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Abstract
Background—Most previous reports have found that Enterococcus faecalis isolates do not show
significant adherence to fibronectin and fibrinogen

Methods—The influence of various conditions on E. faecalis adherence to ECM proteins was
evaluated using a radiolabeled adherence assay.

Results—Among conditions studied, growth in 40% serum, a biological cue with potential clinical
relevance, elicited adherence of all 46 E. faecalis strains tested to fibronectin and fibrinogen, but not
to elastin; the adherence levels were independent of strain source and was eliminated by treating cells
with trypsin. As previously reported, serum also elicited collagen adherence. While prolonged
exposure to serum during growth was needed for enhancement of adherence to fibrinogen, brief
exposure (<5 min) to serum had an immediate, although partial, effect on adherence to fibronectin
and collagen. Pre-treatment of bacteria with chloramphenicol did not decrease the enhanced
fibronectin and collagen adherence, indicating that protein synthesis is not required for the latter
effect.

Conclusion—Together, these data suggest that serum components may serve i) as host
environmental stimuli to induce production of extracellular matrix protein binding adhesin(s), as
previously seen with collagen adherence, and also ii) as activators of adherence, perhaps by forming
bridges between ECM proteins and adhesins.
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INTRODUCTION
Enterococcus faecalis, a mammalian gut commensal and facultative pathogen with an
intermediate level of virulence, causes many infections including nosocomial bacteremia,
urinary tract infections, and endocarditis [1]. Similar to other gram-positive pathogens, the first
step in the infection process of E. faecalis is thought to begin with bacterial adhesion to
extracellular matrix (ECM) of damaged tissue [2,3]. The ECM of mammalian tissues is largely
composed of glycoproteins (e.g., collagens, laminin, fibronectin (Fn), lactoferrin, and
fibrinogen (Fg)) and proteoglycans. In normal tissues, the ECM is covered by epithelial or
endothelial cells and trauma that damages host tissue exposes the ECM, thus allowing microbial
colonization and infection. The published E. faecalis genome [4] predicts that E. faecalis
possesses a number of cell wall anchored surface proteins with characteristic immunoglobulin-
like folds, which are referred to as putative MSCRAMMs (microbial surface components
recognizing adhesive matrix molecules [5]), that could promote colonization. MSCRAMMs
of other gram-positive bacteria have been shown to play a major role in adherence and
colonization in animal models [2,3], and it is likely that the same is true for E. faecalis.

During the past two decades, variable results have been reported from E. faecalis adherence
studies using different strains grown in routine laboratory media [6-15]. However, it is difficult
to directly compare these studies because the results have been variably expressed as binding
of ECM proteins to enterococci and vice versa, and because a wide range of techniques have
been used (e.g., a crude particle agglutination method, standard radiolabeled or
spectrophotometric bacterial adherence methods, and a microscopic method). Our studies, as
well as those of several others, have categorized E. faecalis as conditional adherent to collagens
and laminin [12,16,17] and as non-adherent to both Fg [10,12] and Fn [7,12,15]. Seemingly
in contrast to other reports, Tomita and Ike [10] showed low level adherence of several E.
faecalis clinical isolates to collagens, laminin, and FN using a more sensitive microscopic
method and a lower cut off compared to the cut off used in standard adherence studies that
assess the percent of bacteria bound. Our subsequent genetic analyses demonstrated that Ace
(an adhesin to collagen from E. faecalis) mediates the conditional (i.e., after growth at 46°C,
in serum or in collagen) adherence of E. faecalis to collagen type I (CI), collagen type IV (CIV),
and laminin [17,18], in addition to dentin, a stabilized form of collagen [19].

It is known that pathogenic bacteria can alter expression of surface adhesins and their adherence
upon exposure to host factors during infection. Increased surface proteins of oral streptococci
upon exposure to ECM proteins [20], increased adherence of Proteus mirabilis to human
urinary tract cell line after growth in urine [21], and increased adhesive ability of E. faecalis
strains to heart cells [22] as well as to collagens [16,17] after growth in serum, are examples
of this phenomenon. The present study was aimed at examining the adherence of diverse E.
faecalis strains to ECM proteins after in vitro growth under conditions that may mimic
physiological ones. Our results show that serum enhances E. faecalis adherence to ECM
proteins and provide evidence that the serum enhancement may occur via two different
mechanisms.

MATERIALS AND METHODS
Bacterial strains

The E. faecalis isolates used in this study include OG1RF [23], 14 endocarditis isolates, 12
other clinical isolates (isolated from bone, catheters, urine, and wounds), 13 community-
derived fecal isolates, and six animal isolates. These isolates were recovered over 27 years
from broad geographic regions (United States, Thailand, China, Argentina, and Spain). The
majority of these isolates were typed previously and known to be distinct by pulsed-field gel
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electrophoresis (PFGE). Two endocarditis strains TX0052 and MC02152 [17,24], and OG1RF
[23] with clearly different PFGE patterns were chosen for detailed analyses.

Growth conditions
E. faecalis cells were grown in Brain Heart Infusion (BHI) (Difco) at 37°C for routine purposes.
For exploratory adherence studies, OG1RF cells were grown in BHI with or without different
concentrations of sugars (0.2 to 1% glucose or 0.5 to 2% sucrose), bile salts (0.005 to 0.01%
(wt/vol) of 1:1 mixture of sodium cholate and sodium deoxycholate; Sigma) or heat-inactivated
horse serum (10 to 80%; Sigma) either at aerobic conditions or in 5% CO2 and also in different
laboratory media (Todd-Hewitt (Difco), tryptic soy (Difco) with 0.25% glucose, and complete
synthetic medium [23]). For subsequent assays of this study, cells were grown either in BHI
or in BHI plus 40% horse serum (BHIS).

Growth curves of E. faecalis were generated using conditions that were used for adherence
assays. In brief, bacteria were inoculated into BHI or BHIS (with starting inoculum of
OD600= 0.01 to 0.015 or ∼ 1 × 107 cfu), mixed thoroughly by rigorous vortexing, dispensed
into 5 ml aliquots and incubated at 37°C with shaking in an orbital shaker. At 1 h intervals,
OD600 was measured from a single tube which was then discarded. cfu determinations were
made on BHI agar at 0, 6, 8, 10, and 16 h.

ECM proteins and adherence assay
To test adherence of E. faecalis to immobilized proteins, Immulon-1B-Removawells
(Dynatech Laboratories) were coated overnight at 4°C with bovine CI (Cohesion
Technologies), human CIV (Sigma), human plasma Fn (Enzyme Research Laboratories),
human cellular Fn (Sigma), and Fn-depleted human Fg (Enzyme Research Laboratories),
human elastin (En, Elastin products company) and bovine serum albumin (BSA). Adherence
was carried out by a previously described assay [18] except that 35S-labeled bacteria were
resuspended in PBS with 0.5% Tween-80, 0.1% BSA (PBSTB) to minimize clumping. BHIS
grown OG1RF cells were tested for adherence to each ECM protein with incubation in ECM-
coated wells initially ranging from 1 to 4 h; since adherence peaked at 2 h and was not enhanced
by further incubation, 2 h incubations were subsequently used. Using BHI-grown OG1RF, we
also tested the effect of 0.1, 1, and, 10 mM cations (Ca++, Mg++, and Mn++) at the adherence
step. For the cation effect studies, PBS was substituted with 50 mM 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (pH 7·5). Isolates were classified as adhering to ECM proteins
if ≥5% of total labeled cells adhered [18].

Trypsin treatment of bacteria
For proteolytic treatment to remove surface proteins, 108 cells of labeled bacteria in PBS were
incubated with 1 mg of trypsin for 1 h at 37°C. The suspensions were washed three times in
PBS for use in adherence assays.

Serum exposure studies
To test the effect of short periods of exposure to serum on E. faecalis adherence, bacteria
were 35S-labeled by growing in BHI for 8 h, then washed in PBS; cell densities were adjusted
to OD600 = 0.5 in PBS followed by incubation for 3 to 5 min at 37°C with an equal volume of
pre-warmed serum, followed by centrifugation at 4°C. Before adding serum-exposed cells to
ECM coated wells, bacteria were washed in PBS and cell densities were adjusted in PBSTB.

For experiments to test the effects of bacterial protein synthesis inhibition on these serum
exposure phenotypes, BHI-grown 35S-labeled bacteria processed and adjusted to OD600 = 0.5
in PBS as above, were treated with 1× and 2× the MIC of chloramphenicol at 37°C for 30 min
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prior to the addition of an equal volume of pre-warmed serum [25,26]. The chloramphenicol
MICs for the three tested strains (determined using CSLI [27] recommendations) were 4 μg/
ml for OG1RF and 8 μg/ml for both TX0052 and MC02152

Colony hybridization
Colony lysate blots containing denatured E. faecalis genomic DNA were prepared as
previously described [28] and hybridized with probes representing 8 genes that encode
predicted MSCRAMMs [5]. Probe details and primers used for amplification are listed in Table
1.

Statistics
Student's t test and Analysis of Variance (ANOVA) with Bonferronic's post test were used for
comparing continuous variables and Fisher's exact test was used for categorical results. The
differences were considered significant when P < 0.05.

RESULTS
Effect of serum on adherence of E. faecalis to immobilized extracellular matrix proteins

We first examined the ability of E. faecalis OG1RF [23] and two endocarditis strains to adhere
to CI, CIV, Fn, Fg, En, and BSA. Similar to our earlier report for E. Faecalis [12], there was
no adherence (< 5% cells adhered) after growth in BHI at 37°C to any of these proteins, except
strain MC02152 with 6.5% cells adhering to CIV, consistent with our previous result for this
strain [17,24]. We next tested several growth conditions and assay parameters to identify
conditions that might promote E. faecalis adherence to different ECM proteins. While the
adherence results of cells harvested from different laboratory growth media supplemented with
or without sugars or bile salts (see Methods) were qualitatively identical to BHI-grown OG1RF
cells, growth in BHI plus 40% horse serum yielded much higher overall adherence levels (P
< 0.0001) to Fn and Fg, in addition to collagens [17], but not to En and BSA (figure 1A).
Supplementing different cations during the adherence step did not enhance the adherence levels
of BHI-grown OG1RF cells. As shown in figure 1A, the increase in adherence of BHIS-grown
cells versus BHI-grown cells to different ECM proteins ranged from 7 (TX0052 to CI) to 17
fold (OG1RF to CIV). Of note, we also tested cellular-Fn (the fibronectin form present on cell
surfaces) as a substrate and found no qualitative differences in OG1RF adherence results
compared with the serum form of Fn (data not shown). The serum enhanced OG1RF adherence
to CI, CIV, Fn and Fg was almost completely eliminated by trypsin treatment of bacteria (figure
1B). It was also observed during these studies that E. faecalis cells grown in BHIS showed
some clumping, which may explain why some standard deviation (SD) values of the mean for
adherence data from independent experiments were high (e.g., SD of Fn adherence of
MC02152 was 26% of its mean adherence value). However, the qualitative adherence
differences between independent experiments were highly reproducible. The BHIS growth
conditions that enhanced ECM protein adherence also slowed the doubling time of E.
faecalis and the overnight culture density and cfu of BHIS-grown E. faecalis were reproducibly
ca. two times lower than the BHI-grown E. faecalis (figure 2).

Serum elicited adherence of E. faecalis to fibronectin and fibrinogen is a general
phenomenon

We next tested the adherence ability of 43 additional diverse E. faecalis strains grown in BHIS
to immobilized fibronectin and fibrinogen. Among these, 12 strains were studied previously
after growth in BHI using the same adherence assay and reported as non-adherent to Fn and
Fg [12]. As shown in figure 3, all strains grown in BHIS were found to adhere to both Fn and
Fg. Individual differences were observed in the percentages of adherent cells of different strains
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and were in the range of 9 ± 1 to 38 ± 5% for Fn and 8 ± 1 to 32 ± 3% for Fg (figure 3). However,
no correlation was noted between the ability or the levels of adherence of the various strains
grown in BHIS to the ECM proteins and the source (clinical isolate versus fecal isolate from
healthy individuals), the host from which they had been recovered (animal versus human), or
their geographical origin.

Influence of growth phase on E. faecalis adherence
Comparison of adherence percentages of three BHIS-grown E. faecalis strains harvested at 8
h (∼ late-exponential phase), 10 h (∼ entry into stationary phase), and 16 h (6 h after the
cultures entered stationary phase) (figure 2), overall, showed positive adherence to CI, CIV,
Fn, and Fg, except for a lack (≤ 5%) of CI adherence at the earliest time point with 2 strains,
and no adherence to En- or BSA-coated wells (table 2). The variability in adherence
percentages at different growth phases was greatest for CI (e.g., an 11-fold increase with
OG1RF cells harvested at 8 h versus 16 h) while much smaller differences (less than two-fold)
were seen with Fg adherence (table 2). For subsequent analyses, cells harvested at 10 h were
used. Of note, uneven radiolabeling of cells harvested until mid-exponential phase (6 h) caused
large variation in independent values and hence we did not attempt to compare those values.

Short exposure of E. faecalis to serum is sufficient to increase its adherence to collagens
and fibronectin

To investigate the mechanism of the serum elicited adherence to different ECM proteins, we
undertook studies to determine if prolonged exposure to serum was required (as seen with
serum-induced, Ace-mediated collagen adherence [17]) or if brief exposure sufficed. For the
latter, adherence assays were carried out with BHI-grown entry into stationary phase (8 h)
cultures that were divided into several portions and then exposed briefly to serum in the
presence or absence of the protein synthesis inhibitor, chloramphenicol. As shown in figure
4A, brief exposure (< 5 min) of OG1RF to serum (HS-br) just before performing adherence
led to a clear increase in adherence to collagens (4-fold to CI (data not shown) and 5-fold to
CIV, P<0.001) and Fn (8-fold, P<0.001) relative to exposure to PBS, an effect that was not
eliminated by pre-exposure to 1× or 2× the MIC of chloramphenicol (figure 4A). The lack of
chloramphenicol effect plus the very brief exposure to serum indicate that protein synthesis is
not essential for these phenotypes, and suggests that some degree of the CI, CIV, and Fn
adherence phenotypes occurs via serum component deposition on E. faecalis cell surfaces.
However, the percentage of cells exposed briefly to serum that adhered to collagens and Fn
was always lower (2.3-fold to CI (data not shown), 3.4-fold to CIV, and 2-fold to Fn; P<0.001)
compared to cells grown in BHIS (i.e., prolonged incubation) (Gr-BHIS in figure 4A),
suggesting an additional effect that requires more prolonged exposure, such as protein
synthesis. On the contrary, no significant differences were seen in the adherence to Fg of briefly
serum-exposed OG1RF (figure 4A), En, or BSA (data not shown) compared to non-serum
exposed cells. The variability of adherence to different ECM proteins, with no binding to En
and no increase in adherence to Fg after brief serum exposure, indicates that clumping plays
little or no role in specific adherence to immobilized ECMs, although it is possible that it may
increase the number of cells present once specific adherence has occurred.

As shown in figures 4B and 4C, the two distinct endocarditis strains tested also exhibited
increases in their adherence after exposure to serum. As above, the increases seen with brief
exposure to serum were not eliminated by chloramphenicol (figures 4B and 4C).

Distribution of MSCRAMM encoding genes in E. faecalis strains
We screened for the presence of 8 predicted MSCRAMM encoding genes [5] using high-
stringency hybridization. The results with 46 strains (including 7 isolates of a previous study
that tested five of these genes [5]) showed the presence of ef0089, ef1269, and ef2224 in all.
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The remaining five genes were variably present (table 3): 13% for ef2347; 46% for ef1824 and
ef1896; 67% for ef2505, and 76% were positive for ef3023 (putative hylA gene). While
ef2505 gene was noted to be enriched (20 of 26) in infection-derived isolates compared to
community-derived isolates from human stools (4 of 13) (P = 0.013), there were no significant
differences in the distribution of the other four genes. On the whole, there were 18 (of a possible
32) different combinations of the five variable genes (table 3); only two strains, both belonging
to the BVE (for Bla+ Vanr endocarditis) clonal complex [29] (CC2 [30]), had all genes.

DISCUSSION
Knowledge of E. faecalis adherence to individual ECM proteins is important for our
understanding of the pathogenesis of infections caused by this organism. While we recently
identified an array of putative MSCRAMM encoding genes [5] in the sequenced strain of E.
faecalis [4], (one of which encode the collagen adhesin, Ace [18]. and three of which make up
the endocarditis and biofilm-associated pili (Ebp) structures [31]), most previous ECM protein
adherence studies of E. faecalis, including ours, categorized E. faecalis as a species that is non-
adherent to Fg [10,12] and Fn [7,12,15]. The lack of a scorable phenotype has been a serious
impediment to our efforts, and presumably those of others, to assign a functional role to these
and other putative adhesins. While Tomita and Ike [10] described low level Fn adherence by
counting cells in a microscopic assay, this likely reflects a more sensitive assay and lower cut
off. Despite the predominance of negative results with E. faecalis, the influence of growth
conditions (such as growth media, temperature, pH, and/or growth phase) and environmental
cues in adherence of many bacterial species to host proteins or cells has been well-documented.
Even in E. faecalis, different studies have reported an influence of growth temperature [12],
serum [17], and ligand [17] on adherence to collagen and laminin; an influence of serum on
aggregation substance synthesis [32] and adherence to heart cells [22,33]; and an influence of
various sugars on biofilm formation [34,35]. Considering the significance of Fn and Fg
adherence in the pathogenesis of streptococcal and staphylococcal infections [2,36], the present
study was aimed at identifying variables that promote E. faecalis adherence to Fn and Fg.

Here, we found that BHIS-grown E. faecalis cells generated highly significantly (P < 0.0001)
increased adherence to Fn and Fg relative to growth in BHI. A reduction in serum-elicited
bacterial adherence after protease treatment of cells indicates that these phenotypes are
mediated by proteinaceous surface adhesins. We also examined the adherence of BHIS-grown
bacteria harvested at different parts of growth cycle and found strain-dependent variability for
CI, CIV, and Fn adherence, suggesting variable expression or variable surface presentation of
putative adhesins during different phases of growth.

At least two different mechanisms for serum elicited adherences to different ECM proteins can
be envisaged from the literature. One possibility is that serum components serve as signals to
induce production of MSCRAMMs on the surface (e.g., increased E. faecalis Ace expression
on surface [17]). A second possibility is that adhesion occurs in the presence of an intermediate
serum component serving as bridge (e.g., Streptococcus pyogenes adhere to collagen via
surface-bound fibronectin [37]). Our results showing a requirement for prolonged incubation
(e.g., growth) of E. faecalis with serum to elicit Fg adherence suggests that Fg binding adhesins
may be induced by serum components or that growth in a stress condition such as serum alters
their surface presentation. On the other hand, the results showing considerable enhancement
of adherence to collagens and Fn almost immediately after exposure to serum and failure to
prevent this brief serum exposure mediated increase by pretreatment of cells with
chloramphenicol, a protein synthesis inhibitor, suggests an indirect “bridging” mechanism for
adherence to these ECM proteins. However, adherence to collagens and Fn was usually further
enhanced in BHIS-grown cells, implying that collagen and Fn adherence may be influenced
by both of the above proposed mechanisms.

Nallapareddy and Murray Page 6

J Infect Dis. Author manuscript; available in PMC 2009 August 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



We also demonstrated Fn and Fg adherence of 43 additional BHIS-grown E. faecalis strains
from patients with endocarditis, other E. faecalis infections, stools of healthy volunteers, and
animals, but found no correlation between the adherence phenotypes and strain origin,
indicating that serum elicited Fn and Fg adherence is a general phenomenon of E. faecalis. We
then screened for the presence of 8 predicted MSCRAMM encoding genes [5] in these strains.
Overall, hybridization results showed the ubiquitous presence of three genes (ef0089, ef1269,
and ef2224), similar to our earlier report with 30 exclusively clinical strains [5], and variable
occurrence of the remaining five genes (13% to 76%). Only 2 strains, both members of the
multilocus sequence type defined CC2 (also referred to as BVE [29]) hospital enriched clone
[30] had all genes. All 46 isolates were previously shown to possess ace [29,31,38] and the
ebp operon genes, ebpA, ebpB, and ebpC encoding endocarditis and biofilm-associated pilus
[31]. Since studies of serum elicited collagen adherence with ace mutants suggested an
additional CI binding protein [17] and ruled out the role of Ace in adherence to Fn and Fg (data
not shown), it seems likely that the ubiquitous Ebp pili proteins [31] or the putative
MSCRAMMs EF0089, EF2224, or EF1269 may be associated with these common phenotypes.
Preliminary data from ongoing studies using recombinant proteins of these ORFs and
constructed isogenic mutant strains also points towards this possibility (J. Sillanpää, S.R.N.,
B.E.M., and M. Hook, unpublished data).

In summary, the results presented here demonstrate that adherence of E. faecalis to ECM
proteins is enhanced upon exposure to serum, a biological cue with relevance to bacteria
growing in vivo. This finding, coupled with our recent observation of an increase in
experimental murine urinary tract infections when OG1RF cells were cultured in BHIS
compared to BHI (R. Lewis, K.V. Singh and B.E.M., unpublished data) may be relevant to
clinical situations in which infections are associated with bacteremia. Further analyses
indicated that adherence of E. faecalis to different host proteins occurs via at least by two
different mechanisms and via different surface adhesins. However, the specific adhesins on E.
faecalis and the sensed host signals have yet to be determined.
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Figure 1.
Influence of growth in serum on adherence of three E. faecalis strains to immobilized ECM
proteins. Panel A shows adherence of three different E. faecalis strains to ECM proteins,
collagen type I (CI), collagen type IV (CIV), fibronectin (Fn), fibrinogen (Fg), elastin (En),
and BSA at early-stationary phase growth in BHI broth or BHIS (BHI plus 40% serum). Panel
B shows the effect of trypsin treatment on adherence of BHIS-grown OG1RF to ECM proteins.
Adherence was tested in wells coated with 1 μg of ECM proteins. Bars represent the means of
percent of cells adherent ± standard deviation for 8 to 12 wells. Results are representative of
at least three independent experiments.
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Figure 2.
Growth patterns of E. faecalis strains in BHI and BHIS. Data from BHI grown cultures were
marked with solid squares, circles and triangles and BHIS were marked with open squares,
circles and triangles. Time points at which adherence was tested are marked with gray (BHI)
and black (BHIS) arrows. BHIS, BHI plus 40% serum; LE, late-exponential phase; ES, entry
into stationary phase; S, 6 h after entry into stationary phase.
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Figure 3.
Adherence of 43 additional E. faecalis isolates to immobilized fibronectin and fibrinogen after
growth in BHIS (BHI plus 40% serum). Cells were grown for 10 h (to entry into stationary
phase). Adherence was tested in wells coated with 1 μg of fibronectin or fibrinogen or BSA.
Each data point represents the mean % of cells adherent for 9 wells. Results are from three
independent experiments. Endo, strains isolated from patients with E. faecalis endocarditis;
Other-Clin, strains isolated from E. faecalis non-endocarditis clinical infections; Stool, isolates
from stools of community healthy volunteers; Animal, isolates from animal origin.
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Figure 4.
Effect of brief and prolonged exposure to serum on adherence of E. faecalis cells to collagen,
fibronectin, and fibrinogen. Panels A, B, and, C, show adherence percentages of OG1RF,
TX0052, and MC02152, respectively, under cultured and exposure conditions labeled on the
X-axis. Gr-BHI, cells grown in BHI; Gr-BHIS, cells grown in BHI plus 40% serum; PBS, cells
exposed to PBS after growth in BHI; HS-br, cells exposed briefly to horse serum after growth
in BHI; 1×Chl and 2×Chl, cells pretreated with chloramphenicol with concentrations
corresponding to 1× and 2× the MIC prior to exposure to HS. Adherence was tested as above.
Bars represent the means of percent of cells adherent ± standard deviation for 4 to 12 wells
representing at least two independent experiments. Collagen type IV adherence bars are filled
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with white, fibronectin with grey, and fibrinogen with black. Collagen type I adherence results
resembled collagen type IV and hence data are not shown. Control experiments in which cells
were incubated with methanol (solvent of chloramphenicol) in PBS showed no effect in the
adherence (data not shown).

Nallapareddy and Murray Page 14

J Infect Dis. Author manuscript; available in PMC 2009 August 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Nallapareddy and Murray Page 15

Table 1
Details of primers used for generating MSCRAMM encoding gene probes

Genea Amplicon
size (bp) Sequence (5′→3′) Reference

ef0089 1179 F: CGACAGAATCAACGGCAATCACGAG
R: CTGCTTGGTCTTTTGGAATGGTTTGT 5,29

ef1269 707 F: CGATGTAGCAAATAAAACGGTCACG
R: CTAAACGCTGGCCTGCTTCATCTTCT 5,29

ef1824 1038 F: CGATATGCGGTTAGGGTGGTTCTT
R: TTTGGATTGTTGTTTGGATTCGTCATTG 5,29

ef1896 759 F: AAACAGTGACGGTTGAATTAGATTTAG
R: TAGCACCTGATTCTTTATCAACTTTTT This study

ef2244 1199 F: AGAGATTGCTTGGGCGGGCTTATTT
R: ATTCATTTGCTTTTGCTCGTTCATTTA 5,29

ef2347 734 F: AGGTGTTAGTATTCCAACAGAAGTGAC
R: TAGTTACCTTTGTACCATGGG This study

ef2505 766 F: AGTTATCGAACTCAACACCATCTTTAC
R: ACTTGAGGTTCCAAGTTATCTTGTTTT This study

ef3023
(hylA) 1045 F: CTAACTTAACAGATATTTCAATCAC

R: GCATCTGTCGTACCAGTAATGCCAC 5,29

a
All gene probes were amplified from V583.
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