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Analysis of Cell Adhesion Molecules in Synapse Formation

and Synaptic Transmission
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Summary of thesis contents
Synaptic cell-adhesion molecules (CAMSs) play a critical role in synapse formation
and synaptic transmission. Numerous synaptic CAMs have been identified, but their
physiological functions remain incompletely understood. For better understanding of
the function of CAMs in synapses, | focused on two important synaptic CAM families,
Calsyntenins and leukocyte common antigen-related receptor protein tyrosine
phosphatases (LAR-RPTPs), and analyzed their functions in synapse formation and

synaptic transmission.

Calsyntenins are postsynaptic membrane proteins consisting of cytoplasmic
calcium binding domains and extracellular cadherin binding domains. Calsyntenin
family comprises Calsyntenin-1, Calsyntenin-2 and Calsyntenin-3. To study the
effect of Calsyntenins on synapse formation, | first employed HEK293T-neuron
co-culture assay. In this experiment, |1 found Calsyntenin-3, but not Calsyntenin-1
and Calsyntenin-2, induced synapse formation on HEK293T cells from co-cultured
rat/mouse neurons when it was overexpressed in HEK293T cells. Next | knocked
down Calsyntenins in neurons and examined the effects on synapse formation and
synaptic transmission. Simultaneous knockdown of Calsyntenin-1, Calsynteni-2 and
Calsyntenin-3 (CST-TKD) in mouse cultured hippocampal neurons reduced synapse
density both in inhibitory and excitatory synapses. CST-TKD reduced the expression
of presynaptic marker synapsin-1, inhibitory presynaptic marker GADG67, excitatory
presynaptic marker VGLUT1, inhibitory postsynaptic marker gephyrin, but not
excitatory postsynaptic marker homer-1.  However, single knockdown of any

Calsyntenis did not affect synapse formation, suggesting that Calsyntenins are
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important for the maintenance of synapses. By using electrophysiological methods, I
showed that CST-TKD in mouse cultured hippocampal neurons reduced the frequency,
but not amplitude of miniature inhibitory postsynaptic currents (mIPSCs). Under my
experimental conditions, the frequency and amplitude of miniature excitatory
postsynaptic currents (mMEPSCs) were unaltered. CST-TKD reduced the frequency
but increased amplitude of mIPSCs in mouse layer 2/3 pyramidal neurons in
somatosensory cortex. In contrast, CST-TKD did not alter the frequency and
amplitude of mEPSCs in layer 2/3 pyramidal neurons. The paired pulse ratio (PPR)
of IPSCs was unaltered in CST-TKD in layer 2/3 pyramidal neurons in somatosensory
cortex. Next, I identified a-Neurexin as a binding partner for Calsyntenin-3 from rat
brain extracts by using affinity chromatography, liquid chromatography and mass
spectrometry. Importantly, simultaneous knockdown of Neurexin-1, Neurexin-2, and
Neurexin-3 in mouse cultured hippocampal neurons inhibited Calsyntenin-3-induced
synapse formation in artificial synapse formation assay. Collectively, these results
suggest that three Calsyntenins regulate synapse formation and inhibitory synaptic

transmission in concert with o-Neurexin.

LAR, PTPd and PTPo are the members of (LAR-RPTPs) family proteins, known to
be involved in synapse formation and synaptic transmission. They have common
domain structures which include extracellular three immunoglobulin like domains,
fibronectin type IlIl domains, and transmembrane regions. Because extracellular
domains of synaptic CAMs play an important role in their cell adhesive activity. |
explored the binding protein to the extracellular domain of PTPc. Here, | identified
Glypican-4 (GPC-4) as a binding partner of PTPo from rat brain extracts by affinity

chromatography, liquid chromatography and mass spectrometry. GPC-4 is a member
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of vertebrate six glypicans that are heparan sulfate (HS) proteoglycans and binds to
the plasma membrane through glycosylphosphatidylinositol anchor. 1 found that
GPC-4 bound to LAR, PTPd and PTPoc and that PTPoc interacted with only
proteolytically cleaved forms of GPC-2, GPC-3, GPC-4 and GPC-6, but not full length
glypicans. The interaction between PTPoc and GPC-4 depends on HS-binding
because mutation of HS-binding residues (KKKK) in PTPoc to PTPc-AAAA or (SSS)
in GPC-4 to GPC-4-AAA abolished their interaction. Leucine-rich repeats
transmembrane 4 (LRRTM4) induces excitatory synapse formation in artificial
synapse formation assay using rat cultured hippocampal neurons, however,
knockdown of PTPo, but not LAR, inhibited this LRRTM4-induced synaptogenic
activity. Wild-type PTPo, but not PTPo-AAAA (HS-binding deficient mutant),
rescued the effect of PTPo-knockdown on LRRTM4-induced synapse formation.
Knockdown of PTPo in rat cultured hippocampal neurons reduced both frequency and
amplitude of mEPSCs. Wild-type PTPo, but not HS-binding mutant PTPc-AAAA
reversed the effect of PTPo knockdown on excitatory synaptic transmission. In
contrast, knockdown of PTP& in rat cultured hippocampal neurons reduced the
frequency, but not amplitude of mIPSCs. Knockdwon of LAR and PTPc did not
affect the frequency and amplitude of mIPSCs. In addition, knockdown of PTPo did
not affect the PPR of EPSCs. Together these results suggest that presynaptic PTPc
and GPC-4 regulate excitatory synapse formation and synaptic transmission in
HS-dependent manner. Electrophysiological data suggests that PTPS may regulate
inhibitory synaptic transmission. Further, LRRTM4 may induce excitatory synapse

formation through LRRTM4, PTPc and GPC-4 complex.

In conclusion, | showed that postsynaptic Calsyntenis redundantly regulate
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inhibitory synapse formation and synaptic transmission through interaction with
presynaptic a-Neurexin. In addition, | found that presynaptic PTPoc forms complex
with presynaptic glypican-4 and postsynaptic LRRMT4, and modulates excitatory
synaptic transmission. These results should contribute to understanding the
molecular mechanisms for synapse formation and synaptic transmission in mammalian

brain.
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Summary of the results of the doctoral thesis screening

VI T ABEE S I, VT T AR YT T AMRZEOHIEICE W CH LA e E A D
LEZEZOLNTWVD, EDOWHIRICEY  BEL OV FT T RAEE S FRABINTWDE D,
REZOERBITHONITI N TWZ W, Pramanik Kix, > F 7 2823 45 F Calsyntenin 7
7 X U — & leukocyte common antigen-related receptor protein tyrosine phosphatase

(LAR-RPTP) 7 7 X U = U NI BICERZLE T, TRO6DO YT T AR T 7 A iz
OHEIZI T 2 A BEELZMAT 22BN E L TIFREZIT - 72,

Calsyntenin T KM EE R CHR BB T2 MEERE S+ T, WILETIT
Calsyntenin-1, -2, -3 &t WH 3 >D 7 7 IV =4+ N6 TWD, Calsyntenin iZ v
TABEHICRIET DN, VT T RACBTOIEEBEILED K< bhroTWnhol,
Calsyntenin O F7FRIZEB T HEEZMA T H7-HIC, ¥~ A Calsyntenin-1, -2, -3
BETEZETNZENE AL HEK293T Ml % 7 » b b L < 1d~ 7 A BE 28 g 5 oh 800 i & L 1%
FL7mLZ A, Calsyntenin-3 Z#E A L 7= HEK293T M O K imic, JLEFE L 240 M E o
R RN EML, VI T AEBEEORERNS A DN, — 5, shRNA (2 kb |
Calsyntenin-1,-2, -3 BIEEF A2~ UV AKEWMHEMRMIE T/, v 7 Xy LA, 1
ETNHMDO ) v 7 B TEHEARRY T T ABEOENITRO NPT, 3 DOE
BFZREKIC, vy 7 X L ZABEM K OMEINE S T 7 AOEEOWDNH LT,
F 7z, Calsyntenin-1, -2, -3 Z[EKIZ/ v 7 X7 Lz~ 7 AR MR & OVK AN 2
B 2/3 B OMBRA T, MUNmEIE S T A% ER (mIPSC) OMHE DK TR A Lz
D UNBLUENE S 7 A% B (mEPSC) IZR L T, HE B IRIE & 2N R oo iz,
6T, Ty FORMIHE O OB MR & E&EOIEIC XY, Calsyntenin-3 23 )
T AR 7 fa-Neurexins & #ENICESERZK T 52 L2 A L7, shRNA (2 L 0 B
PN T Neurexin-1, -2, -3 2[RI/, v 7 Xy Lt 2 A, Calsyntenin-3 12 &
STHEEBEINAV T TAEBEDPBEEINT, UEIZX Y, Calsyntenin 1%, a-Neurexins
ERNLTCUFT T ARROFE R OIMEES 7 ABEOHEICHES LTV D I ERRE S
i,

I T AFERICIHIET D LAR-RPTP 7 7 X U — & X7 H X, LAR, PTP§, PTPc® 3 -5
WY, VT TARRR T T T ABZFEICEEGT 22 EBMON TV S, Pramanik KX, 7
v N ORI IR 2 BB TE R & B AOTIEIC LV, glypican-4 (GPC-4) 7% PTPo & #H A
BT 2R L, £7-. PTPo GPC—4 L DFEAIZ. ~ T ViR E OFEAZ M L
TWAHZ xR L, 7 ABHICRET DT T AEE S D —> leucin-rich
repeats transmembrane 4 (LRRTM4)|Z, BB T 7 RAOEKEZFTETHZ ERHMLNT
WD, Ty NEEERERMREMRICIS VT, shRNA (X > T PTPo%x / v 7 XU T 25 &
LRRTMA IZ X B v T T AN Z 50N ENHB L, £72 . PTPcD / v 7 X 7 Tk,
mEPSC OB & IRIE O 5 KT L CTWiz, B4AEM O PTPolX, PTPc®D / v 7 XU TH D
AL7Z mEPSC DR T &2 LV A ¥ o2 — L7eh | ~/NT UREER A BN ZE R A2 2 72 PTPold, L
AXa—Lighotz, TNHEDOZ LML, PTPolI~/ 3T Uil % /i L7z GPC-4 L DFESIC
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FOVBEBBES T T AOEEBL R T T ABREEZFEL TWDEZERRBINT, & HIT,
LRRTM4 I%. PTPc /GPC-4 L DFEARZN L THEMN L T 7 ADEKEZFEL TN DHLEEXD
i,
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