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GRK?2 Probably Regulates Vertebrate Hedgehog (Hh) Signal Transduction
Through GPR161

ZHANG Hongyu, XIN Yuye, WANG Min, ZHAO Zhonghua’
(Institutes of Biomedical Sciences, Key Laboratory of Chemical Biology and Molecular Engineering of Ministry of Education, Key
Laboratory of Medical Molecular Cell Biology of Shanxi Province, Taiyuan 030006, China)

Abstract: G protein coupled receptor kinase 2 (GRK2) and G protein coupled receptor 161 (GPR161) are important positive and neg-
ative regulators, respectively, in the vertebrate Hedgehog (Hh) signaling pathway downstream of Smoothened (SMO). However, po-
tential functional coordination between these two regulators remains unexplored. Here, we generated newly zebrafish gpr/6/ null
mutants and observed mild upregulation of Hh pathway, confirming its evolutionarily conserved inhibitory role. Subcellular localiza-
tion analysis revealed that Grk2 deficiency caused exclusive primary cilium (PC) retention of Gprl61, suggesting that the PC-cyto-
plasm translocation of the Gpr161 is specifically regulated by Grk2. Furtherly, the physical interaction of Gpr161 and Grk2 has been
confirmed by yeast two hybrid and immuno-precipitation, showing that Grk2 specifically recognizing the C-terminal domain of
Gprl161. These results provided scientific evidence and new clues for unveiling the Grk2-Gpr161 axis in regulating the vertebrate Hh
pathway.
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Hedgehog (Hh) 15 % %% T 3l #% 1 Ay 32 1k O}
SERY R B R R G, PR A0 A Ak | g
HAT 8 45 22 Fh 41 3% 3l , 72 K 2 508l W IR g 2%
B A RN AR A SRR A A b R PR R AR AR
FHEY 20 BT M R 2 | B0 KM TR R
BB . AN, HOTE M R OS5 2 RO A b
TR R AR B UIAR O I I R HAF 5 5 % 40
FHLH B A B R L, A T %0 g5
T S HLEIN TR AR < R A M 55 4 Y
T3 X OF oy W AR 23 ¥ (Hh 28 13 21 40 g 6]
JHf 2 41 BRI (% Hh 3% f& Patched (PTCH)
5 Hh AR SS 6 1 8 sh 40 M A5 % W 2% . Hh 38 1
5 PTCH B9 45 6 fiftbr 1 65 38 i rh SC S AX 41 25 1
Smoothened (SMO ) # # fil , 1 51 & T UiF 9 K
9t S OB A 5% S T GLIs (Glioma—As-
sociated Oncogene Homologs ) #% 3 7% J1- #F A 41l g
W, e 260 338 0 DR B 3R Gk, S0 I A Y X
Hh B4 gy iz 27, FEFHESh ¥ b, Hhoid #% 15
5 T T A N — A BE R AR Y 40 M A
1 9% £F & ( Primary Cilia, PC) £ 559, PC &
A HE Sl A i B R TR 4 A R 1 B Bk 4
¥ o Hhii B F 2 G 8 R 7R 1R 5 W0 I 3
I PC R SIS 0 BRI, X B R
SRR Hh il B 0 A5 5 O IR 45 A B A 1 pL
il i A B

GPRI161 J& T A 28 G FE HHEEZ K (G Pro-
tein Coupled Receptor , GPCR ) , % T /)N FUAE 71 iff
98 K W% R 1 2 /) B Hb i g v i 2 B 4R
Rt GPRI61 J& — > it B 1 PC & i GP-
CR, T BEWF 58 IA Jy GPR161 ¥ % 3 o+t {H B /N G
B Ga,, 4E57 40 i1 PC h 32 w5 K F 19 cAMP
B, A3 cAMP 4K i 1 85 11 5 B A (Protein
Kinase A, PKA) &2 8 5 B i iR 25, A i 91 4l
Hh 3 B 0 3% 50 o 4 2 R B OR
GPRI161 # PC V. 2 M %2 £ B A Hh il 1% {5 = 4K
Y Bh A R AR 2 0E B AL TR B, R 28
GPRI161 55 8 16 PC 17 24 18 8% #9006 )5, %
AN ) 40 b s, X — PC iz
FEAE 5 A Hh 3@ 2% iy 2 e e B AR O
{H2 , GPRI61 2 ey 8 ny b 3 15 5 JF 9K gl
PC %% iz B HLHI i A TEHE .

G 4 [ 8 Bk 52 7K B (G-Protein Coupled
Receptor Kinase , GRK) 42 — 28 A] LLR¢ 5 14 W iR
A& i GPCR 1 38 Bl , L 28 i () g g 2 42 i 3
% 19 GPCR {5 5 B . GRK 3 i B 2 1k GPCR
JifL P9 C 2R 3 LA AR F B-arrestin 41 5 19 32 1K 9 45
M 56 M B 283805 19 GPCR 5 55 % . GRK A 1L
ASFE, HETHF 9T 2R, GRK2 J2& 4 HE 3 9 Hh
i B R R R RS B R s
GRK2 1] fE i o # B2 1k SMO ¥ 36 8 % ==, (5
grk2 5 smo G S AR R A IE A58 L — B, R
GRK2 1778 Ho A (4 7 T AL o 3 80 41 i 109 A 5%
A GRK2 A] {8 i i 3 45 H A ) GPCR 2 5 4
= Hhil B 15 5 5% 5 . 454 GPRI6L 1A ¢
5%, Fe 1N & GPR161 4E S Hh 38 % v i 5 iy
i GPCR, H: 7] fig J& GRK2 4% 0y #E 5, —
FAE P Hh il 65 5 5% 5 b B PR [ HLH .

G, A BF 55 DLOBE b 40 ok A5 R HES7 T
gpr161 § e 5 AR 4 IF 52 L AE Hh b % b BAT R
SE IR AR, #8000 28 GRK2-GPR161 1Y AH B
e Z2 47 ) I A0 B R T B P A B st f R
OIS T A E 45 Hh il i AL
A E L IESE T GRK2 2 5 8 % GPR161 7 Hh
5% T B A0 AT B T 4 B R 1 s e R
[ EE, AT 78 T 34 85 (1 QB 465 49 39 1) B A
KR E— B BUESE T % 7F Hhl i d 5
R E O R o X BEF AT A5 R o i — A R
GRK2-GPRI161 P [F] 8 45 Hh 15 5 5% 84 T 8
(1) 2% R IR 2 E 3

1 MRS IE

1.1 XIEzhY

AB B A4 BB 5 18 ( Danio rerio) i 2 51 ¥E T
R BE 5 A YR P, grk2 5878 PR A yor BE 1 £
G AR A 5| HE T80 0 3% w2 T K 2% Philip Ing-
ham S8 % 2, LIRS Y IR T ILVE KA
P 2% 0 9% Bt B S £ s ) by, 35 98 A4 S fEIR
(28 4+ 1) °C, G HEJR A N 6 B/ B iE (14 h/10 h)
LRGP, BE D fa R G T H AR S B PR R,
R G W2 ) B 9% T E3 B SR W, IR BIR & 7 Y
MY IAGE 2 7% A0 DG SCER#E AT
1.2 #HEphE

AW B 8 AR pCS2+—gpribla—
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Flag. pCS2-+-gpri6lb-Flag. pCS2-+-gpri6la—
eGFP ., pCS2+-gprl61b—-eGFP ., pCS2+-grk2-
eGFP ., pCS2+—pkarlab-eGEFP, pMetYC-DEST-
gpribla. pMetYC-DEST-gpri616 . pNX35-DEST-
grk2. pNX35-DESTpkarlab. pMetYC-DEST-

gpr161a6"TM

pNX35-DEST-grk2RGS

DEST-gpri6166"TM . It 45 #% 1k >k JHl HiFi As-
sembly Kit (NEB) [A] I 5 20 128 7] &5 8 17 04 .
AR I WK 1, pCS2+-eGEP i
PpCS2+—Flag I i 2% A4 37 i 31 5 7 3 T K 2%
Philip Ingham 55 5 % 5 B9 . 1% BE X 4% 22 i if 28
K pMetYC-DEST, pNX35-DEST, pMetExg2-
DEST iy 1L P8 2% A= i B 2% 27 B 5k #5 DR 0 20

PpMetYC-DEST-gpri16166™TM .
pMetExg2-DEST-

grk2RGS . pNX35-DEST-gpr161a6"TM . pNX35- T,

R1 BMWMET DI R

Table 1 List of primers for vectors construction

ERZE ezl
pCS2-¢GFPF GGTGGAGGTGGATCTGTGAGCAA
pCS2ATGR GGTGGCTGGATCCTGCAAAAA

pCS2-FlagF
pCS2-gpri6laF
pCS2-eGFPgpri6laR
pCS2flaggpri6laR
pCS2—gpr161bF
pCS2-eGEFPgpri61bR
pCS2—lagGpr1616R
pCS2-grk2F
pCS2-eGFPgrk2R
VO019CubF
V019met25R
V175linkE
V1752HAR
V409linkE
V409Exg2GPIR
pCS2gpri6laF
pCS2-Flaggprl6laR
pCS2-Flaggprl616R
VO019met25gpri6lal
V019Cubgpri6laR
VO019met25gpri61bF
V019Cubgpri616R
V1752HAgrk2F
V175grk2R
V1752HAprkrlabF
V175linkpkarlabR
V019gpr161a6"TMF
V019gpr16166" TMF
V175grk2RGSR
VO019met25grk2F
V019grk2RGSR
V175gpr161a6"TMF
V175linkgpri61aR
V175gpr16166" TMF

GCAGCTGCAAGTGACTACAAA
CTTTTTGCAGGATCCAGCCACCATGAACGGCTCTAAGAATG
GCTCACAGATCCACCTCCACCCATTTTTTCCTCGCGCTCC
ACTATAGTTCTAGAATTACTTGTCATCGTCATCCTTGTAA
TGCAGGATCCAGCCACCATGAACACCAGCAGCAATGAAACC
GCTCACAGATCCACCTCCACCTGCGCATATTTCCTCGATATC
TGTAGTCACTTGCAGCTGCTGCGCATATTTCCTCGATATCGT
CTTTTTGCAGGATCCAGCCACCATGGCGGACCTCGAAGCAG
ACGCCTCCGCCTCCTCCCCCGGGCAGGCCGTTGCTGTTGC
ATTGGTGGTGGCGGATCCGGT
GATTGTATGGATGGGGGTAATA
GGCGCGCCACTTCTAAATAAGC
TGCATAGTCCGGGACGTCATAGG
ATTGGTGGTGGCGGATCCGGT
TCTAGACGCAAGCTTCAGGG
TTTTTGCAGGATCCAGCCACCATGAACGGCTCTAAGAATG
TGTAGTCACTTGCAGCTGCCATTTTTTCCTCGCGCTCCATT

TTTGTAGTCACTTGCAGCTGCTGCGCATATTTCCTCGATATCGTC

TACCCCCATCCATACAATCCCACCATGAACGGCTCTAAGAATG
CCACCGGATCCGCCACCACCAATCATTTTTTCCTCGCGCTCCA
ATTACCCCCATCCATACAATCCCACCATGAACACCAGCAGCAA
CACCGGATCCGCCACCACCAATTGCGCATATTTCCTCGATATC
GACGTCCCGGACTATGCAGGATCCATGGCGGACCTCGAAGCAG
ATTTAGAAGTGGCGCGCCCTACAGGCCGTTGCTGTTGCGGTGT
GACGTCCCGGACTATGCAGGATCCATGGCATCAGGCAGTGTGAG
TTATTTAGAAGTGGCGCGCCTCAGACGGAGAGCGACACGAAGCT
TTACCCCCATCCATACAATCCCACCATGGCCTTCATCACCAT
TACCCCCATCCATACAATCCCACCATGGCATTGGTTACTATT
GCTTATTTAGAAGTGGCGCGCCCTACAAATGGATGTTGAGCT
CCATCCATACAATCCCACCATGGCGGACCTCGAAGCAGT
CCGGATCCGCCACCACCAATCAAATGGATGTTGAGCTCT
CGTCCCGGACTATGCAGGATCCATGGCCTTCATCACCAT
TTTAGAAGTGGCGCGCCCTACATTTTTTCCTCGCGCTCCA
CGTCCCGGACTATGCAGGATCCATGGCATTGGTTACTAT




1040 PN === QS PN s =Y 48(5) 2025
gR1 BAMEINHINE
Continued Table 1 List of primers for vectors construction
EIE/E2S G2l
V175linkgpr1616R TTTAGAAGTGGCGCGCCCTATGCGCATATTTCCTCGATATCG
V409Exg2GPIgrk2F CCCTGAAGCTTGCGTCTAGAATGGCGGACCTCGAAGCAGT
V409linkgrkZR ACCGGATCCGCCACCACCAATCAGGCCGTTGCTGTTGCGG
Gprl6laTl TGGCCAACTCCACTAAGTTTTAGAGCTAGAAATAGC
gRNAampR AAAAGCACCGACTCGGTAAC
gpr161aCRT4IDF AGATGAGCTGACAAGTAGATGGA
gpr161aCRT4IDR AGATGAGCTGACAAGTAGATGGA
Gpr1616T4 CTCCCAACGTGAGCATGCGTTTTAGAGCTAGAAATAGC
gpr1616CRT4IDF TGGGACTTATTTGATGACATGG
gpr161bCRT4IDR ATTCGGTTGGAGATGCTAAAAA

1.3 MpiEsR SR

HEK293T 4 ffl & & W T vf [ B} 27 B 44 A
JE , 40 45 DMEM i 4 76 4 85 95 36, 76 1R 1
SrEU5Y CO,, 37 CHMF T 5% . B R B 7
WF : DMEM f& 8 35 5% % (Sangon Biotech) , {4
3 %0 10% i 4 1L 3 (Gibeo) #1100 pg/ml. F
%% % (Sangon Biotech) , 100 pg/mL 4 %% % ( San-
gon Biotech ) . 2 it A K 2 %% BE AR AR 43 B 7000~
8024 kA7 Bk T 1 Ak A% AR, T B8 AR K0 %) 4 i
PEATSES o 40 5% Y £ 1] PET( Protein Tech) %%
YL, 4 BRI 10 B 45 AT R g
1.4 fRIMEFRRNA

FI I BR 1 P N VI E§ Bam HI (NEB) i U]
pSP64-Shh ,Not 1 (NEB) R Y] pCS2+-gpri6la—
eGFP I pCS2+—gpr161b-eGFP L YAk 1 6 ik 35
A, AL I 3R AR BE 22 BE I DNA [BUEGE R &
(Zymo Research) #1744k . 4lifb )5 2K 7 B
filf & Ah % 5% i f & mMESSAGE mMA-
CHINE Kit (Invitrogen ) 5 i mRNA , 8 41 {6 F1 5z
RS T —80CIRER.
1.5 BRFHBES AR

TE 1 U0 I 0 GO S S 0 2 R OC SOk
R0 MR PR IR AR - B AT — R M B
AB W7 A5 R BE T 43 RO R LG 11812
NIRRT AE ST DI e NEi BT EE Y ¥
i [ SRS BE 7 00, SR W SE 2 RS OB, ZE IR IR
1 40 g i 30 58 B 9, gpri6la/b-eGFP mRNA
A0 R 100 pg, Shh 0 5 100 pg, 7 3 5
() IR G 7 E3 15 97 3 rp B 1 28 “ClE i 55 5% .
1.6 WREELERRRALLRE

2 VR B B 9 Ol G 8, 52 I 2 BROME G SR

At s AW 58 A8 FH 0 B A S et 1 Y # B L 1)
i F . chicken anti-GFP ( Abcam, 1: 1 000) ,
mouse anti—acetylated «—tubulin ( Sigma, 1:1 000 ) ,
Rat anti-Prox1 ( Abcam, 1:3 000) , mouse anti—-En-
grailed (DSHB, 1:50) , Alexa Fluor™ 546 donkey
anti-mouse lgG (H-+1L) (Invitrogen, 1: 2 000) ,
Alexa Fluor™ 488 goat anti—chicken 1gG (H-+1L)
(Invitrogen, 1: 2 000) , Alexa Fluor™ 546 donkey
anti-Rabbit 1gG (H-+1) (Invitrogen, 1: 2 000) ,
Alexa Fluor™ 488 donkey anti-mouse 1gG (H-+L )
(Invitrogen, 1:2 000) . % 2 56 (1 45 J Al
LSM710 3#00t 3k 5 4 1 6% B 3F 17 W 48 Fn R
1.7 ZFBR.Pull-down #1 Western blot

B H B Pull-down I 4 5 B[ 35 52 56 44
WL E AT . R I RIPA 2 i W C
1 F + 25 mmol/L. Tris—HCI pH 7.4 . 150 mmol/L
NaCl . Jfi # 43 80 1% NP-40  Jfi it 0 80 1% K&
Jid R 44 L 1A B 43 %80 0.5 Triton X~100 ., Jii £ 43 %4
0.1% CHAPSO . 1X & 4 [} 9 il ] ( Roche ) 1 1X
T TR i 410 11 771 (Roche ) o Pull-down 52 56 FH i FH
Y 2 RN G 2K 43 00 i FLAG M2 R 2k (Sigma ) il
eGFP Trap B 5 #% 2k (Chem Teck) . Western
blot fif i $t f4& & T AE ¥ B 41 T : mouse anti-Flag
M2 (Sigma, 1: 3 000) , mouse anti—eGFP ( AB-
clone, 1:3 000) , mouse anti-GRK3 ( Santa Cruz,
1:5000) , Rat anti-Gprl61b (Absea, 1:2 000) ,
mouse anti—Tubulin ( Sigma, 1:2 000) , Rabbit an-
ti-VP16 (Roche, 1: 10 000) , Rat anti-HA (Ab-
cam, 1: 10 000) , HRP conjugated donkey anti-
mouse IgG (Invitrogen, 1:20 000) , HRP conjugat-



KT . GRK2 A1 GPR161 P[] 45 Hedgehog (Hh)3E % T W5 57 S 05 1041

ed donkey anti-Rabbit IgG (Invitrogen, 1: 20 000)
1 HRP conjugated goat anti-Rat IgG (Invitrogen ,
1:20 000) ., Western blot ‘i €& 1 Ji #8 it ECL 1k
24 % 6 ( Thermo Fisher ) , F} GE Amersham Im-
ager 600 1T 5% K5 ) 45 2% o
1.8 HRZFNETNF I (Mating Based Split-
ubiquitin Assay, mbSUS)

il BF W 2% 28 B Bk THY.AP4 il THY.APS i
B ply 1L PG 2 A i B2 2 Bk A RS A Rt
T B X 2 58 S ey 43¢ B8 SCHR O SR EAT . MR
A BT <o THY. AP4A F1 THY. AP5 B # 7¢
YPD 15 37 25 v i AL, B >R ] PEG/LiAc b5
T Ak 3 ol s S A A 1) 175 A 4R 1 (Bait ) F1EE
& 18k (Prey ) & A THY.AP4 Fl THY.AP5 %
BEARM . B A A TR o TR A T e B % IR A
E (CSM1y Ml CSM1y) , 28 CHi 57 48 h~T72 h
i 1 KA PR A o FRIR R VR R LS
Fi - S DRG0 36 0E 75 0 AR 1 AR R B Y B O
TR HEBR B B0 RO LT S, A P
104 FHME e B~ K 3% 73 2 % 8000, Bl s i A7 %
ZEE, BAHEEMEEOEKRIESE, &
BE T CSMum Al CSMrowan 5 77 B B B ] 4
B R gk b, 28 TCHE 15 JF 2 d~3 d, i o WL 4
g
1.9 HMEERTEMEERETE

BE Hy 1 gpri6] 58 28 K H i >k A CRISPR/
Cas9 K& A 2 48 £ AR o 8 53 19 9 %€ {7 ] Chop-
Chop 7E £ ik 55 #% 53 Mr i it o 43 il B 6 7 A 25
S Sy ] N T A a7 3 S 5 AR (PO A TR 134
7 AR B R — A M ST 1 pg
gRNA #1'5 pmol Cas9 & 1 (NEB ) , F| Ji] 5& X %7
S ¥E S 45 A Sanger M /¥ ( Sangon Biotech ) , fifi
TE I 4 R Y R ARG R ARSI BT Y
SIS W BHIRG T RN grk2 (MZgrk2)
P 5 5 E TR AP TR S WSk 21 ] .

2 4R

2.1 D Gprl6l £ Hhi# & th & 1% fa [/ 7 35
1ER

PR ZH T BT X B A0 1 gpri6] H BT
e WLBE By 0 R 4] b AE AE A gprl6] [R] IR
AL T 9 5 YL AR Y gpri6] R L it A% i

7 55 /N BURL N GRR161 % PR 33t 4% e v B A e 2
FRARLPE , B0 26 N h B L £ gpr16] B [
BN T 65 B R IR sie ch211—
237¢6.4 W0 2 38 2ok 25 1 1A IR P 91 b X 2 T
B o BT P BRI A e B IR 7, AW T
6 5 YL Ak 1Y gorl61 i 44 M gpri6la, i B T
95 YL AR gpri6l fiw 450 gpri6lb . hitt—
W GPRIGLTE R HESI Y W k& M Hh 7 %
1 B R 45 2 RE L F AT A ] CRISPR/Cas9 4%
PA] G 0 1 A B X6 3k 7 S R PR AT T B 0 58 AR
PRI A L A8 T T 4 0 S AL T A SR TR Y
ZEAAR T (B 1(a)) . &8 HOES G2
i ¥, FRAT Al AR AT T 2 > gpribla F 2 A
gprl61b K i€ 5t A% 58 A8 4K, X H 4y Bl w4 R
gprl6la ™" . gpri6la™” gpri616™""F gpri6 16",
LR a8 K samO1 « sem02 , sam03 1 sam04 . | iR
JIT A7 9% A8 A 1) il il TR 1) A R 5 AR 5 B0 G Y
X B 5, 1 R A B R AT, H A
AR B REAE A AR R, BAR R som01 1655
TN T EARAE 1B B R A I 2 A 3
A, BB 109 A2 IR 5 #8142 1 9 > 2
IR S5 b 5 sam02 758 —ANAN B F BAAE 4D
ok 7 gk 2K, S BOEE 110 A & R R A T AE i
40 AR 5 20k 5 samO3 TESFH — AN Ah R 7 k-
FEAE 26 D (R Bk 2%, S B 10 1> 5L R e
WL 5 sam04 TR —ANH B F EAETE 9 A4 il Ak
BRI LA IR A A, T BUR 14 D =R R
JEBIREZIE (K 1(b)) . B 440 R Ay AL
R SR R R B B35 W & & S H s AU
H o il bk 5 AR R G O A8 BB AR
B AR T sem01 Fl sem03 2% 38 J5 A% gpri6l
a " gprl6loT T WAl TR, YR R A
240 4 F R MK WoR , WAl A T %A KR 1E
WRE, AR W B LT 6.

TEBE 5 7, Proxla Fll Engrailed2a ( En2a ) /&
Hh {5 53 B AR 6 19 LA B 5346 /9 53+ Fn i,
T 3RAEBE 5 4 Hhoil B0 P o 3R AT H H S0 9% 28
He G B F R XF gpri6la ' ; gpri6ld ' W4k & ¥
98 75 R ) Proxla Fl En2a 3 1k /K S #E 47 T 40 #r
(B 1(c)), 45 R BoR, 58 AERAH L, W5+
58 7 K i Prox1a A1 En2a FH M 40 i (4 £ & 2 wg
A2 (B 1(d)F(e)), R RZAK D HhF5
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WO TEE S B T R FE 28 GPR161 2.2 GPRI61 FEEHAIT GRK2 BYEE

75 Hh {5 538 % vh & 4% O <7 19 5008 45 4E GPR161 Z 5 Hh i 6 16 P 8 45 1) — 4> #
(a)
Danio gpr161a = {4. ] 1—3 m
Danio gpr161b i*. L1} ] | =
(b) gpr161asxm07/+

[ I N 1 bp del; 2 bp ins

...G(91)VVWCNFSALLYLLISSASSAHVGSHCH*

gpr1 6 1asxm02/+

TG 6c GCCAGCACECGE T E.:l 4bpde|
Dot A algay - CODVVWCNFSALLYLLISSASRWEPLPLTGTTLFSSQWST
ANV i I  PSRSPVIEHRWLSSTCGFTLF*
gpr161p>mo+

A AR S AT T AR A EEE N BB
TTR e R 26 bp del
A fl “w"'p"“.,"r"l" fl f) "
;,“.‘x‘,,ﬂ.ﬂv 1Y Jh‘f\:mvwl

gpr161bsxm04/* MNGSKNGPG*

1 9 bp del; 1 bp ins

hoatdan
[ i "||u‘_‘,

f
WV Al %‘u@ﬂ MNGSKNGTAVANGPG*

i 1)
(©)

Prox1a I En2a Merge
°
=
S
(e)

@ ~

35¢ 5 ¢
2 - 2,

= 4L (LT

A
(Q e [eoe [T B3 feee
Q 25¢ °
© solee Q 2 T
: 2
§ 20 . w 1F ees
o

15 ; : 0 : ’

B BEEfh gpr16] S8R AL 5 H: HnE B PR w020 234
((a) BEI 111 gpr16 1a Fe R F gpr1616 B 5 AR pS /R B - . (b) I FF IR IE gpri6la '~ M gpri61h '~ BED A bh Z R B . (o) g
BN AN gpr161a ' ;gprl61h ' WAl T & P Proxla(£1 (43956 ) il En2a (44 (05856 ) 19353k . (d)—(e) gpri61 58745
BT R Proxlat il En2a+ A AR GETTH 54T . n= 15 (3R SAMATT ), “ e F7R P<<0.001, “*+” 3R P<0.01..)
Fig. 1 Construction of zebrafish mutants of gpr/61a/b double-null allele and analysis of the Hh pathway activity
((a) Schematic diagram of the target sites of the zebrafish gpr/61a and gpri61b gene. (b) Sequencing results of the heterozygous
gprl61 mutants and the schematic diagram of truncation of the Gpr161 proteins in gpr/61 mutants. (c) The expression of Proxla
(in red) and En2a (in green) analyses by immunofluorescence staining in the gpr/61a”; gpri61b” double-null allele mutant.
(d)-(e) Quantification of Prox1a+ and En2a+ cells in gpr/61 mutant. n =15 (5 somites in 3 embryos),

"N indicates significant with £<0.001, "**" indicates significant with P<0.01.)
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0 A R R R AR B e, H LA B EA
B 5 Hh 3 8% 06 P % DDA G o R il B B £
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Fig. 2 Subcellular localization analysis of Gprl61la and Gprl161b

((a), (d) Subcellular localization of transiently expressed Gprl61a/b-eGFP fusion proteins (green) in the otic vesicle of wild-type ze-

brafish embryos. (b), (¢) Subcellular localization of transiently expressed Gprl61a/b-eGFP fusion proteins (green) in the otic vesicle

of yot mutant embryos injected with shh mRNA. (e), (f) Subcellular localization of transiently expressed Gprl61a/b-eGFP fusion

proteins (green) in the otic vesicle of zebrafish embryos of the maternal zygotic mutant MZgrk2. Ac-Tub was used to label the PC

(red), scale bar, 5 um. )
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Fig.3 Detection of Gprl161 and Grk2 protein interactions

B6TM-RGS|

((a) Zebrafish and mouse Gpr161 protein interaction networks were analyzed using STRING software. The left is the predicted Gpr161
protein interaction network in zebrafish, and the right is the predicted mouse Gpr161 protein interaction network. The connecting lines
indicate direct interactions, black thick lines indicate proteins with strong interactions, thin lines indicate proteins with weak interactions.

(b) Prediction of high-level structures of human GPR161, mouse GPR161, zebrafish Gprl61a and Gpr161b proteins using AlphaFold2
software, with pLDDT confidence of the structures shown in different colors. (c)—(e) Interaction between Grk2 and Gpr161 was detected
by ColP in HEK293T cell line. ¢, Regulatory subunit of PKA has direct interaction with Gprl61a and Gprl161b. d, Gprl61la has direct
interaction with Grk2. e, no direct interaction between Gpr161b and Grk2 was detected. "+" indicates that the vector expressing the
relevant fusion protein was transfected in the cell, "-" indicates that the expression vector of the relevant fusion protein was not transfected
in the cell; input indicates the total protein extraction sample before IP, and Flag-IP is the magnetic bead with Flag antibody. Samples
after IP; IB indicates the detection antibody used for western blot. (f) Schematic diagram of the functional domains of Gprl61a, Gprl61b
and Grk2 proteins. (g)—(j) Detection of the interaction between Grk2 and Gpr161 in the split-ubiquitinated yeast two-hybrid system.

g, Gprl61a, but not Gpr161b, was detected to interact with Grk2 using PKA as a positive control. h, The C-terminus of Gprl61a interacted
with Grk2 using PKA as a positive control. i-j, Detection of Grk2 RGS domain interaction with Gprl61la C-terminus and its reverse

validation. 'Pos' is positive control, 'Neg' is negative control; SC-AH is CSM-LTUM medium, 0. 5 umol-L™" Met is CSM_{ruyapn SCreening
medium containing 0. 5 umol-L ™" Met, three replicates for each test sample, and the dilution gradient is yeast suspension solution, diluted

10-fold and 100-fold. (k) The interacting proteins were expressed normally in the corresponding yeast. )
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