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ACTIVATION OF PEPTIDES

This 1nvention relates to the activation of peptides, polypeptides or proteins. For ease of
reference 1n the following description the term peptide will be used, but it is to be
understood that the invention is not limited to peptides since the invention finds equal
utility in polypeptides, proteins and their derivatives and analogues and homologues

thereof.

In particular this invention relates to peptides or derivatives thereof whose functions may
be altered 1n a reversible and/or competitive manner by specific reactions. More
particularly, the present invention relates to the modification of the functions of a peptide
at an activated or naturally-active site of the peptide by the modification of an amino acid
introduced at the said site, which amino acid is absent from the remaining peptide
structure; and the introduction of another modifiable amino acid at a site known not to

affect the activity or function of the peptide. The position of the sites may vary depending

on the nature of the peptide being modified at such sites.

In particular, the method of this invention 1s particularly useful in relation to peptides

capable of altering the integrity of lipid barriers and membranes, which may be activated

by specific reactions.

Lipids are important in a range of biological, medical and industrial applications,
particularly where a barrier needs to be maintained to aqueous materials. Living
organisms also possess various lipid-bounded structures, typically involving phospholipid
bilayer membranes, such as may be found in the cell membrane or plasmalemma of cells
or their organelles such as mitochondria, lysosomes, nucleus, endoplasmic reticulum. The
functions of the membrane include the retention of the cytoplasm inside the cell,
maintenance of optimal conditions within the cell or its organelles, sensing the

environment outside the cell and effecting appropriate bio-chemical responses within the

cell or 1ts organelles.
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A number of agents are capable of breaching the barrier imposed by the lipid component
of the cell membrane. Typically, these agents include detergents, which penetrate into the
cell membrane disrupting its structure and eventually dissolving the lipid molecules.

Some enzymes, typically phospholipases, may also disrupt lipid membranes. Other
proteins, polypeptides and peptides may also disrupt or breach the barrier, or are involved
in the permeation of water soluble materials across lipid membranes. Natural biological
membranes of the cell possess various proteins whose prime function is either to form an
aqueous channel (or pore) or to act as a carrier to transport molecules from one side of the

membrane to the other.

The central importance of lipid membranes to the integrity and function of biological cells
has been exploited in various natural processes which seek to damage or destroy such
cells. A range of toxins have been identified, which disrupt cell membranes. Typically,
these toxins are called cytolytic toxins and many are based on peptide structures. Some of
these cytolytic toxins act first on the protein components in the cell membrane of
biological cells. Typically, these are larger proteins or polypeptides such as cholera toxin

or botulinum toxin.

The method of this invention 1s particularly useful when it is desirable to use iower
molecular weight polypeptides and peptides acting on the lipid component of membranes.
Such polypeptides and peptides may act by forming channels in the membrane or by
physically disrupting the membrane, which processes may involve co-operative behaviour
between the polypeptide or peptide molecules forming aggregates in the membranes.
Preferred examples of this type of toxin are the lysins produced by pathogenic bacteria, a
group of peptides called defensins, produced by a range of insects and mucosal cells in
mammals, and also by cells involved 1n defence against pathogens, such as neutrophils
and macrophages. The most studied of this group of peptides and the most preferred
peptide for use 1n this invention 1s mehittin, which is the main toxin in bee venom, together

with phospholipases. Melittin functions by permeabilising membranes.

Whilst there have been many basic scientific studies on the defensins, comparatively few

applications have developed. Defensin peptides have a broad specificity, and are being
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developed as broad spectrum anti-microbials for topical applications such as contact lens
fluids. Defensins also seem to promote wound healing. Pro-defensins and defensins from
human and other sources are being cloned. Some are being considered for expression in

plants to protect against microbial infection and diseases in plants.

(Litchfield et al Clin. Chem. (1984) 30: 1441-1445, EP-A-0106370, developed an

immunoassay based on the cytolytic action of these toxins on liposomes. In that Immuno
assayhaptens were chemically coupled to a cytolytic peptide (cytolysin) such that on
incubation with antibodies (binder) the activity of the peptide decreased to low or
insignificant levels. When this reaction was carried out in the presence of analyte similar
to the hapten, the binding of the antibody to the cytolytic peptide was competitively
inhibited making the peptide active. . The action of the uninhibited cytolytic peptide on
liposomes caused release of various detectable labels such as fluorophores, enzymes etc.
from the lipsosomes resulting in the development of a measurable signal. However, this
assay procedure could not be developed for a wide range of analytes primarily because
conjugation of the haptens to the cytolysin either resulted in its inactivation or a limited
inhibition of its cytolytic activity on incubation with antibodies or other similar binding
proteins. These problems particularly result from the presence of a number of potential
amino acid sites in the peptide structure suitable for chemical modification and coupling of
haptens and other agents. This illustrates the difficulty of using natural peptides with

multiple modifiable sites for developing such applications.

Litchfield et al’s assay although shown to be useful for few analytes has serious
limitations. One limitation is that the coupling of haptens to naturally occurring cytolysins
does not always produce conjugates having adequate activity. For example, permethylation
of melittin results in almost complete loss of activity (Biochem. J. (1992) 284, 663-663).
Another limitation is that the active conjugate can not always be effectively inhibited by
the binder thus giving a high background signal. Background signal is the signal obtained
for the inactivated form of the peptide. Further, the sensitivity of assay is limited because
more than one hapten is usually present on the conjugate due to natural cytolysins often
bearing more than one chemically modifiable functional group. Yet another limitation 1s

significantly lowered aqueous solubility of the conjugates especially when hydrophobic

haptens are used.
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It is an object of this invention to solve the problems of known immunoassay techniques
and consequently to extend the scope for assays. The invention is also applicable to other

areas such as therapeutics.

According to one aspect of the invention there is provided a method of moditying a
peptide comprising substituting at least one amino acid of the peptide to provide a peptide
having at least one amino acid which is modifiable by a particular reaction and replacing
other amino acids in the peptide with amino acids which are not modifiable by that

reaction.

According to another aspect of the invention, there is provided a method of modifying a
peptide to at least one site affecting the activity or function of the peptide, the method
including eliminating from the peptide amino acids suitable for a selected modification by
a predetermined procedure, introducing an amino acid modifiable by the procedure at the
selected site of the peptide and performing reactions at the site or at modifications thereof,
such that the activity of the peptide is modified by a reaction process acting at or proximal

to the site of the peptide.

Typically, this invention concerns the modification of biologically active peptides, such
as hormones, drugs, toxins, and peptides which act on lipid bilayer membranes. The
active site as defined by this invention need not be the same as the active or functional site
as will be understood by those expert in the field, that is it may be a naturally occurring
active site or an artificially introduced activated site. The active site of a peptide may be
determined by a number of well known methods, and is typically determined by
synthesising a range of peptides each housing a modifiable amino acid placed at a different
position and determining the alteration of the activity or function of the peptide or 1ts
conjugate with ligands, upon binding to other molecules such as antibodies, upon
cleavage of the ligand, or upon effecting changes physically, chemically, enzymically or
by other means at the site. The position of an active site may depend on the nature of
molecules attached at the site. By the same means, a modifiable amino acid may be placed

at a site so determined so as not to affect the function or activity of the peptide. This
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modified amino acid may possess different chemical properties to the first amino acid

which 1t replaces.

The peptide to be modified may be selected from or derived from lytic peptides such as
melittin, gramacidin, alamethicin, paradixin, ceropin, maganins, C18G, P14A, the peptide
sequence: LLQSLLSLLQSLLSLLQWLKRKRQQ), peptide sequencer:
GFFALIPKIISSPLFK, delta-Hemolysin, Mastopparan, Bombolitin, Crabolin,
KLLKLLLKLLKLLLKLLLKLLK KLLKLLLKLLLKLLK, Defensins, antibacterial lytic
peptides, Paradaxin, Cationic peptides, amphipathic peptides, GALA, KALA, HELP,
LAGA., influenza Hemagglutinin peptide, HIV fusion peptide, peptide sequence:
FEAALAEALAEALA, Signal sequences; and P-25

Preferably the peptides used in this invention are not from natural biological sources.
More preferably, peptides produced by non-biological means such as synthetic chemistry
are used. When such peptides are produced by synthetic means, their structure may be
readily altered. One aspect of this invention concemns the synthetic production of

membrane active peptides which mimic the activity of their biological counterparts.

Preferably the invention uses synthetic peptides where chemically modifiable amino acids
(for example lysine, cysteine, serine, threonine, tyrosine, aspartate, glutamate etc) or
amino acid analogues (such as ornithine) have been eliminated. Such modifiable amino
acids may be eliminated from the structure completely or may be replaced by
non-modifiable amino acids such that the activity of the peptide is not significantly altered
or may, in fact, be increased. Easily modifiable amino acids (for example lysine) may then
be introduced into the peptide structure where desired. An important aspect of this

invention is the introduction of such modifiable amino acids at either position altering the

function or activity of the peptide or at a site in the peptide structure which does not atfect
the activity or function of the peptide or a combination of both aforesaid sites. Thus, 1f
the peptide has a modifiable amino acid at a site affecting its membrane active function, 1ts
modification or consequences thereof results in the efficient inactivation or inhibition of
the activity of the peptide by binding to a binder. Preferably, this involves the introduction

of a modifiable amino acid at the site and its chemical modification with a ligand, such
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that binding of an antibody or another binding protein to the peptide efficiently inhibits the

activity of the peptide.

The method of the invention may also involve chemical modification of a peptide which
results in a change of activity in the peptide, for example the reversible inactivation of the
peptide. For example, the modification may be effected using an ionisable group or
groups whose reversible reactions with protons make the peptide responsive to pH, or,
similarly, by modification with a redox sensitive group making the peptide sensitive to 1ts
redox environment. One example of labile bonds would be citraconylation at the active
site and then using acidity of media to activate the peptide. Another example 1s the
modification of the activated site to include an enzyme substrate, such that on contact
with the enzyme, and on subsequent enzymatic reaction, the peptide is activated. For
example by coupling a bulky group (for instance another short peptide or sugar or nucleic
acids, DNA, etc) at active site to inactivate the peptide, cleavage of the bulky group by
specific enzyme will then activate the peptide. A further example is the introduction of
chemical group sensitive to physical effects. For example a light sensitive group whose
structure may be changed by photochemical reaction or by photoisomerism or light
stimulation can be used. An example of light sensitive group would be to incorporate
lightswitchable moiety such as azabenzene or light switchable amino acids (Bioorganic &
Medicinal chemistry letters (1994), 4, 2145-2146) in order to regulate the peptide activity
by structural changes. By these means, the activity of the peptide can be modified by

specific physical, chemical, biochemical and biological reactions.

Another aspect of this invention is the modification of a peptide at a site which does not
affect its activity or function. In this way a peptide can be readily coupled with other
molecules, materials or to surfaces. Furthermore, other well-known reactions can be used
to target the peptide to specific sites. For example, a peptide can be coupled to specific
chemical functional groups in the material, or to specific sites on its surface and, by the

coupling of other structures to the peptide, it can specifically bind to other biological

structures, for example to a specific receptor on the cell surface.

Accordingly, the invention further provides peptides whose activity is controllable by

specific reactions and whose activity can be targeted to specific sites. Such peptides may
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be highly useful in diagnostics, detection, sensors, therapeutic or other pharmaceutical
applications. Such peptides offer a considerable improvement over the prior art. It 1s
possible using the peptides of the invention to develop immunoassays for a wide range ot
potential analytes by very straightforward means. The presence of only one activated site
in a peptide,, results in higher sensitivity and it also results in a higher efficiency of
interaction of the peptide conjugate by the aforesaid physical, chemical, biochemical or
biological reactions resulting in a much lower background activity compared to
modification of peptides at other similarly modifiable sites that may exist. In the case of
antibody binding to the activated site, when using the peptides of the present invention, it
is possible to use only one molecule of antibody to bind to one molecule of peptide to
achieve efficient. inhibition of peptide activity with low residual or background activity.
Thus. on the introduction of labels such as fluorophores and enzymes 1nto membrane
bounded particles such as liposomes, a wide range of test and assays can be developed.

The examples which follow illustrate typical uses of such peptides In such assays.

Preferably, as the active site can be chemically located at almost anywhere along the
sequence of the peptide, the best position may be selected by producing a series of
analogues for a given analyte, or the most effective analogue can be developed further to

form the basis of an assay for that particular analyte or for the other aforesaid applications.

Accordingly, the invention further provides diagnostic assays comprising peptides
produced according to the invention. The invention also encompasses diagnostic kits
comprising peptides according to the invention. Preferably, the peptide 1s used as a
specific binding or conjugating agent to confer specificity to the assay. Alternatively, the

peptides may be used to purify impure or mixed protein solutions, by selective conjugation

or binding of a pre-selected protein.

In a further aspect the invention includes the development of membrane bound particle
structures, such as liposomes or other lipid containing particles, whose release of bioactive

agents, such as drugs, may be controlled specifically by chemical, biochemical and

biological reactions.
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Accordingly, the invention provides a method of treatment using peptides according to the

invention. Preferably, the active site of the peptide is chosen to selectively bind or
conjugate with specific molecules, moieties or compounds which may be endogenous, for
example hormones, or exogenous, for example, drugs. Such peptides may also be used to
improve the delivery systems of known drugs, for example by providing a more target
specific vehicle for a drug. Hitherto, the controlled release of drugs has been limited to
natural dissolution of particles such as liposomes or microparticles by processes such as
bio-degradation to release drugs, and, in fewer cases, in response to such effects as the
effect of pH on the polymer or lipid structures to release drugs. The use of peptides
according to this invention allows the release of drugs and other similar bio-active
materials to be controlled by specific reactions that may be present or effected in the body
such that release is controlled in quantitative proportion to the level or relative activity of
the controlling reaction. Accordingly, drugs and bio-active materials may be released
when and where they are needed in the body. This is particularly useful as the levels of
drugs required by different parts of the body may vary both within particular regions and
also at particular times. The use of such procedures for the controlled release of drugs
would be expected to result in fewer side effects because the drug can be reieased when
and where it is needed, rather than all over the body. It would be expected to be equally
useful for drugs with high potency which need to be targeted to particular sites in the body
to avoid side effects, and to drugs of low potency, where dilution to below therapeutic

levels in the body needs to be avoided. Conversely, it may be useful to prevent a drug

reaching a toxic level by release of antidote.

This invention can also be used to modify the structure of a lipid coated surface such as

may be used in sensors, microelectronics or optoelectronic devices.

Another characteristic of the use of peptides of this invention is the ability to introduce
positive feedback amplification into the process of activation of the peptide. Typically, the
activity of the peptide is blocked such that on release of activator from membrane bounded
particles, higher activities of peptides are produced, which in turn release more activator
resulting in a positive feedback effect and non-linear or exponential release of bio-active
material or diagnostic marker. For example, the peptide can be modified by binding to it a

biotin analogue such that binding of streptavidin or avidin results in the blocking of
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activity until such times as biotin or a similar analogue 1s released which competes with

the streptavidin or avidin activating the peptide. Similarly, the peptide may be inactivated
by incorporation of a moiety at the activate site such that on release of an enzyme from the
particles the peptide is activated. (For example, proteases, and glucuronidases may be
suitable enzymes), to activate suitably modified peptides. Alternatively, modified binding
proteins may be used which are relatively easy to release from the peptide. For example a
biotin-modified peptide can be blocked by binding to nitroavidin until such time as the
presence of free biotin activates the peptide by binding with the nitroavidin. Similarly
changes in pH can affect the binding of proteins ( For example nitroavidin) to a modified
peptide (For the above example biotin-peptide conjugate) and this can be useful parameter
'o effect activation/inactivation of the peptide. It is further possible to include more than
one activation means on the peptide by inducing activity using both a specific ligand
binding reaction and another parameter for instance pH change. In this respect, for
instance a pH modified peptide can be specifically activated by ligand binding reaction at
the activated site and only when both conditions are met the peptide becomes active.
Peptides can be modified such that activity can be controlled by altering other parameters
for instance redox change, photochemical means, enzymatic reactions, acid or alkali labile

bonds, chemically cleavable bonds could .

In these respects, another characteristic of this invention is the modification of the peptide
such that it remains associated with the lipid membrane. Typically, this involves the
introduction of hydrophobic amino acids or modification with a hydrophobic or
amphiphilic chemical species, such as fatty acids (for example myristic acid). Following
such modifications, the peptide remains tightly attached or integrated into the lipid
membrane, whilst retaining its ability to be specifically activated by the aforementioned
reactions. Integration of the peptide into the lipid membrane is particularly useful when
used in diagnostic assays and tests because the reagents need not be added separately
providing one reagent (i.e a liposome containing marker and peptide bound to the
membrane) for the test. In the case of diagnostic applications involving complex
biological samples and therapeutic applications, it is important that such peptides are not

left free to interact with other membranes in the sample or body which would prevent their

specific action on the lipid membrane bound diagnostic drug delivery systems.
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There are a number of chemical procedures well known in literature (For example,

Bioconjugate Techniques (1996), Greg ,T, Hermanson Academic Press, USA and
references therein) which can be used to conjugate molecules together by chemical bonds.
The particular attachment chemistry used will depend on the nature and reactivity of
functional groups present on both the ligand and the peptide to be conjugated. For
instance activated esters such as n-hydroxysuccinimide ester, snf p-nitrophenyl ester can
be used to couple carboxyl groups with primary amino groups. Alternatively,
homobifunctional cross-linkers (for example glutaraldehyde can be used to conjugate two
amino groups) or heterobifunctional cross-linkers ( for example
m-maleimidobenzyl-n-succiminide may be used to conjugate thiol and amino groups) may
be used. Different spacer arms can be incorporated between the two conjugating
molecules either by using cross linkers or separately. Activating agents such as
carbodiimides, or BOP could be used to link molecules together. Bonding methods such as
oxidation of thiols to disulfides can also be used. Additionally it will be apparent to those

skilled in the art that bonding may be carried out by non-covalent interactions such as salt

bridges or hydrophobic interactions.

A further useful aspect of this invention is the direct use of the specifically activated
peptide as a drug adjuvant or bio-active reagent in its own right. Thus, the peptide can be
activated at particular times and locations in the body in proportion to specific reactions
present at those times and locations in the body. When the peptide is inactivated as
described above, it will be understood that the activity of peptide is masked and 1t 1s
unable to exert its effect in the body, for example, on lipid structures as may be found 1n
cells. Additionally, the peptide can be targeted to particular locations in the body such that
when it becomes activated it affects the cell membrane of cells which have been targeted.
It may be beneficial not to introduce a modified peptide in accordance with the invention
directly but to protect it in a lipid bounded particle or other particle material. As the
activity of the peptide can be reduced to insignificant levels using this invention, it can be
incorporated into lipid bounded particles such as liposomes until such times as it 1s
activated and released from the particle. In this case, the peptide may be both the agent
specifically activating release from the particle and may also be the “payload” of the

particle or the active ingredient inside the drug delivery particle. Alternatively, different
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peptides in accordance with the invention may be used to activate release from the particle

and as payload of the drug delivering particle.

Whilst specific reactions involving changes in pH or redox can resuit in the reversible
activation or inactivation of the peptide, and chemical or enzyme catalysed biochemical
reactions or photochemical means can result in the irreversible activation or inactivation
of the peptide, the reactions of binding proteins such as antibodies normally require a
competitive reaction. In the latter case, the ligand or chemical species competing with the
hapten to bind to the protein must be present at the same time resulting in a reversible
activation or inactivation of the peptides. It is a further aspect of this invention, that the
binding of the peptide to the ligand can be performed in advance of its use such that an
inactivated peptide is produced. This results in a stable material where all the significant
components are integrated into the same complex, such that the peptide may be
subsequently activated by displacement of the binding protein. Comparable heterogeneous
immunoassays and competitive immunoassays require the separate addition of each
reagent, resulting in relatively complex multi-step procedures. In particular, this has

prevented therapeutic applications of such reactions, where it is often impractical to add

the reagents separately and at different times.

By the above means, this invention provides for a homogeneous peptide activation system
which may be incorporated into a particle for the purposes of diagnostic assay and
sensing, or the controlled release of drugs from particulate delivery systems where the
inactivated peptide may be used directly or within a particle. In the case of such an
integrated system, it may be particularly important to achieve a low residual or background

activity of the peptides, otherwise diagnostic signal or bio-active agents would be steadily

released from the particle.

The invention also allows the incorporation of more than one function into peptides. For
instance a peptide that is active at low pH, for instance GALA (J.Biol.Chem. (1988), 263,
4724-4730) , HELP (Protein Eng. (1992), 5, 321-31) may be conjugated to a ligand. At
high pH the peptide conjugate will then be inactivated by pH and also ligand binding.

Thus, more than one specifically activated function may be introduced 1nto the peptide.

When specific reaction with both such functionalities is required to activate the peptide,
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much lower levels of residual or background activity can be achieved. Typically, the
background activity of an inactivated peptide achieved by this invention is of the order of
a few percent. If the background activity of the second functionality is also of a similar
order, the background i1s the result of both. It 1s, of course, quite possible to introduce
further functionalities into the peptide structure, such as the aforementioned

modifications at sites not affecting the function of the peptide.

According to a further aspect, there is provided a method of modifying the activity of a
peptide, the method comprising;

a) taking a peptide comprising an active site and a non-active site, the non-

active site being capable of conjugation with another particle or surface; and

b) substituting a first amino acid at a first site in the active site of the peptide
with an amino acid which is modifiable by a reaction whereby the active site of

the peptide is inactivated; and

C) substituting other chemically modifiable amino acids in the peptide with

amino acids which are not modifiable by the reaction;

wherein the peptide is selected from or derived from lytic peptides, melittin,
gramacidin, alamethicin, paradixin, ceropin, maganins, C18G, P14A, the peptide

sequence:

LLQSLLSLLQSLLSLLQWLKRKRQQ, peptide sequence:
GFFALIPKIISSPLFK, delta-Hemolysin, Mastopparan, Bombolitin, Crabolin,
KLLKLLLKLLKLLLKLLLKLLK-KLLKLLLKLLLKLLK, Defensins,
antibacterial lytic peptides, Paradaxin, Cationic peptides, amphipathic peptides,
GALA, KALA, HELP, LAGA, influenza Hemagglutinin peptide, HIV fusion
peptide, peptide sequence: FEAALAEALAEALA, Signal sequences; and P-25

and wherein when the peptide is exposed to the reaction, the active site is reactivated by

modification at the first site.
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Embodiments of the invention will now be described in more detail, by way of example
only, with reference to the following examples and the accompanying drawings Figures

1 to 7 m which:

Figure 1 1s a plot of fluorescence against time and shows the results typical inhibition by
antibody binding at the hapten site of peptides in Example 1; in Figure 1A antibody is
used as binder and PETN hapten attached to the peptide 1s used as the conjugate; in
Figure 1B and anti-biotin antibody 1s used as the binder and biotin attached to peptide

prepared 1n example 1A 1s used as the conjugate;

Figure 2 1s a plot of fluorescence against time and shows the quantitative detéction of
biotin and PETN; in Figure 2A the binder avidin containing the indicated levels of biotin
ligand 1s used bind to peptide of example 1b after modification within biotin; Figure 2B
is a plot of response versus biotin concentration for the same system; Figure 2C shows
the quantitative detection of PETN using the peptide from example 1b after conjugation
with PETN analogue and using anti-PETN antibody as the binder;

Figure 3 1s a plot of fluorescence against time and shows the displacement of binder;
Figure 3 A represents an experiment in which a biotin conjugate prepared using the
peptide in example 1b was bound with nitro-avidin and unbound by addition of biotin as
the displacing ligand; Figure 3B shows that when biotin is added at point X, it causes
rapid activation of peptide thereby resulting in release of fluorescent detectable label

from the liposomes;

Figure 4 1s a plot of fluorescence against time stability of cloaked peptide and its
uncloaking by addition of ligand; Figure 4A shows the stability of integrated system
(single reagent) in the inactive form for under 2 hours; Figure 4B shows the stability and

activation of integrated system form for under 17 hours;
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Figure 5 1s a plot of fluorescence against time and shows activation of peptide by redox

switching;

Figure 6 1illustrates the release of a marker from a liposome under the control of a
modified peptide 1n accordance with the invention; Figure 6A shows a peptide which has
a first site which confers a particular functionality on the peptide; Figure 6B shows the
inactive configuration, with the binder bound to the peptide at the first site, inhibiting the
function of that site; Figure 6C shows that in the presence of an activator, competition
occurs between the binder and the first site and the activator, such that the binder binds
preferentially to the activator, with the result that the active site of the peptide is exposed,
the membrane lysis function of the peptide causes it to disrupt the membrane of the

liposome and the marker or therapeutic agent is released from the liposome; and

Figure 7 illustrates a modified peptide in accordance with the invention.

Example 1: Preparation of peptides
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a) A short peptide of sequence:

LLK LLL KLL LLK LLK-amide

was prepared by solid-phase synthesis using Boc chemistry developed by Merrifield. 4-
Methylbenzhydrylamine resin (0.5SmMoles) was used as the starting material. The side
chain protecting groups which were used were : Arg (Tos) and Lys(2-CIZ). Each synthetic
cycle consisted of (1) a 2Zmin and 25min deprotection with 50% Trifluoroacetic acid in
Dichloromethane (ii) neutralisation with 5% Diisopropylethylamine/Dichloromethane and
(111) coupling with 1.5mMoles amino acid, 1.5mMoles BOP Castro’s reagent) and
4.5mmoles N.N diisopropylethylamine (DIPEA) in dimethylforamide (DMF) for 40 mins.

A second coupling was used when necessary to drive the reaction to almost completion

(>99.8%).

Myristic acid was coupled to the peptide in an analogous manner to amino acids. At the
end of synthesis the peptide was cleaved with HF by the procedure of Stewart J. M. and
Young, J. D. (1984) Solid-Phase peptide synthesis 2nd Ed. Pierce Chemical Co. Rockford
IL. The peptide resin was then treated with 20ml HF, 0.5g thiocresol and 0.75g p-cresol
and, after evaporation of HF, extraction was carried out with 50% acetic acid/water. The
peptide was purified on C-8 reverse phase Vyda@%enﬁ-prep column using linear gradient
of 20% acetonitrile/0.1% TFA to 80% acetonitrile/0.1% TFA over 45 mins. The product
peak was lyophilised.

The peptide was then modified by replacing all Lys residues with Arg and blocking the C
and N-terminal residues and then coupling the fatty acid myristic acid to its N-terminus.
The fatty acid also helps in the binding of peptide to liposomes and attachment at the N
terminus away from active site does not cause serious problems in retaining adequate

activity. A Lysyl was introduced at a critical site [which site?] to produce the modified

version:

Myristyl-LLK LLL KLL LLK LLK-amide.
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b) A longer natural pepti,ﬂe (melittin) having the sequence

GIG AVL KVL TTG LPA LIS WIK RKR QQ-amide
was modified to

Acetyl- GIG AVL RVL TTG KPA LIS WIR RRR QQ-amide

by replacing all natural Lys residues with Arg, blocking the N-terminal with acetyl and
introducing new Lys residues at critical sites on the peptide. The moditfied analogue was
prepared in a similar manner to the peptide produced in Example a) except that the N

terminal was reacted with acetic anhydride (6 fold excess) to acetylate the terminal amino

group.

Other peptides such as the ones below can be produced by identical procedures to those

given above.

Myristoyl- GIG AVL RVL TTG KPA LIS WIR RRRQQ-amide
Myristoyl- GIG AVL RVL TTG LPK LIS WIR RRRQQ-amide
Myristoyl- GIG AVL RVL TTG LKA LIS WIR RRRQQ-amide
Myristoyl- GIG AVL RVL TTG KPA LIS WIR RQQ-amide
Myristoyl- LLQ SLL SLL QSL KSL LLQ WLR RRR Q-amide

Example 2: Preparation of liposomes encapsulating marker

As an example of particulates for use in drug-delivery or diagnostic assay,liposomes
encapsulating Calcein (Sigma) dye were prepared by the extrusion method of Biochim.
Biophys. Acta (1985) 812; 55. Specifically, Phosphotidylcholine (12mg) and cholesterol
(2mg) were evaporated to form a lipid film in a round bottom flask. The film was
hydrated with 2ml of 120mM Calcein in 10mM sodium phosphate/120mM Sodium
chloride buffer of pH 7.4. Liposomes were then prepared by ten times extrusion through a

0.2 micron polycarbonate filter using the reported method. Any non-encapsulated dye was

removed by gel filtration on a PD-10 column.
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Liposomes containing other markers including enzymes (for instance alkaline phosphatase,

Glucose Oxidase, HRP, Glactosidase, asparginase) can also be prepared in a similar
manner and used. Where liposomes containing enzymes are used in diagnostic assays, the

signal is usually provided by its action on substrates.

Example 3: Modification of peptides through attachment of molecules to the peptide

a) In the example below a preactivated ester is used to couple biotin at only one

position only.

A peptide (0.02mmole) prepared as described in Example 1, was dissolved in 4ml DMF
and Biotin N-hydroxysuccinimide (O.1mmole) is added followed by DIPEA (0.3mmole).
The reaction is allowed to proceed until completion as judged by a Ninhydrin assay
(Stewart J. M and Young, J.D. (1984) Solid-Phase peptide synthesis, 2nd Ed. Pierce
Chemical Co. Rockford IL). The DMF is then removed by vacuum and the conjugate of
the peptide and biotin was purified by reverse phase HPLC (see above).

b) Ferrocene labelled peptide was synthesised by conjugation of ferrocenecarboxylic
acid with peptide in example 1b using BOP activation in solution phase. Peptide (10
umoles) was dissolved in 2ml of DMF and added to 5ml solution of ferrocenecarboxylic
acid (100umoles) and BOP (100umoles) under stirring. N,N-diisopropylethylamine
(0.3mmole) was added next and reaction allowed to take place for 2 hours at room
temperature. The solvent was removed by vacuum and product purified by reverse phase
HPLC using C-8 column. The mono labelled product was isolated and characterised by

electrospray mass spectroscopy. The resulting ferrocenic peptide could be chemically

reduced by simple addition of sodium dithionite.

2 -Imminobiotin was conjugated to a peptide prepared as in example la using its

N-hydroxysuccinimide ester in identical manner that is described above 1n relation to to

biotin.

d) A PETN analogue can also be conjugated as N-hydroxysuccimide ester using

similar method.

- v * . .
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e) In another variation the peptides in examples la could be synthesised with the
amino acid Cysteine instead of lysine. With such peptides ligand could be conjugated
using maleimide activation. For instance Biotin-maleimide (Sigma) could be used to

couple the biotin.

f) Similarly peptides can be synthesised with carboxylic groups (aspartic acid,
glutamic acid) which can be activated (using reagents such as carbodiimides, BOP) to

react with ligands.

Example 4: Effective inhibition of conjugate activity with binder

In a typical assay a 2ml buffer containing a known concentration (depending on the

activity) of a peptide prepared as in Example 1 is treated with 3j1l liposomes prepared as

in Example 2. The progress of dye leakage from the liposomes indicates release of the
marker and is followed by recording an increase in fluorescence signal. The assay can be
repeated in the presence of a binder. Where Calcein is used as the dye excitation and
emission wavelengths of 49~0nm and 520nm were used. The assay can be repeated 1n the
presence of binder. The concentration of binder required to fully bind the peptide can be

evaluated using series of binder concentration at fixed peptide concentrations or vice

vErsad.

In a typical case, a peptide solution is prepared at 0.1 to 0.0lmg/ml (several fold lower

concentrations are used for a higher activity peptide) and a 10il volume of the peptide

solution is added to 2ml buffer such as 20mM Tris-HCL containing 120mM NaCl pH 7.5.

At this stage aliquots of binder protein at stochiometric or above levels can be added and

incubation allowed to take place. A response is obtained by adding 3pl aliquots of

liposomes typically prepared as in Example 2 while the fluorescence is recorded
continuously. In some experiments, it is desirable to add liposomes first and then initiate
signal by addition of peptide, conjugate or compiex with binder. There can be several
variation to these steps. For instance in the case of displacement experiments to show

activation of the peptide, the peptide conjugate and binder are mixed in a 2ml assay
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volume and then liposomes are added. The activation is then achieved by addition of an

aliquot of the activating ligand at desired time.

In the experiment represented by figure 1A antibody 1s used as binder and PETN hapten
attached to the peptide from Example 1b is used as the conjugate. In theexperiment
represented by Figure 1B an anti-biotin antibody 1 used as the binder and biotin attached

to peptide prepared in example la is used as the conjugate.

The results of the assay are shown in Figure 1. As Figure | shows, the binding 1s so
effective at this site that the background signal caused by the peptide conjugate 1s almost

indistinguishable from natural background from liposomes alone (within the lower trace).

Example 5: Modulation of activity by presence of ligand
A 2ml volume of buffer containing a known concentration of ligand is added followed by

addition of binder, (typically the binder to peptide conjugate ratio is arranged to be
slightly in excess over 1:1 stochiometry) and peptide conjugate. Liposomes (3jtl) prepared

as described in Example 2 are then added and the progress of lysis of the liposomes 1S
recorded as before. The signal obtained was found to be proportional to the analyte

concentration.

In the experiment represented by figure 2A the binder avidin containing the indicated
levels of biotin ligand is used to bind to peptide of Example b after modification with
biotin. Figure 2B is a plot of response verses biotin concentration for the same system.
Similarly Figure 2C shows the quantitative detection of PETN using the peptide from

Example 1b after conjugation with PETN analogue and using anti-PETN antibody as the

binder.

To assess the long term stability of blocked biotinylated peptide 2ml buffer containing
nitroavidin biotinylated peptide complex and 3ul of Calcein-containing liposomes

prepared as in Example 2 were incubated overnight and Biotin added next day. Dye

leakage followed continually throughout. The results are shown in Figure 4B.
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Example 6: Regeneration of activity by displacement of the binder

In a typical use the peptide conjugate is bound to the binder and liposomes (3ml) added as
above. The progress of lysis of the liposomes 1s recorded and then the binder is displaced
by addition of free ligand of a similar structure to the ligand conjugated on the peptide

thereby resulting in the release of free active peptide conjugate.

For assays in which biotin was used to activate the peptide the Nitroavidin- biotin peptide

complex was pre formed in 2ml of 10mM sodium phosphate+140mM NaCL buffer pH 7.

Calcein-containing liposomes (3jtl) were then added to the buffer. After achieving the

blocking of peptide (as indicated by a stable baseline on a plot of fluorescence against

time) biotin was then added to reactivate the peptide by displacement. A control

experiment was conducted in the absence of peptide.

In an expeniment represented by figure 3A, a biotin conjugate prepared using the peptide in

example 1b was bound with nitro-avidin and unbound by addition of biotin as the

displacing ligand.

As shown in Figure 3 when biotin is added at point X, it causes rapid activation of peptide

thereby resulting in release of fluorescent detectable label from the liposomes.

Figure 4A shows the stability of integrated system (single reagent) in the inactive form for
under 2hrs. All the reagents namely the biotin modified peptide of example 1b, avidin,

and liposomes containing calceium dye are added in 2ml buffer and signal recorded
. . ¢ ™
continually. Full lysis of the liposomes was obtained by adding triton-X100 at point X.

The figure shows the system can be made very stable with little or no leakage of the

contents.

Figure 4B shows the stability and activation of integrated system form for under 17hrs.
All the reagents namely the biotin modified peptide of example 1b, nitroavidin, and
liposomes containing calceium dye are added in 2ml buffer and signal recorded
continually. Activation of the peptide is achieved by adding biotin at point X. The figure

shows the system can be made stable and activated specifically with ligand.
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Example 7: Preparation of nitroavidin Nitroavidin was prepared by a published method

(Biochem .J. (1996) 316,193-199). 10mg of avidin in 2ml of 50mM Tris-HCI butfer at
pH 8 was treated with 20mM of tetranitromethane for half an hour at room temperature.
The sample was dialysed against 3L of IM sodium chloride and twice against water. The
biotin binding sites of the nitroavidin were then blocked with 0.6mM biotin solution at pH
4 using 50mM citrate buffer. The solution was then brought to pH 10 to release biotin
from the modified sites. Extensive dialysis against 20mM sodium carbonate pH 10 butfer
followed by dialysis against distilled water yielded nitroavidin with reversible biotin

binding activity.

Example 8: Redox activation of peptide

In a typical experiment a ferrocenic form of peptide In example b prepared as 1n

Example 3b was dissolved at a concentration of 0.01mg/ml in water. A 10ul aliquot of the

peptide solution was added to 2ml assay buffer with the presence and absence of reducing
agent (sodium dithionite). A 3ul aliquot of liposomes was used for these assays. Figure 5

shows the activation of redox peptide by switching the oxidation state from low (lower

trace) to high (upper trace).

Example 9: Diagnostic and therapeutic applications of controlled release of marker
Fig. 6 shows a peptide 10 which has a first site 12 which confers a particular functionality
on the peptide, e.g cytolysis. That site 12 is “cloaked” by binding of a binder 18, such as
an antibody, to the site or to a modified amino acid adjacent the site or another binder such
as nitroavidin where the peptides has been biotinylated as described in Example 3. the
cloaked site 12 is inactive. The peptide 10 also comprises a second site 14 which
facilitates binding of the peptide to membranes. The second site 14 may be naturally

occurring in the peptide or may be introduced for example by introducing hydropobic

residues at the respective end of the peptide.

Also provided are liposomes 16 containing a detectable marker, in the case of diagnostic

applications or a pharmacuetical in the case of therapuetic applictions.

AP TR § g R Lirad ¢ TR 7 - kvl e Reneb A .
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In the inactive configuration shown i Fig. 6B, binder 18 binds to the peptide at the first

site 12 inhibiting the function of that site. The peptide 10 can also bind to the liposome 16

through its second site 14.

In the presence of an activator 20 (which 1n the case of diagnostic applictions might be an
antigen which is the analyte of interest or in the case of therapeutic applications might be
an antigen carried by cell type which 1s to be treated) compeptition occurs between the
binder and the first site and the activator (as the peptide has been modified to include a
binding site which mimics the activator) such that the binder 18 binds preferentially to the
activator 20. The active site 12 of the peptide is thus exposed and the membrane lysis
function of the peptide causes 1t to disrupt the membrane of the liposome 16. The marker

or therapeutic agent 1s released from the liposome.

Accordingly, the invention provides diagnostic systems for the controlled release of

markers and therapeutic systems for the controlled release of therapeutic agents.

Example 10

Fig. 7 shows another modified peptide 30 in accordance with the invention. The peptide
comprises an active site 32 (e.g the conferring cytolysis ability) which is “cloaked” by
binder 34 (e.g an antibody) as previously described. Conjugated to the peptide 30 is an
antibody 36. The antibody 1s specific for an antigen 38 carried by a cell 40 (e.g a cancer
cell). In use, the peptide 1s supplied to a patient with the first site 32 cloaked by the binder
34. The peptide 30 becomes bound to the cell 40 through antibody 36 binding to antigen
38. An activator 42 1s then supplied to the patient which competes with the site 32 for
binding to the binder 34 whereby the bound binder is released from the peptide. The
active site 32 become functional. Where the action of the peptide is cytolyis it then causes

cytolyis of the cells to which it 1s attached.

It will be appreciated that although the antibody 36 has been described as being conjugated

to the peptide 30 the peptide could be engineered so that it is able to bind antigens. In

other words antibody-like antigen binding function may be provided.
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Various modifications of the invention in addition to those reported will be apparent to

those skilled in the art and these also fall into the scope of the claims.

[ T T T T o Ty
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(1) APPLICANT:
(A) NAME: Anmat Technology Limited
(B) STREET: Saddleworth Business Centre, Huddersfield
Road, Delph
(C) CITY: Oldham
(D) STATE: Lancashire
(E) COUNTRY: United Kingdom
(F) POSTAIL: CODE (ZIP): OL3 5DF
(G) TELEPHONE: +44 1457 875798
(H) TELEFAX: +44 1457 871088

(11) TITLE OF INVENTION: ACTIVATION OF PEPTIDES
(1ii1) NUMBER OF SEQUENCES: 26
(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)

(v) CURRENT APPLICATION DATA:
APPLICATION NUMBER: CA 2,284,107

(2) INFORMATION FOR SEQ ID NO: 1:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 21 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:

Gly Leu Phe Glu Ala Ile Ala Gly Phe Ile Glu Asn Gly Trp Glu Gly
1 5 10 15

Met Asp Gly Gly Gly
20
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(2) INFORMATION FOR SEQ ID NO: 2:
(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 22 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(1ii) MOLECULE TYPE: peptide

(111) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi1) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

Val Leu Arg Val Leu Thr Thr Gly Lys Pro Ala Leu Ile Ser Trp Ile
1 5 10 15

Arg Arg Arg Arg Gln Gln
20

(2) INFORMATION FOR SEQ ID NO: 3:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

Ala Leu Tyr Lys Lys Leu Leu Lys Lys Leu Leu Lys Ser Ala Lys Lys
1 5 10 15

Leu Gly
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(2) INFORMATION FOR SEQ ID NO: 4:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 23 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(1iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 4:

Gly Ile Gly Lys Phe Leu His Ser Ala Lys Lys Phe Gly Lys Ala Phe
1 5 10 15

val Gly Glu Ile Met Asn Ser
20

(2) INFORMATION FOR SEQ ID NO: 5:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 17 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(11) MOLECULE TYPE: peptide
(111) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

Ile Lys Ile Thr Thr Met Leu Ala Lys Leu Gly Lys Val Leu Ala His
1 5 10 15

Val
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(2) INFORMATION FOR SEQ ID NO: 6:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(i1v) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

Ile Asn Leu Lys Ala Leu Ala Ala Leu Ala Lys Lys Ile Leu
1 5 10

(2) INFORMATION FOR SEQ ID NO: 7:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(1ii) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

Phe Leu Pro Leu Ile Leu Arg Lys Ile Val Thr Ala Leu
1 5 10

(2) INFORMATION FOR SEQ ID NO: 8:

(1) SEQUENCE CHARACTERISTICS:
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(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(11i1) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

Phe Arg Met Tyr Leu Met Ala Gln Asp Ile Ile Ser Thr Ile Gly Asp
1 5 10 15

Leu Val Lys Trp Ile Ile Asp Thr Val Asn Lys Phe Thr Lys Lys
20 25 30

(2) INFORMATION FOR SEQ ID NO: 9:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
1 5 10 15

Thr Leu Leu Ser Ala Val Gly Ser Ala Leu Ser Ser Ser Gly Glu Gln
20 25 30

Glu
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(2) INFORMATION FOR SEQ ID NO: 10:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(11i) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

Lys Trp Lys Leu Phe Lys Lys Ile Glu Lys Val Gly Gln Asn Ile Arg
1 5 10 15

Asp Gly Ile Ile Lys Ala Gly Pro Ala Val Ala Val Val Gly Gln Ala
20 25 30

Thr Gln Ile Ala Lys
35

(2) INFORMATION FOR SEQ ID NO: 11:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(11) MOLECULE TYPE: peptide
(1iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

Gly Leu Gly Thr Leu Leu Thr Leu Leu Glu Phe Leu Leu Glu Glu Leu
1 5 10 15
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Leu Glu Phe Leu Lys Arg Lys Arg Gln Gln Ala Met Ile Asp Glu
20 25 30

(2) INFORMATION FOR SEQ ID NO: 12:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 22 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

Val Leu Arg Val Leu Thr Thr Gly Lys Pro Ala Leu Ile Ser Trp Ile
1 5 10 15

Arg Arg Arg Arg Gln Gln
20

(2) INFORMATION FOR SEQ ID NO: 13:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(1i) MOLECULE TYPE: peptide
(11i1i) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

Trp Glu Ala Ala Leu Ala Glu Ala Glu Ala Leu Ala Leu Ala Glu His
1 5 10 15
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Glu Ala Leu Ala Leu Ala Glu Ala Glu Leu Ala Leu Ala Ala
20 25 30
(2) INFORMATION FOR SEQ ID NO: 14:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(1i1i) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 14:

Trp Glu Ala Lys Leu Ala Lys Ala Leu Ala Lys Ala Leu Ala Lys His
1 5 10 15

Leu Ala Lys Ala Leu Ala Lys Ala Leu Lys Ala Cys Glu Ala
20 25 30

(2) INFORMATION FOR SEQ ID NO: 15:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(11) MOLECULE TYPE: peptide
(11i) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

Gly Ile Gly Ala Val Leu Lys Val Leu Thr Thr Gly Leu Ala Ala Leu
1 5 10 15
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Ile Ser Trp Ile Lys Arg Lys Arg Gln Gln
20 25

(2) INFORMATION FOR SEQ ID NO: 16:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(11i) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

Phe Arg Met Tyr Leu Val Gly Ala Asp Leu Ala Asp Val Val Asp Val
1 5 10 15

Trp Asp Leu Trp Asp Leu Trp Asp Leu Trp Asn His Cys His Cys His
20 25 30

His

(2) INFORMATION FOR SEQ ID NO: 17:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(1i) MOLECULE TYPE: peptide
(ii1) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

Ala Cys Glu Thr Tyr Leu Xaa Pro Xaa Ala Xaa Ala Gln Xaa Val Xaa
1 5 10 15

Gly Leu Xaa Pro Val Xaa Xaa Glu Gln Phe Cys His His
20 25

(2) INFORMATION FOR SEQ ID NO: 18:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(i1) MOLECULE TYPE: peptide
(11i) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 18:

Gly Leu Phe Glu Ala Ile Ala Gly Phe Ile Glu Asn Gly Trp Glu Gly
1 5 10 15

Met Asp Gly Gly Gly
20

(2) INFORMATION FOR SEQ ID NO: 19:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(i1i) MOLECULE TYPE: peptide
(1iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal
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(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 19:

Leu Leu Gln Ser Leu Leu Ser Leu Leu Gln Ser Leu Leu Ser Leu Leu

1

5

Gln Trp Leu Lys Arg Lys Arg Gln Gln

20 25

(2) INFORMATION FOR SEQ ID NO: 20:

(1)

(1i)
(iii)
(1v)

(v)

(x1)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

MOLECULE TYPE: peptide

HYPOTHETICAL: NO

ANTI-SENSE: NO

FRAGMENT TYPE: internal

SEQUENCE DESCRIPTION: SEQ ID NO:

10

20

»
»

Trp Glu Ala Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu Ala Glu His

1

Leu Ala Glu Ala Leu Ala Glu Ala Leu Glu Ala Leu Ala Ala

5

20 25

(2) INFORMATION FOR SEQ ID NO: 21:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 16 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(1i) MOLECULE TYPE: peptide

(1i1) HYPOTHETICAL: NO

(1v) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

10

30
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(Xxi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:
Gly Phe Phe Ala Leu Ile Pro Lys Ile Ile Ser Ser Pro Leu Phe Lys
1 5 10 15
(2) INFORMATION FOR SEQ ID NO: 22:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(1iii) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 22:

Lys Leu Leu Lys Leu Leu Leu Lys Leu Leu Lys Leu Leu Leu Lys Leu
1 5 10 15

Leu Leu Lys Leu Leu Lys Lys Leu Leu Lys Leu Leu Leu Lys Leu Leu
20 25 30

Leu Lys Leu Leu Lys
35

(2) INFORMATION FOR SEQ ID NO: 23:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 14 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown

(ii) MOLECULE TYPE: peptide

(iii) HYPOTHETICAL: NO
(1v) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23:

Phe Glu Ala Ala Leu Ala Glu Ala Leu Ala Glu Ala Leu Ala
1 5 10

(2) INFORMATION FOR SEQ ID NO: 24:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 25 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(1iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 24:

Met Leu Ser Leu Arg Gln Ser Ile Arg Phe Phe Lys Pro Ala Thr Arg
1 5 10 15

Thr Leu Cys Ser Ser Arg Tyr Leu Leu
20 25

(2) INFORMATION FOR SEQ ID NO: 25:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(11) MOLECULE TYPE: peptide
(1iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 25:
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Leu Leu Lys Leu Leu Leu Lys Leu Leu Leu Leu Lys Leu Leu Lys
1 5 10 15

(2) INFORMATION FOR SEQ ID NO: 26:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: unknown
(D) TOPOLOGY: unknown
(ii) MOLECULE TYPE: peptide
(1iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26:

Leu Leu Arg Leu Leu Leu Arg Lys Leu Leu Leu Arg Leu Leu Arg
1 5 10 15
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CLAIMS:

1.

A method of modifying the activity of a peptide, the method comprising:

a) taking a peptide comprising an active site and a non-active site, the non-

active site being capable of conjugation with another particle or surface; and

b) substituting a first amino acid at a first site in the active site of the peptide
with an amino acid which is modifiable by a reaction whereby the active site of

the peptide 1s 1nactivated; and

c) substituting other chemically modifiable amino acids in the peptide with

amino acids which are not modifiable by the reaction;

wherein the peptide is selected from or derived from lytic peptides, melittin,
eramacidin, alamethicin, paradixin, ceropin, maganins, C18G, P14A, the peptide

sequence:

LLQSLLSLLQSLLSLLQWLKRKRQQ, peptide sequence:
GFFALIPKIISSPLFK, delta-Hemolysin, Mastopparan, Bombolitin, Crabolin,
KLLKLLLKLLKLLLKLLLKLLK-KLLKLLLKLLLKLLK, Defensins,
antibacterial lytic peptides, Paradaxin, Cationic peptides, amphipathic peptides,
GALA, KALA, HELP, LAGA, influenza Hemagglutinin peptide, HIV fusion
peptide, peptide sequence: FEAALAEALAEALA, Signal sequences; and P-25

and wherein when the peptide 1s exposed to the reaction, the active site is

reactivated by modification at the first site.

A method according to claim 1 in which the activity of the peptide 1s cytolytic

activity or membrane activity.

A method according to any one of claims 1 and 2 wherein the reactivation of the

active site 1s delayed reactivation.

A method according to claim 3 wherein the reactivation is delayed for at least 14

hours.



10.

11.

12.
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A method according to any one of claims 1-4 wherein the particle or surface 1s a

lipid membrane.

A method according to claim 5 wherein the peptide 1s integrated with the lipid

membrane.

A method according to any one of claims 1-6 in which the non-active site capable
of conjugation is introduced into the peptide by substitution of at least one amino

acid at a non-active site of the peptide.

A method according to any one of claims 1-7 in which all the other amino acids

are replaced 1n the peptide.

A method according to any one of claims 1-8 in which the peptide is obtained or

derived from natural peptides or polypeptides.

A method according to any one of claims 1 to 8 in which the peptide has been

produced synthetically.

A method according to any one of claims 1 to 10 in which the active site of the
peptide 1s modified using an ionisable group, a redox sensitive group, an affinity
ligand, an enzyme substrate, a light sensitive group, a pH sensitive group or a

chemical group sensitive to physical, chemical or biochemical effects.

A method according to any one of claims 1 to 11 in which the peptide is modified
by the replacement of amino acids with other amino acids or groups whereby

binding of the peptide to a lipid membrane is improved.
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