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Conclusion

that a 7:9 ratio of  enzyme to phosphate buffer was the best fit. With knowledge 
that specific reactivators inhibit AChE at high concentrations, enzyme controls 
were subsequently built into the plate by reducing the number of  concentrations 
from eleven to five.
Developed Assay Protocol:

To conduct the reactivation assay, human AChE aliquots were first prepared 
according to inhibition status (two uninhibited (APO) and two inhibited (X)). The 
enzyme aliquots were then incubated with sarin (GB) and phosphate buffer for 10 
minutes to achieve ≥95% inhibition. The samples were then run through 
CentriSep size exclusion columns in order to remove any excess agent, then 
columns were centrifuged. The uninhibited enzyme and inhibited enzyme were 
placed in adjacent wells of  a deep well plate, then five dilutions of  the enzyme 
were performed, in order to compare enzyme activity across multiple dilutions. A 
buffer control was built in at each dilution to account for background activity.  
Next, the enzyme was mixed with reactivator (2PAM) at 100 μM. Enzyme activity 
at 412 nm was measured by a spectrophotometer using Ellman's reagent (1 mM
acetylthiocholine and 2 mM dithiobisnitrobenzoic acid (DTNB)). This substrate 
was added to the enzyme and activity was measured over several timepoints. 
Assays were analyzed in SoftMax, Excel, then Prism. Figure 2 represents how 
these analyses provided constant values for kobs (observed rate), kr (reactivation 
rate), KD (reactivator binding constant), and kr2 (overall reactivation rate).

Results 
The use of  organophosphorus nerve agents are an increasing threat in 

chemical warfare. When nerve agent enters the body upon exposure, it 
irreversibly binds to acetylcholinesterase (AChE), an enzyme that breaks 
down the neurotransmitter acetylcholine (ACh) in the body. This leads to 
a buildup of  ACh in the synaptic cleft, causing a systemic cholinergic 
crisis that clinically manifests as continuing muscle contractions, seizures 
and eventually death (Cadieux et al., 2016). The standard treatment of  
nerve agent intoxication as approved by the Food and Drug 
Administration (FDA) is a mixture of  atropine, diazepam and the 
reactivator (Z)-2-((hydroxyamino)methyl)-1-methylpyridin-1-ium 
(2PAM). 2PAM, seen in Figure 1, reactivates inhibited AChE by reversing 
nerve agent inhibited-AChE thus freeing AChE to continue hydrolyzing 
ACh and thereby treating the cause of  intoxication (Worek et al., 2002). 

This combination is effective in 
treating the peripheral symptoms of  
nerve agent intoxication and in 
reactivating inhibited However, it has 
its limitations. For example, 2PAM 
cannot permeate the blood-brain 
barrier to reach critical nerve 
junctions in the brain. As a result, 
further studies are being conducted 
with different reactivators. Currently, 
absolute reactivator concentration is 
emphasized during in vitro evaluations 

of  nerve agent-inhibited AChE. This assumption is based upon the 
oxime-mediated reactivation mechanism, but novel non-oxime 
reactivators may not utilize similar mechanisms. This project aimed to 
develop an assay that evaluated the importance of  the reactivator-enzyme 
concentration ratio. By comparing the reactivation potential of  several 
reactivators at various concentration ratios it will help to  elucidate 
important biochemical characteristics that inform how to dose victims 
during the treatment of  nerve agent intoxication. 

groups. The correlation test shows the association between the 
concentration groups as seen in Graph 1. 

Assay Development:
Full reactivation assays currently emphasize an absolute reactivator 

concentration. Modifications were made to the current assay design, in 
order to develop an assay that compares the enzyme to reactivator ratio. 
First, the layout of  the deep well plate in which the enzyme would be 
diluted was configured. Next, various dilution series were tested to 
identify the optimal dilution series for the new assay; it was determined

The purpose of  this project was to develop an assay in order to 
explore the effect of  the ratio of  AChE to 2PAM. This showed no effect 
on the overall reactivation rate constants. There appeared to be no 
statistically significant differences between the kobs values at varying 
AChE concentrations, which suggests that the enzyme-reactivator ratio 
does not affect reactivation. 

This could lead to show that non-oxime reactivators may utilize 
different mechanisms. Understanding the mechanisms of  how different 
reactivators function with various nerve agent could have further 
implications on the treatment of  those affected with nerve agent 
intoxication. Future studies utilizing this assay could help guide treatment 
plans to those who have been intoxicated with nerve agent and 
determine the dosage of  their treatment. 
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The values of  kobs were found within each of  five concentration and were 
tested for significance using a one-way ANOVA test. Triplicates of  each assay 
were performed, and the kobs values found at each concentration were compared 
with the triplicate matches. The p-value was 0.24, suggesting no statistical 
differences between the kobs values throughout the concentrations. This result 
indicates that the differences between the various concentrations of  enzyme is 
not statistically significant. A correlation test was run to compare the similarities 
of  the ANOVA values between the triplicate of  assays. The p-value, which was 
greater than 0.05, suggested no significant difference in kobs values between 

Figure 2 (above): This equation displays the scheme of  reactivation kinetics occurring in the reaction 
during a reactivation kinetics assay. KD represents the binding of  2PAM, this complex of  AChE, 
2PAM, and GB form a complete unit before the 2PAM performs reactivation. This allows the 
AChE to be freed and continue hydrolyzing Ach.

Graph 1 (above): This correlation graph represents the various tests and their values 
plotted by concentration. There is no significant correlation between the reactivation of  
inhibited AChE and the enzyme-reactivator ratio. This indicates that as the enzyme 
concentration levels decrease, the activity per ratio remains constant, and that the ratio has 
no affect on how reactivation of  GB inhibited AChE by 2PAM works.
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Figure 1 (above): This is the chemical 
structure of  the oxime reactivator being 
tested, 2PAM. An oxime reactivator has a 
hydroxyl group bonded to a carbon atom. 
The structure of  the reactivator strongly 
affects the interactions between reactivator 
and enzyme during reactivation.
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