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❑ Cholinesterases are covalently inhibited by 

organophosphorus (OP) compounds used 

as  pesticides and chemical warfare 

agents.

❑ Inhibition of acetylcholinesterase (AChE) 

can lead to cholinergic crisis and death.

❑ Butyrylcholinesterase (BChE) is a non-

essential cholinesterase naturally found in 

the body capable of stoichiometrically

scavenging OP compounds.

❑ Upon AChE/BChE inhibition, a second 

spontaneous O-dealkylation event known 

as aging occurs that is recalcitrant to 

reactivation by pyridinium oximes.

❑ Quinone methide precursors (QMPs) have 

previously been shown to reactivate OP-

inhibited and OP-aged AChE, and here are 

being tested against BChE.1
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Resurrection of OP-Aged BChE

❑ QMPs screened for resurrection

❑ Resurrection of methylphosphonate-aged human plasma-

derived BChE after 24 hours with 1 mM QMP at pH 7.5

❑ Resurrection of 

methylphosphonate-

aged BChE after 24 

hours at varying 

concentrations of 

14a

❑ Dashed line 

represents 2-PAM 

activity

❑ QMPs screened for reactivation

❑ OP compounds tested

❑ Reactivation of VXcoum-inhibited (A), GFcoum-inhibited (B), and VRNPh-inhibited (C) 

human plasma-derived BChE after 1 hour with 250 µM QMP at pH 7.5 and 37 °C
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❑ Authentic nerve 

agents

❑ Surrogate OP 

compounds

❑ BChE serine 

modification

2b
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Conclusions

Reactivation

❑ Multiple QMPs show more efficient reactivation of OP-inhibited 

BChE than current therapeutics (such as, 2-PAM).

❑ Notably, 2b shows broad activity against all three OP 

compounds and 4e is very effective against the VR surrogate.

❑ The extended and larger amine at the 4-position may improve 

reactivation compared to ADOC due to the larger active site of 

BChE.

Resurrection

❑ Best resurrection is observed with smaller NMe2 amines.

❑ Resurrection only observed with large 6-alkoxy substituent.

potential position to 

improve binding

free hydroxyl for 

nucleophilic reactivation

amine leaving group to 

provide affinity and allow 

for QM formation
good electrophile for 

realkylation

QMP QM

❑ Linear fit to determine the kobs

of 2b at various concentration

❑ Michaelis-Menten curve of 

2b to determine kr and Kd

𝑘𝑜𝑏𝑠 =
𝑘𝑟[𝑄𝑀𝑃]

𝐾𝑑 + [𝑄𝑀𝑃]
ln

𝑣𝑝𝑜𝑠 − 𝑣𝑛𝑒𝑔

𝑣𝑝𝑜𝑠 − 𝑣𝑡
= 𝑘𝑜𝑏𝑠 𝑡

kr (min-1) Kd (µM) kr2 (min-1 mM-1)

OP VXcoum GFcoum VRNPh VXcoum GFcoum VRNPh VXcoum GFcoum VRNPh

1a 0.061 -a 0.340 2394 >10,000 323 0.025 -a 1.04

1d 0.055 0.169 0.677 540 2901 212 0.102 0.058 3.20

2a 0.027 0.107 0.561 1289 4456 858 0.021 0.024 0.653

2b 0.038 0.100 0.370 363 847 115 0.106 0.118 3.22

2d 0.020 0.033 0.239 497 853 137 0.039 0.038 1.74

3a 0.038 0.096 0.583 1053 3107 291 0.036 0.031 2.00

3e 0.065 -a 0.584 1011 >10,000 86 0.065 -a 6.77

4a 0.011 0.060 0.516 746 5163 676 0.014 0.011 0.763

4e 0.082 0.070 0.663 832 3385 79 0.098 0.021 8.35

ADOC 0.002 -a 0.199 -b -a 1798 -b -a 0.111

2-PAM 0.036 0.051 0.088 522 2451 1084 0.068 0.021 0.081

❑ Kinetic constants 

for top 

performing QMPs

❑ kr2 is equal to kr

divided by the Kd

❑ All values are 

averages of 2 

replicates.
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-a: Could not be determined due to poor curve fitting
-b: Could not be determined due to minimal reactivation
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❑ Reactivation follows pseudo 

first-order kinetics. EP 

represents phosphylated 

BChE.2
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