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A method for the preparation of purified suspensions of Coxiella bumeti by
Genetron extraction followed by continuous-flow density gradient ultracentri-
fugation is described. Both phases of the Henzerling strain of C. bumeti were

found in a zone between 53 and 65% (w/w) sucrose. Based on chemical assays,

the Genetron zonal rickettsial suspensions were found to be as pure as the rick-
ettsial suspensions which were prepared by the ether extraction method cur-

rently in use for producing Q fever vaccines for human use.

In the preparation of purified Q fever vac-
cines or rickettsial antigens, ether generally is
used to remove the major portion of the con-
taminating lipoprotein and fat from infected
yolk sac membranes of embryonated eggs (3, 6,
12, 15). Because this solvent is highly inflam-
mable there is a danger involved in its use, and
disposal of large volumes of residual ether is a
problem.

In recent years techniques employing con-
tinuous-flow zonal centrifuges have been de-
veloped for the preparation of concentrated
suspensions of a number of viruses relatively
free of extraneous materials (5, 7-9, 14). This
paper describes the application of continuous-
flow zonal centrifugation to the purification
and concentration of Coxiella bumeti orga-
nisms derived from infected yolk sac mem-
branes and compares the products with those
obtained by the ether extraction method used
in this laboratory for preparing Q fever vac-
cines for human use (3).

MATERIALS AND METHODS
Rickettsial strains. The second egg passage of

the Henzerling strain of C. burneti (predominantly
in phase 1) and the 23rd egg passage of the same
strain (predominantly in phase 2) were obtained
from stock material prepared at Walter Reed Army
Institute of Research for vaccine production. The
seed material was comprised of 20% yolk sac mem-
brane suspensions stored at -70 C in rubber-stop-

' A portion of these results are taken from a dissertation
submitted to the Catholic University of America by D.R.D.
in partial fulfillment of the requirements for an M.S. degree.

pered, aluminum-sealed bottles.
Preparation of rickettsial stock suspensions.

Both the phase 1 and phase 2 rickettsial stock sus-
pensions were produced by the method of Berman et
al. (3). Seven-day-old embryonated eggs from path-
ogen-free White Leghorn hens (SPAFAS, Norwich,
Conn.) were inoculated with seed suspensions of C.
burneti diluted to give a 20% mortality rate occur-
ring between postinoculation days 7 and 8. On the
8th day, the infected yolk sac membranes of the sur-
viving eggs were harvested and homogenized with
sufficient distilled water to make a 60%Yo (w/v) tissue
suspension. These suspensions were first subjected to
one cycle of freezing (-70 C) and thawing and then
diluted to 30% (v/v) with 0.85% saline containing
sufficient Formalin and phenol to bring the final con-
centration to 0.3% Formalin and 0.75% phenol. Inac-
tivation was carried out at room temperature for 4
days with shaking at least twice daily. The inacti-
vated phase 1 and phase 2 30% yolk sac membrane
suspensions were considered the stock materials
from which the respective purified concentrates were
made.
Preparation of Genetron zonal concentrates.

The zonal centrifuge and the prototype of the Spinco
B-XVI rotor used in these studies are described else-
where (2, 5).

Initially, the infected 30% yolk sac membrane
suspension was diluted following inactivation to a
10% (v/v) suspension with 0.85% saline and partially
clarified by centrifugation at low speed. The super-
natant fluid was collected and introduced into the
B-XVI rotor of a model L4 Spinco ultracentrifuge.
However, particulate matter remaining in the sus-
pension blocked the small channels of the rotor and
its seals, and fatty material collected on the inner
core causing an abnormal rise in pressure within the
rotor. Therefore, it was necessary to pretreat the
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yolk sac membrane suspensions prior to zonal cen-
trifugation.

Because of the satisfactory experience in this labo-
ratory with use of the fluorocarbon Genetron-113
(Allied Chemical, Morristown, N.J.) for purifying
cholera organisms (1), this solvent was used at this
step of the purification procedure. [Since these
studies with Genetron-113 were initiated, Spicer et
al. (16) reported on the use of Genetron in the prepa-
ration of C. bumeti antigens from yolk sac mem-
brane suspensions.] Preliminary trials indicated that
maximum yields of rickettsiae in the aqueous layer
were obtained when one part of the fluorocarbon was
homogenized in a Waring Blendor at high speed for
1 min with four parts of the 10% yolk sac membrane
suspension. The resulting mixture then was centri-
fuged at 800 x g for 30 min at 4 C. The upper
aqueous layer was collected and could be processed
through the Spinco B-XVI rotor at the recom-
mended pressure without blockage or accumulation
of fatty material on the rotor core.

Accordingly, 1 liter of a 10%-formalinized yolk sac
membrane suspension of each phase was treated
with Genetron-113, and the resultant aqueous layer
(875 to 900 ml) was collected. Each of these aqueous
layers was processed in the Spinco B-XVI rotor con-
taining a sucrose gradient, and the sucrose concen-
tration, density, and CF titers of the collected frac-
tions were determined.
The rotor, having a capacity of 750 ml, was filled

with distilled water and was spun at 3,000 rev/min.
The gradient was made by introducing, with a peri-
staltic pump (Harvard Apparatus Co., Millis, Mass.),
550 ml of 65% (w/w) sucrose to the edge of the
rotor. Approximately 100 ml of distilled water was
circulated through the center of the core at 1.5 to 3
ml/min and the rotor was accelerated to 40,000
rev/min. At the end of 30 min the gradient had
formed by diffusion of the sucrose toward the center
of the rotor and washing of the sucrose "face." At
this time the rickettsial suspension (875 to 900 ml)
was pumped over the gradient at a flow rate of 1,440
ml/hr. After the introduction of the sample, the lines
were flushed with distilled water. Thereafter, the
rotor was allowed to spin at 40,000 rev/min for 2 hr
to insure isopycnic sedimentation of the rickettsiae
and then was decelerated to 3,500 rev/min. At this
speed 65% (w/w) sucrose was pumped into the edge
of the rotor, forcing the gradient containing the rick-
ettsiae out through the core. A series of 50-ml frac-
tions was collected and the density of each fraction
was determined immediately by means of an Abbe-
type refractometer. To each fraction 35 ml of 0.85%
saline was added, and the fractions were centrifuged
at 22,000 x g for 1 hr. The resulting pellets each
were suspended in 5 ml of phosphate-buffered saline
(PBS) containing 0.1% Formalin to concentrate each
fraction 10-fold. The amount of rickettsial antigen in
each fraction was determined by complement fixa-
tion (CF).
Preparation of ether-extracted suspensions

(phase 1 and phase 2). The ether-extracted suspen-
sions were prepared by the method of Berman et al.
(3). One liter of 10%-infected yolk sac membranes
was made by diluting the stock suspension with

0.85% saline and adjusting the pH to 5.7 with 1 N
HCl. This suspension was mixed with 1.5 liters of
sulfuric ether, and the mixture was held at room
temperature in an explosion-proof fume hood for 24
hr. The aqueous bottom phase was collected and was
placed under vacuum for 24 hr at room temperature
to remove the ether. The product then was centri-
fuged at 22,000 x g for 1 hr at 4 C. The supernatant
fluid was discarded, and the sediment was sus-
pended in PBS containing 0.1% Formalin to a
volume of 50 ml.

Chemical assays. Nitrogen content of the cen-
centrated suspensions of rickettsiae was determined
by the micro-Kjeldahl technique followed by nessler-
ization. Protein determinations were made by the
method of Lowry et al. (11) with bovine serum al-
bumin used as a standard.
The lipid determinations were performed by a

modification of the methods described by Stoddard
and Drury (17) and Youngburg and Youngburg (19).
The test involved determination of the weight of
lipids dissolved in an extraction solution which con-
sisted of three volumes of 95% ethanol and one
volume of ether. Samples of 1 ml in cellulose dialysis
tubing were dialyzed against running tap water for
24 hr to remove salts. The dialyzed samples were
transferred to Folin Wu tubes to which was added 1
ml of the extraction solution used to rinse the di-
alysis tubing. Eighteen milliliters of the extraction
solution was added to the tubes which then were
placed in a water bath and heated to boiling. The
tubes were removed and allowed to stand at room
temperature for 2 hr. The volumes were adjusted to
the 35-ml mark with the extraction solution, and the
contents were mixed and filtered through fat-free
filter paper. Samples of 25 ml were pipetted into
weighing flasks that previously had been dried and
weighed. The contents of the flasks were evaporated
to dryness under a vacuum hood; the flasks then
were reweighed and the amount of extractable mate-
rial was calculated.
Antigenicity. All CF testing was done by the

method described by Kent and Fife (10). The reac-
tion volume was 1.5 ml; thus, each of the five re-
agents of the CF test was in a volume of 0.3 ml. Five
50% units per 0.3 ml of complement were used, and
the period of fixation was 18 hr at 4 C. The hemo-
lytic system then was added, and the tubes were
incubated in a water bath for 30 min at 37 C. The
reaction tubes were centrifuged at 800 x g for 3 min
and read by visual comparison with centrifuged
standards simulating various degrees of hemolysis.

Antigenic activity of the different phase 1 and
phase 2 preparations was obtained by determination
of their capacity to fix complement with four units
of 42- and 28-day postimmunization guinea pig anti-
serum, respectively. Serial twofold dilutions of the
10x concentrates of each fraction from the density
gradients were prepared for testing. The titer of the
final products was determined in the following
manner. A set of dilutions comprised of five series of
twofold serial dilutions was prepared using for each
an initial dilution of 1:2, 1:3, 1:5, 1:7 and 1:9, re-
spectively. This was done in duplicate, and the
highest antigen titer was expressed as the reciprocal
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of the average of the highest dilutions of the antigen
in each set exhibiting less than 70% hemolysis.
Immunogenicity. Hartley-strain guinea pigs (250

to 350 g), in groups of six, each were given a single
intraperitoneal injection of 1.0 ml of one of a series
of twofold dilutions of experimental vaccines pre-
pared from the concentrated preparations. At 21 and
42 days postinoculation, 5 ml of blood was removed
from each animal by cardiac puncture and the blood
was processed for the serum. Each serum was tested
for specific Q fever antibodies by the CF test by
using commercially prepared phase 2 Nine Mile
strain antigen (Lederle Laboratories, Pearl River,
N.Y.) and phase 1 Henzerling strain antigen pre-
pared at this laboratory.

RESULTS
The gradients of sucrose concentrations and

densities formed during zonal centrifugation
and the relative distribution of organisms from
the Genetron-extracted phase 1 and phase 2
rickettsial suspensions were the same in all
experiments except for the minor differences
described below. The results of a typical exper-
iment with phase 2 rickettsiae presented in
Table 1 are representative of those obtained
throughout the study.

In the fractions subsequently found to con-
tain the rickettsiae, a yellowish stringy mate-

TABLE 1. Sucrose concentration, density, and
complement-fixing (CF) titer of fractions obtained
following density gradient zonal centrifugation of a
Genetron-extracted phase 2 rickettsial suspension

CF titer

Fraction Sucrose (%) Density ofnex
concen-
tratea

1 11.0 1.042 2
2 17.6 1.070 2
3 22.2 1.091 2
4 28.8 1.121 2
5 36.6 1.159 0
6 45.2 1.204 8
7 53.0 1.246 256
8 62.0 1.298 128
9 62.8 1.303 32
10 64.0 1.310 16
11 64.5 1.313 8
12 65.0 1.316 8
13 65.0 1.316 8
14 65.0 1.316 4

Affluentb Not done Not done 8
Effluentc Not done Not done 0

a Reciprocals of highest dilution with less than
70% hemolysis.

b Genetron-treated membrane suspension before
introduction into the rotor.

cGenetron-treated membrane suspension after
processing through the rotor (l10 x concentration).

rial was present. This was separated easily by
filtration through three layers of gauze. By
using CF activity of the 10-fold concentrates of
the 50-ml fractions as a measure of rickettsial
content, it can be seen that the greatest con-
centration of organisms was in fraction 7
which contained 53% sucrose. Fractions 8, 9,
and 10 also possessed an appreciable amount
of rickettsial antigen.
When phase 1 suspensions were processed,

the titers were slightly higher and fraction 11
also contained appreciable CF activity. The
effluent (lOx concentration) from the rotor in
the phase 1 studies had a slight CF titer (2 to
4). The densities of the fractions ranged from
1.24 to 1.31 g/cm3 for fractions 7 to 10, respec-
tively. In a typical phase 1 experiment, frac-
tion 7 had a CF titer of 512 and fraction 11 a
CF titer of 64. The densities of these fractions
were in the same range as those for phase 2
above.
The lOx concentrates of the fractions con-

taining the bulk of the rickettsiae were pooled,
and PBS containing 0.1% Formalin was added
to give a final volume of 50 ml. These final
products were designated G-Z phase 1 and G-
Z phase 2.
The ether-extracted purified rickettsial sus-

pensions prepared from yolk sac membranes
infected with phase 1 and phase 2 rickettsiae,
as previously described, were designated E-E
phase 1 and E-E phase 2, respectively. The E-
E preparations were comparable to the G-Z
preparations because each contained in the
same final volume the rickettsial organisms
recovered by the respective procedures from
the same mass of infected yolk sac mem-
branes.

In Table 2 the nitrogen, protein, and lipid
content, and CF activity of the final rickettsial
products are compared.
The results of the chemical analyses of both

phase 2 preparations were essentially the
same. The G-Z phase 1 preparation, however,
assayed lower in every category than the E-E

TABLE 2. Comparison of the nitrogen, protein, lipid,
and complement-fixing (CF) content of the final

rickettsial products

Preparation Nitrogen Protein Lipid CF
(mg/ml) (mg/ml) (mg/ml) titera

G-Z phase2. .158 .714 2.24 72
E-E phase 2 .... .156 .802 1.50 52
G-Z phase 1 .... .21 -.616 1.68 160
E-E phase 1 .... .357 1.313 2.38 224

a Reciprocals of highest dilution with less than
70% hemolysis.
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phase 1.
Also shown in Table 2 is a comparison of

antigenic content of the rickettsial prepara-
tions as indicated by CF titer. The four prepa-
rations contained different amounts of antigen.
Before comparative immunogenic studies were
done, the antigenic content of the preparations
was adjusted to correspond to one of two refer-
ence vaccines which have been used for human
immunization. Because DP-7 (phase 2) and
Lot 1 (phase 1) had CF antigen titers of 8 and
6, respectively, the G-Z phase 2 preparation
was diluted 1:9 and E-E phase 1 was diluted
1: 37 with PBS.
The chemical characteristics and CF antigen

titer of each of the vaccines are compared in
Table 3.

Table 4 shows the response of the guinea
pigs to immunization with serial twofold dilu-
tions of each of the vaccines. No significant

TABLE 3. A comparison of the nitrogen, protein and
lipid content of the rickettsial preparations after
dilution to comparable complement-fixing (CF)

content

Experimental Nitrogen Protein Lipid CF
vaccine (mg/ml) (mg/ml) (mg/ml) titera

G-Z phase2. .018 .079 .249 8
E-E phase2. .024 .123 .230 8
G-Z phase1. .008 .023 .06 6
E-E phase 1....l .0096 .035 .06 6

a Reciprocals of
70% hemolysis.

highest dilution with less than

difference in immunogenicity, as indicated by
serological conversion of guinea pigs, was ob-
served between the vaccines of the same

phase.

DISCUSSION
Since the CF activity of suspensions of C.

bumeti is directly related to the concentration
of the organisms and not to soluble compo-
nents, the antigen titer can be used to esti-
mate the efficiency of continuous-flow zonal
ultracentrifugation in recovering and concen-
trating rickettsiae from crude suspensions. The
CF titer of 10% yolk sac membrane suspension
of phase 2 rickettsiae after extraction with
Genetron was 8, and the titer of the phase 1

material was 16. Because 10-fold concentrated
portions of the effluents from the centrifuge
after processing the phase 2 and 1 suspensions
titered 0 and 3, respectively, the procedure
had removed 95 to 100% of the rickettsiae.
More than 50% of the total CF antigen content
of the crude suspensions could be accounted
for in the fractions collected from the gradient.
Approximately 90% of the organisms captured
in the gradient were contained in four to five
50-ml fractions. However, the quantity of orga-
nisms in these fractions compared favorably
with the yield obtained when the same amount
of crude suspensions was extracted with ether
and concentrated to '2/ of the original volume.
The yield of phase 1 antigen with both
methods was two to four times greater than
the yield of phase 2 organisms.
The difference in yields of phase 1 and phase

TABLE 4. Serological conversion of guinea pigs following inoculation with the rickettsial vaccines

Phase 2 vaccinesa Phase 1 vaccinesb

Vaccine dilution E-E G-Z
E-E phase 2c G-Z phase 2c

Phase 2 Phase 1d Phase 2 Phase 1

1/8 5/6e 5/6 6/6 6/6 4/6 4/6
1/16 6/6 6/6 6/6 5/6 4/6 4/6
1/32 6/6 6/6 6/6 5/6 6/6 6/6
1/64 3/6 4/6 5/6 3/6 6/6 5/6
1/128 2/6 1/6 6/6 2/6 6/6 2/6
1/256 1/6 1/6 6/6 0/6 5/6 1/6
1/512 Not done Not done 6/6 0/6 5/6 0/6

ED505 1/100 1/87 > 1/512 1/64 > 1/512 1/78

a Sera obtained 21 days postinoculation.
bSera obtained 42 days postinoculation.
c Lederle antigen.
dAntigen prepared at this laboratory from yolk sacs infected with the Henzerling phase 1 strain of Coxiella

burneti.
eNumber positive [complement-fixing titer of 4 or greater]/number tested.
' Calculated by the method of Reed and Muench (13).
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2 organisms can be attributed to the relative
concentrations of the respective organisms in
the infected yolk sac membranes. A similar
difference has been reported by Stoker (18)
and by Bobb and Downs (4).
The techniques developed in the present

study can be used for preparing vaccines for Q
fever. There were relatively few differences
among the nitrogen, protein, and lipid con-
tents and potencies of the experimental vac-
cines prepared from crude suspensions of the
same phase organisms by each method. How-
ever, the phase 1 vaccines contained about four
times less lipid and two- to four fold lower
concentrations of nitrogen and protein than
the phase 2 vaccines. Based upon the phase 2
antibody response in guinea pigs, both of the
phase 1 vaccines were at least five times as
potent as the phase 2 vaccines.
The procedure developed by Spicer et al.

(16) for preparing purified suspensions of C.
bumeti included the use of centrifugation,
fluorocarbon, and brushite treatments. After
fluorocarbon extraction, the water phase was
collected and processed through brushite col-
umns. Samples of 150 to 200 ml at a flow rate
of 0.5 to 1.0 ml/min were found to be optimal
and the column packing pressure could not
exceed 1 psi or high losses were encountered.
The results contained in this report were

obtained with initial 1-liter volumes of crude
suspensions of rickettsiae. To determine the
suitability of the procedure for handling larger
volumes, 5 liters of a Genetron-extracted yolk
sac membrane suspension containing phase 2
organisms were processed with the Spinco B-
XVI rotor. The bulk of the antigen was found
again in three 50-ml fractions corresponding to
the 53 to 63% sucrose portion of the gradient.
Chemical analysis of the lOx concentrates of
these fractions indicated that approximately
the same degree of purification was achieved
as was observed with the 1-liter volumes. In-
deed, the total particle capacity of the gra-
dient in the rotor was not exploited with the 5-
liter volumes and it is felt that even larger
volumes could be conveniently and safely
processed.

ACKNOWLEDGMENT
The authors thank Bennett Elisberg for his valuable ad-

vice and suggestions in writing this paper.

LITEATURE CITED
1. Altieri, P. L., S. Berman, A. Groffinger, and J. P. Low-

enthal. 1970. Preparation of cholera vaccines by fluo-
rocarbon extraction of cholera vibrio suspensions. In-
fect. Immunity 1:334-337.

2. Anderson, N. G., H. P. Barringer, J. W. Amburgey, Jr.,
G. B. Cline, C. E. Nunley, and A. S. Berman. 1966.
Continuous-flow centrifugation combined with iso-
pycnic banding: rotors B-8 and B-IX. Nat. Cancer
Inst. Monogr. 21:199-216.

3. Berman, S., R. B. Gochenour, G. Cole, J. P. Lowenthal,
and A. S. Benenson. 1961. Method for the production
of a purified dry Q fever vaccine. J. Bacteriol. 81:794-
799.

4. Bobb, D., and C. M. Downs. 1962. The phase antigens of
Coxiella bumeti. Can. J. Microbiol. 8:689-702.

5. Cline, G. B., C. E. Nunley, and N. G. Anderson. 1966.
Improved continuous-flow centrifugation with
banding. Nature (London) 212:487-489.

6. Craigie, J. 1945. Application and control of ethyl-ether-
water interface effects to the separation of rickettsiae
from yolk suspensions. Can. J. Res. 23:104-114.

7. Elliott, J. A., and W. L. Ryan. 1970. Continuous-flow
ultracentrifugation of canine distemper virus and
infectious canine hepatitis virus. Appl. Microbiol. 20:
667-671.

8. Fox, S. M., G. D. Birnie, E. M. Martin, and J. A. Son-
nabend. 1967. Isolation of polyoma virus and Semliki
Forest virus from tissue culture fluid by continuous-
flow zonal ultracentrifugation. J. Gen. Virol. 1:577-
580.

9. Gerin, J. L., W. R Richter, J. D. Fenters, and J. C.
Holper. 1968. Use of zonal ultracentrifuge systems for
biophysical studies of rhinoviruses. J. Virol. 2:937-
943.

10. Kent, J. P., and E. H. Fife, Jr. 1963. Precise standardi-
zation of reagents for complement fixation. J. Trop.
Med. Hyg. 12:103-116.

11. Lowry, 0. H., N. J. Rosebrough, A. L. Farr, and R J.
Randall. 1951. Protein measurements with the Folin
phenol reagent. J. Biol. Chem. 193:265-275.

12. Ormsbee, R. A. 1962. A method of purifying Coxiella
burneti and other pathogenic rickettsiae. J. Immunol.
88:100-108.

13. Reed, L. J., and H. Muench. 1938. A simple method of
estimating fifty per cent endpoints. Amer. J. Hyg. 27:
493-497.

14. Reimer, C. B., R S. Baker, R. M. van Frank, T. E.
Newlin, G. B. Cline, and N. G. Anderson. 1967. Puri-
fication of large quantities of influenza virus by den-
sity gradient centrifugation. J. Virol. 1:1207-1216.

15. Smadel, J. E., M. J. Snyder, and F. C. Robbins. 1948.
Vaccination against Q fever. Amer. J. Hyg. 47:71-81.

16. Spicer, D. S., A. N. DeSanctis, and J. M. Seiler. 1970.
Preparation of highly purified concentrates of Coxiella
bumeti. Proc. Soc. Exp. Biol. Med. 135:706-708.

17. Stoddard, J. L., and P. E. Drury. 1929. Titration
method for blood fat. J. Biol. Chem. 84:741-748.

18. Stoker, M. G. P. 1953. Variation in complement-fixing
activity of Rickettsia burneti during egg adaptation.
J. Hyg. 51:311-321.

19. Youngburg, G. E., and M. V. Youngburg. 1930. Phos-
phorus metabolism; system of blood phosphorus anal-
ysis. J. Lab. Clin. Med. 16:158-166.

VOL. 23, 1972 845


