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Supplementary Materials and Methods

Expression and purification of GS,y.(C68S): Mouse Gf; wild-type cDNA was cloned untagged into a pFast-
Bac vector with a SLIC cloning approach for expression in Sf9 insect cells via the Bac-to-Bac system (Invit-
rogen, Carlsbad, California, USA). Mouse Gy, was also cloned into a pFastBac vector, carrying a sequence
encoding for an N-terminal 8xHis-tag followed by a thrombin cleavage site. A single point mutation was in-
troduced using the QuikChange protocol (Agilent, Santa Clara, California, USA), resulting in a Gy»(C68S)
variant (1). This mutation prevents the attachment of a geranylgeranyl lipid modification and thus renders the
GPy protein complex water soluble. Throughout the main text of this manuscript, we refer to the GBy.(C68S)
protein complexes as “water-soluble GBy”. The correctness of the cloned constructs was confirmed by DNA
sequencing. The applied construct design and expression strategies were inspired by the protocols described
in refs 1 and 2. For both constructs viruses were amplified and P3 viruses were produced in Sf9 cells using
established protocols. For GBy.(C68S) expression Sf9 cells were coinfected with G, and Gy,(C68S) P3
viruses. A good ratio between the viruses was determined with initial purifications (as described below) from

medium scale expressions using different ratios of the viruses to infect the cells.

For GBy(C68S) large scale preparations 3 to 6 1 of around 10° / ml Sf9 cells in Insect-Xpress medium (Lonza,
Basel, Switzerland) were coinfected with 200 pl GB; P3 virus and 100 pl Gy,(C68S) P3 virus per 100 ml
cells. After 3 days orbital shaking of the suspension culture at 28 °C, the cell pellet was collected by centrifu-
gation at 10,000 x g for 20 min. and either used directly or flash frozen in liquid nitrogen and stored at

—80 °C. The cell pellet expressing GBy(C68S) was resuspended in about twice the volume Tris buffer

(50 mM Tris-HCI, pH 7.5 at 4 °C, 200 mM NaCl) containing 1 mM PMSF, 1 pg / ml aprotinin, 1 pg/ ml
pepstatin, 1 pg / ml leupeptin, S mM MgCl,, 20 pg / ml DNase I and 5 mM Tris(2- carboxyethyl)phosphin
(TCEP), and lysed by two rounds in the EmulsiFlex-C5 homogenizer (Avestin, Mannheim, Germany). After
centrifugation for 1 h at 180,000 x g at 4 °C, 20 mM imidazole was added to the supernatant, which was then
incubated with 4 ml Ni*" Sepharose 6 Fast Flow beads (GE Healthcare, Chicago, Illinois, USA) rotating for

1 h at 4 °C. The beads were centrifuged for 20 min. at 500 x g at 4 °C and the supernatant discarded. The
beads were resuspended in Tris buffer containing 20 mM imidazole and 5 mM TCEP, transferred to a column
and then washed with 3 x 20 ml of the same buffer. 8 ml of the buffer and 100 units of thrombin (Merck,
Darmstadt, Germany) were added to the beads for incubation overnight, rotating at 4 °C. The flow-through
from the beads containing the cleaved protein [N-terminal 8xHis-tag removed from Gy,(C68S)] was then col-

lected and pooled with an additional 8 ml wash of the beads with the same buffer. This sample was slightly
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cloudy and therefore centrifuged for 20 min. at 20,000 x g at 4 °C. The clear supernatant was concentrated
with Amicon Ultra—15 10K centrifugal concentrators (Merck). About 1/20 of a SigmaFast EDTA-free in-
hibitor cocktail tablet (Merck) was added to the sample to inhibit remaining thrombin. Final sample polishing
was done on a Superdex 200 Increase 10/300 GL size exclusion column (GE Healthcare) in 20 mM Tris-HCI
pH 7.5 (at 4 °C), 150 mM NaCl, 5 mM DTT (for cocrystallization experiments) or 5 mM TCEP (for bio-layer
interferometry and Ni** column pull-down experiments). Peak fractions were analyzed by SDS-PAGE, se-
lected for purity, pooled and concentrated to the desired protein concentration with a typical final yield of 1
to 2 mg GPy(C68S) per 1 1 cell culture. This final sample was either used directly or flash frozen in liquid ni-
trogen and stored at —80 °C.

Expression and purification of TRPM3 exon 17-encoded peptide fused to His-tagged maltose-binding protein
Maltose-binding protein with an N-terminal 6xHis-tag was cloned into a plasmid for bacterial expression
containing an IPTG-inducible promotor. C-terminal to the maltose-binding protein, DNA encoding for a
thrombin binding site (GLVPRGS) followed directly by DNA encoding for TRPM3 exonl17 peptide with

2 N-terminal and 3 C-terminal flanking residues (Kse;RPKALKLLGMEDDIss; exon 17-encoded residues

underlined) was cloned in. The correctness of the cloned construct was confirmed by DNA sequencing. Che-
mically competent E. coli BL21(DE3) were transformed with this plasmid according to standard procedures.
A pre-culture of LB media containing the selection marker antibiotic carbenicillin was grown over night at 37
°C with orbital shaking. The next day, 4 1 LB with carbenicillin were inoculated with pre-culture to an ODgg
of 0.2 and incubated at 37 °C with orbital shaking. When the ODg¢y reached a value of 0.6 to 0.8, 0.8 mM
IPTG was added to induce the expression of the maltose-binding protein construct, and the cells were harves-
ted 4 hours later by centrifugation at 10,000 x g for 10 min. The cell pellet was either used directly or frozen
in liquid nitrogen and stored at —80 °C. The cell pellet was resuspended in about twice the volume Tris buffer
(50 mM Tris-HCI, pH 7.5 at 4 °C, 200 mM NaCl) containing 1 mM PMSF, 1 pg / ml aprotinin, 1 pg/ ml
pepstatin, 1 pg/ ml leupeptin, 5 mM MgCl,, 20 pg / ml DNase I and 1 mg/ml lysozyme, and lysed by two
rounds in the EmulsiFlex-C5 homogenizer (Avestin). After centrifugation for 30 min. at 27,000 x g at 4 °C,
20 mM imidazole was added to the supernatant, which was then incubated with 4 ml Ni** Sepharose 6 Fast
Flow beads (GE Healthcare) rotating for 45 min. at 4 °C. The flow-through from the beads was discarded and
the beads were then washed with 3x 20 ml of Tris buffer containing 20 mM imidazole, 1 mM PMSF,

1 pg/ ml aprotinin, 1 pg/ ml pepstatin, and 1 pg / ml leupeptin. The protein was eluted from the beads with

2x 7.5 ml of the same buffer with 300 mM imidazole. The sample was then incubated with 3 ml amylose re-
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sin (New England BioLabs, Ipswich, Massachusetts, USA) rotating for 45 min. at 4 °C. The flow-through
from the beads was discarded and the beads were then washed with 2x 20 ml of Tris buffer. The protein was
eluted from the beads with 2x 7.5 ml of Tris buffer with 50 mM maltose. The eluate was concentrated with
Amicon Ultra—15 10K centrifugal concentrators (Merck). Final sample polishing was done on a Superdex 75
10/300 GL size exclusion column (GE Healthcare) in 20 mM Tris-HCI, pH 7.5 (at 4 °C), 150 mM NaCl.
Peak fractions were analyzed by SDS-PAGE, selected for purity, pooled and concentrated to the desired pro-
tein concentration with a typical final yield of 2.5 mg maltose-binding protein construct per 1 1 bacterial cul-

ture. This final sample was either used directly or flash frozen in liquid nitrogen and stored at —80 °C.

Dot blot analysis

Dot blot analysis was performed similar as described (3) with 25-mer polypeptides synthesized on poly-
ethlylenglycol-derivatized cellulose membranes (amino-PEG500-UC540, Intavis AG, Cologne, Germany)
using an Intavis ResPepSL peptide spot synthesizer using the amount of 40 pug peptide per spot (diameter: 3
mm). The blots were washed three times in 100 ml BPTL buffer containing 50 mM Tris-HCL, 150 mM NacCl,
10 mM EDTA, 0.1 % Triton X-100 (pH 7.5) for 10 min. at room temperature and incubated overnight in
BPTL buffer containing 60 pg purified His-tagged Gy proteins / ml at 4 °C while gently rocking. Blots were
washed three times, blocked for 1 h in 5 % milk powder / BPTL and incubated with anti-Gf3 antibodies
(1:500, sc-378, Santa Cruz, Heidelberg, Germany) for 2 h at room temperature. Blots were washed again
three times with BPTL buffer and incubated for 1 h at room temperature with a secondary horseradish peroxi-
dase-conjugated goat-anti-rabbit antibody. After three washes with BPTL, signals were detected using the
Western Lightning Chemiluminescence Reagent Plus Kit (Perkin Elmer, Waltham, Massachusetts, USA) and
a cooled CCD system (LAS-3000, Fujifilm, Diisseldorf, Germany). Nonsaturated signals were quantified
densitometrically using the AIDA 3.0 software (Elysia-Raytest, Straubenhardt, Germany).

Construction of cDNA clones

We generated, using PCR-based standard methods and oligonucleotides from Eurofins (Ebersberg, Ger-
many), a number of TRPM3-based constructs with various tags in several different mammalian expression
vectors. Specifically: N-terminally YFP-tagged mouse TRPM3a5 (YFP-TRPM3a5) was created by deletion
of 30 base pairs (corresponding to exon 17) from mouse YFP-TRPM30a2 in pcDNA3 (4), as the 30 base pairs
encoded by exon 17 are the sole difference between these two splice variants. We generated N-terminally

triple FLAG-tagged versions of mouse splice variants by using previously published clones of the different
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TRPM3-YFP splice variants (4, 5) and subcloning into pCMV-3Tag-1 (Agilent, Santa Clara, California,
USA).

Truncated TRPM3a2 and TRPM3a5 constructs (SI Appendix, Fig. S1) were also generated from previously
published clones (5, 6) by PCR amplification, mutagenesis PCR and subcloning in pCMV-3Tag-3 vectors
(Agilent). These constructs are missing exon 1 and 3 from TRPM3a2 or TRPM3a5 (which do in themselves
not contain sequences from exon 2, see Fig. 1D). Therefore, the protein sequences of these constructs start
with an additional methionine and the first amino acids of exon 4 (Css, yielding an N-terminal sequence of
MCgCCGRL). These truncated TRPM3a2 and TRPM3a5 constructs are also shortened at the C-terminus
and end with the beginning of exon 28 (ending with PTSP339) followed by a triple FLAG-tag sequence.

The cDNA for human pOR (in pcDNA3.1) was purchased from the cDNA Resource Center (Bloomsburg,
PA, USA) and subcloned in pPCAGGS-IRES-GFP, the IRES-GFP cassette enabling easy identification of
transfected cells. We generated the fusion construct Myc-Gp; (in pcDNA3.1) starting from human Gf; cDNA
(4, 7). Mutants of murine TRPM3a2 and human Gf; were generated by mutagenesis PCR (oligonucleotide
primers from Eurofins) utilizing the plasmids TRPM3a2-YFP in pcDNA3 (4) and the previously generated
Myc-Gp;, respectively. GB; mutants for expression in Xenopus laevis oocytes were generated using the Quik-
Change mutagenesis kit (Agilent, Santa Clara, California, USA). Direct sequencing was performed by Seqlab

(Gottingen, Germany) to verify the correctness of manipulated DNA sequences.

Generation of a HEK293 cell line stably expressing murine YFP-TRPM3o0.5

The generation of this cell line was performed essentially as published (8). HEK293 cells were transfected
using Metafectene Pro obtained from Biontex (Martinsried, Germany) following the manufacturer’s instruc-
tions and split the following day. Selection of cells stably expressing the construct was performed in the pres-
ence of 0.5 mg / ml geneticin (Sigma-Aldrich, Munich, Germany), which was added the day after splitting.
After 14 — 21 days, colonies were isolated, subcultured and stable transformants were screened by YFP fluo-

rescence, Ca*" imaging and Western blotting.

Cell culture and transient transfection of HEK293 cells
HEK?293 cells and HEK293 cells, which stably express either mouse Myc-TRPM3a2-eYFP (6), or mouse
YFP-TRPM3a5 (see above) were maintained at 37 °C in a humidified atmosphere with 5 % CO., split each

week two or three times and replaced from time to time from frozen stocks in order to maintain the passage
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number below 40. To the culture medium of stably transfected cells, geneticin (0.5 mg / ml, Sigma-Aldrich)
was added. For transient transfection of HEK293 cells, PolyFect (Qiagen, Hilden, Germany) was used as re-
commended by the manufacturer. In particular, we transiently transfected into HEK293 cells: splice variants
of mouse TRPM3 (5, 6) in pCAGGS vectors, which possess an IRES-GFP cassette for bicistronic expression
of eGFP (Fig. 1 4 and C and SI Appendix, Fig. S2 A and B).

We further transfected splice variants of mouse TRPM3 N-terminally tagged with a triple FLAG tag (Fig. 1B
and ST Appendix, Fig. S2 C—H), truncated TRPM3a2 and TRPM3a5 constructs (SI Appendix, Fig. S1), mouse
TRPM3a2-YFP and its mutants in the region encoded by exon 17 (and surroundings) in pcDNA3 (Fig. 2 and
SI Appendix, Fig. S6), human Gf; (in pCMYV, a kind gift of Dr. Moritz Biinemann, Marburg, Germany;

Fig. 1C and SI Appendix, Fig. S2B) and Gy- (in pcDNA3, a kind gift of Dr. Mike Zhu, Dallas, Texas; Fig. 1C,
Fig. 4C, SI Appendix, Fig. S2B and SI Appendix, Fig. S7 B and C), human pOR (in pPCAGGS-IRES-GFP;
Fig. 1 4 and B; Fig. 2; SI Appendix, Fig. S1 B and C; SI Appendix, Fig. S2 A and C—H and SI Appendix, Fig.
S6), human Myc-Gf; and its mutants in pcDNA3 (Fig. 4C and SI Appendix, Fig. S7 B and C).

Functional studies on HEK293 cells

Ca* imaging and whole-cell patch-clamp electrophysiology was performed as described (4, 9, 10).

Ca* imaging: Poly-L-lysine-coated (MW: 70,000; Sigma-Aldrich) glass cover slips with the adherent cells
attached were incubated with 5 uM Fura2-AM (Biotrend, Cologne, Germany) for 30 min. in culture medium
at room temperature. Subsequently, cover slips were attached to a closed recording chamber (Warner Instru-
ments, Hamden, CT, USA) and continuously superfused with standard extracellular solution using a gravity-
driven perfusion system. For the application of pharmacological substances, solution exchange was realized
with a gravity-driven perfusion system controlled by a valve bench (ALA Scientific Instruments, Farming-
dale, New York, USA) leading to a manifold close to the inlet of the recording chamber. During the measure-
ment, an image pair was taken every 5 s at 510 nm with an HQ, camera (Photometrics, Tucson, Arizona,
USA) during alternating excitation at 340 and 380 nm using an inverted microscope (Nikon, Diisseldorf, Ger-
many) equipped with a 10x SFluor objective (N.A. 0.5). From a fluorescence image with 380 nm excitation
or a fluorescence image of the GFP/YFP fluorescence, regions of interest representing each a single cell were
selected manually. Ratio images were calculated with MicroManager (11), using a custom-written plugin af-
ter background subtraction and thresholding. Ratio data were averaged over all pixels of a single cell (as de-
fined by the thresholded ROI) and single cell traces were analyzed off-line for cells that responded to preg-

nenolone sulfate stimulation with an increase in ratio values larger than 0.05 or 0.1, depending on the specific
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experiment. pOR-mediated inhibition was calculated by subtracting the baseline fluorescence, and measuring
the pregnenolone sulfate-induced ratio increase before (Rpcfore), during (Rauring) and after (Raner) DAMGO appli-
cation (by averaging the last 5 data points). Inhibition (/nh, expressed in %) was calculated as:

Inh =100 - (100 * Rauring / (Ructore T Ratier) / 2))

For quantifying the reduction in TRPM3 activity due to overexpression of Gy proteins (Figs 1C and 4C, S/
Appendix, Fig. S2B, SI Appendix, Fig. STB), the baseline subtracted pregnenolone sulfate-induced increase of

the ratio values (Aratio) is reported for individual cells together with the descriptive statistics.

Whole-cell patch-clamp electrophysiology: Offset potentials were nullified before reaching the cell-attached
configuration and series resistances were compensated (typically by 80 %). Potential values reported in this
paper have been corrected offline for the calculated liquid junction potential of 15 mV. Voltage ramps

(1 mV /ms) from —115 to +85 mV were applied at a frequency of 0.5 or 1 per second. A holding potential of
—15 mV was used between the ramps. Solution exchange was obtained with the help of a valve bench as de-
scribed above for Ca’" imaging experiments. The solution was exchanged locally in the vicinity of the record-
ed cell by using a custom-made miniature manifold, connected to a small (inner diameter 320 pm) outlet that
was placed at a distance of approx. 200 — 300 um from the patched cell. For graphs showing the current over
time, the current values measured during the voltage ramps at —80 and +80 mV were extracted offline. pOR-
induced inhibition (/nh, in %) was calculated from current values obtained at —80 and +80 mV separately, as:
Inh =100 — (100 * Ipamco / Ips),

where Ipamco 1S the baseline-subtracted current during the application of DAMGO and pregnenolone sulfate

and /ps is the baseline-subtracted current during the initial pregnenolone sulfate application.

Solutions: The extracellular solution for Ca** imaging and patch-clamp experiments contained (in mM):

145 — 149 NaCl, 10 CsCl, 3 KCl, 2 CaCl,, 2 MgCl,, 10 HEPES, 10 D-glucose. Sometimes 10 mM D-glucose
was substituted by 3 mM D-glucose and 7 mM D-mannitol. These solutions were always adjusted with
NaOH to pH 7.2. The osmolality was established to 315 — 335 mOsm / kg by the addition of D-glucose or
H,O. The intracellular solution for patch-clamp experiments contained (in mM): 140 — 145 CsOH,

10 BAPTA, 50 CsCl, 80 aspartate, 4 Na,ATP, 3 MgCl,, 10 HEPES. The pH was adjusted to 7.2 with CsOH
and the osmolality of this solution was in the range of 285 — 315 mOsm / kg. The concentrations indicated in
this section are the final values after adjustment of pH and osmolality. Pregnenolone sulfate was obtained
from Steraloids (Newport, Rhode Island, USA) or Sigma-Aldrich and dissolved in DMSO at a stock concen-
tration of 50 mM. DAMGO ([D-Ala2, N-Me-Phe4, Gly5-ol]-enkephalin acetate), was purchased from
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Sigma-Aldrich and also prepared as a stock solution in DMSO (2 mM). In the final solutions applied to the
cells, the concentration of DMSO did not exceed 0.25 %.

Electrophysiology of Xenopus laevis oocytes

Two-electrode voltage clamp (TEVC) measurements of Xenopus laevis oocytes were performed as described
earlier (12). Animal procedures for the work with Xenopus laevis frogs were approved by the Institutional
Animal Care and Use Committee at Rutgers New Jersey Medical School. For Xenopus laevis oocyte prepara-
tions frogs were anesthetized in 0.25 % ethyl 3-aminobenzoate methanesulfonate solution (MS222, Tricaine-
methanesulfonate, Western Chemical Inc, Ferndale, Washington, USA) in H>O (pH 7.4). Ovaries were re-
moved from the anesthetized frogs and were digested overnight at 16 °C in 0.1 — 0.2 mg / ml type 1A colla-
genase (Sigma-Aldrich), in OR2 solution containing 82.5 mM NaCl, 2 mM KCl, 1 mM MgCl, and 5 mM
HEPES (pH 7.4). The next day the oocytes were washed multiple times with OR2 solution, then placed in
OR2 solution supplemented with 1.8 mM CaCl, and 100 IU / ml penicillin and 100 mg / ml streptomycin and
kept in a 16 °C incubator. cRNA (30 — 35 ng) transcribed from the linearized human TRPM3 ¢cDNA clone
(13) in the pPGEMSH vector and from Gf; and Gy, (1 ng each) or GB; mutants (1 ng) were microinjected into
individual oocytes. The injection was carried out with a nanoliter-injector system (Warner Instruments, Ham-
den, Connecticut, USA). Oocytes were used for electrophysiological measurements 2 — 3 days after microin-

jection.

Oocytes were placed in a solution containing 97 mM NacCl, 2 mM KCI, 1 mM MgCl, and 5 mM HEPES,
pH 7.4, and currents were recorded with thin-wall inner-filament-containing glass pipettes (World Precision
Instruments, Sarasota, Florida, USA) filled with 3 M KCl in 1 % agarose. Currents were recorded with a
—100 to +100 mV voltage ramp protocol applied every second (0.25 mV / ms); holding potential was 0 mV
using a GeneClamp 500B amplifier and analyzed with the pClamp 9.0 software (Molecular Devices, San
José, California, USA). To be able to compare data from experiments in different days, we normalized data
from each day to the average pregnenolone sulfate-induced current amplitudes in control TRPM3 expressing
oocytes on the same day. G, mutants were tested in groups of 3 or 4, and experiments were performed on
oocytes obtained from 2 — 3 different digestions for each group. As the inhibition levels by Gy, showed
slight variations between experiments, the data are plotted in the groups in which each mutant was tested

(Fig. 4B, SI Appendix, Fig. S7A4).
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Coimmunoprecipitation experiments

Immunoprecipitations and Western blots were essentially performed as described previously (4). Nontrans-
fected HEK293 cells and HEK293 cells stably expressing mouse Myc-TRPM302-YFP (6) or mouse YFP-
TRPM3a5 (see above) were solubilized in lysis buffer containing 25 mM Tris (pH 8), 0.5 % (w/v) Triton
X-100, 0.5 % (w/v) Na'-deoxycholate, 50 mM NaCl and a protease inhibitor mix (1 mM phenylmethanesul-
fonyl fluoride, 1 pg / ml pepstatin, 5 pug / ml leupeptin, 5 pg / ml antipain, 1 pg / ml aprotinin, and

100 pg / ml trypsin inhibitor, Carl Roth, Karlsruhe, Germany, ref. 14). Debris and nuclei were removed by
centrifugation, the remaining supernatants were mixed with GFP-Trap agarose beads (ChromoTek, Planegg-
Martinsried, Germany) and kept moving at 4 °C over night. Afterwards, beads were washed once with lysis
buffer and four times with binding buffer containing 20 mM HEPES (pH 7.4), 0.01 % (w/v) CHAPS, 140
mM K" aspartate, 5 mM MgCl,, 10 mM EGTA and 0.04 mM dithiothreitol (15). Following SDS-PAGE and
protein transfer to nitrocellulose membranes (GE Healthcare, Solingen, Germany) fluorescence (Odyssey Sa,
LI-COR Biosciences, Bad Homburg, Germany) or chemiluminescence (ChemoCam Imager, Intas, Gottingen,
Germany) detection systems were used together with the following antibodies: anti-GFP (Santa Cruz,
sc-8334, 1:500), anti-Gp (Santa Cruz, sc-378, 1:500), anti-rabbit [gG-IRDye-800CW (LI-COR, #926-32211,
1:10,000), anti-mouse IgG-HRP (Santa Cruz, sc-2031, 1:10,000), anti-rabbit IgG-HRP (Santa Cruz, sc-2030,
1:10,000). After densitometric quantification using ImageJ (16, 17) and background subtraction, the density
values for the coimmunoprecipitated Gf proteins were normalized to the density values obtained for G} im-
munoprecipitated with TRPM3a2 (SI Appendix, Fig. S5 B and C) or, after additional subtraction of the G
density values from nontransfected control cells, normalized to the density values of the immunoprecipitated

TRPM3 proteins (SI Appendix, Fig. S5 D and E).

Western blotting

For the estimation of the expression levels of mutated Myc-Gp,, transiently transfected HEK293 cells were
solubilized with lysis buffer as described above (section “Coimmunoprecipitation experiments”) two days af-
ter transfection. After removal of debris and nuclei by centrifugation at 13,000 x g the protein concentrations
of the remaining supernatants were determined with Roti-Quant (Carl Roth) according to the manufacturer's
instructions. Equal protein amounts were loaded onto SDS-polyacrylamide gels and separated by SDS-
PAGE. After transfer to nitrocellulose membranes, Myc-Gp; proteins and endogenous early endosomal anti-

gen 1 (EEA1) proteins (loading control) were visualized with anti-c-myc antibodies (Roche, Mannheim, Ger-
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many, clone 9E10, 1:1500), anti-EEA1 antibodies (Dianova, Hamburg, Germany, 1:1000) and a chemilumi-

nescence detection kit (SuperSignal Femto, Thermo Fisher, Karlruhe, Germany).

Cocrystallization of GBy.(C68S) with a peptide encoded by TRPM3 exon 17

A peptide corresponding to the murine TRPM3 region encoded by exon 17 and surrounding residues (amino
acid sequence KRPKALKLLGMEDDI, exon 17-encoded amino acids are underlined) was obtained from
Genscript (Leiden, The Netherlands) as lyophilized trifluoroacetic acid (TFA) salt with a HPLC purity of

97.7 %. It was dissolved in H,O at a concentration of 10 mg / ml (according to the total peptide mass stated
by Genscript). For crystallization, a mixture of purified GBy(C68S) with a concentration of 140 uM and
TRPM3 peptide with a concentration of 280 pM was prepared (around 100 pl 6.7 mg / ml GBy(C68S) + 5 pul
peptide stock solution) and incubated on ice for 1 h. Initial crystallization plates in commercially available
screens were set up with 0.2 pl (complex solution) + 0.2 ul (reservoir) drops using the Mosquito crystal robot
(TTP Labtech, Melbourn, UK). After two days incubating at 18 °C, in Hampton Crystal Screen condition 41
(0.1 M HEPES sodium pH 7.5, 20 % (w/v) polyethylene glycol 4,000, 10 % (v/v) isopropanol) a cluster of
thin needles appeared. This cluster was used to prepare a crystal seed stock by crushing the crystals into
small pieces and adding 50 pl mother liquor solution (50 % size exclusion buffer from Gpy(C68S) purifica-
tion, 50 % reservoir solution). For reasons of reproducibility the seed stock was aliquoted into several tubes,
flash frozen in liquid nitrogen and stored at —80 °C before further use. A fresh aliquot was thawed to prepare
a 10-fold dilution series of seeds in mother liquor. A new crystallization plate with 0.2 pl (complex solution)
+ 0.2 ul (Hampton Crystal Screen condition 41 replicate) + 0.04 ul (seeds in different dilutions) drops was
set up to find an appropriate seed dilution (around 2 to 3 needle clusters per well on average). The determined
seed dilution was then used in further grid screening optimizations of the crystallization condition, using a
freshly thawed seed stock aliquot. The best diffracting single 3D crystals grew in 0.1 M HEPES sodium pH
7.5, 15 % (w/v) polyethylene glycol 4,000, 7.5 % (v/v) isopropanol as 0.2 pul + 0.2 pl + 0.04 pl (as before)
drops. For crystal freezing, mother liquor solutions of this condition with increasing glycerol concentrations
(0 to 25 % in 5 % increments) were prepared and used one after the other to replace the crystal mother liquor,

before fishing the crystal with a nylon loop of appropriate size and vitrifying it in liquid nitrogen.
X-ray data collection, structure building and refinement

Diffraction data to 1.94 A resolution were collected at European Synchrotron Radiation Facility (ESRF)
beamline ID30B on a Pilatus detector using a wavelength of 0.9754 A. Data processing was done in XDS
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(18) and Aimless from the CCP4 package (19). Initial phases were determined by molecular replacement us-
ing the CCP4 tool Phaser (20) with a prepared Gy model from the PDB 1XHM (21), in which the bound
peptide and all other non-Gy atoms were deleted. Structure building and refinement were done in Coot (22)
and REFMAC (23). A final refinement step was done with PDB-REDO (24), yielding Ryoi / Rsee Values of
18.8 % and 22.4 % (SI Appendix, Table S1). The final model contains residues 4 to 340 of G, 7 to 68 of
Gy(C68S) and 1 to 13 of the TRPM3 exon 17 peptide. A composite omit map for the full structure using
simulated annealing was created with Phenix (25) for unbiased proof of electron density, especially in the re-

gion where the peptide is bound (S Appendix, Fig. S11).

Ni** column pull-down binding experiments

Two samples of 75 ul purified His-tagged maltose-binding protein with C-terminally linked TRPM3 exon 17
peptide (construct as described in section “Expression and purification of TRPM3 exon 17-encoded peptide
fused to His-tagged maltose-binding protein™) at a concentration of 250 uM were mixed with either 25 pl
PBS or 25 pl PBS containing 25 units thrombin (Merck) and incubated over night at 4 °C. 50 ul of purified
GBy(C68S) (not His-tagged) at a concentration of 75 uM was then added to both samples, which were further
incubated for 1 h. 4 ul of each sample were saved for SDS-PAGE. The remaining 146 pul of both samples
were loaded on columns containing 250 ul Ni** Sepharose 6 Fast Flow beads (GE Healthcare), each, which
had been pre-incubated with wash buffer, corresponding to the final size exclusion buffer from the
GBY(C68S) purification including 10 mM imidazole. The immediate flow-through was discarded, as no pro-
tein should be expected here, and the Ni*" beads were incubated sitting in the columns without any excess
liquid for 1 h at 4 °C. Then, 3x 500 pl of wash buffer were added to both columns and the whole flow-
through was collected. Finally, 3x 500 pl of elution buffer, corresponding to wash buffer including 300 mM

imidazole, were added to the beads to elute the bound protein and the whole elution was collected.

For SDS-PAGE analysis, the saved 4 pl from the input samples were diluted with wash buffer to 50 pl. In or-
der to keep the concentrations of protein in the wash and elution samples quantifiable and account for the dif-
ferences in volumes (146 pl loaded on beads, 1500 pl in both the wash and elution from beads), 1500 pl / 146
ul x 4 ul =41.1 pl of both the wash and elution samples were diluted to 50 ul with wash buffer. To each of
these SDS-PAGE samples 25 pl of 3x SDS loading buffer were added and then for each sample 18.75 pl
(which contain the equivalent of 1 pl of original input sample for the Ni** beads) were loaded and analyzed
on SDS-PAA-gels (Bio-Rad, Temse, Belgium). The Coomassie-stained gels were scanned and the band in-

tensities were quantified using ImagelJ (16, 17).
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Bio-layer interferometry (BLI) binding experiments

A peptide corresponding to the TRPM3 region encoded by exon 17 and surrounding residues with an addi-
tional N-terminal biotin group and a 6-aminohexanoic acid (Ahx) linker in between (biotin—Ahx—
KRPKALKLLGMEDDI, exon 17-encoded residues underlined) was obtained from Genscript as lyophilized
TFA salt with a HPLC purity of 95.2 %. It was dissolved in BLI buffer (20 mM Tris pH 7.5, 150 mM NacCl,
5 mM TCEP, 0.05 % TWEEN 20) at a concentration of 1 mM (according to the total peptide mass stated by

Genscript). For the bio-layer interferometry binding experiments with the Octet RED96 instrument (PALL
FortéBio, Fremont, California, USA), this stock solution was freshly diluted 1:2,000 in the same buffer to ob-
tain a total peptide concentration of 500 nM. Accordingly, a stock solution of the nonbiotinylated version of

the peptide at 1 mM was prepared in BLI buffer.

On the other hand, the quadruple mutant peptide KRPAALKAAKMEDDI (KsosA + LsgoA + LooA + Geo1K;
used for the control experiments, SI Appendix, Fig. S3 J and K) was synthesized in-house using an Intavis
Multipep RSi solid phase peptide synthesis robot (N-terminally acetylated and C-terminally amidated form).
Peptide purity (>90%) was evaluated using RP-HPLC purification protocol and the peptide was stored as
ether precipitate (—20 °C). For competition experiments, the peptide was dried using nitrogen flow, re-sus-
pended and filtered through 0.2-um PVDF filters. Stocks were then diluted to the appropriate peptide con-
centration (up to 100 uM) in BLI buffer.

Streptavidin biosensors were used for the experiments and equilibrated in BLI buffer for at least 10 min. be-
fore starting the binding protocol at room temperature consisting of the following steps: (1) baseline in BLI
buffer for 60 s; (2) immobilization of the biotinylated peptide at 500 nM concentration for 80 s; (3) wash in
BLI buffer for 150 s; (4) baseline in BLI buffer for 60 s; (5) association in BLI buffer with a defined concen-
tration of GBy(C68S), as determined with a NanoDrop 2000 (Thermo Scientific, Waltham, Massachusetts,
USA), and for competition experiments additionally the nonbiotinylated peptide at defined concentrations,
for 200 s; (6) dissociation in the same BLI buffer as the baseline step before association for 300 s. For each
association condition control measurements were done with new naked sensors, for which the immobilization
step was replaced by an additional wash step in BLI buffer. To account for signal artifacts due to differences
in buffers (as e.g. arising from high protein concentrations), from the raw signals of each sensor with immo-
bilized peptide the respective naked control sensor signals were subtracted, which were low in comparison
and not indicative of unspecific binding of GBy(C68S) to the streptavidin sensor. To determine the Kp of the

steady-state analysis of the BLI experiments, the average signals of three technical repeats after reaching the
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equilibrium for the different GBy(C68S) concentrations (averaged over 10 s) were plotted against the respec-
tive concentrations. The data points were fitted assuming a 1:1 binding model with the formula:

Y=Y * X/ (Kp +X),

where X is the protein concentration, Y the signal, Y. the signal at saturation and Kp the dissociation con-
stant represented by the concentration at half saturation of the signal. Calculated values are given as averages

of 3 measurements including standard deviations.

Circular dichroism spectroscopy

To analyze the secondary structure content of the nonbiotinylated TRPM3 peptide in solution, it was dis-
solved at a concentration of 0.2 mg / ml in 150 mM NaCl with 20 mM Tris (pH 7.5). The circular dichroism
(CD) measurements were performed at room temperature on a J-1500 CD spectro-photometer (Jasco, Tokyo,
Japan). Signals were recorded between 195 nm and 260 nm with 1 nm intervals in five technical repeats and
averaged. Background signals of the buffer only with the same settings were subtracted from the obtained
data. The predicted CD spectrum of the TRPM3-encoded peptide bound to Gy was calculated with
PDB2CD (26) using the SP175 (soluble) database. For this purpose all atoms that do not belong to the
TRPM3 peptide were deleted from the coordinates of the cocrystal structure.

Statistics

Ca*" imaging experiments are represented as mean +/— S.E.M. values from individually recorded cells (num-
bers indicated in figures). Electrophysiologically measured traces (Fig. 1B, Fig. 44 and SI Appendix, Fig. S2
C-G) represent exemplary experiments, but the associated statistics represent the indicated number of
independently repeated experiments. Throughout this manuscript, bar graphs depict mean +/— S.E.M. values,
but error bars in ST Appendix, Fig. S3E represent S.D. values. Statistical testing was done with Graphpad
Prism (version 3.02) or Microcal Origin 2019 using ANOVA and Tukey’s post-hoc test (Fig. 4B8), one sample
t-test (SI Appendix, Fig. S24), Mann-Whitney test (SI Appendix, Fig. S2B and Fig. S7B) and two-tailed
paired Student’s t-test (SI Appendix, Fig. S3C and Fig. S5 C and E). In all figures, * represents p < 0.05,

** p<0.01, *** p <0.001 and n.s., meaning “not significant”, indicates p > 0.05.
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Fig. S1. Interaction between GBy and TRPM3 occurs N-terminally to the transmembrane domains of
TRPM3. (4) Schematic representation of the truncated versions of TRPM302 and TRPM3a5 (compare to
Fig. 1D, P: pore region, trp: TRP-box, cc: coiled-coil domain). These constructs start with amino acid Csgs and
end with P33 (numbering relative to full-length TRPM302). (B) and (C) Ca** imaging experiments of cells
cotransfected with pORs and one of the truncated TRPM3 constructs show results essentially indistinguish-
able from experiments with the corresponding full-length TRPM3 proteins (compare to Fig.14 and SI Appen-
dix, Fig. S2A4). In particular, truncated TRPM3a2 channels are still strongly inhibited by pOR activation.
Numbers in parentheses in C indicate the number of cells analyzed.
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Fig. S2. Single cell data and statistical analysis of the data shown in Fig. 1. (4) Statistical analysis of data
shown in Fig. 14. Percentage of inhibition was calculated for each cell individually, each dot to the right of
the columns (which represent mean and S.E.M.) represents an individual cell. For each splice variant (except
for TRPM3a2), 2 or 3 outliers are not depicted, but were included in the statistical analysis. Asterisks indi-
cate statistical significance for difference from zero (two-sided one sample t-test). (B) Statistical analysis of
the data in Fig. 1C. The conventions are the same as in A4, the statistical testing was done with a Mann-Whit-
ney test. (C) — (G) Current-voltage relationship (I/V curves, right-hand panels) for the recordings shown in
Fig. 1B. Left hand panels show the same recordings as Fig. 1B, but also indicate the time points at which the
I/V curves were measured. The shapes of the I/V curves of the individual splice variants of TRPM3 are high-
ly similar and the pOR activation by DAMGO (1 uM) suppresses both inward (at —80 mV) and outward (at
+80 mV) currents induced by 25 uM PS for the splice variants TRPM302, a3 and 06. (/) Quantification of
the inhibition calculated for single cells and for currents at +80 mV (left hand panel) and —80 mV (right hand
panel) separately. The numbers in parentheses in 4, B and H indicate the number of cells analyzed.
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Fig. S3. A peptide encompassing exon 17-encoded amino acids of TRPM3 directly interacts with GBy. (4)
Schematic representation of the His-tagged maltose-binding protein (MBP) construct, fused to the amino
acids encoded by exon 17 of TRPM3. (B) Coomassie-stained SDS-PAGE gels showing the bands of the in-
tact construct from A (upper band) and Gf§ (lower band) in the sample applied on nickel beads (input), not
binding to the beads (flow-through) and eluted from the beads with high imidazole concentration (eluate) on
the left hand side of the molecular weight marker. On the right hand side of the marker the corresponding
samples were first incubated with thrombin to cut off the exon 17-encoded amino acids (leading to a visible
reduction in molecular weight), and then treated as the samples on the left hand side. (C) Statistical analysis
of the G bands from the three pull-down experiments as shown in B (paired t-test, p = 0.037); each of the
three symbols represents an individual experiment. (D) and (E) Bio-layer interferometry binding analysis be-
tween TRPM3 exon 17 peptide and GBy. (D) Raw data plotted for the full run of one experiment with Gfy in
concentrations of about 155 (purple), 80 (green), 40 (dark red), 20 (dark blue), 10 (yellow), 5 (grey), 2.5
(light red), and 1.25 (light blue) uM, as well as the control naked sensors (with the same Gy concentrations
in the same colors, lower traces). (E) The processed signals for the different GBy concentrations from D, with
the control signals subtracted, as average of all three technical repeats (mean +/— SD). A curve was fitted to
the mean values assuming a 1:1 binding model (fitting parameter: K4 of 55.9 + 12.9 uM, n = 3). (F) — (K)
Competitive binding experiments using bio-layer interferometry demonstrating that free peptide competes
with biotinylated peptide fixed on the sensor. The concentration of fixed Gy was 19.3 uM in F and G and
4.9 uM in H and /. In J, a mutated peptide was used that differs in four amino acid residues from the original,
wild-type peptide. These mutations were designed to minimize the specific binding of the peptide to GBy in
order to test for unspecific binding events. (F), (H), (J) Traces show association and dissociation of Gy (af-
ter subtraction of traces from control sensors), with increasing concentrations of soluble peptide at 0 (purple),
1 (green), 10 (red), 25 (light blue), 50 (yellow), and 100 (grey) uM. (G), (1), (K) Steady-state data extracted
from F, H and J.
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Fig. S4. Dot blot analysis of Gy binding to TRPM3-derived peptides. (4) Binding of purified Gy proteins
to 422 individual 25-mer peptides spotted on a cellulose membrane and covering the complete TRPM3a2 se-
quence. The peptides with the most prominent signals (defining Gy binding site 1 and 2) are boxed in red
(left) and their sequences are indicated in color (right). Common amino acid residues are indicated with a
box. (B) and (F) Identification of amino acid residues essential for GPy interaction within binding site 1 (B
and C) and binding site 2 (D and E). 25-mer polypeptides with progressive replacement by alanine residues
starting either at the C-terminus (B and D, left panels) or at the N-terminus (B and D, right panels) or with
systematic replacement of single amino acid residues within the peptide sequences by alanine (A, highlighted
in blue within the sequence) or glycine (G, green) were tested (C and E). Binding intensities (%) were calcu-
lated relative to the signal obtained with the unmodified sequence. Residues most important for GBy binding
are highlighted in red and their positions within the TRPM30a2 protein are indicated. Note that binding site 2
is near to exon 17-encoded amino acids and contains them partially.
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Immuno-precipitation with anti-GFP antibodies - detection on Western Blots with anti-GFP antibodies
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Fig. SS. The interaction of full-length TRPM3 and G proteins is influenced by exon 17. (4) Five pairs of
Western blots showing coimmunoprecipitation experiments with untransfected HEK293 cells (control) or
HEK293 cells stably expressing TRPM3a2 or TRPM3a5 proteins, both fused to YFP. Protein complexes
were precipitated with beads coated with anti-GFP antibodies (recognizing the YFP tag) and visualized either
using anti-GFP antibodies (upper row) or, on different gels, anti-Gf3 antibodies (lower row). The two blots in
each column belong to the same experiment. Please note that the order of TRPM3a2 and TRPM3a5 was re-
versed for the blots in the second column. The color code used in B and D is indicated. (B) Amount of Gf3
precipitated in the five individual Western blots shown in 4, as determined by densitometry. Background-
subtracted densitometric values of the lower row blots (anti-Gf3 antibodies) were normalized to the value ob-
tained for TRPM3a2-bound Gp for each blot separately. (C) Summary data and statistical analysis (paired t-
test, p = 0.024) of the densitometric values shown in B. The analysis shown in B and C may have systemati-
cally overestimated the relative amount of G coprecipitated with TRPM3a5, since we found that TRPM3a5
proteins were more abundant than TRPM3a2 proteins in the precipitated fraction (4, upper row). The analy-
sis shown in D and F is an attempt to improve this by re-analyzing the data with additional normalizations.
(D) and (E) The binding of endogenously expressed Gf to the beads coated with anti-GFP antibodies (as seen
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in the untransfected “control” lanes) was subtracted from the densitometric data for G on the two other
lanes. Additionally, these subtracted values were normalized to the relative abundance of the corresponding
TRPM3 proteins (densitometric values obtained from A, upper row). This normalization assumes a linear re-
lation between density of the TRPM3 protein bands and the actual amount of TRPM3 protein expressed in
the cells. While such a linear model is unlikely to be correct, it may be argued that it gives better results than
no correction. (D) The correspondingly analyzed and corrected values for the five independent coimmuno-
precipitation experiments. (£) Summary data and statistical analysis for the re-analyzed data (paired t-test,

p =0.044).
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Fig. S6. Single cell analysis of the experiments shown in Fig. 2 and additional point mutations of exon 17-re-
lated residues. (4) Single cell analysis of data presented in Fig. 2. Additionally, the data from control experi-
ments with wild-type TRPM3a2 and TRPM3a5 are included. The measurements of the AsosH mutant, as well
as the measurements of TRPM3a2 and TRPM3a5 wild-type, contained 2 cells each for which inhibition val-
ues were outside the range displayed. These cells are not shown in the scatter plots, but their values were in-
cluded in calculating the mean and S.E.M. values. (B) — (E) Analysis of further mutants in exon 17 (B and C)
and at the C-terminal end of exon 16 (D and E), performed as in Fig. 2. (B) and (C) The mutation of the ly-
sine in position 2 of exon 17 (Ksos) to histidine or aspartate was surprisingly well tolerated and also abolished
the pOR-mediated inhibition of the channels. Contrary to the AsoysH mutation (Fig. 2), the A5G mutation se-
verely affected the pOR-induced inhibition of TRPM3. This may be caused by unusual changes to the overall
a-helical structure of the peptide (see Fig. 3) induced by the substitution of alanine to glycine. We did not in-
vestigate this mutation further. Measurements for the KsosD mutation contained 3 cells and for the AsoG mu-
tation 1 cell with inhibition values outside the range displayed in C, but their values were included in calcu-
lating the mean and S.E.M. values. (D) and (E£) Mutating the last three amino acids of exon 16 individually to
alanine did not affect the inhibition of TRPM3 induced by pOR activation. The measurements for the muta-
tion Pso A contained two cells with inhibition values outside the range displayed in £, that also were included
in calculating the descriptive stastistics. Number in parentheses in 4, C and E indicate the number of cells
analyzed. Throughout this figure, blue indicates mutations or splice variants that did not show channel inhibi-
tion after pOR activation.
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Fig. S7. Additional data for experiments shown in Fig. 4. (4) Single cell data for experiments shown in

Fig. 4B. b Single cell data for data shown in Fig. 4C. The bar graphs (showing mean and S.E.M.) in 4 and B
are identical to those shown in Fig. 4B and C and are reproduced for convenience. The number of cells ana-
lyzed is given for each bar in parentheses. The statistical tests in B are Mann-Whitney tests. (C)Western blot-
ting of cell lysates and visualization with anti-Myc antibodies showed that all mutants of G}, expressed in
HEK?293 cells (experiments shown in Fig. 4C and in B) were expressed, albeit with a reduced expression
level. The percentage values indicated are from the densitometric analysis of the G} bands and are expressed
relative to the expression of wild-type Gp;.
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Fig. S8. Sequence comparison of TRPM3 in different species and different TRPM orthologues, together with
3D models of the MHR3-4 linker (corresponding to the exon 17-encoded part of TRPM3) of different TRPM
channel proteins. (4) Alignment of the primary protein sequence of TRPM3 proteins from a wide variety of
vertebrate species. Shown is the region homologous to the region encoded by exons 16 and 17 and the N-ter-
minal part of exon 18 of mouse TRPM3. Blue coloration indicates complete conservation of the sequence
across the 14 species depicted. Colors progressing to yellow and reddish hues indicate progressively less con-
servation. In the lower graph, the consensus sequence is given, together with a graphical representation of
how many of the individual sequences conform to the consensus sequence. Note the high overall degree of
conservation which is especially high in the region encoded by exon 17. The NCBI accession numbers of the
sequences are: Homo sapiens (human): XP_011517338; Mus musculus (mouse): NP_001030319; Monodel-
phis domestica (opossum): XP_016279167; Ornithorhynchus anatinus (platypus): XP_028911055; Crocody-
lus porosus (crocodile): XP_019410753; Corvus cornix (crow): XP_019137495; Gallus gallus (chicken):

XP _025000670; Xenopus tropicalis (frog): XP_012827177; Sander lucioperca (zander): XP _031161818;
Danio rerio (zebrafish): XP_021332142; Callorhinchus milii (elephant shark): XP_007904772; Rhincodon
typus (whale shark): XP_020365728; Petromyzon marinus (lamprey): XP_032800301; Latimeria chalumnae
(Latimeria, coelacanth): XP_014347481. Please note that some of these sequences are marked as “predicted”
and might also be only partial (for example the sequence for Latimeria). (B) Sequence alignment of the
MHR3-4 linker region of human TRPM proteins. Positions with identical amino acids are highlighted in red
and with similar amino acids in yellow. A high proportion of similarity and homology is found in the a-heli-
cal regions of the MHRs (labeled according to ref. 27), but the linker region (containing exon 17-encoded
amino acids, blue lettering) is strongly divergent. Gray background indicates amino acids shown in red in C,
gaps in gray background are due to amino acids not included (built) in the 3D structures. (C) Cartoon repre-
sentation of 4 TRPM channels, for which 3D structures are available (PDB designations for TRPM2: 6MIX,
ref. 28; TRPM4: 6BWI, ref. 29; TRPM7: 6BWF, ref. 30; TRPMS: 6NR3, ref. 31). The four subunits of each
channel are shown in different blueish hues. The part located between MHR3 and MHR4 (often only par-
tially built) is represented in red. Top row shows a view parallel to the membrane surface, the view of the
bottom row is from the extracellular space perpendicular to the membrane. Additionally, the structure of Gy
in complex with the TRPM3 exon 17-encoded peptide as reported in this paper is shown next to the structure
of TRPM7 (blue: G, cyan: Gy, orange: TRPM3 peptide). The cartoon of Gy was oriented and placed rela-
tive to the plasma membrane as reported by ref. 32 for GIRK2 channels in complex with GBy. The MHR3-4
linker is located on a similar position of the cytosolic surface on all four TRPM structures, indicating that the
location of the MHR3-4 linker in TRPM3 channels (for which a full-length structure is not yet available)
might be in a similar position. This position is easily within reach for Gy proteins tethered to the membrane.
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A

SIGK Peptide: SIGKAFKILGYPDYD

TRPM3 Exon 17 Peptide: K.,RPKALKLLGMEDDI,,,
* % * %k %

Fig. S9. The SIGK peptide (PDB: 1XHM, ref. 21) adopts a similar binding pose on Gy as the TRPM3 exon
17-encoded peptide. (4) Sequence alignment of the SIGK and the TRPM3 exonl7-encoded peptide. The
amino acids showing sequence homology or high similarity are printed in red. Asterisks indicate the amino
acids identified in this manuscript as functionally highly important for the interaction of TRPM3 with Gfy.
Note that the TRPM3 peptide encompasses N-terminally two amino acids belonging to exon 16 (KR) and C-
terminally three amino acids belonging to exon 18 (DDI). (B) Overlay of the cocrystal structures of SIGK
and the exonl7-encoded peptides, each bound to GBy. The cocrystal structure reported in this manuscript is
colored as in Fig. 34 (GP in blue, Gy in cyan, TRPM3 peptide in orange). The GPy cocrystallized with the
SIGK peptide is shown in dark red (Gf) and light red (Gy) while the SIGK peptide itself is depicted in yel-
low. Both structures are highly similar (RMSD of 0.42 A) and the peptides show the same orientation and
overall binding conformation.
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TRPM3 peptide

Fig. S10. Comparison of docking sites of different binding partners of Gfy. Structures of Gfy in complex
with interaction partners are shown in the same orientation. The main Gy interaction partner is depicted in
cartoon representation in orange, further interaction partners (if available) in red and yellow. GPy is depicted
in surface representation, with Gy colored in cyan and G principally in blue. (4) G residues that interact
with TRPM3 exon 17 peptide are colored in yellow, also in all other structures (B — G), in which these resi-
dues undergo interactions. Additional residues at this interface are colored white if they are involved in inter-
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actions with another binding partner. GPy residues that undergo interactions at other interfaces are colored
magenta. The shown interaction partners are (4) TRPM3 exonl7 peptide (this work), (B) a GBy-binding
nanobody (PDB: 6B20, ref. 33), (C) Ga (PDB: 5KDO, ref. 34), (D) Ga (orange) bound to glucagon-like pep-
tide-1 (GLP1) receptor (red), which has also GLP1 (yellow) bound (PDB: 5VAI, ref. 35), (E) G protein-
coupled receptor kinase 2 (PDB: SUKL, ref. 36), () phosducin (PDB: 2TRC, ref. 37), and (G) the ion chan-
nel GIRK2 (PDB: 4KFM, ref. 32).
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TRPMS3 peptide

Fig. S11. Omit map. A composite omit map using simulated annealing was created with Phenix and is shown
at a contour level of 1 6 (cyan mesh) in a radius of 1.5 A around atoms belonging to the TRPM3 peptide
(orange). The peptide and G (blue) are shown in stick representation.
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Table S1. Crystallographic data collection and refinement statistics.

Crystallographic statistics

Wavelength (A) 0.9754
Space group P2,2,2,
a, b, c(A) 45.86, 80.43, 113.59
a, B,y (°) 90, 90, 90
Resolution limits (A) 42.52 - 1.94 (2.01 — 1.94)
Rmerge (%) 7.3 (128)
Rmeas (%) 8.7 (151)
Rpim (%) 4.6 (79.5)
(I/o) 13.2 (1.4)
CC1/2 (%) 99.9 (52.8)
Multiplicity 6.5 (6.7)
Completeness (%) 99.3 (98.3)

Total number of reflections

205,787 (20,381)

Number of unique reflections

31,659 (3,044)

Refinement and model statistics

Rwork (%) 18.8
Rfree (%) 22.4
Bond length root mean square deviation (A) | 0.007
Bond angle root mean square deviation (°) 1.21
Ramachandran plot favored/outliers (%) 96/0.2

Statistics for the highest-resolution shell are shown in parentheses.
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