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ASKAA, G, H. ERN@ and M. O. 0JO: Bovine mycoplasmas:
Classification of groups related to Mycoplasma mycoides. Acta vet.
scand. 1978, 19, 166—178. — Mycoplasmas which had in various ways
proved to be related to Mycoplasma mycoides were studied with a
view to classification and nomenclature. Representative strains of M.
mycoides — subspecies mycoides (PG1) and subspecies capri (PG3)
— and of the as yet unclassified bovine serogroups 7 (PG50) and L
(B144P) were compared serologically and by DNA-DNA hybridization.
The serological methods used (metabolism inhibition, growth in-
hibition and immunofluorescence) are usually considered to be spe-
cies-specific.

(1) The two subspecies of M. mycoides can be clearly separated
by all three serological methods, whereas the hybridization studies
Bev(t}aaled great similarity between them, the relatedness value being
.70.

(2) The two serogroups (7 and L) cross-reacted with each other
in all three serological tests, and their relatedness value was 0.83.
The relatedness value between group 7 and M. mycoides subsp. my-
coides was found to be 0.72, and only limited cross-reactions were
demonstrated by immunofluorescence and growth inhibition.

(3) Although groups 7 and L were found only to a slight degree
to be genetically related to M. bovigenitalium with a DNA homology
of 20 % or less, a serological cross-reaction between group 7 and M.
bovigenitalium has been demonstrated by growth inhibition in pre-
vious studies.

Conclusions drawn on the basis of the premises just mentioned
give rise to a dilemma, because three different situations exist. In (1),
significant serological differences were disclosed, but the DNA homo-
logy was great. In (2), the serogroups 7 and L showed conformity
between hybridization and serological findings, whereas, in (3), hy-
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bridization showed a distinct separation, but a serological cross-re-
action does occur. If the results of hybridization are regarded as de-
cisive, the two subspecies of M. mycoides can be preserved, but this
is at variance with the general perception that the serological methods
used here are species-specific. If, on the other hand, the serological
results are chosen to be decisive, PGl and PG3 must be regarded as
two separate species, and consequently Group L/7 may also be a se-
parate species.

As regards the relation between group L/7 and M. bovigenitalium,
the results of hybridization clearly show that they are two different
species. As a consequence of this, it must be accepted that cross-
reactions may occur — also in growth inhibition — between differ-
ent species which, genetically, are even far removed from each other.

8n account of the fundamental nature of these problems, the
authors prefer to leave the decisions — also as to the nomenclature
— to the Subcommittee on the Taxonomy of Mycoplasmatales.

mycoplasmas; classification; M.mycoides-related
groups

The classification of mycoplasmas causing contagious pleuro-
pneumonia in cattle and goats into two subspecies, M. mycoides
subsp.mycoides and M. mycoides subsp.capri (Freundt 1955),
respectively, has repeatedly been discussed. This classification
was first suggested by Edward (1953) on the basis of cultural
and biochemical similarities and the sharing of common comple-
ment-fixing antigens in the two groups of organisms. Edward
also pointed to the close resemblance between the pathology of
contagious pleuropneumonia in cattle and goats. The existence of
common antigens between these two groups was further demon-
strated by the use of agglutination, double immunodiffusion,
and growth precipitation (Cottew et al. 1969, Erng & Jurmanovd
1973). Immunofluorescence, metabolism-inhibition and growth-
inhibition tests (Al-Aubaidi et al. 1972, Cottew et al., Erng &
Jurmanovd, Erng et al. 1973) did not, on the other hand, reveal
any serological relationship. The electrophoretic patterns of these
and other mycoplasma strains were compared by Razin (1968).
It was found that the patterns of a group of caprine strains, in-
cluding PG3, the type strain of M. mycoides subsp. capri, were
closely related to that of the type strain of M. mycoides subsp.
mycoides, PG1.

Serological relationship between strain Y-goat, isolated from
a goat with peritonitis, and the bovine organism, M. mycoides
subsp. mycoides, was noted by Laws (1956), and confirmed by
Cottew & Lloyd (1965) as well as by Al-Aubaidi et al. The latter
investigators examined a large number of bovine, caprine and
ovine strains that were compared by metabolism-inhibition and
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growth-inhibition tests. The study revealed that 25 cultures of
goat mycoplasmas related to Y-goat were serologically indistin-
guishable from each other and from bovine strains of M. myco-
ides subsp. mycoides. The Y-goat group did not show any rela-
tionship in the metabolism-inhibition and growth-inhibition
tests to organisms belonging to M. mycoides subsp. capri. It was
concluded that all 25 goat mycoplasmas related to Y-goat should
be classified as M. mycoides subsp. mycoides with strain Y-goat
as the representative of the caprine/ovine strains of this sub-
species.

Another taxonomical question is the classification of sero-
group 7 of Leach (1973) and serogroup L of Al-Aubaidi & Fabri-
cant (1971a, b). These groups have been extensively studied, but
not finally classified. Al-Aubaidi & Fabricant (1971a,b) did not
find cross-reactions between group 7 and group L using meta-
bolism-inhibition and growth-inhibition tests, while Erng & Jur-
manovd observed one-way cross-reactions by the same methods.
The latter investigators demonstrated antigenic relatedness to
the M. mycoides group, but it was decided to await the results
of nucleic acid experiments and further serological studies before
proposing a final classification. The studies should include re-
presentative strains of group 7 and group L (PG50 and B144P),
both type strains of M. mycoides (PG1 and PG3), and a repre-
sentative strain of M. bovigenitalium. The last-mentioned species
was included because Cottew (1970) and Erng & Jurmanovd
found significant cross-reactions in growth inhibition between
M. bovigenitalium and group 7. Whereas Cottew on the basis of
this fact suggested that group 7 be regarded as a subdivision of
M. bovigenitalium, Erng & Jurmanovd felt inclined to relate the
group to M. mycoides.

The purpose of the present work was to study, by means of
“species-specific” serological methods and nucleic acid hybridi-
zation, the following problems:

1. Should the present classification of PGl and PG3 into two
subspecies of M. mycoides be maintained, or should they
rather be assigned to two different species?

2. Do PG50 and B144P represent the same subspecies, two dif-
ferent subspecies within the same species, or two different
species?

3. Is group 7 a subspecies of M. mycoides or of M. bovigenital-
ium or a separate species?
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MATERIALS AND METHODS
Organisms, media and growth conditions

The type strains of M. mycoides subsp. mycoides and M. my-
coides subsp. capri, PGl and PG3, and the representative strain
of serogroup 7 of Leach, PG50, were supplied by D. G. ff. Ed-
ward. The representative strain of group L, Al-Aubaidi and Fa-
bricant, B144P, was received from J. Fabricant. The represen-
tative strain of M. bovigenitalium (K) was isolated from a bull
with a spontaneous mycoplasma infection in the vesicular gland
(Blom & Erng 1967). This strain was preferred to the type
strain PG11 because of its better growth in liquid medium.

For DNA preparation, the mycoplasmas were grown in 5 1
of Bacto Heart Infusion Broth (Difco) supplemented with 16 %
of horse serum, 8 % of a 25 % fresh yeast extract, 0.008 % of
thallium acetate, and penicillin (400 i. u. per ml). Labelled DNA
was produced by growing mycoplasmas in liquid medium con-
taining 1.0 pCi per ml of thymidine-methyl-*H (New England
Nuclear, 6.7 Ci per mmole). The cultures were incubated aero-
bically at 37°C.

Serological examinations

The methods used were the metabolism-inhibition test, the
growth-inhibition test and the indirect epi-immunofluorescence
technique as described by Erng et al. (1973), Erng & Jurmanovd
(1973) and Rosendal & Black (1972), respectively. In addition
to crude rabbit antisera, globulin fractions of hyperimmune anti-
sera were used in some cases. The globulin fractions were ob-
tained by precipitation in 50 % saturated ammonium sulphate.

Isolation of DNA

Cells were collected from broth in the Sorvall continuous-flow
system at 48000 X g and a flow rate of 20 ml per min. The DNA
was isolated by the method of Marmur (1961). By this method
the cells are lysed with sodium dodecyl sulphate, and the re-
leased DNA is deproteinized by the use of sodium perchlorate and
chloroform-isoamyl alcohol. RNA was digested with a mixture
of 0.1 mg of ribonuclease (Sigma, bovine pancreas) and 25 u of
ribonuclease-T, (Calbiochem, B-grade) per ml of DNA solution.
Finally, the DNA was precipitated with isopropanol and treated
with pronase (Calbiochem), 0.25 mg per ml of DNA solution.
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Before use, the pronase was self-digested at 37°C for 2 hrs. At
least two preparations of DNA were isolated from each strain.
The DNA preparations were examined by the scanning curve
and the extinction rise of DNA in 1 X SSC (0.15 M-NaCl and
0.015 M trisodium citrate) under controlled temperature in-
crease. All DNA preparations used had an OD,,,/OD,,, ratio of
more than 1.8, and the hyperchromicity shift during the thermal
melting was more than 40 %. The melting point and the cor-
responding GC content (Marmur & Doty 1962) was hereby de-
termined and served as an additional control. The analyses were
made in a Beckmann Acta CIII spectrophotometer equipped with
a Beckmann temperature controller and an X-Y recorder.

DNA-DNA hybridization

The hybridization experiments were carried out as described
by Denhardt (1966). The method is a membrane-filter technique,
where unlabelled, single-stranded DNAs from the organisms to
be compared are fixed to a number of nitrocellulose membrane-
filters. The DNA-loaded filters are then incubated in a solution
of single-stranded °H-labelled DNA. Non-specific sticking of
single-stranded labelled DNA is prevented by pre-incubation of
the filters in an albumin solution.

The yield of radioactivity bound to the filters was measured
in a liquid scintillation counter (Packard 3320) using a toluene-
based scintillation fluid. Relative homologies were calculated as
percentage binding in heterologous reactions relative to that of
the homologous reaction. Relatedness values were calculated as
the ratio of the product of the heterologous DNA-DNA reaction
yields to the product of the homologous yields in the reciprocal
reactions between two nucleic acids (Table 4).

The results of the hybridization experiments were analysed
statistically using the two-way variance analysis of Alling (1967).

RESULTS

The results of the serological studies are shown in Table 1.
PG1 and PG3, the type strains of M. mycoides subsp. mycoides
and M. mycoides subsp. capri, gave distinct positive results in
the homologous reactions, whereas no heterologous reactions
were observed between these strains.

Strain Y-goat gave distinct reactions with PG1 in all tests.
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Y-goat was further inhibited in the metabolism-inhibition test
to a very low degree by sera against PG3 and PG50, whereas
PG1 reacted with the globulin fraction from PG50 antiserum in
the growth-inhibition and immunofluorescence tests. Only a
weak cross-reaction was noted in immunofluorescence using
crude antiserum.

PG50 and B144P, the reference strains of bovine serogroups
7 and L, cross-reacted in the growth-inhibition test as well as in
immunofluorescence, whereas only a one-way cross-reaction ap-
peared in the metabolism-inhibition test. Growth of PG50 and
B144P was inhibited by the globulin fraction from PG3 serum,
and PG50 was further inhibited by antiserum against PG3.

The content of guanine plus cytosine of DNA from PG1, Y-
goat, PG3, PG50 and B144P was 27.1 %, 26.3 %, 24.4 %, 25.4 %
and 25.4 %, respectively, and that of strain K was measured as
29.3 %.

Table 2. DNA-DNA hybridization of the type strains of M. mycoides
subsp. mycoides and M. mycoides subsp. capri (PGl and PG3); re-
ference strains of serogrups 7 of Leach and L of Al-Aubaidi & Fabri-
cant (PG50 and B144P); reference strains of the caprine/ovine group
of M. mycoides subsp. mycoides and M. bovigenitalium (Y-goat and K).

SH-labelled Number Hybridization (%)*
DNA from of experi-

ments PG1 PG3 PG50 B144P Y-goat K
PG1 2 100 75+10 841 79+10 23+10
PG3 7 93+13 100 669 6911 94+6 136
PG50 7 86+21 83+9 100 94+11 93+23 13=x11
B144P 4 90+12 89+11 88+18 100 20+14

* The results are given as average values of a number of individual
experiments = standard deviation.

Results of the DNA hybridization experiments are listed in
Tables 2, 3 and 4.

The mutual reactions in the hybridization experiments be-
tween DNA from PG1 and PG3 were 75 % and 93 %, respectively
(Table 2). The relatedness value was from this calculated to
be 0.70 (Table 3).

Between strains PGl and Y-goat homologies of 88 % and
93 % were found; the relatedness value calculated was 0.82
(Table 4).
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Table 3. Relatedness values* of the strains PG1, PG3, PG50

and B144P.
PG3 PG50 B144P
PG1 0.70 0.72 0.71
PG3 0.55 0.61
PG50 0.83

* The relatedness values are calculated according to Alling (1967,
using geometrical means, and also according to the formula given
in Table 4, using arithmetical means. The relatedness value for
PG50/B144P is indistinguishable from 1.00 on the 95 % level.

The homologies between strains PG50 and B144P were 94 %
and 88 %, giving a relatedness value of 0.83. Reactions between
PGl and PG50/B144P were between 79 % and 93 % with re-
latedness values of 0.72 and 0.71, and those between PG3 and
PG50/B144P were between 66 % and 89 % with relatedness val-
ues of 0.55 and 0.61 (Table 3).

DNA from strain K was found to be related to strains PG1,
PG3, PG50 and B144P with 23 %, 13 %, 13 % and 20 % (Table
2); in these cases the reciprocal reactions were not carried out
and the relatedness values therefore not calculated.

Table 4. DNA-DNA hybridization of PG1 and Y-goat of M. mycoides
subsp. mycoides.

3SH-labelled DNA Hybridization (%)
M. mycoides subsp. mycoides
PG1 Y-goat
PG1 100 93
Y-goat 88 100
Relatedness value = M = 0.82
1 x 1
DISCUSSION

A generally accepted definition of the species concept does
not exist. This, of course, impedes any attempt to classify or-
ganisms representing transitions between taxa already estab-
lished.

The Subcommittee on the Taxonomy of Mycoplasmatales
(1971) has emphasized “that a separation of a group of organ-
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isms in two or more species should be based on a variety of
distinctive properties and that the results of growth inhibition,
gel electrophoresis and nucleic acid hybridization studies should
be considered in particular”. In line with this recommendation,
the Subcommittee (1975) decided to await the results of the nu-
cleic acid hybridization and gel electrophoresis studies as well
as further serological comparisons before issuing a recommen-
dation on the taxonomic status of the M. mycoides group.

The hybridization experiments presented in this study are,
as appears from Table 3, somewhat unstable, but the statistical
analysis demonstrated that the relatedness values are indicative
of a high relationship among the organisms of the M. mycoides
group, and the mutual arrangement among the relatedness values
are in accordance with results of serological investigations.

The GC content of the DNA of PGl and PG3 was found to
be 27.1 %and 24.4 %, respectively, but the difference of approx.
3 % does not exclude a high degree of homology between the
deoxyribonucleic acids. The level of hybridization of about 80 %
with the relatedness value of 0.70 would not seem to exclude that
PGl and PG3 should be classified within the same species. In
the present study as well as in several previous publications by
different authors (Cottew et al. 1969, Al-Aubaidi et al. 1972, Erng
& Jurmanovd 1973, Erng et al.), PG1 and PG3 were found to be
unrelated in immunofluorescence, metabolism-inhibition and
growth-inhibition tests. However, common antigens were demon-
strated by complement fixation, agglutination, double immuno-
diffusion, and growth precipitation (Edward 1953, Cottew et al.
1969, Erng & Jurmanovd 1973). The close relationship is further
supported by the examination of several wild strains, which
react with antisera against both PGl and PG3, also in growth-
inhibition and immunofluorescence tests (Erng, unpublished re-
sults). In conclusion, the results of the present study do not
seem to be inconsistent with the classification of PG1 and PG3
as representatives of two subspecies of the same species. The
decision should obviously be based on theoretical considerations,
but as it entails practical consequences, we prefer to leave the
decision to the Subcommittee.

The classification of Y-goat as a strain of M. mycoides subsp.
mycoides (Al-Aubaidi & Fabricant 1971a) is confirmed by the
serological results presented in this study. The nucleic acid ho-
mology between PG1 and Y-goat of 90 %, which is at the lower
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level for the accuracy of measurement of experiments between
different DNA preparations of the same strain, is also in sup-
port of this classification. It should be emphasized that the se-
rological grouping of goat strains into the same subspecies as
the bovine strains which causes contagious bovine pleuropneu-
monia does not imply pathogenicity for cattle; the caprine group
would in this case be specifically classified as M. mycoides subsp.
mycoides pathovar. capri.

As regards the strains PG50 and B144P, representing sero-
groups 7 of Leach and L of Al-Aubaidi and Fabricant, no cross-
reactions were found in metabolism-inhibition and immuno-
fluorescence tests (Al-Aubaidi & Fabricant 1971a,b). But one-
way cross-reactions were demonstrated between these organisms
in the metabolism-inhibition and growth-inhibition tests, and
common antigens were shown by double immunodiffusion and
growth precipitation (Erng & Jurmanovd, Erng et al. 1973). In
this study, significant cross-reactions were demonstrated in
growth inhibition and immunofluorescence, whereas only a one-
way cross-reaction was shown in the metabolism-inhibition test.
The close relationship demonstrated by serological methods is
greatly supported by the very high level of hybridization (90 %),
and it is therefore concluded that the strains be classified both
in the same species and in the same subspecies.

As mentioned above, Cottew (1970) suggested that PG50 be
a subdivision of M. bovigenitalium, while Erng & Jurmanovd
tended to relate this strain to M. mycoides. In the present study,
one-way cross-reactions were demonstrated between PGl and
PG50 antiserum in growth inhibition and immunofluorescence,
and between PG50 and PG3 antiserum in growth inhibition, as
one-way cross-reactions have previously been observed by the
same methods between PG50 and strains of M. bovigenitalium
(Cottew, Erng & Jurmanovd). However, the DNA homologies be-
tween PG50/B144P and PG1 and PG3 are on average 85/85 and
75/79, indicating that PG50 and B144P are rather closely related
to M. mycoides. The DNA homologies of 13 % to 23 % between
strain K of M. bovigenitalium and strains PGl, PG3, PG50 and
B144P, respectively, demonstrate that strain K is so distantly
related to the Mycoides group that PG50/B144P cannot be re-
presentatives of a subdivision of M. bovigenitalium. It is there-
fore concluded that PG50/B144P represents either a third se-
parate subspecies within M. mycoides or a new species. The de-



176 G. Askaa et al.

cision of this question is very closely related to that which the
Subcommittee may make as regards PGl and PG3.
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SAMMENDRAG

Bovine mykoplasmer: Klassifikation af organismer relateret til
Mycoplasma mycoides.

Mykoplasmer, der pa forskellige mader har vist sig at veere re-
laterede til Mycoplasma mycoides, er blevet undersggt med henblik
p& Kklassifikation og nomenklatur. Representative stammer for M.
mycoides — subspecies mycoides (PG1l) og subspecies capri (PG3)
— samt for de endnu ikke klassificerede bovine serogrupper 7 (PG50)
og L. (B144P), er blevet sammenholdt serologisk og ved DNA-DNA hy-
bridisering. De anvendte serologiske metoder (metabolisme inhibition,
veksthemning og immunofluorescens) anses ssedvanligvis for at vere
speciesspecifikke.

(1) De 2 underarter af M. mycoides kan klart adskilles ved alle
3 serologiske metoder, men hybridiseringsundersggelserne gav til re-
sultat, at ligheden er stor, idet der fandtes en ‘“relatedness value” p#
0,70.

(2) De 2 serogrupper (7 og L) krydsreagerede med hinanden ved
alle 3 serologiske metoder, og der fandtes en “relatedness value” pa
0,83. Der fandtes en “relatedness value” pa 0,72 mellem gruppe 7 og
M. mycoides subsp. mycoides, og der pévistes her nogen krydsreaktion
ved immunofluorescens og veekstheemning.

(3) Gruppe 7 og L fandtes i ringe grad at veere genetisk relateret
til M. bovigenitalium, idet der fandtes en DNA-homologi pa 20 % og
derunder. I serologisk henseende er der i tidligere arbejder ved veaekst-
hemning pavist krydsreaktion mellem gruppe 7 og M. bovigenitalium.

I henseende til konklusioner pa grundlag af de foranstiende prae-
misser kommer man i et dilemma, idet der foreligger 3 forskellige si-
tuationer. Ved (1) fandtes signifikante serologiske forskelle, men DNA-
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homologien var stor. Ved serogrupperne 7 og L (2) var der overens-
stemmelse mellem hybridisering og serologiske fund. I (3) var der
klar adskillelse ved hybridisering; serologisk krydsreaktion er tidli-
gere pavist. Vaelger man at lade hybridiseringsresultaterne vaere af-
ggrende, kan man bibeholde de 2 underarter af M. mycoides, men
man kommer herved i modstrid med hovedreglen, at de benyttede
serologiske metoder er speciesspecifikke. Valger man at lade sero-
logien vaere mest afggrende, bliver PGl og PG3 at betragte som 2
selvsteendige arter, og gruppe L/7 mi som en konsekvens ogsi blive
en selvstendig art.

Med hensyn til relationen mellem sidstneevnte gruppe og M. bovi-
genitalium viser hybridiseringsresultaterne klart, at det drejer sig om
2 forskellige arter. Som en konsekvens heraf mi man acceptere, at
der kan veaere krydsreaktioner, ogsd ved vaekstheemning, mellem for-
skellige arter, der genetisk set star hinanden endog meget fjernt.

P& grundlag af problemernes principielle natur foretrzkker for-
fatterne at overlade afggrelserne — og dermed navngivningen — til
The Subcommittee on the Taxonomy of Mycoplasmatales.
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