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Changesin the Specificity of Antibodies by the Directed Evolution

M ethod
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Abstract

Antibodies and enzymes are bound to specific
substrates, and are therefore called sensing functional
protein. A technique of changing their specificity
according to the need was required to apply proteinsto
biosensors or catalysts. Consguently, we proposed
two-step strategies for the efficient conversion of the
function of proteins using the directed evolution
method. For amodel case, the specificity for 11-
deoxycortisol of amonoclonal antibody was changed
to the specificity for cortisol (CS), whose structures
were almost identical, with the absence or presence of
ahydroxy group at the 11th carbon of the steroid ring.

ooooo

Antigen specificity of an antibody was determined
primarily by the sequences of the antigen binding
pocket. Asthefirst step, mutations were introduced at
14 amino acid that seemed to form the binding pocket.
A clone, DcC16, was isolated from the resultant
library which shown to have CS-binding activity. As
the second step, mutations were introduced randomly
into the region around the pocket of DcC16 clone to
fine tune the binding pocket, and CS-specific mutants
were selected. Structural models, constructed by
computer simulation, indicated the probable molecular
basis for these changes in specificity.
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Fig. 1  Expression of the Fab on the surface of the

M13 phage.
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Fig. 2  Structure of 11-deoxycortisol and cortisol.
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Table 1 Amino acid sequences of V, CDRs.

Ant i body CDR1
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SCET Vy
Ps Sn Nd Ps Bs
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pelB SCETVH  CH1 pelB SCETVK CK Cpll1(198-406) PA PA

Fig. 3  Schematic representation of the method used for introduction of mutations into three CDRs of the VH gene.
DNA of plasmid pFCA-SCHL, which encoded the mAb SCET, was used as the template. Two PCRs were
performed with primers HISa plus HISb and HI1Sa-1 or -2 plus HIISb-1 or -2. Wavy portions of respective
primers indicate the presence of degenerate codons. After the products of the first PCRs had been
combined, they were subjected to the second PCR with primers HIl1Saand SHBst. Since the products of
the second PCR included fragments in which diversification of CDR2 had not occurred, they were removed
by digestion with Ndel and Pstl. Circlesindicate the positions of Ndel and Pstl sites. Abbreviations: Ps,
Pstl; Sn, Snal; Nd, Ndel; Bs, BstPI; and PA, proteinA.
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Results of the ELISA. Immunoplates were coated with CS-OVA (@) and with 11-DOC-OVA (b).

Samples were the Fab-PP of SCET (e ) and that of DcC16 (m ).
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representative clones. The binding ratio was
defined asfollows:
CS-binding/11-DOC-binding of each clone
CS-binding/11-DOC-binding of DcC16

Each number in parentheses indicates the
number of isolated clones of the particular
type.

1, DcC16-type; 2, cc118-type; 3, cc96-type; 4,
cch53-type; 5 ccl0; 6. cc20.

Fig. 5

Table 2 Amino acid sequences of clonesisolated from
the randomly mutated library.
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Table 3 Kinetic parameters for the association and
dissociation of Fab-PPswith CS(a) and 11-

Position
Number of
30 41 46 50 51 56 64 67 71 72 73 clones

DcCl6 T P E Y | K FLET 2
cc96

ccl18
cch3 -6 Vv - -
ccl0 - - - - M -
cc20 - - - - - - M

- - N
FD

A< <m
Imml
SN e RN

Bars indicate the same amino acids as those in DcC16.
Circles indicate the amino acids at which a silent
mutation was observed.
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DOC(h).
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cc53 1.37+ 0.36 0.90x 0.14 1.49+ 0.17
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ccl18 0.92+ 0.09 1.37+£ 0.09 0.73x 0.04
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Fig. 6  Results of the competition ELISA.

e ,DOCI16; m , cch3; A, cc96; and [0, cc118
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Structural models of Ag-binding pockets complexed with 11-DOC.

Models of complexes of SCET with 11-DOC(a, b) and of DcC16 with 11-DOC (c, d). Inthe CPK(Corey-
Pouling-Keltun) space-filling(a,c), and in backbone and side chain atoms with hydrogen-bond
interactions(b,d). 11-DOC was shown with C atom(light green), O atom(red) and H atom(white). The
hydrogen-bond interactions between Ag-binding pocket and 11-DOC were showen in pink-line with
distance(A) representation, and also interactions among residues were showen in pink-line.

Fig. 8 Structural models of Ag-binding pockets complexed with CS.
Models of complexes of DcC16 with CS (a, b) and of cc53 with CS (c, d).
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