Using the principle of hydrophobic
interaction to bind and remove

wound bacteria

Reducing the microbial load in an infected wound may help to promote healing.

A hydrophobic dressing, which binds microbes whose surface contains water-

repellent molecules, mayv reduce the use of antibiotics. This paper explains how

wound infection: hydrophobic: cell surface hydrophobicicy

ki, soft-tissue and wound infections
are usually caused by wound pathogens
such as Stagdadivoccins airets and group
v oStreptococct (GASLT Psevfouminis
aeruginosa, members of the Enterobac-
teriaceae, Enterococc, and other Streptococc fami-
lies and anaerobic microbes such as Fusobacterinm
.ln'g'rr.llr:u'.lr.lrrurr and Hacterondes frogifis, '~

Chronic Infections are often of polvmicrobial
origin.' In these, Trichophvton, Cardida albicans
and other fungi are commaonly sokated, while the
role of anaerobic species is often underestimated.?

Infection may lead to local tissue degradation
and, subscquently, necrotising fasciitis, osteltis'™
and septicaemia. Clinicians should be aware that:
* Surgical-site infection can be dependent on the
procedure and the anatomical location’
® llurns have a high potential to become infected®”
# ["atients with diabetes can develop lower extremity
wound Infections associated with vascular insuffi-
Clency and/or minor trawma ™
» Exdcerbation of atopic dermatitis or psoriasis [s
associated  with  colonisation by superantigen-
jroducing Maphpdococcss a1
# Animal-bite wounds may become infected with
Pastenredta poltocidi or Capnocvtophaga sppt
® Wounds exposed to sea water mav becomoe infect-
ed with Aeromonis and Vibrio spp.™

The matial event of a skin or wound infection is
the adhesion of the pathogenic microbe to damaged
skin.!

This can be mmediatied by receplor-specific
hvdrophobic or electrostatic interactions between
the microbe and human tissae structures,

* Hvdrophobic (lacking an offinity for water muole-
cules) interactions take place when molecales
expressing cell-surface hydrophobicity (CsH) come
into contact with each other

& [Jectrostatic imteractions occor when a micrabe,
senenally expressing a negative net surface charge,
comes into contact with a tissue molecule CAPrLSs-
ing a positive charge.
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Microbes

Microhlal cell surface proteins mediate hinding to
extracellular matrix (RCM) proteins — fibronectin,
collagen, vitrondcting, laminin — and plasma pro-
teins, such as fibrinogen, by receptor-specific inter-
action.” This binding leads to adhesion (o host
tissue, which may lead to infection. Elgalai and
Foster showed that over 85'% of Staphidacocons aureus
isolated from wound infections expressed binding
of fibrinogen.!” Although isolates differed in their
absility to bind plasma and ECM proteins, a signifi-
cant correlation was found between expression of
binding and infection ot burns,

Sevieral microbial cell surface structures have been
reported to express hydrophobic propertics, and are
therefore fikely to mediate adbesion o tissues by
hvdrophobic interaction.

Examples  of  hydrophobic
include:
® Fimbriae of Gram-negative bacteria™
» Cell surface proteins of fungi™
® S-Javer proteins (capsule-like polvsaccharide sur-
face coatings)™
¢ Lipoteichowe acid of Gram-positive bacteri,”

Froduction of a carbohvdrate polvmer capsule
— for example, by GAS and Stapindocious anrers —
renders the cell surface more hvdrophilic (attracting
water molecules)," and therefore less prone to
adhere to hvdrophobic structures in human tissue
or to hyvdrophobic dressings. This means thai
hydrophobic dressings are unlikely to be able to
remove such bacteria.

Similarly, teichoic acid, a main constituent of the
Stapdvlococcry anrews cell wall, confers o less nega-
tive charge on the bacterial cell surface, and medi-
ates adbesion to various ]JrrF}'ruq—r surfaces.” Thus,
teicholc acid Is less prone to mediate binding to
tissue, other microbes or charged dressings by
clectrostatic interaction. Since they express lower
cell surface hydrophobicity these microbes will also
bind less avidly to hvdrophobic dressings,

tissue  adhesions
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Fig |.The hydrophobic principle: two hydrophobic molecules associate with each other and

expel water
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Mrotease production by microorganisms enhanc-
s the local spreac of infection and tissue destruc-
tion.t Matrix  metalloproteases (MM interact
with ECM proteins and enhance tissue invasion.™
MMI13, a collagenase-3, impairs wound healing.™
MMP-19 regulates cellular growth factor response
and inflammatory response by cleavage of cvtokines
and chemokines,” MMP-19 §s present in dermal
fibrablasts and endothelial cells during  wound
repain. and it is postulated that it plavs a role
T angiogenesis,

Some extracellular toxins, like hacmaolysin, toxic
shock syndrome toxin-1 (T3%T-1), extoliatin and
superantigens of Stapivlococors owrens and - GAS,
contribute 1o tissue  destruction  and  imerfere
with the immune defence svstem. OF these, the
staphylococcal exfoliatin targets desmaosomes, caus-
ing scalding of the epidermis, which may clinically
correspond o second or third degree burns.™

In experimental porcine wounds, Staplvlococcus
anrens and Msewdormoines aernginesa form biofilms™"
wlhtich act as a barrier 1o antibiotic penetration ancd
hamper signalling to the host immune system. This
maay be one cause of chronicity of wounds, and may
be gverlooked by wound-care strategios.

Hydrophobic principle in bacteria removal
When two water-repellent thydrophobic) molecules
collide with cach other they increase the entropy
(disorder of malecules), " Althoogh there is no foree
of attraction between the hvdrophobic molecules,
they will associate with each other by hydrophobic
interaction and expel water molecules™ ™ (Fig 11,
Microbes that express CSH during i vitre con-
ditions that mimic a human wound are highly likely
to bind o a hvdiopholic dressing. Hvdrophobic
molecules may affect cell signalling and initiate
innate imumune responses, ' I Staplndococcus aureis,
a conserved  hvdrophobic domain of the auto-
inducing peptide binds to a hydrophobic pocket of

the Agrl receptor, leading to activation of agr,
which controls major virulence factors as well as
quorem sensing. " In this way the presence of CSH-
expressing microbes in a wound may stimulate or
antagonise wound healing,

This is an interesting arca that so far has not heen
much explored,

Expression of cell surface hydrophobicity
by microbes

Expression of CSH is an important mechanism of
adhesion by microorganisms®' and Is often a reac-
tion o stress conditions such as starvation, CSH is
mediated by cell surface proteins thydrophobins). ™
Bacteria such as  Peptostreptococct and  other
anaerobes express high CSH*' " However, strains
of the same species may vary in their C5H. In
Stapitoceccus aurens, Tor example, staphylococcal
delta-toxin, exfoliatin, TS5T-1 and enterotoxin A are
quite hydrophobic, whereas alpha-toxin  and
gamma-toxin are moderately hvdrophobic, and the
other staphylococeal enterotoxing have been shown
to-express low CSH.™ The expression of different
toxins may thus influence the overall expression of
CAH by an individual strain.

The expression of CSH is influenced by the avail-
ability of nutrients and the environmental atmas-
phere. In a previous study we grew microorganisms
in a simulated wound environmaent comprising rich
agar medium (haematin agar) covered by lmm
human serum. Cultures were incubated in 5% CO,
at 37°C. This resulted in expression of increased
C5H compared with growth on poorer media
incubated in air (Table 1),

The growth phase also influences CSH expression,
Some bacteria form spores during starvation or other
stress conditions, The spores of Bocillus subiilis
express higher CSH than vegetative cells,” and it is
likely that this can be a more general property of
bacterial spores.
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Table I. Influence of culture conditions on expression of cell surface hydrophobicity

Culture Staphylococcus  Stophylococcus  Escherichio  Enterobacter Pewdomonas
conditions aurous® hoemelyticus coli** cloacae oeruginoso
Blood agar, air =2 025 > =2 <2

Blood agar, 5% CO, 2 0.1 2 2 =3

Blood plus serum. air 2 0.1 I 2 2

Blood plus serum. 5% CO, | .01 0.5 1 I

Blood plus inactivated 1 a0l 05 i I
serum, 5% CO,

Hasmatin agar, air =2 ol 2 2 2
Haematin agar, 5% CO, 2 ol 2 F 2

Haematin plus serum, gir | a.o1 05 I 1

Haematin plus serum, 05 ool 025 05 I

5% CO,

Hapmatin plus inactivated 0.5 0.01 0.25 05 I

serum, 5% CO,

* Cell surface Iepdrophobicity was analysed by salt aggregation test (SAT). Results glven are the lowest concentration of MH SO, ghving
wisibla agpregation. Two methicillin-resismans Staphyfococcns aurews (MRSA) straing and four methicilin-sensitive Staphplococoss ourews straing

were tested, giving the ssme resulos
= Towo Eschericive coll strains were tested, ghving the same results

In summary, the wound environment enhances
expression of CSH by colonising microbes
Methods used to determine CSH include:™
® Water contact angle
= Hinding of aliphatic acids
s Adhesion to hydrocarbons
® Two-phase partitioning
s Hvdrophohic interaction chromatography (HIC),
In vitre measuring of CSH by microbes provicdes
information on whether or not they are lkely to
bind to a hvdrophobic dressing i vive,

Binding of microorganisms

Cutisorh Sorbact (Abigo Medical AB, Askim, Swe-
deni is a hvdrophobic coated dressing that uses the
basic physicochemical principle of hvdrophobic
interaction to bind and  subsequently  remove
microbes expressing CSH - from wounds, In other
words, only microbial cells expressing profound to
moderate USH, according to fn vitro testing, will
bind to the dressing:  microlbes  expressing  a
hvdrophilic cell surface will be left behind.

To study binding of microorganisms to a solid
surface such as a wound dressing, we use biolumi-
nescence (o guantify the microbial ATT by referring
tor a species-specific standard curve. The binding to
1 square centimetre single laver of the Cutisorh Sor-
bact dressing was measured, Unlike conventional
culture technigues, this method also quantifics
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adherent microbws,

Using this method, binding of Staphvlococcs
anrens Newman and Psewdoironas acnnginosa BOS10
was measured from 0.5 minutes 1o 20 hours:
= Binding increased after 10 minutes
® Binding reached a maximum at 120 minutes when
107 out of 10° added Pseudomomrs adenigimivg had
bound ta the hydrophobic dressing
= Bacterlal counts remained stable during 20 hours
for Pseudormmis acagginosa, and increased only from
10 to 100° after 20 hours for Steplivlococons oureas,
showing that microbes multiply to a very low
extent after binding to the hyvdrophobic dressing
idata not shownl,

Adding increasing numbers of bacterial or fungal
cells (10 to 107 bacterial cells and 107 to 107
fungal cells) showed that 107 cells of Staphylococces
arrens Mewman bound and 1000 cells of Candida
aitbicans bound, but saturation (when maore micro-
hial cells could not bind to the dressing) was only
shown for Comdida alhicans, where the curve tends
o level off. When 100 cells of Enterococens faecnlis
were added, 1007 cells bound, again showing no
saturation — in other words, still more bacteria
could bind idata not shown). This means that the
hvdrophobic dressing s likely to be able to Hind
more than 1O° Stephylococons gurens and more than
1" Emterococcns faecalis, For Bactenoddes  fragilis,
more than 107 cells bound out of the 108 added, and
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Fig 1. Cutisorb Sorbact incubated with a milxture of
Staphylococcus aureus, Pseudomonas aeruginosa and
Condida sibicons. Microorganisms bind both to each
other and to the dressing. (Raster electron microscopy)

for Fasobacterinm aicleatim, 107 cells bound out of
the 1077 cells added

Binding of a mixed culture containing Staplidoco-
cOls direns, Psemdmnonas derieinosg and Coidida
itthivans to the hydrophobic dressing s shown in
Fig 2. This hgure also shows that, on the dressing,
microbes coageregate and bind 1o cach other as
well as 1o the dressing,

I'his dressiing can be wsed on clinical infections
because it reduces the microbial Toad in a wisand
without the wse of antibiotics, fin vitre testing and
our studies inoa simulated wound environment
show that most wound pathogens are likely o
express a higher CSH in wounds than in conven-
tienal fm witre culture,. Reduction but oot elbmidpa-
tion of microbes i a wound mav stimulate
wound healing,*

Ihe dressing should be used on wounds with high
and medium exudate levels as hyvdophobic inter-
action is most effective in a4 moist covironment.
Furthermore, thene is no risk of allergic reactions,
and limited risk of spreading antibiotic-resistant
mitcroarganisms to the environment (Box 1),

The hyvdrophobic dressing is available in the UR,

and recently has been included on the Drog Farife,

Influence on the efficacy of the
hydrophobic dressing in vitro

Wounds are commaonly washed with disinfectants
ar antiseptics before dressing application.
may reduce expression of CSH by the microbes, *
and therelfone affect the action of wound dressings,
Vidditionally, durng wound
relief is often necessary

Ihis

debridement,  pain

It substances used in wouand treatment decrease or
abolish C5H, hvdrophoble dressings become less
elfective, Wi therefore explored the influence of
disinfectants, antiseptics and o cutanvous pain-
relieving cream, lidocaine (Emla), on CSH expres-
siof, The substances wsed were:
¢ (ctenidine dihyvdrochloride with phenoxyvethanol
(Octenisept, Schillke & Mavr, Norderstedt, Ger-
many); there is no UK cquivalent
o Z-propanol,  1-propanol, 2-biphenviol  (Kodan,
Schillke & Maoyr, Norderstedt, Germany); UK equiv-
alents are Hibisol, Manusept, Mediswab, Merets H
# Lthacridine lactate {Rivanal, Seelae
Germanyk; the UK equivalent, Burn Aid, is no long-
eravailable
o Movidone-iodine
mbH,
hetadine
& Hesamethylen

Chinosol,

{Betaisodona,
Genmanyy UK

Mundipharma
Limburg, cguivalent s
higuanide ilavasept, Fresenius
Kabi, Bad Homburg, Germany); no UK equivalent
& Modified starch polvmer with glveeral (Askina
hvdrogel, B Braun Hospicare, Collooney, Ireland)
e hodium  chioride (Hypergel, Molnlveke Health
Care AL, dweden); UK equivalents are Flowfusor,
frriclens, lrripod, Minibversol, Normasol, Sterlclens,
‘ﬂrrip-n-.l Vierso
# Lidocalne (Emla, Astradenica, London, LIK).
Washed bacterial suspensions (107 cells) were
mcubated with the substance for 15 minutes at
room temperature. CSH was measured before and
after using the salt ageregation test, OF the substanc-
es studicd, only Emla abolished expression of CSH.
However, treatment with  Askina
Hydrogel decreased expression of CSH (Table 2,
and so should not be used before treatment with a
hvdrophobic dressing.

as L‘\|Jl_'l. IIL'I.|._

Clinical studies
Few studies investigating the hydrophobic dressing
have been published, An open study involving 31

Box |. Properties of Cutisorb Sorbact

Binds microorganisms expressing cell surface
hydrophobicity
Binds bacterial toxins

Leaves non-hydrophobic microorganisms in the
wound to stimulate healing

Low likelihood of spreading bacteria during a
dressing change

Mon-aflargenic

Optimal binding cagacity in 3 moist nvironment

Mo development of antbiotic resiamance
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