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ABSTRACT
PARISI, JOSEPH T. (Duquesne University, Pittsburgh, Pa.). Significance of chromo-

genic variants in studies of virulence factors of Staphylococcus aureus. J. Bacteriol.
92:589-591. 1966.-Large numbers of chromogenic variants were isolated from
cultures of a parent strain of Staphylococcus aureus growing in Brain Heart Infusion
(Difco). The parent strain and four selected chromogenic variants were tested for
either quantitative or qualitative differences in the production of extracellular sub-
stances associated with virulence. Quantitative differences were found in the ability
of these strains to produce coagulase and hyaluronidase, whereas qualitative dif-
ferences were found in the production of plate hemolysins, bound coagulase,
opacity in an egg yolk medium, and a proteinase. In view of the rate and extent of
the occurrence of these chromogenic variants, their presence in an inoculum could
lead to inaccurate results in in vitro studies of staphylococcal virulence.

Numerous investigators (4, 5, 7) have observed
the occurrence of spontaneous variants of
Staphylococcus aureus with altered ability to pro-
duce extracellular substances associated with
virulence. However, to our knowledge, there are
no reports showing the rate and extent of such
changes in common laboratory media. Pigmenta-
tion was chosen as the parameter of population
changes in S. aureus. This study presents quantita-
tive data of these population changes. It also was
designed to determine whether chromogenic
variants differ in the quantitative or qualitative
production of virulence factors.

MATERIALS AND METHODS

Bacterial strains. The parent strain, S. aureus 6,
was originally isolated from a human infection. Its
phage type was 80/81, and it produced a golden-yellow
pigment. Spontaneous chromogenic variants were
isolated from Brain Heart Infusion (BHI; Difco)
Agar or broth cultures of the parent strain, which
were diluted in distilled water and plated on Trypti-
case Soy Agar (BBL) containing 20% (v/v) nonfat
milk (milk-agar). Plates were incubated at 37 C for
24 hr and then at 25 C for 48 hr. Any colony with a
pigment that differed obviously in color or intensity
from the parent strain and which phage-typed 80/81
was considered a variant. The parent strain and four
selected variants were used in the studies of virulence
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factors. Strain 6A produced a light-yellow pigment;
6B, a white pigment; 6C, a golden-yellow pigment
more intense than the parent strain; and 6D, a yellow-
green pigment.

Chromogenic variants in BHI broth. A single iso-
lated colony of the parent strain on milk-agar was
inoculated onto a BHI agar slant and was incubated
for 18 to 24 hr at 37 C. Growth from the slant was
suspended in distilled water and washed and centri-
fuged three times; the suspensionwas then standardized
with a Klett-Summerson colorimeter. Approximately
104 cells per milliliter of medium were inoculated into
triplicate tubes of BHI broth and were incubated at
37 C. After 4, 8, and 12 days, appropriate dilutions in
distilled water were made from each tube and were
streaked on milk-agar plates with glass spreaders.
After incubation at 37 C for 24 hr, and then at 25 C
for 48 hr, the number of parent and chromogenic
variant colonies was determined. Representative
chromogenic variant colonies were subsequently
phage-typed.

Production of virulence factors. The method of Elek
and Levy (2), with some modification, was used for
the production and quantitative determination of a
hemolysin. BHI broth containing 0.3% agar was the
growth medium, incubation was at 37 C for 48 hr in
an atmosphere of 80% CO2, and the supernatant
fluids were sterilized by filtration through an 02 Selas
filter. Plate hemolysins were determined by streaking
each strain radially onto Heart Infusion Agar (BBL)
containing rabbit, sheep, or human erythrocytes, and
then incubating for 24 and 48 hr at 37 C in an at-
mosphere of 20% CO2.
The production and quantitative determination of

coagulase was done according to the method of
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Tager and Hales (8), except that the supernatant
fluids were sterilized by filtration through a 0.45-,u
membrane filter (Millipore), and sterile citrated
rabbit plasma was used. Coagulase production was
also determined by the tube method (1), and bound
coagulase was determined by the slide method (1).
The production of hyaluronidase was according to

the method of Rogers (6), except that veal and 1%
peptone (Difco) was the growth medium, and the
supernatant fluids were sterilized by filtration through
a 0.45-,u membrane filter (Millipore). The turbidi-
metric method (9) was used for the estimation of
hyaluronidase. Hyaluronic acid, grade I, and type I
hyaluronidase (Sigma Chemical Co., St. Louis, Mo.)
were used in the standard assay.

REsuLTS
Growth of the parent strain in BHI broth for

various periods of time resulted in the emergence
of spontaneous chromogenic variants. As shown
in Table 1, chromogenic variants were the pre-
dominant organisms in two of the three samples
after 8 days and were present in overwhelming
number in all three samples after 12 days.
The production of virulence factors by the

parent and four selected variant strains is shown
in Table 2. Although there were no differences in
serial twofold dilutions of cell-free filtrates of a
hemolysin, on agar media, strain 6A hemolyzed
rabbit erythrocytes more slowly and failed to
hemolyze human erythrocytes. All strains pro-
duced a hemolysin on agar plates containing
sheep erythrocytes.
As shown in Table 2, not only were differences

observed in the amount of coagulase produced by
the parent and variants, but cell-free filtrates of
strain 6B did not have detectable amounts of
coagulase. Although cultures of 6B clot plasma
within 3 hr, the coagulum liquefies within 24 hr.
Apparently, this organism produces a proteinase
that destroys coagulase. The parent and variant
strains 6A, 6C, and 6D produced bound coagulase
as determined by the slide method, but 6B did
not. Since 6A, whose pigment is light-yellow, pro-
duced the weakest clumping reaction for bound

TABLE 1. Occurrence of chromogenic variants of
Staphylococcus aureus in Brain Heart Infusion

broth

Tube no.

Ratio of variants to parent detected after
incubation for

4 days 8 days

1 NDa 0.01
2 0.02 2.3
3 0.01 1.3

a None detected.

TABLE 2. Production of hemolysins, coagulase, and
hyaluronidase by parent and variant strains of

Staphylococcus aureus

Hemolysin on Hagar plates Reciprocals of dyaluroncontaining tsit daseso
erythrocytes of ers of (turbidity-Strain reducing

units per
csHmo ml ofRabbit Human 'lyseim Coagulase medium)

6 a A 400 4 2.0
6A cia None 400 16 0.5
6B a A 800 NDb 3.6
6C a A 400 2 1.5
6D A 400 2 1.8

a Produced after 48 hr.
b Not detectable.

coagulase, and 6B, whose pigment is white, failed
to produce bound coagulase, it appeared that the
intensity of this clumping reaction may be asso-
ciated with the intensity of the color of the pig-
ment. To determine this, 34 phage-distinct strains
of S. aureus, positive for coagulase production by
the tube method, were tested for bound coagu-
lase production. Twelve of 13 golden-yellow
pigmented strains, 6 of 9 light-yellow pigmented
strains, and 4 of 12 white pigmented strains pro-
duced bound coagulase. These results indicate a
high correlation between the production of bound
coagulase and the intensity of the color of the
pigment.
Table 2 also shows differences in the amount of

hyaluronidase produced by the parent and
variants. Differences were observed also with dif-
ferent stock cultures (not shown) of the parent
strain. On the other hand, no qualitative differ-
ences were observed in the production of
fibrinolysin, deoxyribonuclease, gelatinase, phos-
phatase, or growth on mercuric chloride-agar, but
differences were observed with strains 6B and 6C
in the rate and type of opacity produced in an
egg-yolk medium (3), and only 6B produced a
proteinase on milk-agar. Interestingly, the results
of virulence tests showed that all strains were
equally virulent for mice when injected intra-
peritoneally with approximately 6 x 108 washed
cells and 0.5 ml of mucin.

DIscussIoN
The occurrence of large numbers of sponta-

neous chromogenic variants in BHI broth indi-
cates that these variants appeared to have a selec-
tive advantage in this medium. The mutant
frequency of chromogenic variants in a 24-hr
BHI slant culture of the parent strain was
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observed in our laboratory to be 19 per 5 X 104
cells. The inoculum for this slant was a single
isolated colony on milk-agar. The mutant fre-
quency observed indicates the proportion of
chromogenic variants present in a culture of the
parent strain. Because of this relatively high mu-
tant frequency, and the rapid and extensive popu-
lation changes which occurred after growth in
BHI broth, the presence of these spontaneous
variants in cultures of S. aureus should be brought
to the attention of investigators working with this
organism.
The studies on the production of virulence

factors confirm the reports of others of the occur-
rence of spontaneous variants of S. aureus, and,
more specifically, of chromogenic variants, often
with a concurrent altered ability to produce some
extracellular substances associated with virulence.
The differences observed with some variants in the
production of A hemolysin, coagulase, hyaluroni-
dase, and egg-yolk opacity show the need ofwork-
ing with relatively homogenous cultures of this
organism. In view of the rate and the extent of the
occurrence of these variants, their presence in
an inoculum could lead to inaccurate results in
studies of staphylococcal virulence in vitro.
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