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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
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for interacting with a ligand, a nethod for producing such a
, 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_:af head groups individually. The head
groups are typically hydrophilic 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



conposition and a nmethod for producing a nol ecul e based on the

conposi tion. Background of the Invention Protein receptorspédeenbeneons
"normally to bind to their target |igands via epitopes, which constitute a
smal | pr&$oP¥9aM0 of the total protein nolecule. For naxi R{H/GBE24EG or
interaction, the structure of the epitope needs to be nmamintained in a
rigid conformation in order to forma binding site containing all the
necessary conponents of the epitope in close proximty. Attenpts to
produce an anal ogous peptide constructed solely of the am no acids
conprising the binding site often faiB because these peptides do not

possess the sane biological activity as the grot ein receptor. This is
attri but dfme kate PePIFiarravd nhiReHNY ePEnPLROAT diRES CHETHCEY¥FRe 4Bl ution
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site of a protein is constructed of oligo-peptides fromdifferent,

non- cont inpema@h tparitnd-cof cdospr opednimitai nwhenxi Ag i 80l aredeolFgopepttdes in
free sol yian. dogs, nol.sestlds 111 egopstid ution of chie Acliwe bi nding

site. Being constraine 0” US€ suc arge proteins to present Ing-site
epi t opes hgiaveyyrdges taresavdralkopaabpens nummbaevef opieidreht npesitions

receptor-specific therapeutic strategies. One proplemis that such. |arge
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_‘and ”ainEﬁBQJdldgfﬂ%é%stﬂéﬂces 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 biologic;l 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



Summary of the Invention The present invention ains to overcone the

di sadvantages of the prior art. In a first aspect, the 1Igngij@h1b@fl2(pU3)Vl des
a conposi.ti on for interacting with a ligand, which conposition conprises a-
non- coval @& enbly of a plurality of distinct conjugat BST/GBAYMR465
conjugate conprising a head group and a tail group, wherein the tail
groups of the conjugates form a hydrophobic aggregation and the conjugates
have freedom of notion with respect to each other within the assenbly so
that, in the presence of a ligand, at |east two of the head groups (which
are the sane or different) are approprisately positioned to forman epitope
capable of interacting with the ligand nore strongly than each. of head
‘groups irrljiiﬁzﬁedlmitl ycliheeheadsucm owps are 1ay1p‘ninoal hgi&ychsmpfﬁéﬂﬁmd the
tail grou plca dr ophobi c, | i pophi d of hydrocarbon
chai ns, h‘P‘? op |el jals se%/r et BgRBF - fI or d{)*ar%% Yc%%ﬁ $ 7 sP| &78%based.

By const rdict idig peanj-ugatiestwtith a keadoyrodp antaaotar | g Q¥R pricRoid;
accordance with the present inventiogn, the tail groups can associate to
form a FydmEHsdite d&ﬁé?’é@éf’?onav\ﬁll@ﬁliesort yf&lségl RyoRa&HFr AvSLesl ap

assenbl y (guGh-ag1abcelh@amanl 9 Deqsihnly 2303 WO %&&1491,1@191.15 a .
PCT/ GBOO/ 02465 | anel | ar structure, a'liposone or other lipid structure, in

whi ch t hehddajlegareiare or metrdd ireretglatey h@aﬁamml‘alpée gregght into
Tovabl o i ERCRY he adtennry ot RaUShBA8%G: oups are able Lo adopt a nunber of
di ff erentInposn¢ | pmeferred 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



wi thin the assenbly. The head groups, which are typically non-identical,
are therefore free to nove within the assenbly and, sunpDesembey20dP

i nteract cooperatively to induce biological consequences which the head
groups owddeirdoown are not capable of eliciting. A furtherrapsopast ed
finding is that assenblies conposed of conbinations of different

headgr oups are capable of eliciting biological responses or participating
in binding with biological receptors while assenblies conposed of single
headgroups are not capable of acting in this way. As indicated above,

t hese supra-nol ecul ar assenblies are tgypically particulate or colloidal in
nature, usually conprising. many hundreds of sub-units (the conjugates)

all . oripeiifedanillyh ddig dieadgr oues dor eet e ord Meseisat e t hBoreethse of
~the particle as_shown in Figure |a. Each of the conjugates may change its
| ocat i on SRt hFATEheIBSERNDRSY HRE NPT IS8 t dPexBASAge T4 Sw t h Eﬂigacent
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over the whole surface of the assenbly. Qther manifestations of
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PCT/ GO0/ 02. 465 different classes, such as an amno acid or peptide; a
pept 9 30 S8 o8 BRSPS ol o o
derivatiw@ilaggbugle @b:f uSeGhAIQMadh HisliRIgRtea 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



wat er -sol ubl e vitam n; a porphyrin or haem nucl eus; a phthal ocyani ne; a

metal ion chelate; a water-soluble drug; a hornone; or 18DRBABBE2003
substrate. In one preferred enbodi nent, each head group conprises an anino
acid or oWd®epaqst i de, which nay be the term nal portion etra:greptisdde
chain. It is desirable to keep the Ilength of the peptide to a m ninum so
as to. avoid eliciting an inmmune response where the conposition is to be
used in vivo. Accordingly, it is preferred that the peptide is no nore
than six am no acids |ong. The am no aci ds enpl oyed can be any of the
natural am no acids, substituted derivatives, anal ogues, and D-- forns
thereof. The tail groups of the conjugates may be all the sanme or may be a

mxture of jdifif:erentithaid Of QURS. ;gagh.0f whi chy cprafer | ses, a
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in the st ich ¢ e_substituted_or unsubstituted, . for. e le, a
lipidic a%ﬁ%%%%gfgﬂgﬁgﬁggﬂg? %rpfggféﬁfaﬁaiﬁFForéaP%%kgfgge ef%%ﬁéﬁig)(n
di gl yceri delimesterolizea sphingosine or ceranide derivative; and a silicon '
or hal ogen- substituted derivative of such a hydrophobic group- The tai

group preferably has from6 to 24 carbon atons and nore 19 Decenber 2003 WO
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More than one tail group nmay be present in each conjugate. For exanple,
one or nofFENOPEREFC EARFO-BERds aw bRy grear byl tall group for the

preparation of the composition as defined above.

There |is further ©provided a method for preoducing a
composition for interacting with- .a ligand, which method
comprises; .
(é) 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
fréedom of.nmtion 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 defined

above.

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



side chains may formpart of each conjugate, |inked to one or nore am no
acids in the head group. Any chem cal nethod may be usedotteckmblr 2008 head
group to the, tail group. For exanple, each conjugate may further conprise
a spacer vwgs oy 1the nki ng the head group to the tail group secascrio®m2465
facilitate presentation of the head group on the surface of the

non- coval ent associ ati on. Such spacer groups are well known and i ncl ude,
for exanple, am no acids, hydroxy acids, sugars and pol yethylene glycol.
In a further aspect, the present invention provides' a conposition as
defined above, for. use as a nedicanent, a prophylactic or a diagnostic. An
advantage of the invention is that st r8ng specific binding interactions

can be achieved with conjugates in which the head_qgroups e spall..in
conpar i S(‘}ﬁ'fte rceth/erﬁcir@r’lJéﬂa%eﬁi oldfFdaltd ors. %‘gdltﬁjgorh%%d gjr%h%l?s an
- ol igo-pepldidssiafor exsml epridien ivhe sengtlded the pepitde chanpryesl d not

- normal ly.exceed ten am no acids and woul d p.refergblg be six or' {ess.
Accor di nBPPeES s t Fend8ccidy dikry E65RFES Hifesent ERE nFERDMNGIR tE8n be® nade

far |ess Jaginggeni ¢ dihan thel Ic RLAERED, CONDISEPAdS. |k AGROTFancesw th
this aspect of the invention, not only Can the conposition of the present

i nvent i omoreidadraryl atedaid 19 Oee epbererfBa3 on0od1he:d4§reCHsGRUD/ 02455 6
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in 'accordandges Wekbgatsadi bagblthe dgliitvery rfoumed Lpoa frantiber mspewintt he
present invention provides use of- a . PR

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



conjugate conprising a head group and tail group for the'preparation‘of t he
conposition as defined above. There is further provi ded1a pegihder Poo3

produ0|ngw§ l(&;mposmlon for interacting with-.a |igand, '/Egggﬁggg

conpri ses: providing a plurality of dlstlnct conj ugat'e

conjugate conprising a head group and a tail group; and (b) formng from
the plurality of conjugates, by noncoval ent association thereof, an
assenbly in which the tail groups aggregate hydrophobically and in which
t he conjugates exhibit freedomof notion relative to one another so that,
in the presence of a ligand, at |east8two of the head groups are
appropriately positioned to form an epitope capabte of interacting- wth
the |igar@)noea. dStnekiglhy thehfisdentof lmﬁﬁﬁﬁcgﬁ@wpslnnmﬁﬁﬁﬁmuKyllEach

conj Ugat i RGEEST kY ascdeldned oahoyere Jhesconiyaat g iy, b di sper sed

i n agueous phase“by a variety ogies f

of |ipidoreagugkéss innstemi (.. nechani cal ni xi ng, exposure to high shear
forces, sonication, solvent dispersion or codissolution with detergents.
Typi cal Iy, the non-coval ent supra-nol ecular assenblies forned thereby wll

be conpogedmpliesever alssky sDefeimbesu 20031 M 0100214017 oRCTHERD0L 2168
different conjugates m xed together. Additional lipidic_materials may

opt i onal B} EENIdFSFWE AIRY 3% FAeESprpehd @y F]BealE&ISﬁ tﬂ’ié“ﬁl?%&)%? si on
of the cepjugdiesrithalid | 88sHBEa APHn CRRLRRL YaRresRsant adgassenblyn of

conjugates, to aid in the presentation of head groups of the
Other suitable in vitro assays include modification of
flucrescence of environmentally-sensitive membrane-bound
- fluorescent probes, precipitation reactions, enhancement or
‘inhibition of enzyme activity etc Assays relying on the
abllty cf materials to alter the behav1our of cells cultured
in wvitro may also be approprlate, 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



conjugates, or to permt the construction of vehicles which can be
targeted by the epitopes fornmed upon random novenent ofigtiheeqiber bo@s €es and
appropriate positioning of the head groups within the assenbly. An

i nportant aspect of the method according to the present invention involves
the step WP OL@BM4Pifying the plurality of conjugates whi cHPHEEBR4Fesired
biolgical activity. In a preferred aspect, this step conprises (i)
selecting a set of conjugates with an array of head groups; (ii) formng a
non-coval ent 'association therefrom in which.the tail groups aggregate
hydr ophobi cally and in which the conjugates exhibit freedomof notion with
respect to one another;' (iii) assayigg for sufficient interaction between
the non-. coval ent association and the ligand; (iv) optionally repeating

steps (i);f0-Lddd ) MST Dihidhisat 10f +ne@Ni-lgabes makrkh o nbdi fhesh agraypef head

.groups; and 19 Decenber 2003 WO 01/01140 8 PCT/ GB00/ 02465 (v% on finding
suf fi ci eilht fommt awnepitanefqd ithe ligandet i dg tHelsef2nf Eoh} tghtes as

the plural,ity of  canjugat i.n_step B assay s, d

out i o et ] aBErdc At AR ke ot ERE RS DERRY Drile o

utilisingeHdel BErdiSA psi aesql ed abalet, edtieorapb iassucimtd Dncbri weehe s

anti body and antigen. .Qher_ suitable in vitrq _assays. inglude L flcation

of fl uoreﬁﬁiér_ﬁi’:_et%f?%n‘%}??Bn%é?ﬁcaW‘Sﬁ- NERALY \%’dﬁéﬁﬁrcgﬁ)ex b%%%ﬂngf%g{r%%cent
probes, &L PhESEpON PR hgNSomeNARAE FBsipD or both, and assaying

the resultant probes once again for sufficient interaction.

Evenﬁually, the most favourable combination of head groups

may be identified and selected for use in the 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



i nhibition of enzyne activity etc. Assays relying on the abilty of
materials to alter the behaviour of cells cultured in vhgmcgﬁ,ﬁemm be

appropriate, such as assays for cell death, cell proliferation, apoptosis, .

i nhi biti J¥O8F0I14k | nul ati on of cell-to-cell contact, secretpomaERi/eAEHKI nes
or other soluble products, synthesis of specific mRNA, intracellular

vesi cul ar transport, alteration of cell signalling processes etc. In vivo
assays in whole animals or humans may al so be carried out, for exanple

i ncorporation of radiolabel into the supranol ecul ar assenblies, foll owed
by investigation of its subsequent dijgfribution after adm nistration by
various routes. According to this nmethod a conbi natorial approach is used

in  whi chmans anga of sdutf esleainsupicIm! eeul greassestl i@sydier "PRODES") is
prepared, each containing a different conbination of conjugates selected

froma pFelsidtiesisedl FHfifersditectrBhigrrahbonppr oprtaitmjugates may
be basedy.08 kROoOWR-RLORErd €S, Of ~t arget LI 0 sinpl vy ..invol ve
t he use %? a'vgryﬂﬁide?réﬁggﬁ%fgﬁégg Bﬁbgﬁssé%gﬁggfeéggggf f%g§xﬁb

PCT/ GBO0O#P2465i 0 $pretase the prdlaltialtion,t hdts t wol myummmrg:«ef. t he dread

groups 11, f.orm-an [ e for the ligand. Ln this. .following the
assay fo%tét %?%?ghtg?%?éggéti%nzﬁéﬁﬁggﬁi¥he°%ro %gaﬁg%xyﬁguﬁﬂg§WH' S
descri bescadoveybturel tonbiihhl i orlekhysonjpegatsesodicited t drbe arstidkfdiecti ve
may be,nndiéied:_. addi ng further head groups, renoving some head groups,
or both, “%h %&ﬁéﬁ% the resultant probes once again for sufficient
interaction. Eventually, the nost favourable conbination of head groups

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 further the number of head
groups for selection. One can categorise the amino acid
rresidues'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

/ 01140



may be identified and selected for use in the conposition. The present
invention therefore has a very clear advantage over tr gdifidc@fdler 2003

. conmbi natorial chemstry. In conmbinatorial chemstry, the identification of
t he nostwoanersabl e sequence for binding to a specific reseptpsoexst be
carried out by synthesis of hundreds of possible conbinations of different
groups such as amno acids, in different orders, each one having to be
tested for efficacy. This process is tine- consum ng, expensive and is
limted by the nature of the chemstry which can be carried out in Iinking
the different conponents -together. Ig contrast, the present invention
sinply relies upon proximty of the hédd groups to provide
association=derivedF%%ﬁ%p eiﬁ_Chce a set éﬁcfﬁgﬂ ugates has been _

synt hesi sed, no fur er yn gtic chenigfry i'S required, only sinple

- m xi ng of the conjuggdes:Hyd iformthe di fderiant probes by non-coval ent
association. In a preferred sinple enbodinent, the present nethod_uses _
conj ugat es havi ng a®&§tRdi% term nal ani M-S i nked via a spater to a
lipid tail group whinghaean be. conbi ned @iggdnidy .m xing in aquegus nedi um
to formmcelles in which different 19 Decenber 2003 WO 01/01140 10

PCT/ GBOQ 02465 ani n&a&éicd si de chai ns wdlilsFis8- 5 esent ed toget her®in a

mul tiplicity of difhgkggkjgpnfiguratipn%wf%giwging!y, the need o present
amno acids in a specific order, or with™a .specific spacing or
~orientation, is circunmvented. On statistical grounds, a proportion of the
Icgﬁ:‘ :“gg ah%{,ﬁé}? og(:lsdtrsaq:be-guinés:[ Sar\.!\c'j:el gvgkﬁgfeb%oarssf&énqgi%iha %%tliggal

' 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“ each 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 C D
‘Probe 2 A B C E
Probe 3 A BC F
Probe 3 ABC G-

------

Probe x ABC Z

Each of the probes is tested separately in the bilological

assays for sufficient binding as outlined above.



In one arrangenent, each of the conjugates would have the |inear
structure: X-spacer-spacer-lipid-lipid, . where X repreqggienmerbticd €
amno acid different for each of the distinct conjugates enployed. Wen
seeki ng twoomrdt4ouct epitopes conposed of natural am no apEf&Bebodds
possible to sinplify further the nunber of head groups for selection. One
can categorise the amno acid residues found in natural. proteinaceous
materials into six fundanmental classes preferably using in any one class
~one amno acid rather than all nenbers of that class because-of the
increased spatial flexibility of amnosgcids in the termnal position of
the head group. This has the effect of reducing considerably t he total
nunber of rampo Acidsy raqHred etneadm@ﬁ rUCaId Ngnt e Pres ;&Jée% bank
of conjugates and thereby the total nunber of head groups use The mai n
cl asses ofondtreckefdswhiehserooteing TabllargehbelrowbeTabbd 1diCfagent

Abb 19 mber ;2003 WO-01/01140 11 PCT{ GBOQ 02465
ophobT CLATETTET. FYArbxyPEcSE I HoS LRE: i O € ARG CE ARRAGEH alhbe

Hydr ophobr ¢ I ne r oxXy rineS

BaS|cH|stpﬁoMeb|AemuntlmiykmﬁgneX Adﬂffﬁmﬂnﬁﬁ cmmmagagee51aretayalIahbe for

Identlfnggtggéige 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
’f; character to the conjugates by presenting them in the form
where a free carboxyl group of the terminal amino acid is
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.



conbi nati ons of am no aci d-containing conjugates. In one enbodinent, a
restricted nunber of conjugates is enployed to form a ramgRepbedP®i3y nct
probes where each probe is an aqueous suspension of supra-nol ecul ar

assenbl i ago'e18o@h assenbly consisting of sel ected conj ugaiscBin®Reks
together, and each differing fromthe other as a result of the inclusion
of a different additional conjugate as shown bel ow where each of the

| etters given represents a conjugate with a different term nal am no acid:
Probe 1A B C D Probe 2A B C E Probe 3AB CF Probe 3AB C GProbe x ABCZ

Each of the probes is tested separately in the biological assays for
sufficient binding as outlined above. 13 Decenber 2003 WO 01/01140 12

PCT/ GL300/ 02465 In a second sinple enbodinment, an initial probe can be
constructed which contains a Iarge nunber of different conjugates fromthe

bank, d+it dif t
ank, andgj saeﬂhs@% etermnew LIlECeQ'{] e@?ﬁ%n% &s dLT TRreny

conjugate in turn, roups ank are
essentialfoan@rQMMGmngamenmdduwdanﬁotountheabtnm@gwcam anieganﬁlonTheing

N A
the methods deflned above; identifying the at least two head
groups which form an epitope for the ligahd in the
composition; 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:



Combi nations of the alternative approaches as outlined above can be made.
A know edge of the target |igand may assist in designi ngo@decembenRbEs
starting array. For exanple, if the ligand is knowmn to be basic, it would
make senswatmsimlpart an acidic character to the conjugat espPOy/GBIesBIss i Nng
themin the form where a free carboxyl group of the termnal amno acid is
-exposed. Introducing additional functionality by enploying a particular
am no acid as a spacer group adjacent to the termnal amno acid may al so
confer increased specificity. Were the involvenent of, say. a short

ol i go- pepti de sequence of known structg e has already been inplicated in
binding to the target ligand, such a s éuence may be incorporated into a

conj ugat e i,ncl d_in _the_set of conju es. nmaki up.the

Conmos 1§ ohiCH doctiier 22063 00t 0r OTER T RCTPERIG) B3768 A o5 PhaP
aspect, theipreeseinkculeent iaysgubdwi,desaadnetimed soaehpr aducicegpasirlieaul e
for interacting wth a |ligand. The A nethod caqonprises producing a,

conposi ti dif g 1§ F@eoﬁ§%ﬂen9fk?Wﬁﬁ?ﬂﬂﬁ;%E#@%éﬁ’d%o%@FgFgeﬁﬁﬁﬁﬁphg t he
at | east tamy head groups which forman epitope for the ligand in the '
conposition; and producing a nol ecule incorporating the functional groups
of the.at |east two head groups optionally spaced apart by one or nore

| i nker gr 0 »t h i i pke ti i.th_th

1 gand. o, FomaPy an etk o ThE head areuns t narei QAT Iy T st

t he conposiuprengodtctbar pr esgstbilgventémpodemy vienswiovesnbse-ddehalicah in

vitro Or_Ié&ﬂ%hggté¥3tﬁﬂg%epehgg aroups 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.



to induce a biological response in'" a therapeutic, prophylactic or

di agnostic nethod, in sonme circunstances a nol ecul e mygiE:derideogos based
on the structure of the above conpositions. By identifying the functional
groups ofWo p0ia46 | east two head groups which formthe epi POPEBIB4GSHe
ligand a new nol ecul e anal ogous to the conposition nmay be produced
containing the sane or a simlar epitope. The functional groups may, for
exanpl e, be incorporated into a single |Ilinear oligo-peptide possibly with
one or nore |inker groups to space the functional groups apart. Brief
Descrition of the Drawi ngs The invention will now be described in further
detail, by way of exanple only, with néference to the foll owm ng Exanpl es
and the attached drawi ngs, in which: 19 Decenber 2003 WD 01/01140

PCT/ GBOO/ B¥26BLES1  F| GURE 1 shows a schematic representation of the surface

of a supga-nmlec e a ow such a.conposj tion.  accor di to
the pr ese%?l {Eﬁ\%n%’%(%ﬁnpﬁid %e:(}i {E’%rlgjg"t’ I ?g%nds;taéqn@é?ﬁ Gﬁﬂgvﬁngh%% fg’cll
schemat i crempresanttdtdron off tameireur faadelsof bg  sipgaenvlectdss .Assenbl y

* conposed- of .two non-identical, conjugates whose headgroups consi st of
short - chat PEd SHeats SERLCYES Dﬁfj'élegEd ript F@ﬁ of2i¥e FhGerEtoRT

Referringrdfefd gwee LorduRdd:ON ds of aets COMRS1 tdvaAC Gl divig cht 0 chie
present invention is shown in the formof a mcelle in which the head
groups 2 R A2 Tgritigye 33 EbfeFGuPREAm theont eiget el 4PpEi giop Ajn Abgar get
' 328?5 BHARSCALLLO LR HRIPORLLPDs 1aoBRCRNRR Uik £ONLHELEE:8" €
comprises two amino acids linked via a peptide bond, in which
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.
' Linkagés between the headgroup and spacer and the sﬁacér 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.



rearrangenent occurs (Fig. 1B) to allow positioning of the head groups 2
to bind the target ligand 5. Referring to Figure 2, a 36@dcembef 2603
conposition according to the present invention is shown in.the formof a
supr anol eswd saroragsenbl y, in which binding of a ligand to phe«casthbaee of
‘the assenbly is brought about by the creation of an epitope constructed
via the non-coval ent 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
sanme principle applies for headgroups cagntai ning structures other than
amino acids. 19 Decenber 2003 WD 01/01120 PCT/ GBOO 02465 15 EXAMPLES In

t he exanpl es given bel ow, the standard convention for representation of
~amno acids by single letters of the alphabet is enployed, except that in
al | cases 1herHetd@itdeter 6t @100RgA afe RS HESM idRM ahie i ¥hiehnt hat
particul ar am no acid occupies the termnal position in the peptide chain.

In the exanpl¥s BeSEPFBRd FBFE, TIMOIIDitP 2oNPFHERS ofwdtariafstactmlsari nked

via a peptideanqgHn hiCh v ot i@fe.t he amino acids are glycine
anal ogues, where in each case the al pha hydrogen has been replaced by a
| i near hydrocarbon chain containing either 12 or. 14 carbons. Linkages

bet ween the hegadgroun ;and,;SRacel, angd a nd .lipid.are al] via
pepti.de bonds. % heag'gr d%‘g’abe r’s%%@geﬁga%g%%gggapégﬁﬁdtJhne ‘f?ieuemeesnd of
the |ipid beass andONpi2edgr oup. thHde stlect overdbagacttconjivgat® i Siddws:
\H2- - heador Qup-2RRG8 1Al "on2d (G187 4% PRl -2 A% 261 6 (R
~capped, warmedrto 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.



- serine-glycine spacer) were prepared as solutions in

@nethane 1:1 at a concentration of 5nmg/m g%(3§ tlons of
vialsineqﬁ A tﬁons

vials, as shomn in

In cases where the volunme of organic sol ution

adj ustmrent was made at a |ater stage, when the

- (5 x 104cel Iss/ M / wel 2§0ulVol unes of 100ul

si de chain)-CONH2. Exanple I:

Stinmul ation of TNF secretion from macrophages

1. Individual conjugates E, Y, Q S & H (linked to |ipi do\Degtember 2003

nmet hanol /

t he conjugates ‘were dispensed into 7mL gl ass
to give a final volune of
t he exanple overleaf.
avai |l abl e was insufficient,

400ul

(2mg of solid)

gquantity of water added for reconstitution

shown. 19 Decenber

all vials were dried down under a stream of nitrogen,
in a lyophiliser.
Yeitrere | 9f \singgsteas i nid@med<ifn the table

vacuum of at | east

day, distilled water was

| mbar

overleaf, to give a final
were capped, warned to 37 degC and bath-sonicatedagdded clarity was

achi eved.

over ni ght

in all

was reduced accordingly, as.
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corfdemgretedon in al |
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On the foll ow ng

vi dtagegf 1ng/m . The vials

plates into which cells of the J774A-1 macrophage cel

i ndi vi dual well s,

and 10ul

.5. The sanpkes we¥e the&h appbied tB wells of 24-well cluster

| i ne had been pl ated

af. 3manpl e were added to

and thesg@hls were incubated over.nmght at 37 degC in an

at nosphere @ 5% 002/ air.

of supernates

H
EY
EQ
ES
EH
YQ
s
YH
Qs
OH
SH
QsH
YSH
YQH.
YOS
ESH
EQH
EYH
EYS
EYQ
EQS
EYQS
EYQH
EYSH
EQSH
YQSH
EYQSH

200ul
200ul
200ul
200ul

- 133ul

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

40ul

6. Theifordll owi ng day,

200ul

200ul
200ul
200ul

133ul
133ul
133ul

133ul
133ul
133ul

S50ul
50ul
50ul

50ul
40ul

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

duplsswt e. vol umes of 50u

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

.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



were taken fromeach well and nmeasured for TNF concentration in a capture
ELI SA assay. Results obtained are shown in the table bqlgyceMBeP3dds1140 17
19 Decenber 2003 PCT/ GBOO 02465 Vol une of conj ugat eVol une of Edi spensed
Hwat er Y@ 84¥d& E - 260ull. 3nl Y400ul2. Omi QB10ull. 55nml SHEUGBI/RR4ES
HA002. Om EY200ul1200ul2. Ovi EQ00ul200ul2. Or ES200ul200ul2. O
EH200u1200ul12. O YQ@200ul200ul2. Om YS200ul200ul2. OM YH200ul1200ul2. O
@S200ul 200ul2. OmM @H200ul. 200ul2. O SH200u1200ul2. OM @QSH133ul
133ul1133ul2. Om YSH133ul1133ul1133ul2. Or -YQH133u1133ul133ul2. On
YQS133ul1133ul 133ul2. O ESH133u1133ul}33ul2. Om

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



EQH133u1133ul133ul2. O EYH133u1133u1133ul2. Onl EYS133ul133ul133ul2. O
EYQL33u1133ul133ul. 2. O EQS133ul133ul 133ul2. Om EYQSSQgtﬁQg&@@pgoo3
50ul 1. Ond. EYOH50ul 50u150u150ull. Onl EYSH50u150ul 50u150ull. Om H50u150ul
50u150ul A 8sH50u150u1 50u150ull. Ol EYQSH40u140u140uf‘E6€E #¥2. o 19
Decenber 2003 WO 01/01140 PCT/ GBOO 02465 18 OD450 in J774 supernates
100ugbugQug EO. 6280. 0980. 013 YO0. 3130. 053 Q0. 0830. 015 SO. 3480. 143

HO. 6320. 206 EY0.1980. 027 EQD. 1130. 022 ESO. 2110.225 EH0. 1670. 037

YQD. 2450. 034 YS0. 7860. 363 YH0. 5. 410. 133 Q80.2120.025 QHD. 1350. 027

SHO. 5150. 177

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.

S "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



QSHO. 2530. 032 YSHO. 7120. 229 YQHO. 2900. 020 YQSO0. 5190. 119 ESHO. 3800. 246
EQHO. 1070. 026 EYHO. 2540. 042 EYSL1.2890. 355 EYQD. 1910. 064 1EQRReRDIP 260
EYQSO0. 77;@63%% QH 0. 2240. 067 EYSHO. 2620. 146 EQSHO. 1490. ]"Eﬁﬁeﬁ%” - 3190. 045

EYQSHO. 3 t can be seen that sonme, but not all, of I'nations
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 the conjugates described can be

enpl oyed in the conbinatorial 19 Decenmber 2003 WO 01/01140 19 PC

F/ GB00/ 02465 approach to identify efficaei ous conbinations for the purpose
of eliciting a desired biological response. Exanple 2: TNF secretion from
macr ophages Conpari son of supra--nolecul ar assenblies containing a m xture
of conjugates, with a m xPire € FWEr a- nol ecul ar assenbl i es each

contai ning a single conjugat 8LISA

EYS 0.390
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.



Sanmpl es were prepared as described in Exanple. 1, with or wthout the
inclusion of additional lipidic materials as described foghédembEReoos
conbi nati on of conjugates Y, S and.L was chosen since this conbination was
a good pewbeimmmrei n the experinment described in Exanpl e pcitplnidass
cont ai ni ng phosphati dyl choline were prepared at a ratio of phospholipid
to conjugate of 2:1 w/wt. Probes containing octyl glucoside were prepared
at aratio of glycolipid to conjugate of 1:1 w/w. Results shown in the
tabl e bel ow 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 2003 WO 01/01148120 OD450 of THE ELI SA EYS 0. 390
E+Y+S 0.059 nediumcontrol 0.000 EYS: OG 0.559 (E+Y+S) : OG 0.193 OG
control 0.228 EYS: PC 0.320 (E+Y+S) : PC 0.130 PC control. 0.081
PCT/ GB00/ 6246%Irhids eEafsreenmsis ath&radolptalei ons of the conjugates can
elicit biaglogi : o] i.Lher -when presgn e en, present ed
n' conj uncti ancaReather Tt fich ol F8" EbnfiiRRa Yo MU RES

a 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

LSEQ 20ul 20ul 20ul 20ul



phosphol i pi ds or

i pid sugars. It also shows that for efficacy to be

mani fested, it is inportant for all of the conjugates 49 QgeRibgpend®d in

conbi nati on on the sane supra- nol ecul ar assenbly, and that activity is not .

observed WO Mfd140sane conj ugates are presented together atPCHESBOHNHGE| e,
but separated on different supra-nolecul ar assenblies. This suggests that

it is inportant.
other, in order.
associ ati on of

to present the conjugates in close proximty to each
to permit the formati on of epitopes forned by non-coval ent

t he conjugates, which can participate in specific binding

with cell-surface receptors. 19 Decenb 2003 WO 01/01140 PCT/ GBOQO 02465 21
Exanpl e 3: Enhancenent of Oral Uptake I. Individual conjugates L, S, E & Q

(conj ugat gd g jl iR Ql%'ti‘lﬁé?téééu‘?éi W@éeg'ayafdél?.é@a&%%&?r&é’rg}?&‘%ﬂiﬁ&

solutions in benzyl alco

at a concentration o

of . 14C—cho|e§Kﬁﬁ@klageat§hQSV1qu/wbrénth@huanexmmmsandlB@enssmhi¢atedour
7mL gl ass sc%%@-%%pged vials and dried down under a stream of nitrogen. 3.

400ul of each "of

the 88FGtions in (1) was added to one of the vials in (2)

~and shaken overnight at roomtenperature. 4. Solutions of the conj ugat es
wer e di spens g into 7 glass vials in equal .pro ortlons ive a final
800 i85 L Eodsehmping

vol une of "8

S(0S8NG oF SBITR) HTal FIOFERs, *

hatthdi nn’tT'u’éo

bel ow. LSE Q L§Quhiiised 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

centrifuged, and 0.4ml of the supernate was transferred to

11.

a scintillation wvial to which 2ml of Optiphase Hisafe 3

(Wallac) was added with mixing.

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. .



S-BQul -- F.--80ul- Qsoul LS40ul40ul-- LE40ul-40ul- LQ40ul--40ul.

SE- 40u140ul- SQ 40ul-40ul EQ -40ul40ul LSE27u127u127u1-1@§§g§ﬁﬁgﬁgbog7ul
LEQ7ul- '27ul27ul SEQ 27ul27ul27ul LSEQ0ul20ul20ul20ul 19 Decenper 2003
WO 01/ 01 ™0 6P@TAGB00/ 02465 22 5. 2nll of distilled water wascaddesioiqes each
of the vials wwth vortexing. The vials were then capped and bat h-soni cat ed
for 20 minutes. 6. The sanples were then frozen in liquid nitrogen and

| yophili sed overnight. 7. The follow ng day, each vial was reconstituted
with 2m of distilled water and sonicated again until clear dispersions
were achieved. S. The sanples were ad 'gistered by oral gavage to Balb/c
femal e mce (20-25g weight -- four mceé per group) at a dose of 0.3nl per

-ani mal . . ;@esd{)&fglsar}%p%rhio%sggt thogagggphgiowre taken by tail venupuncture

at 45, 90 an O mnutes after admnistration. :

% uptake in bloodstream
45mins 90mins 180mins

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
.combinatorial approach to identify 'efficaciou,s c:ombinétions

capable of acting as targeting ligands.



| 0. Each sanple was diluted in 0.5m of PBS, which was then

centrifuged,

and 0.4nl of the supernate was transferred to a scintilhbadcembet 2003 0

whi ch 2. of OPti phase Hi safe 3 (Wallac) was added with m
11. Act i vV}

Xi ng.
Phe sanpl es was measured in a scintillati or?cré%?ﬂ’?{“%‘?éis

Per cent age uptake was estinmated on the basis of a 2nl bl ood vol une, of
which 1m was assuned to be plasma.. 19 Decenber 2003 WO 01/01140

PCT/ GBOO 02465 23 Results are shown in the table below % uptake in

bl oodstream 45m ns90m ns180m ns LO. 901.390. 61 S1.121.140.81 EO.851.550.79

QL. 403. 000. 81 LS2. 872.380.66 LE2.592. 220, 49 L(b. 052. 150. 45

SQ4.671. 450. 67 EQB. 722. 650. 59 LSEL. 911. 200. 97 LSQG. 231. 900.

LEQR. 771.5%28n90 SEQB. Db1sh2Bc 68ih&ERY. 451. 740. 81 It can be

SE4. 211. 660. 70
80
seen that sone,

but not all, of the conbinations of different hefdggoggs enhancse g%ake of

| abel vi a thHP Yy of goat IgG (lmg/ml) was adde ml

of FPB

100ul was placed in each well of a flat-bottomed

microtitre plate.

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

.-2mg of each of the cenjugates Y, F, W, L, S8, E, Q & R

{each linked to lipid wvia a serine-glycine spacer ) were

weighed into 1ml glass vials and 200ul of benzyl alcochol

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 -
& 20ul 20ul - . 20ul
7 20ul - 20ul 20ul
S. 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.



"20ul 20ul 5. e contents of

e

route, indicating that the response is specific to those particular

conbi nations. The exanple illustrates the way in whichibRcembetaci®rs
descri bed can be enployed in the conbinatorial approach to identify

ef fi caci B&¥PHE8¥BI nati ons capabl e of acting as targeting IRGGAARRP02455
Decenber 2003 WO 01/01140. 24 PCT/ GBOQ 02465 Exanple 4: ELISA Fc binding 1.
100ul of goat 1gG (1ng/ M) was added to 20nl of PBS and 100ul was pl aced
in each well of a flat-bottomed mcrotitre plate. 2. The plate was

i ncubated for several days at +4degC. 3. 2ng of each of the conjugates Y,

F, WL S E Q&R (each linked to bipid via a serine-glycine spacer )

were weighedinto 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 gl ass screw capped vials as follows: Vial Y
FWL S F-QTRe ndate 2gam 298apr20d] was 2rghemyin- PB§YE - 023 20ween 2280ul

20ul 4 ~- 20ul,20u1,20u}.5§ %g;éh%&% foid o%%ué\meoﬁqu%ai'th- 4Qulga’ 90Ul -

e m xe by Vvortexing,
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.



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 cry9bdleceher 2003

di spersions. 19 Decenber 2003 WO 01/01140 25 PCT/ GB00/ 02455 7. The plate
from st epYCHIMME washed in PBS/ 0. 02% Tween 20 and then bPERIEBOD/ARES

i ncubating for one hour with 1% BSA in PBS (300ul/well). 8. The plate was
t hen washed as before, and 100ul of sanple fromeach of the vials in step.
(6) was added to wells in colum (1) of rows (1) to (7) Row (8) was |eft
as a blank control. 9. Doubling dilutions were perforned across the plate
by transferring 100ul fromwells in cobym (1) to the adjacent well on the
same row in colum (2) and mixing, then transferring 1Qul to the next

col um as jhefeie, ot LcalOdedhEr Pl Bl€ MRS, tJFENHNGHNALE QY efdH GiMe Als 4
degC. 11.The follow ng day, the plate was washed as before and 100ul of
comerci al hdX¥rad®B haperékpdasmdeyG o] uegr ereguditisutadutai/meEgoO § i RBS)
was added toa%pﬁg : I a o] rature for 40 m nutes.
12. The pl ate was tt\ﬁ?ﬁ{tm%g%egaggﬁ%%giﬁd%féogEbéfa%s%llséﬁstrate for

per oxi dase was .added to each well and incubated at roomtenperature for 30 °
m nutes. 13.20ul of 3M sulphimi€ atiithvéasltireriéaddéd 82 kath a#ll to stop
t he reacti on.sabgleecenber 2003 WO 01/01140 PClI YGBOO 02465 26

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.



14. The opti-cal density of each of the wells was neasured at
plate reader, and the results obtained, after

-are recorded below. Sanmple 1 in41in81in116 1in 321 in 64
1YFW. 00 590@3@9:49480. 0530. 083 2YFL1. 5041. 4841. 3250. 7230. 0%et1/cB00/02465
3YWL0. 8030. 1920. 0220. 0230. 060 4FW.1. 0340. 7780. 2080. 0310. 034

5SEQD. 0290. 0410. 0550. 0570. 091 6SERO0. 0130. 0300. 0440. 0620. 075

7SQR0. 0000. 0450. 0310. 0540. 065 It can be seen that maximal binding is

achieved with sanples 2, 3 and 4(ie conbinations YFL, YW, and FW). It

can be seen that sone, but not all, of the conbinations of different

headgr oups enter into strong binding indéractions,

response is sgecific to those particular conbinations. The exanple

i |lustrat &%

. the conbi

01/ 01140 27 CLAI M

- ligand, wdicgwosdipiosi t i opmpohpes ses anponcevedérnt associatiom ofofa a

plurality
and a tai

pildhstincte conlugates.o SRl e ugat eSOl b f1ead o ovP

group, “wher el'n ups‘o
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

appropfiately 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 porphyrin or 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:

450nm on a
adj ust mentg bedenitg kgodund,

i ndi cating that the

‘way in which the conjugates described can be enployed in
natorial approach to. identify efficacious conbinations for the

purpose -qf eligLi é&:ﬂgoﬁ‘é%href%o@ nglng 3L GLAGHIe@N-a 191 PegRgbEr £0P3 WO
. PCT/ GBOO 02465 A conposition for 1nteracting wth

a



conjugates form a hydrophobi c aggregation and the conjugates are novabl e
within the association so that, in the presence of a |iljdbebendter2683t two
of the head groups are appropriately positioned to forman epitope capable
of inteMi@OIMd4lith the ligand nore strongly than each of PGEGEICRI6UpsS
individually. 2. A conposition according to claim1, wherein each

conj ugate has a head group selected from an amino acid or peptide; a
pepti de anal ogue; a nono- or poly-saccharide; a nono- or poly-nucleotide;
a sterol, a water-soluble vitam n; a porphyrin or haem nucl eus; a netal ion
chelate; a water-soluble drug; a hor g8ne; and an enzyne substrate. 3. A
conposi tion according to claim2, wherein each head groug corrprl ses an

anmi no acifd r@Pthéénpéng‘Ponaﬁé‘é%yr dlkﬁlﬁjﬁ%xié}h?m%ml%er%i:g 8ach?figdd< group

COMPI | S RERIiAE, COTRALSI NAnihE 3MIAQ ACkhs > Adpomposities, acegading
to claim3 or claim4, wherein the head groups which formthe epitope

conpri se ammaAtial amanPnachkds ds sel ected fromat |east two of the foll ow ng:
1 9 Decenber 2003 WO 01/01140 28 PCT/ GBOQO 02465 hydr ophobi ¢ am no aci ds,

hydroxylic am no acids, acidic am no acids, am de am no acids, basic amno -
acids, argl aronabiysosdt ivh agicdsr8ind cmmpesxiyci oneaczr diteg poeapginge of

t he precedl cl ai ns wherein,each tail, is the: s f ent
b | compiatts o PEREIR; FRERGEGHY SEPURL 3 M IANS (5 Rl Thrreft | BRb

branched-Ghgiriskat ty agpdpnahcehajrsup akdebydedhariog al sieadgh carbon
atonms; a lipidic amno acid anal oque; a
branched-chain fatty aci 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.



prostagl andin; a |leukotriene; -a nono-or di-glyceride; a sterol; a
sphi ngosi ne or ceram de derivative; and a silicon or hal®©petemisl2008t ut ed
derivative of' such a lipophilic group. 7. A 'conposition according to

claim 6, wh&rsidg each lipophilic group conprises a C10 tqmﬁgég&ﬁﬁhg aci d.
8. A conposition according to any one of the preceding clalns, erein
each conjugate further conprises a spacer group |linking the head group to
the tail group. 9. A conposition according to claim8,wherein the spacer
group is hydrophilic. 10. A conposition according to claim8 or claim?9,
wherein the spacer group conprises an amno acid, a hydroxy acid, a sugar
or a polyethylene glycol. 11. A conposZ®ion according to any one of the
precedi ng clains, wherein the non-coval ent associati on conprises a

| anel | ar 2+ ud® ucempashttet | @asorgingosemeany 9 PerefbertPHOPROGETTF1140

- 29 PCT/ GB00/.02455 : onpQEsitio [ tq a f.it:he precedi ng
cl ai ns, fé%gﬁﬁéé ag%é n@é%cgggnt% aﬂﬁgggﬁéggggic%br?%09§?%§ﬁg§?icgrl3% Use
of a conjdigajr®sadrpri sing a head group and a tail group, for the
preparation of a conposition according to any one of the preceding clains.
14. Use according to claim 13, wherein the head group is selected from an
am no acii or (peptéflea aopsnyhte wmgiAng aa mhead @rompl yasaceharide; a
nono- or pol ynucleotide; a sterol, a_ water-saol uble vitanig; angorphérin or
haem nuclSEifP a iRt AihS GF EFA2EEET Pvat eF CBBP BB E°Ur 8§ H°ABP nbfe 2 dnd an .

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 mbno— or poly-saccharide; a' mono- or polynucléotide; 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, hydroxylié amino aéids, acidic amino
acids, amide amino acids, basic amino acids, and aromatic

amino acids.

18,_ Use according to any one of claims 13 to 17, wherein the
tail group comprises a lipophilic group selected from a

straight or branched-chain fatty acid, alcohol or aldehyde



enzynme substrate. .15. Use according to claim 14, wherein the head group
conprises an am no acid. 16. Use according to claim 15, m@mmérneoﬂead

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
accordi ngglpcekaday 18 whereln tahesbhmﬁgblsllhﬁ @rOUPer GARRY | $6S wtEi@;t o Cl4
fatty acid, according to any one of clainms 13 to 19, wherein the

conj ugat e ‘F?lrtaheﬁl@bﬁﬁf’l sTs 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
hydrophilic. 22. Use according to claim 21, wherein the spacer group

conprises an am no acid, a hydroxy acid, a sugar or a
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



pol yet hyl ene glycol. 23. A nethod for producing a conposition for
interacting wth a ligand, which method conprises: (a) 19 Decetiibiey 2803
plurality of distinct conjugates, each conjugate conprising a head group

and a taiyoliRiye and (b) formng fromthe plurality of c Z ?5
non-coval ent association thereof, in which the tail groups %8 %ﬁ e

hydr ophobi cally and in which the conjugates are novable so that, in the
presence of a ligand, at |east two of the head 19 Decenber 2003 VO 01/ 01140
PCT/ GBQ0O/ 02465 31 groups are appropriately positioned to form an epitope
capable of interacting with the |igand :g]iore strongly than each of head .
groups individually. 24. A nmethod according to cl ai m 23, wherein each

conj ugate S of cI 3¢ 25.. _A nethod
accordi ng toﬁggal %1% SgpkEBQ[iXE%E? Pgllnl?rhecl non- (Zz%va Al eRf as?o&ogtl on
conpri sescapkhirel ldfr $hteckaténga winilcekhe dbganbi pesenest26ngly nekhad

according_ to,any one,of cla tQ 2 wherein the step of providing the
plurality® 8?h08ﬁjBﬁ%?egro%%ﬁp??éégl%??f%%1ecting a set of conjugates wth
“an array of head groups; (ii) form ng a non-coval ent association

therefro in which the tail _ groups aggregate hydrophobically and in which
the conjfi§ated FFERRHAACTIING ) BRsEYRAY £dr YORFPER eARCH nERRABEREA

bet ween the and@@yﬁé@ninaéﬁp%@élaﬁ @Mn&m:ﬂ i.gapd; (iv) optionally
repeating steps (i) to (iii) using a

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

mlcelle or a llposome

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 wth a nodified array of head groups; and 19 Decenber 2003 WO
01/ 01140 32 PCT1GEB00102465 (v) on finding sufficient interbeddntberi2003t ep
(itii) selecting the set of conjugates as the plurality of conjugates in
step (a) WOMAiMEet hod according to claim26, wherein theP&I/8008R465nead
groups conprises (i) at least one termnal amno acid fromeach of the
follow ng classes of am no acid: hydrophobic am no aci ds, hydroxylic am no
acids, acidic amno acids and amde anino acids; and (ii) at |east two
further termnal am no acids conprising at |east one basic amno acid and
at least one aromatic amino acid, or at least two basic amno acids or
aromati c am no acids. 28. A nethod according to claim27, wherein the

modi fied 4rray of chgad rogmfgg@g in $L@B Gkl cBONPrH Ses te atiay) of
head grougg u?ehd |ﬁ ste?)% (1) t (|?|) in WﬁICh tohe at least _ two further

t er mi nal sadievsiaci dsthey e sRT | e@@nt conpigatRise afsedlen FBPLYAYY to°fiii).
29. A nethod ac ord| no.ta cl(gim 26, wherein the array of head groups

conpri se§ (L) it eIsealélt on mnal am no acid fromeach of the follow ng

cl asses of amino acid: hydrophobic anmino acids, hydroxylic am no acids,

acidic ani_no. acids, am de am.no acid basic am.,nhq acid nd _ar J_-C
am no acids. 3o.MACRREhGFCREEHPE AQ t%la(ﬁ“éi %\gQQWh\ﬁﬁéarl& n&tl%l r% dr'ti ed

array of hré%@d SuPs ds@Prisest ep) (k) 1ceRRricees themanady anflnd]eadlcgroups
used in steps %f) to (ii1) in which the at |east 19 Decenber 2003
from each of the follow1ng classes of amino ac

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



WO 01/ 01140 33 PCT/ GBOQO 02465 one termnal amno acid fromone of the
classes of amno acid is either absent or replaced by al&Dacgmeiskrn8803i on
thereof. 31. A nethod for producing a nolecule for interacting with a

| i gand, ®éh@releong: (1) producing a conposition accordi ngPoa/eEm/omedshod of
any one of clainms 23 to 30; (2) identifying the at |east two head groups
which forman epitope for the ligand in the comnposition; and (3) producing
a nol ecul e i ncorporating the functional groups of the at |east tw head
groups optionally spaced apart by one or nore |inker groups so that the
nol ecul e is capable of interacting vvi3th the Iigand nore strongly than each
of the head groups individually. 32. R mol ecul e for interacti ng with a

L:g?g?élwﬂﬁg%kaﬁggl gﬁhgguggianggﬁagggdontEQeCR%%%ggsO%Sa%g%g”%%f&“
is either absent or replaced by a charged version thereof.

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.





