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Demonstration of extracellular material at the surface
of pathogenic T. pallidum cells

J. A. ZEIGLER, A. M. JONES, R. H. JONES, AND K. M. KUBICA
Medical Research Institute, Florida Institute of Technology, Melbourne, Florida, U.S.A.

Summary
Pathogenic T. pallidum cells possess an extracellular
layer when observed in vivo and in vitro after ex-
posure to ruthenium-red. The extracellular layer
is partially removed from a pre-fixed cell by re-
peated washing in vitro. Non-pathogenic treponemes
examined in this study do not possess an extra-
cellular layer.

It is hoped that the data presented herein will
cause our colleagues to take another look at the
methods and techniques used for preparing patho-
genic T. pallidum cells for practical end-point
objectives.

Introduction
The presence of an extracellular layer on the surface
of pathogenic T. pallidum (Nichols) cells has been
inferred, suggested, or indirectly indicated. Con-
sequently, the existence of such a layer has never been
consciously considered by the scientific community.
When harvesting treponemes (Nichols) from experi-
mental infections, it is common practice to 'wash'
them at least twice before subsequent use. Therefore,
before initiating experimental vaccine studies using
the Nichols pathogen, it was imperative to prove
either the presence or absence of an extracellular
layer )n treponemes before and after using various
harvesting procedures.

Material and methods
ORGANISMS

The virulent T. pallidum (Nichols strain) was obtained
from the Center for Disease Control (CDC), Atlanta,
Georgia, and maintained in 4 to 5-month-old male New
Zealand white rabbits.

Treponema refringens biotype Nichols and Treponema
phagedenis biotype reiterii were originally obtained from

Received for publication September 10, 1975
Address for reprints: Prof. J. A. Zeigler, Division of Bacteriology,
Medical Research Institute, Florida Institute of Technology,
Melbourne, Florida 32901, U.S.A.

CDC. Organisms were grown in Hanson's medium
(Hanson and Cannefax, 1964) at 35°C., transferred, and
studied at 3-day intervals.

RUTHENIUM-RED (RR) TREATMENT

Rabbits inoculated intratesticularly with virulent T.
pallidum were killed by air embolism after 14 to 21 days
and the syphilitic testes aseptically removed. Extraneous
tissue was carefully cut away and a 1 mm. section taken
from the syphilitic tissue. The section of tissue was cut
into small cubes and fixed in cacodylate-buffered glutaral-
dehyde-RR for 3 hrs at room temperature. The tissue was
then rinsed free of fixative with three changes of 0-15 M.
cacodylate buffer over a period of 10 min. Postfixation was
accomplished in cacodylate-buffered osmium tetroxide-RR
for 3 hrs at room temperature. The fixed tissues were
rinsed in three changes of buffer. Fixation conditions were
essentially those described by Luft (1971a).

Rabbits infected with T. pallidum and showing a well
developed orchitis were killed by air embolism, and their
testes aseptically removed, minced, and dipped in phos-
phate buffered saline (PBS) (pH 7.4) to remove loose
cellular debris and extracellular tissue fluids. The
testicular material was then swirled in fresh PBS for 30
to 60 min. at 35°C. The suspension of treponemes was
centrifuged twice at 300 G for 5 to 10 min. The treponemes
remaining in suspension, which were considered 'un-
washed', were fixed with 1 per cent. (w/v) glutaraldehyde
for either 2 hrs at room temperature or overnight at 40C.,
after which they were washed three times in PBS.

3-day-old cultures of T. refringens biotype Nichols and
T. phagedenis biotype reiterii were centrifuged at 1000 G
to sediment the cells. The cells were fixed with 1 per cent.
(w/v) glutaraldehyde for 2 hrs at room temperature or
overnight at 4°C., and washed three times in PBS.

Again, fixatives and conditions were essentially those
described by Luft (1971a), with the exception of fixation
times. The treponemes were fixed for 1-5 hrs in each of
the solutions. Once fixed and washed, the treponemes
were re-suspended in 0-2 ml. sterile Noble agar (Difco)
and processed for electron microscopy as described below.

ELECTRON MICROSCOPY

Both tissues and agar blocks were dehydraAd in a graded
acetone series and briefly rinsed in three chanles of
propylene oxide. Tissues were embedded in Ara1di? 502
and agar containing treponemes in Vestopal W. Specimens
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were placed in dry BEEM capsules with fresh resin and
cured at 60°C.

Sections were cut on a Sorval MT-2B ultramicrotome,
using either glass or diamond knives, and collected on
500-mesh copper grids without support films. Araldite
sections were post-stained with uranyl acetate and lead
citrate (Reynolds, 1963). Vestopal sections were not

post-stained. Grids were viewed in a Philips EM 200
electron microscope operated at 60 kV.

Results
Infected tissue
Infected testicular tissue treated with ruthenium-red
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FIG. la, b Infected testes not exposed to RR. T, treponeme; C, collagen; HC, host cell. Bar equals 0 1 ,tm
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Extracellular material on pathogenic T. pallidum cells 3

(RR) differed markedly in appearance from untreated
control tissue (Figs 1 to 5). Generally, the osmium-
RR complex was bound to the outermost leaflet of
the tripartite cell membrane. No penetration into the
cell proper was observed in intact cells, but penetra-
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tion was seen in damaged cells. These areas were
considered to be preparation artefacts and therefore
disregarded.

In addition to the heavy deposition of RR on the
cell membranes, large numbers of interconnecting
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FIG. 2a,b Infected testes exposed to RR, showing numerous fibrils (F) connecting treponemes (T) with each other
and to host cell (HC) in 2a. Note uneven distribution of RR reaction product (2a) and variation of reaction
product deposition on treponemes (2b). OE, outer envelope. Bar equals 01 p.m
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fibrils were seen (Figs 2, 3a, b), but otherwise the
background was amorphous with only an occasional
clump of dense granular material.

T. pallidum, in vivo, varied in appearance after
treatment with RR. Although all extracellular tre-
ponemes weres tained by RR, the reaction product was
not uniforn. Some cells were embedded in a thick layer

of RR while others showed only a slight thickening
of the outer envelope (Fig. 2b). Frequently, a staining
variation was seen on the same cell, rather than the
uniform layer ofRR seen on some cells; areas devoid
of RR gave the surface a clumped appearance (Figs
2a, 3a, 4).

In both treated and untreated infected testicular
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FIG. 3a, b Infected testes exposed to RR. Reaction product deposition is not uniform on surface of treponemes
(T). Heavy deposit (3a) and fibrils (F) (3b) are seen between treponemes and host cells (HC). Bar equals
0 1 Jim
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Extracellular material on pathogenic T. pallidum cells 5

tissue, T. pallidum was often seen associated with host
cell membranes (Figs la, b, 2a, 4). However, an RR-
positive layer was observed between the bacterial
cell and the host cell (Fig. 4). RR stained fibrils were
found interconnecting treponemes to host cells as
well as treponemes to each other (Figs 2a, 3a, b).

Extracted T. pallidum
Virulent T. pallidum cells extracted from testicular
tissue, as described, were treated with RR, and an
extracellular layer similar to that seen in vivo could
then be seen in vitro. The reaction product varied
from moderately dense to a heavy coarse deposit
(Fig. 5a, b, c). No RR was seen intracellularly. The
most striking difference between treponemal cells
seen in vivo and those extracted was the amount of

RR positive material on the cell surface (Fig. 5a, c).
The majority of the treponemes treated in vitro had
only a moderately dense layer on the outer envelope,
an occasional cell having the dense coarse layer as
seen in vivo (Fig. 5a, c). Again, the RR-positive
material was not always uniformly distributed over the
cell surface. Areas devoid ofRR gave the cell surface
a clumped appearance.

Culturable treponemes
T. refringens biotype Nichols treated with RR differed
only slightly in appearance from the untreated control
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FIG. 4 Infected testis treated with RR. Treponeme

(T) cell surface has clumped appearance (brohen

arrows) caused by non-uniformn deposition of RR. Note

dense layer between host cell (HG) and treponeme

(large arrows). Bar equals 0d1 oRm

FI G. 5a, b, c Pre-fixed harvested T. pallidum
(Nichols) exposed to RR. RR deposition variedfrom
moderate (5a) to heavy (5b, c) after being washed three
times in PBS. RR reaction product, broken arrows.

Bar equals 0I1 m
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FIG. 6a, b Treponema refringens biotype Nichols. Untreated control (6a), RR-treated
cell (6b). Outer envelope (OE) shows only very light deposition of RR reaction product.
Dense area (DA) may be peptidoglycan. N, nucleoid. Bar equals 0 1 ,m

(Fig. 6a, b). The untreated control had no apparent
extracellular layer, whereas the RR-treated sample
showed only a light deposition on the outer leaflet of
the outer envelope. However, a dense area between
the outer envelope and protoplasmic cylinder was

observed in the RR-treated preparations only (Fig.
6b). The slight RR reaction product gave the outer
envelope a granular appearance rather than the uni-
form deposition seen on pathogenic treponemes.

T. phagedenis biotype reiterii treated with RR was

almost indistinguishable from the untreated control
(Fig. 7a, b). A slight granulation of the outer envelope
was the only difference seen. The dense area between
the outer envelope and protoplasmic cylinder ob-
served in biotype Nichols treated with RR was seen
in both treated and untreated biotype reiterii (Fig.
7a, b). No extracellular layer was observed.

Discussion
The purpose of this investigation was to determine
the presence of an extracellular layer on the outer
envelope of virulent T. pallidum cells occurring in
vivo and in vitro. Also, a comparison was made with
two culturable treponemes, T. refringens biotype
Nichols and T. phagedenis biotype reiterii. The
general morphology of virulent T. pallidum and
biotype reiterii have been described (Jackson and
Black, 1971; Weigand, Strobel, and Glassman, 1972).

Christiansen (1963) postulated the presence of a

protective extracellular slime layer on pathogenic T.

pallidum which was probably host-derived. Jones,
Nevin, Guest, and Logan (1968), using fluorescent
antibody techniques, demonstrated the presence of
host-derived globulins on the surface of T. pallidum
harvested from experimentally infected rabbits.
Fluorescence was not seen after washing the cells in
buffer.
By the use of ruthenium-red (RR), we have demon-

strated the presence of an extracellular layer on T.
pallidum occurring in vivo in syphilitic testes. To our
knowledge, no previous reports describing the use
of RR to visualize a bacterial capsule or slime layer
in tissue exist. Luft (1971b) noted that oral bacteria
associated with epithelial cells possessed a densely
staining area of presumably acid mucopolysaccharide
after exposure to RR-osmium. Springer and Roth
(1973) visualized the capsules of Klebsiella pneu-
moniae and Diplococcus pneutnoniae with RR. Pate
and Ordal (1967) found RR-positive extracellular
layer Chondrococcus columnaris. These authors also
noted the presence of fibrils connecting cells. Fibrils
of a similar nature were reported by Myers, Highton,
and Rayns (1973) in collagen bundles. Fletcher and
Floodgate (1973) described primary acidic poly-
saccharide surrounding the bacterial cell, and
secondary acidic polysaccharide interconnecting
bacterial cells. They suggested that the primary acidic
polysaccharide was involved in adhesion to surfaces
and that the secondary acidic polysaccharide con-
nected the ceUs in the cell mass. Such fibrils were
observed in RR-osmium treated infected tissue and
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FIG. 7a, b Treponema phagedenis biotype reiterii. Untreated control (7a), RR-treated
cell (7b). No RR reaction product is seen deposited on outer envelope (OE). Dense area
(DA) may be peptidoglycan. N, nucleoid. Bar equals 0 1 utm

suggested a mechanism of anchoring adjacent cells to
each other or to a host-cell surface.
As stated in the results, not all organisms observed

stained uniformly with RR-osmium. Jones, Roth, and
Sanders (1969) noted that not all bacterial cells in
the slime layer studied stained uniformly with the
same reagents, but offered no explanation of the
variation. The consistent finding of a staining varia-
tion in infected tissues suggests the possibility of two
different population of cells, but there is a lack of data
supporting this postulation. On the other hand,
variability in staining could be due to poor penetra-
tion of the reagents. Luft (1971b) noted the occur-
rence of poor penetration of RR and suggested
examination of areas near the block surface. This
explanation was quickly rejected, however, when
treponemes in the same grid area were found to be
variably stained.

Extracted virulent T. pallidum, treated as des-
cribed, still retained an RR-positive layer on the
outer envelope. Although greatly reduced in size
from that observed in vivo, the extracellular layer was
present after fixation and three washings. When the
isolated virulent treponemes were compared to the
avirulent culturable biotypes, no RR-osmium stain-

able layer was seen on the avirulent biotypes. Recently,
Chen, Elberg, Boyles, and Velez (1975) reported
an extracellular layer on a virulent strain of Yersenia
pestis and the absence of that layer on an avirulent
strain. This finding suggests the necessity of the
extracellular layer for virulence. This observation is
consistent with the same finding for virulent and
avirulent treponemes. However, it has been suggested
that an extracellular layer may stabilize the bacterial
cell-associated enzymes (Cheng and Costerton, 1973;
Costerton, Ingram, and Cheng 1974) or may serve
as a protective adaptation (Costerton, Damgaard, and
Cheng, 1974) against large molecules, enzymes, and
antibodies. It has been shown (Jones and others,
1968) that washing freshly harvested virulent tre-
ponemes once in buffer renders the surface of the cell
susceptible to the action of lytic agents. Apparently,
the extracellular layer is easily washed off the surface
of an unfixed cell, because washing a fixed cell
removes very little extracellular material.

This study was supported by PHS grants CC-00686 and
CC-00687 from the Center for Disease Control, Atlanta,
and grant 74346 from the John A. Hartford Foundation,
New York City.
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