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Emergence during Growth of Brucella Strains
on Dye-Agar Media of Cells that Show Changes

in Sulfur Metabolism*
I. FOREST HUDDLESON 1

Division of Brucella strains into three species has long been based on differences in
growth characteristics on certain dye-agar media and on variations in H2S production on
liver agar slants. But certain workers believe these differences to be merely quantitative,
such as arefound between varieties ofone species. Moreover, certain strains show character-
istics that do not allow them to be classified with certainty in any one of the three species.
If all characteristics of one " species " could be changed in the laboratory so as no longer
to be capable of differentiation from those ofanother, that might be proof that all Brucella
strains are in fact varieties of a single species.

The study reported in this paper represents an attempt to determine whether the bioche-
mical and antigenic characteristics used to identify Brucella species can be changed by
laboratory procedures exclusive of animal inoculation, and whether, if such changes occur,
they are of a nature to substantiate the hypothesis that mutations occur in Brucella cells
and that one species can be changed into another.

The results do not provide evidence to confirm the mutation hypothesis. Although cells
of the different species could be adapted to grow on media which ordinarily inhibit their
growth, it is considered questionable whether the change can be taken as a mutation.
Alterations in the activity of only one enzyme system were demonstrated in cells of certain
colonies of particular strains of Br. abortus, Br. melitensis and Br. suis. The enzyme is
one that decomposes a sulfur-containing compound into H2S and is found in most peptones
and animal tissue extracts. The other biochemical and antigenic properties studied showed
no measurable changes.

Sufficient variance was found in the differential
characteristics of different strains of Brucella in
1928 for suggesting that they be divided into three
species (Huddleson, 1928). The basis for the divi-
sion was: (1) differences in growth sensitivity to two
groups of dyes, thionin and basic fuchsin, in a suitable
concentration in an agar medium, and (2) variations
in ability to decompose an organic sulfur compound
into measurable amounts of hydrogen sulfide when
grown on slants of liver agar. Cells of typical strains
of Brucella abortus grew well on basic fuchsin agar,
but not on thionin agar. Cells of typical strains of
Brucella suis grew well on thionin agar, but not on
basic fuchsin agar. Growth of cells of typical strains
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of Brucella melitensis was not inhibited by either dye
medium. While the amount of H2S produced by
Br. abortus varied considerably with individual
strains, the amount measured was less than that
produced by Br. suis. No or only a trace of H2S
was produced by cells of Br. melitensis.

Since 1928 several thousand strains of Brucella
have been examined by these two methods and by
the agglutinin-absorption procedure by many
capable investigators. The strains were from
humans and domestic and wild animals. In this
laboratory between 1928 and 1942, 2515 strains of
Brucella were studied. These were isolated from man
and animals in many parts of the world. The two
differential methods, H2S production and dye-agar
differential growth, were in agreement in classifying
all but thirteen of these strains as Br. abortus, Br.
melitensis, or Br. suis.
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Wilson (1933) studied the differential characteris-
tics of 280 strains of Brucella isolated from animals
and humans in many European countries. Of the
80 strains of Br. abortus studied, 20 showed atypical
differential reactions. Thirteen of the 20 produced
H2S but were inhibited in their growth on dye-
agar media. Seven of the 20 failed to produce H.S.
Many Br. melitensis strains isolated in France
showing typical differential reactions behaved
serologicaily like Br. abortus. Strains of Br. abortus
similar to the thirteen reported by Wilson have now
been isolated from animals and humans in the USA
(Huddleson & White, 1954) and from the milk of
many cows in Switzerland (Sackmann, 1956).

Cruickshank & Mudge (1954), in a study of 738
strains of Brucella isolated in England, noted that
18 behaved like Br. abortus in biochemical tests, but
the monospecific serum method placed them in
the Br. melitensis group. It is of interest to note that
they isolated 30 strains of Br. melitensis from cow's
milk in England. There were no apparent discre-
pancies between biochemical and monospecific
serum tests in typing the latter strains.

Strains of Brucella have been isolated that grow
on both dye-agar media and produce H2S of a
pattern similar to that produced by Br. suis. Pagnini
(1934) studied the differential characteristics of
108 strains of Brucella isolated from humans and
domestic animals in Italy. He found that the dye
sensitivity and H2S-production methods for determin-
ing differential characteristics were in agreement on
all strains with the exception of three. These grew
well on both dye-agar media and also produced
measurable amounts of H2S. Pagnini also noted that
many cultures classified as Br. abortus varied in their
capability to produce H,S. Lisbonne & Roman
(1936) studied 143 strains of Brucella to determine
their characteristics and the reliability of three
methods for classifying them into three species.
The methods used were the dye-agar media, H,S
production, and growth on Petragnani medium.
Of the total only two were not classifiable by the
methods used when compared with known strains
of the three species. These strains produced H2S
like Br. suis and grew well on both dye media. They
were classified as Br. abortus by the Petragnani
method.

Strains of Brucella showing differential character-
istics similar to those described by Lisbonne &
Roman have been isolated from cattle in India by
Polding (1950) and from water buffalo in Java
by Van Der Schaaf & Roza (1940). Two strains

of similar characteristics were isolated from hares
in Czechoslovakia.
The writer has studied three strains of Brucella,

two from Turkey and one from Indonesia, that show
typical differential characteristics of Br. abortus on
dye-agar media but produce no detectable H2S. The
Indonesian strain was isolated from an infected hog.
The first proof that strains of Br. suis isolated from

hogs in Denmark possessed characteristics that
differed markedly from those isolated in the USA
was presented by Thomsen (1934). The strains
produced little or no detectable H2S. The other
differential characteristics were the same as those
found in typical strains of Br. suis. The Thomsen
type of Br. suis has also been isolated from wild hares
in Denmark (Bendtsen et al., 1956) and in other
countries of Central Europe and Russia, and from
two Eskimos in Alaska.

Favilli (1930), while making an extensive study
of the ability of strains of Brucella to produce H2S,
reported that four of seven strains isolated from
hogs between 1914 and 1930 by Professor Manniger
in Hungary produced a trace of or no detectable
H2S when grown on liver agar slants. The strains
were not examined as to their growth sensitivity
toward dyes in agar medium. The findings by
Favilli in 1930 suggest that the Thomsen type of
Br. suis was present in animal hosts in European
countries many years before its isolation and typing
by Thomsen.
Another type of Br. suis was isolated from hogs

and humans in midwestern sections of the USA in
1946 (Jordan & Borts, 1946). This type was classified
as Br. melitensis owing to the fact that cells grew
readily on both thionin and basic fuchsin agar and
produced only traces of H2S during a 96-hour period
of incubation on agar slants. Later, differential
studies (Hoyer, 1950; Pacheco & de Mello, 1950;
Sanders & Warner, 1951, 1953) of other enzyme
systems such as urease and catalase placed the new
strains in the Br. suis group. The activities of these
two enzymes on a quantitative basis compared
closely with those of typical strains of Br. suis.
The results of the study of 40 strains of Brucella

isolated from hogs in Minnesota by Kabler & Mc-
Lanahan (1936) indicated that the new type of Br. suis
(classified as melitensis) was in existence in the USA
prior to 1936. Many of the strains which they
isolated produced little or no H2S. Growth was
not inhibited on dye-agar media.
The procedures employed in many laboratories

for determining growth inhibition on dye-agar
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media and H2S measurement have varied con-
siderably. Different culture media and different
concentrations of dyes have been employed to
obtain results that were expected to correlate with
those obtained in other laboratories. Even today
there are no less than three different concentrations
of dyes and four different culture media being used
for the classification of newly isolated strains. Until
about 1945, there was a correlation of approximately
98% between the two tests in different laboratories
on all strains studied. It is surprising to find that
the results of the dye sensitivity tests and H2S
measurement have correlated as closely as the reports
show.
Although the number of atypical strains that have

been isolated is not large, the fact that such strains
do exist cannot be ignored. They complicate the
problem of classification. The methods now in use
for this purpose are not entirely adequate.
At the time the classification of strains of Brucella

was initiated on the basis of their growth behaviour
toward dyes in agar media and H,S production,
sufficient consideration was not given to the possi-
bility of finding strains of the same species contain-
ing an enzyme system with less or more activity than
that of typical ones. Naturally it was unexpected
but not too surprising to find divergencies in the
results of the differential tests as more and more
strains were isolated from wild animal hosts as
well as domestic ones located in different parts of the
world.

Since differences in enzymatic and antigenic
activity are now being found in strains within the
classical species, the question of probability of
mutation from oAne species into another has been
raised by several investigators. The thought has
.Sc beetn expressed that when enzyme systems are

radically altered that species differentiation or
group differentiation is no longer possible, the
present differential tests should be abandoned.
Many, including the writer, have received and

studied strains of Brucella which possessed one or
more differential characteristics that were unlike
those of the three species. Such strains have been
classified as at pical of the species or as unde-
termined. Since the differential characteristics of
certain strains had changed under natural condi-
tions (i.e., in the host), the author has attempted to
determine whether or not similar differences in
species characteristics could be brought about in
cells of laboratory strains by experimental procedures
in the laboratory. If cells were found possessing

characteristics not noted in those of the original
strain, would they be considered as induced mutants
or as mutant cells already present in the culture?
There is a certain doubt in the minds of several
investigators, notably Renoux (1958), that we are
dealing with actual species in the genus Brucella.
It has been his contention that biochemical and
biological differences in cultures are only quan-
titative, such as one finds and observes in varieties
of the same organism. If by laboratory means one
can change all of the characteristics of several
strains of Br. abortus or Br. suis so that they cannot
be differentiated from Br. melitensis, or vice versa,
then one is in a position to state without equivoca-
tion that all strains of Brucella are varieties of the
same species.

It has long been known that certain dye-agar
media which inhibit the growth of small inocula
of Brucella cells (for example, Br. abortus by thionin
agar) will permit colony growth to a slight degree
if seeded heavily. In certain instances, high concen-
trations of the dye in agar will also permit limited
growth.
When growth of cells of many different strains of

Brucella occurs under such conditions, the following
questions arise: (1) Are the cells permanently re-
sistant to the bacteriostatic action of the dye? (2) Is
the activity of one or more of the known enzyme
systems in the resistant cells unchanged? (3) Is the
antigenic behaviour of the resistant cells unchanged?
(4) If the cells show changes in differential character-
istics can they be considered as mutational in
nature? (5) If the same changes were found in
cells from several strains of Brucella, would they
be broad enough for one to infer that one species
has been transformed into another?
Renoux & Carrere (1952) have already attempted

to answer some of these questions. All could not be
clarified as some of the presently known enzyme
systems in cells of the Brucella were not examined
for changes.

This study, therefore, represents an attempt to
determine whether the biochemical and antigenic
characteristics now being employed to identify
strains of Brucella as Br. abortus, Br. melitensis, or
Br. suis can be changed by laboratory procedures
exclusive of animal inoculation. Furthermore,
efforts were made to determine whether the changes,
if they occurred, were of a sufficient nature to
substantiate the hypothesis that mutations in Bru-
cella cells occur and that one species of Brucella
can be changed into another.

7

93



1. F. HUDDLESON

METHODS OF STUDY

Cultures
The cultures employed were either S or S1 type as

determined by acriflavine agglutination of cells.
All except two were non-CO2-dependent. Most of
the cultures studied showed biochemical character-
istics that conformed to those of one of the species; a

few showed atypical characteristics. They were

isolated from either humans or animals in many

parts of the world. The various determinations made
to distinguish the characteristics of the cultures at
the beginning and during the study were: (1) enzyme
activity in cells which liberates H2S from agar-slant
cultures during growth; (2) urease activity in resting
cells; (3) catalase activity in resting cells; (4) bacter-
iostatic action of basic fuchsin and thionin agar

after inoculation; (5) agglutinability of cells in
dilutions of abortus and melitensis monospecific
agglutinating sera.

Hydrogen sulfide production
The relative amount of H2S liberated from freshly

inoculated slants of tryptose agar was determined
daily for four days from the degree of blackening
of strips of lead acetate paper placed inside the tube
and extending below the cotton plugs.

Urease activity
The activity of this enzyme was measured by a

slight modification of the Christensen (1946) method.
The time required for complete colour change
(yellow to red) in the surface of the inoculated slant
was the means of separating cultures of rapid
activity (12 minutes or less) from those showing
slower activity (one hour or more).

Catalase activity
The activity of this enzyme was determined on

cells removed from 48-hour Albimi agar-slant
cultures and suspended in diluting fluid (0.01 %
tryptose peptone, 0.5% NaCl). 5 ml, containing
2 x l09 cells/ml, were added to 5-20 ml of 1.5 N
H2O, at 1°-3°C. The amount of H,O2 added to the
cell suspension depended upon the catalase activity
of the strain examined. The mixture was shaken
gently for 30 minutes at room temperature. Residual
H202 was titrated with 0.1 N KMNO4. The results
were expressed as the number of ml of 0.1 N H2O,
decomposed in 30 minutes by 2 x I0 cells.

Growth sensitivity towards dyes
Initial differences in the growth of strains on

agar containing thionin and basic fuchsin were

determined by lightly inoculating the surface of
tryptose agar in Petri plates containing separately
1 mg thionin/100 ml (basic aqueous solution 100 mg/
100 ml) and 1 mg basic fuchsin/100 ml (basic
ethanol solution 100 mg/l00 ml). The degree of
growth or absence of growth was noted at the end
of a four-day incubation period at 37°C. If cultures
were streaked on agar plates containing higher
concentrations of the two dyes, the incubation period
was extended to 10 days.
When enzymatic changes in typical or atypical

strains of Br. abortus were sought, approximately
one-half of the growth from a 24-48-hour agar slant
was either streaked over the surface of a tryptose
agar plate containing 1 mg thionin/100 ml or
suspended in I ml of diluting fluid and evenly
distributed over the surface of the agar plate. The
plates were examined daily for the appearance of
distinct and separate colonies. If colonies of a
sufficient size (0.5-1.5 mm) had appeared by the
eighth day, they were observed in obliquely reflected
light under a low power (x 12) binocular microscope.
The number of colonies that appeared on thionin
agar varied from 25 to 200. The variation in numbers
depended on the strain employed. The top surfaces
of 10-15 colonies were touched separately with a
wire pointer and transferred to the surface of a
tryptose agar plate. After sufficient growth had
appeared at the points of inoculation, each was
transferred to tryptose and Albimi agar slants to
obtain more abundant growth for the various
biochemical determinations.

Inoculation of thionin agar and transfer of
colonies was repeated at least three times on each
strain studied. In addition to the enzyme activity
determinations on subsequent growth of cells from
colonies, thionin and basic fuchsin tryptose agar
were lightly seeded to determine changes in growth
behaviour towards the dyes.

Since typical strains of Br. melitensis grow well
on thionin and basic fuchsin agar media (dye con-
centrations 1 mg/100 ml), it was decided to employ
each dye in a concentration of 4 mg/l00 ml in
tryptose agar in order to determine whether cells
of colonies that appeared possessed enzymatic
activities differing from those in the control culture.
The media were inoculated in the same manner as
described for Br. abortus. Separate colonies that
developed were transferred and subjected to the
same studies as previously mentioned.

Typical and atypical strains of Br. suis were also
examined for the presence of cells showing divergent
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differential characteristics by inoculating agar

plates containing separately basic fuchsin and
malachite green in a concentration of 4 mg/100 ml.
Cells from colonies that appeared within 10 days
were transferred and studied for enzymatic changes
as previously mentioned.

Cells of colonies showing biochemical and
growth behaviour characteristics that differed from
those of the original strain as well as cells from the
original strain were suspended separately in phenol-
salt solution to obtain 2 x 109 cells/ml. Br. abortus
and Br. melitensis monospecific sera were added
separately to obtain final dilutions of 1: 20 and 1: 100.
Differences in agglutinability were noted after a

48-hour incubation period at 37°C. Agglutinability
of cell suspensions was also determined with an

abortus antiserum from an infected cow.

EXPERIMENTAL RESULTS

Fifteen strains classified as Br. abortus were

seeded heavily on thionin tryptose agar plates.
After an incubation period of 10 days, the plates
were examined for well-separated colonies. Only a

small number were available for transfer in certain
instances. The total number examined from each
strain varied from 10 to 39. The data presented in
Table I illustrate the changes found in the H2S
metabolism of the cells examined. Cells were
recovered from the colonies of certain strains that
showed differences in the activity of one enzyme
system. The activity of the enzyme which decom-
poses a sulfur compound into H2S was higher in
some cells; in other cells examined there was less
activity. Those colonies on thionin agar which
contained cells that produced no or an increased
amount of H2S were slower in growing and smaller
in size than those which showed no change in H2S
production.

Cells of eight of the 30 colonies studied of one

strain, 19V, produced no measurable H2S. Cells
of six other colonies were more active than those of
the control culture. The differences found in the
sulfur metabolism in cells of this strain are of
particular interest. It is used nationally and inter-
nationally in the preparation of a living vaccine
for the vaccination of calves against bovine bru-
cellosis. Strain 19 cells from three different lots of
vaccine were also seeded on thionin agar. From
each lot were obtained cells from colonies that
produced either the same H2S pattern as the original
cultures, more H2S, or none.

TABLE 1
VARIATIONS IN HYDROGEN SULFIDE PRODUCTION
BY BRUCELLA ABORTUS AFTER GROWTH ON THIONIN

(1 mg/100 ml) AGAR

H2S
Strain No. colonies
No. a examined No. showing chane b

S G L N

A-19V 30 16 6 0 8

A-220 21 17 4 0 0

H-241 16 14 0 2 0

A-295 15 11 2 2 0

962 13 5 8 0 0

1101 No growth

1082 10 5 5 0 0

A-1336 17 12 5 0 0

A-2308 39 12 25 2 0

H-3050 18 14 4 0 0

A-3054 16 15 0 1 0

H-3068 21 18 3 0 0

H-3703 12 9 3 0 0

A 3067c 20 20 0 0 0

A-3070 c 20 | 20 0 0 0

a A=animal origin; H=human origin.
b 96-hour incubation period. S = same as control; G=

greater than control; L = less than control; N = negative.
C CO2-dependent.

When cells of strains of Br. abortus showed an
increased H2S production, the amount measured
was similar to or greater than that of typical strains
of Br. suis. The degree of increase that occurred
from the activity of cells of six of the strains is
illustrated in Fig. 1. The amount of H2S produced
by the different strains before growth on thionin
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FIG. I
COMPARISON OF H2S PRODUCTION BY STRAINS OF
BRUCELLA ABORTUS BEFORE AND AFTER GROWTH ON

THIONIN (1 mg/100 ml) AGAR

H2S measured, hours

Strain iIsolate
No. Control from thlonin agar

-'21, 48--72 96 24 48 72 96

9V

2308

962

3050

1336

220

agar varied considerably. The patters of H2S
produced by strains 962 and 220 are considered
typical of Br. abortus. No change in H2S production
was found mn cells of colonies obtained from two
CO,-dependent strains of Br. abortus after growth
on thionmn agar.
The results obtained with three atypical strains

in the abortus group were of considerable interest;
the original cultures consistently failed to produce
detectable H2S- One of these is presented in Table 1
as No. 3073. This strain and another were isolated
from infected humans mn Turkey. The third strain
was isolated from an infected hog in Indonesia.
Cells of these strains, when seeded lightly on dye-

agar media, grew well on the one containing basic
fuchsin, but showed no colony growth on the one
containing thionin. When thionin agar was seeded
heavily, 15-50 well-developed colonies appeared.
From one Turkish strain 3 colonies of 12 examined
yielded cells which produced H2S; from the other,
9 of 10 colonies examined produced H2S. From the
Indonesian strain seeded on three separate thionin
agar plates, 12 of 46 colonies examined yielded ceUs
that produced considerably more H2S over a four-
day period than typical Br. suis strains. The non-
H2S-producing cells obtained from thionin agar
grew well when transferred back to thionin agar;
the H2S-producing cells from the same source grew
sparsely.

Efforts were made to increase or to decrease H2S
production in the two types of mutant cells of strain
19 and other strains of Br. abortus. Cells were
seeded on agar media containing different concen-
trations of thionin, basic fuchsin, and malachite
green. All the attempts in this direction thus far
have failed.'
The cells recovered from initial colonies of strains

of Br. abortus on thionin agar grow sparsely after
light reinoculation of the same medium. Only
after four or five transfers on this medium do they
grow as well as Br. melitensis. Certain cultures
never became sufficiently adapted to grow well on
thionin agar unless seeded heavily.
The original cultures of Br. abortus as well as the

H2S positive and negative mutants obtained from
thionin agar were agglutinated only by an abortus
monospecific serum and by a positive serum obtained
from an infected cow.

In Table 2 are recorded the differences found in
H2S production by cells obtained from certain of
13 strains of Br. melitensis after growth on thionin
(4 mg/100 ml) tryptose agar. Cells of three strains,
after repeated seeding on this medium, failed to
develop into colonies. From only five of the strains
were there obtained cells which produced H2S
similar to that recorded for typical strains of Br.
abortus over a 96-hour growth period. The degree
of H2S released by the activity of cells of four of the
strains is illustrated in Fig. 2. Cells of all strains
that produced H2S appear to be stable in this
activity. All attempts to obtain reversion of the
H.S-producing mutant cells to the original negative
pattern have failed.

1 More recently, the H,S-producing Indonesian variant
has been found to give rise to non-H,S-producing colonies
of cells on Albimi agar.



CHANGES OF SULFUR METABOLISM OF CELLS OF BRUCELLA STRAINS

Cells of all of the Br. melitensis strains studied,
with one exception, were agglutinated only by
melitensis monospecific serum. The exception,
No. 2500 (see Table 2), was agglutinated only by
abortus monospecific serum. Cells of the H2S-
producing mutant strains of Br. melitensis showed
no antigenic differences from those of the original
cultures when examined by the monospecific serum
method or by an agglutinating serum from an
infected cow.
There is a possibility that cells of strains of Br.

melitensis which show antigenic similarities to
Br. abortus arose from strains that behave culturally
and biochemicaily like the two Turkish and one

TABLE 2

VARIATIONS IN HYDROGEN SULFIDE PRODUCTION
BY BRUCELLA MELITENSIS AFTER GROWTH ON THIONIN

(4 mg/100 ml) AGAR

H2S
Strain No. colonies
No. examined No. showing change a

A B

746 8 8 0

2404 14 10 4

2420 13 12 1

2430 10 6 4

2435 No growth

2439 No growth

2440 22 22 0

2492 No growth

2493 36

2500 15

2501 7

2510 26

35

7

7

26

a A=negative as control; B=+H2S.

FIG. 2

COMPARISON OF H2S PRODUCTION BY STRAINS OF
BRUCELLA MELITENSIS BEFORE AND AFTER GROWTH

ON THIONIN (4 mg/100 ml) AGAR

Indonesian strains. As was pointed out previously,
these strains on initial differential examination did
not produce H.S. They grow only on basic fuchsin
agar from light seeding. When seeded heavily on

thionin agar, they yielded two types of colony;
cells of one type produced H2S and grew sparsely
on thionin agar; the other produced no measurable
H2S but grew abundantly on thionin agar. It is
possible that cells of the latter could become the
dominant one in an animal owing to unknown
physiological and biochemical environmental factors.
If and when such a type were isolated and its differen-
tial characteristics studied, it would be classified as

an atypical melitensis, or according to Renoux
(1952) as Brucella intermedia. It is of interest to
note that the only strain classified as Br. melitensis,
No. 2500, that possessed antigenic properties
(monospecific serum agglutinability) similar to
Br. abortus also came from Turkey.
Mutant cells derived from both typical and atypical

strains of Br. abortus and Br. melitensis which showed
changes in H,S production, i.e., an increase or

decrease, were found to decompose urea in agar at
approximately the same rate as the original cultures.

2511 12 12
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It is known that certain strains of Br. suis do not
meet the differential characteristics of classical
strains of this species. Three atypical types have
now been identified: (1) those that are growth-sensi-
tive to basic fuchsin, but produce only traces of
H2S over a 96-hour period; (2) those that grow on
both dye-agar media and produce H2S; (3) those
that grow on both dye-agar media, but produce
only traces of H2S over a 96-hour period.

Strains of the third type are of special interest in
that studies of their differential characteristics in
several laboratories have led to considerable confu-
sion as to their classification. They were isolated
from infected hogs or humans in the central and
midwestern parts of the USA. In the past, they have
been classified as American melitensis by this
laboratory and by workers in other laboratories.
Cells of strains received by the writer in 1946, when
injected into guinea-pigs, produced large necrotic
foci in various organs similar to those produced by
virulent strains of Br. suis.
The H2S-producing activity of cells of only one

typical strain of Br. suis has been altered radically.
From three of 40 colonies obtained from seeding
malachite green (1 mg/100 ml) agar, cells were
obtained that produced no detectable H2S. The
mutant cells possessed the differential characteristics
of atypical Br. suis type 3.
The third atypical type was not considered a

variant of Br. suis until catalase activity determina-
tions were made on several strains. Cells of the
variant strains decomposed H202 within the same
quantitative range as those from typical ones. No
typical or atypical strain of Br. abortius or Br. melit-
ensis has been show to decompose H202 to the
same degree as Br. suis.
When strains of the atypical type of Br. suis

first described by Thomsen (1934) (atypical type 1)
are adapted to grow on basic fuchsin agar, the
differential characteristics become the same as those
of strains isolated from hogs and humans (third
atypical type) in the midwestern parts of the USA.
The Thomsen type of Br. suis decomposes urea and
H202 within the same quantitative range as typical
strains.
The possible occurrence of variations in catalase

activity was investigated on all H2S-producing and
non-producing mutants of Br. abortus, Br. melit-
ensis, and Br. suis obtained from dye-agar medium.
At the same time, the activity of the cultures from
which they were derived was determined. The
results of these examinations are set forth in Table 3.

TABLE 3
VARIATIONS IN CATALASE ACTIVITY OF TYPICAL,
ATYPICAL AND MUTANT STRAINS OF BRUCELLA

No. of Species I Differential Catalase
strains _ j characteristics activity a

17 b Typical 2.0-15.9

3 abortus Atypical 2.0- 7.2

13 Mutant 4.1- 9.0

13 Typical 2.0-14.4

2 melitensis Atypical 11.4-18.0

5 Mutant 3.3-17.4

20 Typical 34.5-47.7

12 suis Atypical 32.0-53.2

26 Mutant 30.0-51.3

2 neotoma Typical 5.4- 6.1

a Ml of 0.1 N H202 decomposed in 30 minutes.
b Aerobic and CO2-dependent.

Standard suspensions of cells of typical strains of
Br. abortus and Br. melitensis decomposed 0.1 N
H202 within a range of 2-18 ml. Those strains of
Br. abortus showing the highest activity were C02-
dependent. The amount of H202 decomposed may
vary from 1 ml to 2.5 ml when determinations are
made on duplicate cell suspensions or on cell suspen-
sions made from agar growth at wide intervals.
Atypical cultures decomposed H202 within a range
similar to typical ones. Suspensions of the mutant
cells obtained from strains of Br. abortus, Br. melit-
ensis, and Br. suis, and which showed an increase
in or loss of capability to produce H2S, decomposed
H202 within the same range as cells of the original
strains.

Strains of Br. suis, both typical and atypical, can
easily be distinguished from typical and atypical
strains of the other two species by the amount of
H202 a standard suspension of cells decomposes,
the range being 30-53 ml of 0.1 N H202. Even after
cells of Br. suis have been adapted to grow on basic
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fuchsin agar (1-4 mg/100 ml), they still c
H202 within the range shown by typical sl
There are three important factors that

taken into consideration in determining tI
activity of a given strain of Brucella. The:
colonial type of the strain, the nature of 1
medium on which the cells are grown
atmospheric condition used for obtainin
The cells should be composed of S or
The culture medium used for growth may i
decrease activity. If cells of Br. abortus
in an atmosphere containing 5% CO2
activity may be increased by as much as
Table 4). The activity of cells of Br. meli
Br. suis are increased only slightly by sin
bation.
The catalase activity of cells of Brucej

increased by as much as 300% if they are I
liquid culture medium containing Fe
medium must be agitated and O2 passe(
glass container during the incubatioi
Therefore, in making a comparison be

TABLE 4

CATALASE ACTIVITY OF BRUCELLA AE
INCUBATED IN AIR AND 5% C02

Strain

962

1082

1101

1336

3029 c

3054

3065 c

3068

3070 c

a 24-hour incubation.

Aira 5 >

H202 decomposed

7.1

6.7

8.5

7.5

8.0

7.0

b Ml of O.IN H202 decomposed in 30 minutes.
C CO2-dependent.

lecompose catalase activity of strains of Brucella or a determina-
-rains. tion on a newly isolated strain it is important to
should be keep in mind that the nature of the culture medium
ie catalase and method of incubation may influence the end
se are: the results.
the culture It has not been possible to distinguish typical or
, and the atypical strains of Br. abortus from Br. melitensis
g growth. on the basis of their catalase activity. Furthermore,
Sl types. this activity does not change materially after they

increase or have been adapted to grow on thionin agar or when
are grown the H2S-producing activity has been radically
2, catalase altered. Catalase determinations on newly isolated
100% (see cultures of Brucella that show a deviation in certain
tensis and differential characteristics from those of typical
nilar incu- strains should be useful as a means of determining

whether or not they belong to the suis or to the
fla can be abortus-melitensis group.
grown in a Since 1941 more than 100 strains of Br. suis
C12. The (typical and atypical) have been examined for cata-
I into the lase activity. In no instance has a strain been found
a period. the cells (2 x 109) of which decomposed less than
tween the 30 ml of 0.1 N H202.

The Thomsen type of Br. suis (type 1) that was
isolated from humans in Alaska differs antigenically
from typical and other atypical types of Br. suis in

IORTUS that cells are agglutinated only by a melitensis
monospecific serum. The others are agglutinated by

zCO2 a an abortus monospecific serum.
It is of interest to note that cells of strains of

b Br. neotomae decomposed only a small amount
of H202. They resemble strains of abortus-melitensis

15.0 in this respect. Brucella investigators have expressed
the opinion that this species may be an atypical

8.3 type of Br. suis on the basis of H2S production,
urease activity, and inhibition of growth on basic

7.5 fuchsin agar. Cells of newly isolated strains do
not grow readily on thionin agar either, but they

14.8 are easily adapted to grow on this medium. The
low catalase activity of cells of this strain places it

13.4 in a classification different from that of Br. suis.

15.9 DISCUSSION

Strains of Brucella have been isolated in different
15.9 regions of the world that are lacking in one or more

of the differential characteristics attributed to
14.5 typical strains of those classified as species. Other

strains have been isolated that possess so many
17.8 divergent characteristics that it is not possible on

the basis of the present procedures to state whether
they are a type of Br. abortus or Br. melitensis.

It is of interest to note that strains showing atypical
differential properties seem to originate in certain
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regions of the world. For example, one atypical
type of Br. suis is found in the USA, mostly in the
centrally located States; another atypical type has as
its locale Central and North European countries,
including Russia. The primary host of this type
appears to be the wild hare. This atypical type has
also been isolated from humans in Alaska. Atypical
strains of Br. melitensis, those agglutinated only by
an abortus monospecific serum, come mainly from
France and Turkey. It was suggested on the basis
of this study that those strains of Br. melitensis
which have been classified as atypical may have
had their origin in an atypical strain of Br.
abortus, that is, a strain which produces no measur-
able H2S.
A few investigators have expressed the view that

the differential characteristics displayed by strains
of Brucella have been acquired after a long period
of residence in a particular host. Changes in species
characteristics of Brucella have been attributed to
residence in a host species different from the one
in which they had long resided. The changes were
thought to be in the direction of one or the other
of the known species, or of such a nature that new
isolates do not resemble any of the three typical
ones.

Experiments have been conducted to determine
the possible mutation of a given typical species
into another by animal passage. Most of the trials
failed to show any evidence of mutation. In two
experiments, however, the investigators recovered
from the inoculated animal a strain of Brucella
possessing differential characteristics typical of
another species. It was inferred that mutation of
species had occurred. The positive and negative
data pertaining to mutation of the species of Brucella
have been presented by McCullough & Beal (1958).
It was their conclusion that the data thus far pre-
sented do not justify the conclusion that one species
of Brucella has been changed into another by animal
passage. So today there is no valid or confirmed
proof that mutation of the species of Brucella
occurs in animal hosts after experimental exposure
or inoculation.
By adapting cells of certain strains of Br. abortus

to grow in colony form on agar culture medium
containing the appropriate concentration of thionin,
cells in certain strains have appeared that showed
a differential characteristic not found in the original
strain. The new characteristic resembled that in
strains of the other two species and was confined
to the activity of only one of the enzyme systems

studied-the one that decomposes a sulfur-con-
taining compound in the medium to H2S. The
mutant cells that were obtained usually showed an
increased activity of this enzyme. From only one
strain were two types of cells obtained showing
extreme differences in ability to decompose a sulfur
compound in the medium. One type produced no
measurable H2S; the other showed a higher activity.
It is also of interest to note from the data presented
in Table I that many of the colonies which developed
on thionin agar contained cells that produced H2S
like those of the original strain.
The H,S mutant cells from thionin agar appear

to be stable; a decrease or increase in H2S production
was not obtained in further studies.' The mutant
cells that were smooth were agglutinated by a
Brucella antiserum to maximum titre, and only by an
abortus monospecific serum. The differential cha-
racteristics-that is, sensitivity to dyes in agar
media, urease activity, catalase activity, and H2S
production-of the mutants parallel closely those
found in certain atypical strains of Br. abortus that
had been isolated from animals and humans.
The H2S-producing mutant cells recovered from

typical strains of Br. melitensis are also stable.
That is, they do not revert to non-H2S-producing
cells. The mutant cells grow well on the two dye
differential media and are agglutinated only by a
melitensis monospecific serum. It was pointed out
that all strains of Br. melitensis studied do not
appear to contain mutant cells. Again it should be
emphasized that the difference found in mutant cells
of Br. melitensis involved only one of the enzyme
systems studied.
From only one of five strains of Br. suis were

cells obtained which produced only a trace of H2S.
The mutant cells grew well on both basic fuchsin
and thionin agar from light seeding. It was not
possible to differentiate the characteristics of these
cells from those of one, naturally occurring, atypi_al
type of Br. suis that produces only a trace of H2S.
The origin of the mutant cells of Brucella that

were recovered from the dye media is still not clear.
It is possible that they were present in small numbers
in the original culture. On the other hand, the writer
has obtained some evidence which indicates that the
presence of a dye in agar medium may have induced
a change in the activity of one enzyme system in
certain cells. The evidence which indicates that the
enzyme activity was induced was obtained from the

I But see footnote on page 96.
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inoculation of thioninagarwith 25 x 109cells obtained
from single colonies of two strains of Br. abortus.
One strain was of the typical type; the other a non-
H2S-producer. Suspensions of cells (25 x 109/ml)
were prepared separately from the growth of each of
two colonies; 1 ml of each was spread evenly over
the surface of separate thionin agar plates. Hydrogen
sulfide production was determined on the growth from
each colony on tryptose agar slants and on growth
from 20 separate colonies out of 50-75 appearing on
thionin agar plates 10 days after inoculation.
From one plate inoculated with the typical strain,

cells were obtained from 18 colonies that showed
a much greater increase in H2S production than
those before inoculation. Cells from two colonies
showed no increase in H2S production. From the
other thionin agar plate inoculated with cells
obtained from a different colony, only six of the
20 colonies examined yielded cells showing a
greater increase in H2S production.
From one thionin agar plate inoculated with

cells originating from one colony of the atypical
strain (H2S-negative), cells from two of the 20 colo-
nies were vigorous H2S producers; the others pro-
duced no H2S. Cells of each of 20 colonies from the
second thionin agar plate produced no H2S.

If the colonies obtained from platings on plain
tryptose agar originated from single cells, it would
be logical to assume that the change observed in
the activity of one enzyme system in cells obtained
from certain colonies that appeared on thionin
agar was induced by the dye.
The results of the study do not present any evi-

dence which tends to confirm the hypothesis that
mutation of one species of Brucella into another
occurs. Although cells of the different species can
easily be adapted to grow on dye-agar media which

ordinarily inhibit growth, it is questionable whether
this change can be looked upon as a mutation. The
other biochemical characteristics and antigenic
properties of Brucella cells that were studied showed
no measurable changes. Therefore, before one can
state that by or through mutation one species
changes into another, it would be necessary to show
that the other known biochemical and antigenic
properties which characterize a species have also
changed.
The study was not planned or conducted for the

purpose of finding evidence to prove or disprove
the validity of the present procedures now in use
for classifying strains of Brucella as Br. abortus,
Br. suis, or Br. melitensis. Nor was it intended to
find proof which could be used to substantiate either
the thesis that the genus Brucella is composed of three
species or the thesis that there are only varieties of
one species.

It is of world-wide importance to keep a constant
vigilance on newly isolated strains in order to deter-
mine whether there is a migration of species of
Brucella from one region to another owing to the
movement of infected hosts or by other means.
It is also important to recognize as soon as possible
the appearance of strains that show variations from
the normal and to determine the extent of their
occurrence in a particular region.

Therefore, it would not seem logical at this time
to discard the presently employed methods of
classifying newly isolated strains of Brucella, even
though one is confronted from time to time with
discrepancies in one or more of the differential
tests. To do so would be illogical, since no certain
method for this purpose has yet been brought forth
to take their place.
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RtSUMt

En 1928, I'auteur avait propos6 la division du genre
Brucella en trois especes, Br. abortus, Br. suis, Br. meli-
tensis, d'aprbs les propri6t6s biochimiques, notamment
la faculte pour ces souches de se developper sur des
milieux additionnes de colorants bacteriostatiques ou

de decomposer un compose organique sulfur6 en formant
H2S.
Dans cet article, l'auteur passe en revue les r6sultats

obtenus sur ces bases, et par les m6thodes serologiques,
par divers chercheurs au cours des 30 derni6res annees.
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Puis il consacre la plus grande partie de son etude A la
question suivante: les caracteres biochimiques et anti-
geniques utilises maintenant pour identifier les trois
especes precitees, peuvent-ils etre modifies par des pro-
ced6s de laboratoire, a l'exclusion de l'inoculation A
l'animal. Si oui, ces changements permettent-ils de
supposer que des mutations surviennent, qui provoquent
la transformation d'une esp6ce en une autre. Les criteres
biochimiques auxquels a recouru l'auteur pour elucider
la question sont la production d'H2S en milieu tryptose-
gelose, l'activite de l'urease et de la catalase, la sensibilit6
au pouvoir bact6riostatique de la thionine et de la fuch-
sine basique, enfin l'agglutinabilite par les serums
monospecifiques.
Apres avoir decrit la marche du travail experimental

qui a porte sur plusieurs dizaines de souches provenant
de diverses parties du monde, l'auteur resume ses prin-
cipaux r6sultats.

Quelques cellules de certaines colonies isolees de cer-
taines souches de Br. abortus, Br. melitensis et Br. suis
ont presente des modifications d'un seul systeme enzyma-
tique, A savoir celui qui d6compose les composes sulfures
en H2S, et se rencontre dans les extraits de tissus animaux.
L'activite de cet enzyme chez les bacteries atypiques etait
ou superieure a la normale out nulle. D'une souche de

Br. suis ont ete isolees des cellules qui se comportaient de
fagon atypique, cultivant sur les milieux colores et ne
produisant pas de H2S, ou des traces seulement. Les
caracteres des cellules de certaines souches de Br. abortus,
Br. melitensis et Br. suis mutees par les techniques de
laboratoires decrites etaient les memes que ceux de
certaines souches atypiques isolees d'animaux ou d'hom-
mes infectes. Ces etudes n'ont apporte aucune preuve
de la possibilite de trans ormer une espece de Brucella
en une autre.

Discutant ses resultats, I'auteur souligne combien il
est important de surveiller I'apparition et de suivre les
caracteres de toute souche nouvellement isolee dans le
monde, afin que l'on puisse se rendre compte s'il existe
une migration d'especes de Brucella d'une region a une
autre, par l'intermediaire d'h6tes infectes ou tout autre
moyen. 11 est egalement important de depister les variants
et de determiner I'aire de leur repartition et leur frequence
dans une region donnee.

L'auteur estime qu'il serait illogique de renoncer
actuellement aux methodes appliquees au classement des
souches nouvellement isolees - meme si l'on se trouve
parfois en face de types aberrants pour l'un ou I'autre
test - tant que l'on ne les aura pas remplacees par des
methodes assdrant des resultats certains.
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