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Research development of gonadotropin releasing hormone (GnRHs)

and its receptor I in the mammals

LU Shen-jin, LIU Zhao-bin
(College of Life Sciences., Linyi University, Linyi 276005, China)

Abstract GnRHSs is the pivotal hormone regulating animal reproduction. In mammals, there are two forms of hormone
including GnRH I which regulates gonadotropin and GnRH II which appears to be a neuromodulator and stimulates
sexual behavior. GnRHs also occurs in reproductive tissues and tumours in which a paracrine/autocrine role is
postulated. However,GnRH I and GnRHII still appear to have distinct roles in signalling differentially through the type
I receptor (ligand-selective-signalling) to have different own stream effects. The ligand-receptor interactions and
receptor conformational changes involved in receptor activation have been partly delineated. Together, these findings
are setting the scene for generating novel selective GnRH analogues with potential for wider and more specific
application. The research progress of GnRH and its receptor I in the mammal has been reviewed in this paper.
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Bk BWF 9T TAE, BN IF R GoRH BF 5742 fit 3
il Bk

1 GnRHs &# . ThgE R ERREY

1.1 GnRHs BIERLEH

P BRI R RO R A T T b -2 - B A
SRR BEI L SR R 9 A ] 21 3 1R ok 3k 4
10 ik, GnRH WA 3 MHEFHADNIMEF L H
H2.3 AN TR 4 AT R — 38 4 3 W 4 S
GnRH A4 Z A0 R f — Bt 21 ~23 D& R 1
55 IR 10 MR IR A GnRH ,— 4~ W7 2447 45 (Gly-
Lys-Arg) fll 40 ~ 60 />4 3 iR /9 H1 & Ik (GnRH-
associated peptide, GAP), T & 25, I8 f £ 28
) GnRH WA ARRLEHT K ENT RS 2
Fas i GnRH, M8 GnRH 1 45 8 i &R N
GIn8,GnRH Il H[ His5-Trp7-Tyr8 ]-GnRH, X &
GnRH [l \TRELL GnRH I 3§ PE ¥ & . fH )& GnRH |
DN ELA B R AR . GnRH T
) GnRH i & o4l i & O A7 T4 i . 32 31—
SE WS BT R LH T ESH 3% 2 Ak B
FLEABAN TR THILEAERE NI . B
SR FL B W) T B o 28 i fE IR P R RO R B
AR Y 2 AL G AR T AT O 0 T B AR A R R
B Y 00 08 22 AE A HE B T e A A [ AE AR T 2K
HATC % E T 23 foRFDE M 451, KR 2806
MHESh ) 2= /DA 2 F, 0 b f % 0 9 & cGnRH T JF
HIRAEAG i 4y B . BT EEE A E A cGnRH I
SERSE A RSF L BT LA W] BE A O L B AT DG B T B
1 cGnRH NZ5# . P I Ao =0 4 o4 iR 93 3 B
#WFE N GnRH I, i {2 &L N K GnRH 1., #£
V2B HEsh Y TP i AE7E 2 3 R SN e o IR I 2 R
R CEE R MR R RO ) Ak
GnRH I, 73 #1 GnRH 1% 3 A g 75 45 2R 52 K5 X —
sy,
1.2 BEZRYHIEH. e s

IR0t ) 2 e R 2R R U 2R LA ik ) T 2 HE
I K L A % RE AR 2R R AL BE VGRS
W A R T LA AR ERS T & A AR I AR A
Mo ARG K& SEFFMERY, —E &’ i
GnRH 33l 77 F1 2 {81 P B ol 3L 08 45, 5 SOME 1 3 i

KRN X R BN G2 B T R 2 I R
TBIT AR L AN 2 | B 52 RN 7 AR 0 9 GR 0
H Ry 22 R #5 bR o 5 IR GnRH 38
iR RS, WF9E R, GnRH A AR
S — AR 2 ) R GnRH (R 2 W B9 I IR 0
O R arseiE . HE R YE T TR 7w
B0 Ji g R0 LR S, XoF 4% Sk R AR M R A R 1Y
I 550, T T A e bR ) Al B 35 97 B R 4 M R A
i 96 AL 7 B R 32 45 L R R T & i SRR T .

MIFER S 8 HHE S 1) 23 Ff GnRHs, EL#
i 500 J3AF R BAE . H A 3 OR o 5 R FE i I 41 )
— HRASFIY X R 5 2 RS G I BT 2 RO X
SeER R IfE Z —, KA T 2 45 R 5
TESE A . S5 IR B GnRH 7 8 /\ b 5 % 3 iR
GRS N R G S A AN | o [ 2 I P 2
AT AT SR FEAE A B\ LY AT 32 . SR A7 B 45X I
ARG AW SR T B Z R (RS AR A B
I\ s T e A 1 Al e 7L 3h ) 32 A e WA T A N I
SRR SR E IR N L X A RS T A
AR GnRH & A i B 56 e #8 b & 9 B2 AR A

W FL Y TR GnRH 2 AR LE iR K 42 A
KRS E R . BESE R RSF GnRH S 56 FR 3k
oA ity 2 Y1) % IO 1 2 e 7L sh A L2 A s A AR U
BRI 5~8 1 1T AV my . 330 40 2t e T 00 % R R
(Arg8) W43 7 P AH B VE T, 25 FhAE 5%, A0 466 (0 20 1R
PN S A ML AD B A 0k il 6 P R R,
1R Arg8 B 7= A — N T iR A 25 4 O 12 % o ST b
LT A G, AR AL TG MK . SR, 7E 0
ZAEWEFL 3 Y GnRH 52 A BE 7R AR i 26 i i )P
N GIn8 & P IR R B ) HoA B m Tl
e R B AR R B Wz R R BT A
. GnRH M&EBEARIGIRIES 5 2 MBS A&
XS Ak B RE 7 A ELAT AP R Y 02 M R 3R R
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AT A1 GnRH 14 D) Al 2 0 38 iR 38 3R R
AR L/ FE 2 S8 s . x4 i AL 1
W55 %W, GnRH X /N IFEL LTk LH W1
PA T BT AR L A A A b - U
N FEE TR G B X — B4, H A ) M R
FERFSE T IR H LH MRS 30 T s k15118
Xt FSH 43 1 19 18 47 1IE 72 B 58 v, (A X GnRH A& &
A IAILEIATE SR AN 38 . GnRH 78 % M 2h ) Fn 5 & 3
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SRR, Ay e kA JLAIE R GnRH A
ATTAE A v A 395 1 3 1T JFG A B 00 A v Y D) R R
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HRTAAAE T HESI ) 1925 Ff GnRH 3244, 0] fE S Bk
Tk — L RE , P, AT DL W b 22 T T RE 2 B B
PR S A Z IR A . 2 KR T RE I 2
5 B 1) A e A v B i R 22 A i A S A L )
8 368 5 o Jim >R B AT e 2 00 M v P A 8 R P S
T R Y LR BRI L B ) LR AN OBl R
UG R R M IR A L. GnRH (9 55 — Fi 1 2 78
MR i 22 6 P A O 45 B 2R IR B R PR AT O
1M 2 K2 54 T2 YR A 50 R B8R O ik
i FLIR B RUIR B [ B 9 AR A A 4 4L
B E R A AR ORI R B
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2.1 ZEHHERLEH

GnRH ZZ &1 & 3 1750 8 /N Bk T3
AR 1 O R B2 1 B B v S O E KBS AR R
BRI, AR EZIRNIT B 80X B
A ARRIE L FE R LY GnRH Z Kkt e 45 48 5h )
RO o 5 B, 3 2 0 28 0 Bl 10 32 At 3K 75 52
B, B AR ZEREWMA S Y EAKZHKE
42 % ~AT VoI E L FR AL, I A X S sz Ak By oy T A
GnRH 24, 30 A S 58 2[R EAE L3, (H AR ALY
T Chn 20 5 5 i 2 A B EC3) SEFE X A ar 26,
EACE R B S A 3L B 4 F G B ]
5 2 R 1 1 25 0 JF R B IR A 45 R, L
314 GnRH 1 7 32 (R {4 57 Fr 5] 5 Wi 4 3h ) 32 1k IR
SPF B 22 () e = [ RpE L A AG SJ R £ 2 2
T A AT 1 T VR, 3 R 2 I L s i i T
b o AR AT RE A 45 2R A R 3 A it L B S i 5
Rl

GnRH I ®Z R4 tarp g 2 AWAICT a A,
ITb D, HIa BRI R M SH3 451 RERE &
MAP . 75K ZHCE MW h A7 7E 3 A TR %
RZW AR, VBRI A3 3 (EC3) 25 4 382
X GnRH 2544 78 S5 HL AT 32 (ke 5 ok 1 e &R
FHTRTIF SEAZ AT TR R 47 B L ~F (1 EC3 1 oy 341 5 5 i

SERIR DNA T 41, 3% 26 77 51 8 2 A28 1T 7 32
TR SRS FH T R RN A 32 A O 2R
e e R IR A7 AR, WA 4 R W A A ME B
A A GnRH Z K WA 5 GnRH it 4 26
1. GnRH 52 M4 (1 [F] 5 3% P 2 76 5% 0 0 2 e & 91
T, R W32 AR A AR 1 AR R

AH) GnRH 52 R 5 B AL T 4 A K 49 (1312~
1313) B fdE 3 MR FM2 PN EF. b1
Uity 5 A v ST R AE (55 1 5 B4R 522 S
R, A S 2 a B R B SR HE S 523 S #5742 5
B iR, A 8 7 3 g B T 50 I B2 AE 1 38 743 B 2R
987 S AL AT IR AN 3" K dii JY A, L 5T B X AT — Bt
700 bp MIZIRIX A 54 TATA & .58 [ i 3 K
SRR AA X,

GnRH Z WA G B A Z A MR A, 25
A 25 S 7 A WRE B I A CTMD 3 4% 3 > 4 Jifd
ARNERIR (EL) AT 3 AN P ER R (TL) . 20 i M s F T™M
(4 T DB W AR Z IR ZRE WA
B2 5 TES S GIIE Z 4O T i 442 4k, T 44
N2 5 G & R Al 8 B 5 7E 40 M N 15 S 5
S EAER .

HFL 30 GnRH 32 f — A~ URE (09 FRAE U2 A7 78
THAL G & A B AR A m AR R s W
GnRH SZ IR 1R I-1E . 3% 3= B S50l 1Y T8
AEEAE sV 7E W L3 GnRH 324K i 2 g vh e 5
TR . DARE B0 28 Bl FL 3l W Ak R b Y R ST
IR 5 84 % GnRH 52 44 5 BE & ¢ 8 E .
5T 2 X SL AR LA P RE S 5 32 AR 0
2.2 THEEY GnRH [ B {EPWERLEN

Hoarooxfga %/ B KRB AL L4 M
GnRH 2t £7 7 s B fnn e, 25 ted . k3
XS AN [R) ol 1) 37 1 45 4 HL A AR SR 1 PR SE L KRB
I GnRH-R 5/ B GahRH-R ¢DNA J5 1) 43 51
A 97% . 89% M 87% Ky IR YR M, X e 3L sh ¥
GnRH 24K 55 ¥ HAG 80 % DL I 4 [5] 95 14 , %8 % 19
#H GnRH [ BIZ 4k, WiFLsh¥ GnRH [ 57k
B A i R BRI G R AR A2 AR K
HORIRERY . R B A S 3L S ) A A
firh GnRH SZ A4k 43 1 T 33k LH Fil/50 FSH /9 {2
PERRAHA 1. BRN Fik-TE R R LAk, GnRH Z 4K
T P R A 285 TP A R 8 R 5 MLt — A2 B EE AR
FH RT-PCR 5§ J7 ¥ UE 52 51 16 J50RE 240 i 1 28 4K 200
2L R] T 40 G 2 0 M % ) A R AR R R
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211 AN e A= AN S E A I R TR N S o S
GnRH % f& mRNA [ £ ik, IG5 8 ) o
GnRH- T M52 85497 H 4 A~ Hh i 7 4L, 5% 5k
A hnRNAL i hnRNA B8 m RNA 5. N &
THUIBR 4 DA F A 7E— & B mRNA
M55 28 3" ) B RE AR YR 5 il B IX L 15 5 K
A IX .GnRH X, GnRH M 3K X (GAP) I 3" ¥
R, 5 AR XA E RS 1 AN T4l
B 5 2 AT g 5 BK.GnRH F1 GAP () —
W EE KK Y 21-23 SRR L. H GnRH
B 4 W BT 5 5 55 3 AN AN F RS GAP B
(B3B3 5 5 4 AN F B 5 A% GAP. 3" i kA Bl
PEIX,

GnRH ZK M = 4E 4540 5 5y 7 U1 Re i X &R 3k
W), Y2 A URE NI EE 2T R G 2R 1 Bk 32 AR 1 4%
Al X -G A5 MR AR5 B0 oAl i) GPCRs 45
P A 2 7 DA T A0 55 0 o AL 56 200 5 (9 IR 2 B 3
T RIS, — GPCRs 4> T #5581 & 75 i 4 41
JF TM B2GE A 4R 07 B AR B L A & 7E GnRH Z 1K
T MRy 5 5 192 174 4 445 R 0] 5% BB ) 1 Bty I & e ke
K1, B AL B A R S5 A B AT 5 TM S8 5E
B MR R IR, DR RV BERSTFWEA LA
2 AFRFE L HIFE TM2 1 K T4 28R (Asp) fil TM7
B R ITAC B CAsn) o 78 /N BUGE P IR 32 44 SF- 45
RAE T IR, £ TM2 | Asn87 #] Asp By
IR T Z AR ae. 0 55 — N7 TM7 bR A8
Asp318,GPCRs ( Asp87-Asn318) iy 3 HE 51l ] ¥
TR SE A . M AR K A R
TM2 Fl TM7 - BB 7E OR 45 52 1A 45 10 FTE 32 143
Bl A MR R be . B =3 oA B A oiag. H
TEAL SR L0 S AR 5 Y R AR Z AR g f s 4 L 1
A 5 708 14 52 AR 25 K K A2 TR AT AR A2

GnRH 70 7 4~ TM 8BS F — 4~ N B 3%
K DX 3ak ] BB A 6% K R B 14 DX 3 9 Y A 4 R
W E 2 Rk b b O SF AR IR TM R [R] T HE 8
TM2/TM7 1 Asn Fl Asp WA B AEFIEH T X —
F B Asn87 ZAE R TM2 R <Y 5% /K I — 43
MifF 76, TM3 F1 TM4 #f %+ {7 & °f DL ot 7
ECleys114 Fil EC2 cys196 J& Al i — i 8 A% U 17 7l
W, 456 56 R MbRic I BOGE Y GnRH J5 #8E H
AL IR T S - S S T3l ik B M PR UK 43 B8 A2 AR R
Br, SRR T LR AR e, B IE R,
AEE R i 45 B B0 2F Bk & R (Cys14) F1 EC2 1Y

cys200 JE LA 2 A R AT, AT #E— 20 B E NH2
AU AL E R EC2 AR EE M . WE LAk 4 B B
WEALETE T/ B2 R Asnd Al Asnl8 v 5 il A2 32
& Asnl8 i 5 b, BEIEAL A 0 Z K 5 GnRH
A BB T — S g B b 2R, RO TR EE T
—> GnRH 32 {4 85 5 12 e o2 19 73 7 A AY |- 2 48 1)
F T R L J2 XT 200 L PRI A8 i A B %) 45 A Y A
AR . T H X S HR AN 38 TR B 3 7 40, A
ST — A GnRH 52 14 5 (1) 25 1 02 R R 1 — Kk
i, 16 EC3 B2l — B S TM6 fl TM7 2 [H]
FE B AU EL3 & IR, 38 2 XF 31X Fh 25 44 i) NMR
LERY AT E U T — s ik J

3 GnRHEWIZIWIBZEHNES LS

3.1 Aspartate 302(D302)

£ GnRH ZARNE 8 ik & X GnRH 32
A ) fe 25 R D) R B R R OCHE . IR PR B IR
TR M 22 R 3 5 5 -1 507 1F H ARG R N
HHEAEM . GnRH 32 7k 40 g 41 B2 1 2 35 R 28 75 %
AR B I ) AN AE /N B2 R A SRR (Glu301) 2874
FNA EWE M (GIn301) 5 5 28 1 J3 B AKX 100 1%, 1fii
GnRH Arg8 3| Glu8 58 48 7 3 ke 5 PE R A% {H 3%
AR N fE % $2 8 GnRH 454 J1. 3k S8 5035 136 1
4k EL3 E A Glu3ol 5 GnRH Arg8 B A M HAE
M. XEB THE-NMTEANEZEKEL K
Asp302 Z KW, 5 Glu30l B A AH A 1 vk agls s,
XTS5 R R W] Z 4K Glu301 (asp302 7E AN ) ik
PP E GnRH Arg8, X HE5RILREGS A H/E . 4
GnRH 4l %8 76 52 1 110 I 428, 52 (40 52 9k PR e 7 2L
A EMAE 1A S b, GnRH 214 2 B il 1
11 AU G2 v, TCie MRS S SR R A 1 B\, 2 IR B
FEM . GnRH Arg8 137 (4 g 4 5% 3 A B 16 H
AIEFIEBEECAR M 11 BIH G 3 e il o5 & 3 %
A 1R F A 7 25
3.2 Lysinel21(K121)

£ TM3 s BE DR SF I R T A &R 5 717 1F L i
MHEAEHTE GnRH Z Kk R A UER . 32
IR (Lys121) 5878 KA R MR N R TR 58 & TR 5 3L
T4 JIBEAE 1 000 5% . H R 52 W 5 41 70 19
G581, HEIA K . Lys121 5 GnRH Glul 5 His?2
JEE I SR AR Y
3.3 Asparaginel02(N102)

WFoE 2 W, A0 F TM2 40 4 % i () Asnl02,
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EEA S MR R B R (GnRHs) L T B 52 0 78 1 2L 3h 9 vh 19 F 92 ik Jre 151

5 GnRH H&® Glylo-NH2 JE i & f 45 &, 5878
SR TN R 1Y) 45 R S T8 R TR JUL IR /K A I 258 0 i 2k
ik 100~1 000 . 53 —IF5E id 2 B, AH < 6 2 R
(TrplOD R 7AE Y Glyl0-NH2 [6] R ¥ )£ 1 11 5
NH-CH2-CH210 [6] & ¥ 48 b B AR 55 K. SR,
Trplol #7445 G5, HEHEBRL & R 2%
A IS I oE i S e X VA= N

3.4 Aspartate 98(D98)

A WFFEHE s Asp98 KA Tk e 28 78 Ji, Asn 1 i
JUARE 8 R 7= W 1) R s /b . i — D SR B, X A
ZAENT Trp2 GnRH 2 BUA 805 52 W A K, i 6 246
M (His2)-GnRH PECA 8 mAR K, Trp2 7]
BAAER Az kb His2 JF5 4R BB 5 Asn 28 4
HAEH . X2k B4R Asp98 B i His2 5§
GnRH KA AHEAEH],

B2 EEEAYS GnRH Z &, Bl Asp302,
Lys121 fil Asn102 & 3 F Asp98 1 AH B AE H A7 A5
T . IWEHESI Y 2065 28, I 3 528
Flt GnRH 324K 5 B iir 4 33K 28 467 s 2R SF Y. A
AR AR FL s W b ELS R ME 5L A R ST 1Y
X Arg8 WA EFEVE . BAR oA — 2k 7 4K 58 8 5K
Ky A S R R R B R A IR R
1 2 A1) A 5 AR 3R T AR 422 Ml 57 e 55 i) TRC AR 1) A

4 ZREE

GnRH #f 28 50 J2& v WX A= 57 I 452 4K & R d 4 3
[Fi 328 Jrf o G 201 5 i A 02 4 TR A 2 T 1 R L 52 1A
SEE TG A REDI R AHC M ME B 5 T RGP,
RS2 GnRH 328356 K £ 3k 4 1 =y R
BarsZ ) GnRH A9 4E . M52 0 T e i - -1
M5l (Hypothalamic-Pituitary-Gonadal axis, HPGA) )
e

TC A 98 5 52 AR 0TS 19 23 T BIL ] T gk B s 0 ) 2
MEELLIT . G 2 1 356 A2 A 0 AL ) AL 38 40 9 T
i AR A R S 2 O AR S 2 R
AT K A0 P & 4%, X GPCRs #4 G tE 5 %
TR G EAABN = nEEWA K, A
75— 20 20 B 0 Wl 0 RS BT R 25 G —
(8 FLUE — N b PP B, R EAEAE TSN T
SEE R =uEEY . AL R A R IE I —Fh
Z-G EAE G, 5 R A B R R R
SR 4 SRS RS E X A, 2 GTP 4545 3

G R 132 PRI 3R 0] S0 35 R0 A8 52 01 B4 52 44 1) iR
BEER . SABTT B 25 SR, A7 (R 2 8] s AE
TR R MZ A R IEEM G Z 0], Bl 25 G
PR 2 53 . R MR X 2 R sl R BA & ok
Ay OF HJEME—rT IgE & G A M, xR
SEARLR B AT B AZ AR A G AR A — A BRI
T LGET) HABRCAR R E M 5 . BF5E 32 AR B0 Bl
il A — N R AL A7 AR 0 R S RS TR
GnRH Z& 14 T E A AN 5] (4 40 i 9 A5 5 i 4%
4.1 T T /W Lk Asn/Asp tHE{EH

FE/IN BUAR P R 038 R O R 32 R (Asn87 FiI
Asp319) AU 27 Asn87 Fl Asp318 /N, Asp3l8 &
R RBTE . R7% Asn87 Ml Asn318 (R T RIFHY
T A 45 B AELJ 0 W8 1R UL 1 7 A Y R ) 78 58, X B
4ER RN, Asn87 78 TM7 R 3-8 i HE & — 4
[V N S R N T s S 1 7 S = N
GPCRs TM2 FAFLELRSE ) Asp, AE M 3L 30 ¥ 32 1K
TM2 fil TM7 EAF7E Asp, M GnRH 52 &t H
A GPCR % Fr A TMV LAY Asn F1 TM T E
1) Asp BT HA MAHEAEH .

GnRH 32k Tm7 L4774 Asp f T il it Gq &
5 BERSEE C(CPLC) (945 A0 J& FHLAS 7 38 535 /N Y
GEHRBRE D&546., Asp RN Asn, FHH 5
WEAGHE D (454 R F1. Asn/Asp B 52 HE D) fig %
WA BEIREE C. o B k85 M5 D 45 & .
TM7 Asp Fl TM2 Asn 78 i A [a] fY 42 3 R JIF 52
TM2 [ 1) Asn XF 2 +5 32 7R (19 #9 2 02 06 55 (9, T
TM7 L4 Asp XF 52 (4 B S0 2 75 19 o
4.2 T™ Il E Asp/Arg BEEHA

TM3 7 i 1 = BE DR SF 7 41 DRXXXIT/V 552K
WG A &, TR THOAp Aspl37 Ml Argl38 L
o K E AR FH & 35 76 A0 58 20 003 1) & R 5 48 A BHIE S
WAL Asp 578 B — A~ TG HL a7 5% 25 B IR 3 o 45 A 1
T P I 30 T L 3 ORME R A R O R S L
sk 3L A BEAE . 78 Arg T HEI T a 124 8
Ab 1) S e S R E RS R B L PR PR VB 2 B
BA BN HAEN .. XA AFE R GnRH 52 405 P A
GPCRs fz H A 50 & J& T 716 19 Aspl32 Bk
Argl38 5 TMs 2 F1 7 5% 19 Asp/Asn A0 B AE
. BESRIL SR i TM1 L AR5F I Asn 5 JC 06 MW
TM2 I Asp A HAE B 2 0T #k W i 5% 5 5l 76
S T 5 A ) 4% 52 R T Aok R Ay Y — S R
.,
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B TSR W], GnRH T B84 A [6] (10 3% 1 44
%, SIS AT 2O B0E W5 A5 g 2R 7 LB, 3
B 7 2R I U O B O . 7R T AR MR
ZWHE Ga/11 A B #EIE R C. &% NI fE 5
LI = Wl R (TP3) I H il 78 = B 52 UL I 3 38 8 i
200 L PN A T YOS A B PN B R CEE O iR
. GnRH WA DL B i i A2 FI#E A5 EE D, 8
RE T A2 B4 B S 160 Fn s D R, 4 A6 A DU TR
WS D AFEFH T 4 A B 8% B . %% 4 8% B 1R . 7T AR
IR, DA T R R I AR O C r s R, R
R O v e ol & 2 i Gl N el = I
MAPK % 8. GnRH-R WfF 52 KB A 4 Ff
MAPK PG R is 12

T3 AW FE R WL AE P28 SRR DX 3 40 i R i R 20
JH o 3% 2R T R A TS I bR A A R . X W R
[] T 75 P i % 24 B2 AR T TS G 9 RE AR
55, — WA PRERES Gq 456, I B A Ml v
G HHAGD AT BEIE M. X R, X AR UPRE
ZARTE AN TR B H S8 B0 T R BOE I G A
FEATA] B 4 28 2 w3l 5 GnRH R GnRH 2Z K1
RN AE 5 I AR S AN [ 1, 4t JEL P 45 5 38 T B R
1 7RI P 3 3R R O R A2 AR T Al 2R A, 3%
Bl AR 52 i 19 15 5, Fk Z & ligand-induced-selective
5% . AHHh—MIE X E GnRH AN 532 4K F 5
M P IR A A AR T G A ARG T G-
TR 5 00 e A B M R R BRI R Gk
AL /AN

6 ZitE5ERE

T I R A R B R R O R A S ) AR B R B B
AR 1) A P e 2ok R -9 0 T A e 4 U R 0 B
B AR T AN 2R | P 3R AR P 5 R i 2 24
A E EL5 ). (R BOR B 2 T 3h W) S 36 A S B H
RSB T X AR . LB AE T GnRH — J7
A N k- RO SR TR R AR i LH A
FSH.7E & U [F] T o AR T 51 1 42 2E B9 9t il 53¢
b5 55—, LH 8920 AR 9 T B AR & L 1
INT 2R oy s A R TR IR AT BE TR 2
GnRH 4k Bl (4 5 24 28 i 7K 7 25 L OR Ak BEAY & i
WZ, IR LW 40 1 7 )5 &1 B ). ol 4ROk,
GnRH &I R4 N 45 O AR PR iy e PR 15

25 [H FDA #it GnRH sl # U WiR T N80
W ANHT A B T R AT E R R, HAE
K LR s &4 % S HEO0 DL RR T sh i
Gy EEEL S BAERES . H ATt R R RO R
FZ R FL R © T4 88 7 A B s s L 1A

RGN ZFH BN BT WA AE N
GnRH ik & A48, BV ARZAE5 57 Rk HZ &K
PR 52 M) T A0 37 AR 2 i 28 Wb GnRH, X X i — 20
) B AR 5 R A I P R AR ML B LA B Ol R
o BEA s AR F K32 GnRH B 015 5 5%
SR Sl ) 2 S O H b 8 D9 G 0 40 T A
FH 45 ) B AT R ARE T . BH9E B A 36 T4 GnRH
Je 27 R (1 A BT BE FOHLAR 2 F5 B B 9 AR S AL
W A7 A TR R 0 ) B A L R R O R N [ Y
GnRH 2584 7E 0 FLsh ¥ v 1) 1) 0 A2 1k L 76 {5 5 5%
o AR A40 R P R ) B R AT BIE O i
TS g i ) A A R ER A T 2 Y R ) B A R TR
2. TENZE B NEBRRZ & T, GnRH I 52 fAE
4 GPCR Jf- & A J6e, R i, GnRH 1T L REFA T
R ZRGEA ABEIEARR T GnRH 1 IfE S HSH
2o XN W] 4 i 25 58 AR [ GnRH il GnRH
RS GnRH Z &M HAE /5 FHLE A B T
KIEH GnRH 69790, 528k 4% GnRH B H
T R 3 i A K s W) G 9 T BE L A BE T A8 A5 ) R
RACH It S .

2 % X #

[1] Lee Vhy.Lee Lto,Chow B K. Gonadotropin-releasing hormone
regulation of the GnRH gene[ ] ]. FEBS J,2008,275(22) :5458-
5478

[2] Herde M K, Geist K, Campbell R E, et al. Gonadotropin-
releasing hormone neurons extend complex highly branched
dendritic trees outside the blood-brain barrier [ ] .
Endocrinology,2011,152:3832-3841

[3] Roland A V,Moenter S M. Prenatal androgenization of female
mice programs an increase in firing activity of gonadotropin-
releasing hormone ( GnRH ) neurons that is reversed by
metformin treatment in adulthood [ J ]. Endocrinology, 2011,
152:618-628

[4] Burger L. L, Haisenleder D J, Wotton G M, et al. The
regulation of FSH beta-transcription by gonadal steroids:
Testosterone and estradiol modulation of the activin
intracellular signaling pathway [ J ]. American Journal of
Physiology Endocrinology Metabolic,2007,293(1) . E277-285

[5] Ginther O J,Fuenzalida M ], Pugliesi G M A, et al. Effect of



EEA S MR R B R (GnRHs) L T B 52 0 78 1 2L 3h 9 vh 19 F 92 ik Jre

153

(6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

luteinizing hormone oscillations on progesterone concentrations
based on treatment with a gonadotopin-releasing hormone
antagonist in heifers [ ] ]. Domestic Animal Endocrinology.
2011,128.618-628

Dubois E A, Zandbergen M A, Peute J, et al. Evolution and
development of three GnRH systems in vertebrates[ ] . Brain
Research Bulletin,2002,57(34) :413-418

Montaner A D, Mongiat L, Luw-Lantos V A, et al. Guinea pig
ripin-releasing  hormone:

gonadot Expression

rodent [ ] .

pattern,
characterization and biological activity in
Neuroendocrinology,2002,75(5) :326-338
Guemene D, Williams J B. LH responses to chicken luteinizing
hormone releasing hormone | and Il in laying.incubating,and
out of lay turkey hens[J]. Domestic Animal Endocrinology.
1999,17(1):1215-1219

Peters A R. Veterinary clinical application of GnRH-questions
of efficacy[ J]. Animal Reproduction Science,2005,88:155-167
Sieme H, Troedsson M H, Weinrich S, et al. Influence of
exogenous GnRH on sexual behavior and frozen/thawed semen
viability in stallions during the non-breeding season [ ] J.
Theriogenology,2004,61(1) :159-171

Patrizia L., Marina M M, Stefania M, et al. GnRH receptors in
biology to novel targeted therapeutic
strategies[ J ]. Endocrine Reviews,2012,33(5);151-156

Millar R P, Zhu Y F, Chen C et al. Progress towards the

cancer: From cell

non-peptide orally-active  gonadotropin-
releasing  hormone ( GnRH )

implications[ ] ]. Brain Medecine Bulletin,2000,56:761-772

development  of
antagonists: Therapeutic
Mancini F, Tur R, Martinez F, et al. Gonadotrophin-releasing
hormone-antagonists vs long agonist in in-vitro fertilization
patients with polycystic ovary syndrome: A meta-analysis[ ] ].
Gynecology Endocrinology,2011,27:150-155

E M, Venetis C, et al. Oral

Griesinger G. Kolibianakis

contraceptive significantly reduces ongoing

likelihood in

pretreatment
pregnancy gonadotropin-releasing hormone
antagonist cycles: An updated meta-analysis[]]. Fertil Steril,
2010,94(6) :2382-2384

Magon N. releasing  hormone

Gonadotropin agonists:

Expanding vistas [ J ]. Indian Journal of Endocrinology
Metablism,2011,15:261-267

Aheshwari A,Gibreel A, Siristatidis C S, et al. Gonadotrophin-
releasing hormone agonist protocols for pituitary suppression
in assisted reproduction [ J ]. Cochrane Database System
Review,2011,8:CD006919

Crawford E D, Phillips J M. Six-month gonadotropin releasing
hormone ( GnRH ) agonist depots provide efficacy, safety,
convenience and comfort[ J ]. Cancer Management Research,
2011,3:201-209

Millar R P, Zhu Y F, Chen C, et al. Progress towards the
active gonadotropin-

of non-peptide orally-

¢ GnRH )

development

releasing  hormone antagonists: Therapeutic

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

implications[ ] ]. Brain Medecine Bulletin,2000,56:761-772
Millar R P. Gonadotropin releasing hormones and their
receptors[ C] // Fauser B C ] M. ed. Molecular Biology in
Clinical Reproductive Medicine, 2002, (2) :199-224

Fromme B J,Katz A A,Roeske R W, et al. Role of aspartate
7.32 (302) of the human gonadotropin-releasing hormone
receptor in stabilizing a high-affinity ligand conformation[ ] ].
Molecular Pharmacology.2001,60:1280-1287

Meresman, Gabriela F, Mariela A, et al. Effect of GnRH
analogues on apoptosis and release of interleukin-1 {beta} and
vascular endothelial growth factor in endometrial cell cultures
from patients with endometriosis[ J]. Human Reproduction,
2003,18:1767-1771

Adams B A, Tello J A, Erchegyi J, et al. Sic novel
gonadotropin-releasing hormones are encoded as triplets on
each of two genes in the protochordate. Ciona intestinalis[]].
Endocrinology,2003,144:1907-1919

Faurholm B, Millar R P,Katz A A. The genes encoding for the
Type Il gonadotropin-releasing hormone receptor and the
ribonucleoprotein RBM8A overlap in two genomic loci[]].
Genomics,2001,78:15-18

Wang L, Bogerd J, Choi H S, et al. Three distinct types of
GnRH receptor characterized in the bullfrog [ J]. Process
Natural Academic Science,U. S. A. 2001,98:361-366

Millar R M, Lowe S, Conklin D, et al. A novel mammalian
receptor for the evolutionarily conserved Type Il
gonadotropin-releasing hormone[ ] ]. Process Natural Academic
Science,2001,98:9636-9641

Palczewski K, Kumasaka T, Hori T. Crystal structure of
rhodopsin: A G protein-coupled receptor [ ] ]. Science, 2000,
289:739-745

Hong Y, Kwai W C, Hwa H L, et al. Expression of the
messenger RNA for gonadotropin-releasing hormone and its
receptor[ J ]. Life Science Including Pharmacology Letters,
1998,62(22):2015-2023

Sylvia .. A, Shereen E. The pathogenesis of pituitary turmours
[J]. Nature,2002,2(3) :836-849

Dun I C,Chen Y. Hook C,et al. Characterization of the chicken
gonnadotrophin-releasing hormone-I-gene [ J ]. Journal of
Molecular Endocrinology,1993,11:19-29

Grundlker C, Gunthert A R, Millar R P, et al. Expression of
gonadotropin-releasing hormone [ ( GnRH-1I ) receptor in
human endometrial and ovarian cancer cells and effects of
GnRH-1I on tumor cell proliferation [ J ]. Journal Clinical
Endocrinology Metablism,2002.87:1427-1430

Petry R,Craik D, Haaima G, et al. Secondary structure of the
third extracellular loop responsible for ligand selectivity of a
mammalian gonadotropin-releasing hormone receptor [ ] J.
Journal of Medecine Chemistry,2002,45:1026-1034

Fromme B J,Katz A A, Roeske R W, et al. Role of aspartate

7.32 (302) of the human gonadotropin-releasing hormone



154

SR B N s

2013 4E 45 18 &

[33]

[34]

[35]

[36]

receptor in stabilizing a high-affinity ligand conformation|[ ] ].
Molecular Pharmacology,2001,60:280-1287

Hoffmann S H, Laak T T, Ku hne R, et al. Residues within
transmembrane helices2 and 5 of the human gonadotropin-
releasing hormone receptor contribute to agonist and
antagonist binding [ ] ]. Molecular Endocrinology, 2000, 14
1099-1115

Chauvin S, Berault A, Lerrant Y, et al. Functional importance
of transmembrane Helix 6 Trp279 and Exolop 3 Val 299 of rat
gonadotropin-releasing hormone receptor [ J ]. Molecular
Pharmacology,2000,57,625-633

Richards J S,Pangas S A. The ovary:Basic biology and clinical
implications[ J ]. Journal of Clinical Investigation, 2010, 120
(4):963-972

Crawford J LL,Heath D A, Haydon L J,et al. Gene expression
and secretion of LH and FSH in relation to gene expression of
in the brush

GnRH receptors tail possum ( Trichosurus

vulpecula) demonstrates highly conserved mechanisms [ ] ].

[37]

[38]

[39]

[40]

Journal Reproduction,2009,137(1) :129-140

Begriche K, Levasseur P R,Zhang J,et al. Genetic dissection of
the functions of the melanocortin-3 receptor, a seven-
transmembrane G-protein-coupled receptor, suggests roles for
central and peripheral receptors in energy homeostasis [ ] J.
Journal Biology Chemistry,2011,286:40771-40781

Kanasaki H, Bedecarrats G Y, Kam K Y, et al. Gonadotropin
releasing hormone pulse frequency-dependent activation of
extracellular signal regulated kinase pathways in perifused
LbetaT2 cells[]]. Endocrinology,2005,146(12):5503-5513
Zhang T,Roberson M S. Role of MAP kinase phosphatases in
GnRH-dependent activation of MAP kinases [ ] ]. Journal of
Molecular Endocrinology,2006,36(1) :41-50

Armstrong S P, Caunt C J, McArdle C A. Gonadotropin-
releasing hormone and protein kinase C signaling to ERK:
spatiotemporal regulation of ERK by docking domains and
dual-specificity phosphatases [ J ]. Molecular Endocrinology,

2009,23(4):510-519

ﬁ_’g_‘éﬁ]§i '71)(’: FiCY



