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Abstract: akeng@mposition for i nteractl ng with a Iigand, which conposition
conpri ses a non-coval ent association of a plurality of distinct

conj ugat es, each conjugate conprising a head group and a tail group,

~wherein the tail groups of the conjugates forma hydrophobic aggregation
and the conjugates are novable within the association so that, in the g
presence of a ligand, at |east two of the head groups are appropriately
positioned to forman epitope capable of interacting with the |igand nore

strongly than each of = head groups individually. 19 Decenber 2003 IIlilll I1
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WD 01/ 01140 PCT/ GBOO 02465 EPI TOPES FORMED BY NON- COVALENT ASSOCI ATI ON OF
CONJUGATES The present invention relates to a conpositiom hetembeiteenacti ng
with a ligand, a nethod for producing such a conposition and a nethod for
produci n§¥*@o0neliecul e based on the conposition. BackgroundrofiGBéuwmnzhssvent i on
Protein receptors are known normally to bind to their target |igands via
epi topes, which constitute a small proportion of the total protein
nol ecul e. For maxi mum binding or interaction, the structure of the epitope
needs to be namintained in a rigid conformation in order to forma binding
site containing all the necessary conpgnents of the epitope in close
proximty. Attenpts to produce an anal ogous peptide constructed solely of
the ami no acids conprising the binding site often fail because these

pepti des do nqt, . e e _.sane hi ol ogical Lvjt rotein
"receptor. Thi gtPIIg&?% ? ﬁf"ﬁ)&ﬂ} &d M"Fa@'-&%gt ﬁ@@ﬁﬁh%% @iﬂégﬁégt
conformation in free solution fromthat of the entire protein receptor. In
addition, where the binding site of a protein is constructed of
‘ ol i go- pepPRdesP¥eoaNEi f fiEresntiaton- cehergaoustpar Bs ofompositdbei n Tdai n,
m xing i 1,90, i des i ee so i s.n resul f i ‘
reconsti ?ﬁ}(:lé%%gggh he‘ggg%i Sde %?ﬁ%{"%g $ tégkéglang&g%ngfgéﬁlﬁa%g t %uﬁge %uch
| arge protwpasitéopr esent a biendiodg-Xit epepdtopes @i vedecude thaseeavesral
probl ens gg cgr%vel opent of new receptor-specific therapeutic strategies.
One pr obF &M FE™PREE4GEN | ar ge proteins can readily evoke an 19 Decenber
2003 WD 01/01140 PCT/ GBOO 02465 :

Background of the Invention

Protein receptors are known normally to bind to their target
ligands via epitopes, which corstitute a small proportion of
. the total protein molecule. For maximum binding Aor
interaction, the structure of the epitope needs to be
maintained in a rigid conformation in order to form a binding
site containing all the necessary components of the epitope
in close proximity. Attempts to produce an analogous peptide
constructed solely of the amino acids comprising the binding
site often fail because these peptides do not possess the
same biclogical activity as the protein receptor. This is
_ attributed to the peptide having a different conformation in
) free solution from that of the entire protein receptor. In
addition, where the binding site of a protein is constructed
of oligo-peptides from different, non-contiguous parts of a
protein chain, mixing isolated oligopeptides in free solution

does not result in reconstitution of the active binding site.

Being constrained to wuse such large proteins to present
binding-site epitopes gives rise to several problems in
development of new receptor-specific therapeutic strategies.

One problem is that such large proteins can readily evoke an



2 i mmune response. A second problemis that |ong peptide chains are :
susceptible to attack by endopepti dases, such as those 19Dédenbai@op3of the
gut. Finall t hese | arge proteins can be costly to manufacture, purify '
and mai nt’éﬁc#‘i"?’l‘%ot able form Summary of the |nvention ThePETi{hR00{02465 .
invention ains to overcone the disadvantages of the prior art. In a first
aspect, the invention provides a conposition for interacting with a

| i gand, whi ch conposition conprises a non- coval ent assenbly of a plurality
of distinct conjugates, each conjugate conprising a head group and a tail
group, wherein the tail groups of the xonjugates form a hydrophobic
aggregatiaon and the conjugates have freedom of notion with respect to each
ot her withimuhde msgemdey. so Ahadecdral t Beocbpewsarcet9dt a ldrgangepati deeast
two of the head groups (which_ are the sane or different) are appropriately
poSi t i oneﬁh‘?bnsfgfﬁ SRS S bt B aF: i Y eF AR IR WA I heSEFRarkd mor e
strongly thage eaghchef 1hmad grotRs &udi vigualihy, ThesBeadrggr g¥Bseang
typically hydrophilic and the tail groups typically hydrophobic, eg -

| i pophi | i €22 cBRAPGSEF 1ot 1Y dPdREF BT ohR WS, EharshHid 302 idonke r GEeEd eof

fl uorocarpgp,chains, or silane based. By constructing conjugates with a
head group and a tail group in accordance with the present invention, the
tail groups can associate to form a hydrophobic aggregation which is

typi callysmmqulégglﬂv@églply such as a mcelle, a 1 9 Decenber 2003

The present invention aims to overcome the disadvantages of

the prior art.

In a first aspect, -the invention provides a composition for
interacting with a ligand, which composition: comprises a non-
covalent assembly of a plurality of distinct conjugates, each
conjugate comprising a head group and a tail group, wherein
the tail groups of the conjugates form a hydrophobic
" aggregation and the conjugates have freedom of motion with
respect to each other within the assembly so ﬁhat, in the
preseﬁce of a ligand, at least two of the head groups (which
are the same or different) are appropriately positioned to
form an epitope capable of interacting with the ligand more
strongly than 'each_of head groups individually. The head
groups are typically ﬁydrophilic and the tail groups
typically hydrophobic, eg lipophilic, composed of hydrocarbon
chains, halophilic, constructed of fluorocarbon chains, or

silane based.

- By constructing conjugates with a head group and a tail group
in accordance with the present invention, the tail groups can
-associate to form - a . hydrophobic aggregation which is

typically a supramolecular assembly such as a micelle, a



WO 01/ 01140 3 PCT/ GBOQ 02465 | anel l ar structure, a |iposone or other |ipid
Structure, in which the conjugate are oriented whereby {dBedaastraoosps are
“brought into close proximty when in an aqueous phase. Because the

conj ugat O 8@ isbvabl e within the assembly, the head grol§S/GB®/akise t o
adopt a nunber of different positions wthin the assenbly. The head
groups, which are typically non-identical, are therefore free to nove
within the assenbly and, surprisingly, to interact cooperatively to induce
bi ol ogi cal consequences which the head groups on their own are not capable
of eliciting. A further unexpected finding is that assenblies conposed of
conmbi nations of different headgroups are capabl e of eI|C|t|ng bi ol ogi cal
responses el ﬁﬁﬂt?%ﬁ%ﬁﬁ4§ﬂ3|?1%ﬁ?@ﬁ?@ﬁwﬁ%hoﬁhéFoéF@% rEEEPt B ES mhie

assenbl i g, ;coMMGsed- of 5 &N & NeadGTOURS e el %l%atﬂé'a@f gxr ;%é ngr&n this

“way. As indicated above t hese supra-nol ecul ar assenblies are typically
parti cul @tr@hmhtcolmmOdatlpﬁenamm@.mu:&ualvflhyn conpr&8i ngaupany hphdgeds of

sub-unit h co g orlent W L d re d
out war ds r5%$% £H%e§%§€ﬁ%§4%ilare e aswgﬁ%gﬁ ?ﬁgF%gu %p E£%§ of
the conjhegat exraaps Gh&ﬂ@@l@tSol@daptom maite N dhelaSSerndahy, pQELngon$ree to

exchange pl aces th adj nt conjugates by a proc of Br owni an tion
and, in §fg‘t§‘d1'nngE ‘?m?sﬁ#@?gi’e oVEF gff?éadsvﬁ%?@ ur'_f’gf:‘éhofart%e %%Js‘é%fo.
O her mamicheSiaiitaR$19f arSURhare FOLECEEEE 1A SRR IvEscrade Endi @s@&tﬁks.‘eﬁ and
coated surfaces. o _ _ .
and,  surprisingly, to interact cooperatively to induce
biological consequences which the head groups on their own
are not capable of eliciting. A further unexpected finding
is that assemblies composed of combinations of different
headgroups are capable of eliciting biological responses or
participating in binding with biological receptors while

assemblies composed of single headgroups are not capable of

acting in this way.

-As indicated above, these sﬁpra—molecular assemblies are
typically particulate or colloidal in nature, usually
comprising. many hundreds of sub-units (the conjugates) all
oriented with the headgroups directed outwards from the
centre of the particle as shown in Figure la. Each of the
conjugates may change its location within the assembly, being
~ free to exchénge places with adjacent conjugates by a process
of Brownian motion and, in so doing, méy migrate over the
whole sﬁrface of the assembly. Other manifestations of
supra-molecular assemblies are cubic phases and coated

-surfaces.

Each conjugate in the assembly may have a head group selected

from one chemical or biological <class or a number of



Each conjugate in the assenbly may have a head group selected from one
chem cal or biological class or a nunber of 19 Decenber 128@s%eBePi0dBL140 4

PCT/ G0/ Q2. 465 di fferent classes, such as an anmino acid or peptide; a
peptide aNAPBYEE a nono-, di- or poly-saccharide; a nono- PCT/GBO0/465

pol y-nucl eotide; a sterol; an alkaloid; an isoprenoid; an inositol
derivative; a single or fused aromatic nucleus; a water-soluble vitamn; a
por phyrin or haem nucl eus; a phthal ocyanine; a nmetal ion chelate; a

wat er -sol ubl e drug; a hornone; or an enzyne substrate. In one preferred
enbodi nent, each head group conprises an amno acid or oligo-peptide,
which may be the termnal portion of a peptide chain. It is desirable to
keep t he difdegtemtof cllhespept i slech 0 @ man mamise ascid®. @woigkmlidi;tiag an
i mune respaonse where fhe congosigion.[srgp be,used in vivo. Accordingly, .
it is préldrred tHEt AWE peht PAROTs AG™ it PLPAT T HHNY ali 887P5ng. The
am no acidis- eplpeyedneancbeiany af stheonat Whala1aanBed; aends.scpehsbiibut ed
derivatives, analogues, and D-- fornms _thereof. The tail groups of the
conj ugat &8 FRPSPE O FeFRBaEANR: of FAPIGeOF AHIREHr BTBRAGRFT BUSAEUSA| P
groups, eaalrokowhibel Rhehehabl y LOmMiSRas @& hysdk ophobhc gheup,sel egted

froma |linear, branched, cyclic, polycyclic, saturated or unsaturated
const r uctPhtfialRCyRrDRPEhoEt MedRdr d-ait oplse }aled udedwaterthelgbieacdone: wai ch

Can be SQRﬁﬁkhéEegroéan§99§éié&ﬁggrate. ’

‘ . In one preferred embodiment, each head group comprises an
amino acid or oligo-peptide, which may be +the terminal
portion of a ‘peptide chain. It is desirable to keep the
length of fhe peptide to a minimum so as to. avoid eliciting
an immune response where the composition is to be used in
vivo. Accordingly, it is preferred that the peptide is no

more than six amino acids long.

The amino acids employed can be any of the natural amino
atids, substituted derivatives, analogues, and D- forms

thereof.

The tail groups of the conjugates may bé all the same or may
L ~ be a mixture of different tail groups, each of which.
preferably comprises a hydrophobic group selected from a
“linear, branched, cyclic, polycyeclic, saturated or
unsaturated construct, with or without hetero-atoms included
in the structure which can be substituted or unsubstituted,
for example, a lipidic amino acid analogue; a prostaglandin;
a leukotriene; -"a mono- or diglyceride; a steroi;‘ a
sphingosine or ceramide derivative; and a silicon or halogen-
substituted derivative of such a hydrophobic group. The tail

group preferably has from 6 to 24 carbon atoms and more



for exanple, a lipidic amno acid anal ogue; a prostaglandin;. a

| eukotriene; a nono- or diglyceride; a sterol; a sphingopdiender gegam de
derivative; and a silicon or hal ogen- substituted derivative of such a

hydr ophomiacoigapp- The tail group preferably has from 6 tecRdpmansyen at ons
and nore 19 Decenber 2003 WO 01/01140 5 PCT/ GBOO 02465 preferably conprises
from1l0 to 14 carbon atons. Mdre than one tail group may be present in
each conjugate. For exanple, one or nore lipidic amno acids with

hydr ocarbon side chains may form part of each conjugate, |inked to one or
nore am no acids in the head group. Any chem cal nethod nmay be used to link
the head group to the tail group. For exanple, each conjugate may further

cConpri se prafepabely oy ilddKi fgoh heohead 1gr atygrson t Beohai | goveiptionas to
~facilitate presentation of the head group on the surface, of the
non- coval®®Gt 583bci SFPOR. Ba¥h RpaddresfitbupdPar 82G8I | CORNSIH-Sand i htY ude,

for examy@mpaBl NL,A61 b3 QY AL AU S, amSHar: Y ROLN et-eBerigby Col

In a further aspect, the present invention provides' a conposition as

defi ned addeechpdnsugevadcrmutirdtamnteach qeropteAteot ildndedatdi aghodtic. An
advant age .qf 2 nyention i s.th tr specific binding interactions
can be a?ﬁ?gvéggﬁktﬁgggﬁjgga?gf ?%a%hﬁgﬁgpﬁe head groups are small in
conparison to conventional biological receptors. If the head group is an

O'i90'pe%EQd%hemggéleégggh%:n&@ﬁ%etQ%eEFQ%}qi%k %%% @%%%ﬁ%%oﬁga£8 %led hot
tail group. For example, each conjugate may further comprise '
a spacer group linking the head group to the tail group so as
to facilitate presentation of the head group dg the surface
of the non-covalent association. Such spacer groups are well
‘knOWn and include, for example, amino acids, hydroxy acids,

sugars and polyeth&lene glycol.

In a further aspect, the present invention provides a
composition as defined above, for use as a medicament, a

" prophylactic or a diagnostic.

An advantage of the invention is that strong specific binding
.'-interactions can be achieved with conjugates in which the
head groups are small in <comparison to conventional
biological receptors. If the head group is an oligo-peptide,
for example, then the length of the peptide chain would not
'hormally exceed ten amino acids and would preferably be six
“or less. Accordingly, compositions according to the present
invéntion can be made far less immunogenic than their protein

counterparts.

In accordance with this aspect of the invention, not only can

the composition of the present invention be formulated to



normal |y exceed ten am no acids and would preferably be six or' |ess.

Accordingly, conpositions according to the present invebipganfkep26Es nade
far |l ess inmunogenic than their protein counterparts. In accordance with
thi s aspe®™oO @f0ii49%e i nventi on, not only can the conpositi orcufGHMB2485€sent
invention. be fornmulated to 19 Decenber 2003 WO 01/01148 PCT/ GB0O/ 02455 6

interact wwth a ligand in vitro but also the conposition can

be used in

vivo, optionally forrmulated with a suitable diluent, excipient or carrier
in "accordance with a suitable delivery route. In a further aspect, the
present invention provides use of- a conjugate conprising a head group and

tail group for the preparation of the conposition as defined above. There

is furthe&nrare@élc@e%%m hpﬂ;é&& 95099&9913% £O0posid | Qs ﬂz}

with-.a Iigand, which nmethod conprises

provi ding a ura

cg%)rj‘il ng

di sti nct benj ugatesineavhvoeonpRygacratbyprieimg adebdeadigh oup anmﬁuaukﬂl

group: and ot O, S am Lhe pLUGRLT Ly 9f COnLgates. by

associ ati on theréof, asse he groups

sl e

hydr ophobdealilgragndoiimewhi ch the conj ugates exhibit freedom of notion

relative to one another so that, in the presence of a |ligand,

at |l east two

of the head groups are appropriately positioned to form an epitope capable
of interagtianGFurtiet t4>dd@anehaDp Les &l Ol dilban pRaGhaet whead s gr oups

i ndividually. Each.conjugate is preferably as defined
conjugate comprising a head group and tail group

preparation of the composition as defined above.

for the

There |is further ©provided a method for preoducing a

composition for interacting with- .a ligand, which method

comprises;

{(a} providing a plurality of distinct conjugates, each

conjugate comprising a head group and a tail group;

and (b)

forming from the plurality of conjugates, by noncovalent

association thereof, an assembly in which the tail groups

aggregate hydrophobically and in which the conjugates exhibit

freedom of motion relative to one another so that,

in the

"presence of a .ligand, .at least two of the head groups are

appropriately positioned to form an epitope capable of

interdcting‘with the ligand more strongly than each of -head

groups individually. Each conjugate is preferably as

above.

defined

The conjugates may be dispersed in aqueous phase by a variety
of known methodologies for the preparation of lipid vesicles,
including. mechanical mixing, exposure to high shear forces,
sonication, solvent dispersion or codissolution with
detergents. Typically, the non-covalent ' supra-molecular

assemblies formed thereby will be composed of several



above. The conjugates may be di spersed in aqueous phase by a variety of
known net hodol ogies for the preparation of |ipid vesicl @9 Deckmebt2008].
mechani cal m xi ng, exposure to high shear forces, sonication, solvent

di spersi ewo of/0a9sli ssolution with detergents. Typically, pogermmamsal ent
supra-nol ecul ar assenblies formed thereby will be conposed of several 19
Decenber 2003 WO 01/01140 7 PCT/ GB00/ 02465 different conjugates m xed
‘together. Additional lipidic materials nay optionally be added to alter
surface properties, to aid in the dispersion of the conjugates, stabilise
t he non-coval ently associ ated assenbly_of conjugates, to aid in the
presentation of head groups of the coﬂj ugates, or to permt the

constructj.on of vehicles which can be tarqeted by_the epitopes,forped upon
random nﬁ{z“et%é?rﬁentof thﬁ’é’”(ﬁ?r’fje&ga%§e‘3notc§§ﬂg’§ﬁri at eA‘%%JsH %%fng ¥ *¢he head
- groups Wldtidtritdies ass@bl YopAbddMNG/ t apd aspael oftd heapeéhod agepsgeéng to
- the present invention involves the step of identi fxi ng the plurality of
conj ugat &FAEAIH-Sfas Fhe ad€siiTed N of §FRAUTS RN | ¥F t Fhe | FORI USSP
aspect, 14, St POﬂ&HéS_esnc(d)co%%h%m?g 2, $88c At &LONJ g &HL W th sp array
of head groups; (1i) formng a non-covalent '"association therefrom 1n
whi ch. t heargivgagraaupst aggi@gan ety dpogavaliiagdiony odndeird aitioetps tdfe the
ConjUQat%%ﬁ?ggaIésjrggdgglgkrgg%l%%em%%gskgﬁggfént8fogghicles which

can be targeted by the epitopes formed upon random movement

of the conjugates and appropriate positioning of the head

. groups within the assembly.

" An important aspect of the method accqrding to the present
invention involves the step.of identifying the plurality of
conjugates which has the desired biolgical activity. In a .

preferred aspect, this step comprises

(i) selecting a set of conjugates with an array of head

groups;

{ii) forming a non-covalent —‘association therefrom, in
which.the tail groups aggregate hydrophobically and in which
‘the conjugafes exhibit freedom of motion with respect to one

another;

(iii) assaying for sufficient interaction between the non-.

covalent association and the ligand;

(iv) optionally rebeating steps (i) to (iii) using a set of

conjugates with a modified arréy of head groups; and



another;' (iii) assaying for sufficient interaction between the non-.

coval ent association and the ligand; (iv) optionally repeadddegbelepss (i) to
(iii) usi t of conjugates with a nodified array of s; and
19 Decengggﬂgﬁzg'VI)01/01140 8 PCT/ GB00/ 02465 (v) on findﬂ%gagﬁgp&%&%nt
interaction in step (iii), selecting the set of conjugates as the
plurality of conjugates in step (a). Exanples of assays for "sufficient
interaction” may include binding assays such as those utilising the ELISA
principle for detection of association between anti body and anti gen.

.Oher suitable in vitro assays includ® nodification of fluorescence of

environnental | y-sensitive menbrane-bound fluoreseent probes, precipitation
reacti onsVlenRanci@singr sSufifilsiiensn ofneemameiert i dnty s&iaR Adsays.

(el YLng Q1 ngbl kix OBl ofd Al d R, qLLSL 10E bRRRY! Q0 £6 | So
cultured in vitro may al so be appropriate, such as assa s For cél | deat h,
cel | proldoingugtien, iapsptmsias),. i nhibition or stimulation of cell-to-cel
contact, secretion of cytokines or other soluble products, synthesis of
specific mRNA, intracellular vesicular transport, alteration of cel

signal | | mgappResssES Riskiysl NFont VOs@ssaySehl WAGkeaaRiBal'S iy DhoBASe May

al so be carried out, for exanple incorporation of _radiolabel into the

supr anol BRAAPIaSSERYE QICH o F olBASBY e atRen BSF St sPEHBSERLRNt

di stri butgsen @é(tté?:rtiqn of association between antibody and antigen.
. Other suitable in vitro aésays rinclude modification of
flucrescence of environmentally-sensitive membrane-bound

- fluorescent probes, precipitation reactions, enhancement or
‘inhibition of enzyme activity etc. Assays relying on the
abilty of materials to alter the behaviour of cells cultured
in vitro may alsé be appropriate, such as assays for cell
death, cell proliferation, apoptosis, inhibition or
stimulation of cell-to-cell contact, secretion of cytokines
or other soluble products, synthesis of specific m-RNA,
intracellular vesicular transport, alteration of cell
signalling processes etc. In vivo assays in whole animals or
humans may also be carried out, for example incorporation of
radioclabel into the supramoleﬁular assémblies, followed by
investigation  of its  subsequent distribution after

administration by various routes.

According to this method a combinatorial approach is used in
whiéh a range of diffefent supra-~-molecular assemblies (or
“probes”) is prepared, each’ containing a different
combination of conjugates selected from a pre-synthesised
bank. Selection of the apprbpriate conjugates may be based
on known properties of the  target ligand or may simply

involve the use of a very wide range of head groups to



adm nistration by various routes. According to this nethod a conbinatori al
approach is used in which a range of different supra-nmaogsddefibensseidl i es
(or "probes") is prepared, each containing a different conbination of
conjugates selected froma pre-synthesised bank. Selection of the
appropri #e 0¢84l gat es may be based on known properties JICHEROOOZFGFot

| igand or may sinply involve the use of a very w de range of head groups
to 19 Decenber 2003 WO 01/01140 PCT/ GB00/ 02465 9 increase the probability
that two or nore of the head groups w Il forman epitope for the |igand.
In this way, followng the assay for sufficient interaction between the
probe and the ligand as descri bed aboye, the conbination of conjugates
found to be nost effective may be nodified by adding further head groups,

removing HP0F head. o1 QRS 1N 1ROt Rnandudssayndge e diRsubiant gps@pes once
surticlent

_again for i'nteraction. Eventually, the npost favourable,

conbi nat iwil bf £ éEemdanyr epidsopareio heheddrigienided dad Welectad f 5L LQELIRS t he
conpositign. The_ present_invention .therefore h Yehkeaadvant age
_over tracﬁ%ﬁ oﬁ‘ﬁrsago |rna5tuor|lé:lle€%erﬁnrs{terr3%f: %ncg%bﬁ%ﬁri a}a EHcrherri stry, the
i denti fi ciid oDi@fnd hes nesscf valiradilve s aduee neab ifrart mdd hgceniegapesi fi c

receptor nust be carried out_ by . synthesis of,.hundyeds o 0SS}
© conbi nat i G TR PF PR e’é??%p‘svesd‘@ﬁ’ }f é[}ﬁdr’r?ifé{ gjsy ?éf_ijg??fgr?‘léﬁ?e%rders,
each one nhayi food9s be-diRstiad EoheehéleagyoupR)i Soprigsess andtaseaying
consum ng, expensive and is limted by the nature of, the . ,
the resultant probes once again for sufficient interaction.
Evenﬁually, the most favourable combination of head groups

may be identified and selected for use in t.he composition.

The present invention theref_ore-has a very clear advantage
" over traditional combinatorial chemistry. In combinatorial
chemistry, the identification of the most favourable sequence
for binding to a specific receptor must be carried out by
synthesis of hundreds of possible combinations of different
groups such as amino acids, in different orders, each one
having to be tested for efficacy. This process is time-
consuming, expensive and 1is limited by the nature of the
chemistry which can be carried out in linking the different
compecnents .together. In contrast, the present invention
‘simply relies upon proximity of the head groups to provide
associlation-derived epitopes. Once a set of conjugates has
been synthesised, no further synthetic chemistry is required,
only simple mixing of the conjugates to form the different

probes by non-covalent association.

In a preferred simple embodiment, the present method uses
conjugates having a single terminal amino acid linked via a
spacer to a lipid tail group which can be combined simply by

mixing in agueous medium to form micelles in which different



chem stry which can be carried out in linking the different conponents
-together. In contrast, the present invention sinply rebipRsemBeMQU30Xi Mty
of the head groups to provide association-derived epitopes. Once a set of
conj ugat S¥0RH¥ 14heen synt hesi sed, no further synthetic cheRCTIGBOOBI6S
required, only sinple mxing of the conjugates to formthe different
probes by non-coval ent association. In a preferred sinple enbodi nent, the
present method uses conjugates having a single termnal am no. acid |inked
via a spacer to a lipid tail group which can be. conbined sinply by

m xi ng in aqueous nediumto formmceldges in which different 19 Decenber
2003 WO 01/01140 10 PCT/ GBOO 02465 am no acid side chains wuld be

present edningetaid i Bide nehdimbi Gidyr®f vdi fheeephreanficyu@idonsn o
ApcordlngI¥ .the need to present amino acids in a specific order, or wth
a . specPeitinpity of GHifdmrantoncopsignrethvent ed Aprdinalvst g
grounds, nged' 0ROLLABLR! dd¥eid Ndiysdual, am 80 2E1d SpBeini b3 Wi, al ways
be associated in an ideal configuration. In one arrangenent, each of the
conj ugat 8Redbiiel heRRCime drnearismtactione: Xsspaciercwpagdred.i pi d-dd pid,
where X S i,ngle amno_ acid different, for. each of .the . distinct
conj ugat se\[égé){rr%[sjgé%ld. gﬁ%gﬂggéek? némiocf’ocrgcr%sotnr ulf Pt oﬁélgllg&ﬁiﬁ(?%eoa“&fnonat ur al
am no aacid isubsumpdssi bkviello simplisf y bleur taaodieaaintier ofn heatkaigr oups

for selectign. e can categorise the amno acid
o coniiguratlion.

In one arrangement, each of the conjugates would have the
linear structure: X~-spacer-spacer-lipid-1lipid, . where X
represents a single amino acid different for each of the

_‘distinct conjugates employed.

.When seeking to construct epitopes composed of natural amino
acids it is prossible to simplify fu'rther the number of head
groups for selection. One can categorise the amino acid
residues 'found in natural proteinaceous materials into .six
fundamental classes preferably using in any one class one
amino acid rather than all members of that class because of
the increased spatial flexibility of amino acids in the
terminal position of the head group. This has the effect of
reducing considerably the total number of amino acids
required for <constructing the pre—synthesiSed bank of
conjugates and thereby the total number of head groups used.

- The main classes of amino acids are set out in Table 1 below.

Table 1

Class Representative

Abbreviation



residues found in natural. proteinaceous materials into six fundanental

cl asses preferably using in any one class one am no aciid gakhder bben al |

- menbers of that class because of the increased spatial flexibility of

am no acweoiiemsbhe term nal position of the head group. TiSchB@mzidie
effect of reducing considerably the total nunber of am no acids required
for constructing the pre-synthesi sed bank of conjugates and thereby the
total nunber of head groups used. The nmain classes of am no acids are set
out in Table 1 below. Table 1 C ass Abbreviation Representative 19
Decenber 2003 WO 01/01140 11 PCT/ GBOO,Q2465 Hydr ophobi cLeuci neL

Hydr oxyl i cSerineS Aci di cd ut amat eE Anitded ut am neQ Basi cHi sti di neH

Aromat i cTyrosi neY Aﬁn%ggprofigtrategie%égéaégaiIable for identifying
active conbi nati ondYSF &R aci d-containing conjugates. In one

- enbodi nent, a restr Hetedxwinber of conj upatias is enployed to forsna range
of distinct probes where each probe 1is an a@ueous suspensi on of

supr a- nol ecul ar ass ¢s,' each asse %F sting of sel ect i
conj ugates mixed toggtiber . Glutamine 0
Basic Histidine H
Aromatic Tyrosine S ¢

A number of strategies are available for identifying active

combinations of amino acid-containing conjugates.

In one embodiment, &a restricted number of corijugates is
employed to form a range of distinct probes where each probe
is an aqueous suspension of supra-molecular assemblies, each
assembly consisting of selected conjugates mixed together,
'and“éach differing from the other as a result of the
inclusion of a different additional conjugate as shown below
where each of the letters given represents a conjugate with a

different terminal amino acid:

Probe 1 A B C D
‘Probe 2 A BC E
Probe 3 A BC F
Probe 3 A BC G-

------

Probe x ABC Z

Each of the probes is tested separately in the bilological

assays for sufficient binding as outlined above.



and each differing fromthe other as a result of the inclusion of a

di fferent additional
given represents a conjugate with a different termnal amno acid

1A B C D Wiob@12@ B C E Probe 3A B C F Probe 3A B C G ProbsciahoRefie

of the probes is tested separately in the biological assays for sufficient
bi ndi ng as outlined above. 19 Decenber 2003 WO 01/01140 12 PCT/ GL300/ 02465

conj ugate as shown bel ow where eaql MicehddRr bedd ers
. Probe

Each

In a second sinple enbodiment, an initial probe can be constructed which

~contains a | arge nunber of different
efficacy conpared with probes each |a

to determ ne which headgroups in the bank are essential,
redundant rfor, t he. i pl ogligaly d me%@&ﬂn@ﬁ'tbe'a!?\g havesti gatad TS gpproach
is |IIustraté% bel ow Proll%gJ ABCDE %obe 2 Ag%?[) %%robe 3

A B D E. .¢coFsPrgbees AWBichD Eontatbmblmailaﬁﬁ? oﬁwmﬁ@ralpérnéufferent

appr 0aches, as, QUL LLNed 4Poyg. CRN,P° MRS 5 £ KIQPhRdgg AorfIGdAr gty T0and.

may assSiI S

esigning a
probes each lacking a different conjugate in turn, to

.determine which headgroups in the bank are essential, and

which are redundant for the biological interaction being

investigated. This approach is illustrated below:

Probe 1 ABCDE . . . Z
Probe 2 ACDE . . . Z
Probe 3 A B DE Z

Combinations of the alternative approaches as outlined above

can be made.

A knowledge of the target ligand may assist in designing a
suitable starting array. For example, i1f the ligand is known
to be basic, it would make sense to impart an acidic
character tov the conjugates by presenting them in the form

where a free carboxyl group of the terminal amino acid 1is

exposed. Introducing additional functionality by employing a

particular amino acid as a spacer group adjacent to the
terminal amino acid may also confer increased sbecifidity.
Where the involvement of, say. a short oligo-peptide sequence
of known structure has already been implicated‘in binding to
the térget ligand, such a sequénce may be incorporéted into a
conjugate to be inéluded in the set of conjugates making up

the composition.

conjugates fromthe bank, and its
ing a different conjugate in turn,
and which are



suitable starting array. For exanple, if the ligand is known to be basic,
it would make sense to inpart an acidic character to thageribmeat 2503y
presenting themin the form where a free carboxyl group of the term nal

anm no aciwloiegrer@¥posed. | ntroducing additional functional ipc/dsooaaRgsoyi ng a
particular amno acid as a spacer group adjacent to the termnal am no acid
may al so confer increased specificity. Were the involvenent of, say. a
short oligo-peptide sequence of known structure has al ready been
inplicated in binding to the target |ligand, such a sequence may be
incorporated into a conjugate to be included in the set of conjugates
maki ng up the conposition. 19 Decenber 12003 WO 01/ 01140 13 PCT/ GB00/ 02465

In a final aspect, the present invention provides a nethod for producing a
nol ecule for interacting with a ligand. The nethod conprises producing a

conposi ti @n accetdhng fQpe of, t#y% ho id2e é?yy/ e g the
at least two head gro&%? whi ¢ 9 rm%gﬁaﬂﬁﬁkﬁﬁgﬁiﬁcé |gang:ﬁgt%$d1
conposi ti &nr mm@ﬁmqynnnaupqiaﬂﬂbecﬁbe interpot ahdg ngitinea iugehdonawh@roups

of the at-| t grQups .9 tlonall aced a ne _or e

| i nker grouggggo ?ﬁ%{%%%s F&'|8Eﬁ g Ps ca%aﬁfg era%?% 80 wth g&é

| i gand. nmhe mttm@ yidfHardeathvet ﬁhenheﬂﬁuggoum wdwaduak:w haidl st
t he conp03|t|ons the present invention my thenselyves be useful |n in

wvitro or PRV %Cé’rrs apd t FRYTRRGe Ui ol cattFHPponiR | Fhe

theraDEUttﬁmp051tlon, and producing a molecule incorporating the
functional groups of the at least two head groups optiocnally
spaced épart by one or more linker groups so that the
molecule is capable of interacting with the iigand. more

strongly than each of the head groups individually.

Whilst the compositions of the present invention may
themselves be useful in in vitro or in vivo systems perhaps
to induce a biological response in' a therapeutic,
prophylactic or diagnostic method, in some circumstances a
‘molecule may be produced based on the structure of the above
compositions. By identifying the functional groups of the at
least two head groups which form the epitope for the ligand a
' new molecule analogous to the composition may be produced
containing the same or a similar epltope The functional
groups may, for example, be 1ncorporated into a .Siﬁgle
linear oligo-peptide possibly with one or more linker groups

to space the functicnal groups apart.

Brief Déscription of the Drawings

The inventioﬁ'will now be described in further detail, by way
of ekample only, with reference to the follow1ng Examples and

‘the attached draw1ngs, in which:



prophylactic or diagnostic nethod, in sone circunstances a nolecule my be
produced based on the structure of the above conpositi aaDecBmbed2od3 fyi ng
the functional groups of the at |east two head groups which formthe

epi tope fwodihe4di gand a new nol ecul e anal ogous to the corposidoboOBiéiay be
produced containing the same or a simlar epitope. The functional groups
may, for exanple, be incorporated into a single |I|inear oligo-peptide
possibly with one or nore linker groups to space the functional groups
apart. Brief Descrition of the Drawi ngs The invention will now be descri bed
in further detail, by way of exanple O{I%M], with reference to the follow ng
Exanpl es and the attached drawings, in ich: 19 Decenber 2003 WO 01/01140

PCT/ GB0O/ FILGURE 1 shows.a schematic ._representatiaon_of the _surface
of 2 suprt ecu T Roge RS e RAE BORTSUEh T2 aoAn ol £en  ALESPdThg o

t he preserduprarentlicanlbrndsadserlygr getndi gansly asdchl GURE 2ombowd tdon
schematic representation of the surface of a supra-nolecul ar .assenhly
conposed GFCIREEIRGN-SddhEi &S OGN ITFRESE khRE R atiyr dupe r86hsit492Bf
short-chaighg | i near peptides. Detailed Description of the Invention
Referring to Figure 1, a section 1 of a conposition according to the
present invention is shown in the formof a mcelle in which the head
groups 2 abodl b ghoURSaS-LAGRLEEE @HMEsERBLEIBRCSE 4chEl Jurkhbe frtaToCt

ligand 5 is presented to
supra-molecular . assembly composed of two non-identical

conjugates whose headgroups consist of short-chain' linear

peptides.

Detailéd Description of the Invention

Referring to Figure 1, a section 1 of a.composition according
to the present invention is shown in the form of a micglle in
which the head groups 2 and tail groups 3 together form
conjugates 4 (Fig. 1A}. A target ligand 5 is presented .to the
composition 1. Because the conjugates are movable, a
rearrangement occurs (Fig. 1B) to allow positioning of the
head groups 2 to bind the target ligand 5. Referring to
Figure 2, a section of a composition according to the present
invention is shown in the form of a supramolecular assembly,
in which binding of a ligand to the surface of the assembly
is brought about by the creatidn of an epitope constructed
via the non-covalent association of two conjugates composed
of short-chain peptides (A), this epitope being able to
interact with the 1ligand more strongly than either of the
individual conjugates in isclation (B). The same principle
applies. for headgroups containing struétures other than amino

acids.



conposition 1. Because the conjugates are novable, a rearrangenent occurs
(Fig. 1B) to allow positioning of the head groups 2 to {gipstehiter baoget
ligand 5. Referring to Figure 2, a section of a conposition according to
t he pres&y®oldimlenti on is shown in the formof a supranol eedl/&BoERdEnD| v,
in which binding of a ligand to the surface of the assenbly is brought
about by the creation of an epitope constructed via the non-covalent
associ ation of two conjugates conposed of short-chain peptides (A, this
epitope being able to interact with the ligarid nore strongly than either
of the individual conjugates in isolation (B) . The sane principle
applies for headgroups containing strudtsures other than amno acids. 19
Decermber 2003 WO 01/01140 PCT/ GBOO 02465 15 EXAMPLES In the exanpl es given
bel ow, t WEXRM¥EERfard convention for representation of amino acids by single

letters of the agggﬂpgfé i e‘;%llko except that jn all cases.the letter
9| ) . .
refers to conjugafes as 5~(':Ie§lr ] ed%gecbié’\‘/dé |ﬁp‘$\lmsc ‘-’“}dhaart(:ial 58???8@%%’ M no
aci d occupsmms=ddver dteran nalf pesiiticon adidishebypepihgdeechbktttetf tde exanpl es
'describedﬁ#ﬁr the |ipi coprpri ses _twg _am np acigs | i nked via_a peptide
bond, in iﬁzﬁjetboi’ﬁ #‘pﬂﬁé’eﬁﬁxﬁ@?ﬁs QR gtycd aTfat BYuElS WFEET n
each casg:tdwes alytha durdiegarehas beaded@placed dB¥owvk | neans hydr egagbon
chain containing either 12 or. 14 carbons. Linkages between the headgroup
and spacdPEiFTRE PHE ARYY [G5UPigse HI9 VB pRpt i Besbbher. iThghe
headgr oug,hfalke ach4 £e. In the examples described here, the 1lipid
. comprises two amino acids linked via a peptide bond, in which
7 both of the amino acids are glycine analogues, where in each
~case the alpha . hydrogen has been replaced by a linear
hydrocarbon chain containing either 12 or 14 carbons.
~ Linkages between the headgroup and spacer and the sﬁacer and
" lipid are all via peptide bonds. The headgfoup bears a free
amino group and the free end of the lipid bears a CONH;
'group. The structure of each conjugaté is thus: HNH»~
~headgroup-spacer-amino acid (C;4 side chain)-amino acid (Cp»

. side chain)}-CONH-.

Example 1: Stimulation of TNF secretion from macrephages
1. Individual'conjugates E, ¥, Q, 5 & H {linked to lipid via
a serine-glycine spacer) were prepared as solutions in

methanol/dichloromethane 1:1 at a concentration of Smg/ml.

2. Solutions of the conjugates were dispensed'into Tml glass
vials in equal proportions, to give a final volume of
400ul (2mg of solid) in all vials, as shown in the example
overleaf. In cases where the volume of organic solution

" available was‘insuffibient, adjustment was made at a later
stage, When the quantity of water added for reconstitution

was reduced accordingly, as shown.



am no group and the free end of the |ipid bears a CONH2 group. The _
structure of each conjugate is thus: NH2-- headgroup- spaogecambep2ead d (Cl4
side chain) -amno acid (Cl2 side chain)-CONH2. Exanple |: Stinulation of
TNF secr ewmoi/6m4sm macr ophages 1. | ndividual conjugates E, p¥r/dBoeS24%s5H
‘(linked to lipid via a serine-glycine spacer) were prepared as sol utions

i n met hanol / di chl oronet hane 1:1 at a concentration of 5ng/m . 2. Sol utions
of the conjugates were dispensed into 7nl glass vials in equal

proportions, to give a final volume of 400ul (2ng of solid) in all vials,
as shown in the exanple overleaf. In cases where the volune of organic
solution avail able was insufficient, aafustnent was .made at a |l ater

stage, when the quantity of water added for reconstitution was reduced
accordingly, as. shown. 19 Decenber 2003 WO 01/01140 PCT/ GBOQO 02465 16 3.

- The conterd s Tife atdntdets Wer @1dr ivadch IGOWE ANAEFi e SAF@RMincr Ni t 50885, then
n

exposed to a vacuum of at |east |Inbar overnight in a |lyophiliser. 4..
the fol | owi nddafi FEPEER1 | SGeRatBPREs dttled VACYBRUREs ataslgardi chrledr i n

the table oveid&aafigHto Gl e 1@ ddgrialisegoncentration in all vials of 1nmg/ni.
The vials were capped, warned to 37 degC and bath-sonicated until clarity

was achieved. .5. The sanples were then applied to wells of 24-well cluster

pl ates into Wy c : 7441 .nBero | L had _been pl ated
(5 x.104c -’llol \glqmﬁn\ﬁeﬁc%laowlrlt&%a% %S]tl (éd 9:@%8? %QL- aJ:lchg inl vo ume£
, as indicated in the table overleaf, to give a final

concentration in all vials of Img/ml. The vials were
~capped, warmed to 37 degC and bath-sonicated until clarity

was achieved.

5. The samples were then applied to wells of 24-well cluster
.plates into which cells of the J774A-1 macrophage cell
line had been plated (5 x 10°cells/ml/well). Volumes of
100ul and 10ul of sample were added to individual wells,
and the cells were incubated overnight at 37 degC in an

atmosphere of 5% COs/air.

6. The following day, duplicate,vqlumes of 50ul of supernate
were taken from each well and measured for TNF
concentration in a capture ELISA assay. - Results obtained

are shown in the table below.



Vol umes of 100ul and 10ul
the cells were incubated overnight at 37 degC in an

- CQ2/air. 6. The follow ng day,
wer e takgﬂo Eﬂ] ach wel |
esu

ELI SA assay.

of sanple were added to individual wells,
at MostehdepPOGE0

of supernate

dupl i cate.

and neasured for TNF

vol unmes of 50ul
concentra

Its obtained are shown in the table bel

sl

and

apture
1140 17

19 Decenber 2003 PCT/ GBOJ 02465 Vol une of conjugat eVol une of Edi spensed

Hwat er Y Q Sadded E -260ull. 3nil Y400ul2.0m @310ull. 55nl s360ull. 8mil

HA002. Om EY200ul1200ul2. Ovi EQ200u1200ul2. O ES200ul200ul2. On
EH200u1200ul2. Ol YQ200ul200ul2. On Y8200u1200u12 Or YH200u1200ul2. O

@Q@S200ul 200ul2. Om

QSH
YSH
YQH.
Yos
ESH
EQH
EYH

EYS
EYQ

EQS
EYQS
EYOH
EYSH
EQSH
YQSH
EYQSH

Volume of conjugate
dispensed

260ul

200ul
200ul
200ul
200ul

- 133ul

133ul
133ul
133ul
133ul
133ul
50ul
S50ul
50ul
50ul

40ul

400ul

200ul

200ul
200ul
200ul

133ul
133ul
133ul

133ul
133ul
133ul

S50ul
50ul
50ul

50ul
40ul

Q

310ul

200ul

200ul

200ul

200ul.

133ul

133ul
133ul

133ul

133ul.

133ul
50ul
50ul

50ul
50ul
40ul

360ul

200ul

200ul
200ul

200ul
133ul
133ul

133ul
133ul

133ul

133ul
50ul

50ul
50ul
50ul
40ul

400

200ul

200ul

200ul
200ul
133ul
133ul
133ul

133ul
133ul
133ul

50ul
50ul
50ul
50unl
40ul

Volume of
water

added

1.
2.
1.55ml
.8ml
.0ml
.0ml
.Oml
.0ml
.0ml
.0ml
.Oml
.0ml
.0ml
.0ml
.0ml
.0ml
.Oml
.0ml
.0ml
.0ml
.0ml
.0ml
.Oml
.Oml
.Oml-
.Oml
.Cml
-0ml
.0ml
.0ml
.Oml

l—‘}-—‘l—-‘i—-‘l-—'l—-'_NNl\)NI\.)l\JNNNNNNNNNMI\)NMNNH

3ml
Oml



QH200ul. 200ul2. Or SH200u1200ul2. OM QSHL33ul 133ul133ul2. Om
YSH133u1133u1133ul2. Onl YQH133u1133u1133ul2. Ol YQS133uhdFuslmbassded O
ESH133u1133ul133ul2. O EQH133u1133u1133ul2. Onl EYH133ull33u1133ul2. Orl
EYs133u1 PR3 8¥9H4,12. o EYQL33u1133ul133ul. 2. Onl EQS133ulPEUEBI%®R4ES On
EYQS50ul 50u150ul 50ul 1. Onl EYQH50ul 50u150u150ull. Ol

EYSH50u150ul 50u150ull. O EQSH50u150ul 50ul50ull. OM  YQSH50u150ul
50u150ull. Onl EYQSHA0u140ul40ul 40ul40ull.Or 19 Decenber 2003 WO 01/ 01140
PCT/ GBOO 02465 18 OD450 in J774 supernates 100ugbugQug EO. 6280. 0980. 013
YO. 3130. 053 Q0. 0830. 015 SO. 3480. 143 H0.,6320. 206 EY0. 1980. 027

OD4so in J774 supernates

100ug 10ug Ooug
E 0.628 0.0%8 0.013
b4 0.313 0.053
Q 06.083 0.015
s 0.348 0.143
H 0.632 0.206
EY 0.198 0.027
EQ 0.113 0.022
Es 0.211 0.225
EH 0.1e67 0.037
XQ 0.245 0.034
¥s 0.78¢6 0.363
YH 0.541 0.133
Qs 0.212 0.025
QH 0.135 C.027
SH 0.515 ¢.177.
QSH 0.253 0.032
ISH G.712 0.229
YQH 0.2%90 0.020
Y0s 0.519 0.119
ESH 0.380 0.246
EQH 0.107 0.026
EYH 0.254 0.042
EYS 1.289 0.355
EYQ 0.181 0.064
EQS 0.208 G.027
EYQS 0.777 0.208
EYQH 0.224 0.0867
- EYSH 0.262 0.146
EQSH 0.149 0.185
. YQSH 0.319 0.045
EYQSH 0.375 0.073

It can be seen that some, but not all, of the combinations of
different headgroups elicit strong biological responses,
indicating that the response is specific to those particular - .
combinations. The example illustrates the way in which the

conjugates described can be employed in the combinatorial



EQD. 1130. 022 ESO. 2110. 225 EHO. 1670. 037 YQO. 2450. 034 YS0. 7860. 363
YHO. 5. 410. 133 QS0. 2120. 025 QHO. 1350. 027 SHO. 5150. 177 QSHO p23/bes2003

YSHO. 7128‘“%29 é?—io 2900. 020 YQS0.5190. 119 ESHO. 3800. 246 EQHQ. 1070. 026
EYHO. 2540 OH%1E¥¥s1. 2890. 355 EYQD. 1910. 064 EQS0. 2090. 027 EYESGEHPA346506

EYQH 0. 2240. 067 EYSHO. 2620. 146 EQSHO. 1490. 185 YQSHO. 3190. 045
EYQSHO. 3750. 073 It can be seen that sone, but not all, of the conbinations

of different headgroups elicit strong biol ogical responses, indicating
that the response is specific to those particular conbinations. The
exanple illustrates the way in which t

approach to identify efficacious combinations for the purpose

of eliciting a desired biological response.

Example 2: TNF secretion from macrophages
Comparison of supra-molecular assemblies containing a
mixture of conjugates, with a mixture of supra-molecular

assemblies each containing a single conjugate

Samples were prepared as described in Exémple, 1, with or
without the inclusion of additional lipidic materials as
described below. The combination of conjugates Y, S and L
was chosen since this combination was a good performer in the

experiment described in Example 1.

Probes containing phosphatidyl choline were prepared at a

ratio of phospholipid to conjugate of 2:1 wt/wt.

Probes contalning octyl glucoside were prepared at a ratioc of

glycolipid to conjugate of 1:1 wt/wt.

b "Results shown in the table below are optical densities at
450nm of TNF ELISAs conducted on 18 =~ hour culture
supernatants. The concentration of conjugate in the wells

was 10ug/ml



conj ugat es descri bed can be enployed in the conbinatorial 19 Decenber 2003
WO 01/01140 19 PC F/ GB00/ 02465 approach to identify effi1oasdceiiber 2003

conbi nat i ot he purpose of eliciting a desired bioIoQgﬁ r onse.
Exanpl e gﬁgﬁkﬁﬁggcretion from macr ophages Conpari son of supra&bﬁ%ﬁicular
assenblies containing a mxture of conjugates, with a m xture of
supra-nol ecul ar assenblies each containing a single conjugate Sanples were
prepared as described in Exanple. 1, with or wthout the inclusion of
additional lipidic mterials as described below. The conbination of
conjugates Y, S-and L was chosen since2@his conbi nati on was a good
performer in the experinent described in Exanple 1. Probes containing
phosphati dyl choline were prepared at a ratio of phospholipid to conjugate
of 221 wt/wt. Probes cont &Prion§Lo&8™F gl ucosi de were prepared at a ratio of
glycolipid to conjugate of 1¥LI®/ wt. Results shown in the table below are
optical densities at 450nm of TNF ELI SAs conducted on 18 hour culture
supernatants. The concentration of conjugate in the wells was 10ug/m 19
Decenber 2993 WO 01/01140 20003450 of THE ELIS

E4+Y+S 0.059 :
medium control 0.000
EYS:0G ©.559
(E4+Y+S) :0G 0.193
0OG control 0.228
EYS:PC 0.320
{E+T+8) : PC 0.130C
PC contrel 0.081

This eﬁample shows that combinations of the conjugates can
elicit biological responses either whenrpresented alone, or
when presented in conjunction with other 1lipids, such as
phospholipids or 1l1ipid sugars. It also shows that for
efficacy to be manifested, it is important for all of the
conjugates to be presented in combination on the same supra-
molecular assembly, and that activity is not observed if the
same conjugates are presented together at the same time, but
separated on different supra-molecular assemblies. - This
suggests that it is important. te present the conjugates in
close proximity to each other, in order to permit the
formation of epitopes formed by non-covalent association of-
-tne conjugates, which can participate in specific binding

with cell-surface receptors.



EYS 0.390 E+Y+S 0.059 nmediumcontrol 0.000 EYS: OG 0.559 (E+Y+S) : OG
0.193 OG control 0.228 EYS: PC 0.320 (E+Y+S) : PC 0. 1309 th¥ecsshat robs 0. 081
PCT/ GB00/ 02465 Thi s exanpl e shows that conbi nati ons of the conjugates can
elicit biwbegkoah responses either when presented al one, aic/eb®RELSENt ed
in conjunction with other lipids, such as phospholipids or |ipid sugars.

It also shows that for efficacy to be manifested, it is inportant for all
of the <conjugates to be presented in conbination on the sane supra-

nol ecul ar assenbly, and that activity is not observed if the sane
conjugates are presented together at the sane tinme, but separated on

di fferent supra-nolecul ar assenblies. Thls suggests that it is inportant.
to present the conjugates in close proximty to each other, in order. to
permt the formati on of epitopes fornmed by non-coval ent association of the
conj ugat e&*afElenh 3¢ an Bdemaamaiite 9 GpécPPtekdinding with cel | -surface

receptors, 19 RBecephen 2 1140 / 4 r%e 3, ;
_Enhancerent of Orgl Upt a%gl%f?é%t%(%{\%’déél E%nﬁ%@iu%ﬁ:eél %(21 J(C%:o‘rrﬁ"abgat ed
to lipid viaa tyrosine-glycine spacer) were prepared as solutions in

benzyl alcohol at a concentration of 10mg/ml.

2. 75ul of . Y"C-cholesterol oleate (3.7MBg/ml in toluene) was
dispensed into four 7ml glass screw-capped vials and dried

down under a stream of nitrogen.

3. 400ul of each of the solutions in (1) was added to one of

the vials in (2) and shaken overnight at room temperature.

4. Solutions of the conjugates were dispensed into 7ml glass
vials in equal proportions, to give a final volume of B0ul

{0.8mg of solid) in all vials, as shown in the example

below.

L S E o)
L 30ul - - -
s - 80ul - -
E - - 80ul -
Q - - - 80ul
LS 40ul 40ul - -
LE 40ul - 40ul -
O 400l - - 40ul
SE - 40ul 40ul -
sSQ - 40ul - 40ul
EQ - - 40ul 40ul
LSE 27ul 27ul 27ul -
LSQ 27ul 27ul - 27ul
LEQ 27ul - 27ul 27ul
SEQ - 27ul 27ul 27ul



a tyrosine-glycine spacer) were prepared as solutions in benzyl al cohol at
a concentration of 10mg/m . 2. 75ul of.14C-chol esterol Qqbgienibar 268/ M in
toluene) was dispensed into four 7ml gl ass screw capped vials and dried
down undeWOL14dH8am of nitrogen. 3. 400ul of each of the sBCwGEONB2465 (1)
was added to one of the vials in (2) and shaken overni ght at room
tenperature. 4. Solutions of the conjugates were dispensed into 7nl gl ass
vials in equal proportions, to give a final volune of 80ul (0.8ng of solid)
inall vials, as shown in the exanple bel ow. LSE Q L80ul --- S-BQul - -
F.--80ul- Q soul LS40ul40ul-- LE40ul-4Qyl- LQ40ul--40ul. SE-40ul40ul-

SQ 40ul-40ul EQ -40ul40ul LSE27ul27ul27ul- LSQ@7ul27ul -27ul LEQ7ul-

'27ul27U15SE§ma7%%ZEE%%ZE1e35§QEQH%%&9%&&&&?QH} each of the vials with

vortexing. The vials were then capped and bath-sonicated

for 20 minutes.

6. The samples were then frozen in liquid nitrogen and

lyophilised overnight.

7. The following day, each vial was reconstituted with 2ml of
) _ distilled water and sonicated again until clear

dispersions were achieved.

- 8. The samples were administered by oral gavage to Balb/c
female mice (20-25g weight - four mice per group) at a

dose of 0.3ml per animal. |

9. 75ul  heparinised blood samples were taken by - tail

venupunctureA at 45, 20 and 180 minutes after

administration.

10.Each sample was diluted in 0.5ml1l of PBS, which was then
Y centrifuged, and 0.4ml of the supernate was transferred to
a scintillation wvial to which 2ml of Optiphase Hisafe 3

(Wallac) was added with mixing.

l11.Activity in the samples was measured in a scintillation

counter.

-Percentage uptake was estimated on the basis of a 2ml

‘blood volume, of which lml was assumed to be plasma. . , .



19 Decenber 2003 WO 01/01140 PCT/ GB00/ 02465 22 5. 2nil of distilled water
was added to each of the vials with vortexing. The vialg s 9808 arped
and bath-sonicated for 20 mnutes. 6. The sanples were then frozen In

i qui d niw@éyenstand | yophilised overnight. 7. The fol | ow mer/daysrogsh vi al
was reconstituted wth 2m of distilled water and sonicated again until
clear dispersions were achieved. S. The sanples were admini stered by oral
gavage to Balb/c female mice (20-259g weight ---four mce per group) at a
dose of 0.3nl per animal.. 9. 75ul heparini sed bl ood sanpl es were taken by
tail venupuncture at 45, 90 and 180 n%gut es after admnistration. |0.Each
sanple was diluted in 0.5m of PBS, whiTth was then <centrifuged, and O0.4nl
.of the s s &ranster Lhntillation vial to which 2m of
Opt i phasg@ﬁgf a\:%% &@?’Pagﬁ \%/gg ggﬁég \}?)\ngtl%wﬁi xing. 11.Activity in the"’
sanpl es was neasured in a scintillation counter. Percentage uptake was
estimated on the Basistagke adn2bloolkaeeéawol unme, of which 1m was assuned to
be plasma.. 19 Decebhéns209BeI3 0180hide PCT/ GBOO 02465 23 Results are

+ shown in t he tabl e bel ow.

L 0.90 1.39 0.61
s 1.12 1.14 0.81
E 0.85 1.55 0.79
Q 1.40 3.00 0.81
LS 2.87 2.38 0.66
LE 2.59 2.22 0.49
LO 5.05 2.15 0.45
SE 4.21 1.66 0.70
- 8Q 4,67  1.45 0.67
EQ 3.72 2.65 0.59
LSE 1.91 1.20 0.97
‘LSO 6.23 1.90 0.80
LEQ 2.77 1.73 0.98
SEQ 3.06 1.52 0.63
LSEQ 2.45 1.74 0.81

it can be seen that some, but not all, of the combinations of
different headgroups enhance uptake of label via the oral
route, indicating that the response is specific to those
particular combinations. The example illustrates the way in
which the conjugates described can be employed in the
bombinatorial approach to identify'efficacious combinétions

capable of acting as targeting ligands.



% upt ake in bl oodstream 45m ns90m ns180m ns LO. 901. 390. 61 S1.121.140. 81
E0. 851. 550. 79 QL. 403. 000. 81 LS2. 872. 380. 66 LE2.592. 220. 48 DdBridar2dds0. 45
SE4. 211.660. 70 SQ4. 671. 450. 67 EQB. 722. 650. 59 LSE1. 911. 200. 97

LSQ6. 231V 0 ECp. 771. 730. 98 SEQB. 061. 520. 63 LSEQR. 451 .FFAFBN465can pe

seen that sone, but not all, of the conbinations of different headgroups
enhance uptake of | abel via the oral route, indicating that the response
is specific to those particular conmbinations. The exanple illustrates the

way in which the conjugates described can be enployed in the conbinatori al
approach to identify efficacious conbinations capable of acting as
targeting ligands. 19 Decenber 2003 WO 01/01140. 24 PCT/ GBOQO 02465 Exanpl e

4: EL| SA fadpTwli 1 ELISA Fc binding _
1. 100ul of goat IgG (lmg/ml) was added to 20ml of PBS and
100ul was placed in each well of a flat-bottomed

microtitre plate.
2. The plate was incubated for several days at +4degC.

3.-2mg of each of the cenjugates Y, F, W, L, S8, E, Q & R
{each linked to iipid via a serine-glycine spacer ) were
weighéd into 1ml glass vials and 200ul of benzyl alcchol
added to give -solutions of each conjugate at a

concentration of 10mg/ml.

4. The solutions were dispensed in 7ml glass screw-capped

vials as follows:

vial Y F W L [ B Q R
No.
1 20ul 20ul 20ul -
2 20ul 20ul - 20ul
3 20ul - 20ul 20ul
4 - 20ul 20ul 20ul
5 20ul 20ul 20ul -
6 20ul 20ul - . 20ul
7 20ul - 20ul 20ul

5. The contents of each vial were mixed well by Vortexing,

then 1.5ml of distilled water was added to each wvial.

6. The vials were capped and bath-sonicated for five minutes

to give crystal clear dispersions.



1. 100ul of goat 1gG (1ng/mM) was added to 20mL of PBS and 100ul was

pl aced in each well of a flat-bottomed mcrotitre pl at @9 Dhcefiber pdgE e was
i ncubated for several days at +4degC. 3. 2ng of each of the conjugates Y,
F, W L,W80%fildh & R (each linked to lipid via a serine- JISHFRE 3 icer )
were weighed into 1m glass vials and 200ul of benzyl al cohol added to
gi ve solutions of each conjugate at a concentration of 10ng/m . 4. The
solutions were dispensed in 7m glass screwcapped vials as follows: Vial Y
FWLSEQR No. 1 20ul 20ul 20ul - 2 20ul 20ul - 20ul 3 20ul - .20ul

20ul 4 ~- 20ul 20ul 20ul 5 20ul 20ul 2Qul - 6 20ul 20ul - .20ul 7 20ul -

20ul 20ul 5. The contents of each vial were mxed well by vortexing, then
1.5m of distilled water was added to each vial. 6. The vials were capped
and bat h-sonicated for five mnutes to give crystal clear dispersions. 19
Decenber 20F&ewWp 1@y« 157w 25t PET/(@B00/24%55sed The BB&YE-PR&mIeEeep @2) was

_“@Shed in P%ﬁth%%%’E@%%&eaoby incubating for one hour with 1% BSA in

e

PBS {(300ul/well).

8. The plate was then washed as before, and 100ul of sample
from each of the vials in step (6} was added to wells in
column (1) of rows (1) *to (7). Row (8) was left as a

blank control.

9. Doubling dilutions were performed across the plate by
traﬁsferring 108ul from wells 1in ceolumn (1} to the
adjacent well on the same row in column (2) and nixing,

then transferring 100ul to the next column as before, etc.
10. The plate was then incubated overnight at +4 degC.

11.The following deay, the plate was washed as before and
100ul of commercial horseradish perOKidase—IqG conjugate
(diluted 1/1000 in PBS) was added to each well and

incubated at room temperature for 40 minutes.

12.The plate was then washed again, and 100ul of OPD
substrate for peroxidase was added to each well and

incubated at room temperature for 30 minutes.

13.20ul of 3M sulphuric acid was then added to each well to

stop the reaction.



and then bl ocked by incubating for one hour with 1% BSA in PBS ,
(300ul /well). 8. The plate was then washed as before, and ddembepPoEanpl e
fromeach of the vials in step (6) was added to wells in colum (1) of
rows (1) V&84 ow (8) was left as a blank control. 9. DSTRGBM2d6S uti ons
were perforned across the plate by transferring 100ul fromwells in colum
(1) to the adjacent well on the sanme row in colum (2) and m xing, then
transferring 1Qul to the next colum as before, etc. 10. The pl ate was

t hen i ncubated overnight at +4 degC. 11. The follow ng day, the plate was
washed as before and 100ul of commerci ahbghorseradi sh peroxi dase-19G
conjugate (diluted 1/1000 in PBS) was added to each well and incubated at
room t enperatie $9Fidd nhayt esy 2. Thernplat amas,hhen washed agai. ;and
100ul of OPD substrate for peroxidase was added to each well and

i ncubat ed at 43U t@hper gtaEe AT i ang eshe 13:204F o NI, pHftigr aci d
was then added;- ~wel, | ]: St th e i enber 2003 WO
01/01140 PC %qj OO’%%E%S\Q%@ f%% e %%tﬁ’cgfgdg%%#%)‘{/]edo#%elggﬁ of the wells was
measured at 450nmon a plate reader, and the results obtained, after

adj ust ment for background,1aire 4ecbried bkl ow l6anphe32 inifl d4in 8 1 in 16
1in 32 1 in Sepl¥-W). 0010. 0390. 0480. 0530. 083

1 YFW 0.001 0.039 0.048 0.053 0.083
2 YFL 1.504 1.484 1.325 0.723 0.051
3 YWL 0.803 0.192 0.022 0.023 0.060 .
4 FWL 1.034 0.778 0.208 0.031 0.034
5 SEQ 0.029 0.041 0.055 0.057 0.091
6 SER 0.013 0.030 0.044 0.062 0.075
7 SOR 0.000 0.045 0.031 0.054 0.065

It can be seen that maximal binding is achieved with samples

2, 3 and 4 (ie combinations YFL, YWL, and FWL).

It can be seen that some, but not all, of the combinations of
~different headgroups enter into strong binding interactions,
indicating that the response is specific to those particular
¢ombinations. The example illustrates the way in which the
conjﬁgates desgribed can be employéd-jjl the combinatorial
approach to. identify efficacious combinations for the purpose

of eliciting a desired binding interaction.



2YFL1.5041.4841. 3250. 7230. 051 3YWL0. 8030. 1920. 0220. 0230. 060
4FWL1. 0340. 7780. 2080. 0310. 034 5SEQD. 0290. 0410. 0550. 0570. 1@ B3ecember 2003
- 6SER0. 0130. 0300. 0440. 0620. 075 7SQRO. 0000. 0450. 0310. 0540. 065 It can be seen

that maxiwploififadi ng is achieved with sanples 2, 3 and 4(d&/E&RGMbAARL 1 ONS
YFL, YW, and FW). It can be seen that sonme, but not all, of the

conbi nations of different headgroups enter into strong binding
interactions, indicating that the response is specific to those particular
conbi nati ons. The exanple illustrates the way in which the conjugates
descri bed can be enployed in the conmbinatorial approach to. identify

ef fi caci ous conbinations for the purpos®’ of eliciting a desired binding
interaction. 19 Decenber 2003 WD 01/01140 27 CLAIMS: 1. PCT/ GBOO 02465 A

conposi ti &S i nteracting with a |igand, which conposition conprises a
- non-coval ent association of a plurality of distinct conjugates, each

conj ugat e ;conpri Sthgr8s1head 9rQp igﬂ%xaacttﬁhlg QFiQuP.a WhgsgLagt he g Ly
groups of “the “conjugates forma hydrophobic  aggregati on and fhe
. conj ugat esocaregvay e ebrhrhsehe assocnhatrvalsott hassofhathen prodsenze of

a |1gand, g1, 1938, (o ofcd N6 head ;9,088 2L gen AREARNIAS Aol figngd to

form an efﬁtopecpa € 0
head group and a tail group, wherein the tail groups of the
conjugates form a hydrophobic aggregation and the
conjugates are movable within the association so that, in the
presence of a iigand, at least two of the head groups are
appropriately positioned to form an epitope capable of
.interdcting with the ligand more strongly than éach of head

groups individually.

2. A composition ‘according to claim 1, wherein each
conjugate has a head group selected from: an amino acid or
peptide; a peptide analogue; a mono- or poly-saccharide; a
mono- or poly—-nucleotide; a sterol, a water-soluble
" vitamin; a'pofphyriﬁ of haem nucleus; a metal ion chelate; a

water—soluble drug; a hormone; and an enzyme substrate.

3. A composition according to claim 2, wherein each head

group comprises an amino acid.

4. A coﬁposition according to claim 3, wherein each head

group comprises a peptide comprising the amino acid.

5. A composition according to claim 3 or claim 4, wherein
the head groups which form the epitope comprise terminal

‘amino acids selected from at least two of the following:



interacting with the ligand nore strongly than each of head groups
individually. 2. A conposition according to claim1, wherSDecesden 2003
conjugate has a head group selected from an amino acid or peptide; a
pepti de FHAPHHUEL a nono- or poly-saccharide; a nono- or RSVGBMMREDL I de;
a sterol, a water-soluble vitam n; a porphyrin or haem nucleus; a nmetal ion
chelate; a water-soluble drug; a hornone; and an enzyne substrate. 3. A
conposition according to claim2, wherein each head group conprises an

am no acid. 4. A conposition according to claim 3, wherein each head group
conpri ses a peptide conprising the anfo acid. 5. A conposition according
to claim3 or claim4, wherein the head groups which formthe eglto pe
conpri se VEARNEPiCanPRsNAci A614%l et EdF P Bt PBER? tAW6-OF t heSEBFFowi ng:

1 9 Decenan 2003 U0 OLQ1140 78 ECTLERED 02485 hy diophobi scagi no_askds.

hydroxylic am no acids, acid ani no aci ds, am de am no aci ds, basic amno -
aci ds, arad:onart(malamcnammndam ds 6. A conposition according to any one of
t he precedi ng clainms, -wherein each tail group is the sane or different
and conprises a lipophilic group selected froma straight or

branched-ghai m f abdgyo it ihn akeebotiing addehyge baei nif athed epsecgdsagbon

at ons; all idic am no aci d, anal ogue; agl andi n Kk i -a
mono- or i E’S-I“Vcet’”’ihﬁé‘ﬂa cafhy 5?19gg§BHPnd(§S|ti’§ %r I%erarmcgek‘g%r%s/%tlggg and

a silicOnomprises a lipophilic group selected from a straight or
branched-chain fatty acid, alcohol or aldehyde having at
least 8 carbon atoms; a lipidic amino acid analogue; a
prostaglandin; a leukotriene; a mono~or di-glyceride; a
sterol; a sphingosine or ceramide derivative; and a silicon

or halogen-substituted derivative of such a lipophi;ic group.

7. A composition according to «claim 6, wherein each

lipophilic group comprises a Cjyo to Ciq fatty acid.

8. A composition according to any one of the preceding
.claims, wherein each conjugate further comprises a spacer

group linking the head group to the tail group-

9. A composition according to claim 8, -wherein the spacer

group is hydrophilic.

10. A composition according to claim 8 or claim 9, wherein
the spacer group comprises an amino acid, a hydroxy acid, a

sugar or a polyethylene glycol.

11. A composition according to any one of the preceding
claims, wherein the non-covalent association comprises a

lamellar structure,. a micelle or a liposome.



r -hal ogen--substituted derivative of' such a lipophilic group. 7. A
‘conposition according to claim6, wherein each |i pophi19 Degnthgp 2008Pri ses
a Cl0 to Cl4 fatty acid. 8. A conposition according to any one of the

precedi ng,q L ﬂs wherein each conjugate further conprisesjGesddsss Jroup
| i nki ng the ead group to the tail group. 9. A conposition according to
claim 8,wherein the spacer group is hydrophilic. 10. A conposition
according to claim8 or claim9, wherein the spacer group conprises an
amno acid, a hydroxy acid, a sugar or a polyethylene glycol. 11. A
conposi tion according to any one of the preceding clainms, wherein the

non- coval ent associ ation conprises a 2anellar structure,.a mcelle or a

| i posonme. 19 Decenber 2003 WO 01101140 29 PCT/ GB00/ 02455 12. A conposi tion
accordi ngi2.o @nycompositite mosoaediimg &lai By fUre usé adthe WEGCEsHESt, a

- prophyl actj G qr afoq:l agnastic. 13. mQ%ﬁc%fme%tCO”Jaug%tr% SRS INY 3 hgad

group an 2 Tall gfoup, for the preparation of oSition accordlng to
any one difagrieetircecedi ng clai ms. 14. Use according to claim13, wherein
the head group is selected from an anmno acid or peptide, a peptide

anal ogue; a nono- or poly-saccharide; a nono- or. polynucl eotide; a

sterol, a3jvat @rsesobtibkecyhtjaghbe @ dafiyirign ®r hbadmgmdatipe usnd aamekdll i on
chel ate; a water-soluble drug; a hornone; and an
.- group, for the preparation of a comp051tlon acceording to any

one of the preceding claims.

14. Use according to claim 13, wherein the head group is
selected from: an amino acid or peptide, & peptide analogue;
a meno— or poly-saccharide; a' mono- or polynucleotide; a
sterol, a water-soluble vitamin; a porphyfin or haem nucleus;

a metal ion chelate; a water-soluble drug; a hormone; and an

enzyme substrate.

15. Use according to claim 14, wherein the head group

comprises an amino acid.

16. Use according to claim 15, wherein the head group

comprises a peptide comprising the amino acid.

17. Use according to claim 15 or claim 16, wherein the amino
acid comprises a terminal amino acid selected from
hydrophilic amino acids, hydroxylie amino aeids, acidic amino
acids, amide amino acids, basic amino acids, and aromatic

amino acids.

18,_ Use accordlng to any one of clalms 13 to 17 wherein the
tail group comprises a lipophilic groun selected from a

straight or branched-chain fatty acid, alcoho1 or aldehyde



enzynme substrate. .15. Use according to claim 14, wherein the head group
conprises an amino acid. 16. Use according to claim 15, W’ﬁécﬂénﬁbérlzeofmead
group rises a peptide conprising the amno acid. 17. Use according to
claimi15 %B“&{"éﬂ% 16, wherein the amino acid conprises a FEFABINP2ERI no
acid selected from hydrophilic amno acids, hydroxylic amno acids, acidic
am no acids, am de am no acids, basic am no acids, and aromatic am no
acids. 18. Use according to any one of clains 13 to 17, wherein the tail

group conprises a lipophilic group selected froma straight or
branched-chain fatty acid, alcohol or aBdehyde 19 Decenber 2003 WO 01/01140

PCT/ GBQ0/ 02465 30 having at | east 8 carbon atons; a lipidic am no acid
anal ogue; havphest agl argirst asl etq:lambranenezgtcmamn@- dipildic gl arcierd deycial

sterol; sin .G de derlvat and 2 silicon or
hal ogen- suﬁgtbwgtged %e%r\?ast%la 28 i ich %a %%B‘Fﬁ? T of odPT°19. CTs LT
accor di ngglpcetaden, 18 wherelln tahesbhmﬁgblsllhﬁ @rOUPer GARRY | $6S wtEi@;t o Cl4

fatty acid, iaccordln to any one qof clains 13 to 19, wherein the
conj ugat e If‘?lrtaheFl SfpFi <¥s a%ﬁ&@é‘r SHPSE AR 1P iTé thEgd Ofgr%‘él‘fohté t he
tail groupipednilse gesgpding to claim 20, wherein the spacer group is
hydr ophi |'i c. _

19. Use according to claim 18, wherein the lipophilic group

comprises a Cjp to Cy4 fatty acid.

20. Use according to any one of claims 13 to 19, wherein the
conjggate further comprises a spacer group linking the head

group to the tall group.

21. Use according to claim 20, wherein the spacer group is
hydrophilic.
22. Use according to claim 21, wherein the spacer group

comprises an amino acid, a hydroxy acid, a sugar or a

polyethylene glycol.

23. A method for producing a composition for interacting

with a ligand, which method comprises:

(a) providing a plurality of distinct conjugates, each

conjugate compr151ng a head group and a tail group; and

(b) forming from the plurality of conjugates a nbn—covalent
association thereof, in which the tail groups aggregate
hydrophobically and in which the conjugates are movable so

that, in the presence of a ligand, at least two of the head



22. Use according to claim 21, wherein the spacer group conprises an anino
acid, a hydroxy acid, a sugar or a polyethylene glycol.1%3ecefnberthod f or
produci ng a conposition for interacting wth a |Iigand, which nethod

conpri sesy oviding a plurality of distinct conjugat conj ugat e
conprisi?gogﬁﬁégg group and a tail group; and (b) forningeéggﬁgﬁﬂ%4&9
plurality of conjugates a non-coval ent association thereof, in which the
tail groups aggregate hydrophobically and in which the conjugates are
novable so that, in the presence of a ligand, at |east two of the head 19
Decenber 2003 WO 01/01140 PCT/ GBQO/ 024 31 groups are appropriately
positioned to form an epitope capable interacting wwth the ligand nore

strongly each . of . individual ly. ,24. net had according to
ol o iy, BoRpe esc, 2B R e iR EB Ty "R Y P he 0t BPACRESLS 1o
22. 25. Acapthdd advoidtagatoinbaiwit28 ehecllagandd moseer etrbrhdiey than

non- coval ent. assogi ati on_conpri ses.a | | lar structure, a mcelle or a
| i posone. <38" %?n%?ﬁ%dgﬁﬁ%%?dfﬂ legBﬁifgne of claims 23 to 25, wherein
“the step of providing the plurality of conjugates conprises (i) selecting
a set of conjugates with an array of head roups; (ii) formng a

non- coval €kt a8sBEtRCForr AT EIFDnFoi ALARRCRA3, t HBeFai? grelupsongyrasat e

hydrophobj sahl yq@ponhia f@igﬁytgﬁe of claims 13 to 22.

25. A method according to claim 23 or claim 24, wherein the
non-covalent association comprises a lamellar structure, a

micelle or a lipcsome..

26. A method according to any one of claims 23 to 25,
wherein the step of providing the plurality of conjugates

comprises

{i) selecting a set of conjugates with an array of head

groups;

{(ii) forming a non-covalent association therefrom, in which
the tail groups aggregate hydrophobically and in which the

conjugates are movable;

(iii)assaying_ for sufficient interaction between the non- -

covalent association and the ligand;

{iv) optionally repeating steps (i} to (iii) using a set of

conjugates with a modified array of head groups: and



conjugates are novable; (iii)assaying for sufficient interaction between

the non coval ent association and the |igand,
steps (i) to (iii) using a set of
gr oups;

aci ds;

(iv) optiond Dycensjpe200hg
conjugates with a nodified array of head

WH0Bif%cenber 2003 WO 01/ 01140 32 PCT1GB0010246FqNGBW2¢45ndi ng
sufficient interaction in step (iii) selecting the set of conjugates as
the plurality of conjugates in step (a). 27. A nethod according to claim
26, wherein the array of head groups conprises (i) at |east one term nal
amno acid fromeach of the follow ng classes of am no acid: hydrophobic
am no acids, hydroxylic amno acids, aeidic amno acids and am de am no

and (ii) at least two further ‘termnal am no acids conprising

at

| east ong Rasig, a”‘fﬂﬁdé‘ﬁéjd sAF¢iat o h£astn@Re A2QERL | CiM Beeaci d(ipf) at
| east two basic amno acids or aromatic am no acids. 28. A nethod

accor di ngefl@ctliaign Zhe whettei nof hecopilidaerF affay 9P h&AdGrickps udkd in

step (iv) conprlses the

head groups used in steps (i) to (iii) in

whi ch t h&9a 196 ates 1 ? ?%ér termnal amno acids are different from

t hose

aci d
aci ds,

used in steps (|) to (iii). 29. A method according to clain126

wherein the arra head groups conpri.ses t Ieast ter
fr érh-eadh ?t?ﬂ% PE5FPOAFAY ¢Pas Zéﬁld%e af%%?

hydl=eXYd FSud REmPEi slss ac) die @@d@t one terminal amino acid

i 56 A d dropho

from each of the following classes of amino acid:

hydrophobic amino acids, hydroxylic amino acids, acidic amino
acids and amide amino acids; and (ii) at least two further
terminal amino acids comprising at least one basic amino acid
and at least one aromatic amino acid, or at least two basic

amino acids or aromatic amino acids.

28. A method according to claim 27, wherein the modified
array cf head groups used in step (iv) comprises the array of
head groups used in steps (i} to {iii) in which the at least
two further terminal amino acids are different from those

used in steps (i) to (iii).

29. A method according to claim 26, wherein the array of
head groups comprises (i) at léast one terminal amino acid
from each of the following classes of amino acid:

hydrophobic amino acids, hydroxylic amino acids, acidic amino
acids, amide amino acids, basic amino aéids and aromatic

amino acids.

30. A method according to claim 29, wherein the modified
array of head groups used in step (iv) comprises the array of

head groups used in steps (i) to (iii} in which the at least

an no

1 C amno

-



aci ds, am de am no acids, basic amno acids and aromatic am no acids. 30. A
met hod according to claim29, wherein the nodified arra{Q Decdralaet 2008UpS
used in step (iv) conprises the array of head groups used in steps (i) to
(iii) inWehii@midhe at | east 19 Decenber 2003 WO 01/ 01140 PR TRSHU0@BRE 02465
one termnal amno acid fromone of the classes of amno acid is either
absent or replaced by a charged version thereof. 31. A nmethod for producing
a nolecule for interacting with a ligand, conprising: (1) producing a
conposition according to the method of any one of clainms 23 to 30; (2)
identifying the at | east two head groggi which forman epitope for the

| igand in the conposition; and (3) pr cing a nDIecuIe incorporating t he

function r f e at ast two hea Qption spaced apart
by one g%E%D%E A e?%éP8u%%l§o T At °PRe® Iegu e eéaﬁz é

i nt er act iing adithlert Abskhgand r@askcdd angly éh@ﬁg@@CheﬁiiéﬁethéﬂéﬁfgrOUDS
individually. 32. A nolecule for interacting wwth a |igand, wherein the
nmol ecul e i s obtained by the process as defined in claim31.

31. A method for producing a molecule for interacting with a
ligand, comprising:

(1) producing a composition according to the method of any
one of claims 23 to 30;

(2) identifying the at least two head groups which form an
epitope for the ligand in the composition; and

{3) producing a molecule incorporating the functional groups
of the at least two head groups optionally spaced apart by
one or more linker groups so that the molecule is capable of
interacting with the ligand more strongly than each of the

head groups individually.

32. A molecule for interacting with a ligand, wherein the

molecule is obtained by the process as defined in claim 31.



