=42,43 animals). g. Total sips at 60min for 
optoDop1R2V2 transgenes without Gal4 expression and without or with light stimulation 
(n=42,43 animals, two-tailed Mann-Whitney test). All violin plots with single data points depict 
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data distribution, dotted lines depict 75th (top) and 25th (bottom) percentile, solid central line 
the median. Source data and statistical details are provided as a Source Data file. 
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Supplementary Table 1. Previous optoXRs and their in vivo applications. Only optoXRs 
that have been applied in vivo are listed here. Abbreviations: Rho: bovine Rhodopsin, OPN4: 
melanopsin 

Chimeric 
receptor 

Original 
reference 

In vivo applications Cell type-
specificity/rescue 
of endogenous 
receptor function 

Rho:β2AR 1 - virus-mediated overexpression in mouse N. 
accumbens neurons 2  

- virus-mediated overexpression in mouse 
basolateral amygdala, promoting anxiety-like 
behavior 3,4 

partial/no 
 
partial/no 

Rho:α1AR 2 - virus-mediated overexpression in mouse N. 
accumbens neurons, reward-related preference 
behavior  

- virus-mediated overexpression in mouse CA1 
astrocytes, memory acquisition5 

- transgenic overexpression in mouse cortical 
astrocytes, remote memory acquisition 6 

- virus-mediated overexpression in mouse 
astrocytes in slices, electrophysiology 7 

partial/no 
 
 
partial/no 
 
partial/no 
 
partial/no 

Rho:µOR 8 - virus-mediated overexpression in mouse dorsal 
root ganglion neurons, preference/aversion 
behavior 9 

- Penk-Cre dependent virus-mediated 
overexpression in dorsal raphe nucleus subset 
neurons, restoration of consumption behavior 10 

partial/no 
 
 
yes/yes 
 

Rho:DRD1 11 - DRD1-Cre dependent virus-mediated 
overexpression in mouse N. accumbens; 
activation of medium spiny neurons to increase 
social interaction 

yes/no 

Rho:CXCR4 12 - virus-mediated overexpression in mouse, T-cell 
recruitment 

yes/no 

Rho:A2AR 13 - virus-mediated overexpression in mouse 
hippocampus and N. accumbens, spatial 
memory performance and locomotor activity 

- adora2a-cre dependent virus-mediated 
overexpression in mouse striatopallidal 
neurons, goal-directed behavior 14 

partial/no 
 
 
yes/no 

OPN4:mGluR6 15 - virus-mediated overexpression in retinal 
ganglion cells, restoration of visually guided 
behavior 

- virus-mediated overexpression in bipolar cells, 
restoration of visually guided behavior 16 

yes/partial 
(degeneration 
model) 
yes/yes 
(degeneration 
model) 

Rho:Fz7 17 - Zebrafish mRNA injection and overexpression, 
mesoderm cell migration 

no/yes 
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Supplementary Table 2. optoXR variants generated in this study. 

GPCR source 
sequence 

Opto 
variant 

Protein sequence of generated optoXR chimera 
(Rho/target receptor residues) 

A0A0B4KHI2.1/
145-431 
Dopamine 1-
like receptor 1  
isoform E  
ECO:0000313 
EMBL:AGB959
44.1 

Opto 
Dop1R1 
V1 

MKTIIALSYIFCLVFAMYTDIEMNRLGKDSLMNGTEGPNFYVPFSNKTGVVR
SPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTLYVIYTERSLRRILNYI
LLNLAVADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIALWS
LVVLAIERYVVVKDPLRYGRWVTRRAIMGVAFTWVMALACAAPPLVGWSR
YIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHFIIPLIVIFFCYGRLYCYAQ
KHVKSIKAVTRPGEVAEKQRYKSIRRPKNQPKKFKVRNLHTHSSPYHVSD
HKAARMVIIMVIAFLICWLPYAGVAFYIFTHQGSDFGPIFMTIPAFFAKTSAVY
NPVIYIMMNKQFRDAFKRILTMRNPWCCAQDVGNIHPRNSDRFITDYAAKN
VVVMNSGRSSAELEQVSAITETSQVAPA 

A0A0B4KHI2.1/
145-431 
Dopamine 1-
like receptor 1  
isoform E  
ECO:0000313 
EMBL:AGB959
44.1 

Opto 
Dop1R1 
V2 

MKTIIALSYIFCLVFAMYTDIEMNRLGKDSLMNGTEGPNFYVPFSNKTGVVR
SPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTLYVTVQHKKLRTPLN
YILLNLAVADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIAL
WSLVVLAIERYVVVKDPLRYGRWVTRRVAIMGVAFTWVMALACAAPPLVG
WSRYIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHFIIPLIVIFFCYGRLYC
YAQKHVKSIKAVTRPGEVAEKQRYKSIRRPKNQPKKFKVRNLHTHSSPYH
VSDHKAARMVIIMVIAFLICWLPYAGVAFYIFTHQGSDFGPIFMTIPAFFAKTS
AVYNPVIYIMFNKEFRDAFKRILTMRNPWCCAQDVGNIHPRNSDRFITDYA
AKNVVVMNSGRSSAELEQVSAITETSQVAPA 

A0A0B4KI18.1/
125-474 
Dopamine 1-
like receptor 2 
isoform 
CECO:0000313 
EMBL:AGB964
52.1  

Opto 
Dop1R2 
V1 

MKTIIALSYIFCLVFAMYTDIEMNRLGKDSLMNGTEGPNFYVPFSNKTGVVR
SPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTLYVVIRERYLHTALNY
ILLNLAVADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIALW
SLVVLAIERYVVVTDPFSYPMRMTVKAIMGVAFTWVMALACAAPPLVGWSR
YIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHFIIPLIVIFFCYGRIYRAAVI
QTRSLKIGTKQVLMASGELQLTLRIHRGGTTRDQQNQVSGGGGGGGGGG
GGGGSLSHSHSHSHHHHHNHGGGTTTSTPEEPDDEPLSALHNNGLARHR
HMGKNFSLSRKLAKFAKEKKAARMVIIMVIAFLICWLPYAGVAFYIFTHQGS
DFGPIFMTIPAFFAKTSAVYNPVIYIMMNKQFRRAFVRLLCMCCPRKIRRKY
QPTMRSKSQCHVAAAMVAASTSFGYHSVNQIDRTLMTETSQVAPA 

A0A0B4KI18.1/
125-474 
Dopamine 1-
like receptor 2  
isoform C  
ECO:0000313 
EMBL:AGB964
52.1  

Opto 
Dop1R2 
V2 

MKTIIALSYIFCLVFAMYTDIEMNRLGKDSLMNGTEGPNFYVPFSNKTGVVR
SPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTLYVTVQHKKLRTPLN
YILLNLAVADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIAL
WSLVVLAIERYVVVTDPFSYPMRMTVKRAIMGVAFTWVMALACAAPPLVG
WSRYIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHFIIPLIVIFFCYGRIYR
AAVIQTRSLKIGTKQVLMASGELQLTLRIHRGGTTRDQQNQVSGGGGGGG
GGGGGGGSLSHSHSHSHHHHHNHGGGTTTSTPEEPDDEPLSALHNNGLA
RHRHMGKNFSLSRKLAKFAKEKKAARMVIIMVIAFLICWLPYAGVAFYIFTH
QGSDFGPIFMTIPAFFAKTSAVYNPVIYIMWSRDFRRAFVRLLCMCCPRKIR
RKYQPTMRSKSQCHVAAAMVAASTSFGYHSVNQIDRTLMTETSQVAPA 

Q0IGY0.1/480-
738 Leucine-
rich repeat-
containing G 
protein-coupled 
receptor 4  
isoform B  
ECO:0000313 
EMBL:ABW094
04.2  

Opto 
Lgr4  
V1 

MKTIIALSYIFCLVFAMYTDIEMNRLGKDSLMNGTEGPNFYVPFSNKTGVVR
SPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTLYVRYFYKSRSNVEL
NYILLNLAVADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIAL
WSLVVLAIERYVVVTRPLKPRDTEKVRAIMGVAFTWVMALACAAPPLVGWS
RYIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHFIIPLIVIFFCYGRMLQAI
RDSGGGMRSTHSGRENVVARMVIIMVIAFLICWLPYAGVAFYIFTHQGSDF
GPIFMTIPAFFAKTSAVYNPVIYIMMNKQFRQQLRRYCHTLPSCSLVNNETR
SQTQTAYESGLSVSLAHLGGGVGGGSGRKRMSHRQMSYLTETSQVAPA 

E1JJ17.1/118-
381 Tachykinin-
like receptor at 
99D  isoform B  
ECO:0000313 
EMBL:ACZ950
66.1  

Opto 
Tk99D 
V1 

MKTIIALSYIFCLVFAMYTDIEMNRLGKDSLMNGTEGPNFYVPFSNKTGVVR
SPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTLYVVMTTKRMRTVLN
YILLNLAVADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIAL
WSLVVLAIERYVVVIRPLQPRMSKRCAIMGVAFTWVMALACAAPPLVGWSR
YIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHFIIPLIVIFFCYGRVGIELW
GSKTIGECTPRQVENVRSKRRVVRMVIIMVIAFLICWLPYAGVAFYIFTHQGS
DFGPIFMTIPAFFAKTSAVYNPVIYIMMNKQFRYGFKMVFRWCLFVRVGTEP
FSRRENLTSRYSCSGSPDHNRIKRNDTQKSILYTCPSSPKSHRISHSGRSA
TLRNSLPAESLSSGGSGGGGHRKRLSYQQEMQQRWSGPNSATAVTNSS
STANTTQLLSTETSQVAPA 
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GPCR source 
sequence 

Opto 
variant 

Protein sequence of generated optoXR chimera 
(Rho/target receptor residues) 

E1JGM2.2/107-
533 5-
hydroxytryptami
ne (Serotonin) 
receptor 1B  
isoform D  
ECO:0000313 
EMBL:ACZ944
73.2  

Opto    
5-HT1B 
V1 

MKTIIALSYIFCLVFAMYTDIEMNRLGKDSLMNGTEGPNFYVPFSNKTGVVR
SPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTLYVIILERNLQNVLNYI
LLNLAVADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIALWS
LVVLAIERYVVVTNIDYNNLRTPRAIMGVAFTWVMALACAAPPLVGWSRYIP
EGMQCSCGIDYYTPHEETNNESFVIYMFVVHFIIPLIVIFFCYGKIYIIARKRIQ
RRAQKSFNVTLTETDCDSAVRELKKERSKRRAERKRLEAGERTPVDGDG
TGGQLQRRTRKRMRICFGRNTNTANVYRTSNANEIITLSQQVAHATQHHLI
ASHLNAITPLAQSIAMGGVGCLTTTTPSEKALSGAGTVAGAVAGGSGSGS
GEEGAGTEGKNAGVGLGGVLASIANPHQKLAKRRQLLEAKRERKAARMV
IIMVIAFLICWLPYAGVAFYIFTHQGSDFGPIFMTIPAFFAKTSAVYNPVIYIMM
NKQFRRAFKRILFGRKAAARARSAKITETSQVAPA 

Q7KTL9.1/55-
319 
Adipokinetic 
hormone 
receptor  
isoform C  
ECO:0000313 
EMBL:AAS646
47.1  

Opto 
AkhR  
V1 

MKTIIALSYIFCLVFAMYTDIEMNRLGKDSLMNGTEGPNFYVPFSNKTGVVR
SPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTLYVLTKRRLRGPLRL
NYILLNLAVADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIAL
WSLVVLAIERYVVVLKPLKRSYNRGRAIMGVAFTWVMALACAAPPLVGWS
RYIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHFIIPLIVIFFCYGAIYLEIY
RKSQRVLKDVIAERFRRSNDDVLSRAKKRTLRMVIIMVIAFLICWLPYAGVA
FYIFTHQGSDFGPIFMTIPAFFAKTSAVYNPVIYIMMNKQFRMNNNNPSVNN
RHTSLSNRLDSSNQLMQKQLTNNSLLNGRGQVMAAAVSATTKLANVVSL
KGTANGNGSAAAAGTVPITPPLTVTIAPLATDDEANDDSCLSAVTIRCQDQ
SPIRQKCGDSIELTSVVKTETSQVAPA 

Q9VBP0.2/447-
704 Leucine-
rich repeat 
containing G 
protein-coupled 
receptor 3  
ECO:0000313 
EMBL:AAF5649
0.2  

Opto 
Lgr3  
V1 

MKTIIALSYIFCLVFAMYTDIEMNRLGKDSLMNGTEGPNFYVPFSNKTGVVR
SPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTLYVRFIYRDENVALNY
ILLNLAVADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEGFFATLGGEIALW
SLVVLAIERYVVVADPFRGHRSIGNRAIMGVAFTWVMALACAAPPLVGWSR
YIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHFIIPLIVIFFCYGALLISIWR
TRSATPLTLLDCEFARMVIIMVIAFLICWLPYAGVAFYIFTHQGSDFGPIFMTI
PAFFAKTSAVYNPVIYIMMNKQFRNQIFLRGWKKITSRKRAEAGNGNVATT
TTGTATGSSQHPDDFTIFAKAAMRCHTETSQVAPA 

Q9VW75.2/80-
236 Short 
neuropeptide F 
receptor  
isoform B 
EMBL:AGB947
79.1 

Opto 
sNPFR
V1 

MKTIIALSYIFCLVFAMYTDIEMNRLGKDSLMNGTEGPNFYVPFSNKTGVVR
SPFEAPQYYLAEPWQFSMLAAYMFLLIMLGFPINFLTLYVVLRNRAMQTVTN
IFITNLALSDLNYILLNLAVADLFMVFGGFTTTLYTSLHGYFVFGPTGCNLEG
FFATLGGEIALWSLVVLAIERYVVVIYPFHPRMKLSTAIMGVAFTWVMALAC
AAPPLVGWSRYIPEGMQCSCGIDYYTPHEETNNESFVIYMFVVHFIIPLIVIFF
CYGWISVKLNQRARAKPGSKSSRREEADRDRKKRTNRMVIIMVIAFLICWL
PYAGVAFYIFTHQGSDFGPIFMTIPAFFAKTSAVYNPVIYIMMNKQFRYAWL
NENFRKEFKHVLPCFNPSNNNIINITRGYNRSDRNTCGPRLHHGKGDGGM
GGGSLDADDQDENGITQETCLPKEKLLIIPREPTYGNGTGAVSPILSGRGIN
AALVHGGDHQMHQLQPSHHQQVELTRRIRRRTDETDGDYLDSGDEQTVE
VRFSETPFVSTDNTTGISILETSTSHCQDSDVMVELGEAIGAGGGAELGRRI
NTETSQVAPA 
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