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Peptide ant

In the first of two articles, Juan Carlo Carvajal of Reactive Surfaces introduces the ProteCoat

technology

ne of the most promising new concepts in antimi-

crobial technology is the use of peptides as biopes-

ticides. Such peptides have the potential to combine

the environmentally friendly nature of biopesticides with the

fast-acting and broad-spectrum nature of the more traditional
chemical pesticides.

It is this potential that Reactive Surfaces has tapped in order

to develop a new generation of antimicrobial additives for

coatings with its ProteCoat product line. ProteCoat additives
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are efficacious biocides, which can be used alone or synergis- b
tically in combination with existing biocides to kill fungi and
bacteria effectively, including the spore stages of some.!
ProteCoat is a broad spectrum antimicrobial additive based sl irgal spoves of K
on the emerging antimicrobial peptide (AMP) technology. We oxys @& A wm
believe that it offers substantial advantages over the tradition- ()
al biocidal and biostatic chemicals that are currently used in
coatings.
ProteCoat additives are safe and biodegradable, work
under mild conditions and are not associated with the pro-
duction or release of hazardous compounds into the environ-
ment. As such, they bring a new technology to bear on the
problem of biocides for coatings, offering protection without
the adverse human health and environmental impact often
associated with the biocides currently being used.

Figure 1 - Biocidal activity
of ProteCoat challenged

Biological approach

The emergence of resistance to commonly used antibiotics
and biocides has stimulated the search for new, naturally
occurring bactericidal and fungicidal agents. AMPs are ubiq-
uitous molecules that are found in most plants and animals.
They represent the first line of defence against pathogens in
living systems.

Built upon AMP technology, ProteCoat additives are
designed to function in minute quantities against the vegeta-
tive and spore stages of target microorganisms. As with chem-
ical biocides, the mode of action of is compatible with the
components of the coating, such that the desired biocidal

Table 1 - Minimum inhibitory concentrations of ProteCoat with micro-organisms

Staphylococeus aureus ___Human pathogen Gram-positive 79
Enterococcus faecalis __Human pathogen __ Gram-positive 48
Eschenichia coli Human pathogen Gram-negative 40
Erwinia amylovora Plant t pathogen = Gram -negative 20 |
Erwinia_carotovora ] Planl pathogen ~ Gram- -negative 39
_Raistonia solanacearum “Plant pathogen Gram-negative 44
Bailus atrophaeus Test strain Gram-positive SN
‘Fungi. il 11" T oy
| Aspergillus fumigatus Human _pall'_tpge_q 4 Aipg[g@osts__ 18
Aspergillus parasiticus ~ Human pathogen Aflatoxin producer 64
 Ceratocystis fagacearum _Plant pathogen Oak wilt 13
Fusanum oxysporum Plant 8. human pathogen Opportunlsnc pathogen 14
Fusarium sombucinum oL _Planl pathogen 2 IDyror=—= P G =
Magaporthe grisea ___ Plant pathogen e __!_llqt: t_:_!ast 300 =
_Ophiostoma ulmi ___ Plant pathogen " Dutch elm disease ik -
Rhizoctonia solani Plant pathogen Wilt producmg 39
- The peptide was challenged with 104 fungal spores/ml or 106 bacterial spores/ml

activity is achieved. In addition, it was considered crucial that
ProteCoat additives should not only work alone but should
also work synergistically with existing biocides and other
antimicrobial components of coatings.

Antimicrobial coating additives such as ProteCoat must
exhibit four key properties, all of which the peptides used in
ProteCoat achieve:

e Selective toxicity to discriminate between target microbial
cells and non-target organisms

® Rapid killing, as the time needed for killing should be short-
er than the doubling time of the target microorganism

o Effectiveness against a broad range of microorganisms

* A mechanism of action such that the target microbes can-
not easily develop resistance?

More generally, in order to provide for selective toxicity
and broad spectrum activity, ProteCoat additives are designed
to target those features which are ubiquitous among microbial
cells but do not exhibit toxic effects or cytotoxicity to mam-
malian cells. For rapid killing, the site of action targets the cell
surface rather than the cell interior. ProteCoat can also affect
the target membrane, even in the presence of a spore coat or
another protective envelope.

Broad-spectrum & selective

The microorganisms responsible for paint spoilage are not
unique. Indeed, almost the whole spectrum of fungi, bacteria
and yeast thrives in the coating environment, so efficient bio-
cides must have broad-spectrum antimicrobial efficacy to offer
the optimum preservation, as well as being selective. That
ProteCoat achieves this can be attributed its ability to target
the unique characteristics of the outer membranes of
microbes.

Unlike multi-cellular animals, the membranes of microbes
are organised in such a way that the outer region of the lipid
bilayer, the region exposed to the environment, is composed
of lipids with negatively charged groups. All AMPs share a
common three-dimensional arrangement: they fold into mol-
ecules with one hydrophobic face and one charged face.

The mechanism of this class of AMPs begins with peptide-
membrane interaction, followed by the displacement of lipids
and the alteration of the membrane structure. Primarily due to
this mode of action, ProteCoat can compromise a broad spec-
trum of microbes (Table 1).

The testing procedures developed include a minimal
inhibitory concentration (MIC) comparison against a panel of
microorganisms in broth, as well as with Ucar 451 from Dow
Chemical. This is an styrene-acrylic emulsion polymer for coat-
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Peptides & proteins

ings applications that has hydroxyl and carboxylic acid func-
tional groups and a suitably high (45°C) glass transition tem-
perature (Tg).

Growth inhibition was determined by replicating each plate
onto the appropriate growth media, followed by incubation
for at least 24 hours, in the case of Bacillus atrophaeus, a
gram-positive, spore-farming bacterium that is a common,
less dangerous surrogate of Bacillus anthracis, the causative
agent for anthrax.

Two fungi were incubated for 48-72 hours. These were:
Aspergillus nidufans, a model organism and a less dangerous
surrogate of Aspergillus fumigatus, a potentially deadly human
pathogen and a major allergen; and, Fusarium oxysporum, the
causal agent of vascular wilt disease in plants and an emerg-
ing opportunistic human pathogen.?

All three micro-organisms were tested in two environ-
ments: a broth in which the peptide was delivered and chal-
lenged with spores in a solution and when the peptide was
formulated with the Ucar 451 latex, which was then painted
onto the bottom of each well and subsequently challenged
with spores delivered in a solution. In each case, MICs were
determined by exposure to 107 spores/ml for each microor-
ganism and two or three independent replicates for each.

The broth MIC was 59 ppm for B. atrophaeus and 63 for
both fungi. The Ucar 451 MIC was not determined for B.
atrophaeus; for both fungi, it was 625 ppm. Thus, the antici-
pated increase in MICs as ProteCoat was admixed with the
coating did take place, significant antimicrobial biocidal activi-
ty against each of the target microorganisms was observed

Figure 1 demonstrates the biocidal activity of ProteCoat
alone and mixed with Ucar 451, compared with a control. In
all cases, ProteCoat was challenged with 2 x 10® spores in a
solution. The second and third rows are representative of a
two-fold dilution series of ProteCoat, with an initial concen-
tration of 1,250 ppm in the far left well, for three independ-
ent experiments. These results show that ProteCoat as a
stand-alone antimicrobial additive in cured films exhibits
broad-spectrum killing of both fungal spores and vegetative
cells.

Synergy with conventional biocides

The ability of AMPs to compromise the integrity of the cellu-
lar membrane raised the possibility that, in addition to rapid
killing, the peptides in small amounts might have a synergis-
tic effect on other biocides, potentially by increasing their
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Figure 3 - Synergism
between ProteCoat &
Verichem N2000 against B.
atrophaeus

Figure 2 - Synergism
between ProteCoat &
Verichem N2000 against B.

atrophaeus

effective permeability. Biocide synergism experiments were
conducted with three broad-spectrum biocides commonly
used in waterborne coatings, augmented with ProteCoat.

These were: Rohm & Haas's Kathon LX 1.5% (2-methyl-4-
isothiazolin-3-one), a common in-can preservative; Troy's
Polyphase (3-iodo-2-propynyl butyl-carbamate), a common
after-application iodo-type additive; and, Verichem N2000
(dodecylguanidine) from Verichem Products, which provides
in-can and in-solution (e.g. in water cooling facilities) control
against algae, bacteria, fungi and yeasts.

Each was used singularly in combination with ProteCoat. A
two-dimensional, ‘checkerboard” microdilution technique was
used to characterise the interactions between ProteCoat and
each of them.®

The term ‘checkerboard’ refers to the pattern of microtitre
wells formed by multiple dilutions of the two biocides being
tested in concentrations equal to, above and below their
respective MIC. It consist of columns in which each well con-
tains the same concentration of biocide A, being diluted along
the x-axis, and rows in which each well contains the same
concentration of biocide B, being diluted along the y-axis.

Figure 2 illustrates this for Verichem N2000 against B.
atrophaeus. In this, the top right hand corner represents 100%
growth inhibition by the biocides and the direction of the
arrows indicates decreasing concentrations of each.

Biocide combinations were challenged with 2 x 10° spores
and replicated after 24 hours to growth media. As can be
seen, there are two dilutions along each axis, representing an
approximately 3.5 to four-fold increase in efficacy of both
N2000 (wells SA and 5B) and ProteCoat (wells 4B and 5B).

Figure 3 shows the synergistic activity of the combined bio-
cides in an isobologram, allowing for comparison with results
expected in non-synergistic activity. On this figure, solid circles
indicated the observed values and the solid line represents the
best fit (R2 = 0.978), while the dotted line demonstrates what
would be expected for an additive effect.

Table 2 shows the experimentally determined growth inhi-
bition at a given biocide or ProteCoat concentration in per-
centage terms. E,, or the expected percent growth inhibition
for a ‘non-syngeristic’ or additive combination, was calculated
as previously described.> The observed percent growth inhi-
bition for each combination is provided in the E, column and
the final column, E,/E,, is the observed-to-expected ratio; any
ratio of >1.5 indicates synergism.*>

These results clearly demonstrate that very low concentra-
tions of ProteCoat additives can significantly increase the effi-
cacy of a conventional biocide against spare-forms of both
fungi and bacteria. Coupled with the stand-alone capability of
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ProteCoat additives to function as environmentally sound
alternatives to conventional biocides, the ability of this tech-
nology to enhance conventional biocides adds a new dimen-
sion for the polymer chemist to tweak biocidal cocktails to fit
a particular contamination scenario.

Conclusion

By tailoring biomolecules for specific purposes, Reactive
Surfaces has developed ProteCoat for coatings bioengineered
to decontaminate microbial pests and biological contaminants.
These peptide-based additives for coatings allows for the
development of mould- and bacterial-inhibiting surfaces and
coatings using ‘green’ technology.

ProteCoat can serve as a stand alone biocide, yet it can act
synergistically with existing biocides. Synergistic activity not
only allows for a reduction in the effective doses of two
antimicrobial compounds, but also has the potential to revive
the use of biocides to which pathogens have developed
resistance. This synergism can be expanded to include other
biocides, such as metals, natural products and enzymes.®

Cocktails of biocides, including AMPs, are predicted to
have not only synergistic effects but also to be "tunable’ to

For more information, please contact:
Steve McDaniel

Reactive Surfaces Ltd.

300 West Avenue, Suite 1316

Austin, TX-78701

Tel : +1 512 472 8282

E-mail: smcdaniel@reactivesurfaces.com
Website: www.reactivesurfaces.com
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particular coatings and micro-organisms. ProteCoat can be
used in-process, in-can, in-film. It can be admixed, layered or
added in or as a topcoat to the coating.

Since ProteCoat is a naturally occurring polymer of amino
acids, it can be fermented and produced on a commercially
feasible basis, This technology, we believe, provides polymer
chemists with a new arsenal of effective, safe, environmental-
ly-sound biocide options
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