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A new model for screening active ingredients in traditional Chinese
medicine based on the interactions between gut microorganisms and
G protein-coupled receptor
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Abstract: Gut microbiome and their metabolites are closely related to human diseases, which influence the
development of diseases by interacting with receptors. G protein-coupled receptor (GPCR) is a receptor
superfamily that exists on the surface of cell membrane, which is involved in a wide range of human physiological
activities. GPCR is currently considered as important drug targets. Traditional Chinese medicines (TCM) are
characterized by multi-components, multi-targets, and multi-pathways. More and more studies have demonstrated
that TCM can ultimately intervene in diseases by modulating gut microbiome and their metabolites, affecting their
interactions with GPCR. This review discusses the status of gut microbiome and human diseases, the interactions
of gut microbiome and their metabolites with GPCR, and the status of GPCR drug development. Based on the
above contents, a new model of "TCM-gut microbiome panel-GPCR-disease" is proposed. The interactions
between active ingredients of TCM, gut microbiome panel, and GPCR and their effects on disease are elucidated
through multi-omics techniques. This review will provide new ideas for analyzing the pharmacological mechanism
of TCM efficacy and searching for new targets of TCM.
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Fe e A B AR o 5 PR /) B Ji 3 T A A AR
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B, H I iE e & Rl Ak A Z ALY i A
A I AT S FACH = W ) e % 5 ROEYE e R A A
SR, X EE I 5 i3k — 25 5 R A AR N S Hh ) T
HEM O,

A e AR P2 e i it 5 & 2R AR M4 5
RIFR S IEAER o W Mycelia sterilia ;= 1] 2 BR 7%
FAEH T A0 M R 1 1-W BR -1 2 ¥ %2 /& (sphingosine
1-phosphate receptor, ST1PR) 3K & $ 4 32 111 1] 1 47 2% 1]
218 H™; Psilocybe mexicana 1= *E 1] psilocybin 1E | T
1ML 2% 2A 5244 (serotonin 2A receptor, 5-HT,,R) ¥4 JT
FARES . Bl % BEER B (Streptococcus pneumoniae) 77
AR T IR A T 36 3 T B 1 BV A 524K 2 (protease acti-
vated receptor 2, PAR2) {i¢ i#F 48 JiF & A1 H I FR 2R AR
W A AE BT 9k JE BE X %2 4K (farnesoid X receptor,
FXR)\ %5t X 2 {& (pregnane X receptor, PXR). 44 %
D 5Z{& (vitamin D receptor, VDR) Fl1 G & FH H BE A2 14k 5
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il 2 IR Janus WHEEAE 5 7% 3 R0 % S B0E TR 3 (JAK-
STAT3) {5 538 B%, 3F M 40| 45 iz g R A= o ik Ak, ot
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AAE%E . KGEYE %W (inflammatory bowel disease,
IBD) 72 — i A e 1 1 1 1 52 K 1t i T 8 0 M 9
ARGz S5 i K (ulcerative colitis, UC) 5 77 % BUp
(Crohn's disease, CD). £ 1f 5t % B £ IBD % 5 4,
JY 38 A D L Tl e O A, R R R R D R T i P
G R AL B ol - | N S 23D DUV E 0177b K [ G /)
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YL A FECY AT I 35 [ A1 8] 5% B O B2 4 (dextran sulfate
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TS IOE, 5068 IBD. S RS 1R S 2,4,6-—
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B2 £} (Lachnospiraceae) (1) AHXT 3= FZ, # NF-«B ]
Ui AF 5 Toll £ %Z & 4 (TLR4) /B #F 43 44 [H T 88
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J¥ I B 45343 A0 T 3 N W 2HL 2R, T A A T 3 e R e I
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Formulas

1 Codeine

Tanshinone ITA Huperzine A

Artemisinin

Medicinal plants ~ Natural compounds Gut

T SRV A ) A K R R U
22 BEREYRSEIS GPCREEXR

GPCR 73z 5340 T o 38 1) i 6 JEE 1 52 440 B e 98
YHE N A SE 2 A A, S SRR B UL E
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B8 A 2800 R 57 A AR A B B R
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SCFAs i E H T 4 43 W L 4 B 3% 1H0 220K 1) 4RE
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(1) 53 v, 3T 2 5 MR I i )3 GPR43
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Figure 1

Traditional Chinese medicines active ingredients modulate gut microbiome and their metabolites to interplay with G protein-

coupled receptor (GPCR) to intervene in human diseases. GPR41: G-protein-coupled receptor 41; GPR43: G-protein-coupled receptor 43;
GPR109A: G-protein-coupled receptor 109A; TGRS: Takeda G protein-coupled receptor 5; GPR35: G-protein-coupled receptor 35; 5-HTR:
5-Hydroxyptamine receptor; GPR81: G-protein-coupled receptor 81
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Table 1  Gut microbial metabolites and disease. MAPK: Mitogen-activated protein kinase; OPG: Osteoprotegerin; RANKL: Receptor
activator of nuclear factor kappa-B ligand; MMP-2: Matrix metalloproteinase-2; OPN: Osteocalcin and osteopontin; PI3K: Phosphati-
dylinositide 3 kinase; NF-xB: Nuclear factor kappa-B; MCP-1: Monocyte chemotactic protein-1; VCAM-1: Vascular cell adhesion molecule
1; Akt/PKB: Akt/protein kinase B; MMP-9: Matrix metalloproteinase-9; DCA: Deoxycholic acid; JNK: C-jun N-terminal kinase; Wnt:
Wingless/integrated; DNA: Deoxyribonucleic acid; cAMP: Cyclic adenosine monophosphate; PKA: Protein kinase A; NLRP3: NOD-, LRR-
and pyrin domain-containing protein 3; ERK: Extracellular regulated protein kinases; 5-HT: 5-Hydroxytryptamine; HTR3A: 5-Hydroxytryp-

tamine receptor 3A; FoxO6: Forkhead Box O6; 5-HT1D: 5-Hydroxytryptamine receptor 1D; PIK3R1: Phosphoinositide-3-kinase regulatory

subunit 1; SCFAs: Short-chain fatty acids

Gut microbial metabolite Target/pathway Disease Mechanism Ref.
SCFAs Acetic acid Histone deacetylase Allergic asthma Promote T-cell differentiation into both effector and [76]
regulatory T cells to promote either immunity or
immune tolerance
Propanoic acid Regulatory T cell Multiple sclerosis  Increased the expression of Treg-cell-inducing genes [77]
in the gut while normalizing Treg cell mitochondrial
function and morphology
p38-MAPK and Obesity Restoration of Treg-Th17 homeostasis and inhibition [78]
interleukin-10 signaling of obesity and related comorbidities
Butyric acid OPG/RANKL Osteoporosis Alteration of OPG/RANKL expression/secretion, 8- [79]
isoprostane, MMP-2 and OPN secretion induces bone
destruction and impairs bone repair and affects cell
viability
GPR109A Colonic Inhibits colonic inflammation by activating the [80]
inflammation GPR109A receptor
Propanoic acid - Cardiovascular - [81]
Butyric acid diseases
GPR109A, GPR41 Hyperlipidemia Activates GPR109A receptor and GPR41 receptor to [82, 83]
reduce cholesterol production and improve lipid
metabolism
Acetic acid - Lung diseases Regulation of metabolic processes in [84]
Propanoic acid lipopolysaccharide-exposed alveolar macrophages and
Butyric acid maintains lung immune metabolism
GPR41, GPR43, Cancer Regulation of GPR41, GPR43 and GPR109A [85]
GPR109A expression reduces inflammation and cancer effects
GPR43, GPR109A Gut inflammation ~ Reduces inflammation by activating G protein- [80, 86]
coupled receptors such as GPR43, GPR109A
Bile acids  Tauroursodeoxycholic Amyloid-beta peptide ~ Alzheimer's disease Inhibits cell death by interfering with the [87]
acid mitochondrial pathway of apoptosis in a PI3K-
dependent manner, thereby inhibiting the translocation
of the pro-apoptotic protein Bax
NF-xB pathway Acute Reduced glial cell activation and expression of MCP-1 [88]
neuroinflammation and VCAM-1
- Huntington's Reduces apoptosis in striatal cells; reduced [89]
disease intracellular levels of inclusions; improved motor and
sensorimotor function
Ursodeoxycholic acid  PI3K-Akt/PKB Parkinson's disease Dose-dependent inhibition of apoptosis by the PI3K- [90]
pathways Akt/PKB pathway reduces reactive oxygen species
(ROS) and reactive nitrogen and maintains
intracellular glutathione levels
Glycoursodeoxycholic Caspase-9 and MMP-9  Amyotrophic Reduced cell death by blocking caspase-9 activation [91]
acid lateral sclerosis
Glycodeoxycholic acid TGR5-GATA binding  Polycystic ovary Promoting intestinal intestinal group 3 secretion of [92]
Tauroursodeoxycholic  protein 3 signaling syndrome interleukin-22 via the TGRS5-GATA binding protein 3
acid pathway signaling pathway ameliorates polycystic ovary
syndrome
DCA NF-«B and Wnt Colonic Activation of Wnt and NF-xB signaling pathways [93]
Lithocholic acid signaling pathway carcinogenesis triggers oxidative DNA damage and impaired

mitogenic activity, which subsequently leads to
excessive proliferation of colon cells
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Continued
Gut microbial metabolite Target/pathway Disease Mechanism Ref.
TGRS5-cAMP-PKA axis Gut inflammation  Inhibition of NLRP3 inflammasome activation via the [94]
TGR5-cAMP-PKA axis
DCA INK Atherosclerosis Up-regulation of c-jun N-terminal kinase (JNK) and [95]
platelet-derived growth factor beta receptor
Lithocholic acid TGRS Rheumatoid Activated TGRS receptor and exhibits anti- [96]
arthritis inflammatory effects
Tryptophan Kynurenine - Diabetic - [97]
nephropathy
PI3K/Akt and MAPK  Colorectal cancer  Inhibition of PI3K/AKT and ERK pathways [98]
signaling pathways suppresses proliferation of colorectal cancer cells
5-HT - Metabolic disease  Affects hepatocyte and adipocyte function to regulate [99]
blood glucose and obesity
- Neurosis - [100]
HTR3A receptor Colorectal cancer  Activation of HTR3A receptor enhances NLRP3 [101]
inflammatory vesicle activation and causes intestinal
inflammation
PI3K/Akt/FoxO6 Hepatocellular 5-HT1D interacts with PIK3R1 to activate the PI3K/ [102]
carcinoma Akt/FoxO6 pathway and exacerbates hepatocellular
carcinoma progression
- Depression - [103]
- Chronic Toll-like receptor 2 inhibits 5-HT transporter function [104]
inflammation and reduces 5-HT release, thereby improving chronic

inflammation

M1 B4 HE, 23 /)N B M2 GG 41 Fi 1) 48 i SR 25 fft T
A FFE 9 1 A REM ' 5 2% B e 315 50 11 T A% A S 3 2 i
DSS 5 3 1 45 i %%, 34 g B2 7L A B (Lactobacillus
acidophilus) W13 £ 2 T8 R 7KCF, FRARAR 28 41 i ]
F, PRBEFRLR A P 1S A0 B K PR 2, T R BE B
TADAT B T T A9, 32 5 SR #h 7K1, ¥R 97 uc!™,

222 BEERS5GPCREE ORRMEHLHRIE
REENENZ 5T 2R . K2 HGiER AT Lo
A E B R R, 7R A2 A E T T, W
RIRGATE  EJE B AT A E BRI AEY
AR = 4 P — o e X0 170 28 9 2R G 1) B LS 5 R T
e DAt S R AR 00~ 5 T B - il i A S o
B G FIRMA, ML R RN A, K
7353 RECAR S M i il 100 R PR R AU A0 N 23 WA T e, OF
gl E AR AR A B R EL, TS BOH AR GE 1 K
el SRR AR = W LU A5 5 ML A R A DG TG, L5
PR AR ™= 4 3 A R IR MR IR R IR AR PR I 1R
S, FoAR R PR I TR 0% GPR35 24k, KR W
TE AN G B PR AR NN AN A AL = LT
IR ACE KT, B35 R IRIG R  5-F2 55 Wk £ 1%
M5 e TR M| Ve 2L T 1 | R Tt 2 56 0 2 S2 AR AR, AR
45 iy Hh 9 hE 48 B D8 - 13 4 A 3R -6 (IL-6) 1 48 A
#-18 (IL-1p) 7KF-, AT 2435 DSS 5 5 1 UC /N R 25
i AR S NS 2 B oPD-1 5. 53 B PRI A 8
FHUO 8 0 %k B B AT 7 (Parabacteroides distasonis)

FNE BT (Bacteroides vulgatus) HIMIXT | A%
L- R PR TR VA Je L- K PR 2 W/ 0 2 TR EL 28 K 1 i s
aPD-1 55 BEHUAAR I 08 S o

223 FEHERS GPCREAE  JHIFERI4LK 32 miE 4i
FACHI R, 518 FABEE NERKR. YIZRHTTRE
5 JH R (cholic acid, CA)~ # 2 % L 2 (chenodeoxy-
cholic acid, CDCA) Z£ /£ BAR IR ZFHUAT 1 (Clostridium
hiranonis) IR MR B (Clostridium scindens)~ & [
W (Clostridium sordelli) =5 g 18 AL W IAE T 5
b R 2 B R W DCA A A7 JH R (lithocholic acid,
LCA)"""™ B vt B2 %2 4 7 BL 40 % FXR. VDR, PXR.
TGRS Al 1 B2 -5 % ¥ 52 48 2 (sphingosine 1-phosphate
receptor 2, SIPR2) 5, H:FF TGRS )2 S1IPR2 y GPCR!',
JHVRR AR 4 CDCA \LCA %5 A28 0% TGRS, i 2
TR BR AT AR, AN AERR R S BRI 7 0 8 N R 2R
BEPA] PR R FARCRR SR, R TR R HEAR TR R G FTR 9T
IBD"'#1, gh & JH 7T R TCA. H & JH R (glycocholic
acid, GCA). H 2 #& It % JH R (glycochenodeoxycholic
acid, GCDCA) FI 4 fi# g€ % 4 JH 2 (tauroursodeo-
xycholic acid, TUDCA) fig [l SIPR2 FJFE K KA, ¢
HEHE 7 I ) et 4 2k T DA sk 3 A
AR LB BRI AU AR, 390 FXR AU X 524K o
(LXRa) 7E N BIAZ AR I8, I A6 e 107 4B i Ak
ity 1) £ 1 AR IA B ek b, MR BR A g A2 e 1 2R 1 K P
8 hn, T S AR M R T R SR AR
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gl i PR AICR B R (Ruminococcaceae) . it fift
I Bl (Desulfovibrionaceae) o041 B 11 A1 25 F57 4T B &
(Phascolarctobacterium) [ FH X 3 B, 2 5 B R H R}
M55 W& (Blautia) B2 % J& (Oscillospira) AU
BRI AE T = B, 0TS IR R 52 R FXR, 48 #7072
PRRAS, DR i fixg e B (10 S 4 P, oS8 v a6 I 5 88 v
.
23 HHFEFHEREIREREYS GPCREE
P

WA EMAEY S GPCR EAE LR, £ MUur+H 2
2GR T OB DTN R ER B OR SR E o U Y 1
TE A WD R ) €8 IR P2 AL KT, AT N Tk £ 1R
(1) 5-F B R AL 77, [FIE, B R BRI 5-F2 iR
it R B v, TR D S-HT 7242, I B 5- 3t &
& o M TE A0 b T e B 5= O IR A PR A 381
R, ARG 2E O i i 5 R DL ORI ) 5-HT 7K,
AN R FE HLAIAR AR FHYY & 2% 5 BV ml f5 2 FiU 57 DSS
75T UCHEAR, FHIE 2 A 5T /K-, 34038 i 39 im0+
I7 3L IR B J8 AR v 2 1 8 (Akkermansia) 55
BT, P0G RSB B D AR TR R T )RS AT B8 1T (Heli-
cobacter), 5% 2 BN TR & &, db Ak, & KSR I
T 45 M vh GPR43 HI GPR109A [ 3 3k, # i)  F i
HDAC3/NF-«B % JE {5 5 & 5, A& 2 %l p7 UC 1 1
WY SR B2 2 T =i RN &5 5 0/ R
R PR R & 2R HE T, 2 w5 L3 (=] i 0 1 € g g 4 2
() HE A R 7K 1, 38 I 0 7 T HH ) TGRS R 235 i %)
B AU, f232E RE 7 20 i A e S A, I B3 1 10 s
8 1 FE Y R 4% 18 B 11 (ABST) 78 i 1 L, %
LARBET PHVT R 10 e 2 DA AR R TR, /N B
WK 5 4 4 21 M 4E A 3R B 24 B8 08 15 Jnoal R s /) BRBE
Y R JOR R R RITARIR ZF F AT B B (Clostridiaceae) FH %
FJE, A3 CA [ DCA I #A4L, IF 0% 7 TGR5-GLP
B, OO T ORE R S BRI AT BE IR i A A &= AR
B, NS B R A AIER /KRG, MiE T Blautia
spp. KEE &, HAW Yo NRIEH T B4
Jif1 % T 52 ¥4 GPR43, $& =4l Ml N Ca® KF . IR EA
218 Em, Rk B &R RPN ERES EH
(MAVS) # ¥ . 78 B8 TR LA K 55 1 W ELAE 5
VEFTR, SR 18 575 P 4% 6 FLE 0 JEORE B35 186, 2kt
A DNA (mtDNA) &b 88 55, AT 0 T il 9 B R
- IR A B (cGAS)-E & A T 9 %= 3 A+
(STING)-I1 848 3 (IFN-I) {5 538 %, fe ik TP K Al
WO R 2R 08, R = AR P 25 85 1, $5 DU 8 e 23 /%
YU AR, M TE A K A S5 GPCR HAE
BLI AR 20T Z 8 58, 2L AT B B AT v 25 25 2L

il () S EREAY
3 GPCR#HHF%
3.1 FRIRK

GPCR 75 A 4 ) A8 230 3L ok 72 Fh i 25 B B R,
—HURMEAD KN EEE S —. HIWTEA
GPCR #(# PE G it 45 R 7w, CAH 475 MR E a2
i B E HE R (FDA) #iE#E 117 1 GPCR 254 (https://
gperdb.org/drugs/drugbrowser) 1 483 /> 1E 7 i3 47 I PR
X 5 1) GPCR Zj %) . 75 Jé B 48 (siponimod, i ¥ 1%
S1PR1 A1 SIPRS 57 £ 2019 4 FDA H{LHE 111, A
J7 2 RAEWEAREDY; [F) 4, 7] £ A8 B K (semaglutide,
GLP-1 2R 207) & FDAHLHE L7, FH 3677 2 240k
JRIFUS, AR, 2019 4F Ubrelvy (ubrogepant, F 45 2% &
IR K 32 45 41 77) « Reyvow (lasmiditan, — Pk £
P 5-HT R #5 B 7)) Wakix (pitolisant, % $¢ 4 41 % H3
ZARFEPLA)Nourianz (istradefylline, 3% £ 14 A2AR $5
Pua)) O N . 2023 4, £ [H FDA H:Alk
HET 55 R ¥ 24, Frh GPCR 4 A 24 5L GPCR il # A 3¢
2591 104~ 45 Filspari"*” (sparsentan, XX = Py J% 2 - IfIL
B EIKRZMEIEPA); Zavzpret'(zavegepant, FF4E5 &
3[R A0 5 Ik 32 745 H177)); Veozah!'*(fezolinetant, 1 £8
WUIK-3-52 AR F5407) 55 . H AT GPCR 2 s &KWt 5 4T)
TEARSE, ARG 2 G AR 2 S5 2 R PR K et
N GPCR B s FF R S 2500 I I FE AR TR A%
3.2 GPCRZHH/EIATHIEME KA

W IR I R L R B R, — R T
G %k 1 25 ¥ & B (phenotypic drug discovery,
PDD), 3X i 245 4 J B 77 Xt i 43 05 9 s FEEAH SG T I
PR Tl A 2R B S 6 #5528 SR 326 Ak A 2R BT A 2 w1 24
s Y — e USR5S O EERE (K 2595 % (target-based
drug discovery, TDD), iX Fh J7 2 A Fik T~ % 95 T3 AT EE 5
B ) B A, T XoF S — A I s AL i) v B A % 1) 4
SOF =W NTTR K DO 51 8% W NG s e =) 4 N e 2 K 7 N )
W 7. B 20 tH 20 80 AR 7 1 AR 5 a1
L2001 48 N SFE PR 2 I Fe ) D4 kE DA K 2001 4 5L ) 7T
[ 245 B 5 JE IR R D 3R, A8 TDD R Kk
IR 20 R e 2 —, A58 5 3 3 R A

H AT, N L& D& Mo iU A 254 9T K&
HIA 71 TR, I HIEAEAY R o2 an ey 38 71 37 24 24 4 e
RO B A BLA 259 . PRESTO-Tango #& GPCR 4l
I — il S TR 3@ GPCR Ik T 46 7T
AR 2 1 3 28 B D e I i T S A= A A, BT s
JyAh—FhE E R i IR T (K2).
321 EMIFEZAR KRR R GPCRBCA ) H %
SKUS, X 5T GPCR FC A4 F0 25 ) 0L B B A0 .
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Figure 2 Screening methods for GPCR drugs

A, A SLHOE PR b 274 T 30E TR RAR TR, iX
BE R AR =5 N O % HE Y 800 £ 1~ GPCR 7%
TEH G HENNIE R o R FTRE & — F B T FH L
M2 77 1, BRI s R AR s, SN
GPCR ¥ % Je FF R A 71 T H . Chen "4
THF N TR B GPCR FLAA G i 1k &R, I3 51 B
PR IR B SR DT T AR T e R
T g 5 15 GPCR R4 i e p Y

322 SEBEEMAIFERAR HiE A GPCR A LUK
40 W AR U, 40 SCFAs 1 LA 4 GPR41/GPR43 &
SZ O TN W R AN FL R AT DA B G BRI BK 2 44 31
(GPR31) B2 LK f il i — R BIIE AL RE 21 R I
TE A )oK U5 1) GPCR C A& R LU 5 1 32 AR % 3
DAL e, i 38 A AR A 2 — AN TS E I FE & 1) GPCR
FCAR I o BR Tk Z 00 BT A TE AR AR I R Gtk
i 36 1 AR, AR K0 43 i AR 0 AR U A T T R v R
fi# B . PRESTO-Tango +& 2015 £E 4 JF & K i 2+
B-arrestin 7 55 K i 1% 4= B 0% GPCR I BCAAR - & .
Chen 25" i3 FI| Fil PRESTO-Tango 3 A 3K §if 1% 7 LA
72 BOE N 28 GPCR ¥ C A4 1 i 18 AR A,
GPCR ¥ fb ok 348 7 DLy 5 15 5 A= 3 Dh B 1) i i 2E
VAR, 45 G 5% TEAGE AR A oy a8 B AL D B,
PRESTO-Tango % R JI 4% &y PRESTO-Salsa fi i ~¥-
G LERFL (96 FLIR) AR 314 A~ GPCR 4 5 41 i
&, HT“—X 27 OiRe0miE, il &G MEFHE 2 ik
P A DR B TE 1 4 T BUAE RS B (/o AR |

2

small molecule compounds Comganinds

Gut microbial metabolomics

(%4 1

/ Preclinical trials ~ Clinical trials

Cell trials

AAAAAAA

tsJ &
Collecti dof t';lta"f‘t PRESTO-Tango
SRC DO (789 GPCRs)

Z IR R FE EARELE T B ShuRSE), N E
PRI 1 53712 W A5 B2 B R B S . A
7 FI AL 18] B J42 17 SC 25 52 7 31 (CRISPR)-CRISPR #H 5K
A (Cas) RGN AR BA & REUE ERe 7 R
TRARRE AT, iz T Thae S DR 0 3 R AR O 09
B I A 9T 106 24 ) B A S AN, JE s CRISPR ¥
& (CRISPRa) £l CRISPR -4t (CRISPRi) +37 A 4 5 B,
R 5 = IR 3Rk, 78 56 DR D BRIt 98 A ¥ 9T
A B R S, A B BA 3T CRISPR #H ¢ $ AR ¢ 37
GPCR 3 J 3 # # GPCR & & )9 i ik °F &, 78
GPCR X EA R IR AW EY, RGP M 1T
el 7 GPCR 24 1%k, B 038 245 L
33 ZHEEFHFAK

Z M A HORAE Dy — Ml AT AT, REE A
[ 5E AERE s R 2R AL 4 7, T B R RN E
TETEI 73 TRE DS, s B S R 40 2 S 20 2 AR
WHH 2 B AL 2 R R R S R L S R
XAEVIREAR AT RGRT T, [F) I 4 & 21 2 10 20l in A
BT R PR BA T 2009 4 4 HE AR B[R 41
THXI, BRI 2 4 2 B R fift e b 25 9 5 v 1)
HIBN &k Z %5 75, O 2 W BRI B H T
ZIAHRHBE ST . Sun S5 FH B0 i 5 S AH B IR 1S
A2 FARE ) B 0 s 3 A A — K R AR I A T B 4
T I Leng S8 T LR A S H AR /R 7T 4
R 3= S AR = ) ) ik B AR #E A /7. Chen
SOOI T — Fh G SR R A B A LR A R A RIAR
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W 4H 4 22 20 2 B 19 GPCR T 44 07 1% 7 v, N )
GPCR 12591 & LA IF ¢ GPCR iz 41 A FU 344t 1 B
wT. @ ZFEMERE, REEFHFMHESEARR
e MR LN R AR I R i i i A ) 5 GPCR
EAENUE BT A 24 4k P AR R0 24 R0 R e F 9 4 AL
FARSCHE

% S H R T TR 1 5 I AL A AR AL
AT IR IZ IR ZHFE i, BR T miEmED S
GPCR HAEHLHI, AEWs T RS 4 i b 050 1 & 2B
FR IR 50 B 250 VR AL, (5] B S 3R A5 500 V6 T7 AH
KMo T b W 25T AL IR T #E s SRR L E B
4 THEIEPAHBYRTHFIEN

b6 & IR = BRI AN W Ak R, vT 22 05 T H 2
A B Sy HEAT 07 3, A8 S i R I 2 1
R Ar o 22 SRR 0 BUAS N R 7 328 o 2455 08 4%
FEHEHT AR, B 8 A P B VA W AT TR AL A
VI AR+ S A, BT RES S AR Y 2 R
BTk, A BA R TE N ARG 9 v BE D) e it 7 i o
WAL Ty e AEALL ) A R A 4 T R R R R G, DAUE
VENFEAR B ICTF I T . AR, BRI £ i i 78 1IE
AF B TR 5 T e S B B M AE TR )i BAE R
F, BB R 5 B R A R . ML ) AR
Ji7 38 AR A 43 R 22 PP AT AE LA T B 1) 1 TE B A ) 3
25, (HIX S AEYE S KKV A EREE R
IRl 1k, B 2R T AH I P Sk A= W 7E T 1 R AR A
FE AT FEATh BE AR P s SR R A B T R AL B A
HER . DR A T B FOARFE T 2 R R4
B AR R IR R SCFE . R 22 R A
A 2E NG T RE AR B 0 2R kAT TR R
JGHEAT Dy Ee T 43 A1, 025 1 58 T BE B A SR 0 IR 2 AR
FIThEE . RIS, FI 5 7 240 2 BRI 2 50 25 Th RE B4 B
BT H PRI BCAE ) HE R A SMBEFUL AL R A N R85, R
B AR AR N TR FL T R B A B T R I R
FEALAH o H 253 N AR B AS [ Dhe 1) Th g B A S e AR
AR R Sy BRI ) A B A B T AR, 1T
5 GPCR 45 &, S K AE R e . dlnd 2 24 2R
AT T BE B B 0 R SR P 2R P 2 0 T i T
LTGRO A) D e B A B T AR AR A DA
KRB RRRAERBHIZER. i, 28020 EKE
3BT AT B A T b A AT Tl 1 B AR ) 5 GPCR HLAE A2 dnfef
SR R R SRR R 25T AL . TE S WA &
VIR 25 BOEP I S e 2 A B AR R E
SRR . MFG A [ BA 2 ST 12 GPCR 4 il £k % %t 5
JE L B[] GPCR 2 /R I 25 W) 0 i & & B Az
GPCR AR H 25 R L5 VP 1R R 2 il ETUAE Y 7

fiEFeEsa 2 HFHARMERAERLEMEDS
GPCR [8] H1E [f) 5 7% o 25 v (1 4 380R 23 B 3 24 0
I, AR 2O R A Gt 2 25 SONL R S AT B KT 2 0
PR AEH BB 7T R (B3).
5 RE

N e B A KB A, X S i A A B AR
W5 NARFRE Z AR BAEN TR R A K ERA
FERA . T AR, BRORER 2 IR AT IR A T AN )AL
AW SRR R, b U s e RN,
e I iE A S A A A s B 2 AR, K
FITHE H “ P —X b B B AR 4 2 B0 Bl mT . BB A
A A AT R B RE S, OC T AE M A T AR
BHRN o B R ORI SR AR B A 5235, HOk
2 R4 P9 B A T S B AR 8 3R, A B R KT R 9T
PRAEH R CHE. BEAh, A 2 AR I R R Al A AR R
WILLRIF 70 PN 2% CLR T A 2 32 (R0 e 48 R A )
FETE AR LE I 22 FF 1 55 N 28 90 R B R P 2 s Sl 2L L
RARHASHARTEBFRERNAEAREERERE
W25, KT AL 2K P BT 5 998 5 kA= 1 26 &R A &
AYNEL A T IRR A A EEE . HESER
(2, AR MDTE R N AN f& BAE7E (1), T2 5 At A A=
VLRI R AR RIEE R . R AT 2
&, ARAVIRAELE Z PR, RSP IME TS
S, DR E Bt 8 AR P B A () B 9 v o T O B R
PR T 2885 5 JEL At Bl A 40 T 1) JEL A A A A g L I e Bk
AR SLBRRES . M T AE G R E bR 7T, “Thig
WL B LN . &, “TIREE B Ou &
T 2 B N A PR BAAT AL T B 1 A D E R P L SIOIR S
SeAk, B A0 B 7R B A A n] i A e AR
W15 SR G5 A 5 R i iE i . X SRR £ e ThRE
PR LG P AR, TR AR 5 Th RE R A B G AR A 22
S R AR RS B W B . SR, D RE B
TG ARG MG T A P B AE P IR AR b 43 B 1G9, TR A
W B — 25 TT R R A B A RN G SR T PR A AR
B . Ty RE B B R0 4 N NI B 1 5 5 8 2 T SR
W TR B D

GPCR 1E N Ak v e K — R 8 32 4 KR,
H5MA w2z M EAE, RIS MiE M A 2 (81
HAECHRIE S Z R A X EEERRNE, Mk
T AE )5 GPCR (8] B AR B A b 24 24 BEML B Fe S it 1
B . AT IRAE A 2L 2 R
I P PO 5, LA 0 RJS 8 A P 4 4] 3 24 350K
N TR I RS BRI FEIE B R 24 R i
R 8 B AR e AR Ut A, 3t s ma AR S
GPCR 4B g 45 &, ST BITR T P50 IR I AESR,
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Figure 3 Multi-omics analysis of "gut microbiome panel"-GPCR-disease interactions. A2AR: Adenosine 2A receptor; GPR49: G-protein-

coupled receptor 49; CXCR4: C-X-C motif chemokine receptor 4; CTR: Calcitonin receptor; GLP-1R: Glucagon-like peptide 1 receptor;

PTHI1R: Parathyroid hormone receptor 1; CaSR: Calcium-sensing receptor; PARs: Protease activated receptor; MgluRs: Metabotropic gluta-

mate receptors; FZD7: Frizzled receptor 7; FZD10: Frizzled receptor 10; SMO: Smoothened receptor; IBD: Inflammation bowel disease;

IBS: Irritable bowel syndrome; AD: Alzheimer's disease; CAD: Coronary artery disease; DKD: Diabetic kidney disease
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