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Design of a Novel Antibody by a Computational Method

Kenji TOKUHISA

Antibody mutants have been designed by using a simple and time-saving computational method,

where the amino acid sequences with a high specific affinity to a target antigen are taken into account.

Transformation of the anti-hen egg lysozyme (HEWL) antibody (HyHEL10) into the anti-human

lysozyme (HLZM) antibody has been made by protein engineering, three residues Tyr53, Ser54 and

Ser56 on the heavy chain complementarity determining region 2 (CDR-H2) being mutated in a

computer.

Total 36 candidates out of 8,000 possible HyHEL10 mutants are nominated for the

anti-HLZM antibody by evaluating the characteristic energy of each modeled HLZM : HyHEL10

mutant complexes. The designed antibody mutants recognized well the target antigen, HLZM, in the

experiments and showed higher affinity to HLZM than the mutants selected from the mutant library

constructed by a phage display system. This study strongly suggests possibility of applying protein

engineering to the creation of a designed antibody against an arbitrary antigen.
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Fig. 1 The partial structure of the HEWL : HyHEL10 complex.

The C1, 1 and Cgl domains of HyHEL10 are deleted. The molecule of HEWL is shown in the
upper side, VI, in the lower left side and Vi in the lower right side.
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Fig. 2 The superposition of the molecule of HLZM on the molecule of

HEWL in the complex.

The molecule of HEWL is shown in dark gray and that of HLZM in light gray. The molecule
of HyHEL10 is deleted. The structure of HLZM is crystallographycally re—refined at 1.5A
resolution.
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Fig. 3 The structural difference of HLZM and HEWL in the complex.

The super-imposed structures same as Fig. 2 are magnified around CDR-H 2 . The molecule
of HEWL is shown in dark gray and that of HLZM in light gray in the upper side. The
molecule of HYyHEL10 is shown in dark gray in the lower side. CDR-H 2 and closed loops of
lysozymes are drown as thick sticks. Glyl01 of HEWL is replaced by Prol03 of HLZM. There
are many short contacts between the Prol03 side chain atoms and the side chain atoms of

Ser52 and Ser56 of CDR-H?2 .
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Table 1 Simulated Annealing Conditions

Time step
Dielectric constant
Handling of polar residues

Long-range interaction

1fs
e=eor(e,=4)
not charged

a switch smoothing function

(invoked at 11A and turned off at 14A)

Protocol for the structure optimization by Molecular Dynamics

Stage Steps Temperature (K]

Fast heating 400 0~400 (linear) |
Equilibration 5000 400 (const.) |
Slow cooling 10000 400~0 (linear) |

A steepest descents minimization with 100 steps was performed to removed
bad collisions in the complex structures before MD. |

(31)
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Fig. 4 The optimized CDR-H 2 loop of the virtual HLZM : HyHEL10 complex.

The molecules are at same positions in Fig.3. There are unrealistic structures in
HEWL : HyHEL10 complex. The peptide bond between Tyr53 and Ser54 of CDR-H2 was
turned and the loop structure was optimized. The HLZM molecule was super—imposed on the
HEWL molecule and replaced, thus the initial structure of HLZM : HyHEL10 complex was
obtained. After the succeeding optimization of CDR-H 2, the loop structure was opened in
order to release the collisions against the molecule of HLZM.
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Fig. 5 The optimized conformation of Glu53 by one point mutation in
the virtual HLZM : HyHEL10 complex.

HLZM in yellow, Vi in light green, Vy in blue and Glu53 in magenta. Tyr53 on CDR-H2 was
mutated to Glu. Only Glu53 was optimized and other regions of complex were fixed. Throughout
the modeling of HLZM : HyHEL10 mutant complexes, this conformation was used as a fragment
structure of Glu53. In a similar manner, 60 fragments (3 residuesX20amino acids) were
prepared.
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Fig. 6 The modeled structure of the HLZM : HyHEL10 mutana complex.

This figure shows the model structure of the Tyr53Glu/Ser54Lys/Ser56Arg mutant that was
expected to be one of the most probable anti-HLZM antibodies. The residues at site 53
(magenta), 54 (white), and 56 (red) were replaced by the amino acid fragment structures that
were prepared from the amino acid optimized conformations at those site.
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Fig. 7 Distribution of the Characteristic Energy in the HLZM : HyHEL10 mutants.

The histograms are the distribution of the possible 8000 mutants. There are two distribution
peaks in the energies of the possible mutants. The minor peak represents the mutants which
include the Pro at the site 56. (Fig.10)

350

300 |

-~ Lok Number of Mutants
(each group)

Ser| t 50
0

200

150

100 [

50

| III Ala
Energy Value

-20 -10 0 10 [kcal/mol])

Fig. 8 Distribution of the Characteristic Energy in the group of mutants at site 53.

The black histograms on the lines are the distribution of the 400 (=20X 20) mutants in which
the amino acid at the mutation site 53 are fixed. The fixed amino acids are described along the
lines.
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Fig. 9 Distribution of the Characteristic Energy in the group of mutants at site 54.

The black histograms on the lines are the distribution of the 400 (=20X%20) mutants in which
the amino acid at the mutation site 54 are fixed. The fixed amino acids are described along the

lines.
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Fig.10 Distribution of the Characteristic Energy in the group of mutants at site 56.

The black histograms on the lines are the distribution of the 400 (=20x%20) mutants in which
the amino acid at the mutation site 56 are fixed. The fixed amino acids are described along the
lines. The distribution of the group fixed Pro is far from the other amino acids. The main

chain conformations cannot allow Pro at the site.
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Table 2 The Optimal Amino Acids in the Mutated Sites

statistical parameters (kcal/mol)

Amino standard

site Acid mean median deviation
Vy 53 Glu —60.65 —61.22 3.22
Gln —59.56 —60.19 3.20
Lys —58.18 —58.66 3.23
Trp —56.63 —57.09 3.36
Vy: 54 Lys —56.88 —b57.05 4.69
Trp —55.50 —55.55 4.73
Tyr —55.49 —55.63 4.69
Vit 56 Arg —57.22 —57.40 4.71
Tyr —b55.44 —55.66 4.73
Leu —54.76 —54.89 4.74
All mutants —53.03 —53.38 5.29

The replacement to Pro introduced serious strain at a certain
residue in this method. The energy of the mutants, Pro53 and
Pro54, could be corrected, but that of Pro56 could not. The
amino acid sequences contained Pro56, therefore, were excluded
from the 8000 amino acid sequences.

Table 3 The Mutants Selected as the Candidates for anti-HLZM Antibody

Ech Ech
mutant Ckea/mol) rank mutant (kea/mol) rank
EKR —68.75 1 KKY —64.45 51
QKR —67.71 2 QWY —64.38 55
EWR —67.25 3 QYY —64.29 63
EYR —67.22 4 QWL —63.75 87
EKY —66.94 5 WWR —63.68 91
KKR —66.26 8 QYL —63.66 92
QWR —66.22 9 KKL —63.63 96
EKL —66.16 10 WKY —63.46 109
QYR —66.08 11 KYY —63.15 138
QKY —65.82 14 KWY —63.12 142
EYY —65.51 21 WYR —63.11 143
EWY —65.49 22 WKL —62.57 195
WKR —65.24 25 KYL —62.42 218
QKL —65.09 28 KWL —62.40 219
KWR —64.87 35 WWY —61.96 294
KYR —64.85 36 WYY —61.43 385
EYL —64.82 38 WWL —61.17 437
EWL —64.81 39 WYL —60.64 550

The mutants are described by one letter amino acid codes for the
residues of 53, 54, and 56. The estimated affinity of the HLZM :
HyHEL10 mutant complex models was ranked by their characteristic
energy (Ech).
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Table4 The Kinetic Parameters of the Interactions between
Human Lysozyme and the Selected HyHEL10 Mutants

kass kdiss Ka
mutant rank (X10*M-1s~') [x10-%s~'] [X107M ')
EKR 1 1.7+0.2 1.440.1 1.2 £0.1
EWR 3 N.D. N.D.
EYR 4 22 +1.3 0.4+0.1 51 2.5
EKY 5 2.7+£0.2 3.5+0.2 0.78+0.2
EFR 6 5.3%+0.2 3.6+0.2 1.5 £0.2
KKR 8 N.D. N.D.
EKL 10 1.44+0.2 7.1+2.3 0.20%+0.1
ERR 12 4.2+0.7 7.7+2.4 0.55+0.3
EKF 13 1.240.3 5.0+3.4 0.24+0.1
YSS 2370 <0.01
RWR 1715 =0.01

The biochemical experiments were performed by K. Tsumoto, Y. Nishimiya, I.
Kumagai et al of Tohoku Univ.. The mutants are described by one letter amino acid
codes for the residues of 53, 54, and 56. The mutants of YSS and PWR amino acid
sequences are the wild type, anti-HEWL antibody, and the anti-HLZM antibody
selected by a phage display system, respectively.
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Table 5 Estimated Specificity of the Mutants

mutant Ka[X10"M™ ') A Ech [kca/mol)
EKR 1.2 0.1 —20.60
EWR N.D. —1.96
EYR 51 +2.5 —2.11
EKY 0.78%+0.2 —3.83
EFR 1.5 £0.2 —3.44
KKR N.D. —6.57
EKL 0.20+0.1 —21.71
ERR 0.55+0.3 —20.21
EKF 0.24%+0.1 —18.60
YSS <0.01 11.00
PWR =0.01 —6.31

The biochemical experiments were performed by K. Tsumoto, Y. Nishimiya, I.
Kumagai et al of Tohoku Univ.. The mutants are described by one letter amino acid
codes for the residues of 53, 54, and 56. The mutants of YSS and PWR amino acid
sequences are the wild type, anti-HEWL antibody, and the anti-HLZM antibody
selected by a phage display system, respectively. The mutants than have low A FEch
are the candidates for specific anti-HLZM antibodies. In contrast, the mutants that
have high A Ech are the candidates for specific anti-HEWL antibodies.
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