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SUMMARY OF RESEARCH RESULTS

Probing undiscovered neuropeptides that play important roles in the regulation of
pituitary function in vertebrates is essential for the progress of neuroendocrinology. In
this research, we identified a novel hypothalamic neuropeptide with a C-terminal
LPLRF-amide sequence in the quail brain. This avian neuropeptide was shown to be
located in the hypothalamo-hypophysial system and to decrease gonadotropin release.
We therefore designated this novel neuropeptide as gonadotropin-inhibitory hormone
(GnlIH). To elucidate the mode of action of GnIH, we then identified a novel G
protein-coupled receptor for GnIH in quail. The GnIH receptor possesses seven
transmembrane domains and specifically binds to GnIH. The GnIH receptor is
expressed in the pituitary and several brain regions including the hypothalamus. Thus,
GnlH acts directly on the pituitary via GnIH receptor to inhibit gonadotropin release. To
demonstrate the functional significance of GnIH and its potential role as a key
regulatory neuropeptide in avian reproduction, we investigated GnIH actions on gonadal
development and maintenance in quail. Chronic treatment with GnIH inhibited gonadal
development and maintenance by decreasing gonadotropin synthesis and release. GnIH
was also found in the hypothalamus of other avian species including sparrows and
chickens and also inhibited gonadotropin synthesis and release. Subsequently, we
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further identified novel hypothalamic neuropeptides closely related to GnIH in the
brains of other vertebrates, such as mammals, amphibians, and fish. The identified
neuropeptides possessed a LPXRF-amide (X =L or Q) motif at their C-termini. These
GnIH homologous peptides (LPXRF-amide peptides) also were localized in the
hypothalamus and other brainstem areas and regulated the release of gonadotropins and
prolactin. Thus, GnIH and GnIH homologous peptides are key factors controlling
vertebrate reproduction.

KEY WORDS
(1) hypothalamic neurohormones (2) GnJH (3) GnIH homologous peptides
(4) pituitary hormones (5) gonadotropin (6) prolactin
(7) reproduction )
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WEET D, 1953 FIC, TERAEBENDHWMENDRVEVPAY T LI R0t HR v bRl =a—
o ~R7F R (AT F K ; neuropeptide) T D T & ASBH B NIT
Rot, =K., BERTEH—TEEBESRESWSR BN, HK
Fih=o— 0 U BNERT B HNVE VBB TERE () Ok
EREIL TS Z L bBHLNITENTZ, B, AR TER—IEH
MERMRSWRTHD, BRTEICITTEEZIESL I {7 EE
PEOERRE L IFHENHEEAH Y, HIBORKTH =2 —
O EEE T A EFERICKERELTND, Y —r ey
A, BETE =z —o Y RRLVE L FETBREOKENS FTE
EPARIZ WS 5 Z & T, RETEED RN 5 WEEE & TR
LTWBEEXT, ZOFHEHEALI-DIT 1969 FDT ¥ U —L
X N & B EIRBHIE R AT R AR VR (TRH) O R T
hB, O, EFEMHNEENE VAT S
(gonadotropin-releasing hormone; GnRH ; H#NIHHE-F & LT
LHRH & FEENT2) B RAT VIREIRLVEY (V= FRAZF |
GIH) RED=2—u_TF ERFEREINT,
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L2 LEIED 10 NI EH UWER TEIRVE DO RIIFE Sy, Fox i3 LWEES
HATIE, TERERVE VORI ERETHHR FTEHE LT BHICBREND EE
z T, BEERMIZIE, EEHED ORI RICEET A7 F RO C-RiEHEE & BE 52
TF NREHEE OERERICHIEET D LW BN FHESIMOMD G FTRBEKRT
HATF FORBEIT -T2, FOFBER, HLWEEOTRIR TEHATF RE BEOMMI b
BET A Z LICBI LT, ZORKTEAT T N, mEHEEOEE2_T7F N &R,
C-RIm{AllZ Arg-Phe-NH2 (RFamide) #iE 4 OB DT F FTH Y  IEPHERIEITKR
TARFEE = — R U IFETAI ERbhoTz, ZOFHBERTHRTTF NITREKRT
B TR D AR A AE VAR VE OB E2EHIT 5 2 LD, AR
AIVE IR HIH] &V E - (gonadotropin-inhibitory hormone; GnIH) & & {Hi)7= (BHR . o
T 5 2), ek, AFERRRREAVE L ORMIEY v UV — 033 A U 7= E TR VT VR
7R /VE I (gonadotropin-releasing hormone; GnRH) & AJFEIR N3 MR AT 2 A FRAE
VRAVEEVOBEFIZEVEIEINTWEEEZXLNTE T, LrL, N ARTRL
7o AEFENRARIE AR L8 o D 2 3] A TR TEA VT V OIFEIIK S R TH o 7208,
Fox DBIFEIZ LY . AFERRIE AR VE UL EEIAR Ve (GnIH) 258 R S v, TR
RIVE  OREHHIEICE LOERSMD 5 Z b iciotz,

I5L2 HHRBERTHALECOHER

1970 FEREEDIZ U ¥ Y — L F v A2 & 0 ATEIRFRE A AE > ORE FRE ST D HERTHHRALE LT
D EFERBE AN T VB VE S (gonadotropin-releasing
hormone; GnRH) MNHILEOMNORE B ENT-, —F. AHEIRH
AR OBEEIHT2ERTHELVE LV OFEEZER
BTh o775, Fx i 3AEFEGRE AT O 23 558
DB TEANE L & BEOBMNHORE LU TAEREBRIR AT
] A VE 2 (gonadotropin-inhibitory hormone; GnIH) & 4
fHir 7z, GnlH EHRRTHOEFHZIZHD GnlH =2 —r ' TH
BEND,GnlH == —8 ZiE Mel,c £V 9 AT b= U REMN
FELTEY, AT =Vl 0OZEFEN LT GnlH OFRHRE
FiET 5, GnlH [FEFMEEIZHD GnlH == —na VOFEERND
 AWEN, TEEICHEET D GnlH A (GnlH-R) &/ LTA

= FERRFM AR OB EIHT S, GnlH 285 ZOERICE
D, EFEIROFEE L EREDTIHI SN D, FHESMOETRORKE
LSRRI GnRH I KELSNTND EEZ b TE A, GnlH ©
ERIZE Y ZOMESEFICH LW EIRSEE SR,

GnIH 1% C-RK¥m A1l LPLRFamide #:& 2 H T A2 HHAOBRK TEH_TF R TH LN FHx it
R, WAE. AEOMY D GnIH O & LT GnlH FAE~<7"F K [LPXRFamide
(X=Lor Q)_X7F F] Z[RE LTz, WAL AED GnlH FETF NIZZIE AR
HARNE L ORBENGS 5 WIMRET AERARH D Z EBARWZE iz, WAED GnlH
FBE_XFF NI FroiERET D Z Enbhol, EFEBRIEMALVE &
0y F R EY O E TS TAEERM TERAERLVELTHD, Br D—EHOM
ZEC LD | FHEM OBR TEICIE LU CHEET 5 GnlH & GnlH BT F Nid@Emo4
WA T ABEELRHE FTHA LT THA I ENELMNI T,
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2 HFERRRLEAILE VB IERILE Y
(gonadotropin—-inhibitory hormone; GniH) MEIE

GnlH OFERORMEZ AT 5, 1980 LI, FHEENY O RMFRiR R % MR HEE ) O LR
BE~TF KT D Phe-Met-Arg-Phe-NH, (FMRFamide) DHifAk % - T Rk (LRI Yx
BT ORI SN, EORER, FHEEY O MRRIZ D FMRFamide & LT 56 =2—
OXRTF INFIET DI ERBEND & STk o7, 4 id FMRFamide © C-FRiHHlD
Arg-Phe-NH, (RFamide)#81&123% H L C. C-Ei{fllZ RFamide #&E 2 OO = o2 —a <
TF FRBEHESY OMERRICEEL TS EE X -, £ 2 T, RFamide HiA & 1B L T,
T RT DD I OFR & REBENG R TE OFLE TV, (LFEEORE 2R A
7o, HEFCERBHHEDEIL. 27/ BEENORDI=2—aXTFNTHY, Zh
F TSN TV Wi E 2 FF OB D RFamide X 7'F R CTho T2,

WIC, BB L 7-#7# RFamide X7 F FOPUEEFR L, SEEMCFRIMBITIC X Y MW
TZOXRTF NORTEL SR ETZ, TORER, HH RFamide X7 F Nk, K THD
EEZE IR IEIRCH D=2 —a OMEKRICBELTREY, Z0= 22— Ok
FRHEIZIEFERICERR L T D Z LR BN o7z, 3 RFamide X7 FidIEH &
DRERNG FTEREMAPRIZ W SN2 BIC, BRETEEICER L, {600 TEERL
E DGR TWA Z R FRINS, £2 T, IRETEEOEEMEEZ AW
THH RFamide X 7F FOEEIERA % invitro TN L7-, FO#EE. H#l RFamide =7
F RITEFRRIE AR NVE L ORI EMGIT 2 Z LB ERY | EFERRBA VT K
HIGIHRALE Y (GnlH) &4, 2 E TEREBRRIE AT OMHIE GnRE IZ X -
TRES N, EFERB W T DERAT oA FARALEVRA v EE Y E N oo FRAVE T
XBRITT AT 74— R ZICL VI SN T EBRHMbINT W, AFERRRE AL E
VOB E I T AR THOBRERFOREZXZNABHDTTH D, EOHDOWFEIZE
Y . GnIH OAFERRFIE AT HEIHEIER I invivo TOREERTHHER IN, &6
WCEELWRITORE R, GnIH 34T R VT DA E BEEZIME LT, £WEE0RE
CHEREHERFZMZ D Z ENER &SN (BB aTF 4 2),

VAT TERINIZ GnH IO BHICLFELTBY  RLFPEDO=U FJRRAXA
HDOI¥<Y b RTOHRBICEMBREALVE Y DERRE RBEEZMET5ERRH 5, £
7z, GnlH 22— F L CWARIBMABIGF D/ o —=0 72 TN ODBETIT 7 & 2 A,
HBRIE & L /)7 B IZiE, GuIH 2% C-Ruwl DOEFIA3 GnlH & X < {El7- GnlH BiE~T'F
RREBIZ220a—RFERTWAZ ELHLMMNE o7, 2T D GnlH BEANTF KO{EH
WZOWTIFBREMRTHTH Y, Fi-eEBERARRRIND ATREMENE,

3 GnlH FEEDEE & GnlH OERBBOENT

GnlH O/EFSEZ B L NICT 57201005, GnlH OZEEREZRIETHISLERD D, Fx
TR G-¥ Ly BEBRSRAETH S GuH SREEZREL: (BB :X1), GnlH
SREIIBRETERAEICEE L TRY, GnlH L HEMCEHNEE T THRAETIZ ENnG,
GnlIH I3 F A IC B L CARRRIE AL E Y OAR E M2 EEIT 5 2 L3\
Mot (BB a552), &I, GnlH SAEITRMETEEDLZ2 B, HETEIZ
HHEHFELTNWDZ LD, GulH IERE TE O GnRH = = — 1 NI HEA U AT &
NECDEREBEZIHT S EE X NS,
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4 A5 =ik % GnlH OXERAHBEO RN

FEOEFRORZEX, KEAMOEELZ T TEY., HHRNEVWERORLHET A
FERRDSFEE L TR 2 ML . BHSEWER ONEE T CIIAERRAIRILT 2 2 &34
BNTVD, ZOXRREEREAENONSWRBICERT BMALE L BRREETIEDN
DATDP=THD, AT M= BEREEMEIT S Z LI3HL ASHLATVER, F0
TERBEIITATH o/, BxlZ, AT h=U D GnlH DREBRAFETA - LItk > TAR
JROFEELBREZIH L COBD TRV EEZ, AT b=V EEFK - DT 5E &
REZHEELTRNORAT "=V B2BRELED, AT M =v b BELEDTAZLI2LY.,
GnlH OFEHEDOELEZ U XT TN Lz, TOREE, AT =3 GnlH DRBELED 5
ZEBPoTlc, 3612, GulH =2 — 1 2iE Mel,, 8 VW9 AT h= U SRIENEELT
BV AT P23 0OZEEEZMN LT GnH DREBREZFTEL TCHNBEZ L LHLMIR- T
(BB a7 52, A7 b=V BEADOHHENRDSRALEL ThHB 720, K
PRSZRDEAEHTTIEATZ b=V OBHENEZ Y. GolH OFBEREMNT 5, AT b
=V® GnlH 28T 2EMAICE Y. SR T TCOEBEBROBIMNEIERBIINB EEZ BN
Do TNHLD—HDIFENS, UAENLELTHD GnlH & AT F=VIIARoBEEg» 4
FEADERNRBEICEZ DEERREZRIZ L TWAZEREHLNE D | SEEERIC
&V RS S 2 AR T AR e O B E R LT,

5 GnlH B 7F K (LPXRFamide R7F R) DREIE &
TEERILE D ORE SO R

EHITHIREEDT- L 2 A, BETRREN GulH L EEDEPIT 2 RIE~27F R,
DEFHEEMIZOHFEL TCOD I ERHLNIC R o7, Hxld, WHAEOI— LT AR
F—IZBWTYH GnlH OERERTF RRGFEETHZ L, ZOHILIED GnlH RESRTF K
AFEMRRTEARNE L O EZIHIT 5 2 L R ENBELMNC 257, GuIH & GnlH FfE~~7
F FIERESCHAED X O e mS e ©i3iE L CAEMRAN AN E > O & T 5
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BB EEZDBND,

oz ix, GnlH OEIR & H#HiE - BEEDOL B L ZFEEEZAONITA7oDIC, BHRBES
IR D, B2 2B OB D GnIH ORIETF N O HBE - [FE & AEFRIER O & 1
iz, TOMFR, BEEITICHALEDCT v bRoew VR, WABOV VT, BEOX
Xag 25 GnlH OEIERTF FZFEEL T, TR6DABEREHAGMILE (BE .
#£1), TOPT, MEHEOY VTN LFEE LR GulH FEATF Nid, mEFRVES
DB ERETAIERAR S o7z, LEER2T, ZOUVHTTADORTF REITZLVOME
RAVE VT F K (frog growth hormone-releasing peptide; fGRP) & £&fHif7-, S HIZ,
fGRP DRIEMIEGF 2T L2 & Z 5 fGRPIZN X, C-RKEDHEEN R S Ll ETF
RBREBIZ32a—REnTnE, 2 HOH T fGRP-RP-2 & AT 727 F FiTid, m
ERVECORBRBIREFRRICNZ T, uT 7 FroBtREERRH 5 Z L Rbhotz,
—F . BEOX X 3 HFEE L7 GnlH FRA T F RIZERBREARLVE & R RVE
VOBHERET DI EBRALNE Aoz, AEO GulH FE7F FOREREELRFICH,
C-EKmDOEEN B PEBEERTF KR E LIz 22a— FanTEY .. £BEMRITNT
HRERI U THo T,

#1 EELGniH & GniH AERTF KOEEER

=a—nRT7F FOkE [k £ AR
ANMEAGTMSHFPSLEQRFamide Rat RFRP-3 AERBRAIE A L o B
SIKPSAYLPLRFamide Quail GnlH A RERAIE AR AV B
SSIQSLLNLPORFamide Quail GnlH-RP-2 TR Ty F o REE?
SLKPAANLPLRFamide Bullfrog fGRP R AT R
SIPNLPQRFamide Bullfrog fGRP-RP-1 ?
YLSGKTKVQSMANLPQRFamide Bullfrog fGRP-RP-2 7a gy F BRI
AQYTNHFVHSLDTLPLRFamide Bullfrog fGRP-RP-3 ?
SLEIEDFTLNVAPTSGRVSSPTILRLHPKI TKPTHLHANLPLRFamide Goldfish gfLPXRFa-1 AR R AV > BT
AKSNINLPQRFamide Goldfish gfLPXRFa-2 HERARRAR A
SGTGLSATLPQRFamide Goldfish ofLPXRFa-3 AR R LR U I

T#H% : LPXRFamide X =Lor Q€F—7

U EDORFERAEZH RN S GolH ORIKRRTF FOEE & BEREO T EMSE & SREZ
T HHRICEY . WTNOBFHERMIZE N THHRKR TH==—12 {2 GnlH & GnlH OF
BT F RRFELTEY ., BETEERLVE Y ThAHEREBRREALVE, 0T 7F
V. BRERVEVREOFEGICEERBEE L TNWDL I EXHALNE R o7, TR
RIVEE TS s F AT ERICEE R RALE L THY . GulH & GulH BIRES7F R
TEOEFEICR ONREREE R TEERMANVE L EBEZX DIVD, 2, GnlH & GnlH
FERTF NIEBICHERZ O TH, SRR CABERABZREL TS Z &R
THLOTHY , BKTFEHENVE LD FRERVE S OQUTETHOEILEEZEZD S AT
BLIRVE,

GnlH & GnIH [RER7F Fid Wb C- KAl DOBLF2S Leu-Pro-Xaa-Arg-Phe-NH, (Xaa
= Leu or Gln) (LPXRFamide)i#& % M IZFF2 & W O K23 D, LT3 > T, GnlH & GnlH
FER7F Ri3#EEL D LPXRFamide X7’ F & LTHETHI LR EHEKRLZEBH K1),

6 LPXRFamide R 7F I &t RFamide R TF

LD LPXRFamide X7F FD X 912, C-RKE#AIIZ RFamide #%i& % Ff - 7= RFamide X7
T FIFHBHORM T Oh@E S Tnd (B K 2),
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2 LPXRFamide R FF K & RFamide RTFF K771 —

Metastin group

PrRP group Hurman
Kiss1 Rat

Bovine Kiss1

Human prRpP
Rat PrRP
PrRP

Mouse
Kiss1

Carassius QRFP (26Rfa) group
RFa .
Bovine

QRFP

Human
PQRFa (NPFF) group 26RFa/QRFP
Fugu Rat
PQRFa 26RFa/QRFP
Zebrafish Mouse
PQRFa QRFP
Rat
NPFF Rat
Mouse RFRP
NPFF Iggléspe
Bovine
NPFF Human
Human RFRP
NPFF
Lamprey
Sparrow
Farre Chicken Sual  GniH
Goldfish GrilH GnlH

LPXRFa Zebrafish g
LPXRFa  GRp

LPXRFa group

% M—->1% LPXRFamide ~=7"F K & C-KullDEF 25 B < {£172 Pro-Gln-Arg-Phe-NH,
(PQRFamide) X 7"F K7 N—7FTh %, @ PQRFamide X7 F K7 N — 7 THANZFE &
nNiEOE, =2—aXFF RFF AT ONT=2—aXFF R THDH, =a—uXTF
K FF O&BER L LTA A A RATF ROMHHIEESERH D | EAEXFAHTFF
EHIEENTWS, 2E Y, PQRFamide <7 F NIIRAILEFR L Ic=2—a X7 F FTH
HEEZHNTWS, 2O PQRFamide X7 F ROZFMEK S FE STV %25, LPXRFamide
RTF ROSREOREE L L <EITHY  LPXRFamide ~7"F K & PQRFamide ~=7"F NiZ,
IFEOMERCTNOOPNTEL L TEbDEEZ BN S, PQRFamide ~7'F NIZB
L CHRBERESNRFER D E VIEATHRVR, Fxl3ERFHEEY THLHOED
¥ A U F XD B PQRFamide X7 F R&EFRIE L TE Y, ZDOX7F K% PQRFamide ~7F
K & LPXRFamide =X 7"F RORIR L 72 5T F R TIER O EE 2T 5, LPXRFamide
~RFF K & PQRFamide X7 F FDFLIE & SR DV TEH 1% D RFAEFHY 27T 5 17
Ehad, a7 FUoRE~L7F K (PrRP) % RFamide X7°'F N Th 5, C-RimDEFIX
RFamide Tlt 4 %723, L5 LPXRFamide ~27°F K< PQRFamide X7 F N & [ IATHEE S
RIBOREEINR Y BERD, ZOPRPIZV ANA—R T 7 —vanP—LEEN5 FEIC L
WEIEEIT-, PRRPAREENAEITIEI 0T 7 F L ORHERET AR THFLE S
DOIETEIIIA & )T 2 5 TR 72728, PIRP DR RITE < OMRNSWEEDER 2 5E
Wiz, LALLM, WHE T 2HHREETRWE T v T 7 F o OBMIREDEN
HOLNRNZ RSN NEEDFu T 7 FUBBRTFTHINE I DIEIBETE R
WIRIRICH B, LL, BETHE v 7 FUEBiEERRBO LN TEY . B —
L TE B E D NI OEMTE COMITHERDFF-N D, T EE, WAENOERS
NIZAZRF Y (FARTF V) b C-KIBAIZ RFamide #3&E® 5\ Vi RYamide 1#3& & £7-0
RFPFRFTHY, ZOXTF FHEEEFET 52 LEBA LN T,
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B XC—25
19 £ 58
B2 % B E B4 X 5 B RE o E B
#HOE W EF E
70 A F VYA HA A
1. FFEREE ( TEFEHEE - SBH - B) EiRE (KBAE - BARRY - %9
2. MEBREL ( MAFEE O4A ) FHEERTESIE AL BMTRESLET AR - il
DU EIESE (RS (3)
3. Xtk EM
(&FEENL . TH)
HERE MR E & &
¥ k1 54 & 12, 000 3, 600 15, 600
1 64 B 12, 000 3, 600 15, 600
SRRl TE B 6, 800 2,040 8, 840
¥ Rl 84 E 6, 800 2, 040 8, 840
R 37, 600 11, 280 48, 880
(Erk 18 F£F EBHFZE (S) OFERICE Y FE 17T EFFEICKT)

4 EEFHEA
mawE (FT) Tk 16%F12H 1 (k) #BH&
BARKERE (FF)ER17E 285 8H (k) #B#
hEHM O (FT) TR17THE 28 9B (k) #B#
oM () ER17E 28 9B (k) #B#

5. B#A—L_—4%4 . U R L

EBRE REBES MBAEFHFRERZE/LBRFREMB/ET V=7

R —
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