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The lipid composition of Treponema pallidum (Nichols virulent strain) was
determined after purification of the organisms from the infected testes of corti-
costeroid-treated rabbits by differential centrifugation, filtration through Nucle-
pore membranes, and sedimentation in Hypaque density gradients. The total
lipids were comprised of 32.2% neutral lipids, mainly cholesterol, and 67.8%
phospholipids consisting of phosphatidylcholine (32.1%), sphingomyelin (14.8%),
cardiolipin (13.0%), phosphatidylethanolamine (6.2%), phosphatidylinositol-ser-
ine (1.2%), and lysophosphatidylcholine (0.4%). Monoglycosyldiglyceride, a gly-
colipid comprising 25 to 50% of the total lipid of all Treponema previously
examined, was not detected. The fatty acid composition was similar but quanti-
tatively distinct from that of the infected testes tissue.

Attempts to cultivate Treponema pallidum,
the causative agent of syphilis, in vitro have
failed since its discovery almost 75 years ago.
Largely due to this, little is known about the
organism's lipid metabolism or composition.
Many cultivable Treponema require long-chain
fatty acids for growth (9, 16, 22) since they can
neither synthesize, 8-oxidize, nor desaturate
fatty acids (1, 10, 19). Some intestinal and oral
strains, however, can utilize short-chain fatty
acids (26). Recent studies suggest that T. palli-
dum may also have lesions in lipid metabolism
similar to many cultivable treponemes (9, 18, 21,
25).

Lipids comprise 15 to 20% of the cellular dry
weight ofthe cultivable treponemes (10, 16). The
major component is a glycolipid, monoglyco-
syldiglyceride (MGDG), containing galactose
generally as the sugar moiety. MGDG comprises
25 to 50% of the total lipid of each of the ap-
proximately 20 treponemal strains of genital,
oral, and intestinal origin so far examined (10,
16, 19) including T. hyodysenteriae (our unpub-
lished data), the only cultivable pathogenic Tre-
ponema (12). Although Vaczi et al. (29) investi-
gated the lipid composition of T. pallidum (Bu-
dapest strain), as well as four cultivable trepo-
nemes, they reported no quantitative data about
the individual lipids or gave any indication of
the glycolipid content of the organisms.

Since T. pallidum cannot be cultivated in
vitro, the organism is obtained for laboratory
studies from the testes of experimentally in-
fected rabbits. A major impedance of research
on T.pallidum is the difficulty ofobtaining large
yields of the organism free of rabbit testicular

material. In recent years, however, the use of
corticosteroid-treated rabbits (8), Nuclepore fil-
ters (25), and Hypaque gradients (2) has proven
remarkably useful in reducing this problem. We
have used all of these tools to obtain high num-
bers of purified T. pallidum for lipid analysis.
Infected rabbit testicular tissue and T. phage-
denis biotype reiterii were also examined as
comparative controls. Our results have shown
that T. pallidum appears to be unique among
Treponema in that the major lipid component
of other Treponema, namely MGDG, was not
detected in this human pathogen.

MATERIALS AND METHODS
Chemicals. Fatty acids and fatty acid methyl ester

standards were obtained from The Hormel Institute,
Austin, Minn., and Nu-Chek Prep, Inc., Elysian,
Minn.; neutral lipid and phospholipid standards were
from Supelco, Inc., Bellefonte, Pa., and Avanti Bio-
chemicals, Inc., Birmingham, Ala.; and Silica Gel H
was from E. Merck AG, Darmstadt, Germany. A dye-
binding protein assay (4) kit was purchased from Bio-
Rad Laboratories, Richmond, Calif. All solvents were
distilled before lipid analyses (28).

Propagation of treponemes. The Nichols viru-
lent strain of T. pallidum was propagated by intrates-
ticular inoculation of mature New Zealand and Dutch
Belt rabbits (18). Infected rabbits were injected with
1 mg of dexamethasone (Beecham Laboratories, Bris-
tol, Tenn.; Med-Tech, Inc., Elwood, Kan.) intramus-
cularly on day 3 postinfection and daily until sacrificed
(8). T. phagedenis biotype reiterii was grown at 370C
in 165 ml of prereduced medium (16) containing 10%
(vol/vol) newborn calf serum in stoppered 250-ml Er-
lenmeyer flasks with a gas atmosphere of 75% N2 +
20% H2 + 5% CO2. Treponemes were collected during
the early stationary phase (30 to 36 h of incubation)
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by centrifugation at 12,000 x g for 30 min at 40C,
washed three times with phosphate-buffered saline
(PBS, pH 7.3), and immediately used for lipid extrac-
tion.

Purification of T. pallidunL Treponemes were
extracted aerobically from testes of corticosteroid-
treated rabbits 11 to 14 days postinfection as previ-
ously described (18) until 35 to 50 ml of suspension
was obtained from each testis. Serum-free Eagle me-
dium containing 4 mg of fatty acid-free bovine serum

albumin (Miles Laboratories, Inc., Elkhart, Ind.) per
ml and 2 mM glutathione (24) was used for extraction.
Large particulate material was removed by centrifu-
gation at 250 x g for 10 min at 220C. The treponemes
were concentrated by centrifugation at 18,800 x g

(r.x) for 15 min at 15'C in a Sorval SS 34 rotor. The
pellets of treponemes from one to four testes were
suspended with the aid of a Vortex mixer and com-
bined in 25 ml of PBS, pH 7.3, containing 2 mM
glutathione (PBS-G). The suspension was centrifuged
at 250 x g for 7 min at 220C to remove aggregated
tissue material resulting from the high-speed centrif-
ugation. The supernatant fluid was filtered through an
0.8-pm Nuclepore filter to remove tissue cells (25).
The treponemes were concentrated as before, sus-
pended in PBS-G, and further purified by sedimenta-
tion at 100,000 x g (r,,) for 45 min at 15'C through
discontinuous gradients of Hypaque-M (Winthrop
Laboratories, New York, N.Y.) in Beckman SW 39L
or SW 41 Ti rotors (2). After collection from the
gradients, the treponemes were diluted with PBS,
concentrated as before to remove the Hypaque-M,
and then immediately used for lipid extraction. When
protein analyses were also to be performed, the puri-
fied organisms were washed three times with PBS.
The portion of the gradients above the uppermost

treponemal band was collected and treated like the
treponemal fraction (2) in an effort to estimate the
amount of tissue lipid contamination in the trepone-
mal suspensions before the last purification step with
Hypaque. Also, after extraction of T. pallidum from
the testes, the remaining tissue was used for lipid
extraction to compare with purified T. pallidum.

Lipid extraction. Lipids were extracted by a mod-
ification of the method of Bligh and Dyer (3). Meth-
anol (7.5 ml) and chloroform (3.75 ml) were added, in
order, to samples in 3.0 ml of water. The samples were
blended with a Vortex mixer, extracted overnight at
40C, and then centrifuged at 2,500 x g for 20 min at
4VC, and the supernatant fluids were saved. The pel-
lets were extracted twice more with 14.25 ml of meth-
anol-chloroform-water (2:1:0.8, by volume). The sam-
ples were centrifuged as before, and the supernatant
fluids were combined with the first extract. Chloro-
form (11.25 ml), 7.5% (wt/vol) KC1 (2.0 ml), and water
(9.25 ml) were added to the extract, the resultant
emulsion was broken by centrifugation, the chloroform
layer was saved, and the methanol-water layer was
washed with chloroform (7.5 ml). After the combined
chloroform phases were evaporated to dryness under
vacuum at 350C, the lipid was collected with four 1.5-
ml volumes of chloroform-methanol (19:1, vol/vol)
and stored at -100C in tubes sealed with Teflon-lined
caps. Total lipid was estimated gravimetrically.

Analysis of fatty acids. Fatty acid methyl esters
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of the total lipid were prepared by transesterification.
A portion of each lipid sample was dried under a
stream of nitrogen, dissolved in 2 ml of 5% (wt/wt)
HOl in anhydrous methanol, and heated at 110'C for
2 h. The methyl esters were extracted by addition of
2 ml of petroleum ether followed by 1 ml of water,
removal of the petroleum ether layer, and reextraction
with two additional 2-ml volumes of petroleum ether.
The combined extracts were brought to a known vol-
ume before analysis. Methylation of the fatty acids of
the individual polar and neutral lipid classes, separated
by thin-layer and column chromatography, was per-
formed similarly with heneicosanoic acid as an internal
standard.
Methyl esters of the fatty acids were analyzed with

a Fisher-Victoreen model 4000 gas-liquid chromato-
graph equipped with flame ionization detectors.
Methyl esters were separated isothermally at 1950C in
an aluminum column (0.32 by 244 cm) packed with
15% EGSS-X on 100/120 mesh Gas-Chrom P (Applied
Science Laboratories, Inc., State College, Pa.). Fatty
acid methyl esters were identified by comparisons of
relative retention times to those of reference stand-
ards. Graphs of log relative retention times versus
carbon numbers were used to tentatively identify fatty
acids not present in standard mixtures. Confirmation
of the identification of unsaturated fatty acids was
determined by catalytic hydrogenation of the methyl
esters followed by rechromatography and examination
for peak shifts. Quantitation of each fatty acid was
achieved by comparison of peak heights times reten-
tion times to that of the internal standard.

Fractionation, identification, and quantitation
of lipid classes. The total lipid extracts were sepa-
rated into individual lipid classes by thin-layer chro-
matography on glass plates coated with a 500-pim
thickness of Silica Gel H. Neutral lipids were separated
with solvent systems of petroleum ether-diethyl
ether-acetic acid (90:15:2 and 50:70:1, by volume);
glycolipids were separated with chloroform-methanol-
concentrated ammonium hydroxide (60:35:5, by vol-
ume); phospholipids were separated with chloroform-
methanol-acetic acid-water (25:15:4:2, by volume);
and phosphatidylethanolamine was separated from
phosphatidylglycerol with chloroform-methanol-am-
monium hydroxide (65:37:4, by volume).
The lipid classes were first separated and identified

by comparison of their mobilities with those of lipid
standards in the various solvent systems. Identifica-
tion was further confirmed by using specific color
reagents (11): a-naphthol for glycolipids, molybdenum
reagent for phospholipids, and ninhydrin for lipids
having free amino groups. When recovery of the indi-
vidual classes was not necessary, separated lipid com-
ponents were located by spraying the plates with 50%
(wt/vol) sulfuric acid and heating until charred.
For quantitative estimation of the individual lipid

classes, preparative thin-layer chromatography on
glass plates (20 by 20 cm) coated with 500-pum layers
of Silica Gel H was used. Except for cardiolipin which
migrated with the neutral lipids, the phospholipids
were first separated from the neutral lipids with chlo-
roform-methanol-acetic acid-water (25:15:4:2, by vol-
ume). After the position of each phospholipid compo-
nent was located by exposure to iodine vapor, the
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Silica Gel H was scraped from the individual areas
into screw-capped tubes containing heneicosanoic acid
as an internal standard and 5% (wt/wt) HCl in meth-
anol. The methyl esters of the fatty acids were pre-
pared and analyzed as described above. The neutral
lipids were separated from cardiolipin by scraping the
Silica Gel H into a glass column containing 2 g of silicic
acid in chloroform and eluting with 5 bed volumes of
chloroform. Cardiolipin was then eluted with 5 bed
volumes of methanol-chloroform-water (2:1:0.8, by
volume). The solvent ratio was adjusted to 1:1:0.9, the
chloroform layer was recovered and dried under a
stream of nitrogen, and cardiolipin content was deter-
mined by fatty acid analysis. The neutral lipids were
concentrated by evaporation, separated into individual
components by preparative thin-layer chromatogra-
phy, and the fatty acid-containing classes analyzed
like the phospholipid components.

Quantitation of the individual lipid classes was cal-
culated from the average chain length of the fatty
acids in each class and the known weight of heneicos-
anoic acid added as an internal standard to each
sample before methylation.
The sterol and sterol ester fractions of the neutral

lipids were quantitated by gas-liquid chromatography
of the trimethylsilyl derivatives (7). Free sterols were
first obtained from the sterol esters by hydrolysis for
2 h at 800C in a mixture of 0.1 ml of diethyl ether, 0.5
ml of ethanol, and 0.1 ml of 12 N aqueous KOH
followed by extraction of the free sterols with diethyl
ether. The sterol samples were combined with 100,ug
of cholestane used as an internal standard, dried, and
reacted for 15 min with 50 pl of pyridine-hexamethyl-
disilazane-chlorotrimethylsilane (9:3:1, by volume) to
form the trimethylsilyl derivatives. The derivatives
were separated isothermally at 2500C in a glass column
(0.2 by 183 cm) packed with 3% OV-17 on 100/120
mesh Gas-Chrom Q (Applied Science Laboratories,
Inc., State College, Pa.) with an F &M model 810 gas-
liquid chromatograph equipped with a flame ionization
detector. Quantitation was achieved by comparison of
peak height times retention time to that of the choles-
tane standard.

Protein analysis. Assays were performed on son-
icated suspensions of purified T. pallidum by modifi-
cations of the methods of Lowry et al. (17) and Brad-
ford (4). Bovine gamma globulin and serum albumin,
fraction V, were used as reference proteins.
Treponemal counts. Numbers oftreponemes were

determined by dark-field microscopy as previously
described (24) from at least eight cover slips with
duplicate samples. Treponemal enumeration with a
Petroff-Hausser chamber yielded the same results as
those obtained with the cover slip procedure.

RESULTS
Studies on the lipid composition of T. palli-

dum could be performed only if organisms were
obtained free of rabbit tissue components. To
accomplish this, we utilized an extensive purifi-
cation scheme that included three of the best
available tools for obtaining high yields of puri-
fied T. pallidum (2, 8, 25). We obtained 1010 to
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4 x 10's (mean = 2.3 x 1010) treponemes per
rabbit, with an average recovery of 45% after
purification.
The last major step in the purification scheme

used Hypaque gradients (2). Baseman et al. (2)
reported that a heavy band of tissue material
could be seen in the upper portion of the gra-
dients above the treponemal bands after centrif-
ugation. Our gradients contained no band or
only a faintly visible band in this region, al-
though particles were always detectable by dark-
field microscopy. As a precautionary measure,
we discarded the harvests from any rabbits re-
sulting in a heavy band of tissue material: 2 of
35 harvests were discarded. The tissue fraction
was always well separated from the treponemal
bands and easily removed before recovery of the
treponemal fraction. About 90.4% of the lipids
and 96.4% of the fatty acids recovered from both
the tissue and T. pallidum fractions of the gra-
dients were found in the treponemal fraction.
The final purified treponemal suspensions were
virtually free of detectable tissue material as
judged by dark-field microscopy. Baseman et al.
(2) previously reported that T. pallidum from
Hypaque gradients are unassociated with host
components as determined by both dark-field
and electron microscopy.

Protein and lipid contents of several purified
treponemal suspensions containing different
numbers of organisms were determined as an
additional indication of the purity of our final
preparations (Table 1). The amounts of lipid
and protein were directly related to the number
of organisms. The protein content of each sam-
ple was dependent, however, on the method and
reference protein used for the assay. All data on
protein values are presented since results ob-
tained with the newer dye-binding assay of
Bradford (4) cannot be properly compared with
protein values determined by the procedure of
Lowry et al. (17). The protein content of T.
pallidum determined by the Lowry et al. (17)
procedure with bovine serum albumin averaged
0.56 ± 0.07 (standard error of the mean) x 10-7
,ug/treponeme.
The individual lipid classes identified in T.

pallidum are shown in Table 2. Phospholipids
comprised 67.8% of the total lipid and were the
same as found in the infected testes tissue, al-
though major quantitative differences were
found. The ratio of the relative amounts of each
phospholipid class in the total lipid or phospho-
lipids of T. pallidum compared with the
amounts quantitated by McMeans et al. (unpub-
lished data) in normal and infected rabbit testes
tissue were as follows: phosphatidylcholine, 1.0
to 1.3; sphingomyelin, 1.6 to 2.0; cardiolipin, 3.9
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TABLE 1. Protein and lipid content ofpurified T. palliduma (Nichols virulent strain)
Total protein' (ug)

Sample Total T.pallXI Total lipid (pg) Dye-binding asay Lowry asay
ByG BSA ByG BSA

A 380 286 390 182 216 256(0.67)d
B 824 396 528 245 243 312(0.38)
C 1,149 694 1,006 470 485 619(0.54)
D 1,528 960 1,700 812 812 1,001(0.65)

Mean ± SEW (0.56 ± 0.07)

Virulent T. pallidum was purified from infected rabbit testes as described in the text. After removal from
Hypaque gradients, the organisms were washed three times with 35 ml of phosphate-buffered saline (pH 7.3)
before lipid and protein determinations.

b Samples A, B, C, and D contained the total number of treponemes collected and purified from four, one,
two, and three rabbits, respectively. The total number of organisms recovered and analyzed in sample A was
exceptionally low relative to the number of rabbits used. For unknown reasons all four animals had suboptimal
infections at time of harvest, which undoubtedly contributed to the cause of the low treponemal yield. Similar
problems have been reported by others (8).

'Protein content was estimated by a dye-binding (4) and the Lowry (17) procedures. Bovine gamma globulin
(B-yG) and serum albumin (BSA) were used as standard proteins in each assay.

d Values in parentheses denote micrograms of protein x 10' per treponeme.
' SEM, Standard error of the mean.

TABLE 2. Lipid composition ofpurified T. pallidum
(Nichols virulent strain)

Component Wt % of total lipid

Phospholipids
Phosphatidylcholine
Sphingomyelin
Cardiolipin
Phosphatidylethanolamine
Phosphatidylinositol/serine
Lysophosphatidylcholine

Neutral lipids
Cholesterol
Other sterols
Free fatty acids
Triglycerides
Sterol esters

Glycolipid

67.8 ± 1.oa
32.1 ± 2.3
14.8 ± 0.4
13.0 ± 1.0
6.2 ± 0.5
1.2 ± 0.1
0.4 ± 0.1

32.2 ± 1.0
26.5 ± 0.8
1.1 ± 0.1
2.9 ± 0.4
1.6 ± 0.1
0.2 ± 0.0

None detected
a Mean relative percentage ± standard error of the

mean, n = 3.

to 6.2; phosphatidylethanolamine, 0.4 to 0.6;
phosphatidylinositol-serine, -0.3; and lysophos-
phatidylcholine, 1.0. Neutral lipids were com-
prised mainly of cholesterol and accounted for
the remainder of the lipid. No glycolipid, specif-
ically no MGDG, was detected in T. pallidum
(Fig. 1), although it was easily extracted from T.
phagedenis biotype reiterii by the same proce-
dure used to extract the total lipids from T.
pallidum.
The fatty acid compositions of the total lipid

of T. pallidum and infected rabbit testicular
tissue remaining after extraction of T. pallidum
are compared in Table 3. The fatty acids from
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FIG. 1. Thin-layer chromatogram comparing the
presence and absence of monoglycosyldiglyceride
(MGDG) in the total lipids (200 ag) from T. phage-
denis biotype reiterii (TPR) andpurified T. pallidum
(TP), respectively. Lipids were resolved on glass
plates coated with Silica Gel H with chloroform-
methanol-ammonium hydroxide (60:35:5, vol/volI
vol) and detected by spraying with 0.5% a-naphthol
in methanol-water (1:1, vol/vol) followed by 50% sul-
furic acid and charring. Glycolipids were located as
purple spots before charring. The only a-naphthol-
positive spot detected in either of the two organisms
was MGDG in T. phagedenis biotype reiterii. Abbre-
viations: GSM, glycolipid standard mixture; S. sul-
fatide; DGDG, digalactosyldiglyceride; TGDG, tri-
galactosyldiglyceride; 0, origin; SF, solvent front.

INFECT. IMMUN.
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TABLE 3. Fatty acid composition of the total lipid
from purified T. pallidum (Nichols virulent strain)

and infected rabbit testes tissue
Fatty acid T. pallidum Testis

14:0b 2.3 ± 0.1c 0.6 ± 0.1d
15:0 0.9 ± 0.1 2.0 ± 0.0
16:0 42.2 ± 0.2 22.6 ± 1.6
16:1 2.1 ± 0.0 2.0 ± 1.0
17:0 1.0 ± 0.1 1.4 ± 0.0
18:0 10.1 ± 0.2 11.4 ± 0.8
18:1 13.2 ± 0.8 10.7 ± 0.4
18:2 10.3 ± 0.2 9.3 ± 0.4
20:3 0.2 ± 0.0 2.9 ± 0.2
20:4 2.4 ± 0.2 13.1 ± 2.2
22 series and above 12.6 ± 0.3 22.1 ± 0.4
Minor components' 2.7 ± 0.5 2.0 ± 0.2

'Virulent T. pallidum was purified from infected
rabbit testes as described in the text. The fatty acid
compositions of the total lipid extracted from the
purified organisms and the testes tissue remaining
after elution of the organisms were determined.

b Number of carbon atoms:number of double bonds.
c Mean relative percentage ± standard error of the

mean, n = 3.
dMean relative percentage ± difference from the

mean, n = 2.
'Sum of individual fatty acids comprising less than

0.6% of the total fatty acids from both T. pallidum
and the testes.

the organism were the same as found in the
tissue. Palmitic (16:0), stearic (18:0), oleic (18:1),
and linoleic (18:2) acids comprised about 76% of
the treponemal fatty acids. Prominent differ-
ences between T. pallidum and the tissue were
that the organism contained a greater proportion
of palmitic acid (16:0), whereas the tissue was
comprised of greater amounts of fatty acids of
20 carbon chain lengths and above. Differences
in the amounts of 14:0 and 15:0 fatty acids in the
organism and the tissue were also found.

DISCUSSION
Major problems in research on T. pallidum

are the acquisition of sufficient treponemes and
their purification from infected tissue. We have
obtained high yields of purified organisms for
studies of lipid composition by using several
well-documented tools: Hypaque gradients (2),
Nuclepore membranes (25), and corticosteroid-
treated rabbits (8). Baseman et al. (2) introduced
the use of Hypaque gradients to obtain purified
T. pallidum, but heavy bands of tissue material
were present in their gradients above the trep-
onemal fractions. We were able to reduce the
host material above the T. pallidum bands in
our Hypaque gradients so that no tissue band or
only a slightly macroscopically visible band was
evident. This decreased the possibility of the

organisms being contaminated with material
from the tissue fraction during recovery of the
treponemal fraction. The comparatively small
amount of host material present in the tissue
fraction of our gradients can be attributed to the
preliminary steps of purification employing dif-
ferential centrifugation and filtration through
Nuclepore membranes (25) and to the use of
corticosteroid-treated rabbits. Hardy and Nell
(8) have reported that harvests from corticoster-
oid-treated animals are much cleaner than those
from nontreated animals. They reported that
suspensions of T. pallidum purified by differen-
tial centrifugation from treated rabbits con-
tained an average of 1.9 x 1iO7 ,ug of protein per
treponeme as determined by the Lowry method
with bovine serum albumin as a standard. We
obtained an average protein concentration in our
final purified suspensions about 70% lower than
this.

Vaczi et al. (29) compared the lipids of T.
pallidum (Budapest strain) purified from corti-
costeroid-treated rabbits by differential centrif-
ugation with those of several cultivable trepo-
nemes. Each strain contained 11 to 13 compo-
nents including phosphatidylcholine, phospha-
tidylethanolamine, cardiolipin, and the corre-
sponding lyso-compounds, but no quantitative
data on these components or the identity of the
other lipids were reported. The types of phos-
pholipids that we found in T. pallidum were
similar to the cultivable treponemes (10, 16, 19)
and rabbit testicular tissue as well, but the rel-
ative amounts of individual phospholipids were
different. Vaczi et al. (29) reported that the
acetone-insoluble lipids which contained the
bulk of the phospholipids comprised 37.4% of
the total lipids of T. pallidum, or about one-half
the phospholipid content that we determined.
Smibert (27) used the Beckman Diagnostic elec-
trophoretically purified fluorescent treponemal
antibody antigen as a source of T. pallidum for
lipid analysis. The total lipid contained 41%
phospholipid comprised of 35% phosphatidyl-
choline, 33% phosphatidylinositol, and 31%
phosphatidylserine (C. B. Walker and R. M.
Smibert, Abstr. Annu. Meet. Am. Soc. Micro-
biol. 1974, Abstr. no. P40, p. 151). We found the
amount of phosphatidylcholine in T. pallidum
was about 27 times the combined amounts of
phosphatidylinositol and phosphatidylserine
rather than about one-half as reported for the
fluorescent treponemal antibody antigen. We
also found that 50% of the phospholipid con-
sisted of components other than phosphatidyl-
choline, phosphatidylinositol, and phosphatidyl-
serine.
The cardiolipin content of T. pallidum is of
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historical interest since the Wassermann anti-
body formed during the early course of syphilis
is an antibody to this phospholipid. Although
Kumar et al. (13) were unable to detect cardio-
lipin in 10"2 T. pallidum, we easily found it in 5
x 109 organisms. An unanswered question is
whether the Wassermann antibody in cases of
syphilis is formed against cardiolipin of trepo-
nemal or tissue origin. Since T. pallidum con-
tained about 13% cardiolipin, the antibody could
be formed at least in part against the treponemal
component. In false-positive, nonsyphilitic cases
this, of course, would not be true. It should be
noted that cardiolipin is a component of other
treponemes (16).

Cholesterol was a major constituent of the
lipids of T. pallidum but whether or not it is
required for growth remains unknown. T.
phagedenis contains cholesterol when grown
with serum (19) but can be grown without serum
and then contains no sterol (10, 16). On the other
hand, T. refringens biotypes require cholesterol
as an essential nutrient for growth (14, 23).
Evidence is gradually accumulating to indi-

cate that T. pallidum may be similar to many
cultivable treponemes regarding fatty acid me-
tabolism. Long-chain fatty acids are required for
growth by many strains of Treponema (9, 16, 22)
since the organisms are unable to synthesize, ,8-
oxidize, or desaturate fatty acids (1, 10, 19). The
fatty acids in these organisms are the same as
those found in the growth medium. Similarly,
the fatty acid composition of T. pallidum was
comparable to that of the infected tissue from
which the organism was obtained. No fatty acids
were present in the organism which were not
available from the tissue. T. pallidum has also
been shown to incorporate "4C-labeled oleic and
palmitic acids (25) but was unable to degrade
them to 14CO2 (21, 25) due to lack of the enzymes
of the fl-oxidation pathway (25). The effects of
fatty acids on the survival of T. pallidum in
vitro have also been found to parallel results
obtained in growth studies with cultivable trep-
onemes (9, 18).
The glycolipid MGDG is a major component

of all Treponema examined (10, 16, 19; our un-
published data). It has therefore been proposed
as a taxonomic marker to aid in differentiation
of Treponema from other members of Spiro-
chaetales (14, 16) and as a diagnostic tool to
indicate the presence of treponemes in tissue
(15). We did not detect MGDG in purified sus-
pensions of T. pallidum. Vaczi et al. (29) did not
report on the glycolipid content of either T.
pallidum or the cultivable treponemes that they
examined. Smibert (27) stated, however, that
the Beckman purified fluorescent treponemal

antigen preparation of T. pallidum contained
37% glycolipid-containing monosaccharide resi-
dues identified as arabinose, sedoheptulose,
mannose, and glucose (C. B. Walker and R. M.
Smibert, Abstr. Annu. Meet. Am. Soc. Micro-
biol. 1974, Abstr. no. P40, p. 151). Dupouey and
Betz (6) isolated a glycolipid antigen from T.
phagedenis biotype reiterii identified as MGDG
(5). MGDG was easily detected by complement
fixation reactions in T. phagedenis biotypes rei-
terii and phagedenis but not in T. pallidum (6).
The absence of MGDG in T. pallidum is inter-
esting in relation to evidence indicating the lack
of genetic relatedness between T. pallidum and
five cultivable Treponema (20). It would also be
interesting to determine whether T. pertenue
and T. carateum, treponemes pathogenic for
humans which are morphologically and immu-
nologically similar to T. pallidum, might resem-
ble T. pallidum in lacking MGDG.
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