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WO 2005/010141 PCT/IL2004/000669 1 COMPOSITIONS FOR
PURIFYING AND CRYSTALLIZING MOLECULES OF INTEREST

wortElED AND BACKGROUND OF THE INVENTION 5 The presert/11.2604/60066%

invention relates to compositions, which can be used for purifying and
crystallizing molecules of interest. Pro{eins and other macromolecules are

e

purification constituting the major cost (Up to 60 % of 10 the total cost) of

the production processes. Thus, large-scale use of recombinant protein
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“flow-through.” Affinity precipitation (AP) is the most effective and
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790(1-2):79-90]. Current state of the art employs ligand coupled "smart
epdyrhiiese terhaiqsslyersing petirin- reitpransiot thenpatigentiopsistisrsto the
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property changes to small physical or chemical stimuli, such as changes

‘mathers terdgeRIRIFNT faRbSreantdraitike (T ek s I grirendanteskéormasylong

c&‘?ﬁfﬂﬁ, g&ﬁiéving a physical separation that increases as they pass further down the
column, or to adhere s&lectivély to the separation medium, enabling differential elution
by different solvents. In some cases, tﬁe column is desigﬁed éuch tﬁat ifnpurities bind
thereto while the desired protein is found in the "flow-through."

Affinity precipitation (AP) is the most effective and advanced approach for
protein precipitation {Mattiaséon (1998); Hilbrig and Freitag (2003) J Chromatogr B
Analyt Technol Biomed Life Sci. 790(1-2):79-90]. Current stafe of the art AP
employs ligand coupled “smart polymers”. “Smart polymers” [or stimuli-responsive
"intelligent" polymers or Affinity Macro Ligands (AML)] are polymers that respond
with large propci:ty changes to s_mall physical or chemical stimuli, such as changes in
pH, temperature, radiation and the like. These polymers can také many forrﬁsi they
may be dissolved in an aqﬁeous solution, adsorbed or grafted on aq.ue:ous-sollid
interfaces, or cross-linked tc.a.' form hydroge‘lus [Hoffran J Controlled Reieaée {1987)
6:297-305; Hoffinan Intelligent polymers. In: Park K, ed. Controlled drug delivery.
Washington: ACS Publications, (1997) 485-98; Hoffiman Intelligent polymers in
medicine and biotechnology. Artif Organs (1995) 19:458-467]. Typically, when the
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30 may be dissolved in an aqueous solution, adsorbed or grafted on
agueous-solid interfaces, or cross-linked to form hydrogels [Hoffman J
Controlled Release (1987) 6:297-305; Hoffman Intelligent polymer
WOF%?R”R &d. controlled drug delivery. Washington: ACS Publlggﬁgﬁ§(;04/0006 69
(1997) 485-98; Hoffman Intelligent polymers in medicine and
blotechnology Artif Organs (1995) 16:458- -467]. Typlcally, when the WO
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hydrogel) will exhibit a sharg;i; collapse and release much of its swelling
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redissolve or the gel has to re-swell in aqueous medium. Smart
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cal pltate roteins of interest; smayt mers should c ntaln
SRR ShodE 1o TUARCREGHB S FIRBUL by HRER WAyt drug
mivhgtiies; make the ligand available for interaction with the target protein;

give complete ph se separation of the pol na ch nge of m dium
property FBIR ﬁﬁ%ﬁrﬁ A chAtamRst e@xgﬁ‘(%ﬂz af%’ to
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axpﬁﬂgdb’t@f&r interaction with the target protein; give complete phase separation of the
polymer upen a change of medium property; form compact precipitates; exclude
trapping of impurities into the gel structure and be easily solubilized after the
precipitate is formed.

Although many different natural as well as synthetic polymers have been
utilized in AP [Mattiasson (1998) J. Mol. Recognit. 11:211] the ideal smart polymers
remain elusive, as affinity precipitations performed with currently available smart
polymers, fail to meet one or several of the above-described requirements [Hlibrig and
Freitag (2003), supra).

The availability of efficient and simple protein puriﬁcatidn techniques may
also be useful in protein crystallization, in which protein purity extensively affects
crystal growtﬁ “The conformational structure of proie'ms is a key to understanding
their biological functions and to ultimately des"ig.ning new dfug thérapies. The
conformational structures of proteins .are conventionally determined by x-ray
diffraction from their crystals. Unfortunately, growing protein crystals of sufficient
high quality is very difficult in most cases, and such difficulty is the main limiting
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remain elusive, as affinity precipitations performed with currently available
smart 25 polymers, fail to meet one or several of the above-described

woeguiaments [Hlibrig and Freitag (2003), supra]. The availabiby9fi 2004/600669

efficient and simple protein purification techniques may also be useful in
protein crystallization, in which protein purity extensively affects crystal
drewth, The canfaunational structure of Aroteins is a key.to understand] .
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crystals suitable for x-ray diffraction studies. 5 Membrane proteins presen
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number of membrane proteins is expected to constitute a t
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from natural sources, the 10 need to solubilize hy obic membrane

doteresms Rl eReirihahORohe solubibizing <l aiskeeMapreseaiscatagher problem
e RRRCHe GeR WA CIMERIARIABMALACIS UL NG ISR o the target
solution. The choice of the solubilizing detergent presents another

BRSBR—Rm as some detergents may interfere with binding of a stabilizing
partner i@ th tasaeie RIRN. teanl WRSRpQAGhe tBavs ke altempiet, brane
the crystallization of membrane proteins. Until very recently, the majority
péf’tﬁl?ﬁy crystal structures of membrane proteins have been determined

using CrystalegraedestingCtie MM AR IANKGLRreteal structures of membrane

proteins have been determined using crystals grown directly from solutions of protein-

detergent complexes. Crystal growth of protein-detergent compléxes can be
considered equivalent to that of soluble proteins only the solute being crystallized is a

complex of protein and detergent, rather than solely protein. The actual lattice

contacts are formed by protein-protein interactions, although crystal packing brings the

detergent moieties into close apposition as well. In order to increase the surface area
available to make these protein-protein contacts studies suggested adding an antibody
fragment which will increase the chances of producing crystals [Hunte and Michel
(2002) Curr. Opin. Struct. Biol. 12:503-508]. However, applying this technology to

various membrane proteins is difficult as it requires the generation of monoclonal

- antibodies, which are specific to each membrane protein.

‘Furthermore, it is argued that no detergent micelle can fully and accurately
reproduce the lipid bilayer environment of the protein.

Thus, efforts to crystallize membrane proteins must be directed towards
producing crystals within a bilayer environment. A number of attempts have been

made to generate crystals of membrane proteins using this approach. These include



detergent complexes. Crystal growth of protein-detergent complexes can
be 20 considered equivalent to that of soluble proteins only the solute
being crystallized is a complex of protein and detergent, rather than solely
protein. The actual lattice contacts are formed by protein-protein
interactions, although crystal packing brings the detergent moieties into
close apposition as well. In order to #hcrease the surface area available to
make these protein-protein contacts studies suggested adding an

the @atihaeyn2s trogmrniwhichwithidcieaseihechances efpeMTiNgidic cubic

crystals [Hunte and 002) Curr. Opin. Struct. Biol. 12:503-508]
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archaeal seven-transmembrane helix proteins [Gordeliy (2002) Nature
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directly from protein-detergent complex solutions [Chiu (2000) Acta.
Crystallogr D. 56:781- 784] There is thus a widely recognized need for,
UMNE Wid il NN tageous to have, compositions and methods
usmg same for the purlflcatlon and crystallization of molecules which are

deveid Gfthesphioythtiraitapomns dSUMMARN QB ity EMTIIWg: (i) a non-

immobilized coordinator ion or molecule; and (ii) a non-immobilized composition

which comprises at least one ligand capable of binding the target molecule or cell of
interest, said at least one ligand being attached to at least two coordinating moieties
selected capable of directing the composition to form a non-covalent complex when co-

incubated with said non-immobilized coordinator ion or molecule.

In one embodiment, there is provided a composition of matter comprising at
least one ligand capable of binding a target molecule or cell of interest, the at least one
ligand being attached to at least one coordinating moiety selected capable of directing
the composition of matter to form a non-covalent complex when co-incubated with a

coordinator ion or molecule.

In a second aspect, there is provided a method of purifying a target molecule or
cell of interest, the method comprising: (a) contacting a sample including the target
molecule or cell of interest with a two-part composition including: (i) a non-

immobilized composition which comprises at least one ligand capable of binding the



In a first aspect, there is provided a two-part composition comprising: (i) a
non- immobilized coordinator ion or molecule; and (ii) a non-immobilized
composition which comprises at least one ligand capable of binding the
target molecule or cell of interest, said at least one ligand being attached
to at least two coordinating moieties selected capable of directing the
composition to form a non-covalent complex when co- incubated with said
non-immobilized coordinator ion or molecule. In one embodiment, there is
rovided.a composition of matter comprising at least one ligand capabl
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(b) collecting a precipitate including the complex bound to the target



molecule or cell of interest, thereby purifying the target molecule or cell of
interest. 5 According to further features in preferred embodiments
described below, the method further comprising recovering the molecule
of interest from the precipitate. In a third aspect, there is provided a
method of detecting predisposition to, or presence of a disease
associated with a molecule of interest ig a subject, the method comprising
contacting a biological sample obtained from the subject with the two-part
composition of the first aspect wherein formation of said non-covalent
complex including the molecule of interest is indicative of predisposition
to, or presence of the disease associated with the molecule of interest in

the/stfsfetingakcSvebry S siaraniiar Sripbamadinsaie dessiaRrdeeelow, the
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associated with a molecule of interest in a subject, the method comprising

contagtimsr@ ipleeieatsarnpie Ahtained &an the dsiiact Withi@position to, or
composition including:, (i) at least one ligand capable of binding the
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binding the at least one coordinating moiety, the at least one coordinatin

compasiERTant e dI5HAATRRSH DEIRES Baf e STorthing S BBRpRIRIGHeRomPlex
inchedirnpcHbatetkavhergimigunationdtinecommenspeiuding the meleauledfthe

. interest is indicative of predispaosition to, or presence of the disease
discaReARAGEELNAThO T BRI Of inteFeStih HieWlisRict. In a fourth aspect,

there is provided a two-part composition for crystallizing a molecule of

i”t%@é&&ﬁ?ﬁ%@@?ﬁﬁhcfﬂe?%%Bgélﬂ%ﬁ'ﬂeﬂ‘i@é%ﬁ%?&%é%o HORBHIBE iRk ting
aspect an ereas the tWO-p?.I’t compos!tlon | _selecte So as to define
prediispordliatiy &0, spanitgspasitiohing smadeorisneaion vithe molecule of interestin a
subjithempopng, erelny, terehy fagiiating B%'Tﬁg}tgﬁ‘ Qéﬁ;ﬁéy%t@éaﬁﬂgae%m the
‘under inducing crystallization conditions. According to still another
subjeghiyodhinte arihepdigsachidvigetast dragbsiionigonéryspaliizing dinding the
molEBRIESHIE - LfErRShL NG SURP RSN bERPRHEIN (1) ak IRas! oRe ligRifating
capable of binding the molecule ©of interest, the at
moiety; and (ii) a coordinator capable of non-covalently binding the at least one
coordinating moiety, the at least one coordinating moiety and the coordinator being
capable of forming a complex when co-incubated, wherein formation of the complex
including the molecule of interest is indicative of predisposition to, or presence of the

disease associated with the molecule of interest in the subject.

In a fourth aspect, there is provided a two-part composition for crystallizing a
molecule of interest, the composition comprising the two-part composition of the first
aspect and whereas the two-part composition is selected so as to define the relative
spatial positioning and orientation of the molecule of interest when bound thereto,
thereby facilitating formation of a crystal therefrom under inducing crystailization

conditions.

According to still another embodiment, there is



least one ligand being attached to at least one coordinating moiety, and
(ii.) a coordinator capable of non-covalently binding the at least one
coordinating moiety, wherein the at least one coordinating moiety and the
coordinator are capable of forming a complex when co-incubated and
whereas the composition is selected so as to define the relative spatial
positioning and orientation of the molegale of interest when bound
thereto, thereby facilitating formation of a crystal therefrom under
inducing crystallization conditions. In a fifth aspect, there is provided a
prowethod ofopgsiakiziigramnoctelidampfainterestithefimathadtcoheprisingosition
ontacti mple ingluding the maolegule.of interest with t
co o S e A St S e il Ch erest e
least coryshglatibredrogn antabbedhdocingicryistatizatondomrdiionnidgcadingitp a
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molecule of interest, the method comprising contacting a sample
whejgestu i gath & arblenell ewfriterost withety capstatlizgingadinposition capable of
fornfeuRing, fatylgast.ong ligand capable o oinding the molecule 8f eq so as

interest, the at least one ligand being attached to atleast one

to dedordinatintpsisaatih )i eosrdinhwradpecdt thiometgalenly interest
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~coordinating moiety and the coordinator are capable of forming a complex
indugiert betahEabateeradtiftiereas the crystallizing composition is selected
So as to define the relative spatial positioning and orientation of the

molecyl ok intpeest wbenié pheudedtharaieiiberebyfaciitating fopmatiane of
. of a crystal therefrom, ynder inducing crystalljzation conditions. According
intefgs} e AR SHAEIABSH IR et BRI R e RS HBEIEHOR! Tictest
withmaies-conipFisn goanmalecul e dingdeafitsirapiosbeahabie vt bodingian of a
moplecule of int(?restdand a second region cagable of binding a coordinator
cry SR B B I B YRRl eig BRLIGRR such that the molecule
forms a polymer when exposed to the coordinator ion or molecule. In a
sixth-aspdiolg thereris pidticed amistthodof, dépieting arargetinolettledrof
cry SARANIETGRITAM & $AMeles . GHDAL SOTBRHTSIOG A RRRRGENS Ufipie

sampl
including the molecule of interest with a crystallizing composition including: (i) at

least one ligand capable of binding the molecule of interest, the at least one ligand
being attached to at least one coordinating moiety; and (ii) a coordinator capable of
non-covalently binding the at least one coordinating moiety, wherein the at least one
coordinating moiety and the coordinator are capable of forming a complex when co-
incubated and whereas the crystallizing composition is selected so as to define the

relative spatial positioning and orientation of the molecule of interest when



including the target molecule or cell of interest with the two-part
composition of the first aspect so as to form a non-covalent complex; and
(b) removing a precipitate including said non-covalent complex bound to
the target molecule or cell of interest to thereby deplete the target
molecule or cell of interest from the sample. According to still an additional
embodiment, there is provided a methqg of depleting a target molecule or
cell of interest from a sample, the method comprising: (a) contacting the
sample including the target molecule or cell of interest with a composition
including: (i) at least one ligand capable of binding the molecule of
bouﬂﬁt%@ﬁitto}hﬁ@éé@aﬂ%ﬁﬁg)@%r%ﬂgnagf‘%%gyg?a?ttl?eqéﬁgﬁleu der inducing
coordinating moiety; and (if)a coordinator capable of non-covalently
crystsitiepreadiféat one coordinating moiety, the at least one coordinating
mojety,aiddhe caoldinainl aingiRRaRles O RININGA CAEPIRL MR ion-of.

co-incubated; and (b) removing a recipitafe including the complex bound
mallgs gENRERGE haNeiBivMeEIPEfIntEFe sedPthereBY el biading targetecule of

interdi0lecyle QE&slhofedtareshimhesRmple: & SEUENNASREChIREBelSthe

provided a method of enhancing immunogenicity of a target molecule of
secofutareidnthetacirBared mishel dbmiaetisy mb g amaadenwhsn irtapeed to

the Witathedwermparhaaepeasition of the first aspect, thereby enhancing
immunogenicity of the target molecule of interest. 6a According to an

embodiment, there is provided a,method pf enhancing immunogenicijty qf

o O e NSRS o s Eep e B0 Bh e Ac RGO e o
cell mblegelesoffinterastwithia cbenpesiiieh tochpdisigp (i)Y al leashahe ligandample
.. capable of binding the target.malecule of inferest, the at least one.li argd_
el R e B R S g R S i Sty e
first capattl sofasor-clovaleathobindingerthecabfdast ené doprdinatimg mopetyipitate
. herein contacting is, effected such that the at least ,one coordjnatin ,
e B B T e Vel i o
therdfyidteriest thdrepst entlandingr imthohogenitifyoof the tamget.molecule of

interest According to still further features in the described preferred

embodiments the molecule of interest is selected from the group

corsistinhngf topyoteim adilitleielapitbodiment, there is provided a method of

depleting a target molecule or cell of interest from a sample, the method comprising: (a)
contacting the sample including the target molecule or cell of interest with a
composition including: (i) at least one ligand capable of binding the molecule of interest,
the at least one ligand being attached to at least one coordinating moiety; and (ii) a
coordinator capable of non-covalently binding the at least one coordinating moiety, the
at least one coordinating moiety and the coordinator being capabie of forming a complex
when co-incubated; and (b) removing a precipitate including the complex bound to the
target molecule or cell of interest to thereby deplete the target molecule or cell of

interest from the sample.

In a seventh aspect, there is provided a method of enhancing immunogenicity of
a target molecule of interest, the method comprising contacting the target molecule of
interest with  the two-part composition of the first aspect, thereby enhancing

immunogenicity of the target molecuie of interest.



sequence, a small molecule chemical and an ion. According to still further

features in the described preferred embodiments the at least one ligand is

selected from the group consisting of a growth factor, a hormone, a

nucleic acid sequence, an antibody, an epitope tag, an avidin, a biotin, a

enzymatic substrate and an enzyme. 7 According to still further features

in the described preferred embodimentg. the at least one ligand is attached

to the at least one coordinating moiety via a linker. According to still

further features in the described preferred embodiments the coordinating

moiety is selected from the group consisting of a chelator, a biotin, a

nucleic acid sequence, an epitope tag, an electron poor molecule and an

eletteridiel Hoktufs meirithg TestilifumkeYifisature sipitné ddsenbarring
immPFRIGIHEG:§ r@pgqgirg%m%'r&u@@9m@%@&ﬁﬂ@fn@(ﬁ@ﬁe&n@%%@&%ﬂtwmg the

the grougﬂ consisting of a metal ion, an avidin, a nucleic acid sequence,

targ e ElIsEHSOD FHETRD S iunRAeieB BRIRIRE bl b urastTeis digenssappable

of bhRNGH BECEessiwly addeessesdhashnrtaoRRgS Al ﬁ?aﬂ&%&ﬁ@yam\é@ to at
configurations by providing compositions and methods for the purification

leastpnppaEdifaing RS irerhile YERRBEIPHIEERAAICA P GRYIRR ke diding

the AIesbhereirbBRANEANS: SAMS/MERAKE asneamnmorlyderstieadiny arRepfeast
ordinfﬁry skill in the art to which the disclosure belongs. AI_thoah methods

one LA HIBALARICGIEARBH dGtivARINE Mot dedcrBR Rerbir iR h dhgskgect
moldBulberagtigesQr diggtipg ehihe disclasuigrberainiisuiable metbodsaddle of
. . _materials are described below. In case of conflict, the patent specification,
terEuding definitions, will control. In addition, the materials, methods, and

exanoplesiageoilitdiraiivieeo by and nottniehdadhial hediitatBRERents the
IDEISC IF;TION.OF THEd\%RAWINGS The inventiog#]s herein descr%e.d, i
molgils, ) SHES ISl Wi A SAEBRS SR SRR SHh B alIRGE 2ci

sequidith, apecitichieferalzochamiedbae ar&viings in detall, it is stressed that
theﬁ&%mﬁyrll%r 0SSQ&IWM&t%ga\{vu?gsqgetﬁgrggslcerf%g {)% ekl gz%%(%imem‘s the at

least one ligand is selected from the group consisting of a growth factor, a hormone, a

nucleic acid sequence, an antibody, an epitope tag, an avidin, a biotin, a enzymatic

substrate and an enzyme.



illustrative discussion of the preferred embodiments of the present
invention only, and are presented in the cause of providing what is
believed to be the most useful and readily understood description of the
principles and conceptual aspects of the invention. In this regard, no
attempt is made to show structural detdils of the invention in more detalil
than is necessary for a fundamental understanding of the invention, the
description taken with the drawings making apparent to those skilled in.

the Mt HEIDEHE SEEVRIAPFERRBEIHE ThvskttiPriay pErdssahed iments the at
least¥AILRANNMO £0R/Q 10 Il Ped/14:200HRARGES: BoRihedramngs: FIGs.

la-f schematically illustrate several configurations of the compositions of

the/ HIEEERErIVetIbALTERGTIrES S dAJRFIEIHE Boprrdeistverestmeatm e
coordigigtigs nfigves lskfcshawigrangis hovns tamdiiiiesgoprdiBRiNg a biotin, a

moieties. Z 5 denotes the coordinating moiety. FIGs. 2a-b schematicall

nuelgig AP HHEERS RafB F B Wi et TRISEHIRNURIRG Tl %aaéiﬁar%esfrﬂ%ﬁch

molfrgsent invention. A ligand covalently attached to a bis-chelator is
incybated. in the presence of a target molecule. (Figure 2a). Addition of a
metHi I?Q\EQEF‘R%WW gﬁﬁ‘&&?ﬁé%ﬁ&ia%?%ﬁé&‘?d?’fﬁ@%%&fﬂ LR he
coorthigdiatgeineleciteuld nosekevalefithhbounddoghomsstaldost (Figlrel 260, an
. FIGs. 3a-e schematically illustrate stepwise recovery of the target )
Vil Bl SHbrA e BRI G o BRI S HRIBH Ofaditsiron-rich
molghddator, which competes with the binding of the ligand-bound chelator to

e e S BT A sl s,

& (1]
targe moﬁecu rom ree competing C

knowetainfirégrrecds) biigure d shkomp demcing :okit ecligaizdfdoabaghiaifetiion of

mofecule on an immobilized metal column to allow binding of the
molecules : o :
complex. Under proper elution conditions the target molecule is eluted

whilstbe digandscodelinating moeiyanoléculernsmoterndesalting<Stalyeve the
s e B R e S e
discisisutatdelongre ddtbowmghfotiolredsbyndliniysisas witrafitratioaq(Figimet 3@ hose
described herein can be used in the practice or testing of the disclosure herein, suitable
methods and materials are described below. In case of conflict, the patent specification,
including definitions, will conirol. In addition, the materials, methods, and examples are

illustrative only and not intended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to the
accompanying drawings. With specific reference now to the drawings in detail, it is
stressed that the particulars shown are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the invention.
In this regard, no attempt is made to show structural details of the invention in more
detail than is necessary for a fundamental understanding of the invention, the
description taken with the drawings making apparent to those skilled in the art how the

several forms of the invention may be embodied in practice.
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FIG. 4 schematically illustrates direct elution of the target molecule from
the precipitate, wherein the chelator-metal complex is maintained, while
bindin betwegn the target molecgle and the Ilgqnd o!ecrea.serC%Engb%ﬂ%%@
schematically illustrates regeneration of the precipitating unit (i.e.,
ligand-coordinating moiety) following elution of the target molecule. In this
case, recovery is achieved by the addition of a competing chelator and
appligationdviwingappropriate separation procedure, such as, dialysis and
ultrafiltration. EIGs, 6a-c schematjcally illustrate precipitation of a target ..
ole bl LG Rt Ao S e L R RS bl Frcaataptons
ofliganghmestima wovatently éigneksbikanudbowd & gegiseboen(taordinatiagrdinating
mBQIRY) isdgeubaied inhe pressnce ofa @gslmalecule (e e, 2

RGdition 614 comp ementar&sequence fesults In the formation Bf matrx -
dancieithe digadukaogy dimatiiyg moiety:target molecule:the complementary

WO 2005/010441, BCTALA0%4(000063, . SSANENCS MM e using the

molecule, Figure %r)l.lef\llon-syymme fical coor Inating sequ%nces are
cosiypsitiassved| t{EprereBcn FiGon/ asdh Behednaticatytliustratedecipitatichelator

. of t | i ioti inati iety., A li d with
e e b e DG P A O
M ,ir}éﬂ*baté%")ihitk@ phesdrdetor and rfyeraclgvato i RiplndiZa)the tagectisriecule
¢ avid : L " o
S e e R
FIGsF8@sc setrepsheimuliicallisidnetpracitipwion oteorenyeohible tuigetisivedecule
o rich . N . i i
SR oI A8 oo
withdhelgjeding leiciie ligmd-damd dudiiontofthebiscfalsFiguradbaiholwstgnavity-
bl : e | s -
b3R8’ %%ﬂﬁ‘&ik}’r? M‘Eﬁ??%ﬁ%@éﬁbf&%‘}dg& amgw?%g Ritoiiy {Rdn competing

non-covalent netw prising ligand=coordinating moiety (electron
chebsomolétutspiagaedioliel (& piscelsptrbigpuol dibiets {Piding 8bYhTHgand-
b&iﬁ&c&%& afghidrle sy sie Wzﬂﬂ%@%ﬁﬁd @?&8&9'&9 fadhe Bﬁ%ﬁﬁ%t of the
I schematically i fa

invent 15 (Figure 8c). FIG. S lustrates precipitation
campjet abtitstsdyprepeprbagipn conditions the target molecule is eluted while the

ligand-coordinating moiety molecule is not. A desalting stage may be added for

further purification of the target molecule. Regeneration of the ligand-chelator
molecule is achieved by addition of a competing chelator to the column, followed by
dialysis or ultrafiltration (Figure 3e).

FIG. 4 schematically illustrates direct elution of the target molecule from the
precipitate, wherein the chelator-metal complex is maintained, while binding between
the target molecule and the ligand decreases. _

FIG. 5 schematically illustrates regeneration of the precipitating unit (i.e.,
ligand-coordinating moiety) following elution of the tarpet molecule. In this case,
recovery is achieved by the addition of a competing chelator and application of an
appropriate separation procedure, such as, dialysis and ultrafiltration. -

FiGs. 6a-c schematically illustrate precipitation of a target molecule using
nucleic acid sequences as the coordinating moiety. A ligand with a covalently bound
bis-nucleotide sequence {coordinating moiety ) is incubated in the presence of a target
molecule (Figure 6a). Addition of a complementary sequence results in the formation

of matrix including ligand-coordinating moiety:target molecule:the complementary
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A (ProA) bound used as a ligand. Addition of an appropriate coordinator
results in a network of. Protein A-coordinating moiety : coordinator : target

wonpleculel #1Gs. 10a-b schematically illustrate the use of the caroplexas Q00669

the present 20 invention for crystallization of membrane proteins. The
general formation of 2D (or 3D) structures in the presence of crystallizing

qmRosition is presented, w %%ﬂth rdinators are not interconnected
“Betwee tﬁééﬁ%ge Ves @‘HF;I% a ?Eblji?ﬁg ndsétalleg%%ﬁ‘grﬁ%?é Yigsgduences
argsboifiv Higaredl Kfogifiedayith two antigens, and a monoclonal antibody

(mAby.glirected a specific antigen, serving, as the 25 coordinator, i i
iIIust?glt?;'é’ iﬁ%éf;ﬂ%ﬁ‘ﬁ@s.‘aﬁ%ﬁa& e mt:%ffifﬁn%stara%é%ﬁ‘e %@few‘% using

biofineaaltb@@miﬁneér(gigmetyla)Aahgandctei@hcempiakem(ythnm_llﬁs-tﬂmin or

vififs apmeReR LSS MSTRIRNE B BIEIRE Gy IRSHEIBCA, arger
illustrates a three-dimensional membrane complex 20 usn?g e

mefwigeditisns /e presdumtinvepfionidind oty droghobiti demnaitaéthe network

i, ) L . r [ multi valent
e e e O R B B e 70
pCT/HIgs0decosdpmaicatly 1Bussiatenprrsagiitatiostrafes thrgtormatisnlefusing
- iti 31 el a singl
O s e O e T (6 B bouna
bifgprisomrishgprédydieincirtad iribe presearsarfemiatigel inilestlatéHigere 8a).
ABRUCEIRBR (AN SRR Slechlll I AL IR IEHOSREARS 1o form a
derivatives (Figure 13a), such that a tri-non- covalent ligand complex is
COBRITEA RIS predehet-ofvalantiostmigureraptisine digandseoendiaitaly moiety
ILegBATESAR MQIeR)SYHBaSH s Al i
(e.ligand-_tfhela?g?r%?ee():ules. FIGgéfggbqé%t%érﬁg‘éggﬁa ﬁll%%?g}e&ﬁlegurc 80). The
Pifgitnatigneaf dindolfu fyst o) ead ako 10 g ceaBtilingnte dhal emedigdrigsention
(FRYurdieing the same ligand-linker-chelator molecule, while changing only,
the cationé)‘lresent in the medium. FIGs. 16a-c schematically illustrate the

compgdStichichsmiprlEdHusRaAbeiprecipitation of a target antibody with protein
A (ProA) bound used as a ligand. Addition of an appropriate coordinator results in a
network of: Protein A-coordinating moiety : coordinator : target molecule.

FIGs. 10a-b schematically illustrate the use of the complexes of the present
invention for crystallization of membrane proteins. The general formation of 2D (or
3D) structures in the presence of crystallizing composition is presented, where the
coordipators are .not interconnected between themselves (Figure 10a). A more
detailed example utilizing a specific ligand modified with two antigens, and a
monoclonal antibody (mAb) directed at the specific antigen, serving as the
coordinator, is illustrated in Figure 10b.

FIGs. 11a-b schematically illustrate the use of metallo complexes (Figure 11a)
and nucleo-complexes (Figure 11b) for the formation of crystals of mémbrane
proteins.

FIG. 1llc schematically illustrates a three-dimensional membrane complex
using the compositions of the present invention. The hydrophobic domain of the
protein is surrounded by detergent micelles. Z denotes a multi valent coordinator (i.e.,

at least bi-valent coordinator).
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WOSHErMEd:

coordinated by electron poor / rich relations. By modifying a ligand with an
electron poor moiety (Figure 16a) and synthesizing a tri covalent electron

rich moiet}/ (Figure 15 16b), a complex of the structure seen in Figure 1

6C
kiG. 17 schematically illustrates a two step synthes% BElg/000669

for the preparation of ligand-electron rich or ligand-electron poor

derivatives. FIG. 18 schematically illustrates the use of peptides for the

formafiiih df2ligdrehatmpjexesdiizitg: destraioichf anfoalesiaiRadimposition

maieties. 1G. 19 schematigally illustrates the formation of ligand .
TR S VR LRI POHBIaS Ercleie ST o RRFBIP ol el
chelabonshiph Fiho2ddehtmiiieally thustiites eabinglénkiep. synthesis

proc e far,the preparation of.g chelator-electr oor derivative. FIGs,

2la-b'sc Se'ngia?fficglly%ﬁfgj’s ?ggtcea orma |ohﬁaE) |%n13?r(?{r}li§ﬁt}(%\/é1 rﬁ“ 5% ﬁgaﬂds of
inttesitdo poourkoibtielyaxtilizing treisativesckElgtoe eldajiosugioahat a tri-non-

catechol-TNB) derivative and changing, only the.cation in the medium.
CC&I ?sn%;lﬁgaa-%yscc Héﬁl%’ii%:sa R/rrlﬂusfpa%?éet é%%flcﬁ%lgr? %?a Iﬁé‘ﬁt?glég%cnf imng an
electrBiXichdmerbbyrtatiteilhy ailfustertendatrimster-|Sa84s bprocedure for the
sch H?)%ti&f%i'r'ﬁ%ﬁaeﬁtmenﬁrm31%8” of a polymer complex by the 30

g%?(frltlon 0 omposHion inc Sﬁfng ligand attached to two chelators which

are dolrdinkied thebemhtisidtr divdtiatpabe ridationonrG d24Figure 15a) and tri
R T T e A
melve@l2008le rhadginemiy, 200 4/000688sdt ligtrdsiekenchelator with the
et e o e TR P BB S et
M@M@W@ﬂﬁd&ha@ma&Ime@v@&T@)ﬂlcm‘on
Pt e S P R oy (Pigure
lihlserataspdpeledhs stne-twestatenvid Elgeanlibe isskuragdthe coordinating
moietyRNd PPOLHIAAN ANy "IHSHINEY o S REPISHRES O Meess for the
preparation of ligand-electron rich or ligand-electron poor derivatives.
FIG. 18 schematically illustrates the use of peptides for the formation of ligand
complexes utilizing electron rich and electron poor moieties.
FIG. 19 schematically illustrates the formation of ligand complexes which
utilize a chelator-metal as well as electron rich and poor relationships.
FIG. 20 schematically illustrates a single step synthesis procedure for the
preparation of a chelator-electron poor derivative.
FIGs. 21a-b schematically illustrate formatién of di and tri non-covalent
electron poor moieties by utilizing the same chelator-electron poor (catechol-TNB)
derivative and changing only the cation in the medium.

FIGs. 22a-b schematically illustrate the addition of a peptide containing an

electron rich moiety to form a dimer and a trimer.

FIGs. 23a-b schematically illustrate the formation of a polymer complex by the
addition of a compoéition including ligand attached to two chelators which are
coordinated through electron rich/poor relations.

FIG. 24 schematically illustrates one possibility of limiting the freedom of

motion of non-covalent protein dimers. Afier non-covalent dimmers are formed via a
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present invention. FIG. 26 schematically illustrates electron rich and

electron poor moieties which 10 can be used as the coordinating moiety
woreghgrgompositions of the present invention. DESCRIPTION ®ETTiHEB04/600669

PREFERRED EMBODIMENTS The present invention is of compositions,

which can be used for purifying and anystallizing molecules of interest. 15

lighrmireintasiand cnarafi_niinePresent BHRBHARM&ERE el ddition of a

understood with reference to the drawings and accompanying

AR FITE OB e RIY SHNSHING -8t- S5EF BREBBROSERe bR o niiSR - TINB)
letslegathd tsisrigltagesOpniang dhalihadoveibiRnels il e deiidles (e.g., Trp)

application to the details set forth in. the following description or o
ORLEMBRREEDPIREBXAPAETRY FROTHE MR lisiisiatsrad stigsying formation
oinpodineanistaredf being practiced or carried out in various ways. Also, it

is to be understood that the phraseob%qy and terminology employed

hereif 15 for (& PRABTEE OF BUERAD O AIRPHILIICHO P DEvE SPtich ged as the
cdisedingigonicabisctive coordianti!-analar@induacitdn ahPIIetBmFIoaS of the

therapeutic. proteins, depends largely on the development of fast and
PRSFFOEN b ds of 25 purification since it is the purification step which

typicaiiyGeastsdhanatiogity il thenestlnvamettindaigiesaale yaduetianolvhich

RIS OO e cOmRoHEhy h edmen tnendon

molecules. The state of the art approach in protein purification is Affinity

D PRA TR STl T BHAORITHAES of ineredt These

smartTpe! ynecatraspondsidsofalbaliasgeeni) wehidianinbatadslibulpiyilying and
large, sometin%esldis n inuotus changes in their physical state or
Crats Vﬁ%%,n}ggu ]tllr?ﬁ? i,giﬁgrgg separation from aqueous solution or order-of

WO 2D050#RigiesPRET A 00dn0n0me ré2:magrihiila chanbe $dhter understood

Wq%drre el siez%atﬂg rr{;lecj itgtio(ril gfctglzg molercl:ulg of interest. However, at
presenlf, e promlse‘& dman pcﬁyme?grﬁgs%ﬁoﬁsgggﬂor’ésalized due to
severBetranviptiining ktdicsst entrapthedinoéimpfutiiaswddriog thdetail, it is to be

uhiE o%%tlt%gt the invention is not limited in its application to the details set forth in

the following description or exemplified by the Examples. The invention is capable of
other embodiments or of being practiced or carried out in various ways. Also, it is to
be understood that the phraseology and terminology employed herein is for the
purpose of description and should not be regarded as limiting.

Cost effective commercial-scale production of proteins, such as therapeutic
proteins, depends largely on the development of fast and efficient methods of
purification since it is the purification step which typically contributes most of the cost
involved in large scale production of proteins.

There is thus, a need for simple, cost effective processes, which can be used to
purify proteins and other commercially important molecules.

The state of the art approach in protein purification is Affinity Precipitation
(AP) which is based on the use of “smart” polymers coupled to a recognition unit,
which binds the protein of interest. These smart polymers respond to small changes in
environmental stimuli with large, sometimes discontinuous changes in their physical

state or properties, resulting in phase separation from aqueous solution or order-of-
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process, adsorption of impurities to the polymeric matrix, decreased
affinity of the 5 protein recognition unit and working conditions which may

W 0'39(9% /gﬁ (ﬁ Jzt)lurified protein with reduced activity. While redUC|n9,H)ﬁIE%Szﬂs§510t066 0

invention to practice, the present inventors designed novel compositions,

which can be used for cost-effective and efficient purification of proteins

as well as other molecules and cells o\‘%’nter.est. 10 As is illustrated
mRgRiHARIBNIRERE ity diRar) piks st TSR HRLRtBIoNs theemeleigssifolmerest.

HoWbe:RrasqRbianentRnteaaficaly ine tarphielecylas i oM agled due to
covalent complexes which can be precipitated and collected under mild.
et SRSy ORE I RAIYFEN GO PSP FioP AriBEHAi cbifipssithsngresipitation
pRURROSHIRRSHINGE RHPSEIHNYSNHENBIGHA MR ZEL(SUER A$HRF of the
smart polymer) which reduces 15 aﬁin'&%)uf the _Iiggand towards the target '
PHRGIERE S B Al oSk garRPAIRPs Mdush e et d gepgrified protein
wepRigiicatedtiagratory equipment (HPLC) requiring high maintenance,

leads #ﬁ colun;? fQuIingEand limits column usage to a single covalently

bound \yah RIS Ea dBEr A T8t o HEVERNER: Bt tREAFYSSethfISERIN tifsrentors
disigiavigedeh Iaﬂnlgfma@aﬁ,iomgf:maﬁar%whh@BdeaaitTaﬁkeff@é&Wbéfigﬁtioefﬁcient ‘
of a target molecule or cell of interest. The target molecule can be a
A BTG e Ao B L TS AL BTTbim o 2
nucleig agidideareas hésthbEONA stdhashel EBminplc-RMAoh veidiafollows, the

molecule such as a chemical. Although most of the examples provided
T L e B BT A RS A GBI GE decfgrm non-

cmateéktecpmimwrwmlilpadﬁ mft ﬁfemﬁﬁamta@wﬁf{r f:}ﬁl&%fgﬁﬁﬁﬁ@ondiﬁons.
cap be a eukaryotic cell, a prokaryotic cell or a viral cell. The .

GRS orCORERRY P P75 GFbeH ARE GO RRIORS B Srensiigmicot the
p@ﬁﬁbhﬁxﬁhﬁdiﬁ@th@tmmﬂi%c}:qu@hm@ﬂfh%}ﬂgﬁt b%ﬁ?ﬁ@k:ﬂ}? which reduces
coardinating .30 mojety which is selected capable of difecting the .
o BT Ia I HERS CBOLTER e It e used,
nedissitteordinaios iofi esphiiecatel AsbosedierinifhrberMiigandedefarg high
R RCe g A airaly pecing, melecule preferably DU vy
bound ligand.

iy

a

Thus, according to one aspect of the present invention there is. provided a
composition-of-matter, which is suitable for purification of a target molecule or cell
of interest.

’i_‘he target molecule can be a macromolecule such as a protein, a carbohydrate,
a glycoprotein or a nucleic acid sequence (e.g., DNA such as plasmids, RNA) or a
small molecule such as a chemical. Although most of the examples provided herein
describe proteinacious target molecules, it will be appreciated that the present
invention is not limited to such targets.

The target cell can be a eukaryotic cell, a prokaryotic cell or a viral cell.

The composition-of-matter of the present invention includes at least one ligand
capable of binding the molecule or-cell of interest and at least one coordinating
moiety which is selected capable of directing the composition of matter to form a non- ~
covalent complex when co-incubated with a coordinator ion or molecule.

As used herein the term “ligand” refers to a synthetic or a naturally occurring

molecule preferably exhibiting high affinity (e.g., Ko < 10”) binding to the target
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WO 2005/010141 PCT/1L2004/000669 13 molecule of interest and as

such the two are capable of specifically interacting. When the target of
wdinterestés4a cell, the ligand is selected capable of binding a preteimiaco4/000669

carbohydrate or chemical, which is expressed on the surface of the cell

(e.g., cellular marker). Preferably, liggnd binding to the molecule or cell of

(6g. cell Preferably, ligand. ° molecule o oel
e e oIS A BRRE W

thentareohrinttgest iark aelhy thx hiBmndrfinisplesteh eapeblo el hisidog asioptein, a
&by rm&e&%ﬁéﬁgméimﬁi&ca%m@i@ah ampies o &%Z&gﬁg\é{giggeliular.

may be used in accordance with the present invention incl are not

mREkRBd (6 rakirIiciganthbindine. i, Rgivaeieay stecell Dffatenesis a non-
covdl S Bhtailth 6. 9R4 ﬁé&é'&%@grﬁﬁ%@@u@%ﬁf&'ﬂ@ﬂﬁé%&?&ﬁ SRIARGH may be

tags, antigens, biotin and derivatives thereof, avidin and derivatives

merlir (RRERAdBneTceel fhsterana mgnalnat tierad rrdgnar GRhMREGNItY to
or@@%&ﬁél@@@s(%godl@&?‘?ﬁ%?%s@r(g.Ql%@@h%cﬁ%%@%l(@cﬁesﬁ?@%les of

.inactive), substrates (e.g., heparin), lectins (e.g., concanavalin A),
ligandomrrheydg. vhrhliageondanse ¥ith Suyneseatipventiaptineluds i are

nckTiRpiegedNaedViletz kaind2Q0R) P ragnbiticssade SO.UBA. Nos. 5,831,012,
99:8898-0%41, édges which often interact with the catalytic site of an enzyme

O.riflRdBngth&<alickife oF Saameals distarhcrBitensiipts: andesansivotg and

d@hACROMABRArE @Mz dyaeRRIVAIUINGES,, GhaRRtARIRCYARRIrs and
linked to a reactive group (e.g., a mong- or dichlorotriazine ring, see,
ﬁ%ﬁ%ﬁs(%%fi%cﬁ&ﬁ @m%ngémm%&m%f%mm@%md mutants

theredr g, 20RHIS I GRISHOSE @Mﬁ%&.@;%ﬁi&%@%ﬁ@@? concanavalin

hormanes), mimetics having the 'same binding function but distinct

Abh &PHRAREIFAISS &S S rHGRABRLs (eFkF (@9 EeTreaBrials)SiorPRipaRers and
SffegelielPAWIR)ARQEH A IRIELE ARddroteink Lroowmnlios theyeotvhich
e.g., PAM, see Fassina (1996) J. Mot. Recognit. 9:564-9], chemicals
g IERSEPOPERFCRIH DI Rhag P BB AR A AHUS TR O B Rgural
subBte@ oy o€ A DdRSIMAIE B INthaRHFEhBFOIRASC 8) A0 a8 0 uinone,
molecules such as. high spin organic molecules and polymers (see. =
Owﬁi%{&mﬂ&ﬁ%a m“é’éf UR A SR STrHR I s THeRer RErirhiAe piae ring,
seADEinANYMpRBidetens Bicihysroleeiads. 49(1-3):391-416), small molecule
chemicals, receptor ligands (e.g., growth factors and hormones), mimetics having the
same binding function but distinct chemical structure, or fragments thereof (e.g., EGF
domain}, ion ligands (e.g., calmodulin), protein A, protein G and protein L or
mimetics thereof (e.g., PAM, see Fassina (1996) J. Mol. Recognit. 9:564-9],
chemicals {(e.g., cibacron Blue which bind enzymes and serum albumin: amino acids
e.g., lysine and arginine which bind serine proteases) and magnetic molecules such as
high spin organic molecules and polymers (see
http://www.chem.unl.edu/rajca/highspin.html).

As used herein the phrase “coordinating moiety” .refers to any molecule
having sufficient affinity (e.g, Kp < 107) to a coordinator ion or molecule. The
coordinating moiety can direct the composition of matter of this aspect of the present
invention to form a non-covalent complex when co-incubated with a coordinator ion

or molecule. Examples of coordinating moieties which can be used in accordance

with the present invention include but are not limited to, epitopes (antigenic
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having sufficient affinity (e.g., KD < 10-5) to a coordinator ion 6r molecule.
The 30 coordinating moiety can direct the composition of matter of this

WOazs( {g/cﬂ'[lo{tlf]e pfesent |nvelnt|on tp form a non-covalent comple1;;<c\/¥/t}gg(w4 000669
co-Incubated with a coordinator ion or molecule. Examples o

coordinating moieties which can be used in accordance with the present
invention include but are not limited tt, epitopes (antigenic WO o
detyoBreRG 2tip@T/ 12 60dtb0 086 PatdeRaephiABnasinihedndsivhiohbhdics,

chBRIBIORE of algtibody hinds) 2Riledins EXHRIBION (5 Ine iSRS Section
X he o)

other example in Example 1 of t xamples section which follows,

widgufeBoweFigricae), Bloandsie.Fiplie Pehdiimitcabidnsstpieneib sequences
(sEHERR) ProteiA R7 P & t@*ﬂéﬁ@@%‘%ﬁé&%@ bMAlGeUles apd QIECHSN rich

rich 5 molecules (see Examplé 2 of the Examples section which follows

maleguitg (reccRspmplstAcritisidetaaplissemsion ndpish dobowysed Eaurpsand
otfik HoReRks'hudlRE PROEGAIGH (RAL ,0HARAY ff Grardiating moieties

can be bound to the ligand described above (see Figures | a-f). It will be
furtht WppRscrRgdiatadiiarernusbrainhangriivitisasnciatiss wendredetiend to
thiQithedaR0diBeghiRN 8 CBERRLR0d 2 electron rich/poor molecule to form

a complex such as is shown in Figure 19. Such a combination of binding
moietfe&Hapenfudhsie weresiated ohalr gikprssts Grostistingsmaie§ g, can be
atRR @ HSShEATUANIBGINGs MEREHS: Qhinier RIERHIS MMATERCA LIS Form a

23a-b and 24, respectively. To avoid competition and/or further problems
mﬂ@mﬁmé@r@ K Sturbercombinntion ebRhiplingmeicties may
mEeRInRIRSLMAIeHY I8 soleniad op ariledacaniaihg eParsibdiRs Phontaining the
. coordinating moiety-ligand interaction or coordinating moiety-target

maierulend intereitdens Hpessshid igwres Rgartiaadttarmsgestingling an
affinity, W%ﬁgﬁiéﬂl@ﬂ RadlebWir iptsreshiands \NBHRASE molecule

moiety is_preferably not an epitope tag or an antibody capable of binding

ofitetrtigarrha sl dhsirere e masiiitatelersid semolecigate the
pdSIBIRHP SOl RN bRy NRIR entriREhyvBICkR R RU s eAL tar get

affinity (i.e., Ko < 10-5) to the coaordinating moiety and as such Is capable
mgleghECIGTATE Yom B eSS mattdher ignadidp et antigenfsdng an affinity

totRYRIIANRNRHB R BERNCON HRRERQMRI e BX3MRISSR moiety is preferably not
an epitope tag or an antibody capabie of binding the antigen.

As used herein the phrase “coordinator ion or molecule™ refers to a soluble
entity (i.e., molecule or ion), which exhibits sufficient affinity (i.e., Kp < 10'5) to the
coordinating motety and as such is capable of directing the composition of matter of
this aspect of the present invention to form a non-covalent complex. Examples of
coordinator molecules which can be used in accordance with the present invention
include but are not limited fo, avidin and derivatives thereof, antibodies, electron rich
molecules, electron poor molecules and the like. Exampies of coordinator ions which
can be used in accordance with the present invention include but are not limited to,
mono, bis or tri valent metals. Figure 25 illustrates examples of chelators and metals
which can be used as a coordinator ion by the present invention. Figure 26 lists
examples of electron rich molecules and electron poor molecules which can be used
by the present invention. Methods of generating antibodies and antibody fragments as
well as single chain antibodies are described in Harlow and Lane, Antibodies: A

Laboratory Manual, Cold Spring Harbor Laboratory, New York, 1988, incorporated
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coordinator molecules which can be used in accordance with the present
invention 25 include but are not limited to, avidin and derivatives thereof,

wa@ntibodiesiielectron rich molecules, electron poor molecules aadthedikesoosso
Examples of coordinator ions which can be used in accordance with the
present invention include but are not ljmited to, mono, his or tri valent

hépaialsy Herrens; ilusimias fxamrleel chelatars Ashmetaly whichgan 4.4
be used as a coordinator ion é{\i;}he present invention. Figure 26 lists'30

refsEsnine st ansdbsTaEn Ris18tdLEE SelirbRipeim dISRuIEEAABK 1959);
voRae dsedsipatheNeassay hventies Methgdgaliognsrating AntiBediess 46

and antibody fra%ments as well as single chain antibodies are described

(i8S hrirkia LR Reshmotnes: 1A \ borat ok Mdirand LobiBas priagd, 946,778].

HarbarrkRPATBIOHe SiRkoikaldERidneprepratart WA hciudes the
PCT/IL2004/000669 15 herein by reference; Goldenberg, U.S. Pat. Nos.

COPEHRAUTUNY ISELEAE7 and references contained therein:; See also

Porter i ifgat@ioL g fspedBoAdR-pradAORhbnMRIHAY BOFLRW ectly to the
hods 2: 97-105 (199%); Bird et at, Science 242:423-426 (1988);

Me

ORI BRIFFECATRIBUPS £ 396 SHeTR60%) 0h AL 0 p A oepres are taken,
tHb9AG, 16 Shbritrelaabinitiencomposition @) this aspaghal the B1€S8Blecule of
. invention) includes the coordinator, ion or molecule. The ligand of this

530 o/ HERPERLR I B I e B U L WY SioRAilg the
e ougl. 1o el recoontion (6 o -t of he. tan 6 e eon ©f

ough, to maintain recggnition (e.g., affinity) of the ligand to the molecule

reBF S RNER FOUPCEtGa St AhaPEd e dfo Marphesta et ol

(lf@ﬂmdggidsm}eﬁn%@b@" AtnOVRERYS \B‘Ha:?'lm%;d\fmh @@p@h@ﬁﬂl : fﬁ%@gﬁ@iﬁy\/@}ﬁm
or modification of representative chelators with a general ligand is shown
VA I QLR BRI (10685 5 BURRART IO S Mo tion.
38:17WBeprovidigasyh thelicqratiaainesmiliah Hoaidendrad BataaD Pasteins
ligand to the coordinating moiety of the, present invention. 15 When the
(ARG TSR PR RS R Sehi e Ko ARG O b T Rggen can be
efffeotwth goinslendae iiohgiagawsdediively P CRYBE Sl e einidaiOm RN solid
plgan be e(%fectegl%)(s olecular biology methods (e.g., PCR) or biochemical
pha

metho g‘ it e peptide synthesis).

Complexes of the present invention be of various complexity levels, such as,
monomers (see Figures 12 and 13a-b depicting a three ligand complex), dimers,
polymers (see Figure 23a-b depicting formation of a polymer via a combined linker as
described in Example 3 of the Examples section), sheets (see Figure 24 in which
sheets are formed when a single surface exposed Trp residue of a target molecule
forms electron rich/poor relations with a TNB---TNB entity) and lattices which may
form three dimensional (3D) structures (such as when more than one surface exposed
Trp residues form electron rich/poor relations). It is well established that the higher
complexity of the complex the more rigid is the structure enabling use thereof in
crystallization procedures as further described hereinbelow. Furthermore, large
complexes will phase separate more rapidly, negating the use of further centrifugation
steps. ' " '

The compositions of the present invention can be packed in a puxiﬁcationlkit
which may include additional buffers and additives, as described hereinbelow. It will

be appreciated that such kits may include a number of ligands for purifying a number
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Complexes of the present invention be of various complexity levels, such
as, 20 monomers (see Figures 12 and 13a-b depicting a three ligand

complex), dimers, polymers (see Figure 23a-b depicting forngéi? f
Wopzcg’f')?-r?qje{? \i/iza a combined linker as described in Example 3 of thé A3 oones

Examples section), sheets (see Figyge 24 in which sheets are formed

of HNERRSRAIG FUIARe GXIASCAIRISS QUSRI I ISITRAacH! e (T %Lﬁng the

electron rlch/%?or relations with a TNB---TNB ‘entity) and lattices whic

sanffA5a08oR HH TRFecmRAatLe san s BandthsdkehaniHurhaoputdfigation
steg?waﬁﬁ%iﬁéaeﬁ%mg%ﬁ@ UL {QIMBICIRNHGHAIOQN 56 13HO RSk diel$ the

well established that the higher complexity of the complex the more rigid
sangg.the structure enabling use thereof in crystallization procedures as ‘

furthey ARsRIACH REGHNBE RN HUIRIBPHBn IR hEQRRIEX G RVUHIBRARSY be

separate more rapidly, nefating the use of further centrifugation 30 steps.

usctie Ry adnRIAS thePradaniensvefiaanacimidepacked in a purification
kit whieh Rayingldeadditionalutiermandadditves@mdasaibestovided a

hereinbelow. It will be %]%ﬁ)reciated that such kits may include a number of

mefhod oGP B SR TCk AU BEIEES2005/010141 PCT/IL2004/000669 16
of malegilastiemm aeingla nFoyeeMardus iRtk piaginiiationdsicule
using the same reaction buftfer, temperature conditions, pH and the like),
of upereiriFem ShFifRRRinbY e ing tssRirhilirgunendtiasiag do- s anmessition
of 1RDHRIMOILFLHASIRERBRISEIAthiNM BRresf .45 pResiepackhenginabove,

the compositions of the present invention may be used to Purify a .
moleifdntstiad off i ASRESH S tHERERIARY HNFEHARAS RfiG RS BdthRiacting 2
sarASREGLRIGAG Rie sRilbRYebi aitdRAIWRIDEMAGSh R BTAHOpRYEHY MY dhtion

molecule of interest. As used herein the term "purifying” refers to at least

and ¢pHlpating ferFRBIER S HisbAMGHRASS AeRMMErSITBRS BiPER iy figrResition-
of-aRitBH By HROprOGHING LDl cRMNBRSHROfdRT RiRFE! IRMRBYOSLARHNE the

precipitation thereof (i.e., phase separation). The method of this aspect of
majeeyleddhtstistntion is effected by contacting a sample including the

molegylesed REpmStiYithrm conpsisitiparat thedseRanin IHENEM: the molecule
of interest and possibly one or more contaminants (i.e., substances that are different
from the desired molecule of interest). For example when the molecule of interest is a
secreted recombinant polypeptide, the sample can be the conditioned medium, which
may include in addition to the recombinant polypeptide, serum proteins as well as
metabolites and other polypeptides, which are secreted from the cells. When the
sample includes no contarninants, purifying refers to concentrating,

In order to initiate purification, the composition-of-matter of the present
invention is first contacted with the sample. This is preferably effected by adding the
ligand attached to the coordinating moiety to the sample allowing binding of the
molecule of interest to the ligand and then adding the coordinator ion or molecule to
allow complex: formation and precipitation of the molecule of interest. In order to
avoid rapid formation of complexes (which may result in the entrapment of
contaminants) slow addition of the coordinator to the sample while stirring is
preferred.  Controllable rate of precipitation can also be achieved by adding free

coordinating entity (i.e., not bound to the ligand), which may also lead to the
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and collecting a precipitate which includes a complex formed from the
composition 15 of-matter of the present invention and the molecule of
wantesestothiereby purifying the molecule of interest. As used heieinrilgo /000669
term "sample" refers to a solution including the molecule of interest and
possibly one or more contaminants (ifg., substances that are different

P fro‘?1 ) gge esir molecgﬂle oi}iiﬁ%g eg}t . Foergégﬂggl when thetmo culﬁﬁ%{io

OTHIRYRL, 95 A SEEPATR PEESWAbiRan 50 ypepﬁ el, %’&a‘ﬁ?‘ﬁf’eycg Frgatons

suchrdiftorthd foedation eifilemunayec|Gathier deslitibadhéhentedombinant
ponSR%%ese’s\?c\%r(ﬁj'Q{O&%Qg b%% V\%ellvgsl%hrpoer%aibg ?E@e@%‘%{g%h%q@glﬁ& é:recipitgtion

polypep are'secreted from the cells en
ofindledesupdesomtamibanfscibitriédntyefergrifugatioen{kagingulimerearitogation),

initiate .purification, the composition-of-matter-of the present 25 invention .
o R R R S 1 el PRy Dy g g i
ndigaadssdtached to the coordinating moiety to the sample allowing binding

o B AR I 08 e R o

ormation and precipitatio

sulrjettedilo dirtherputifinatiaiesteps ansiticapidrésavertibs viodermisiefeésterest from
' y~+esult in the f3 Bak W it .

A Rl L SRUoh S PR i

arpfprk dipitemion damanls & vemmhianstidy. dudiarg freldimdsddinafiaciionatipn on a
e ;pound 1o li I ay also lead
hs 0110914% BCT f‘zo%%q%%%gga 1 fo@m%itio!ﬁ%fﬁsgr%%ﬁe\r/%%%aﬁ?g%s cthanol
pradifitetivay bedlesfoficiacisagarivgres abpic dBRE, sthehmastégrabky on silica,
. . | . e ‘
cﬁ%ﬁ'ﬁﬁ%ﬁ%ﬁéﬂ%@hﬂ%ﬁﬂﬁ _E@Bﬁ@oggs%@ﬁg I%%ﬁ%%% M LS hy, cation

comple ove is formed (seconds to hofirs), precipitation” of
exphengen prixomalo raphilitghedrhgtclmepringati e DA Wira wameinigation fate
g#jg%- hi LT (f @m@& h D
p%e trifugafio@rilﬁs no@%@%ss%ﬁrr& Depengi%% %%i%é?ﬁ?t%ﬁ{j%%%%% tﬁa@@s’ and

affpilec glewnitesrephtHe. grasivigarotei) e BrdiRsatdd torfiankibedy, a specific
sdrificatan sieRs.i pLdes R I eEANEE g mqiecule of interest from the

complex. This may be effected by usinga number of biochemical methods
whicHt will be appreciated that simpie addition of clean reaction solution (e.g.,

buffer) may be added to the precipitate to elute low affinity bound mmpurities which
were precipitated during complex formation.

It will be further appreciated that any of the above-described purification
procedures may be repetitively applied on the sample (i.e., precipitate) to increase the
vield and or purity of the target molecule.

Preferably, the composition of matter and coordinator ion or molecule are
selected so as to enable rapid and easy isolation of the target molecule from the
complex formed. For example, the molecule of interest may be cluted directly from
the complex, provided that the elution conditions employed do not disturb binding of
the coordinating moiety to the coordinator (see Figures 4-5). For example, when the
coordinating moiety used in the complex is a chelator, high ionic-strength may be
applied to elute the molecule of interest, since it is well established that it does not
effect metal-chelator interactions. Alternatievly, elution with chaotropic salt may be

used, since it has been shown that metal-chelator interactions are resistant to high salt
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|0 are well known in the art. Examples include, but are not limited to,
fractionation on a hydrophobic interaction chromatography (e.g. on
phenyl sepharose), ethanol precipitation, isoelectric focusing, IEVSISE
Worﬁqgij lpI]F*LC, chromatography on silica, chromatography on ﬁepTéIr}i‘r%{}Gm(’0669
sepharose, anion exchange chromatography, cation exchange
chromatography, chromatofocusing,8DS-PAGE, ammonium sulfate 15
copiatipitatiohlihy diaxiyiapdtite: dhrgenatogeaply 2yl dieatraiptione Borath (1983)
.dialysis, and _affjni omatography (e.g. using protein A, protein G, an
B‘%%ﬁ%%’é??’%p@%yﬁgmstrate, ligand or antigen as the capture reagent). It
will BEhappregibiedctinabsinplehdditmd dhldha rsiiition sdlutien (ergnodified)
uffer).may be agdded to the precipi t w. affinity bound.. '
o R B S S BB B RO, el
(Figutheh) afpreaitdtedionatadiglobih erap dbeevded ctiseehperificatianove most of the

rocedur, he etitive lie i ipit
T BRI AR 30 RSO G PR e
inteorstpigitidrrodndiatenmmucstydinatotlien denotdedieonren2Breatbitiegdgnetal

t id isqlati t | £ h
5l S0HR 5 A s D PR RERNE (9 . 1

widlirbetlyripoeniated dbatpelsiprbigedftiritynshelaion cunditivds engplogaiechol),
m 1! gﬂ%t epnl %i'ﬂge &?ﬁ?&g 'H?Q{QQJMESV i%tr&slﬁﬁﬁf q{{bﬁ‘ﬁﬁ@%@m the

igures 4-5). For example, when the coordinating moiety used inthe
sagenopleitisathshskelton hpviogisimitarhinding pEigliapplisardtbhtutanpebilized

9"%§ 'ﬁ'&o?{ niersshraineRdhin el astaplishedoiaki d6HAchsaia%W  binding
__ metal-chelator interactions: Altematievly, elution with chaotropic salt may
tole used, since it has been shown that metal-chelator interactions are

eSio OO SOOI RTUAOOHINGRO A SRS

enabling elution of the target molecule at such conditions [Porath (1983)

meliseherkisping2the digsadopordaainplerioan bewedssubifzealypmed final
ac2aeop BLeRHNRL st 6 RLA fie SRAI HRGHRA moiew), which
es with the )

comp oordiriator metal 5 (Figure 3). Ultrafiltration or dialysis
may Besaesethtiberefather ligrndnseoedinadnafriniety is of high economical value,

since synthesis of such a fusion molecule may contribute most of the cost and labor

m

involved in the methodology described herein. Thus, for example, regeneration of the
ligand-coordinating moiety can be achieved by loading the above-described column
with a competing chelator or changing column pH followed by ultrafiltration that may
separate between the free chelator and the desired ligand-coordinating moiety.

The above-described purification methodology can be applied for the isolation
of various recombinant and natural substances which are of high research or clinical
value such as recombinant growth factors and blood protein products (e.g., von
Willebrand Factor and Factor VIII which are therapeutic proteins effective in
replacement therapy for von Willebrand’s disease and Hemophilia A, respectively).

As mentioned hereinabove, the compositions of the present invention may be
used to isolate particular populations of cells as well.

It is well established that due to shortage in human organs, in-vitro
organogenesis is emerging as an optimal substitute. To this end, stem cells which are
capable of differentiating to any desired cell lineage must be isolated. Thus, for

example, to isolate hematopoietic stem/progenitor cells a number of ligands may be
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chelated metal and the competing chelator. The solubilized complex (i.e.,

molecule of interest:ligand-coordinating moiety) can then be loaded on an
wommebikzed metal affinity column [e.g., iminodiacetic acid (IDA}BNcke04/000669

nitrilotriacetic acid (NTA)]. It will be appreciated that when high affinity

chelators are used (e.g., catechol), 1Qymeasures are taken to use

immohilized. metal affinity ion coJumn. modified with the same or with other
o B e R R sa AR sucn
asdVO it eldi G b6 SHsdigRivdetin 290 dgodit frympthercoki(6) NS AD6].

bindi it. Appligation,of sui lution.conditions .will result.in th

et S T S B B B 0 e i o o

copoanyabrthé ct¥baran ATiREY) dBeimhivey pTactflirdGoldytbim afised tBiotanistry

4:§al%ﬂnal product. Regeneration of the ligand-coordinating moiety is of high
ecohomical value, since synthesis of such a fusion molecule may

Contr?ﬁimé kabéi:@ﬂﬁ@@ cosy badisnd mvolyedrinthégasdsoduolkdgyre specific for
vifiscrigg hereify Thug, [orexample, reg%rg%; Wﬁfbﬁheﬁyégiences.demtech/

N
igand-coordinating moiety can be achieved by loading

argliieod ARIGEHBEY Adrner witmB-competing chelator or changing column
pH foliowad Ay uitafiuation hal aYiseRaidis %&W@%@étgtr{lg%%s?%%t%esem

and the desired’ligand-coordinafing moiety. The abov
inpeptirmfdHonetsodeiimpddn inchsliadepetie jmsrdidRoblaiseip (5996) J Virol
MRROEBRaNMeangh patural substances which are of high research or clinical

25 value such as recombinant growth factors and blood protein products

(e.g..&dh volrtiornngiradls abevetesnibad \inedhodrlogie mprube pfisrses with
prefiestivainps oplapamenddhriiany: e VVillebiand:s dispaseal based on cell

Hemophilia A, respectively). As mentioned. hereinabove, the compositions
desthieop ize g wesiifoiusripb and dartbeissiene phrtlegtiveepliatmheseft (e.g.,
F&e@_as well. 30 It is well established that due to shortage in human

organs, in-vitro organogenesis is emerging as an optimal substitute. To

this 8 feapcph e RURIBATE caplibrs. ohaiferenrtions of thy presprddroatntion
mi)SAISEWRLNE IRYRIRS HhvSiciRbSXAmRIcd%iSRIalRDEMalppoietic

stem/progenitor cells a number of ligands may be WO 2005/010141

PCT/I¥H08/6566kg by contacting the sample including the undesired target
molecule or cell of interest with the composition of the present invention such that a
complex is formed (described above) and removing the precipitate, The clarified
sample is the supernatant.

This method have various uses such as in depleting tumor cells from bone
marrow samples, depleting B cells and monocytes for the isolation and enrichment of
T cells and CD8" celis or CD 4™ cells from peripherai blood, spleen, thymus, lymph or
bone marrow samples, depleting pathogens and unwanted substances (e.g., prions,
toxins) from biological samples, protein purification (e.g., depleting high molecular
weight proteins such as BSA) and the like.

As mentioned hereinabove multiple ligands may be employed for the depletion
of a number of targets from a given sample such as for the removal of highly abundant
proteins from biological fluids (e.g., albumin, IgG, anti-trypsin, IgA, transferrin and
haptoglobin, see http://www.chem.agilent.com/cag/prod/ca/51882709small .pdf).
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employed which bind to surface markers which are unique to this cell
population, such as CD34 and CD105 [see Pierelli (2001) Leuk.
Lymphoma 42(6):1195-206]. Another example is the isolation cg
WO@X@%%&/"[&S using lectin ligands, such as concanavalin A [Sh%rg/n"(i[&?@)eo“g
Science 177:949; Goldstein (1965) E)iochemistry 5 4:876]. Viral cell
isolagion ma%ge effected usin variou? ligands which ar @Eecific for .viral .
[ e

celld B MRS RRIHES/ /R DAIEECi SHERS BT il Present invention
provaidhinerd&dd uiRRWeR coXeshirid). Spepificiiyatieitovitupesitioay beg., smart

isolated b‘%béhe%%ompé%sition of the goresent 10 invention which are
POIYRETIhSIRS I A ngssa TROMBEEA S8 ™S virol Methods

60(1y89-10b} Grlttisplaifiatish) otliee pabsard - dastiddietbmethegology migyupon

e effected with preceding steps qf sa -bulking which is effected tq .
sop e o DAL ULy B . O SR Terdugine
maisliepsnot sal¢ obeetiafl-esvichment (e.g., 15 FACS). On top of their

purifying capabilities, the compositions of the present invention. may, alse.. .

be L{é(id to%?’égﬁflé‘lt% 2\%5%@ Fdm unt e%ll?g%?moo?é%ﬁllgsnc?? crgﬁ%éﬁ{ﬁlsq Tinited
capetiertef] dfficiontadtingrthkavamgpléffnsionlignikionsle Sisertgaljg; theotenotat of

d or, c%gccl)f.itg1 ere%t0 rvx\éit? th% COHEIB%ggion of the present invention such that a
& dfﬁ%omsfex IEETMEd J(descrl ed above) and removing the precipitate. .

The(dirifiesikhprpdépidathenspmpernsstaverBhlsmiatiod teudtingitosiusdstantial

o S R Bl done oo samoes g

cellgio} CDCbnizell o ¥mnthpepipkgratioodrepies putniptiioympty dre2govemned
o R B A e S
mixtepdeting lif) morslesutifor weilitvsioteirs Guchater S S5sY arfdaderdietoksions or
L
imrerhidizetdofrbigbiprdmatteninetpoteinydid mdsietpeicht fhitdking and entrapment
of %%%rrril-ndsl%gérat%t,iﬁ%&’r?é%é%lé@ﬂnsgf%ripn%}gn of a non-covalent polymer, sheet
or lattice [Mattiasson et al., (1998} J. Mol. Recognit. 11:211-216; Hilbrig and Freitag
(2003) J. Chromatogr. B 790:79-90]; as well as by varrying temperature conditions. It
is well established that various molecules exhibit lower solubility as the temperature
decreases, therefore, controlling temperature conditions may regulate the rate and
degree of precipitation. It will be appreciated, though, that low temperature conditions
may lead to entrapment of impurities due té a fast precipitation process, while high
temperature conditions may lead to low yields of the target molecule (e.g., denaturing
temperatures). Thus measures are taken to achieve optimal temperature conditions,
while considering the above parameters.

) Reduced contamination background; contaminants cannot bind the
coordinator entity and as such they cannot bind tightly to the non-covalent matrix,
allowing their removal prior to the elution step. Furthermore, contaminations derivihg
from the ligand biclogical background (molecules which co-purified with the ligand)
may become modified as well as the ligand itself [provided that the ligand and the

contaminants share the same chemistry (e.g., both being proteins)}, and might become
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haptoglobin, see
http://www.chem.agilent.com/cag/prod/ca/51882709small.pdf). WO

wa00siak0141 PCT/IL2004/000669 20 The unique properties optheinouelosasse

compositions of the present invention provide numerous advantages over
prior art precipitation compositions (eq., smart polymers), some of these

pahese @ﬁ%’f’p‘r&%%ﬁ&ﬁﬁ% ssepipriized BHAc(b RO MBI GRS the target

present methodology does not rely upon 5 sophisticated laboratory

madfgis it Ssdsoey et @ hilre fap e iiee\ romin inrttanmavithagttenance
and opgyatingif@sis il hEasyeneScalngidhe rreselMeodaledisRhding in

restricted by limited capacity of affinity columns having diffusion

DRI S ECLEIRTLIR AR dARSE indr RIS Tsrsipithimdnchefprgensous phases
sx?mliﬁ@iﬁ@%flﬁi@lkh%]ﬁﬂnﬂf@@[&ﬂ@?ﬁ_:?{%@{%?ﬁﬁi&;ééeéisﬁﬁm{@%ﬁ%ﬁz?uﬁggﬁza?. Sei.
ro U antial cnanges In pH, 1onic strengtn or temperature. (Iv ontro
3%?/gktsﬁ’?ﬁéﬂfbﬁﬁt%ﬂo&&c&g,dﬁ?&biﬁtgﬂgﬁsnﬁﬁ%@djd\?eﬁ@&Bﬂ-sﬁﬂﬁ/emmple,
higdlditiorafian @Ry qRIpeAOOLgiatar oM o elesvie 19 RERRGRIPUNed and

mixture; use of mong and/og multi-vatent coordinators; use of coordinator

VIRSIRE DI TECHHISTE B RO RSt rRROSTIAIE ES TR Aldathm insomnrrRgfecules such
agTihietygeddilioecofethssianminnehilizg dskea Aol Anallat-Mmoielias 19 al, (1999)
avoid non-specific binding and entrapment of impurities prior to, during or
Bigigs % FsREcR ot 2 hon-covalent polymer, sheet or lattice [Mattiasson
gthal.,((/iig%)\ﬂ) ﬁg%homgaﬁ.&l;%mgt%i@;-iﬁhm& @@Mb@ﬁ%&%&b{?@b&;
ro r.B 790:79-901]; as well as by varying temperature conditions.
1t 20 L ng%ﬁﬁ?f i%ﬂs’&rfaﬁ@ﬁqz%&a{‘é’yg BRI SorBARfedsby non-
cahal éatnipetatticensdecreases, therefore, controlling temperature conditions

may regulate, the.rate an dﬁ%%% of preci itatié);. It will be appreciated,
though that T6W WEHperatite ifGRSIHRAS: 184 TSBRASHANe At 8ot covalently

bamnplitdtie sodtréx tand fastiptesipitalitfnorackasnwitle dighclemMPeIREUSplication of
conditions may lead, to low i?[g‘(}s f the target malecule (e.g., denaturing
saféggérﬁﬁgpecr%?ﬁf}ég $ Tﬁ’usc?%ae‘és esggyécfaké%? hi%f?@oﬁ'ﬁﬁiﬁ?emﬁcauy bound
inorpérature conditions, while considering the above parameters. (v)
R R P Ao S O N e molecules
of interest in ordered complexes such as in dimers, trimers, polymers, sheets or lattices

also enables use thereof in facilitating crystallization of macromolecules such as

proteins, in particular membraneous proteins. As is well known in the art, a crystal

- structure represents ordered arrangement of a molecule in a three dimensional space.

Such ordered arrangement can be egenerated by reducing the number of free
molecules in a given space (see Figures 10a-b and 11a-c).

Thus, according to yet another aspect of the present invention there is provided
a composition for crystallizing a molecule of interest.

As used herein the term “crystallizing” refers to the solidification of the |

molecule of interest so as to form a regularly repeating internal arrangement of its

atoms and often extemnal plane faces.

The composition of this aspect of the present invention includes at least one
ligand capable of binding the molecule of interest, wherein the ligand is attached to at
least one coordinating moiety; and a coordinator capable of non-covalently binding the

at least one coordinating moiety, wherein the at least one coordinating moiety and the
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coordinator entity and as such they cannot bind tightly to the non-covalent
matrix, allowing their removal prior to the elution step. Furthermore,
contaminations deriving 30 from the ligand biological background

WO(%?B? Hifed which co-purified with the ligand) may become mddifEgHg/000669

well as the ligand itself [provided that the ligand and the contaminants
share the same chemistry (e.g., both™being proteins)], and might become

CORRiE 03T BRED 'S OF ILTOHHODEEEP'ST PIFL & SHDaisHating whereas the
corapapiRy. iJRdecaditabie eldefieondtiensivosjamae baxielssiie ¥l BRentation

of Ffbcovered Wrg;i_%)e‘the modified contaminations will not. (vj?_Bin Ing in

SIS UofHBRE: R APt e diAG e oot o
cryselltieneononadanisiacthmaieeffectiuntbaniififigierogeneous phases 5

such as.jn affinity chromatography [AC, Schneider et al., (1981) Ann. NY
acadt Sl SoE RS, ¢ e o sehamt e g $bgg been

prevfdufiv4htfeatgramplaendighymaiecatian messpribmersduses THARYAIe] 995)
. known to form highly coiled gnd viscous sfructures in _solutions that hinder
BigHUCHEEKYs O ALom I Frad B BERUILL S0in Ao SarBt b IGERL02S:
Bhintaeasy 9198 SppaBitbrCHeaiegiss.1 Paaidaes lal. HAQ8%r, teyRiBRENAP multi-

. Bigeng. 64:418]. (vi}) No immobilization of the ligand - further described .
e oS N VeIt P EEA RSk, Bkatmle drgnicelly

diffjenirahdddrpasive; dVaitriinteeadtiontiréodibnediizing! witestharslt the target
o A R R e A i e
thepopt&iiijqinﬁimmedmme&lesﬂedigaﬂdﬂ@)ﬁtﬁmm&gpmﬁﬁ?&ﬂwmum to occupy
o T L LSRR S L TRl S v
usddifoerthepoipnbizsatbhe efameniditicrspdfeniso enables use thereof in

el sl oS s R
therepresevior derkdlamadgénranaha gealealigricmib rfeldigaatsienatdinating
maBRTSiniEh3 RINAIRE AUANNEIICLEANRT SHBREIMF PH SRS d form
non-covalent tri-ligand only by adding the multi valent coordinator ion or molecule.
Thus, a single synthesis step is used to form di, tri, tetra or higher multi ligands that
may be used for crystallization experiments.

In order to produce crystals of a molecule of interest (preferably of membrane
proteins) the compositions of the preset invention are contacted with a sample, which
includes the molecule of interest preferably provided at a predetermined purity and
concentration.

Typically, the crystallization sample is a liquid sample. For example, when the
molecule of interest is a membrane protein, the crystallization sample, according to this
aspect of the present invention, is a membrane preparation. Methods of generating
membrane preparations are described in Strategies for Protein Purification and |
Charactenzation - A Laboratory Course Manual" CSHL Press (1996).

Once the molecule of interest is bound to ‘the composition of the present
invention, such that its relative spatial positioning and orientation are well defined, the

sample is subjected to suitable crystallization conditions. Several crystalization

approaches which are known in the art can be applied to the sample in order to
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molecules in a given space (see Figures 10a-b and 1 la-c). 25 Thus,

according to yet another aspect of the present invention there is provided
w@ nosmposition for crystallizing a molecule of interest. As used perein. 166 /000669

term "crystallizing" refers to the solidification of the molecule of interest so

as to form a regularly repeating interngl arrangement of its atoms and

-.plane fages. 30 The caompesition of this,aspect of the "

e e o SRy htalizston
approkdsie didhideeshuivheceimpthéitigtedd io.atiachiddointerfzast diffusion method

inati ety a inatgr ble.of nhanzcavalently binding .
S A B T St h oy B in e
hapgingi vatmtiingoibgpameting \(drPbes/91. 044 1Py PI2004/R00669 Ldalysis of

[ re a formigg.a p h -incubated and. . .., .
P o e (e 2Ll s dalysis

(Bsdsiidhind 4R Daemeatibi9dH-nolecule of interest when bound
therefqe{bgigOYHaq{iiing ERHB%EQ&BB%C{HM&E@E%%%K&M?&{M method for

inducing crystallization"conditions. 5 It will be appreciat atthe use o
grewiaeEmasiomalgararcammntsEomspbiian; this rppshachténeppediatl yhaitable for

gerioraial .&&Eﬁ@fé@gl?‘l%@m§ (a3 t(w&g}nﬁgé%%@é%%oluﬁon is spotted

34:4933-4942; Mootho 98) Acta. Cryst. D54 10
OIRH £OYER AR Aqd suEpnBbiirChsanlob 2hasbes 1ba] qaetwiover, wpntheisisvith a

highdPUtindigandisanuplexeS RIS ANEM AR thagiwo dtihq:&%tpo%r MOIREUR oplet

IS technically 10 difficult and expéensive; Furthermore, _
eqiduainmuEnd harerairtyofitiestagwatgr ortarshou tho drapbetytharcby slowly
inSAMER WRhBeZE i ich; il
mdjstqn%?f)%tween_the @aﬁ%ﬁ%ﬁaﬁﬁg@ rlrg Ié%ﬁ{lggﬁjﬁég;%gydmp}et’
whithdRBrBiFEHE iesriniation - Fgﬁﬁalbéﬁbﬁsmf&sem@tgimh ese ligands

were (yexeslsusidifen tha g yaalizAleaQE R m@&%&{f&%ﬁa@ré 4 BSolution of

present invention circumvents these, by synthesizing only the basic unit in
preferafivi Lessaian ihdvimganareferohly dessdbanraiStucire orore preferably less
thhdgard-coordinating moiety) which is far easier to achieve, faster and

cheaper. This basic unit, would form non-covalent tri-ligand only by

addirPiReasititeYafdibcoBrefpRi PR BprmBtarieve evident utility in assaying

analytes from complex mixtures such as serum samples, which may have obvious
diagnostic advantages.

Thus, the present invention envisages a method of detecting predisposition to, or
presence of a discase associated with a molecule of interest in a subject.

An example of a disease which is associated with a molecule of interest is
prostate cancer which may be detected by the presence of prostate specific antigen
[PSA, e.g., >0.4 ng/ml, Boccon-Gibod Int J Clin Pract. (2004) 58(4):382-90].

The compositions of the present invention are contacted with a biological
sample obtained from the subject whereby the level of cémpiex formation including the

molecule of interest is indicative of predisposition to, or presence of the disease

- associated with the molecule of interest in the subject.

As used herein the phrase “biological sample” refers to a sample of tissue or
fluid isolated from a subject, including but not limited to, for example, plasma, serum,

spinal fluid, lymph fluid, the external sections of the skin, respiratory, intestinal, and
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Thus, a single synthesis step is used to form di, tri, tetra or higher multi

ligands that 20 may be used for crystallization experiments. In order to

produce crystals of a molecule of interest (preferably of membrane

Wop%%‘{%ﬁ%é’)‘%ge compositions of the preset invention are contactdd Wit 404/0006

sample, which includes the molecule of interest preferably provided at a

predetermined purity and concentrafién. 25 Typically, the crystallization
gesampledsyattimtid wampleliFor eilimpleodvkelsthmonte cule ofahtéawst igrgans,
anf MEBAERIPIGI D fraifllZalina sagmple. according to this aspect

of the pre

ent invention, is a membrane preparation. Methods of
genetatifierititatnsteteetione pachipas Bhedissc ifethin Bekmgtesfidnterest in the
ratein. Puyificaii cterizatiop. tary.
co%@l%%rgé (%@gg%g Oonc %h?mﬁgcg?ﬁ&%ﬁ&%iﬁs%%%ﬁﬂ%%% (e
ﬁm@g@i&tkﬂdi@ﬂﬂﬁ@p@@m]nvention, such that its relative spatial
positiopiganth iAo AN ATRE Ry s RAHRIEHPY ity and
suitable crystallization conditions. Several crystalization approaches
quamich arbRRGeA Ff‘tﬁ@b#ﬂc&ﬂ%@‘émiéé_s@ﬂﬁeséﬁm}ﬂ% heRIenay \weoof great
infR0BIOIA LIRETAL 2AO40ANG6R. 2R fnsiliale Sysinlization Afdlng, military,
molecule of interest. Examples of crystallization approaches include, but
foaéé}ﬁmqﬂmeai@bﬂﬂ@%éewma@m%ﬁﬁﬁethod [Salemme, F. R.

(197 A Biobem: BIRPYR L 2hv33088: JRILAHLRIAT ITiRS pathogenic
_hanging or sitting drop method (McPherson, A. (1982) Preparation and =~
dizqrdeysis Besepmpls. chrsanal sakmantions A seisfoldinevefirypiptic proteins in
thB8 2 bds A p it ighv3ig 5@9%(#&1(3%479}1@@Eﬂi@tﬂ*@i@%&géégenemﬁon in

Presently, the _har;%:igg drop method'is the most commonly used method

vaRPUg B aBisel ottt IdSAR ARkl SdRlrimenisditsarsdediy Parkinson's
JiSSReGAY Shlleligfen g SHRRAtBG PRI (RIS RIS Wisf IQPGhyloid beta

containing a protein solution is spotted 10 on a cover slip and suspended

peptigedafey(érhaithet Prateditisimsadust el simyinidaPIsRer conteRyaaERolism,
a2l RISRREAHNG AR &R R S P4aNIA he1deRRinlkRAM]) r:ﬁ:t%%%regates

“with the reservoir by diffusing water vapor from the droplet, thereby slowly
(imeagnigiind BereampsiNo Pid S RIESERR Y rECHItaine difed doviishb such
miReotiBRIGk ar complexes to thereby treat such disorders.

69

Methods of administration and generation of pharmaceutical compositions are
described by, for example, Fingl, et al, (1975) "The Pharmacological Basis of
Therapeutics”, Ch. 1 p.1.

The compositions of the present invention can be included in a diagnostic or
therapeutic kits. For example, compositions of a specific disease can be packaged in
a one or more containers with appropriate buffers and preservatives and used for
diagnosis or for directing therapeutic treatment.

Thus, the ligand and coordinating moiety can be placed in one container and
the coordinator molecule or ion can be élaced in a second container. Preferably, the
containers include a label. Suitable containers include, for example, bottles, vials,
syringes, and test tubes. The containers may be formed from a variety of materials
such as glass or plastic.

In addition, other additives such as stabilizers, buffers, blockers and the like

may also be added.
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which in turn results in precipitation or crystallization of the prdtein. 15
Crystals obtained using the above-described methodology, have a

woesohutionof preferably less than 3 A, more preferably less thaa21p8a4/600669
even more preferably less than 2 A. Compositions of the present
invention may have evident utility in agsaying analytes from complex

MR BHEE 3T IRAMIBRAR RIS BN RIS, 29 AN08HG oni
advantages. Thus, the present invention envisages a method of detecin ¢
popretid pdsiibaams. oF gresempécohaptiisccareierssonagationithtadn aleolvesofross-
- ipterest ject. le o jSeas ich s associated wi
e ML SR ier A sa
thipreglonubnonp oxtalevopacificsetite nl a8 EPBA reotpeulersiag/nfl the molecule, a
-Gl Int,.J Clin Pr 4):382- sitjo
pat%{?eﬁg{régsg{[a %eﬁioéag%ﬁ C@%}ﬁggﬁ/ﬁ%@%ﬁ%@%&ﬁ‘o taal}ée%%%) A

laigriarieaemjetiniiere Bp ey ey ebvtlcompless forfiator ithel udiigptie molecule
1%9@&9{&9{&&&%%}4&&%@iQﬂé%mméﬁéﬁgH@&lm%@g&ﬁgﬁgﬁ&&gﬁﬁg Non-

disease associated with the molecule of interest’in the subject. 3
coyaksahpsne iz v R el His| gt astanmmeqdfe s tyasiaumpibstrtisshaver been
atfiidiSPla el iR R GRL NG g Bk NPLIRILe folth) R SXaRRIRes 25:28).

plasma, serum, spinal fluid, lymph fluid, the external sections of the skin,

Acgerdiagbhycomestitionapbithvorosms mventianraay heownd/ booeg Rt the same.
genitgypflanhl agRs BT SimaitRnMilts£10ad falkss (UM AR ey ronal enhancing

_ tissue, organs, and also samples of invivo cell Culture constituents. To

IMERheseN At @b dnalecilatnEdnteest tNsingolbsuROBPRfitien infite present
inGeRaRIexes, iekiglogicalsamnisar tﬂ%ﬁ%&?@ﬁ@f&%ﬂ@%%ﬂ@ of a
Tl

(e.g., 5 fluorescent, radioactive labeling). Com ons of the present ~
mileeadn stakean dpmyan ZePeewUSHE, antbedurmosspstitiasn aganism.
in a lighid QegaaedsaRMBC YNGR RAK PR HOACHRPOHAREES with the

clinical, environmental, health and safety, remote sensing, military,

corspaRsini Afgb Rt TR NN BrecubsHg u i camiex thus formed serves as an

immunogen. Such a complex can be injected to an animal host to generate an immune
response.

Thus, for example, to generate an antibody response, the above-described
immunogenic composition is subcutaneously injected into the animal host (e.g., rabbit
or mouse). Following 1-4 injections (i.e., boosts), serum is collected (about 14 weeks
of first injection) and antibody titer is determined such as by using the above-described
methods of analyte detection in samples, where the ligand is protein A for example.
Alternatively or additionally, affinity chromatography or ELISA is effected.

It will be appreciated that the compositions of the present invention may have
numerous other utilities, which are not distinctly described herein such as those
utilities, which are attributed to affinity chromatography [see e.g., Wen-Chien and
Kelvin (2004} Analytical Biochemistry 324:1-10].

Additional objects, advantages, and novel features of the present invention will
become apparent to one ordinarily skilled in the art upon examination of the foilowing

examples, which are not intended to be limiting. Additionally, each of the various

_embodiments and aspects of the present invention as delineated hereinabove and as
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WOt é%lulting in neurodegeneration in various neurologicaf)

10 Abnormal protein interaction governs the development of many

pathogenic disorders. For example, abnormal interactions and misfolding

of synaptic proteins in the nervous system are important path%qfnic
[

SH&)L000669
These include Alzheimer's disease (AD), Parkinson's disease (PD), and
dementia with Lewy bodies (DLB). | D, misfolded amyloid beta 15 .

clapagdide theo qlariaseetigroterlRtic RIS UBIRSTTHRAGD Serartsér phstdallowing

e){E[H‘T)t,ggwplism, accumulates in the neuronal endoplasmic reticulum and
extracellularly as aggregates (i.e., plaques). The compositions of the
present invention can be used to disturb such macromolecular complexes

to thereby treat such disorders getRggg, pkadministration and generation
of pharmaceutical compositions are 20 described by, for example, Fingl

ot AR50 T 8P A Mo AP LA HoRlBb.ibioh cpgofige vith the

abFREIENRASHIIRRHhe REesRRhiERTIPRGRIIBRINCiudad:dn a diagnostic
or therapeutic kits. For example, compagsitions_of a specific disegse can

be pSERATAL P GNOIREBF!HBIE LSHAMER WinRpEIRISARY Biftfsl g lized

in Plesepyaibmes arenusRd faciel dingresigr b elikesitag theiapbidiegical and
treatment. Thus, the ligand and coordjnating moiet placed,in one

b
recORRIABY LA IE BB BN a ot HAb LT GRS S PToaRIs, Srlatasd fa the

litsreRiainged Biarabhpid)eMorRIRe Slinthd e llaehSyitabiftieorsaiiacok et
include, for e‘xamgle, bottles, vials, ?‘%/éringes, an%{test tUbijThe

al.cGHH8erSERPbETRIATR Hoioleou i Aste hAREhglsRrM -
ed Pkasye);|a asdios, AtheCaddit vestsuets as SakiliabisBFeys, Wnekwitky and

Ly o

JoHRMUNGIR HenpaRRY 2k 00geN WERLR e AN eRbapidinaal TINA", Scientific
T T S
Maviaibeaties's yassl D -4l@etE Speang Hachbarisiberaidhe imals alter & brk (1998);
mBhodolopes - seroEahcTh 'DURIENGY TR B AR KT s,
5,192,659 and 5,272,057; "Cell Biology: A Laboratory Handbook“,_ Volumes [-II1
Cellis, J. E., ed. (1994); "Current Protocols in Immunology" Volumes I-III Coligan J.
E., ed. (1994); Stites et al. (eds), "Basic and Clinical Immunology” (8th Edition),
Appleton & Lange, Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods
in Cellular Immunology", W. H. Freeman and Co., New York (1980); available
immunoassays are extensively described mn the patent and scientific literature, see, for
example, U.S. Pat. Nos. 3,791,932; 3,839,153; 3,850,752; 3,850,578, 3,853,987,
3,867,517, 3,879,262; 3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074;
4,098,876; 4,879,219; 5,011,771 and 5,281,521; "Oligonucleotide Synthesis" Gait, M.
1., ed. (1984); “Nucleic Acid Hybridization" Hames, B. D., and Higgins S. J., eds.
{1985); "Transcription and Translation" Hames, B. D., and Higgins S. J., Eds. (1984);
"Animal Cell Culture" Freshney, R. L, ed. (1986); "Immobilized Cells and Enzymes"
IRL Press, (1986); "A Practical Guide to Molecular Cloning" Perbal, B., (1984) and
"Methods in Enzymology" Vol. 1-317, Academic Press; "PCR Protocols: A Guide To
Methods And Applications”, Academic Press, San Diego, CA (1990); Marshak et al,,

"Strategies for Protein Purification and Characterization - A Laboratory Course
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laboratory manual Infra]. However, covalent cross-linking of the antigenic

molecule leads to structural alterations therein, thereby limiting antigenic
w@mesentation. Non- covalent immobilization of the antigenic matequie&m4/000669

various substrates have been attempted to circumvent this problem

[Sheibani Frazier (1998) BioTechniqugs 25:28]. io Accordingly,
Menmposiensobibevreseahiny sion mexke HRRMLa 18408 AT Rily set

Thus, the present invention also envisages a method of enhancing
fopbrhsHige it orcnerd celrensan isie Brosde e ghpusthisndospipent. The
piBtRasnls iMventiofe AsiHsed Rewindhe 1o imMHOABeaity e 'EISTIQA thE the

ability of a molecule to evoke an immune response (e.g., antibody }
COREIBARS Wit AFeEFGanisth 1S AiermainedGeiHaete dhasritotalgagorated
hdhenrbolaguterekinterest with the composition. of the present invention

whereby the complex thus formed serves as an immunogen. Such a

complex can be injected to an animal host to generate an immune

response. Thus, for example, torgeseraterap antibody response, the

abo e-c}g‘%crib d 20 immunogenic composition is subcutaneously injected

int el RO Yot Sienmt Sey miehewiiy 3 rlekarreare!

boosts), serum.is collected (abouggkdppagys of first injection) and '

antib titer is determined such as by using the above-described, . . .

meth@% o“l‘%‘r‘é’lyf’&ie clalrgn iﬁ(’sgﬁ?ﬁ%gl, ritR ﬁ\égﬁ@% SRpgificKigsy and
afﬁmff&inpl?w&ll&ffﬁfﬂﬁe”'b i iarthel tidoaatly, %@&%f@@é@&ﬁ?jﬁ%i@ﬁtﬁhﬁﬁmgmd

effecte 5 It will be appreciate at the. composijtjons of the present .
QARG S TR P RESAR SHUPREABE SHRSrL L BT T A to bind o
spaetfixiliganidenaih suoklasrthogenstiilititse vatioh mie giishliaeiouaéisitYigand---

1chromat(glgt[ hy [see e.g., Wen-Chien and Kelvin (2004) Analytical

g S S 24:1-10]. 30 Additional objects, advantages, and novel
fekélltugﬁ_m{] te theesaditiovasttion Mbﬁﬁﬁﬁmmsﬁabm@a@? ii%@[fb’ligand
skilled in t rt upon minatign of the following examples, which are

mﬁ‘&?&ﬁéﬁf}gg@,@&pﬂﬁﬁfﬁ ?&f&?jiﬁc}naﬂy, each of the various embodiments
and sBpeetambtbeptedentimmatianah delingatechhRetinaebyeriddastive is

2%&)50/@:}014]15 T/II.[_128LO4/.00 669 26 claimed.in the claims section
in P

SRR B IR TS DR IS REIGNG g e ons. & non-covalent multi-

ligand complex is formed (Figure 13b). A general synthetic pathway for modification
of representative chelators with a general ligand is shown in Figure 14. Such a
synthesis can be similar to the one presented by Margherita et al., 1999 supra.

The utilization of chelators for the preparation of a non-covalent multi-ligand

- complex, may have an additional advantage which arises from the ability of some

chelators to bind different metals with different stochiometries, as in the case of [1,10-
phenanthroline];-Cu®" | or [1,10-phenanthroline];-Ru** [Onfelt et al., (2000) Proc.
Natl. Acad. Sci. USA 97:5708-5713].

This phenomenon can be utilized for formation of di (Figure 15a) and tri
(Figure 15b) non-covalent multi-ligand complexes, utilizing the same: ligand----

linker----chelator derivative,
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examples. EXAMPLES s Reference is now made to the following
examples, which together with the above descriptions, illustrate the

invention in a non limiting fashion. Generally, the nomenclature used (
WG the laboratory procedures utilized in the present ifhfehtibff 047000669
include molecular, biochemical, micrggiological and recombinant DNA

techniques. Such techniques aréﬂ%ﬂig I¥ explained in the 10 literature.
See, for example, "Molecular Cioning:”Alaboratory Manual" Sambrook et

alSytihedy, sCurnecniaione ealddrlilyiold culep Bicke qyi i bigwlesddi Avkspook:

R. M., ed. (1994); Ausubel et al., "Cun;eexr;gProtocols in Molecular
Biology", John Wiley and Sons, éoa'ﬁf’more, Maryland (1989); Perbal, "A

Practidet @uidetephdoidontarniibmingt , cdoiphe¥vilese &1i5pma i\ 0Bk cessive”

88). Wat et al., "Recombinant DNA", Scientific 1.5 American Books,
hoROeSF OB E R T g e R TG oA, R e
to DeritestriVedsndady CHldySpr g borer abol flory, Pr833) Bew IMorR62] and the

1998); th i ef forth in U.S. Pat. Nos. 66,828:; . .
s AR B BBty S NS Sadlle FiHeprom jssmine
flowboratoRidaenaiiddiad viokmissi-iiseQltimuEnlly do (618dig' Gudratintifying
. S| 0 " Val ) H!I‘% iganJ. 2Q E.. ed. (1994); Stites
m@é%%%s%%&z%%ga# Clir}éggi{prﬁmuno 0%7" %%%ﬁf%gj%’ﬂ%ae@%m was
ingadgmmmmmgmpmeﬁtm usshiigr (bespnisplepee Wehdulat, and
Sdfhes !llqi@ég?'mlﬁggmvgﬂ_h% .re%%? %}%Cc%le%\}lcv Y%’ij(' ]d?&gs) ;gave been

available Immunoassays are extensively descri ed in the patent an

preprrpdiivitherigciren seecrfnrsesuninpie styshoiaaciNl g 8139,11932nd Oldfield, C.
W OPERIEE 09 200 Db ottt Tty e G . e
041237312 261,5, b1atanitrariiBo6nGRI {MotugmciOotitel Symisests B, Mnal.
il (498 At AP O R LI S
2 fidighter'Brgeredblguonsy aiAﬁlﬁ@?)%lB?MﬂMyFﬁa Quam\ (Madrid)
D el B 1 M Clonien peeit L ERFEML AR Beal .
EnzyHigisgylogolil istraiesperpl ersmpieeet 2" g rolidots-Adsgide Twor (E.
p%?ﬁ?ﬁﬁxﬁﬁ@%@%li??éﬂ?gsilﬁﬁcﬁ%éﬂ'@ BReSSunpR BIEGP cfettdP 2N covatent
tnmer that could be used. It is expected, that by mixing together the trinitrobenzene
(Figure 16a) and the indole (Figure 16b) derivatives, a multi-ligand complex will be
formed (Figure 16¢). It will be appreciated that the reverse complex could be
synthesized as wcll,r i.e., a ligand derivative with an electron rich moiety, and an
electron poor covalent trimer. ] _

A possible synthetic pathway for the preparation of the above ligand
derivatives is shown in Figure 17.

Synthetic peptides (or any peptide) containing Trp residues (or any other
electron rich or poor moieties) may also be of use for the preparation of non-covalent
mulit ligand complexes. Figure 18 shows an example of a synthetic peptide with four
Trp residues (four electron rich moieties) that can be formed, a tetra-non-covalent-
ligand in the presence of a ligand derivative modified with an electron poor moiety

(trinitrobenzene).
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"Strategies for Protein Purification and Characterization - A Laboratory
Course WO 2005/010141 PCT/1L20041000669 27 Manual" CSHL Press
w28e@)1adlbf which are incorporated by reference as if fully sePd®th2004/006669
herein. Other general references are provided throughout this document.
The procedures therein are believedfo be well known in the art and are
provided for the convenience QfMemeidE3 All the information contained
therein is incorporated, 5 herein by reference. EXANMPLE | Synthesis of
e e R IR e
10 The abilityedéaharartias o dbine Mmdialsionithadiil eetrriapgiicities and

affinities is well described in the literature., To.generate the pnon-covalent. .
LGP COMETES e e R e A A e B RS 1 and
2 ldngth) se modifiéckto bindavsratificdigahdaahdenghlekator 4Am genearple of the
gethéJPéﬁ’l‘{‘é'RSe%ef%%ﬁ' Slncture of 'kgf%ﬂﬂi'ﬁ 2 er'}ﬁ'{) ehxe#?t%rd\%s il h:?ﬁ Mo,
e addition of an appropriate metal, a norzcovalent mu |-?|gan co pTex
shoulBobdifoermbd ¢Ridae I2) Forewxammply, mwyd toxanmdtetfarhpioismaoiety is
n Fe3+ lator rivagive | thesi Figure.13a) such that i .
TSN o g Se ot e R e
Fifpre@6. (Figure 13b). A general synthetic pathway for modification 20 of

: ' I ' i N inEigure 14, h
s B B IR L Lo Dhgune
Melpretalshis gutizblécn Sfecpreiaiors G6MIE aod paT atietelst; torforrcovatenovalent-
. it | which arises
TS, T S B AN B8 it cferom
stochidwen¢ssscaoinatipentise(of polypestidep Nainoliej2s@ug(gromy other

SRR D0 G 0 S5

22#%Ryure 15a) and tri (Figure 15b) non-covalent multi-ligand complexes,
utilizigg Ihe SAMEIFAN e two above binding relationships (chelator-metal

together with electron rich-poor} may introduce additional advantages. For example,

the ability to form non-covalent-muliti-ligand-polymeric complexes. This may be
achieved by synthesizing two chelators and an electron rich moiety between them
{Figure 23a). In the presence of a ligand----E. poor derivative the complex which is
drawn in Figure 23b is expected to form, which represents a Non-Covalent Polymer
of ligands.

Once a dimer, frimer, tetramer etc. is formed, (by a ligand----chelator
derivative for examplé) it may be desired to limit the freedom of motion of the above,
in order to achieve more order. If the protein of interest has an electron rich moiety
(such as Trp) that is accessible to a covalent di-electron-poor moiety (such as di-
trinitrobnezene, TNB---TNB for example) then a complex might be formed befween
two non-covalent dimers. (Figure 24). This may lead to the formation of ordered

sheets of proteins-and multi-ligands.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in

combination in a single embodiment. Conversely, various features of the invention,



10

linker ---- chelator derivative. 30 WO 2005/010141 PCT/IL2004/000669
28 EXAMPLE 2 Synthesis of non-covalent multi ligand complexes utilizing
WO %}%%}5?5]15'10 h poor complexes Electron acceptors form molecylar,, ,qa0660

complexes readily with the "hr excessive" s heterocyclic indole ring

system. Indole picric acid was the first complex of this type to be

described nearly 130 years ago [Baéfer, and Caro, (1877) Ber. 10:12621
whighoatige ferabievelaclessriasein sh&eRNEERA fetingia pmbedimsisomey also be
orodeleEomaiasming, doyer qiliPicHedAisag since been used frequently

for isolating and identifying indoles as complexes from reaction mixtures.

Later, 1,3,5-trinitro benzene was i0 introduced as a complexing agent and

oftenyusefl AT e FAeaRHIase fMer chankigrs Rl kIR WRHGRkific

Sci. 32:18]. Other solid complexes of indoles have been prepared with

emppstifrsnta dhasedrdtdacnidentipnany alomatives, modiiresiemeandyanigtions
will 144 ekt Jo RS ARE14 ighY falidesrtahay We £ 108RUCHRM B kce all

94:2142], 2,4,5,7-tetranitro-9-fluorenone [Hutzinfger, 0., and Jamieson, W.
suqh ajtsraptie Bisi Ao Varatsns) tatdfallivithin the spint and broad

é'%ﬁfﬂig'ﬁgﬁl}& pengene anil-phieardbsdipieiensangdicid Rhti
Scoe}fl.., (1967) Anals Real Soc. Espan?Fis. Quint. I\glaplrid) _set.ﬁB 63,u§[(§)951 o
meptipnef Wilbiraperiicionag reininshmprated 1o ibein gpEspty-yrgterence
intd QRe PSR S BENRIBOER BRI LUk Ind I8N PUBROLHE:, PR or

derivative, and Figure 16D, presents an example of an electron rich

paieah ARRtcs B nTESRECSISR e Ange 40 edeBacfodianat bip nhikidgcorporated
hedGiaetherdfaeeiiaitrapenfnen HauiRA o) anddiedndrlefaigrefdfiike in this

derivatives, a multi-ligand complex will be _formed (Figure 16c). It will be
applifstinatbalkinaf ffe fertReed anpiedaime b thal irk sefatengs i v pidable as
pﬁgggﬁq(dg{é%gn‘mm&m@{gctron rich moiety, and an electron poor

covalent trimer.] 25 A possible synthetic pathway for the preparation of the

above ligand derivatives is shown in Figure 17.



Synthetic peptides (or any peptide) containing Trp residues (or any other
electron rich or poor moieties) may3also be of use for the preparation of
non-covalent multi ligand complexes. Figure 18 shows an example of a
synthetic peptide with four 30 Trp residues (four electron rich moieties)
that can be f d, a tetra-non-covalent- ligand in the presence of a
W%E\Fﬁj%m%@g%hodiﬁed with an electron poor moiety (trinitrobenzene).
WO 2005/010141 PCT/IL2004/000669 29 EXAMPLE 3 Synthesis of
non;covalep gﬂg&igmgogﬁmpggé%é{@;ing a combination of electron

rich poor and chelator-metal relationships One can combine the two
coniplexing edifitBoRdigekerBga ERAR PRt URd™ 2 above, so as to
formifyon-coyalentrobitiAganssanpiexascivoexample pbhihengpp@kbtapable
structure of such g non-covalent multi ligand complex.is shqwn jn Figur
of ety TR, KRB € BRIy bR S Lo Qe Rare o
leasnoietydsrditesingdmAisigtivdticep atipatdy ¢6 digentieating supbsiéicombirmatiorwo-

covigRresented in Figure 20,10 Foraxanple. R chslatenisg. aiached thator

IS capable to bind both to M2+, and M3+ metals, is capable in the
molgelsence of M2+ and M3+ metals, to form a non-covalent- di-ligand,
(Figure 21a), or a non-covalent-tri-ligand (Figure 21b). The presence of a
peptide (or_polypeptide) with a Trp residue (or any other electron.rich .
oaicue) i BRI R R B S TS SRR R e
G o2 gavtbinThandovhbination af the two @bolieabindimgetaiationghipdiotin.
(chelator-metal together with electron rich-poor) may introduce additional
advantages. For example, the ability to form ) _ _
non‘covaleRtarremiigane P eliteric Beirip RS2 s Fmay 158 PERIFife Pe BTRI I
G SYMRSSIZING WiRehelalors iend e elsrianikichmaiely heineenisrmm: 20
(Figure 23a). In the presence of a ligand----E. poor derivative the complex
which is drawn in Figure 23b is expected to form, which represents a
Nond4Coval&ht Rotypoeiticaf ifaieds. 1, wherein said target molecule of interest is

selected from the group consisting of a protein, a nucleic acid sequence, a small molecule

chemical and an ion.

5. The composition of claim 1, wherein said target cell of interest is selected

from the group consisting of a eukaryotic cell, a prokaryotic cell and a viral cell.

6. The composition of claim 1, wherein said at least one ligand is selected from
the group consisting of a growth factor, a hormone, a nucleic acid sequence, an antibody, an

epitope tag, an avidin, a biotin, an enzymatic substrate and an enzyme.

7. The composition of claim 1, wherein said at least one ligand is attached to

said at least two coordinating moieties via a linker.

8. The composition of claim I, wherein said coordinating moiety is selected
from the group consisting of a chelator, a biotin, a nucleic acid sequence, an epitope tag, an

electron poor molecule and an electron-rich molecule.



Once a dimer, trimer, tetramer etc. is formed, (by a ligand----cbelator

derivative for example) it may be desired to limit the freedom of motion of

the above, 25 in order to achieve more order. If the protein of interest has

an electron rich moiety (such as Trp) that is accessible to a covalent

di-electron-poor moiety (such as di- trinitrobnezene, TNB---TNB for . :

example) theh $EBRIHIE: ﬁﬁ@lﬁ%&fa’ S S, B RS B Susidecor on
or dirkens: (Figlaec@4yorhhis: ey jead dottie §6 emationiaf, andevétn sheestiofacid

tein lti-ligands, 30 it is apRreciated that certain features of the
. . lseyl - .

s B e of ceparate
embodiments, may also be provided in combination in a single
embgdiment. Lonyuesehorkanigus faaturesiebiRednventionin¥est, the method
2005/010141 PCT/IL2004/000669 30 which are, for brevity, described in

“OMAESEBntext of a single embodiment, may also be provided separately or
in ay) suitableastileerabipiatiosiudithcughrgthenioleention bdbdi@eerest with a two-

pa réj{%?ﬁr!)%ﬁ,% Ii]nn% {mg%gtion wit_h_spgcific 5 embpd!ments _thereof, it is evident
hat many aiternatl es, modifications and variations will be apparent to
thod@ skillednipnthienziilxed sedinghiian iy seegrier e Aifret | ligyrhcapable

of Bigmativesmadifications.and variationsithat tall withinthe salit Aldhed to at
broad scope of the appended claims. All publications, patents and patent

leash ISio-enEHEa e BRI APthis specification are herein incorporated in
thei(iéntiretyroyi-tefardiite d Octtal heos pepibbabid motocthelsaine mdientaadeast
if each individual publication, patent or patent application was specifically

{mez;{}rfciailr(]icfi {\1/1?l ﬁgl y?ng i{():létig?}]{ldg B%ﬁ%%&porated herein by reference. In
additfsriis citégionhacrotentileatRomprangaeference in this application shall

not g congliugdAs AR-adpuiasion gl sush relpIeRar e ayaiRRISABIRHONe
__art to the present invention. 31 WHAT IS CLAIMED IS: 1. A two-part
targeh YESHION CEMP RGP SR BBillS LA eTdPal RS o b PR e

and
11. The method of claim 10, wherein the molecule of interest 1s selected from the

group consisting of a protein, a nucleic acid sequence, a small molecule chemical and an ion.

12. The method of claim 10, wherein the target cell of interest is selected from

the group consisting of a eukaryotic cell, a prokaryotic cell and a viral cell.

13. The method of claim 10, wherein said at least one ligand is selected from the
group consisiing of a growth factor, 2 hormone, a nucleic acid sequence, an antibody, an

epitope tag, an avidin, a biotin, a enzymatic substrate and an enzyme.



(i) a non-immobilized composition which comprises at least one ligand

capable of binding the target molecule or cell of interest, said at least one

ligand being attached to at least two coordinating moieties selected

capable of directing the composition to form a non- covalent complex

when co-incubated with said nan-immobilized cogrdinator ion or

moleule. I MEESHBLSIREH OF YARTE SHRSRSTTOAI figatercanipigsd from
the proigincénsproteiof & drepitotein kicind svhareds saddsafeast, tavoepitope tag, an
cte SRR AAHNAMIRISHES CAMRISE BG4y e composition of claim 1,

wherein said ligand comprises protein A, protein G or protein L and

whereas said at least two coordinating moieties comprise a chelator. 4.

The gompositianeafoalaim himvheraincaain o mlessie,af BIe@skis ion or

selected from the group consisting of a protein, a nucleic acid sequence, a,
molgaulg) thofkeiie EHBnTiEFaNE SRPTEH1S. O e BERIp6Ritith B Cfhifh Auctec acid
sequdnesein daittéanget aallehlnteresi idesetected nirdeuihe group consisting of

a eukaryotic cell, a prokaryotic cell and a viral cell. 6. The composition of

claim 1, wherein said at least one ligand is selected from the group

consiéting éhametwdrofadior, D HorvaremaiRicke atnsdhe g niecule or
cel ARHIRRAY: BBmeRItoReRda@n avidin, a biotin, an enzymatic substrate and

an enzyme. 7. The composition of claim 1, wherein said at least one

ligand is attached to said at least two coordinating moieties via a linker. 8.

The compaosiiethaf cfaiendinyperdivpsaidceordipatingandedjstassalactided with
a wiIRT NS GTOUR, SNSI5IN Of & EhElaIar, A RIRIN A AUAIEIAGI SEEUBNE prainca

an epitope tag, an e ettron poor molecule arid an e ectron-rich molecule.
fromzh@subjrstapithpdsitionist ctaipposiighefemisald non-immobilized

coorgipatpriamarineteaiads-sslaEad pm iha UIgHp GORKIRING: OF Biterest is

metal ion, an avidin, a nucleic acid sequence, an electron poor molecule

indigative PERIEHSRRHEAPHI SERE ST e Rt HEP L ARG IHG R YRy e lsetife of

int@e£ @il 1o ktgsest, the method comprising: (a) contacting a sample
including the target molecule or cell of interest with a two- part
composition including:
i8. The method of claimm 17, wherein the molecule of interest is selected from

the group consisting of a protein, a nucleic acid sequence, a small molecule chemical and an

ion.

19.  The method of claim 17, wherein said at least one ligand is selected from the
group consisting of a growth factor, a hormone, a nucleic acid sequence, an antibody, an

epitope tag, an avidin, a biotin, a enzymatic substrate and an enzyme.

20.  The method of claim 17, wherein said at least one ligand is attached to said

at least two coordinating moieties via a linker.



(i) a non-immobilized composition which comprises at least one ligand
capable of binding the target molecule or cell of interest, said at least one
ligand being attached to at least two coordinating moieties; and (ii) a
non-immobilized coordinator capable of non-covalently binding at least
one of said at least two coordinating moieties; so as to form a
non-covalent complex ; and (b) collecting a precipitate including said
non-zbvalehiecomipeé oboland to7thverctangetirholeciitetorzoslielimeeBsted from
the ‘DRIEPYRAUIIANG e JAGREMOIRGHIC TGEIL AT JOIF ERhchte, HRCMRHIOLE an
claim 10, wherein the molecule of interest is selected from the group
eleipgmsisnnmdealsrsid i dentieneiichsigleddfuence, a small molecule
chemical and an ion. 12. The method of claim 10, wherein the target cell
of interest is selected from  the groyp consisting of a eukaryotic cell, a .
orokatyotic LB P Ebi To e B R Tt 780 Al ey o
moltidast edlectigafidustbelected fronisting greupatdnsistiay ofidigrewtivleic acid
sealfL2LH R HOUANEL AMHEITIE A SBAURIGEAR ALY, an epitope tag.
an avidin, a biotin, a enzymatic substrate and an enzyme. 33 14. The
method of claim 10, wherein said coordinating moiety is selected from the
grOUQﬁonsﬁtiﬁ%%ﬁ Cmmﬁtianbiﬂﬂnc@ﬂhﬂ@ﬁi%aﬁidlﬁﬁ%@é]c@ﬁ Adfterest, the
epitope tag, an . elecgtron poor molecule and an elec{ron- ich molecule, 15.
cOmRE BB iYL O WTRETe F BRI G- OBl s BRI BR O o 67
conmpoletulésiscdeledtedfromdtimg rou leorsistinig gfoaitineted o, @rearaidin o the
lei I lectr, . '
e e P o 8 e s rom
undefreping ebial bratiaconfiierest from said precipitate. 17. A method of
detecting predisposition to, or presence of a disease associated with a
molecule of interest in a subject, the_ method comprising coptacting a
biologitcal sAfi pﬁmfaﬁlﬂa&?f?mh SoUBHEER It TRECENES. Shrb EETpBSTlere?
froaf el pviywhestitsio rhatos«d, said:¢ion -eodalentcamplexaiholotingetbigemical
ancfnoI;%%ule of interest is indicative of predisposition to, or presence of the
disease associated with the molecule of interest in the subject.

25.  The composition of claim 23, wherein said at least one ligand is selected
from the group consisting of a growth factor, a hormone, a nucleic acid sequence, an

antibody, an epitope tag, an avidin, a biotin, a enzymatic substrate and an enzyme.

26. The composition of claim 23, wherein said at least one ligand is attached to

said at least two coordinating moieties via a linker.



18. The method of claim 17, wherein the molecule of interest is selected

from the group consisting of a protein, a nucleic acid sequence, a small

molecule chemical and an ion. 19. The method of claim 17, wherein said

at least one ligand is selected from the group consisting of a growth

factor, a hormone, a nucleic acid sequence, an antibody, an epjtope tag,

an avitlin, a Dot RHOY NatiR Gl s Ateteiy if éﬁ%@ﬁﬁéﬁ%ww&m?%ﬁed
fronf thiagmody cobietiefnosaidiatdeasi bieligand isiatiddcheg tacsaict atdeaskg, an
c1 O GRRIHRANA MAEliERNR AR 22T The ethod of claim 17,

whereln said coordinating molety Is selected from the group consisting of

a chelator, a biotin, a nucleic acid sequence, an epitope tag, an electron

poorigolecyig andaRlgciren:ich INQIREIEs A2 ndNEMEthod LE LIRS ion

wherejn said non-immobilized coordjnator ion or molecule is selected
o POl GrBUiS COASIBNG SFuREERITERe &h AR, Ahatiatidirig nucteic acid
seqeeqeencelcanoelpairarn poak mdlesulecanahach eletitos-rich molecule. 23. A

two-part composition for crystallizing a molecule of interest, the

composition comprising the two-part composition of claim 1 and whereas

the té-pard eoihpdsificividadéianted Boleio efefiieratie thelansidoshetiaprising
corRRSILORINERA:RIIBNaRRNIthe. Molass Qtdnterest whenRaWdosition of

theretq, thereby facilitating formation of a crystal therefrom_ under o
claiRaieiRGERyStilF AN REPRIifB NS, 224y St EETHOBSIGR Jfising o3 stallization
conditiergin the molecule of interest is selected from the group consisting of a

protein, a nucleic acid sequence, a small molecule chemical and an ion.

25. The composition of claim 23, wherein said at least one ligand is

selected fréhs thehybobctonsisiingstaiy oty kalorofitionsionecigcted from

the RGIBICASIHi SEANERGRiAN ARIROYIRBGRINE J33nAN AVdINARigHE, A
enzymatic substrate and an enzyme. 26. The composition of claim 23,
wherein said at least one ligand is attached to said at least two
coordinatinghnmigties ofialadink@rwBeredisaide RasNPEsitiandol ¢iadtted 3rom the

groyl\f)h%(raﬁlsri]s H?gldog%oé%gvﬁy?gc{pr?lg tlYo&*%%ne!a?%t%glcleic acid sequence, an antibody, an

epitope tag, an avidin, a biotin, a enzymatic substrate and an enzyme.

32, The method of claim 29, wherein said at least one ligand is attached to said

at least two coordinating moieties via a linker.



from the group consisting of a chelator, a biotin, a nucleic acid sequence,

an epitope tag, an electron poor makecule and an electron-rich molecule.

28. The composition of claim 23, wherein said non-immobilized

coordinator ion or molecule is selected from the group consisting of a

metal_ion, an avidin, a nucleic acid sequence, an_electron poor molecule

and 3h electPSMRORTSIBRITe 2o ACHidtd SrUl/stnt Ry Pnioteksieddrom
theigtenpstothatingthvd chshpsisingiadntactinget safiplegirekiding tbRope tag, an
crefDolesule Shinisiest it ihe crvstallgng gomposition of claim 24, thereby

CfacﬂiPatlng ormation of a crystaft erefrom under inducing crystallization

conditions. 30. The method of claim 29, wherein the molecule of interest is

selecied fram. RGHKPUPSARSISUNG Q& PSR RANRIGIE AF L SRAENCRN or
and a small molecule chemical. 31. The method of claim 29, wherein said

Mol ALt SIS RYHILS SIELRRPHEINthe! YRS Corfikking: B el dfithsequence,
an $&etesp adoo matnelcannlwieieacia sSagmenrealean antibody, an epitope tag,

an avidin, a biotin, a enzymatic substrate and an enzyme. 32. The method

of claim 29, wherein said at least one ligand is attached to said at least

two Goordinatrritoidtienlving ditkar! 38183l cTorecatleth djcofst|&irm 2%ample,
the WREISIR SAMLgRerdinating moiety is selected from the group consisting of

a chelator, a biotin, a nucleic acid sequence, an epitope tag, an electron

poottholectB¥HigaH & EPEHhIARIATABIRE R e 3umoiev R Whard! ot dRiftgss g ith
the whepain @aigdabiod mioiabilized soorflinatoidoaaldmolesylexisaselected

from,the group consisting.of a metal,.an avidin, a nucleic acid,sequen

an ebtror S Mhctep il T e S8 RS SRPRS o e
targpb plethsyla gt oh oleeceieto tewiitof detdetesthirdaneet sephslde theathethingkrest
fromQIUIRIPE: (2) contacting the sample including the target molecule or cell

of interest with the two-part composition of claim 1 so as to form a

non-covalent complex; and (b) removing a precipitate including said

non-covalent complex bound to the target molecule or cell of interest to

thereby deplete the target molecule or cell of interest from the sample.



37 36. The method of claim 35, wherein the molecule of interest is

selected from the group consisting ef a protein, a nucleic acid sequence, a

small molecule chemical and an ion. 37. The method of claim 35, wherein

the target cell of interest is selected from the group consisting of a

eukaryotic cell, a prokaryotic cell and a_viral cell. 38. The method of claim

35, whereirl SaAMIEL5GHE 1iganiELBIBGERP FOHE (e GrStp L ssithg o™
the @f@ug kondRtfactala arlheimaneckinucleicqaoidcse s vanlt exdecalntihelicahtnd an

nepitope tag, an avidin, a biotin, a enzymatic substrate and an enzyme. 39.
The method of claim 35, wherein said at least one ligand is attached to
said at least two coordinating moieties via a linker. 40. The method of

claim 35, whergipsaid coqreingdi %@9&%&%&@@9&@% APl QERURd from
consisting of a chelator, a biotin, a nucleic acid sequence, an epitope tag,

the grpUR SeRFST Mo rfTfaBRic SRt ARTaleEl- PRI d#ed 1. The method

of claim 35, wherein said non-immoblized coordinator ion or molecule is
selecfed from, the group gonsisting, of a metal, ion, an avidin, a 1y eck%éf‘f%dme
sequence, an electron poor molecule and an electron-rich molecule. 42, A
groppethodsbhevhangingtinfastimog daicignef 2 naedet avdletagecnieineragibods, an
epéﬁ}%h&?aﬁ%ﬁﬂé@&&@ﬂ@&ﬁmgﬁ% §é59t%t%|@§h”§18fdf3?er93t with the
two-part composition of claim 1, thereby enhancing immunogenicity of the
target molecule of interest. 38 43. The method of claim 42, wherein the
molexule offirtarasbiscselented Jromethia gl Ransiaingaldasrnieiag & said
a6 1OUC eig &)Cil%lﬁg%ﬁjen%? %Ss\,rlr‘]i%llh %Ilgcule chem!cal an_d an ion. 44. The
method of claim Efweﬁereln said at least one ligand is selected from the
group consisting of a growth factor, a hormone, a nucleic acid sequence,

an apibody;RNy &RUPRE 1B a1k ayidinA Riatin. AR MAlLSUbstiale @Rdm
an enzyme. 45. The method of claim 42, wherein said at least one ligand

the; 1R ARBHTINEaTG el io M dtd fh AHRIG BTl SEWRISS Ak SPINBS Tk 20
elemiethedhclaime4ad whekeirosaichaaokdinating moiety is selected from

41, The method of claim 35, wherein said non-immoblized coordinator ion or
molecule is selected from the group consisting of a metal ion, an avidin, a nucleic acid

sequence, an electron poor molecule and an electron-rich molecule,

42, A method of enhancing immunogenicity of a target molecule of interest, the
method comprising contacting the target molecule of interest with the two-part composition

of claim 1, thereby enhancing immunogenicity of the target molecule of interest.



the group consisting of a chelator, a biotin, a nucleic acid sequence, an

epitope tag, an electron poor molegsalle and an electron-rich molecule. 47.
The method of claim 42, wherein said non-immobilized coordinator ion or
molecule is selected from the group consisting of a metal ion, an avidin, a

nucleic acid. sequence, an elec ron poor molecule an eIecIro -rich
molétule. The rr?ethoé: of claim 42, erem the moiéculae (gjf interest 15 se ected from

the group consisting of a protein, a nucleic acid sequence, a small molecule chemical and an

ion.

44, The method of claim 42, wherein said at least one ligand is selected from the
group consisting of a growth factor, a hormone, a nucleic acid sequence, an antibody, an

epitope tag, an avidin, a biotin, a enzymatic substrate and an enzyme.

45. The method of claim 42, wherein said at least one ligand is attached to said

at least two coordinating moieties via a linker.

46. The method of claim 42, wherein said coordinating moiety is selected from
the group consisting of a chelator, a biotin, a nucleic acid sequence, an epitope tag, an

electron poor molecule and an electron-rich molecule.

47. The method of claim 42, wherein said non-immobilized coordinator ion or
molecule s selected from the group consisting of a metal ion, an avidin, a nucleic acid

sequence, an electron poor molecule and an electron-rich molecule.



