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Receptor Desensitization 
(%) 

τact  
(ms) 

τdesens 
(ms) 

τdeact 
(ms) 

wild-type GluA2 98.6 ± 0.2 (13) 0.31 ± 0.03 (13) 5.74 ± 0.22 (13) 0.49 ± 0.04 (10) 

blac-GluA2 96.1 ± 2.5 (4) 0.29 ± 0.05 (4) 6.63 ± 0.70 (4) 0.84 ± 0.17 (4) 

 

Supplemental figure S1. Effect of N-terminal blac fusion on GluA2 function and pharmacology. (A-C) 

Concentration-response relationships for Glu (A), PMP (B), CP (C), and GYKI (D) at WT GluA2 and blac–

GluA2 receptors constructed from TEVC recordings in Xenopus oocytes (Materials and methods). Data 

points represent the mean from 4 to 8 independent concentration-response experiments. Error bars are the SD 

and are shown when larger than symbol size. (E) Representative recording traces showing the kinetics of 

wild-type and blac-tagged GluA2 currents elicited by 100 ms (left traces) and 1 ms (right traces) rapid 

application of 5 mM Glu (bar) to outside-out patches from HEK 293 cells transfected with wild-type (upper 



 

 

traces) or blac-tagged GluA2 (lower traces)(Materials and methods). Inserts show mono-exponential fits 

(red dotted lines) to the current waveform during receptor desensitization (left) and activation and 

deactivation (right). Summaries of percentage of desensitization and fitted time constants (τ) for activation, 

deactivation, and desensitization are shown in the table below. Data represent the mean and SEM with 

number of cells listed in parentheses.   



 

 

 

Supplemental figure S2. Enzyme-based assay for assessment of GluA2 cell surface expression. (A) 

Principle of use of β-lactamase (blac) conversion activity level for measurement of receptor cell surface 

level. The enzyme blac is conjugated to the N-terminal of GluA2 and catalyzes hydrolysis of the β-lactam 

ring of the membrane-impermeable substrate nitrocefin to cause a color change from yellow to red, which 

can be measured as a decrease in absorbance at 390 nm and increase in absorbance at 486 nm. As nitrocefin 

does not permeate the cell membrane, only extracellular blac activity is measured. (B) Representative data 

traces from the enzyme-based surface expression assay. Nitrocefin was added to HEK293 cells expressing 

the indicated GluA2 constructs, and the change in absorbance at 486 nm was measured over time, 

corresponding to formation of the conversion product. Representative traces are shown for un-tagged GluA2, 

blac-GluA2 and the mutants (V514G and F517A). Only blac-tagged constructs express blac activity at the 

cell surface. The data shown are the mean of measurements from quadruplicate wells on a single experiment 

day shown as lines with SD indicated as shaded areas; each result was qualitatively replicated in at least 

three independent experiments. The rate of conversion was taken as the slope of the straight line fitted to the 

linear part of the curve (shown as black solid lines). 

  



 

 

 

Supplemental figure S3. Effect on NAM IC50 from blocking desensitization by addition of CTZ. 

Effect of blocking receptor desensitization by addition of 50 µM CTZ on the IC50 values for PMP (A), CP 

(B), and GYKI (C) at blac-GluA2-WT and the S615A mutant characterized by TEVC electrophysiology. (A-

C) TEVC recordings from blac-GluA2 (left) and S615A (right) receptors expressed in Xenopus oocytes 

(Materials and methods) were used to construct composite concentration-response curves from 4 to 8 

oocytes. CTZ was pre-applied for 30-60 s prior to Glu addition. Error bars are the SD and are shown when 

larger than symbol size. 

  



 

 

 

Supplemental figure S4. Docking poses for PMP, CP and GYKI in the GluA2 NAM binding pocket. 

(A-C) Zoom-ins on the NAM binding site harboring docked poses of PMP (A, yellow), CP (B, orange) and 

GYKI (C, magenta). The specific poses from the docking calculations were chosen for their overlap with the 

binding modes suggested from the crystal structures. The docking results show large variability but includes, 

as shown here, poses which agree with the structures and previously published docking results 

(Yelshanskaya et al., 2016). NAM poses from the corresponding GluA2/NAM X-ray crystal structures (PDB 

ID 5L1F for PMP, PDB ID 5L1E for CP, and PDB ID 5L1H for GYKI) are shown in gray for comparison, 

with secondary structure shown as cartoon representation. Residues within 5 Å of the NAMs are shown as 

lines. 

  



 

 

 

 

Supplemental figure S5. Summary of potential HB frequencies across GluA2-PMP models. (A) 

Chemical structure of PMP, with atoms that may participate in potential hydrogen bonding interactions 

labeled in red. (B) Summary of frequencies for each potential HB interaction that was observed across the 

396 binding sites modeled in the 99 models of GluA2 tetramers containing four PMP molecules each. 



 

 

Potential HB interactions were only considered for HB donor-acceptor pairs within reasonable distance here 

defined as a maximum 3 Å between hydrogen atom and acceptor atom, and bond angles (donor-hydrogen---

acceptor angle) in the 120-180° range. (C) Examples of the most commonly observed potential HB 

interactions (dashed lines) for PMP (yellow sticks). The surrounding secondary structure is shown as cartoon 

representation with the residue implicated in the potential HB shown as green sticks. (D) Summary of 

potential HB interactions for each binding site (subunit A-D) in each model (model 1-100). Each dot 

indicates a potential HB that fulfills reasonable distance and bond angle criteria. 

 

  



 

 

 

 

Supplemental figure S6. Summary of potential HB frequencies across GluA2-CP models. (A) Chemical 

structure of PMP, with atoms that may participate in potential hydrogen bonding interactions labeled in red. 

(B) Summary of frequencies for each potential HB interaction that was observed across the 396 binding sites 

modeled in the 99 models of GluA2 tetramers containing four CP molecules each. Potential HB interactions 

were only considered for HB donor-acceptor pairs within reasonable distance and bond angle. (C) Examples 

of the most commonly observed potential HB interactions (dashed lines) for CP (orange sticks). The 

surrounding secondary structure is shown as cartoon representation with the residue implicated in the 



 

 

potential HB shown as green sticks. (D) Summary of potential HB interactions for each binding site (subunit 

A-D) in each model (model 1-100). Each dot indicates a potential HB that fulfills reasonable distance and 

bond angle criteria. 

  



 

 

 

 
 

  



 

 

Supplemental figure S7. Summary of potential HB frequencies across GluA2-GYKI models. (A) 

Chemical structure of GYKI, with atoms that may participate in potential hydrogen bonding interactions 

labeled in red. (B) Summary of frequencies for each potential HB interaction that was observed across the 

392 binding sites modeled in the 98 models of GluA2 tetramers containing four GYKI molecules each. 

Potential HB interactions were only considered for HB donor-acceptor pairs within reasonable distance and 

bond angle. (C) Examples of the most commonly observed potential HB interactions (dashed lines) for 

GYKI (yellow sticks). The surrounding secondary structure is shown as cartoon representation with the 

residue implicated in the potential HB shown as green sticks. (D) Summary of potential HB interactions for 

each binding site (subunit A-D) in each model (model 1-100). Each dot indicates a potential HB that fulfills 

reasonable distance and bond angle criteria. 

  



 

 

Supplemental Table 1. Summary of nitrocefin conversion rates at WT and mutant blac-GluA2. 
Mutant Nitrocefin conversion rate (103*ΔAbs486nm/min) 

GluA2 0.1 [0.1-0.2]*** 

blac-GluA2 2.3 [1.9-2.6] 

K511G 1.2 [0.5-1.8] 

P512G 1.1 [0.7-1.4] 

V514G 2.6 [0.5-4.7] 

V514A 2.4 [1.5-3.3]*** 

V514D 1.1 [0.8-1.3] 

V514W 1.1 [0.8-1.3] 

F515G 1.8 [1.1-2.6] 

F515A 2.0 [1.6-2.4]*** 

S516G 2.3 [1.9-2.8] 

F517G 2.0 [1.4-2.5]*** 

F517A 1.9 [1.2-2.6]*** 

L518G 1.5 [1.2-1.9]*** 

L518A 2.3 [0.5-4.1] 

D519G 1.8 [1.1-2.5]*** 

D519N 2.8 [2.2-3.4] 

P520G 1.5 [1.2-1.9]*** 

L521G 1.5 [1.1-1.9]*** 

L521A 2.1 [0.4-3.7]*** 

A522G 2.5 [1.7-3.4] 

A522S 3.0 [2.6-3.3] 

Y523G 2.1 [1.9-2.4] 

Y523P 3.1 [2.7-3.4] 

Y523R 2.8 [0.7-4.9]* 

E524G 2.3 [1.9-2.8]*** 

E524D 1.8 [1.0-2.5]*** 

I525G 1.5 [0.5-2.4]*** 

W526G 1.6 [1.2-1.9]*** 

M527G 2.4 [2.2-2.6] 

S615A 2.3 [1.5-3.0]*** 

Y616F 1.2 [1.1-1.4]*** 

F623A 1.4 [0.4-2.4]*** 

E782G 2.5 [0.6-4.5]* 

K783G 2.5 [0.5-4.5] 

T784G 2.3 [1.0-3.6] 

S785G 1.9 [0.8-3.1] 

A786G 2.4 [2.2-2.6] 

L787G 2.0 [0.9-3.1]*** 

L787A 1.8 [1.1-2.6] 

S788G 2.4 [2.0-2.9] 

L789G 2.1 [1.5-2.7]*** 

S790G 2.7 [1.6-3.9] 

N791G 2.3 [1.8-2.7]** 

N791A 2.5 [1.7-3.4]*** 

N791F 2.2 [1.1-3.4] 

N791L 1.8 [1.3-2.3] 

V792G 1.9 [0.8-3.0]*** 

V792I 2.9 [2.3-3.6] 

A793G 2.3 [1.6-3.1]** 

A793D 1.5 [1.2-1.9]*** 

A793H 1.6 [1.3-2.0] 

G794D 2.1 [0.1-4.1]* 

G794H 2.3 [0.9-3.7]*** 

V795G 2.1 [2.0-2.3]** 

F796G 2.1 [0.8-3.3]*** 

Y797G 1.9 [0.9-3.0]*** 

Mean nitrocefin conversion rates determined in quadruplicates in at least three independent experiments as 

described in Materials and Methods. Numbers in parentheses denote the 95% confidence interval. *, p<0.05; 

**, p<0.01; ***, p<0.001 significantly different from blac-GluA2 (one-way ANOVA with Dunnet’s 

correction for multiple comparisons). 

 



 

 

Supplemental Table 2. IC50 values for PMP, CP, and GYKI at GluA2-WT, blac-GluA2-WT and 

the S615A mutant characterized by TEVC electrophysiology in presence of 50 µM CTZ. 

Construct PMP CP GYKI 

GluA2 9.5 [7.1-13]*** 2.1 [1.9-2.4]*** 45 [28-71] 

blac-GluA2 6.0 [4.0-9.0] 1.3 [1.1-1.4] 50 [33-76] 

S615A 22 [10-48]*** 2.0 [1.7-2.3]*** >300*** 

 

IC50 values were determined by the nonlinear fitting of composite concentration-inhibition data 

from at least three independent experiments. Numbers in parentheses denote the 95% confidence 

interval for the fitted IC50. *, p<0.05; **, p<0.01; ***, p<0.001 significantly different from blac-

GluA2 (one-way ANOVA with Dunnet’s correction for multiple comparisons). 

 

 


