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Extended DataFig.7|Structural comparisons betweenapo and pre-active comparisons of GIuN1-2B ATD heterodimers in different functional states.

states. a, Cartoonrepresentation of GluN1-2BNMDAR in the apo/apo state. Distances betweenthe GluN1 a5 and GIuN2B a4’ ineach state are shown for
The GluN1-2B ATD heterodimer and the channel gate are highlighted with each functional state. d, Measurement of the central pore radii of the apo/apo,
dottedlines. b, Atop-downview of the channel gatein the open, apo/apo, gly/ gly/apo,and apo/glu state structures.

apo,andapo/glustates. The gateresidues are shownin spheres. ¢, Structural
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Extended DataFig. 8|Structural comparisons of GluN1-2BNMDARin gly/
apoand apo/glustates withapo/apo state. a, Superposition of the gly/apo
and apo/apo structures at GluN2B D2 (lower lobe) and GIuN1 D1 (upper lobe)
demonstrates nochangeinthebi-lobe orientation for GluN2BLBD and an 8.1°
domain closure for GluN1LBD (single-line arrow) in the gly/apo state.b, The
GIuN1LBD bi-lobe closureis coupled to the 4° upward rotational movement of
GluN1-2BLBD dimersrelative to the membrane plane from the apo/apo to gly/
apo (double-line arrows). c-d, These rotational movements are insufficient to
create tensionin the GIluN2B LBD-M3'’linker for channel gating as measured by
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thedistance between the GIuN2B GIn662 residues. e, Superposition of the apo/
gluand apo/aposstructures at GluN2B D2 (lower lobe) and GIuN1D1 (upper lobe)
displays16.1° closure of the GIuN2B LBD bi-lobe and 10.7° opening of the GIuN1
LBD bi-lobe compared to the apo/apo state. f, These LBD bi-lobe movements
are coupled toan 8° downward rotational movement relative to the membrane
plane compared to the apo/apo state (double-line arrows). g-h, The GluN2B
LBD-M3’linkers inthe apo/glu state do not have sufficient tension for channel
gatingasinthe gly/apo and apo/apostates. Asterisksindicate the location of
theD2loop.



Article

Extended Data Table 1| Cryo-EM data collection and refinement statistics

GIuN1-GluN2B in
complex with glycine,
glutamate, and EU-
1622-A in open
conformation. C2

GIuN1-GluN2B in
complex with glycine,
glutamate, and EU-
1622-A in open
conformation. C1

GIluN1-GluN2B in
complex with glycine,
glutamate in non-
activel conformation

GluN1-GluN2B in apo
conformation

(apo/apo)

GluN1-GluN2B in
complex with glycine
(gly/apo)

GIluN1-GluN2B in
complex with
glutamate (apo/glu)

(EMDB-43779) (EMDB-44586) (EMDB-43780) (EMDB-43781) (EMDB-43782) (EMDB-43783)
(PDB 9ARE) (PDB 9BIB) (PDB 9ARF) (PDB 9ARG) (PDB 9ARH) (PDB 9ARI)

Data collection and processing
Microscope Titan Krios Titan Krios Titan Krios Titan Krios Titan Krios Titan Krios
Camera K3/counting K3/counting K3/counting K3/counting K2/counting K2/counting
Magnification 105,000 105,000 105,000 105,000 130,000 130,000
Energy filter Gatan Gatan Gatan Gatan Gatan Gatan
Energy filter slit width (eV) 8 8 8 20 20 20
Collection software EPU EPU EPU EPU EPU EPU
Voltage (kV) 300 300 300 300 300 300
Cumulative exposure (e—/A2) 66.3-68.1 66.3-68.1 66.3-68.1 59.7 63.9-65.4 58.8-67.2
Exposure rate (e—/A%frame) 221-227 221227 2.21-2.27 1.99 2.13-2.18 1.96-2.24
Defocus range (pum) 14-2.8 14-2.8 1.4-2.8 1.4-2.8 1.6-2.8 1.6-2.8
Pixel size (A) 0.861 0.861 0.861 0.856 1.07 1.07
Symmetry imposed C2 Cl (67] C2 (67] Cc2
Number of micrographs 18,170 18,170 18,170 8,093 8,936 9,171
Initial particle images (no.) 1,426,240 1,426,240 1,426,240 641,701 1,176,984 966,629
Final particle images (no.) 293,641 293,641 396,327 60,195 449,208 230,178
0.143 FSC half map masked (A) 3.72 3.81 3.13 4.05 3.69 3.90
0.143 FSC half map unmasked(A) 3.88 3.96 342 4.26 3.80 4.40
Refinement
Refinement package Phenix Phenix Phenix Phenix Phenix Phenix
Initial model used (PDB code) TSAA 9ARE TSAA 7SAA 6WHR 6WHR
0.5 FSC model resolution masked (A) 4.04 4.18 3.24 4.50 3.85 4.14
0.5 FSC model resolution unmasked (A)  4.19 436 341 4.76 399 430
Model resolution range (A) 3-6 3-6 2.5-6 3-6 3-6 3-6
Map sharpening B factor (A2?) 150.2 150.2 122.6 120.9 152.0 164.6
CC (model vs map, mask) 0.65 0.64 0.76 0.66 0.74 0.71
Model composition

Non-hydrogen atoms 19,280 19,327 23,034 21,008 22,792 20,756

Protein residues 3,172 3,172 3,166 3,166 3,182 3,178

Ligands 6 6 10 0 8 2
Rms. deviations

Bond lengths (A) 0.007 0.004 0.010 0.002 0.013 0.008

Bond angles (°) 1.027 0.629 1.148 0.558 1.579 1.125
Validation

MolProbity score 244 1.81 2.32 2.00 297 2.79

Clashscore 10.67 3.25 831 3.93 18.66 12.43

Poor rotamers (%) 524 4.65 5.07 4.82 3.48 9.27
Ramachandran plot

Favored (%) 95.07 96.91 95.32 95.67 92.26 92.95

Allowed (%) 4.80 2.99 4.56 433 7.36 6.80

Disallowed (%) 0.13 0.10 0.12 0.00 0.38 0.25
C-beta deviations (%) 1.22 0.41 1.42 0.00 2.49 1.48
CaBLAM outliers (%) 3.12 3.99 3.95 3.21 4.87 5.25
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
n/a | Confirmed
|X| The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

|X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly
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|X| The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.
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For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  EPU 2.10.0.5 was used for Cryo-EM data collection. PatchMasterv2x32 and EasyOocyte v1 softwares were used for electrophysiological data
collection.

Data analysis CryoSPARC 3.1.0 was used for Cryo-EM single-particle analysis. PHENIX 1.15.2, Coot 0.8.9, Chimera 1.11.2 and Pymol 2.5 were used for model
building, real-space refinement and analysis. Origin 8 and OriginPro 2022b were used for electrophysiological data analysis. For MD
simulation, Modeller 9.12, Antechamber, Gromacs 2021.3, LINCS algorithm, Python 3.0, and Open MM version 7.5.1 were used for fixing
residues, ligand parameterization, setting up/performing simulations, analysis, and unbiased simulations, respectively.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

The cryo-EM maps and structure coordinates of rat GIUN1-GluN2B NMDA receptor channel in complex with glycine, glutamate, and EU-1622-A in open-channel
conformation (C2), open conformation (C1) and non-activel conformation were deposited in the Electron Microscopy Data Bank under accession numbers of
EMD-43779, EMDB-44586, and EMD-43780 and in the Protein Data Bank under accession numbers of 9ARE, 9BIB, and 9ARF, respectively. The cryo-EM maps and
structure coordinates of rat GIuN1-GluN2B NMDA receptor channel in apo/apo, gly/apo, and apo/glu state were deposited in the Electron Microscopy Data Bank
under accession numbers of EMD-43781, EMD-43782, and EMD-43783 and in the Protein Data Bank under accession numbers of 9ARG, 9ARH, and 9ARI,
respectively.

There structure of pre-active GIuN1-2B NMDAR is available in PDB under the accession number of 6WI1.

The structure coordinates of pre-active, open, and desensitized GIuA2 AMPAR PDB under accession numbers of 4U5C, SWEO, and 7RZA, respectively.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender We didn't conduct any research involving human participants, their data, and biological material in this study.

Reporting on race, ethnicity, or N/A
other socially relevant

groupings

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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& Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Sample sizes were not predetermined by any statistical approach in this study. The sample sizes of Cryo-EM data were governed by the
availability of the microscope. As for the electrophysiological experiments, we only selected the healthy oocytes, which retained spherical
shape with distinguishable animal and vegetal hemisphere, and showed NMDAR current induced by glycine and glutamate. The data for each
construct were measured on at least six construct-expressing oocytes. The exact number of measurements for each construct are reported in
figure legends.

Data exclusions  In cryo-EM single-particle analysis, particles in 2D and 30 classes which did not possess high-resolution features were removed in the final 3D
reconstruction.

Replication Cryo-EM related experiments including protein expression, purification were successfully reproduced at least three times independently.
Cryo-EM data collections for each condition were performed at least two times in two different dates. Electrophysiology experiments were
repeated at least on six different oocytes for each construct. Only one measurement was conducted in each oocyte.

Randomization  Incryo-EM related experiments, all micrograph movies were acquired in random places on the EM grids and particles were randomly
partitioned for resolution and quality assessment in single-particle analysis. Electrophysiological experiments were not randomized due to the
need to inject the predetermined cRNA and optimize protein expression for each construct.

Blinding The investigators were not blinded. Blinding is not feasible technically and practically in cryo-EM single-particle analysis, MD simulation, and
electrophysiological experiments. Researchers conducted these studies were involved in design and execution of the experiment. Therefore
made the blinding not possible.
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Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
|:| Antibodies IZI D ChlIP-seq
IZI Eukaryotic cell lines IZI D Flow cytometry
|:| Palaeontology and archaeology IZ |:| MRI-based neuroimaging

D Animals and other organisms
D Clinical data
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Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Sf9 insect cells used in the study were provided by Cold Spring Harbor Laboratory. Xenopus oocytes were either harvested
from the frogs raised in the animal facilities of Cold Spring Harbor Laboratory and Emory University or purchased from
Ecocyte Bioscience.

Authentication The cells were routinely maintained in our laboratory They were not authenticated for these cell lines.

Mycoplasma contamination The cell lines were tested negative for mycoplasma contamination.

Commonly misidentified lines  No commonly misidentified lines were used in this study.
(See ICLAC register)

Plants

Seed stocks We didn't conduct any research involving materials from or related to plants in this study.

Novel plant genotypes  N/A

Authentication N/A






