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BINDING KINETICS OF MONOCLONAL ANTIBODY USING 

APPLICATION TO MEASUREMENT OF PEPTIDE ANTIGENICITY 

Eun Wie Cho, Myung Kyu Lee*, Kil Lyong Kim and Kyung-So0 Hahm 
Protein Engineering Research Group, Genetic Engineering Research Institute, 

KIST, P.O. Box 115, Yusong, Taejon 305-600, Korea 

ANTIGEN-P-GALACTOSIDASE HYBRID PROTEIN: 

ABSTRACT 

A simple method for determination of binding kinetics of a solid-phase antibody 
using antigen-(3-galactosidase hybrid protein was evaluated. To minimize 
conformational change of the antigen binding site of the antibody when directly 
binding to a microtiter plate, the microtiter plate was precoated with protein A. 
The binding and free antigen concentrations were directly obtained from the P- 
galactosidase activity. This method can be used for analyses of the equilibrium 
dissociation constant (Ko), and the association (Kass) and dissociation (LiSs) rate 
constants. Peptide antigenicity was also analyzed by competitive ELISA using this 
method. Since both antigen-P-galactosidase and the peptide used are localized in 
the fluid-phase, the proper affinity constant (KA)  of the peptide can be estimated 
from the KD value of the antigen-0-galactosidase-antibody interaction, and from 
the ICSO value of the peptide. 

Kev Words: Binding kinetics, monoclonal antibody, antigen-(3-galactosidase hybrid 
protein, competitive ELISA, peptide 

INTRODUCTION 

The binding kinetics of antigen-antibody interactions are often of interest. 

Recently, synthetic peptides have been used for study of antigen-antibody 

interactions (1) and epitope mapping of antigens (2) ,  and these molecules have a 

*To whom correspondence should be addressed. 
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350 CHO ET AL. 

promising future in the field of synthetic vaccines ( 3 ) .  However, some problems 

exist in binding kinetic studies of peptide-antibody interactions. 

The coating efficiency of synthetic peptides on a microtiter plate is dependant 

on pH and ionic strength (4). Labeling with radioisotopes, fluorescence dyes, or 

biotinyl groups may induce conformational alteration of peptides, and modify their 

antibody binding sites in certain cases. Conjugation of a peptide to a carrier, such 

as bovine serum albumin (BSA) causes difficulty in controling how the peptide is 

coupled to the carrier (5). A method using a directly captured antibody has also 

been attempted (6).  However antibodies directly bound to microtiter plates 

sometimes exhibit a decrease in, or complete loss of, their antigen binding capacity 

(7). A method using biosensor technology has been successfully used for real time 

binding kinetics of protein and peptide antigens (8), but it requires expensive 

instrument. 

To circumvent some of these limitations, attempts were made to develop a 

reliable method for the study of antigen-antibody interactions using the 

antigen(preS2)-fbgalactosidase hybrid protein in a fluid-phase and the anti-preS2 

monoclonal antibody (H8 mAb) in a solid-phase (9). PreS2 is composed of 55 

amino acid residues (10) and is known to be highly immunogenic (1 1). Hybrid 

proteins can be easily expressed using a lac operon system (12), and can be 

purified using their P-galactosidase activity (13). Microtiter plates precoated with 

protein A were used to minimize conformational changes of the antibody. minity 

constants of synthetic peptides were also determined using this method. 

MATERIALS AND METHODS 

Proteins and peptides 

Protein A was purchased from Sigma Chem. Co (USA). H8 mAb was obtained 

from Dr. H. K. Chung (Seoul National University, Korea). A bacterial strain 
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producing the preS2-P-galactosidase hybrid protein (14) was provided by Dr. M. 

H. Yu (Genetic Engineering Research Institute, KIST, Korea). 

PreS2-P-galactosidase(MW120KD) was purified by the method of Ullmann 

( 1 1 )  and protein concentrations were determined by the method of Lowry (15). 

The P-galactosidase activity of the hybrid protein was measured by the modified 

method of Steers el a/. (16) in 96 well microtiter plates. One hundred pl of 

reaction buffer (0.05 M Tris-HC1, 0.1 M sodium chloride, and 0.01 M magnesium 

chloride containing 0.075% o-nitrophenyl-P-galactopyranoside) and 100 pl of stop 

solution (1 M sodium carbonate) were used. 

Peptide synthesis was performed by the solid phase method (17) using Fmoc as 

N,-amino protecting group. All peptides were purified by HPLC on a reverse 

phase C18-column (>go%). Amounts of purified peptides were determined by 

measuring either their dry weight or UV absorption at 274 nm (tyrosine) or 280 

nm (tryptophan). The amino acid sequences of synthetic peptides used in this study 

are summerized in Table 1 .  

Determination of the equilibrium dissociation constant (Kn_) value 

Ninety-six well microtiter plates (Nunc, Denmark) were coated for 2 h at 37 "C 

with 200 ng of protein A in 0.1 M carbonate buffer, pH 9.6. The remaining sites of 

the plates were blocked with 20 mM Tris-HCI, 150 mM sodium chloride, pH 7.4 

(TBS), containing 3% casein (3% casein-TBS). After washing the wells with TBS- 

T (TBS containing 0.05% Tween 20), the wells were then incubated for 1 h at 37 

"C with 100 ng of H8 mAb in 0.3% casein-TBS. Different concentrations (0-1 

pg/well) of preS2-0-galactosidase in 0.3% casein-TBS were then added after 

washing the wells with TBS-T, then the plates were incubated for 2 h at 37 "C. 

Concentrations of the free (F) and bound (B) antigen were estimated by measuring 

P-galactosidase activity in solution, and bound 0-galactosidase activity, 
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TABLE 1 

Amino acid sequences of synthetic peptides used in this study. 
Peptides I Sequences* 

I120 125 130 135 140 145 
~120-145/adr IM 0 W N  S T T F H 0 A L L D P R V R G L Y F P A GG 

~ _______ 

Each dashed line (-) indicates the same residues with adr subtype 
*Amino acid sequences of the preS2 peptides of each type were obtained from 
DNA sequence data of Okamoto et nl (1 8) 

respectively. The equilibrium dissociation constant (KD) of the preS2-P- 

galactosidase-H8 mAb interaction was obtained from a Scatchard plot (BE versus 

B plot) and the nonlinear curve-fitting was done by the modified Scatchard 

equation ( 1  9 ) using the sigma plot version 4.0 program. For comparison, the KD 

value was also determined by the method of Friguet et nl. (20) as follows: a 

constant amount of H8 mAb was incubated in solution with various amounts of 

preS2-P-galactosidase until equilibrium was reached, then the proportion of the 

antibody which remained unsaturated at each concentration was measured by 

indirect ELISA. 

Determination of the association rate constant (kB) and dissociation rate constants 

&&&sl 
After preparing the wells treated with H8 mAb associated with protein A as 

above, either 0.5 or 1 cig of preS2-fi-galactosidase in 100 ~1 of 0.3% casein-TBS 

was added to each well at various time intervals. The wells were then washed and 

the amount of the bound antigen was determined by the P-galactosidase activity. 

From a plot of the amount of the bound antigen versus time, the resultant mono- 
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exponential was analyzed using a linearizing plot, In ( l-BDcq) versus time, where 

Be, is the antigen concentration at an equilibrium state. The slope of this linearizing 

plot is (k,,,xF+k,ii,,) (21). In order to determine the rate constants (k,,, and kdns), 

these measurements were made at two different antigen concentrations, and the KD 

value was estimated by the equation, KD=kdiss/kasu. 

Competitive ELISA for characterization of peptide antigenicity 

After preparing the wells treated with H8 mAb associated with protein A as 

above, 50111 mixtures of different dilutions (1 nh4 to 300 pM) of the test peptides, 

and 50 pl of 10 pg/ml of preS2-P-galactosidase in 0.3% casein-TBS were added 

and incubated for 2 h at 37 "C. Atter washing, the amount of bound preS2-P- 

galactosidase was estimated by the P-galactosidase activity. The relationship 

between the competitor concentration and binding inhibition were plotted and the 

I C ~ O  value, the concentration of the competing peptide when inhibition was 50%, 

was determined. The affinity constant (KA) and the inhibition constant (KJ of the 

competing peptide were estimated as: K*=I/Ki=( I+KxFA)/ICSO (21,22), where K is 

the affinity constant of the preS2-P-galactosidase-H8 mAb interaction (I&), and 

FA is the preS2-P-galactosidase concentration corresponding to the ICSO value. 

RESULTS 

Quantification of ~reS2-P-galatosidase 

For determination of binding constants using this method it was necessary to 

establish a linear relationship between the P-galactosidase activity of preS2-P- 

galactosidase and its concentration. As illustrated in Fig. 1 ,  P-galactosidase activity 

corresponded linearly to the antigen concentration. This standard curve was used 

to determine the amounts of bound and free antigen. 
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Fig. 1 .  The relationship between the P-galactosidase activity measured by 
absorbance at 414nm and the amount of preS2-a-galactosidase. 

Determination of the equilibrium dissociation constant (KQ) 

To determine the KD value, increasing concentrations of the antigen were added 

to wells affixed with H8 mAb associated with protein A. When H8 mAb was 

directly coated onto the microtiter plate the binding efficiency of preS2-P- 

galactosidase to the antibody was low (data not shown). This result may be due to 

a low coating efficiency of the antibody, or to a conformational change of the 

antibody by passive adsorption (7). Protein A was, therefore, used as a supporter 

to immobilize the antibody on the microtiter plate. 

The binding data obtained were converted to a Scatchard plot (BE versus B 

plot) and the KO value was obtained from a linear regression analysis (KD= 3.01 x 

lo-* M) (Fig. 2A and Table 2) .  Since the plot looked biphasic (nonlinear concave 

upwards), analysis of the plot was done by the modified Scatchard equation (19) 

and two KDvalues were obtained from the asymtotes (KD= 6.74 x lO”M and 5.78 
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Methods 
Friguet et a1 (20) 
Scatchard plot: 

kdisdkass (Fig. 3B) 

linear regration (Fig. 2A) 
nonliFear curve fitting (Fig. 2B) 

E 
\ 
rn 

KD 0 4 )  
4.91 x 10" 

3.01 x 
6.74 x lo", 5.78 x 

1.72 x 10.' 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 
0 1 2 3 4 5  

B x 1 W M  

Fig. 2. Scatchard plots of binding data of preS2-P-galactosidase and H8 mAb. The 
binding between solid-phase H8 mAb and fluid-phase preS2-P-galactosidase 
was analyzed by simple linear regression (A) and a biphasic plot (B). The 
resulting KD values are shown in Table 2. 
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x 10-*M) (Fig. 2B and Table 2). Two populations, one of high (KD=6.74 x 10.' M) 

and one of low affinity (K~=5.78 x lo-' M) binding sites, may be caused by the 

steric hindrance resulting from occupancy of the antigen-binding site by the large 

antigen preS2-P-galactosidase (W 120KD). However, low affinity binding still 

showed a high binding order (KD<IO-'). For comparison, the ELISA method of 

Friguet et al. (20) was also performed (Table 2 )  and the resultant KD value was 

4.91 x lo-* M, similar to the low affinity binding constant of this method. 

Determination of the kinetic rate constants of the antigen-antibody complex 

To evaluate the kass and hiss values of the antigen-antibody complex the time- 

course binding of preS2-P-galactosidase to H8 mAb was measured. The plot (Fig. 

3A) obtained by the bound antigen amount versus time was analyzed using the 

linearizing plot, In (l-BBeq ) versus time (Fig. 3B). Using the slope (k,,,xF+kd;,,) 

of this linearizing plot at two different antigen concentrations (5 &ml and 10 

pg/ml), the k,,, and hirs values were determined to be 1 . 5 6 ~ 1 0 ~  sec-'.M-' and 2 . 6 8 ~  

sec", respectively. The KD value estimated with the rate constants (1.72x10-' 

M) was similar to the high affinity KD value determined above (0.67xlO-*M) (Table 

2). 

Competitive ELISA for determination of peptide antigenicity 

Previously peptide antigenicity against H8 mAb was determined using an 

indirect competitive ELISA system (9). Since the coating antigen and the 

competing peptide used were located in the solid-phase and the fluid-phase in that 

system, respectively, only the relative peptide antigenicity could be observed. 

Therefore, attempts were made to identify the true inhibition constants (KJ of 

competing peptides in the binding of H8 mAb and preS2-P-galactosidase. Binding 

of preS2-P-galactosidase to H8 mAb was decreased by increasing amounts of a 
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Fig. 3. Time-course binding kinetics between H8 mAb and preS2-P-galactosidase. 
Panels A and B show a binding versus time plot and a linearizing In(1-BB, ) 
versus time plot, respectively. The symbols represent the H8 mAJ 
concentrations used; 5 pg/ml (0) and 10 pg/ml (0). Using the slopes 
(k,,xF+kd;,,) of the linearizing plot (B) the k,, and hiss values were 
calculated. 

competing peptide (Fig 4). From inhibition curves, the values of peptides and 

the affinity constants (KA) of the competing peptides were estimated (Table 3). 

The KAvalues of long peptides (p120-145/adr, p120-145/ayw and p123-145/adr) 

were above lo', but much lower aEnity constants, on the order of los, were 

observed for truncated peptides (p130-145/adr and p130-145/ayw) excluding the 

N-terminal residues 120 to 129. On the other hand, p120-14Yadw2 showed a loss 

of almost all antigenicity. 

DISCUSSION 

The wide use of monoclonal antibodies in a variety of fields has prompted the 

development of precise, rapid, and convenient methods to characterize the 
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6p 40 

.d 

20 
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10-1 loo lo1 lo2 103 

Competitor x lo6 M 

Fig. 4. Inhibition by peptides of the reaction of H8 mAb and preSZ(adr)-P- 
galactosidase. The ICsO values were obtained from competitive ELISA data. 
The symbols represent competing peptides used; p120-145/adr (0), p123- 
145/adr (a), p120-145/ayw (V), p120-145/adw2 (W), p130-145/adr (0) and 
pl30- 145/ayw(V). 

TABLE 3 

The ICS0 values and affinity constants of various peptides estimated by 
competitive ELISA. 

p120- 145/adr 3 . 0 8 ~  10- 9.05~10 
3.9 1x1 0’ 7.13~10’ 

p 1 23 - 145/adr 3 .66~10’  7.61~10’ 
1 . 1 2 ~ 1 0 ~  2 . 4 8 ~  1 O5 
6.8 8x 1 0-6 4 . 0 5 ~ 1 0 ~  

120-145ladw2 
* The I C ~ O  values were calculated from the inhibition curve of competitive ELISA 
(Fig. 4) 

**KA was estimated by the equation, K,=(l+F/KD)/ICso. For detail see 
“MATERIALS AND METHODS”. 

NA: Not available. 
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equilibrium and kinetic parameters of antigen-antibody interactions. Since it seems 

to be difficult to propose the best method, applicable to all antigens, because of the 

variety of antigens, only appropriate methods have been used for this purpose 

(6,8,20,23-26). 

In the present study the antigen(preS2)-P-galactosidase hybrid protein was 

used for kinetic studies of the antigen-antibody interaction. Since an antigen 

molecule is linearly linked to the N-terminus of the P-galactosidase molecule in a 

hybrid protein, one hybrid protein reacts with one antigen binding site of an 

antibody without modification of its epitope. Moreover the antigen-antibody 

binding is directly detectable by its P-galactosidase activity. This method using a 

solid-phase-antibody and antigen-p-galactosidase makes measurements of the KD 

value and rate constants (Kas and &,,,) possible. 

H8 mAb shows high reactivity with peptides containing the sequence 1201123 

to 145 of the preS2 region (9). The KD value (0.67-5.78~10-* M) of the preS2-P- 

galactosidase-H8 mAb interaction measured by this method (Fig. 2) is similar to 

previous results of peptide-antipeptide mAb interactions measured using biosensor 

technology (8). This indicates that this method is reliable for assay of the antigen- 

antibody interaction, and the P-galactosidase region in the hybrid protein does not 

seem to affect the interaction. 

In most studies for evaluation of the k,,, and kdlas values of antigen-antibody 

interaction, methods based on the use of radioactivity, followed by the seperation 

of the free and bound molecules, or fluorecence measured in solution have been 

used. These methods require labelling of either antigen or antibody, but labelling 

does not always lead to the expected signal and often results in immunological 

modification of the molecules Moreover, when fluorecence is used the 

concentrations of reagents needed for measurments are usually several orders of 

magnitude higher than the equilibrium dissociation constant, which makes the 
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experiments difficult (24). To circumvent these problems attempts have been made 

to measure the dissociation rate constant of antigen-antibody complexes using 

ELISA methods (24, 25). With our ELISA method the time-course binding of the 

antigen and antibody can be easily traced. The k,,, and hiss values determined by a 

time-course binding study were 1 . 5 6 ~  lo4 sec-'.M' and 2 . 6 9 ~  lo-* sec-', respectively 

(Fig. 3). These values are in agreement with rate constant values of peptide- 

antipeptide mAb interactions measured using biosensor technology (8). These 

results indicate that ELISA methods can be used for measurement of rate 

constants. 

Competitive ELISA using an indirect ELISA method (9) cannot measure true 

binding kinetic data since the coating antigen and the competing antigen are 

located in different phases (solid-phase and fluid-phase, respectively). The method 

of Friguet et nl. (20) also has problems, such as a difference between the coating 

antigen (native protein or peptide conjugated to a carrier) and the competing 

antigen (peptide). Moreover, peptides with low KD values dissociate from the 

antibody and re-equilibrate with the coating antigen (data not shown). In this 

method, since both antigens used were located in the fluid-phase, the true binding 

constants can be estimated. The KA values of long peptides with high antigenicity 

(9) were approximately 7x10' M-I. These data are similar to the KA values of 

peptide-antipeptide mAb interactions (8), indicating that this method can be used 

for binding kinetic study of peptide-antibody interaction. The KA values of short 

peptides with low antigenicity (9) decreased to approximately 1/200 as compared 

with long peptides, but short peptides completely inhibited the binding of preS2-P- 

galcatosidase to H8 mAb (Fig. 4). This result agrees with previous results (9) and 

suggests that antigenicity differences between long and short peptides are caused 

by comformational differences. 
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In conclusion, this simple method, which does not require a secondary antibody, 

can be used for determination of equilibrium and rate constants. Although cloning 

and expression of an antigen-P-galactosidase hybrid protein are required, it does 

not cause difficulties because of well established method (12). In the case of a 

peptide antigen, cDNA encoding the amino acid sequence of the peptide can be 

easily synthesized by a chemical method. This method is also usefbl for binding 

kinetic study of peptides. 
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