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Many diseases accompanied by the development of diarrhea are caused by different species
of bacteria, which produce cholera-like enterotoxins. These protein substances, responsible
for the main manifest syndrome of the disease, namely the development of diarrhea, are simi-
lar in their antigenic properties, molecular structure, and mechanism of action [3, 5, 6, 9].
They consist of functionally different subunits, one of which is responsible for specific bind-
ing with receptors of intestinal epithelial cells, the other for the appearance of intracel~
lular changes. None of these subunits, taken separately, is toxic for intact cells, The con-
struction of an immunoprophylactic preparation on the basis of one subunit of a given entero-
toxin can thus result in the creation of antitoxic immunity to the whole group of cholera-
like toxins. However, cholera-like enterotoxins of different species are not identical with
each other but exhibit definite differences [4, 5, 10]. .

The aim of this investigation was to undertake a comparative immunochemical analysis of
subunits of cholera enterotoxin and thermolabile enterotoxins of E. c¢oli of different origin.
EXPERIMENTAL METHOD

As producers of cholerogen (CT) we used strain 569B of Vibrio cholerae of the Inaba sero-
type, to obtain thermolabile E. coli enterotoxin of human origin (HLT) strain H74-114 of E.
coli, and to obtain thermolabile E, coli enterotoxin a strain of E, coli (EWDaiss) isolated
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Fig. 1. PAG disk~electrophoresis with SDS of A (a) and
B {b).subunits of cholera enterotoxin, of thermolabile
enterotoxin of E. coli isolated from man, and from ther-
molabile enterotoxin of E. coli isolated from pigs (A.,
Bos Aps By, Ap, Bp respectively),
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Fig, 2. Immunochemical analysis of B subunits of cholera enterotoxin and of thermo-
labile enterotoxins of E. coli isolated from man and pigs (B., By, and B, respec-.
tively). Anti-B., anti-By, and anti-B,) antisera to B., Bp, and B, respectively,
Lines on scheme of reaction correspond to antigenic determinants (KgD); B(chp) pres-
ent in B subunits of all three enterotoxins and taking part in precipitate formation;
B(ch) present in B, and By; B(hp) present in By and Bp; B(c) present only in Bg;
B(h) present only in Bp; B(p) present only in Bp. Here and in Fig, 3: I) reaction,
II) scheme of reaction, III) AgD discovered.

from pigs PLT). The microorganisms were cultured and the toxins purified by methods described
previously [1, 2, 11]. Subunits A and B of cholera enterotoxin and of thermolabile E. coli
enterotoxins of human and animal origin (A; and B¢, Ap and Bp, Ap and Bp, respectively) were
obtained from whole toxins by fractionation by gel-filtration on a column with Sephadex G-75
under denaturing conditions at low pH and in the presence of urea, by a modified method [7].
The modification consisted of substitution of renaturation by gel-filtration on a columnwith
Sephadex G-25 for renaturation by gradient dialysis. In this way losses of protein during
renaturation through the pores of the dialysis membrane and also partial aggregation of the
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Fig. 3. Immunochemical analysis of A subunits of cholera enterotoxin and of thermo-
labile enterotoxins of E. coli isolated from man and pigs (A., Ap, and A, respec-
tively). Anti-CT) antiserum to cholera toxin; anti-hLT) antiserum to thermolabile
enterotoxin of E. col? of human origin; anti~pLT) antiserum to thermolabile entero-
toxins of E. coli of animal origin. Lines on scheme of reaction correspond to AgD:
A(chp) present in A subunits of all three enterotoxins and taking part in precipi-
tate formation, A(hp) present in Aj and Aps A(c) present only in A;.

denatured protein were eliminated, Monospecific antitoxic sera to whole toxins and to their
B subunits were obtained by immunizing rabbits with purified preparations in accordance with
the scheme described in [14]. In a comparative study of the immunochemical properties of the
enterotoxin subunits, the double immunodiffusion test in agar gel was used [12]. The elec~
trophoretic investigation of the enterotoxin preparations and their subunits was carried out
in polyacrylamide gel (PAG) in the presence of sodium dodecylsulfate (SDS) [8].

EXPERIMENTAL RESULTS

To detect structural, functional, and immunochemical differences between the cholera-
like enterotoxins and their subunits, they had to be obtained in the form of individual com-
ponents. Preparations of subunits A and B were obtained by gel-filtration under denaturing
conditions at low pH values followed by renaturation of the isolated proteins. According to
the results of PAG electrophoresis with SDS, the A subunits of the toxins were proteins with
mol. wt. of about 29,000 daltons and possessed somewhat different electrophoretic mobility
(Fig. la). Allowing for the value of their electrophoretic mobility, these subunits could be
arranged in the following order: Ac < Ap = Ay, The B subunits of the three toxins were pro-
teins with a molecular weight of between 11,008 and 12,000 daltons and differed in their elec-
trophoretic mobility, which can be represented as B; > Bp > Bh (Fig. 1b).

1439



According to data in the literature, previously, preparations of whole toxins were sub-
jected to comparative immunochemical analysis {10, 13], and no similar investigations of in=-
dividual subunits were undertaken. We carried out an analysis in order to discover related
and individual antigenic determinants of each protein subunit,

To begin with B subunits of the three toxins were tested with serum to the B, subunit,
containing antibodies to all antigenic determinants (AgD) of this protein (Fig. 2a). By per-
forming the gel-diffusion test in this way it was possible to discover AgD common to all three
subunits — B(chp), AgD common to B and By — B(ch), and AgD corresponding only to B — B(e).
Immunochemical analysis of the subunits of the three enterotoxins tested with serum to By (Fig.
2b) revealed additionally AgD in the By and Bp subunits common for these two proteins — B(hp).
Performing the test with antiserum to Bp (Fig. 2c) revealed the presence of individual AgD in
the protein B, subunit — B(p) and confirms the data obtained in the two previous experiments.
Individual B(g) AgD were found in the By subunit in the next version of the experiment (Fig.
2d). Similar results were obtained by the use of antisera to whole toxins (the data are not
shown). AgD common to the Be and Bp subunits were not found in these experiments.

The results thus show that ligand B subunits of the three related toxins exhibit immuno-
logical kinship on account of common AgD [B(chp)], characteristic of all three types of sub-
units tested, and on account of group AgD [B(ch) and B(hp)], characteristic of the B subunits
of the three enterotoxins taken two at a time, and not found in the third toxin. Moreover, a
larger number of types of AgD, determining general immunologic kinship, was observed in By
than in B¢ and Bp.

Immunochemical analysis of the A subunits of the three enterotoxins was carried out in
the same way. Antisera to whole toxins were used as the source of antibodies. The analysis
showed that each of the subunits has common AgD [A(chp) (Fig. 3, a, b, c)], and that the A,
subunit possesses individual AgD [A(c) (Fig. 3a)], characteristic of it alone, whereas the Ap
and Ap subunits lacked individual AgD and had grouped AgD [A(hp)], characteristic of it alone
(Fig. 3b, ¢); this means that the A subunits of the two thermolabile enterotoxins were immu-
nologically identical.

Thus nine types of AgD were found in the subunits of cholera enterotoxin and the thermo-
labile enterotoxins of E. coli isolated from the different sources, and they can be grouped
as follows. B subunits: 1) common AgD for the B subunits of all three enterotoxins - B(chp);
2) group AgD common to the B subunits of the three toxins taken two at a time - B(ch) and
B(hp); 3) individual AgD - B(c), B(h), and B(p). A subunits: 1) common AgD for the A sub-
units of all three enterotoxins — A(chp); 2) group AgD common for the A subunits of the two
enterotoxins hLT and pLT ~ Athp); 3) individual AgD — A(c).

Accordingly the antigenic structure of the subunits of the three related enterotoxins
can be presented in the form:

CT ~ B(chp), (ch), (c); A(chp), (c).
hLT—-B(ChP), (ch), (hp), (h); A(Chp)s (hp)~
pLT — B(chp), (hp), (p); Al(chp), (hp).

It can be postulated that the group of AgD common for the three enterotoxins is located
at sites on the molecules of the A and B subunits that are evolutionarily more resistamt, and
that this is linked with the manifestation of their functional activity. It is therefore im-
portant that these AgD be included in immunoprophylactic preparations and also for the con-
struction of immunodiagnostic test systems on their basis.
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Investigation of the immune response in man to various forms of herpetic infection have
shown [1, 3, 8] that the primary infection is characterized by a lowlevel of antibodies to vi-
ral glycoproteins associated with a high level of antibodies to low-molecular-weight internal
nucleocapsid proteins., However, the data published by the authors cited were obtained by the
study of sera obtained once only from patients during the acute course of the disease and in
the convalescent period. These results did not reflect the dynamics of antibody formation to
individual viral proteins in the course of the infection, VYet such information would be of
great importance for the development of precise methods of laboratory serodiagnosis of her-
petic infection. The urgency of the development of tests of this kind is due to difficulties
in the clinical diagnosis of herpetic encephalitis and of neonatal diseases,

The aim of this investigation was to study the dynamics of antibody formation to indi-
vidual viral proteins during primary herpetic infection in experimental rabbits, using en-
zyme-linked immunosorbent assay (ELISA) and immunoblotting metheds.

EXPERIMENTAL METHOD

Type I herpes simplex virus (HSV-I) of the VR-3 strain was cultured on a transplantable
cell line. Virus-specific cytoplasmic envelope complexes (EC) and viral nucleocapsid (NC)
were isolated from infected cells by methods described previously {6, 10]. The homogeneity
of the antigens thus obtained was determined by polyacrylamide gel (PAG) electrophoresis and
the microdiffusion in agar test, using hyperimmune rabbit serum obtained to the envelope gly-
coprotein of HSV-I,

Sera from rabbits (8 animals) infected with HSV~I, applied to the clarified cornea, were
tested 7, 10, 14, 21, 28, and 75 days after infection.

The direct version of ELISA was carried out by the method in [12], using a volume of 100
ul. Immunosorbents (preparations of EC and NC) were used in a concentration of 1.25 ug/100
1l as protein.

Electrophoresis in 9,5% PAG was carried out by the method in [7]. The immunoblotting
test followed the method in [11] with minor modifications. The sera were tested in a dilu-
tion of 1:10. An antirabbit peroxidase conjugate, prepared in the Laboratory of Serologic
Micromethods, was used in a dilution of 1:2,000,

Laboratory of Serologic Micromethods and Laboratory of Genetics of DNA~Containing Viruses,
Moscow Research Institute of Virus Preparations, Ministry of Health of the USSR. (Presented
by Academician of 'the Academy of Medical Sciences of the USSR 0. G. Andzhaparidze.) Trans-
lated from Byulleten' Eksperimental'noi Biologii i Meditsiny, Vol. 104, No. 10, pp. 476-478,
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