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The in vitro plaque-forming ability of oral diphtheroids is not dependent upon

the type of sugar incorporated in the culture medium.

Oral diphtheroid filament-forming bacteria
have recently been implicated as infectious agents
leading to plaque formation and periodontal
disease in conventional hamsters (4, 5, 10, 11, 14)
and gnotobiotic rats (2, 9; S. Socransky, personal
communication). Microorganisms of this type
have been shown to form bacterial plaques in
vitro. Only limited information concerning the
carbohydrate requirements supporting plaque
formation is available (12, 13, 16). This paper
describes the in vitro formation of bacterial
plaques by several strains of oral diphtheroids
and its essential lack of dependency upon the
nature and concentration of various carbohy-
drates incorporated into the growth medium.
Ten strains of oral diphtheroids were employed

in this study. Among these, two strains of
Actinomyces viscosus (1), T-6 and HS-69, were
isolated from hamsters and induce periodontal
disease in hamsters (4, 7, 10). Four strains, 7, 12,
and 28 (supplied by S. Socransky, Forsyth
Dental Center, Boston, Mass.) and RF-7 (sup-
plied by H. Jordan, Forsyth Dental Center,
Boston, Mass.), were isolated from rats and are
conducive to periodontal pathosis in rats and
hamsters (11; P. Keyes, personal communication).
Four strains, 5, 6, 8 (15, 16), and N-16 (supplied
by H. Jordan), were isolated from institution-
alized mentally retarded humans, but their patho-
genicity in experimental animals has not been
established.
The oral diphtheroids were maintained by

biweekly passage in fluid Thioglycollate Medium
(BBL) containing 20% horse meat infusion and
an excess of CaCO3. For plaque growth study,
0.2 ml of a 24-hr thioglycollate culture was
inoculated into test tubes (20 by 150 mm) con-
taining 10 ml of the complex medium of Jordan,
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Fitzgerald, and Bowler (8), containing 5 mg of
Na2CO3 per 100 ml and to which various filter-
sterilized carbohydrate solutions had been added
aseptically to give final concentrations of 0.5 and
5.0% (w/v). Broth containing either dextrose,
fructose, sucrose, raffinose, or starch was tested
as was basal medium without added carbohydrate.
The method of McCabe et al. (16) was used to

grow in vitro plaques on wires. After 5 days of
serial wire transfer, the resultant plaque growth
was scored (16), serially transferred into tubes of
uninoculated broth for an additional 5 days of
incubation, and scored again. The purity of
cultures was periodically checked by Gram
staining and by plating on the medium described
by Tanzer and Hageage (18).

Plaque growth ratings after 5 and 10 days are
summarized in Table 1. All strains were found to
form plaques in the broths tested. Of the strains
studied, acknowledged pathogens (strains T-6,
HS-69, RF-7, 7, 12, and 28) did not produce more
plaques than those strains (5, 6, 8, and N-16)
whose pathogenicity had not been established.
There was no clear enhancement of plaque

formation by any particular sugar at the con-
centrations employed, although dextrose-, fruc-
tose-, sucrose-, or raffinose-containing broths
generally supported higher levels of plaque forma-
tion than did basal medium with or without
starch. In general, 10-day plaque ratings were one
to two grades higher than plaque ratings at 5
days. However, plaque ratings at 10 days some-
times showed a marked increase over those at 5
days, even though inoculation of fresh broth had
been discontinued except by means of wire
passage. This phenomenon suggests the enrich-
ment by wire passage of the cultures by mutant
microorganisms having increased adhesiveness,
an enrichment mechanism similar to that sug-
gested for certain streptococci (17). Decreases
in the amount of plaque from day 5 to day 10,
especiallyprominent with strain HS-69 when grown.

683



\~~~~~~~~~~~~~~~~~eo-T C,4
ttt&

% z N -o--- -4
Cd v v vv vv v

-4

Cd vv vv v vv

0 cb

moz~~~~~~~~e een
tn Cd

o~~~~~~~~~~~~~~~~~~~~~~e cnel

o >% t).eNvte
Cv:t W) W)enQX a

VV
= g s

Ol C> V V

In

O~~~~~~~~~~~~~~~~~~r

En ° e 1 }T)d }u

Cd v

.E^nt^

>1I0 .0 u 1)

684 NOTES

%) 1% *e .o ) "It
11 _4 C, C1 -

V V

INFEC. IMMUN.

v .0 .0 .0
" -4 -4 C14

v

--4 --4 1-4 --4

v v v v
En

Udc
-4 1--o 1-4 T--4 1-4 --(

v v

.3
L.

14i
:3
IZV
.3

I.-
1:4.
(Z
L.
:lz

1114

14
w
..4

F-

t

c
.1

4

c

W.

L, 0 O

.0- ;

C. u

o 0. 3d

Y °3 Cd
-d Q__nY

ed W.s

<,,0 0

= e_
0ct E$,P

0

Cd CZ T

In

r.

S.

8.
co
bo
910

ll.0 d
z

CZD
F-

CL

-



VOL. 2, 1970 NOTES

in fructose-containing medium, were due to the
loss of plaques from the wires during transfer and
reflected their poor adhesiveness.
The in vitro plaques varied in consistency and

morphology (Table 1). Four general types of
plaque were observed (Fig. 1): a hard, rough-
appearing plaque which was not lost in transfer
(a); a soft rough-appearing plaque some of
which was lost in transfer (b); a firm, smooth-
appearing plaque which was not lost in transfer
(c); and a smooth-appearing plaque of such con-
sistency that it tended to completely slide off the
wire during transfer. It was impossible to satis-
factorily photograph the latter. Preliminary
electron microscopic observations of these plaques
failed to reveal any ultrastructural correlation
between extracellular bacterial products and the
morphological types observed.
By contrast with the dependency of Strepto-

coccus mutans plaque formation upon the presence
of sucrose in the culture medium (3), no common
correlation existed between the carbohydrate
incorporated into the culture medium and either
the quantitative rating of plaque formed by the
oral diphtheroids or its qualitative consistency.
A. viscosus strains T-6 and HS-69 have been
described as forming levans but not dextrans
when grown in the presence of sucrose or raffinose
(6). However, neither levan nor dextran forma-
tion was observed in the presence of fructose or
dextrose, or both (6). Thus, the present observa-
tions indicate that the plaque-forming ability of
the diphtheroids tested cannot be simply ascribed
to the synthesis of extracellular dextran or levan
by these cells. The formation of plaques in the

FIG. 1. Photograph showing morphology of plaque
formed on wires by oral diphtheroids. (a) Hard, rough-
appearing plaque which is not lost at transfer of wires.
(b) Soft, rough-appearing plaque some of which is lost
in transfer of wires. (c) Firm, smooth-appearing plaque
which is not lost in transfer ofwires.
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presence of various carbohyrates and the
variable consistency of these plaques suggest that
the composition of extracellular bacterial prod-
ucts germane to the process of adhesion is
likely to be complex and perhaps variable.
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