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The relation between domain structures of
recombinant monoclonal antibody frag-
ments and their reaction kinetics was stud-
ied for the first time using a novel biosen-
sor based on surface plasmon resonance
technology. The association and dissocia-
tion rate constants of Fab, Fv and single
domzin (VH fragment) anti-lysozyme an-
tibod: :» were determined and compared
to the intact monoclonal antibody. Fab and
Fv fragments showed similar reaction ki-
netics and had affinity constants of 6 x 10°
M~ ! and 25 x 10° M~', respectively. The
single domain antibody had significantly
different reaction kinetics compared to the
fragments consisting of paired heavy and
light chain domains. The VH domain had
both a higher dissociation and a lower
association rate constant, which resulted
in an affinity constant approximately 250
times lower than the Fab fragment. This
rapid evaluation of antibody reaction ki-
netics should prove to be an important
selection parameter when comparing anti-
body fragments for their utility in thera-
peutic or other applications.

ntibody association rate constants were re-

cently suggested to be an important factor in

the antigen-dependent mutational “fine-tun-

ing” of the structural antibody repertoire’.
This indicates a biological significance of kinetic parame-
ters in the antibody-antigen interactions during an im-
mune response, which would also have implications when
constructing designer antibodies using bacterial expres-
sion systemsZ. Since these recombinant antibody frag-
ments are potentially important tools for in vive diagnosis
and therapy of human disease?, we have undertaken
kinetic measurements on the interactions between recom-
binant fragments (Fab, Fv and single domain antibody
(VH)) and the relevant antigen.

In this study we have determined the association/disso-
ciation rate constants and affinity constants for the intact
anti-hen egg lysozyme D1.3 monoclonal antibody, and its
recombinant fragments®, using a novel and very rapid
biosensor technology*®. The association and dissociation
rate constants differed significantly between antibody
fragments consisting of paired VH and VL. domains (Fv
and Fab) as compared with single VH domain fragments.
This indicates an important role of the light chain variable

domain when constructing recombinant antibody frag-
ments for therapeutic applications.

RESULTS AND DISCUSSION

The three-dimensional structure of the Fab D1.3 mono-
clonal antibody bound to its antigen lysozyme was recentlby
determined by x-ray diffraction at 2.5-A resolution®.
Twelve lysozyme residues made contact with the antibody
combining site, involving six VL residues and seven VH
residues. Thus, recombinant fragments consisting of
paired domains, such as Fab and Fv, should be able to
bind to lysozyme in a way similar to the intact DI1.3
monoclonal antibody, but the single domain VH antibody
fragment would have fewer contact points with the anti-
gen.

To investigate the effect of antibody domain structure
on the binding kinetics of the antigen interaction, we
studied the reaction of the relevant antibody fragments
with immobilized lysozyme using a biosensor based on
surface plasmon resonance. The relative responses of the
intact monoclonal D1.3 antibody and its antibody frag-
ments were plotted against time as shown on the overlaid
plot in Figure 1. From the slopes of these curves we can
draw several conclusions regarding the association and
dissociation rate constants for the binding of lysozyme to
each of the molecules. The Fab and Fv fragments bind
significantly more quickly compared to the VH single
domain fragment. The recombinant Fab fragment associ-
ated with the highest rate followed by Fv, intact antibody
and VH. The intact D1.3 monoclonal antibody had an
association rate constant (k,,) of 0.3 x 10° M~'s7!,
whereas the Fab, Fv and VH fragments had association
rate constants of 3.0 X 108, 1.0 x 10% and 0.1 x 10 M™!
s, respectively. The high association rate constant of the
Fab fragment, versus native antibody, is most probably
due to a higher diffusion rate constant of the fragments.
The intact D1.3 antibody dissociated at a rate which was
too slow to be measured by the biosensor. From previous
measurements of dissociation rate constants (kg,) of
antibodies using this biosensor, we have been able to

RGURE 1 The binding of lysozyme to intact D1.3 monoclonal
antibody (M) and its recombinant Fab (¢), Fv (#), and VH (O)
fragments, as illustrated by the relative response, as a function of
time. The antibody/antibody fragment concentration was 11 nM.
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measure constants as low as 1 x 107® s~! (data not
shown), indicating an apparent affinity constant (K,) for
the intact D1.3 molecule of at least around 10" M~*. The
recombinant Fab and Fv fragments seem, from the slopes
shown in Figure 1, to have approximately the same
dissociation rate constants. However, the single domain
antibody (VH) differs significantly from the other frag-
ments in that the dissociation and association rate con-
stants were in the range 107® s™! and 10° M~'s7!,
respectively. This is approximately one order of magni-
tude higher/lower as compared with fragments consisting
of paired VH and VL domains. The dissociation could
also be divided into two different phases, since it seemed
that the dissociation was initiated at a somewhat higher
rate (k'y;e;) which then slowed to a lower rate (k'y;y0)-
The reason for this behavior of the antigen-antibody
interaction in the biosensor is presently not fully under-
stood*, although steric hindrance and/or modification of
some antigenic epitopes during the immobilization proce-
dure might be involved. Furthermore, it was recently
shown that the valency of the antibody correlated to the
extent of biphasic dissociation, i.e. IgM had a more
pronounced biphasic dissociation as compared to IgG*.
Consequently, using the monovalent antibody fragments
in the present study, the rapid initial dissociation (k')
was very brief and of little importance for the kinetic
evaluation. The affinity constants of the intact antibody
and the recombinant fragments were calculated, using the
k,.. and kg, values (Table 1), the latter were derived
without taking the minor biphasic dissociation into con-
sideration.

The biosensor seemed to give higher affinity constant
values compared to homogeneous assays, such as the
fluorescence quenching technique®, previously used to
evaluate the anti-lysozyme antibody. This is due to the
differences in kinetic parameters that are obtained by
solid-phase or liquid-phase based systems, as previously
reported by Nygren and coworkers’-®. Thus, both disso-
ciation and association rate constants of antibodies bound
to surface-immobilized antigen are normally significantly
lower than constants determined in solution”:®. This is in
agreement with the biosensor determined k. /kq;, for
VH which was much lower than previously reported using
the liquid-phase fluorescence quenching technique®. Fur-
thermore, discrepancies between test methods might also
arise from molecular weight dependent diffusion limita-
tions, especially in solid-phase based systems®.

In summary, we have investigated the relation of do-
main structure of recombinant antibody fragments and
kinetic binding constants. The rapid evaluation of these
kinetic parameters should prove valuable in the design of
recombinant antibody fragments for therapeutic, imaging
or other uses.

EXPERIMENTAL PROTOCOL

Antibody and antibody fragments. The intact D1.3 (IgG1, )
monoclonal antibody was derived from a mouse hybridoma,
?reviously described by Mariuzza and coworkers®, and the dif-
erent recombinant antibody fragments were expressed in E. coli,
as recently described®!°. The protein concentration was deter-
mined by amino acid analysis (Biomedical Center, Uppsala,
Sweden).

Analdytlcal procedure. The molecular interactions between
antibody and antigen were measured using the BIAcore® system

(Pharmacia Biosensor AB, Uppsala, Sweden), as described by the
manufacturer. Briefly, the BIAcore® system is built of a process-
ing and a computer unit. The processing unit consists of an
integrated fluidic cartridge, a sensorchip and a detector. The
interaction between biomolecules takes place on the sensor chip,
which consists of an optically flat glass slide covered with a thin
layer of gold on one side. A hydrophilic dextran matrix is
covalently bound to the gold film. Antibody or antigen is coupled
to the matrix and allowed to react with its counterpart. The
amount of protein bound to the gold surface is analyzed by
measuring the surface plasmon resonance (SPR‘A)‘ A change of 0.1
degree corresponds to 1 ng bound protein/mm? or 1000 RU (RU
= resonance unit, which is an instrument specific unit). The
SPR-signals are illustrated as a sensorgram, where resonance
units (RU) are plotted against time*®. Immobilization of ligand in
the BIAcore® system was performed in 10 mM HEPES complete
buffer, pH 7.4 (containing 3.4 mM Titriplex III, 0.15 M sodium
chloride, and 0.05% surfactant P20 (Pharmacia Biosensor AB))
while maintaining a continuous flow rate of 5 pl/min. About 1000
RU of hen egg lysozyme (Sigma Chemical Co., St. Louis, MO.)
was immobilized on the carboxymethylated dextran surface of a
CM5 sensorchip, as described by the manufacturer (Pharmacia
Biosensor AB), using 25 ul of a lysozyme solution (45 wg/ml in 10
mM sodium acetate buffer, pH 4.5). The specific interactions
were then carried out at a continuous flow rate of HEPES
complete buffer, pH 7.4, of 3 pl/min. The D1.3 antibody and the
recombinant fragments were diluted in HEPES complete buffer,
pH 7.4, at the concentrations 2.75, 5.5, 11.0, and 22.0 oM, run in
duplicate, and 33 pl of each sample was injected, giving a total
contact time between antibody/recombinant fragment and anti-
gen of 11 minutes. The dissociation between antibody/recombi-
nant fragments and antigen was followed for 30 minutes and the
dissociation rate constants were calculated as recently described®.
A mouse monoclonal antibody with the same isotype was used as
a control antibody. The surface was finally regenerated with 9 pl,
100 mM HCI, at a flow rate of 3 pl/min. All solutions used in the
BIAcore® were prepared from ultrapure water and filtered
through a 0.2 pm filter. The kinetic constants were determined as
descriied“'f’, using computer software supplied by the manufac-
turer.
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TABLE 1 BIA core® analysis of D1.3 monoclonal anti-lysozyme antibody and corresponding recombinant antibody fragments.

Antibody K giger (877)

K’ gigez (57") Kaine (571

K. (M)

Ko M7's7Y)

<10°°

1.9%1074

1.7x10™4
10 x107%

Calculations of the association/dissociation rate constants and the affinity constants are based on duplicate and triplicate runs for
intact D1.3 antibody and for each fragment. The affinity constants (K,) were calculated using K, /K4, without considering the

biphasic dissociation (k’g;,,; and k' gige)*




