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Treponema pertenue under the electron microscopes

N. M. OVCINNIKOV AND V. V. DELEKTORSKIJ

Department of Microbiology, Central Institute of the Ministry of Health of the USSRfor Research on

Skin and Venereal Diseases (Director: N. M. Turanov)

The causative agents of syphilis, yaws, and pinta are
of very similar morphology, and no structural
differences between them can be detected on dark-
field examination. A number of electron-microscope
studies have been made of Treponema pallidum
(Pillot, 1965; Ryter and Pilot, 1963; Ov6innikov and
Delektorskij, 1965, 1966, 1968) and it has been
shown that the structure of this treponeme is com-
plicated: but studies of Treponema pertenue have so
far failed to reveal the elements now known to be
present in T. pallidum. An electron-microscope study
of T. pertenue has therefore been undertaken using
negative contrast and ultrathin sections.

Methods
The material was prepared for examination by the
electron microscope in the same way as that used by the
authors to study T. pallidum: fixation with glutaric
aldehyde in phosphate buffer by the method of Sabatini,
Bensch, and Barrnett (1963), followed by osmium fixation
by the method of Palade (1952) as modified by Fernando
and Movat (196w). The material was dehydrated in
increasing concentrations of acetone and then embedded
in Epon 812 by the method of Luft (1961).
The method used for negative contrast did not differ

significantly from that described in our earlier com-
munications (Ovcinnikov and Delektorskij, 1965, 1966,
1967, 1968).
The ultrathin sections were made with an LKB

(Sweden) microtome.
The electron-microscope studies were made with a

Soviet UEMV 100 A microscope and with a Czechoslovak
Tesla 513 BS microscope, resolving power 4-5 A.

Material
Treponema pertenue was obtained from lesions in rabbits
after intratesticular infection or subcutaneous injection
into the scrotum. The infecting material was obtained
initially from Dr. Vaisman of the Fournier Institute in
Paris, to whom the authors are much indebted. The strain
was isolated by Dr. Zahra in Brazzaville in 1960 by infecting
hamsters with scrapings from a papillomatous site on a
10-year-old child. It had been transferred in hamsters
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and rabbits, and was received by us in a frozen state on
18 September, 1967. When golden hamsters were infected
with it (subcutaneously, in the inguinal fold) there were
not as a rule any external symptoms, although motile
treponemes, sometimes at the fission stage, were found in
the lymph nodes, testes, and spleen.
The rabbits were infected subcutaneously in the

scrotum or intratesticularly (as a rule subcutaneously on
one side and intratesticularly on the other). Irrespective
of the mode of infection, compact nodules smaller than a
millet grain appeared on the testicular membranes on both
sides. These nodules gradually enlarged and sometimes
reached the size of a large cherry and occasionally even of a
plum, although they were usually the size of a pea. The
nodules were not fused with the skin. There were no
marked clinical findings in the testis, but microscopy
revealed treponemes. In the lymph nodes they were more
plentiful.

For examination under the electron microscope we
either used a suspension of treponemes or examined them
directly in material from the nodes, especially when
ultrathin sections were prepared. Preference was accorded
to examination of the treponemes in pieces of tissue from
lesions, because they are easily damaged in the preparation
of a suspension.

Results
NEGATIVE CONTRAST
T. pertenue obtained from the nodules of lesions on
the testicular membranes and treated by the negative-
contrast method appears under the electron micro-
scope as a spiral-like structure (Figs 1 and 2) with
slightly acuminate ends, and with a bundle of fibrils
(F) wound round the body of the treponeme. At each
end of the treponeme there is a small area (Figs 3A,
3B, 4, 5) where there is a spongy mass (o) surrounded
by an outer wall (ME). Beyond it the elongated end
is thinner than any part of the body of the treponeme
(its length is greater than in T. pallidum). Sometimes
the end is not elongated, but flattened and recurved
(Fig. 3, details A and B, and Fig. 4); three to six basal
granules (B) in the shape of dark rounded structures
are situated some distance from the tip (Figs 3A, 3B,
4, 5, 6); these are further apart than in T. pallidun.
Fibrils (F) originate from each basal granule. The
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number of fibrils does not remain constant along the
entire length of the treponeme (there may be three
at one end (Fig. 2, F) and four to six in the central
portion (Fig. 2)). It must be assumed that the fibrils
at the opposite ends of the treponeme are different.
They do not extend from one end to the other. When
a close structural comparison is made of the ends of
T. pertenue (Figs 1 and 2), some difference may be
noted, although it is not so great as in T. pallidum.

Throughout the entire body there are fairly large
layered structures (mesosomes) occupying the whole
cross-section of the treponeme or even extending
slightly beyond its limits (Figs 1, 2, 5, 8, and 9, M).
An inner layered structure can be seen in some of
them (Figs 2, 8, and 9, M), others appear merely as a
rounded structure (Fig. 1, M), while in yet others the
site of the mesosome is surmounted by a tongue-
shaped process (Fig. 1, M) located beneath the outer
wall and having an internal lengthwise cavity.
Comparison of T. pertenue with cultivated strains of
T. pallidum shows that the cultivated strains of T.
pallidum and the Budapest strain of tissue T. pallidum
have blunter ends.

T. pertenue and the Nichols strain of T. pallidum
have more acuminate ends, and in the case of T.
pertenue these are longer (Figs 9 and 10). T. pertenue
also reveals approximately the same pattern in tissues,

e.g. among collagen fibres (KL), which exhibit clear
structural periodicity (Figs 7 and 8). Nor does the
treponeme show any distinguishing structural feature
when it occurs among other elements (Figs 10 and 11).

Whereas it is sometimes possible in the early stages
of the development of T. pallidum to detect a mucoid
substance surrounding the treponeme like a capsule
and apparently excreted by the treponeme itself
(Ovcinnikov and Delektorskij, 1968), Treponema
pertenue has no such 'casing', but merely a narrow
band encircling the body of the treponeme.

In a study of the pathology and morphology of
materials from lesions arising in yaws and spontaneous
spirochaetosis in rabbits, Turner and Hollander
(1950, 1954) found either that mucoid substance did
not accumulate at all or that it was far less abundant
than in a syphilitic lesion.

T. pertenue multiplies in the same way as T.
pallidum, by transverse fission. Dividing treponemes
may be seen in Figs 12 and 13; there is a distinct
'bridge', apparently nuclear vacuoles, linking the
dividing halves, a still-intact outer wall covering both
halves of the treponeme, and basal granules (B) on
either side of the 'bridge' with fibrils (F) extending
from them in opposite directions. The number of
fibrils, including the old ones, is ten to twelve (Fig.
12).

FIG. 1 T. pertenue under the electron
microscope. Negative-contrast method. x 1 1,000;
details 1A and 1B x 53,000. Mesosomes (M) clearly
visible
FIG. 2 Same as Fig. 1. x40,000
FIG. 3 T. pertenue under the electron
microscope. Negative-contrast method. x 30,000.
The ends of the treponeme are dilated and recurved.
This is especially evident in details 3A and 3B.
x 133,000
FIG. 4 T. pertenue. Negative-contrast. x 133,000.
End of treponeme dilated, shortened, and recurved.
Basal granules clearly visible
F IG. 5 T. pertenue. Negative-contrast. End of
spongy mass dilated. x 53,000
Fl G. 6 T. pertenue. Negative-contrast. Long
acuminate end devoid of spongy mass x 53,000

FIG. 7 T. pertenue among collagen fibres. x 30,000.
Structural periodicity of collagen fibres clearly
visible. The number offibrils is not the same in
different parts of the treponeme
FIG. 8 T. pertenue (as Fig. 7) See mesosomes
FIG. 9 T. pertenue. Negative-connast. x 30,000.
Mesosome (M) in central portion
FIG. 10 T. pertenue. Materialfrom a 6-week-old
orchitis. x 30,000. The end of the treponeme is
sharply acuminate
FIG. 1 1 T. pertenue (as Fig. 10) The tip is blunt
and basal granules begin from the end
FIGS 12 AND 13 T. pertenue. Negative-contrast.
Transversefission. Fig. 12 x 133,000. Fig. 13
x 60,000. The features to be seen are an isthmus (T)
at the site offission and basal granules (B) andfibrils
(F) each side of the site offission

KEY TO ALL FIGURES
B - basal granules
c - treponemal body, cytoplasm

CH - chromatin
CM- cytoplasmic membrane
E - erythrocyte

ER - endoplasmic reticulum
Fe - fibrils
F- second layer of fibrils
KL - collagen fibres

LI - lipid or fat
LS - lysosome
LY - lymphocyte
M - mesosome
MC - cell membrane
MCY - common envelope of cyst
ME - outer wall
MI- mitochondria
MN - nuclear membrane

N - nucleus
o - spongy mass
PC - plasma cell
Ps - pseudopodia
R - ribosome
T - site of fission

TP - Treponema pertenue
v - microvilli

ZG - Golgi zone
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ULTRATHIN SECTIONS

In ultrathin sections (Figs 14 and 15) the body of the
treponeme appears to consist of small dark particles -
ribosomes (R) - and small light areas. The outer
wall (ME) consists of three layers (two electron dense
layers and one electron transparent layer), but it
appears to be duplicated in places (Fig. 14). The

('9
AB 4 g

*b1x,24~~~

cytoplasmic membrane is also three-layered and fits
closely to the cytoplasm. There is a light space
between the outer wall and the cytoplasmic membrane
which may be regarded as being a result of osmotic
shock, but the possibility is not excluded that it is a
cavity containing fibrils, that its formation is un-
connected with disturbance of osmotic pressure, and
that it contains a nutrient substrate.

I., I r 1 Ir I'f[il,lIIil ,I- / I I /t I l} I s it.I(f] 1f o./
1. perLCnc. I11 30)00. 'Thc II/IrC' -/a,ItI,d IriI1f,I!,?
of the outer a/i.rMv and cvlopIlsmui )Im1nd'rauCM
LVId ri'b()osom.L' R ) L L?/L'C/LU e isdl
1:1G 15 Same as. ii.1F4t . uTii
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Cross-sections (Figs 16 to 21) show the outer wall
and the fibrils. The latter, which appear as three to
six rounded structures, often have no outer wall over
them and seem to be attached to the cytoplasmic
membrane, which is in direct contact with the cyto-
plasm, or lying free. There is, in fact, an outer wall
over them, as is apparent from Figs 19, 20, and 21,
but it is evidently very fragile and easily destroyed.
Above the cytoplasmic membrane at the level of the
fibrillar bundle there are five or six smaller, slightly
elongated structures, which apparently' comprise the
deep fibrillar layer. The body of the treponeme
contains osmiophilic granules (ribosomes) and some-
times small polygonal cavities with no membrane
(nuclear vacuoles).
When T. pertenue is processed by the osmotic-

shock method and then subjected to differential
centrifugation in a saccharose density gradient, a
bundle of finer fibrils (F") may be seen clearly in
addition to the thick fibrillar layer (Fig. 22). It is at
present impossible to say what precisely these fibrils
are, whether they are a second fibrillar layer providing
some other forms of motion, whether they have
skeletal supporting functions, or whether they have
some other significance, but it is most probable that
they form a deeper fibrillar layer. The disposition of
the surface and deep fibrillar layers relative to the
other parts of the treponeme may be seen clearly in
cross-sections.

In tissues obtained from lesions, T. pertenue may
be seen under the electron microscope to be outside
some cells and inside others. In Figs 23, 24, 25, 26,
and 27, the treponeme may be seen in the intercellular
spaces, which are so distended that most of the cells
appear to be isolated from each other; the para-
vascular spaces are particularly distended (Fig. 28,
and the detail 28A). Treponemes are usually quite
plentiful in these spaces. Fig. 28 shows a blood
vessel enclosing an erythrocyte with a well-defined
membrane. The surfaces of two endothelial cells in
close apposition create the impression of a duct
extending from the blood vessel into the paravascular
space. Two microvilli project into the vessel. On the
outside of these endothelial cells there is a large space
containing a lymphocyte and a plasma cell with a
well-defined endoplasmic reticulum. Rabbit chancres
are most often found to contain lymphocytes, plasma
cells, macrophages, and connective-tissue cells. The
elements and features clearly distinguishable in the
plasma cells include a well-developed endoplasmic
reticulum, mitochondria, Golgi zone, and ribosomes
(Figs 29 and 29A). The treponeme may retain all its
structural features in the intercellular spaces; the
outer wall may be in close contact with the cyto-
plasmic membrane or there may appear to be a

three-layered 'casing' around the treponeme at some
distance from its body. Both forms of treponeme may
be found in the same microscopic field. What is the
nature of this phenomenon? It might be assumed that
it was the outer wall split into layers by osmotic
shock, but in that case similar changes should be
found in the other treponemes, but are not. Could it
be a protective membrane? In some cases it is a
protective membrane, since the treponeme also has
an outer wall and a cytoplasmic membrane (Fig. 23).
This may also be seen in Figs 24 and 25.

FIGS 16 AND 17 Cross-section of T. pertenue.
x 100,000. Outer wall destroyed over thefibrils
F I G. 1 8 x 53,000
FIGS 19 AND 20 x67,000
FIG. 21 xlOO,000

In Figs 18 to 21 the outer wall (ME) is intact over
the outer fibrillar layer (F); the cytoplasmic
membrane (cM) and the deep fibrillar layer (F") are
clearly visible

FIG. 22 x 100,000. T. pertenue processed by the
osmotic-shock methodfollowed by differential
centrifugation in a saccharose density gradient.
A surface layer of thick fibrils (F) and a deep layer
offine fibrils (F") are visible. Insertion on the basal
granule is clearly visible in the case of one of the
fibrils. The fibrils of the deep layer do not extend to
the basal granules

FIGS 23, 24, AND 25 Ultrathin section of
T. pertenue in intercellular spaces. The section of
materialfrom a lesion on the testicular membranes.
x 30,000. Triple layering of outer wall (ME)
clearly visible
FIG. 26 Same as Fig. 23. x 7,000. Details
26A and 26B. x 21,000. Three-layered outer wall
clearly visible. Mitochondria (ml) endoplasmic
reticulum (ER), and lysosomes (Ls) are seen in the
cells in Fig. 26B
FIG. 27 Ultrathin section of a treponeme (TP)
in an intercellular space. x 30,000. Treponemes
surrounded by a three-layered 'casing' and others
without a 'casing' are seen in the same microscopic
field. Outer wall of the treponemes (ME) is intact
FIG. 28 Treponeme in intercellular space. Section
through a blood vessel. x 6,700. Detail 28A
x 23,000. E - erythrocyte, MC - cell membrane,
mi - mitochondria, ER - endoplasmic reticulum,
v - microvilli within the blood vessel, PC - plasma cell,
LY- lymphocyte, N - nucleus, CH- chromatin,
MC - cell membrane
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A 'casing' of this type is most often found around
destroyed cells a-mong cell debris (Fig. 30), but trepo-
nemes may be present without this 'casing' and may

still retain their fibrils and ribosomal apparatus.
Treponemes may sometimes be very plentiful in the
intercellular spaces.

FI G. 29 Section ofplasma cellfrom rabbit chancre. FIG. 30 Ultrathin section of T. pertenue in
N - nucleus, ER - endoplasmic reticulum, intercellular spaces around destroyed cells.
MI - mitochondria, ZG - Golgi zones, LS - lysosome, Materialfrom 6-week-old chancre on the scrotum.
cH - chromatin. x 7,200. Detail 29A x 12,000 x 30,000. The membranes and the structure of the

treponemes appear to be in a 'casing'

44
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Treponemes may be seen clearly in the inter- cytoplasm in Fig. 33. Their structure is intact whether
cellular spaces in Figs 31 and 32, and also in the cell they are inside or outside the c l.
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x 20,000. Fig. 33 shows a treponeme in the cell cytoplasm. The cells can be seen to contain a nucleus (N) with
chromatin (CH) along the periphery and ribosomes (R)
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Figure 34 shows treponemes inside cells; the one
structure is indistinct (Fig. 34A - detail).
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In Fig. 35 treponemes are also present both in the FIG. 35 Ultrathin section of T. pertenue in

intercellular space and in the cytoplasm of a cell, tissuefrom node on testicular membrane of a rabbit.
apparently a lysosome, the walls of which are clearly The structure of the treponemes is intact both in
visible. The structure of the treponeme is intact the intercellular spaces and in a lysosome (LS).
inside and outside the cells. x 67,000
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The treponeme enters the cell by pinocytosis (Figs
36 and 36A - detail). The walls of the pinosome are
still unclosed and are thick. It is difficult to decide
whether the treponeme is inside the lysosome, or
whether what can be seen is the protective membrane
of the treponeme itself (Fig. 37). The cell has a clearly
defined membrane; the elements plainly seen in the
cytoplasm are the Golgi zone (ZG), a cell nucleus with
chromatin along its periphery, and a nucleus (N)
separated from the cytoplasm by a nuclear membrane
(MN).

In Fig. 38, a treponeme inside a cell is surrounded
by three electron dense and two electron transparent
layers. The ribosomes and endoplasmic reticulum
alongside play no part in combating the treponeme.
A longitudinally-sectioned treponeme to be seen inside
a cell in Fig. 39 has a well-preserved ribosomal appara-
tus and basal granule, andfibrils which are well defined
in longitudinal section and cross-section. In places a
thick membrane (ME) may be traced enclosing both

treponemes at some distance from their bodies. A
part of the membrane is close up to endoplasmic
reticulum (ER) with clearly distinguishable ribosomes.
The same treponeme sectioned in a different
plane is shown in Fig. 39A. The pattern is similar to
that depicted in Fig. 39, but the basal granule has not
been incorporated in the section. There is the same
pattern in Figs 40, 41, 42, and 43. The structure of
the treponeme can be seen with particular clarity
both in cross-section and in longitudinal section in
Fig. 41. The structure of the treponemes depicted in
Figs 44 and 45 is intact both in a lysosome (Fig. 44)
and in a pinosome (Fig. 45). Mitochondria with
cristae and a membrane, large nuclei, and long
pseudopodia are clearly visible in the cells.

Like T. pallidum, T. pertenue may also occur in the
walls of blood vessels (Figs 46, 47, and 47A) and even
in the lumen of a blood vessel and still retain all its
structural features.

FIG. 36 Ultrathin section of T. pertenue.
Pinocytosis of treponeme, but duct not closed. The
structural details of the treponeme are intact
outside and inside the cell. x 17,000. Detail 36A
x 40,000
FIG. 37 Ultrathin section of T. pertenue. The
treponeme is in a lysosome, but this is possibly a
protective membrane and in the intercellular space.
N - nucleus, mN - nuclear membrane, ZG - Golgi zone.
x 30,000
FIG. 38 Treponeme inside a cell. Outer wall of
treponeme (ME) multi-layered. Endoplasmic
reticulum (ER). x 27,000
FIG. 39 Ultrathin section of T. pertenue inside
a cell. Section of basal granule and site of insertion
offibrils. x 73,000. 39A shows the same
treponeme sectioned closer to the surface
FIG. 40 Sections of a treponeme in intercellular
spaces. Collagen (KL), mitochondria (MI). x 20,000
FIG. 41 Treponeme in a cell. The structure is
well preserved in both longitudinal and cross-
section. x 53,000

FIG. 42 Ultrathin section ofT. pertenue in a
rabbit chancre. Endoplastic reticulum (ER) in the
cells. The structure of the treponeme is well
preserved. x 59,000

FIG. 43 Ultrathin section ofT. pertenue in a
6-week-old rabbit chancre. Pinocytosis. The
treponemes have remained intact. Many treponemes
lie in the intercellular space. N - nucleus, R - ribosome,
cH- chromatin. x 33,000
FIGS 44 AND 45 Section of treponeme in a
rabbit chancre. The treponeme in Fig. 44 lies in a
pinosome. MI - mitochondria, Ps - pseudopodia,
N - nucleus, cH- chromatin, MC- cell membrane.
x 20,000
FIG. 46 Ultrathin section ofT. pertenue in a
wall of blood vessel. Erythrocytes (E) in lumen of
vessel. x 13,000
FIG. 47 Treponeme in wall of a blood vessel.
x 20,000. Detail 47A x 40,000. E - erythrocytes,
N - nucleus
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The treponeme may also be found in dilated inter-
cellular spaces around fat droplets (Fig. 48).

Finally, it should be noted that, as in the case of
T. pallidum, cysts and cyst-like structures may be
found in sections of material from nodes in cases of

yaws. The cyst-like structures usually have a single-
layered wall and retain the structural features of the
treponeme (Fig. 49). The true cysts have a three-
layered casing (Fig. 50). The encysted treponeme
retains its structure.

L i ..

:K. ;8b8Ab.*9.T

FIG. 48 Ultrathin section of T. pertenue in an intercellular space amongyoung collagenfibres (KL) andfat
droplets (LI). X 1 1,000

TP

A

45,

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://sti.bm

j.com
/

B
r J V

ener D
is: first published as 10.1136/sti.46.5.349 on 1 O

ctober 1970. D
ow

nloaded from
 

http://sti.bmj.com/


Treponema pertenue under the electron microscope 377

4.
.....-,,.: ..All",
I :f.i

.1.

uTP
.4.

MCY?

.... a . s. w

i 9 i ;: ^ li . e
B \' v
v 5 f 9

g ..F
:

#_ 6'St%'
.. '-:gw X,

:

.4:.;O. w w-^""N. KL

...j... .. .1

MCY....................... .. .....TP<
A ;CI

F IG. 49 Ultrathin section of T. pertenue in
chancre tissue. T. pertenue in a common envelope
(cyst-like structure - cyst?) (MCY) Treponeme in
cross-section in tissue. x 27,000

FIG. 50 Ultrathin section of T. pertenue in
chancre tissue. Three-layered common envelope
(MCY). Structure of treponemes is intact. x 33,000
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In comparing the structure of T. pertenue and T.
pallidum, it should be noted that we failed to find any
reliable structural criteria by which to distinguish
them, although structural differences do exist: the
longer terminal structures of T. pertenue, the slightly
different construction of the terminal structures,
which still needs further study, the less distinct
'casing' of T. pertenue, and the less distinct and less
differentiated mesosomes. The difference between
cultivated treponemes and T. pertenue is more
considerable.
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FIG. 1 T. pertenue under the electron
microscope. Negative-contrast method. x 1 1,000;
details 1A and 1B x 53,000. Mesosomes (M) clearly
visible
FIG. 2 Same as Fig. 1. x40,000
FIG. 3 T. pertenue under the electron
microscope. Negative-contrast method. x 30,000.
The ends of the treponeme are dilated and recurved.
This is especially evident in details 3A and 3B.
x 133,000
FIG. 4 T. pertenue. Negative-contrast. x 133,000.
End of treponeme dilated, shortened, and recurved.
Basal granules clearly visible
FIG. 5 T. pertenue. Negative-contrast. End of
spongy mass dilated. x 53,000
FIG. 6 T. pertenue. Negative-contrast. Long
acuminate end devoid of spongy mass. x 53,000
FIG. 7 T. pertenue among collagen fibres. x 30,000.
Structural periodicity of collagen fibres clearly
visible. The number offibrils is not the same in
different parts of the treponeme
FIG . 8 T. pertenue (as Fig. 7) See mesosomes
FIG. 9 T. pertenue. Negative-contrast. x 30,000.
Mesosome (M) in central portion
FIG. 10 T. pertenue. Materialfrom a 6-week-old
orchitis. x 30,000. The end of the treponeme is
sharply acuminate
FIG. 11 T. pertenue (as Fig. 10) The tip is blunt
and basal granules begin from the end
FIGS 12 AND 13 T. pertenue. Negative-contrast.
Transverse fission. Fig. 12 x 133,000. Fig. 13
x 60,000. The features to be seen are an isthmus (T)
at the site offission and basal granules (B) andfibrils
(F) each side of the site offission

FIG. 14 Longitudinal ultrathin section of
T. pertenue. x 113,000. The three-layered structure
of the outer wall (ME) and cytoplasmic membrane (CM)
and ribosomes (R) are clearly visible
FIG. 15 Same as Fig. 14. x67,000
FIGS 16 AND 17 Cross-section ofT. pertenue.
x 100,000. Outer wall destroyed over fibrils
FIG. 18 x53,000
FIGS 19 AND 20 x 67,000
FIG. 21 100,000

In Figs 18 to 21 the outer wall (ME) is intact over
the outer fibrillar layer (F); the cytoplasmic
membrane (CM) and the deep fibrillar layer (F") are
clearly visible

FIG. 22 X 100,000. T. pertenue processed by the
osmotic-shock methodfollowed by differential
centrifugation in a saccharose density gradient.
A surface layer of thickfibrils (F) and a deep layer
offinefibrils (Fe) are visible. Insertion on the basal
granule is clearly visible in the case of one of the
fibrils. The fibrils of the deep layer do not extend to
the basal granules
FIGS 23, 24, AND 25 Ultrathin section of
T. pertenue in intercellular spaces. The section of
materialfrom a lesion on the testicular membranes
x 30,000. Triple layering of outer wall (ME)
clearly visible
FIG. 26 Same as Fig. 23. x 7,000. Details
26A and 26B. x 21,000. Three-layered outer wall
clearly visible. Mitochondria (MI) endoplasmic
reticulum (ER), and lysosomes (LS) are seen in the
cells in Fig. 26B
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FIG. 27 Ultrathin section of a treponeme (TP)
in an intercellular space. x 30,000. Treponemes
surrounded by a three-layered 'casing' and others
without a 'casing' are seen in the same microscopic
field. Outer wall of the treponemes (ME) is intact
FIG . 28 Treponeme in intercellular space. Section
through a blood vessel. x 6,700. Detail 28A
x 23,000. E - erythrocyte, MC - cell membrane,
MI - mitochondria, ER - endoplasmic reticulum,
v - microvilli within the blood vessel, Pc - plasma cell,
LY - lymphocyte, N - nucleus, CH - chromatin,
MC - cell membrane
F I G. 29 Section ofplasma cellfrom rabbit chancre
N - nucleus, ER - endoplasmic reticulum,
MI - mitochondria, ZG - Golgi zones, LY - lysosome,
CH - chromatin. x 7,200. Detail 29A x 12,000
FI G. 30 Ultrathin section of T. pertenue in
intercellular spaces around destroyed cells.
Materialfrom 6-week-old chancre on the scrotum.
x 30,000. The membranes and the structure of the
treponemes appear to be in a 'casing'
FI G. 3 1 All the membranes of the treponeme are
visible; the surface and deep fibrils are clearly
outlined in the cross-section; the outer-wall of one
treponeme has moved away from the body. x 40,000
FIGS 32 AND 33 Section of T. pertenue in an
intercellular space. The structure of the treponeme is
intact. x 20,000. Fig. 33 shows a treponeme in the
cell cytoplasm. The cells can be seen to contain a
nucleus (N) with chromatin (CH) along the periphery
and ribosomes (R)
FIG. 34 Ultrathin section of T. pertenue in a
cell. x 20,000. Detail 34A x 100,000. MN - nuclear
membrane
FI G. 3 5 Ultrathin section of T. pertenue in
tissue from node on testicular membrane of a rabbit.
The structure of the treponemes is intact both in
the intercellular spaces and in a lysosomes (LS)
x 67,000
FIG. 36 Ultrathin section of T. pertenue.
Pinocytosis of treponeme, but duct not closed. The
structural details of the treponeme are intact
outside and inside the cell. x 17,000. Detail 36A
x 40,000
F I G. 37 Ultrathin section of T. pertenue. The

treponeme is in a lysosome, but this is possibly a
protective membrane and in the intercellular space.
N - nucleus, mN - nuclear membrane, ZG - Golgi zone.
x 30,000
FIG. 38 Treponeme inside a cell. Outer wall of
treponeme (ME) multi-layered. Endoplasmic
reticulum (ER). x 27,000
FIG. 39 Ultrathin section of T. pertenue inside
a cell. Section of basal granule and site of insertion
offibrils. x 73,000. 39A shows the same
treponeme sectioned closer to the surface
F I G. 40 Sections of a treponeme in intercellular
spaces. Collagen (KL), mitochondria (MI). x 20,000
FIG. 41 Treponeme in a cell. The structure is
well preserved in both longitudinal and cross-
section. x 53,000
FIG. 42 Ultrathin section of T. pertenue in a
rabbit chancre. Endoplasmic reticulum (ER) in the
cells. The structure of the treponeme is well
preserved. x 59,000
FIG. 43 Ultrathin section of T. pertenue in a
6-week-old rabbit chancre. Pinocytosis. The
treponemes have remained intact. Many treponemes
lie in the intercellular space. N - nucleus, R - ribosome,
CH - chromatin. x 33,000
FIGS 44 AND 45 Section of treponeme in a
rabbit chancre. The treponeme in Fig. 44 lies in a
pinosome. MI - mitochondria, Ps - pseudopodia,
N - nucleus, CH - chromatin, MC - cell membrane.
x 20,000
FIG. 46 Ultrathin section of T. pertenue in a
wall of blood vessel. Erythrocytes (E) in lumen of
vessel. x 13,000
FIG. 47 Treponeme in wall of a blood vessel.
x 20,000. Detail 47A x 40,000. E - erythrocytes,
N - nucleus
FIG. 48 Ultrathin section of T. pertenue in an
intercellular space among young collagen fibres
(KL) andfat droplets (LI). X 11,000
FIG. 49 Ultrathin section of T. pertenue in
chancre tissue. T. pertenue in a common envelope
(cyst-like structure - cyst?) (McY) Treponeme in
cross-section in tissue. x 27,000
FIG. 50 Ultrathin section of T.!pertenue in
chancre tissue. Three-layered common envelope
(McY). Structure of treponemes is intact. x 33,000

B - basal granules
c - treponemal body, cytoplasm

CH - chromatin
CM - cytoplasmic membrane
E - erythrocyte

ER - endoplasmic reticulum
F - fibrils
F"- second layer of fibrils
KL - collagen fibrils

LI - lipid or fat
LS - lysosome
LY - lymphocyte
M - mesosome
MC - cell membrane
MCY- common envelope of cyst
ME - outer wall
MI- mitochondria
MN - nuclear membrane

N - nucleus
0- spongy mass

Pc - plasma cell
Ps - pseudopodia
R - ribosome
T - site of fission
TP- Treponema pertenue
v - microvilli

ZG - Golgi zone
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