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ABSTRACT

Three strains of spirochetes, Borrelia duttonii, Treponema pallidum,
and Treponema phagedenis, were observed under a scanning electron
microscope, and their spiral directions were described. The right-handed
turn in B. duttonii, the left-handed turn in 7. pallidum were evidenced.
The appearance of both types of spiral direction in 7. phagedenis was
recognized and discussed.
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INTRODUCTION

Although the spirochetes have a helical cell body, their spiral
directions have not been exactly determined even by an electron micro-
scope, and their morphological features for that matter were not noticed
in Bergey’s Manual of Determinative Bacteriology?. Recently, the theore-
tical considerations and the fundamental conditions of experimental
studies on spiral direction of the cell bodies of helical bacteria were
described by Yoshii®?. Consequently, five serotype strains of the genus
Leptospira were observed under scanning electron microscopy (SEM),
and their cell bodies showed a right-handed turn without exception®.
Some researchers®® also noticed on the spiral direction of spirochetal
cell bodies. The present paper describes the spiral directions of three
strains of spirochetes examined under SEM as a preliminary report.
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MATERIALS AND METHODS

Strains of spirochetes

1) Borrelia duttonii is the Kyoto University strain, which has been
maintained through mouse passage by intraperitoneal inoculation in our
laboratory for several years.

2) Treponema pallidum is the Nichols strain, which has been main-
tained through rabbit passage by testicle inoculation in our laboratory
for several years.

3) Treponema phagedenis blotype Reiter (Reiter treponeme), which
has been maintained in vitro in a culture medium® for ten years.

Specimen preparation for SEM

 Spirochetal cells, harvested from the infected animals or culture
media®, were washed 3 times in saline solution by centrifugation at
3,300xg and treated by double fixation with 2% glutaraldehyde and 1%
osmic acid. After fixation, the materials were washed again, dehydrated
through the acetone series, and then dried with the critical point
drying technique (CPD) by the small envelope method”. The dried cells
on the glass slide or filter paper were coated with Au-Pd alloy in an
evaporator. :

Scanning electron microscopy

The JSM-F7 type of SEM instrument was used at 13kV for the
present study. More than 200 cells of each strain were usually observed
under SEM with stereographic technique. The final decision on the
spiral direction was made under the previously described criteria® after
observing the photographs carefully printed.
Theoretical considerations and fundamental conditions for studies

The definition of spiral direction was based on the proposal of
Kihara®; the helix of a drill twist possesses the right-handed turn. As
in the previous paper?, the SEM instrument in our laboratory was
preconfirmed to demonstrate the orthogonal image and not the mirror
image.

OBSERVATIONS

Borrelia® duttonii: The SEM image of B. duttonii is demonstrated in
Fig. 1. The spiral direction of cell bodles of thls spirochete always
showed the right-handed turn.

Treponema pallidum: The SEM images of  T. pallidum (Nichols
strain) are displayed in Figs. 2-3. The spiral d1rect10n of cell bodies of
this spirochete always showed the left-handed turn.
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Fig. 1

Borrelia duttonii, showing the definite right-handed turn in each cell body (Arrows)-:
Magnification: *X38, 000
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Fig. 2 Treponema pallidum, Nichols strain. Many cells with the left-handed turn can be
seen. Magnification : X 17, 500

Fig. 3 T. pallidum, Nichols strain, illustrating two graphs of a cell with stereographic views
from different angles. The left-handed turn of cell body can be seen definitely.
Magnification : X11, 500
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Fig. 4 Treponema phagedenis biotype Reiter. A rounded form (r) and a usual cell (u) can
be seen. The latter shows the left-handed turn of cell body. Magnification : X 15, 000

Fig. 5 T. phagedenis biotype Reiter, illustrating two graphs of a cell with stereographic views
from different angles. The left-handed turn of cell body can be clearly seen.
Magnification : X9, 000
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Fig. 6 T. phagedenis biotype Reiter, showing a cell body with the right-handed turn.
Magnification : X 26, 000

Fig. 7 T. phagedenis biotype Reiter, showing two graphs of a cell with stereographic views
from different angles. The right-handed turn of cell body can be clearly seen.
Magnification : X11, 000
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" Treponema phagedenis: The SEM images of T. j)hagedénis biotype
Reiter are demonstrated in Figs. 4-7. Two spiral dimcf_idns were obser-
ved in this spirochete. Three fourth of all ‘cell bodies showed. the left-
handed turn and one fourth of them showed the right-handed turn.

DISCUSSION

Under SEM only the right-handed turn of spiral direction was
observed in the cell population of B. duttonii (Fig. 1) and only the left-
handed turn was seen in T. pallidum (Figs. 2-3). Thus, each of these
strains includes cell bodies with only one type of spiral direction. On the
other hand, both the right-handed and the left-handed turn were reco-
gnized in T. phagedenis biotype Reiter (Figs. 4-7). The stock culture
of the latter treponeme is regarded to be the mixture of two different
types of spiral direction of cell body.

Two possibilities for the mixed population in the cell type in T.
phagedenis can be assumed. One possibility is that two opposite types
of cells had been living originally in the lesion of patient and both of
them have been growing in the culture media. The other is that only
one type of cells, either right- or left-handed turn, originally lived in the
lesion of patient, and the other type appeared on mutation during the
long term cultivation. The answer to this question awaits future work.

As information concerning the spiral direction of the cell bodies of
spirochetes increases, the advancement of cytology, locomotive physiology
and taxonomy of the spirochetology will be facilitated.
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