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To identify novel putative staphylococcal adhesins, lithium chloride extraction (an established method for
selective surface molecule solubilization) was employed. N-terminal sequencing and functional assays identi-
fied a 42-kDa fibronectin-binding protein from Staphylococcus epidermidis as ornithine carbamoyltransferase
(OCTase). However, OCTase was not recognizable extracellularly, and this fact together with the fact that LiCl
induced DNA release and a decrease in viability suggests that LiCl extraction may not be the method of choice
for selective surface molecule extraction from staphylococci.

Attachment to artificial or biological surfaces is prerequisite
for the commensal coagulase-negative staphylococci (CoNS)
to cause invasive disease (1). Staphylococci may interact with
adhesive surface sites consisting of exposed or immobilized
extracellular matrix (ECM) proteins such as fibronectin (FN),
fibrinogen (FG), vitronectin (VN), collagen, elastin, and sev-
eral other proteins (16), and evidence from in vitro and ex vivo
studies has suggested a role for this interaction in clinical
disease (9, 13, 18). Evaluation of the role of the staphylococ-
cus-ECM protein interaction led to the identification and the
molecular and functional characterization of staphylococcal
adhesins, the so-called microbial surface components recog-
nizing adhesive matrix molecules of the staphylococcal adhesin
superfamily (for a review, see reference 2). Most of this infor-
mation has been obtained with Staphylococcus aureus, and in
spite of the ability of CoNS to avidly adhere to ECM molecules
(7), the information on adhesive molecules in CoNS is rela-
tively scant (15, 17).

In order to study their functional and biological roles, puta-
tive adhesins have to be extracted from microorganisms and
isolated in a pure form. Although many other methods are
available (5, 8, 11, 21), LiCl extraction has been employed in a
number of studies to specifically extract and solubilize surface
components of staphylococci while maintaining cell integrity
(10, 11, 19). In this study we intended to use this method for
identification of such adhesins recognizing FN in CoNS, and
we report our results with respect to the suitability of the LiCl
extraction method for CoNS and the nature of a FN-binding
Staphylococcus epidermidis protein.

Extraction with LiCl. Thirty blood isolates of S. epidermidis
were obtained from patients with indwelling-device infections
admitted at the University Hospital of Muenster, Germany.
Isolates were maintained on blood agar plates and subcultured
prior to experimentation with brain heart infusion medium.
Cell surface proteins were released by LiCl extraction accord-
ing to published protocols (10). Briefly, bacteria were grown
overnight at 37°C with shaking (150 rpm) and cells were har-
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vested by centrifugation and washed twice with phosphate-
buffered saline. Washed cells were suspended in 1 M LiCl
(Sigma-Aldrich Chemie, Deisenhofen, Germany) and pelleted
after incubation at 42°C with shaking (150 rpm) for 2 h. The
supernatant was extensively dialyzed against distilled water
(4°C) and was freeze-dried. For identification of putative
staphylococcal adhesins, either FG, FN (Chemicon, Temecula,
Calif.), or VN was used. VN was affinity purified in a two-step
purification procedure with urea-activated VN and a heparin
column as described previously (20). FN, FG, and VN were
labeled with biotin (Boehringer Mannheim GmbH, Mann-
heim, Germany). For Western ligand experiments, LiCl ex-
tracts were separated by sodium dodecyl sulfate (SDS)-poly-
acrylamide gel electrophoresis (PAGE), transferred to
nitrocellulose membranes, and probed with either biotin-la-
beled FN, FG, or VN. With biotin-labeled FN, a protein of 42
kDa was observed in LiCl extracts of several tested strains (Fig.
1, lane A). In extracts of strain AB9, this protein was found in
larger quantity than in the other strains tested. Modification of
standard conditions by shaking of bacteria in 1 M LiCl for 30
min and 1 h, and at 25 and 37°C, yielded similar results, i.e., the
presence of the 42-kDa protein by SDS-PAGE as well as in
Western ligand blots probed with biotinylated VN and FN.
Extraction by other methods. For comparison with the LiCl
extraction method, whole-cell extracts of bacteria (1 g [wet
weight]/20 ml) were obtained with recombinant lysostaphin (50
pg/ml; Applied Micro, New York, N.Y.) along with lysozyme
(1 mg/ml; Merck, Darmstadt, Germany) in Tris-HCI buffer (50
mM Tris, 150 mM NacCl [pH 8.0]) containing a protease in-
hibitor cocktail (1 mM phenylmethylsulfonyl fluoride [Sigmal],
2 mM N-ethylmaleimide [Sigma], and 1 mM EDTA [Sigma],
final concentrations). Western ligand analysis of lysostaphin-
lysozyme extracts revealed the 42-, a 160-, and a 112-kDa
bacterial protein band recognized by labeled FN. In contrast,
extracts of S. epidermidis surface molecules with 2% SDS
(95°C, 10 min) yielded the 160- and 112-kDa proteins but not
the 42-kDa protein. In addition, cell-free supernatants after
protoplast preparation of S. epidermidis AB9 cell wall mole-
cules obtained by digesting microorganisms with lysostaphin
plus lysozyme in a hypertonic milieu (50 mM Tris, 0.45 M
sucrose, 8 mM EDTA [pH 8.0]) contained only the 160- and
the 112-kDa protein bands recognized by labeled FN. Parallel
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FIG. 1. Western ligand blot of S. epidermidis AB9 extracts. Lanes: A and B,
LiCl extract; C, lysostaphin plus lysozyme extract; D, SDS extract; E, supernatant
of protoplast preparation. Molecular mass markers (in kilodaltons) are noted at
the left.

Western ligand assays performed with labeled VN (Fig. 1,
lanes B to E) or FG (not shown) demonstrated recognition by
these ligands of proteins in all extraction procedures identical
to the proteins recognized by FN, suggesting broad-spectrum
specificities of the putative adhesins. These findings raised the
possibility that LiCl extraction releases a 42-kDa intracellular
molecule, whereas the lack of the 42-kDa protein and the
presence of the 160- and 112-kDa bands in either SDS extracts
or supernatants from protoplast preparations suggest the latter
to be of cell wall or extracellular localization.

Localization of the 42-kDa antigen. Intracellular location
was further confirmed by failure to recognize the 42-kDa an-
tigen immunologically on the cell surface. The 42-kDa protein
was purified by medium-pressure chromatography (Biologic;
Bio-Rad, Munich, Germany) over an anion-exchange column
(Bio-Q10; Bio-Rad). Bound protein was eluted in fractions 48
to 57 with 0.15 to 0.25 M NaCl in loading buffer (Fig. 2A).
These fractions contained the 42-kDa protein at high purity
(99%) as analyzed by SDS-PAGE and staining with Coomassie
brilliant blue, and after purification, the 42-kDa protein was
recognizable by labeled FN in Western ligand assays (Fig. 2B).
An anti-42 kDa antiserum was raised by one injection with the
purified 42-kDa antigen followed by two booster injections
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FIG. 2. Medium-pressure chromatography of the 42-kDa protein from S.
epidermidis ABY. (A) Eluate characteristics. Arrow, fractions 48 to 57 containing
the 42-kDa protein. (B) SDS-PAGE (left lane) and Western ligand blot with
labeled FN (right lane) of the purified 42-kDa protein from pooled fractions 48
to 57. Molecular mass markers (in kilodaltons) are noted at the left.
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FIG. 3. Ethidium bromide-stained agarose gel of LiCl extracts of staphylo-
cocci. (Left) LiCl extracts of S. epidermidis AB9 prepared at 25, 37, and 42°C.
Size standards (in base pairs) are noted at the left. (Right) LiCl extracts of S.

epidermidis AB9 (lanes A) and KH11 (lanes B) and of S. aureus Newman (lanes
C) before (left lanes) and after (right lanes) DNase I treatment.

each in two rabbits according to standard procedures (4). For
a control, antiserum against whole S. epidermidis AB9 cells was
prepared by injecting formalin-fixed cells by an analogous pro-
cedure. The anti-42 kDa antiserum specifically and avidly rec-
ognized the 42-kDa protein as demonstrated in immunoblots
both of LiCl extracts and of the purified 42-kDa antigen incu-
bated with the anti-42-kDa antibodies at dilutions of up to
1:10,000. For detection of the 42-kDa protein on surfaces on
intact cells, S. epidermidis AB9 cells (37°C, 30 min) were incu-
bated with antiserum (dilution, 1:200; 37°C, 30 min), washed
three times, and then incubated with secondary fluorescein-
conjugated anti-rabbit immunoglobulin G (Sigma). No immu-
nofluorescence was observed if whole S. epidermidis AB9 cells
were treated with the antiserum specific to the 42-kDa protein,
while strong immunofluorescence was observed when S. epi-
dermidis AB9 cells were exposed to anti-whole-cell antibodies.

Nucleic acid release after LiCl extraction. Additional evi-
dence of release of intracellular molecules after LiCl extrac-
tion was obtained by determination of nucleic acid release.
LiCl extracts were analyzed in a scanning spectrophotometer
yielding a maximum absorbance peak at 260 nm and an optical
density at 260 nm (OD,,)/OD,g, ratio of 1.75. Ethidium bro-
mide-stained agarose gels of LiCl extracts yielded significant
amounts of nucleic acids of S. epidermidis as well as of S. aureus
bacteria. The nucleic acids were found to be sensitive to DNase
I treatment (Fig. 3). Finally, LiCl extraction affected bacterial
viability and cell morphology. Viability of bacteria from fresh
overnight cultures of S. epidermidis KH11 and of S. aureus
Newman was determined by CFU determination after brief
sonication (10 cycles of 1 s, 40-W output, model 250 sonifier;
Branson, Danbury, Conn.), and viable counts were found to be
9.5 X 10" and 3.37 X 10'° CFU/ml, respectively. After treat-
ment with 1 M LiCl (2 h, 42°C), viable counts of sonicated S.
epidermidis and S. aureus microorganisms were reduced to
4.3 X 10'° CFU/ml (54.7% decrease) and 2.37 X 10'° CFU/ml
(29.7% decrease), respectively. Gram staining of LiCl-ex-
tracted microorganisms revealed >50% of cells to be disinte-
grated and/or decolorized.

N-terminal sequencing. After purification by medium-pres-
sure chromatography, both the 42- and the 112-kDa protein
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were subjected to N-terminal amino acid sequence analysis
with an automated 473A sequencer (Perkin-Elmer, Weiters-
tadt, Germany). For the 42-kDa protein, the following se-
quence was obtained: MKNLR NRSFL TLLDF SRQEV
EFLLT LSEDL. This N-terminal amino acid sequence exhib-
ited 61% identity to that of ornithine carbamoyl transferase
(OCTase) of Aeromonas formicans (SwissProt data base acces-
sion no. P11726), an enzyme involved in the synthesis of argi-
nine. Since the function of OCTase is to convert ornithine to
citrulline, the reaction can be monitored by detection of cit-
rulline by a colorimetric assay (22). Fractions from an anion-
exchange column containing only the 42-kDa protein were
positive in this test (OD,q,, 0.307 to 2.192, as fractions con-
tained increasing protein concentrations). In contrast, other
fractions that did not contain the 42-kDa protein were negative
for OCTase. Thus, the purified protein was found to catalyze
the conversion of ornithine to citrulline, demonstrating for the
first time a functional characterization of OCTase activity in S.
epidermidis. OCTases with a similar molecular mass (44 kDa)
in Bacillus subtilis (14) and S. aureus (22) have been reported
previously. The N-terminal amino acid sequence of the 112-
kDa protein extracted with 2% SDS reads as follows: A(V)
GPQK TLG(S)LV KYTDK VNXXI. This N-terminal amino
acid sequence showed 80% homology with the N terminus of
the amidase domain of the S. epidermidis AtIE protein (6), thus
representing the mature protein. Unpublished evidence from
our laboratory indicates that the AtIE molecule extracted by
SDS treatment does not contribute substantially to the adhe-
sion of S. epidermidis to FN. Sequence information on the
160-kDa protein remained inconclusive; the nature of this pro-
tein needs to be further characterized.

Enzymes with cell metabolic functions may be present on the
cell surface, as reported for the glyceraldehyde-3-phosphate
dehydrogenases of S. aureus and S. epidermidis (12) and Can-
dida albicans (3). However, the lack of OCTase supernatant
from extracts in which the integrity of the cell was preserved,
such as after SDS treatment or protoplast preparation, the
failure to demonstrate the OCTase antigen on the bacterial
surface, the release of nucleic acids, and the alteration of cell
morphology and viability all strongly suggest release of intra-
cellular molecules by LiCl extraction. Therefore, extraction
methods used for cell surface protein solubilization may not
reliably preserve the cell integrity of different staphylococcal
species, and LiCl extraction appears not to be a method of
choice for identification of candidate adhesins in S. epidermi-
dis. Care must be taken to ensure the cell wall location of any
staphylococcal protein presumably recognizing adhesive matrix
molecules.
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