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Various methods for the concentration and
purification of Coxiella burneti have been de-
scribed. These include the use of diethyl eth-
er (1), Celite (2), centrifugation from 1 M
KCl followed by treatment with diethyl ether
(3), treatment with dextran sulfate followed
by centrifugation (4), density gradients
(5), and cellulose anion exchangers (6).

Of these methods, perhaps those utilizing
diethyl ether are most commonly employed
for the purification of formalin-inactivated C.
burneti. Diethyl ether is used in these
procedures to promote the separation of the
organism from the tissue in which it has been
propagated. Although the solvent has certain
useful properties which include its bacteri-
ostatic action and its lipid dissolving ability,
it is also a highly inflammable solvent and as
such does not readily lend itself to any large
scale procedures.

Recent studies in these laboratories have
been directed toward the concentration and
purification of C. burneti without the use of
diethyl ether and it is the purpose of this
communication to describe a relatively simple
method of preparing highly purified concen-
trates without the application of hazardous
solvents.

Materials and Methods. A fourth egg pas-
sage of the Henzerling strain of C. burneti
was obtained as a frozen 20% yolk sac sus-
pension from the U.S. Army Research Insti-
tute for Infectious Diseases, Fort Detrick,
Frederick, Maryland.

A fifth egg passage was prepared in these
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laboratories and passed once in guinea pigs
followed by three passages in eggs. The third
egg passage was stored as a 20% yolk sac
suspension at —60° to provide seed material.
All eggs used in these studies were leukosis-
free chicken eggs (SPAFAS).

Seven-day-old embryonate eggs were inoc-
ulated with a dilution of seed material prede-
termined to give a 209% mortality between
days 7 and 8 postinoculation. Yolk sacs were
harvested from the surviving eggs on the day
showing a 20% mortality, weighed and stored
at —60°,

Frozen yolk sacs were partially thawed and
suspended in sufficient cold (4°) phosphate
buffered saline (0.15 M NaCl, 0.006 M
NapHPOy4, pH 7.0) to make a 20% (w/v)
suspension. An aerosol-free Waring Blendor
was used for this purpose employing a sus-
pending time of 3 min.

The 20% yolk sac suspension was diluted
with an equal volume of 2 M NaCl contain-
ing 1% (v/v) formalin (Fisher) and stirred
at 24° for 20 hr. The suspension was trans-
ferred to a fresh container and stirred for 40
hr at 4°,

The inactivated 10% yolk sac suspension
was centrifuged for 2 hr at 11400g at 4°.
The lipid pellicle was dislodged, drawn off
along with the supernatant liquid and dis-
carded. The yellow pellet was suspended in
sufficient 1 M NaCl containing 0.5% (v/v)
formalin to give a final volume equivalent to
one-tenth the volume of the original 20%
yolk sac suspension.

Freon treatment. One volume of the resus-
pended pellet at 4° was adjusted to pH 5.7
with 2 N HCI and cooled to 0-2° in an ice
bath. Four-tenths of a volume of cold (0-2°)
absolute ethanol was added slowly with stir-
ring. Stirring was continued for 30 min, and
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1 vol of cold (0-2°) trichlorotrifluoroethane
(Freon 113, Dupont) was added. The mix-
ture was stirred for an additional 30 min.
The mixture was transferred to a graduated
cylinder and permitted to stand at 4° for 18
hr. The upper milky-white first water phase
was carefully drawn off, adjusted to pH 6.8
with 1 ¥ NaOH and stored at 4°. The resid-
ual denatured protein and lipid-containing
Freon phases were re-extracted by stirring for
30 min at 4° with 1 vol of a special water
phase previously prepared by equilibrating at
4° a mixture of 1 vol of 1 M NaCl contain-
ing 0.5% formalin (v/v) and 0.4 vol of abso-
lute alcohol with 1 vol of Freon 113. The
second extraction was also permitted to stand
for 18 hr at 4° and the upper second water
phase was removed as before. The second
water phase was adjusted to pH 6.8 with 1 N
NaOH, pooled with the first water phase
and stored at 4°.

Brushite treatment, Brushite (7) which
had previously been equilibrated with 1
NaCl in 0.001 M sodium phosphate buffer,
pH 7.0, was used to further purify the pooled
water phase fraction. Columns measuring 50
mm in diameter by 120 mm in length were
found satisfactory for processing 150- to
200-ml aliquots of pooled water phase.
Column packing pressure was found to be
critical and could not exceed 1 psi or high
losses would be encountered. The pooled
water phase fraction was followed by the
same solution wused to equilibrate the
brushite. Flow rates were 0.5 to 1.0 ml/min
and collection of effluent was initiated at the
first sign of turbidity and terminated when
turbidity dropped sharply.

The brushite effluent was centrifuged for 2
hr at 11,400¢ at 4° and the water-clear
supernatant liquid was discarded. The sedi-
mented white pellet was suspended in suffi-
cient cold (4°) phosphate buffered saline to
obtain a final volume equivalent to one-half
that of the effluent centrifuged. The suspend-
ed pellet was stirred vigorously for 15 min at
4° and clarified by centrifugation for 10 min
at 280g at 4°,

Assay procedures. Optical density measure-
ments at 420 mp were made in phosphate
buffered saline using the Spectronic 20 Colo-
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rimeter (Bausch and Lomb). Total nitrogen
determinations were made by the usual mi-
cro-Kjeldahl digestion technique, followed by
Nesslerization and absorption measurements
at 440 mp. Total solids were obtained by
dialyzing samples exhaustively against dis-
tilled water at 4° and drying aliquots of the
dialyzed preparation at 95° until a constant
weight was realized. Complement fixation as-
says were performed according to the micro-
titer version of The Laboratory Branch of
The Communicable Disease Center test (8).
Phase characterization was accomplished by
the complement fixation test in which early
(17) day and late (45) convalescent guinea
pig sera were used. Egg protein amounts were
estimated by the use of the complement
fixation test using a guinea pig antiserum
prepared against egg albumin and yolk sac
by the method of Lackman (9). As little as
0.1 to 0.5 pg/ml of egg albumin could be
detected by this procedure.

Results. For the comparision of the degree
of purification and yield obtained at each
step, samples were removed and analyses of
total nitrogen, optical density, and comple-
ment fixation content were obtained. The ini-
tial centrifugation step removed a consider-
able amount (87%) of nonrickettsial nitro-
gen (Table I). Eleven percent of the nitrogen
of the high speed pellet was removed by
treatment with Freon 113 leaving the pooled
Freon water phase with a high concentration
of rickettsiae contaminated with small
amounts of tissue debris, yellow pigment, and
nonsedimentable egg antigen. The tissus de-
bris and yellow pigment were removed by the
brushite treatment and the egg antigen was
reduced to undetectable levels by the second
sedimentation. '

Within the limits of the complement
fixation assay, overall yields were 59%.

The final produce was a white, turbid sus-
pension which, when examined microscopical-
ly as a stained smear (10), appeared to con-
sist wholly of rickettsia-like bodies. The final
product showed a marked reaction in the
complement fixation test when late (45 day)
convalescent guinea pig serum was used, but
gave negative results when tested with early
(17 day) convalescent sera or with an anti-
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TABLE 1. Purification of Formalin-Inactivated C. burneti; Henzerling Strain, Fourth Egg

Passage.
Complement-fixing
titer”
Nitrogen oD
Fraction Vol (ml) (pg/ml)  @420my Phasel Phase2  Egg?
20% yolk sac suspension 670 2300 96 64
10% yolk sac suspension 1340 1060 34 32
High speed supernatant no. 1 1340 920 28 AC @ undil.
200% yolk sac pellet 67 800 27.5 512
First Freon water phase 71.5 552 10.4 256 8
Second Freon water phase 70.5 106 1.7 32 AC@?2
Pooled water phases 142.0 336 6.8 128 4, AC @ undil.
Brushite effluent 198.0 144 3.2 64 Neg
High speed supernatant no. 2 195.0 11.5 0.01 4
Resuspended pellet 99.0 288.0 6.4 256 Neg Neg
Clarification residue 9.9 0.2 16 Undil.
Purified antigen 99.0 264 6.3 256 Neg Neg

* Reeiprocal value.

? One CF unit equivalent to 0.1 to 0.5 ug of egg albumin.

egg guinea pig serum capable of detecting 0.1
to 0.5 ug/ml of egg albumin. The average
nitrogen content of the final product on a dry
weight basis was 11.7%.

The relationship between optical density
(turbidity) and C. burneti concentration was
investigated. Samples of a purified rickettsi-
al concentrate were dialyzed exhaustively
against distilled water at 4° and dried to
constant weight at 90°. Four samples of the
concentrate prior to dialysis were appropri-
ately diluted with buffer and the optical den-
sity of the dilutions was measured at 420 mp.
The results agree well with those reported else-
where (11).

Summary. Procedures for the preparation
of highly purified concentrates of formalin-
inactivated Coxiella burneti were developed.
These procedures include the use of centrifu-
gation, fluorocarbon, and brushite treatments.
The final product was free of detectable host
(egg) antigen and had only phase 1 comple-
ment-fixing  activity. The  relationship

between concentration and optical density was

confirmed for the concentrated material.
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