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Natural Peptides with
Antimicrobial Activity

Abstract. Antibiosis is a mechanism by which many cell types control potential
environmental takeover or pathogenicity by microbes, especially bacteria. It is now
clear that a large proportion of the antimicrobial compounds produced by various cells
and organisms including bacteria, fungi, plants, insects, amphibia and mammals are
antibiotics based around peptides. These antimicrobial peptides can be broadly subdi-
vided into two groups: those which are produced by multienzyme complexes and those
which are encoded by a structural gene, the transcription and translation of which results
in a peptide template which may (in some cases) undergo further enzymatic modifica-
tions. In this context, the chemistry, biosynthesis and functional aspects of abroad range
of bioactive peptides from both subgroups will be briefly discussed, including:
gramicidin, bacitracin, valinomycin, alamethicin and polymixin B from the first group,
and defensins (and related peptides), bacteriocins, lantibiotics and microcins from the
second subgroup. From a biotechnological perspective, the peptide antibiotics pro-
duced by multienzyme complexes are open to a variety of manipulations to produce
novel antibiotic compounds, whilst the ribosomally synthesised peptides may be
specifically altered by site-directed mutagenesis. Furthermore, the enzymes capable of
transforming some ribosomally synthesised peptide antibiotics may be of particular
interest to the biotechnologist, because of the novel transformations of peptide
substrates which they are able to perform.

2.1. Gramicidin S
The gramicidin peptides represent the

best studied examples of non-ribosomally

The mechanism(s) which give rise to
the formation of peptide antibiotics pro-
duced by non-ribosomal synthesis have
been well studied; many are formed by the
so-called 'thiotemplate mechanism' [la-
d]. This is a particularly interesting bio-
synthetic mechanism, because it involves
some exceptionally large enzymes, each
containingmany different enzyme domains
capable of carrying out one or more of the
steps in the biosynthesis of the respective
peptide antibiotic. After each step, the
growing peptide antibiotic is passed along
to the next domain for further synthetic
steps [Ie, d][2]. Since it has been demon-
strated that the domains can function on
their own and that they are separated from
each other by nonfunctional spacer re-
gions, it does not seem unreasonable to
expect that molecular biology could be
used to 'mix-and-match' enzyme domains
and create an holo enzyme capable of
producing almost any peptide-antibiotic
sequence. The biotechnological applica-
tions in this area are substantial, particu-
larly as many of these enzyme domains
have specificities for the coupling of high-
Iy unusual, modified amino acids, amino-
acid analogues and derivatives. In addi-
tion, a number ofthese peptide antibiotics
have been applied in therapeutic prepara-
tions, particularly in topical creams for use
against localised infections and acne as
well as in the treatment of bacterial throat
infections (pharyngitis).

2. Antibiotic Peptides Produced by
Non-Ribosomal Biosynthesis

activities: some form pores or ion chan-
nels in membrane bilayers, others inhibit
specific enzyme reactions, while still oth-
ers act as ion-transfer shuttles or as ion
pumps.
Principally, peptide antibiotics can be

divided into two broad subgroups, de-
pending on how they are produced within
the cell: those that are produced by the
action of multienzyme complexes and
those that are synthesised on the ribosome
as a precursor peptide which may (in some
cases) undergo further, extensive modifi-
cation [1]. The principal difference be-
tween these groups then is that the tem-
plate of a peptide antibiotic which is ribo-
somally synthesised is encoded by a spe-
cific (structural) gene, whilst peptide anti-
biotics synthesised by multienzyme com-
plexes are not encoded by a specific gene.

production of specific antimicrobial sub-
stances or antibiotics. Historically, it was
the famous French microbiologist Louis
Pasteur who first reported antibiosis and,
more than a century ago, realised the po-
tential of antibiotics for the development
oftherapeutics. Unfortunately, to cover in
such a short space all that has been report-
ed about antibiotics would be an injustice;
here we will limit ourselves to a brief
discussion of antimicrobial peptides from
a variety of sources, particularly those
with proven or potential applications in
various areas of biotechnology.
From a chemical and structural view-

point, the broad group of substances which
can be called peptide antibiotics includes
a large variety of compounds, many of
which are still relatively uncharacterised.
However, it is becoming clear that they
exhibit a high degree of structural diversi-
ty: some are simple linear peptides, whilst
others are heterocyclic, some contain onIy
representatives of the 20 proteinogenic
amino acids (i.e., amino acids for which
there is a genetic code), whilst others are
heavily modified, and some are very short,
while others consist of relatively long
polypeptide chains. The variety of forms
is also reflected in the myriad biological
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Bacteria represent some of the small-
est life forms known; some can be our best
friends, others our most deadly enemies.
For example, bacterial metabolism is re-
sponsible for the production ofmany foods
we take for granted (e.g., joghurt, cheese
and salami), but it is also responsible for
some of the most serious diseases (e.g.,
botulism and typhoid fever). Because bac-
teria are prolific, they necessarily interact
with almost all other cell types in some
way or another, at some time or another.
Therefore, many nonbacterial cells, aswell
as many bacteria themselves, have devel-
oped ways of combatting a bacterial 'take-
over' of their environment. One of the
many ways they achieve this is through the

1. Introduction
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AcAib-Pro-Aib-Ala-Aib-Ala-Gln-Aib-Val-Aib-Gly-Leu-Aib-Pro-Val-Aib-Aib-Glu-Gln-Phl

Fig_ 1. The structure of the peptide antibiotics gramicidin S (A), alamethicin d (B), bactitracin (C) and
valinomycin (D) [1a-<i][3]. Ac, acetyl-; Aib, a-aminoisobutyric acid; Phi, L-phenylalaninol; the
remaining amino acids (where appropriate) are indicated in standard three-letter code.

2.3. Bacitracin
The rather 'loose' affinities displayed

by the domains involved in thiotemplate
biosynthesis of peptide antibiotics often
mean that a particular antibiotic is a family
of related peptides, rather than a single,
homogeneous form, and bacitracin is no
exception; the major form of the antibiotic
is shown in Fig. 1, C [la-d]. Bacitracin is
produced by the bacterium Bacillus li-
chen~formis and is cyclic; cyclisation is
attained through the coupling of the e-
amino function of the Lys residue at posi-
tion 5 to the penultimate Asp residue. A
second cycle is also formed within this
peptide antibiotic when the two N-termi-
nal amino acids (lle-Cys) form a thiazo-
line ring; the thiol group of Cys is added to
the lie backbone.

Bacitracin does not form ion channels
or shuttles like the membrane-active pep-
tide antibiotics; instead, it is an effective
inhibitor of bacterial cell-wall biosynthe-
sis. It does this by blocking recycling of
the membrane-bound carrier of many cell-
wall subunits, undecaprenyldiphosphate.
In addition, bacitracin is one of the most
successful discoveries amongst the pep-
tide antibiotics formed by non-ribosomal
biosyntheses, since it has found wide ap-
plication in medicine. Like gramicidin, it
is used as an antiseptic for local applica-
tion. However, it is also included in a
number of microbiological agars and oth-
er diagnostic test systems to prevent the
growth of certain bacteria and allow others
to be more accurately enumerated [la-d].
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2.2. Alamethicin
The peptaibol alamethicin (Fig. 1, B) is

produced by the fungus Trichoderma vir-
ide. The acylated 20-amino-acid peptide
is typical of the peptaibol group, which all
contain the non-proteinogenic amino acid
a-aminoiso butyric acid as well as a C-
terminal amino alcohol [3]. Alamethicin
is of particular biophysical importance
because it has been used as a model pep-
tide in the quest to understand how pep-
tides are able to form pores or channels in
membrane bilayers. Alamethicin is am-
phiphilic, very hydrophobic and adopts an
essentially helical structure, although it is
quite flexible in the central region. Physi-
cally, the peptide possesses an extremely
high dipole moment, the strength of which
is affected by its shape; when alamethicin
is elongated, the dipole moment is ca. 140
Debye, but when it is kinked, this is re-
duced to ca. half that value. It inserts in a
single-step process into bilayers and is
then thought to undergo conformational
alteration and to arrange into multimeric
aggregates which subsequently form pores
(a single peptide is insufficient for pore
formation). One model of alamethicin pore
formation suggests that the peptide aggre-
gates are formed by antiparallel stacking
of the peptides and that the addition of a
voltage across the membrane is necessary
for the peptide to reorganise (flip around
to a parallel stacking arrangement). How-
ever, it has also been suggested that such a
mechanism would be energetically unfa-
vourable.

synthesised peptide antibiotics; they are
produced by strains of the bacterium Ba-
cillus. Gramicidin S (Fig. 1, A) is a dimer
of two identical pentapeptides linked head-
to-tail to form a cyclic structure; the se-
quence of the monomer is D-Phe-L-Pro-L-
Val-L-Orn-L-Leu. A related family of pep-
tide antibiotics called tyrocidins A, B, C
and D are formed in a similar way, except
that the sequence of the second half of the
dimer is different and they are therefore
asymmetric. As might be expected, the
large enzyme complex responsible for their
syntheses contains additional domains to
that involved in gramicidin S formation;
the additional domains contribute the ad-
ditional specificities necessary for the ex-
tra amino acids. Thus, this mechanism for
peptide-antibiotic manufacture seems to
be both quite widespread and flexible with
respect to the incorporation of novel ami-
no acids. Gramicidin has found some ap-
plication and is used mainly in the topical
treatment of infections, e.g., pharyngitis
[la-d].
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Magainin2 G I GKF LHSAKKFGKAFVGE I MNS

I I I I

TachyplesinI KWC FRVCY RG I CY RRCR - NH2

I I I I h
HNP-l ACYC RI PAC IAGE RRYGTC I YQGRLWAFCC

I I I I II
TAP NPVSCVRNKGICVPIRCPGSMKQIGTCVGRAVKCCRKK

3.1. Defensins and Related Peptides
The a-defensins (Fig. 2) have now

been isolated from a variety of sources,
including human, pig and rat neutrophils
and various mucosal sites of mammals [7].
Since the neutrophils are such an impor-
tant part of the immune system, it is thought
that these peptides form the front-line strat-
egy in the immune responses to infection
by bacteria. Similarly, their presence in
the mucosa suggests that they may be an
important component of the innate im-
mune system. The peptides of this group
generally share substantial degrees ofho-
mology, contain a large number of Arg
residues (but not Lys) and the disulfide-
bond arrangement is uniforml y conserved;
disruption ofthe disulfide bonds results in
loss of antimicrobial activity. Thedefensins
are produced as prepro-peptides, and the
leader- and pro-segments are probably in-
volved in directing their transport to stor-
age vesicles to await use. The f3-defensin
shown in Fig. 2 (TAP) was isolated from
bovi ne mucosa; j}-defensins are larger than
the a-defensins and have a different di-
sulfide arrangement. In recent times, a
large number of different defensin pep-
tides and peptide families differing in their
Arg/Lys content, number and arrangement
of disulfide bonds and of differing overall
length have been isolated. A close relative
of HNP-l called HNP-3 has been crystal-
lised and analysed by X-ray diffraction.
The peptide forms a rigid f3-sheet struc-
ture, stabilised by a salt bridge and a turn
induced by a Gly residue at position 24.
The tachyplesins are I8-amino-acid

antimicrobial peptides isolated from the
horseshoe crab. The peptide shown in Fig.
2 is part of a family of tachyplesins whose
primary sequence varies slightly, but whose
disulfide-bond arrangement and second-
ary structure remains conserved [7]. The
peptides are produced as longer (77 amino
acids) prepro-sequences which consist of
a pre-peptide at the N-terminal side of the
mature segment and a pro-peptide on the
C-terminal side. TheN-terminal end of the
pro-segment contains an amidation motif;
tachyplesins are peptide amides. The pep-
tides form rigid secondary structures, con-
sisting of two anti parallel j3-sheets sepa-
rated by a j3-turn and stabilised by the two
disulfide bonds (Fig. 2).
A great number of defensin-like pep-

tides have now been described, having
been isolated from a variety of sources
including immune cells of mammals, mu-
cosa, insect haemolymph, crustacea and
plants and their seeds. The vast distribu-
tion of these peptides and peptide families
underlines their mechanistic importance
to the defence of eucaryotic cells against

with an isooctanoyl moiety). Polymixin
B is able to kill some gram-negative bac-
teria by disrupting the outer membrane
and has therefore been used to some extent
in the treatment of intestinal infections. In
addition, the structure of the peptide and
the molecular mechanism by which it is
able to disrupt the outer membrane of
gram-negative bacteria (leading to their
death) have been extensively studied [1a-
d][6].

3. Antibiotic Peptides Produced by
Ribosomal Biosynthesis

In contrast to the antimicrobial pep-
tides described above, there are also a
number of natural peptide antibiotics which
are produced by posttranslational modifi-
cation of a ribosomally synthesised pre-
cursor peptide. The principal difference
here is that the template for subsequent
reactions, the pre-peptide, is encoded by a
specific gene. Thus, this precursor peptide
may only contain proteinogenic amino
acids. Not all peptide antibiotics produced
in this way are further posttranslationally
modified; in those that are, all of the non-
proteinogenic amino acids then arise by
enzymatic processes from amino acids
incorporated in the precursor peptide. For
example, the lantibiotics (discussed be-
low) contain a,j}-dehydrated Ser and Thr
residues. Hydroxyaminoaciddehydratases
are not uncommon in nature. However,
known dehydratases cannot act on a Ser or
Thr inserted into a nascent peptide chain,
since they utilise a pyridoxyl-phosphate-
dependentSchijf s base mechanism. Thus,
the enzymes responsible for this transfor-
mation in the lantibiotics are novel and are
therefore of biotechnological importance.

In addition, bacitracin acts as an efficient
inhibitor of a number of proteases; the
structure of bacitracin complexed to a
number of different peptidases has recent-
ly been reported [4].

2.4. Valinomycin
Thecyclic depsipeptide antibiotic vali-

nomycin (Fig. ], D) acts as an ion carrier.
However, rather than forming a channel in
the membrane bilayer and allowing re-
lease of ions through the pore lumen, this
peptide antibiotic shuttles ions across the
membrane, continually moving from a
loaded to an unloaded state and back again.
This mechanism is much slower (ca. 1000-
fold) than formation of ion channels in
achieving an ion efflux from the affected
cells. The peptide has a preferential affin-
ity for potassium ions, which it coordi-
nates with its six valine carbonyl O-atoms.
The amino acids of valinomycin are ex-
tremely hydrophobic, a feature which al-
lows it to move easily through the hydro-
phobic interior of the mem brane as it shut-
tIes from side to side. The structure and
mechanism of this particular peptide iono-
phore have been exhaustively studied [1b-
d][5].

2.5. Polymixin B
The 10-amino-acid peptide antibiotic

polymixin B is produced by Bacillus poly-
myxa and has the sequence Dab- Thr-
Dab- Dab- Dab- D-Phe- Leu- Dab- Dab- Thr
(where Dab is diaminobutyric acid). The
peptide is cyclised from a coupling of the
C-terminus with DabS, and a number of
analogues are also found with either the
Thr2, Phe6 or Leu7 being substituted by
other amino acids. In addition, the pep-
tides have an extremely amphiphilic na-
ture, since the N-terminus is acylated (e.g.

Fig. 2. The primary structures of a-defensin HNP-l, f3-defensin TAP, tachyplesin I and magainin 2
[7]. Disulfide bonds (where appropriate) are indicated by the lines above. Amino acids are shown in
standard single-letter code.
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Fig. 3. The primary structure of the unmodified bacteriocin pre-pediocin PA -1 [9a, b]. The cleavage
site for removal of the leader peptide is indicated by the arrow and the disulfide bonds are depicted
between the shaded Cys residues. Amino acids are shown in standard three-letter code.

bacterial infection. Some of them may
also have biotechnological applications.
For example, the magainins (Fig. 2) are a
group of peptides isolated from the skin of
amphibia and which apparently form an
essential part of the primitive immune
system, defending against infection [7a-
b]. The peptides are 20-25 amino acids in
length and form amphiphilic, helical struc-
tures, although they generally contain no
cycles. Currently, a synthetic peptide, de-
rived from a consensus sequence of the
magainin family, has reached phase lib of
clinical trials for application as a topical
agent against bacterial infection.

3.2. Non-Modified Bacteriocins
A further group of antimicrobial pep-

tides have also been isolated from the
microbial world. These peptides probably
serve a number of functions to the bacteria
which produce them: they may give the
bacteria an ecological advantage by kill-
ing off competitors and they may also act
(in some cases) as signals to tell the pro-
ducing bacteria something of the state of
their local environment and population
density (so-called 'quorum-sensing'). Bac-
teriocins, or bacterial-derived antibacteri-
al peptides, are produced by many differ-
ent bacterial species. The structures vary
considerably: some contain disulfide bonds
(Fig. 3), some contain free cysteine, some
contain neither cysteine nor cystine and a
fourth group consists of twopeptideswhose
complementary presence is required for
antimicrobial activity [8]. However, re-
gardless of their structural characteristics,
they all act by forming hydrophilic pores
in the cytoplasmic membrane of suscepti-
ble bacteria. These pores or channels de-
polarise the cytoplasmic membrane, dis-
rupting energy transduction and ATP pro-

Pediocin PA-l

duction; these cells then 'starve' for want
of an energy source [If][8].
All bacteriocins are produced on the

ribosome as a precursor peptide which is
later processed to release the active moie-
ty; often (but not always), this occurs
during transport out of the cell. The leader
peptide which is removed during this
processing probably keeps the bacteriocin
inactive inside the cell and helps to direct
its transport to the outside. In addition,
because bacteriocins are toxic to the pro-
ducing cells as well as to other bacterial
types, the producing cells also produce
specific self-protection mechanisms to
resist the action of their own bacteriocin;
however,justhow these mechanisms func-
tion at the molecular level is not well
understood [] e-h] [8].
One well-characterised bacteriocin is

pediocin PA-l (Fig. 3), produced by Pedi-
ococcus acidilactici PAC 1.0 [9]. The bac-
teriocin contains no posttranslational mod-
ifications, but does contain two essential
disulfide bonds and aN-terminal sequence
which is homologous with a number of
other bacteriocins; theC-terminal sequenc-
es of these homologous peptides differ to
a much greater extent. Although this par-

E-T L- -E'(- -M

ticular N-terminal sequence is often re-
ported as a specific motif, its relevance
(the reason(s) for its conservation) is not
understood; such conservation may well
represent an evolutionary phenomenon.
The mode of action of pediocin PA-l has
been extensively studied [9c, d], and the
peptide is active against a number of food-
borne bacterial pathogens of humans, in-
cluding Listeria monocytogenes. Hence, it
has been proposed that this bacteriocin
might prove useful as a novel food pre-
servative. Other non-modified bacterio-
cins have also been suggested to have
similar potential applications in the food
industry [ge].

3.3. Lantibiotics
Lantibiotics [I e-h][lO] are also bacte-

riocins and therefore they are ribosomally
synthesised as precursor peptides. How-
ever, unlike the bacteriocins described
above, the lantibiotics contain a large
numberofposttranslational modifications;
the name lantibiotic is derived from their
content in the thioether amino acids lan-
thionine and 3-methyllanthionine. These
amino acids arise through a multistep pro-
cess; firstly, ,8-hydroxy-a-amino acids in

Scheme I. The Proposed Mechanism for the Formation of Lanthionine and 3-Methyllanthionine [le-h]. R = H, Ser -4 2,3-didehydroalanine -4

lanthionine; R = CH), Thr -4 2,3-didehydrobutyrine -4 3-methyllanthionine.

o
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the pro-peptide portion of the precursor
are enzymatically dehydrated to their re-
spective a,f3-lInsaturated equivalents and
the thiol group of a neighbouring Cys
residue is then added to the double bond in
a protein-mediated reaction to generate
the corresponding thioether (Scheme 1).
At the present time, more than 25 lantibi-
otics have been characterised [lh]. Most
lantibiotics are highly modified, many con-
taining 50% (or more) non-proteinogenic
a-amino acids.
In addition to the thioether amino ac-

ids, the lantibiotics contain a variety of
other modified amino acids including 2,3-
didehydroalanine and -butyrine, Iysino-

alanine, 2-aminovinyl-D-cysteine, hydroxy-
aspartic acid, a number of N-terminal
modifications and D-Ala [le-h]. Not all
lantibiotics contain each of these modified
amino acids; in some cases, they are wide-
spread, whilst in others they are specific to
only one lantibiotic. For example, to date
D-Ala residues are found in only the lanti-
biotic lactocin S [11]; however, they are of
particular interest since the enzymes re-
sponsible for stereoconversion could prove
useful for the introduction of D-Ala into
peptides and peptide mimetics of biotech-
no logical interest. Although the enzyme( s)
responsible has not yet been isolated, the
mechanism of stereoconversion has been

proposed; Ser residues in the pre-peptide
are enzymatically dehydrated to 2,3-dide-
hydroalanine, and the a,f3-unsaturated
amino acid then undergoes stereospecific
enzymatic hydrogenation to produce D-
Ala (Scheme 2).
Because the lantibiotics are highly

modified bacteriocins, there are necessar-
ily a number of proteins involved in their
biosynthesis, proteins which may have
biotechnological uses. The general bio-
synthesis of lantibiotics involves a pre-
peptide as a template, an enzyme for the
site-specific dehydration of f3-hydroxy-a-
amino acids, a thioether-formation-assist-
ing protein, a protease able to process the

Scheme 2. The Proposed Mechanism for the Formation of aD-Ala
Residue at Position 7 in the Lantibiotic Lactocin S [11]

(L)-Ser7
o

[Lactocin S (1-6»)/ Nr[LactOCin S (8-37)]

HO

Scheme 3. The Proposed Mechanism for the Formation of an Enethiolate
Anionfrom the C-Terminal Cys Residues of Synthetic Peptides Treated with
the Flavoprotein Enzyme EpiD [12]

o
Synthetic peptide jrNrOH
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the flavoprotein EpiD

Site-specific dehydration
(enzyme-mediated)

o
N~ Jl

(Lactocin S (1-6)]/ If [Lactocin S (8-37)]

CH2

2H+ ....•••.1 Stereospecific hydrogenation
+ 1 (enzyme-mediated)

o
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Nisin

Gallidermin

Type B

II

Duramycin B

Actagardine

Fig. 4. The structures of the type-A lantibiotics nisin and gallidermin and the type-B lantibiotics cinnamycin and actagardine [1e-h). Abu, a-aminobutyric
acid; Ala-S-Ala, lanthionine; Abu-S-Ala, 3-methyllanthionine; AspOH, hydroxyaspartic acid; Dha, 2,3-didehydroalanine; Dhb, 2,3-didehydrobutyrine;
Lys-NH-Ala, (2S,8S)-lysinoalanine; the remaining amino acids are indicated in standard three-letter code.

pre-peptide, transporter(s) for transloca-
tion, regulatory elements and self-protec-
tion factor(s). Furthermore, other enzymes,
such as those involved in the formation of
o-Ala and S-aminovinyl-o-cysteine, are
also required in specific cases to introduce
these particular modifications [Ie-h].
These enzymes are also of interest to bio-
technologists because of the novel trans-
formations which they are able to carry
out. Their application in biotechnology
could allow the introduction of further
modifications, reactive groups or diversi-
ty into compounds of economic and com-
mercial interest. Indeed, it has recently
been shown that EpiD, an enzyme capable
of catalysing the oxidative decarboxyla-
tion of the C-terminal Cys residue of epi-
dermin (necessary in the formation of S-
aminovinyl-o-cysteine), is also able to act
on synthetic test peptides of a variety of
sequences, thereby generating an highly
reactive enethiolate anion at their C-ter-
minus (Scheme 3) [12]. This finding rein-
forces the fact that the novel activities of
these enzymes really could be harnessed
for use in biotechnology [lg-h][13].
Other applications oflantibiotics have

also been demonstrated. In particular, the

lantibiotic nisin (Fig. 4) has proven valu-
able in the food industry as a natural food
preservative. Nisin has been used in this
way for the last ca. 40 years [le-h]. Nisin
is particularly practical because the bacte-
rium that produces it, Lactococcus lactis,
is also the major organism utilised in the
manufacture of cheese. Thus, it is possible
to use nisin-producing strains to make
cheese and the nisin left after the fermen-
tation protects the cheese, from spoilage
by unwanted bacteria. Alternatively, bulk
nisin may be added after cheese produc-
tion in order to increase the product's
shelf-life. Nisin is similarly useful in the
prevention of spoilage of canned foods
(especially fish and vegetables). What
makes the use of nisin so appealing is that
it is perceived to be 'natural', is not toxic,
is poorly immunogenic or allergenic, is
heat- and acid-stable and is very effective
against the kinds of organisms most likely
to cause spoilage and food-poisoning out-
breaks.
The potential uses of lantibiotics such

as nisin lead to more detailed analyses of
how the lantibiotics function (i.e., the
mechanism of their antibiotic activities),
and the biological mode of action is also

very clearly related to structural features
of the peptides. Thus, a subdivision of the
lantibiotics has been proposed [1e]. Type-
A lantibiotics are elongated, helix-like pep-
tides (Fig. 4) which form pores in ener-
gised membrane bilayers. Thus, lantibiot-
ics such as nisin and gallidermin are able
to kill susceptible cells by the formation of
nonspecific, transient channels in the cy-
toplasmic membrane [1e-h]. Type-B lan-
tibiotics are globular, constrained pep-
tides (Fig. 4) which affect specific enzyme
function [l e-h]. Thus, lantibiotics such as
cinnamycin are able to bind the phospho-
lipidphosphatidyl ethanolamine and render
it unavailable as a substrate for phospho-
lipase A2 [14]; this enzyme is important in
the biosynthesis of many immune factors
such as prostaglandins and leucotrines,
and cinnamycin may therefore function as
an immunopotentiator. Alternatively, the
type-B lantibiotics actagardine (Fig. 4)
and mersacidin are able to inhibit cell-wall
biosynthesis in susceptible bacteria [le-
h][lS].
Therapeutic applications of lantibiot-

ics have also been suggested. The lantibi-
otic gallidermin (Fig. 4) is active against
Propionibacterium acnes, a causative fac-
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tor in juvenile acne. Thus, gallidermin has
been tested as an alternative application to
current acne treatment regimens [1e]. The
lantibiotics actagardine and mersacidin
act against a number of pathogenic bacte-
ria which are of particular importance
because they resist many (in some cases,
all) of the currently available antibiotics
[15]. The mechanism by which they kill
these bacteria involves specific inhibition
of cell-wall biosynthesis and is similar to,
but different from the glycopeptide van-
comycin. Thus, at the very least, these two
lantibiotics appear to be lead structures,
identifying a novel target for future antibi-
osis. It is interesting to note that the struc-
tures of the two peptides share a highly
conserved ring. Since three-dimensional
structures for these peptides are now avail-
able [16], it is to be hoped that they can
now be studied complexed to their respec-
tive targets, in the same way as has been

done forcinnamycin [14d]. This may give
new clues as to exactly how these peptides
function at the molecular level.

3.4. Microcin B17
Microcin B17 (Fig. 5) is a peptide

antibiotic produced by Escherichia coli.
The peptide is characterised by its content
of some 70% glycine residues and by its
content of oxazole and thiazole rings [17].
These heterocycles arise from backbone
modification of Gly and Ser and Gly and
Cys residues, respectively. Recently, the
biosynthetic mechanism of microcin B17
biosynthesis has been studied extensively
and much light has been shed on its pro-
duction. A schematic depiction of the syn-
thesis and formation of the ring structures
is shown in Scheme 4. Like the lantibiot-
ics, microcin B17 is produced as a pre-
peptide which is modified and processed
to give the mature form, which is then

exported into the surrounding medium;
the reactions generating these modifica-
tions are carried out by a complex of three
different enzymes [17c]. The leader pep-
tide has been shown to be essential for
correct modification of the pre-peptide
[17d]; it appears to bind to the synthetase
complex and direct the modification reac-
tions. Furthermore, the structure of active
microci n B17 has been confirmed by its
total synthesis [18], opening the way to the
synthesis of analogues of the peptide and
further lead structures.
The mode of action of microcin B 17

has also been studied [19]. The peptide
appears to interact specifically with the B
subunit of DNA gyrase. This enzyme is
responsible for several reactions involved
inDNA biosynthesis. Microcin B L7blocks
the function of the enzyme, apparently
when it is complexed with DNA, thereby
generating breaks in the DNA. Microcin

Fig. 5. The primary structure ofmicrocin El7 [17a, b][18]. The oxazole and thiazole rings are indicated as structures and the remaining amino acids are
indicated in standard single-letter code.

Scheme 4. The Proposed Mechanism ofOxazole and Thiazole Formation in Microcin El7 [17c]
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