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Inflammatory Toxin from Mycoplasma bovis:

Isolation and Characterization

Abstract. An inflammatory toxin was extracted from Mycoplasma bovis with 75
percent aqueous ethanol. The toxin is a complex polysaccharide composed of
glucose, glucosamine or galactosamine, and a heptose, is heat-stable, devoid of
protein and lipid, and has a molecular weight of 73,000, The holotoxin in the cell
membrane is a glycoprotein, however, it is the polysaccharide portion that is toxic.
This inflammatory toxin increases vascular permeability and is capable of activating
complement. Infusion of 0.9 milligram of toxin into the bovine udder resulted in the
characteristic eosinophilic mastitis produced by Mycoplasma bovis.

Most cases of bovine mycoplasmal
mastitis are due to Mycoplasma bovis
(1). In cattle with mastitis caused by this
organism, the inflammation at the acute
stage is characterized by exudation of
mostly eosinophils in the alveoli. Later
on an interstitial reaction with eosino-
phils and mononuclear cells, including
plasma cells and lymphocytes, develops.
The chronic stage is characterized by
progressive fibroplasia around ductuli
and alveoli, with hypertrophy of alveolar
epithelium (2). Some animals may return
to secretion of normal-appearing milk
within a few weeks; others may not do so
until the next lactation, if at all. In either
situation the yield of milk is far below
that prior to the disease (3).

Of the mycoplasmas that are known
pathogens, only a few appear to produce
a pathogenic toxin. Relatively little is
known about these toxins.

A neuroactive exotoxin is produced in
cultures of Mycoplasma neurolyticum,
which is the causative agent of ‘‘rolling
disease’’ in mice (¢4, 5). The toxin is a
protein with a molecular weight greater
than 200,000. It is thermolabile, being
destroyed by heating at 45°C for 15 min-
utes, and is destroyed by treatment with
trypsin (6). Mycoplasma gallisepticum
also has a neurotoxic property; however,
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the organism does not produce an exo-
toxin; all of its neurotoxicity is associat-
ed with the living organism (7). Myco-
plasma fermentans possesses a toxic
factor that is associated with both viable
and lysed cells (8). When injected intra-
peritoneally into mice, a lethal toxicity
syndrome is induced which resembles
shock and is similar to that caused by
endotoxins of Gram-negative organisms
(9). Viable cells and membrane prepara-
tions of Mycoplasma pneumoniae in-
duce necrosis of organ cultures of adult
hamster trachea. The lesions produced
include ciliostasis, vacuolization, loss of
ciliated respiratory epithelial cells, dis-
organization, and a loss of polarity (/0).
Mycoplasma pulmonis and Mycoplasma
arthritidis are toxic for mice and rats.
Intravenous injection of either organism
is usually lethal within 2 to 3 days (/1). A
galactan was isolated from Mycoplasma
mycoides, the causative agent of conta-
gious bovine pleuropneumonia, which is
composed of 90 percent D-galactose,
about 4 percent lipid, less than 2 percent
nitrogen, and less than 0.1 percent phos-
phorus (12). Intravenous injection of this
galactan into cattle causes dramatic
stress: the rate of respiration increases,
the animals cough and salivate, and then
they collapse. The animals will, howev-
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er, return to normal within a few days
(13). Lysed Mycoplasma bovis cells are
also toxic. Infusion of lysed Mycoplas-
ma bovis into the udders of cows result-
ed in severe, acute mastitis character-
ized by an eosinophilic response (14).

In this report we describe the isolation
and purification of an inflammatory toxin
from Mycoplasma bovis, and discuss its
biochemical and biological characteris-
tics.

Mycoplasma bovis was cultured in
Bacto PPLO broth (Difco) supplemented
with 20 percent sterile swine serum at
37°C for 48 hours. The cells were centri-
fuged for 20 minutes at 12,500g, washed
twice in phosphate-buffered saline
(PBS), resuspended at 1000 times the
original concentration, lysed by freezing
and thawing, and washed twice in PBS.
Lipids were extracted from this mem-
brane preparation with a mixture of chlo-
roform and methanol (2:1 by volume)
and then with 75 percent aqueous etha-
nol (by volume) at 56°C with constant
stirring for 1 hour. This membrane resi-
due was hydrolyzed with the broad spec-
trum proteolytic enzyme, Pronase B (1.0
mg per 4.5 mg of membranes) for 18
hours at 37°C, after which it was again
extracted with 75 percent aqueous etha-
nol. The toxin, which was extracted into
this aqueous ethanol, was run on a Bio-
Gel A-5M column, with PBS as the elu-
ant. The molecular weight of the toxin
was determined to be 73,000 by compari-
son to a curve for standard dextrans that
were also run on this column.

Protein determination by the method
of Lowry et al. (15) showed that the
toxin contained no detectable protein.
Sugar analysis by gas-liquid chromatog-
raphy of trimethylsilyl derivatives (16) of
the toxin revealed the toxin to be com-
posed of glucose, glucosamine or galac-
tosamine, and a heptose. Fatty acid anal-
ysis (17) of the toxin by gas-liquid chro-
matography failed to demonstrate the
presence of any fatty acids, and a test for
2-keto-3-deoxyoctonate was also nega-
tive (18).

Since extraction of the toxin required
prior digestion of the protein, it was
possible that the toxin was covalently
bound to a protein embedded in the
membrane. We therefore solubilized My-
coplasma bovis membranes with sodium
dodecyl sulfate and then ran them on 7.5
percent polyacrylamide gels. Scans of
these gels, stained with Coomassie blue
for proteins and periodic acid-Schiff
for carbohydrate, revealed 32 protein
bands and one carbohydrate band which
corresponded to one of the protein peaks
(Fig. 1). The presence of glycoproteins in
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prokaryotes is rare (/9), and to our
knowledge this is the first report of a
glycoprotein in the membrane of Myco-
plasma bovis.

Infusion of 0.9, 9.0, and 18.0 mg of
polysaccharide toxin into the udders of
cows resulted in increased white cell
counts in the milk of, respectively, 10,
100, and 175 times that of controls. in-
fused with PBS. Rectal temperature also
increased. Physical examination of the
inflamed quarters showed large, firm
masses, and the milk obtained from
these quarters was thick and ropy. His-
tologic examination of the inflamed tis-
sue revealed many eosinophils and poly-
morphonuclear leukocytes in the alveoli,
symptomis characteristic of mycoplasmal
mastitis caused by Mycoplasma bovis
14).

Intradermal injection of 0.1 mg of the
polysaccharide toxin into guinea pigs re-
sulted in red swelling reactions measur-
ing approximately 1.0 cm in diameter
approximately 2 hours after inoculation.
Maximum reactions were usually
reacheéd by 6 to 8 hours and subsided
completely within 24 hours. Histologic
examination of the reaction sites showed
edema with large influxes of eosinophils.

Cytotoxicity (20) and mitogenicity
tests (21) revealed this toxin to be neither
directly cytotoxic for bovine kidney cells
not mitogenic for C57L/6 mouse lympho-
cytes. When the toxin was assayed by
the Limulus amoebocyte lysate test (22)
no significant degree of gelation was
observed.

_An increase in vascular permeability
(23), which was dose-dependent, oc-
curred when this toxin was inoculated
intradermally into guinea pigs. In addi-
tion, the toxin activated complement (24)
to an exterit similar to both zymosan and
Salmonella  typhimurium lipopolysac-
charide. '

Mycoplasma bovis toxin thus. differs
from bacterial lipopolysaccharide both
chemically and biologically. It does not
contain 2-keto-3-deoxyoctonate or lipid
A, does not cause gelation of Limulus
amoebocyte lysate, and is not mitogenic
for mouse lymphocytes. And, also unlike
bacterial lipopolysaccharide, it occurs in
the cell as a glycoprotein.

Eosinophilic responses are usually as-
cribed to parasitic infestation or certain
allergic reactions (25); however, Cohen
and Sapp (26) demonstrated that carbo-
hydrates such as glycogen, inulin, and
dextran are themselves eosinotactic.

It is perhaps significant that Mycoplas-
ma bovis toxin, being a polysaccharide,
also evokes an eosinophilic response
that is not observed in bovine mastitis
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caused by Staphylococcus, Streptococ-
cus, or other bacterial agents. Since
some dextrans activate complement by
the alternative pathway (27), the finding
that Mycoplasma bovis toxin activates
complement suggests a mechanism by
which it may cause the inflammatory
reaction, Activated complement is
known to increase the vascular perme-
ability of small blood vessels, which may
account for the edema, and is chemotac-
tic for leukocytes (28), which may cause
the accumulation of eosinophils at the
reaction site. The increase in vascular
permeability caused by this toxin may
also play a role in ¢linical cases of bovine
mastitis by allowing for the widespread
dissemination of the organism through-
out the mammary gland.

Recently, a glycoprotein (molecular
weight of 60,000) was extracted with
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Fig. 1. Spectrophotometric scan of M. bovis
membianes separated on polyacrylamide gels
and stained with Coomassie blue for proteins
(540 nm, solid line) and periodic acid—Schiff
for glycoproteins (520 nm, dashed line).

lithium diiodosalicylate from the cell
membrane of Mycoplasma pneumoniae
(29), and a glycoprotein was also isolated
from M. gallisepticum (30). However,
only the glycoprotein from Mycoplasma
bovis has been demonstrated to be toxic.
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