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Directed Evolution of Antibody Molecules in Phage-displayed Combinatorial Libraries
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Advances in methods for conformational prediction, structural analysis and site-directed mutagenesis of proteins
and peptides have contributed to the understanding of their structure and function. However, with the exception of a
few successes, the generation of practical functional molecules solely by rational design remains a difficult challenge. The
aim of our study is to investigate molecular design relying on evolutionary processes, called as ‘‘directed evolution’’, to
generate a novel class of biofunctional molecules. This evolutionary approach consists of three steps; 1) constructions
of protein/peptide libraries based on structural information, 2) expressions of the libraries on phage particles, and 3)
selections with investigator-imposed selective pressures. In this work, we study on directed evolution with antibody libra-
ries. We have succeeded in generating highly active catalytic antibodies in phage-displayed antibody (Fab) libraries. To
evolve catalytic antibodies toward higher catalytic activity, we have mimicked an enzyme-evolutional process, in which
an enzyme has evolved their ability to use binding energies for catalysis by increasing the affinity for the transition state
of a reaction and decreasing the affinity for the ground state. Thus, phage-displayed libraries derived from an original
catalytic antiboby were selected against a newly-devised TSA, which was programmed to optimize the differential affinity
for the transition state relative to the ground state, to provide variants with improved reaction rates (k). The in vitro
evolution has great potential for generating novel catalysts as well as for providing opportunities to examine the evolu-
tionary dynamics of enzymes.

Key words——antibody; catalytic antibody; directed evolution; phage-displayed library; transition-state analog;
hydrolysis
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Fig. 1. Molecular Mechanism of Antibody Evolution
Upper: immune system, lower: phage-displayed antibody system.
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Fig. 2. Resemblance of Molecular Evolution Between Natural Enzymes and Antibodies
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Fig. 5. Prodrug Activation by Catalytic Antibodies

Table 1. Kinetic Parameters of Catalytic Antibodies Generated against a Single Transition-state Analog
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Fig. 6. Transition-state Analysis of Catalytic Antibodies
Correlation between rate enhancement and binding affinity for transition-state analog.
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Table 2. Amino Acid Sequence, Catalytic Activity, and Binding Affinity of Evolved Catalytic Antibodies in Phage-displayed Libra-
ries

Sequences (LCDR1) K Krsn ke K,/

Abs Kear m
24 25 26 27 a b ¢ d e 28 29 30 31 32 33 34  (minh) (um) (M) Kuncar Krsa

8Ha R S S Q P L VHYNUGE V Y L D 1.358+£0.09 367.5:484 29.0 9,841 12,672
8Hf R S S Q P I VH Y NG G I Y L D 2264+0.275 141.5+41.8 8.8 16,406 16,080
8Hg R S S Q P I VHYNUGD I Y L D 2593+0.152 283.5+31.0 12.6 18,791 22,500
8Hh R S S Q PV VHYNUGE V Y L D 0.760+0.044 154.6+21.0 40.1 5,507 3,855
6D9

Wild R S S Q T I VH S NGDT Y L D 0.129+0.006 61.4+ 84 68.5 935 896

type)
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