simply co-opt the immune system to generate a highly
selective natural host in the form of an antibody com-
bining site. To generate a selective catalyst rather than
a selective receptor, stable transition-state analogues
(rather than substrates) were used as antigens on the

basis of the Pauling notion that enzymes evolve maxi-
mum binding affinity to the transition state of a reac-
tion. The early experiments by Lerner and co-workers
and in our own laboratory involved the generation of
esterolytic antibodies using phosphonate/phosphate
transition-state analogues. Other approaches have
since been developed to generate catalytic antibod-
ies, including covalent catalysis, proximity effects, and
general acid-base catalysis (thereby allowing us to
dissect the contribution of each of these factors to
biological catalysis). Using these approaches, antibod-

ies have been generated that catalyze a wide array of
chemical reactions, from acyl transfer and redox reac-
tions to pericyclic and photochemical reactions with
specificities and, in some cases, rates rivaling those
of enzymes.

The detailed characterization of the immunological
evolution, three-dimensional structures, and mecha-
nisms of catalytic antibodies has also helped to dissect
and quantify the relationship between binding energy
and catalysis in the evolution of catalytic function.
Indeed the use of transition-state analogues to elicit
catalytic antibodies provided “proof by synthesis” of
the Pauling notion of enzymatic catalysis. In another
example, a “ferrochelatase” antibody, which catalyzes
the efficient insertion of metal ions into porphyrin
(the last step in heme biosynthesis), was generated




