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Summary. — Whereas the complete genome of Coxiella burnetii (C.b.), the etiological agent of Q-fever,
has recently been published (Seshadri et al., Proc. Natl. Acad. Sci. USA. 100, 5455-5460, 2003), the C.b.
proteome is still under study. Using the bioinformatic approach, we found in total 309 proteins on two dimensional
electroctrophoretic images of C.b. whole cell lysates. Eighteen major protein species were subjected to peptide
mass fingerprinting and identified as the products of 6 known open reading frames (ORFs): the chaperone
DnaK (heat shock 70 K protein), chaperonin 60 K (GroEL protein, heat shock protein B), Dnal-like protein
djlA (mucoidy activation protein mucZ), elongation factor Ts (EF-Ts), ribosomal protein L7/L12, and chaperonin

10 K (GroES protein, heat shock protein A).
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Introduction

Coxiella burnetii (C.b.), the etiological agent of Q fever,
is one of the bacteria listed as biological warfare agents of
category B. It is spread worldwide and is responsible for an
acute and potentially severe diseases characterized by
pneumonitis, hepatitis, and a significant incidence of
neurological complications (Marrie, 1990). The bacterium
is unique among Rickettsiae in that it undergoes a virulent
(phase I) to low virulent (phase II) variation upon serial
passages in embryonated hen eggs. This phase variation has
been shown to cause noticeable modifications in both
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Abbreviations: C.b . = Coxiella burnetii; 1EF = isoelectric
focusing; pl = isoelectric point; IPG = immobilized pH gradient;
2-D = two dimensional; SDS-PAGE = polyacrylamide gel
electrophoresis in the presence of sodium dodecyl sulfate;
OREF = open reading frame; MALDI-ToF = matrix assisted laser
desorption/ionization time of flight; M, = relative molecular weight;
MS = mass spectrometry; m/z = mass-to-charge ratio

composition and structure of the lipopolysaccharide (Ftacek
et al., 2000) and phospholipid (Domingues et al., 2002)
components of the cell outer membrane. In this regard,
however, there is a lack of information about the C.b.
proteins, representing major immunoreactive antigens in
serological diagnosis of Q fever. Therefore, we have started
mapping of the C.b. proteins. We focused first on the proteins
expressed in the C.b. strain RSA 493 in virulent phase I.

Materials and Methods

Cultivation and purification of C.b. C.b. strain RSA 493 (Nine
Mile), serologically in the virulent phase I (yolk sac passage 3 in
our laboratory), was obtained from the WHO Collaborating Cen-
tre for Rickettsial Reference and Research at the Institute of Viro-
logy, Slovak Academy of Sciences, Bratislava, Slovak Republic.
C.b. was propagated in embryonated hen eggs, killed with 0.45%
phenol, and purified by differential centrifugation and ether treat-
ment (Skultéty er al., 1998).

Lysis of C.b. cells. The cells (20 mg) were suspended in 10 ml
lysis buffer consisting of 137 mmol/l NaCl, 10% glycerol, 1%
p-octyl-pB-D-glucopyranoside (Serva), 50 mmol/l sodium fluori-
de, 1 mmol/l sodium orthovanadate (Sigma-Aldrich), and one tablet
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of Complete Mini-Protease Inhibitors (Boehringer). Ultrasonica-
tion (30s, Tesla, Czechoslovakia) and 10 cycles of freeze-thaw in
liquid nitrogen have been used for disruption of C.b. cells. The
undisrupted cells were removed by centrifugation at 12,578 x g
for 15 mins at 4°C.

2-D electrophoresis. Bacterial proteins were precipitated in
20% (w/v) trichloroacetic acid (Sigma-Aldrich) in acetone conta-
ining 0.2% dithiothreitol (USB) at -18°C overnight (Gorg et al.,
1997). Then, they were solubilized in IEF buffer containing 9 mol/l
urea (USB), 4% (w/v) CHAPS (USB), 70 mmol/I dithiothreitol,
and 5% (v/v) carrier ampholytes pH 9-11 (Sigma). Protein con-
centration was determined by a modified bicinchoninic acid pro-
tein assay (Brown et al., 1989). The solubilized proteins were se-
parated on immobilized pH gradient (IPG) strips (Amersham, pH
3-10) in the first dimension. Either 75 ug of protein for analytical
or 225 ug for preparative gels were loaded by in-gel rehydratation
overnight. The rehydratation solution contained 2 mol/l thiourea
(Sigma-Aldrich), 6 mol/l urea, 4% (w/v) CHAPS, 40 mmol/l Tris
base (Sigma-Aldrich), 2 mmol/l tributyl phosphine (Fluka), 0.003%
(w/v) bromphenol blue (LKB), 1% (v/v) pharmalytes pH 3-10
(Amersham) and 0.5% (v/v) pharmalytes pH 8-10.5.

Isoelectric focusing (IEF) was performed on a Multiphor II
(Amersham Biosciences). In the second dimension, a gradient
9-16% polyacrylamide gel electrophoresis in the presence of so-
dium dodecyl sulfate (SDS-PAGE) was used on a Protean II xi
Multi Cell system (BioRad). The 2-D electrophoresis reference
map of C.b. strain RSA 493 was obtained by visualization of pro-
teins with silver staining (Hochstrasser et al., 1988). An improved
silver staining, compatible with protein digestion and mass spec-
trometry (MS) analysis (Mortz et al., 2001), was applied to prepa-
rative gels. The gels were scanned by a personal densitometer (Mo-
lecular Dynamics, Sunnyvale, CA, USA). The image analysis was
carried out using the Melanie III software package (BioRad). The
isoelectric points (pI) and the relative molecular weights (M) of
proteins were approximated using polypeptide SDS-PAGE stan-
dards (BioRad).

In-gel digestion. Spots selected from the preparative gel were
excised and destained for a few minutes in a freshly prepared mix-
ture of 15 mmol/l potassium ferricyanide (Merck) in 50 mmol/l
sodium thiosulfate (Sigma) followed by washing with deionized
water (Mili-Q system) and equilibration in 50 mmol/l ammonium
hydrogen carbonate pH 7.8 (Fluka) in 5% acetonitrile (Sigma-Al-
drich). The gel pieces were dried in a Speed Vac (Eppendorf) and
reswelled in 10-30 ul of the equilibration buffer to which 0.1 ug
of the porcine trypsin (sequence grade modified, Promega) was
added. After overnight incubation at 37°C, an aliquote (1 ul) of
the supernatant was directly used for MALDI-ToF MS analysis.
The remaining supernatant was removed and combined with the
acetonitrile extracts of the gel pieces. The mixture was concentra-
ted in the SpeedVac and stored at -20°C.

MS. The samples were mixed in an Eppendorf tube with the
same volume of a matrix solution of 2,5-dihydroxybenzoic acid
(10 mg/ml) in 20% acetonitrile containing 0.5% trifluoroacetic
acid. Alternatively, a matrix solution of o-cyano-4-hydroxycinna-
mic acid (10 mg/ml) in 50% acetonitrile containing 0.5% trifluo-
roacetic acid was applied. The mixtures, 1 ul of each, were ap-
plied to a MALDI sample plate, allowed to air-dry, and inserted
into the mass spectrometer. Peptide mass fingerprint spectra were

recorded with a Voyager DE STR (Perseptive Biosystems, Fra-
mingham, MA, USA) equipped with a delayed extraction. The
spectra were obtained in a positive reflectron mode with the 20 kV
acceleration voltage, 75% grid voltage, 0.02 wire voltage, 100 ns
delay time and low mass gate at 500 m/z. External calibrations
were carried out with standards — angiotensin I, angiotensin II,
adrenocorticotropic hormone (clip 1-17) and (clip 18-39) (Laser
Bio Labs, France) covering the 1000-2500 Da mass range. Each
mass spectrum was obtained by averaging 100 laser shots. Prote-
inProspector program (University of California, San Francisco
Mass Spectrometry Facility, CA, USA) was applied to match the
experimentally determined peptide mass values against the C.b.
database. A MALDI-ToF peak list was searched against this data-
base using variation of parameters (a basic set up: monoisotopic
mass resolution, 100 ppm error, carbamidomethylated Cys, 1 mis-
sed cleavage, minimum 4 peaks required to match, wide open win-
dow of pl and M)).

Results and Discussion

In this work, we attempted to develop a suitable system
for separation, isolation and identification of the C.b. proteins
and to initiate creation of a C.b. protein database using the
bioinformatic approach. The proteome analysis was aimed
at generation of the reference protein map of the bacterium
and selection of useful molecular determinants for its
identification and typing. Moreover, the protein database
can be a useful tool for screening immunoreactive bacterial
proteins, searching for genes controlling expression of
virulence traits and virulence factors themselves. For a more
practical reason, mapping of bacterial surface proteins can
be utilized for both rapid detection and identification of the
microbial taxons.

C.b. cells strain RSA 493 were disrupted by lysis and the
proteins were isolated. IEF followed by SDS-PAGE were
used for their separation. Silver stained reference map was
then compared to the preparative gel by the Mellanie III
software and all protein spots have been detected. Thus, 309
proteins (Fig 1.) differing one from another in their pls and
M, were found.

The spots containing protein species were cut out from
the preparative gel, peptides were generated from them by
trypsin digestion and the mass values (m/z) of peptides were
determined by MALDI-ToF. An example of a MALDI-ToF
spectrum is shown on Fig. 2. Matching of the real peptide
mass values against the theoretical peptides listed in the
SWISS-PROT/TrEMBL protein sequence databases created
the most optimal hypothetical protein list. The peptide
sequences were found in the C.h. RSA 493 OREF libraries
generated from the known complete C.b. genome (Seshadri
et al., 2003).

Due to a low amount of proteins in minor spots it was
not possible to obtain their sequences. At present, 18 protein
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Fig. 1

Silver stained 2-D electrophoresis reference map of C.b. strain RSA 493.

Only a part of the 2-D electrophoresis reference map corresponding to the pl range of 4.4-6.2 and to the M, range of 8-69 K is shown. The identified

protein spots are encircled.

species in the regions A (pl =4.9-5.1, M = 69 K),
B (pI =4.8-5.2, M =55.2K), C (p =5.1-5.4, M = 36.4 K),
D (pl=57, M=32K), E(pl=4.5, M =94 K), and
F (pI =4.7-5.0, M = 10 K) were detected (Table 1). They
represent the protein products of 6 different ORFs.
Multiplicity of the protein identity among protein species
can predict potential post-translational modifications
resulting in proteins with roughly the same M and different
pl detectable by the 2-D electrophoresis employed in this
study. The chaperone DnaK (heat shock 70 K protein),
chaperonin 60 K (GroEL protein, heat shock protein B),
DnalJ-like protein djlA (mucoidy activation protein mucZ),
elongation factor Ts (EF-Ts), ribosomal protein L7/L.12, and
chaperonin 10 K (GroES protein, heat shock protein A) were
identified thus far. In Table 1, the experimental pl and M,
values are compared with the theoretical ones derived from
the hypothetical proteins. Major differences between the

observed and expected M_ values of proteins were found
with the proteins having experimental M, values below 18 K.
These discrepancies might be associated with post-
translational modifications of proteins mentioned above.
However, a possibility of incorrectly identified start and end
sites of the putative ORFs should also be taken into
consideration.

A structural constituent of ribosome — ribosomal protein
L7/L12 and cytoplasmic elongation factor Ts, are essential
components of translational machinery (Seshadri et al.,
2003; Seshadri et al., 1999). The identified chaperones and
chaperonins work as protein-folding machines (Bhutani and
Udgaonkar, 2002). Thus, the GroEL protein folds nascent
polypeptide and misfold proteins, while the GroES protein
functions as a co-chaperonin. The chaperone protein DnaK
serves for protein assembly and translocation across the
membrane (Bhutani and Udgaonkar, 2002) and interacts with



32 SKULTETY, L. et al.: PEPTIDE MASS FINGERPRINTING OF C. BURNETII PROTEINS

-l 1503 82

EI:I:
BIZI:
?IZI:
EI:I:

123872
a0 4

% Imtensity

T gar s 170,60
20 4 92141
gt 27

005 53

1277.70 1514 57

110%.51

= 1320158

[ - 2] e e R e e R [ B L] |

TED 1211

] 1708.74
10 1 1706.99

iraz

18802

1004.05
24 17 TS 44
2204.00

236017 2905.25

2511.00

2804
Mazz [mfz)

Fig. 2

Positive-ion MALDI-ToF mass spectrum of chaperonin 60 K from C.b. strain RSA 493

Dnal-like protein djlA (Zuber et al., 1995). In addition,
association of DnaK with outer membrane as well as cytoplasm
has been reported (Macellaro et al., 1998). A 60 K heat shock
protein has been localized, for example, in the cytoplasm of
Borrelia burgdorferi, but its significant fraction was also
associated with the cell membrane (Scopio et al., 1994).
Most likely, the protein has a dual association also in C.b.
as it is immunogenic (Vodkin and Williams, 1988). For this
reason, it might serve as an efficacious vaccine against C.b.
and other pathogenic microorganisms that express the
conserved antigen. The proteins detected in this work have
been found also in several bacteria analyzed in our
laboratories thus far, e.g. in the intracellular bacterium
Francisella tularensis (Hubalek et al., 2003). Therefore, for
an unambiguous bacterial identification by peptide mass
fingerprinting, more studies focused on precise amino acid
sequence analysis should be done.

In conclusion, this work represents our initial attempt to
create a proteome database of C.b. and to find unique
protein/peptide molecules — biomarkers that could be used
for a rapid and unambiguous detection of the bacterium.
Further work following this goal is in progress.
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