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Abstract: G protein-coupled receptors (GPCRs), the largest family of transmembrane receptors in the human,
contain seven transmembrane helices, and are usually regarded as critical drug targets because of their key roles in
multiple diseases. Currently, 30%-40% approved drugs target GPCRs. Nanobodies (also known as single domain
antibodies) are important research tools for GPCRs due to their small molecular weight, good biochemical properties
and high affinity for "cracks or cavities". In addition, nanobodies have long complementarity determining region 3
(CDR3) loops which can be inserted deeply into GPCRs ligand binding pockets, efficiently binding to the folds.
This review summarizes the characteristics of nanobodies and their applications in GPCRs research and briefly
introduces the current identification routes of targeted GPCRs nanobodies, which could provide new idea and method
for applications of nanobodies in GPCRs research.
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chain antibody) 43T it 57N, 29 15 kDa, X FR N4 K
PURBL ISR . PUKPUA A R i #is e v &k
haE R 5 IPTARAE L, R PTARAE B A 1 B R
7€ [X 3 (complementarity determining region 3, CDR3)
R, DRI B S R g A R AR B VI RE T . 2019 4F,
% [E FDAHLHE T 25 1 DMK PUAR R 25 W) caplacizumab,
KPR R R e — A HE I BREmEY, K
SO AN K BT A R R A2 0 1 3R R B L AE GPCRs B
FUH S AT V20 IR

1 RIS RFHE R B E L

1.1 RIS HFE

1993 4F, Hamers-Casterman 25518 R 30, 78 9% b
A0 A IR T — R SR AT 42 4 (light chain) (1)
ik, I H BB nT AR X (variable region, V) #XAG8K
Puik o I AR, YUK PR LAl 5 A B AT AR
ARIT IS 535 WAB 5 22 A S5 b 4y Y5 TRAOR 7B )
AL,

R B 2% B B AN P 2% B8 (heavy chain)
R YRV S AR . 324 B v AR X ATE %E X (constant
region, C,) 4. HEE A% X F1 3 4ME E [X (constant
region, C,1, C,.2, C,;3) 4k, ot (V A1C,) FEHE 1)
V MC L R R T8 BT 1§05 45 & v B (fragment
antigen-binding, Fab), HEEH 1) C, 2 FI1 C, 3 M T Hibt
PRI AT 45 i Fr B (fragment crystallizable, Fc). 1E— 284
R, B R VRV R R, FRON R
Puk (single-chain antibody fragment, scFv) (& 1a)'*7,
TEE L BE S AN AR BE S BE R Zh Y, R T — A
P 2 EBE 2H R ) Bk, H EERE AT AR XV HORIHE E X
C.2-C 3 AR, IAHEFEY K. Kb, VHG T REL
15 kDa, H2E 4217 2.5 nm, K 4 nm, & X PN 98K i
I BRI TR, 2 B AR AR 1 SE B LR 45 A LT
(B 16)* 5 ANKE) v, X AL, V H H 34 B AN R E
[X CDR F1 4 4™ 8 72 HEZE X (framework region, FR) %2
BrHEZI 4L pk, H CDR3 3 ¥ 5 CDRI 2 FR2 2 [A]E Ji
T, 5V M, V,H ) CDR3 R K H FR2
JUA 81 FE LR ST IR 7K 2 R 1 B e Ay o K e B R
K1) CDR3 ¥ ff V H T e — AN I 45 & T, A R T 45
s s P, T FR2 A8/ 2V H SR K &AL R 11
TELE, A B TSR PR I Fe e v, X nl Re 2 iR g
B GRS AT A BT IR Y . TR R AR Y RAFAE B
W 2% E1 4 4 R 1 P A&, #5 A Ig-NAR (immunoglobulin
new antigen receptor), 3L & % A 4% [X 2 V-NAR!''Y,
JSE V-NAR 5V H 1R85 FIAEEAR K 1) 22 51, (R
A 8 RN 3% Bk S (1) ISR AE 45 1) (A& R HLAtr v
AR 1 2 5 PR A % 189 Ty K Ty e (RS 1) AL 1) B i o

Conventional antibody

(~150 kDa)
b - CDRI1
p / \
< , // CDR3 A B,J) E
VII{SHI,(gb i '/ ) CDR2
& 2P ¥ 4 \ [\ m
\
>
G B 4 { [ ¥ | 4

Heavy chain antibody
(~90 kDa)

Figure 1 The structures of conventional antibody and nanobody.
a: Conventional antibodies are composed of two heavy chains and
two light chains. Fab (—~55 kDa) constitutes the antigen-binding
fragment of conventional antibody, V,; and V| could be linked by
peptide linker to form scFv (—~28 kDa); b: Heavy chain antibodies
consist of two heavy chains. V H (~15 kDa) constitutes the antigen-
binding fragment of nanobody, in which several highly conserved
hydrophobic amino acids in conventional antibodies are replaced
by hydrophilic amino acids (Phe, Gly, Arg, Glu). Some nanobodies
have an extra disulfide bond (pink) between CDR3 (red) and
CDRI1 (blue), limiting the flexibility of CDR3 and CDRI. Fab:
Fragment antigen-binding; scFv: Single-chain antibody fragment;
V,H: Variable region of heavy chain of heavy chain antibody; Nb:
Nanobody; CDR: Complementarity determining region
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1.2 AR RE s

5PV L, UK PiiR B A BRI AL JE T,
H T CA 2 oK Bk SR 25 Mgt b v slAL 78 i R
R WA FEN B (R D, KRBT © 4 FHED:
5 Fab (~55 kDa) # scFv (~28 kDa) # kb, 44K $i &
I FIRETE /N (~15 kDa). KPR TT % 5 1 ik B
(blood brain barrier, BBB), % F T HF AX 1 £ & 4t 5 i
(a7, A AT /N R PR R HE RS, R
V59K BUARARIEC S, B T MR a7, @ 45
A UREIR: 5 PR AE L, 99K T4 (%) CDR3 345
K, TR — AN 45 A TP, BT 5 H ) — S R
DX 3 (Lot g O R A R RE B AR I TR XS &
G0 @GR, fRE e 5PV, 9Kt
A T TUAS 7 B R 57 1R i 7K 2 R B e o S K R R TR
PEE T UK BUAR I A A A AR e M gk T
A v il AR i A 5 SR A T DR A 45 A RD T R v 1
BEAN, K bifaid B Hi B R K g8 1, sedkht i &
1  JR 1 RN BE B T T AR A IR K BT
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RGP NPT R @ A AR FH IR TR) RN 90
R 9K B AR 73 & /N, T 4 /s BRoed il e A
b, SO A, 1A A 1R AT I (R) JBY. mli gk
Pik 5 N IL3E H & [ (human serum albumin, HSA) &5
HE5 NFe 4, IRmaURPuik g =2, &K I
FENAR N AR RIS ()2 B S R AR v H 5 A2
(1) V2 I H v BE Y A0 R 8 44 TR s, Rt B A AR Y
G SR N2 © W R AT B R A AR, AR A
A H AT I RS R oA 22 8 0 KRR B0 P 4t i B
FRAETE, AREE o /N RS R BRL SR 45 1 A5 94 K 04 B
Sy i ok G R AT b A
2 PRI TE GPCRs FAE IR A

GPCRs i 7 /M L o W8 i (transmembrane, TM1-7)+
3N N 36 (intracellular loop, ICL1-3). 3 4> 41 Jifd 4+
& (extracellular loop, ECL1-3) Fl 1 /™% 3 A vy (N %) «
1N R Ry (C i) R WA & 2 1% 7 471 [R) R 1
AlF GPCRs 7) 4 5 28 MK 40 i BE S R (rthodopsin-like
family, A ZE32 1K)\ 73 ilh 3 3244 (secretin receptors, B1 2§
ZAR) BB 2244 (adhesion receptors, B2 J55244) AR i Al
B R IR AR (glutamate receptors, C 25 52 1A) Fl frizzled/
taste 2 32 {4 (F K32 1K), A 2532 1K )& Bt K 1) GPCRs
WK, B S A B ENN G, ZFK RS0 N
o By Mo WF . Bl RZESAH 1A KRIMAMESLS &
5, H ECL1.ECL2 % A 3/ Pt & FR vk 2k, ) —
B B AE N 3 T2 B 1 2 JDE S BR A O 2%, 3 % 45 2 N iy
S IR S 3G 5 N i 5 EC AR 2 [A] (AR BAE FH 20 2L,
B2 K225 K GPCRs WK%, B & URe s, K%
A E A KN sk i S IASFE R A DR, CK
AR BAT K IS 7R 256 38, W R ke e i 5%
WHHTE ST FIZMAE KM NG,

GPCRs "] iR 2 Ff 4 i 405 5 A 88 1« /70

B R A IR LSS . 54 A )5, GPCRs
PR AR, bR R WS 5, T U 1 AN [R] A 22
IEFERY, X % R3S I GPCRs K, & FLTAR R 43
TR, BULH R GE J)5Z R, 1051 &2/ g
KBTI 58 R T B B GPCRs R g M R IW 254
B R B 45 A AL 22 T MR B 5 R B Bt
JEA EARH, AR T 543887 854, migekyiik R G &K
f) CDR3 ¥, W] J¥ jl™ () 45 & 1, 5 GPCRs [ (1“2
7R AT FERIN T A 28 GPCRs R, K
53 5 K iR T R, M AN R B /N o R AR AR 45 &
B H B AT N sy, SO IUPUR R B — €
FRSEE o 40K B Ak AT S T 400 it O 131 B 3R AT, R
FH K ) CDR3 24 /3 280 M 4 N BG4 45 & 11 48 (ligand
binding pocket) H1%**. Bk 44 K $i /4 7E GPCRs #F 7t
Hh R N AR A 4 (R 2).
2.1 #KIIRIER GPCRs B4 REEBNE T

GPCRs 4 b A7 76 KRS — /& GPCRs R 1) R
TEIBRANE R A AR A AR P R AR AR N . il B,
5 bR & %Ak (B, adrenoreceptor, $,AR) 7£ TM5 1 TM6
2 18] B & B R % ) ICL3 X . Rasmussen Z5P4% 5
H— Rl R T PR (Mabs) 5 AR IR ICL3 454, IHAE
bicelles 4K H /3 #F5 H 3.4 A1 S,AR-Mab5 E 54 i
{25 #) . Rosenbaum 2 ] T4 5 # B (T4 lysozyme,
TAL) AR 1 ICL3, BRA3 58 — 5k @ 70 #E % (2.4 A) 09
TEPERS B AR =4 AR 2514 18] . Mab5 F TAL B4 B T
i GPCRs 5 IR 5 5 5 3, (HAETE TEAS 1) GPCRs =4k
i MR B E L 23 GPCRs 5 G & 1 (Gs) W sh 71 25 1 A
HAEH .. NELF L B AR G MEA LM, @it 5%
N BARHETEHEAS E5 4, Wit 17—l B AR FEAN BB 57,
Rl o A T B B B, AR IR AL A, EH LK
3R T 4 M (3.5A) 1 B AR- LM BRI B &)

Table 1 Nanodody drugs in different phases of clinical trials. vVWF: Von willebrand factor; aTTP: Acquired thrombotic thrombocytopenic

purpura; TNF: Tumor necrosis factor; HSA: Human serum albumin; IL: Interleukin; VEGF: Vascular endothelial growth factor; Ang 2:

Angiopoietin 2; TfR1: Transferrin receptor 1; FDA: Food and Drug Administration

Drug Company Target Indication Study phase

Caplacizumab Sanofi (Ablynx) vWF aTTP FDA approved
in 2019

Ozoralizumab Sanofi (Ablynx), Taisho TNF, HSA Rheumatic arthritis Phase IIT

Pharmaceutical, Eddingpharm

Vobarilizumab Sanofi (Ablynx), AbbVie IL-6R Rheumatic arthritis, systemic lupus erythematosus Phase 11

V565 VHsquared TNF Inflammatory bowel disease Phase 11

Sonelokimab (M1095) Sanofi (Ablynx), Merck KGaA IL-17A/F Plaque psoriasis Phase 1T

M6495 Merck KGaA, Novartis ADAMTSS5  Osteoarthritis Phase 11

BI 836880 Sanofi (Ablynx), Boehringer Ingelheim VEGF, Ang 2 Solid tumors Phase I

BI 655088 Sanofi (Ablynx), Boehringer Ingelheim CX3CR1 Chronic kidney disease Phase |

AF214 AdAlta CXCR4 Idiopathic pulmonary fibrosis Preclinical

TXB4 Ossianix TfR1 Primary central nervous system lymphoma and Preclinical

glioblastoma
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Table 2 Applications of nanobodies in G protein-coupled receptors research. f,AR: f5, Adrenoreceptor; M2R: M, muscarinic acetylcholine

receptor; #OR: u-Opioid receptor; kKOR: Kappa-opioid receptor; ORs: Opioid receptors; APJ: Apelin receptor

Application Target Nanobody Function

Crystallization B,AR Nb80 The positive allosteric nanobody (Nb80) as surrogate Gs stabilizes the active §,AR,

chaperone which obtains the first high resolution crystal structure of the active state 5,AR

Crystallization B,AR Nb6B9 Nb6B9 as Nb80 variant can combine to three chemically distinct agonist-g,AR

chaperone complexes that better understand differences in activation of GPCRs by diverse agonists

Crystallization B,AR Nb60 The negative allosteric nanobody (Nb60) as surrogate Gs stabilizes the inactive §,AR,

chaperone compared with Nb80 reveals that ligand-dependent GPCRs activation is not the result
of conversion from a single inactive receptor to an active receptor, but the ligand controls
activate receptor by regulating different receptor states

Crystallization M2R Nb9-8 Iperoxo-M2R-Nb9-8 and iperoxo+LY2119620-M2R-Nb9-8 complex structures offer

chaperone important information in activation and allosteric mechanism of muscarinic receptors

Crystallization #OR Nb39 Nb39 can exert a better crystal nuclear aggregation in Nb39-4OR complex structures,

chaperone which helps to understand the structure for #OR activation and provide new opinions in
common mechanisms of GPCRs activation

Crystallization xkOR Nb39 Nb39 can also stabilize the active kKOR, kOR-MP1104-Nb39 complex structures

chaperone determines the key amino acid residues in kOR activation

Biosensor B,AR Nb80, Nb37 Nb80 and Nb37, directly detecting 8,AR and Gs activation mechanisms in mammalian
living cells, demonstrating that GPCRs signaling arises from endosomes and plasma
membrane

Biosensor CXCR4 VUN400 VUN400-HiBiT could be used as a probe for CXCR4's allosteric interactions

Biosensor ORs Nb33 ORs biosensor reveals that non-peptide drugs activation locate at Golgi apparatus and
produce different activation modes, providing a new perspective for understanding the
addiction of analgesia

Antagonist CX3CR1 BI 655088 BI 655088, which is a strong biological antagonist of CX3CR1, can block the CX3CR1
receptor in vivo and effectively inhibit the formation of atherosclerotic plaques in mouse
mode

Antagonist/reverse ~ CXCR4 238D2, 238D4 Monovalent and biparatopic nanobodies show different effects. The monovalent

agonist nanobodies 238D2, 238D4 appear as a neutral antagonist, but the biparatopic nanobodies
238D2-15GS-238D4, 238D2-20GS-238D4 show enhanced antagonistic potencies on
CXCL12 and behave as inverse agonists at CXCR4-N3.35A

Antagonist/reverse ~ CXCR7 Nb4 Nb4 can antagonize the binding of CXCL12 to CXCR?7 to reduce the growth of tumor in

agonist mouse head and neck cancer mode and can also be used as a reverse agonist of CXCR?7,
inhibiting tumor angiogenesis

Antagonist CXCR2 127D1-35GS-163E3 Biparatopic nanobody 127D 1-35GS-163E3 as CXCR2's antagonist, can combine with
two different epitopes of CXCR2, which guarantees its efficient combination with
CXCR2, but also effectively inhibits the combination of CXCL1 and CXCR2,
effectively inhibiting CXCR2 activation

Antagonist ChemR23 CA4910, CA5183 The Chem23 antagonist CA4910 and CA518 can only partially inhibit the agonist effect
of chemerin, but can completely inhibit the agonist effect of nine peptide chemerin
(149-157). Compared with the monovalent CA4910, the bivalent CA4910 can more
effectively inhibit chemerin or chemerin (149-157) induced intracellular calcium
release, restraining chemerin-induced human immature dendritic cells trend

Antagonist/reverse ~ US28 US28-Nb The monovalent nanobody US28-Nb acts as a competitive antagonist of US28. The

agonist bivalent nanobody US28-Nb can also be as an antagonist of US28, but also show partial
reverse agonist effect in the US28 signal transduction. /n vivo experiments demonstrate
that bivalent US28-Nb reduces US28-mediated signaling, significantly inhibits HCMV/
US28-mediated tumor growth

Agonist APJ IN24-9, IN300 APJ agonists as potential treatments for chronic heart failure

{0 A, L2 AR B LT I 5 AR MEAS S X CLIX P B AR AN K A N8O, H Az 4 1F i B,AR 5 50 771

FOCML IR SRR W], GPCRs
R E &), Has i R4 aefa e -

55 Gs LA E A BI-167107 [FISE R D3 T 100 £, 18 3515 55 — 5k
o /N HA FT R (3.5 A) i PERS AR =4 A (K 2a). A

S AR BT AR B AT K CDR3 36, WIE 3 GPCRs 3 — W 5T B,AR 55 Gs HIAH TLAE A, 7E Ga 23 A1 GB

i 9 A fie 2t 71

Rasmussen 25

PIBSEH —F Gs WA #E AN 9K Bifk Nb35. BI-167107 5 B,AR-Gs
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BAEWES G, 1E 08 55777 #8 (lipidic cubic phase, LC)
AR PR N 3.2 A B a1, 15 BIND3S 151
R T s 4E A GPCRs Ja, 4l i g B W4y 1 2
512 GPCRs 45 #4742 {k,, 3k 1 B35 Gs 10 1 F25%. F1
YK PUAAAE 9 GPCRs 45 & il B R -1 T 3R A5 5 40 7%
KAL), 78 T GPCRs 5 S St fE. HTEJF
R TUFR Iy BE M 44 K BT AR A S 45 il B TR 7 B AR Gs,
A3k T3 GPCRs = 73 2 Sl Ak 45 /) H s A5 5 3 T 0
FEBT . eAh, ST G M R AS [R) T8 sl 35 e
17 GPCRs, Staus %" TF K T 518 M 40 K Bk, A
Fa s GPCRs HIAETE M B

2.1.1  #K$4K Nb80. Nb6B9. Nb60 {E /4 f,AR By £
MHEBET B,ARJE AJGPCRs, & METEEIKRE
TR AR R G R AR 2 A, VR T RN 8
4 B S A O S 71 308 i AR g AL 5 i (1 L A
g4 Rasmussen Z5P7 R Ih T & H Gs B A8 #) Nb8O
(Kl 2a). B,AR-Nb8O & & ¥ 45 &t 56 A BN ™ 55, A AT
i BI-167107 $03& 3R 43, X 5% T B R A [/ 5% A 77 3 0sh
F 4 B4iE GPCRs A5 — 2 MR BR 1 . Ring 25%i%k
F T 3 B A A [ 1 B,AR BB 7 BI-167107 < 1
SR Eh R FR B R R N BB R (hydroxybenzyl
isoproterenol, HBI) F1E 3 A1 J7 A Y5 4 8 5h 771 ' b Jig
o JHIT TR R B R AR GRS 0 SR, 0 i
i Nb80 742 5 /4 Nb6B9. 5% 4+ 45 & 5L 5 i 7k, Nb6B9
(100 nmol- L") JEI H 5 Gs #HH H K5 A1 S . #IH
Nb6B9 7t 4 Gs & X4, {2 1# BI-167107 . HBI. & I i
5 BAR L, A K X SR AT R N 2.8.3.1
3.2 ARk (K 2b). @ HLRX L A 2 1), AT
U 1T AERAS [F) 55 R D3 B0 7K GPCRs 74 5 28078 1) 22
o N IT AN [F) T R0 L AR K BL,AR IR 5 T, Staus
SR s 5 — Bl g K PR Nbeo, AR S 45 & B,AR
) S A1 35 771 (inverse agonist) & &4, AT K IE B4R
FBhRIT B AR SRR )] (B 2¢). R, # Nb60 1E v 171
AZ 9N K LA, Nb8O 1 Ay 1E A% 14 4i 2K Bt 44k 4 il e
BAR AR VE VR RS M R . 45 R IR, Nb8o/
Nb60 il it Fa 2 B, AR 36 P M G/AR iE Ve A R, (2 ik i 3h
A/ AN 5 B,AR B 45 G 1 Nb8O A1 Nb60 t 1] i
53 R B AR IS A GORTHETE PR R G 2 8] (1P 1,
BT M AN R TS PR IR S (P Y4, T T Eh
FIBE 2R IIRE 7 DR 43 4 SR 35 I e 4 3ok 1 45 A
IFi P 52 AR A5 0 T 42 1) 52 A BTG, SO A% G A
PG E GPCR s WG A B — B0 1 52 4 ) 1 52 AR
Heft 45 3, ¥R GPCRs 29I R 3R M T B (S A .
2.1.2 9K Nb9-8 4F 5 M2R B9 45 & 46 B & F
M, 5 B0 8 2 15 i 52 44 (M, muscarinic acetylcholine

ey ' 953
a . ; 9'\‘
ﬁt}% \'h(yB: \\\\ij‘\
- LY
b

Figure 2 The crystal structures of nanobody-f,AR complexes. a:
Side view of Nb80 (red) and B,AR (brown) complex (PDB ID:
3P0G); b: Side view of the complex of Nb80 variant Nb6B9 (green)
and f,AR (brown) complex (PDB ID: 4LDE, 4LDL, 4LDO); c:
Side view of negative allosteric nanobody Nb60 (purple) and ,AR
(brown) complex (PDB ID: 5JQH)

receptor, M2R) J& A 25 GPCRs, 1C 1 1 # £8 R G FLO JIIE
A2 S Bk R A ™, J2 BB GPCRs 15 5 A8 14 1
T E R . Kruse S0 M2R 5 H =1 56 F1 71 330
7] iperoxo ZH 1 1 52 G ) e % 55 N B, AR A H 9 DL
) FH T BE R 7R B F8 7 9 K A4 S I 45 G v 4t i
AR H Gs B AR 44 K Bt 48 Nb9-1. Nb9-8 F1 Nb9-20,
50T 3 58 M2R 5 sl 7 2 F0 /. R Nb9-8 7] 7
R EE T S Gs JLFAHE RIAE A . M2R 5 Nb9-8
gh4Ja, A A T™M6 B B4, [FI TMS 5 85 /Nob
&, TM7 7E NPxxY /7 iz A, it 725 M2R 3101
— AN REERFE . ) H Nb9-8 lIh3R1S T M2R 5 iperoxo
HphE A, DL iperoxo ATIE [ A8 #1577 LY 2119620
[ B 45 45 T o 2 PR X R AT S 4544 (181 3), 48 Phenix.
refine i 73 EI| 3 B 1Y) B 7 2% P 1], X 9 3L A M2R 134
TENLEI AR LR T KR ERE R

Figure 3 The crystal structures of Nb9-8-M2R complex. Side view
of Nb9-8 (blue) and M2R (purple) complex (PDB ID: 4MQT)

2.1.3  HKITIRND39{E A uOR HLEREHENEF  wbil
Fr %Ak (u-opioid receptor, 4OR) J& A 22 GPCRs, & N i
PERT RS2 AR 2 —, RIS M B2 . ORI 5
A AR LR 1 AURM. Huang 5578 %5 B AR,
M2R 3R 133 P AL 5 i PR 1 2 56, K 4 K P44 Nb39 1
N uOR 1] Gs B AR . Nb39 (194 A i [l AN PR -1
MR 0 77 BU72, 3% W] 42 /& wOR X 5l 71 DAMGO M
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endomorphin-2 ({25 F1 /7. F1JH Nb39 A I 7 .9 B H
VA 76 i 51 P 8] A (monoolein lipidic mesophase) HH 3k
3 BU72-uOR-Nb39 & 5 W ) s 7k 45 449, JL 53 ]
%21 A (Bl4a). HILE G SRS 1550 5 & 1)
UOR O P Fr 3244 (delta-opioid receptor, SOR) % 4% i Bk,
ALK B, AR M2R ISR 2157 1) i 1A 6 ¥ AT BB, 45
RRBIND39 7E 2 & W45 T8 BOS RE S B 1 1R 47 1) ot
% IRAENEH, X N B fi GPCRs BSOS ML S AL T
BT LA -
214 HKIIEND391ER kORI LERBINEF  «bi
Fr %24 (kappa-opioid receptor, «<OR) J& A 25 GPCRs, t
& NIRRT A K32k 2 — . kOR A A 5 BAT 4]
FE B R BT 2R 25 . BT nOR BN 771 1 A
RRER, A cOR A 22 4 B0 77 1) B AR HE e
SEAF I 1 i cOR B ) 73 T HL, Che 559 kOR 5 it
B 77 SalA (salvinorin A) FI1E & ¥ %t 3& M 3¢ 3t 17 V8 5,
A2 B G 5 ST, R FH W T 47K Jie 7 B T %8 1OR 1) Gs 5
M. (B 3 K 94K T 4K Nb6 . Nb7 {X 5 kOR 45 &,
ARERRE KOR MGV R . TR RO IR AE B
(bioluminescence resonance energy transfer, BRET) £
%, Nb39 Al 47 «OR 58 4= 3 3h 711 SalA J # 73 B sl 71
P o e DA AR T 55 4 21 <OR, T «OR F 471
71 JDTic AN B 57 £ Nb39, 3 W] Nb39 th 7] £ 5E xOR ]
WPEM R . A HEMK MP1104 /2 x<OR . zOR 1 6OR
[ 58 250 B 7 . kOR-MP1104-Nb39 = S0 & & ¥ 7l £
LCP AR H 3.1 A A4 (11 4b), Kb i i 45 1 5 9
I 4t kOR-IDTic & 1A Z5 ) HEAT LU AL, 87 T —Fl AR
GPCRs 13 3t WG AL, BRI 24H e &7 0] 88 e o ) Wi 4 72
TE 2 i P 0 B SRR TR, T S R R A A S .
Rt g fy it — b 5 HAR R Fr S8 AR S5 M LURL, € T
KOR WU (1) G B 2 FE R AR A5, 1) 9] 1 kORI AL i £ 44
HME 5w B o T I RE R R
2.2 HRIAIEA GPCRs RE YL REES

YK AR AT AE I AL Zh 4 i R B R, HLAh K
Uy 1 B /), 5 5 0 FLFP 51 147 1] 5 0 2 TR 4 A

3 O3
o o
7
&S
,L; R ,n'l =

a b
Figure 4 The crystal structures of Nb39 with xOR or «OR

HUOR

complex. a: Side view of Nb39 (orange) and xOR (blue) complex
(PDB ID: 5C1M); b: Side view of the complex of Nb39 (orange)
and kOR (gray) (PDB ID: 6B73)

PURERIY RN it A S L gl = N (S Bl S SR A 7
B GRS R R 24K (GPCRs), SZH G4 i 9 A2 2 i 7R
1) S A Bl A s Y

221 ZK$T1K Nb80.Nb37 £ 5 f,AR BY 4 #1% B 88
Irannejad 5 F] H B,AR (1) Gs & A4 Nb80, JF &K 1 —
RIS AL B, AR I AE AR I AE . NDSO i 15 14 b 77 g Py &5
A BTIR S [ B,AR, 5 N8O 5 41 (5 9% Y B (4 (green
fluorescent protein, GFP) fli & 314 J5, W] 75 v 41 i 7=
RGN AR 24 B, AR 7 PN Y5 I B8 2h 71) S5 TR R
FiG )5, Nb8O-GFP Ilis & £ B4t |, 2 5 X 5
AL B AR I A T i . I AR 3B R T ARSI
BARIE THAIRS I kN SE S S Wik =0
M —HINNGPCRs 5 Gs M F A MAF FH SR T
UM IS . PRI GPCRs 15 538 2%, ) Nb37-GFP &
GFER T —FhBRE ) A ) 5 B s, 1R AR R
iR Ga TC S IEMZH IR, 4AARBENILE
W A& (endosome) Jii, Nb37-GFP th #f 3£ £ 3 )y & |
7E Gs i R IE A, Nb37-GFP & ¥ 2] @ 7 T I
EH) B,AR L5 7E Gs 1E 5 5 K40 L, Nb37-GFP 2
AN$8 50 e AL T A BLAR | o %2 Nb37-GFP 3%
B AR SE i MR, R I Gs USSR 2B 17E Wk
IEE () R s DX P o Tt T 48 L cAMIP 7K ST Ff 2 IR I
D, AE B cAMP 3516 75 AL 1Y B,AR, H AL B,AR 4
BT A MM A cAMP &R . LA 50 R F GPCRs
o 5 5 7 P 4R K B4R Nb80 Nb37, 78 IR L 3h 4 17% 48 g
W BRI B,AR K Gs & ML, S GPCRs 1555k H
JoR BN AR X — B B SR AL T B SRR .

222 KR VUN400 /£ 55 CXCR4 B4 #15 R% 25
CXCR4J& A 25 GPCRs, Hiaft A 7tk CXCL12 454,
FE B EE (human immunodeficiency virus, HIV) /&
e e AR PR SCBE/ER . CXCL12 5 CXCR4 1Y
N 3 AH HAE F, 2R J5 5 CXCR4 1) ECL2 H1 85 JE 12 e 4
[ 45 & AR 454, BTE CXCR4PY, 9K ik VUN400
F& CXCR4 517, 5 CXCR4 [ ECL2 45 &, 1E N4
5E CXCRA M B4R ET . Soave 2552172 VUNA400 ) C 3
AT 1A &R 4R I HIBIT #1288 (VUN400-
HiBiT), %% 7] 5 LgBiT-CXCR4 45 & JE 1 5 B I fE
% NanoLuc % Y & M. 181 H %M & Y6 (complemented
luminescence) RV KA il VUN400 5 CXCR4 ) #H H.
1% A, 1IE #J (orthosteric) F1 48 #J (allosteric) AL & 5
CXCR4 4 & 43 T 5 VUN400-HiBIT (1) 45 &, M f
VUN400-HiBiT F] /£ CXCR4 28 #4175 H 4R 5F . 4R
EEaT T 2 R G HL AR A

223 KA NLIZEAMN F Z A E Y15 RS
PR RV ZG ) 2 B i SR E BRI 2
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—o IXRAMEMERK, NREE 50 20057 AR I E
B i 2 259 555 B | %2 4 (opioid receptors, ORs) 45 £
J&, PR TR AR RN .t SR A TR AR R A R
2 VTE B ORs I FE AN ], Al e B nBER 245
BRI B 2> ML . Stoeber ZPIF & T —Fh3E T4k
YUk ND33 (1A 1% B 8%, T A I E 4R 5 5 ORs LI
PG 45 R BoR, fE LR ZE A 1S LR, Nb33 84
b5 ORs 45 & 4K K 3) 75 DAMGO 5 ORs 45 &
i, K& Nb33 5 ORs &5 &, 1 4k 22 I N\ 3 30 77 e 1t 751
BAEPUR G, XA PUR A RR, B ORs /&K A I 7EA
2 ORs Lh B8 (1 1% &L 0 77% 44 e o ORs 1 7% IR 2
AT R A I . 8 AR A B R T RSB
FIEERE S, B AE T, 22 AL 18 2 1k .
M7 AE K 2 26 0 B0 1Y ORs M 4 T i /R JE 44 (Golgi
apparatus), 3 117 7 A= AN [0 A5 2K, X O B AR B 24
VI RSRRPERRE T — A A
2.3 PKILIAE R GPCRs BIFEHIF/ R BB
FEE R R — R BE b 4l B e B8 Bh 1) 4 W R
F, Al 53 A 4 S CXC.CC.CX3C M XC, S5#afkH
TRAMEED, bR T2 k8 A 2 GPCRs, ¥ £ %
o5 R R T 2 AR 5%, WISR RIS 48 2 R IERE
A R R HIV 258 5005050, B ) a4k R 7 32 AR A
B LW R, A LA BRI R R RN R
BIF 0 #0550 48 HUFRR S ) B 30 390 11 S 5 38 R S A2
P, B FAE MUK AS TR o 35 50500 38 0 65 i sh 741 1 40
il GPCRs i 15 [ [\ 330 7538 5 15 51 GPCRs 1 [ A 7%
PTG $ ] GPCRs 3% 1P,
2.3.1 KT 4R BI 655088 1E 3 CX3CR1 By #5415
CX3CRI A& —F7E B AZ A A« 006 200 D AR 0K 441 B A
T 40 M 3R R I I #a ik B 7 52 1k, L3R I8 5 B ikok i
Ak 2 V) #H 9<PY ., Fractalkine (CX3CL1) A& C %0 ME—
— ANGE CX3CRI MR . BF 78 R B, B 5 P oml
U CX3CL1 5 CX3CRI ¥ 45 & ] P AS CX3CR1 i,
HE T P CX3CR1 K15 . Low ZEV R B 94 K bt 44
BI 655088 7] 43 %M CX3CL1 5 CX3CR1 [ 454, =&
CX3CRI1 [ 5@ 20 A=y H5 97, H o] A Rl il /s BR Ak
Bk FERE AL BEER (K T B . BLET % BT 655088 11l R
W7 kN TR B, AR 5K T g BOCA VA 7 18 14 1B 5 1
HAEE ] 25
232 4k 238D2, 238D4 {£ 5 CXCR4 B9 #5371
F/R BT CXCR4/CXCLI2 W7 i £ itk
A7 2 b IR 75, e di i i A K B R AR L R
IiE SN B e R B I 9 O B 2E , CXCR4 & 2 HIV
(1) 4L 52 RN, Jahnichen 25V F I 1 4k Ji 7 4 AR 0
% HH CXCR4 [ A 58 G M5 DU 98 K 4 238D2 Al

238D4, W E S A A FMEAFAER rES . HATIA
SR FH R PR O 42 T AR 25 2 AR LA T SR AR 1 2 4
R AR, AN DDA 99K HT A (monovalent
and biparatopic nanobodies) 2 B Hi A [6] /F A #5 .
B gk Ak 238D2 F1238D4 R B N R PERE P . T
JOR 3% 422 1) B0 EL AL 9 K i Ak (238D2-15GS-238D4 Al
238D2-20GS-238D4) & HL i B 5 (Hy 4 i B SR I T A A
CXCR4 FF 42 0% 7 98 A% 18 N3.35A 1 S 171 % 3l 771 -
CXCR4 T 2 Fi JilJg Hh ik 3R 08, L Aib 7% P 19 384 n w7
33k P e T g R, 1 BN AR RT A R o R Ak v
P, TR R IT » 75N MT-4 41 i F0 4 J& afn B4 4%
41 i (peripheral blood mononuclear cells, PBMCs) H,
238D2.238D4 A I #i HIV-1 & £k NL4.3 i & #, H.
238D2-15GS-238D4 A1 238D2-20GS-238D4 1) 11 ] fiE
JIH 58 . 238D2-20GS-238D4 if ] A %% S A R 5 )
EER CD34" TYI M fE M . IX SR 72 N #E i) CXCR4
FH IR 25 TE R TTRE T B& 42

2.3.3  #KI R Nb4 {EA CXCRT B FE 1 57/ I 181
B CXCR7 7E 3L M g - fili s A Sk 2909 55 2 i i g
W Rk . TE SR B o R N BN T
RNA (siRNA) #lifl] CXCR7 B 3R1F R UF (7677 8R4,
CXCLI2 #1CXCL11 f& CXCR7 H R ARFEEAK, 5 CXCR7
B R A 7). Maussang S E T 9K PR Nb4 o
Nb4 B B A AN [F) 45 & R8P 40 K Bk Nb 1 FI Nb3 (5 5
TE %, A5 HT CXCL12 5 CXCR7 1454 #E b 7 B
Sk 598 g AR RS AR K. CXCR7 A& AR 7Y a4k ] 1
AR, At Gs &GS, 1 & i g-arrestin A T 15
S e DR R A 7 SRk A ) AR R S
B GO0, CXCL TE 2 €8 298 AR /)N 41 A il 9 25 % ol
i g6 I AR b k¥ EELE ] . Nb4 fEHI i) CXCR7
149 [) B 2 ik /> 0 8 A IR T CXCL 1 [ 49k, % B Nbd
AR CXCRT 1) & a8 71, i CXCR7 1) il
T T, 3E T A0 ) TR LR A R, D e R A K T R i
H A SR TR TT TS TE AR BUR R 245

2.3.4  HKHTIE 127D1-35GS-163E3 1E 5 CXCR2 B3
L CXCR2 & E A LR T52 4k, Al 5 CXCLI.
CXCL8.CXCLS & 5 fl fy &5 &, 7l 5 CXCL2.
CXCL3.CXCL6.CXCL7{KE M J1454 . CXCR2{EME
P L S i ot A= 2 Wiy AR ik e 2 7% 55 22 P g v Ok 4
#HE/ER. Bradley & VELN 2 BT T 7] 454 CXCR2
() 40 K Hi 4k 2B2.54B12.127D1.97A9. 163E3 1 163D2,
oK 2B2.54B12 F1 127D1 %I 43 M 1 B 9K Pk (N &K
i 45 4), 5 CXCR2 FIRT 19 MR 1~ 19 R HR) &
R4, AR 58 2] CXCL1 5 CXCR2 45 &,
IR I B 53 56 G PEFI ;B 97A9.163E3 A 163D2 )
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IR 2 BYK PR (AR LA, B 58 A4l CXCLI
5 CXCR2 4 &, T H A 5 A 5 2 5 CXCR2 45
o 1VRA2 BYURPUALE & CXCR2 AN F R AL, H
765 CXCR2 25 & 1), [A— 2K M g K Bk 2 [ 4775
554, AR 2R AR PUAR NS S o A
T VAN 2 YK B A A 45 A 10 BRI 40 K B ik
(127D1-35GS-163E3), H A 5 CXCR2 [} > A [A] &
REFASE &, BEARAE T H 5 CXCR2 F 8 46 &, XT3 2%
i CXCL1 5 CXCR2 1y 45 &, #E 11 #1 il CXCR2
T

2.3.5 KK CA4910 71 CAS183 £ ChemR23 Ay
FEHF  ChemR23 J& A 25 GPCRs, H 451 5+
SZARFL, FTE 2 R Al B R IA . ChemR23 4 T 5L
A% 240 0 5V 4 L NKC 20 R AR S8R 248 e 1 s A, 1
5 HE W7 A B AIAC . ChemR23 i it 5 chemerin 45 &
A SR o Peyrassol 257 I B 44 J 7 £ AR G
1 2 Fl ChemR23 1 45 1t 71 44 K it 4k CA4910 Al
CAS5183. M # nl ¢ 185 ChemR23, 55 chemerin 25
GO AT EEEATE M. CA4910 F1 CAS181X
AL 43 40 1] chemerin [ 2) 71 R85 1H AT 58 4= 0] JL
JIk chemerin (149~157) BB I . LAk, 55 AR
CA4910 H EL, —#r (bivalent) CA4910 T 5 A5 25 Ml 4171
chemerin B¢ chemerin (149~ 157) 5 5 /) i P 475 B i,
AT 01 1] chemerin 5 T 1N oA BR 2R SR 41 g a1k,
U H AT {E A ChemR23 5 3 R (I FE BL A o X A 5T
chemerin/ChemR23 % 4 7& 4= B A5 PR 2614 T 14 H
Pt TR T A,

2.3.6  ZKIAR US28-Nb 1 US28 My Fl/ & 5138
5 US28 J& A 25 GPCRs, A 41 i % 7% (human
cytomegalovirus, HCMV) %, 5 N &b K %2 14 5K
e B A RIS, 7T 5 CX3CL1 Al CCL5 2541k [ 1 45
. BRI (glioblastoma, GBM) & — % 78
PEAR 58 14 09 -« 7E GBM A A& Hf HCMV [ DNA
Ko o g A 1 2R (R US28. US28 & 4% iF B B A 2
PEOY FLAE /N B SL  GBM AR | US28 i ik Al
% GBM [ 4E K . Heukers 2872 FF k& 1 8 [7] US28 [
YK PR US28-Nb, 1J 454 US28 11 N iy M I 4 5 14 17
5 GBM 421 . B4 US28-Nb 1] 7E y US28 1) 3% 4+ 1k
FEPU, LA & AR 7 20A 2 CX3CL1.CCLS 5
US28 145 &, IF B A m JE e e Pk, A2 520 CX3CL1
5 CX3CRI &G 10— US28-Nb AMI A /E A US28
FIFE LIS PLRa b R 7, B AT 7E US28 15 5 5 S e 4
a3 R IR . RN SR R B, —f US28-Nb
Al AR US28 I MG 515, B & ] HCMV/US28
T 0B A K, BRONIRIT HCMV R i T A .

Y63 /397 1 (photodynamic therapy, PDT) J& — Fl H %%
YR IT IR A BT ik, B I T 41 Al R S R O
FUSRARER BT I8 o De Groof Z5IE Iy 5286 FL it F, 3@ i
Wit T R R R B, O It BT Y 45 A US28 I K ik
VUNI100. VUNI100 5 US28-Nb 45 & US28 [1) % 11/ 4
7], B 5 US28 ] N 3ii f1 ECL3 ¥F 45 &, {H 5 US28-Nb
AL, H455 US28 SE M ) RIEHE fmro K /KT It i
# IRDye700DX 5 VUN100 C it br 2 b A B 5 2 B &
R4 & J5, TR 1 R FER A US28 ) GBM 4iifiid .
W FL B K GPCRAE A K BTk 3l Ty ¥ xR, 31X H F)
FA 40 K P AR 78 1 22 75 GPCRs fil 8 o 30 47 88 ) 36 97 $2
LT B K .
2.4  ZHRILE (IN241-9,IN300) /£ }3 GPCRs (APJ)
B BN

APJ (apelin receptor) J& A 28 GPCRs, &0 L4
A8 PR 240 RSP 3 LA i 695 .- Aplien /2 APT )
W MR, B Tatemoto Z577E 1998 42 4 B HH 3
FE%5E . Aplien BIE APT R IE T 0 77 58 38 O ULAE BE
R0t 20 ik v i 55 22 B A

R APY BTN 72 18 P 0 7 T8 5 — P E VR T
J7 v . MaZEVSH i nanodisces i F4) R F2 i€ 1) APJ &
1, 8 HAE R G 8 DR A 2 08 e, AR Gy S, i
PR SR 7R 0 08 HY AP HORE S VE R Pk . 07 k3L
A2 186 Fl gl K Pk, SRTIT A — Fh g K Bu ik s A )
PG PE o I 5 BT SR A A K B S HT 77 IN241 5 APJ
(1) o A 5 ) T 72 AR A R 1 1 DR B R B, JR ok e B
G A SR 5 APT K 38 5 AU E) ) AMG3054 5
AP) B EWEAR S LLEL, IFiE— 28 73 i AMG3054 5
APJ (K 4E FIRE 20, 58 B IN241 [H) 30 77 (1) #45 4k,, B 7
JN241 ) CDR3 [{] E104 F1 S105 2 [A] 4 A — M E& & 12,
B H AL N 5 £ BN 77 IN241-9. Ren Z5U77E EikJE
fith b, ¥ APJ 4 7 ME QoK o Ads e 0 ve o 28 5 A A8
T [F T (decay accelerating factor, DAF) 112 2 #1474
b, WhEa e ik N APT ) U208 41 i 2 3047 55 4%, ) A
P IE B S WENLES (glycosylphosphatidylinositol, GPI) ¥
PUOREE 2 IF R T4 R 1, 3@ 1t B-arrestin k15 R G
XK BT PEREAT O35 o 1) FH O 340 B A XS 4 B gk AT
=Ry G, BUIh S E Y APT BN N300, & FE TR
RAF GG 45 R R APT I N I fll ECL1-3 2 5 T 3
7 IN300 5 APJ (45 & o I & 4t ml P 38 55 A0 3
GPCRs [ 805 A P, 4] A v GPCRs i 2k
G R G
3 $B[@E GPCRs PKiniAMIF %

YUK PR TR JF M A% R R R A RIL, I 58
AR PR G R, B9k i s g ik )
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U R AR AR A L O AR A F s AT SR AN I R 1
FRAR R AT #E A GPCRs [ 40K i 44 T 5 i 22 Fil
BARIRAT, G AN B A R n AR AR & PR R AR,
DA BT K Fe 1) Wl 7L 30 0 4 T 5 1) 12 AL P & VEGAS
(viral evolution of genetically actuating sequences) 5%
3.1 EEERREAR

I T8 A2 i s AR H Smith™ T %, 45 4t B 4195 Ak 1)
DNA J7 %1 4 1| M 13 W B 45 1) 3 DK 20 o, s AR IR S
M13 W B8 14 1) G3P b5 il & 3R 08 JF e vn T W B Ak 3R
T, Bz B T AR i e A kRt . H AR
YRGS I 8 LI AL A2 0 B R S kAT 5 B Ha g
S5, SREAE AR e 91 S IR FH Wk T R J v PR i3k AT
i 6, ) A B R © BRI 9 3 H B, AR (NBSOP A
Nb60“") £OR Fl kxOR (Nb39“"*h ) 4k i ££:45 ; CX3CR1
(BI 6550887, CXCR4 (238D2. 238D4"), CXCR7
(Nb4“)y, CXCR2 (127D1-35GS-163E3"*)), ChemR23
(CA4910.CA5183"),US28 (US28-Nb™) [y $ 4171/ 2
[ sh 3, APT (IN241-9U%) K zh 7145 .
32 BERIREA

P B R H AR A — P B T A AR B R B R .
% R 441 it 2L A R0 L 30 AR ABA Y 2 B AN B B S 18
T, VR A M AR R AR 4R . BRI R AR R R
AR BES B moR M 4560, (E0 T DRk o B (Wil
GIERENE K AR) 1) 5 58 TI A7 AR J AR, T P B R R B
AR ARG b ff ik — JE AR, o-ESE R a- B EE R R
B REAM I BE BRI R H R EE B . a-BHER R AR B
WA B Agalp Fl Aga2p 4 k. Agalpidiid 5 p-7 %
W A0 T 2 G T RO % BF 1 40 I BE |5 Aga2p il
PR BB S Agalp AHiE, H Cuiit a-BHE RN &
TEPERAL, T R R R H . Boder %K H
(1 1 TR TP T8 R 24 i B 2R 1 Aga2p RilEr, IR IE Y
SR ST PR . I L E AR 4 A R ) Hh 5 3 B,AR
M2R 1) 45 i £ A8 B Nb6BOM™ I Nb9-811, 5 I 14 14 Jig
INFARAR L, 1 BE 7R 5 R AT IR 3R A s 2 D)
REMER (170 T HLEE RN SR, AT FE 9 = it oA gk
AT RFUEIR I A 2 Ab 2 B B A AR AR, PR R
1 e 25 22 52 B IR 1 o
33 WA MMEREREH#HN TS

English 2% F| VEGAS i i%t $E 1] GPCRs #1440k
PR, e RS FH o % Sindbis 1F R 4% 7 A8 1
PR AR, AT F BT (tetracycline transactivator,
tTA)- GPCR (MRGPRX2) Fl 4} K 40 1 3 4N AN [A] # B
F7KP 5230 5E ) 4k . R A VEGAS 1E 1 ] N3R5 T
8 MNEF X 3 il GPCRs (5-HT,,~ DRD2.GPR68) ] 44K

Uik, 35 R Th ik 1 5-HT,, (1 1528 Ky 1 35 70 g K B ik
VGS-Nb2. iX 3 4~ GPCRs 43 7 8 B A A (1) G, & A
(G,~ G~ G,), & W] VEGAS F 4t H A7 iz i A 1k .
VEGAS 7 7E 15 3= 4H iR HE 42 Py gk 4k, 58 A0 116 =
S 6 R F, LR e B AR, R AL
34 ERENE

A AR TR R P 9 A 2 E i A
MRS . Hurk s =gk yus zE 5 Nl 2L s 4n
M BA — e kit . AR BT A AR 2 R B
)T AE W FL B0 W0 40 B N STk T 26 14 XUEE DNA
(linear double-stranded DNA) ] “ 5 [7]”7 & #5 &£ [K £k
AN BUAR 2 o 3BT PCR & N KE 58 B8 3k R 26 38 it
Hdg o3 P AS 2k 1 XUBE DNA (double-stranded DNA,
dsDNA) 7, 750 S 3090 40 i P £ I [7] Y5 3 41 5% [H]
T8 2H 0 A% TR A e R ) R DN R A R, s
178 EIERRES FAS7 28, 28
AP 7] V5 20 | ] 95 B A R R A % 5 3 ik 44 7E I L
) 0 40 L P v T PR K B . T B e B
HEK293T 4 )5, S ERIFEEA R AL S ieH
(1) dSDNA % H W8 A vify 23 K AE AU A1 98748, U 9 K Bt A
BEl S AE AR IR, (45 52 H /> SRR I g R Pk 3 1 1 7]
5 RN AR AN I B B RR O VA 3RS TR 100 JT R
[ (14 0 K A0 A4 7 410, T A Pl L300 470 44 L A o v =
JE AR PUAAR FE, 1% H #L17) GPCRs 9 K Bk 5 254 1)
R B 5 IR S (R R A
4 REESERE

YR PR R oy 1 5 RS AR A AR R I R A PR
B AR R A N — ARBUE IR T 4. KT
G R I GPCRs, 7§ 7l & B A7 % N % ) A 28 GPCRs
KU, 9K PR K M 55 7% ) CDR3 28 1] i 51l GPCRs %
[ 3 5 GPCRs [ FC A& 45 A 148 45 4. #L17) GPCRs )
KPR C A3 212 B, WA GPCRs [ 45 i
FEAR A WA S A% TS PO R R BN BEh R, T
ZERIEW S EMEOR (R R EE A 0 T RS 25 £ A0
Sl R BRI, 40 K B AR R B ) GPCRs T 4
KM AT 2 — . (B2 H ATE B — FlE
GPCRs 9Nk Hi ik 254 Bl tbR 25 F R AR &
(RS

YEZ TTRK: AR R0 N S5 0R 55 T s 22 R X JE 7S
X ERIR N A BEAT VAL FARIEE; AR HEAS # AL

FIEE MR FTA VRS BB A EER G v R .
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