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The ReacTion
An enzyme normally binds a reactant in its active site  1    to accelerate the reactant’s conversion 
into a product 3  . That timescale during which bonds are broken to form a product—the so-called 
transition state—occurs over the span of several femtoseconds 2  . We decided to design a mimic for 
the transition state of the enzyme purine nucleoside phosphorylase (PNP), because it is involved in 
keeping T cells alive. If we could inhibit this enzyme using a transition-state analog, we could perhaps 
halt the runaway replication of T cells that occurs in leukemia 4  . 

inhiBiTinG The ReacTion
We first defined the transition-
state structure of PNP, and 
then created a mimic 1   of that 
structure that would be able 
to bind the enzyme millions 
of times more strongly than 
the reactant  because bond-
breaking forces are converted to 
binding energy 2  . With help 
from our collaborators in New 
Zealand who synthesized the 
transition-state analog called 
immucillin-H, we were able to 
successfully block PNP’s 
activity for the lifetime 
of the cell 3  . The 
transition-state 
mimic is now 
in clinical 
trials for the 
treatment of 
several forms 
of leukemia. 

 

DeSiGninG TRanSiTion-STaTe inhiBiToRS
A transition-state mimic has the power to bind an enzyme at its tipping point as strongly as any 
available inhibitor and more strongly than most, preventing enzymatic activity. In order to replicate the 
structure of an enzyme’s transition state, which only lasts a few femtoseconds, we use computational 
and experimental methods to reveal the shape, atom by atom.
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