
Specific protein–protein interactions constitute the

basis of many biologically important recognition process�

es including specific combination of antibodies with their

protein antigens. Binding to specific antibodies has been

shown to improve the resistance of a number of enzymes

against various forms of inactivation, such as tempera�

ture, pH, denaturants, and proteases [1�3], and is being

explored for accomplishing enzyme stabilization and

immobilization for a variety of applications. Among the

principal strategies employed, formation of enzyme anti�

body adducts or binding to supports precoupled with

antibodies are important [4, 5]. While several polyclonal

and monoclonal antibodies have been shown to stabilize

antigenic enzymes, more recently the potential usefulness

of epitope specific antibodies has been demonstrated [6,

7]. While the majority of reports describe studies on insol�

uble enzyme anti�enzyme antibody preparations, we have

reported that complexing of antigenic enzyme with

monomeric Fab, derived from IgG raised in rabbits, results

in the improvement of the stability of the former [8]. Such

preparations have potential in enzyme therapy.

Fab and Fc behave as independent regions within IgG

and hence their different functions, i.e., antigen binding

and adsorption to receptors/tissue, respectively, can be

studied independently using isolated Fab and Fc frag�

ments [9]. Analysis of kinetic data on hapten–antibody

reaction suggested that the antibody molecule may

undergo a conformational change upon interaction with

the hapten [10]. Whether or not an antigen/antibody

molecule retains its native conformation in the anti�

gen–antibody complex is still an important but unre�

solved issue.

Large aggregates of antigen–antibody complexes

may result when polyvalent antigen and polyclonal anti�

body interact [5, 11, 12]. A plethora of literature is now

available on the usefulness of antigen binding Fab frag�

ment in the purification of proteins [13] and in clinical

use [14�16]. Binding of monomeric Fab fragment to pro�

tein does not result in the formation of large and insolu�

ble aggregates due to the monovalent nature of the for�

mer. It was therefore envisaged that conformational

changes in an antibody molecule upon binding antigen

would be better studied using its Fab monomer since this

Fab–antigen complex would be soluble and hence facili�

tate thermodynamics studies. RNase has been used as the

antigen due to its unique absence of tryptophan [17]. It

was therefore envisaged that tryptophan fluorescence

studies of RNase–Fab complex (RN–Fab) would give

information only on the conformational change of the
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RNase, suggesting an increase in the compactness of Fab due to the binding of RNase.
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Fab. Absorption spectroscopy has also been used to study

the changes that occur in the Fab.

MATERIALS AND METHODS

RNase type I�A and papain were purchased from

Sigma (USA). Goat anti�rabbit immunoglobulin

(IgG)–peroxidase conjugate and tetramethyl benzi�

dine/H2O2 were supplied by Genei Laboratories (India).

Microtiter plates were purchased from Granier (USA).

Protein A�Sepharose was purchased from Pharmacia

Biotech (Sweden). All the other chemicals used were of

analytical grade.

RNase was homogenous on the basis of size since it

gave a single band in SDS�PAGE. It was therefore used

without purification. Protein concentration of RNase

samples was determined spectrophotometrically at

278 nm using the molar extinction coefficient of

9800 M–1·cm–1 [3].

Rabbits were immunized with RNase as follows:

healthy rabbits were injected subcutaneously with 500 µg

of RNase using Freund’s adjuvant. The animals were

boosted on day 21 and subsequently bled after a week for

monitoring the production of RNase specific antibodies.

The generation of RNase specific antibodies was

measured in the sera of RNase immunized rabbits by

ELISA. Ninety�six�well microtiter plates were coated

overnight with 100 µl of RNase (5 µg/ml) in 0.05 M car�

bonate�bicarbonate buffer, pH 9.6, at 4°C. After extensive

washing with PBS�Tween 20, 100 µl of blocking buffer

(3% skimmed milk in PBS�Tween 20) was applied to the

wells and the plates incubated at 37°C for 90 min. After

removal of blocking buffer, serially diluted test and con�

trol sera were added and binding was allowed to proceed

at 37°C for 2 h. The microtiter plates were washed and

incubated with 100 µl of HRP�conjugated goat anti�rab�

bit IgG at 37°C for 1 h. After the usual washing steps, the

peroxidase reaction was initiated by the addition of 100 µl

the substrate tetramethyl benzidine (100 µg/ml)/H2O2

(0.035%), arrested by the addition of 100 µl 8 M H2SO4,

and absorbance was measured at 450 nm in an ELISA

reader.

The IgG was purified from the sera of rabbits immu�

nized with RNase by affinity chromatography following a

published procedure [18]. Briefly, the immune sera were

allowed to bind to protein A�Sepharose packed in a small

column (5 × 1 cm) at pH 8.9 in the presence of 3 M NaCl.

The column was washed thoroughly to remove any

unbound protein. Finally, the bound IgGs were eluted

with 0.1 M glycine�HCl buffer, pH 3.0, and the eluate

immediately neutralized with Tris�HCl buffer. The strong

binding between the RNase and IgG necessitated the use

of acid pH for elution of IgG. The purity of the IgGs was

determined by SDS�PAGE (12% separating and 5%

stacking gels) [19]. Two bands were visible in the SDS�

PAGE of IgG corresponding to the heavy (50 kD) and

light chain (25 kD) of IgG. The concentration of the IgG

was determined spectrophotometrically by absorbance

measurements at 280 nm (A280 of 1 mg/ml IgG = 1.4).

Fab monomer was prepared as follows: purified IgG

(10 mg/ml) was dialyzed against 0.1 M sodium phosphate

buffer, pH 7.0. Cysteine�HCl (1 mg/10 mg IgG), EDTA

(0.5 mg/10 mg IgG), and papain (1 mg/100 mg IgG) were

added to the dialyzed IgG and the mixture incubated for

7 h at 37°C. The digest was frozen to inhibit further diges�

tion. RNase specific Fab was purified on an RNase�

Sepharose column. RNase was immobilized on CNBr

activated Sepharose�4B following a published procedure

[20]. The above digest was dialyzed against 0.1 M Tris�

HCl, pH 8.9, containing 3 M NaCl and then allowed to

bind to RNase�Sepharose packed in a small column (5 ×
1 cm). The column was washed thoroughly to remove

unbound protein. Finally, the bound Fab was eluted with

0.1 M glycine�HCl buffer, pH 3.0, and the eluate imme�

diately neutralized with Tris�HCl buffer. The purity of Fab

was determined by SDS�PAGE under reducing condi�

tions (12% separating and 5% stacking gels) [19]. A single

band with molecular mass of 25 kD was obtained in the

case of the Fab. Since Fab consists of two chains, each of

molecular mass of 25 kD and joined together by a disul�

fide bond, it is expected to give a single band of 25 kD in

SDS�PAGE under reducing conditions. Hence, from the

results it was ascertained that the Fab was pure.

Conformational changes induced in the Fab

monomer upon binding RNase were studied by absorption

spectroscopic measurements using a Hitachi U�1500

spectrophotometer (Hitachi, Japan). RNase and anti�

RNase Fab, in molar ratio of 1 : 1, were allowed to bind to

each other to form a complex. For this, RNase (70 µg/ml)

and the Fab (250 µg/ml) were taken in 0.1 M sodium phos�

phate buffer, pH 7.0, and incubated at 37°C for 2 h and

then at 4°C overnight. Samples of RNase (70 µg/ml) and

the Fab (250 µg/ml) were also prepared separately in the

same buffer. Absorption spectra of RNase, Fab, and RN–

Fab were measured in the wavelength range of 240�330 nm.

Conformational changes induced in Fab monomer

upon binding RNase were also studied by fluorescence

spectroscopy using a Shimadzu RF�540 spectrofluorime�

ter (Shimadzu, Japan) and a cuvette of 1 cm path length.

Samples of RNase, Fab, and RN–Fab were prepared as

described above, excited at 295 nm, and the normalized

emission spectra measured at 320�420 nm with a step

width of 2 nm.

RESULTS AND DISCUSSION

RNase was immunogenic and readily elicited the

formation of antibodies in rabbits. As determined by

ELISA, the anti�RNase antibody titer (i.e., the maximum

dilution of the antiserum at which the absorbance at
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450 nm remains constant) was high (100,000), and this

preparation was used in all the experiments.

Anti�RNase IgG and its Fab obtained by papain

cleavage of the IgG were also obtained in pure form after

purification on protein A�Sepharose and RNase�

Sepharose columns, respectively. Conformational

changes in Fab on binding RNase were studied by absorp�

tion and fluorescence spectroscopy. In these studies, the

spectrum of free Fab has been compared with that of the

complex of Fab with RNase after subtracting the spectra of

RNase from that of the complex. Therefore, by doing so,

only the changes that occur in Fab upon binding its spe�

cific antigen have been studied.

Conformational changes in RNase bound Fab as stud�
ied by absorption spectroscopy. The absorption spectra of

RNase, Fab, RN–Fab, and (RN–Fab) minus RNase in the

wavelength range of 240�330 nm are shown in Fig. 1. The

λmax of these samples are 276, 280, 279, and 282 nm,

respectively. Comparing the absorption spectra of Fab and

(RN–Fab) minus RNase, it was observed that there is a

red shift (2 nm) in λmax and a decrease in absorbance of

about 0.05 in case of the latter. This implies that some of

the chromophores in the Fab are moving into a hydropho�

bic environment upon binding the antigen, i.e., internal�

ization of these chromophores is taking place. Hence,

perhaps the structure of the Fab becomes more compact

on binding the antigen.

Conformational changes in RNase bound Fab as stud�
ied by fluorescence spectroscopy. The fluorescence spec�

tra of RNase, Fab, RN–Fab, and (RN–Fab) minus RNase

are shown in Fig. 2. The samples were excited at 295 nm

(for tryptophan), and the emission spectra (tryptophan

fluorescence) were measured in the wavelength range of

320�420 nm. As expected, the relative fluorescence

exhibited by RNase was very low since it lacks tryptophan

residues. The emission λmax of Fab, RN–Fab, and

(RN–Fab) minus RNase are 338, 333, and 333 nm,

respectively. Comparing the fluorescence spectra of Fab

and (RN–Fab) minus RNase, it was observed that there is

a blue shift (5 nm) in emission λmax and fluorescence

enhancement of about 21 units in case of the latter. This

implies that some of the tryptophans in the Fab are mov�

ing into a hydrophobic environment, and hence internal�

ization of these tryptophans is taking place. Therefore, it

implies that the structure of Fab becomes more compact

upon formation of the complex with the antigen.

Since both absorption and fluorescence studies con�

verge to the same interpretation, it seems that the con�

formational changes that take place in the Fab upon bind�

ing the antigen, RNase, are such that they make the

structure of the Fab more compact. X�Ray crystallo�

graphic analysis of the three�dimensional structure of an

Fig. 1. Absorption spectra of RNase (1), Fab (2), RN–Fab (3),

and (RN–Fab) minus RNase (4). The concentration of RNase

and Fab were 70 and 250 µg/ml, respectively. The concentrations

of these are also the same in the RN–Fab. Samples were prepared

in 0.1 M sodium phosphate buffer, pH 7.0.
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Fig. 2. Fluorescence spectra of RNase (1), Fab (2), RN–Fab (3),

and (RN–Fab) minus RNase (4). The concentration of RNase

and Fab were 70 and 250 µg/ml, respectively. The concentrations

of these are also the same in the RN–Fab. Samples were prepared

in 0.1 M sodium phosphate buffer, pH 7.0.
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anti�lysozyme Fab–lysozyme complex showed that the

contact between the antibody combining site and the

lysozyme epitope is extensive and involves many residues

[21]. The interaction between the two proteins is very

tight with no water molecules remaining between the

combining site and the epitope. X�Ray studies on the

complex of the antigen, hen egg�white lysozyme (HEL)

and the FV fragment of the anti�HEL antibody D1.3 also

show that there is a concomitant decrease in mobility in

the antibody structure upon complex formation [22].

Available data on antibody–antigen complexes show that

the binding site in antibody molecules assumes a shape

according to the geometry of the antigen [23]. All of the

complementary determining regions (CDRs) are impor�

tant in binding antigen. Amino acid residues at antigen

binding sites are expected to vary from one antibody to

another. However, in the four antibodies against

lysozyme a sizable number (5 to 8) of aromatic amino

acid and a few (1 to 3) aspartic acid residues are involved

in antigen binding [24�27]. The changes that may occur

in the antibody upon binding an antigen consists of com�

binations of simple side�chain movements, concerted

movements of individual CDRs, and displacement of VH

relative to VL. The three�dimensional structure of a spe�

cific antibody (Fab 17/9) to a peptide immunogen from

influenza virus hemagglutinin and two independent crys�

tal complexes of this antibody with bound peptide have

been determined by X�ray crystallographic techniques

[27]. Comparison of the bound and unbound Fab struc�

tures shows that a major rearrangement in the H3 loop

accompanies antigen binding. The structures of the free

and antigen bound antibodies demonstrate the flexibility

of the antibody combining site and provide an example of

induced fit as a mechanism for antibody–antigen recog�

nition.

The present study suggests that the Fab undergo con�

formational changes when forming an antigen–Fab com�

plex. Since Fab is a fragment of the antibody molecule,

which has the same binding capacity as the antibody mol�

ecule, it implies that conformational changes take place

in the antibody molecule when the antigen–antibody

complex is formed. In the case of RNase and anti�RNase

Fab, the structure of the Fab becomes more compact.

Therefore, the fit between the two seems to be quite close.

The reaction between an antigen and its antibody is high�

ly specific and involves noncovalent interactions [28].

Therefore, a close fit of antigen and antibody molecule is

also a prerequisite, since these forces operate over very

small distances.
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