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Kinetics of antibody binding to solid—phase—immobilised antigen

Effect of diffusion rate limitation and steric interaction

l-lakan Nygren ‘, Maria Werthen * and Marine Stenberg 1
‘' Departmertt offlistology, Unit‘:-rsitji‘ of Giirebarg, Giitehorg, am} 3 Research Luborutwfr of Electronics,

Chafnrers Urtit-'er.rit_t' of Tewhriolagv, Giitebarg. Sweden

(Received 20 January 1987', revised received 2 March 1987. accepted 6 March 1987)

The binding of monoclonal antibodies to surface-immobilised antigen was studied. Antibodies against

dinitrophenyl—benzene and 0°-ethyl-2’—de0xyguanosine with a known affinity for the antigen were used.
The amount of bound antibodies was measured by ellipsometry with an accuracy of 10.15 pmol/cmz. and

a sensitivity of 0.1] pmol/cmz.
The binding rate of the initial antibody binding could become diffusion rate limited, and the binding

rate at surface concentrations above 1 pmot/cmi was affected by steric interaction between bound

thntibodies. Bound antibodies did not dissociate when rinsed with saline for up to 20 h. but dissociated in
the presence of antigen (0.1 mM). The dissociation rate did not follow any identifiable rate constant. The

results are discussed in relation to theoretical models of the kinetics of antigen-antibody reactions at

solid—liquid interfaces.

Key words: Antibody affinity: Kinetics: lmmunoassay: Monoclonal antibody: Solid phase

Introduction

Antigen-antibody reactions in a homogeneous

liquid phase is a well studied process and the

kinetics of the reaction has been described by
several authors {for review. see Karush. 1978). In

recent years. irnmunoassays based on liquid—pt-iase

reactions have to a large extent been replaced by

methods based on antigen-antibody reactions with

one of the reactants immobilised on a solid phase.

The interpretation of results of solid-phase assays

is based on the assumption that the kinetics of the

antigen-antibody reaction at a solid phase is equal
to the reaction in solution.

Measurements of antibody binding to solid-

Corre.rpumfem‘c 10.‘ H. Nygren. Department of Histology.
University of Goteborg. P.0.B. 3303]. S-400 33 Goteborg.
Sweden.

phase immobilised antigen have revealed that the
kinetics of the reaction differ from the kinetics of

the corresponding liquid phase reaction in several

respects. The initial forward reaction often be-

comes diffusion rate limited at plane surfaces

(Stenberg et aI.. l932‘. Nygren and Stenherg. 1985)

due to the high surface concentration of immobi-

lised antigen together with the slow diffusion of

antibodies (Stenberg et al.. 1985). The initial diffu-

sion rate-limited binding is followed by a reaction

rate-limited association with an unexpectedly low

association rate constant (Nygren et al.. 1986).

The dissociation rate of bound antibody is slower

at an interphase than in a solution (Nygren et al..

1985] and the binding of antibody reaches a con-

centration-dependent saturation level that is not
caused by a dynamic equilibrium (Nygren and

Stenberg. 1985).

The present study was undertaken in order to
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further elucidate the mechanisms behind the kinet-

ics of antigen-antibody reactions at a solid-liquid

inter-phase.

Materials and methods

Antigen and antibodies

Monoclonal antibodies directed against di-

nitrophenyl-benzene (DNP antibodies. Mal) 41,

47, 49, 51, 53 and 57) were a generous gift from

Prof. M. Steward, London. A high affinity mono-

clonal antibody (ER-6) directed against 0"—ethyl—
2'-deoxyguanosine (0“-EtdGuO) was a gift from
Prof. M. Rajewsky and Dr. J. Adamkiewicz. Uni-

versity of Essen. F.R.G. The characteristics of the

antibodies used have been described previously by

the suppliers (Rajewsky et al.. 1980: Stanley et al..
1983). The equilibrium constants of the antibodies
used. measured in solution. are shown in Table I.

The DNP was coupled to bovine serum al-

bumin (BSA, Sigma) by mixing dinitrobenzene

sulphonic acid and bovine serum albumin in

carbonatezbicarbonate buffer (0.1 M pH 9.5).

After 24 h. free DNP was removed by dialysis

against phosphate—buffered saline (PBS, 0.05 M

phosphate pH 7.2). The substitution grade was

determined by light absorbance at 280 and 405

nm and an epitope density of 33 determinants/

protein molecule was used for the experiments.

The 0°-ethylguanosine (0"—EtGuO) was used cou-
pled to keyhole limpet haemocyanin at an epitope

density of 80 determinants/protein molecule. The

0°-EtGuO preparation was supplied by Prof. M.
Rajewsky.

Preparation of Fab fragments

Fab fragments were prepared by digestion of

Mab 49 (IgG1) with papain in 0.1 M phosphate
buffer pH 7.0, with 0.01 M cysteine and 0.02 M

EDTA for 16 h at 37°C. The fragments were

isolated by gel filtration on a Sephacryl S-200

column as described previously (Nygren. 1932). Fe

fragments were removed by affinity chromatogra-

phy on a Sephadex column with immobilised pro-

tein A (Pharmacia Fine Chemicals. Uppsala,
Sweden).

Page 5 of12

TABLE I

AFFINITY OF MONOCLONAL ANTIBODIES AGAINST
DNP AND Of‘-EtdGu0 MEASURED IN SOLUTION “

Monoclonal antibody Equilibrium constant

41 4.3 x10“
47 0.9 x10"
49 4.1 x10’
51 1.1 x10’
53 1.5 x11)’
57 0.35x10“
ER-6 2.0 x10”

“ Data from Rajewsky et al. (1980) and Stanley et al. (1933).

Experiments

Methylised silicon wafers were used as sub-

strate (Nygren et al., 1986). The antigen was ad-

sorbed to the surface by immersion of the silicon

wafers into antigen-containing PBS (10 pg pro-

tein/ml) overnight. The wafers were then rinsed in

water, blown dry and placed in a humidified

chamber. Drops of PBS with different antibody
content were placed on the wafers for various

periods of time. The dissociation of bound anti-

bodies was measured by rinsing for differing time

periods in PBS with or without antigen in the

solution. In some experiments the rinsing solution

was vigorously stirred with a plastic Cylinder rotat- 1

ing at 1500 rpm over the silicon plates which were

immobilised in a layer of paraffin.

The reactions were stopped by rapid rinsing

with PBS followed by a short rinse in distilled

water and drying in an air current. Control in-
cubations of antibodies on wafers coated with

BSA without hapten was performed in every ex-

periment. The amount of antibody bound to the

control plates was subtracted from the values ob-

tained by incubation on the hapten-coated wafers.

All of the values subsequently presented are ad-

justed with respect to any background seen in
controls.

 

 
 

 
 
 
 

 
 
 

 

Effipsometry

The measurement of thin organic films by el-

Iipsometry is based on a physical characteristic of

reflected polarized light. When light linearly

polarized in a plane impinges on a reflecting

surface, the reflected light is elliptically polarised.

The shape and the orientation of the ellipse de-
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