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Figure. S1. AP5 potentiates GABAAR mediated currents via a NMDAR-independent mechanism in cultured hippocampal neurons. (a) AP5-induced potentiation did not require the opening of NMDAR-gated channels. Representative currents traces were taken under indicated recording conditions.  Blockade of NMDA channels was produced by co-application of NMDA (50 μM) and MK-801 (10 μM) (MK801+NMDA) and evidenced by the in ability to produce a detectable current by a subsequent application of NMDA (50 μM; NMDA). Following NMDAR blockade, GABA (10 μM) currents induced in the presence of 200μM AP5 (+AP5) were much bigger than that in the absence of AP5 (GABA), and completely blocked by the addition of 10 μM bicuculline (+AP5+Bicuculline).  (b) AP5 potentiation of GABA currents is not associated with alteration of the reversal potential. Left, representative current traces induced by pressure-ejection of GABA (10 μM) from a pipette at various holding potentials in the absence (Control) and presence of 200 µM AP5 (AP5). Right, current-voltage (I-V) relationship curves constructed from the currents shown on the Left showing that AP5 potentiation was not associated with an alteration of the reverse potential.



[image: ]
Figure. S2. 
Simulated molecular dockings of glutamate onto the α+/β- interface of the modeled GABAAR. (a) Side perspective of the α+/β- interface predicts 5 putative glutamate (Glu) binding pockets (P1-P5).  (b) Receptor modeling diagram enlarged from (a) further emphasizing on the two putative glutamate binding pockets (indicated in blue in a), one just behind the loop C (P2) and the other below the loop C (P2), that can accommodate both Glu and bigger glutamate-like molecule TBOA (Glu/TBOA).  (c) Receptor structure modeling further enlarged from (b) illustrate the docked glutamate molecule and its interactions with critical residues in the identified glutamate-binding pocket at the α+/β- interface.


[image: ]
Figure. S3. Molecular dockings of glutamate onto the α+/β- interface of the α1β3γ2 GABAAR (6HUO). (a) Side perspective of the α+/β- interface of P2 that can accommodate both Glu and glutamate-like molecule TBOA (Glu/TBOA). (b) and (c) illustrate the docked glutamate or TBOA molecule and their interactions with critical residues in the P2 glutamate-binding pocket at the α+/β- interface.
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[bookmark: _Hlk101014282]Figure. S4. Glutamate-binding proteins/receptors share van der Waals’ contacts formed between their common charged amino acid residues and glutamate molecule.  Screening crystalized structures of glutamate-bound GluN2A[2A5S], GluN2D[3OEK/3OEL], GluA2[1FTJ], GluA4[3FAS], GluK2[1S7Y], mGluR1 1EWK], mGluR5[3LMK] and GluCl[3RIF] reveals the major types of the direct van der Waals’ contacts formed between glutamate and protein/receptor (a) and demonstrates that the most common pocket forming amino acid residues involved in direct interacting with glutamate are either positively or negatively charged residues Arg, Lys, Asp, Glu, and Ser (b). The panel b indicates the interaction frequency between these pocket forming residues and specific glutamate active groups.
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Figure. S5. Comparison of GABA and glutamate induced responses on GABAAR and NMDAR (GluN1 and GluN2A). (a) Representative current traces of glutamate induced dose responses on NMDARs (N=5), dose responses of glutamate potentiation of GABA induced currents on GABAARs (N=14) and glutamate induced dose responses on GABAARs (N=3). (b) The dose-response curves for NMDARs and GABAARs normalized to maximal currents induced by glutamate or glutamate with GABA. The dose-response curves for GABAARs induced by glutamate normalized to the currents induced by 1 mM GABA.
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Figure. S6. Representative current traces of glutamate potentiated GABA responses on different mutations of GABAARs. Representative current traces of glutamate induced changes of GABA responses from main Fig. 3c (a), Fig. 3e (b), Fig. 4a and b (c), Fig 4d and f (d) and Fig. 5b, c, d and e (e), respectively.  
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Figure. S7. β2E181G knock-in (KI) mice did not affect basic properties of inhibitory synaptic transmission.  (a) Representative average mIPSC from CA1 pyramidal neurons in WT and KI mice. The amplitude (b) and frequency (c) of mIPSCs in KI mice remained unchanged compared with WT (n=21 for WT; n=23 for KI). The mean rise time (d) and decay time constant (e) of mIPSCs did not show the significant differences between WT and KI mice (n=21 for WT; n=23 for KI). (f) The amplitude eIPSCs in KI mice remained unchanged compared with WT (n=42 for WT; n=35 for KI).
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Figure. S8. β2E181G knock-in (KI) mice did not affect presynaptic release. (a) Representative paired-pulse facilitation (PPF) trace at 30, 50, 70 and 110 ms inter-pulse intervals, respectively. There were no significant differences between WT and KI mice (n=32 slices for WT; n=34 slices for KI) (b). The input-output relationship did not change in KI mice compared with WT (c).
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