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phase of longitudinal growth alternated with trans-
verse fission and that he had found no basis for spore
formation or other forms of a life-cycle. With the aid
of the electron microscope, M6lbert (1956) observed
no form of reproduction in cultures of Reiter trepo-
nemes other than transverse fission, and this was most
frequent in 7-day-old cultures. Babudieri (1958)
found that the immature specimens of Reiter trepo-
neme were homogeneous in appearance, and that no
special significance could be attributed to the vacu-
oles and irregularly shaped granules observed in de-
generating specimens. Hardy & Nell (1961a) found
morphological changes in Reiter treponeme similar
to those observed by Gelperin. Sphere formation,
rapidly induced by merely altering the medium, was
observed in osmotic shock, heat and aeration-the
young cultures in the logarithmic growth phase

having been most resistant to sphere formation.
Evidence corroborating that spheres were not cysts
included the following: (a) thiomersal-killed trepo-
nemes were as readily induced to form spheres as
were viable organisms; (b) using the tube-dilution
technique, the spheres were shown not to be viable
and the reaction was irreversible; (c) the spheres
were very fragile and easily broken. Hardy & Nell
concluded that the naturally occurring spheres prob-
ably had arisen as the result of an osmotic imbalance
between the internal and the external environment
of the cells and that the spheres had represented de-
generative forms rather than an intermediate stage in
a life-cycle. Listgarten & Socransky's observations
(1964) confirmed evidence presented by Ryter &
Pillot (1963) that spirochaetes divide by transverse
fission.

5. METABOLISM AND GROWTH REQUIREMENTS

NUTRITIONAL REQUIREMENTS

Little & Subbarow (1945) stated that all cultivable
strains of T. pallidum required animal fluids. A
refined serum albumin could be substituted for
animal serum in cultures of Reiter treponemes, but a
commercial preparation of ovalbumin was inactive.
The vitamin requirements of Reiter treponeme were
demonstrated to be choline chloride, niacin, panto-
thenate, pyridoxine, riboflavin and thiamin. Whiteley
& Frazier (1948) found that serum albumin was
essential for growth, but its function might have been
protective in that the albumin component combined
with, and detoxified, the fatty acids, particularly
oleic acid. They found 10 amino-acids required for
growth, and added ascorbic acid to the above list of
vitamins. The addition of glucose, sucrose, and
liver extract increased growth. Favourable growth
resulted from the addition-of charcoal, ferric sulfate,
and magnesium sulfate.

Eagle & Steinman (1948), Steinman & Eagle
(1950), Steinman, Eagle & Oyama (1950, 1953),
Oyama, Steinman & Eagle (1953), and Steinman,
Oyama & Schulze (1954b) identified the nutritional
requirements of the Reiter treponeme as follows:
arginine, acetic acid, sulfhydryl groups, serum
albumin, pantothenic acid, and glutamine phenyl-
alanine; total nitrogen requirement was supplied by
13 amino-acids, one pyramidine, ammonium ion, and
crystalline serum albumin containing an essential
lipid which could be replaced by oleic acid; essential

vitamins were biotin, nicotinic acid, and pantothenic
acid; and stimulatory vitamins were choline, ribo-
flavin, and thiamin. Crystalline serum albumin was
found to have a dual role in the cultivation of Reiter
treponeme as it contained the essential growth-
factor lipid, and the protein bound and detQxified
the essential lipid. They arrived at a medium for
growing Reiter treponeme that was reproducible
and chemically defined, except for the necessary
presence of crystalline serum albumin. Steinmaii,
Oyama & Schulze (1954a) found the above-defined
medium would not support growth for the sapro-
phytic oral strain S69 unless supplemented with
carbon dioxide, co-carboxylase, sodium pyruvate,
citrovorum factor, and co-enzyme A. Doak,
Freedman & Clark (1959) stated that Reiter trepo-
neme differed from T. pallidum in that Reiter trepo-
neme required ammonium ion for growth.
Rose & Morton (1952a, 1952b) found native

protein to be necessary for culturing Nichols, Kazan,
and Reiter strains. Plasma with moderate haemo-
lysis and heated at 60°C for one hour supported the
best growth in an optimal concentration between
5% and 10%. At a plasma concentration of over
20 %, growth decreased because of a toxic property,
and when heated to 100°C, no growth occurred.
Glucose in concentration of 0.5% to 4% improved
growth. Power & Pelczar (1959) found the Reiter
treponeme required both saturated and unsaturated
fatty acids.
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TEMPERATURE

Cannefax (1961, 1962) described a temperature
gradient bar in which he had grown six cultures of
Reiter treponemes, at each of 49 different tempera-
tures, to determine the optimal growth temperature,
which was found to be between 33°C and 350C.
Growth occurred between 28°C and 39.4°C with
similar total minimal growth at the extreme tem-
peratures.

ANAEROBIOSIS

Whiteley & Frazier (1948) obtained the best
anaerobiosis in cultures with 0.1 % sodium thio-
glycollate, and better growth was obtained by re-
placing air in the tubes with nitrogen gas.
Rose & Morton (1952a, 1952b) found that growth

was increased by the addition of sodium thio-
glycollate or neutralized cysteine to the heart-infusion
broth.

6. GROWTH AND DIVISION TIME

GROWTH PHASES

Gelperin (1949) observed that with a gentle agita-
tion of Reiter treponeme cultures, logarithmic growth
occurred for 2-3 days, and multiplication continued
for 5-6 days. Rose & Morton (1952a, 1952b) found
the number of organisms in cultures after a 24-hour
growth period to be roughly proportional to the size
of the inoculum; after a 48-hour growth period,
however, this proportion was lost, and in 1 week all
tubes had approximately the same amount of growth,
regardless of inocula. Schmerold (1956) stated that
the growth phase was succeeded by the dying phase,
and then by a phase of disintegration. Between the
growth and dying periods there was an interval of
immobility. The motility rate fluctuated, amounting
to approximately 60% during the first days after in-
oculation. The cell-count per ml was at its maximum
on about the fifth day. Power & Pelczar (1959) made
quantitative measurements of the growth of Reiter
treponeme cultures after a 7-day incubation at 37°C,
as it had previously been determined from growth-
curve studies that the maximum cell-crop would be
reached in from 5 to 7 days. The measurements were:
optical density, 0.36; cell count, 340 x 10 per ml.
Reiter treponemes grown in medium supplemented
with TEM-4T (the diacetyltartaric acid ester of tallow
monoglycerides) gave the following measurements:

optical density, 0.68; cell count, 1320 x 10. per ml.
Cannefax & Garson (1960) stated that the effect of
dialysable substances on growth response in freshly
prepared medium and in mediumr in which Reiter
treponemes were grown for 3, 6, and 12 days was to
reduce the lag-phase period. Organisms reached the
end of the logarithmic-growth phase within 2%2-3
days in 10-ml volumes in test-tubes.

DIVISION TIME

Magnuson, Eagle & Fleischman (1948) and Cum-
berland & Turner (1949) calculated the division time
of virulent T. pallidum in rabbit testes to be approxi-
mately 30 hours and 33 hours, respectively. Eagle
(1948) reported that the division time in vitro of the
Reiter treponeme averaged 10 hours; Gelperin (1949)
calculated 8.8 hours from growth during the first 48
hours of culture; and Rose & Morton (1952a, 1952b)
found the average generation time for the first 48
hours' growth to be 6.9 hours. Schmerold (1956)
observed that under favourable circumstances the
Reiter treponeme averaged about two hours to deve-
lop to full size and divide, but that with the depletion
of the culture medium this time lengthened. Canne-
fax & Garson (1960) reported that the generation time
of Reiter treponeme varied from 2 to 10.5 hours.

7. CULTURE METHODS

LIQUID MEDIUM

Simplified culture methods for " aerobic " cultiva-
tion of anaerobes were improved by Brewei (1940a,
1940b), who developed a simple and practical, clear-

liquid medium that would remain anaerobic for a
long period of time without the use of a seal. He
utilized sodium thioglycollate and a small amount of
agar in glucose infusion broth. Gelperin (1949) grew
Reiter treponemes readily in anaerobic broth or


