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Partial characterization of a hot phenol-water extract of Coxiella burneti
demonstrates the presence of at least 8 sugar and 17 fatty acid residues,
suggesting a complex lipopolysaccharide molecule.

Toxins have been identified in several rickett-
sial species (9, 14, 15), but no toxin has as yet
been described for Coxiella burneti, the rickett-
sial agent of Q fever. Brezina and co-workers
extracted C. burneti with trichloroacetic acid
and obtained antigens which were also pyrexial
(7). Phenol extraction of trichloroacetic acid
extract yielded non-immunogenic haptenes (1)
and antigens which were also pyrexial (6).
Phenol extracts of the rickettsiae were immuno-
genic (4, 5). We now report a partial character-
ization of the product of a phenolic extraction of
C. burneti that has toxic properties against
guinea pigs, producing many of the biochemical
changes observed during active infection with Q
fever (3).

Toxin material was prepared from purified,
phase I C. bumeti by a slightly modified phenol
extraction procedure (16). To 10 ml of a 10%
rickettsial suspension (wet wt/vol) in 0.02 M
phosphate buffer-0.15 M KCl (pH 7.4) was
rapidly added 10 ml of hot (68 C), 90% (wt/wt)
redistilled phenol, and the suspension was vig-
orously shaken for 20 min in a water bath at
68 C. The emulsion was centrifuged at 4,000
rpm for 15 to 20 min, and the aqueous phase was
removed and saved. The interphase and phe-
nolic phases were re-extracted at 68 C with an
equal volume of the phosphate-buffered solu-
tion. The pooled aqueous phases were dialyzed
against running tap water for 3 days. The
residual opalescent solution was centrifuged at
10,000 x g for 20 min. The supernatant was
removed and centrifuged at 105,000 x g for 3 h.
The transparent pellet was washed with the
phosphate-buffered solution to remove con-
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taminating nucleic acids and again centrifuged,
and the sediment was either lyophilized, frozen,
and stored at - 70 C, or if used immediately was
suspended in the appropriate solution at 4 C.
The phenol-sulfuric assay for carbohydrates
(10) was used for lipopolysaccharide assay, and
the amount of toxin was designated in terms of
micrograms of glucose equivalents. One gram of
purified C. bumeti (wet weight) yielded 1.9 mg
of glucose equivalents of extract.

Neutral sugar alditol acetate derivatives of
the hydrolyzed toxin were prepared (11) for
gas-liquid chromatography in a Varian Aero-
graph model 1740 equipped with a hydrogen
flame detector. Reference alditol acetate deriva-
tives were prepared from authentic samples of
glycerol, ribitol, xylitol, mannitol, galactitol,
sorbitol, and perseitol (mannoheptitol). At least
eight sugars are probably present in the toxin
(Fig. 1). Comparison with retention times of
reference alditol acetate derivatives identified
peaks 3, 4, 6, and 7 as ribitol, xylitol, mannitol,
and sorbitol, respectively. Peaks 1 and 2 are in
the tetrose-pentose region, peak 5 is in the
hexose region, and peak 8 is about equivalent to
perseitol, identifying a heptitol. With reference
to peak 3, it should be noted that the toxin
preparation had 260-nm absorbing material
(frequently found in bacterial endotoxin prepa-
rations), raising the possibility of ribonucleic
acid as a ribose source.
The methods of Langworthy and Buller (12)

were used for toxin hydrolysis and preparation
of methylated fatty acids, which were analyzed
in a Beckman GC-5 gas-liquid chromatography
apparatus. Reference methylated fatty acids
were 10:0, 12:0 to 22:0, 16:1, and 18:1. Com-
parison of retention times of the methylated
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fatty acid derivatives of hydrolyzed toxin (Fig.
2) with those of reference samples indicate that
17 fatty acids are possibly present in the toxin
hydrolyzate. Comparison of retention times of
the methylated derivatives with those of refer-
ence samples show that peaks 2, 5, 8, 10, 15, and
12 correspond to 14:0, 16:0, 18:0, 19:0, 22:0,
and ,B-hydroxymyristic acid, respectively.
Amino sugars were prepared from toxin (11);
analysis in a Beckman amino acid analyzer
revealed the presence of glucosamine.
Chemical analysis of the C. burneti toxin

indicates a complex lipopolysaccharide mole-
cule. Glucose, mannose, ribose, and xylose are
also frequently found in bacterial lipopolysac-
charide or endotoxin (2, 13), and glucosamine is
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FIG. 1. Gas-liquid chromatography of
tate derivatiues of the aqueous phase
extracts from C. burneti. Chromatograp
formed isothermally with a column ten
195 C and an N2 carrier gas flow rate of
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FIG. 2. Gas-liquid chromatography of
fatty acid derivatives from the acid-hydr(
ous phase of phenol extracts from C. E
detector temperature was 230 C, and He,
flow rates were 68, 300, and 30 ml/min, r

a known constituent of the lipid A moiety of
endotoxin (13) to which fatty acids are linked
via ketosidic bonds. The f-hydroxymyristic
acid in the rickettsial preparation is a common
constituent of several gram-negative bacterial
endotoxins (13). The presence of a toxin in C.
bumeti has long been suspected as contributing
to this rickettsia's virulence (8) but has hereto-
fore not been described. Isolation of this rickett-
sial toxin now offers opportunities to identify
some basis for the pathological and biochemical
changes which occur during Q fever. A subse-
quent paper (3) describes the biochemical prop-
erties of the toxin, indicating several additional
properties it has in common with typical
gram-negative endotoxins.
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