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Psychiatric Implication of Synaptic Adhesion Molecules and Scaffold Proteins

Daeyoung Oh, M.D.

ABSTRACT

are localized at synaptic sites in neuronal axons and dendrites. These proteins function as a bridge of

S ynaptic adhesion molecules mediate synapse formation, maturation and maintenance. These proteins

synaptic cleft via interaction with another synaptic adhesion molecules in the opposite side. They can
interact with scaffold proteins via intracellular domain and recruit many synaptic proteins, signaling proteins
and synaptic vesicles. Scaffold proteins function as a platform in dendritic spines or axonal terminals.
Recently, many genetic studies have revealed that synaptic adhesion molecules and scaffold proteins are
important in neurodevelopmental disorders, psychotic disorders, mood disorders and anxiety disorders.
In this review, fundamental mechanisms of synapse formation and maturation related with synaptic ad-
hesion molecules and scaffold proteins are introduced and their psychiatric implications addressed.
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= oReFet 7 T AlE dilidSo] e E4)
S AT Azl EAsh: SFEHICIE 78
Ak AEA A2 dadst ddso] gek? pSD-95
U Shank, GKAP3} 7o) AliA A2k v AbS 2k
& A ME A oA Aud s 9Es
k= 72 BAE FRekA EAEa gich
FZolli= ‘synaptopathy’ 2h= 7ido] alata] Ak
= Ak 718 HoE EYE Qitk o= A~
TZU 7)E ool 2 Al Ak Fast AA A
7} fths AL ouigteh? ofu] ofg] §47F ATolA
Al TS wheo] Ul §32ke] o) o] FAal Hgt
7} AEEo] QS-S ks Utk E3), autism spectrum
disorder (©]3} ASD) &} 2& 2173w el Ak ot
ksl FAA; Wolzh 1o AdefA 1 Q=] o)g T
HE AR thFo]l APEA A w oy g
e sy y gek?? Eﬂra}"i *]‘ﬂi 299 #

AA2 A (synaptogenesis) 08 & 719 A7 A=
7F v AESelA 479 Ao 54 oR A
shz A E0] A} 2o A 754 o R 22

Hog $ael P2 o]Fo] AFHOE AY
Go] el 44E ANAT HEolAE A
wich o] Aol ofel A g, P
AL b, 0] Q1 o) welak ek A
o SRR ELEE A]
AT o WOz Ratsl pasle] 9
of ulh- Fostek, ok A Sl P2 v
PSD—954 Shank 9} #4407 235 2h8- Oh_ ‘il‘ftﬂ,
PSD—95& AlHAS Alszute] wig- 7PgA £
o e BT T
o Gt 715, Tk 28
oh;}lom wpeba] AEA A2
£ PP A2 Adsle) bt 43 gt A
QK0 Z = PSD-959F 2
U guld pz AL o
A A7 AL b= AN AR L‘i‘i Hell= neu-
roligins, neurexins, SynCAMs, cadherins, NCAMs,
nectins, sidekicks, SALMs, NGLs, LRRTMSs, ephrinBs
3} EphB receptors7} k2717 of7)e = A A
g s welo] glvkal A=A Sl =i

Ao Afstaat shH(1E 1).

u:L 2y ri
]11% I r:x o
[ > = s T )

2

J% =~
i

o =

1. Neuroligins and neurexins
Neuroligin (®]3} NLGN) @} neurexin(¢]8} NRXN)
2 AAAZ NLGNZF AU NRXNO| A3 2H8-5)o]
A7 MES Qs AA A Tl oz ojw]
WHLASHAl A57F &=L Ik NRXNS & 37H9] #-4
27} EASHL, 278 A2 BE Z2HE (promoter) ]l
Al @, B F EF TS oY NRyvT}
A5 245 NLGN &3 57019 §-dA7F &80
NRXN} $HA vpefst Aela ~Felo]/d (alternative
splicing) & WhE0] o] AlYA7E ddd w Sol s
A% gk me o] 5 AEu PDZ Erl9l A
M- (intracellular PDZ domain binding motif) & 7}
231 glo] PDZ =rlRlg 7L Sl & e A A
A8 3 Stk AlIATe] Q= NLGNE 732 ©
WAl PSD—-959} e a-gsto] SFEM|OIE F&A
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S F7F QL AP s NRXNS Al
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Fig. 1. A schematic diagram of synaptic adhesion molecules and scaffold proteins. Interaction of synaptic adhe-
sion molecules(e.g. neuroligin-neurexin, NGL-Netrin-G/NGL3-LAR, protocadherin-cadherin) connect presynapse
and postsynapse and have functions with synapse formation, maintenance and synaptic plasticity. Synaptic ad-
hesion molecules directly or indirectly are linked with scaffold proteins(e.g. PSD-95, GKAP, shank, liprin-@) through
cytoplasmic domains. Synaptic adhesion molecules can induce pre/postsynaptic differentiation via recruitment
of scaffold proteins and then assemble several synaptic proteins/vesicles. Numbered circles indicate the first,
second, and third PDZ domains of PSD-95, and D1 and D2 indicate tyrosine phosphatase domains of LAR. PDZ :
PSD-95/DIg/ZO-1 domain, SH3 : Src homology 3 domain, GK : guanylate kinase-like domain, SAM : sterile @ mofif.
Proteins: AMPAR : AMPA (@ -amino-3-hydroxy-5-methyl-4-isoxazole propionic acid) receptor, CASK : calcium/
calmodulin-dependent serine protein kinase, ELKS : glutamine, leucine, lysine, and serine-rich protein, GKAP :

guanylate kinase-associated protein, LAR :

leukocyte common antigen-related receptor, Mint : Munc 18-inter-

acting protein, NGL : netrin-G ligand, NMDAR : N-methyl-D-aspartate receptor, PSD-95 : postsynaptic density pro-
tein 95, Shank : SH3 and ankyrin repeat-containing protein, TARP : fransmembrane AMPA receptor regulatory pro-

tein.
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2. Netrin-G ligand and netrin-G

Netrin—G ligand(°]3} NGL) & netrin—-G9} A5
g8k Al A wmE o 2% NGL-1, NGL-2,
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3. Cadherin and protocadherin family
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L AGoA cadherin families 5 PCDH9 731}
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5 AT AR AAE 7 s 7R
7} fr=E ek ol2jgt A3 A2 Shank37} 71
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5. GKAP3

GKAP3(SAPAP32}aL% 3+ PSD-95, Shank$}
FE ARl O T TR S Al =4
atar rk” GKAP family:s 4579 wldz 4]
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HYT) &8 o]jdt PEEe Aud Azed A&+

A A (selective serotonin reuptake inhibitor) ©l 2]
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Table 1. Synaptic adhesion molecules and scaffold proteins related with psychiatric disorders

Chromosomal

Gene Name locus Phenotype Category References
NRXNT Neurexinl 2p16.3 ASD, Schizophrenia Synaptic adhesion molecules 27-30), 35)
NLGN3 Neuroligin3 Xq13.1 ASD Synaptic adhesion molecules  31)32)
NLGN4 Neuroligin4 Xp22.32-p22.31 ASD, ID, Tourette syndrome Synaptic adhesion molecules  33)34)
NTNG1 Netrin-G1 1p13.3 Schizophrenia, bipolar Synaptic adhesion molecules  47-49),

disorder, Rett syndrome 51)52)
NTNG2 Netrin-G2 9934 Schizophrenio, bipolar Synaptic adhesion molecules 47), 49)
disorder
PCDH9 Protocadherin 9 13g21.32 ASD Synaptic adhesion molecules  29)
CDH18 Cadherin 18 5p14.3 ASD Synaptic adhesion molecules  29)
SHANK3 Shank3 22913.3 ASD Scaffold protein 6), 64-66)
DLGAP1 GKAP3/SAPAP3 1p35 OCD Scaffold protein 69)70)

ASD : autism spectrum disorder, ID
3 215G o] ATE B8 GKAP37E 7dubgol
W TN Fad g & Aow AL Qlrk
F AE AR Aol s GKAPS 5327 78t
%3} gl ik Husint””

A F7HA] GKAP3 ¢} 73ugol ﬂPEﬂ% A7t Eol 2
B A= FIARE 919F 22 A= GKAP37F 7dut
gollel Fadt AT AT s *W‘é}ﬂ Atk

Mz
ru

1 A R A A e
GREEREREY
30f ofe] HAl3}4 A
A AN e

Aol Az A BaE 2 714 8 e
5 205k o5 Wol= QI Ay AE A

W3kt 1). 93714 2709 neuroligin—neurexin,
NGL—Netrin—G/NGL3—-LAR, cadherin, Shank3, GK-
AP3 o]9]ol| = thekst /\]\1;1/\ A2 ol 3} :rLz ol
Zl%o] ol/\]-z<l 3]3]_%

N O
Aot 3ol
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: intellectual disability, OCD : obsessive-compulsive disorder
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