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Leptotrichia buccalis was examined by transmission electron microscopy. Its
cell wall structure is generally compatible with that of gram-negative bacteria.
However, the scale-like membranous folds associated with the external surface of
the outer cell membrane appear to be sufficiently unusual to serve as a useful
morphological criterion in the identification of L. buccalis cells.

In 1939, Thj0tta et al. (13) published a
comprehensive description of Leptotrichia
buccalis. Gilmour et al. (2) and later Kasai (9)
established criteria to differentiate between L.
buccalis and Bacterionema matruchotti, an
organism first described as Leptothrix buccalis
by Kligler (10). Suggestions have been made
that L. buccalis be classified with the gram-
positive lactobacilli (2, 3, 8), whereas others
favored a classification with the gram-negative
fusobacteria (1, 5). Although L. buccalis tends
to be gram positive in young cultures and gram
negative in older cultures (3), it is likely that is
should be classified as a gram-negative microor-
ganism (4, 5, 6).
Recent ultrastructural studies in our labora-

tory indicated that several L. buccalis strains
demonstrate a rather unique cell wall structure
which appears to be common to all the strains
we have examined thus far and is different from
that of other genera of microorganisms includ-
ing Bacterionema, Fusobacterium and Lacto-
bacillus. Since these morphological character-
istics may be of the value as an additional
criterion for the identification and classification
of L. buccalis, the salient features will be
described.
The following strains of L. buccalis were

examined: ATCC strain 14201 (courtesy of B.
Hammond, University of Pennsylvania), ATCC
strain 19616 (courtesy of M. N. Gilmour, East-
man Dental Center, Rochester, N.Y.) and re-
cently characterized isolates from patients with
periodontal disease, namely CS1/AC, CS3/AC
and CS4/AC (courtesy of S. Socransky, Forsyth
Dental Center, Boston, Mass.). All strains
studied were grown on Trypticase soy agar
supplemented with 5% sheep blood cells (Difco).
Cells were also studied after growth in Trypti-
case soy broth (Difco). The cultures were incu-
bated anaerobically in gas generating packs
(BBL) for 2 days at 37 C.

After 2 days, cells grown on blood agar plates
were removed as entire colonies with a thin agar
support and immediately fixed for 1 h at 4 C in
a mixture of 5% glutaraldehyde and 4% parafor-
maldehyde, buffered to pH 7.3 with sodium
cacodylate (7). After postfixation in s-collidine-
buffered 2% osmium tetroxide, the cells were
washed and stained en bloc with 0.5% uranyl
acetate dissolved in veronal-acetate buffer at
pH 5.2. The specimens were dehydrated in
graded ethanol solutions and embedded in epon
(11). Sections cut at 0.1 ,um were stained with
uranyl acetate and lead citrate (12), and ex-
amined in a Philips EM-300 electron micro-
scope. Cells grown in broth were harvested
by centrifugation and processed in the same
manner.

Individual cells of L. buccalis appeared as
relatively straight rods, 4 to 15 Am in length,
with a mean diameter of 0.6 um and a range
from 0.4 to 1.0 um. In measuring diameters,
cross-sections which appeared to be close to the
tapered end were avoided.

Cells generally occurred in pairs with one end
tapered and the other square (Fig. 1). Although
longer chains containing several cells could be
observed in wet mounts by light microscopy, in
thin sections most microorganisms appeared to
be sectioned transversely.
The general arrangement of the cell periphery

was compatible with that reported for gram-
negative microorganisms. The cytoplasm was
limited by a typical cytoplasmic membrane
(inner cell membrane) consisting of two elec-
tron-dense laminae each approximately 3 nm
thick, separated from one another by an elec-
tronlucent space of similar width. A space
approximately 10 nm wide separated the cyto-
plasmic membrane from an intermediate elec-
tron-dense layer ranging in width between 20 to
35 nm. Both the cytoplasmic membrane and
the intermediate dense layer contributed to
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the formation of transverse septa (Fig. 2-4).
External to the intermediate dense layer and
separated from it by a variable distance of
0 to 60 nni an undulating outer cell mem-
brane was evident with a typical trilaininar
structure consisting of two electron-dense lam-
inae each approximately 3 nm thick, separated
by an electronlucent space of similar width.

Characteristically, all strains exhibited an
unusual structural modification of the outer cell
membrane. In longitudinal sections of the cells
and to a lesser extent in cross-sections, struc-
tures rAsembling hair-like protrusions seeemed
to sprout from the external lamina of the outer
cell membrane. In some sections they appeared
to originate between the electron-dense laminae
of the outer cell membrane. Inspection of tan-
gentially sectioned cells (Fig. 5) indicated that
these protrusions were in reality membranous
foldss arranged in a pattern somewhat reminis-
cent of fish scales. Although these "scales+'
tended to generally point away from the tapered
and toward the square end of cellular pairs (Fig.
1 and 2) this was not a constant observation. In
Fig. 4, the direction of the "scales" is actually
reversed on opposite sides of a forming septum.
Attempts to resolve these scale-like membra-
nous folds by scanning electron microscopy of
freeze-dried and platinum-shadowed cells were
unsucdessful, Our results are compatible with
those of Hofstad and Selvig (6) who reported a
typical grafin-negative cell wall for L. buccalis
strain Lli. However, these investigators were
not able to preserve the unusual and rather
characteristic scale-like folds of the outer cell
menbrtie. Although Hofstad was kind enough
to send us a sample of strain Lii, we experi-
enced difficulty in its cultivation and were
not able to include it in this report.
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FIG. 1-5. tJnless noted otherwise, the bar represents 0.1 um.
FIG. 1. L. buccalis ATCC strain 14201 grown in broth. Note the square and tapered ends.
PIG. 2. Higher magnification of Fig. 1. Note angulation of surface folds (arrows) in relation to the tapered

and square ends.
FIG. 3. Longitudinal section through septal region of L. buccalis A±ICC strain 19616. ATote typical

gram-negative cell wall structure and associated hair-like membranous folds (unlabeled arrows) of the outer cell
membrane (OM). Septum (S) consists of cytoplasmic meOnbranes (CM) and a layer continuous with the
intei'nediate dense layer (IDL).

FIG. 4. Section through partially formed septum (S) of L. buccalis ATCC strain 19616. Note that the
memb,anolss folds associated with the outer cell membrane have different orientations (arrows) on either side of
the cell. Note separation artifact between intermediate dense layer ahd cytoplasmic membrane (Al) and
between the cytoplasm and adjacent memnbrane (A2).

FIG. 5. Tangentially sectioned cells of L. bttccalis reveal the fish scale-like appearance of the membranous
surface folds (arrows).
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