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Molecular Pharmacological Study on Glutamate Slgnahng Machineries
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L-Glutamate (Glu) is an excitatory amino acid neurotransmitter in the mammalian
central nervous system. We have previously shown the constitutive expression of
functional Glu receptors required for the signal input in bone. This study was thus
aimed at elucidation of possible functional expression of Glu transporters for the
signal termination and of other Glu signaling machineries such as serine racemase
(SR) for the signal modification through D-serine (D-Ser) synthesis in bone and
cartilage. Glu was incorporated into intracellular locations through excitatory amino
acid transporters expressed in cultured osteoblasts and through cystine/Glu antiporter
expressed in cultured osteoclasts, respectively. A variety of molecular
pharmacological analyses revealed that SR would be functionally expressed by
chondrocytes and osteoblasts to participate in mechanisms associated with
chondrogenic and osteoclastic differentiation. Moreover, the systemic administration
of D-Ser significantly prevented the decreased bone mineral density and increased
osteoclastic indices in femur of ovariectomized mice in vivo. These results suggest
that Glu would play a role as a signal mediator through different signaling machineries

toward maintenance of the cellular homeostasis in bone and cartilage.

1. RC®IT

TIWEF AA b (L-glutamate, GIWIZF R R R BV THERUBEEEWE L L
THLST7I/VEBETHD ., MK LD Glureceptor(GIuR)Z MM L THIRNICEE % ©
TREZGCETHDCENHASLSNTVDS, Glu NERGEEYEEL THETIEZDR
. SEG T FINEBRLETHSN. AWK ELTO GuR, AR EL T
? Vesicular glutamate transporter(VGLUT)® X U'#& 1k & & L T @ Excitatory amino
acid transporter(EAAT)N > I ImBEXCLEATHEI EENTWVWD, DED, ¥ F
TAMMBIIBNWT VGLUT R &K D P F 7 AAMBMAKERODRAENE Glu 3. &l
KDY FT7AMBICHHEENEZDE, MR EKCHEET S GuR KA L TH
MATF LV EREIED, TORSTTAMBIO Gluld, BT YU 7 M
MBIZEET 5 BAATREDHMBA~BRORAENEAEZKA S, GluR O —H T 5
% N-methyl-D-aspartic acid(NMDA)R F & IZ 3. Strychnine 3 B Z % Glycine(Gly)
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HEAEMMUNEETHAIRN . ZOGIyHAMAR T U THMAICTREBE T 5 Serine racemase(SR)
WEDEARRENE D-Serine(D-Sen)iT L D WAEFH 2217 5. F£/=. EAAT DL #
IZ ® Cystine/Glu antiporter 1& . Cystine & Glu D KXHEEE 2T S5 2 &2k, ke
N Glutathione(GSH)E R I HADRF ZRET I ENAENL TNV S,
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HEERXITZ, GuR D —FETH 5 NMDA ZAEHADN., XxMHABTH2EHEHBITS
WTHHEBENICRBEIT2FEZZ2RBE LA, LML ANS, YFVFIVKRIEZRELT
EEZRGW NI VAR —F —DXRMERITBISZBMBE I I ELAEEDATLARL
ODMBERTHD., EWHETIE., TNSEFSCAR—F—BHOXHMERIIB T 2%
BERMMETOLLdC. NMDAZRAKOEMEN R T TH % D-Serine(D-Ser)D &
BEHEBICBIT2BENEREX2NZEREL 2.

2. REEMIZBI 3 Glu D ABBB OB

ET HBEN G EBFARBAIIBEINTLAREMABIIODOVWTRALEEER.
B EAAT 7T O mRNA BEXUF N TJHERER L E BT, BEKENEZ[PHIGI
RORABFERNRDENAZ. KT, BHESGRABRICIODOVWTHREZED - & &
A, BHRNZABWEMMEICSB W T Cystine/Glu antiporter 4+ F %2 4 3 5 8 B &
FHEBIVCIEHEERPHIGU B ABEENRD 5N 20 EH LT, BHERZ
BEOBFMRCBLW TIIE B EAAT 2N T2 R EKEE . Na"kEEB LS
HOPHIGlu ROV RABFEMRRARBDOONAE., LENS T, BELBEESGHBO L 5
RAMBERBIIBNWTD, SHE G PV FNEBIRENCRE T TSN TR

I Nnsd,
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3. REERICTHB IS D-Ser DEBLHHR

T KEHABICBIS2EE NMDASAK Y 721w FORBEEZRMNLEE T
5. IREEKREMRICB WV T NR1I. NR2D B X X NR3A ® mRNARE N A D 5
NER, CHoORBERIEAREKREMBBICRBET DI ENHALSNER> =, £
. BERRBEME TIE NMDAZRAAKRT IZAMTH 2 Glyld. BHEDLBER D
BTH>2HRERKELEZ2FRCRBRELEZY. COREMER Gly B antagonist
T &% 5,7-dichlorokynurenic acid Z 1 T/ < .D-SeriC k> ThHhHFRICEHIN-.
LR LZARS5., MEH Gly 2%k antagonist T& % Strychnine ® Gly transporter
HEH TS Sarcosine iX. T D Gly DREEF N L TEHAELELEE Z AN
D, CORBRRBEEARAOHBAAN-NLZBHAT 2B T. B LBER A
HHETH2EERTF Runx2 CHEB LA, TOKE. Gly IZ Runx2 ® mRNA ¥ 8 iz %t
LTREZZEZZ2VOIZHMLT, Runx2 DEEFEHILEL2FIICRERE L =25,
CDFRED-Ser TEVEFRREHINEZ., fidOXKBEBZ2HNEMNE - E5EHLE
BEHRNS, Gly TE2HREHMBERARCEMEAIIT. NRI/NR2D £V B L B
NRI/NR3IADN G BRI N5 NMDASBZREN T HAESENARBINS., LN
T. RED-Ser BlBETH2 SROKBHABCB I I2BENRBEOTEN. 2K
Mll. REMEABUKF LT, IRTOKEMBEEIC SRDO mRNARENZAD 5
NEZT TR  IREERBHBIBVWTD SROXENZDONE, & 512,
BEKEMIBICB W T D-Ser RHEMEABRBE I NA, ULOKELD. Gly &
NMDAZAKZNL THIKBEMBEICLABICH L TRENITERTIDIIHL
T, KEMHBICHEE T2 SREVARSINE D-Serld Gly KXB 0 LREERI
U THERWIERT S AIEENBZZLILSNS,

4. BHEMITB 3 D-Ser OKHBEENHFR
FHBRICPBITSSROBENEROTEMZRHALZHER. SRD mRNA BEHN
BREOEZEZERXMIIBBELTRDONEZ. LALLM S, EEHEEFHBICH
WTHSROEHIBZOSLNAD RO RMLT.EBEEEBEFMBICBWVWTIZISRD
mMRNABXV YNV EOHEBEAMNRBDLOLNE.SROTOE—~FY —FHHEZEZHBHKHL =
HR,BEFHBICRER TS SRIBEERF NRIEI2GEEHAGLZ2Z D E0H
EMNERBoZ, RWT, D-Ser DPEFHREBLUOBEMBINITIHEELREL
ERERE. D-Ser RIEEBEFMIITHB Y B Alkaline phosphatase FEH B & O Ca?*E H
BN L TEHARLLZE AR 720N LT, BEBEHMBOEKILD LT
Cathepsin K DOFEEHZ L bITFRIAMHLE, UELOoBHBRELD., EFEMBEITIE SR
DRBENZDENZITENDPDSET . D-SeridBHFEMBEHEEICTIELZ2E5LTIC.
MEMRERRALZZRAOICAHEHTIAEENREBEINS.

5. RNHBHIZNT S D-Ser REOER

D-Ser DEBMBFEBIBIZI2EZZRNILIENT. HEBREBEREREET I
THHMBHMU VA ZERLEZ. 8 BEBR ddY ST AT EMHEMZ2REL . 1 g/kg
DABTD-Ser® 28HM. 1B 1EEEAHKS L. 28BEHCKBEOEEEZH
ELlL. TOHE., WEHFHIIHEFNYNAREOEEEXIAFAREICKTLAEN., ZT0OK
T D-Ser BEICE VDV EERICHFH EINE, BEHMBRY KA 2 ERKR L T Toluidine blue
RAEETOLER. NEMEKRICRDON2BERTOERE TN D-Ser B 51 &
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DEHELMCHHIND I ENHBPELE, SLGXERBRBHFUEIT>RLE I B, D-Ser
BEINERHHTYICRDENDIEFEMB/NTS A —F — (Osteoblast surface) il 1t
LTREE252TIC. SEBEBFMBE /NI A —4% — (Eroded surface/Bone surface.
Osteoclast number/mm. Osteoclast surface) D LA 2 FBIRHAFML A, LELOoHER X
D, D-Ser BRERHENRRREZ2AMTH IR LD WEBHK L2 EH
EETZ2BHEIT2EBERIRBINS,

6. BbbDIT

FAEBERED,. Glu >V FINVKRIERZHED Glu FT VAR—F - FHNEH
HRICBWTHHENIRATINEENRINAEZDOT, KB BRROBA LA
BOG I T U V/EBBNRAMBEBIIBLW THODEE T THEENBRSTB I N
2, S5, HEMBEARRLERICII NMDAZAKZANAL T Gly & D-SerMl D ¥
OXAR—VHEBNEETSIE. BEXU D-SerBRBEETHS SR ANEHG A
RBI2EBMR2EHEREBCEET I L2, AHEIHRICER T TRBSE
Lk, SEHOEBHAAKREDN., SEEHOREBOTHOBRECIH TS A%,
BANOLRBRERIT B LE2HEL 20,
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