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Abstract: Because of the continuous advent of new modes of antimicrobial
resistance, it has become difficult to control vancomycin-resistant enterococci
(VRE) with standard antibiotics. Therefore, in the interest of public health, early
diagnostic methods and a greater knowledge of the pathogenic process are
urgently needed to prevent the spread of VRE in humans and animals. To this
end, we sought immunogenic proteins suitable for the serological diagnosis of
VanA-, VanB-, VanC1-, and VanC2-type VRE. Proteins were extracted from cell
envelope (CE) and cytoplasm (CP), and anti-VRE guinea pig serum was used to
identify immunogenic proteins. Two immunogenic proteins of 129 and 29 kDa
were identified in the CE and CP of VanA, respectively, while a 28-kDa protein
was identified in the CP of VanB. Additionally, the CE of VanC1 contained two
immunogenic proteins of 30 and 46 kDa, while the CP of VanC1 contained two
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proteins of 19 and 30 kDa. The CE of VanC2 possessed one immunogenic protein
of 40 kDa. These proteins, which were specific to individual subtypes of VRE, will
likely prove useful in the serological diagnosis of enterococcal infections and in
the study of enterococcal pathogenesis.

Keywords: Cell envelope, Cytoplasm, Immunogenic proteins, Vancomycin-
resistant enterococci, VanA, VanB

INTRODUCTION

Resistance of nosocomial enterococci to antibiotics, such as strepto-
mycin, gentamicin, penicillin, and vancomycin, is on the rise,[1,23] and
effective treatments of enterococcal disease have been limited by the
emergence of multidrug resistance.[33] Early diagnosis followed by immu-
notherapy may be an effective means of controlling enterococcal infec-
tion[16] and identifying immunogenic proteins in enterococci will be of
crucial importance in the development of serological diagnostic tests
and treatments.[1,36] While the microbiological and genetic features of
antimicrobial resistance in enterococci have been studied intensively,
investigations of enterococcal pathogenesis and serological diagnosis
have been limited.[2,36] Two possible targets for serological diagnosis
are pathogenic factors and protein antigens found in the cell membrane.
For example, some pathogenic factors, such as proteases, hyaluroni-
dase,[27,34] pheromones,[29] AS-48,[13] lipoteichoic acid,[35] cytolysin,[17]

and aggregation substance,[8,20,31] may be common to all enterococci;
however, not all of them are necessarily immunogenic.

Bacterial cell membranes play a critical role in adhesion, coloniza-
tion, adaptation to changes in environment, and resistance against host
immune systems. Significantly, Huebner et al.[15] found that enterococcal
surface antigens are targeted by opsonin and immunogens in rabbits, and
that anti-enterococcal rabbit serum had a protective effect in mice
infected with enterococci.[16]

To determine how best to treat a vancomycin-resistant enterococci
(VRE) infection, it is important to be able to identify the subtype with
some specificity. Most VRE are classified VanA-, VanB-, or VanC-type,
according to their resistance to vancomycin (Va) and teicoplanin (Tp).[10]

VanA-type enterococci are frequently Enterococcus faecalis or E. faecium
and are resistant to high concentrations of Va (64–1,000 mg=mL mini-
mum inhibitory concentration [MIC]) and Tp (16–512 mg=mL MIC).
VanB-type enterococci are resistant to varying levels of Va
(4–1,000 mg=mL MIC), and to low levels of Tp (< 2 mg=mL MIC), while
VanC-type enterococci are resistance to low levels only of both Va
(2–32 mg=mL MIC) and Tp (< 2 mg=mL MIC). There are three
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subtypes of VanC-type enterococci: VanC1, VanC2, and VanC3, found
in E. gallinarum, E. casseliflavus, and E. flavescens, respectively.

Specific, sensitive diagnosis of VRE is essential when estimating VRE
prevalence and determining if vancomycin resistance is transferable from
animals to humans, a major public health concern. Although VRE may
be diagnosed by isolating and biochemically identifying enterococci, esti-
mating MIC, and=or detecting specific genes using multiplex PCR,[6,10,18]

these methods can be time-consuming, labor intensive, and exacting,[19]

When screening for infectious disease, enzyme-linked immunosorbent
assays (ELISA) have several advantages, such as speed, high throughput,
and ease of use.[19] Additionally, detection by immunochromatogra-
phy[21] can be used to diagnose the disease even more rapidly and con-
veniently[3,19,30] than conventional serological methods. To identify
targets for the detection of VRE, we examined the immunogenic proteins
in VRE by Western blot analysis using guinea pig antiserum.

EXPERIMENTAL

Bacterial Strains and Growth Conditions

Enterococcus faecium B7641, E. faecalis V583, E. gallinarum GS, and
E. casseliflavus ATCC 25788 were used as representatives of VanA-type
E. faecium (VanA-VREFM), VanB-type E. faecalis (VanB-VREFS),
and VanC1- and VanC2-type enterococci,[14,26,28,32] respectively. To com-
pare protein profiles and immunogenic proteins, vancomycin- susceptible
E. faecium dog isolates (VSEFM) and E. faecalis cattle isolates (VSEFS)
were used, along with E. casseliflavus cattle isolates. All of the strains
were isolated in the Republic of Korea and grown in Brain Heart
Infusion (BHI) broth (Difco, Detroit, Mich.) for 18 h at 37�C.

Guinea Pig Antiserum

Antiserum against enterococci was prepared by subcutaneous injections
of guinea pigs (Hartley), as described previously.[22] Each enterococcus
was grown in BHI broth for 18 h at 37�C, and the cultures were inacti-
vated with 0.5% (v=v) formalin. Inactivated whole cells were centrifuged
at 10,000� g for 10 min and resuspended in sterilized saline. Protein con-
centrations of inactivated whole cells (IWC) were measured using the
BCA protein assay kit (Pierce, Rockford, Ill). After IWC with complete
Freund’s adjuvant (Sigma) was adjusted to optimal concentrations, it was
injected subcutaneously into guinea pigs. An injection of IWC with
incomplete Freund’s adjuvant (Sigma) was given 3 wk after the first injec-
tion. If the antibody titer of immunized guinea pigs by ELISA surpassed
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1:512, the immunized guinea pigs were bled terminally. Control sera were
obtained from noninoculated guinea pigs, bred under the same con-
ditions as the immunized ones. All serum was inactivated at 56�C for
30 min and stored at �20�C before being used for immunoblotting.

Cell Envelope and Cytoplasm Extraction

Cell envelope (CE) and cytoplasm (CP) proteins were extracted from
enterococci by sonication and ultracentrifugation as described in Ref.
[5]. Briefly, bacterial cultures in BHI broth were centrifuged at
10,000� g for 10 min at 4�C and suspended in cold 25 mM Tris-HCl with
1 mM EDTA-Na2 (pH 7.4). The bacterial suspensions were ultrasoni-
cated and then centrifuged at 5,000� g for 30 min at 4�C. The superna-
tants were collected and ultracentrifuged at 45,000� g for 1 h at 4�C.
The resulting clear pellets contained the CE and, following another cen-
trifugation, the supernatants were used as CP.

SDS-PAGE and Western Blot

SDS-PAGE and Western blot were performed as described in Refs. [4,24].
Prepared antigens mixed with sample buffer were loaded onto an SDS-
PAGE gel. The gel was electrophoresed at 100 V, 80 mA for 1 h 20 min
and stained with Coomassie blue. The antigens were electrotransblotted
from the gel to a nitrocellulose (NC) membrane (Sigma) at 100 V,
400 mA for 1 h and blocked for 30 min at 37�C in 1% skim milk (Sigma)
in PBS (pH 7.4). The NC membranes were reacted for 1 h at 37�C with
diluted guinea pig serum (1:2,000) in PBS (pH 7.4) containing 1% skim
milk followed by anti-guinea pig IgG horseradish peroxidase conjugate
(Sigma) diluted to 1:2,000 in PBS (pH 7.4) with 1% skim milk at 37�C
for 1 h. They were then reacted with 3,30-diaminobenzidine (DAB) (Sigma)
susbstrate solution for 5 min. The proteins on SDS-PAGE and Western
blot were analyzed using Bio1D ver 99.03 (Vilber Lourmat, France).

RESULTS AND DISCUSSION

The CE proteins of VRE, VSEFM, and VSEFS were analyzed by SDS-
PAGE. The most abundant VanA-VREFM CE proteins were 8, 14, 16,
19, 21, 24, 27, 28, 34, 40, 44, 51, 54, 60, 65, 79, 92, 107, 116, 129, 137,
148 and 158 kDa (Fig. 1, lane 2). Those of the VSEFM CE were 7, 24,
27, 40, 44, 54, 60, 70, 80, 112 and 155 kDa in size (Fig. 1, lane 7).
VanB-VREFS CE proteins were 14, 17, 22, 25, 28, 35, 47, 49, 54, 57,
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70, 79, 107, 116, 152 and 163 kDa in size (Fig. 1, lane 4). Finally, VSEFS
CE proteins were 12, 16, 22, 35, 49, 54, 107, 116 and 163 kDa in size
(Fig. 1, lane 5). Each species had a unique size distribution pattern on
the gel, and strains of the same species had similar patterns regardless
of vancomycin resistance, with two exceptions: bands at 34 and 40 kDa
in VanA-VREFM differed from those in VSEFM (Fig. 1, compare lanes
2 and 7), and one of the three E. casseliflavus strains had a size distri-
bution pattern that was different from the other two strains (Fig. 1, lanes
3, 8, and 9). CE proteins were also analyzed by Western blot analysis
using serum from guinea pigs inoculated with VRE and VSE. When com-
paring VanA-VREFM with VSEFM, we found that they had two
immunogenic proteins of 24 and 44 kDa in common. There was one
129-kDa protein specific to VanA-VREFM and one 7-kDa protein spe-
cific to VSEFM (Fig. 2 and Table 1). VanB-VREFM and VSEFS had
one immunogenic protein of 54 kDa in common. We did not find an
immunogenic protein specific to VanB-VREFM, but found two specific
to VSEFS, which were 12 and 16 kDa in size (Fig. 3 and Table 1). Two
immunogenic proteins specific to VanC1 were 30 and 46 kDa in size,
while a single VanC2-specific protein was 40 kDa in size (Table 1).

Figure 1. Electrophoretic analysis of the CE of VRE, VSEFM, and VSEFS by
10% SDS-polyacrylamide gel electrophoresis. Lanes: 1, Molecular weight marker
(Sigma wide marker); 2, E. faecium B7641 (VanA-VREFM); 3, E. casseliflavus
cattle isolate 2 (VanC2); 4, E. faecalis V583 (VanB-VREFS); 5, E. faecalis cattle
isolate (VSEFS); 6, E. gallinarum GS (VanC1); 7, E. faecium dog isolate
(VSEFM); 8, E. casseliflavus ATCC 25788 (VanC2); 9, E. casseliflavus cattle
isolate 1 (VanC2).
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When the CPs of VRE, VSEFM, and VSEFS were analyzed by
SDS-PAGE, each was found to have a unique protein size distribution
pattern. The most abundant proteins in VanA-VREFM CP were 9, 13,
17, 21, 23, 27, 32, 39, 40, 44, 56, 61, 64 and 100 kDa in size (Fig. 4, lane
2), while those of VSEFM CP were 44, 48, 56 and 100 kDa in size (Fig. 4,
lane 7). VanB-VREFS CP proteins were 5, 12, 16, 22, 28, 31, 35, 39, 43,
47, 49 and 53 kDa in size (Fig. 4, lane 4), while those of VSEFS CP were
6, 17, 22, 47, 53, 57 and 90 kDa in size (Fig. 4, lane 5). Each strain within
a species had the same protein profile except that VanA-VREFM had 39
and 48 kDa proteins, unlike VSEFM (Fig. 4, compare lanes 2 and 7), and
in VanC2, two of the three isolates had the same protein pattern while the
third was different (Fig. 4, lanes 3, 8 and 9).

CP proteins were analyzed by Western blot analysis using serum
from guinea pigs inoculated with VRE and VSE. When VanA-VREFM
and VSEFM were compared, one 21-kDa immunogenic protein was
found in VanA CP alone. No immunogenic CP proteins were shared
between the two strains, and none were found in VSEFM alone (Fig. 5
and Table 1). When VanB-VREFS and VSEFS were compared, there

Figure 2. Western blot analysis of CE of vancomycin resistant E. faecium
(VREFM) and VSEFM with guinea pig sera immunized with VREFM and
VSEFM. Lanes: 1 and 2, CE of E. faecium B7641 (VREFM) with sera from
guinea pigs immunized (þ) and not immunized (�) with VREFM, respectively;
3 and 4, CE of E. faecium dog isolate (VSEFM) with guinea pig sera immunized
(þ) and not immunized (�) with VSEFM, respectively.
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Figure 3. Western blot analysis of CE of vancomycin resistant E. faecalis
(VREFS) and VSEFS with guinea pig sera immunized with VREFS and VSEFS.
Lanes: 1 and 2, CE of E. faecalis V583 (VREFS) with guinea pig sera immunized
(þ) and not immunized (�) with VREFS, respectively; 3 and 4, CE of E. faecalis
cattle isolate (VSEFS) with guinea pig sera immunized (þ) and not immunized
(�) with VSEFS, respectively.

Table 1. Immunogenic proteins present in the CE and CP of enterococci

Strains CE CP

VREFMa (E. faecium B7641) 129� 21
VREFSb (E. faecalis V583) – 28
VanC1c (E. gallinarum) 30 19, 30
VanC2d (E. casseliflavus) 40 –
VSEFMe (E. faecium dog isolate) 7 –
VSEFSf (E. faecalis cattle isolate) 12, 16 6, 17, 90
E. faecium 24, 44 –
E. faecalis 54 –

�protein size, kDa.
aVREFM, vancomycin resistant E. faecium.
bVREFS, vancomycin resistant E. faecalis.
cVanC1, VanC1-type enterococci.
dVanC2, VanC2-type enterococci.
eVSEFM, vancomycin susceptible E. faecium.
fVSEFS, vancomycin susceptible E. faecalis.
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Figure 4. Eletrophoretic analysis of CP of VRE, VSEFM, and VSEFS by 10%
SDS-polyacrylamide gel electrophoresis. Lanes: 1, Molecular weight marker
(Sigma wide marker); 2, E. faecium B7641 (VanA-VREFM); 3, E. casseliflavus
cattle isolate 2 (VanC2); 4, E. faecalis V583 (VanB-VREFS); 5, E. faecalis cattle
isolate (VSEFS); 6, E. gallinarum GS (VanC1); 7, E. faecium dog isolate
(VSEFM); 8, E. casseliflavus ATCC 25788 (VanC2); 9, E. casseliflavus cattle
isolate 1 (VanC2).

Figure 5. Western blot analysis of CP of VREFM and VSEFM with guinea pig
sera immunized with VREFM and VSEFM. Lanes: 1 and 2, CP of E. faecium
B7641 (VREFM) with guinea pig sera immunized (þ) and not immunized (�) with
VREFM, respectively; 3 and 4, CP of E. faecium dog isolate (VSEFM) with guinea
pig sera immunized (þ) and not immunized (�) with VSEFM, respectively.
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was one 28-kDa VanB-VREFS-specific immunogenic protein, and three
VSEFS-specific proteins of 6, 17, and 90 kDa in size. No immunogenic
CP proteins were shared between VanB-VREFS and VSEFS (Fig. 6
and Table 1). There were two immunogenic proteins of 19 and 30 kDa
in VanC1 CP. No immunogenic CP proteins were found in VanC2
(Table 1).

As discussed above and reported previously by Nicas et al.[25] there
did not appear to be any differences in the size distribution of proteins
on the SDS-PAGE gels of CE of E. faecalis VanB-VREFS and VSEFS.
Although VanA-VREFM had a few protein differences when compared
with VSEFM, e.g., 34 and 40 kDa proteins in the CE and 39 and 48 kDA
proteins in the CP (Figs. 1 and 4), these were not immunospecific (Figs. 2
and 5; Table 1).

In a previous study, proteins from E. faecalis were detected by
immunoblot analysis using serum from rabbits inoculated with E. faecalis
isolated from patients with enterococcal infections. Serum from eight
patients infected with enterococci, negative control serum, and rabbit

Figure 6. Western blot analysis of CP of VREFS and VSEFS with guinea pig
sera immunized with VREFS and VSEFS. Lanes: 1 and 2, CP of E. faecalis
V583 (VREFS) with guinea pig sera immunized (þ) and not immunized (�) with
VREFS, respectively; 3 and 4, CP of E. faecalis cattle isolate (VSEFS) with guinea
pig sera immunized (þ) and not immunized (�) with VSEFS, respectively.
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anti-E. faecalis serum, all reacted with proteins of 36, 43, 58, and 69 kDa
in size, but the negative control serum of rabbits did not react.[1] In the
present study, immunogenic proteins were detected with guinea pig anti-
serum in CE and CP of VRE. Guinea pig antiserum also revealed that a
54-kDa immunogenic was common to the CE of both VREFS and
VSEFS (Figs. 2, 3, 4, and 5; Table 1). Therefore, the immunogenic pro-
teins identified in this study might be suitable candidates for the diagnosis
and immunotherapy of VRE infection.

CONCLUSIONS

The diagnosis of VRE infections by biochemical reactions, antibiotic sus-
ceptibility tests,[18] and multiplex PCR generally takes 72–96 h. However,
VRE infections can also be detected using antigen-specific antiserum,
leading to a diagnosis in less time than is required for conventional diag-
nosis.[9,11,12] The immunogenic proteins examined in this study appear to
be suitable candidates for serological diagnosis. In addition to their diag-
nostic utility, these proteins and the anti-enterococcus antibodies we have
produced may be of use in the study of enterococcal pathogenesis. It will
be of great importance to purify and further characterize the immuno-
genic proteins identified in this study as they may help to elucidate the
pathogenesis of VRE.

ABBREVIATIONS

CE, cell envelope; CP, cytoplasm; ELISA, enzyme-linked immunosor-
bent assay; NC, nitrocellulose; DAB, 3,3’-diaminobenzidine; PCR, poly-
merase chain reaction; Tp, teichoplanin; Va, vancomycin; VRE,
vancomycin-resistant enterococci; VREFM, vancomycin resistant E. fae-
cium; VREFS, vancomycin resistant E. faecalis.

ACKNOWLEDGMENTS

This work was supported by National Veterinary Research and Develop-
ment grant P-AD13-2000-03-07 from the National Veterinary Research
and Quarantine Service in the Republic of Korea.

REFERENCES

1. Arduino, R.C.; Murray, B.E.; Rakita, R.M. Roles of antibodies and comp-
lement in phagocytic killing of enterococci. Infect. Immun. 1994, 62, 987–993.

328 Y. S. Cho et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



2. Arduino, R.C.; Jacques-Palaz, K.; Murray, B.E.; Rakita, R.M. Resistance of
Enterococcus faecium to neutrophil-mediated phagocytosis. Infect. Immun.
1994, 62, 5587–5594.

3. Bhaskar, S.; Singh, S.; Sharma, M. A single-step immunochromatographic
test for the detection of Entamoeba histolytica antigen in stool samples. J.
Immunol. Meth. 1996, 196, 193–198.

4. Bollag, D.M.; Edelstein, S.J. Immunoblotting. In Protein Methods; 1st Ed.;
Wiley-Liss, Inc.: New York, NY, 1991; 181–211.

5. Chart, H. Bacterial fractionation and membrane protein characterization. In
Methods in practical laboratory bacteriology; 1st Ed.; Chart, H., Ed.; CRC
Press: Boca Raton, FL, 1994; 1–10.

6. Cho, Y.S.; Lee, H.S.; Kim, J.M.; Ahn, J.S.; Ryu, P.D.; Park, Y.H.; Yoo,
H.S.; Lee, M.H. Development of multiplex polymerase chain reaction for
the detection of vancomycin resistant genotypes and Enterococcus species-
specific genes. Korean J. Vet. Res. 2003, 43, 103–112.

7. Cho, Y.S.; Lee, H.S.; Kim, J.M.; Ryu, P.D.; Park, Y.H.; Yoo, H.S.; Lee,
M.H. Comparison of antimicrobial susceptibility of vancomycin resistant
enterococci from animals and human. Korean. J. Vet. Publ. Hlth. 2003, 27,
17–29.

8. Chow, J.W.; Thal, L.A.; Perri, M.B.; Vazquez, J.A.; Donabedian, S.M.;
Clewell, D.B.; Zervos, M.J. Plasmid-associated hemolysin and aggregation
substance production contributes to virulence in experimental enterococcal
endocarditis. Antimicrob. Agents Chemother. 1993, 37, 2474–2477.

9. Cole, R.A.; Lu, H.M.; Shi, Y.Z.; Wang, J.; De-Hua, T.; Zhou, A.T. Clinical
evaluation of a rapid immunochromatographic assay based on the 38 kDa
antigen of Mycobacterium tuberculosis in China. Tuber. Lung Dis. 1996,
77, 363–368.

10. Dutka-Malen, S.; Evers, S.; Courvalin, P. Detection of glycopeptide
resistance genotypes and identification to the species level of clinically
relevant enterococci by PCR. J. Clin. Microbiol. 1995, 33, 24–27 (Erratum,
33:1434).

11. Ehrlich, T.P.; Schwartz, R.H.; Wientzen, R.; Thorne, M.M. Comparison of an
immunochromatographic method for rapid identification of group A strepto-
coccal antigen with culture method. Arch. Fam. Med. 1993, 2, 866–869.

12. Gaglani, M.J.; Baker, C.J.; Edwards, M.S. Contribution of antibody to
neutrophil-mediated killing of Enterococcus faecalis. J. Clin. Immunol.
1997, 17, 478–484.

13. Galvez, A.; Maqueda, M.; Martinez-Bueno, M.; Valdivia, E. Permeation of
bacterial cells, permeation of cytoplasmic and artificial membrane vesicles,
and channel formation on lipid bilayers of peptide antibiotic AS-48.
J. Bacteriol. 1991, 173, 886–892.

14. Hayden, M.K.; Trenholme, G.M.; Schultz, J.E.; Sahm, D.F. In vivo develop-
ment of teicoplanin resistance in a VanB Enterococcus faecium isolate. J.
Infect. Dis. 1993, 167, 1224–1227.

15. Huebner, J.; Wang, Y.; Krueger, W.A.; Madoff, L.C.; Martirosian, G.;
Boisot, S.; Goldmann, D.A.; Kasper, D.L.; Tzianabos, A.O.; Pier, G.B.
Isolation and chemical characterization of a capsular polysaccharide antigen

Immunogenic Proteins in the Cell Envelope 329

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



shared by clinical isolates of Enterococcus faecalis and vancomycin-resistant
Enterococcus faecium. Infect. Immunol. 1999, 67, 1213–1219.

16. Huebner, J.; Quaas, A.; Krueger, W.A.; Goldman, D.A.; Pier, G.B. Prophy-
lactic and therapeutic efficacy of antibodies to a capsular polysaccharide
shared among vancomycin-sensitive and -resistant enterococci. Infect. Immu-
nol. 2000, 68, 4631–4636.

17. Jett, B.D.; Jensen, H.G.; Nordquist, R.E.; Gilmore, M.S. Contribution of the
pAD1-encoded cytolysin to the severity of experimental Enterococcus faecalis
endophthalmitis. Infect. Immunol. 1992, 60, 2445–2452.

18. Jones, M.E.; Gesu, G.; Ortisi, G.; Sahm, D.F.; Critchley, I.A.; Goglio, A.
Proficiency of Italian clinical laboratories in detecting reduced glycopeptide
susceptibility in Enterococcus and Staphylococcus spp. using routine labora-
tory methodologies. Clin. Microbiol. Infect. 2002, 8, 101–111.

19. De verdier Klingenberg, K.; Esfandiari, J. Evaluation of a one-step test for
rapid, in practice detection of rotavirus in farm animals. Vet. Rec. 1996,
138, 393–395.

20. Kreft, B.; Marre, R.; Schramm, U.; Wirth, R. Aggregation substance of
Enterococcus faecalis mediates adhesion to cultured renal tubular cells. Infect.
Immunol. 1992, 60, 25–30.

21. Leuvering, J.H.W.; Thal, P.J.H.M.; Van der Waart, M.; Schuurs, A.H.W.M.
A sol particle agglutination assay for human chorionic gonadotrophin. J.
Immunol. Meth. 1981, 45, 183–194.

22. Liddell, J.E.; Cryer, A. In A practical guide to monoclonal antibodies; 1st Ed.;
John Wiley & Sons Press: New York, NY, 1991; 42–45.

23. Moellering, R.C. Emergence of enterococcus as a significant pathogen. Clin.
Infect. Dis. 1992, 14, 1173–1178.

24. Moos, M. Jr. Analysis of proteins. In Short protocols in molecular biology; 3rd
Ed.; Ausubel, F.M., Brent, R., Kingston, R.E., Moore, D.D., Seidman, J.G.,
Smith, J.A., Struhl, K., Eds.; John Wiley & Sons, Inc.: New York, NY, 1995;
10–7–10–10.

25. Nicas, T.I.; Wu, C.Y.E.; Hobbs, J.N.; Preston, D.A.Jr.; Allen, N.E. Charac-
terization of vancomycin resistance in Enterococcus faecium and Enterococcus
faecalis. Antimicrob. Agents Chemother. 1989, 33, 1121–1124.

26. Patel, R.; Uhl, J.R.; Kohner, P.; Hopkins, M.K.; Ill, F.R.C. Multiplex PCR
detection of vanA, vanB, vanC-1, and vanC-2=3 genes in enterococci. J. Clin.
Microbiol. 1997, 35, 703–707.

27. Rosan, B.; Williams, N.B. Hyaluronidase production by oral enterococci.
Arch. Oral Biol. 1964, 9, 291–298.

28. Sahm, D.F.; Free, L.; Handwerger, S. Inducible and constitutive expression
of vanC-1-encoded resistance to vancomycin in Enterococcus gallinarum.
Antimicrob. Agents Chemother. 1995, 39, 2026–2030.

29. Sannomiya, P.A.; Craig, R.A.; Clewell, D.B.; Suzuki, A.; Fujino, M.; Till,
G.O.; Marasco, W.A. Characterization of a class of nonformylated Entero-
coccus faecalis-derived neutrophil chemotactic peptides: the sex pheromones.
Proc. Natl. Acad. Sci. 1990, 87, 66–70.

30. Sato, K.; Ichiyama, S.; Iinuma, Y.; Nada, T.; Shimokata, K.; Nakashima, N.
Evaluation of immunochromatographic assay systems for rapid detection of

330 Y. S. Cho et al.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



hepatitis B surface antigen and antibody, Dainascreen HbsAg and Dainasc-
reen Ausab. J. Clin. Microbiol. 1996, 34, 1420–1422.

31. Schlievert, P.M.; Gahr, P.; Assimacopoulos, A.P.; Dinges, M.M.; Stoehr,
J.A.; Harmala, J.W.; Hirt, H.; Dunny, G.M. Aggregation and binding sub-
stances enhance pathogenicity in rabbit models of Enterococcus faecalis endo-
carditis. Infect. Immunol. 1998, 66, 218–223.

32. Seo, K.S.; Song, D.J.; Gwyther, M.M.; Park, Y.H. Development of multiplex
PCR for detection of vancomycin resistant enterococci (VRE) and epidemio-
logical application in Korea. Korean J. Vet. Res. 1999, 39, 343–352.

33. Spera, R.V. Jr.; Farber, B.F. Multidrug-resistant Enterococcus faecium. An
untreatable nosocomial pathogen. Drugs 1994, 48, 678–688.

34. Su, Y.A.; Sulavik, M.C.; He, P.; Makinen, K.K.; Makinen, P.; Fiedler, S.;
Wirth, R.; Clewell, D.B. Nucleotide sequence of the gelatinase gene (gelE)
from Enterococcus faecalis subsp. liquefaciens. Infect. Immunol. 1991, 59,
415–420.

35. Tsutsui, O.; Kokeguchi, S.; Matsumura, T.; Kato, K. Relationship of the
chemical structure and immunological activities of lipoteichoic acid from
Streptococcus faecalis (Enterococcus hirae) ATCC 9790. FEMS Microbiol.
Immunol. 1991, 3, 211–218.

36. Xu, Y.; Jiang, L.; Murray, B.E.; Weinstock, G.M. Enterococcus faecalis anti-
gens in human infections. Infect. Immunol. 1997, 65, 4207–4215.

Received December 20, 2007
Accepted February 25, 2008
Manuscript 3264

Immunogenic Proteins in the Cell Envelope 331

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
0
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


