J. MED. MICROBIOL.—VOL. 20 (1985) 263-274
© 1985 The Pathological Society of Great Britain and Ireland

IMMUNOLOGICAL RESPONSES TO PROTEIN, CARBOHYDRATE
AND LIPID FRACTIONS OF NOCARDIA ASTEROIDES IN MICE

RiTA GUPTA, VUAYKUMAR PANCHOLI, V. K. VINAYAK* AND G. K. KHULLERY}

Departments of Biochemistry and * Experimental Medicine, Postgraduate Institute of
Medical Education and Research, Chandigarh-160012, India

SumMARY. The protein, polysaccharide and phospholipid constituents
of Nocardia asteroides have been partially purified and their immuno-
genicity studied in mice. Humoral and cellular immune responses were
demonstrated against a crude cytoplasmic protein fraction (CPF). Two
fractions of CPF were prepared on a Sephadex G-200 column; a high
mol. wt fraction, fraction-1(F;) was capable of eliciting both types of
immune responses, whereas fraction-2(F2) behaved more like a hapten.
Phosphatides elicited only humoral responses whereas polysaccharides
were non-immunogenic.

INTRODUCTION

Nocardiosis, a systemic bacterial disease caused mainly by Nocardia asteroides, is
no longer rare and its pathogenesis is incompletely understood. The relative
importance of cellular and humoral immunity in nocardiosis is not clearly defined
(Beaman and Maslan, 1977; Curry, 1980; Beaman et al., 1982), although it has been
suggested that cell-mediated immunity is more important than humoral. These studies
appear to have been restricted to the response to whole nocardial cells which were
either killed (Deem et al., 1982) or viable (Krick and Remington, 1975; Hiramine et al.,
1981). Little attention has been given to the immune reactions induced by the proteins,
polysaccharides and lipids of the nocardial cells. Because lymphocytes react with these
components individually, it might be expected that the immune reactions that play a
critical role in the pathogenesis of nocardiosis may be restricted to certain components
of the nocardial cell rather than the whole cell. Hence, the present study was
undertaken to investigate the immune responses elicited by constituents of N.
asteroides in relation to the pathogenesis of the disease in mice.

MATERIALS AND METHODS

Bacterial strain. N. asteroides NCTC 8595 (equivalent to ATCC 14759) was obtained from
the National Collection of Type Cultures, Collindale, U.K. and grown in Brain Heart Infusion
Broth (BHI; HI-Media, Bombay, India) at 37°C for 7 days (stationary phase). _

Animals. Swiss albino mice (outbred) of either sex weighing 18-20 g (45 weeks old) were
used throughout and fed on a standard pellet diet (Hindustan Lever Ltd, Bombay, India) with
water ad libitum.
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Preparation of protein components. A 7-day growth of N. asteroides in BHI broth was
harvested, suspended in acetone and left overnight. The cells were filtered, freed from acetone by
evaporation at room temperature and dried. The dried cells were suspended in normal salineina
10% (w/v) suspension. The cells were then sonicated at 60W (20 KC/s) intermittently in a
“Sonifier” cell disrupter (Branson Sonic Power Co., Danbury, CT, USA) for 3 hin the cold. The
unbroken cells were removed by centrifugation at 2800 g for 30 min and the supernate again
centrifuged at 25 000 g for 50 min in a refrigerated centrifuge (Sorvall RC-2B, Newton, CT,
USA) to remove cell walls. The clear supernate was subjected to ammonium sulphate
precipitation at 70%, saturation. The precipitates were kept at 4°C overnight, dissolved in the
minimum amount of PBS, pH 74, and then dialysed against the same buffer for 3 days at 4°C to
ensure complete removal of the ammonium sulphate as checked by the disappearance of white
precipitates after addition of barium chloride to samples of the dialysate. This was denoted as
crude protein fraction (CPF).

Four ml of the CPF (32 mg) was applied to a Sephadex G-200 (Pharmacia Fine Chemical,
Uppsala, Sweden) column (2 x 80 cm) which had been packed under a pressure of 16 cm of Hg.
The flow rate was adjusted to 20 mi/h and the proteins eluted with 0-01 M phosphate buffer, pH
7-4. The eluants were collected in 4-2-ml fractions with an automatic fraction collector (LKB,
Bromma, Sweden) and the absorbance read at 280 nm in a Beckman (Model-25) Spectrophoto-
meter (USA). The elution volume was plotted against optical density and two peaks were
obtained. The fractions under the two peaks were pooled and concentrated by dialysis against
solid PEG (Polyethylene glycol, mol. wt 20 000; Sigma Chemicals, St Louis, MS, USA). These
fractions were designated F; and F, respectively.

The fractions CPF, F, and F, were subjected to polyacrylamide gel electrophoresis (Davis,
1964) to check the complexity of their protein constituents at 5 mA/gel for 21 hin the presence of
Tris-glycine buffer, pH 8-3. Protein estimation at each stage was done according to the method of
Lowry et al. (1951).

Isolation and purification of polysaccharide fraction. N. asteroides was grown in BHI at 37°C
for 7 days (stationary phase) and killed by autoclaving at 121°C for 20 min. The cells were then
harvested and suspended in a mixture of chloroform and methanol (2:1, v/v) with constant
stirring for 3 h to extract the lipids. The procedure was repeated twice and the filtrates pooled and
used for the isolation of a lipid fraction. The defatted cells were used for the isolation of
polysaccharide as described by Zamora et al. (1963). Briefly, the cells (10 g) were ground with 20
g of pyrex glass powder followed by treatment with 150 ml of 3 M potassium chloride (KCl). The
cell-free supernate obtained after centrifugation (3500 g for 2 h) of the suspension was added to
10 volumes of methanol and kept at 4°C for 24 h. The precipitates were centrifuged (1000 g for 10
min.) and then suspended in 0-02 M PBS, pH 7-2. They were dialyzed against running tap water
for 72 h and reprecipitated with 10 volumes of methanol. The precipitates were dried on acetone.
The white precipitates were dissolved in 0-02 M carbonate buffer, pH 10-00. The soluble fraction
was removed and designated as PS/I. The insoluble fraction was dissolved in 0-02 M citrate
buffer, pH 5-0, and designated as PS/II. Polysaccharides in each fraction were estimated by the
method of Dubois et al. (1956) with glucose as standard.

Purification of lipid fraction. Total phospholipids were used as an antigen. They were
extracted according to the method of Folch et al. (1957). Autoclaved cells were extracted with
chloroform:methanol (2:1, v:v) twice or thrice and all the extracts were pooled. To this,
one-fifth volume of 0-7%; potassium chloride was added, mixed and kept overnight. The aqueous
layer was removed and the remaining organic layer transferred to a round-bottomed flask and
dried under vacuum. After two washings with chloroform-methanol-water (16:8:1, v:v:v), the
lipid was dried, dissolved in a known volume of chloroform and the phosphorus estimated
(Bartlett, 1959). Neutral lipids were removed by repeated washings with acetone and the total
phospholipids used for further work.

Identification and separation of individual phospholipids. Individual phospholipids were
identified and separated by preparative thin-layer chromatography onsilica gel-H (BDH, Glaxo
Laboratories [India] Ltd, Bombay) plates by the method of Khuller (1976).

Immunisation schedule. Immunisation of mice was performed in a group of 20-30 animals
with CPF, F,, F,, PS/I, PS/II and phospholipids as described below. They were designated as
group I to group VI respectively.
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Group Ia received three intraperitoneal injections each of CPF 50 ug in 0-1 ml, emulsified in
an equal volume of Freund’s incomplete adjuvant (FIA) at 5-day intervals. Group Ib was
immunised with a single intraperitoneal injection of CPF 150 ug in 0-1 ml emulsified with FIA.
Groups II and III received 150 ug of Fy and F, respectively, emulsified in FIA, in three equally
divided doses, on days 0,5 and 10.

Groups IV and V received PS I and PS I, respectively, by three different schedules: (i) a single
intraperitoneal injection of 1 mg of polysaccharide (PS I or PS II) emulsified in FIA; (ii) three
subcutaneous injections (0-2 ml), each of 100 ug, of each polysaccharide fraction with an equal
amount of FIA at 5-day intervals; (iii) 50 ug of polysaccharide (0-1 ml) by intravenous injection
in the tail vein on days 0 and 3 followed by subcutaneous injection of 50 ug of polysaccharide and
50 ug of methylated bovine serum albumin (MBSA) emulsified with FIA on day 6 and 50 ug of
polysaccharides intravenously on day 9.

Group VI was immunised with three subcutaneous injections each of phospholipid (25 ug
lipid phosphorus) complexed with MBSA (Khuller and Subrahmanyam, 1971) and emulsified in
FIA, at weekly intervals.

With each group a control group of animals (10 mice) was given in parallel, normal saline
emulsified with or without FIA depending on the type of experiment in a corresponding
schedule.

Measures of humoral immune response. The animals were bled before immunisation and
samples of serum were stored at —20°C for further use. In groups of 5 or 6, the mice were bled to
death and their spleens removed aseptically on days 7, 14, 21 and 28 after completion of
immunisation. The sera were separated and stored at —20°C. The presence of specific or cross
reacting antibodies or both were first detected by gel diffusion, immunoelectrophoresis and
counter-current immunoelectrophoresis (CIE). A serum antibody titre for the animals
immunised with the protein fractions was determined by indirect haemagglutination (IHA) as
described by Herbert (1978), by use of 1-:25% tanned sheep RBC coated with 88-5 ug of
protein/ml. Anti-phospholipid antibody titres were determined by kaolin agglutination
(Takahashi, 1962) with 0-19 w/v standard kaolin suspension sensitised with 60 ug/ml of total
phospholipids.

Measures of cell-mediated immune response (CMI). Aseptically-removed spleens were used
to study cellular immune response by leukocyte migration inhibition (LMI) (Falk and Zabriskie,
1971). Briefly, the capillary tubes (length 75 mm, internal diameter, 1-1 mm) were filled with
spleen-cell suspension (107 viable leukocytes/ml), centrifuged (200 g for 10 min) and cut at the
cell-fluid interphase. The capillaries were placed in the leukocyte migration chambers (Laxbro,
Pune, India) sealed with glass coverslips in the presence and absence of specific antigen (protein
fractions F; 80 ug/ml, F, 50 ug/ml) polysaccharide (PS I 35 ug/ml; PS II 60 pug/ml) or total
phospholipids (100 ug/ml) depending on the experiment. These antigen concentrations were the
highest that gave no inhibition of migration with leukocytes from unimmunised animals. The
percentage migration inhibition was calculated by the formula (C—T/C) x 100 where C is the
migration in the absence of antigen and T is migration in the presence of the antigen.

RESULTS

The elution profile obtained showed two distinct peaks which were designated F,
and F, (fig. 1). The percentages of protein distributed in and recovered from the two
fractions are shown in the table; 87-75% of the protein applied was recovered in
fractions 1 (F)) and 2 (F;)—32-6% in F; and 55-1% in F.

After polyacrylamide-gel electrophoresis, the CPF gave eight major bands (fig. 2a)
whereas six and two bands were seen in F; and F, respectively (figs 2 b and ¢). F, was
more complex than F,. Concentrated F, was subfractionated into four fractions by
preparative PAGE (fig. 2b).

Immune responses after immunisation with protein fractions. The sera obtained from
the animals immunised with multiple injections of CPF formed multiple precipitation
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Optical density at 280nm
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Fic. 1.—Elution profile of crude cytoplasmic protein fraction (CPF) on Sephadex G-200 column; Fy and F2
represent two distinct protein fractions.

TABLE
Elution profile of crude protein fraction* on
Sephadex G-200

Recovery of protein

Total

Fraction volume Protein Amount Percentage
number  (ml) (ug/ml) (mg) of total CPF

1 36 290 10-44 32-625
2 49 360 17-64 55-125

Total recovery of protein 28-08 87-75

* Total of 32 mg protein (CPF) in 40 ml was
fractionated.

lines with the homologous antigen in gel diffusion, immunoelectrophoresis and CIE
(figs. 3 a,b). These antisera also formed multiple precipitation arcs with F; but only two
with F,. Agglutinating antibodies determined by the IHA test showed an increase in
geometric mean titre from 844 (range 320-1280) in the first week after immunisation to
a maximum of 5120 by 3 weeks after immunisation. The geometric mean titre obtained
in the third week after immunisation was significantly higher (p <0-02) than that
obtained in the first week (fig. 4). In contrast to the results after immunisation by
multiple injections, a single-dose immunisation procedure induced a relatively weak
immune response. A significant agglutinating antibody response could not be detected
in animals up to 2 weeks after immunisation.
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Fi6. 2.—Polyacrylamide gel electrophoresis patterns of (a) CPF, (b) Fi and (c) F2. The arrows indicate the
points at which the gels were sliced to obtain different fractions of F; by preparative PAGE.

FiG. 3.—(a) Cross reactivity of the antisera raised against CPF demonstrated by CIE with different protein
fractions obtained after gel filtration: (1) ammonium sulphate-precipitated CPF; (2) cytoplasmic
extract; (3) F1, (4) Fa.

(b) Immunoelectrophoretic patterns of Fy and CPF (Cr) with antisera raised against CPF.
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Fi6. 4 —Comparison of indirect haemagglutinating titres in mice immunised with single (6——@®) and
multiple (aA——a) doses of CPF. Vertical bars represent the standard error of the geometric mean.

The cellular immune response evaluated by LMI showed significant cellular
sensitisation (fig. 5). CPF contains F, and F; and the LMI response was seen in the
presence of F; and F, separately. A mean migration inhibition of 50-11+10-17%; and
44-68 +4-62% in the presence of F; and F, respectively was obtained in the first week
after immunisation. The maximum cellular sensitisation with F; was seen 2 weeks after
immunisation (65-09 +4-5%). A similar type of LMI was obtained with F, but the
extent of migration inhibition was less than with F;. With the single-dose immunisa-
tion procedure, no significant migration inhibition (p <0-2) was seen in the first week
after immunisation but after 2 weeks significant migration inhibition (p <0-001) was
seen in the presence of F; or F, (fig. 5).

Immunisation with F,. Antisera obtained from mice immunised with F, formed
multiple precipitation lines with the homologous antigen. The sera obtained from
F|-immunised animals cross-reacted with CPF but did not cross-react with F». Of the
four subfractions of F, three (nos. 2, 3 and 4) cross-reacted with CPF antisera.
Maximum agglutinating antibody titre (geometric mean titre 5793) was detected 3
weeks after immunisation (fig. 6) and remained unchanged by 4 weeks.

The maximum LMI of 58-:32 1+ 7-16% was observed 4 weeks after immunisation.
The migration pattern seen 1 week after immunisation and that seen after 4 weeks were
essentially the same (p <0-1) (fig. 7).
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FI16. 5.—Migration inhibition of leukocytes obtained from the mice immunised with single and multiple
doses of crude cytoplasmic fraction: a A, A-—--A represent the multiple-dose immunization
schedule and leukocyte migration inhibition (LMI) in the presence of Fi and F respectively; ——@,
0----O represent single-dose immunisation schedule and LMI in the presence of F| and F respectively;
E——8, O----O represent LM1 in control group in the presence of Fy and F; respectively. Vertical bars
represent the standard errors of the means of the duplicate readings from at least three mice.

Immunisation with F,. Induction of immune responses after immunisation with F,
was tested up to 4 weeks, but neither precipitating nor agglutinating antibodies were
detected. The percentage LMI values were <209 in the presence of the homologous
antigen. Thus, immunisation with F; protein did not induce either humoral or cellular
immune responses.

Immunisation with PS I and PS II. The immunogenicity of PS I and PS II was
studied with three different immunisation schedules. Precipitating or agglutinating
antibodies were not detected up to 4 weeks after immunisation with any of the three
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F1G. 6.—Indirect serum haemagglutinating antibody titre in mice immunised with F|. Vertical bars represent
standard errors of the geometric means obtained from 5 or 6 sera.

schedules. Moreover, there was no significant leukocyte migration inhibition (<20%)
in immunised mice in the presence of homologous antigens.

Immunisation with total phospholipids. Precipitating antibodies against the homolo-
gous phospholipid antigen were detected from 1 week after immunisation with total
phospholipids. However, these antibodies did not form precipitation lines with
purified phosphatidylethanolamine (PE) or cardiolipin (CL) and were specific for the
phosphatidylinositol-mannosides (PIM) fraction. The titres or agglutinating anti-
bodies determined by the Kaolin agglutination test are shown in fig. 8. The
agglutinating titres obtained up to the fourth week after immunisation varied from 320
to 1280.

Immunisation with phospholipids failed to elicit a significant CMI response even
after 4 weeks.

DisCUSsSION

Reports on the immunological activities of the various components of N. asteroides
and their role in the pathogenesis of the disease are lacking, although various protein
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F1G6. 7.—Migration inhibition of leukocytes obtained from mice immunised with F: a A represents the
control group; ®—@ represents the immunised group. Vertical bars represent the standard errors of
the means of duplicate readings from at least three mice.

(Palmer et al., 1974; Shainhouse et al., 1978; Blumer and Kaufman, 1979) and
polysaccharide (Ortiz-Ortiz et al., 1972) fractions from cultural filtrates and whole-cell
extracts have been tested for use in diagnostic serology. In the present investigation, the
proteins of N. asteroides elicited humoral and cellular responses. Lipids elicited only a
humoral response whereas polysaccharides were not immunogenic.

Because the aim of the present study was to select immunologically active
components with potential for use as immunoprophylactic agents, harsh physicoche-
mical treatment of the bacteria, which may denature many of the proteins, was
avoided. Acetone-killed cells were preferred for the isolation of protein antigens
because this treatment carries relatively little risk of protein denaturation (Daniel and
Janicki, 1978). Polyacrylamide-gel electrophoresis showed that the cytoplasmic
protein fraction contained at least eight major protein bands. Although the exact mol.
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Fi16. 8.—Kaolin agglutinating antibody titre of sera from mice immunised with total phospholipid. Vertical
bars represent the standard errors of the geometric means of 5 or 6 sera.

wts of the F; and F; fractions were not determined, their elution volumes (Ve) indicated
that the mol. wt of F, was ¢. 50 000 (Ve close to Vo) whereas F> was a low-mol. wt
fraction with a Ve close to the bed volume (V;). Furthermore, the electrophoretic
patterns indicated that F, was more complex than F,. Preparative PAGE fraction 1 of
F, was nonantigenic; it did not form precipitin line with antisera raised against F,.
Although F; formed two precipitin lines with antisera raised against CPF, when used
alone it did not induce an immunological response. This suggests that F, might actasa
hapten which serves as an antigen when combined with a carrier protein such as F;.
The failure of F; to induce an immunological response may be attributed to either its
low mol. wt or its structure. In contrast to F5, F; induced a humoral as well as a cellular
response as early as one week after immunisation. Use of an RNA-protein complex has
been shown to induce cell-mediated immunity up to 70 days after immunisation in
guinea pigs (Sundararaj and Agarwal, 1977), although it failed to elicit a humoral
immune response.

Neither polysaccharide fraction elicited an immune response, even after selecting
three different schedules of immunisation. Nocardial polysaccharide antigens have
been investigated by Bojalil and Zamora (1963) for the diagnosis of mycetoma. The
spleen cells from animals immunised with whole cells showed the production of MIF in
the presence of homologous antigen (Ortiz-Ortiz et al., 1972). The failure of purified
polysaccharide fractions to elicit an immune response and the observation that
precipitins could be detected against the same PS fractions in animals immunised with
formalin-killed Nocardia (data not given) strongly suggested that these polysacchar-
ides might be acting as haptens. An identical observation has been made with the
closely related Mycobacterium tuberculosis (Boyden, 1956). The tuberculo-polysac-
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charides are not themselves immunogenic although antigenicity is restored when they
are conjugated with proteins or peptides. Our polysaccharide fractions were not
completely free of contaminating proteins or peptides, but the treatment of the cells
before extraction seem to have at least denatured them.

We have shown that the phospholipids of N. asteroides are antigenically similar to
the mycobacterial phospholipids which are reported to elicit precipitating, agglutinat-
ing and complement-fixing antibodies (Khuller and Subrahmanyam, 1971). Further-
more, the antibodies raised against the total phospholipids did not cross-react with the
PE and CL fractions but reacted only with PIM. Thus the PIM of N. asteroides is the
only immunoreactive phospholipid as has also been found in mycobacteria (Khuller
and Subrahmanyam, 1971; Banerjee and Subrahmanyam, 1978).

In contrast to the humoral response, CMI against lipid antigen was not detected.
Although lipid-A of LPS, its synthetic analogs and related compounds have been
shown recently to exhibit various immunological activities, including a cell-mediating
immune response (Kotani et al., 1983), the immunological role of phospholipids has
not been investigated extensively. In view of the reports that the phospholipids of
mycobacteria and Nocardia cross-react (Khuller and Chopra, 1983) and phospholipids
are protective in nature (Khuller et al., 1983), further studies on the immunological
basis of the protective mechanism mediated by phospholipids are indicated.

From the present findings, it may be concluded that the protein antigens, especially
the F, fraction, of N. asteroides show promise as active immunogens for prophylaxis
and for the specific diagnosis of systemic or pulmonary nocardiosis.

This study was financed by the Indian Council of Medical Research, New Delhi, India.
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