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Abstract Bacterial infections are serious complications
after orthopaedic implant surgery. Staphylococci, with
Staphylococcus epidermidis as a leading species, are the
prevalent and most important species involved in orthopae-
dic implant-related infections. The biofilm mode of growth
of these bacteria on an implant surface protects the
organisms from the host’s immune system and from
antibiotic therapy. Therapeutic agents that disintegrate the
biofilm matrix would release planktonic cells into the
environment and therefore allow antibiotics to eliminate
the bacteria. An addition of a biofilm-degrading agent to a
solution used for washing–draining procedures of infected
orthopaedic implants would greatly improve the efficiency
of the procedure and thus help to avoid the removal of the
implant. We have previously shown that the extracellular
staphylococcal matrix consists of a poly-N-acetylglucos-
amine (PNAG), extracellular teichoic acids (TAs) and
protein components. In this study, we accessed the
sensitivity of pre-formed biofilms of five clinical staphylo-
coccal strains associated with orthopaedic prosthesis infec-
tions and with known compositions of the biofilm matrix to
periodate, Pectinex Ultra SP, proteinase K, trypsin, pancre-

atin and dispersin B, an enzyme with a PNAG-hydrolysing
activity. We also tested the effect of these agents on the
purified carbohydrate components of staphylococcal bio-
films, PNAG and TA. We found that the enzymatic
detachment of staphylococcal biofilms depends on the
nature of their constituents and varies between the clinical
isolates. We suggest that a treatment with dispersin B
followed by a protease (proteinase K or trypsin) could be
capable to eradicate biofilms of a variety of staphylococcal
strains on inert surfaces.
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Introduction

Staphylococci are responsible for more than 1 million
serious hospital-acquired infections per year (Projan and
Novick 1997). Staphylococcus epidermidis, an important
member of human skin and mucous membrane microflora,
as well as other coagulase-negative staphylococci (CoNS)
are the major cause of infections of various indwelling
medical devices, including prosthetic cardiac valves, intra-
ocular lenses, catheters and orthopaedic prostheses (Götz
2002). Bacterial infections represent one of the most serious
and devastating complications after orthopaedic implant
surgery. Treatment for chronic infection usually requires
removal of the prosthesis, cleaning the bone interface and
new arthroplasty (Lortat-Jacob et al. 2002). It often results
in long periods of hospitalisation, morbidity, severe
functional impairment and increased mortality.

The pathogenesis of foreign-body-associated infections
of CoNS and particularly of S. epidermidis is related to
their ability to grow as an adherent biofilm (Mack et al.
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1999). The biofilms consist of cells encased in a self-
synthesized polymeric matrix that holds them together and
firmly attaches the bacterial mass to the underlying surface
(Sutherland 2001). Bacterial biofilm infections are particu-
larly problematic because biofilms impair the penetration of
antibiotics, prevent normal immune responses and increase
the difficulty of eradicating biofilm infections. Biofilm cells
are capable of persisting in the presence of antimicrobials at
concentrations that are 1,000-fold higher than those
necessary to eradicate a planktonic population (Cerca et
al. 2005; Hamilton 2002). This is believed to be caused by
the physical protection by the biofilm matrix or by an
altered physiology of the bacterial cells in the biofilm mode
of growth (Fux et al. 2005).

Poly-N-acetylglucosamine (PNAG) was initially defined
by its biological properties as the polysaccharide intercellular
adhesin. PNAG plays a key role in biofilm formation and
accumulation (Mack et al. 1996; Maira-Litran et al. 2004) and
protects the pathogen from the innate host defence (Vuong et
al. 2004). The icaADBC locus, encoding the biosynthesis of
PNAG (Heilmann et al. 1996), is widespread in clinical
staphylococcal isolates (Galdbart et al. 2000; McKenney et al.
2000). However, a significant percentage of ica negative
strains were found by different researchers in S. epidermidis
populations isolated from foreign-body infections (Ziebuhr et
al. 1997; Frebourg et al. 2000; Rohde et al. 2005).

The enzymatic detachment of biofilms seems to be
closely related to their chemical composition. Periodate
(HIO4 or NaIO4) was shown to release biofilms of PNAG-
producing Escherichia coli (Wang et al. 2004) and PNAG-
producing S. epidermidis 1457 (Rohde et al. 2005). An
enzyme with a PNAG-hydrolysing activity dispersin B has
been recently isolated from the oral pathogen Actino-
bacillus actinomycetemcomitans (Kaplan et al. 2003,
2004a,b). It was later shown that dispersin B endolytically
hydrolysed the glycosidic linkages of poly-β-(1,6)-GlcNAc
(Itoh et al. 2005). This enzyme was able to rapidly remove
the biofilms produced by the four clinical strains of S.
epidermidis isolated from the surfaces of the infected
intravenous catheters (Kaplan et al. 2004a,b).

In our recent studies, we investigated the chemical
composition of the biofilm of the model biofilm-producing
strain S. epidermidis RP62A (Sadovskaya et al. 2005) and
15 other clinical strains of Staphylococcus aureus and
CoNS associated with orthopaedic prosthesis infections. In
the model strain, biofilm was composed of PNAG,
extracellular teichoic acid (TA) and protein components.
Some of the clinical strains produced biofilm with the
composition similar to that of the model strain, with various
amounts of PNAG (Sadovskaya et al. 2006). Biofilms of
the strains producing substantial amount of PNAG were
detached by dispersin B while being unsusceptible to
proteinase K treatment. Several biofilm-forming strains

did not produce detectable amounts of PNAG, and their
biofilms contained mainly extracellular TA and proteins
(Kogan et al. 2006; Sadovskaya et al. 2006). Biofilms of
these strains were partially dispersed by proteinase K
(Kogan et al. 2006).

A mixture of a carbohydrolase, a proteolytic enzyme and a
surfactant is recommended for efficient biofilm removal
(Johansen 1996). Pectinex Ultra SP (PUS), a multicompo-
nent enzyme preparation containing protease activity and a
wide range of carbohydrolases, was able to remove biofilms
of S. epidermidis and S. aureus without any significant
bactericidal activity. S. aureus biofilm appeared to be most
sensitive to PUS (Johansen et al. 1997). The conclusion has
been drawn that the activity of PUS was “mainly a
degradation of extracellular polysaccharides,” but this pos-
tulate was not proven experimentally. It remains unclear
what components of staphylococcal biofilm are sensitive to
this enzymatic preparation. Pancreatin, a mixture of digestive
enzymes from porcine pancreas with proteolytic, amylase
and lipase activities, was also recommended for biofilm
removal (Marion et al. 2005).

The purpose of the present study was to assess the
susceptibility of biofilms of staphylococcal strains related
to orthopaedic prosthesis infections and with known
composition of the extracellular biofilm matrix to a wider
range of agents and enzymatic preparations (periodate,
dispersin B, PUS, proteinase K, trypsin and pancreatin) and
to compare the efficiency of different biofilm-degrading
agents with the chemical composition of the biofilms of
these strains. We have also examined the effect of some of
these agents on the purified carbohydrate components
of staphylococcal biofilms, PNAG and TA, and tested the
proteolytic activities on crude biofilm extracts.

Materials and methods

Bacterial strains and culture conditions

S. epidermidis RP62A (ATCC 35984) was kindly provided
by Prof. Gerald Pier (Harvard Medical School, Boston,
MA). The clinical isolates of the S. epidermidis strains 5
and 444, S. aureus 383 and Staphylococcus lugdunensis 47
and 18a (Table 1) were selected out of the strains collected
from the infected patients hospitalised in the Mignot
Hospital of Versailles, France (Chokr et al. 2006; Eleaume
and Jabbouri 2004).

Cells were grown statically at 37°C for 24 h in 200 μl
tryptic soy broth (TSB; Becton Dickinson, Le Pont de
Claix, France) in wells of 96-well polystyrene tissue-
culture-treated microtitre plate (Nunc, Roskilde, Denmark)
or in 60 ml TSB in tissue-culture-treated Petri dishes
(Greiner Bio). All cultures were preliminarily inoculated
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with 2% (v/v) of 16 h pre-culture grown aerobically in the
same medium.

Quantitative biofilm assay

The inoculum for biofilm growth was prepared by dilution
of overnight cultures 1:100 into the fresh TSB medium. The
wells of a 96-well polystyrene tissue-culture-treated Nun-
clon microtitre plate (Nunc) were filled with 200-μl
aliquots of inoculum, and the plate was incubated for
24 h at 37°C without shaking. The biofilms were washed
three times with 200 μl of 0.9% NaCl, stained with 200 μl
of 5% safranin (AES Laboratoire, Combourg, France) for
5 min and washed again with 0.9% NaCl. One hundred
microlitres of water per wells was added, and the optical
density measured using a μQuant microtitre plate reader
(Bio-Tek Instruments, Winooski, USA) set to 492 nm. For
each experiment, background staining was corrected by
subtracting the safranin bound to non-inoculated controls.
At least eight replicates were conducted for each sample,
and each experiment was performed at least twice.

Enzymes and enzymatic preparations

A. actinomycetemcomitans dispersin B was purified as
previously described (Kaplan et al. 2003). The purified
enzyme had a specific activity of 970 U/mg of protein,
where 1 U of enzyme activity was defined as the amount of
enzyme needed to hydrolyse 1 μmol of 4-nitrophenyl-β-D-
N-acetylglucosaminide to 4-nitrophenol and N-acetylglu-
cosamine per minute at pH 4.5 at 25°C in 50 mM sodium
phosphate buffer–100 mM NaCl (Kaplan et al. 2004a,b).
PUS-L was purchased from Novozymes; proteinase K,
trypsin and pancreatin were purchased from Sigma.

Microtitre plate biofilm detachment assay

Biofilm detachment assays were carried out essentially as
described in Kaplan (2004a). Briefly, the biofilms were

washed with 200 μl of 0.9% NaCl and then treated for 2 h
at 37°C with 100 μl of 10 mM sodium periodate in 50 mM
sodium acetate buffer (pH 4.5), 100 μl of proteinase K at
1 mg ml−1 in 20 mM Tris (pH 7.5)–100 mM NaCl, 100 μl
of trypsin at 1 mg ml−1 in 20 mM Tris (pH 7.5)–100 mM
NaCl–10 mM ethylenediamine tetraacetic acid, 100 μl of
PUS (PUS-L) at 4% in 50 mM sodium acetate buffer
(pH 4.5)–NaCl 100 mM, 100 μl of pancreatin at 1% in
50 mM phosphate-buffered saline (PBS; pH 7.5), or 100 μl
of 40 μg ml−1 of dispersin B in 50 mM PBS (pH 5.8).
Control wells were filled with appropriate buffers. After the
treatment, the biofilms were washed with 200 μl of 0.9%
NaCl, dried for 45 min at 55°C and stained with 5%
safranin as described above. The biofilm detachment assays
were performed at least twice, in eight wells, with similar
results.

Preparation of purified PNAG, cell wall TAs and a crude
biofilm extract

PNAG was prepared from a crude biofilm extract of S.
epidermidis 5 from our collection as described previously
(Sadovskaya et al. 2006).

The cell wall (CW) TAs from strains S. aureus MN8m
(Vinogradov et al. 2006) and S. lugdunensis 18a were
prepared by trichloroacetic acid (TCA) extraction
(Sadovskaya et al. 2004). For the preparation of the crude
biofilm extract, S. aureus 383 was grown statically in 150-
mm-diameter, tissue-culture-treated, polystyrene Petri
dishes (Corning no. 430199) containing 60 ml of the
medium. The biofilms were washed with 0.9% (v/v) NaCl,
scraped from the surface using a cell scraper, suspended in
0.9% (v/v) NaCl and sonicated twice for 20 s on ice using
an Ikasonic sonicator (IKA Labortechnik) set to 40%
amplitude and 40% duty cycle. Cells were removed by
centrifugation; the supernatant was further clarified by
centrifugation (8,700×g, 10 min, 4°C), dialysed and
freeze-dried. The amount of protein in the crude extract
was measured by using a BioRad colorimetric assay, based
on the Bradford dye-binding procedure (Bradford 1976)
using bovine albumin (Sigma) as a standard.

Enzymatic treatments of purified PNAG and TA

Purified CW TAs (3–5 mg) were treated with the enzyme
preparations for 3 h or overnight in the appropriate buffers.
Enzyme concentrations were the same as for the Microtitre
plate biofilm detachment assays. At the end of the
incubation, enzymes were inactivated by heating at 100°C
for 5 min. In control experiments, the substrate and the
enzyme were mixed and immediately heated at 100°C for
5 min. The insoluble material was removed by centrifuga-
tion, and the samples were analysed by gel filtration

Table 1 Bacterial strains used in this study and their ability to
produce PNAG

Strain Source/reference PNAG
production

S. epidermidis
RP62A

Reference strain (G. Pier) +

S. epidermidis 5 Clinical strain (Chokr et al. 2006) ++
S. epidermidis 444 Clinical strain (Chokr et al. 2006) +
S. lugdunensis 18a Clinical strain (Chokr et al. 2006) ±
S. lugdunensis 47 Clinical strain (Chokr et al. 2006) −
S. aureus 383 Clinical strain (Eleaume and

Jabbouri 2004)
−
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chromatography on a G-50 column (1×40 cm). For these
experiments, we have chosen the CW TAs substituted with
GlcNAc; thus, their depolymerisation could be followed by
screening the fractions (1.6 ml) for aminosugars (Enghofer
and Kress 1979). Pancreatine and PUS, desalted on
Sephadex G-50 in sodium acetate buffer, and dispersin B
were negative in this assay (data not shown).

PNAG (5–6 mg) was solubilised in 50 μl of 5 M HCl or
1 ml of 10% NH4OH, diluted with 1 ml of water and
desalted on a PD10 cartridge (Amersham Biosciences)
equilibrated in an appropriate buffer. PNAG-containing
fractions were pooled and separated in two equal parts, for
the enzymatic treatment and control experiments. Enzymat-
ic treatments were performed at 37°C overnight. After the
incubation, enzymes were inactivated by heating at 100°C
for 5 min. In control experiments, the substrate and the
enzyme were mixed and immediately heated at 100°C for
5 min. Enzyme concentrations were the same as for the
Microtitre plate biofilm detachment assays. After heating,
the insoluble material was removed by centrifugation
(12,000 rpm 10 min at 4°C), and the clear supernatants
were analysed by gel filtration chromatography on a G-50
column (1×40 cm), and the elution profiles were obtained
as described above for the CW TAs. Similarly, PNAG was
treated with 10 mM NaIO4 in 50 mM sodium acetate buffer
at room temperature overnight. The control experiment was
incubated at the same conditions without the addition of
NaIO4.

Protein degradation after enzymatic digestion of the crude
biofilm extract

Lyophilised crude extract of the biofilm of S. aureus 383
was dissolved in 50 mM sodium acetate buffer (pH 4.5)–
NaCl 100 mM at 1.5 mg ml−1 (substrate solution). Twenty
microlitres of PUS in 1 ml of buffer (enzyme solution) was
added, and the mixture was incubated at 37°C for 3 h with
shaking. To take into account the autodigestion of the
enzymatic preparation, in a control experiment, the sub-
strate and enzyme solutions were incubated separately at
37°C for 3 h with shaking and mixed at the end of the
incubation. The enzyme was deactivated by heating at
100°C for 5 min, and the mixture was cooled down and
clarified by centrifugation. Protein digestion was assayed
by the measurement of free amino groups using a
trinitrobenzesulfonic acid (TNBS) assay (Lee 1978) with
the subsequent colorimetric detection at 420 nm. One
millimolar solution of glycine (ICN Biomedicals) was used
as a standard. Proteinase K digestion was performed
similarly in 20 mM Tris (pH 7.5)–100 mM NaCl buffer
and with the enzyme concentration of 0.1 mg ml−1. The
results were expressed in micromolar of liberated –NH2

groups (glycine equivalents) per 1 mg of protein.

General and analytical methods

Neutral and aminosugars were detected colorimetrically
using phenol–sulfuric acid (Dubois et al. 1956) and Elson–
Morgan (Enghofer and Kress 1979) assays, respectively.
Gel filtration chromatography was carried out on Sephadex
G-50 columns (1.6×80 and 1×40 cm, Amersham Bio-
sciences) irrigated with water.

Results

Choice of bacterial strains

Five clinical staphylococcal strains (Table 1) with the
known composition of their extracellular biofilm matrix
were chosen for this study. The model strain S. epidermidis
RP62A and the clinical strains S. epidermidis 5 and 444
were previously shown to produce a considerable amount
of PNAG, and S. epidermidis 5 is considered as a PNAG
overproducer (Sadovskaya et al. 2006). S. aureus 383 and
S. lugdunensis 47 (Kogan et al. 2006) formed biofilms
without a detectable amount of PNAG. The biofilm of S.
lugdunensis 18a was shown to contain PNAG in very small
amounts.

Preparation of crude biofilm extract and purified
components of biofilm

Crude biofilm extract was prepared from a large-scale
biofilm culture of S. aureus 383, using a previously
developed mild procedure that releases cell-bound extra-
cellular polymers with minimal cell lysis (Sadovskaya et al.
2006). PNAG was prepared from a crude biofilm extract of
S. epidermidis 5. The TAs used for enzymatic studies were
prepared by TCA extraction and gel filtration chromatog-
raphy, as described previously (Sadovskaya et al. 2004),
from strains S. aureus MN8m (Vinogradov et al. 2006) and
S. lugdunensis 18a.

Effect of dispersin B and periodate

As expected, dispersin B efficiently disrupted the biofilm of
the strains S. epidermidis RP62A, 5 and 444 (Fig. 1a–c),
known to contain substantial amount of PNAG. Dispersin B
was not efficient on the strains not producing PNAG—S.
lugdunensis 18a, 47 and S. aureus 383 (Fig. 1d–f). Sodium
periodate had a similar effect but surprisingly did not seem
to disrupt the biofilm of S. epidermidis 5 (Fig. 1b), although
this strain is a strong PNAG producer (Sadovskaya et al.
2006). To explain this result, it should be taken into account
that sodium periodate modifies the polymeric chain of the
PNAG by oxidizing the carbons bearing vicinal hydroxyl
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groups and cleaving the C3–C4 bonds of the GlcNAc
residue. Additional mild acidic hydrolysis is required to
further depolymerise the PNAG macromolecules. There-
fore, a simple treatment with periodate with following
washings might not be sufficient to disrupt the thick
PNAG-rich biofilm of S. epidermidis 5.

The effect of dispersin B and periodate on purified
staphylococcal PNAG was verified. PNAG isolated from
the biofilm of S. epidermidis 5 was incubated with dispersin
B or periodate under the conditions used for disruption of
biofilm. After the reaction, the product was subjected to gel
permeation chromatography on a G-50 column, and its
chromatographic profile was compared to that of intact

PNAG. As expected, the treatment with dispersin B led to
depolymerisation of PNAG (Fig. 2). Periodate treatment of
PNAG, while significantly lowering glucosamine content,
did not lead to its depolymerisation (data not shown). Our
results confirm therefore that depolymerisation of PNAG
results in the efficient removal of biofilms in which PNAG
is a major component. Treatment with periodate had a more
limited effect on the PNAG-containing biofilms.

Effect of proteolytic enzymes

Proteinase K and trypsin are proteolytic enzymes with
different substrate specificity: proteinase K endolytically
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Fig. 1 Biofilm detachment of S.
epidermidis RP62A (a) and the
clinical staphylococcal strains S.
epidermidis 5 (b), S. epidermidis
444 (c), S. lugdunensis 18a (d),
S.lugdunensis 47 (e) and S.
aureus 383 (f) by dispersin B
(Dsp B), sodium periodate
(NaIO4), Pectinex Ultra SP
(PUS), proteinase K (Prot K),
trypsine (Tryp) and pancreatine
(Pancr). N No treatment.
Histograms corresponding to
biofilms containing an important
amount of PNAG are shown in
dark grey
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cleaves the peptide bonds of aliphatic, aromatic or
hydrophobic amino acids, whereas trypsin is specific for
the peptide bonds of lysine and arginine. Both proteases
were inefficient for the removal of PNAG-rich biofilms of
S. epidermidis strains RP62A and 5 (Fig. 1a,b) but
efficiently removed the biofilm of S. aureus 383 (Fig. 1f).
In the case of S. lugdunensis 47 and 18a (Fig. 1d,e),
proteinase K was more efficient than trypsin. Interestingly,
trypsin was also able to partially remove the biofilm of S.
epidermidis 444 (Fig. 1c), indicating that protein compo-
nents, as well as PNAG, play an important role in the
stabilisation of the biofilm of this strain. The different effect

of the two proteolytic enzymes on the biofilms of different
staphylococcal strains may indicate that their biofilms are
composed of different types of proteins, which may vary
from one strain to another.

Effect of pancreatin

Pancreatin is a mixture of digestive enzymes from the
porcine pancreas with proteolytic, amylase and lipase
activities. Pancreatin was able to completely remove
biofilms of staphylococcal strains producing no or very
little PNAG—S. aureus 383, S. lugdunensis 47 and 18a
(Fig. 1). When the activity of pancreatin was tested on the
purified TAs of different origins, no depolymerisation was
detected (Fig. 3a,b). Similarly, purified PNAG was not
depolymerised by pancreatin (data not shown). We there-
fore concluded that the ability of this enzyme preparation to
remove staphylococcal biofilms was due to its proteolytic
activity.

Effect of PUS

PUS very efficiently removed the biofilm of S. aureus 383
(Fig. 1f). Surprisingly, it had very little or no effect on the
biofilms of the other four strains tested (Fig. 1). As in the
case of pancreatin, no depolymerisation of PNAG or TA by
PUS was detected (data not shown), indicating that the
effect of PUS on the biofilm of this strain was probably due
to its proteolytic activity. To verify that, we tested the effect
of PUS on the crude extracellular extract of the strain S.
aureus 383 and followed the depolymerisation of proteins
with the TNBS assay for the free amino groups, as
described in “Materials and methods.” The incubation with
PUS resulted in the degradation of proteins in the biofilm
extract, the effect being similar to one of proteinase K (12
and 20 μM of –NH2 groups liberated per 1 mg of protein
because of PUS and proteinase K treatment, respectively).
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Discussion

The interest of the scientific community to the enzymatic
degradations of bacterial biofilms of different origins
remains very high, as biofilm formation is a cause of
industrial, environmental and medical problems in many
areas. Different enzymes or enzyme mixtures were recom-
mended for elimination of a biofilm in general, often with
no reference to chemical composition of the biofilm of
specific bacterial species.

In orthopaedic surgery, bacterial biofilm-related infec-
tions represent one of the most serious complications
involving prosthetic devices and have a huge impact in
terms of morbidity, mortality and medical costs (Campoccia
et al. 2006). Treatment of these infections usually requires
appropriate surgical intervention combined with a pro-
longed course of antimicrobial therapy (Trampuz and
Zimmerli 2005). In certain cases of infection, washing–
draining procedures of the infected device with solutions
containing antibiotics are employed to maintain the implant
if possible. The use of an agent that would disintegrate the
bacterial biofilm, release the planktonic cells into environ-
ment and therefore allow the appropriate antibiotic to
eliminate infection would greatly improve the efficiency
of this medical procedure. Complete elimination of biofilm
could thus help to avoid the removal of the orthopaedic
implant.

The purpose of the present study was to search for
enzymes capable to specifically degrade the constituents of
the extracellular staphylococcal matrix. These enzymes
could be further used in clinical procedures for the
treatment of orthopaedic implant-associated infections.

In our previous studies, we investigated the chemical
composition of extracellular matrix of the biofilms of
staphylococcal strains widely representing the orthopaedic
implant-associated infections. After analyzing the chemical
composition of in vitro grown biofilm of 15 clinical
isolates, we established that these strains could be separated
into two major groups. The first group included strains
producing biofilm with important amount of PNAG. The
second, larger group consisted of strains producing biofilms
with small amount or without PNAG. Biofilms of all strains
studied contained proteins and TAs (Kogan et al. 2006;
Sadovskaya et al. 2006). The proportion of these constit-
uents seems to vary among the strains and depends on the
growth conditions (unpublished data).

To test different enzymes and enzymatic preparations
capable to degrade the biofilms with different compositions,
we chose five clinical strains with known composition of
their extracellular biofilm matrix (Table 1) and tested the
sensitivity of their biofilms to dispersin B, periodate,
proteinase K, trypsin, PUS and pancreatin. Our results
show that dispersin B is an efficient degrading agent for the

biofilm of staphylococcal strains producing biofilms with
important amounts of PNAG. The biofilm of these strains is
generally unsusceptible to treatments with proteases. On the
contrary, treatment with proteases gives satisfactory results
for biofilm removal of strains producing biofilms without
PNAG. The hydrolytic activity of the dispersin B and
proteinase K on biofilm components was confirmed by the
direct action of these enzymes on PNAG and the protein
fraction of biofilms, respectively.

The heterogeneity of the biofilm matrix limits the
potential of the monocompound enzyme, and the use of
two or several successive treatments may be necessary for a
sufficient degradation of biofilms produced by clinical
staphylococcal strains. Thus, a treatment with dispersin B
followed by a protease (proteinase K or trypsin) could be
capable of eradicating biofilms of a variety of staphylococ-
cal strains on inert surfaces. Unfortunately, none of the
enzymes tested in this study was able to depolymerise the
TAs, an important component of staphylococcal biofilm.
Finding of an enzyme able to specifically degrade the TA
could favorably complement the action of the dispersin B
and a protease. Other enzymatic preparations, such as PUS
or pancreatin, might be efficient in degrading biofilms of
certain strains that do not produce PNAG because, most
probably, of their proteolytic activity. The use of these
unpurified preparations, however, cannot be recommended
for the treatment of infections caused by a diversity of
clinical strains.

A possible inflammatory effect or allergic reactions of an
enzymatic treatment might limit the use of these enzymes in
the treatment of infected prosthesis in situ. In vivo
experiment with an animal model of an infected medical
implant and toxicity studies would shed further light on the
joined action of dispersin B and proteases for the treatment
of biofilm-related infections.
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