
Perfusion with ACh and MMB4 revealed concentration-dependent 
antagonistic effects of  MMB4 on ACh-elicited α7 nAChR currents 
(Graphs 1 & 2). Ten percent trim means were used for both data 
analyses (n ≥ 10). Statistical significances were determined by one-way 
ANOVA with Dunnett’s post-hoc test. Differences among means were 
considered significant at * p < 0.05, *** p < 0.001, and **** p < 0.0001.

Confocal microscopy demonstrated expression of  mouse α7 nAChR and 
human NACHO in transfected HEK293 cells. Cells were visualized using  
phalloidin to demonstrate expression of  actin, alpha-bungarotoxin to 
demonstrate expression of  mouse α7 nAChR, and a specific antibody, TMEM, 
to demonstrate expression of  human NACHO (Figure 2).

Whole-cell patch-clamp electrophysiology was used to measure ACh-
evoked currents in the absence or presence of  MMB4 (Figure 1). Recording 
buffers were used during whole-cell patch-clamp electrophysiology in order to 
keep the cells functioning normally. At least ten recordings were collected for 
each condition. After whole-cell patch-clamping, cells were fixed for 
immunocytochemistry to validate the expression of  transfected proteins.
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Introduction
Nerve-elicited muscle contraction drives skeletal muscle function, 

including respiration. Motor nerve terminals release acetylcholine (ACh) 
into the neuromuscular junction in response to central nervous system 
signals. Activation of  nicotinic acetylcholine receptors (nAChR) on 
muscle cell membranes by ACh initiates muscle contraction. Muscle 
contraction stops once acetylcholinesterase (AChE) hydrolyzes the 
released ACh. Organophosphates such as sarin and soman are nerve 
agents that block the ability of  AChE to hydrolyze ACh, causing 
sustained activation of  nAChRs and prolonged muscle contraction that 
results in death when it impacts respiratory muscles. Nerve agents have 
been utilized as weapons against both military and civilian populations 
(Sidell, 1992).

Oximes, a group of  nitrogen-containing organic compounds, disrupt 
the interaction between organophosphates and AChE, allowing for the 
restoration of  AChE activity. If  administered in time, oximes are able to 
reverse the effects of  organophosphates on muscle function. However, 
oximes are structurally similar to ACh and, at high doses, have the 
potential to interfere with nAChRs. The McNutt lab has recently found 
that the oxime 1,1'-Methylenebis(4-formylpyridinium) dibromide 
dioxime (MMB4) directly antagonizes the function of  nAChRs 
expressed on muscle cells.

The overall goal of  this project was to analyze the effect of  MMB4 
on the function of  other types of  peripherally expressed nAChRs. This 
study was to compare dose-dependent effects of  MMB4 on ACh-evoked 
currents in human embryonic kidney 293 (HEK293) cells transfected to 
express mouse α7 nAChR. Due to the fact that α7 nAChR is expressed 
in a variety of  cells and has multiple cellular functions, MMB4 
antagonism of  α7 nAChR was expected to have broadly disruptive 
effects on physiology.

Materials and Methods
Escherichia coli was transformed with DNA plasmids encoding human 

α7 nAChR, mouse α7 nAChR, or NACHO proteins. Plasmids were 
purified, and introduced into immortalized human embryonic kidney 
cells (HEK293 cells) using liposome-mediated transfection. Because 
nAChRs are poorly expressed in 293HEK cells, the nAChR chaperone 
human transmembrane protein 53 (NACHO) was added to facilitate 
expression (Matta et al., 2017). Transfected HEK293 cells were passaged 
24 hours after transfection and analyzed at 48 hours after transfection. 
Naïve HEK293 cells were continuously maintained throughout the 
duration of  the project.

Materials and Methods (cont.)

Results

Figure 2 (right): 
Confirmation of  
mouse α7 nAChR 
and human 
NACHO 
expression using 
fluorescent 
microscopy. 
Phalloidin was 
displayed in green, 
alpha-
bungarotoxin in 
yellow, and 
TMEM in blue. 
Mouse α7 nAChR 
was present only 
when α7 nAChR 
and NACHO were 
combined during 
transfection.

Confocal microscopy confirmed that both α7 nAChR and NACHO 
were expressed in transfected 293HEK cells. After confirming that co-
expression of  NACHO and α7 nAChR were sufficient to produce 
whole-cell currents following ACh perfusion, it was found that MMB4 
antagonized ACh-elicited α7 nAChR currents in a concentration-
dependent manner.

Further studies should focus on the effects of  MMB4 and other 
oximes on α7 and other nAChRs involved in neuromuscular function, 
such as α3β2. As the effects of  high doses of  oximes on the human 
body are still widely unknown, this research gives more insight into their 
benefits and drawbacks and informs selection of  nerve agent antidotes.

Results (cont.)

Conclusion
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Graph 1 (Upper left): Evoked mouse α7 nAChR currents in transfected and control 
HEK293 cells perfused by 1 mM ACh.
Graph 2 (Upper right): MMB4 dose response on mouse α7 nAChR and NACHO 
perfused by 1 mM ACh.
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Figure 1 (left): 
Representation of  
whole-cell patch 
clamp 
electrophysiology 
technique. Glass 
micropipettes were 
filled with 
293HEK 
intracellular 
recording buffer 
and dipped in 
Sigmacote®.
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