
NMDA Receptors and Ethanol: How Alcohol Consumption Affects 

Our Memory and Cognitive Functions at the Molecular Level
Audubon High School SMART Team:

Roberto Arce, Victoria Prokop, Leslie Vela

Advisor: Brian Coffey, Julissa Chavez

Mentor: Robert W. Peoples, Ph.D. 

Marquette University 

Introduction:

Many people have suffered, and 

are currently suffering from 

alcoholism and alcohol abuse. 

Alcoholism and alcohol abuse are 

a big and increasing problem in 

the US, being the third leading 

cause of preventable death each 

year. N-methyl-D-aspartate 

receptors (NMDAR) are ion 

channels responsible for some of 

the effects of ethanol on the 

central nervous system. Studying 

the effect of ethanol on NMDARs 

is important because we can 

determine the physiological 

consequences of alcoholism and 

alcohol abuse. This research may 

help us find ways to minimize the 

effects of ethanol on the NMDARs 

and reduce the issues associated 

with alcoholism and alcohol 

abuse.

The M domains of the NMDA receptor 

contain sites of alcohol action
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Mutations at GluN2B M3 and 

M4 residues change ethanol 

sensitivity

Summary:
NMDARs are important targets of 

alcohol action in the brain

Understanding how alcohol acts on 

NMDARs may improve treatment of 

alcoholism and alcohol abuse

ÅNMDARs are important for cognitive 

functions, memory, and motor coordination

ÅNMDARs have two subunits, GluN1 and 

GluN2

ÅThe M domains are the parts of the protein 

in the cell membrane 
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NMDA receptors are important for 

information processing in the brain, 

and this is disrupted by alcohol

The brain contains a network of neurons, or 

nerve cells

Neurons communicate in the brain mainly 

via chemical synapses

1. When neuron 1 is excited, an action potential invades the synaptic 

terminal, causing release of glutamate from vesicles 

2. The glutamate rapidly diffuses across the synaptic cleft and binds to 

specific receptors on neuron 2, including NMDA receptors

3. The glutamate receptors allow sodium and calcium ions to enter, 

causing depolarization and excitation

4. If the excitation is strong enough (above the threshold), it will fire an 

action potential in neuron 2, sending the signal on to other neurons 

5. Alcohol inhibition of NMDARs causes fewer sodium and calcium 

ions to enter, causing less depolarization and excitation

In the presence of alcohol, the excitation may not be strong enough 

to fire an action potential in neuron 2

6. If this happens, the signal is not transmitted to other neurons 
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Average values of ethanol concentration causing half-maximal inhibition

(IC50) of glutamate-activated current in cells expressing wild-type GluN2B

or GluN2B mutant subunits. Higher bars indicate lower alcohol sensitivity.

Open bars show values in alanine (Ala) substitution mutants, and cross-

hatched bars show values in tryptophan (Trp) substitution mutants. IC50

values that are different from the value for the wild-type receptor are

indicated by asterisks (*P < 0.05; **P < 0.01; ANOVA and Dunnett's

test). Results are means ± S.E of 5 ± 7 cells. From Zhao et al. (2015).
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