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Abstract—Effects of four organic solvents—methanol, trifluoroethanol, dimethylsulfoxide, and dimethylformamide
(DMF)—on the ferritin-binding activity of three monoclonal mouse antibodies of IgG2a and IgG1 subclasses were studied.
The ferritin-binding constants of monoclonal antibodies G10 and F11 (the IgG2a subclass) were increased 2-6-fold after
incubation with DMF and removal of the organic solvent by gel filtration. The maximum effect on the F11 antibodies was
found in the presence of 5-13% DMF and on the G10 antibodies at 11-40% DMF. The effect remained after the removal
of DMF from the incubation medium, and this suggests that the incubation with DMF resulted in irreversible conforma-
tional changes of the antibodies and in production of active conformers of the G10 and F11 antibodies. These conforma-
tions occurred within 15-60 min. The long-term stability and the fluorescence of the antibodies exposed to DMF suggest
that the conformational changes were not global, but involved small and relatively independent structural elements of the
antibodies, either of hypervariable CDR loops in variable domains or of the hinge region of the antibodies. The affinity of
the C5 antibodies of the mouse IgG1 subclass was decreased after incubation with DMF. The activation was a solvent-spe-
cific effect because incubation of the G10 antibodies with methanol and dimethylsulfoxide decreased the affinity for the
antigen, and incubation with trifluoroethanol virtually did not affect it. Relatively small changes in the antigen-binding
activity of the antibodies were found even after the incubation with 5% organic solvent.
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Changes in protein structure induced by chemical or
physical agents are usually associated with a complete or
partial loss of the biological activity. Data on functional
activation of protein molecules after their structural per-
turbation are very scarce [1-5]. Functional activation of
proteins was mainly observed by approaches of gene engi-
neering [4, 6, 7]. Note that most methods for chemical
modification of proteins require organic solvents to be
added because of the hydrophobicity of many chemical
modifiers. The addition of small quantities of organic sol-
vents is usually presumed to have no effect on both the
conformation and function of a protein. However, our
preliminary findings suggest that this presumption cannot
be generalized.

Changes in properties of proteins in water—organic
media are induced by changes in the properties of water at
high and low concentrations of organic solvents due to
changes in the system of hydrogen bonds and hydropho-
bic interactions in protein molecules [8-13]. To provide
stabilization of a protein molecule, the ratio of hydropho-
bic and hydrophilic regions on its surface should have a
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certain value that depends on the protein structure.
Changes in this ratio cause a rearrangement of hydrogen
bonds that results in conformational changes of the whole
molecule [14-17]. Some organic solvents were used earli-
er to induce in protein molecules conformations that
were different from the native ones and had specific struc-
tural parameters. Trifluoroethanol was used to induce for-
mation of a-helices in various proteins including such
proteins with 3-sheet secondary structure as 3-lactoglob-
ulin [18], the cardiotoxin IIT analog [10], ubiquitin [19],
interleukin-1 [10, 20, 21], porin [22], and tumor necrosis
factor [10]. The alcohol-induced denaturation of some
proteins, e.g., cytochrome ¢, occurs through two steps
and results in the appearance of a partially structured
state resembling the “molten globule” [23-25]. An essen-
tially disordered conformation of certain peptides, such
as the atrial natriuretic factor or the brain natriuretic pep-
tide, is converted to the more regulated state containing
B-structures on addition of hexafluoro-2-propanol into
the incubation medium [26]. An addition of dimethylsul-
foxide into the medium to provide the renaturation of
lysozyme increases the rate of production of native-like
structures and formation of the final native state [27].
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In the present work, effects of relatively low concen-
trations of four organic solvents on the antigen binding by
antibodies of the mouse IgG1 and Ig(G2a subclasses were
studied. The organic solvents at the concentrations
employed in the study did not induce global changes in
the protein conformation but resulted in production of
stable antibody conformers with changed functional
activity. The organic solvents chosen, such as dimethyl-
formamide (DMF), dimethylsulfoxide, and methanol,
are generally used during chemical modification of pro-
teins to dissolve the modifying reagents [3, 5].

MATERIALS AND METHODS

The following reagents were used: caprylic acid
(Fluka, Switzerland); trifluoroethanol (Wako Pure
Chemical Industries Ltd, Japan); Sephacryl S-200
(Pharmacia, Sweden); Coomassie R-250 (Ferak,
Germany); streptavidin conjugated with horseradish per-
oxidase, succinimide biotin ester (Shemyakin and
Ovchinnikov Institute of Bioorganic Chemistry, Russian
Academy of Sciences, Moscow); the conjugate of rabbit
monospecific antibodies to mouse IgG with horseradish
peroxidase (Research Institute of Especially Pure
Biopreparations, St. Petersburg). Other reagents were of
chemical purity, domestic production.

We have studied three preparations of antibodies to
human spleen ferritin. Mouse monoclonal antibodies
G10, F11 (the IgG2a subclass), and C5 (the IgG1 sub-
class) were prepared and characterized as described earli-
er [28, 29]. Ferritin was isolated from a human spleen
samples and characterized by a conventional method [30].

The ferritin-specific monoclonal antibodies were
conjugated with biotin by incubation of their solution
(400 pg in 0.5 ml of 0.1 M NaHCO;, pH 8.5) with solu-
tion of N-hydrosuccinimide biotin ester (180 pug) in DMF
(50 pl). The molar ratio modifier/protein was 120 : 1. After
incubation for 1 h at room temperature, the reaction mix-
ture was dialyzed overnight against 0.1 M sodium borate
buffer (pH 8.5) at 4°C.

The monoclonal antibodies were immobilized on
polystyrene plates (Nunc, Denmark; Linbro, USA) as
described earlier [28].

The monospecific rabbit IgG was prepared by affini-
ty chromatography on the immobilized ferritin [29].
Conjugates of the affinity-purified antibodies with horse-
radish peroxidase were obtained by a conventional
method [30] using NalO, as oxidizer of the carbohydrate
component of the peroxidase.

The monoclonal G10 antibodies were incubated
with DMF as follows: tubes containing 300 pg of the anti-
bodies in 0.1 M sodium borate buffer (pH 8.5) were sup-
plemented with DMF to the final concentrations of 3, 5,
8, 11, 25, 40, and 50%, and the final volume of the mix-
ture was 0.5 ml. After incubation for 1 h at room temper-
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ature, DMF was removed from the incubation medium by
gel chromatography on a column (1 x 50 cm) with
Sephacryl S-200 equilibrated with 0.1 M sodium borate
(pH 8.5). The F11 and C5 antibodies were incubated in
the presence of DMF concentrations from 3 to 50% and
from 5 to 25%, respectively.

To determine the time course of conformational
changes in the antibodies induced by DME, the most
effective concentration of the solvent was used: 25% for
the G10 antibodies and 5% for the F11 antibodies. The
organic solvent was removed as described above. The G10
antibodies were incubated with methanol, dimethylsul-
foxide, and trifluoroethanol as described above, at the
final concentrations of these organic solvents in the incu-
bation medium 5, 10, and 20%, respectively.

The ferritin-binding constant of the G10 antibody
interaction with ferritin was determined by the method
described in [31], which provides an adequate compari-
son of the antibody binding constants for the soluble and
immobilized forms of the antigen. During the first stage
of the analysis, increasing quantities (from 25 to 1000 ng
per sample) of the G10 antibodies, either native or incu-
bated with DME, were incubated for 1.5 h with ferritin
immobilized in polystyrene plate wells. The immune
complexes were quantified using an anti-IgG—peroxidase
conjugate (dilution 1 : 1000, incubation for 1.5 h). The
constant of the antibody interaction with the immobilized
antigen was determined as the slope of the straight line in
the coordinate system as follows: along the ordinate axis
the ratio of absorption values 4,9, to the antibody concen-
tration in the sample; along the abscissa axis the absorp-
tion values A,y,. At the second stage of the analysis, the
wells with the pre-immobilized antigen were supplement-
ed with increasing quantities of ferritin (50-2000 ng) and
with the G10 antibodies (50 ng) in 0.2 ml of 0.05 M sodi-
um phosphate buffer (pH 7.4) containing 1% BSA and
0.2 M NaCl and incubated for 1.5 h. Then the plates were
washed and the resulting immune complexes were devel-
oped with the anti-IgG—peroxidase conjugate. The
experimental data were presented as the dependence of
the binding ratio in the absence of a competing agent (4,)
to the binding in its presence (4) on the concentration of
the soluble antigen. In this coordinate system, values of a
parameter » were determined for each antigen prepara-
tion. Values of the interaction constants of the G10 anti-
gen with the soluble ferritin were obtained using the for-
mula:

Kax: ](as/1 +f(r'a),

where K, is the constant of interaction with the immobi-
lized antigen, K, is the constant of interaction with the sol-
uble antigen, f'is the antigen valence, r is a relative param-
eter, and a is the antibody concentration in the system.
The ferritin-binding constants of the native F11 anti-
bodies and of those incubated with DMF were deter-
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mined by competitive enzyme-linked immunoassay
(ELISA) using ferritin immobilized in polystyrene plate
wells, a conjugate of the monospecific rabbit IgG with
horseradish peroxidase (6 ng), and increasing quantities
of the native or DMF-incubated F11 antibodies. The
monospecific rabbit IgG conjugate with horseradish per-
oxidase was used based on the effective competition of the
monoclonal F11 antibodies and polyclonal rabbit mono-
specific antibodies: the polyclonal antibodies displaced
up to 60% of the monoclonal antibodies from the com-
plexes with ferritin that was caused by the existence of a
cluster of overlapping immunodominant epitopes. After
incubation for 1.5 h, the wells were washed, and the
enzyme activity was determined with 0.02 M o-
phenylenediamine and 0.02 M H,0, in 0.1 M citrate-
phosphate buffer (pH 5.0) for the substrate. The results
were used to calculate the interaction constants in the
system of double reciprocal values [5].

The ferritin-binding constants of the C5 and G10
antibodies were determined by competitive ELISA using
ferritin immobilized in polystyrene plate wells and the
biotin-labeled G10 antibodies. These antibodies effec-
tively competed with the C5 antibodies for the epitopes
on ferritin due to their overlapping [29]. The polystyrene
plate wells were introduced with 50 ng of a conjugate of
biotin with the G10 antibodies and increasing quantities
of the antibodies, native or incubated with the organic
solvents, in 0.2 ml of 0.05 M sodium phosphate buffer
(pH 7.4) containing 1% BSA and 0.2 M NaCl. The wells
were washed 1.5 h later and supplemented with a conju-
gate of streptavidin with horseradish peroxidase.

For graphic presentation, mean values from three
independent determinations were used in all cases.

Spectra of the intrinsic fluorescence of the Fl11,
G10, and C5 antibodies were recorded with an SFL-1211
spectrofluorometer (Solar, Minsk, Belarus) equipped
with a personal computer using a cuvette with 1-cm opti-
cal path at 22 and 60°C. The protein samples (10-15 mg/ml)
were diluted to the final concentration of 50 pg/ml with
0.1 M sodium borate buffer (pH 8.5) containing DMF (0-
50%) and incubated for 15 min. The fluorescence spectra
were recorded over the range 310-460 nm with excitation
wavelength 295 nm.

To obtain denaturation curves, the stock solutions of
the monoclonal F11, G10, and CS5 antibodies were dilut-
ed to the final concentration of 50 pg/ml with 0.1 M sodi-
um borate buffer (pH 8.5) containing increasing quanti-
ties of guanidine hydrochloride (0-5 M) or with the buffer
containing 10% DMF and the same quantities of guani-
dine hydrochloride. The incubation was carried out
overnight at room temperature. Percent of the denatured
fraction was determined by the formula:

_- N 100%,

D }\‘N
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where A is the wavelength of the maximal fluorescence at
the given concentration of the denaturing agent, and Ay
and Apare the wavelengths of the maximal fluorescence of
the native and denatured antibodies, respectively [32].

SDS-Electrophoresis in 15% polyacrylamide gel was
carried out as described in [33] and staining with
Coomassie R-250.

The antibody concentration was determined spec-
trophotometrically by the absorption at 280 nm [34] using
the specific absorption coefficient A% 1.62 that was cal-
culated based on the known amino acid sequence accord-
ing to [35].

RESULTS

The effect of DMF on the antigen binding by the mon-
oclonal G10 and F11 antibodies (IgG2a subclass).
Changes in the binding of ferritin by the G10 antibodies
of higher affinity than the F11 antibodies [29] were ana-
lyzed by the method described in [31]. This method
allowed us to determine parameters of the antibody bind-
ing with both the immobilized and soluble forms of the
antigen and was used to exclude the dependence of the
effect on both the analytical system design and the anti-
gen form (soluble or immobilized ferritin).

The interaction of the native and DMF-incubated
G10 antibodies with ferritin immobilized by adsorption on
polystyrene was determined by direct ELISA (Fig. 1a), and
the interaction with the soluble ferritin was determined by
competitive ELISA (Fig. 1b). Analysis of the binding con-
stants (Table 1) shows that the incubation of the G10 anti-
bodies with 11% DMF increased 1.6-fold the antibody
affinity for the immobilized antigen, and the effect was
retained at 25 and 40% DMF (Fig. 1a). In the case of the
soluble antigen, the activation was 2.3-fold increased at
11% DMEF, while the incubation with 40% DMF slightly
increased the activation to 2.7-fold (Fig. 1b, Table 1).

The effect of DMF on the G10 antibodies was char-
acterized by a phase of decreased antigen-binding activity
of the antibodies incubated in the presence of 3-8% DMF
(Figs. 1 and 2). The antibody incubation with 8% DMF
resulted in a threefold decrease in the binding constants of
both the soluble and immobilized ferritin (Table 1). The
binding constants of G10 incubated with 3-5% DMF with
the immobilized antigen were not decreased, but the bind-
ing constants with the soluble antigen were decreased
twofold. The G10 antibodies incubated with 50% DMF
lost completely the ability to bind the antigen (Fig. 2).

The effects of the organic solvent on the binding activity
of the antibodies did not depend on the method of determi-
nation of the constants, and this allowed us to use the com-
petitive ELISA afterwards for calculation of the binding con-
stants and for determination of effects of the organic solvent.

The monoclonal antibodies F11 (mouse IgG2a sub-
class) were also activated after incubation with DME
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These antibodies are directed against an epitope on the
ferritin molecule spatially separated from the epitopes of
the G10 and C5 antibodies and have a threefold lower
affinity [29]. The binding of ferritin by the monoclonal
F11 antibodies incubated with DMF (3-50%) was deter-
mined by competitive ELISA (Fig. 3). The antigen-bind-
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Fig. 1. Determination of the ferritin-binding constants of the
native and DMF-incubated monoclonal G10 antibodies by the
method described in [31]. Concentrations of DMF: 0 (7), 3
2),503), 8 (4, 11 (5), 25 (6), 40% (7). a) Determination of
the interaction constants (K,,) of the native and DMF-incu-
bated G10 antibodies with ferritin immobilized in polystyrene
plate wells. The immune complexes were quantified with the
anti-IgG—peroxidase conjugate. A,q, is the peroxidase activity
of the bound label, [G10] is the G10 antibody concentration.
b) Determination of a relative parameter (r) to obtain the fer-
ritin-binding constants (K,) of the native and DMF-incubated
G10 antibodies in solution. The immune complexes were
developed with the anti-IgG—peroxidase conjugate. A,/A4 is the
ratio of peroxidase activities in the absence (4,) and in the
presence (A4) of the soluble ferritin.
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Table 1. Ferritin-binding constants of the native and
DMF-incubated G10 antibodies™

[DMF] Ka’ l\/l_1 Ka mod/Ka nat
% bl
immobi- soluble immobi- soluble
lized ferritin lized ferritin
ferritin ferritin
0 1.8-10° 7.5 10° 1.0 1.0
3 1.7-10° 6.8 - 10° 0.9 0.9
5 1.7 - 10° 49-10° 0.9 0.7
8 6.8-10° 2.6 10° 0.4 0.3
11 2.8-10° 1.7 - 10" 1.6 2.3
25 3.6-10° 1.7 - 10" 2.0 2.3
40 3.6-10° 2.0-10" 2.0 2.7

* The constants determined by the method of Hogg and Winzor [31].

ing constants of the antibodies were calculated from dou-
ble reciprocal plots (Fig. 3), and they showed that the
affinity of the antibodies after the incubation with DMF
was 2.6-5.6-fold increased (Table 2), with the maximum
activation at 5% DME. Incubation in the presence of 3%
DMF did not significantly influence the antigen-binding
parameters of F11, whereas incubation in the presence of
50% DMF resulted in complete inactivation of the anti-
bodies (Fig. 2).

A sevenfold increase in antigen binding by the F11
antibodies was recorded earlier as a result of modification of
one lysine residue per antigen molecule when DMF was
used as the solvent of the modifier (palladium-copropor-
phyrin I) [5]. Comparison of the previous and present
results suggests that the sevenfold increase in the antigen-
binding parameters of the fluorescent porphyrin conjugates
with the F11 antibodies can be attributed predominantly to
the effect of DME

These findings suggest that conformational changes
should occur in the antibodies after the incubation with
the organic solvent DMF. These changes were irreversible
and resulted in increased affinity of the monoclonal anti-
bodies G10 and F11, and this increase depended on the
concentration of the solvent. Activation of the F11 anti-
bodies was observed even at 5% DMF, and in the case of
the G10 antibodies the minimal activating concentration
of DMF was 11%. But the activation of the F11 antibod-
ies of low affinity was twofold higher than the activation
of the high-affinity G11 antibodies of the same subclass
(Tables 1 and 2). These differences are likely to be due to
individual structural variations of the antibodies in the
hypervariable regions of the antigen-binding sites.
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Fig. 2. Effect of different concentrations of DMF on the antigen-
binding ability of the monoclonal antibodies F11, G10, and CS5.
K, moa/ K, nae 18 the ratio of the ferritin-binding constants of the
native and DMF-incubated monoclonal antibodies. The incuba-
tion with ferritin was for 1 h. The binding constants were deter-
mined by competitive ELISA using the peroxidase conjugate of
polyclonal anti-ferritin antibodies in the case of F11 antibodies
and with biotin conjugate of the G10 antibodies for the G10 and
CS5 antibodies (see “Materials and Methods™) with the immobi-
lized ferritin. The concentrations of ferritin are given in percent.

Time course of the DMF effect. The time of confor-
mational changes induced by DMF in the antibodies and
resulting in the functional activation was determined in
the presence of maximal activating concentrations of the
solvent, 5% for the F11 antibodies and 25% for the G10
antibodies. The effects were recorded as the binding con-
stant determined by competitive ELISA (Fig. 4, Table 3).

Table 2. Ferritin-binding constants of native and DMF-
incubated F11 antibodies*

[DMF], % K, M™! K mod/ Ka nat
0 1.1- 10 1.0
3 1.5 107 1.5
5 6.0 - 107 5.6
13 5.0-107 4.5
25 2.8-107 2.6
50 — —

* The constants were determined from double reciprocal plots (here
and further).
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Fig. 3. Determination of ferritin-binding constants of native
and DMF-incubated monoclonal F11 antibodies by competi-
tive ELISA from double reciprocal plots. Concentrations of
DMF: 0 (1), 3 (2), 5(3), 13 (4), 25% (5). Ay/(A, — A) is the
ratio of the total activity of the peroxidase label (4,) to the
activity of the free label in the solution (4, — A). The insert
presents the competitive ELISA of the native and DMF-incu-
bated F11 antibodies with ferritin. 4,/4 (%) is the ratio of
activities of the peroxidase label in the presence (4) and in the
absence (4,) of the competitive agent.

The maximal effect of 5% DMF on the F11 antibodies
was observed within the first 15 min of the incubation,
then the effect slightly decreased by the end of the first
hour, with the subsequent decrease to the initial values
after 24 h of the incubation (Fig. 4). Note that even the
incubation of the F11 antibodies with DMF for more
than 24 h did not cause a complete loss of the binding
activity, which remained at the level corresponding to the
activity of the native F11 (Fig. 4).

The maximal activation of the G10 antibodies was
observed after 1 h of incubation with 25% DME, and after
24 h of incubation the antigen binding was insignificantly
decreased (Fig. 4, Table 3). These findings indicated that
the exposure to the organic solvent DMF within 15-60 min
was sufficient to induce conformational changes in the
IgG2a molecule and that the kinetics of these conforma-
tional changes slightly varies in individual immunoglobu-
lins of the same structural subclass. Insignificant changes
in antigen-binding parameters of the antibody after incu-
bation for 24 h indirectly indicate that the conformation-
al changes were not global, because they did not result in
significant changes in the long-term stability and activity
of the antibodies.

Effect of DMF on the antigen binding by the C5 anti-
bodies of the 1gG1 subclass. To study the effect of DMF
on the binding activity of antibodies of the mouse IgG1

BIOCHEMISTRY (Moscow) Vol. 65 No. 11 2000
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Ka mod/Ka nat

Fig. 4. Time course of ferritin binding by the F11 (/) and G10
(2) antibodies on incubation with DMFE. K, .4/ K na IS the ratio
of the binding constants of the native and DMF-incubated
antibodies. The binding constants were determined by compet-
itive ELISA using peroxidase conjugate with polyclonal anti-
ferritin antibodies for the F11 antibodies and biotin conjugate
with the G10 antibodies for the G10 antibodies (see “Materials
and Methods™) with the immobilized ferritin.

Ao/ (Ag-A)

09 2 4 6 8 10
1/[C5] x 107, M

Fig. 5. Determination of ferritin-binding constants of native
and DMF-incubated monoclonal C5 antibodies by competi-
tive ELISA from double reciprocal plots. Concentrations of
DMF: 0 (1), 5(2), 13 (3), 25% (4). Ay/(A,— A) is the ratio of
the total activity of the peroxidase label (4,) to the activity of
the free label in the solution (4, — A). The insert presents the
competitive ELISA of native and DMF-incubated mono-
clonal C5 antibodies with ferritin. The immune complexes
were developed using conjugate of streptavidin with peroxi-
dase. A,/A (%) is the ratio of activities of the peroxidase label
in the presence (4) and in the absence (4,) of the competitive
agent.
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Table 3. Ferritin-binding constants of the F11 and G10
antibodies incubated with DMF for various times

Time, h K, M™! K mod/ K nat
G10 antibodies
0 0.4-10° 1.0
0.25 0.3-10° 0.75
0.5 0.6 - 108 L5
1 1.1-10°% 2.8
4 0.7 - 10° 1.75
24 0.3-10° 0.75
F11 antibodies
0 1.2-107 1.0
0.25 7.3-107 6.0
0.5 6.5 10 5.4
1 6.0 - 107 5.0
4 1.8 107 L5
24 1.6 107 1.3

subclass, the monoclonal C5 antibodies were used. These
antibodies are directed against an epitope on the ferritin
molecule that is partially overlapped with the epitope of
the G10 antibodies [29]. The C5 antibodies were incubat-
ed with 5, 13, 25% DMEF, and the binding of ferritin was
determined by competitive ELISA after the removal of
the solvent. The increasing concentrations of DMF
resulted in a monotonic 2.8-5-fold decrease in the fer-
ritin-binding constants compared to the native antibodies
(Figs. 2 and 5; Table 4). More than 3-fold decrease in
affinity took place already at 5% DMF (Table 4). Such
effect of DMF on the affinity of the C5 antibodies was
likely to be due to specific structural features either of
hypervariable regions of the antigen-binding domains or
of labile structures in the constant region of the mouse
IgG1 molecule.

Effects of other organic solvents on the functional
activity of the G10 antibodies. In other experiments,
organic solvents of various polarity were used, such as
trifluoroethanol, dimethylsulfoxide, and methanol. The
polarity of the organic solvents used decreases as fol-
lows: methanol > dimethylsulfoxide > trifluoroethanol
[11]. The G10 antibodies (IgG2a subclass) were used as
the model object because their thermodynamic stability
is higher than that of the FI11 antibodies [36, 37].
Effects of the organic solvents were compared in terms
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Table 4. Ferritin-binding constants of the native and
DMF-incubated C5 antibodies

[DMF], % Kaa M7l Ka mod/Ka nat
0 2.0 107 1.0
5 0.6 - 10 3.3
13 0.7 - 10 2.9
25 0.4 10 5

of their constants of antigen binding determined by
competitive ELISA.

The G10 antibodies were incubated with methanol (5,
10, and 20%) for 1 h, and the ferritin-binding constants
were found to decrease 1.7-3.5-fold (Fig. 6). The affinity
was decreased after preincubation with 5% methanol.

Incubation of the G10 antibodies with dimethylsul-
foxide (5, 10, and 20%) for 1 h also resulted in a monot-
onic decrease in the affinity of the antibodies: the ferritin-
binding constants of the antibodies incubated with
dimethylsulfoxide were decreased 2.7-3.6-fold (Fig. 6).

The incubation for 1 h with trifluoroethanol (5, 10,
and 20%) virtually did not affect the affinity of the G10
antibodies: the binding constants were only 1.1-1.3-fold
lower than those of the native antibodies (Fig. 6).

Thus, methanol, dimethylsulfoxide, and trifluo-
roethanol did not functionally activate the G10 antibod-
ies; on the contrary, they seem to induce conformational

1.2 - 1
B 1
k- 1
S 0.8+
< 2
g —
N g 2
L 3 2
0.4 3 3
0 T 1
0 5 10 15 20 25

[Organic solvent], %

Fig. 6. Effects of organic solvents (OS)—methanol (/), trifluo-
roethanol (2), and dimethylsulfoxide (3)—on the binding of
ferritin by the monoclonal G10 antibodies. K 04/K; nat iS the
ratio of the binding constants of the OS-incubated and the
native G10 antibodies. The time of incubation with OS was 1 h.
The binding constants were determined by competitive ELISA
with immobilized ferritin using the biotin conjugate of the G10
antibodies (see “Materials and Methods”).
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changes resulting in a partial inactivation. Note that the
inactivating effect decreased with the decrease in polarity
of the organic solvents used. The incubation with trifluo-
roethanol, which is the least polar of the three solvents,
had virtually no affect on the affinity of G10.

Fluorescent studies on the F11, G10, and C5 antibod-
ies. No significant changes were found by analysis of the
fluorescence maxima and intensities of the fluorophore
surroundings in molecules of the F11, G10, and C5 anti-
bodies in the presence of 0-30% DME Higher concentra-
tions of DMF (up to 50%) increased the fluorescence 2-
2.5-fold (Fig. 7) without changing the wavelength of the
maximum fluorescence (338 nm). Thus, changes in the
tertiary structure revealed by perturbations in the spatial
surrounding of the aromatic fluorophores were not
observed in the monoclonal F11, G10, and C5 antibodies
at the concentrations of DMF (5-8%) sufficient for the
development of the functional changes. To induce confor-
mational changes in the presence of such low concentra-
tions of DMEFE, an additional destabilizing force was
required, e.g., an elevated temperature. At 60°C the fluo-
rescence of the F11, G10, and C5 antibodies was 50-70%
higher even in the presence of 10% DMF (Fig. 8). Further
increase in DMF concentration increased nearly threefold
the fluorescence of the three antibodies (at 50% DMF).
Such an increase in the fluorescence has been suggested to
be due to increase in the nonpolar microenvironment of
the aromatic fluorophores due to an increased compact-
ness of the protein and the imbedding of the fluorophores
into the hydrophobic core of the molecule. This hypothe-
sis seems to be unlikely because the imbedding of trypto-
phanyl residues into the hydrophobic nucleus would be
accompanied by a wave shift in the maximal emission of
the protein to shorter wavelength. Moreover, no effects of
increased compactness of completely folded proteins are
described for the case of functional native conformation,
and they would contradict the concept that assumes the
maximal compactness of native proteins. The increased
fluorescence of the F11, G10, and C5 antibodies in the
presence of DMF should be alternatively explained either
by exposure of some of tryptophanyls to the less polar sol-
vent, or by a spatial separation of aromatic fluorophores
from intramolecular quenchers (presumably, disulfide
groups) that are quenchers of the intrinsic fluorescence of
native immunoglobulins [38-40]. In both cases, this sug-
gests that the tertiary structure of the antibodies was par-
tially disordered.

In the absence of pronounced changes in the tertiary
structure of the F11, G10, and C5 antibodies at low con-
centrations of DMF (lower than 10%), we succeeded in
recording a slightly decreased stability of the tertiary
structure at 10% DMF when analyzing the denaturant-
dependent unfolding of the native antibodies. This
method was more sensitive to conformational changes
because it permitted the description of not only the initial
and final states of a protein but also the dynamics of a
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Fig. 8. Fluorescence intensities of the monoclonal antibodies
F11 (1), G10 (2), and C5 (3) in the presence of DMF at 60°C.
The excitation wavelength was 295 nm; the antibody concen-
tration 50 pg/ml. The spectra were recorded after incubation of
the samples with DMF for 15 min at 60°C. 0
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conformational transition. The denaturant concentration [Guanidine hydrochloride], M
providing the half-maximal transition varied from 2 to 3 M

for all three antibOd%es' For thf? nat.ive antibodies, we Fig. 9. Denaturation curves of the monoclonal antibodies F11
observed a small but reliably determined increase (0.3-0.5 M) (). G10 (b), and C5 (c) in guanidine hydrochloride in the
in the same values (Fig. 9). These results suggest a small presence and in the absence of DMF: ]) the antibodies in the
decrease in tertiary interactions responsible for stabiliza- presence of 10% DMF; 2) the antibodies without DMFE.
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tion of the F11, G10, and C5 antibody structure in the
presence of 10% DMF.

Reversibility of changes in molecules of the F11 anti-
bodies after incubation with DMF. Spectra of the intrinsic
fluorescence of the F11 antibodies after incubation with
10% DMF and the removal of the organic solvent by dial-
ysis did not differ from the spectra of the initial protein
(Fig. 10). The same was found after the incubation of the
F11 antibodies with 10% DMF at 60°C. Thus, conforma-
tional changes in the F11 antibodies induced by activat-
ing concentrations of DMF could not be revealed by the
intrinsic fluorescence used to detect the global conforma-
tion of the protein. These results suggest that the confor-
mational changes can be attributed to relatively small
polypeptide segments that are not involved in the
microenvironment of major fluorophores but essential for
generation of the antigen-binding site of the antibody.

DISCUSSION

Incubation of two monoclonal antibodies of the
mouse IgG2a subclass with DMF was found to function-
ally activate the antibodies, while methanol, dimethylsul-
foxide, and trifluoroethanol had no activating effect. The
degree of activation depended on the concentration of
DMF and to a lesser extent on the antibody affinity. The
low-affinity monoclonal antibodies F11 were activated
twofold more (the maximal activation was 5.6-fold) than
the high-affinity G10 antibodies. Moreover, to obtain the
maximal activation of the low-affinity antibodies F11, a
lower concentration of DMF was required (5 compared
to 11% in the case of the G10 antibodies). The incubation
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Fig. 10. Spectra of the intrinsic fluorescence of the monoclon-
al antibodies F11: I, 3) the native antibodies; 2, 4) the anti-
bodies incubated with 10% DME. The spectra were recorded at
22 (1, 2) and 60°C (3, 4). DMF was removed by dialysis against
sodium borate buffer (pH 8.5) overnight at 4°C. The antibody
concentration and the time of incubation with 10% DMF was
the same as in Fig. 7. The insert shows the fluorescence
dependence of the monoclonal F11 antibodies on DMF con-
centration at 22 (/) and 60°C (2).
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with DMF of the C5 antibody that belongs to another
antibody subclass (IgG1) but has affinity and specificity
similar to the G10 antibodies [29] decreased the binding
constant to the complete disappearance of the ability to
interact with the antigen (Fig. 2).

Based on the functional analysis, the incubation of
the monoclonal antibodies G10 and F11 of the mouse
IgG2a subclass with DMF was concluded to cause irre-
versible conformational changes in the antibody mole-
cules and the production of conformers that possess long-
term stability after the organic solvent had been removed.
These conformational changes occurred in the presence
of relatively low concentrations of DMF (5-8%) that, as
judged from the spectra of the intrinsic fluorescence (Fig.
7), could not induce global conformational changes in
the structure of the immunoglobulins. These conforma-
tional changes presumably involved small and relatively
disordered polypeptide segments of molecules that are
relatively autonomous because of their weak interaction
with the microenvironment. In immunoglobulins, two
types of structure meet the mentioned requirements:
hypervariable loops (CDR loops) of the antigen-binding
regions in VL- and VH-domains, and the “hinge” region
connecting the Fab- and Fc-fragments of antibodies [41].
The antibody conformers produced differed from the
native molecules by the higher affinity for the antigen.
Based on the fluorescence data (Figs. 8-10), it was sug-
gested that the activated conformers possessed a slightly
decreased local tertiary interactions, while their global
tertiary structure remained unchanged.

Structural differences in the G10 and F11 antibodies
of the same subclass are associated exclusively with the
hypervariable loops. Together with certain differences in
the effects of DME this is an indirect argument for the
involvement of these structures in the molecular rearrange-
ments and production of activated conformers induced by
the organic solvent. However, the activating effect seems
also to be subclass-specific, as we have observed the activa-
tion of the IgG2a antibodies but not of the C5 antibodies of
the mouse IgG1 subclass. It is likely that specific structural
features of the constant region of the IgG1 subclass restrict
the organic solvent-induced conformational changes in the
structural elements of the immunoglobulin. The differ-
ences between the immunoglobulin subclasses are known
to be located mainly in the “hinge” region [41], and this is
in good agreement with the findings of different rearrange-
ments induced by DMF in the C5 antibodies and seems to
indicate that the “hinge” region (at least, of the mouse
IgG1 subclass) was involved in production of the antibody
conformers.

The solvent specificity of the activation was an unex-
pected finding. Methanol, trifluoroethanol, and
dimethylsulfoxide as inducers of conformational changes
in proteins failed to functionally activate the G10 and F11
antibodies (Fig. 6). The incubation with these organic
solvents resulted in production of a significant amount of
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insoluble antibody aggregations, and after the removal of
soluble aggregations by gel filtration, the antigen-binding
constants of the remaining antibodies in the solution were
decreased. Thus, not only the concentration but also
chemical features of the organic solvent were essential for
conformational changes in the structures involved in the
production of the activated conformers of the antibodies.

At present, limited knowledge on mechanisms of con-
formational changes in proteins and, especially, in
immunoglobulins under the influence of low concentrations
of organic solvents prevents to unequivocally explain some
findings of our study. First, the reason for solvent specificity
of the activation is unclear, as discussed above. Moreover, the
identification of structures responsible for the subclass-
dependent and individual (idiotypic) differences of the anti-
bodies in the context of production of conformers with the
increased or decreased affinity requires that numerous struc-
tural variants of antibodies be studied extensively. Finally, the
functional effects induced by the organic solvent can also
depend on the antigen, especially taking into account two
large groups of antigens, proteins and low-molecular-weight
substances (haptens). To elucidate these mechanisms and
dependencies, further studies are required.
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