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Methods
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ChIP-seq

Flow cytometry

MRI-based neuroimaging

The coordinates and structure factors of apo-NLGN3 ECD and the NLGN3 ECD–PTP! Ig1–Fn1 complex have been deposited in the Protein Data Bank under the
accession codes 7CEE and 7CEG, respectively. The source data and detailed statistics underlying Fig. 1b, 2c, 2g, 2h, 4g, 5a–m, 5o, 5p, 6b–f, Supplementary Fig. 1b,
1d, 2a–f, 3e, 3f, 6d, 6e, 7d, 7g–k, and 8a–j, are provided as a Source Data file. Other data, mouse strains and custom-made rabbit anti-VGluT1 antibody generated in
this study are available from the corresponding authors upon reasonable request.

For behavioral analysis, the sample size was set to approximately 20 for each group, which was determined to detect a difference of 1.0 effect
size (Cohen’s d) with at least 80% power at the 0.05 level of significance (two-side test).

For biochemical and cell-based analyses, no statistical methods were used to predetermine sample size. However, suitable sample sizes were
estimated based on previously reported studies with similar experimental designs (e.g. Nat Neurosci. 15,389-398 (2012); Cell 173,735-748
(2018))

No data excluded.

At least two independent experiments were conducted for all the biochemical and cell-based experiments and similar results were obtained.
For ITC experiments, titration was performed twice with similar kinetics for wild-type proteins and once for NLGN3 mutant proteins. Details
are given in the “Methods” section.

For behavioral experiments, littermate male mice generated by crossing wild-type male mice and heterozygous female mice were genotyped
and allocated into experimental and control group. Mice of experimental group and control group were always counterbalanced, as was the
position of apparatus and the order of experiment between groups.

For other animal experiments, all the male littermates with both wild-type and mutant mice were used.

Biochemical, immunohistochemical and electrophysiological analyses of mutant mice were performed in a blind manner with respect to
genotype. Data analyses for sniffing behaviors were also carried out by an observer blind to genotype. Quantitative measurements in
cocultures from mutant mice were also conducted in a genotype-blind manner. Details are described in the “Methods” section.
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Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

WB: mouse anti-NLGN3; BioLegend (MMS-5166-100), 1/200 (S1 fraction) or 1/400 (co-IP sample)

WB: mouse anti-Gephyrin; Synaptic Systems (147111), 1/500

WB: mouse anti-VAMP2; Synaptic Systems (104211), 1/2000

WB: rabbit anti-actin; Santa Cruz Biotechnology (sc-1616-R), 1/1000

WB: rabbit anti-PSD95; a gift from Dr. Watanabe, Hokkaido University, 1/600

WB: goat anti-VGAT; a gift from Dr. Watanabe, Hokkaido University, 1/600

WB: rabbit anti-VGluT1; Operon (custom-made), 1/1000

WB: mouse anti-PTPRD; Abcam (ab233806), 1/500

WB: mouse anti-His; MBL (M089-3), 1/1000

ICC: rabbit anti-Shank2; Frontier Institute (Shank2-Rb-Af750), 1/200

ICC: mouse anti-NLGN3; BioLegend (MMS-5166-100), 1/200

ICC: mouse anti-Gephyrin; Synaptic Systems (147011), 1/1000

IHC: rabbit anti-VGluT1; a gift from Dr. Watanabe, Hokkaido University, 1/600

IHC: goat anti-VGAT; a gift from Dr. Watanabe, Hokkaido University, 1/600

IP: rabbit anti-NLGN3; Frontier Institute (Nlgn3-Rb-Af1010)

IP: rabbit IgG; Rockland (609-4103)

mouse anti-NLGN3; BioLegend (MMS-5166-100): evaluated for WB using recombinant NLGN3 proteins used in the crystallization in
this study

mouse anti-Gephyrin; Synaptic Systems (147111): validated for WB using crude synaptic membrane fraction of rat brain (https://
sysy.com/product/147111#gallery-1)

mouse anti-VAMP2; Synaptic Systems (104211): validated for WB using crude synaptosomal fraction of rat brain (https://sysy.com/
product/104211#gallery-1)

rabbit anti-actin; Santa Cruz Biotechnology (sc-1616-R): validated for WB using mouse brain extract (Miya, K., et al., 2008. J. Comp.
Neurol. 510,641–654)

rabbit anti-PSD95; a gift from Dr. Watanabe, Hokkaido University: evaluated for western blotting and immunohistochemistry of
mouse brain slices (Fukaya & Watanabe,2000. J. Comp. Neurol. 426,572-586)

goat anti-VGAT; a gift from Dr. Watanabe, Hokkaido University: evaluated for immunohistochemistry (Yoshida, T., et al. (2011). J.
Neurosci. 31, 13485-13499; Miura et al.(2006). J. Neurochem. 97, 1431-1446.)

rabbit anti-VGluT1; Operon (custom-made): evaluated for immunohistochemistry using mouse brain slices and confirmed
colocalization with signals of previously characterized goat anti-VGluT1 (Uemura et al., (2007). J. Neurosci. 27,12096-12108)

mouse anti-PTPRD; Abcam (ab233806): validated for WB using positive control PTPRD (AA: extra 1077-1265)-hIgGFc transfected
HEK-293 cell lysate (Abcam)

mouse anti-His; MBL (M089-3): validated for WB using recombinant His- Azami-Green and His-EGFP proteins (https://ruo.mbl.co.jp/
bio/dtl/dtlfiles/M089-3-v5.pdf)

rabbit anti-Shank2; Frontier Institute (Shank2-Rb-Af750): evaluated for immunohistochemistry using brain slices of wild-type mouse
( Frontier Institute, https://nittobo-nmd.co.jp/pdf/reagents/Shank2.pdf)

mouse anti-Gephyrin; Synaptic Systems (147011): evaluated for immunohistochemistry and immunocytichemistry (Synaptic Systems,
https://www.sysy.com/product/147011)

rabbit anti-VGluT1; a gift from Dr. Watanabe, Hokkaido University: evaluated for immunohistochemistry (Yoshida, T., et al. (2011). J.
Neurosci. 31, 13485-13499.

rabbit anti-NLGN3; Frontier Institute (Nlgn3-Rb-Af1010): validated for IP using P2' fraction of wild-type mouse brain (this study, Fig.
2e)

rabbit IgG; Rockland (609-4103): validated as negative control using P2' fraction of wild-type mouse brain (this study, Fig. 2e)

HEK293T cell line: purchased from Thermo Fisher Scientific

FreeStyle 293-F cell line: purchased from Thermo Fisher Scientific

Non of the cell lines used were authenticated.

Only HEK293T cell line used in the study was tested for mycoplasma and was not contaminated.

Commonly misidentified lines were not used in the study.

Mice:




