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Figure S1. qRT-PCR screening of ErGPCR-3. A. mRNA levels of thirteen GPCRs from
the larval epidermis treated with 20E (500 ng/larva) for 20 h, with HR3 as a positive control,
compared with DMSO. B. to G. qRT-PCR showing the mRNA levels of 20E-response genes
after the six upregulated GPCR knockdown in larvae at 6th 72 h. 500 ng/larva at sixth instar 6
h (thrice at an 18 h interval) and 20E treatment (500 ng/larva) at the third injection. Error bars
represent the mean 2SD of three replicates. Asterisks indicate significant differences according
to Student’s #-tests (*p < 0.05 and **p < 0.01).
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99 — Bombyx mori GPCR Mth2 XP 021207607.1
Bombyx mori methuselah-like protein 10 AEM43036.1
Manduca sexta GPCR Mth2-like XP 030019730.1
Papifio xuthus GPCR Mth2 KP195630.1
Spodoptera litura GPCR Mth2-like isoform X1 XP 022814039.1

Helicoverpa armigera GPCR Mth2-like isoform X1 XP 021185461.1
gg Helicoverpa armigera ErGPCR-3 MN150685
Hyposmocoma kahamanoa GPCR Mth2-like XP 026327334.1

Danaus plexippus GPCR Mth2-like isoform X1 XP 032517703.1

Pieris rapae GPCR Mth2-like XP 022120619.1
Pieris rapae GPCR Mth2-like isoform X3 XP 022127620.1
Helicoverpa armigera ErGPCR-1 AFW03960.1
Spodoptera frugiperda GPCR ABC24708.1

Tribolium castaneum GPCR Mth2 isoform X2 XP 015840171.1
99— Bombyx mori GPCR Mth isoform X1 XP 012548404.1
Helicoverpa armigera ErGPCR-2 AKA95280.1
Tribolium castaneum putative GPCR Mth-like 11 KYB27424.1
Tribolium castaneum secretin GPCR Mthl2 DAC74017.1
Acyrthosiphon pisum GPCR Mth XP 016658561.1
Acyrthosiphon pisum GPCR Mth-like 2 XP 016656140.1
Acyrthosiphon pisum GPCR Mth-like 3 isoform X1 XP 001947610.2
99, Aedes aegypti GPCR Mth2 XP 021699069.1
Aedes alhopictus GPCR Mth2 isoform X1 XP 019537542.2
_w:Drosophﬂa melanogaster methuselah-like 9 NP 612029.1
Drosophila mefanogaster methuselah-like 8 NP 611998.1

Drosophila melanogaster methuselah-like 10 isoform A NP 612030.2
Drosophila melanogaster methuselah-like 2 NP 788462.2 Class B
Drosophila mejanogaster methuselah AAG22736.1

Drosophila melanogaster methuselah-like 4 NP 788394.1
Drosophila melanogaster methuselah-like 3 isoform C NP 001286527.1
Drosophila melanogaster methuselah-like 11 isoform C NP 731479.3
Drosophila melanogaster methuselah-like 6 NP 788473.1
Drosophila melanogaster methuselah-like 13 NP 788325.2

[

79

65 Drosophila melanogaster methuselah-like 12 NP 731791.2
66 Drosophila melanogaster methuselah-like 7 isoform A NP 648181.2
51 Pediculus humanus GPRmth1 putative XP 0024271941

Pediculus humanus GPRmth5 XP 002427184.1

Apis mellifera G-protein coupled receptor Mth XP 026302035.1

Pediculus humanus GPRmth8 XP 002424926.1

Ixodes scapularis GPCR Mth2 XP 029843457 .1

Bombyx mori GPCR Mth-like 2 XP 021204468.1

Drosophila melanogaster methuselah-like 14 NP 728509.1
—— Drosophila melanogaster methuselah-like 5 NP 001287291.1

97 E Acyrthosiphon pisum GPCR Mth-like 5 XP 001947300.1

Pediculus humanus GPRmth3 putative EEB16375.1
31 Tribolium castaneum methuselah-like protein 5 AEM43034.1

Zootermopsis nevadensis GPCR Mth2-like XP 021932657.1
I Athalia rosae GPCR Mth2-like isoform X1 XP 020707673.1

93 Diachasma alloeum GPCR Mth2 XP 028981831.1

79 Bombus terrestris GPCR Mth2 XP 003396591.1

6 Apis mellifera GPCR Mth2 isoform X2 XP 001120657.3

83— Apis mellifera methuselah-like protein 10 AEM43035.1
Acyrthosiphon pisum GPCR Mth2 XP 001951628.2
99 Drosophila melanogaster methuselah-like 1 isoform B NP 001285340.1
4’_} Pediculus humanus GPRmth2 putative XP 002423493.1
96— Acyrthosiphon pisum GPCR Mth-like 1 XP 001946931.1

Pediculus humanus GPRmth6 putative XP 002427398.1
Pediculus humanus GPRmth7 putative XP 002426764 .1
Apis mellifera GPCR Mth2 XP 001120679.2
Apis mellifera probable GPCR Mth-like 1 XP 0262964541
Pediculus humanus GPRmth4 putative XP 002431164.1
Homo sapiens alpha-2A adrenergic receptor NP 000672.3
Homo sapiens beta-2 adrenergic receptor NP 000015.1 Class A
97 Drosophila melanogaster dopamine receptor AAC47161.1

20

—

0.20

Figure S2. Phylogenetic tree of ErGPCR-3 and GPCRs based on amino acid sequences
(NJ method). Numbers above branches support values (%) based on 1,000 replicates are

indicated, the scale bar represents 0.2% amino acid substitutions per site, and the GenBank

accession numbers are behind the Latin names.
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Figure S3. 20E upregulates ErGPCR-3 A. and B. The mRNA levels of ErGPCR-3 after
knockdown of EcRB1 and USPI by dsEcRBI and dsUSP1 (2 pg/mL for 48 h) followed 20E
(2 uM for 6 h) induction in HaEpi cell. dsGFP (2 pg/mL for 48 h) was the negative control.
DMSO was the solvent control for 20E. C. ChIP assay of ECRB1 binding to the upstream
region of ErGPCR-3 using primers (Table S1). ECRB1-RFP-His was overexpressed in HaEpi
cells for 72 h. The cells were treated with 2 uM 20E for 3 h. DMSO treatment was used as a
control. Error bars represent the mean £SD of three replicates. Asterisks indicate significant

differences according to Student’s z-tests (*p < 0.05 and **p < 0.01).
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Figure S4. ErGPCR-3 knockdown via dsRNA injection in larvae causes abnormal
pupation. A. Phenotypes after FrGPCR-3 knockdown (500 ng/larva at sixth instar 6 h, thrice
at an 18 h interval). Images were obtained at six instar larvae 140 h according to the dsGFP
injection control group. Scale bar = 1 cm. B. Percentages of the phenotype in A. C. Statistical
analysis of pupation time from 6th instar O h larvae to pupae. The data were calculated from
30 larvae x 3 experiments. D. qRT-PCR showing the mRNA levels of 20E-response genes
after ErGPCR-3 knockdown in larvae at 6th 72 h. E. Efficiency analysis of ErGPCR-3
knockdown using western blotting at the protein levels. F. Morphology of the midgut 96 h
after the first dsRNA injection. Scale bar = 1 cm. G and H. HE-stained midgut and fat body
after knockdown of ErGPCR-3. dsGFP was used as a control. LM: larval midgut; IM:
imaginal midgut. Scale bar indicates 100 um and 50 pm, respectively. The bars indicate the
mean + SD, and asterisks indicate significant differences using Student’s #-test based on three

replicates (*p < 0. 05, ** p <0.01, and ***p <0.001) in B, C, D, and E.
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Figure S5. Efficiency of gene knockdown in HaEpi cells assessed using RT-PCR. HaEpi
cells were treated with 2 pg/mL dsErGPCR-3, dsp-arrestin-1, and dsGRK2 for 48 h,
respectively, with dsGFP as a control. The bars indicate the mean + SD, and asterisks
indicate significant differences using Student’s #-test based on three replicates (*p < 0. 05 and

*xp < 0.01).
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Figure S6. SDS-PAGE (12.5%) with Coomassie brilliant blue staining showing the
purity of the isolated GFP, ErGPCR-3-GFP, and ErGPCR-3-M-GFP.
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Figure S7. ErGPCR-3 does not interact with other GPCRs after 20E induction. A, B and
C. Co-IP to detect ErGPCR-3 coupling with other GPCRs under 20E (2 pM for 30 min)
induction. DMSO was solvent control. Input: the levels of ErGPCR-3-RFP-His, ErGPCR-3-
GFP-His, ErGPCR-2-RFP-His, ErGPCR-1-RFP-His, and DopEcR-RFP-His in the cells
detected by an antibody against RFP or GFP. B-actin was a loading control. Co-IP: Anti-RFP
antibody co-immunoprecipitated ErGPCR-3-RFP-His and GPCRs-GFP-His. Nonspecific
mouse IgG was a negative control. SDS-PAGE gel was 12.5%. Statistical analysis according to
three independent replicate experiments by ImagelJ software. The bars indicate the mean & SD.
Asterisks indicate significant differences using Student’s #-test based on three replicates (*p <

0.05).

ErGPCR-3-GFP Merge

dsGRK2+20E

Figure S8. ErGPCR-3-GFP was retained in the cell membrane after knockdown of
GRK?2. HaEpi cells were treated with dsRFP, dsGRK2 for 48 h, followed 1 uM 20E for 30
min, respectively. Green: ErGPCR-3 protein stained with an anti-ErGPCR-3 and secondary
antibody labeled with Alexa Fluor 488. Blue: nuclei stained with DAPI. Scale bar =25 pm.
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Figure S9. Low concentrations of 20E promoted HaEpi cell proliferation and high
concentrations of 20E promoted HaEpi cell apoptosis. A. Detection of cell proliferation. Red
fluorescence indicates the p-Histone H3 detected by the phospho-histone H3 antibody and goat
anti-mouse IgG Alexa-Fluor 568 (red). Blue indicates nucleus stained by DAPI. Bar indicates
20 um. A’. Ratio of p-Histone H3 staining cells to the total cells (blue) in A. B. Flow cytometry
analysis by Annexin-V and propidium iodide (PI) staining. R1, normal cells; R2, early apoptotic
cells; R3, dead cells; R4, late apoptotic cells. B’. The statistical analysis of B. %: the percentage
of apoptotic cells (R2 + R4) to total cells. Each bar represents the mean + SD of three replicates.
Significant differences were calculated using ANOVA (different letters represent significant
differences, p < 0.05).
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Supplementary Tables

Table S1 The PCR primer sequences used in this paper

Click here to Download Table S1

Table S2. Predicted binding residues and point mutations.

Proteins C-score Ligands Binding sites*

Mutation sites

0.04 CLR 240M, 241A, 244G, 248V,
2761, 279Y, 331L, 334W
ErGPCR-3  0.02 CLR 237M, 240M, 241A, 244G,
327L, 330G, 334W
0.02 CLR 222F, 240M, 244G, 2471,
248V, 252F

M240A, G244A, L331A,
W334A

*The predicted binding residues of FErGPCR-3 are

predicted online at

http://zhanglab.ccmb.med.umich.edu/I-TASSER/. C-score is the confidence score of the

predicted binding site. CLR, cholesterol, cholest-5-en.
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