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Appendix Texts

Appendix Text S1: NMR and mass-spectroscopy characterization of MASp

NMR spectra 'H (500.16 MHz) and **C (125.78 MHz) for trans and cis MASp were recorded on a 500
Bruker spectrometer equipped with a sensitivity-optimized measurement head (cryoprobe). Chemical
shifts (6, ppm) are given with reference DMSO-d6 for 'H and *C NMR, respectively: 2.50, 39.51.
Signal multiplicity is described as follows: s (singlet), d (doublet), t (triplet), and m (multiplet). Broad
signals are described as br. Coupling constants (J) are given in hertz. Molecule numbering is only
related to atom assignment, which was established on the basis of B¢ using H decoupled spectra as
well as correlation spectroscopy, heteronuclear single quantum coherence, and heteronuclear
multiple bond coherence.

Mass spectra were recorded on an Orbitrap Exactive (Thermoscientifc) mass spectrometer with
positive (ESI+) electrospray ionization (ionization tension, 3.2 kV; ion transfer tube temperature, 275
°C). HPLC-MS analysis was performed on an Orbitrap Exactive Instrument as described above,
equipped for HPLC (Nexera X2, Shimadzu) with a Phenomenex Kinetex C18 column (50 mm x 2.1
mm, 2.6 ym). MASp was eluted with the following gradient using solvent A (H,O/HCO,H: 100/0.1) and
solvent B (MeCN/HCO,H: 100/0.1), flow rate: 0.2 mL/min: 2% B linear increase to 100% B for 15 min,
100% B from 15 to 20 min, and linear decrease to 2% B from 20 to 20.01 min.

1

H NMR (500 MHz, DMSO-dg) &: 9.16 (brs, 2H, NH,"), 8.93 (brs, 4H, 2NH,"), 8.02 (brs, 3H, NHz"),
7.87 (d, Jyaon11 = 9.0 Hz, 1H, H-10), 7.82 (d, Ju7ne = 9.0 Hz, 1H, H-7), 7.17 (d, Jn114-10 = 9.0 Hz,
1H, H-11), 7.07 (d, Jhenr = 9.0 Hz, 1H, H-6), 7.06 (s, 1H, H-2), 4.36 (t, 13114 = 5.0 Hz, 2H, H-13),
4.22 (t, Jyaps = 5.5 Hz, 2H, H-4), 3.83 (t, Jy.3n4 = 5.5 Hz, 2H, H-3), 3.42 (t, Jy.14113 = 5.0 Hz, 2H,
H-14), 3.12 (t, Jyzap2s = 7.5 Hz, 2H, H-24), 3.02 (t, Jn224.23 = 7.5 Hz, 2H, H-22), 2.99 (t, Jy.15 416 =
7.5 Hz, 2H, H-15), 2.93 (m, 4H, H-18, H-21), 2.89 (t, Jy.174.16 = 7.5 Hz, 2H, H-17), 2.02 (tt, Jy.034.22 =
Jh2spza = 7.5 Hz, 2H, H-23), 1.90 (tt, Jy16.15 = Jn1627 = 7.5 Hz, 2H, H-16), 1.64 (m, 4H, H-19, H-
20).
13

C NMR (126 MHz, DMSO-ds) &: 170.9 (C-1), 160.3 (C-5), 159.9 (C-12), 158.7 (q, *Jcr = 31.5 Hz,
CO,), 146.6 (C-9), 146.3 (C-8), 134.7 (C-2), 124.2 (C-7), 124.1 (C-10), 117.1 (q, "Jcr = 299.5 Hz, C-
F), 115.2 (C-11), 115.1 (C-6), 65.0 (C-4), 63.8 (C-13), 46.1 (C-18, C-21), 46.0 (C-14), 44.3 (C-24),
43.9, 43.8 (C-22, C-15), 36.6 (C-3), 36.2 (C-17), 23.8 (C-16), 22.7 (C-19, C-20), 22.4 (C-23).

HRMS (ESI+) m/z: calcd for [C3oH43N;O4 + H]+, 566.3449; found, 566.3436 (-2.2954 ppm); calcd for
[CaoHasN;O4 + 2H]?*, 283.6761; found, 283.6754 (-2.4676 ppm); HPLC-MS (ESI) m/z (A = 235 nm):
RT = 6.76 min; 283.6755 [M + 2H]*" (-2.2637 ppm).



Appendix Spectra S1: NMR characterization of MASp

(A) trans-MASp (1D 1H) DMSO 500 MHz
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(c) trans-MASp (13C) DMSO 501 MHz
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trans-MASp (HSQC 1H/13C) DMSO 500 MHz
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(G) trans-MASp (1D 1H) DMSO 500 MH
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Lower panel: *H NMR spectrum of MASp in the dark (100% trans). Middle panel: *H NMR spectrum of MASp 365
nm PSS. Upper panel: *H NMR spectrum of MASp 490 nm PSS.
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Appendix Spectra S2: Mass spectrometry characterization of MASp

(A) LC-HRMS
Imc-MASp 241018195033 #4809 RT: 672 AV: 1 NL: 2.65E7
T: FTMS (1,1} + p ESI Full ms [100.00-700.00]
MASp
[M + 2H]2+
283.67538
_ =2
26000000
24000000
22000000
20000000}
18000000
8 16000000
5 7
5 14000000
< -
£ 12000000
"‘j -
2 ]
10000000
8000000 DMSO
] [2M° + H]*
60000003 457.03490
] z=1 MASp
4000000 CasH13 0252 [M + H]*
J  -3.05040ppm 566,34357
2000000 z=1
P . . .
LI U N B B N N N N A B i |
100 150 200 250 300 350 400 450 500 550 600 650 700

mwz

Full-MS spectrum at 6.72 min retention time showing essentially z = 2.

RT: 0.00-12.00 SM: 7B

55000
50000
45000
40000
35000
= 30000:
25000
20000
15000-
10000-
5000:
0

094

RT: 652
MA: 881752

Time (min)

PEAKLIST

RT: 9.26

18
MA 22915 MA: 24363

Imc-MASp_241018195933.raw

RT: 0.00 - 12.00
Number of detected peaks: 5
ApexRT Area

6.52 881751.744

7.55 19748.257
8.18 22916.46
8.88 13154.794
9.26 24362.606

SArea
91.66
2.05
2.38
1.37
2.53

Left panel: UV detection chromatogram (PDA).

Relative Abundance

HPLC-MS

% RT-000-1200 SM: 7B @
hL: 676 NL
55564 100 3.0268
Total Scan a0 TIC MS
FDA BG_ime-
Ime- . MASp_241
MASp_241 018195933
018195933

70

Relative Abundance
o
=

2 83 943
10:
T T U T 1
12 0 1 ] 4 7 8 9 10 1 12
Time (min)
283 8785 NL: 278ET
Has BG_imo-
e M ABp_2410131853334452 AT-
. -2.2637 ppm 76 AV I T:FTMS {1 +c ESI
Full ms [100.00-700.00]
£0
£66.2428
ML 275ET
BG_Ime-
- MASp_2410131959330432 RT:
100 2836755 B76 AV AT:FTMS {11} + ¢ ESI
588 3428 Full ms [100.00-700.00)
50 CioHuOiNy
-4.0761 ppm
o e e B e e e e e e e e e
100 200 300 400 500 800 700

miz

Right panel: Mass spectrum peaks (TIC).



Appendix Text S2 (related to Appendix Fig. S1): Photoswitching kinetics in mammalian
cells

At the maximal light power in our experimental conditions (~10 mW for 365 nm and 27 mW
for 525 nm), receptor activity could be potentiated by UV light with a time constant of ~60 ms
(MASp trans-to-cis transition) and reverted back to its basal state by 525 nm light with a much
slower time constant of ~450 ms (MASp cis-to-trans transition; Appendix Fig. S1E,F).
Strikingly, we observed that using blue light (460 nm) instead of green light (525 nm) to
induce MASp trans-to-cis transition allowed a much faster (30-fold) reversal of receptor
potentiation (time constant of ~13 ms; Appendix Fig. S1E,F), indicating that the slow transition
under 525 nm light does not reflect slow kinetics of receptor conformational changes. Current
off-rates with 525 nm light were systematically slower than current off-rates with 460 nm light
regardless of the light power used (Appendix Fig. S1G). Hence, the wavelength-dependence
of receptor off-rate kinetics is likely due to the much smaller absorbance of cis-MASp at
525 nm compared to 460 nm (cis-MASp absorptivity € ~ 1900 L.mol™".cm™ at 460 nm and
£ ~200 L.mol*.cm™ at 525 nm; calculated from the 365 nm PSS spectrum of Fig. EV1A),
which results in a smaller probability of the molecule to undergo the cis-to-trans transition at
525 nm relative to 460 nm. Return to basal activity was however less complete under 460 nm
light compared to 525 nm light (Appendix Fig. S1E,F), consistently with the lower proportion
of the trans isomer in the 460 nm PSS compared to the 525 nm PSS (as assessed by UV-
visible spectroscopy; Fig. EV1A). MASp thus allows very fast modification of GIuUN1/GIuN2B
diheteromer activity with on and off kinetics that can be below 100 ms. Depending on the
requirements of the biological experiment, reversal of receptor potentiation can be performed
either with blue light to achieve very fast reversal, or with green light to achieve more
complete reversal to the basal state at the cost of a slower recovery. In the paper we will favor

the second option and use 365 nm and 525-530 nm as the two photoswitching wavelengths.

Appendix Text S3 (related to Appendix Fig. S4). Agonist-dependence of UV-induced
potentiation

To quantify the amount of photomodulation of tonic currents by UV light, we first assessed the
glutamate-dependence of the photomodulation ratio when measured at the peak or steady-
state UV-potentiation. For this we turned to Xenopus oocytes in order to obtain expression of
a pure population of GIuN2B*-R187C diheteromers. Similarly to neurons, we observed on this
system sustained UV potentiation at saturating glutamate concentrations (100 uM) and a
transient potentiation at glutamate concentrations lower than the receptor ECs, (0.03 and
0.1 uM; Appendix Fig. S4C,D). This was reflected in a decrease of glutamate ECs, under UV
light compared to under green light (Appendix Fig. S4E, see also Fig. EV2E). As expected,
the photomodulation ratio measured at the UV steady-state current (lyy, ss / lago nm) displayed
a clear glutamate-dependence (Appendix Fig. S4D). On the contrary, the photomodulation

ratio measured at the UV peak current (luy, peak / lago nm) Was nearly independent of glutamate



concentration, with less than 10% difference of photomodulation ratios between the four
glutamate concentrations tested (Appendix Fig. S4D).

We next investigated the glycine-dependence of photomodulation in presence of a
saturating concentration of glutamate. Similarly to glutamate, UV induced a sustained
potentiation for saturating (100 uM) and near-saturating (> 1 uM) concentrations of glycine
but became transient at a glycine concentration lower than the ECsy (0.1 uM; Appendix
Fig. S4F,G). Current relaxation was however much less marked than for glutamate, with a
steady-state current under UV light representing 72% of the peak current for 0.1 uM glycine
(Appendix Fig. S4H) compared to 50% of the peak current for 0.1 uM glutamate (Appendix
Fig. S4E). This decrease in UV steady-state at low glycine concentrations was not translated
into a significant change of glycine ECs, under UV light compared to 490 nm light (Appendix
Fig. S4H). The photomodulation ratio measured at the UV peak slightly increased (by 20%) at
low concentrations of glycine (Appendix Fig. S4G). In our ex vivo experiments, slices were
perfused with 20 puM glycine so we can assume to be in a range of glycine concentrations for

which the photomodulation ratio at the UV peak is constant.



Appendix Figures
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Appendix Fig. S1 (related to Fig. 2): Up to 3-fold potentiation of GIuN2B diheteromer
currents in HEK cells.

(A) Current traces from MASp-labeled HEK cells expressing GIuUN1/GIUN2B WT,
GIuN1/GIuN2B*-Q180C, GIuN1/GIuN2B*-R187C, and GIuN1/GIuN2A WT receptors, following
application of glutamate (100 pM) under 365 nm (violet bars) or 525 nm (green bars)
illumination. Cells were constantly perfused with glycine (100 uM). (B) Summary of the

photomodulation ratios (lzesnm/ Isosnm) Of currents from the different receptors in (A)
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expressed in HEK cells. n.s., p>0.05; **, p <0.01; multiple one sample Wilcoxon tests
against the value 1, p-values were adjusted for multiple comparisons using Bonferroni
correction. Photomodulation values (mean £ s.e.m) and number of cells are indicated in
Appendix Table S1. Average basal current values (Is;s nm) are indicated in Appendix Table S4.
(C,D) No state-dependence of MASp-induced photomodulation. (C) GIuN1/GIuN2B*-R187C
current traces in HEK cells under different illumination protocols. Left, light was applied before
agonist application, allowing receptor modulation only from its resting state (Resting). Right,
light was applied before and during agonist application, allowing receptor modulation from
both its resting and activated states (Resting + Active). The small current peak observed at
the onset of UV light in absence of agonist application corresponds to a transient potentiation
of NMDARs tonically activated by small amounts of contaminating glutamate (see Appendix
Fig. S4). (D) Photomodulation ratios of steady-state (left) and peak (right) currents following
light application during the active state only (Active, panel a), the resting state only (Resting,
panel c, left) and both the active and resting states (resting + Active, panel c, right).
Photomodulation ratios under these three states were measured from HEK cells from the
same coverslip (hence labeled at the same time) to minimize any variability linked to the
labeling procedure. Steady-state current: Active condition, n =7; Resting condition, n =7,
Resting + Active condition, n = 4. Peak current: Resting condition, n = 7; Resting + Active
condition, n = 4. n.s., p > 0.05, Kruskall Wallis (left) and Mann Whitney (right) tests.

(E-G) Wavelength-dependence of MASp-induced photomodulation. (E) GIuN1/GIuN2B*-
R187C current trace in a MASp-labeled HEK cell following illumination with UV (365 nm,
violet bar), blue (460 nm, blue bar) or green (525 nm, green bar) light. Cells were pre-
illuminated with blue light before current recording. (F) Time constants of current potentiation
by UV light (left) and current recovery from potentiation by blue or green light (middle), and
steady-state currents under the different light conditions relative to the current under green
light, which represents the receptor basal activated state (right). Kinetics of photomodulation
were measured at maximal light power through a 10x objective (~10 mW for 365 nm, 79 mW
for 460nm and 27 mwW for 525nm). Tauon (365nm)=64+13ms (n=13),
Tau off (460 nm) =13.5+£0.9ms (n=4), Tauoff (525 nm)=442+27ms (n=13). ***
p < 0.001, Mann Whitney test. Relative steady-state (SS) values: SS(365 nm) = 2.38 + 0.30;
SS(460 nm) = 1.43 + 0.11; n = 11 for each condition. (G) Kinetics of current recovery from
potentiation by blue or green light as a function of light power.

Recordings were all performed at pH 7.3, -60 mV. Data displayed as mean + s.e.m. Exact p-

values are summarized in Dataset EV1.
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Cultured neurons expressing 2B*-R187C on a WT background
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Appendix Fig. S2 (related to Fig.2): Strong photomodulation of GIuN2B*-R187C
diheteromers in cultured cortical neurons.

(A) Left, expression of the GIuN2B*-R187C subunit in cultured cortical neurons from wild-
type animals through ex utero electroporation (see Methods). Right, current traces from DIV7-
9 neurons labeled with MASp, following application of the selective NMDAR agonist NMDA
(300 uM), under 365 nm (violet bars) or 525 nm (green bars) illumination. Cells were
constantly perfused with D-serine (50 uM). Fluorescent neurons express the 2B*-R187C
subunit, while non-fluorescent (control) neurons only express the endogenous NMDAR
population. (B) Summary of photomodulation ratios of MASp-labeled, fluorescent and control
(non-fluorescent) neurons. *** p < 0.001, Mann Whitney test.

Recordings in cultured cortical neurons were performed at pH 7.3, -60 mV. Photomodulation
values (mean £ s.e.m) and number of cells are summarized in Appendix Table S1. Average
basal current values (Is;5,m) are indicated in Appendix Table S5. Exact p-values are
summarized in Dataset EV1.
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Appendix Fig. S3 (related to Fig. 3):

Unless otherwise noted, experiments were performed on slices from P11-14 electroporated
animals. (A) NMDAR tonic current trace of the MASp-labeled, P13 fluorescent neuron shown
in Fig. 3D displaying the different values used in the following panels. Ayy, peak represents the
difference between the peak current amplitude at the onset of UV irradiation and the current
amplitude under green light (baseline current). Ayy ss represents the difference between the
steady-state current amplitude at the end of UV irradiation and the current amplitude under
green light (baseline current).

(B) Left, zoom on the UV-induced peak of the NMDA tonic current trace from (A). Middle and
right, time constants of UV-induced potentiation (Tau on UV peak, left) and relaxation (Tau off
UV peak, right). Tau on UV peak =15.1 £ 0.7 ms, n = 12 and Tau off UV peak = 206 + 13 ms,
n=12.

(C) Tonic current amplitudes of MASp-labeled, fluorescent (left) and control (right) neurons
during the 5-cycle illumination protocol. See Panel (A) for annotations. n =9 fluorescent
neurons and 7 non-fluorescent (control) neurons.
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(D) UV-induced increase of tonic current amplitude at peak (Ayy, peax) for each MASp-labeled,
fluorescent and control (non-fluorescent, denoted ctrl) neuron displayed in Panel C, and
averaged over the 5 cycles of illumination. ***, p < 0.001, Mann Whitney test.

(E) APV suppresses UV-induced increase of tonic current at peak of MASp-labeled,
fluorescent neurons. n = 9 cells. **, p < 0.01, Mann-Whitney test.

(F) Photomodulation of the tonic current of a MASp-labeled, P9 fluorescent neuron in basal
conditions (0 TBOA, top) and after 10 min treatment of the slice with the glutamate transporter
inhibitor TBOA (30 uM TBOA, bottom). As tonic glutamate concentration increases, UV-
induced potentiation goes from transient to sustained.

(G) Relative amplitude of steady-state over peak UV-induced increase in tonic current (Ayy, ss
I Ayy, peak) before (-TBOA) and after (+TBOA) TBOA treatment. Animals with ages ranging
from P9 to P25 were used for this experiment. n =8 cells. **, p <0.01; Wilcoxon matched-
pairs signed rank test.

(H) Photomodulation ratios of NMDA tonic currents of MASp-labeled, fluorescent and control
(non-fluorescent) neurons from P21-P25 animals. n = 8 for each condition. Photomodulation
values (mean * s.e.m) and cell numbers are summarized in Appendix Table S6. ***
p <0.001, Mann Whitney test. Box plots: centerlines show the median; crosses show the
mean; box limits indicate the 25" and 75" percentiles; whiskers extend to the minimum and
maximum.

All recordings in brain slices were performed at physiological pH. Data displayed as mean

+ s.e.m. Exact p-values are summarized in Dataset EV1.
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ated to Fig. 3): Stability of Opto2B photoenhancement depends on

glutamate concentration.

(A) Current traces from a cultured cortical neuron electroporated with the GIuN2B*-R187C

subunit and labeled with MASp showing transient UV (violet bar)-induced potentiation of

NMDAR currents under non-saturating glutamate (Glu) concentrations (0.1 and 1 yM), while

UV potentiation was stable at saturating glutamate concentration (100 uM). NMDAR currents

were isolated using 10 yM NBQX, 100 pM picrotoxin and 10 uM strychnine, and 20 uyM

15



glycine was applied throughout the experiment (same conditions as in ex vivo experiments in
Fig. 3). The experimental strategy to express the mutated GIUN2B subunit on a WT
background was the same as in Appendix Fig. S2A.

(B) The ratio of steady-state over peak current (Auy,ss / Auv peas S€€ Panel (A) for
measurement of Ayy, ss and Ayy, peak) iNCreases as glutamate concentration increases. n = 6-9
cells. Recordings were performed at pH 7.3, -60 mV.

(C-H) Experiments were performed in Xenopus oocytes expressing GIuN1/GluN2B*-R187C at
pH 6.5, -60 mV. (C-E) Glutamate dependence of GIuN2B diheteromer photomodulation. (C)
Current traces from an oocyte expressing GIuN1/GIuN2B*-R187C and labeled with MASp
following application of varying concentrations of glutamate together with a saturating
concentration (100 uM) of glycine and under 365 (violet bar) or 490 nm (blue-green bar)
illumination. (D) While the photomodulation ratios at steady-state (lyy, ss/ lago nm, black dots)
are highly dependent on glutamate concentration, the photomodulation ratios calculated from
the UV peak currents (lyy, peak/ lago nm, White dots) were almost independent of glutamate
concentration (they varied by less than 10% across all glutamate concentrations). For each
cell, luy, peak Was measured at the time of peak measured for 0.1 pM glutamate, i.e. ~0.9 s
after the onset of UV illumination. l,y, ss was measured at the end of the UV illumination step.
l400 nm Was measured at the end of the 490 nm illumination step. n = 4-6 cells. (E) Relative
currents at different glutamate concentrations normalized to the current at 100 uM glutamate
(saturating concentration). n = 4-6 cells.

(F-H) Glycine dependence of GIuUN1/GIuN2B photomodulation. (F) Current traces from an
oocyte expressing GIuN1/GIuN2B*-R187C and labeled with MASp following application of
varying concentrations of glycine together with a saturating concentration (100 uM) of
glutamate and under 365 (violet bar) or 490 nm (blue-green bar) illumination. (G) UV
potentiation was stable for 100 and 1 yM glycine but became transient for 0.1 yM glycine.
Maximum UV potentiation (lyy, peak / lagonm, White dots) increased by 20% at low glycine
concentrations compared to higher 1 and 100 uM concentrations. n =7 cells. (H) Relative
currents at different glycine concentrations normalized to the current at 100 uM glycine
(saturating concentration) (n = 7 cells).

All data are displayed as mean + s.e.m.
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Appendix Fig. S5 (related to Fig.4): Design strategy of the Opto2B mouse line:
neutralizing the endogenous cysteine C395 is not necessary to obtain strong
photomodulation in native preparations.

(A) Left, current traces from HEK cells expressing GIuUN1/GIuN2B-R187C-C395S
(GIuN1/GIluN2B*-R187C) and GIuN1/GIuN2B-R187C receptors (with endogenous cysteine
395 intact), and labeled with MASp, following application of glutamate (100 uM) under 365 nm
(violet bars) or 525 nm (green bars) illumination. Cells were constantly perfused with glycine
(100 uM). Right, summary of the photomodulation ratios (lsgsnm / Is2snm) for the different
GIluN2B mutants expressed in HEK cells. Note that the photomodulation ratio is much lower
for GIuUN1/GIuN2B-R187C (1.75+0.15, n=7) compared to GIuN1/GIuN2B*-R187C
(3.66 £ 0.32, n=12). Photomodulation values (mean *s.e.m) and number of cells are
summarized in Appendix Table S1. Average basal current values (Is;5,m) are indicated in
Appendix Table S4. *** p < 0.001; Mann Whitney test.

(B) Left, current traces from DIV6-9 cortical neurons expressing GIuN1/GIuN2B-R187C-
C395S (GIuN1/GIuN2B*-R187C) and GIuN1/GIuN2B-R187C receptors, and labeled with
MASp, following application of NMDA (300 puM) under 365 nm (violet bars) or 525 nm (green
bars) illumination. Cells were constantly perfused with D-serine (50 uM). In this particular
experiment, we adopted a strategy of molecular replacement of the endogenous, WT GIuN2B
subunits by the mutated GIuN2B subunits using the Cre-lox approach. Dissociated cortical
neurons from floxed-Grin2B mice (von Engelhardt et al, 2008) were electroporated with

PIRES plasmids coding for GFP and a mutated GIuN2B subunit (Sanz-Clemente et al, 2013),
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and plasmids coding for the Cre recombinase (to remove endogenous GIuN2B expression)
and for the fluorescent marker TdTomato (see Methods). Right, summary of the
photomodulation ratios (lzesnm/ lsosnm) Of currents from the different GIUN2B mutants
expressed in cultured neurons. Note that, contrary to what was observed on HEK cells, the
photomodulation ratio is similar between GIuN1/GIluN2B-R187C (3.04 £ 0.25, n =20) and
GIuN1/GIuN2B*-R187C (3.25 + 0.35, n =15). n.s, p > 0.05; ***, p < 0.001; Multiple Mann-
Whitney tests, p-values were adjusted for multiple comparisons using Bonferroni correction.
Only the pre-selected indicated comparisons were performed. Photomodulation values
(mean £ s.e.m) and number of cells are summarized in Appendix Table S1. Average basal
current values (Is»s m) are indicated in Appendix Table S5.

All recordings were performed at pH 7.3, -60 mV. Data displayed as mean *+ s.e.m. Exact p-
values are summarized in Dataset EV1.

18



L-Cysteine + trans-MASp

o} o]
o} o
*HsN S‘*&/\/ O *HsN Sm&/\/ \@
N N
nif ARl UL ol TG o1
o ™~P o~5P

(0]

(o] (o]
—
L-Cysteine

L-Cysteine + cis-MASp
o} o]
+ /\/O + /\/O
HaN Sat’ N HsN snr’ "N
* //N * //N

O (o) N 0 [e) N

(o] (@]

Appendix Fig. S6: Chemical structures of the four diastereoisomeric products of the
reaction between MASp and L-Cysteine. Stars indicate asymmetric carbons.
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Appendix Tables

Appendix Table S1: Summary of in vitro photomodulation data. Photomodulation steady-
state values of different NMDAR constructs labeled with MASp in Xenopus oocytes, HEK
cells and cultured cortical neurons. Values as mean + s.e.m. Cell numbers in parentheses.

Construct luv / lgreen”
Oocytes Oocytes HEK cells Neurons
(pH 6.5) (pH 7.3) (pH 7.3) (pH 7.3)
2B WT 1.00 £ 0.02 (n = 20) 0.99 £ 0.01 1.048 + 0.005 -0.968 £ 0.009 (n =9)
(n=4) (n=5) (non-fluorescent neurons
on WT background;
Appendix Fig. S2)
-0.95+0.02 (n=5)
(2B*-R187C condition)
0.94£0.02 (n =5)
(2B-R187C condition)
(non-fluorescent neurons ;
molecular replacement
strategy ; Appendix
Fig. S5B)
2B*-Q180C | 0.39 + 0.02 (n = 25) 0.84 + 0.08 0.77+0.07 (n=4)
(n=13)
2B*-R187C | 3.53+0.21 (n=32) 1.97 £ 0.17 29+0.7(n=28) -1.81+£0.09 (n=19)
(n=21) (Appendix Fig. S1) (fluorescent neurons on WT
background; Appendix
3.7+£0.3(n=12) Fig. S2)
(Appendix Fig. S5A)
-3.40+0.35(n=14)
(fluorescent neurons ;
molecular replacement
strategy ; Appendix
Fig. S5B)
2B-R187C 1.75+040(n= 7) -3.04 £0.25 (n = 20)
(fluorescent neurons ; Cre-
lox strategy)
2AWT 0.92 £ 0.02 (n = 22) 0.88+0.02 (n=4)
2CWT 1.02+0.01 (n=5)
2DWT 1.00+0.01 (n=5)
2B*- 3.07+0.22(n=9)
R187C-r1/
2B*-
R187C-r2
2B-r1/ 1.21+0.02 (n = 14)
2B*-
R187C-r2
2A-r1/ 1.01+0.01 (n=17)
2B*-
R187C-r2

Green light is 490 nm for oocytes and 525 nm for HEK cells and neurons.
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Appendix Table S2: Summary of several pharmacological parameters of 2B*-Q180C
and 2B*-R187C mutants unlabeled (- MASp) and labeled (+ MASp) with MASp under
different illumination conditions. Values as mean * s.e.m. Cell numbers in parentheses.

b

Glu ECsq Gly ECsgo Relative lon7.3/ lones | lspermine / lo
Po®
2B wt - MASp 1.44+0.15 | 048+0.09 | 1.01+0.04 | 10403 8.0£04
(n=9) (n=4) (n=15) (n =20) (n=21)
2B*- - MASp 1.43+0.10 | 0.29+0.03 | 0.96 +0.1 95+0.6 7505
Q180C (n=3) (n=5) (n=8) (n=11) (n=11)
+ MASp, |183+0.12 | 0.29+0.06 | 0.76 £0.14 | 95+0.8 43+04
365 nm (n=7) (n=3) (n=7) (n=6) (n=9)
+ MASp, |249+0.11 | 057+0.08 | 2.15+0.04 |52+0.3 27+0.2
490 nm (n=6) (n=6) (n=9) (n=5) (n=8)
2B*- - MASp 0.94+0.04 | 0.49+0.05 |0.64+0.04 |13.4+£0.6 11.5+0.8
R187C (n=11) (n=8) (n=6) (n=9) (n=9)
+ MASp, |1.83+0.08 | 0.30+0.03 | 2.22+0.19 | 6.9+x0.5 43+04
365 Nm (n=7) (n=4) (n=5) (n=7) (n=7)
+ MASp, | 0.75+£0.07 | 043+0.05 | 0.56+0.04 |9.5+0.5 75+0.7
490 nm (n=8) (n=4) (n=5) (n=7) (n=7)

®Relative Po is measured as the rate of MK-801 inhibition normalized to the average rate of
inhibition of wt GIUN2B-NMDARs measured the same experimental day.
bSpermine was applied at a concentration of 200 yM (around its ECsp, see (Mony et al, 2011).
Glu, glutamate; Gly, glycine.

Appendix Table S3: Average current values for MASp-labeled NMDAR constructs
expressed in Xenopus oocytes. Values as mean + s.e.m; cell numbers in parentheses.

Construct Basal current® (uA)
2BWT 0.88 £ 0.18 (n = 20)
2B*-Q180C 0.63+0.13 (n =25)
2B*-R187C 0.34+£0.13 (n=32)
2AWT 1.30+0.24 (n = 22)
2CWT 0.33+0.12 (n=5)

2DWT 0.14+0.03 (h=5)

2B*-R187C-rl / 2B*-R187C-r2 0.043+0.01 (n=9)
2B-rl / 2B*-R187C-r2 0.34+£0.12 (n=14)
2A-rl /| 2B*-R187C-r2 0.25+0.11 (n=17)

®Basal current was measured under 490 nm illumination, except for 2B*-Q180C, which was
measured under 365 nm illumination (since this construct is potentiated by 490 nm light and

in its basal state under UV illumination; see Fig. 1)

Appendix Table S4: Average current values for MASp-labeled NMDAR constructs
expressed in HEK cells. Values as mean * s.e.m; cell numbers in parentheses.

Construct Basal current® (pA)
2BWT 36+23(n=5)
2B-R187C-C395S (App. Fig. S1) 73+17 (n=8)
2B-Q180C-C395S 50+ 10 (n=4)
2AWT 218+81 (n=4)
2B-R187C-C395S (App. Fig. S5A) | 20+5 (n =12)
2B-R187C (App. Fig. S5A) 29+13(n=7)

#Basal current was measured under 525 nm illumination.
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Appendix Table S5: Average current values for MASp-labeled, electroporated and non-
electroporated, cultured cortical neurons. Values as mean + s.e.m; cell numbers in
parentheses.

Condition Basal
current® (pA)
Non-electroporated neuron on WT 402 + 131
background (App. Fig. S2) (n=9)
2B-R187C-C395S on WT background 408 + 93
(App. Fig. S2) (n=19)
2B-R187C-C395S on floxed-GIluN2B 160 + 40
background (App. Fig. S5B) (n=14)
2B-R187C on floxed-GIuN2B background | 99 + 13
(App. Fig. S5B) (n =20)

#Basal current was measured under 525 nm illumination

Appendix Table S6: Summary of ex vivo photomodulation data on cortical pyramidal
neurons. Values as mean + s.e.m; cell numbers in parentheses.

Photomodulation (Isg5 nm / Is30 nm)

Opto2B neurons

Control neurons

P11-14 | NMDA EPSCs 1.45+0.04 (n=9) 0.99+0.02(n=7)
NMDA tonic current 3.83+£045(n=9) 0.95+0.03(n=7)
P21-25 | NMDA EPSCs 1.27+0.03(n=9) 1.01+£0.02(n=7)

NMDA tonic current

2.44 % 0.24 (n = 8)

1.04 £ 0.08 (n = 8)
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Appendix Table S7: Summary of ex vivo photomodulation data in hippocampal CAl
pyramidal neurons. Values as mean = s.e.m; cell numbers in parentheses.

Photomodulation WT Opto2B Opto2B / GIuN2A
(1365 nm / I530 nm) KO
P5 NMDA _
EPSCs 156 +£0.17 (n =6)
NMDA tonic
current 3.53+0.55(n=8) 3.05+0.47 (hn=6)
P8-12 NMDA _ _ 2.07 £0.20
EPSCs 1.02+0.04 (n=10) | 1.41+0.06 (n=20) (n = 10)
NMDA tonic 2.53+0.13
current 0.98+0.04 (n=4) 3.30+£0.39 (n =15) (n=12)
P20-23 | NMDA _ 1.63+0.06
EPSCs 1.28 £ 0.04 (n = 14) (n = 22)
NMDA tonic 2.12+0.20
current 1.46 £ 0.08 (n = 10) (n = 15)
P37-47 | NMDA _ 1.51+0.05
EPSCs 1.14+0.03 (n = 14) (n=17)
NMDA tonic 2.67+0.42
current 1.32+0.12 (n = 8) (n - 14)

Appendix Table S8: Average NMDA-EPSC values in hippocampal CA1 pyramidal
neurons. Values as mean + s.e.m; cell numbers in parentheses

Basal NMDA EPSCs WT Opto2B Opto2B / GIuN2A
(pA) KO

PS5 89 +17 (n=6)

P8-12 156 £ 9 (n = 10) 158 + 14 (n = 20) 132 £ 14 (n = 10)
P20-23 140 £ 21 (n = 14) 106 + 12 (n = 22)
P37-47 144 + 21 (n = 14) 133+12 (n=17)
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