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Thediscovery of penicillinin 1929 by Alexander
Flemming wasamilestonein modernmedicine.* In
1943 theindustriad-sca efermentation (production) of
penicillin enabled itswidespread useand usheredin
the beginning of the“ antibioticera.” Theavailability
of antibioticshashad aprofound effect on human hedth
and has contributed to an eight-year increasein the
average human lifespan.? Theavailability of antibiot-
icshasalowed the successful treatment of many
bacterial infectionsaswell astheability to perform
invasive medical proceduresincluding surgery and
chemotherapy.® Throughout theyears, however, many
bacterial strains have evolved ways to adapt or
becomeresigant tothecurrently availableantibiotics.
An exampleis Saphylococcus aureus. More than
95% of thestrainsof thisbacteriaareresistant to the
antibiotic penicillin. ThisisproblematicSncevery few
new familiesof antibiotics have been discoveredin
the past 30 years.®

One of thereasonsthat antibiotic resistanceisso
widespreadisthepervasiveuseof antibioticsinanimal
feedsto prevent infectionsand promotegrowth.® This
has encouraged spontaneous mutation of thetargets
of anti-bacterial drugs as well as the exchange of
plasmids encoding antibiotic resistant genes.* There
are many mechanisms by which bacteria evade
antibiotictrestment:

reduced drug uptake

active pumping of drugsout of thecell
enzymaticaly dteringtheantibiotic
modification of targets

drug sequestering by protein binding
overproduction of thetarget

metabolic bypass of thetargeted pathway*

Antibioticscomprisean estimated 7 to 22 billion
dollar ayear industry and arethethird largest classof

drug sold.* Thereare currently over 150 antimicro-
bial drugs that have been approved for usein the
United Statesaswell asapproximately 27 inclinica
development.#Itislikely that many of the new antibi-
oticsin development will not be approved by theUS
Food and Drug Administration asonly ahandful have
been gpprovedinthelast 10 years.* Most of thedrugs
indevelopment areana ogsof earlier antibioticswhich
work on aselect number of bacterial targets.* There
isan increasing demand for novel drugsto combat
bacterid infections.®

One approach to this problem of resistance to
current antibiotics is to look to the “evolutionary
ancient wegpons.” All multicellular organismshave
evolved in the presence of a plethora of microbes
throughout theyears, somewithout the protection of
antibodiesor immuneeffector cells.” Onadaily bas's,
we are exposed to anumber of pathogensthrough
ingestion or contact withinfected surfaces® Thereason
we continueto surviveisdueto the effectors of our
innate immune response producing anon-specific
broad spectrum responseto injury and infecion.° Al
organisms possess a variety of broad-spectrum
antimicrobial peptidesknown as cationic peptides.’
Microbia pathogensdon’t seemto acquireresistance
to these cationi ¢ peptides even though they havebeen
exposedtothemfor avery longtime.” For thisreason
therehasbeen alot of commercia interest and effort
in devel oping cationic peptidesaspotentia antimicro-
bial therapeutics.’

Cationic Peptides

Approximately 20 yearsago, it was discovered
that the skin of frogs, thelymph of insects, and human
neutrophils (atype of whiteblood cell) al contain
cationic peptides (Figure 1) that can act as potent
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antimicrobials.® To date, more than 600 cationic
peptideshavebeendiscoveredinvirtudly dl organisms
from microbeto man. These cationic peptideshavea
broad spectrum of antimicrobia activity including ac-
tivity against bacteria, eukaryotic parasites, viruses,
and fungi.® The same cationic peptide sequencesare
rarely recovered from different species, eventhose
that areclosdly related.’

Cationic peptidesvary considerably in sequence
and structure, with afew common features.*** All
cationic peptides are encoded aslarger precursors
with signa sequencesthat are subsequently modified
by cleavage or addition of groupslikeglycosylation
or halogenation.” They rangeinsizefrom 12-50amino
acidsand havemolecular masses of lessthan 10000.3¢
Cationic peptides are amphipathic meaning they
possess both ahydrophobic region that interactswith
lipidsand apositively charged hydrophilicregion that
interactswith water or negatively charged residues.®
Thisfeaturealowsthe peptidestointeract well with
membranes that are composed of amphipathic
mol ecul es, especially negatively charged bacteria
membranes. For themost part, animal cellstend to
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Figure 1. Cationic Peptides

have membranes with no net charge so they are
unaffected by cationic peptides.® Therearefour mgjor
classesof cationic peptides®:;

b-sheet mol ecul es stabilized by two or three

disulphidebonds

amphipathica-helices

extended molecules

loopswith asingledisulphidebond

Catl onic peptideshave been found to haveactivity

against both Gram negative and Gram positive
bacteriaaswell asfungi, eukaryotic parasites, and
viruses:® Most importantly, cationic peptidesseemto
beeffectiveagang many strainsof antibiotic res stant
bacteria®

M echanismsof Action

Cationic peptides seem to interact with bacterial
membranes Bacterid cdlsmay havetwo membranes
onwhich cationic peptidescan act:

the outer membrane
the cytoplasmic membrane

1. Action of Cationic Peptides on Outer
Membrane

In Gram negative bacteria, it ishypothesized that
the cationic peptidesinteract with thehighly negatively
charged outer membrane. The surface of the
membrane contains magnesi um ionswhich function
toneutralizethecharge. Itisbelieved that thecationic
peptidesdisplacethesemagnesumions®. Thepeptides
then either bind tightly to the negatively charged
membranelipopolysaccharide (LPS) or neutrdizethe
chargeover an areaof membrane, subsequently dis-
torting the membrane structure.® Oncethisisaccom-
plished, the peptides can trand ocate across (that is,
insert themselvesinto) the outer membrane.

2. Action of Cationic Peptides on Cytoplasmic
Membrane

The bacterial cytoplasmic membrane is also
negatively charged. Cationic peptidescaninsertina
position parallel to themembranelipidsand fold into
membrane-bound structuresleading to four possible
outcomes:®

cdl lyss athoughthisisnot very likely at
physiological concentrationsof cationic
peptide
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channel formation, wherethe peptides
reorientate themselvesin the cytoplasmic
membranein such away that they form
channelsleading to abreakdowninmembrane
integrity

the car pet model where cationic peptides
causethe catastrophic breakdown of the
membraneintegrity

direct killing of thebacterial cell by peptides
attacking internd targetslikecdlular
polyanions(for example, nucleicacids) inthe
cytoplasmafter diffusing through both
membranes

Rolesin immunity

Cationic peptidesnot only directly kill bacteria, they
also have profound effects on the hosts system. 81214
It hasbeen shown that cationic peptidescan function
to sequester L PS shed from Gram negative bacteria.
ThisLPSfunctionsasan endotoxin and may lead to
sepsis. Cationic peptides have also been found to be
potent chemo-attractants, recruiting antigen-presenting
cdls, which caninitiate responsesby the adaptiveim-
munesystem.’ They havea so been knownto recruit
mast cdlls(atypeof whiteblood cdl) whichareknown
toincrease blood vessal permeability. Thisincreased
permeability alows other immune effectors and
wound healing factorsto permeateinjured tissues.”®

Intheclinic

In order to be agood candidate for therapeutic
use, adrug needsto show good activity, appropriate
function, low toxicity, have stability invivo and be
reasonably inexpensiveto manufacture®

So far only afew cationic peptides have made
their way toclinical trialsand only two areusedin
topical creamsand solutions.® One of the problems
that l[imitsthe systemic use of these compoundsis
toxicity.® Currently research is being done to
structuraly ater these compoundsto makethemless
toxictothe consumer.

Another problem associated with administering
cationic peptidesasatreatment for infectionisthe
ability to direct the peptides to the appropriate

locationswith the accuracy of whiteblood cellsand
epitheium.® Wheninjectedintravenoudy the peptides
arerequiredtoinfiltrate hedlthy tissuein order toreach
the appropriatelocations, which canbeavery ow
process.® The host’s system can also act on the
peptides, for example, the presence of proteasescan
inactivate peptides before they reach their destina-
tion.® Findly, sometimesthe activities of the peptides
are not the samein vitro and in vivo. For example
one of the most potent cationic peptides studied to
dateinvitro, polyphemusin | from horseshoe crabs,
hasbeen shownto haveno activity against infections
inanima models.*®

Finaly, cationic peptidesarealso very expensive
to produce becausethey can’t be mass-producedin
bacteriaor fungi theway many other antimicrobial
drugs are produced. Consequently, the cost of
treatment isestimated at approximately $100 aday.?

Applicationsin Biotechnology

Cationic peptides have anumber of applications
in biotechnol ogy. Onegpplication for cationic peptides
istheformation of transgenic plants. Phytopathogens
areamajor problemin cultivated and stored crops
leading to theloss of between 30-50 billion dollars
annualy.r Crop spoilage a soincreasestheincidence
of carcinogensand hasan adverseeffect onthehealth
of the consumer.’® Pesticidesand antimicrobiasare
not really a good way to combat phytopathogens
because they can be expensive, detrimental to the
environment and harmful to the consumer.®® They dso
can lead to the development of resistant bacterial
grains. Itishypothes zed that by producing transgenic
plants that express cationic peptides with broad
specificity, many of these problemswill be circum-
vented.’® Preliminary resultsfrom the university of
Victoriaindicate that thisapproach may be useful .28

Microgenelnternationd Ltd. iscurrently usngthe
technology to engineer genetically enhanced fish that
over-produce cationic peptides. Thehopeisthat these
fishwill not beassusceptibleto infections. Normally
25% of aquaculture stock are susceptibletoinfections
and consequently lost.™®

Another potential application istheformation of
aerosol spraysfor patientswith cysticfibrogs®® Cydtic
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fibrosisisadisease caused by agenetic mutationin
the CFTR gene. Thismutation leadsto theinability to
regulate chloride ion concentrations across
membranes. The build up of high chloride salt
concentration in thelungsreducesthe ability of the
CF patients' cationic peptidesto function.!® These
individua sthen becomemoresusceptibletoinfections
by opportunistic bacteria like Pseudomonas
aeruginosa.® Through molecular biologica techniques
it may bepossibleto engineer cationic peptidesinsuch
away that they will beless susceptibleto high salt
concentrations.”

Conclusion

Asbacteriaare becoming resistant to conventiona
antibioticsresearchersarelooking for new waysto
combat microbial infections. One possibility isthe
development of cationic peptides as commercial
antimicrobid agents. Cationic peptidesare presentin
all organismsand functioninthekilling of bacteria,
viruses, eukaryotic parasites, and fungi. Bacteriadon’t
seem to acquire resistance to the cationic peptides,
which make them an attractive subject for drug re-
search. Another plusisthat they vary between organ-
isms, which could lead to agreater selection of drugs.
It may a so be possibleto transgenically alter plants
and animalsin agriculture so that they haveincreased
levels of cationic peptidesin an attempt to reduce
losses. Thereare still many barriersin the devel op-
ment of cationic peptidesascommercia antimicro-
bial agents. However, withtimeand futureresearch,
perhapsthey may provide afeasible option for con-
quering microbid infections.
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