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In this review, we would outline the possible signaling system for three types of amino acids including glutamate
(Glu), y-aminobutyric acid (GABA) and D-serine (D-Ser) to play a role as an extracellular signal mediator in mechan-
isms underlying maintenance of the cellular homeostasis in skeletal tissues. Although Glu and GABA has been thought
to be an excitatory/inhibitory amino acid neurotransmitter in the mammalian central nervous system, our molecular
biological analyses give rise to a novel function for Glu and GABA as an autocrine and/or paracrine factor in three types
of distinct cell types including osteoblasts, osteoclasts and chondrocytes in bone tissues. Moreover, D-Ser plays a pivotal
role in osteoclastogenesis through a mechanism related to the incorporation of serine enantiomers in osteoclasts after the
synthesis and subsequent release from adjacent osteoblasts. Accordingly, bone formation and maintenance seems to be
under control by amino acid signaling in skeletal tissues as seen with neurotransmission in the brain.
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B 5 excitatory amino acid transporter (EAAT) 7
WHTHDEINTWS, E/= EAAT LSO GluT
& L T Cystine/Glu antiporter N[EEINTH D,
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7 2 J E&EE (y-aminobutyric acid; GABA) A%k <
MoNnTns, s MRiEWEZTT 2Mx %
27 FIVIREREIT K O I OHERENHIH S 1 2 Z
LEEZDE, RMHBICBWTS, EEMOD Glu
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4. D-t 1) > (C & 2B HIE

D-t21) > (D-Serine; D-Ser) %, L-Ser/pnn o+t
I(LEE3E TdH 5 serine racemase (SR) 1I2&L D&k
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121 D-Ser SkEEETH S SR EHHTH &, 9
#E AR 7Y D-Ser D & Bk M OUHINE R 2 & B ITH
T2 &9 RUEREHINLD NMDA 27k D-Ser
R DIEMRSGI 22 T LR A L 10 3512,
SR I #RE ML /2 Cld < B3FEMigic b BEL
T, BFEMNEH D D-Ser 23 HE &M IC BT %
TIJBRNT O AR—F—IT/EF L, L-Ser OAlifg
PRS2 I U Tl B M K 2 BRI & Hi 9 5
ZEERWHLUZ W DL EOFZERET, &3
fel, M R R R D W NIC BN T B,
D-Ser /N EE 78 NRERERERITA F T & % nlRett =
I TEIETHNAETH S (Fig. 1.
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Fig. 1. D-Serine in Skeletal Tissues

(A) Structual diagram of L-serine and D-serine. (B) D-Ser would be synthesized from intracellular L-Ser by the catalytic action of SR expressed by chondro-
cytes at different developmental stages for subsequent release into extracellular space. Extracellular D-Ser could then inhibit as an antagonist for the Gly-operated
NMDAR composed of NR1 and NR3A subunits expressed by hypertrophic chondrocytes, followed by interference with Runx2 transcriptional activity toward
delayed chondrocyte differentiation. (C) D-Ser may play a pivotal role in osteoclastogenesis through a mechanism related to the incorporation mediated by both
ATB, ; and ASCT2 of serine enantiomers in osteoclasts after the synthesis and subsequent release from adjacent osteoblasts.
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