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haemolysis in the presence of human erythrocytes,
but the rhizoid colonies were frequently surrounded
by a narrow haemolytic zone on rabbit blood agar,
varying with the batch of rabbit blood. The micro-
scopic appearance of organisms from the round sur-
face colonies showed pleomorphism and an occa-
sional organism had a spiral shape and resembled
spirilla more than treponemes, but none was motile.
There were many spherical bodies. In other colonies
there were more spiral forms, and some had a lazy
flexing or rotary movement. Subcultures from all
three colony types into broth gave rise to regularly
coiled and motile spirochaetes. Hardy, Lee & Nell
(1964) studied cultures ofspirochaetes normally found
in the human oral cavity on solid medium. The
results revealed that: (a) colonial growth of such
" wild-type " spirochaetes can be achieved as readily
as that of established laboratory strains; and (b) that
some of these strains are nutritionally dependent
upon other oral micro-organisms. They found four
varieties of " helper " bacteria and chose a micro-
aerophilic diphtheroid for use as it appeared to have
the greatest growth-stimulating capacity.

Christiansen (1964a, 1964b) searched for differ-
ences between Reiter and Kazan treponemes in order
-to contribute to the study of treponeme taxonomy.
He used a fluid medium and the thioglycollate me-
dium with 10% rabbit or human serum and up to
0.7% oxoid ion agar added, in Petri dishes under
anaerobic conditions. After 7 days of growth, the
Reiter treponeme colonies were 0.5 mm to 1 mm in
diameter and circular and were smaller than the
Kazan colonies. Three types of colonies were found
from four strains of Kazan. Morphological differ-
ences between the Reiter and Kazan treponemes were
not found. Hanson & Cannefax (1965) described the
surface colony morphology of 47 strains of trepo-
nemes and one strain of Borrelia using standardized
cultural conditions. They found five colonial types
which were stable on subcultures. Six strains ofReiter
treponemes from different sources were found to give
three different colonial types. They stated that Reiter
protein antigens prepared according to D'Alessandro
& Dardanoni often give different patterns in sero-

logical and biochemical assays and that this may oc-
cur because ofmore than one serological and cultural
type in the Reiter treponeme cultures. The relation-
ship between the colony types and the serologically
active components was not determined.
Ustimenko (1962) concluded that the most favour-

able solid medium for the cultivation of T. pallidum
appeared to be 2% agar in Marten bouillon with
added 20% rabbit serum or 5% to 10% hen egg yolk.
Surface colonies had heterogeneous forms. Rapid
growth of T. pallidum occurred in deep agar when the
method of Perettsa was used. The individual colonies
had a cloud-like appearance and condensed centres.

CHICK EMBRYOS AND ANIMAL TISSUES

Beardmore & Dodd (1950) cultivated Reiter trepo-
nemes in chick embryos when anaerobic conditions
were provided by coating the eggs with paraffin; how-
ever, the embryos were killed in the anaerobic state.
They indicated that growth had occurred as a direct
effect of lowered oxygen tension on the treponemes.
The recovery of an unidentified spirochaete from
hens, and possibly from hen eggs, was reported by
Steinhaus & Hughes (1947), who thought this finding
might be of interest to laboratory workers using eggs
for cultures of various pathogens and for the manu-
facture of vaccines.

Zaffiro (1962) inoculated rabbits intratesticularly
with Reiter treponemes and found no lesions in testi-
cles or other organs. Reiter treponemes disappeared
rapidly from the tissue and could not be isolated
from testicular tissue in culture medium. Following
this, two rabbits were infected with T. pallidum and
four days later with Reiter treponemes. After four
more days, the testicles were excised and cultured in
Brewer's medium, and a growth of Reiter treponemes
was observed after 14 days. After the third animal
passage the recovered Reiter treponeme showed no
appreciable differences from the laboratory strain of
Reiter treponeme. These observations may shed light
on the interpretation of old data on the isolation and
cultivation of saprophytic treponemes from specific
lesions caused by pathogenic T. pallidum.

8. PHYSICAL AND BIOCHEMICAL CHARACT1ERISTICS

PHYSICAL

Gelperin (1949) recorded the following quantita-
tive measurements for Reiter treponeme in mass

cultivation: (a) 1 x 109 organisms contained 58.5 usg
nitrogen; (b) 1 x 109 organisms washed with saline
and acetone and dried over P20, weighed 0.8 mg.
He (1951) washed Reiter treponemes 18 times with
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cold saline. The last washing fluid still gave a
1+ precipitin test with rabbit antiserum to whole
human serum, which indicated that the treponemes
tenaciously held human serum proteins adsorbed
from the medium. Power & Pelczar (1959), using
their original medium, reported the following quanti-
tative measurements for the Reiter treponeme: cell
count of 340 x 106 per ml; dry weight of 280 ,ug per
ml; and bacterial nitrogen of 15 ,jg per ml. In the
medium supplemented with TEM-4T the cell count
was 1320 x 106 per ml, and the bacterial nitrogen
was 46.1 jug per ml.

BIOCHEMICAL

Hussey & Nowinski (1949) studied the stages
of invasion of tissue cultures by Reiter treponemes.
The organisms appeared to invade the intercellular
areas and loosen the cement substance, suggesting
that this strain possessed hyaluronidase activity.
Direct observations, carried out viscosimetrically,
proved the presence of hyaluronidase in cultures of
Reiter treponeme, which indicated that hyaluronidase
activity or invasiveness need not be connected with
virulence. Bucca et al. (1951) reported dehydro-
genase activity of Reiter treponemes suspended in
phosphate buffer at pH 6.5 by dye-reduction method
on substrates including amino-acids, carbohydrates,
monohydric and polyhydric alcohols, as well as
fatty and dicarboxylic acids. Barban (1954, 1956)
found large numbers of transaminases in the Reiter
treponeme. Whole cells and sonic extracts of Reiter
treponemes catalysed transamination reactions in-
volving a number of amino-acids and keto ana-
logues.

Scheff, Proctor & Cohen (1956) aerated full-
grown cultures of Reiter, Nichols, Noguchi, Kazan,
and EK treponemes and Clostridium sporogenes, and
measured polarographically the disappearance of
oxygen. Oxygen disappeared from the media,
although the extent of the changes was relatively
small and there was a considerable amount of carbon
dioxide liberated simultaneously. No claim was
made that " oxygen utilization " had occurred or
that the disappearance of oxygen had any direct
relationship to the metabolism associated with the
energy requirement of the treponemes.
Heymann & Siefert (1958, 1962), Siefert & Steiger

(1959), and Siefert (1958, 1959a, 1959b) studied
protein-bound and free amino-acids of virulent
T. pallidum, Reiter treponeme and Leptospira biflexa.
There were only trivial differences in the composition

of the three organisms, but, quantitatively, Reiter
treponeme and T. pallidum agreed more closely with
each other than with L. biflexa. The high content of
acid protein-bound amino-acids (30 Y.) seemed to be
characteristic of the treponemal proteins, and is
approximately two times that in bacteria. There
was a relatively high proportion (20%) of acidic
amino-acids in the protein hydrolysate. The DNA:
RNA ratio in Reiter treponeme of 1: 2.4 corres-
ponded more closely to that of bacteria than to that
of yeasts. DNA was chiefly localized in the cyto-
plasm, and RNA in the cytoplasm as well as in the
supporting organelle. The nucleic acid content of
Reiter treponeme was about 9% of dry weight. The
structural analysis of those organisms yielded a
water content of between 81 % and 86%, lipid con-
tent of 16% to 20% of dry weight exceeding by far
that of bacteria, and protein content of 67% to 69 %.
Reiter treponeme and T. pallidum contain hydroxy-
proline, while Leptospira contains proline. Cysteine
could be detected in small amounts in Reiter trepo-
neme and Leptospira, but not in T. pallidum. The
enzymatic digestion of the treponemes showed two
separate stages: the gradual destruction of, first, the
cytoplasm, and secondly, the axial rod and the
fibrillae.
Faure & Pillot (1960) determined that the Reiter

treponeme contained 20% lipids, including lecithin
and a phosphatid similar to cardiolipin-lecithin.
They extracted and fractionated the total lipids.
Wassermann antigen was present in much larger
amounts in young spiral forms than in older vesicular
forms. Christiansen (1962a) found the Reiter trepo-
neme contained approximately 3% polysaccharide
and approximately 16% lipid. He suggested that
the material isolated by modified Westphal's method
is a lipopolysaccharide of high molecular weight and
antigenic properties.

Rathlev & Pfau 1 had been unsuccessful in pre-
liminary attempts to isolate nucleic acids by dis-
rupting the Reiter treponeme with trypsin, suggesting
that the treponeme might possess a tough outer
membrane resistant to enzymatic attack. They
lyophilized and delipidized Reiter treponemes and
treated these with 2-mercaptoethanol and pronase to
release nucleic acids. Treatment with sodium dode-
cyl sulfate deproteinized over 95% of the isolated
nucleic acids. DNA analyses were carried out by
the method of Keck (1956) and the RNA determina-

1 Unpublished working document WHO/VDT/RES/40
of 25 July 1963.
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tions by the method of Ceriotti (1955). On a dry
weight basis, DNA and RNA contents of Reiter
treponeme were found to be 0.7% and 1.48%,
respectively, and the RNA: DNA ratio was closer
to that of bacteria than to that of yeast. Base ratio

analysis and thermal transition experiments were
carried out on each individual nucleic acid. Nielsen 1
mentioned studies by Rathlev on the structure of
treponemes, concentrating on the RNA and DNA
of the Reiter treponeme.

9. EFFECT OF PHYSICAL, CHEMICAL AND BIOLOGICAL AGENTS

PHYSICAL AGENTS

Bednova (1957) demonstrated that the effect on
cultured treponemes of different chemicals, anti-
bodies and immune serum, as well as refrigerating to
-10°C to -150C and heating to 450C to 60°C, was
to produce a speedy formation of granules and the
disappearance of spiral forms. Hardy & Nell
(1961a) found that Reiter treponemes under suitable
conditions behave like protoplasts, and that they are
extremely sensitive to osmotic-pressure changes in
the medium. When suspended in a 0.15 M to 0.10 M
sodium chloride solution the treponemes retained
spiral morphology, whereas organisms suspended
in more dilute salt solution and distilled water
rapidly became spherical. In solute concentrations
of 0.3 osmolality, treponemes in lactose, sodium
chloride and some other salts, retained spiral shape,
while in glycerol, sucrose and some other sugars,
the treponemes formed spheres. Aeration and
heating the treponemes to 40°C or above were found
to induce sphere formation. A variation from pH 6
to pH 9 had little effect. Those findings demonstrated
the selective permeability of the plasma membrane
of the Reiter treponeme.
Hampp (1947b) devised a liquid medium for the

cultivation and drying of certain treponemes from
the frozen state. The subsequent darkfield examina-
tion of dried specimens showed organisms with
typical morphology, but without motility. Viable
organisms were obtained from lyophilized " English
Reiter strain" stored for periods of 24 hours, 16
days, and 7 months. Gastinel et al. (1958) stated that
lyophilization had not preserved the motility and
pathogenicity of the virulent T. pallidum, but that
Reiter treponemes, particularly young cultures, had
been preserved after lyophilization for from 92 to
130 days. Although immobile after 215 days, it
could be subcultured. The following species or
strains of spiral organisms were tested by Hanson &
Cannefax (1964) for viability, both microscopically
and culturally, at 24 hours and at 30-day intervals
for one year after drying from the frozen state:

Kazan 2, 4, 5, and 8, Reiter treponeme, English
Reiter, Nichols, and Noguchi; T. microdentium,
strain FM; T. phagedenis; Borrelia vincentii, strain
N-9; T. zuelzerae; and Borrelia refringens. Growth
obtained in 72 hours from lyophilized cultures
stored for one year was equivalent to that obtained
from organisms preserved by storage at -70°C for
the same length of time. Lyophilization of Trepo-
nema and Borrelia strains was found to provide a
convenient and inexpensive method of maintaining
viability for a minimum of one year. Annear (1962a,
1962b) reported the successful preservation of
leptospires by drying from the liquid state and then
applied the same method to the preservation of the
Reiter treponeme. He placed 0.04 ml of equal parts
of the treponeme suspension and 20% glucose
solution in 150 mm x 8 mm tubes and dried these
in vacuo over P205. The suspension dried as a coarse
foam in the bottom of the tubes. The dried sus-
pensions were stored at room temperature for
12 months, rehydrated with freshly prepared fluid
thioglycollate medium with agar, and incubated at
37°C. All tubes showed flourishing growth in 4-5
days, active forms beginning to appear after 1-2
days' incubation.

CHEMICAL AGENTS

Rose & Morton (1952a) found that Tween-80
inhibited the growth of Nichols, Kazan, and Reiter
treponemes, and Keller & Morton (1952) reported
that the same organisms had an unusually high
susceptibility to soaps. Exposure to dilutions of at
least 1: 1000 of Ivory soap and of Dial soap with
2% hexachlorophene killed all treponemes within
5 minutes. Mutermilch, Gerard & Delaville (1959)
demonstrated that different agents, such as mercury,
arsenic, bismuth and vanadium, had the same
activity on Reiter treponemes as on Schaudinn
treponemes.
Kawata & Kaizo (1959) found that Reiter trepo-

nemes are rapidly lysed in a phosphate-buffered
1 Unpublished working document WHO/VDT/RES/45

of December 1963.
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