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ter, producing acetate and regenerated en- 
zyme. Agents such as parathion (101) and 
sarin (102) have found utility as insecticides 
and nerve gases, respectively, because they re- 
act with the enzyme to form the active-site 
serine-phosphate esters, (103) and (104). 
These esters are hydrolyzed extremely slowly 
by water, making the inhibition effectively ir- 
reversible (i.e., both k-, and k, are very 
small), although the inhibition can be over- 
come with high concentrations of strong nu- 
cleophiles such as hydroxylamine. 

More recently, it has been established that 
inhibitors of acetylcholinesterase may play a 
role in the memory enhancement in patients 
with Alzheimer's disease (217). Unlike (101) 
and (102), carbamate inhibitors such as phy- 
sostigmine (105) and rivastigmine (106) are 
classified as pseudoirreversible inhibitors be- 
cause they react with AcChE to form a car- 
bamylated serine (107). By comparison with 
the serine-phosphate ester, the carbamylated 
serine is rapidly hydrolyzed, thereby regener- 
ating AcChE. For example, reactivation of the 
physostigmine-inactivated enzyme is rapid, 
with a t,,, of less than 40 min (218). Rivastig- 
mine, a more useful therapeutic agent, is con- 
siderably longer acting, with a half-life of more 
than 10 h (217, 219). Overall, for pseudoirre- 
versible inhibitors of this type, the effective- 
ness and duration of the "irreversible" inhibi- 
tion will be controlled by the chemical nature 
of the groups transferred to the active-site nu- 
cleophile, making it readily amenable to ma- 
nipulation. 

In pseudoirreversible inhibitors of the sec- 
ond class, the enzyme is regenerated by the 
inhibitor simply dissociating from the en- 
zyme; that is, the binding is covalent but re- 
versible (k-, * k,). This class can also be ex- 
emplified by an AcChE inhibitor. For example, 
the trifluoromethyl ketone (108) binds to 
AcChE as a slow-binding inhibitor (Section 
2.4.1) with a Ki value of 0.06 nM, and a koff 
value of 6.7 X s-I (220). A linear corre- 
lation was observed between Ki values of a se- 
ries of fluoromethyl ketones and the V,,IKi 
value for the corresponding substrate (220). 
This suggests (127) that the tetrahedral ad- 
duct (log), in effect, mimics the transition 
state (or a high-energy intermediate), thereby 
accounting for the high affinity (Section 

2.5.3). The aMinity of the inhibitor for AcChE 
could be decreased (with a concomitant in- 
crease in the value of k,,), by sequentially re- 
ducing the number of fluorine atoms into the 
methyl group adjacent to the ketone (220). Fi- 
nally, it should be noted that the two classes of 
pseudoirreversible inhibitor can be differenti- 
ated by examining the decomposition products 
of the inhibition reaction. When hydrolysis is 
required for enzyme regeneration, cleavage 
products, such as substituted carbamates, will 
be in evidence. Conversely, the trifluoro- 
methyl ketones will not be broken down by 
AcChE and no decomposition products will be 
observed. 

4 CONCLUSIONS 

Enzyme inhibitors have long played an impor- 
tant role in medicine, pharmacology, and basic 
research. The advances in DNA technology 
have enabled cloning and overexpression of 
large numbers of enzymes, and the ap- 
proaches described in this chapter have al- 
ready led to the development of novel thera- 
peutic agents. However, in the postgenomics 
era, large numbers of new targets have been 
identified. Although the drug discovery pro- 
cess moves toward structure-based drug de- 
sign as its prime tool, even with high-through- 
put crystallography, not all target proteins 
will be readily accessible. The evolution of al- 
gorithms that can predict enzyme function 
and mechanism will ensure that the rational 
design of enzyme inhibitors not only comple- 
ments structure-based approaches but contin- 
ues to play a stand-alone role in the discovery 
of novel therapeutics. 
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