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A maintenance medium for Treponema pallidum was designed to hold its Eh
at the optimum for that organism, -10 to -110 mV. After 100% motile (freshly
harvested) T. pallidum was inoculated into the medium, the motility of the
treponemes decreased to 80% after 2 days, 50% after 3.5 days, and 0% after 9
days during incubation at 34 C. Full virulence was retained for 2 days, but it
dropped rapidly thereafter, and the treponemes became avirulent by day 5.

Despite numerous attempts since 1906 to cul-
ture virulent Treponema pallidum, the causa-
tive agent of syphilis, it is generally agreed
that this has never been achieved (15). The best
result obtained to date is the survival of T.
pallidum in artificial medium, as indicated by
its retention of motility and virulence for rab-
bits (6, 14, 15). However, with this medium it is
apparently necessary to enrich it with un-
known tissue components by shaking the
minced, infected rabbit testis with the medium
for several hours. The medium that we have
formulated appears not to require this enrich-
ment. By simply shaking the minced, infected
rabbit testis with a few milliliters ofmedium in
a petri dish for 2 to 3 min to obtain the inocu-
lum, excellent motility of the T. pallidum
(>80%) and potent virulence (>60%) can be
retained for 2 days after inoculation. Therefore,
this medium could be useful for the transporta-
tion of clinical specimens, as well as for a start-
ing point in attempts to grow T. pallidum in
vitro.

MATERIALS AND METHODS
Preparation of T. pallidum inoculum. T. palli-

dum was propagated in the testes of large, male
New Zealand rabbits that had previously been
shown to be free of reagenic antibody (rapid plasma
reagin card test; Hynson, Wescott and Dunning,
Inc., Baltimore, Md.). Approximately 5 x 107 viable
T. pallidum were inoculated per testis, resulting in a
well-developed orchitis within 8 to 11 days. Rabbits
were housed at 16 to 19 C. Elution of T. pallidum
from the minced orchitic testis involved two se-
quential 2- to 3-min washings with 5 ml of the
medium described below. The 5 ml of medium was
added to the minced testis in a petri dish and gently

' Present address: Department of Microbiology, Monash
University Medical School, Alfred Hospital, Commercial
Road, Prahran 3181, Victoria, Australia.

swirled for 2 min. This sample was discarded since
it contained much particulate matter, erythrocytes
and, sometimes, fibrin clots. The second 5-ml sample
was collected under N2 and immediately used as the
inoculum without centrifugation or any attempt to
remove or minimize particulate matter. A 3% inocu-
lum (0.3 ml/10 ml of medium) was consistently used,
and the final number of motile T. pallidum in the
maintenance medium usually ranged from 105 to
106/ml.
Maintenance medium. The final composition of

the maintenance medium is shown in Table 1. The
medium was made in two parts as described below;
the parts were combined to make the complete me-
dium just prior to inoculation with T. pallidum. To
make 1 liter of medium, 470 ml of part 1 and 530 ml
of part 2 were combined, or pro rata for smaller
volumes.

Maintenance medium A. The following compo-
nents were dissolved in double-distilled water to a
volume of 460 ml in a 500-ml conical flask with a
magnetic spin bar: NaCl, 4.6 g; KCl, 230 mg;
(NH4)2SO4, 96 mg; MgSO4-7H20, 119 mg;
CaCl2-2H20, 83 mg; glucose, 1.15 g; fructose, 1.92 g;
sorbitol, 1.92 g; sodium pyruvate, 53 mg; cocarboxyl-
ase, 3 mg; adenine, 15 mg; yeast extract (Difco Labo-
ratories, Detroit, Mich.), 1.92 g; and resazurin, 0.3
mg. The mixture was prereduced by autoclaving at
121 C for 8 min and cooling under slow exhaust.
Immediately upon removal from the autoclave, the
medium was continually flushed with oxygen-free
nitrogen until cool. The latter was obtained by pass-
ing nitrogen gas, which was deoxygenated, through
a hot copper column prior to use. After the medium
had been cooled, 10 ml of buffer-bicarbonate solution
was added, which contained (per 10 ml); NaHCO3,
276 mg; KH2PO4, 116 mg; K2HPO4, 418 mg; and
Na2HPO4, 34.55 mg. In addition, glutathione (re-
duced; 0.6 g), cysteine (0.4 g), and sodium thioglyco-
late (0.35 g) were added with gentle stirring. The pH
of the solution was adjusted to 8.2 with several drops
of 10 N NaOH. The medium was maintained under a
stream of nitrogen until it was carefully added to
nitrogen-flushed, anaerobic tubes (18 by 142 mm;
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TABLE 1. T. pallidum maintenance

Component Concn
(mg/liter)

NaCl
NaHCO3
KCI
(NH4)2SO4
KH2PO4
K2HPO4
Na2HPO4
MgSO4-7H20
CaCl2 2H20
Glucose
Fructose
Sorbitol
Sodium pyruvate
Glutathione
Cysteine
Sodium thioglycolate
L-Glutamine
L-Arglnine
L-Cystine
L-Histidine
L-Isoleucine
L-Leucine
L-Lysine
L-Methionine
L-Phenylalanine
L-Threonine
L-Tryptophan
L-Tyrosine
L-Valine
Cocarboxylase
Adenine
Isobutyric acid
Coenzyme A
a-Lipoic acid
p-Aminobenzoic acid
Biotin
Choline chloride
Folic acid
Inositol
Nicotinic acid
Nicotinamide
Pyridoxal HCl
Pyridoxine-HCl
Pyridoxamine-2HCI
Putrescine-2HCl
Riboflavin
Thiamine-HCl
Calcium pantothenate
Cyanocobalamin
Yeast extract
Bovine serum albumin

(delipidified)
Resazurin

4,600.0
276.0
230.0
96.0

116.0
418.0
34.55

119.0
83.0

1,150.0
1,920.0
1,920.0

53.0
600.0
400.0
350.0
210.0
75.58
17.27
22.31
37.79
37.72
41.75
10.80
23.03
34.55
7.20

25.91
33.11
3.00

15.00
2.85

1.5 X 10-2
1.50
1.50

1.5 X 10-3
8.22

7.3 x 10-1
8.94
0.15
3.22
1.47
0.75
1.00
2.50
0.22
0.87
0.87

1.5 X 10-2
1,920.00
7,500.00

0.30

mediuma Bellco Glass, Inc., Vineland, N.J.) to minimize any
oxidatio?i of the medium. The medium (4.6 ml) was

Molarity added to the tubes with a pipette preflushed with
(mM) nitrogen a few times, taking the precaution not to

blow through the pipette. The tubes were tightly
7.90 x 10-1 sealed with no. 1 rubber stoppers and autoclaved in

3.29 a press (Bellco Glass, Inc.) at 121 C for 15 min em-
3.08 ploying a fast exhaust. This part of the reduced

7.26 x 1o-l medium was never made sooner than 1 day before
8.52 x 10- use.

2.40 Maintenance medium B. The following compo-
2.43 x 10-1 nents were made to a final volume of 530 ml: L-
4.83 x 10-1 glutamine, 0.21 g; L-arginine, 75.58 mg; L-cystine,
5.64 x 10-1 17.27 mg; L-histidine, 22.31 mg; L-isoleucine, 37.79

6.38 mg; L-leucine, 37.72 mg; L-lysine, 41.75 mg; L-methi-
1.07 x 10-1 onine, 10.80 mg; L-phenylalanine, 23.03 mg; L-threo-
1.05 x 10-1 nine, 34.55 mg; L-tryptophan, 7.20 mg; L-tyrosine,
4.80 x 10-1 25.91 mg; L-valine, 33.11 mg; isobutyric acid, 2.85

1.95 mg; coenzyme A, 15 j,g; a-lipoic acid, 1.5 mg; p-
3.30 aminobenzoic acid, 1.5 mg; biotin, 155 ug; choline
3.07 chloride, 8.22 mg; folic acid, 0.73 mg; inositol, 8.94
1.44 mg; nicotinic acid, 0.15 mg; nicotinamide, 3.22 mg;

4.34 x 1o-1 pyridoxal HCl, 1.47 mg; pyridoxine HCl, 0.75 mg;
7.18 x 10-2 pyridoxamine HCI, 1.0 mg; putrescine-2HCl, 2.5
1.44 x 10-' mg; riboflavin, 0.22 mg; thiamine-HCl, 0.87 mg;
2.88 x io-i calcium pantothenate, 0.87 mg; cyanocobalamin, 15
2.88 x 10-1 1tg; bovine serum albumin (Pentex Biochemical,
2.86 x 10-1 Kankakee, Ill.; fatty acid free), 7.5 g; bovine serum
7.23 x 10-2 ultrafiltrate (Colorado Serum Co., Denver, Colo.),
1.39 x 10-1 15 ml; and newborn calf serum (International Scien-
2.90 x 10-1 tific Industries, Cary, Ill.), 72 ml. The medium was
3.50 x 10-2 adjusted to pH 7.25 to 7.45 and sterilized by filtra-
1.43 x 10-1 tion through a washed (0.45 ,um) membrane filter
2.83 x 10-1 (Millipore Corp., Bedford, Mass.). The stock solu-
6.20 x 10-3 tions (amino acids, vitamins, etc.) of this mixture
1.10 x 10-1 were prepared in advance, stored frozen, and then
3.23 x 10-2 pooled just prior to use.
2.00 x 10-3 Final medium. The tubes containing 4.7 ml of
7.20 x 10-3 maintenance medium A were opened under nitro-
1.09 X 10-2 gen, and 5.3 ml of maintenance medium B was
6.00 x 10-3 added. The tubes were tightly stoppered again. The
5.88 x 10-2 final pH of the complete medium was 7.25 to 7.45. It
1.66 x 10-3 was isotonic, as measured by the stability of washed
4.96 x 10-2 sheep erythrocytes in it. Its redox potential ranged
1.22 x 10-3 from -250 to -350 mV Ecai, which is -10 to -110
2.64 x 10-2 mV Eh, the optimum range for the maintenance of
7.22 x 10-3 motility of T. pallidum.
3.65 x 10-3 Determination if motility. The tubes of medium
4.15 x 1o-3 inoculated with T. pallidum (106 to 107 organisms/10
1.55 x 10-2 ml) were incubated at 34 C without shaking. At 24-h
5.80 x 10-4 intervals, two freshly mixed samples per tube were
2.58 x 10-3 removed aseptically and under nitrogen from each of
1.83 x 10-3 three replicate tubes. A total of 400 treponemes was
1.00 X 10-5 examined at each time interval, giving a theoretical

standard error of ±45%. Each treponeme was scored
as motile or nonmotile. Motile treponemes always
showed either a flexing, snapping, or rapid spinning

1.30 x 10-3 motion, as distinct from a slow, rolling motion or
obvious Brownian movement.

Determination of virulence. As part of this
afiltrate (15 study, the Dutch Belt breed of rabbits was standard-
nl/liter) were ized with respect to their formation of syphilitic
and the final lesions after intradermal inoculation of virulent T.

pallidum. The observations of Turner and Hollander

a In addition, bovine serum ultr
ml/liter) and newborn calf serum (72 n
added. The final pH was 7.25 to 7.45,;
Ecai was -250 to -330 mV.
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FIG. 1. Standardization of male Dutch Belt
rabbits with respect to graded intradermal inocula of
virulent T. pallidum. Each point represents one
dermal syphilitic lesion.

(13) were substantiated in that a direct relationship
was observed between the number of T. pallidum
inoculated per site intradermally and the length of
time elapsing before the first appearance of the der-
mal syphilitic lesion (Fig. 1). This relationship aided
in establishing an estimation of the virulence of a T.
pallidum sample when taken from the in vitro main-
tenance medium. To obtain these data we shaved
the rabbits and marked their backs into grids. Each
of four rabbits was injected intradermally with 0.1
ml of a T. pallidum sample which had been incu-
bated at 34 C for varying intervals of time after
inoculation ofthe maintenance medium. The rabbits
were kept shaved and housed at 16 to 19 C for maxi-
mal lesion development. Two lesions that formed
rapidly were excised and minced in saline. Motile
T. pallidum were observed in both.

Nelson-Diesendruck medium as modified by
Ajello et al. Nelson-Diesendruck medium (7), cur-

rently used in the T. pallidum immobilization test,
was made as described by Ajello et al. (1).
Weber medium. Weber medium (14) was pre-

pared as originally described, except it was modified

by substituting acid-hydrolyzed gelatin with acid-
hydrolyzed casein since the gelatin was unavailable.
We compared this medium with our own for the
maintenance of treponeme motility. In addition to
utilizing the medium under nitrogen, we also used it
under liquid paraffin containing 0.1% 2,6-di-tert-bu-
tyl-para-cresol, which is an antioxidant, as de-
scribed in the original work of Weber.
Redox potential determination. Redox values

(Ecal) were obtained with a combination platinum-
calomel (saturated KCl) electrode (Orion model
96-78, Orion Research, Cambridge, Mass.) connected
to a pH meter (Orion model 601 digital ionalyzer).
The Eca, reading, in millivolts, was taken 10 min
after inserting the electrode into the medium. Read-
ings of Eh (redox potential based on the standard
hydrogen electrode) were made by adding 241 mV
to the Ecat, which is the potential of the saturated
calomel electrode at 25 C (4).

RESULTS
As shown in Fig. 2, the T. pallidum motility

remained above 80% for 48 h. Motility50, the
time required for 50% of the treponemes to
become nonmotile, was 83 h, while the motility
dropped to zero by day 9 after inoculation. The
graph is a composite of nine experiments. The
poorest motility50 obtained was 64 h, the best
was 94 h, and the average was 83 h. The varia-
tion seemed to be due to the difference in the
inoculum of T. pallidum. An inoculum larger
than 3% of the total volume resulted in a more
rapid drop in the percentage of motility.
The drop in motility in the Nelson-Diesen-

druck medium and the Weber medium (under
nitrogen and under oil), under the conditions
we used, was considerably faster than in our
new medium. Motility50 ranged from 14 to 18 h.
This was not due to an unsuitable redox poten-
tial since in both cases it was within the opti-
mum range for T. pallidum, -250 mV to -350
mV Ecai (5; S. R. Graves and R. C. Johnson,
unpublished data).

Retention of virulence of T. pallidum in our
medium, as shown by the development of
dermal lesions after intradermal inoculation of
rabbits with samples taken at different inter-
vals of time, was still 100% at day 1 and 60% at
day 2, but it fell rapidly thereafter to become
completely avirulent by day 5 (Fig. 1 and Table
2).

There was no increase in the number of T.
pallidum, indicating that no multiplication oc-
curred. However, by 4 days after inoculation,
the remaining motile treponemes appeared to
be much longer than those freshly isolated from
infected rabbits.
During the course of the experiment, the re-

dox potential of the medium tended to increase,
from approximately -300 mV to about -250

INFECT. IMMUN.
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FIG. 2. Loss of motility (H) and virulence (H) of T. pallidum in our maintenance medium compared

with the loss of motility of T. pallidum in the Nelson-Diesendruck medium (1, 7) ( ), Weber medium

(14) under nitrogen (----), and Weber medium under liquid paraffin containing antioxidant (- --).

TABLE 2. Drop in motility and virulence of T.
pallidum in the maintenance medium at34 C

Days No. of TIimeofle- Original T.
after inoc- Motility rabbit sionedevel- pallidum vir

withoT. (9 tmal le- opment ulence re-
pallidum sions (days) maining (%)

0 100 4/4 11 100
1 97 4/4 11 100
2 84 4/4 12 60
3 61 4/4 23 0.1
4 39 1/4 37 0.002
5 21 0/4
6 13 0/4
7 8 0/4
8 4
9 0 0/4

10 0

mV Ecai at day 9, probably due to oxygen leak-
ing into the tubes.

DISCUSSION
The value of this work is not so much in the

maintenance of motility and virulence of T.
pallidum per se, but in the direction this work
leads to research aimed at growing this orga-
nism in vitro. Culture of the organism in vitro
will probably be necessary before a practical
vaccine can be developed against syphilis.
The earliest work of Nelson (6) required a 12-

h (technique A) or a 3-h (technique B) period of
elution of testis for sufficient nutrients to accu-
mulate in the medium. Without this procedure
of elution or at least the factor present in beef
serum or beef serum ultrafiltrate (11), the T.
pallidum would survive for only 12 to 24 h. We
confirmed the work of Nelson using a motility5o
of 18 h and the basic method of medium prepa-
ration as was modified and improved (7, 8, 10,

12) by Ajello et al. (1).
Weber (14), in an extensive study, reportedly

improved the Nelson medium to give enhanced
survival of the organism. He eluted the infected
testis for 2 h. In our minor modification of his
medium, we found it to be no better than the
medium of Nelson although the inoculum we

used was rapidly eluted within 2 to 3 min. This
time sequence was used only as a control for our
medium and was not an attempt to repeat the
work of Nelson and Weber. It appears that the
new medium we have developed contains at
least some of the nutritional factors that were

originally eluted from the rabbit testis.
With regard to known nutrients, it has re-

cently been demonstrated that glucose and py-

ruvate are utilized by T. pallidum yielding CO2
(J. C. Nichols and J. B. Baseman, Abstr.
Annu. Meet. Am. Soc. Microbiol. 1975, D3, p.

52), that various amino acids are incorporated
into protein (2), that cocarboxylase and adenine
prolong motility (9), and that K+ is advanta-
geous (3). These observations have been taken
into account in the design of the new medium.

In general, as long as a tested compound did
not reduce the retention of motility, it was

added to the medium. The reason for this was

that it was thought that a combination of com-
pounds might enhance motility retention, even

though each compound individually was with-
out an enhancing effect.
Redox potential is important in maintaining

T. pallidum motility. Metzger and Smogor (5)
and, more recently, Graves and Johnson (un-
published data), have shown that Eca, values of
-250 to -350 mV are optimal. Nelson and co-

workers and later Weber did not measure the
redox potential of their media. Their media, as

we prepared them, were in fact within the opti-
mal range.
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The loss of virulence in our maintenance me-
dium was more rapid than the loss of percent-
age motility. Motility and, presumably, via-
bility were still 20 to 40% at the point when
the culture became avirulent. Weber (14) also
observed this phenomenon. This suggests that
the synthesis of an important bacterial sub-
stance essential for virulence, possibly an outer
envelope, did not occur in vitro.
The consistent, albeit subjective, observation

similar to that of Nelson (6) that the trepo-
nemes elongated over the course of several days
in the maintenance medium gives some cause
for cautious optimism about the possibility of
cultivating this bacterium. This is especially
true since it was the treponemes that retained
their motility the longest that appeared to in-
crease in length.

ACKNOWLEDGMENTS
We wish to thank Madeleine Wachter and Stephen

Knight for excellent technical assistance.
This investigation was supported by Public Health Ser-

vice research contract NO1-AI-42537, SA no. 1, and grant
no. AI 08124 from the National Institute of Allergy and
Infectious Diseases and by The Hormel Foundation.

LITERATURE CITED
1. Ajello, G., J. Portnoy, L. Logan, and S. Olonsky. 1954.

Studies on the Treponema pallidum immobilization
(TPI) test. IV. A simplified method of preparing the
modified basal medium. Am. J. Syph. Gonorrhea
Vener. Dis. 38:288-294.

2. Baseman, J. B., and N. S. Hayes. 1974. Protein synthe-
sis by Treponema pallidum extracted from infected
rabbit tissue. Infect. Immun. 10:1350-1355.

3. Doak, G. O., L. D. Freedman, and J. W. Clark, Jr. 1959.

Ionic requirements of Treponema pallidum. J. Bacte-
riol. 77:322-327.

4. Jacob, H. E. 1970. Redox potential. In J. R. Norris and
D. W. Ribbons (ed.), Methods in microbiology, vol. 2.
Academic Press Inc., New York.

5. Metzger, M., and W. Smogor. 1966. Study of the effect of
pH and Eh values of the Nelson-Diesendruck medium
on the survival of virulent Treponema pallidum.
Arch. Immunol. Ther. Exp. 14:445-453.

6. Nelson, R. A. 1948. Factors affecting the survival of
Treponema pallidum in vitro. Am. J. Hyg. 48:120-
132.

7. Nelson, R. A., and J. A. Diesendruck. 1951. Studies on
treponemal immobilizing antibodies in syphilis. I.
Techniques of measurement and factors influencing
immobilization. J. Immunol. 66:667-685.

8. Nelson, R. A., and M. M. Mayer. 1949. Immobilization
of Treponema pallidum in vitro by antibody produced
in syphilitic infection. J. Exp. Med. 89:369-393.

9. Nevin, T. A., W. J. Guest, and R. C. Geller. 1968.
Response of Treponema pallidum to certain nutri-
lites. Br. J. Vener. Dis. 44:274-276.

10. Portnoy, J., A. Harris, and S. Olonsky. 1953. Studies of
the Treponema pallidum immobilization (TPI) test. I.
The effect of increased sodium thioglycollate and com-
plement. Am. J. Syph. 37:101-105.

11. Rice, F. A., and R. A. Nelson. 1951. The isolation from
beef serum of a survival factor for Treponema palli-
dum. J. Biol. Chem. 191:35-41.

12. Saurino, V. R. 1953. A modification of the Nelson trepo-
nemal sustaining medium for use in the Treponema
pallidum immobilization test. Am. J. Syph. 37:112-
127.

13. Turner, T. B., and D. H. Hollander. 1957. Biology of the
treponematoses. World Health Organization, Ge-
neva.

14. Weber, M. M. 1960. Factors influencing the in vitro
survival of Treponema pallidum. Am. J. Hyg.
71:401-417.

15. Willcox, R. R., and T. Guthe. 1966. Treponema palli-
dum. A bibliographical review of the morphology,
culture and survival of T. pallidum and associated
organisms. World Health Organization, Geneva.

INFECT. IMMUN.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/i

ai
 o

n 
20

 D
ec

em
be

r 
20

22
 b

y 
10

3.
39

.1
36

.6
5.


