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Assay to Measure Cell Death Mediated by NMDA Receptor
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In this brief report we describe the use of Promega's CytoTox 96® Non-Radioactive Cytotoxicity Assay to accurately and rapidly
measure cell death mediated by transient expression of NMDA receptor subunits following calcium phosphate transfection of
mammalian cells. This convenient method assesses cell death using medium alone and allows biochemical analysis of recombinant
receptors on the same cells used for cytotoxicity measurements.

Over-stimulation of excitatory 1-glutamate transmission has been implicated in neurotoxic lesions causing neuronal loss associated with
brain ischemic damage in stroke, epilepsy and hypoglycemia.

The N-methyl-D-aspartate (NMDA) receptors, a pharmacological subclass of glutamate receptors, are fast-acting, ligand-gated ion
channels which are highly permeable for calcium. Excessive stimulation of NMDA receptors may overload intracellular calcium and
may cause the activation of calcium-activated lipases and proteases, leading to cell death. Five genes, NMDA R1 and NMDA R2A-2D,
(1) encode the subunits of the NMDA receptor, a heteromeric, integral membrane protein. In brain tissue, the subunits probably
assemble as pentamers containing the NMDA R1 subunit with one or several of the R2 subunits.

We expressed different NMDA receptor subunit combinations in HEK 293 cells to determine which subunits coexist in the native
NMDA receptor of the brain and to study their respective properties. Co-expression of NMDA R1 and NMDA R2A subunits led to cell
death following transfection (2). The inclusion of saturating concentrations of NMDA receptor antagonist in the medium, however,
maintained cell viability, indicating that cell death, via activation of cloned and functional NMDA receptors was caused by 1-glutamate
in the medium. We demonstrated that the percentage cell death measured by Trypan Blue exclusion was equivalent to the cell
transfection efficiency (data not shown).

In extending these studies to assess the role of different wild-type and mutant subunit combinations causing cell death, we found the
Trypan Blue exclusion method laborious and of limited accuracy. To overcome these limitations, we have successfully applied
Promega's CytoTox 96® Assay (3,4), which accurately and rapidly measures cell death by quantitating the release of lactate
dehydrogenase (LDH), a stable cytosolic enzyme from lysed cells. Unlike the Trypan Blue assay, the CytoTox 96® Assay assesses cell
death using medium alone and allows biochemical analysis of the recombinant receptors on the same cells used for the cytotoxicity
measurements. The procedure is outlined in the flowchart in Figure 1. Figure 2 presents our results using the CytoTox 96® Non-
Radioactive Cytotoxicity Assay to measure cell death mediated by transfected NMDA receptors.



The Procedure
[reubate HEK 293 ol s binstected with he

Tequired NUDR eecepior ssbunif genes.
ualng cal ol phoaphsts Irarafedion {5)

Btter 3 haurs, colled madom sampls o sasens LDH rdussed
de o oell daat, Contribogz o 4°0 o0 5 minutes, Gl with
medismand Inale f2 5 #Gwdl plels

Azteny madrrum UL achiy by fresceftow g
Iha tmnateched eells onlleding wolumes of the
rasting medum nd pceaaing as abive.

M L DM spananequsty mlsssedfiom cails end eomadd
for phend red and enogenoes LEH geehity Inths serum

The Assay
Fiacanatiza Sudatrate Ml 5onl) and gdd o sach sample
Incubets essay plales Ihzd;lk;n'ﬁﬂm riftesal womismpeue
Rdd Stop S:!lronanora;,:ma.';oma'cm'-‘-?ﬂm
Eublras] baskgound »:Iués";mﬁs.sanu:g:mﬁng;

Dederming % eaid dasth uzing lhe dpmula

Expetmants] LOH refese {00ud

L3 lasdeily =
Ctaaiely Madmum LIH reiease: (00

Figure 1. Procedure to measure cell death mediated by transfected NMDA receptors using the CytoTox 96® Non-
Radioactive Cytotoxicity Assay.
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Figure 2. HEK 293 cells transfected with NMDA receptor wild-type and NMDA R1(N598Q) mutant subunits alone or in
combination and subsequently cultured in the presence or absence of the competitive antagonist, AP5. Media were
collected and cell mortality was determined using the CytoTox 96® Non-Radioactive Cytotoxicity Assay as outlined in Figure 1.
These results show that co-expression of the R1/R2A receptor subtype yields cell death, in contrast to the putative subtype,
R1/R2C. Further, the expression of the mutant RI(N598Q)/R2A, a point mutation known to reduce the calcium permeability of
the channel, results in reduced cell mortality post-transfection. Thus, these results establish a novel means to screen for important
domains with NMDA receptor subtypes. Three separate transfections were performed for each NMDA receptor subunit
combination.

Summary

Using the CytoTox 96® Non-Radioactive Cytotoxicity Assay, we have developed a novel means to study the assembly and properties
of functional NMDA receptors, the co-association of the different subunits and the effect of point mutations on the ability of the cloned
NMDA receptors to flux calcium.
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