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Ligand Recognition Mechanism of G-CSF Receptor and
Metabotropic Glutamate Receptor
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A three—dimensional view of ligand-receptor recognition at the atomic level is crucial to understand the molecular
mechanism of receptor activation. This review describes the structure—function relationships of two receptors important
for pharmaceutical science. Granulocyte colony—stimulating factor (G—-CSF) is the principal growth factor regulating
the maturation, proliferation, and differentiation of the precursor cells of neutrophilic granulocytes. We have deter-
mined the crystal structure of G—CSF complexed to the BN—BC domains, the principal ligand binding region of the G—
CSF receptor. In a novel oligomerization scheme, the two receptor domains complex in a 2 : 2 ratio to the ligand, with a
noncrystallographic pseudo-two—fold axis through primarily the interdomain region and secondarily the BC domain.
This first structural view of a gp130-type receptor-ligand complex presents a new molecular basis for cytokine-receptor
recognition. The metabotropic glutamate receptors (mGluRs) are key receptors in the modulation of excitatory synaptic
transmission in the central nervous system. Three different crystal structures of the extracellular ligand-binding region
(LBR) of mGluR1 have been determined, in a complex with glutamate and in two unliganded forms. They all showed
disulfide-linked homo—dimers, of which the ‘‘active’’ and ‘‘resting’’ conformations are modulated through the novel di-
meric interface by a packed o~helical structure. The bilobed protomer architectures flexibly change their domain arran-
gements between an ‘‘open’’ or ‘‘closed’’ conformation. Glutamate binding stabilizes both the ‘‘active’’ dimer and
‘“‘closed’’ protomer in dynamic equilibrium. Four domain movements within the dimer affect the separation of the trans-
membrane and intracellular regions and thereby activate the receptor.

Key words——X-ray crystal structure; G-CSF-receptor recognition; metabotropic glutamate receptors-ligand recogni-
tion; receptor activation
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HA 2 EFRENS. G-CSF (Granulocyte Colony
Stimulating Factor : BRI ER I 0O = — K 7)) &
FFHERANOMEERIET D51 ML > Thb. if
RERIZ 2 A MERD 50—70% % 5, HIE RGO
HixsEOEFEREEHZHoOTWS, FROX, 0O
A MHA N, AMEROBA 255 1ET 2 bR &
LTEHSNTWS, £/, U > K (G-CSF)
&R DRGSO AR B ERYE R SRR ET O
THEBEZHLT S ETMO THEETHD., ZOMH
I T 2 EENREZES D, F41d G-CSF
EZRAROMIER EDESRERRLL, X
A SRITIC X > TEN S ORSME 2 ERE T L
NIV THEACT ZHEICH D A

1-11. 7RI HY4A M4 BFE773)—
PA A D RPZEDZHEERZ, FICZEERMOY
2 BB OAHFE SRR R A A > DELE O FELIE
NS, WS DD FAIHEIND., VX1 D
A NI ZRKRT > U =13, MEsEIC
WSXWS £F—7 &, P27« REEEBKRT
LREINTZADDIATA BRI E S DEEZ I
WIZH-THO, ZOEBIIYTA N1 2B
[F#E1 (Cytokine Receptor Homologous Region)
EFEINS. FITE MR CREROMLICERT 2
HA MNIA B0 SATHET 20, U1 A
A2 FRICY 2 BEFIOHAEIZIZEA ERD
S, UL, 215 O ARG, @l T
ARD a7 ZNY RIVEEEZHD T ENAS
NTHL, #EERNWIIIEROEAEEEA 5N,
G-CSFbZ D7 ZAIHEL THD, MUY I
OMDOTA N1 LT, UN > REZHER
D TR EDL D LB EENNDH D
DINREBEEN S 2N TNz,

T&x DWFFE 2 RO DRI, X RS S s
£-o7T, 1807 /EMN5725 G-CSF T, fld
YA ML T ERRIZAR N v T AN
RIVEZ B DI ENHASN ER> TV Y —4,
G-CSF AKX, 7 78K 90K OF—DEEHE
Y71y M2ALAEREZERMEEE KT
%, U721y b oM EEIE, NRm»S %
ooz bk (Igh) BAA >, CRHEE, 3
DDT 4 70aRxTF AT Mk (FNILEL) B A
1AM I NS, CRH fEEIZX 512 BN &
BCOD2DDRAAL IZHITHEN, THEND R A

A 3HMT G-CSF 2569 2REHZ2 5> T 5.
BN RAASEI XTI YA MIAZHFKT 7 2
J—IlREINTNDE4DDI AT QDDY
27 1 RiEE) &2EH, BC RAA i3 WSXWS
EF—TE2HOTNVNDE, ZOXIIT—K#EEOHE N
n5, CRHEKIEYZ I A THA1 MA VZRIKT
7IU—ZRYMOITSEHENAS. G-CSF O
CRH % (gs—CRH) 1, Z&MEKHFOIEMHEILIC
WERF/NODBMTH DI EN, MADRAA %
RIFSELEREOEEREN SRINTNS, X
S5IIEH SN S Z &I, IL6 OZBMAKD T2 D
DRI DHRUXRTF REM BRI NSIATOD
BABEZHON, 055D 1 D0 gpl30id—
Kt G-CSF Z&RICHHE R ZRT. L
727> T, G-CSF &K DORRAAH AL,
M EBHERTHIINC IL6 &F DZEAED Iy T30 5%
R Z KL TWDHO LIS NS, ZDXDIT,
G-CSF &2 AR OM ARz i L NV TR
% EIFEE EREMEEM OB RS EE
BERE E > TV 5,

1-2. G-CSF L ZDRBFHROESHDOREREE
G-CSF &2 D2 RO R BA R Z i1 L X
JWTHOEMIZT 2729, 413 G-CSF & ZAEKD
Mfa S L & DE AR ERE R L, XSS
&2 THETF L XV D4R ARG IR ES % 7
OYx7 NEBBLE. £9, 14372 G-CSF IZH
T o aiEE 2 RFFT % gs—CRH 12D\ T & Hiffl
fODFEBIR 2L, b AR AR 2 AR
Lz, Iz KGEREBARMFHBINZE k G-
CSFalkl (FVU > E—IL s DftE) SRS
BEEkEZRELEZ, DWT, i ORSLEEZ K
KU, XSS EET R EERER2 2 &
WL 722 25 LT, G-CSF & gs—CRH O#EH
RDOILAREED 2.8 A HRfE T ES Nz Y

MHEIE RN DAERIE, AT NSRBI N T
W22 DEAERIEREZHRETE2HDTH 2.
G-CSF & gs—CRH O G KDLk E D 2R %
Fig. 1 IZ/R9. gs—CRH Z #5595 BN & BC D%
RAALNE, TRADBARNT RS 85 YR
Ty FHEEZESTND, INHDRAA T—AR
DEFEMSRDRWMAB L > P THEINTED, £
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Fig. 1. The G-CSF:gs—CRH Complex
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MOL1 and MOL2 are distinguished by dark and light ribbons, respectively. (a) and (b) : Orthogonal views of the 2 : 2 complex. (¢) : Schematic drawing of

the G-CSF:gs—CRH complex with the (a) and (b) perspectives denoted.
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VARG N O D HEfil & S U TR EIITBNWTERE
STHD, £z, #BRT2LOIC, HAEHROHSE
A FE A MOL1 & MOL2 O T4 L TWwWd oD
T, HWENICOEERAN I —T 1 —ATHH &L
WEE NN,

1-3. Ay —4H5—T7x1—X gs—CRH
SFOLFREEDAIZIE BN & BC R XA > D)L—
TINEFRT D, ZOHEBE GCSFATD2DOD o
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AN w7 2 EORIIRN 7 TR AR BR
N5 (Fig.1). ZTOAYPr—A 2 —T1—ZAD
HUMBE TIRKERBE XY BT =7 0B I T
%, Bz, G-CSFDZ)ILZ 3> 1975 BN K A A
COFOT IR KUBC RAL D7 IVLFZ >
287 DM ERERHEGZEZLTHBD, ZOfl, KiHT
%#btm$% HEOTUN > REZEERSTD
WEEREZHZREZLTVWS, 351, FO
y,?»#:‘,UV/,7w5£>,7w5iy
D RKERMBENERDELDICT 7 > FINT—)b
ZHEERL TWSESPHEICASNS. I
BOLZHEERRRERIVE > (GH) iRILER
DIHEIZBE 5T 51 M A >0 A0RA TF
> (EPO) &ZNLDEZHEKEOEEGRIZBN
T%ﬁ I, 4D HA NAA 2 EZ R ORI
EHREAERE RO LN,

2D0M1: 14K, MOLI & MOL2 O ki

2RELTIRIFERUCTH S0, BEICHRIET 5
D2 DD EEERADLETAD L, 7 TOR
MWE RS ZENHE>Tz. §78DH, G-CSF
DFN—HTBHEDICENRDE, BN RAA EF
O3> 172 29U TR 10 E, BC RAA 2T
13O 22290 ZHLMI U TR 8 EREE L T b,
ZDEERICHES T, B2 BN K X1 > & G-CSF %
T EDHAMERN MOL1 & MOL2 O T2
%. F72, BN & BC KA1 > OMIAIBIAH K 3
BRED, APYy—A 25 —T7x—ATIE, 101#
DRRNEF) A ELAE I Y G-CSF D 6 783 & 254k D 7
WHOMICER SN, VN> REZREKRDE L 15
WHNT 7 oF NI =)V ZAMEAERICE ST 5.
MOL1 & MOL2 O il Eif§ 13 = 840 A &
800 A TIFFFULTH 5.

14. YA F—4>9—T7x1—2X ATy —A
=T x—AE@ELTERINEZ2DD1:1H#
HERIL, XM F—A 25 =T =2 Lo TERD
21 2AKICERSGND. O I —TT—R
DT 350 A T, G-CSF @ N Kyt & BC R
AAL2D1DD B AT > REDBOERI R
VAT B — N DIBEA T DM O 1 B s A AE
FATh5. R D G-CSF Ofs MG TIX, N*K
N otY 2 8 ETOMEEA—EDHIEZ &> T
WD, Frx DEEEROEEMER TIIT Y>> 4
DB OMENHBICERINS., LT, 71

PrAnstY 28 X TOMEEIE G-CSF & D#EE
EﬁDT%%@%ﬁ%%Diobmékfméh
5. INS5OFEHEMEOEEITMAT, MEMNEES5T
6m$é3;mwﬂ®77/7wv—wXWE¢
H, FROF v RIIHITEREI NS, Ky FDOKE
EERy RT—2%, 02 2HEERDEENLIC
HFHETHHDEEZITND.

XAF—A > —T7 1 —ADEMEL, FEENDZ
DDA LERIUSERZ > TWBH D, ZHNREKE
WHD TRV (Fig. 1(a)]). Z DA EN
WCEKRODDHDONENDOMENVETH S, £
9, HEEX N7 BC R A > & G-CSF DR+ O
AN NMR TBEIC@BTSN TNV S, T OfFET
TlZO 1 > > 261 O NMR > %7 F )L A1 G-CSF D

WE-> TRELSERT S ENHFEINTY
5.9 ZOREIIAF—A 25 —T 2 — AL
ELTHBD, BRPTIYAF—A 2 —T 2 — AN

BICEETSZEIHSNTHS. £/, G-
CSFDT7 I AF v > =27 B BRI O fE
F,oOA 22 RAVEIEHICEEEZRITT LN
WMEINTWDN, D ER, 073 /BERITY
4% A2 =T 11— AR THFICHFEGTS. 5

, Tz 3RO B OB GRS B IRE L7203,
74f~4/&~71—xmﬁmm%ww%fém

TWa, LEDN>T, I1F—( 25 —T7x—RXX
fh i ER IR A S 13E A<, T FIVREIIBN

BRODLMHEERATH D Z ENERI NS,

15, tORREEELOERLELE  AY
Y—A =T —RAIL, IL-4 EZDOZEKD
11 EEROA > =T —RE—T 5.9 GH
EFOEZRIRIELE L 285Kk E2ERKRL, 2D
DA H—T—A&EBLCTRET 2N, MAEEH
MENVAENRLDAD v —A ¥ —Tx—AE—H
959 Fk, APy —A2F—Tx—RIL, #K
MAHEIER EKERBANTITHETHFEEL, IL-4
EHEKROBEAE EHEYUL TWS, *RAIC, GHES
ROA >4 —7 2 — ZAIHOITHUK A BAER 3 E
L, BRI EERNSML TnDS, 20
ERMEDLIBHELOE®ZHONIFRHTH
%.

G-CSF Z&KIE, —Xk#iE bk, IL-6 254K D 1
DOHYT A=y N ThD gp-130 I/ FHE 2L
%79, gp—130 ® BN & BC %3¢ CRH fHHE D
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Fig. 2. Structural Comparison of the G-CSF:gs—CRH Com-
plex and Ligand-Free gp130
Superposition of the MOL2 G-CSF:gs—CRH complex (thick solid line:
broken line) and gp130 (thin line) after an alignment of the corresponding
Ca atoms in the C—terminal domains of the receptors.

FEMEEICBIL TIE, U > RS L Tl
BERLIC DWW TOAREIN TS, IDVBN & BC R
AL DML ZE 2 DDZRIKOR Tl T
&, B RAL NERO EHEREIXHWITEML T
L0, 2D0 R AA EOMKAERIA 25 ERE
Hiz5>TWwb (Fig. 2). 2 DDZAMKDMTBC R
A EBEBREDLDRYTHDE, V7FATOYA A
A OZKEKT 73U —DFEE /25 WSXWS £
F—T(HEDOHEDER, RAA > ORMOEN
ERELTVWDZEDNES. T8bB, gp-130 D
BEE, WSXWS EF — 75 &b > DHEBICH
HLANTYROEHRENKBHEEEHKRL T
B, BN & BC R A > MOBELA D H H AN IR
ENTWS, —F, gs—CRH TlIxtind 2 AR
BEELRN, 51T, RAA CHEOEROIREIT
HHELRT) 22284 £ 22 285 ITHIST 2 H DD,
gs—CRH O, £heha( 2290 70l >
291 TH D, gs—CRH 2% gp-130 LA UM E & 5
ET 2561, ZOEBICHARNAREENEL
%, BRENZ EITIE, s 225073 BB,

TNTNDOHFRICEZIEEFEINTVWS, LD
BREMNS, WSXWS EF—7 &ZD N Kl o
JL—713 CRH fHI D K A A »EMZRET S LT
LTEMEEHZRZLTWS IS ICEDNS.

1-6. G-CSF ZREDEMLHE H1 -7
A 2 EZBEERO T TRHMEBIONTIE, HxDOH
ERITORNICH VWS DNOEERBILNH D, HA)
DIMEIL, GH EZFAROMIsEE & DEEERD
X fpfs S AT CTd 5. 9 T OWFFERS RIS IE X
72 GH 7 F0sflifla £ LT, R—oZ28 K71
Zy R 2D TEARARIEDH T EERET SEMN
HEDTHo. ZTD1:2 OESEREETIE ML
WEHHTZ LT THAINTHD, TDHE,
EPO & % Q2RO MG fEIT ORE RS, Hi
D1:20EEGREREZRLZZENS,Y YA K
A DN FRZRER2 3 TFERE 35T L5,
AL 20 S HIIENAND S 7 FIUREDARE TH 5 |
ENOIMEN—ANBELEESNWEDHS. LrLl,
Z DIEHALRK O EBLNES TlanwZ &1, 2/
DL L DRI 2D EAE 5T SRS N5 28RN
GHETLEENSBHENTH S, £, G-CSF
DZHEEGTFIE, UN Y RBREELRVE, KE2
ERZHERL, GCSFZMATW &, 2:2H%
Wi 44 D{bFEERILOESKRNPEREIND Z &
m, EEFEBRNSIRINTNS,

G-CSF ©®ZDZRBKICDONVWT, 7922 AF ¥
SV EREKBE N TTONTNS, Thbb, f
AT IVBETY I UICEBRL 2 ERKEER
L, ZOEEZFAXNTZHEZRENBESINTY
5. 700 ZNSORRENSRBEINIEICERER
73 )&, Fiik D G-CSF & gs-CRH OEEED
MRS D LIy 79D D THELLk S D AR A
monsd (Fig. 3). ZAEKEMTIE, BHRITK-T
TR ESRFEL2G5 257 3/ BEBMIT, THE
DAY —A 2 F—T =AYy TINS5, G
—-CSF il TiE, {EMICEBERERELIT A M1 &A1
c2emaanze<ploEBicyy 7and
(Fig. 3). A h23ATy—A 2 —Tx—X&
RAF—AH =T —ADMEZELTBO,
riEE N S S N0 TRMHEEROM R & —8T
5, Wi ki, YA N LICpEINET I B
AT, Tk OfERIEED E T3 e < o TR EE
MICEGL Tz, A1 M 1IZGEEINZ4DD
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Fig. 3. Mapping of Active Residues on the Three Dimensional Structure of the G-CSF:gs—"CRH Complex
The G—-CSF and gs—CRH molecules are represented by light and dark ribbons, respectively. The residues, whose replacements by Ala influence activity, are indi-
cated by their side chains. Note that Lys 40, Val 48, Leu 49, and Phe 114 are located in a region far from both of the major and minor interfaces, pointing their side

chains to the solvent.

7 3 JBEIZTXNT G-CSF 7 T OEBANCHEH L TH
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il 2R L T A eI E . =N TR IO
FIEIIWNICEHBHINEZDTHAD0N., THNETIT
WA SN TV D AE(LEN I BEREMAT ORE R 2 B L
THDE, HELRBERIIGNDL. T48DL, G-
CSF Z AR TIE, Igh R AL R FNIIEE R A1 >
HdHHEEEMEICES L THBD, BHICIgkRALT
S ORBIFHERIEHK T 25 SR I 2 ENHS
NTNS, W X5, Ig-BC-BND3 DD RAA >
M85 757 A MIG-CSFiRTLd: 408
BEREBRTZEVNOHEDHS. 2 DL EOMERZE
BEMICEET S E, LTFDO XD e FildtkiEn
HHZXNS., 9746, G-CSFHFNEMEL RN
K, RHDOKRE2EARMEEZLLTHAD. HHR
FEHIZHNWT, G-CSFi3FH x4 DftEMEIcALN
XS BMAERAR TR T EMAEL, 28
KT EN20 OREEEILTSHTHAD. Lo
U, EBROEHIZIIELZEL TWARWN, EZAN,

Igkk RAA 2 & FNIIER R A1 235 Z &iTk
ST, WERA D G-CSF &Z R TRICARKD
TTeT T FIVIRERKREZ © D 4 1 4 DEBERNTE
REND., O EFEIET S 720121E, G-CSF
L IgBC-BND3IDDRAA EELTITT A
N EDEBEROHEFHEZIRET S ENNETH

L, ZNRSHBOBETHSD. WTHIZLTH,
DIATYA MAAZEET 72U —ICR->T
H, U ROFHHEIALIINETEZASNTEL
PIEICEHKTH D Z ERMENZNWEEDNS.

2. RBIBSILY I D EBESRE - ) RREE
#®

TIVE 2 UBIIEEBY O PR R RICERT S
ROFELSHREENE TCH D, TIVY I VEBEZE
RIS ORI IC BTET S IEEHE TH 0,
TIVE I UBORE L THEME LN, 27 F)b
GEE L TOMEZRET D, VLY I UBIZRAR
31 F > F v VA (IGluR) & R 3#H A 2 AK
(mGIuR) TR SN S, GuRIZU H > RIKHFHE
DAFF YR THD, BENESFTZADKBEIC
BOTHEMEOM > MICEZE ST 2. —F4,
mGuR [FEHE O E¥ L, THFEE@EE G &EH
%2R (GPCR) IZFAT/EL, iGluR &I3AH
BICHRE 50T THD. mGuR IZU K > RITkE
LT, iz Istth > RAvE P —T
HBRAKRAJF R cAMP OR#E 2 AL S
, TNEELC CHEESE S T T AREERGHT 5.
mGIuR 1%, FOIE0FE O EBAOKRE, W ik o
REHIESE, K 20R 0 TAD AL DFREICHES
BIfRL TH 0, % [E¥E MEEMZOBRNS
ROEHINTWSBEERES T TH5. FiZ, E
BHEREIOEERY Ty N ThHD, U K&
mGluR D FEFHEHERE D T L X)L T OfFIIE R W



No. 11

861

RN TWERETH - 7.

73RS LR % 8 DD mGluR 974 1
NHEINTVER, ZNSIEEMNOMENE, 73T
ZZA DR, EETEHIILT I —DENITH
DNT3DOY T IN—TIInEIN5. £,
mGluR |37V 2T AZEERS T . OF 2 ZERR
ELT I BEFNELULTHY, mGluR 7 7 2
=Rkl T\,

mGluR 73 FIINKN S TV Y I VB eits
SRS R (59 560 7L, 7 [mIBEEEMEE (K
250 AL, KROMIMANmEEL (K 360 FEL) 124017
5N 5. MRS EENIY AT RS A fEE (LBR)
EZBDLATA 2 EENIER 70 B O RERIC
oD, WA DE G RTICE T 2RI,
LBR W KGHEERERZEEY DX 7 I X LEAEH
H (PBP) O 1ETHZO01 > —VOAT -
N AESEFE, iGluR QM EE, &2 Wi
GABA ZAMA L5025 HEF O BEMEN D
S5NTWz, ZO—RIEEDFELMEITHEDNT,
fagh B A A > ORI E B BRI < DN BN D %
RYT I ALESEAEIEML TWa EHEHT S
HIEFDOWED, BEEHZ2ICEE> TWENS
7‘:‘ 13,14)

Bxl3¥ 7417 1 (mGluRl) A5t aE 8 %
AYAEMEERE S UCHRE, BEL, VLY I D%
DUH > Ry Th4eE?® mGluRl EHE ) T & [F
BECHEETLIIEEZMHAELL. D 61, AT
AUICEDRAAL D EREIBTHIDOUH > RES
BB NW EOHE L. T OALEMSE
M5, mGluRl 1L 2 B8R ZEKR L TWDEED
HIHH L 72,10

mGluR 7 7 2 U —iF, FEHITK & 7l fa st i s
(LBR) Z2H->THD, REMEEHNSIZENID
EHICHATHIEICE ST, ZEES) T2IEHL
I%., ZO#EENSIE, BEEEERZTOHDICY N
> RIEEEMZE S DOERkO D R7 2 > % GPCR &
BAEMCERR S, TIVY I DBOLIRIESTO
fierhY, mGluR 3 FITk LU ED K D IR ik E D
Bl ZEBI SR TONREH%KD HMETH D, F
Z13 7 v b® mGluRl @ LBR (m1-LBR) 4 F %
fEEbL, TOfREMBEE 3FEORILHRETHRE
L7 DETFIZ, ZhsDiiEzd &1, mGluR
ST OIEELHEREIC DWW TiEmT 5.

2-1. XRERBERTETFHEIK  ml-LBR
D3IFOREFEMDOT, 2DFIEY I VIS
TWRWIREET, 1213707 I VBN ES L 2R
BETELNE. T, 22A S RBED R #HET —
% &5 Z e/ BB O REEMRITICI D ML A, Sk R R
WaBIEZAWTAMHZRE L., ETEEICHT
BOoNZETFTIVERKEML, REMICRHE19.6
% MO freeR fi 22.7% 21572, Bl&EHEWT, FERES
RO 2EEOEMBOMEZ, KOS T OREZE
NS TEBIEICE D THRE L. BEILL
BOIEREER 113 3.7 A 3 fREET R il 24.4% JL O
freeR fi 28.7%, FEAEAMIIZ 4.0 A /3 fRAET R
25.4% U)X freeR i 32.8% &#157-. ZDLHIZ, I
AR OMITTT — & DO REEN DL NA, KA
A DOEER, o-\NU v T2 - — MDEIC
BAL Tt 7skiEZd > Tns.

m1-LBR D7 ARKE 13 AL T DR R & —
BLT, —EBAhEEEZEoTWS. Tabb, 3D
DI EN B IEMFRHAHIC ZBAREE E 1
GATND, 1 D070 RY—13%< O PBP #i
WCHALNDEIIZ, 2DDRAAL 65 MHE
RONEEEL, 2DDRAAL OROKERT L
T RHRIZTNVEY I VB TOEEL TS (Fig.
4). UK ROESIZEAL TIE, ml1-LBR |3 PBP
ERFITER TS, KEMEWE, PBPITH
—D7ORI—NEBRINTNDLDIZHL, ml-
LBRIZ2 BRHEZRZEZ 2L THD. FE, #%ib
T2EOIT, Z02 EEEENIEAEICE > TEER
BEWzEHD, BIEENZ &2, ml-LBR OJEIR
&, O —0ONEMES T O Y- OED
HAGbETEHEINS (Fig.4). §hbb, 7
O~ —HNEEIZ2 DD RAA 2 LBl & LB2 O
KHECE CTHRIE S, open i & closed #i&E 2 FEAE
9%, —F, JOobhY—[loEEZ2o>070k
XTI OEME OBEDEBNICE > TIRESN, R
gl ABED 2 DORENEET S, 60
HiEDOHAGHOEIZL > T, ml-LBR OD2KDE
RIFFEED, #HEEENT closed—open/A, FHEEE T
|$ open—open/R & XH I NS, JERE S IS
BEWERICLT, #E8 &R U closed-open/A
ThHadM, WO 7O b~ —HTIY I BHT7
E<EELTWRN,

22, HFBEOBE MO KOIE/BEEO
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Psudo-twofold

b. axis

r region 1
33 206 344 478 522 592 840 1199

LB1 region region

| Membrane

L Ligand-binding region

! Cystein-rich region
Cytosol

C. Complex form Free form | Free form Il

LB2 - )

Open-open/R Closed-open/A

Complex form

Direction

Free form |

Fig. 4. The Crystal Structures of mGluR1 in the Liganded and Unliganded States

(a) Schematic diagram of full-length mGluR 1. Functional regions are boxed. The LB1 and LB2 domains, which constitute a ligand binding region, are colored
green and orange. Numerical positions of amino—acid residues are indicated according to the primary amino—acid sequence. Protein regions not determined in this
study are indicated by open boxes. (b) Schematic drawing of the spatial arrangements of mGluR1 domains. The MOL1 and MOL2 molecules of the m1-LBR dimer
are distinguished by dark and light coloring, respectively. The ligand, glutamate, is shown as yellow spheres. The cysteine-rich, transmembrane and intracellular
regions are abbreviated as CR, TM and IC, respectively. (c)Schematic views of the m1-LBR dimer. Note that the molecular shape is determined by the two
parameters of the intra—protomer and inter-protomer conformations. (d) Three orthogonal views of the dimer structures of the complex form and the free form I.
Perspectives are denoted in (b) as arrows. Bound glutamate molecules are shown as yellow space—filling models. Disordered regions with a potential inter—subunit
disulfide bridge are indicated by dotted lines. The B helix, constituting the dimer interface between subunits, is colored blue. Note that the spacing between two LB2
domains is much smaller in the complex form than in the free form.

EEL0EEBIIBVWTS, 2 2AROEMMIZ N HEABEOERNLESINS (Fig. 4). LB2-
RUFHIDO LBl RAA >HICEET S, Tkbb5, LB2 RAA I 2 BEFRHEAEERNEFELELBWNWE
LBI-LBl1 R AA > D 2 BAMEIEH DA TR HE FIZ, WEWEROIERFNAEGE T T O b — N
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LB1 domain LB1 domain

S186
NG’
00

(Open protomer)

Fig. 5.
Protomers of the Closed—-Open/A Dimer

$186
N

Glutamate
(Closed protomer)

Glutamate
(Open protomer)

Schematic Diagrams of the Recognition of S-MCPG (a) and Glutamate, Observed in both the Closed (b) and Open (¢)

Yellow and blue boxes represent residues forming direct and water-mediated interactions, respectively, with the corresponding ligand. The bound water mole-
cule is depicted by the circled ““W”’. The recognition of each ligand is established by polar interactions (broken lines), and van der Waals interactions (with W110).

j& (open—closed) & 70 h~—fIHE (R-A) 28

HWIEBERTHDL I E2RBT S, bbb, i
AL DER, KBEFIZIZFHRD 2 DD)INFGA—F T

BIE SN DRk 2 IRNTRRSENEET 27, E%
BAEE DN F 2 IR A 75 open—open/R %
closed—open/A 73 N D7 F MM AAEHZE LU T
BESNLEEZENS.

AL FHMMTIZ & > T, mGluRl, mGluRS, 7%
W WZBEROERE 2 BRIED 2V T 1 REEEIC
IO THEBINTNSEZ ENH> TS, mGluRl
Tl Cysl40 233 PRI AN 7 1« BB ZEDL 5
n, TOEREIIBAY v I ZXD CRHMIZHEET
520 I EOEWEERLI—T (SR THIE
WENTWD) HIZAEEL TWS, LENST,
DY AT 1 REEE DS DZEMRF D720 D1E
EHRERBRNWZEIIHSNTH S, Frxid, MERT
ET2BEKOERIIMEEICHETHD, TDREDHIC
W U) 72 RN IREE & fE R T DG TlXia i SHERI L
TWwa, £/, mGluR DR BT T4 T TOD
2 BRI EABEYI TH DD T, TNERi<
TODEIEEHEZ S5NS.

ml-LBR ® 70 b —H® LBl & LB2 K A1~
BHIC/p RO —%FHE, 2DD K AA 133
RO —=TMNERB5ePEBLTDRN> TN
%, RETHIMN S FRINZEBD, ZONVIKRHEED
B, 2BREHEBAROEWVIZINICL T, PBP
DENEXISPTVS, FPHIENLRMh>=Z &1,
LBl RAA T3 MA L7z Mgt RWEI N/
ZETHB. @BERFMNMgT THDHZ EIE, AN
Vw2 AECAKNT Y ROBDIL—T1Z 6 BifL T

-
—

EE952E, BYEEOES, RERTFNSXT
MEWRW, ZOSBORENIAHTH S, 2 &
RO S LLEAIT WO T, ZOMITDOSARE
WEERETHHENEH > TNDONE LN,

2-3. TUY I EAERERMAL EAER O
ETIE, VIVE 2 @mﬁﬁ®7mb7 I ey
TWa, LML, HEREBIZELVWEVWND S.
Closed 7O h¥—13 LBl & LB2 Ol K X1 >
WEICEEHEEL TWSA, open 70 v —Iit
LBl RAA /I NHEAITEEL, LB2 B A1 >
ETNIICBEOHAEERAZEZELSFEELREN
(Figs. 5(b) and 5(c)). #WELEZINIYIVEBOE
JRFOEERTIZ2 D070 M —[TEDRNI
EM5, LBl RAA > EDMANERD £ E 7% E
EREZLTHWD EHRIENS, UL, LB2 KA
TR BNTHBICEET 27 2 JEEREZ
mGluR 77 S —DHF T REINTNDD
T, HWEEOMENSIIMENDEEEREL TVWD
IZEWRWY, Fx OfENTRIIC, U > REHMEIEA
T27 I BIEEZFIET 5 720 DL BARIRT DR
BREINTWED, TNSl I XRTYIVY I >
fElfEE L TH0, FHEIZE<AKRWN, UL REM
HAERT % 12 OftEERIEDOH 7 D1 mGluR 7 7
SY—NTHREINTVBEN, EODSDEYTT
NW—TTHNTOHRFEINT NS,

24, FOMY—OEEZH LBl & LB2
OEMIZ2 DD RAA 22D < > DHEBOFEHE
DOEEEMEHEB L TRESET S, Tiabb,
LBI-LB2 R A > HE&EDZEbIZE > P %KY 5
HOE D DR EARTIENTES, TIT, 2
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BEROE&ETORNY—Z2MAT B0, LD closed
sk 2 B D% MOLL, ffi5% MOL2 EIERZ
EITL7= #EABTO MOLL & MOL2 ZHi#kd % &,
LB1-LB2 R AA D [EE A4 D ZERIL 31 ETH
5. ZHIZPBP OU N 2 REESITHED H#E A X
DHDLUNIWETHD. DEIZ, 3 DO REH
WCHEHETS2DDclosed 70 b —& 4 DD open
JOhv—0OfEEEE L. BHLANT &IT,
open HiETIE R A MO HALIX 10 EREEETK
25D EERTA, closed MG TIX 1 EELANT
HEOERNEFITNS NI ENH -, ZDEE
1, closed #EIXU T > ROFEEITEI ST —FEDIL
K EZRFETHEEZRLTWVWS, ZO closed
MEOEHEMER, VY ROTFEOMEERZNS
72V LB1 & LB2 R A M OE M EAER I
FLTWa, ZoEENEMEL, SE8 IS
BIMIZHH@ L T MOLL @ U > RSS2 HLD B
DESICHFEELTHBD, U RERICL2EHE
HREOW D7 LD RKREVEMEEE DD, HLlT,
COEZNEMENY T > RO ST BRI
closed #iED R A1 D EHEZRET D, EFEZ TN
5, TOEMFHEEICEL TIAHTH 5.

25, 2EFERMEOEEEHE LBl FAL >
o 2 BAREEMETIE, FiTAY vy 2 2B KRUC
NE&ETO R —IZBWTEREEZEKRL, ZNh5
OEIHBFRET DXL ICHAERL TWS, R-A
MEAHIT, ZoBEMEAND 1 KZ2HICEEICED
HHOED DK T0 EOREEARTIENTES
(Fig. 4). ZOMEIIRHE T2 DDONY w7 AND
BN FTOAEIHIEL THD, R-A i
AT EERER TOW 0 BRI THHAIN S, 4
KD aNYy 7 ANMBERIET LI EITXK-TI
DOWRE R A1 > 2T 5 Z LI3EAEOHRT
WIHEZICA SN DA, mGluR DAL, BHDOY
OB 74 —J)L R0 4ARANY w7 2N RIVEDH]
EWFRRD, NuF2INToEENESICEBDN
%, ZOREWNyF7IE, R-ARBEEHRICIEE
haonrdLlinkn, £/, BAUYUYZZDCK
NI EE o - EE D BN EWHEE DR L T
W5A, REETIEBAY v 7 AMN2EIFECEK
WA TS, ZOHWHIHFOTO R —D
BAU w7 ZEMAMERAL, REEICRKED2 &K
Bl ERRT 5. JIVY I CBEIEETDE, #

fil T D Z DERIMIAREE U TEHLN =G 122 LT 5.
ZTRNEFREIC, il ETO®O EERSE Z > T
AEEZERRT 5.

R KON A HiE 2 fiiim o WA, T2 906
ALTIBATHYD, RERN, £z, LHITAK
BEbORAMEEMERIIZHITS LBL KA
CHEEE NS &, ERITIZEUTTHD, 28
R D HEEDORIZH DI ENRD. £z,
2DOEMEIZE S &S, [EfRO T B K
HEEHOI7 255, 2zl EI K D It
MAHEERNMIEL TWha,. ZOBUKMED Y &2k
THEHFEIImGIUR 77 2 —NTEKSREINT
BO, ZOHEMEOEEEZ R RET S,

2-6. 2BABEDEHNFTE JIILYI VBN
AL TWDhWNRNNIZAND 5T, ml-LBR At
AEHIIZIE U closed—open/A DO cfAMEZ &5 2
EINFIHET, Fi, TIVF I VBB EL TV
EZITNE 2 D72 5 KRS, closed—open/A
& open—open/A O HZELD1HF5 &S FHEIZ,
KB IZ BN T I NS ORENEN R EIC &
H5ZEmRBTS. Lnd, fxOfRESEOR
RHER, VIIF 2 VBEFTE T Tl closed—open/A
DOHELNMES NN EVWSFEHIZ, TIILY 2
CHEDREEZE U T, BRYF#A closed—open/A
HICEATT 2 2 LERRL TS,

Open #i& & closed #EDREER LD 2D
&IV Y X RS G LI E WEEEEICH 2 D
T, ZOMEEIIZT 0N MO R - A RS
CEHBERL TWARNEDITRAS., ZOREII
TIX, M3 b, open—open/R, closed—open/R,
closed—closed/R, open—open/A, closed—open/A,
closed—closed/A @ 6 DDIREZI D 155133 Th
5. EE, IS OHENRENENEFHNRD -
9, GEBRINZ 2 DOMIELID 4 DOMIEIC
DNWTAEa—% VI3 T4 XA LTEFY Y
Eirokt&l s, THBOAREG S 2 BRHEE
DEFINEMALTDHIENTER (Fig.6). Z
D RV FTIR D E )T i F 2 iR < XFFT 2 H DT
H5.

27. T7HA=ZZXMRVGd - TLY I BD
e F 2 O EEARRIZ D W THE R 5 BN
R ZG2720, ik, 72 2 Ok GE 2k
FELZ 19 —HiE, ml-LBR &7 > d=Z b, (S)



No. 11

865

Resting

Membrane

™ )(
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LBZ-!.BZ 63 A
spacing
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Fig. 6. Dynamic Eequilibrium of Various Conformers
The binding of glutamate increases the population of active states with the reduced LB2-LB2 spacing.

- (a) -methyl-4-carboxyphenyl—glycine (S-MCPG),
EDEBERORERHEET, 3.3A0MREET—5 %[
WT, RH 25.7% KU free R fii 31.4% O fi £ THs
I,

S-MCPG I3 IR EER R-MCPG DSFE(ET 273,
R-MCPG {3 mGIuR IZ#ETET, Y>> F TR
FELTOFEEZE2S B TWRW, 2072 S[E0
fRITIC K> T2 oMM bHHAIND Z ENHIEEN
7o FEBRITIX, s OIS REALHITIE 2 &R 1
DFNEEL, 20070 MY —I3EHERIER RS
M2 EEICREFDOT N TWE, &0 —I1X
open #iEZE &> THD, 2 EREMEIX R HiEZE
EoTW=, ZRWZA, ZOXHA 2 &K% open—
open/R EEFKEIND. ZOXDIT, Y>HF¥I=ZA
N D#EE M open—open/R & &2 &5 Z &1, Fri
DIFHINS TRIEN/ZZ ETHD, BFEERE %
XFFTHHRTH S.

S-MCPG 137 )V X > L[FEFRIC R A1 2D
7LV 7 MZHEET 5 (Fig. Sa). LBl R X1 2T
Wt 2156 ZBRWTVIVY 2 B EMEERT S
A U EE AT SSMCPG D% IR 59 %, LaL,
TIIVE 2 U EEEL TWS open Kl &13E - T,
LB2 RAXALOT7A)NTF 208, Fa >

236, 7 A/NTF M 318 71 S-MCPG A EM
5, EHINDZ &L, 25D 35T closed
BEIIBNWTTILY 2 VBORHEICEE L Tnwas Z
ETHD. ZOWENS, 7oF¥IZX NOkENX
L7 MR THAED RAA > EDOHEIERZEL
T, RSVDEL2IZ7 V7 BN LZDZEET, &
I open #EiE ZMERF ST 5 2 LICH B, LMBIRT
5. IHIT, MERRMEAE R-MCPG I RREE R
< S-MCPG LFRIUfiEZ DD I LIETE S,
S-MCPG OH&a LR U LS BMHAEERZEKRT 2
ZEETERN, 2P A, mGluR & DLERBRE
BERDOERIIAREE BN 5.

B~ HOREEMEEL, VY I BE GE O
WhEREE LEEART, ZHICELTIZ4.0A %
fREEDIRE T — & #HWTHEE/NLL, RME23.7%
KUK free R i 25.9% #157=. Gt HD&E1 4 >
EMAAHE, TIVF I UBEIZES mGluR O 7+
WRENERSIND EOMEND .20 Z2ND
Z, Gd* #EEIEMEEBICEDXR S g EE K
I, MAREEOB SN S5ERT D EITEKRN
»%. ml-LBR @ 2 &{RI3HE F#EM 2 B TR &
JFsNTHO, 225070 —13&<F—D
closed #iiZzHD. L7z >T, 202281
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Fig. 7. Structure of m1-LBR Complexed with Glutamate and
Gd3* Ion, Viewed from Perpendicular (left) and Parallel
(right) Directions to the Dimer Interface, with the
Anomalous Difference Fourier Map (green; contoured at 5s)

The domain coloring is the same as in Fig. 4. The purple CPK model
represents the bound glutamate. As the asymmetric unit contains one pro-
tomer, its symmetry mate, related by a crystallographic two—fold axis (black

arrows) .

closed—closed/A i L ®F 315 (Fig. 6).

BESPHNBRICEDSET-UIKITI DD
Gd3* #frz Rz, ZoH 2O 70 MY —HX
WERAAS CHOEEICEET 5K D BRE TR
W, LU, 2EEHZD > TWBERD OERALIT Bk
wW, §72bb6, ZOEMAHEDY X /#iE, Ih
ETRONRP->EE 070 b~ — OBl %
Bl TWwad Z EMHBHLZ (Fig. 7). AT
O Hfili 2 LB2 il LR Z Lz, 208
fREICIZ 4 DOBMEY 2 JENEFLTHD, 20
55 2 DOMIEHIZ G ICEMT A I EE®MUT
HENKENZEBLTVWS 5 LW, ZOFEHEF,
Gd* WEELRRWES, Z OHliE O BRI
HMRET, 2-6. TRz 6 OEEREDODH S
HOIFMOFRWAgEtEZRE T S, 6 FDIREEIC
BT 5 LB2 il O &= iEic A5 &, closed—
open/A i & closed—closed/A 3E T3 LB2 #fih
HOHFIZY 2> 260 WA DIAA, EERIRKTE S %55
WTNWDZENMES =, Pim, closed—open/A fid
&, VY I UEAEA L T ANIUTID B 57,
Gd* OEBRIIZDOREZ S SICEENLTEHTHA
.

T4, LB2 B 0REZ X DN DL
5720, TXRINF—EIHEZTok. Tabb,
2EBARZRTORY—IZDNT, 2DD KA1 D
lEMAZE 5 ERRE TR LS B4 IRET IV &AL
T3, ZOEFIES EICEMEEIRIIVF -2
BRT Y NIFNF—ET 7 FINT—)VAL

FNF—IZH T TR LZ. ZO#E, open—open
/A #5313 closed—open/A i %> closed—closed /A
MER D BEHERT > 2 v )L THI)LF —701 30 keal/
mol FREEWZ &> 7z, ZOFEMAERIL, LB2
-LB2 B3 AR O RE M2 LA T I &
ZRLTWS, —F, 77 2FIVT—IV AT xRV
F—FEDEFTINTHREREVTASNZNS
7z. Tz, Fxld open—open/A #ithi 7= 1) 73,
FENXFE OO ICER L OERENSHRENS
HDEEZEATND.

2-8. mGhR O FMAL#HE  Him LR 6
fEOREE (open—open/R, closed—open/R, closed—
closed/R, open—open/A, closed—open/A, closed—
closed/A) ZREOANMN SIS (Fig. 4 TIEX TIN5
B wmipo THk® % &E2DD LB2 AL HO
S 63A L 36AD 2 DD ) —TITHhhin b
ZENHBAL = (Fig. 6). ARERZELITE, Z
NE5D2DOOHEEEE, 780 b —NHEED open—
closed MG 28T IZEBIR TH 273, 70O h~ —H
DOHEDEN, 7205, ARG R #ENITK
HFLTWBZEMES T, VWY I VBB ET 5
Z &I > TmGuR FEMHEESNZ DT, #HER
REDHE % A (activated) #ifi, fii 5% R (resting)
WiEEmAa Lk Thhbb, {EHEIRED A ik
TIZRIEIRAE D R Hj& & HEXT, LB2 R A A [
DN 2TAFEEEL< 2%, A NI D1
EPO K K2 ZAKROEMLEEEZE X S L&,
mGIuR @ LB2 R XA > [ D [k D K /NS IEH 1B
LRV, 729 F72H 5, EPO & ZAKE DEATR,
HERERLZ AR O X MRS G R OFE RN 5, U
2 RNKRE 2 BEROZRESFITHET 2 &, M
felgh R AA > OfEEZELZE U T 2 DOMNEA K A
A > ORI L, RAAL DU CBRIEDRIERD
BT DI ENHEOTWS, ZNNYA 12D
SZHAREMH BB E L TRDZITANSNTVSE
FINTHD. Fexld, FMIZAHATD 2N,
mGIuR 2BV TH, LB2 R A M OMEDOZE(
M7 EIEERE R AL 2280 THIEAN R A1 2i2ix
DO, INPNTFINVREDFIERITRDHD EHE
HULTW5,

AE TR X7/ & D512, open—open/A 1T E)HY -1
DEHZNSHREI NS DT, EHLORERE ORI,
open—open/R, closed—open/R, closed—closed/R,
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(protomer conformation) (dimer interface)

Open-open R
ligand-free
glutamate MCPG
(agonist) r ‘Jr(antagonist) +MCPG
Closed-open R =[A]
ligand-free
\"\ +glutamate

Closed-closed R =[A]

+glutamate, Gd

Fig. 8. An Equilibrium Model Proposed for m1-LBR

The open boxes indicate the states for which structures have been deter-
mined by X-ray crystallographic analyses. The shaded A conformer in the
open—open combination forms an energetically unfavorable structure, due to
the electrostatic barrier of the LB2 interface.

closed-open/A, closed—closed/ ADS5SDODIRENT
VE I UBOREITES TEDK D IRl OB E A
T2, ﬁfﬁfﬁﬁ_é;& o TWa. filx
3, VIWVAZICUBEOLSTY T=A S mGluR 12
t895&, /L7 MIBU T open—open 2 &1k
DOEEEIE AT 2 THAD. open—open/A ik

IHEFR S 1, open—open/R HiE 2T ANFF S NS5
BT, Iy I B O ST open—open/R #
18 OEERE Z RS &, HICIE A i o R
B EAT2THAS (Fig. 8). Fxld, ZDA
W 3E D E AL DB INAY mGIuR DIEPEALIZ S L T
WHEEZATNS,

ZTNTIE, LBl #EmnrsE<@inTtns s L
TENDOTIWVEY I UBEOREEIL, EOXDITL TH
GO FINEEMEIILADDTHSIN?
OMEZFND =012, s=MCPG &K D open—
open/R & 7 V& 2 2 BE S K closed—open/A
Mg EENQTHZ, BHKRENWIZ &ITIE, LBL KA
1 > DRI ﬁiﬁ MEDNBIR I NN,
TIWE I VBOKEITESTC-ANY w7 AN 0.5
AKHLMFX4/@b%h6iDL@ﬁLTm
HZENY o2, ZOEIZ/NNI W, BT % B-

ANy 7 ZDBENT 0.2 A D TEKD H % HEELE
ftEEAS5NS. EHIXRESZLITIE, LBl B X
A BN THLB2 AL IZBNVTHITXRTO
- AU 7 ZISN Kl zE U T RENCELS§
THMLTWS., EWAlY w7 20O N KB IE
BENBHETEIEREISHMENTNEIHEETH
D, UH>ROEEE, LBl RAA 2 ELB2 RA

A HONY v 7 2O R TIZHRKT D KT 28t
W 2HEZH>TNDHOND LN,

P& IR U 7= B S R T o U T > B
MR ZEER LT 2B S L THRINTH S, ¢
BHE, YA ML COEDITEAESTNUT >
RTHZLEHT, ZRAREOBEMEDKEL, HA
EA® mGuR IZHARTT > &ERKEWNO THRE RN
IsERETC T U IV RIS N SHIIENITEEA S 2 &
WIHEETH A S, UL, [FUHEEITESEE M
KNS T A ZH/NINWTIVY I VEED K S Faff
RIZEWEIZEATERY, UF > ROKANE)
) SEH512 3 2 Z B3R 0 F DIE ML IREEZ EE kT 2
ZEITES T, HMMITTEMEAL S N7z F DR
EEINT 2 E NS BRI, o2 < OZAEKITEH
nREE b5,

BIEE  AWINL, EITEWS T LFEEFTOM
RN O X BT I —TI2E> TIrbn s D
THO, BTIN—T DA /)N——[RITEEH L 7=,
iz, MBIV E 2 DBEZAAR - U 2 RERHE
WO FEFFEAT - WEEAFT M - B EANS
=T EDRFMFETH D, BERFICEHOEEE
L7z,
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