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Abstract—Covalently cross-linked rod-like dimers of human myeloma IgG3 are more efficient in the inhibition of the com-
plement system reaction than compact dimers. This correlates with an increase in the stability of Cy2 domains of the

immunoglobulin in the state with the rod-like hinge region.
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The dimensions of the human IgG3 hinge region are
significantly greater than the dimensions of a similar struc-
ture of any other immunoglobulin [1-3]. Such a unique
structure of IgG3 is suggested to appear as a result of quad-
ruplicating of the exon encoding the hinge region of IgG1
[3, 4]. Most current models of human IgG3 suggest this
region to be rod-like [5-9]. An alternative model was sug-
gested upon studies on human myeloma IgG3 Kuc [10].
Electron microscopy shows a compact structure of the
hinge region, and only this structure of human IgG3 in
solution under physiological conditions does not contradict
hydrodynamic and calorimetric data. By all these methods,
the compact hinge region transition into the rod-like state
was shown under nondenaturing changes in pH and tem-
perature [11, 12]. Such a significant transformation result-
ing in changes of various physical characteristics of 1gG3
molecules can be also important for their biological activi-
ties, which include the so-called effector functions most of
which are determined by the Fc-subunit. In the present
work, the effect of the hinge region transition from one state
into the other was studied based on the interaction of
myeloma IgG3 Kuc with the complement system.

MATERIALS AND METHODS

The earlier described [10, 13] human myeloma IgG3
Kuc was studied. The protein is an immunoglobulin of G

Abbreviations: SPDP) N-succinimidyl 3-(2-pyridyldithio)pro-
pionate; DNS) 1-dimethylaminonaphthalene-5-sulfonyl;
DTT) dithiothreitol.

class; its molecular weight is 170 kD. It interacts with an anti-
serum to the third subclass and fails to interact with the A
protein of Staphylococcus aureus. Therefore, this protein was
assigned to the third class. The Fab- and Fc-fragments were
prepared and purified as described in [5, 14]. The preparation
and characterization of human myeloma IgG4 are described
in [10]. The homogeneity of all proteins and of their frag-
ments was monitored by SDS electrophoresis in 10% poly-
acrylamide gel in both the presence and absence of reducing
agents by the method of Weber and Osborn [15]. The homo-
conjugation of IgG3 Kuc molecules was performed within
45 min at 25°C at the protein concentration of 30 mg/ml and
at the protein/SPDP molar ratio of 1 : 1 [16].

The molecular weight was determined by two equilibri-
um centrifugation methods [17, 18] using MOM (Hungary)
and Beckman (USA) centrifuges and by interference optics.
Sedimentation experiments were performed with a
Beckman centrifuge in the protein concentration range from
2 to 8 mg/ml (Schlieren optics) and of 0.2-0.25 mg/ml.

The interaction of the immunoglobulin with com-
plement system proteins was determined by the method
described in [19]. This method is based on determination
of the residual activity of the complement system C1 fac-
tor [20]. The activity was associated with the C1 fraction
that failed to bind to the immunoglobulin under study,
and, consequently, could induce erythrocyte lysis [21].

DNS-IgG3 Kuc was prepared as described in [22,
23]. The protein fraction containing Cy2 domains modi-
fied with a fluorescent label was prepared as described in
[12]. The fluorescence was determined using an MPF-
44A Perkin Elmer spectrofluorimeter (USA). The excit-
ing light wavelength was 280 nm.
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RESULTS AND DISCUSSION

Description of two monomeric forms of IgG3 Kuc. The
sedimentation coefficient s3, of the resulting IgG3 Kuc was
6.4 S (Fig. 1), this being significantly higher than the sedi-
mentation coefficients of the polyclonal and of standard
polyclonal human myeloma IgG3 [24, 25]. The molecular
weight of this protein is 171 £ 8 and 176 = 12 kD by data
of high-speed and low-speed ultracentrifugation, respec-
tively. This state will be further denoted as compact.

Heating in 50 mM phosphate buffer (pH 7.0) to 55°C
resulted in partial precipitation of the protein. This proce-
dure was performed in thin capillaries to decrease the frac-
tion of the protein precipitated. This fraction was removed
by sequential centrifugation at 50,000 rpm for 3 h with sub-
sequent gel filtration on a column with AcA-34 equilibrat-
ed with 50 mM phosphate buffer. As a result, a protein was
obtained with sedimentation coefficient s, of 5.7 S that
was somewhat lower than the standard value for the third
subclass immunoglobulins. This state will be further denot-
ed as elongated. The molecular weight of IgG3 obtained
after the thermal treatment was 173 + 8 and 169 = 12 kD
by data of high-speed and low-speed ultracentrifugation,
respectively. In the absence of reducing agents, IgG3 Kuc
gave a single band on SDS electrophoresis, and upon addi-
tion of DTT two standard bands appeared which corre-
sponded to heavy and light chains. These findings suggest-
ed two conclusions. First, both protein forms should be
monomers. Second, the transition of the compact protein
into the elongated state should be a purely intramolecular
process not associated, in particular, with releasing of vari-
ous low-molecular-weight factors that could be present in
immunoglobulins [26-28].

Such a soft thermal treatment failed to markedly
change the structure of the Fab- and Fc-subunits because
their thermostability is significantly higher [12, 13]. This
treatment did not also cause the loss of their functional
activities (the interactions with the staphylococcal A pro-
tein, with the streptococcal G protein, and with the comple-
ment system proteins). This was concluded because the Fab-
and Fc-fragments prepared by proteolysis from two forms of
the protein were capable of these interactions. However, the
hinge region on the moderate heating changed its compact
state for the rod-like one in both the intact protein [11] and
the isolated pFh-fragment [29]. These findings suggested
that changes in the hydrodynamics parameters and in the
IgG3 Kuc molecule form should be determined by the con-
formational changes only in the hinge region of the protein.
Certainly, this is not to say that no other conformational
changes occur, especially in the areas of the molecule imme-
diately adjacent to the hinge region.

Preparation of IgG3 Kuc dimers using a bifunctional
reagent. According to high-speed centrifugation in 10 mM
phosphate buffer (pH 7.0) supplemented with 150 mM
NaCl, IgG3 Kuc was a monomer. However, on increasing
the pH to 7.5 and the ionic strength to 300 mM a tendency
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Fig. 1. Determination of sedimentation coefficients s, of IgG3
Kuc monomers (7, 3) and dimers (2, 4) with the compact and
elongated hinge regions (light and dark symbols, respectively).
Conditions: 20 mM phosphate buffer, 150 mM NaCl (pH 7.0).

for dimer formation was observed. But the association con-
stant was low and the equilibrium in the range of concentra-
tions (0.06-1.5 mg/ml, 4-10~7-10~> M) during centrifugation
experiments was shifted to the monomers. The dimerization
was provided by the Fab-subunits because this tendency was
found for the F(ab),-fragments but not for the Fc-fragments.
When the heterobifunctional reagent SPDP was used at high
concentrations of IgG3 Kuc, 6% of the immunoglobulins
produced covalently cross-linked dimers. These dimers were
purified by gel filtration on two columns in series. The first
column contained Sephadex G-200 and the second column
contained Ultragel AcA-22. These columns were equilibrat-
ed with 10 mM phosphate buffer (pH 7.0).

Papain or pepsin hydrolysis resulted in the cross-
linking either of the F(ab),- or of the Fab-fragments. This
suggested that the dimerization should be a result of mod-
ification of groups located in the Fab-fragments.
Therefore, this modification seemed to have no effect on
the state of other regions of the molecule.

The IgG3 Kuc dimers produced from the elongated
monomers were characterized by sedimentation coeffi-
cient of 8.4 S. A similar value was obtained for dimers of
the recombinant IgG3 produced during the interaction
with a bivalent hapten [30]. The compact dimer was char-
acterized by sedimentation coefficient of 9.1 S (Fig. 2).
These clear distinctions in characteristics of the two
dimers and also the IgG3 transition in the dimer from the
compact to the elongated state upon heating to 55°C
unambiguously indicated that the hinge region state did
not change during the dimerization, as was suggested.
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Fig. 2. Effect of immunoglobulins on the activity of the com-
plement system C1 factor: /) IgG4; the other symbols are the
same as in Fig. 1.
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Fig. 3. Temperature-dependent changes in the fraction of the
denatured Cy2 domains determined using the fluorescent label
for the compact (/) and elongated (2) forms of IgG3 Kuc.

Interaction of immunoglobulin with complement.
Figure 2 shows that the monomeric compact IgG3 Kuc at
concentration of about 10~ M binds 50% of the comple-
ment activity. The same immunoglobulin (also in the
monomeric state) with the rod-like hinge region provided
a similar effect at a somewhat lower concentration. The
distinctions observed were not significant.

The picture was clearer when IgG3 Kuc dimers were
used for the complement fixation. First, the dimers bound
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50% of the complement activity at significantly lower con-
centrations of the protein (Fig. 2). Second, the activities of
the two IgG3 Kuc forms were clearly different. The elon-
gated form was more efficient in the interaction with the
complement system proteins. Thermal aggregation of the
two dimer types additionally increased their complement-
binding ability, and the activities of both protein forms were
similar. This was also observed in the case of aggregations
produced during the heating of the compact and elongated
forms when the latter form was initially monomeric.
Studies on the state of Cy2 domains of the two IgG3
Kuc forms. It is known that during the development of the
complement system reactions by the classic pathway
immunoglobulins first interact with the Clq factor [31].
This interaction is provided by C,2 domains [32] where
amino acid residues forming the active site are located [33].
Therefore, the stability of these domains was studied inside
IgG3 Kuc, in both the compact and elongated forms of the
latter. Figure 3 presents the findings with the fluorescent
label that has selectively modified the Cy2 domains. The
thermostability of these domains was markedly decreased
in the compact IgG3 Kuc. This destabilization of the Cy2
domains clearly correlated with a decrease in their resist-
ance to pepsin (Fig. 4) even under conditions (pH 4.5) of
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Fig. 4. Effect of the hinge region state on IgG3 Kuc hydrolysis
rate. a) Results of gel filtration on the AcA-34 column of the 1-h
hydrolysis products of the compact (/) and elongated (2) forms
of the protein. b) Time-dependent changes in the ratio between
the intact protein (3), F(ab), (4), and pFc fragments (5). The
compact and elongated forms are indicated by light and dark
symbols, respectively. The proteolysis was performed at 37°C in
100 mM acetate buffer (pH 4.5), at enzyme/substrate ratio of 1 :
100 [34].
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destabilization of the compact structure of the hinge region
itself [29]. This effect was suggested to be due to the
decreased value of free energy of stabilization of the
domain native structure [35]. If the hinge region stability
was increased (as performed in [36, 37]) by the disulfide
bond between its subdomains [29, 38], the effect on the
Cy2 domains would be increased more.

At present, it is impossible to give an exhaustive
structural and thermodynamic interpretation of the Cy2
domain destabilization found. Electron microscopy
clearly shows the existence of a large contact zone
between the Cy2 domains and the hinge region in the
compact IgG3 Kuc [11]. On the other hand, according to
X-ray diffraction data a pair of the Cy2 and Cy43 domains
interacts with one another by surfaces of about 400 A2
[39]. Because interdomain interactions can result in
either domain stabilization and just the opposite effect
[40], the hinge region is suggested to immediately desta-
bilize the Cy2 domains. Such a viewpoint is in agreement
with the character of interdomain interactions in the Fc-
fragment [12]. The possibility of weakening of the Cy2
domain interaction with the Cy3 domains must also not
be ruled out as the main effect of the hinge region on the
Cy2 domains. To check these hypotheses, it is necessary
to obtain such a state when the Cy2 and Cy3 domain
interactions would be either absent (as in the Facb-frag-
ment [41]), or be strongly weakened (as with the
metastable state of the the Fc-subunit [42]).
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