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ABSTRACT

Kwapinskr, J. B. (University of New England,
Armidale, N.S.W., Australia). Antigenic structure
of Actinomycetales. VI. Serological relationships
between antigenic fractions of Actinomyces and
Nocardia. J. Bacteriol. 86:179-186. 1963.-—A total
of 52 chemical fractions were obtained by a com-
prehensive technique of preparation from three
strains of Acttnomyces and three strains of No-
cardia. The chemical and serological structures
and specificities of disintegrated cells, cell walls,
cytoplasms, and individual fractions were thor-
oughly studied. Cytoplasmic materials were found
to be serologically alike or identical. The poly-
saccharide fractions, extracted from cell walls
with alkali, formamide, and phenol, proved to be
serologically related. Fractions prepared from
the Nocardia by extractions in hot and concen-
trated solutions of acetic acid and sodium hy-
droxide, as well as the second protein fraction
and the acetate-extracted polysaccharides of both
the Nocardia and Actinomyces, proved to be
genus-specific.
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An apparent morphological similarity between
the Actinomyces and Nocardia was regarded by
certain investigators as sufficient to -classify
these microorganisms as one or two genera within
the family Actinomycetaceae (Wilson and Miles,
1957; Waksman and Henrici, 1943; Breed, Mur-
ray, and Smith, 1957). Other investigators (Gor-
don and Mihm, 1957) divided strains of Nocardia
into two different groups on the basis of colonial
morphology, one being similar to Streptomyces
and the other to Mycobacterium.

Some differences in the chemical composition
of cell walls, revealed by a chromatographic
technique, were used by Cummins and Harris
(1958) for the proposed taxonomic separation of
Actinomyces from Nocardia, with the insertion of

the latter in the family Mycobacteriaceae. How-
ever, chemical compositions of the whole or
fractionated cytoplasmic materials of these micro-
organisms have not been compared.

Cytoplasmic fractions of Actinomyces and
Mycobacterium were found by serological tech-
niques to be antigenically related, whereas most
of the antigenic fractions isolated from cell walls
were genus- or type-specific (Kwapinski and
Snyder, 1961; Kwapinski, 1960). Certain sero-
logical relationships between Actinomyces and
Nocardia, and among Nocardia, Mycobacterium,
and Corynebacterium, were revealed by agglutina-
tion tests but not by the fluorescent-antibody
technique (Slack et al., 1951; Slack, Winger, and
Moore, 1961; Schneidau and Schaffer, 1960;
Cummins, 1962).

The present studies were carried out to deter-
mine the chemical and antigenic structure of
Nocardia, and to investigate the biological posi-
tion of the Nocardia in relation to other genera
of the Actinomycetales.

MATERIALS AND METHODS

A total of 14 (5 nucleoprotein and 9 polysac-
charide) chemical fractions of Actinomyces israeliz,
employed for this research, were isolated previ-
ously from three strains, and their chemical and
serological characteristics were described (Kwap-
inski, 1960). Another two polysaccharide fractions
(Cs and Cs) were isolated from each of the three
strains of A. israelit by the methods cited below.

The following strains of Nocardia were used in
the investigations: N. asteroides NCTC 8595,
London; N. asteroides 5, obtained from R. V. S.
Bain, University of Sydney, Sydney, Australia;
and N. rubra, obtained from N. M. MecClung,
University of Georgia, Athens.

Each strain was cultivated in 59 glycerol
broth or a semisynthetic medium containing
0.259%, arabinose, 0.259% xylose, 19, galactose,
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29, glucose, 0.5% mannose, 0.25% rhamnose,
0.59%, asparagine, and 0.2% ammonium chloride
dissolved in phosphate buffer (pH 6.5). Cultures
in Roux bottles were incubated at 37 C for 4 to
5 days and then treated with 0.5% formalin.
Cells were collected by centrifugation, washed
three to five times with distilled water, and dis-
integrated with Ballotini no. 12 glass beads at
5 C for 10 min in a high-speed blender (Linnane
and Vitols, 1962); approximately 99% of cells
were disintegrated, as determined by observa-
tion in an electron microscope. Disintegration for
10 to 20 min in a Raytheon 20-kc ultrasonic
oscillator produced only 20 to 309, disintegration.

Cell walls were separated from cytoplasm by
centrifugation at 21,000 X ¢ for 15 min in a
Servall RC-2 superspeed refrigerated centrifuge
and washed repeatedly with water until the
washings were free from protein or carbohydrate.
The first supernatant was recentrifuged for 20
min at 25,000 X g, passed through a no. 5 Schott
glass filter, and dialyzed against water for 48 hr.
Only homogeneous masses, but no particular
matter, were found in smears made from the
concentrated cytoplasm, as examined under a
phase-contrast microscope or in Gram-stained
smears. The cell-wall material was resuspended
in water and centrifuged at 270 X g for 3 min to
remove heavier particles if present. The super-
natant appeared free from cytoplasmic material
when examined by electron microscopy.

Chemical fractions were isolated from cell walls,
and the cytoplasm was obtained by Kwapinski’s
method (1960) as partially modified (Fig. 1). The
sulfosalicylic polysaccharide fractions were ex-
tracted from cell walls as described before (Kwap-
inski and Snyder, 1961). In all, 32 fractions were
prepared from the strains of Nocardia.

Chemical examination of fractions was carried
out by the following techniques: determination
of nitrogen by the method of Elek and Sobotka
(1925), protein by Weichselbaum’s (1946) method,
phosphorus by the method of Fiske and Subba-
Row (1925), total carbohydrate by Dische’s
(1955) modification of the Molisch test, hexoses
by the method of Trevelyan and Harrison (1952),
pentoses by the methods of Bailey (1959) and
Mejbaum (1939), and deoxyribose by Dische’s
(1930) method. Amino acids were identified
chromatographically by the two-dimensional
technique (Kwapinski and Snyder, 1961), high
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fatty acids as described previously (Kwapinski
and Mikulaszek, 1957), and monosaccharides by
Kwapinski’s (1960) paper-chromatographic tech-
nique, which has been partially modified by de-
tecting spots of sugars with 19, alcoholic solutions
of cadmium chloride and aniline.

Antisera were prepared by intravenous im-
munization of rabbits with the disintegrated cells,
or by intraperitoneal injection of cell walls, cyto-
plasm, or an appropriate fraction into guinea
pigs. Eight intraperitoneal injections at 3-day
intervals, followed in 1 week by the bleeding,
sufficed for the production of antibodies with an
average titer of 1:2,000.

Serological activities of fractions were examined
by complement fixation (Kwapinski and Snyder,
1962). The cross-reactions were studied by (i)
absorption-agglutination tests in the case of cell
walls, (ii) complement fixation with the cross-
absorbed antisera, (iii) complement-fixation in-
hibition (Kwapinski, in preparation), and (iv)
diffusion-precipitation tests of Ouchterlony
(1949) or Preer (1956), in the case of chemical
fractions.

Absorption of antisera with either cell walls or
cytoplasm was carried out at 37 C for 2 hr and
at 4 C for 4 hr with approximately 100 to 150
mg of absorbent per ml of serum.

REsvuLTs

Chemical analysis of dry cells of Nocardia
strains revealed 9.0 to 9.2% N, 1.0 to 1.1% P,
and 48.8 to 50.2%, carbohydrate, or about 509,
protein and 50 % sugar, whereas lipid was roughly
2%. The cytoplasm contained 13.6 to 14.6% N,
0.2 to 0.239%, P, 82.6 to 84.09, protein, and 7.4
to 7.8%, carbohydrate. Cell walls contained 6.0
to 7.1% N, 0.3 to 0.359% P, and 69.9 to 71.29,
carbohydrate.

A total of 13 amino acids (cystine, aspartic
acid, arginine, lysine, alanine, glycine, serine,
threonine, glutamic acid, cysteine, tyrosine, val-
ine, and leucine) were detected in the proteins
by paper chromatography.

Monosaccharides were galactose, glucose, glu-
cosamine, arabinose, rhamnose, and muramic
acid (Table 1). Rhamnose, however, did not oc-
cur on the chromatograms of N. rubra, and glu-
cosamine was found only in one fraction. The
higher fatty acids (palmitic, stearie, linolenic,
linoleic, and oleic) were revealed in all strains of
Nocardia. Linoleic acid did not occur in the neu-
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FIG. 1. Modified technique (no. 4) of preparation of antigenic fractions by Kwapinski (1960).

tral lipids, whereas linolenic acid could not be
detected in the “firmly bound” lipids extracted
with 19, ethereal HCL

Protein fractions contained between 86 and
919, protein and no determinable amounts of
deoxyribonucleic acid and ribonucleic acid (Table
2) polysaccharide fractions from 65 to 989, car-
bohydrate. Most fractions of N. asteroides oc-
curred as galactose-arabinose-glucosides, whereas

those of N. rubra were predominantly of the
arabinose-galactoside type. Two polysaccharide
fractions (C; and C;) of N. asteroides contained
rhamnose. Glucosamine was detected only in the
acetic acid fraction C¢ . Muramic acid was found
only in N. asteroides in the polysaccharide frac-
tions of cell walls isolated with cold extractants.
Two cell-wall fractions (C; and Cy) also contained
an unidentified, fast-migrating monosaccharide.



182 KWAPINSKI J. BACTERIOL.

TABLE 1. T'yres of monosaccharides and carbohydrate content of polysaccharide fractions of Nocardia

Strain Fraction Ml;lganic (il::‘cigi' Glucose | Galactose | Arabinose | Rhamnose gl“)}::}oi{:d}:; l?;;;ot;
N. asteroides Ci - - + + + - - 67
C, + - - + + + + 79
C; + - + + + — - 82
C, + - + + + - - 89
>s - - + + + - - 92
Cs - + + + + - - 88
C; - - - + - + + 98
s - - - + - - - 80
N. rubra Ci - - - + + - - 65
C. - - - + + - - 82
Cs - - - + + - - 87
Ca - — - + + - — 87
Cs - - - + + - - 93
6 - + - + + - - 88
C, - - - + - — - 97
TABLE 2. Chemical constituents of the Nocardia
Percentage composition*
Strain Material
Nitrogen Protein carbzl?;?ilrate Pentose ?ii?)’;’;' Phosphorus
N. asterotdes 5 Disintegrated
cells 9.2 — 50.0 27.5 — 1.1
Cell walls 6.0 — 70.6 52.5 — 0.35
Cytoplasm 14.4 83.2 7.6 5.2 — 0.22
Fraction N, 15.4 85.8 0 0 0 0
Fraction N, 14.9 89.7 0 0 0 0
N. asteroides 8595 Disintegrated
cells 9.1 — 48.8 32.2 — 1.0
Cell walls 7.1 — 71.2 51.8 — 0.3
‘Cytoplasm 13.6 82.6 87.8 7.6 — 0.2
Fraction N, 15.5 86.8 0 0 0 0
Fraction N. 16.2 90.2 0 0 0 0
N. rubra Disintegrated
cells 9.0 — 50.2 30.7 — 1.0
Cell walls 6.8 — 69.8 50.6 — 0.32
Cytoplasm 14.6 .0 7.4 4.7 — 0.23
Fraction N, 15.2 89.1 0 0 0 0
Fraction N, 16.4 91.1 0 0 0 0

* Expressed in terms of dry mass.

Cell walls of Nocardia and Actinomyces reacted
with homologous antisera at an average serum
dilution of 1:1,600 both in agglutination and
complement-fixation tests (Table 3). The Acti-
nomyces antisera reacted at similar titers with

cell walls of N. asteroides and N. rubra. In con-
trast, cell walls of A. wsraelit did not react with
Nocardia antisera in either of the serological tests.

All carbohydrates (C) and protein (N) fractions
prepared from Nocardia were serologically active,



TABLE 3. Averaged complement-fization titers of antisera versus cell walls and cytoplasms

Antisera versus

Prepn Microorganism . N N Aifﬁfgﬂﬁ“ A;ﬁgg;nym
asteroides rubr israelii g;if;';lt :;l; N X‘l’t'l‘} ia le::}:i ia

cell walls | cytoplasm
Cell walls Nocardia asteroides 3,200 1,600 800 1,600 0 0
N. rubra 1,600 3,200 3,200 1,600 0 0
Actinomyces israelit 0 0 6,400 — 6,400 200
Cytoplasm N. asteroides 3,200 3,200 3,200 1,600 0 0
N. rubra 1,600 1,600 800 800 0 0
A. israelit 1,600 800 1,600 800 1,600 1,600

TABLE 4. Reactivity of chemical fractions of Actinomyces and Nocardia with antisera as determined by
complement-fixation test

Antiserum versus

Antigen N. asteroides Actinomyces
N. asteroides N. rubra A. israelii absorbed with absorbed with
Actinomyces Nocardia
A. israelit
C* 80 160 320 0 0
C, 0 0 320 160
Cs 0 0 160 160
C, 0 0 320 160
Cs 40 160 80 0 0
Ce 320 160 2,500
C, 0 0 2,500
N,* 40 80 160 0 20
N 0 0 320 320
N. asteroides
C* 320 320 160 20 0
C, 80 80 0
Cs 80 160 80 20 0
Cy 80 80 80 40 0
Cs 160 80 160 20 0
Cs 1,000 320 0
C: 320 80 0
C, 2,500 0 320 80 40
N,* 640 160 160 40 0
N, 1,250 1,250 0
L 0 0 0
N. rubra
Ci* 80 80 160 20 0
C. 80 320 0
Cs 80 80 40 10 0
Cs 80 80 80 20 40
C; 80 80 80 20 0
Cs 320 1,000 0
C: 80 160 0
N.* 40 40 20 0 0
N: 160 80 0 0 0
L 0 0 0

* Fractions isolated from cytoplasm. Numbers represent highest reactive dilutions of the fractions
averaged from two to three tests, expressed in thousands.
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although titers in a complement-fixation test
with homologous antisera ranged from 40,000 to
2,500,000 (Table 4). Lipid fractions were sero-
logically inactive.

The carbohydrate and protein cytoplasmic
fractions of both Actinomyces and Nocardia
cross-reacted with heterologous antisera. In con-
trast, individual protein fractions (N;) from cell
walls or, more likely, from cytoplasmic mem-
branes, as well as polysaccharide fractions (Cs)
extracted with 1 M sodium acetate from cell walls,
reacted only with genus-specific antisera.

All formamide polysaccharide fractions (Cs)
reacted with all antisera, whereas the specificities
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of other polysaccharide fractions varied according
to the genus. Thus, the “alkaline’ fraction (Cs),
the phenol-extracted fraction C,, and the sulfo-
salicylic fraction C, of Nocardia gave a positive
complement-fixation test in the Actinomyces anti-
sera, but similar fractions of the Actinomyces
reacted only with the genus-specific antisera. In
contrast, the acetic acid-prepared fractions Cs of
each strain of Nocardia were reactive only in the
genus-specific antisera, and the Cq fractions of 4.
israelis strains reacted with heterologous antisera.

All Nocardia fractions, with the exception of
the highly active sulfosalicylic fraction, cross-
reacted with each other’s antisera in complement

TABLE 5. Reactivity of cell-wall and cytoplasm antisera with chemical fractions of Actinomyces and Nocardia
and their cell walls and cytoplasms, as determined by complement-fixation test

Antiserum versus

Organism Antigen

N. asteroides N. asteroides A. israelit A. israelii
cell walls cytoplasm cell walls cytoplasm

A. israelit Cell walls 400 200 400 200
Cytoplasm 400 800 400 1,600
C* 0 800 0 400

C, 0 0 400 400

C, 0 0 400 0

Cs 1,600 1,600 400 800

Cs 100 200 100 200

C, 0 0 400 0
N,;* 0 200 0 0

N, 0 0 200 0

N. asteroides Cell walls 400 1,600 200 400
Cytoplasm 0 800 400 400
C* 0 200 0 200

C, 400 0 0 0

C; 400 400 400 400

C, 400 400 200 100

Cs 400 0 0 0

Cs 400 400 0 0

C; 200 0 0 0

Cs 800 0 0 0
N,* 0 800 0 400

N, 400 0 0 0

N. rubra Cell walls 400 800 0 400
Cytoplasm 0 800 200 400
C* 0 400 0 200

C. 400 0 0 0

C; 400 400 400 200

C, 100 0 400 200
N,;* 0 800 0 400

N, 400 0 0 0

* Fractions isolated from the cytoplasm; others isolated from cell walls. Numbers in columns repre-
sent. highest reactive dilution of antisera averaged from two tests with each antigen.
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fixation but only a small number cross-reacted
with anticell-wall or anticytoplasm sera of heterol-
ogous genera of microorganisms (Table 5).

Antigenic fractions of Actinomyces and No-
cardia, which showed serological reactivity in
diffusion tests (Table 6), produced single pre-
cipitation bands and their cross-reactivities
agreed with those obtained by complement fixa-
tion.

Discussion

Chemical compositions of proteins of Nocardia
were similar, and the pattern of amino acids did
not differ from that of A. israeliv (Kwapinski,
1960).

Polysaccharides were mostly arabinose-type,
as those of Actinomyces and Mycobacterium, and
consisted of glucose, galactose, and arabinose,
with rhamnose, glucosamine, and muramic acid
confined to a few fractions. Unlike the polysac-
charides of A. israelit, those of Nocardia contained
only negligible amounts of glucosamine. The
unidentified, fast-moving monosugar detected in
the cytoplasmic polysaccharide of N. asteroides,
and in a cell-wall fraction isolated with strong
alkali at 100 C, was not found in polysaccharide
fractions of Actinomyces.

Lipids of Nocardia contained a greater variety
of higher fatty acids, particularly nonsaturated
acids, than did lipids of Actinomyces.

Cytoplasmic materials of the investigated
strains of Actinomyces and Nocardia were sero-

TABLE 6. Reactivity of chemical fractions of
Actinomyces and Nocardia in
diffusion-precipitation tests

Antiserum versus

Antigen

Actinomyces Nocardia

Actinomyces

Crovviiiii + +

Covreeeeiii + —_

Cooveeooeeeee + +
N. asteroides

Crovevniiin. + +

Caoovi + +

Cavoeoi + +

Niooooooooio + +
N.rubra............ + +

Caveioiie + +
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TABLE 7. Serological identification of
Actinomycetaceae
Standard antiserum versus
Antigen ; -
A,ff;:zf Nocardia A’;I;;'}' Nocardia
Cytoplasm + + + +
Fraction Cs + + - +
Fraction N, + - - +
Genus identified + +

logically closely related, in agreement with a
hypothesis on the origin and development of
species (Kwapinski and Snyder, 1961).

Components of cell walls of the Actinomyceta-
ceae, responsible for the cross reactions of cell
walls within this family, seemed to be predomi-
nantly the polysaccharides extractable with cold
alkali, phenol, and hot formamide.

A clearer view into the serological relation-
ships between the Nocardia and Actinomyces was
attained by examining antigenic fractions in the
complement-fixation test with the anticytoplas-
mic and anticell-wall sera. The polysaccharide
fractions of cell walls cross-reacting with the
heterologous antisera were only those which
proved active in both anticell-wall and anticyto-
plasmic homologous sera. These fractions prob-
ably contained an antigen with a specificity
common to both cell walls and cytoplasm.

Despite a rather close antigenic relationship
between the strains of Actinomyces and Nocardia,
they could be serologically differentiated by
characteristic reactions of the second protein
fraction (N,) and the 709, acetic acid-extracted
fraction Cs .

A scheme proposed for further investigations
on the serological identification of strains from
the family Actinomycetaceae would consist of tests
using the complement-fixation test with standard
antisera of Actinomyces and Nocardia prepared
with the following antigens: (i) cytoplasm or
cytoplasmic fractions N; or C, and (ii) polysac-
charide fraction Cs and another with protein
fraction N prepared from cell walls by the ex-
traction with a 709, acetic acid at 100 C and
809, phenol. Results of the test would be assessed
as shown in Table 7.

This scheme, however, is regarded as prelimi-
nary to the planned examination of many strains
of Actinomyces and Nocardia before any assess-
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ment of the outlined technique of serological
classification can be made.

Polysaccharide fractions isolated from both
strains of Nocardia asteroides by the sulfo-
salicylic technique were the most potent of its
antigens and could be tentatively regarded as
species-specific, since they reacted with antisera
of N. asterotdes but not with antisera versus N.
rubra. These fractions did not combine with
antibodies to Actinomyces cell wall or cytoplasm
and reacted only slightly with antisera to the
Actinomyces.
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