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Interaction between 7S5 monomers of rabbit IgG, dimers of molecules of this pro-
tein, IgG with disulfide bond ruptured in the hinge region of the molecule, and
various fragments of IgG molecules, on the one hand, and protein A of Staphylo-
coccus aureus, on the other hand, were investigated by the passive hemagglutina-
tion inhibition test. Only the Fc-fragment of the rabbit IgG molecule obtained
with papain was shown to bind protein A. Activity of the Fe-fragment on a molar
basis was shown to be only one-sixth of that of native IgG. After repair of the
disulfide bond between the chains in the hinge region of the IgG molecule, its
ability to bind protein A was reduced by two-thirds. The binding activity

of IgG was increased on a molar basis twelvefold as a result of its spontaneous
dimerization. It is concluded from the results that the structural organization
of the Fe-fragment of the IgG molecule correlates with its ability to interact
with protein A.
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Immunoglobulin G (IgG) obtained from various species is known to interact with protein
A of Staphylococcus aureus. The complexes thus formed have a low dissociation constant and
have the characteristic properties of antigen—antibody complexes. The binding sites for
protein A are located in the Fc~fragment of the IgG molecule [8]. However, neither the C-
terminal half of the Fc-fragment (the Cy3 domain) nor the isolated NHp-terminal halves of
this fragment (Cy2 domains) of human IgG react with protein A [6]. This may mean that con-
tact between the domains composing the Fc-fragment and a definite mutual orientation of these
domains are essential for binding protein A.

The object of this investigation was to study what features of the structural organiza-
tion of the IgG molecule and its Fc-fragment are important for interaction with protein A.
For this purpose interaction of protein A with rabbit IgG, with various fragments of the
molecules of this protein, with dimers of IgG molecules, and also with IgG in which the di-
sulfide bond in the hinge region of the molecules was reduced and alkylated, was investigated.

EXPERIMENTAL METHOD

Protein A was isolated from the culture medium of strain Staph. aureus A-676% by affinity
chromatography [7]. 1IgG was isolated from immune rabbit sera by ion-exchange chromatography
on DEAE-cellulose [13]. The 7S monomers of this protein and its 9.6S dimers were obtained by
gel-filtration on Sephadex G-200 in 0.15NNaCl, 0.01 M Tris-HC1, pH 7.8. The Fab- and Fc-frag-
ments of IgG were isolated from a papain digest of this protein by ion-exchange chromatog raphy
on CM-cellulose [12].

*The culture medium was generously provided by A. A. Totalyan.

Laboratory of Immunochemistry, N. F. Gamaleya Institute of Epidemiology and Microbiolo-
g8y, Academy of Medical Sciences of the USSR, Moscow. (Presented by Academician of the Acade~
my of Medical Sciences of the USSR P. A. Vershilova.) Translated from Byulleten' ﬁksperi—
mental'noi Biologii i Meditsiny, Vol. 89, No. 3, pp. 318-320, March, 1980. Original article
submitted March 11, 1979.

0007-4888/80/8903-0319%07.50 © 1980 Plenum Publishing Corporation 319



TABLE 1. Inhibiting Activity of Rabbit
IgG Preparations and Fragments of Its
Molecule in the Passive Hemagglutination
Inhibition Test

Inhibiting activity,
i tivity of
‘ 100% in- in % of activity
Preparation of hibiting 7S monomer
rabbit IgG dose, pg |On basis Jon molar
of wt, |basis
7S monomer of 1gG 9,7 100 100
F (ab’), pepsin 100 — —
F (ab’) pepsin 100 — —
Fab papain %?% " =
Fe papain 89.8 10 8.3
Fach plas;mn* 100 _ _
'Fe pepsin 0,38 | 2520 1260
85 1c?imer of 1gG
7S monomer of 1gG 30,0 39 32
Reduced

*According to results of RPCAT, plasmin
Facb contains 7% undigested IgG as im-
purity.

To obtain F(ab'),~ and pFc'-fragments, the IgG was hydrolyzed with pepsin [10] and the
digest was fractionated on a Sephadex G-200 column. The Facb-fragment of IgG was obtained
with the aid of plasmin [3].

Activity of protein A was determined by the passive hemagglutination test (PHT) and ex-
pressed as its minimal dose causing agglutination of sheep's red blood cells sensitized with
a subagglutinating dose of rabbit hemagglutinin IgG.

The ability of the preparations of IgG and its fragments to interact with protein A was
estimated by the passive hemagglutination inhibition test (PHIT). To perform the PHIT, dif-
ferent doses of test preparations of IgG or its fragments were kept for 1 h at 20°C with a
dose of protein A corresponding to four times its titer in the PHT. Simultaneously with the
experimental tests, controls were carried out in which the quantity of protein A (test sys-
tem) and of IgG and its fragments used in the experiment were determined. At the end of in-
cubation sensitized red cells were added to the experimental and control samples. The reac-
tion was read after incubation for 18 h at 4°C. The ability of IgG and its fragments to in-
teract with protein A was expressed as the quantity of the test preparation (in ug) which
caused 100% inhibition of the PHT compared with the test system (100% inhibiting dose}.

The immunochemical analysis of IgG and its fragments was carried out by immunoelectro-
phoresis [1], double diffusion in agar [1], gel chromatography [1], sedimentation analysis,
and by the reversed passive cutaneous anaphylaxis (RPCAT) test on guinea pigs [11]. Donkey
and goat sera against rabbit IgG and its Fc~fragment were used.

EXPERIMENTAL RESULTS

The preparation of rabbit IgG used was homogeneous for molecular weight; the results of
immunoelectrophoresis showed that the F(ab'),- and Fab-fragments were homogeneous in the ul-
tracentrifuge and had sedimentation constants of 5.2 and 3.5 S respectively. The Fc-fragment
with a sedimentation constant of 3.55 gave a reaction of partial identity with IgG and showed
complete antigenic nonidentity with the Fab-fragment. The pFc'-fragment during gel-filtra-
tion on a column with Sephadex G-200 was eluted with a volume of buffer corresponding to
protein with a molecular weight of 20,000 daltons. The Facb-fragment occupied an intermedi-
ate position between IgG and F(ab'), during chromatography on Sephadex G-200. Facb fractions
minimally overlapping with the IgG and F(ab'), peak were selected for investigation. Con-
tamination of the Facb preparation by IgG was assessed quantitatively by the RPCAT, in which
donkey serum against rabbit IgG was used for the intravenous reacting injection. Centers
responsible for cytophilic activity of IgG are known to be located in its Cy3 domain, which
is absent in the Facb-fragment [4]. The minimal sensitizing does of IgG was 2 ug and of Facb
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30 ug, in the RPCAT. It was concluded from these results that the Facb preparation contained
not more than 77 of undigested IgG as an impurity.

It follows from Table 1 that none of the fragments of the rabbit IgG molecule except Fc
interacts with protein A, in agreement with data published previously [14]. The trace ac-
tivity shown by Facb corresponded to activity of the undigested IgG present as an impurity
in the test preparation.

The Facb-fragment is known to contain Cy2 domains of heavy chains, whereas the pFe'-
fragment consists of a dimer of Cy3 domains of IgG heavy chains [4, 15]. In Facb and pFc'
taken together all domains composing the Fc-fragment are thus represented. However, unlike
the latter, neither Facb nor pFc' binds with protein A. It can therefore be assumed that
Cy2 and Cy3 domains and(or) the flexible segments of the heavy polypeptide chain connecting
them take part in the formation of the binding site for this protein. If this suggestion is
correct, destabilization of the structure of the Fc-fragment of the IgG molecule would re-
sult in a decrease in its affinity for protein A.

In this connection it is important to note that the ability of the Fc-fragment to bind
protein A, expressed on a molar basis, is only ome-sixth that of the native monomer (Table
1). Since the Cy2 domains are not in contact with each other [5], the disulfide bond be-
tween the heavy chains in the hinge region of the molecule must play an essential role in
their spatial orientation. Since this bond is absent in the papain Fc~fragment, the de-~
crease in its affinity for protein A compared with native IgG can be explained by disturbance
of the mutual orientation of the Cy2 and Cy3 domains. Other evidence of this is given by the
results obtained during testing interaction between protein A and rabbit IgG in the molecule
of which the disulfide bond between the heavy chains was reduced. In its ability to bind
protein A, reduced IgG was only one-third as active as native IgG.

Data on binding of protein A by IgG dimers also are given in Table 1. These dimers are
formed spontaneously, they have a sedimentation constant of 9.6 S, and they can be separated
from 7S IgG monomers with a high degree of completeness [9]. On the basis of weight, the
binding activity of the dimers is 25 times greater than that of the IgG monomers, and on a
molar basis they are 12 times as active as the monomers. Aggregation of IgG takes place [2]
by means of the Fc-fragment of the molecule and may lead to spatial screening of the binding
sites for protein A and, consequently, to a decrease in the binding activity of the dimers.
Since the opposite effect was observed in the present experiments, this suggests that the
strengthening of binding of protein A through dimerization can be explained most probably by
stabilization of the conformation of the Fc-fragment in the composition of the dimer and, in
particular, by the stricter orientation of the Cy2 and Cy3 domains relative to each other.

It can be concluded from these results that not only the presence of a covalent bond be-
tween Cy2 and Cy3 domains, but also strictly definite mutual orientation of these domains is
essential for protein A binding.

LITERATURE CITED

ol

L. A. Zil'ber (editor), Immunochemical Analysis [in Russian], Moscow (1968), pp. 21,

99, and 120.

W. Angener and H. M. Grey, J. Immunol., 105, 1024 (1970).

M. Colomb and R. R. Porter, Biochem. J., 145, 177 (1975).

. E. Connel and R. R, Porter, Biochem. J., 124, 53-P (1971).

. R. Ellerson, D. Yasmeen, R. H. Painter, et al., J. Immunol., 116, 510 (1976).

Endresen and A. Givol, Acta Path., Microbiol. Scand., Sect. C, 84, 397 (1976).

Kronvall, Scand. J. Immunol., 2, 31 (1973).

G. Kronvall and D. Frommel, Immunochemistry, 7, 124 (1970).

Ya. Kul'berg (A. J. Kulberg), L. M. Bartova, I. A. Tarkhanova, et al., Clin. Immunol.
Immunopath., 6, 13 (1976).

10. A. Nisomoff, F. C. Wissler, L., N. Lipman, et al., Arch. Biochem., 89, 230 (1960).

11. Z. Ovary, Prog. Allergy, 5, 459 (1958).

12. R. R. Porter, Biochem. J., 73, 119 (1959).

13. H. A, Sober, F. J, Gutter, M, M. Wyckoff, et al., J. Am. Chem. Soc., 78, 756 (1956).
G.
M.

¥

o Q

O oO~NOYU BN
QO

>

14. A. Stewart, R. Varro, and D. R. Stanworth, Immunology, 35, 783 (1978).
15.

W. Turner and H. Bennich, Biochem. J., 107, 171 (1968).

321



