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ABSTRACT: Class C GPCRs are important receptors in vivo and involved in many physiologic and pathologic process. These
receptors have complex structure and active mechanism. They are constitutive dimer and each monomer is composed of transmembrane
HD (heptahelical transmembrane domain), extracellular VFT (venus flytrap domain) and CRD (cysteine-rich domain) which between in
VFT and CRD. Although there are many results in the activation mechanism of these receptors, but until recently the role of CRD in the
activation process is largely unknown. So we reviewed the course and advance of the research in the sequence, structure, function, and
their conformation change in the activation process of these receptor dimmers. And lastly we also point the significance and new insights
of the Class C GPCR based-drug discovery to gain the new allosteric modulators which have better clinic implication..
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Fig.1 Structure model of Class C GPCRs and the binding site of drugs®
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Fig.2 Multiple sequence alignment of the CRD in the Class C GPCRs!"Y
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Fig.3 The 3-dimesion structure model of CRD monomer. A.

2 C CRD
2.1 C VFT HD
C VFT HD
N VFT Open
Closed
VFT [ Bp3a
VFT  Closed
VFT VFT  Open N
C
HD VFT
VFT alloster-
ic modulator, AM 237,
C HD CRD®!  VFT
24 1 positive

allosteric modulators, PAMs

negative allosteric

modulators, NAMs) | (allosteric agonists) PAMs
NAMs
246l
VFT CRD C mGIuRS |
mGluR2 GABABR PAMs
HD A G
HD VFT
231
22 C VFTs CRDs
C
VFTs  HDs
18 21 2226
6 ROO.RCO.RCC AOO,ACO.ACC
A R HDs (¢
C VFT
- VFTs VFT
OO open-open
VFT VFT

7 B, Rondard

Liu's model”; B. Rondard's model®’; C. Muto's model"

= C. Muto 1l

VFT
VFT LB2
CO(closed-open) CC(closed-closed) 22
HDs R(rest)
HD
HD i2-loop il-loop
A (active),
HDs G s 27
2.3 CRDs VFTs HDs
C VFT HD
VFTs
HDs . CRD  VFT HD 40
CRD
VFT CRD o CRD CaSR
mGluR;, CaSR CRD
C CRD o8
2006
mGluR, 2  VET
VFT 2 VFT C
RooAcoAcc
63 LB2 CRD Cys254
46.9 26.5 16.0., VFT
VFT-CRD 2 CRD 1201
Muto mGluR,
VFT-CRD
CRD 4A  Muto
2 Glu567
CRD , 104 ROO ,109
RCO ,126 RCC 90 (AOO 57 ACO 46 ACC .
CRDs VFTs HD
s
5 mGluR2
CRD Cys



+ 1758 «

www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.9 MAR.2012

CRD
° VFT
HD NAM
1, CRD
3 Cys
VFTs
CRD
[29] 4B

"1 B, Rondard

., A.Liu
2 C. Muto 18

Fig3 The3-dimesion structure model of CRD monomer. A. Liu'smodel "7 ! ;

B. Rondard's model®); C. Muto's model"®

2.4 CRD
VFT
CRDs °
CRD o
Brazzein
TIR3 CRD Ala537
Phe540 &1 Brazzein
CRD
CRD
CRD o
3
C °
CRD
CRD C
VFTs
CRDs
CRD VFT HD

VFT

CRDs HDs,
C o CRD
CaSR  CRD
B0 311 mGluR6  CRD
Ba, C CRD
CRD C
- VFT
s C
HD HD
C
HD NAMs
24, CRD
CRD
CRD
° C
VFT-CRD CRD-CRD
References
[1] Bockaert J, Pin JP. Molecular tinkering of G protein-coupled recep-

(2]

[3]

(4]

[3]

(6]

(7]

(8]

tors: an evolutionary success[J]. Embo J, 1999, 18(7): 1723-1729
Rondard P, Goudet C, Kniazeff J, et al. The complexity of their acti-
vation mechanism opens new possibilities for the modulation of mGlu
and GABAB class C G protein-coupled receptors [J]. Neuropharma-
cology, 2011, 60(1): 82-92

Pin J P, Kniazeff J, Liu JF, et al. Allosteric functioning of dimeric
class C G-protein-coupled receptors [J]. Febs J, 2005, 272 (12):
2947-2955

Brauner-Osborne H, Wellendorph P, Jensen AA, et al. Structure, phar-
macology and therapeutic prospects of family C G-protein coupled re-
ceptors[J]. Curr Drug Targets, 2007, 8(1): 169-184

Heilker R, Wolff M, Tautermann CS, et al. G-protein-coupled recep-
tor-focused drug discovery using a target class platform approach[J].
Drug Discov Today, 2009, 14(5-6): 231-240

Lagerstrom MC, Schioth HB. Structural diversity of G protein-cou-
pled receptors and significance for drug discovery [J]. Nat Rev Drug
Discov, 2008, 7(4): 339-357

Park PS, Lodowski DT, Palczewski K, et al. Activation of G pro-
tein-coupled receptors: beyond two-state models and tertiary confor-
mational changes [J]. Annu Rev Pharmacol Toxicol, 2008, 48: 107-
141

Rondard P, Huang, S, Tu HJ, et al. Functioning of the dimeric GABA
(B) receptor extracellular domain revealed by glycan wedge scanning

[J]. Embo J, 2008, 27(9): 1321-1332



www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.9 MAR.2012

- 1759 «

[9]1 Galindo-Cuspinera V, Winnig M, Bufe B, et al. A TASIR receptor-
based explanation of sweet water-taste [J]. Nature, 2006, 441(7091):
354-357

[10] White JH, Wise A, Main MJ, et al. Heterodimerization is required for
the formation of a functional GABA (B) receptor [J]. Nature, 1998,
396(6712): 679-682

[11] Zhao GQ, Zhang Y, Hoon MA, et al. The receptors for mammalian
sweet and umami taste[J]. Cell, 2003, 115(3): 255-266

[12] Ray K and Hauschild BC. Cys-140 is critical for metabotropic gluta-
mate receptor-1 dimerization [J]. J Biol Chem, 2000, 275 (44):
34245-34251

[13] Ray K, Hauschild BC, Steinbach PJ, et al. Identification of the cys-
teine residues in the amino-terminal extracellular domain of the hu-
man Ca (2+) receptor critical for dimerization. Implications for func-
tion of monomeric Ca (2+) receptor [J]. J Biol Chem, 1999, 274(39):
27642-27650

[14] Naismith JH and Sprang SR. Modularity in the TNF-receptor family
[J]. Trends Biochem Sci, 1998, 23(2): 74-79

[15] Chen CM, Strapps W, Tomlinson A, et al. Evidence that the cys-
teine-rich domain of Drosophila Frizzled family receptors is dispens-
able for transducing Wingless [J]. Proc Natl Acad Sci U S A, 2004,
101(45): 15961-15966

[16] Belenikin MS, Palyulin VA, Zefirov NS, et al. The modeling of the
structure of the cysteine-rich domain of metabotropic glutamate re-
ceptors[J]. Dokl Biochem Biophys, 2004, 394: 21-25

[17] Liu X, He Q, Studholme DJ, et al. NCD3G: a novel nine-cysteine do-
main in family 3 GPCRs [J]. Trends Biochem Sci, 2004, 29 (9):
458-461

[18] Muto T, Tsuchiya D, Morikawa K, et al. Structures of the extracellu-
lar regions of the group II/III metabotropic glutamate receptors [J].
Proc Natl Acad Sci U S A, 2007, 104(10): 3759-3564

[19] Fan GF, Ray K, Zhao XM, et al. Mutational analysis of the cysteines
in the extracellular domain of the human Ca2+ receptor: effects on
cell surface expression, dimerization and signal transduction[J]. FEBS
Lett, 1998, 436(3): 353-356

[20] Rondard P, Liu JF, Huang SL, et al. Coupling of agonist binding to
effector domain activation in metabotropic glutamate-like receptors
[J]. J Biol Chem, 2006, 281(34): 24653-24661

[21] Kunishima N, Shimada Y, Tsuji Y, et al. Structural basis of glutamate

recognition by a dimeric metabotropic glutamate receptor [J]. Nature,
2000, 407(6807): 971-977

[22] Tsuchiya D, Kunishima N, Kamiya N, et al. Structural views of the
ligand-binding cores of a metabotropic glutamate receptor complexed
with an antagonist and both glutamate and Gd3+ [J]. Proc Natl Acad
Sci U S A, 2002, 99(5): 2660-2665

[23] Jiang P, Ji Q, Liu Z, et al. The cysteine-rich region of T1R3 deter-
mines responses to intensely sweet proteins [J]. J Biol Chem, 2004,
279(43): 45068-45075

[24] Zhang F, Klebansky B, Fine RM, et al. Molecular mechanism for the
umami taste synergism [J]. Proc Natl Acad Sci U S A, 2008, 105(52):
20930-20934

[25] Goudet C, Gaven F, Kniazeff J, et al. Heptahelical domain of
metabotropic glutamate receptor 5 behaves like rhodopsin-like recep-
tors[J]. Proc Natl Acad Sci U S A, 2004, 101(1): 378-383

[26] Tateyama M, Abe H, Nakata H, et al. Ligand-induced rearrangement
of the dimeric metabotropic glutamate receptor lalpha [J]. Nat Struct
Mol Biol, 2004, 11(7): 637-642

[27] Tateyama M and Kubo Y. Dual signaling is differentially activated by
different active states of the metabotropic glutamate receptor lalpha
[J]. Proc Natl Acad Sci U S A, 2006, 103(4): 1124-1128

[28] Hu J, Hauache O, Spiegel AM, et al. Human Ca®" receptor cys-
teine-rich domain. Analysis of function of mutant and chimeric recep-
tors[J]. J Biol Chem, 2000, 275(21): 16382-16389

[29] Huang, SL, Cao JH, Jiang M, et al. Interdomain movements in
metabotropic glutamate receptor activation [J]. Proc Natl Acad Sci U
S A, 2011, 108(37):15480-15485

[30] Pearce SH, Trump D, Wooding C, et al. Calcium-sensing receptor
mutations in familial benign hypercalcemia and neonatal hyper-
parathyroidism[J]. J Clin Invest, 1995, 96(6): 2683-2692

[31] Pidasheva S, Grant M, Canaff L, et al. Calcium-sensing receptor
dimerizes in the endoplasmic reticulum: biochemical and biophysical
characterization of CASR mutants retained intracellularly [J]. Hum
Mol Genet, 2006, 15(14): 2200-2209

[32] Zeitz C, Forster U, Neidhardt J, et al. Night blindness-associated mu-
tations in the ligand-binding, cysteine-rich, and intracellular domains
of the metabotropic glutamate receptor 6 abolish protein trafficking
[J]. Hum Mutat, 2007, 28(8): 771-780



