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Neural circuits are directed by synapses
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Design of pre- and postsynaptic

specializations for synapse diversity
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Many synaptic CAMs are described
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Postsynaptic CAMs

Engines for Synaptic Diversity

Hippocampal CA1 area Schaffer collateral & Temporoammonic pathways
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Synaptic properties: inhibition motifs
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Structure & function of Nlgn2:

a central organizer in shaping synaptic inhibition
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MDGAZ1: a key factor in neuronal migration

Dennis O’Leary & colleagues (Salk Institute)
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What we knew about MDGAT1:

* Restrictive expression in the nervous
system

e Critical for cortical neuron migration

e Not compensated by MDGA2

* High expression in embryos but lower
expression in adults

was known about
‘synaptic’ roles of MDGAs when

we started to work on

Perez-Garcia & O’Leary. Cell Rep (2016)



Selective binding of MDGAT to Nlgn2
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MDGAT1 as a brake at inhibitory synapses

mIPSCs
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Structure of MDGA1/Ngn2 complex
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In collaboration with Ho Min Kim (KAIST, Korea) Kim et al. Neuron (2017)



Structure of MDGA1/Nlgnl complex

Synapse
Elegheert et al. Neuron (2017)



MDGA Interference on Neuroligation

A Triad of Crystals Sheds Light
on MDGA Interference with Neuroligation

Olivier Thoumine'-* and Pascale Marchot®*

interdisciplinary Institute for Neuroscience, UMR 5297, Centre National de la Recherche Scientifique, University of Bordeaux,
33000 Bordeaux, France

2Centre National de la Recherche Scientifique, Aix-Marseille Université, “Architecture et Fonction des Macromolécules Biologiques”
laboratory, Faculté des Sciences de Luminy, 13288 Marseille, France

*Correspondence: clivier.thoumine@u-bordeaux.fr (0.T.), pascale.marchot@univ-amu.fr (P.M.)
http://dx.doi.org/10.1016/].neuron.2017.08.001

Neurexins and neuroligins form trans-synaptic complexes that promote synapse development. In this issue
of Neuron, Aricescu and colleagues (Elegheert etal., 2017) complement and strengthen two recent reports by
the Kim and Rudenko teams (Kim et al., 2017; Gangwar et al., 2017) to dissect the molecular determinants by
which MDGAs challenge the neurexin-neuroligin partnership.
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Model of MDGA-mediated

synaptic suppression
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A new ligand for
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targets EphB2-ephrin pathway

to constrain NMDAR functions
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Revised model of MDGA-mediated

synaptic suppression
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Triangular MDGAT ecto structure

MDGA1 single particle 20 class avarags

In collaboration with Ho Min Kim (KAIST) Unpublished



Identification of MDGAT ligand:

Chromatography + mass spectroscopy

Total lon Chromatogran,
A oo i B C
80
60 N
40 : Coomassd] | TTSTALT L L L LLEVVR VEELEQEALANER
. 20 wm I 1 my Yizl_ Vo ys_ vl vel vl v
= 0 e : o /S & Cg. : Vir Yoo Y7o ¥so ¥io Wi Yio
=100 i &/8 STAVAN 1004 13506708 1001 1146 5375
= 36.94 ! ' 5 ' 3
@ 80~ TTSTATTTTTTTESVEEVVR 10580152 ! kDa ©/ vpa <, ! - 1248 §256|1451.7206 = ai75792 aselinig
L 60 T 1150 e 50 | ! 3 80+ yi = 801
£ 4q-Extracted lon 1 1007 1004 B . = s =)
] ' B g 1 B ] 0 Yo
20- Chromatogram H @ i - 1653.8192 c ] . 6893210
% 0 - | ! 0 o \ s 60 10075248 1147 2 60 5605783
S 504 5 ' = =
[0} - 687 8291 1 ' - -
o 100_ VESLEQEAANER ~. |37 37 . : u>" 407 !31732405 ¥s g 401 assyzﬁm |u59y?3050
80 4 ' = S 9464843 =
60 R R s o 204 ' v B T 204 7 37“ 7 1614f|3y23044
407 | iy o 3731715 542 2964 o ] “ 1 L e
T A T | A LA L ST R YN Y N1 -
200 400 600 800 1000 1200 1400 1600 200 400 600 miz 800 1000 1200
m/z
—
Binding degree to cell surface (AU) F Hpp. CUMUFES P14 bram P70 brain: P H
- - N N
s ¢ & 5 &
Kk 50-4_ catcnard Flo
e o =} oz Kd=8474t2362nM
P<0.0001 150 S 0.3 & o : :
100 o 'E [a]
Gos o0 oo amo om wme N 150 T g2 giﬂ—
100 £0. N
oo e o 150 0.1+ T T T T
Nign2 01 02 03 04 0
100 == an Bound Ig-MDGA1
P<0.0001 1501 0 T T T T T T T
1004 - TrkC 0 100 200 300 400 500 600 700 800
- =1 Ig-MDGA1 (nM)
= 1g-MDGAT \Da
m |g-MDGA2 Recombinant protein binding assays:
OlgC 1001 S8 L |[HA-APP  HA-APP + IgC or HA-Nign2 + IgC
HA-APP + Ig-MDGA1 or HA-NIgn2 + Ig-MDGA1
1004 o |HA-NIgn2

Kim et al. PNAS (2022)



MDGA1 MAM impairs inhibitory

synaptic transmission
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Tentative molecular model: MDGA1-APP complex

Trans-synaptic tuning of MDGA1 on presynaptic APP in hippocampal CA1 circuits
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Implication of MDGASs with brain disorders

Dystroglycan complex: Neurexin: NLGN2: NLGN3/NLGN4: IgSFOb: MDGA1/2:
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Schizophrenia: Am J Med Genet B Neuropsychiatr Genet. 2008; Schizophr Res. 2011 (MDGA1)
Bipolar disorder: Schizophr Res. 2011 (MDGA1)

Depression: Brain Behav Immun Health 2022 (MDGA1)

Autism: PLoS Genet 2009; Genes Brain Behav 2021 (MDGA2)

Ali et al. Sci Signal (2020)



Identification of ASD patients

with MDGAT missense mutations
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Identification of DEE patients with

missense and nonsense mutations

Family1 Family 2 Family3 Family4 DEL:Chr14:
¢.(2739T>G) Chr14:47217924-47218293:DEL c.(421-1G>A) ¢.1210C>T 47,217,924~

Splicing . .
CAD1AGSA 47,218,293 R404 Y913
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Morsy*, Kim*, Jang™ et al. unpublished
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