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Streptococcus mutans, an organism implicated in dental caries and not
previously found outside of man and certain laboratory animals, was isolated
from the mouths of wild rats which ate sugar cane. The strains isolated fermented
mannitol and sorbitol, and failed to grow in 6.5% NaCl or at 45 C. They formed in
vitro plaques on nichrome wires when grown in sucrose broth. They also stored
intracellular polysaccharide which could be catabolized by washed, resting cells.
Deoxyribonucleic acid-deoxyribonucleic acid reassociations revealed two genetic
types. One type shared extensive deoxyribonucleic acid base sequences with S.
mutans strains HS6 and OMZ61, two members of a genetic type found in man
and laboratory hamsters. The other type seemed unrelated to any S. mutans
genetic type previously encountered. It is concluded that the ecological triad of
tooth-sucrose-S. mutans is not a phenomenon unique to man and experimental
animals.

The presence of Streptococcus mutans (3, 7,
14) on human teeth has been correlated with
decay (caries) of those teeth (8, 16, 21, 26, 27),
and the organism has been proven cariogenic for
experimental animals on sucrose diets (9-11, 20,
30). The organism's preference for sucrose has
been related to its production of glucans from
this substrate (15, 19). These glucans have
adhesive properties which seem to aid the
organism's colonization and survival on tooth
surfaces (12). Although S. mutans appeared to
be indigenous to some experimental animal
colonies (9, 10, 19), it has been suggested that
they acquired their infection from man (20).
We reasoned that, if a natural, non-human

source of S. mutans existed, the most likely
place where it could be found would be an
ecosystem involving a mammal on a high-
sucrose diet. A search for such a system led to
Florida, where sugar cane is extensively cul-
tivated. Several species of rats inhabit these
cane fields, where they feed on the sucrose-rich
cane and cause considerable damage (25). We
report here the isolation of S. mutans from these
rats and conclude that the mouth-sucrose-S.
mutans ecosystem is not unique to man and
laboratory animals.

MATERIALS AND METHODS

Sampling procedures. Fourteen rats (thirteen roof
rats, Rattus rattus, and one cotton rat, Sigmodon

hispidis) were trapped in a cane field and killed with
sodium pentobarbital, their teeth were scraped with a
small dental instrument, and their oral soft tissues
were swabbed with a cotton-tipped stick. The scrap-
ing and the swab were put into separate vials of a
transport medium (24). Because experimental ani-
mals can transmit S. mutans through feces (10, 19),
fecal samples were obtained from three animals, and
five stools were collected from the field.

All samples were processed within 3 days of collec-
tion. Material was dispersed by brief sonic treatment,
and a sample was streaked onto plates of Mitis-sali-
varius agar (M-S) and onto the same agar containing
0.2 U of bacitracin per ml (M-S+B) and 15% extra
sucrose (13). Appropriately diluted samples were
spread onto additional plates of M-S and M-S+B, as
well as lactobacillus agar (LBS; BBL). All plates were
incubated at 37 C in an atmosphere of 10% CO2-90%
N2 for 20 h. Colonies of all types were picked and
characterized, but particular attention was paid to
colonies resembling those of S. mutans (18).

Characterization of isolates. Cultures derived
from picked colonies were gram-stained, restreaked
on M-S agar, and tested for hemolysis on Trypticase
soy agar (BBL) with 10% sheep blood. Fermentations
of mannitol, sorbitol, raffinose, and trehalose were
tested by inoculating cystine-Trypticase agar (BBL)
with one drop of a fresh 18-h culture. Production of
ammonia from arginine was determined by the
method of Niven et al. (23). Growth in sucrose was
tested by using Jordan broth (17) with 5% sucrose.
Growth in phenol red broth containing 6.5% NaCl and
1% glucose was used to test salt tolerance. Growth at
45 C was tested by using Jordan broth with 1%
glucose.
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In vitro plaque formation. The ability of strains to
produce adherent "plaques" in vitro was determined
by the nichrome wire method of McCabe et al. (22),
except that it was not always necessary to reinoculate
the fresh broth when the wires were transferred.
Plaques were allowed to develop for 3 days (two
transfers) and were then transferred again, at which
time they were photographed. After 2 more days,
without transfer, the tubes were vortexed to judge the
tenacity of the plaques.

Production of IPS. Cells grown in 2% glucose broth
were assayed for intracellular iodophilic polysaccha-
ride (IPS) by absorption of light at 565 nm in 0.2 12-2%
KI, as described by Van Houte and Jansen (28). To
estimate acid produced from IPS, early stationary-
phase cells from 100-ml 2% glucose cultures were

washed with ice-cold 50 mM KCl-1 mM phosphate
buffer at pH 4.1 and then resuspended in 15 ml of this
buffer. The temperature and pH were raised to 37 C
and 7.0, respectively. Acid produced by the cells
under these conditions was titrated continuously with
0.1 M NaOH by using an automatic titrator (Radiom-
eter, Copenhagen). Cells were allowed to catabolize
until exhausted. IPS was determined (as above) on

samples taken at the start and end of these experi-
ments. Cells grown in 0.1% glucose served as controls.
DNA base sequence homology. Deoxyribonucleic

acid (DNA) was isolated as previously described (4).
DNA-DNA hybrids were allowed to form on mem-

brane filters (6) incubated in 3 x SSC (0.45 M
NaCl-0.045 M sodium citrate) at 67 or 73 C (5).
Labeled DNA was isolated from cells grown with
[methvl-3H]thymidine (New England Nuclear, Bos-
ton) and was sheared by brief sonic treatment.

Bacterial strains used as controls. In many
experiments, well-characterized strains of S. mutans
were used as controls: 10449, FAl, SL1, and HS6
(genetic groups I, II, III, and IV [5; A. L. Coykendall,
in press ]; serological groups c, b, d, and a [1],
respectively). A strain of Streptococcus faecium, F24,
was used as a positive control for the salt tolerance
test and for growth at 45 C.

RESULTS

Organisms identical to S. mutans were iso-
lated from seven rats. These strains were gram-

positive, nonhemolytic cocci in chains, which
formed hard, adherent colonies on M-S agar.
They fermented mannitol and sorbitol and
produced adherent, flocculent growth in 5%
sucrose broth. None grew at 45 C or in 6.5%
NaCl, or produced ammonia from arginine. Of
19 strains isolated, 7 strains failed to ferment
raffinose and 1 strain did not ferment sorbitol.
The raffinose-negative strains produced colo-
nies on M-S agar which were darker than the
frosty-glass color of the raffinose-positive
strains, and lacked the characteristic "puddle"
of liquid which usually occurs around S. mutans
colonies on M-S agar (18). One strain, 5T1,
fermented raffinose but produced a colony re-

sembling the raffinose-negative strains. The

raffinose- and sorbitol-negative strains and 5T1
did not grow on M-S+B; all others did (Table
1). In Jordan broth (17) with 1% glucose, at an
original pH of 7.3, these bacteria produced acid
to give the following pH values: raffinose-posi-
tive strains, 4.0 to 4.2; raffinose-negative
strains, 4.2 to 4.5; and strain 5T1, 5.0.
Bacteria resembling Streptococcus salivarius

were isolated from 11 animals. These produced
large, gelatinous colonies on M-S agar, fer-
mented raffinose, failed to ferment mannitol or
sorbitol, and did not hydrolyze arginine. Colo-
nies of gram-positive rods on LBS agar were
considered species of Lactobacillus and were
seen in cultures from 12 rats. None of the 28
streptococcal isolates from the 14 rats produced
ammonia from arginine. This implies an ab-
sence of Streptococcus sanguis which, in hu-
mans, is one of the predominant oral strepto-
cocci (2). This organism produces glucans from
sucrose but is otherwise quite distinct from S.
mutans and has not been implicated in caries.
No colonies resembling S. mutans or S.
salivarius were observed on plates streaked with
fecal material.
The plaque-forming ability of 13 strains from

the cane-eating rats was compared with 4 well-
known S. mutans strains (10449, FAl, HS6, and
SL1). After 3 days (two transfers) all strains
produced abundant plaques (Fig. 1). No adher-
ent plaques were formed in glucose broth. These
plaques were of sufficient tenacity to resist
significant dislodgement by vortexing.
The storage of IPS is a characteristic of most

S. mutans strains (M. L. Freedman and A. L.
Coykendall, Abstr. Annu. Meet. Amer. Soc.
Microbiol. 1974, p. 177, P 196; J. D. de Stop-
pelaar, Ph.D. thesis, University of Utrecht,

TABLE 1. Biochemical characteristics of S. mutans
strains isolated from cane-ratsa

Strain Man- Sor- Raf- M-S+B Hnitol bitol finose + sucrose p

1S2, 1S6, 1S7, + + 4.0-4.2
3T3, 3S1,
10T2, 10S1,
10S2, 10S3

4S1, 8S1, 8S2, + + _ 4.2-4.5
11S1, 11S3,

5T1 + + + _ 5.0
11S2 + + - 4.0

aAbbreviations: M-S+B plus sucrose, Mitis-salivarius
agar plus 0.2 U of bacitracin per ml and 20% sucrose; +, acid
production or growth; -, no acid production or no growth;
pH, final pH in 1% glucose broth. Strain designations
containing a T were derived from tooth scrapings; S from the
swab (which often contacted the teeth).
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FIG. 1. In vitro plaque formation by strains of
Streptococcus mutans grown in sucrose broth. Thir-
teen strains (four of which are shown) isolated from
cane-eating rats produced adherent masses compara-

ble to the human and laboratory animal strains
(10449, HS6, and SL1). These plaques do not form if
the cells are given only glucose as the energy source

(IS7-GLUC).

Utrecht, The Netherlands, 1971). Five cane-rat
strains were tested for IPS production. All five
strains stored IPS and produced acid from it in
amounts comparable to other strains of S.
mutans. Acid production was accompanied by a

decrease in 565-nm-absorbing material.
The results of DNA reassociations with 10

cane-rat strains showed that the strains isolated
from the rats formed 2 genetic groups (Table 2).
Those which did not ferment raffinose (plus
strain 5T1) formed a group with considerable
common base sequences. The remaining strains
shared few base sequences with these raffinose
nonfermenters. The reciprocal experiment con-

firmed the existence of two groups (Table 2).
These experiments showed little or no relation-
ship between the cane-rat strains and strain
10449 (genetic group I) or strain SL1 (genetic
group III). In subsequent experiments, strain
FAl (genetic group II) also failed to show base
sequence similarities with the cane-rat strains
(Table 2). However, the representative of the
raffinose-fermenting group (strain 1S7) was al-
most genetically identical to the representative
of genetic group IV (strain HS6; Table 2).
Hybrid duplexes between 1S7 DNA and HS6
DNA continued to form at the more stringent
incubation temperature of 73 C. Under these
conditions 1S7 DNA.bound 79% to HS6 DNA,
80% to 10S2 DNA, and 72% to OMZ61 DNA. E.
coli DNA, as a negative control, bound 4%.
(Group IV strains are very homologous and
include hamster isolates, such as HS6, and

human isolates from the Uni.ted States and
Europe, such as OMZ61.) The only difference
between the raffinose-fermenters and group IV
strains is their growth on M-S+B. We have
found that group IV strains fail to grow on this
medium. The group of raffinose nonfermenters
(and strain 5T1) appeared to be a genetically
distinct group not yet found in humans.

DISCUSSION
The isolation, from these rats, of bacteria so

similar to human and laboratory animal strains
of S. mutans leads us to conclude that S.
mutans is not unique to man and laboratory
animals. Unfortunately, this rat population
could not provide control animals, i.e., similar
rats not eating sucrose. Thus, we cannot un-
equivocally state that sucrose was essential for
the presence of S. mutans in these animals. But
such a statement would be logical in view of the
sucrose-S. mutans relationship seen in man and
experimental animals (12).
These cane rats probably do not exchange

their organisms with humans because they are

TABLE 2. DNA homologies among 10 cane-rat S.
mutans strains, plus strains SL1, 10449, HS6, and

FAI

Relative binding (%)
Strain

With 8S1 ['H]DNA With 1S7 [3H]DNA

Expt 1
8S1 100 (49.0) a 20.8
4S1 87.1 21.8
8S2 86.5 15.9
11S1 75.5 24.0
11S3 84.7 22.6
5T1 84.3 21.2
1S7 27.3 100 (60.1)
3S1 21.1 93.6
10S2 20.8 90.6
11S2 20.2 84.0
10449 (I) b 28.5 19.1
SL1 (III) 14.0 41.5

Expt 2
8S1 100 (77.8) 33.8
11S1 92.3 NDC
1S7 33.3 100 (61.2)
10S2 ND 104.0
HS6 (IV) 35.0 88.7
SLi (III) 32.1 44.9
FAl (II) 37.2 27.5

a Number in parenthesis is the actual percentage of
['H JDNA bound in the homologous reaction com-
pared to total input ['H]DNA.

bRoman numerals designate genetic groups.
cND, Not determined.
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isolated from most human contact by the vast-
ness of the cane fields, which extend for several
kilometers, and by the lattice of canals which
drain the area. Nevertheless, the discovery of
strains genetically related to human isolates
suggests the possibility of animal-man ex-

change of S. mutans under appropriate condi-
tions.
The presence of strains of a distinct genetic

type, not yet found in man, implies the inde-
pendent evolution of an organism phenotypi-
cally indistinguishable from S. mutans. In fact,
the genetic disparity between the two cane-rat
groups is no greater than the disparity among

the genetic groups of S. mutans previously
described (5; A. L. Coykendall, J. Gen. Mi-
crobiol., in press). What we now call S. mutans
may actually represent a phenon containing
several organisms which have evolved inde-
pendently in several human and animal popula-
tions on a sucrose diet.
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