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Summary. — Kinetics of phospholipid extraction from purified
suspensions of Coxiella burnetiv in phase I by various chloro-
form —methanol mixtures at various temperatures were evaluated
based on the amount of phosphorus extracted. Extraction by
a boiling (53 °C) 2 : 1 chloroform : methanol mixture proved to be
the most efficient.
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The cell wall of Coxiella burnetii resembles that of Gram-negative bacteria.
Its outer membrane is bound by lipoproteins to a peptidoglycan layer and
its main components are a lipopolysaccharide, a protein and a phospholipid
(Lugtenberg and Vanalphen, 1983). The phospholipids are localized mainly
on the inner side of the outer membrane, this covert position preventing
them from being involved in antibody production. In chlamydiae, such
antigenic determinants can be uncovered upon hydrolysis (Brade ef al., 1986).
Removal of phospholipids leads to changes in the properties of C. burnetii
cells (Williams and Cantrell, 1982). After lipid extraction by a chloroform-
-methanol (C--M) mixture, the killed C. burnetii cells caused no hepato-
splenomegaly in mice but retained their protective activities (Kazar ef al.,
1983).

C. burnetiv cells extracted by a C 4+ M mixture were used as a vaccine
against Q fever which induced no immunopathological reactions in vaccinees
(Williams et al., 1986).

In the present study we attempted to determine extraction conditions that
would ensure the highest yield of phospholipids, paying attention to the opti-
mal ratio of the solvents and to optimal extraction temperature and time.

The Nine Mile strain of C. burnetiz in phase I was used. Purified lyophilized cells were extracted
by 2 :1 and 4 : 1 C+M mixtures and by chloroform and methanol each alone at various tempe-
ratures (see Fig. 1). The experiments were done on 30 mg C. burnetii in 30 ml of the given solvent.
Two-ml samples were taken at time 0 (immediately after reaching the extraction temperature)
and then after 30 min and 1, 2, 3, 4, 5, 6 and 7 hr and filtered througa Whatman No. 1 filter paper.
Phosphorus was determined spectrophotometrically at 820 nm in mineralized samples (Lowry
et al., 1954), following evaporaticn of the solvent in a stream of nitrogen.

461



462 SHORT COMMUNICATIONS

Fig. 1.

Phospholipid extraction from C. burnetii
by various solvents at various
temperatures
Abscissa: P 9,: ordinate: time (hr) of

extraction

O Boiling 2 : 1 C+ M mixture (53 °C)
B 2:1 C+M mixture at 37 °C

. = - 7 = : = = ® Boiling 4 : 1 C+M mixture (54 °C)
1 2 3 4 5 6 7 8 A Boiling methanol (65 °C)

The extraction kinetics of phospolipids from C. burnetii under the condi-
tions used are illustrated in Fig. 1. In each experimental series, the maximal
amount of phosphorus was extracted after 2—3 hr. Only traces of phosphorus
were extracted by chloroform alone (not shown).

Extraction by methanol at 65 °C, a 2 : 1 C+4M mixture at 37 °C and by
boling 4 : 1 C+M mixture (at 54 °C) yielded similar results. The greatest
amount of phosphorus was found in samples extracted by a boiling 2 : 1
C+M mixture (approx. at 53 °C).

To determine residual phospholipids in the suspension after extraction
with a boiling 2 : 1 C+M mixture, extraction with a fresh C+M mixture
was repeated for 2 hr. The resulting sample was treated as after the first
extraction, the amount of phosphorus was determined and the procedure
was repeated once again. The results presented in Table 1 indicate that no
phosphorus was detected in the third extract.

We found that under all conditions used in the present study 2—3 hr of
extraction were sufficient to reach a state of equilibrium. Additional phospho-
lipids could be extracted only with fresh solvent. Extraction with a boiling
2 :1 C-+M mixture yielded the best results. C+M mixtures have become
widely used for extraction of phospholipids from biological materials (Mari-
netti, 1962; Nichols et al., 1985; Kolarovic et al., 1986). Methanol and ether
and C+M mixtures were also used long ago (Folch et al., 1957; Marinetti,

Table 1. Phosphorus contents of extracts from C. burnetii after repeated extractions
with fresh 2 : 1 C+ M mixtures at 53 °C

Extraction Extraction time (hr) % P in the extract
Ist 2—8 1
2nd 2 0.85
3rd 2 0

P content of C. burnetii: 2. 589,
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1962). Usually, long extraction times were used which, however, are not as
efficient as several times repeated short extractions.

Increased temperature during extraction could lead to lipid desctruction,
especially oxidation. Thus the effects of temperature should be subjected
to a detailed study.

References

Brade, L., Schramek, S., Schade, U., and Brade, U. (1986): Chemical, biolog.cal and immuno-
chemical properties of the Chlamydia psittaci hpopolysaccharide. Infect. Immun. 5%, 568 —574.

Foleh. L., Lees, M., and Stanley, G. H. (1957): A simple method for the isolation and purification
of total Lipids from an'mal tissues. J. Biol. Chem. 226, 497 —509.

Kazar, J., Schramek. S., and Zajacova, S. (1983): Induction of splenomegaly in mice by killed
Coziella burnetii cells. Acta virol. 27, 65—170.

Kolarovie, L., and Fournier, N. C. (1986): A compatison of extraction methods for the isolation
of phospholipids from biological sources. 4nal. Biochem. 156, 244 — 250.

Lowry, O. H., Roberts, N. L., Leiner, K. Y., Wa, M. L., and Farr, A. L. (1954): The quantitative
histochemistry of brain. J. Biol. Chem. 207, 1—17.

Lugtenberg, B., and Vanalphen, L. (1983): Molecular a:rchite ture and functioning of the outer
membrane of Escherichiu coli and other gram-negative bacteria. Biochem. Biophas. Acta 737,
51—115.

Marinetti, G. V. (1962): Chromatograph ¢ separation, identification and analysis of phosphatides.
J. Lipid. Res. 3, 1—20.

Nichols, P. D., Smith, G. A., Antworth, C. P., Hanson, R. S., and White, D. C. (1985): Phospho-
lip.d and lipopolysacharide normal and hydroxy fatty acids as potencial signatures for metha-
nol ox diz.ng bacteria. FEMS Microbiol. Fcol. O, 327—335.

Williams, J. C., and Cantrell, J. L. (1982): Biological and immunological properties of Coxiella
burnetii vaceines in C57BL/10SeN endotoxin-nonresponder mice. Infect. Immun. 35, 1091 —
1102. .

Williams, J. C., Damrow, T. A., Waag, D. M. and Amano, K. I. (1986): Characterization of
a phase I Cowziella burnetii chloroform-methanol residue vaceine that induces active immunity
against Q fever in C57BL/10SeN m.ce. Infect. Immun. 51, 851 —858.



