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(57) Abstract: The present disclosure relates to a method for identifying a compound that disrupts a membrane of a target cell, the
method comprising the steps of: (a) identitying the structure of a test compound; (b) identifying the structure of a phospholipid
membrane of the target cell; (c) using the identified structures of the test compound and the target cell to predict whether the test
compound will disrupt the phospholipid membrane of the target cell.



10

15

0

25

30

WO 2014/039015 PCT/SG2013/000393

1

- METHOD OF DESIGNING MOLECULES

, CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims the benefit of priority of SG provisional application No.
201206670-0, filed 7 September 2012, the contents of it being hereby incorporated by

reference in its entirety for all purposes.

~

. FIELD OF THE INVENTION

[0002]  The present invention relates to a method of designing antimicrobial molecules.

BACKGROUND OF THE INVENTION

[0003] - Bacterial resistance is a serious clinical problem resulting from the overuse of
- antibiotics. Membrane-active molecules, such as antimicrobial peptides (AMPs) and

synthetic mimics of the‘r‘antimicrobial péptides (SMAMPs), offer a poténtial solution to this

problem. This is because such molecules are unlikely to induce resistance in bacteria since
they act on the cell membrane in contrast to traditional antibiotics which target specific

biosynthetic and énzymatic activities. It is postulated that it would be too costly for microbes

in-evolutionary terms to mutate the structure of its cell membrane in order to develop

resistance agamst membrane-targeting antimicrobial molecules.

[0004] Fragment—based drug de51gn (FBDD) has been -able to provide atomic level
inforrhaﬂon, for ligand-receptor interactions, but FBDD is largely limited to the design of
traditionél antibiotics (e.g. protein inhibitors), with limited success with regard to the design

of membrane-active antimicrobials. When it comes to designing membrane-active

~ antimicrobial molecules, the FBDD - approach is found to be deficient due to limited

understanding of the actual action mechanisms, a lack of well-defined cavities in the cell

membrane, and the lack of predictability of molecular interactions in part due to the fluid

- nature of the cell membrane as well as the diversity of binding modes between anti-microbial

molecules and the membrane.
[0005]  There is-thus a need for the development for a method to design membrane active
molecules or compounds such as synthetic mimics of antimjcrobial peptides that can perturb

or disrupt the membrane of bacteria cells in order to mediate lysis or cell-killing.
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SUMMARY OF THE INVENTION

- [0006] -~ In a first aspect, there is provided a method for identifying a compound that

disrupts a membrane of a target cell, the method comprising the steps of: (a) identifying the
structure of a test compound; (b) identifying the structure of a phospholipid membrane of the
target cell; (c) using the identified structures of the test compound and the target cell to

- predict whether the test compound will disrupt the phospholipid membrane of the target cell.

[0007] Advantageously, the disclosed method can be used to identify key features of the

~action mechanism and would further allow the identification of useful biophysical

characteristics of the membrane active antimicrobials. In so doing, the disclosed method is

capable of identifying potential new compounds that are capable of acting as anti-microbial

_ agents By pertlirbing or disrupting the cell membrane of a target cell. Advantageously, anti-

microbial agents developed using the disclosed method may be substantially less susceptible
to the dev'elopment. of bacterial resistance due to the prohibitively high cost of mutating the

chemical structure of the bacterial cell membrane.

'[0008] In embodiments, the target cell may be a Gram-positive or Gram-negative

bacterium, yeast ceﬂ, or fungi. | . o |

[0009] In-embodiments, thé prediction step (c) comprises predicting the motion of the test
compound relative to the phospholipid membrane based on the theoretical thermodynamic
forces existing between the test compound and the phospholif)id membrane. In one
”embodiment, the prediction step is performed with one, or a combination 6f two, three, or -
four molecular simulation (“MD”) computer programs. In one embodiment, the prediction
step is performed with a molecular simulation (“MD”) computer program suited to the type
of test compound. o ' ” o

tOOlO] In embodiments,'_ the test compound is considered to disrupt the phospholipid
membrane if the test compound is prediéted to be at least capable of embedding itself within
the phospholipid membrane.

[0011] In other embodiments, the test compound is considered to disrupt the phospholipid
membrane if the test compound is predicted to be at least capable of substantially perfufbing -
the phospholipid membrane to cause lipid reorganization on the phospholipid membrane.
[0012] In some embodiments, the test compound is considered to disrupt the phospholipid
membrane if the test compound is predicted to be capable of cleaving or inducing cleavage of

said phospholipid membrane to thereby cause lysis of said target cell.
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[0013] In embodiments, the test compound is considered to disrupt the phospholipid
membrane if the test compound is predicted to be capable of causing a loss of membrane
potential and/or also increasing water leaking into the target cell.

[0014] In one embodiment, there is provided a method for designing a compound, the
method comprising the steps of: sclecting at least a first test compound from a library of
molecules exhibiting antimicrobial activity; simulating i‘n-silico the interactions of the test .
compound with a phospholipid membrane, identify critical parameters_that are correlated to

antimicrebial éctivity; identify a second test compound comprising one or more of the

identified parameters, synthesizing the | new test compound; and wvalidating the
pharmacological activity of the synthesized compound using biophysical and biological

experiments. In embodiments, the method comprises predicting the motion of the second test
compound relative to the phospholipid membrane based on the theoretical thérmodynamic

forces existing between the second test compound and the phosphohpld membrane. .

[0015] - In one embodiment, the disclosed method. is- capable of iterative apphcatlon
wherein one or more identified parameters is/are altered to a second test compound. The
second test compound may be selected from. an existing 1ibrary' of compounds knovtm or
expected to possess anti-microbial activity. |

[0016]  In one embodiment, the altering step involves modifying the second test compound

to introduce one or more functional groups identified to be capable of causing. membrane

disruption onto the test compound. In another embodiment, the alteration step may further
involve altering the molecular conformation of the compound, forv instance, by introducing

positively or negatively charged groups onto the njole‘cule to modify its molecular properties

in an aqueous or lipid environment. ‘

[0017] In further embodiments, the altered compound is submitted to a ‘simulation step to 7_
prediet its ability to disrupt or perturb a membrane. The altered compound will be
synthesized if the simulation results predict that the altered molecule exhibits sufficient
membrane disruption/perturbation acttvity. In embodiments, the synthesized compound is
validated with biocempatibility testing and susceptibility testing. In embodiments, the
synthesized contpound is further characterized by a battery of tests to identify new or verify
already identiﬁed biophysical characteristics. Advantageotlsly, the iterative nature of the

disclosed method thus allows the identification of new, potentially ‘useful biophysical
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features, or the verification of the anti-microbial effectiveness of bibphysiCal features already
identified. | | |

[0018]  Advantageously, the disclosed method relates to a multidisciplinary approach -
towards molecular deéign. In particular, in one embodiment, the disclosed method -

complements the use of in-silico modeling with actual compound synthesis, biocompatibility

"testing, susceptibility testing and biophysical characterization. The inventors have found this

multi-disciplinary approach to molecular design to be surprisingly effective in idéntifying

new molecules having anti-microbial properties. -

DEFINITIONS

[0019]  Unless otherwise defined herein, scientific and technical terms used in’ this

vA_appli.cétionv_s_hal_L have the meahings that are commonly understood by those of ordinary skill -

in the art. Generally, noméhclature'used in connection with, and \techniQues of, chemistry,
cell vand tissue cultlire, molecular “biology, . cell and cancer biology, ncurobioldgy,
neurochemistry, virology, immunology, microbidlogy, pharmacology, genetics and protein
and nucleic acid chemistry, described herein, are those well-known and commonly used in
the art.

[0020] = The following are some definitions that may be helpﬁil in understanding the -
description of the preseht invention. These are ihtended as general definitions and should in
no wéy limit the scop'e of the present invention to those terms alone, but are put forth for a
better understanding of the following description. _

[0021] Unless the context requires otherwise or specifically stated to the contrary,
integers, -stcps, or elements of the invention recited herein as singular integers, steps or
elements clearly encompass both singular and plural forms of the recited integers, steps or
elements. ' _

[0022]  The word “substantially” does not exclude “completely” e.g. a composition which
is “substantially free” from Y may be coinpletely free from Y. Where necessary, the word
“substantially” may be omitted from the deﬁnifion of the invéntion. ‘
[0023]  As used herein, the térm "about", in the context of concentrations of éomponents of
the formulations, typically means +/- 5% of the stated value, more typically +/- 4% of the
stated value, more typically +/- 3% of the stated value, more typically, +/- 2% of the stated
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value, even more typically +/- 1% of the stated value, and even more typically +/- 0.5% of
the stated value. |
[0024]  Throughout this speciﬁcation,l unless the contexf requires otherwise the word
“cornprise” or variations such as “comprises” or compnsmg will be understood to imply
the inclusion of a stated step or element or integer or group of steps or elements or integers,
but not to the exclusion of any other step ro element or integer or group of elements or
integers. Thus,’ in the context of this specification, the term “comprising” means “including
peripherally, but not necessarily solely”.
[0025] When. describing the compounds, eompositions, methods and processes of the

invention, the following terms have the following meanings unless otherwise indicated.

Additionally, as used herein, the smgular fornis "a," "an" and "the" 1nclude the corresponding

: plural forms unless the context of use clearly dictates other\mse } ,
| [0026] Certam embodiments may also be described broadly and genencally herem Each

.' hof the narrower species and subgenenc groupmgs falling within the generic d1sclosure also |

form part of the disclosure. This includes the generic description of the embodiments with a
proviso or negative limitation removing any subject matter from the genus, regardless of

whether or not the excised material is specifically recited herein.

[0027]  Throughout this disclosure, certain embodiments may be disclosed in a range

format. Tt should be understood that the description in range format is merely for convenience

“and brevity and should not be construed as an inflexible limitation on the scope of the

disclosed ranges. Accordingly, the description of a range should be considered to have

specifically disclosed all the possible sub-ranges as well as individual numerical values

‘'within that range. For example, description of a range such as from 1 to 6 should be

vconsidered to have specifically disclosed sub-ranges such as from 1 to 3,. from 1 to 4, from 1

to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies regardless of the breadth of the range.
[0028]  Those skilled in the art will appreciate that the invention described- herein is

susceptible to variations and modifications other than those specifically described. It is to be

: understood that the invention includes all such variations and modifications. The invention

also includes all of the steps, features, compositions and compounds referred to or indicated

- in this specification, individually or collectively, and any and all combinations or any two or

more of said steps or features.
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- BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The invention will be better understood with reference to the detailed description

when considered in conjunction with the non-limiting examples and the accompanying

drawings, in which: | |
{0030] Fig. 1 depicts possible interaction between a phospholipid bilayer and a molecule
designed based on the pharmacophore model disclosed herem Exemplary molecules based

on the model are also depicted.

'[0031] Fig. 2A shows the results of molecular simulations performed on candidate

molecule AM016 showing translocation across membrane.

[0032] Fig. 2B is a graph depicting the translocation free energy versus distance plot of

two exemplary molecules AMO016 and AM019 described herein.

- [0033]  Fig. 3A depicts simulation results of AMO16 (a) and AM019.(b). clusters at hlgh N

concentrations.

'[0034]  Fig. 3B is a graph depicting the lateral pressures of the bacterial membrane in the

presence of AM016/AMO19.

[00‘35] ‘F'ig. 4A is a graph depicting the percentage leakage of ‘Cal‘cein from lbarge
unilamellar vesicles (LUV) 30 minutes after the addition of AMO16 / AMO019 ﬁt different
drug/lipid concentrations. | . B ‘
[0036] Fig. 4B is a graph depicting the ﬂuorescénce intensity induéed by AMO016 /
AMO19 using live bacteria cells and SYTOX green. |

[0037] Fig. 5A shows the density proﬁie of phosphate atoms at different AM016 / AM’

019 concentrations. S

[0038]  Fig. 5B shows the density profile of water molecu’l‘es. at different AM016 / AM 019
concentrations. - |

[0039] Figs. 6A-6B erict simulation results showing high concentrations of AM016 (16
drug with 128 lipid molecules) at extended conformations. |

[0040] Figs. 6C-6D depict simulation results showing high concentrations of AMO019 (16

V drug with 128 lipid molecules) at extended conformations

[0041] Fig. 7 is a graph showing that the area per lipid of the bacterial membrane

‘increases significantly with AM016 concentration.

[0042]  Fig. 8A contains graphs showing the Calcein Leakage experimental results for
AMO16. | o
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[0043] Fig. 8B contains graphs showing the Calcein Leakage expcrimental,. results for -

DETAILED DESCRIPTION OF THE PRESENT INVENTION
[0044] In a ﬁrsf aspect, there is provided a method for identifying a compound that -
disrupts a membrane of a farget cell, the method comprising the steps of: (a) identifying the
structure of a test compound; (b) identifying the structure of a phospholi-pid membrane of the -
target cell; and (c) using the identified structures of the test compound and the target cell to
predlct whether the test compound will dlsrupt the phospholipid membrane of the target cell.

[0045] In embodlments, step (c) compnses 1dent1fy1ng parameters that correlate to

_ antimicrobial activity. In one embodiment, step (c) compriSes identifying the critical

parameters that are important in inducing membrane perturbations. These key parameters are l

believed to determine a compound’s membrane act1v1ty

| [0046] In embodiments, predlctlon step (c) comprises predlctmg the interactions between

the test compound and a phospholipid membrane. In embodlments the step (c) comprises
simulating and predlctmg the interactions between the test compound and the phosphohpld
membrane in an aqueous environment. In embodiments, the modeled phospholipid membrane
comprises at least two leaflets, each leaflet comprising at least one hydrophilic head section
and at least one hydrophobic,tail section, and wherein the leaflets are arranged such that the
hydrophobic tail sections are enclosed within an envelope defined by the hydrophilic head
sections, i.e., a phospholipid bilayer. The_hydrophilic head sections will be exposed to the -
aqueous environment. In embodiments, the membrane is modeled to be a bacterial membrane
containing a higher percentage of negatively charged lipid groups relative to mammalian
membranes. |

[0047] In embodiments, the disclosed method is directed to designing a compound that

~can perturb both leaflets of the bacterial membrane, preferably a compound that can perturb

both leaflets of the membrane snnultaneously In embodiments, the above method is directed
to designing compound having particular chemical affinity with the negatively charged head
groups of the lipids.

[0048] In embodiments, the above method is drawn to a pharmacophore model wherein

the compound to be designed comprises five fragments, including one hydrophobic core, two
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cationic terminal groups and two linker groups. Fig. 1 depicts how such a molecule may be
predicted to interact with a phospholipid bilayer membrane.
[0049] " In partiéular,-»-itAcan be seen from Fig. 1 that the two cationic groups are expected to
interact strongly with the anionic head groups of the bacterial membrane through electrostatic
attractions, while the hydrophobic core penetrates into and perturbs the lipid tail region of the

bactérial membrane. To rationally optimize each fragment -and assemble them into a

membrane active antimicrobial, it is required to adopt a methodical, step-wise approach. The

_ presently disclosed method proVides such an approach. In one embodiment, the above

pharmacophore model is capable of providing compounds capable of penétrating into rthe

hydrophobic core of the phospholipid bilayer membrane to cause partitioning or pore

formation. This pharrria‘cophore model captures the general feature of the action mechanism

and can provide practical guidance for the design of powerfﬁl membrane active

antimicrobials.

[0050] In embodim'ents, the phospholipid membrane identified in step (b) comprises at

least one or more lipids selected from the group consisting of: cholesterol, ergosterol, [(2R)-
3-hexadecanoyloxy—Z-[(Z)-octadeé—9-ehoyl]oxypropyl] . 2—(&imefhylazaniumyl)ethyl ’
phosphate (“POPC*), 2—61e0ylésn-glycero-3-phosphoserine, phosphatidylcholine,
phosphatidic acid, phosphatidylethanolamine, phosphatidylglycerol,_ phosphatidylserine,

lysophosphatidylcholine, and mixtures thereof. In one embodiment, the phospholipid

membrane comprises a mixture of at least two lipids selected from the group above. In other

- embodiments, the phospholipid thembrane comprises a mixture of at least three lipids

selected from the group above. In other embodiments, the phospholipid membrane comprises

© . a mixture of at least four lipids selected from the group above In embodiments, the

25

30

phospholipid may comprise a mixture selected from the group consisting of:
phosphatidylcholine  and phosphaﬁdic acid, phosphatidylcholine ~  and
phosphatidylethanolamine, phosphatidylcholine and phosphatidylglycerol,
phosphatidylcholine and phosphatidylserine, phosphatidylcholine and
lysophosphatidylcholiné, phosphatidylethanolamine =~ and | phosphatidic acid,

- phosphatidylethanolamine and phosphatidylglycerol, phosphatidylethanolamine and

phosphatidylserine, phosphatidylethanolamine and lysophosphatidylcholine.
[0051] - In one embodiment, the phospholipid membrane compriSes a mixture of
phosphatidylethanolamine (POPE) and phosphatidylglycerol (POPG). The POPG and POPE
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may be provided in ratios of 1:5 to 5:1. In embodiments, the molar ratio of POPG and POPE
is selected from the grdup consisting'of: 1:5, 1:4,-1:3, 1:2, 1:1, 2:1, 3:1, 4:1 and 5:1. In one

- embodiment, the molar ratio of POPE/POPG is 3:1. In one embodiment, the phosplipid

membrane is modeled based on a mammalian model comprising [(2R)-3-hexadecanoyloxy—Z-

: ‘[(Z)-octz_idec-9-enoyl]oxypropyl] 2-(trimethylazaniumyl)ethyl phosphate -(“POPC”) and

 cholesterol. In another embodiment, the phospholipid membrane mimics the cytoplasmic

membrane of yeasts (e.g., consisting of 288 lipids with four typical lipids: POPC, POPE, 2-
oleoyl-sn-glycero-3-phosphoserine (“POPS”), and ergosterol, at a ratio of 4:2:1':2)

[0052] . In embodiments, the phospholipid membrane is identified as a cell membrane of a

.non-mammalian cell. In other embodiments, the phospholipid membrane is identified as a

cell membrane of Gram-positive bacteria, Gram-negative bacteria, fungi or yeast.

' [0053] . In embodiments, the prediction step (c) comprises predicting the motion of the test

- compound relétive to the phospholipid membrane-based on the theoretical thermodynamic

|  forces existing between the test compound ‘and the phospholipid membrane. In one

20

25

30

embodiment, the prediction step 1s performed with one, or a combination of two, three, or - -
four molecular dynamics (“MD”) simulation computer programs. The iz silico prediction step
_ provides fundamental understanding of the action mechanisms at an atomistic level and is

" complementary to the experiments. Advantageously, the combination of  theoretical

predictions and the experimental validations provides a rational way for the design of new
membrane active antimicrobial molecules.

[0054] Im emquifnents, the molecular dynamics (MD) simulation comprises using a

- publically available force ﬁeld selected from the group consisting of: AMBER, CHARMM,

OPLS, and GROMOS. |

[0055] In one embodiment, the prediction step comprises the use of a Gromos53a6 force
field. The type of force field used is largely dependent on the type of molecule being
simulated. For instance, where thé molecule to be éimulated is a small molecule, the
GROMOS forcie field may yield more accurate simulaﬁons. In other instances, where the
molecule is a peptide compound, the inventors have discovered that a CHARMM force field
may yield more accurate results. The force fields discussed herein are for illuétrative purposes

and do not serve to limit the scope of the invention.
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[0056] In embodlments of the disclosed method, if the test compound has been assessed to

be unable to perturb or dlsrupt the cell membrane, the method is reverted to step (a) to select

anew test compound

| _ [0057] In embodiments, the molecular dynamics simulation identiﬁes key parameters that

10

15

20

25

30

correlate to the antimicrobial activity. These key parameters may include, but are not limited

vto, translocation free energy, pKa of cationic groups, amphiphilicity, and the propensity of

hydrogen bond formation with phosphate groups. In another embodiment, the identified key
parameters include lateral pressure and the number of water translocations across the
membrane, which characterize the mechanicaI‘ properties of the membrane and membrane
permeability respectively. '

[0058]  The disclosed method may further comprise 1dent1fy1ng a second test compound

‘wherein the second test compound comprises one or more of the above identified parameters. -

In embodiments, the second test compound is subjected to molecular simulation to predict its

interaction with a phospholipid membrane described above. In particular, the method
comprises a step of predicting the motion of the second test compound relative to the
phospholipid membrane based on the theoretical thermodynamic forces existing between the

second test compound and the phospholipid membrane. | '

[0059] In embodiments, the disclosed method further compriseés a step of identifying a

- further test compound if the second test compound is not assessed to be able to substantially

perturb or disrupt the phospholipid membrane. In other words, where antimicrobial activity is
assessed to be absent in the second test compound, an iterative step is undertaken to identify a
new test compound based using parameters identified in step (c).

[0060] In embodiments where the second test compound has been predicted to be capable
of disrupting or perturbing the phospholipid membrane, the disclosed method further
comprises a step (d) of synthesizing the‘ second test compound for biophysical and biological
validation. It is within the expertlse of a person skilled in the art to arrive at an appropriate
synthesis procedure and therefore the spec1ﬁc synthesis steps will not be dlscussed in detail in
the present disclosure. By disrupting or perturbmg a bacterial membrane, it is intended to
mean that the candidate compound is capable of causing re-organization of the lipid
molecules, or is capable of partially embedding or fully embedding itself across the cross-
section of the phospholipid bilayer membrane, thereby disrupting the fluid mosaic layer. In

embodiments, the ability of a test compound to perturb or disrupt the membrane can be co-
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related with the translocation free energy of the test compound and/or number of water
translocations in the hydrophobic section of the membrane during in-silico modeliﬁg The

actual membrane surface activity of the test compound can be conﬁrmed through b10phys1ca1

'charactenzatlon steps, e.g., surface plasmon resonance after compound synthesxs

[0061] In embodiments, the synthesized compound is further subjected to validation steps

. to ascertain its pharmacologicall activity. In embodiments, the disclosed method further

comprises a step (€) of subjecting said synthesized compound to biocompatibility tests. In
particular embodiments, the biocompatibility tests comprise toxicology testing to determine
the effects of the synthesized compound on mammalian cells and living tissue. For example,
in enibodiments, the haemolytic activity of the compounds against mammalian erythrocytes

can be determined. In other embodiments, the biocompatibility testing comprises determining

- the release of lactose dehydrognase (LDH) and ATP-release activity after challenging

mammalian cells with the synthesized compoundg‘ .

[0062] ~ In embodiments, the disclosed method further cqmprises a step (f) of subjecting
said synthesized compound to susceptibility testing to determine its anti-microbial prbperty. in
vivo and/or in vitro. In particular, the step (f) ﬁ_lay comprise subjecting the cémpound to one

or more of microbiological assays to determine its minimum inhibitory concentration (MIC)

“of various bacteria strains. In particular embodiments, the susceptibility testing involves

testing the compound’s MIC with methicillin-resistant Staphylococcus aureus (MRSA) In
some embodiments, the susceptibility testing may further comprise Time-Kill kinetics and
laboratory simulation of resistance development (if any) againsf the synthesized compounds.
[0063] In still ﬁlrther embodiments, the disclosed method further comprises a step (g) of
biophysical characterization of the synthesized compouhd. ‘In embodiments, biophysical
characterization can be undertaken usihg one or more of the following: circular dichrbfsm
(CD), nuclear magnetic resonance (NMR), fluorescence spectrometr-y; isothermal titration
calorimetry, and surface plasmon resonance. , 4 |
[0064] In further embodiments, where the susceptlblhty tests and blocompatlblhty tests
did not validate the predictions on the compound’s antimicrobial activity, the method is
reverted to a step of identifying a new test compound based on one or more identified
parameters in step (c) in an iterative manner. '

[0065] In embodiments of the disclosed method, the second test compound may be ,

modified with one or more parameters identified from an earlier test compound. For instance,
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'using the disclosed method, the inventors have surprisingly identified speciﬁc cationic groups

~ of a known antimicrobial peptide as being particular effective in membrane perturbation due

to interactions between the cationic groups: and the negatlvely charged phosphate groups

present on the external bacterlal membrane In partlcular catlonlc arglmne / guamdme groups"' o

were identified via molecular simulation of ant1m10rob1al peptldes Advantageously, as will

be shown by the Examples provided herein, the inventors have successfully designed at least

‘thvo alpha-mangostin analogues by altering alpha-mangostin molecule with the identified

cationic groups (see experimental section on AMO16/AMO019 below). ,

t0066] In embodiments, the disclosed method further comprises suhjecting the test to in-
vivo animal testing if the susceptibility tests validate the predictions made on antimicrobial
activity.

[0067]  The invention illustratively described herein may snitably be pfacticed in the

‘absence of any element or elements, limitation or lim'itations not specifically disclosed

herein. Thus, for example, the terms "comprismc",' "1nclud1ng" "containing", etc. shall be
read expansively and without limitation. Additionally, the terms. and expressions employed.

herein have been used as terms of description and not of limitation, and there is no intention

‘in the use of such terms and expressions of excluding any equivalents of the features shown

and-described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred embodiments and optional

features, modification and variation of the inventions embodied therein herein disclosed may

- be resorted to by those skilled in the art, and that such modifications and variations are

~considered to be within the scope of this invention.

EXPERIMENTAL SECTION

[0068]  The following example shows the modeling and analysis of a molecule designed

by the method disclosed herein. The examples and experimental results provided below are.

not intended to be limiting to the scope of the invention and merely serve to exemplify the
design process. | |

[0069]  Selection of candidate compound _
[0070] Analogues of alpha-mangostin were selected as the starting anti-fnicrobial

molecule. Alpha-mangostin, being the precursor of the candidate compound, was selected
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due to its 'unique'heterocyclic structure with modifiable chemicél side groups. Two structural
properties, notably the plénarity and the hydrophobicity of the core, favor penetfation of the
éompou’nd into the hydrophobic regi_on‘of’ the bacterial meinbrane. vAdditionally, there are |
several oxygen atoms in the hydrophobié.coré,'which provides the molecule with a certain
degree of ‘dvisrup'tive amphiphilicity, and which further favors membrahe ’perturbatioh-;" ol T |

[0071] In one embodiment, the following compound is provided:

3,6-Dif4- {di@ethy‘ﬂfamino)—butoxy] hydmxy-?—methoxy-
2,8-bis(3-methylbut-2 -enyi) 9Hxanthen 9-one

The compound above is hereafter denoted as AM016 for brev1ty
[0072]  In yet another embodiment, the following compound is provided:

: NH -
3,6-Di[4- (guamdmo) butoxy}- -hydroxy-7-methoxy-
2,8-bis(3-methylbut-2-enyl}-9Hxanthen-9-one

The compound above is herein after denotéd as “AM019” for bﬂrevity.» |

[0073]  In-silico modeling of AM016 and AM019 . _

[0074] The bacterial membrane was modeled using a mixture of POPE and POPG lipids -

with the ratio of POPE/POPG=3/1. The membrane patéh' contains 128 lipid molecules in

conventional MD simulations and 72 lipid molecules in free energy calculations. The'lipid
molecules were modeled using the GROMOS53 A6 force field. The topology of AMO016 and

AMO19 were generated using the online server ATB with the AMI method used for

generating the atomic partial charges.
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[0075] Translocatlon free energy

To examine the thermodynam1cs of AM016/AM019 when penetrating into the bacterlal
membrane, translocation free energy landscape was calculated usmg umbrella samplmg and

weighted h1stogram analysxs method (WHAM). The cationic groups of the molecule need to

overcome a free energy barrier when crossing the hydrophoblc region of the membrane

leadmg a conformational change The conformatlonal change may- mvolve the molecule
changing from a U- shaped structure to an extended structure as shown in Fig. 1. This

conformational change deforms the outer leaflet and the inner leaflet of the membrane.

' However, the extent of deformation of the outer leaflet and the inner leaflet are different. As

the umbrella sampling requires sampling along the slowest reaction coordinate, which is the

extent of membrane deformation, pulling the center of mass leads to hysteresis between the

- forward and reverse direction. To overcome this, umbrella sampling was performed along the

distance between one of the cationic ‘groups and the bilayer center. Long trajectories are

~ needed to get converged results in translocation free energy calculations. In the simulations,

15

we run at least 300 ns for each umbrella window and use the last 200 ns to calculate the free

energies (See Figs. 2A and 2B).

[0076) Conventlonal MD s1mu]at10ns

- To study the interactions of AMO16/AMO19 w1th a model bacterial membrane, molecular

dynamics s1mulat10ns were carried out at various concentrations (See Figs. 3A, 6A —6D). All

- simulations were run for at least 1 micro-second as it was found that aggregation of

AMO016/AMO019 occurs at the time scale of several hundredths of nano-seconds. Different
number of AM016 molecules (4, 9, 16), corresponding to different concentrations were used.
To compare the membrane perturbation of AM016 and AMO19 at high'concentrations, an
additional simulation was performed using 16 AMOI19 ‘molecules. As the extended
conformation 'of AMO16 interacted with both leaflets, it induced larger membrane
perturbations than from the U-shape conformation. For each system, the required number of
AMO16 molecules with extended conformations was first pulled to the bilayer centre and
then the system was relaxed and subject to at least 1 micron-second.simulation. ln order to
study the aggregation of AMO016 on the mechanical properties of the membrane, the pressure
field of the bacterial membrane was calculated with 16 AMO016 molecules using a customised

version of GROMACS.
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[0077] The lateral pressure is defined using the diagonal elements of the local pressure

tensor P(r) (eq. 1).

P, + P,
n(z) = _f"_z_ﬂ_,pzz

The local pressure tensor can further be decomposed into a kinetic ‘term and a

P(r) = Z m;vi®v; + VZ F;®r;

- i<j '
[0079] For the purpose -of lateral pressure  calculation, the simulation wifh 16
AMO016/AMO019 molecules was extended to 1.6 micron seconds. The lateral pressure of the
bacterial membrane was calculated using a slice of 0.1 nm in z direction and averaged using
the last 0.6 micro second of the simulation.
[0080]  Simulation details

Some of the simulation detailé are shown in Tables 1 & 2 below.

[0081] Table1- _
o No -Size of each Slgl;leag: n
Simulati _ lipi ‘ .
imulation | Drug  |No. lipids | Temperature Windows un'lbrella each
: window .
: o window
1 AMO16 72 310 46 0.15 nm . 400 ns
2 1 AMO19 | 72 - 310 46 0.15 nm 300 ns
[0082] Table 2
“| Simulation | No. of drug | No. lipids time Initial condition
1 0 AMO16 128 400 ns ”
2 | aamois | 128 1us Extended. .
conformation
3 9 AMO16 128 1us Extended
conformation
4 16 AMO16 128 1.6 us Extended
conformation
5 16 AMO19 128 13 us Extended
. j conformation
[0083] During the MD simulations, the LINCS algorithm was used to constrain the .

covalent bonds involving hydrogen atoms, which allows a time step of 2 fs to be used.

Lennard-Jones potentials were cut at a distance of 1.4 nm. The real-space electrostatic
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interactions were cut at a distance of 0.9 nm, while the long-range electrostatic interactions in

‘reciprocal space were calculated using the particle-mesh Ewald algorithm. The temperature

was maintained at 310 K by couphng the system to a Nose-Hoover heat bath, and the

pressure was maintained at 1 atm using the semi-isotropic Parrinello-Rahman method.

[0084] - The lateral pressure was calculated using a post-trajectory analysis using the rerun’

option of the mdrun of GROMACS. The lateral pressure of the bacterial membrane was
calculated using a slice of 0.1 nm in the z direction and averaged using the last 0.6 micron of
the simuiation,' Due to the difficulty in decomposing the reciprocal-space electrostatics into
pairwise virial contributions, a long cut-off of 1.8 nm was used for the electrostatic
interactionsll. In -addition, SHAKES were used for bonds 1nvolv1ng hydrogen atoms as
LINCS does not decompose the force into pair wise 1nteract10ns directly. The above
simulations- ‘were carried out in supercomputing clusters in A*STAR computatlonal resource
centre (ACRC) and in bioinformatics institute. Lateral pressure calculations are presented in
F1g 3B.

[0085] Chemical Synthesis _

Preparaﬁon of 3_,6-'bis’(4-brom‘obutoxy)-1-hydroxy;7-methoky-2,8-bis(3-methylbut-2-en-
1-yl)-9H-xanthen-9-one (AM-0005, a precursor compound to AM016/AM019).

'[0086] To a-mangostin (1.013 g, 2.47 mmol) and K,CO; (1.6926 g, 12.2 mmol), 15 ml

acetone and 1,4-dibromobutane (4.34 ml, 36.6 mmol) were added. The mixture was kept
under reflux at 62 °C for 24 h. Acetone was removed via rotary vaporization. Product was

diluted with EtoAc and Wéshed with 3 times with 50 ml of saturated NaCl solution. The

- organic phase. was dried over anhydrous sodium sulfate (Na;SO4) overnight and the solvent

removed via rotary vaporization giving a 'yellow liquid. Purified by silica gel column

chromatography (PE/EtoAc, 12/1, V/V) to give compound AM-0005 as a yellow solid; Yield

75.6 %; APCI-MS (m/z): 681.2 [M+H+]+; calculated for C3 H4oBr,O¢ 680.5; 1H NMR

(400MHz, CDCI3) 6 = 13.48 (s, 1H, OH), 6.71 (s, 1H, Ar-H), 6.28 (s, 1H, Ar-H), 5.26-5.19

(m, 2H, 2xCH), 4.14-4.07 (m, 6H, 3xCH2), 3.80 (s, 3H, OCH3), 3.54-3.49 (m, 4H, 2xCH2),

3.35 (d, J=7.2 Hz, 2H, CH2), 2.15-2.00 (m, 8H, 4xCH2), 1.85 (s, 3H, CH3), 1.79 (s, 3H,
CH3), 1.68 (s, 6H, 2xCH3); 13C NMR (400MHz, CDCI3): § 181.98, 162.54, 159.92, 157.20,
155.24, 155.12, 144.06, 137.38, 131.76, 131.47, 123.22, 122.46, 112.14, 111.55, 104.00,
98.76, 89.19, 67.81, 67.29, 60.91, 33.19, 29.39, 25.80, 21.45, 18.17, 17.86.
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[0087] Preparation of 2,2'-(((1-hydr0xy—7-1ﬁethoxy—2,8-bis(3-methylbut—2-en—1-yl)-9-
oxo—,9H-xanthene-3,6-diyl)bis(oxy))bis(butane—4,l-diyl))bis(isoindoline-1,3-di01ie), (AM-

© 0014)

~ [0088] . A mixture of (AM-0005) (148.7 mg, 0.218 mmol) and potassium.phthalimide (98

10

15

20

25

30

mg, 0.529 mmol) in N,N-dimethylformamide (DMF) (7 ml) were stirred at 90 °C. After
reaction came to an end (monitored by TLC, eluent, EtoAc/PE, 2/5, V/V), the product

mixture was processed similar to  AM-0005 above. The fesulting residue was purified by

silica gel column chromatography (EtoAc/ PE, 3/5, V/V) to give compound AM-0014 as a

yellow solid Yield 70 %; APCI-MS (m/z): 815 [M+H+]+; Calculated C48H48N2010
812.90;' 1H NMR (400MHz, CDCI3) § 13.46 (s, 1H, OH), 7.86-7.72 (m, 4H, Ar-H), 7.71-
7.69 (m, 4H, Ar-H), 6.71 (s, 1H, Ar-H), 6.28 (s, 1H, Ar-H), 5.23-5.20 (t, J=1.6Hz, ZH,
2xCH), 4.13-4.07 (m, 6H, 3xCH2), 3.80 (m, 7H, OCH3, 2xCH2), 3.33 (d, J=6.8Hz, 2H,
'CHZ)‘,' 1.96-1.61 (m, 24H, 4xCH3, 6xCH2); 13C NMR (400MHz, CDCI3): & 181.96, 168.41,
162.53, 159.84, '157'..19, 155.21, 155.07, 144.01, 137.24, 133.99, 133.93, 132.04, 131.67,
131.36, 123.24, 123.20, '122;43, 112.03, 111.52, 103.92, 98.77, 89.25, 67.94, 67.53, 60.92,
37.49, 37.43, 26.43, 26.30, 26.15, 25.88, 25.74, 25.24, 25.21, 21.43, 18.16, 17.78.

[0089] AMO014 (100 mg, 0.123 mmoll) was dissolved in DMSO (4 mL), and methylamine
(4 mL) was added. The reaction mixture was stirred at 70 °C for 7 h. The mixture was then

diluted with DCM and washed thrice with aqueous NaHCO;. The orgamc phase was dried

over anhydrous Na;SO4 and concentrated under vacuum. The residual crude oil was purified
by preparative’ RP-HPLC with isocratic elution in 52 % CH3;O0H/48% H,O (0.1% formic
acid), to give AMO018 as a hght yellow sohd (68.0 mg, 58%). 'H NMR (400 MHz, MeOD) 8

6.89 (s, 1H, Ar-H), 6.44 (s, 1H, Ar-H), 5.24-5.18 (m, 3H, 2xCH), 4.19 (t, 2H, CH,), 4.14 (¢,

2H, CH,), 4.10 (d, 2H, CHy), 3.79 (s, 3H, CH3), 3.33 (2H, d, CH,), 3.09-3.02 (4H, m,
2xCHy), 2.02—1.88>(8H, m, 4><CH2).¢1.84 (s, 3H, CH3), 1.79 (s, 3H, CH3), 1.68 (s, 3H, CHj),
1.67 (s, 3H, CH;). *C NMR (101 MHz, MeOD) § 183.26, 1»70.29, 164.09, 160.67, 158.85,
156.76, 156.59, 145.48, 138.08, 132.06, 132.03, 124.81, 123.69, 112.93, 112.54, 104.72,
100.30, 90.69, 69.50, 69.00, 61.46, 40.57, 40.55, 27.33, 27.17, 26.99, 26.02, 25.95, 25.88,
25.74, 22.31, 18.34, 18. 07 ESI-MS [M+1] found, 553.2, calculated for C32H44N206, 552.7.
HPLC tR = 12.5 min. v .

[0090] To a solution of compound AM018 (46.4 mg, 0.084 mmol) in 3 m! of anhydrous
DMF was added 1H-Pyrazole-1-carboxamidine hydrochloride (32.0 mg, 0.218 mmol) and
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followed by N,N-diisopropylethylamine (DIEA, 40 nl). The reaction was stirred at room

temperature overnight. Diethyl ether wad added to the mixture after the 'feact’i‘Qn»‘Wa"s,_

'complete. The resulting sticky suspension was centrifuged and yellow solid was c"éillécterd'. o

The solid was washed with diethyl ether and dried in vacuo. The crude product was purify by
preparativeRP-HPLC with isocratic elution in 52 % CH3OH/48% H,0 (0.1% formic acid) to
give pure product AMO019 as a light yellow solid (39.8 mg; 74%). 'H NMR (400 MHz,
DMSO;d6) d=13.52 (1H, s, OH), 8.43 (br, 2H, NH), 7.84 (br, 6H, 2xNH, 2xNH,), 7.03 (1H,

s, Ar-H), 6.54(1H, s, Ar-H), 5.12-5.18 (m, 2H, 2CH), 5.14, 4.18-4.12 (m, 4H, 2xCH,), 4.01

(2H, d, /= 7.2, 6.4 Hz, CH,), 3.72 (s,3H, OCH3), 3.23 (d, J= Hz, 2H, CH,), 3.17-3.15 (m,
4H, ZXCHZ);‘1.83-1.62 (m, 20H, 6xCH;, 4xCH,). *C NMR (101 MHz, DMSO-d6) 6 =
181.47, 162.55, 158.80, 157.49, 156.99 (2xC=NH), 154.84, 154.70, 143.80, 135.72, 130.70,
130.57, 123.35, 122.08, 110.72, 110.57, 102.84, 99.53, 89.94, 68.31, 67.93;»'60.37, 40.28,
40.24, 25.72, 25.57 (2xCH,), 25.53, 25.48, 25.26, 25.20, 20.99, 17.97, 17.65. ESI-MS [M+1]
found, 637.3, calculated for C34H4sN¢Os, 636.8. HPLC tR = 11.5 min | |

" [0091]  Determination of the Minimum Inhibitory Concentration (MIC)

MIC determinations were pérformed in Mueller Hinton Broth (MHB) using the broth macro-

dilution method following CLSI guidelines. AMO16/019 were first- dissolved in N,N-

- dimethylformamide (DMF) to make up the stock solutions of 1000 pg/mL. Colonies were

isolated for 18-20 hours on Tryptic Soy Agar (TSA) plates. Inoculums were prepared by
direct suspension of the isolated colonies with MHB and adjusted to 5 x 10° 'Colon'y Forming
Units (CFU)/mL. Then, the inoculums were incubated at 35 °C for 22 hours. The strains used
in the susceptibility testing are listed in Table 3.

Table 3. In vitro antibacterial activity of AM016 and AM019 (ng/ml)

Compound MRSA 9808R - SA DM 4001R
AMO16 1.56 1.56
AMO19 6.25 3.125

[0092] SYTOX green membrane permeabilization assay.

Overnight cultures of clinical isolate S. aureus DM4001 was harvested at ekponential phase.
Bacteria were then washed at least 3 times and suspended in 20 mM PBS until OD620
(optical density at 620 nm) of 0.09 was obtained. The bacteria suspension was then-incubated
with 3 pM SYTOX Green (Invitrogen) in dark condition for 5 minutes. Then, the mixture

was transferred to a stirring cuvette and the fluorescence emission was monitored using an
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excitation wavelength of 504 nm and emission wavelength of 523 nm until the signal was.

stabilized. Desired concentrations of AMO016 and AMO19 were then added and the

: ﬂﬁore_scence change was measured and recordedf Both compounds were dissolved in DMF

and the final % of DMF in the culture was < 0.1 %. 0.1% DMF had negligible effect to the
SYTOX Green fluorescence intensity. - | |
[0093] Calcein-loaded LUVs leakage study

The release of qalcein from the large unilamellar vesicles (LUVs) is studied. In brief, the

- lipids (DOPE/DOPG= 75/25) were dissolvéd in methanol/chloroform (1:2, by volume) and

was dried gently using a constant stream of nitrogen gas until a thin lipid film was formed.
The film was completely dried by placing the film under vacuum for at least 2 hours. Then,
the dried lipid film was ’hydrated- using calcein solution (80 mM calcein, 50 mM HEPES, 100
mM NaCl, 0.3 mM EDTA, pH 7.4) to obtain a final lipid concentration of 30 mM. The
hydrated lipids were freeze-thawed in liquid nitrogén and warm water for 7 cycles. Then, 100
nm homogénous LUVs were then prcparea by using an extruder with a polycarbonate
membrane (Whatman, pore size 100 nm). The extrusion was done for at least 10 cycles.
Sephadex G-50 was used to purify the calceinéldaded LUVs from the free calcein. The
concentration of calcein loaded LUVs were determined using total phosphorus determination
assay. An aliquot of the LUV suépension was added into a stirred cuvette at various
concentrations of AMO016 and AM019 solution in DMF to obtain the desired compounds to
lipid ratios of 1/2, 1/4 and 1/8, 1/16, 1/32,'1/64, 1/128 and 1/256. The final concentration of
lipid was 50 pM and the final percentage of DMF is < 0.2%. Complete leakage was assumed
by adding 2% Triton X-100. Control experiment using 0.2% 6f DMF showed that leakages of
calcein from the LUVs were negligible. The calcein released was monitored using a Photon
Technology International Modél 814 fluorescence spectrophotometer at an. excitation ‘

wavelength of 490 nm and an emission wavelength of 520 nm. Percentage of leakage (%L)

‘was calculated with %L= [(k — L)/(I - L,)]*¥100], where I, and I; denote respectively intensity

before and after addition of AMO016 or AMO019 respectively and I is intensity after addition
of 2% triton X-100. " |

[0094] Results

[0095] Fig. 1 is the schematic view of the pharmacophore model, which contains five
fragments: one hydrophobic core, two cationic terminal groups and two flexible linkers.

Initiélly the molecule gets adsorbed with the U-shape conformations, at high surface
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concentrations, a conformational transition occurs, resulting in an extended conformation,

which induces larger membrane perturbations than the U-shape conformation.

‘ [0096] -Fig. 2 shows the translocatlon free energies of AM016 and AM019 across a model_

bacterial membrane. During penetratlon into the bacterial membrane, both AMO16 and
AMO19 were found to undergo a conformational change from U-shape conformation to the

extended conformation (F ig 2A), consistent with the predictions of our pharmacophore model

in Fig 1.

[0097] Fig. 3A shows both AMO16 and AM019 aggregates when taking vthe extended

conformation, resulting in the formation of cationic AM016/AMO019 clusters sufrounded by

the anionic lipids. The feorgani'zation of the lipids induced significant perturbations of the

bacterial membrane, including membrane deférmation, water translocation across the
membrane, membrane expansion, etc. In addition, it also affected the mechanical properties

of the Bacterial membrane, as shown by the laterél pressure of the bacterial membrane (Fig.

3B). _ | . | B

[0098] Fig. 4 shows the: fluorescence intensify‘ induced by AM016 / AMO019 in a dye-

leakage experiment using either calcein with LUV (Fig. 4A) or SYTOX green with living

bacterial cells (Fig. 4B). Both Fig. 4A and Fig. 4B show significant dye-leakage, indicating

the membrane activity of AM016/AMO19.Figs. 5A and 5B show the density profiles of
phosphate atoms and water molecules at different AM016 concentrations. Fig. 5A shows that

as AMO016 concentration increases, the two péaks" characterizing the phésphate atoms of the

two leaflets become wide and less sharp, indicatihg significant membrane deformations. In

addition, at high concentrations, AMO019 is shown to perturb the bacterial membrane more

- significantly than AMO016. The water density proﬁles: (Fig 5B) show a similar frend. As

AMO16 concentration increases, the water density at the bilayer centre increases, indicating
increased membréne permeability. Moreover, at high concentrétions, AMO019 was found to
cause more water translocations relative to AMO16, as seen from the higher water density in
the bilayer center. ,

[0099]  Figs. 6A-6D are snapshots of simulation results showing high concentrations of
AMO016 and AMO19 (16 drug with 128 lipid molecules) at extended conformations. It can be
seen thaf AM019 induces larger membrane deformation than AMO16. In the case of 16
AMO19 with 128 lipid molecules, the membrane is significantly distorted. Also seen is the
aggregation of AM016 and AM019 when embedded into the bacterial membrane.
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[00100] Fig. 7 shows that thg:' area per lipid of the bacterial membrane increases

o sigr‘iiﬁca‘ntly\with AMO16 concentration. At the highest AMO016 COhcentration (16 AMO16- |

molecules and 128 lipids), the area per lipid increased approximately 40% with respect to the

pure bacterial membrane. The expansion of the bilayer area is expected to sighiﬁ'cantly affect

the elastic properties -of the membrane. However, in the case of 16 AMO019 molecules and |

128 lipid molecules, the area pervlipihd only has a slightly increase, which is because the
membrane is significantly distorted, as seen in Fi g 6C-6D.

[00101] - Figs. 8A and 8B show the Calcein Leakage experimental results at different
drug:lipid ratios. The percentage of leakage was correlated to the florescence and was found
to increase with the drug/lipid ratio. Moreover, at the same.concenttaﬁon, AMO19 induces
more leakage than AMO16, indicating that AMO019 perturbs the baéterial inner membrane -
more significantly than AM016._ |



10

15

20

25

.30

WO 2014/039015 PCT/SG2013/000393

2

 Claims
1. - A method for identifying a compound that disrupts a membrane of a target cell, the

method compnsmg the steps of:

(a) identifying the structure of a test compound;

(b) idenfifying the structure of a phospholipid membrane of the target cell;

(©) using the identified structures of the test compound .and the target cell to predict

whether the test compound will dlsrupt the phospholipid membrane of the target cell.

2. The method according to claim I, wherein the test compound is considered to disrupt
the phospholipid membrane if the test compound is predicted to be at least capable of
embedding itself within the phospholipid membrane.

3. The method according to clalms 1 or 2, wherein the test compound is considered to
disrupt the phosphohpld membrane if the test compound is predlcted to be at least capable of '
substantlally perturbmg the phosphohpld membrane to cause lipid reorganization of the |
phosphohpld membrane '

4. The method according to any one of the preceding claims, wherein said test
compound is considered to dismpt the phospholipid membrane if the test compound is
predicted to be capable of cleaving said phosphoﬁp_id membrane to cause lysis of said target

cell.

5. The method aceording to any one of claims 1 to 4, wherein said phospholipid
membrane identified in step (b) comprises at least one or more lipids selected from the group |
consisting  of:  cholesterol,  ergosterol, [(2R)-3fhexadecanoyloxy-2-[(Z)-octadec-9-
enoyl]oxypropyl]  2-(trimethylazaniumyl)ethyl phosphate, . 2-oleoyl-sn-glycero-3-
phosphoserin'e,»' : phOsphatidyIchOline, nhOSphatidic acid, .phosphatidylefhanolamine,-

| ':'phoéphatidyl glycerol, phosphatidylseﬁne, IYSophosphatidylcholine, and mixtures thereof.

6. The method according to claim 5, wherein said phospholipid membrane identified in

step (b) comprises a mixture of phosphatidylethanolamine and phosphatidylglycerol.
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7. The method according to claim 6, wherein the mixture of phosphatidylethanolamine

and phosphatidylglycerol is in a molar ratio of 1:5 to 5:1.

8. The method according to any one of claims 1 to 7, wherein the target cell is selected

from the group consisting of: Gram-positive bacteria, Gram-negative bacteria, fungi, and

- yeast.

9. The method ac’:cbrding to any one of the preceding claims, wherein the prediction step

(c) involves predicting the motion of the test compound relative to -the phospholipid

membrane based on the theoretical thermodynamic forces existing between the test

‘ compound and the phospholipid membrane.

10.  The met‘hod' according to any one of the preceding claims, wherein step (c) further
comprises a step of identifying key parameters of thé test compound that dorrelate to"

antimicrobial activity.

- 11. The method aCcording to claim 10, wherein said key pararheters to be identified are

‘selected from the group consisting of: translocation free energy, p'Ka'of cationic groups,

amphiphilicity, propensity for hydrogen bond formation wjth phosphate groups, lateral

pressure of said membrane and number of water translocations across said membrane.

12. The method according to claim 11, further comprising identifying a second test

- compound having one or more parameters identified in step (c).

13 The method according to claim 12, further comprising a step of predicting the motion
of the second test compound relative to the phospholipid membrane based on the theoretical
thermodynamic forces existing between the 'second test compound and the phospholipid

membrane.

14.  The method according to claim 13, further comprising a step (d) of synthesizing the

second test compound.
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15.  The method according to claim 14 further comprising a step (e) of subjectmg the

synthes1zed compound to biocompatlbihty tests.

16. The method according to claim 15, further éomprisin’g a step (f) of subjecting thé

synthesized compound to susceptibility tests to determine its antimicrobial property.

17. The method according to claim 16, further comprising a step (g) of blophyswal

characterization of said synthesmed compound.
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