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Results: Results for the human GluN2A-T646A variant are summarized below.

 -    29 fold change in the activation sensitivity to the agonist L-glutamate (based on EC50 potency)

 -    19 fold change in the activation sensitivity to the agonist glycine (based on EC50 potency)

 -    2 fold change in the inhibition sensitivity to the endogenous inhibitor Mg
2+

 (based on IC50 potency)

 -    2 fold change in the inhibition sensitivity to endogenous pH (protons) (based on % inhibition)

 -    > 10 fold change in the inhibition sensitivity to the antagonist  Zinc (based on IC50 potency)

 -    3 fold change in residual inhibition to the antagonist  Zinc  (based on % inhibition)

 -    ~ 10 fold change in the surface expression compared to WT

 -    ~ 2 fold change in the total variant receptor subunit expression compared to WT

Table 1. Summary of Results

Assay # Measurement

1 Glutamate EC50, mM

2 Glycine, EC50, mM

3 Mg
2+

, IC50, mM

4 Proton, % 
A

5 Zinc, IC50, nM

6 %inhibition (Ymin) Zinc 
B

7 Surface expression (%WT)

8 Total expression (%WT)

(A) % current remaining measured at pH 6.8 compared to pH 7.6 at maximal L-glutamate and glycine activation

(B) % residual current in maximum zinc

29.7 90.4 3

***Fold Effect is calculated only when the 95% confidence intervals of the experimental datasets do not overlap. Negative values 

indicate a loss of function effect for NMDA receptor activity, and positive values a gain of function effect for NMDA receptor activity, 

for the parameter measured.
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This variant resides in  the third transmembrane domain (M3) of the 

GluN2A subunit of the NMDA receptor (see schematic Figure 1).

To measure the function of the variant glutamate receptor.  The EC50's 

for L-glutamate and glycine activation were established as well as the 

IC50 for magnesium (Mg
2+

) and zinc (Zn
2+

) inhibition.  Further, receptor 

sensitivity to pH inhibition (protons) was measured. Beta-lactamase cell 

surface expression studies were also completed to measure protein 

expression.

Note: These results are for research purposes only. The data were 

obtained in a non-CLIA laboratory and do not reflect clinical testing, and 

are not approved for either diagnosis or providing any therapeutic 

advice.  

These results cannot be published without permission from CFERV, 

Emory University. Figure 1.  Schematic figure depicting the major subunit 

domains for the GRIN family of N-methyl-D-aspartate 

(NMDA) receptor family of subunits.  The location of the 

GluN2A-T646A variant is shown as an asterisk (*). ATD, 

amino terminal domain; CTD, carboxyl terminal domain;  

ABD, agonist binding domain; and M1-M4, transmembrane 

domains. The dashed lines represent the cell membrane 

with the ATD and ABD domains residing on the extracellular 

side of the cell membrane and the CTD on the intracellular 

side of the cell membrane.

Center for Functional Evaluation of Rare Variants, Emory University

cDNA Plasmid 

Constructs:

The GluN2A-T646A variant was introduced into a human GluN2A 

cDNA plasmid construct via a Quikchange mutagenesis protocol, the 

cRNA was coinjected with WT-GluN1 cRNA into Xenopus laevis 

oocytes, and the expressed variant receptor was functionally evaluated 

as described in Methods.

100 ~ 10 ~ -10

100 ~ 55 ~ -2

* 



Methods:

Equation 1:  Response = 100  / ( ( 1 + EC50 / [agonist] ) 
nH

 );  where EC50 is the agonist concentration that elicited the half maximal 

response, and nH is the Hill slope. 

b-Lactamase Assay:   HEK cells were plated in 96-well plates and transiently transfected with cDNA encoding GluN1 and b-lac- 

GluN2A-T646A.  Eight wells were transfected with surface and total expression activities measured in 4 wells each 24 hr post 

transfection.  The ratio of surface (unlysed cells) to total (lysed cells) b-lactamase expression was measured for the  b-lac- GluN2A-

T646A  and compared to b-lac-GluN2A-WT.  See PMID 27839871 for further information.

mRNA Injections:  cDNA for the variant receptor GluN2A-T646A was prepared using QuikChange (Stratgene, Inc).  Introduction of 

the variant into the human GluN2A cDNA (RefSeq NM_000833.4) and verified with Sanger sequencing (Eurofins).  The cRNAs for 

GluN2A-T646A or GluN2A-WT (control unmutated receptor) were combined, separately, with human GluN1-WT cRNA and injected 

into stage V and VI oocytes and incubated at 16 C for 2–7 days in Barth’s culture medium containing (in mM): 88 NaCl, 2.4 NaHCO3, 

1 KCl, 0.33 Ca(NO3)2, 0.41 CaCl2, 0.82 MgSO4, and 5 Tris/HCl (pH 7.4).  For experiments, oocytes were removed from the 

incubator and perfused in recording Barth’s solution for two-electrode voltage clamp (TEVC) electrophysiological recordings.  

Conditions for each experiment are below.

L-Glutamate dose response studies:  The Barth’s solution for these studies contained (in mM):  NaCl (90), KCl (1.0), BaCl2 (0.5), 

HEPES (10), and EDTA (0.01), adjusted to pH 7.4 (at 23 degrees C) with NaOH.  The oocyte membrane potential was clamped at -

40 mV.  After a steady baseline was obtained, oocytes were perfused with increasing concentrations of L-glutamate (7 

concentrations selected from 0.01, 0.03, 0.1, 0.3, 1, 3, 10, 30, 100, 300, or 1000 uM) for 1 min duration each in the continuous 

presence of 100 uM glycine.  Results at each L-glutamate concentration were normalized to the maximum receptor activation levels 

(defined as 100%) and the EC50 values obtained by fitting concentration-response data with Equation 1 (below).

Glycine dose response studies:  The Barth’s solution for these studies was the same as for the L-glutamate studies.  Oocyte 

membrane potential was clamped at -40 mV.  After a steady baseline was obtained, oocytes were perfused with increasing 

concentrations of glycine (7 concentrations selected from 0.01, 0.03, 0.1, 0.3, 1, 3, 10, 30, 100, 300, or 1000 uM) for 1 min duration 

each in the continuous presence of 100 uM L-glutamate.  Results at each glycine concentration were normalized to the maximum 

receptor activation levels (defined as 100%) and the EC50 values obtained by fitting concentration-response data with Equation 1 

(below).

Mg
2+

 dose inhibition studies:  The Barth’s solution for Mg
2+

 studies contained (in mM):  NaCl (90), KCl (1.0), BaCl2 (0.5), and 

HEPES (10) adjusted to pH 7.4 (at 23 degrees C) with NaOH.  The oocyte membrane potential was clamped at -60 mV.  After a 

steady baseline was obtained, oocytes were maximally activated with 100 uM L-glutamate and 100 uM glycine and, in the continuous 

presence of maximal L-glutamate and glycine, were perfused with increasing concentrations of Mg
2+

 (3, 10, 30, 100, 300, and 1000 

uM). Results at each Mg2+ concentration were normalized to the maximum receptor activation levels (defined as 100%) and the IC50 

values obtained by fitting concentration-inhibition data with Equation 2 (below).

pH studies:  The Barth’s solution for these studies contained (in mM):  NaCl (90), KCl (1.0), BaCl2 (0.5), HEPES (10), and EDTA 

(0.01), adjusted to either pH 6.8 or pH 7.6 (at 23 degrees C) with HCl or NaOH. The oocyte membrane potential was clamped at -40 

mV.  After a steady baseline was obtained in pH 7.6 recording buffer the oocytes were maximally activated with 100 uM L-glutamate 

and 100 uM glycine in pH 7.6 buffer.  Following a washout period to reestablish baseline, the oocytes were then maximally activated 

with 100 uM L-glutamate and 100 uM glycine in pH 6.8 buffer.   The % current at pH 6.8 was then determined compared to the 

current at H 7.6 (defined as 100%).      

Zn
2+

 dose inhibition studies:  Oocytes expressing recombinant human glutamate receptors are perfused with Barth’s solution 

containing (in mM):  NaCl (90), KCl (1.0), BaCl2 (0.5), Tricine (10), and HEPES (10) adjusted to pH 7.3 (at 23 degrees C) with NaOH.  

The oocyte membrane potential is clamped at -20 mV.  After a steady baseline is obtained, oocytes are maximally activated with 50 

uM L-glutamate and 50 uM glycine, and then in the continuous presence of maximal glutamate and glycine are perfused with 

increasing concentrations of Zn
2+

 (concentration varies depending on the specific receptor and variant tested). Results at each Zn
2+ 

concentration are normalized to the maximum receptor activation levels without Zn
2+

  (defined as 100%) and IC50 values obtained by 

fitting concentration-inhibition data with Equation 2 (below).

Results & 

Interpretation:

Based on the current results from electrophysiological studies described in Methods, the variant GluN2A-T646A, coexpressed with 

GluN1-WT, shows a gain of function effect across multiple studies (assays 1-5) that are designed to report on functional properties of 

the isolated receptor.   However,  additional studies that measure cell surface expression of the receptor (assays 7-8) show a strong 

reduction in protein expression levels.  Therefore the magnitude of the gain of function effects are tempered substantially by the 

observation that the variant receptor expresses poorly in both the surface and total expression studies conducted in HEK cells. The 

GRIN2A-T646A receptor is a dysfunctional receptor but to assign definitively if it is a gain or loss of function is not clearly 

distinguishable with the present data. 
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Equation 2:   Response  =  (100 - minimum) / (1 + ([concentration] / IC50)
nH

 ) + minimum;   where minimum is the residual percent 

response in saturating concentration (constrained to > 0) of the experimental compounds, IC50 is the concentration of antagonist 

that causes half maximal inhibition, and nH is the Hill slope.

Equation 1:  Response = 100  / ( ( 1 + EC50 / [agonist] ) 
nH

 );  where EC50 is the agonist concentration that elicited the half maximal 

response, and nH is the Hill slope. 

Statistical comparisons:  WT vs Variant receptor results were compared using a two-tailed unpaired t-Test (GraphPadPrism 5.0).  

The log values of the IC50's or EC50's were used for comparison.


