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The deoxyribonucleic acid (DNA) of Streptococcus lactis C2, S. cremoris B,,
and S. diacetilactis 18-16 was labeled by growing cells in Trypticase soy broth
containing °*H-labeled thymine. The cells were gently lysed with lysozyme,
ethylenediaminetetraacetic acid, and sodium lauryl sulfate. The chromosomal
DNA was separated from plasmid DNA by precipitation with 1.0 M sodium
chloride. The existence of covalently closed circular DNA in the three organisms
was shown by cesium chloride-ethidium bromide equilibrium density gradient
centrifugation of the cleared lysate material. In an attempt to correlate the loss of
lactose metabolism with the loss of plasmid DNA, lactose-negative mutants of
these organisms were examined for the presence of extrachromosomal particles.
Covalently closed circular DNA was detected in the lactose-negative mutants of
S. lactis C2 and S. diacetilactis 18-16. In S. cremoris B,, however, no covalently
closed circular DNA was observed by using cesium chloride-ethidium bromide
gradients. Electron micrographs of the satellite band material from S. lactis C2
and its lactose-negative mutant confirmed the presence of plasmid DNA. Three
distinct plasmids having approximate molecular weights of 1.3 x 108, 2.1 x 10°,
and 5.1 x 10® were observed in both organisms.

The existence of extrachromosomal genetic
determinants (plasmids) is well documented for
members of the Enterobacteriaceae, Staphylo-
coccus aureus, and species of Pseudomonas and
Bacillus (3, 4, 10, 12). Plasmids are characteris-
tically small, covalently closed, circular duplex
deoxyribonucleic acid (DNA) molecules which
may confer upon the host known genetic func-
tions. Some of the metabolic functions known to
be plasmid directed include the ability to conju-
gate, production of colicins, resistance to antibi-
otics, and resistance to inorganic ions (20).
Recently, a plasmid isolated from Bacillus
pumilus has been shown to be involved in
sporulation (17). To our knowledge, the only
reported evidence of plasmid DNA in strepto-
cocci was reported recently by Dunny et al. (6)
in Streptococcus mutans.

The instability of lactose metabolism in
strains of S. lactis, S. cremoris, and 8.
diacetilactis (13, 19, 21, 22, 26) prompted specu-
lation that lactic streptococci may be carrying
an extrachromosomal element that is responsi-
ble for the ability of cells to ferment lactose
(19). Since plasmids or extrachromosomal par-
ticles have not previously been described in
group N streptococci, it was of interest to obtain
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direct evidence for their occurrence in this
group of microorganisms. In addition, the possi-
bility that plasmid DNA may be responsible for
the ability of cells to ferment lactose was
examined.

MATERIALS AND METHODS

Organisms. The strains used in this investigation
were S. lactis C2, S. cremoris B,, and S. diacetilactis
18-16, all obtained from our stock culture collection.
The propagation and maintenance of these cultures
were described previously (19). The lactose-negative
mutants of these strains were isolated by treatment
with acriflavine (19). These mutants were grown and
maintained in lactic broth (7).

Labeling and extraction of DNA. The procedure
used for isolation of plasmid DNA was similar to that
described by Guerry et al. (9). The DNA of these
organisms was labeled by growing the cells in 30 m] of
Trypticase soy broth (pH 7.0; BBL) containing 250 ug
of deoxyadenosine per ml (1) and 0.3 ml of [*H Jthy-
mine (1 mCi/ml, 18 Ci/mmol, New England Nuclear
Corp.) for 8 h at 32 C. Cells were harvested by
centrifugation at 5,000 x g, washed with 0.03 M
tris(hydroxymethyl)aminomethane (Tris)-hydrochlo-
ride (pH 8.0) containing 0.005 M ethylenediaminetet-
raacetic acid (EDTA) and 0.05 M NaCl (TES buffer),
and resuspended in 1.0 ml of 25% sucrose in 0.05 M
Tris at pH 8.0. Lysis of cells was accomplished by
adding 0.2 ml of lysozyme (5 mg/ml in 0.25 M Tris,
pH 8.0) and 0.4 ml of 0.25 M EDTA (pH 8.0) to the
cell suspension followed by incubation at 37 C for 1.5
h. To facilitate lysis, 0.4 ml of 5% sodium lauryl
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sulfate was added and the tubes were left at 25 C until
lysis was complete. A 0.4-ml amount of 5.0 M NaCl
(final concentration of 1.0 M) was added, and the
tubes were stored overnight at 4 C. The tubes were
then warmed to room temperature and centrifuged at
17,000 x g for 30 min, and the cleared supernatant
was stored at 4 C until further testing.

Preparation of CsCl-ethidium bromide
gradients. The cleared lysate material was subjected
to CsCl-ethidium bromide equilibrium density gradi-
ent centrifugation. Gradients were prepared by the
addition of 1 to 2 ml of cleared lysate to 8.5 ml of CsCl
solution (20 g/14 ml of TES buffer) and 0.58 ml of
ethidium bromide (5 mg/ml) (8). This mixture was
mixed thoroughly, and the refractive index was ad-
justed to 1.3925 + 0.0001 by the addition of TES
buffer or CsCl. The above solution was placed in
polyallomar centrifuge tubes and centrifuged for 60 h
at 37,000 rpm in a number 40 fixed-angle rotor of a
Beckman L3-50 centrifuge. After centrifugation, sam-
ples were fractionated by puncturing the bottom of
the tubes with a needle and collecting about 60
10-drop fractions. These fractions were precipitated
by the addition of 0.5 ml of cold 10% trichloroacetic
acid to each tube of collected material. One drop of
herring sperm DNA solution (5 ug/ml) was added as
carrier. The precipitated material was collected on
membrane filters (0.45 um, HA; Millipore Corp.) that
were presoaked in cold 5% trichloroacetic acid plus 5
ug of thymine/ml, washed twice with cold 5% trichlo-
roacetic acid, and the filters were dried in an oven at
60 C. The filters were then placed in scintillation vials
containing 10 ml of scintillation fluor of the following
composition: 2,5-dinitrophenyloxazole, 6.0 g; 1-4-bis-
(5-phenyloxazolyl)benzene, 0.3 g; and toluene, 1 liter.
The samples were counted in a Beckman liquid
scintillation spectrometer.

Electron microscopy of plasmid DNA. Fractions
from the CsCl-ethidium bromide density gradient
centrifugation that contained the fast-sedimenting
species of DNA (covalently closed circles) were pooled
and dialyzed against TES buffer to remove the
majority of CsCl and ethidium bromide. After re-
moval, the DNA from this band was prepared for
electron microscopy by a modification of the
Kleinschmidt technique (5).

RESULTS AND DISCUSSION

Although extrachromosomal particles have
been isolated and characterized from a number
of bacterial species, their presence in group N
streptococci has not been reported. Knittel et
al. (15) demonstrated the presence of a popula-
tion of DNA molecules with a lower average
guanosine plus cytosine content in some, but
not all, lactic streptococci. These authors sug-
gested that the satellite band of DNA repre-
sented the presence of an episome. Their as-
sumption was based on the presence of a pro-
nounced shoulder on a curve of DNA melting-
point determinations. More recently, Pearce
and Skipper (43rd Annu. Rep. N. Zealand Dairy
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Res. Inst., p. 36-37, 1971) have considered the
spontaneous loss of proteinase production in
lactic streptococci. By using procedures similar
to those of Knittel et al. (15), these authors
attempted to obtain physical evidence for this
conclusion by comparing the DNA isolated from
the proteinase-positive and -negative orga-
nisms. Their evidence neither confirms nor rules
out the presence of plasmid DNA. McKay et al.
(19) proposed that lactic streptococci could be
carrying a genetic element that is responsible
for the ability of cells to ferment lactose. The
loss of this element could cause the cell to
become lactose negative. No direct evidence for
the existence of plasmid DNA was presented. In
this communication, we describe the isolation of
plasmid DNA from the group N streptococci.

Figure 1A shows that, when the cleared lysate
material of S. lactis C2 was subjected to CsClI-
ethidium bromide density gradient centrifuga-
tion, the presence of a peak at higher density
than that of the chromosomal DNA was ob-
served. The position of this peak is consistent
with that predicted for covalently closed circu-
lar (CCC) DNA molecules (23). If plasmid is
responsible for lactose metabolism in lactic
streptococci, CCC DNA may be absent in the
lactose-negative variant. Results shown in Fig.
1B suggest that CCC DNA is also present in the
lactose-negative cells.

Since CCC DNA was detected in both lac-
tose-positive and -negative cells, no simple
relationship appeared to exist between the pres-
ence of this plasmid and lactose metabolism.
Alternatively, more than one species of plasmid
DNA could be present in a single cell. This
means that the loss of one plasmid species
would not be detected by CsCl-ethidium bro-
mide gradient centrifugation, since all CCC
DNA would band together. To obtain evidence
for the existence of more than one plasmid,
electron micrographs of the dense peak ob-
tained for CsCl-ethidium bromide centrifuga-
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Fic. 1. Elution profiles of cesium chloride-
ethidium bromide gradients of DNA from cleared
lysate material of S. lactis C2 (A) and its lactose-
negative variant (B). The DNA was labeled with
[*Hthymine and extracted as described in Materials
and Methods.
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tion of S. lactis C2 and its lactose-negative
mutant were taken. Electron micrographs re-
vealed the presence of at least one and possibly
three distinct plasmid species in both orga-
nisms. Molecular weight estimates of the plas-
mid DNA were obtained by contour length
measurements of the open circular DNA (16).
Both strains appear to be carrying a small
plasmid with a molecular weight of about 1.3 x
10® and another small plasmid with a molecular
weight of about 2.1 x 10, A larger plasmid with
a molecular weight of about 5.1 x 10°® was also
observed in both organisms.. It is recognized
that these observations were made on only a
small number of molecules (nine, six, and four
_molecules, respectively), and therefore the esti-
mates of molecular weight are only approxi-
mate. The open circular DNA species isolated
from the lactose-negative mutant are illustrated
in Fig. 2. The presence of the same plasmid
species in both the lactose-negative mutant and
the parent strain suggests against, but does not
rule out, the plasmid DNA being directly re-
sponsible for lactose metabolism in S. lactis C2.

Since the existence of plasmid DNA was
shown in S. lactis C2, it was of interest to
determine its presence in other group N strepto-
cocci. Figures 3A and B show results of a
CsCl-ethidium bromide centrifugation of
cleared lysates from S. diacetilactis 18-16 and
its lactose-negative derivative. The results indi-
cate that both organisms contained CCC DNA
as evidenced by the existence of a dense peak
separate from the chromosomal DNA.

When S. cremoris B, was examined, the
presence of CCC DNA was detected (Fig. 4A).
The lactose-negative derivative of S. cremoris
B, contained very little, if any, CCC DNA (Fig.
4B). The degree of [*Hlthymine labeling ap-
peared to be approximately the same in both
instances, since the same amount of chromo-
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Fi6. 2. Open circular forms of plasmid DNA spe-
cies isolated from the lactose-negative mutant of S.
lactis C2. Magnification factor, 50,000. Molecular
weight estimates: A, 1.3 x 10% B, 2.1 x 10% and C, 5.1
x 10%. Plasmids with approximately the same molec-
ular weights were also observed in the parent strain.
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somal label was obtained. Unlike the other two
streptococci examined, in this organism there
appears to be a relationship between lactose
metabolism and the presence of plasmid DNA.
In the case of S. lactis C2, the examination of a
larger number of molecules will be required
before a possible relationship between lactose
metabolism and plasmid DNA can be deter-
mined. In addition, electron micrographs of
plasmid DNA from S. diacetilactis 18-16 and S.
cremoris B, are needed to clarify any relation-
ship which may exist.

In an earlier publication (19), it was sug-
gested that the spontaneous loss of lactose
metabolism may be due to the loss of a pro-
phage that carried the lactose genes. It has been
found that the lactose-negative mutants, when
treated with ultraviolet light, undergo lysis with
subsequent release of phage. This appears to
rule out the possibility that the lactose genes in
S. lactis C2 are carried on a phage. The presence
of the very small plasmid species (1.3 x 10°
daltons) in S. lactis C2 leads one to another
interesting speculation as to the possible mech-
anism involved in the loss of lactose metabo-
lism. It has been shown that some spontaneous
mutations can be due to strong polar mutations
that occur as a result of the insertion of a few
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Fi1c. 3. Elution profiles of cesium chloride-
ethidium bromide gradients of DNA from cleared
lysate material of S. diacetilactis 18-16 (A) and its
lactose-negative variant (B). The DNA was labeled
with [*H)thymine and extracted as described in
Materials and Methods.
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Fi6. 4. Elution profiles of cesium chloride-
ethidium bromide gradients of DNA from cleared
lysate material of S. cremoris B, (A) and its lactose-
negative variant (B). The DNA was labeled with
[*H]thymine and extracted as described in Materials
and Methods.
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nucleotide pairs into the continuity of a gene in
the gal (11, 14, 25) and the lac operon (18) of
Escherichia coli K-12 and the CIIOP operon (2)
of phage A. In the case of the gal operon, Jordan
et al. (14) showed that the molecular weight of
the largest insertion was approximately 1.2 x
10%. The origin of this inserted material is
unknown. Saedler and Heib (24) suggested a
few small plasmids exclusively carrying inser-
tion sequences as the most likely source of
insertion material. These authors were unable
to detect small plasmids exclusively carrying
insertion sequences in E. coli K-12. The inser-
tions are made in multiple copies per cell (24);
therefore, if the lactose-negative mutants were
due to insertion of plasmid, the extrachromo-
somal species of the two strains would appear
identical in CsCl-ethidium bromide gradients
or by electron microscopy. The possibility that
the spontaneous loss of lactose metabolism in
lactic streptococci is due to insertion of plasmid
DNA into the bacterial chromosome is presently
under investigation.

The presence of extrachromosomal elements
in group N streptococci has been established.
The function of these elements is presently
unknown. Further research is being conducted
in an effort to establish their function, and a
variety of S. lactis C2 mutants are being exam-
ined in this regard. In addition, other strains of
S. lactis, S. cremoris, and S. diacetilactis are
being examined for the presence of extrachro-
mosomal particles.

ACKNOWLEDGMENTS

A portion of this investigation was conducted in Stanley
Falkow’s laboratory at the University of Washington as part
of an American Society for Microbiology President’s Fellow-
ship awarded to the senior author. The authors are indebted
to Stanley Falkow for the use of his facilities and helpful
discussions on isolation of plasmids. '

LITERATURE CITED

1. Boyce, R. P, and R. B. Setlow. 1962. A simple method of
increasing the incorporation of thymidine into the
deoxyribonucleic acid of Escherichia coli. Biochim.
Biophys. Acta 61:618-620.

2. Brachet, P., H. Eisen, and A. Rambach. 1970. Mutations
of coliphage M\ affecting the expression of replicative
functions O and P. Mol. Gen. Genet. 108:266-276.

3. Carlton, B. C., and D. R. Helinski. 1969. Heterogeneous
circular DNA elements in vegetative cultures of Bacil-
lus megaterium. Proc. Nat. Acad. Sci. U.S.A.
64:592-599.

4. Clowes, R. C. 1972. Molecular structure of bacterial
plasmids. Bacteriol. Rev. 36:361-405.

5. Davis, R. W., M. Simon, and N. Davidson. 1971. Electron
microscope heteroduplex methods for mapping regions
of base sequence homology in nucleic acids, p. 413-428.
In S. P. Colowick and N. O. Kaplan (ed.), Methods in
enzymology, vol 21. Academic Press Inc., New York.

CORDS, McKAY, AND GUERRY

J. BACTERIOL.

6. Dunny, G. M., N. Birch, G. Hascall, and D. B. Clewell.
1973. Isolation and characterization of plasmid deoxy-
ribonucleic acid from Streptococcus mutans. J. Bacte-
riol. 114:1362-1364.

7. Elliker, P. R., A. Anderson, and G. Hannesson. 1956. An
agar culture medium for lactic acid streptococci and
lactobacilli. J. Dairy Sci. 39:1611-1612.

8. Falkow, S., D. K. Haapala, and R. P. Silver. 1969.
Relationships between extrachromosomal elements, p.
136-158. In G. E. W. Wolstenholme and M. O’Connor
(ed.), Bacterial episomes and plasmids. J. A. Chur-
chill, Ltd., London.

9. Guerry, P, D. J. LeBlanc, and S. Falkow. 1973. General
method for the isolation of plasmid deoxyribonucleic
acid. J. Bacteriol. 116:1064-1066.

10. Helinski, D. R., and D. B. Clewell. 1971. Circular DNA.
Annu. Rev. Biochem. 40:899-942.

11. Hirsch, H. J., H. Saedler, and P. Starlinger. 1972.
Insertion mutations in the control region of the galac-
tose operon in E. coli. II. Physical characterization of
the mutations. Mol. Gen. Genet. 115:266-276.

12. Holloway, B. W., V. Krishnapillai, and V. Stanisich.
1971. Pseudomonas genetics. Annu. Rev. Genet.
5:425-446.

13. Hunter, G. J. E. 1939. Examples of variation within pure
cultures of Streptococcus cremoris. J. Dairy Res.
10:464-470. .

14. Jordan, E., H. Saedler, and P. Starlinger. 1968. 0° and
strong-polar mutations in the gal operon are insertions.
Mol. Gen. Genet. 102:353-363.

15. Knittel, M. D., C. H. Black, W. E. Sandine, and D. K.
Fraser. 1968. Use of normal probability paper in
determining thermal melting values of deoxyribonu-
cleic acid. Can. J. Microbiol. 14:239-245.

16. Lang, D. 1970. Molecular weights of coliphages and
coliphage DNA. III. Contour length and molecular
weight of DNA from bacteriophages T4, T5, and T7,
and from bovine papilloma virus. J. Mol. Biol.
54:557-565.

17. Lovett, P. S. 1973. Plasmid in Bacillus pumilus and the
enhanced sporulation of plasmid-negative variants. J.
Bacteriol. 115:291-298.

18. Malamy, M. H. 1970. Some properties of insertion
mutations in the lac operon, p. 359-373. In J. R. Beck-
with and D. Zipser (ed.), The lactose operon. Cold
Spring Harbor Laboratory, New York.

19. McKay, L. L., K. A. Baldwin, and E. A. Zottola. 1972.
Loss of lactose metabolism in lactic streptococci. Appl.
Microbiol. 23:1090-1096.

20. Novick, R. P. 1969. Extrachromosomal inheritance in
bacteria. Bacteriol. Rev. 33:210-257.

21. Okulitch, O. 1939. Microbic dissociation of lactic acid
streptococci. Can. J. Res. 17:171-177.

22. Okulitch, O., and B. A. Eagles. 1936. Cheese ripening
studies. The influence of the configurational relations
of the hexoses on the sugar fermenting abilities of lactic
acid streptococci. Can. J. Res. 14:320-324.

23. Radloff, R., W. Bauer, and J. Vinograd. 1967. A dye-
buoyant-density method for the detection and isolation
of closed circular duplex DNA: the closed circular DNA
in HeLa cells. Proc. Nat. Acad. Sci. U.S.A.
57:1514-1520.

24. Saedler, H., and B. Heib. 1973. Mulitiple copies of the
insertion-DNA sequences IS1 and IS2 in the chromo-
some of E. coli K-12. Mol. Gen. Genet. 122:267-277.

25. Shapiro, J. A. 1969. Mutations caused by the insertion of
genetic material into the galactose operon of Esche-
richia coli. J. Mol. Biol. 40:93-105.

26. Yawger, E. S., and J. M. Sherman. 1937. Variants of
Streptococcus lactis which do not ferment lactose. J.
Dairy Sci. 20:83-86.



