in the lung tissue. Whereas after intraperitoneal infection suppression of the process is
probably due to an increase in antiendotoxic resistance [7-8], in a developed infectious pro-
cess following a progressive course (lung model) this stimulation was evidently less effec-
tive.

When induction of nonspecific resistance is studied, separate attention must therefore
be paid to the conditions responsible for antitoxic and antiinfectious resistance. The abil-
ity of endotoxins to stimulate nonspecific resistance is determlned by thelr high-molecular-
weight component.
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EFFECT OF INFLUENZA VIRUS AND ITS STRUCTURAL COMPOKENTS ON
THE IMMUNOCOMPETENT SYSTEM OF ANIMALS

N. L. Novichenko, V., I. Struk, UDC 616.988.75-07:612.017.11
and R, E. Kavetskii*

The effect of influenza A (PRe/34) virus and its structural components on immuno~
logic reactivity was studied in mice. Neuraminidase, the enzyme of the influenza
virus outer membrane, possesses an immunodepressive action. The addition of neura-
minidase leads to removal of sialic acids from the surface of the lymphocytes and
reduces their electrophoretic mobility. The mechanism of the immunodepressive ac-
tion of neuraminidase is discussed.

KEY WORDS: <influenza virus; immunodepression; neuraminidase; lymphocytes.

The pathogenesis of influenza infection and the complications accompanying it have not
yet been properly explained. In recent years immunologic changes in influenza have been
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described. In particular, in experimental influenza in albino mice marked inhibition of
antibody formation in response to injection of the test antigen has been demonstrated [2],

The object of this investigation was to study the effect of the various structural com-
ponents of influenza virus on the immunocompetent system.

EXPERIMENTAL METHODS

Influenza virus A (PRg/34) (Ho/N,), adapted to mice, was used. The virus was cultured
in 9- to ll-day chick embryos for 48 h at 37°C. Tests were carried out on BALB/c mice aged
2 months. In each experiment 10 to 15 mice were used. The preparations for testing were
injected 24 h before the test antigen. Immunologic reactivity and the degree of immunode~
pression were determined on the 5th day after injection of the test antigen by the method of
Jerne and Nordin [6] in the modification [1].

Influenza virus was purified by a combination of differential isodensity and rate-zonal
centrifugation. The S and V antigens were separated by disintegration of the virus with
ether. S Antigen was obtained by removal of the V antigen by adsorption on chick erythro-
cytes; V antigen was obtained by sedimentation of the S antigen by ultracentrifugation
(100,000g) for 2 h. Neuraminidase was isolated from V antigen by treatment with 1% sodium
dodecyl sulfate [7]. The content of sialic acids was determined by a thiobarbiturate method
[9]. The cytotoxic test and determination of the electrophoretic mobility of the lymphocytes
were carried out by methods described in [3, 5].

EXPERIMENTAL RESULTS

In the experiments of series I the immunodepressive action of whole influenza A (PRg/34)
virus, after disintegration by ether into S and V antigens, and also the action of S antigen,
V antigen, and neuraminidase separately were compared. The original virus in a titer 10°8-°
EIDs, was injected in a dose of 0.2 ml into the mice. The structural components were in-
jected in doses equivalent as protein to their content in 0.2 ml whole virus in a dose of
10%*% EIDso. Although the immunodepressive action of influenza virus on mice is well marked
by intranasal injection of 10® EIDs, [2], the high titer of virus and the intraperitoneal
method of injection were chosen in order to elucidate precisely the role of the structural
components of influenza virus in immunodepression.

Data on the effect of infectious virus and its structural components on the number of
antibody-forming cells (AFC) were subjected to statistical analysis and the results are given
in Fig. 1.

The results indicate that the neuraminidase, the enzyme of the outer membrane of the in-
fluenza virus, possesses an immuodepressive action. The remaining components had no effect
on immunologic reactivity. Neuraminidase, inactivated by heating, likewise had no immuno-
depressive action. These results are in agreement with those showing the immunodepressive
action of neuraminidase of influenza virus on rat lymphocytes [11].

Considering the abundant evidence of the increased immunogenicity of cells after treat-
ment with neuraminidase from Vibrio cholerae (10}, the surface properties of mouse spleen
lymphocytes were investigated 5 days after intraperitoneal injection of 0.02 ug neuraminidase

100+ I T Fig. 1. Effect of influenza A (PRe/34)

l (Ho/N,;) virus and its structural com-
8oy ponents on the number of AFC. Abscissa:
s0 b a) whole virus; b) virus split into S and

V antigens; c¢) S antigen; d) V antigen;
40r e) neuraminidase; f) neuraminidase inac-
20k [T tivated by heating; ordinate, number of

rfW‘ r{1 r{j AFC per 10° nucleated spleen cells (in %
2 T 1 = T of control).
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TABLE 1. Viability of Lymphocytes from
Intact Mice and Mice Treated with Neura-

minidase
Antigen |Antiserum |Complement ;YSiS’ p
(]

NAL NAS - 81.6 <0,01
NAL NAS — 0

NAL 1S -+ 80,7 <0,01
NAL s — 0

IL NAS -+ 0

IL NAS — 0

IL s - 0

Note. NAL) Lymphocytes of mice treated
with neuraminidase; NAS) serum of mice
treated with neuraminidase; IL) lympho-
cytes of intact mice; IS) serum of in-
tact mice.

(the peak of immunodepression). Lymphocytes from experimental and control animals were
treated with preparations of influenza virus neuraminidase containing 1.7 units of enzyme
activity; under these circumstances 0.06 and 0.28 ug sialic acids per 10° cells was removed.
The results of the study of electrophoretic mobility of the lymphocytes are given in Fig. 2.

The results point to a marked decrease in the surface charge of the lymphocytes of the
mice receiving neuraminidase.

Removal of sialic acids from the surface of the cells exposes latent antigenic deter-
minants, and a decrease in the surface charge on regions rich in receptors containing sialic
acids affects the configuration of neighboring antigenic determinants not containing sialic
acids [10].

As part of the study of the action of neuraminidase on lymphocytes the cytotoxic test
was carried out with different combinations of antigens and antisera. The results of the
cytotoxic test are given in Table 1.

The results show that normal mouse serum contains natural antibodies against lymphocytes
treated in vivo with neuraminidase. The sera of such mice have no cytotoxic properties
against normal lymphocytes. Similar results were obtained by Rogentine and Plocimic [8], who
studied the presence of natural antibodies against autologous lymphocytes, treated with neura-
minidase from V. Cholerae in vitro, in human serum.

The results now obtained, together with data in the literature [4] thus explain the im-
munodepressive action of influenza virus in this particular model by the acquisition of auto-
antigenic properties by the lymphocytes and by the cytotoxic action of normal serum.

50 ¢

. Fig. 2. Electrophoretic mobility of nor-

s0 mal mouse lymphocytes (1) and lymphocytes

30 - of mice treated with neuraminidase (2).

2 ; Neuraminidase (0.02 pg) was injected in-

20 - traperitoneally 5 days before the experi-
ment. Abscissa) electrophoretic mebility

0 (in em®-V"'.gec™'+107%); ordinate) number

AT N SRS TS SN YUNNS N S S S S S W of lymphocytes.
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STUDY OF THE CHEMICAL RECEPTOR FOR DIPHTHERIA TOXIN
IN CELL MEMBRANES

Yu. V. Vertiev and Yu. V. Ezepchuk UDC 576.852.23.097.29,095,18:547.952

Adsorption of diphtheria toxin on immobilized preparations of cell membranes was
studied in the presence of gangliosides. A mixture of gangliosides completely sup-
presses adsorption of the toxin on membranes of cells both sensitive (Hela cells,
macrophages) and resistant (L cells) to its action. Gangliosides treated with neura-
minidase are less effective, Immobilized gangliosides effectively adsorb diphtheria
toxin in the presence of protective co0lloid and of the detergent Triton X-100. On
the basis of these results gangliosides can be regarded as the receptors of diph-
theria toxin.

KEY WORDS: diphtheria toxin; receptors; membranes; gangliosides.

The chemical nature of cell receptors has recently been established for a number of bac-
terial toxins. For cholera, staphylococcal, tetanus, and botulinus toxins gangliosides have
been shown to perform the receptor function in the cell [6, 8-10, 11, 13]. Data on the re-
ceptor for diphtheria toxin are not available, although the molecular structure and mechanism
of action of this toxin have been studied in much greater detail than those of other toxins
{3]. Meanwhile, experiments using the "viroimmunotest" enabled the writers to show that
diphtheria toxin is fixed on cell membranes [2].

The object of this investigation was to study the effect of gangliosides on interaction
between diphtheria toxin and cell membranes.

EXPERIMENTAL METHODS

Diphtheria toxin was obtained by the method of Gill and Dinius [7] and the concentration
of its toxic protein was determined spectrophotometrically [12]. Membranes from Hela and L
cells and from guinea pig macrophages were obtained and immobilized on Sephadex G-25 by the
method described previously [2]. Bovine serum albumin (from Koch-Light, England) and gang-
liosides (from Sigma, USA) were immobilized on Sephadex G-25 by Cuatrecasas' method [5] and
designated Seph—BSA (Sephadex—bovine serum albumin) and Seph—BSA~G (Sephadex-bovine serum
albumin—gangliosides), respectively. A purified preparation of neuraminidase from NAG vibrio
[1] was immobilized on Sepharose 4B (from Pharmacia, Sweden) by Cuatrecasas' method [4]. The
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