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PHNLO30947 PCT/ |1 B2004/ 051213 1 Use of magnetic
particles for determ ning binding between bioactive
woub@soudes The present invention describes net honaB2004/051213

apparatus and tools for determ ning interactions
betie i crobi ol ogical entities such as viruses
proto%?gﬁ‘bacteria, organel | es thereof, |iposoneSCHIR§004/051213
bi oactive nol ecul es such as prpoteins or DNA. The
present invention in particular presents solutions for
d USCHrinabida panetidd @érwesihimnsShtng tefvedNBlosReCh bbbl Ndi ng
bet ween a m crobiol ogical entity such as a bioactive
nol ecul e and another entity. The invention has
applications in the design and use of biochem cal and
medi ci nal di agnosti c assays, such as protein
m croarrays. The chall enge of biosensing is to detect
snal | concentrations of specific target nol ecul es
(e.g.
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| B SRR 0P PR SR Hplsr P Sy
caplyssecheppiolee sigiofreeye.  The | abel can be directly
coupled to the target, or indirectly, e.g. via another
bi o-active nolecule. Mdst frequently optical |abels
are used for detection, e.g. fluorescent nolecules. An
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is.a washing ste The conposition and
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strlngent whol e-chi p .
es. The most common stringency method is a washing step. The composition and

temperature of the washing solution is carefully tuned to reduce the background for a given
assay.
There is an increasing focus on multi-analyte detection, where many different

molecules are simultaneously measured on a single surface, called a biochip or (micro)array.



washi ng steps for nmulti-anal yte sensors, because a
mul titude of possible background signals need to be

weuppreesed, while a range of different specifPCT/IB2004/051213
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interactions has to renmain undi sturbed, and the native
sp@ten3eds7di fferent target and capture rml ecul es has to

be preserved. The result is a |lower analytical PCTIB20041051213
sensitivity and a |ower analytical specificity. The

mul ti-anal yte stringency problemis very serious for
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having a magnetic field, which will exert a pulling
force on the magnetic | abels and, depending on the

wernwrnges27 of the bi ndi ng between the two nol ecBCE8B2004/051213
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result in a separation thereof. The mai n di sadvant age
obulihhsposystemis the physical distance between the

second surface and the magnetic |abel (present oRC/}g004/051213

first surface) which limts tge sensitivity of the
assay. The second surface is a device at which
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which is magnetic and a second particle which may al so
be a mcrocarrier, e.g. a second bead or

waizersghoal ogi cal entity. At |least the first paPCTaB®00051213
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m crocarrier is magnetic. Wen two beads are used and

betikr $esls are magnetic, the beads preferably di

in the size of their nmagnetic nonent. Means are ED cffiz2004/051213
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particles may conprise a rigid core, scaffold or
matri x. The di stingui shing of the strength of
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for the discrimnation between a specific and

apeREGicbyt bi nding. The first m crobiol ogical entit
may be a target nolecule and the second
m crobi ol ogical entity be a cgpture nolecule, e.g. a
capture nolecule able to capture the target when both
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m iolo caI entit nd t e_second particle can be
P{ﬁ’mcgoaa&aa %@aﬁw@%ﬁg ’Bleﬁ‘? CFBBTHTR Y CeHpin @iy, The
first or slaammitraspedt okly oleodgihe ditst @fdtsbdoyd peitldd & ngnetic and the

0 Monocl onal antl bodi es n i de..a
" BhaYe R BRE e R B0 B 3T B Narde? uh e Bllaneric
apgyadd. Twrysemn@emfonum@dém ap}ﬂylngm fluig éxtimch! foacetia thé Bist dr second

nﬂ%&dl&gw@f&tn&hﬁ such a case, the fluid friction force applied to the second particle is

e first
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other particle is non-nmagnetic. The non-nmagnetic
particle can be |larger than the magnetic particle. The

weonres@es2r nvent i on i ncl udes applying a fluid fpPCcaBmnabs1213
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force to the first or second m crobiological entity.

| pHSU&dosy case, the fluid friction force applied_to

the second particle i sPHNLO30947 PCT/ | B2004/ 0512!E§T’832°°4’°51213
much larger than to the first particle due to the size
difference. Different sizes _oF non magnetic particles

CARcHIS 4308 td Me ﬁlrsqﬁmctequeitosﬁd sivg difeRnREDWRAAT ek &%ﬁtnt

DB o8 i NG ot gl g
bet ween 0, Tht napektiO fidid Wash &.appliaé caa bt hewédnrisio™ amil 0skesia re@
pg‘et&/?efl ngz f’lﬁ 0e 1 g}aggﬁf}lerg t tglrs\?/ %nqa%;rgc eﬂagtlcies gre %ag%gc ?ﬁeerr?a(tg%etlc
afield ceneregie e aitfaqtizg ¢ri acrtmllsme facetatvgemigs fiotail teatdondgpagicle or a
a{,grﬁﬁgg&hﬁgn &rdﬁegnah??mgr esent invention also includes

contactin boun I rst and second m crobi ol ogi cal
entity wt eareﬁﬁﬁli ingentierypetipdudppgoptagting the\peddiry agdtecond

t micfdﬁl&@&al%mg Wi fa il g A pﬁtlﬂ@%%h@hé’fﬁlf@ﬂign%'pﬁt'ﬁcﬂe $ias
Iar er .than t netlc monent _of the fl%ﬁt or second

Rt VEFLS o “i§e gt BE BATHHYURTT SrihiTdsr ravinpgectio
apamildwod of usi ng a first and a second particle for
di sti ngui econd
bet vvee% Cgﬂi Br%éeng iny; n?on %sotpror}/]lc{g% ae Idtg?d o g ﬁrl%ttan§I %e%ond
spectivleafor @apgluﬂmgémuveerm fyettanda @a@tdlbmémmbbtwcqml cegyre utarget
T dfcRdoi (f‘i%{gl{b%l Cfﬂgtle';@%@&ca ufdlahd ¥g%{‘c¥ma§1‘ixfe%b?&lﬁ Hl@fﬂirs'i E‘iﬁ

secon ereln at east one e part IC

i Ravipggdifferest Stf?lrﬂ’éh et thowed hisdingi wigreingblsesh ene o e aamcles is

SRk, wehiatha& cdnﬁﬁi&hg QBRacEiAdS damBleWith raﬂbas%rﬁgaﬁ@é
entl ast one target mcroblolo t|t

cBiFHA byt ay prbe It 4 Lyt MiSFOI o AL e e
ai)drtmm p\@wam@ bcmdiuags foedvrag a amma@bdﬂwen a rasbtaramgeztrget
mmlC{O 1ollog}%ol%Ptg €S, 1e ta!c%lg efsdn u Ouyle(? cag%fe mlfroblofg%lﬁ{ﬂ emHJ?f'lng
vwomhctalg therseropip Wehj arsmwtéd pfapmd mitsler cqntantulacﬂnq sagple wéh a
S@@@lld%aﬁ%lg t'ou@le& %Cﬁﬂlgrogl@fogl'cé‘l leﬁtltf %ﬁﬁ%ﬁg %n@tlc ﬁelde Id1(t§.jtmgu1shmg

m crobi ol ogi cal entity, appl
drebteen Jlistas Fl}?é’lflé@g\héé@?n\/&k?éﬁlﬁ@@n ‘IH@CE}BWFR)‘PJﬁ'@b‘B@&%éW“Y ]

tﬁ,ggﬁgecmlﬁdh}% capture mcrobiological entity is a
first or second bjndi.ng. The, present mventlﬁon al sq

provi des eBEE&P‘BYﬁBE‘”tﬁ‘S°é’“{VH‘B? Ak agpariiF P 199 Ogﬂftwgllshmg
bietwes bmhxhg};djf dgﬁremﬁstrehgﬁfs eétasdn xﬁtrblﬁnlgglm eldiEEINg e Miquid, the tool
néo(r:nn}rgplso he? ﬁrs p cles arr1]<} sIeE(in B?AICHCS at a% eogeo %f thgcglrI% me(lﬁnetlc bo’c}{ first
I @dstcoxm@rtwfes hmmg)holqlls inrpelgmigt ineans windorf the Bist aad secgeiqertidies
plﬁrtﬁeke%il %?ertl%%e@&nﬁgiggésg ot ﬁn@Tés Ibgt%(gl 't cﬂ?@t%d %Géﬂd'ﬂgcr%ologlcal

first and secon arti es to er ebgS exert
nER%RNE | dissnguisy §etUPPn6hermrr4m§g O%ﬁfm prepgibs, thie puggns é@f@xertmg

S£GEIGhidH ﬁfeggbﬂo@bmgcaaieasemhh £ EndrRodired hf@odEkerting a
bet\ﬂeen the bindings of different, strengths, the_neans

f 1BFehanicat siessgnay "Pfé"éﬁ Fqne S eéﬁﬁﬂ@@é%d&ﬁﬁwp ifofeF opethq fUstaor o
nE&epne particlés. Bhetlod @ag figdhe compiive aBedySf m@fob@Xaichl difitied arranged

on capture spots on a substrate. The tool may also comprise means for generating an

excitation that forces a lateral movement of the particles with respect to the array.



mechani cal stress may include neans for exerting a
fluid frictional force on the first or second

weanisioades. The tool nmay further conprise an aPCayBmh4/051213
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m cr obi ol ogi cal entities arranged on capture spots on
apgNbshoat €. The tool may al so conprise neans f
generating an excitation that forces a | ateral
novenent of the particles with respect to the
array. PHNL0O30947 PCT/ | B2004/ 051213 7 The tool may be

used for the tdolRRy bdisserbi Biderisiodiidh, iiDion PhrifchERlr P¥pecific

of a_ specific bound bioactiv ecyle. The tool is
obuaBEBTYE el et e arie PR ot LmBS it
dependent Thedeperdetdiedldimeddfindlindilid ua kmbsioahisroe fie $reent fatr@tion.
present inuvention. The esent .invention wll no e.
descri bed W th 7e ‘é?né%nc‘éllﬁltngwt% desr it g\%ﬁ ﬁeéer%lf%wﬁﬁggﬁjowmg
Filrgsingsl- 4 show di fferent enbodi nents of the present
i nvention I 8 i t R

15’1‘&. slll:olvsgdlfferi‘erfr{lg&gbog nqegfs §£ th% gre%{ Blen élsWI?l%;ﬂlg' 5

all Figs, beads are_represen{e en circ

EGI 6@Pfgrste arigriart] lagll Eigp. dpasls are popresepipd by prenreistlesdi) angd cloggyl filled

akiftled ) L @ iurd 188 1es (1) bREUBRStalgd)mdAdcBled (T8 1inctiNBhe

conf.iguration shown refers to the situation where

C%Paﬁ%rg@ma PGt HOTEUIR @6era FRTMBOUN e melseies gterhapnd to

aeudh bRadsd beadchats ipaited dlosd easizh @ayeuidin 4 QisfPRvE BIrd® oA the target

d&§u%ﬂ}ivgxforce on the target capture conplex. Fig. 1

r épresentss according to an enbodi ment of the

invention, a detail of a mcro array wherein a second

magneti c bead (2) perforns an attractive force on the

magnetic bead (1) coupled to a target nolecule. Figs.

2-4 repr eddhtl repasenss acerging & aaemoeHimen pEtheivankien, a detail of a

| MR HrdaP WherbiA b §&bnd RABEHEIER (DYEASks Bn GRRYVE Rrce on the magnetic
wherein a second bead (2) perforns a

nol | es

r@%ﬁﬁgFW@kﬁHFH@g§ﬂ“5”W&gnetic bead (1). In Fig. 2 and

Ei g. OI3, I ERBETH repbant, l@ﬂ:@rdal@do entodin@adk omat Roaties tagg’eg .
ound. t a.capture ecule..In Fig 4 e. Secon e

(R Balt PR TR Bhenirobifbep b ER GE g Roree

arren magetgroedd (¢). Indiig @ aadhBig B, febpertivelyrone trid@rarg@moecules are

(indi cat ; iy : G .

(500 el 10 el 2T L 0

pieedBye foicen e agretigdprec ang a flaidfidgtion fdiee (indicHelavidi ) Fi gs.

1 or 2. Fifgs 56 d RheéhaBERENAE bicanqié@ymgn forddhcSRRAAL US
enbodi ment of _t he present

i n_ agcordance w th anot her .
| SRAIoBNP L PEsSTob MR P AN o REICRBERGRFHISR OFIE: 1 01 2. The
present i rigptid Ohemali¢ drdeingl eSmrapefush 4ddori@SPREH anbiber

par.ti.cul ar..enmbodi nent.s with reference.tg certain
A B FRRE RO Pk Pk Aa i rRRR it fer ot o but

only by the clains. The draw ngs described are only
schematic and are non-limting. In the draw ngs, the
size of sone of the el enents may be exaggerated and
not dr awn Tppiseeat iaventien wifl be deseribed wish [sepepide pasticulaner e
Ejéhﬁaoﬂiﬁfe{ﬁb gxﬁiqmgbt@ﬂeﬁ&"to deftail SR irg bkt R 1RERRE M not limited thereto
escr i 1 on an
but only Ey the claims. The drawings described are only schematic and are non-limiting. In
the drawings, the size of some of the elements may be exaggerated and not drawn on scale
for illustrative purposes. Where the term “comprising” is used in the present description and

claims, it does not exclude other elements or steps. Where an indefinite or definite article is

or
PCT/IB2004/051213
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clainms, it does not exclude other elenments or steps.

Where an indefinite or definite article i sSPHNLO30947
wOeCHsloBE204/ 051213 8 used when referring to a BCHEBI0A4/051213

noun e.g. "a" or "an", "the", this includes a plural

0 un unl ess sonething else is specifical

s?g{qg%@@art hernore, the ter?rs first, second, thip?éa"32°°4/°51213

and the like in the descriptign and in the clains, are

used for distinguishing between simlar elenments and

N@ded WBGASERNE lo¥a drRllat@8s 6.5 Db NG "o 98[Y &1 théilde9k plural of that
chr onol O%I cal. orde hg to be understood that the

der. |
t ByuRunless SorRnggiss 1§ WF%&C(‘} fi4¥hbl e under appropriate
Ci r cunst araekerand, thdvaimstfhe, sesvhd) diivdand the Gke it ke description and in
i pyention described herein are capable of operati.on in
o St e ok ity il SR e P b Bt
5 Mibssgivirgra sequagiat @rchendlegical gddrtlbinto wwederstenddignt the teing doeised
| bxjéﬁltéralaﬁ%goledlﬁﬁgrragﬁu)rﬁ% ?rﬂgns{al]&es Qlllda[hﬂﬁle%ﬂm?odﬁ‘ﬁ% Jf(a{e
descriptive cgl;ﬂ poSes and not necessarily tor ‘
d Esentiphdesesibehezgin gre capadls ofj operation|in othes seqyenses thandlescsbed ot
t DddirateR@erbigr "6 SO used are interchangeabl e under
appropriate circunstances and that the_ enhodi nents of
t he i nventM?.fﬁOVG’ég’@r“?“BéW*P@F‘E%rﬁ”%&‘é”@é‘ﬁ‘é@P Likeyip the description
10 opfrted s drélused Re HesOriiptieOpiapds@Rsd 1d) asteHQHE For b@gritﬂﬁgdrelative
illustrated, herein. resent nvention i sed on.
¢ heBL LT GHEeaq ARG RS el Y Rk Sfeesely B Sorr e
betowagmees apd Gloi thé @gfiodiaente pf the inesti¢redegeribbdlievaeare capable of
Véﬁeﬁaﬁgﬁm 091@&%1%%& ns &%Jﬁ&eggrf%"éld @rr}fﬂlsgétg(ﬂﬁk!l ve mol ecul es
suc odi es

as anti S. The 1 nteractions .erh general |y be
pr ot ei n- pridegfepenbinvesépn i Beehuyihq eheeryatipe thaicpr thhdepecinn of
15 bRIAREMs BitRastnliMEbifBLIES kRS (€8 WiweReRtusEerRRRY, bz and
proteinprotein jnteractiqons) 1n_general and for . .
neiPAHYSIRAPpeesusk Acgiiodien The nferactifms ill gepergldy fedprqsdn-protein or
apbpa i g iSerh@iohis) 6PBe6vesR BikdcyivedholBIRs GRe péptilepdptide or protein-

bound .nol ecul es by .a sical .(stringency) .farce.that
ORR Bt asrore Rnf B Rh SR Sor RO e S d e
oddvalteean pt remevernrhidy ot @atspacfedllyibotreimagddchionby Ay gcal
g i .

20 SRBGERRDYored sk indd %d%%gtﬁé%éﬁ%rpﬁosﬁjg%%%@?% AR chftre
beplgpdmiaigptdaeradtign Mk exngiabys itdy thermirrod Bie @resyt magntion to
eftdribdifRf tefwetOwshk 3hd O BRraBRMYESRecR blobdtit mbRESLAEL | ON
and % econd  weaker_ inter gct ion.. The m_ni nrum force

) . ¢ T .
t FoP{ofRg Rhepifise O giiieguisk benrea 2l wficijorkan aprgond weaker
emtekadtidned from F_m n=E m n/w nmax, with E mn the
| onest en .of inter ion d he | ar gest..
% | angth scal i rarL Rt s REhoR e ol Ble gy By Rymasd
t figm Frehinel) erigy_abx, with Ehminitie lowdsemergy bOnsrai@hnedv_trapthe
biaf28% teh ! e QDS GV & BOMGhABLAE idhltheSS
BB il A o Bl B L 5 B AR S e
i inteeretinet pasweep Aiecpioagsve iolskuesi o atberinvierebiplogirad pafiticeacgur. The
| PeeGf wViadk iSl8dteriRl By thBMEXiRHE MtERRES range of biological interactions
hg\%dr,op,hom c/ %‘Pﬁlﬁl ic, steric). Wth E_mn=kbT, 'T=300 K
S RPiFrR9%0 Wikl hydrogsnopdsnhyregphabicgiilis, sterig\With B pin=k T,
I 85300 K anfhivCliax=80 a6 /H @mBshnbDirce of 0.1 pN is the result which is achieved by
the embodiments of the present invention.
The present invention provides a physical method to suppress background

signals in multi-analyte biochips. Two types of particles are involved, for example two types



t he enbodi nents of the present invention. The present
i nvention provides a physical nethod to suppress
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types of particles are involved, for exanple two

t ¥pesi3ohdy030947 PCT/ | B2004/ 051213 9 of magnetic

particles differing in their magnetic noment by BCT/1B2004/051213
significant amount, e.g. one gr several orders of

magni tude: (i) first beads or m crobiological entities

Smﬁhgﬁﬁlcﬁaﬁflélb§ dlﬂfering Kﬁhdﬁ&ﬂd@ﬁ&ic@nqﬁfe@ﬁt@'aﬁﬁn@iﬁam amount e. g one or
neto r.rn size as

t ?’? ergfof %&stq’? @ﬁgr}“éi%ee l)r%%t&’e?dﬁ Py m@’é’g’(ﬂ?&cb‘é’aﬁ?s gieh as R ke
Ninggnetid mbteigs csradagﬁfdsomes@mcﬁmly basma‘llezrxh sitz¢ a3-phuit kfthe detectxon

gf{: etcf (Cl s%go;r)ltéi {pead %?r?n%lcrn?gln elga en ues ugl%: uq:ﬁr]g %l%e ma )gnetlc Protelns
\Abremagmqmesmr eragstdcelhaick @omdetbﬁeanﬂ@mmggnbtetad;tan@@r example
S\lzvﬁe?l bbfls t@xﬁ%@‘%ﬁe s@t!?)Qd B @srlﬁ %tlaréeﬁ er poeé?&ja%t anﬁ?r‘éxﬁgcﬁ‘t small

bet ween es are iIn Pico

NesgfisoForees ﬁq@eenéhﬁr lﬁrgw@ﬁmalt Eﬁftiﬁéﬂ% arean te Bicp hevion ringse sufficiqnt

StomRRYa SRchcl@AkrRbDs IR M8 Weak bid-RloRb & k@ Sions TR nigalhed
vast ran e of detection prij nm(gl es

Q?Pah&%g'l?:ﬁg%%@%ﬁgg Ecelepiu e oy Slpesar berpicy] sical
netinpesty n&:&i&dsb@n cocsribmedwith the pleftat ipveagant i nventi on.
Aocor 0 | SoblF LFIE% b UG PR BLEE T
oreligsan anteghetinpgpde b petamagietinpagticeoBmisrenaries e g. a wabead
o&uc%b[&o%[cgl%%qg Ia@c@#darﬁ:@ (Nhtﬁ Fﬁe p}egen?ﬁlg&ﬁlgrﬁy ?tlcw otr l;}nér%
present ‘T nvention a particle or m crocar I er

alngy betpA pay shepece.g. jirrfhe 1%@11 plopiaresf cy§ipdeesros &ods, ¢ylep, mi@s- &c. of may
I RS a vAdPIE ShapOdiBh £ a%&ena%aéﬁ@%sohﬁvlﬁao%nié%? bRL&. fape
such as a bacteria, nagnetosone, POSOME Or prot Qzoa.

VIR RO AR PPEEy 45 opRledio bt?&?ttVF golseulesy afogeg G bg gpplied -

 tda binagetid fad gradiat. mhe&rceav ch@me@ndia hiddearpPdriptcle ¥dualsa

magnet i c f el nt. The force F on a magneti
m crocarrier V(dS %é) icle equals: F =V(m B) nvB Eq%q((l))
WivitHim mnetrﬁb@nmgmfeht@fme nﬁmca@lfer driperticre axdIT e fnlagfen@ﬂield The

Dkt bt S i v B Sonont Bt e 2 g eApY
caappetit shtoratiexanpl e by nagneti c saturation. According

to one asnealul i ERLLSER! b ONSHKAN. nd RERIREL K

force is generate a Co nati on
niceerafedysinegcopbingign of '«bﬁret migroeqrrieg of paKisle, &g @tpbelsuch a5 e herd,

adhd aBeBRLARMCATG P pAtidld ©h Bl sBRBAd beah efoxsesa&ﬁbl@asse@ona aaondc
bead, for exanple a second magnetic or non-ma

b RA0-MAeH bead Vhish CHY Rg Pevehti “ﬁ? gloge|cppet WBHEhé@ngW&nﬁ“Ct‘ﬁ@‘
first nagnethegolbead thelpfesénd Bivértibh @M Mignly BeddpdrBEEWth reference

nvent i i | mai be descri bed. w; refere t
LRI Dot oy b SRR &f@glgﬂ'ﬁeqitﬁwi bpagsg o the
niotlowingnefeeicd willtbh eadesie a tfirsttbemid] snd al pecbriiebeddd hd>wn»wm]g limitation
rs%gl.ga g&ﬁ?ﬁ \f‘\étéd int@g]er@edo% "ﬁrgt"gr" gt%%%t %n‘geaﬁ" " Cf%&'oa{;d

ver no Fimtation s e Nt erprete
t ysed indlds ipventin dosg rot mean'thas the hepd lmhertc@i in $hepet btk My Hsed ety

" Beak sh&®, e.g. in the form of spheres, cylinders or rods, cubes, ovals etc. or may have no
defined or constant shape. Also, although the term "bead" is used in the following, the
present invention includes the use of particles such as microbiological entities, e.g.

magnetosomes, bacteria, viruses, protozoa, liposomes, protein complexes as equivalents of



used in this invention does not nmean that the bead is
spherical in shape but nay be of any suitabl e shape,

we 2005/010652t he f orm of spheres, cylinders or rodBCTaBiveE(051213
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ovals etc. or may have no defined or constant shape.
APsVLoFothough the term "bead” is used in the

foll owing, the present invention includes the us&CfB2004/051213

particles such as mcrobiol ogjgal entities, e.g.
magnet osones, bacteria, viruses, protozoa, |iposones,

mmmnﬁbnedabqaﬂg ¥ither ARna bt M@Lrﬁdghalcoﬁo? M&QQ&Zgnetosome isa

P%%Aeﬁggﬁﬂc/rle n%g)t@a_ Og'CCI)JI‘I‘{nE 1en ge?gg%t{cgﬁcg?% c? 1sglatﬁ]§§ﬁ1 %%Fﬁg may

Ser‘z? avagrgtelie bgad vargdse lipesbme altyp;camcmymmemanmle Iwhiph @dai 6e
b%gggd&nmnéugggagt abl e therefromand may serve as a
magneti ¢ bead whereas a |iposone is typically a
synt het i ¢ Pafrcensidergions Brnbalp thederms'bivaciive mokowe! rfa thedtlioping
b efdencSiviT Iha'i&{l{ E&H&ie@@ﬁl@&h@%l@ﬁl@l BowlkRer t2 Srebéaf MVention IFTIUdeS

n—ﬂﬂeoamfl ve n(g In the follow ng reference w
P3P BecTehiiesica eﬂﬁPﬁéﬁfth.a%@a%Pm dacterinyaTess, Rrefazoa,
phlmsemdzs drritagminitsul aynuTkheske:s wellgs pisiein 06mplexes kel AaisGoihe

i t 0 bact er i
S T
Wik Hudqg@lopnmat wplcubs sphexgsteas pﬁﬂlkibs\/ ENAnDHAQlipldshﬁospholipids
tc ra i ' 1oacti cule oinc .esctl, a
Ry 51‘35}% ﬁggxﬁsﬁgl agsf’he Ele-:ngbtogcli ?ge EE]B%II 9 ol?(il < & ff gla%rgs such

entities” e I nt erg roa
bsPREiens A cefbneretipnes partieark porsiprestod peﬁlsmengieples wﬂesh maAptain a

D‘El@@ptdr IRk Q>‘§rn bﬁhUﬁS@Jﬂ@lL:éuﬂys GiSo @ﬁ%s ﬁ)asﬁllg@ Eaéﬁ’;f oAhd %vhf?:rx lFl)(geerglally can

i oactive nol ecul es SO I nc

te
ol 2 PhsirmaesS e bmmae: btore S ctoHs. Gaisin@¥Bp TG Ebtors,or
pmbdulamﬂ; ané Moq@ﬁfdmcﬂﬁﬁe@éaﬂ@eisblatﬁ@Bﬁl&ﬁﬁ@fxed’“ﬂbl@ﬁl%nthesmed

CHRLAD.D SRRy 55 Sl SRR TS S5 e
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a&g rﬁ'a&toﬁ ) an% g %%&t ce l%pélp dr%a?) ?‘l VlI‘US OI‘ % trﬁﬁn T(l]’lTh €

bi oacti ve ecul es can be Is ‘or 'syn
niPastivs I@zéecuwﬁlp ke pegrdn prkedivm Sesh aeblnod qmctruml er other body fluids

N&RedRAbAY, 8t dny oBGGHAIE %pﬁgﬂgaay&% M&%@&cm%ﬁd Gker
r._nucl eotid Alternatively,

ami noaci.d shﬁ%
HFBR 179 SRS TEdTEg m&&i’?m&%%lrenw ﬁﬁbhalft%@chtds Hiresas, basteria,
| pretetoe andeotie bdilufar @gdniisais, or Eagrht alﬂa@éof %r peRS of Jiﬁa%@ltes 6k ular

nism or b
e SRR TR Dot B e iR e st Wetmess
bI ood or émramombetmehemlebldej;yeféﬂsm eisdiigy ang écluéds iweaishinddig
Z(géﬁel%? & Epvfglﬁgrgll rgg n%lgﬁsj azll% Q)n? ﬁ’l@ﬁé gvfﬁerﬂgrl ? CH'IIC%lndlng)C?he
‘ﬁ‘?ﬂérwiﬁ’k "epeeifip” asptitoge”, 'iﬁmylﬁaT @@dmgw@d notieecessariljsrelste to a

hﬁﬁdu@ﬂdg&e oPiRdIRE &%n@ﬂ dr BRdMRbuF @inklefhe eptreﬂﬁ\;y régf{% hgy that is
artS or org anel | es of P

nts fhereq
IR RIS AR AT A I
rspeifitb Wedkagidir behvael BSacGIdGibIRbled ik PREAMBS as dmﬁdﬁ{g%&ﬂf&&s
q)efow% n | ecul es refers to binding and incl udes weak
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that the "strong" or "specific" has a stronger binding
than the "weak" or "non-specific" or aspecific. Wak

woiodiongs2bet ween bi oactive nol ecul es i s under SPODABAS4/651213

binding with forces below 0.1 pN. The interactions
gemermned in the present invention between t

bi oactive nolecules referred to as a 'target’ 303'82004/051213

"capture nol ecul e’ can be bet1 en any of the Ilst ed

bi oacti ve nol ecul es nmentioned and i ncl ude but are not
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accor dance T {afge& plecyledswnio rantiETEqIesHle baYnd 19 SSPMG ey
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nol ecul es bound to tur mal ecul es, - first target

mol ecul e bBiPE‘H pg'e geﬁfe %Y“é‘&’ul e bound to second

t ar get nol-dcutapture mdapkboemdnolies bbed tdwemnd cippuramvieculs

- first cag}r&wcgu fe&‘fuéo%pf%%%nd to virus bound to

second capture nolecule, - virus/cell nolecule

conpl exes ByBglediag te corregt enwiconmentferdhe twp pirtidnsysiom of which one

tﬂ&ﬁlctevi@m%éﬁd Alifreadgh S&midity Whl GdhoRfed. Aas ﬁée oF @mhg%etlc bead to
netic an increase 1 n sensit i Vi t can be o tal ned.
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BB e B s PRt (PR G AR TBYRT, 6, PSS,

1290 8;ISBI¥ 1-5¢1H0-270A7) oS $Eifeli Ielzaah,d Bclexkl'ﬁc bryd @iaicklcdA ppli¢ations of
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tcﬂ' 10 amvep@femcumgnhésab@dg A bb 034t th thedogett.of tHs !ph&lsdnylnventlon
Fese ex erl ntsg erfq%rred W th beads, hav } ?
FeSTEMY PRIIE P SIEUPGEY IR 2 MU R ST SR ABE § SteL gaprance:
tS‘tarc mdaleanemlemagje dsnazmc mﬁge]cﬂi thegensihg as vpallos the dowrshbading bf the
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hin8 gfﬁﬂg & greater signal-to-noise ratio of the sensing. Thus, this will allow obtaining the

required sensitivity in a micro-array.

In one aspect, at least the first bead is attached to a bioactive molecule and the
second bead is not attached to a bioactive molecule. However, according to a particular
embodiment of the invention, a bioactive molecule can be attached to both the first and the

second bead. Most preferably, in this case, the bioactive molecules will not be the same.
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sensing as well as the downscaling of the

woapisines2spot . Downscal ing is desired for capt BC®1B2004/051213

10

15

20

25

30

spots, because a smaller capture spot with a higher
densi bivopf capture nolecules will result in a higher

target concentration per unit area, and provide %CT/'BZOO4/°51213
greater signal-to-noise ratio,pf the sensing. Thus,
this will allow obtaining the required sensitivity in
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bead i s not magnetic (magnetic nonment = 0) is al so
included within this aspect of the invention.
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described in the exanples) the two beads can have the
SplRLEBgAet i ¢ nonment. According to one aspect of _the

present invention, one of the interacting nol ecufeg!F204/051213
coupled to a nmagnetic bead. Leferably, the target is
linked to the first bead of the invention. It is
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another material in beads makes it possible to uncouple the direct relation between magnetic

moment and size of the bead. The use of magnet particle complexes in beads also allows

modification of the weight of the bead. The use of magnet particle complexes in beads also



between 1 and 500 nanoneter, nore preferably between 5
and 100 nanoneter. The second bead according to the

wonres@es2invention is preferably in the size r2QgaB2004/051213
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between 50 nmand 5 microneter. However, both beads
caAanbheveut he sanme size in the range 3 nmto 5

m cronmeter. Wiere nmagnetic or paranagnetic beads
used in accordance with aspecis of the present

i nvention the application of a magnetic field can
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and 4654267. For exanple, macroreticular porous

Jarticles, prepared from
styrene- di vi nyl benzene and with a dianeter of 3. T8T|§R04/051213
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uci bl e di riet
il b S 2oty s g™ gt peO et BsRab R feen
F’li) élrnoé Tigs1 0 tMaghwenio lfieldy méynte. gerfelRolibly (pEIdJ,andanagﬂSA))r by
ﬁ%%gg@&%&s o e?oéégl%;ﬁoﬁfa%%% tﬁe@gﬁfeegfﬂem% b% gﬁ%ﬁé%ﬁﬁm in
betanetenilsabyt alsg by menhm@hpmmentwﬁmmllcem:(t@ﬂaé(hardfmaéneﬂc or soft-
g@% of nonspecifically bound nol ecul es and/ or
| abel s) is done based on the properties of the
particl e Veaeticifield sradieaty cande pnsratd HRE IRHTPR Wikgh Pedfplso by

aﬁa@&tg dmrn@ito'(r Qmme@EThﬁmgdagﬁaﬁtn&tdﬁm Flbla]§ gxﬁaﬁg}u dp@lﬁbdlt&thé he
S ar e q era £
o R TaGoEr e BrchEr s S RSty ol R a0 .

Detection of a bound target molecule or of a magnetic bead can be done by

any suitable method, e.g. magnetically. For example, the detection may be performed by use



woizosstoremd second bead of the invention.
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According to aspects of the present invention, a

magnetic field is applied on a sanple conprising the
MagnePCT/1B2004/051213
fields can be applied in several ways known to the
PRISOR0s4si | 1 ed in the art to provide different effect
on magneti c beads as described in the present
i nvention. A magnetic field sﬂpuld be | arge enough to
generate an orientation of the magnetic nonment in one

oasfnlmgﬁé?o Riktive 6dn8éts oty @faghicdBlinducidh e@bdsRE, E}hﬁecﬂﬁﬁkﬁ%étﬁods

e R TR PR TR A (LN T

f metha@lRagiatk ipksmapb®hincd boptizal 1ﬁtatferapé1 diffraaiby), surihce:amahc&g

t r%io%arg Rg.ﬂe'les e{ljr{erli%vgtg:éllscgatf]tertm:gz?tc #e% c?jrlcalsmetl%oﬁs Jé rg condlg? ion,
bessiviedhy derfital developiies ofithe mtfgqlm,t ate), 611 eeémkshmlmeal tools such as
RESRLREeR P LUREF g RERE) GoRtof Mk RIBE W OTDARE] fe benc
V13 yarmj acPiapPasits deteptionlapelhpg rantaipigg pdgition] optigalbbachye

NBHARRLE AdIBMENBRD -a6tfve U&Qﬂﬁénltscetm%fzﬁcﬂcan occur optlcally (e.g. by
(hard- magneti c oraioftma neti c) netic

g?‘é‘?&isfeeﬁ'fese"@%\eﬁceﬁbﬁ FHest reFFé%FF f?"&r ‘EEP“reé’i"ﬂa“W‘PIés but
auﬁmlhhmnh;aanbej gleﬁtbbhbﬁdluﬁfne@éhcatsﬁfﬂacs bapesd Rmnermagameﬁngcetc ),

1 to.th
D a rct?nc%f'? élﬁ con flglrgﬁ,]q)l %%lfg wrpngtf e%%orggc}ﬁnrgﬁeal% r emcl label
béssigasome mcladeﬁ’mthlartid sddp4 offthepresPatimehticnsudfas:a bou nd
target nol %%ﬁgenﬂﬁ’ Ecgé’(mﬁ‘a E@Qﬂ@%v‘éx 19;%?‘% C%Eexﬁ’ﬁncg@é?eﬁ) 11%\’

any suitable . magneti ca or exanp
t ¢radugtyesieneniss: ﬁﬁt}Fa’déOHﬁé‘F? Grensetenye, @@W@B@g@wtc

PCT/ | B2004/,Q%defid 3ord 6r idondREB8S Qb @RbShyl opBcahf Qc?uf)é SonStftuents
by magnetic-1nducti on nethods etc, hy nmechanic

met hods (s S GrRgReEC Gre pfmaenslic Sores %“80%&%@ (b‘8}°§}§‘tlgﬁlly active
Nin6leia o) &y mas) iaﬂ@;tmdl@ulag fdabas2gmet C. ) opt i cal

met hods (Surf ac 1 orgcs)’rrrn?a ngtiec%grgaco%tgd withl an organic layer, e.
|nterference gﬁif racti Surtace-en anc%& g ént

Rieraame go avhick bioragtive @pt/m@aier Bodibtad conpgynds e .cyupdddect r i cal
met hods (e -a%a ]gﬁ"e%@ g&g BI] rf?a[éntfti%%&]essén@%sgﬁeoc\b% Qﬁdlyn%er sphere, e.g.

devel opnent o partic Cc.), Or even
m&slsmqne gepmmgely @W@ﬁ lajpesyRyBVA ¥ hin Breelyperrayixsgher

Us@fdtingl tholdcleiVelohilbrdphstesy 641R cRbedibior R B8IGALIANVENt i ON
that the b ag% are part of a co 05|t detection

| abel , e. g.Dolsifelly s yrgrasadicfrsH Suﬂ‘p"ls ity active
const i t uentvssicl@ddihiniagiedit ael @ détediodadnpefenGOAS inaphe@RbiBes,
elltl%som[ggt ection can occur optically (e.g. by

f R0 €8cence, evanescent-field excited fluorescence,

fl uoresce rf@canplcsl dtackmmtogznandeh@ivitionsiimesgueio ogioparticles can also
LS5 AL e Joné} @e§“s é?Fa? "Biodd {ugéie% n%ﬁ‘%%&%dm ReRfar

scatterin ect rlca I a conductlon
biagnagies Lheraem ay é% &4 $003pds W@?&Y] §ee veyveiphispeci al
| RREe/HFRSIENS %/zﬁﬂleanb/ﬂ&lbls@&%mmhm% 843P~ nieaﬁag on the

pr.esent i nvénti on such " netlc core
P UFERPIF AP LRI PEyEECIIC T oSPhs” AFe REASEE: SRS ?903
conduct i vén Moﬂﬁﬁé’nﬁho&l&}entaﬁﬁ ﬂrﬁ@bad&ﬁtﬂ@ﬁiytah ed&lit{oBal Gag for detection,

{1
oo Pilam e Ra uleft § ARG b ist e RaGb s or
Cdﬁtsmqntcauemw be appligh@robdgoetcdea, whennikgratsherbaardigonal
SHALBH gx%gps%’r rQ@hr@ Wi '&ledéle&% ltéés AR tah ¥€the case for polymer metal beads.
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nol ecul es, e.g. enzynes, redox nol ecul es, redox
enzynes. - a nmagnetic core or magnetic cores coated

WQi2005/0a0520r gani ¢ | ayer, e.g. dextrane, to whi CRCT/IB2004/051213
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bi o-active and/ or other functional conpounds are

CPURL.&do47 @ magnetic core or magnetic cores

encapsul ated within a pol yner sphere, e.g. polysf{Fi§a04/051213
(commonly known as | at exes), r . Wthin the pol yner

matri x other signaling nolecules (e.g. fluorophores)

C8dVeRPre@iia 8 AR kn&Wn 1& BreRetl iy STl 2 843 10 a bedll, ArREnGA didectly via a

tive magnet| rtlcles such as ferriti - vesicles
Wit UPEHORH GHEP°E ! indjrkilp e g ngg e rdﬁﬁﬁ?ﬁféﬁﬁ%gla@ mylecules such as
neigthedteptevidis., | i posonmes. Exanpl es of technol ogi es and
appl i cations of nagnetic nanoparticles can also be
found at recent conferences, such as "Bi oconjugated
nanopart i dlimtEmbpdmshiecul ar di agnosti cs and t herapy",
May 22- 24,
No! BerE! oGt i ﬁ%ﬁ%%%???‘%t o PSR Wl Wonn
i fhemaisally dinbie. Indsisetion gt tha inidsection begyres biomeleaulss isineeferimeths

OWhd¥@G 8¢ bGhdBidHh R MBEE BeferatlRelctred fola8 i GaptuddiBledide) &3,
2003. I n another enbodipent the first bead can carry

n
a??uala?ﬂot%S aef > figstly 68 weandherspidare S Seremiseie matyl syeh as

| payrhed €b Wicichathe @lﬁﬁlfeglﬁﬂhcula biﬁm@mnb@lp @iaQITi@kd moRBule 3. A surface
f|n

as1 usecf Ol}é{eln rele es to 24 ed su stlg% ﬁ\ﬁ)té%rog[r]lﬁ gl?lgglgg)i iclﬁ%ipggifectly (e.g.
abtdqrossmnlahg)foumdltqcﬂm\aﬂth jeroelgslef, suchregadsi plagtiapad drganic crystal or

EHAL B ARE £ BP0 U ARpIR B mareria

t €ehnliqoasidasiicqnyidn siliponpxigitrideralyngnuntigele Seitablagurfeee a

bﬁaemalg‘a@a LSS R ERbRisEES REEdoWn Yd e ﬁbr;oH E‘l@iﬁéd‘?ﬁ‘ﬁE ai¥llaB& Rre dQEribed
djrecthé via a Linker or tether, usin

L Re DA e BlOTR08 BOIRRTR's P ol Tep a8 Nad gl fAmerican
FC]iidﬁ{lcaESﬂm@l nwntsylﬁpdsmmcﬂdag Stries 856 Wmtng@ﬂbcdusm nlt994;)f'Pr0tem

}:chhlPef% Elerttacm eﬁgngu?% eAsslerrr]l hes n({S 4;'n Bléfi% gﬁ)ttecgno og%{ ecﬂted
bbonrdJVe‘c yldds Mahwgld (Maqu@dkkevm@wé@yk 800®), §Thetlinerunoassay

bm}fap&o@cw ﬁa&yﬁ@@w d BB ihid; ge&ra{ eﬁ&dg@r s, ﬁkﬁﬁ 1059&%&5% -6)

nol ecul e)” 1s cou to a surfa

Haltdﬁ@ksaﬁ Bfoa@éorsanééﬁlpawxg@gosas Metliging, dpodsane Hw@smapnmen " by

p@k%ﬂﬁ@mggsnhmqngihmsmgpture mol ecul e bi nds or
i nker nolecule. 3. A surface 5 as

i.rectly via
B ardrme vopiant eguim e {5r&aplanar gatsibioghig), but also
gihiadlos/tthioadhl s@stdne.gCmi-thrggll sehed thade GBpogbus Myminum oxide, porous

C&l?c%ﬁ olr h E&IOIPSQQ)IIumn ccl)nrt]a(ljmﬁ ergltglrnog et WIC):, SS ? Ialo mo) lr € gg | ?ﬁ or 3 ;ﬁ Ih c

cr yst aI ( écgord@g t0|a0@$p>0t omhe Evomphledinsntovg derds 1,0reagtrwith a
ad’{H&Bl? %@neﬁ@fﬁ&g 'af‘e lﬁ?cftg Ho&!ﬂaté &: ggmlnﬁlluké foll! Qé(g g[ Ibgﬁmg in the

1 conoXl ‘iconoxinitride, um nuno
siﬂee%fm of 2 sipraEeleqHgr R FtAtoleculp intarachie asghwme@tama&s indfig 1.
KO 2 bfdxthrB 8f REAIQRDIeSondphiffl kldwh BEpHile taRBHh) Riflinked (directly
d§ 1n 1rect1y§jto the first bead 1. The first bead 1 has a smaller magnetic moment than the
second bead 2. The surface 5 is coated with one or preferably a selection of capture
molecules C. The coated surface is contacted with the target/mixture together with or before
adding the second bead 2 with the larger magnetic moment, itself not being coupled to a

biomolecule. Application of an adequate magnetic field M (the Fig. shows an out-of-plane



for instance in "D agnostic Bi osensor Polyners", by
A M Usmani and N. Akmal, Anerican Chem cal Society,

wQQ%/(ﬁgﬂmosi um Book Series 556, Washi ngt on DC, pPUSAB2004/051213

10

15

20

25

30

1994, "Protein Architecture, Interfacing I\/bI ecul ar
and | mmobi li zation Bi ot echnol ogy", edited
Q}%@ﬂwf\?ﬁ and H. Mihwal d (Marcel Dekker, New YorPIQT/'BZOO4/°51213
2000), "The I munoassay Handbd?k by David W1 d
(Nature Publishing G oup, London, 2001, | SBN
1magnbhOficd, Bnibilis Bfhot e's'ﬁﬂtﬂa@@@ﬁ re@fit 1§|aﬁ§@i’8§ @ftﬁe ARthead 1 to the
El ect ron Food .and t he Environ
byFeRIE 3&‘2‘!@“@1"3@({”@“ Shbfintd Sezf)’nd beab L. 2apbthe th?ﬁgth of
C &t& nbgneﬁeﬁélmmdselbﬁte@ boahan \A&ﬂd@ﬁ@l‘noﬁkﬂeﬁlﬁe B}‘Eerz(cﬁorg)f a labeled

sys %CL‘?E Pyt ?‘F 8%??2%18]148"; F S @ tg 0 %fgcéd%gu‘gsfm 568}03%@ Pine

amglrtulifie )dlsajl@uorpofrthnjsncmg tieween thotargat 40d captise molkanten T, C. The
C okl W@ggmlsw BEfdodanal O fsie' it Bl 3L ARRGR ncRlond Bfine

first eren
méitshasd iseeonedietcht. 2 apg e sfzength pﬁhmmptmfeld M arg. selpgter srithata
NGRmSRaL. §ﬂe&ﬁ@iafg@1! J&meerlndlé@@le dRLRabd Vil of b@l&lﬁ)&ﬁ%p the

nmol ecuyl e-tar | ecul e interacti on as shown
s PARITET 3Ueaglie erY?erﬁh@ twopbeadsy}e2, 3pd can ke daisgied: of
bi onol ecul serglapFichtfon of thin @MbddRieni atlhaee V\ﬁtﬁﬁlg&ts(:(ﬁ)): offthe

t i ndi t to th t
| Frspn Rt s el ool R G Pl osire A
t hgang eccdarde dpdledio of sifall ceupoiads écabtutesnadealk® danbetahplizt e 0r
Th
pELﬁlfa@er @Qér% sﬁlgle gfbttén{) ar; eft mgl%aﬁe? I%S)ttﬁnge%qwa %}’lg w?akemoderate

coat ed surface”| con tar
t dlstrpngrbinging 9t e pigteinge & ha@d Rprdpgph dhis elécowdhebhsa@ivem afiputhfive

t R&d doi; pglﬁlﬁs R ﬁffsﬂs Gnd@xfﬁg&{lsts fmttﬁceésgayg@ﬁrot@ﬁ' Qginﬁ:lgﬂ“b%a? thn be
to a bjonolecu Appl i cation of dequat e rraggr;

f Pt Hﬂwﬁrhlé’rqi?ug HER B BOGA BRIF 1 ‘t’ﬁaﬁlﬁ oPHRE8
PodictBrOR4 052 dide e‘fﬁctaagnetl c field, but this is not
essentlal) Wil |l resu ct.i nof the first bea

o to t ho Sublranizin b relnel it FE sk fiwohts AR o
f & susfiacezandi ths esdhamipewands drg inZokatich, tidpendirtgroarvdibtherdf is edaier to link to
g=Tal XN hat a weaker or

non- ?Bllgg(l) Hls?!) ?lﬁ%ﬂer?dg%or%g h@%%&%nf&g&el ed bionolecule T

with the chtembedimentefih pregnignventina cenglfosheass forasaidin s

| EholRRY A cdMbctioh Sf R UR&H Br rhndokn rﬁutangh&Jdli)%télﬁHbaﬁ)Ee %B@ed ona
bi ndi I?fgcgbetween the target and capture | ecul es

THY e gng sregpet frdindiog PEA cespin B@%’%ﬁe‘é‘“%lb&ﬁ?}e"ubﬁ or s
Oprb'efn oh@nféms)t Weth RO Rhgete DB Scabe Hdd@mined BdvingRMall or

th 1 h. th eti
FFaraeNn e it ARk P g e g B
t mpcg’éetd lmalpglsrh@actmb‘r@s ot @mpdifiedrigatdispaeifisity. [F oﬂmtmg)the teaching of

dfhé g}é&hﬁg E%gkg ecm Eseéxggrm?eﬁl{s ko %ﬁ;e gg{ﬁl%lgg fo%%}]?c 511% bgtwgen

can etecte I cations
Proileﬁﬁ and o RNAe parbey dratess dpidyd e@smllpids,r@ﬂleh@ll@l@r@p@pmnts

t RRo BII€ B les! ﬁ?lﬁl%@én% QlHd otE&ﬁno%ﬁ:%o@ies «ﬁn 6Okdi kel 1B e91fbod1ment
structurall rel at ed anal ogues of known | i gand

| HrRfereant rREIEPB i Sufebls e BFHis8 eﬁ@%w%cewflﬂﬁ% & but alo fo e
nﬁd»lamulaﬁs;)unﬁaﬂom@faaamhtﬁ\e%oteeula surface, whereby a

singl e protei %{) e). can be used for
assayi n g &tn ta%e%zﬂnéeractlons lflo be determined in accordance w1th this

embodiment of the present invention are those where both the capture and the target molecule

are proteins. An application hereof is a so called protein array wherein a collection of known



and strong binding of the protein to a |igand
anal ogue. This allows the discovery of putative |ead

woanpouerds f or agoni sts and antagoni sts for thecassayeasi2i3
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protein. A simlar assay can be used with severa
ppgtiedz0s47 Herein, proteins which bind weakly or
strongly will give indications for possible side
effects. Simlar assays can bg performed wherein the
protein conmponent is attached to a surface and the

s pmieins GorRe uiaiémlay ﬁﬁ b({hp&@ ko grﬁﬂA bidRERAhAe wmpwtsaﬁg ta@a
| S ea 0 | 0O S oun 0
ol 1Rl B e M e A oo SRR AR i e B

pmelsmms amd’baﬁtnltelnﬁﬁbccl&ﬂ Thd soonb @artl@&dlref then ysedad édentify or remove
slert]e?rgert mogcuéers g@%&'l %C%Oé% w%agfy éa%g%-?péeg’llﬁca%g} b%gndota th;eﬁc%gure

amdh@mﬁeened for binding of a certain conpound (snal

ol ecul es {4 pRLARHYAGH Siofs RpeRirhlifk Ahod Wilol: hith or

arrangenent,, proteins can be determ ne avin P

ofhapgies the '@tﬁfelbqOﬂ@tlm inggrelqr 0 disprigiingts bptpveenrppecifisl ang pBREAIEC

buthdiwg. | | al so reveal nmutants which show nodified

bi ndi ng characteristics or a nodified

speci fi ci t Y P FOIRAP AGrAHE AR ‘ﬁ"gSlG’fOfﬁ%Zﬁ% Magnetis prgd can

ewﬁmhmtancamicmgﬁmss@dp@gndﬂie biads imaabder usée 9 lgtetxdn firOdrray

snetn%E ﬁ ﬁhonﬁ Dq{etLee Eg% e{ 28 t B ngﬁel%grdb S trr}gil ne‘torest\fanfe
ctsdpolnani lﬁosemoss@mﬂ:EiOIBlsctrovesBdIli%) 73p s?B_h)ogélrrfslgh magheit fhges
bf]aﬂ'eé’s% 684 fi’é&% c$8dds B 108 B lGH d eT '8 'm% %ﬁfg&%b BBRL nol
rese Invention I's sulta etection of
ammya@e‘mav@l%\{aéte&ﬂs & G PRPeAMS R SP@@S P W@tel“s%?talﬂ MO

p urificati.omn hQ‘ﬁe aagobdl 8Rkdelof BindiRY 8 eelsBrfacé) t&rlﬁfe%rné&ldo InyelPRt
i nteracti be determ ned ﬁv accor

W
t W i the FgRRa P Fﬁ d“é‘f‘g f Fresideraietipe: T é‘ﬁ‘iaftt?ﬂ e%&@“‘fyrfgé}}? beads
Wit fe bofate it ea g(an[dtpaldt @et@fnthed Byetht Giffgedn spakd @Cthk @béls. er he
pdlﬁ{ls?o Ca%mlcrome%eg I%1(32% at l elg g%%lé/f%%w r§i8§l(glz—l%ﬁﬁ3% lliﬁdunp second),
P@HMiB@@@&ﬁ@SQ@mﬁﬁﬂgnprote|ns (capture nol ecules) are
coupl ed tq 1@ gbly qrffuﬁo@ép@é@@hgﬂ{eréﬁﬁmn{% VTR dugha Shnd the

target nolecules 1s |abeled wt first nagnetlc

blated soniaqtrrepsd Hpeartieley m'frP?éeStslpﬂrf%}@rﬁg thbféb%ér@ﬁ beagy ek to the surface

ngb@&uhgaﬁaﬂgmﬁapture nnlecules The second particles
are then used to id X g ngve t hose targgt )
mol ecul es "WIFCReSr %Ze PECIgRShRY §sedimyntationspeed Whith i qefjimental
boulediséap t he capture nnlecules The present |nvention
allows to Q\%Erf r(r)lrtnr]-stlzrzehsarpat shag)edsensmvg 90
changi ng the Buffer condrtions 1n.or
dsosipnsrrerdter refrethesenstisgide g fdugnginaibatiogpad |dfffet¢nbﬁ1un¢$| carghbe
V‘!};%Hed"i@ Ed&hé@&od 'Wh@n %Fg@%@ddﬂa@h&ﬁ Qsaiﬁﬂe?s{mes% R gt frd e
fIrst magnetic can ance.
MeBYoH et éFQ°§‘F°2'é@I W%Wt:h T&w%@a\(f@eﬁa\ﬁé afsenspUgREgigEmeter-sized
| ﬁ&@s’ can brﬁy BdLpBiddad BEIORR letdcBord andBR&Eh thaltalR fluid-B8hifeiddons

bi osensor based on nmagnet or esi st ance
need to be performed with great care.

d,ll(} ﬁ] %rlng an assay,

- Small beads can be dispersed into a fluid at higher concentrations than large
beads (in terms of number of beads per unit volume). Thus, small beads result in a higher

interaction rate with the target molecules and sensor surface.

PCT/IB2004/051213



technol ogy', Biosensors and Bi oel ectronics 13 (1998)

731-739). Al though nagnetic forces can easily be
wappisioaes2t o | ar ge beads due to the | arge nagnePCT/1B2004/051213

nonment, |arge beads have many inportant di sadvant ages

[ riment such as a protein-protein mcro

- To hg%(/ﬁglea good chance of gl ndi ng |too t he surfac@CT’{%%‘)“/omm?’

| abel s need to interact with gohe sensor surface during

a considerable tinme. The interaction efficiency of the

beads wi t hrfufie: @é&rv&@ggsouls ® d‘seseaas SR AN RAE b8} £hitddesh:.
n¥the dlffu3|onsee | abel s. The diffusion of

T GReordive |a£éeée”ﬁ‘21?‘?‘?°€1“§§t 9 éhe\}%wl%i PP Maggetip Grst
alradi arclussa)id 9 sl’lzelheSraige BEH0D nivfdinearsidoeh @ases niddRetkew! al
t
o) act 1 Kb R st FpeeRs’ R lba PR e @ Mggpggmoment ofa
5 cCload deteases.dhe obmbdtecafpamith the @sluip of thalsed sb vih thh éhird @ower of
t Jﬂ@l:ad{upgf t*ueatgeg(? nge&grﬁplg’ tskﬂ%gzaxtagla%dgﬁc t?‘e%s ﬁlea skzn 5 nm

non-speciti1 Cc man er S|ze part es S
amé@éﬁlqﬁem@@lpthlos‘mé@fwmagww mogent of e prder|of tl(b tAhre Even w1th

a@ﬁ@! exteszgPaﬁﬁHfQﬁ‘ €0>-Th, 296k PSHohiyal FRIEQ( D] 8 %&ahédl ’Y‘ﬁs {s Pargely
fluid flow Duri n? an assay,  solutions are of

r @ft\f%%wé@ sgharas Yok Sgm cEong biring PrRycsRipae mﬁyul%sn“&herefore

10 dihésk eh@npartidiedicsontasa uka “ahapﬂhe aéld i glﬁdISﬂli GBSl OiRcreadte N
| ar ge beagi are used _as

from tho. <oRE 1, Sn e B PP Ll By Stk et
nwiflevapniti®ng Asvaaursonpaigeishaes. Foi exnopletaeragsidtiz ackdleatilas apex

Fﬁlp\{aﬁ)g% ¥ 186 m @ﬁa‘te‘?genex‘a{es Qﬁg{i’gﬁaﬁ‘%nt%?ébgﬁt ﬁ%c)mf%{&%fe%%%“ /m

case ons nee orne
witthe agexdgivercthatahe satugfiqn magb@a@r@n@émagyethjn@g@tsswomﬁffb a
15 fhbw&elathlsfgrm%{mﬁgw %QBE%M@&I&I}MB nlo%g ﬁmh@r%a 16d N

terns of nber of " beads per unit_vol une smal |

b‘@%’énefeéé‘ﬁﬂytfrqnhth%\aﬂ% d‘h%tf‘er Mo der high fiedheradig a\r/ﬁ 3t1‘1’1ayf pRatially

t Rh@RigenvRs aﬁlake&@plaaa dnl$ @RSBL TMfcﬁraQRéb ﬂghh@%&%zl generatmg the
B [ \Y e se

bﬁéd%fa‘iz AR o 8 S SR bt b o e U bEFS Piet o bE

aax:matedll Mgnwiileathp predient peeragerbodhaieshiul drfot pdmm thavfrid flomacross

20 ? semogg #hg%g%gﬂﬁﬁ lﬁwé 4 feldnt &%%cr%%erl‘éﬁc? giﬁheirr%&ng !ralgo%v for

e ran rre ers ew nanom
VW@PI@ cwitralef Sheesize apsieprientetion of the fiedd prrddhy féald sindissbin tiplgat

t he nmagnetygs iRRARAL rdBEse@mQﬁ@Qspé@Qﬁ@@%@cﬁod tggﬁ)l Etlc force
scal es with the voI unme of bead, so with the third

pte\ﬁés‘t besgls, pppgely %quagmleefllytapfgoaﬁ]élg%the ﬁgf be@%;cgnd magnetlc beads
Sfed thefldaEaps eﬁg@tlmm@n U thdbedond b@s gherdias dAAg@MAgmatic field

25 CRARGLIEp R Tt e T e s R S P R e e B PR Popen
gthafiiseant! s@bndlip3dsTMeanwaild, duece thel lapgel maghefidundnkent, thelsychnd s

0&5 | gema !—:tﬁ:a dls C u@%@@itﬁ@g F\?’{cgre {I]ﬂ Ifgﬂ a‘iif%n‘g %Pﬁ’é (Baﬁé)g

ron |oa Ve no :
m@w@ﬁby@fferteﬁ@@@oémll particles can only be used when

the field g ﬁfz!gr%ﬁé mbrRen®{df Qﬁ%hxi/icltamiﬁl%@t%%gne the forces between the
30  beads and hence the stringency. In order to gradually remove labeled capture molecules with
a increasing binding strength between capture and target molecule, the methods of the present
invention can be performed with consecutive washing steps with at least one type of third
magnetic particles with increasing magnetic moment, these moments being larger than the

moment of a second magnetic bead. This gradual washing also enables to estimate within



A known way to increase the magnetic gradient is by
usi ng magnetic materials with very strong curvatures

wonropeieed shapes. For exanpl e, a magneti c neediraB2mi/651213
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an apex curvature of 100 m croneter generates a field
opadi.@&ads70f about 1T/100m croneter=10 4 T/ m at t
apex (given that the saturation magnetization of
magnetic materials is about IJ). However, this
gradient rapidly falls off, particularly when noving

f werlotverrardgbeihe &Q@ngﬁtx@ﬁmﬁ{en aviord dn@ Atdr e maRaNe. Ahdther way

her word h field nts are always spati al.l

et ieta Lt S sredsf SRR e
t hezenaxgpnet fiaddsivaiile ndirg a bgahaf mérich tig ntageetit menent grceediee with the
s%&g&g;ﬁp brought as close as possible to the first
b S at need to be actuated. Meanwhile, the
gr adi ent gexerdiag icohe spevdrothodimentlitds mtlblpmw-uwbhetSh@nd beads.
f mly @arrﬂe%d@{erag}f%ach RR REBSAY, teh H'Hode &&ﬁm%@ fﬁaf Qéae@ 'tﬂea(

have a hei m cronmet er and
f wves%%fr@n s it poigfof pippsoagh, apd %zhsaq@m w ¢ redﬁedd? retmée

f wedkd Rl fird ®edds aksdvha{eaﬁithemrfaw time. This i nventl on
proposes i a new net ho

et o rAseale B PorS Rt e Por ey Ko i beacs
afiked@acitisagodcties tholécates hbiaidae byt beed epedifivaiyred e reppadsy
[ ﬁg& Qetott}!g%ecottéjlgegd The magnetic nonent of the second
ads® generates 4 | arge magnetic field gradi ent

I oc al |y orfTardeedefectiontacdpedintso thgbaye embndgheat @g be designed in
s&g&ggmgygnetlc interaction between the first and
second beads. Meanwhile, due to their |arger magnetic
monent ,  t hd P8 BEsHaaLsdthsled %C%@l%@ﬁwﬂb@m&llwa@@g@%ﬂa@d
Wbdfdte the kadets\b@tldYo 8 Bdnbor kirkel TES RE1a8A 1S carWe p%rlﬂﬁh‘led:lﬂ@ gBiRric
actu £ @% g;fferent netth; he naggﬁtlc % of
t &Y @ § PSSV 3 $r TS PEY T BT e L PH R HAE O]
beedtveandechieneizh 4 fpecifid bindigeftcyaptuleinotacdley (el Candboddsithbd chrry a
r |.ahel ed capture nolecules with a increasing

ggggﬁﬁmgﬁTength bet ween capture and target nol ecul e,
t he met hodSmefl mapretipbeadenan be sitaehnd foghe tergeis biter thesefhaverheund to
Wint BenS? E\ﬁﬁ@é"géa‘i/rﬁn W@éﬁh@& spdcfRSvaM h at least one type
of h|rd na netic particles with increasing magnetic
nonent , 2553 rfeh b2 %errﬁgasqa&rcg@PetlflﬂtaﬁS%Yh(gspﬂ?ﬁwt asggy, etc.
angﬂmalmgﬁ@gdeﬁc rado a HhitiSm@ERARHIMPIRSIrdags Ble SRunce of

q s to estimate ﬁﬁthlnPHNL 30947 P /IBZOO4/051% E

T" AEry 8\7\?8?‘3?%@3%@ 8P 5 PTG S PP £ SPatee sy, Which is
caphallyee@thwalut arthxetignadiiey uhdlowAivedchagon me\of taptugpanedcalkee
gradual renoval of increasing binding strengths, is by
consecutively applylng | arger external fields while
using a bexampi ly tembodmmgmiet i ¢ nonment i ncreases
with the %@@hﬁmos b 6T HiAGiciRkhe above
enbodi nent_ it is possible to re-use the second beads.
They can BEVeiHdembipntigisef Baerare prssiblpr/sgood balanse nqeplp be

I SO Beti@: ile)sizB @tumnambrrtﬁet be{@@p@ha ,thetnh@ﬂeuﬁ@i«bgerﬁymag‘nmm
the initial n anproach, subsequent can be
r BOPG raghstip Eeﬁ?é%té’n alpaq@ d’X‘F”P SPretEEg §°“éHﬂ§%v9rFéHdé on

odifférbxee patirhaa efor two pairs of partlcles according to a preferred embodiment of the

invention.

In the following we will consider two situations:

BST/I B2004/051213



According to the above enbodinent it is also possible
to re-use the first beads |inked to those bioactive

woubesmaoes whi ch are not bound specifically an#Cane2004/051213
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renmoved by binding to the second bead. Target

3064y according to the above enbodi nent can be
designed in several ways: - The targets can be | BpH|BaEP4/051213
by coupling themw th small gneti c beads before the

targets bind to the sensor surface. The pre-I|abeling

can be pert @l MB8wing eRunPRIERd SrstWRY sechdPeadditer REBASnd1ave
a gen_erl c protei n-bindi ngéaghem stry. on thejr anrfaﬁc?z
oPIRRFH BB LR g PR BMER FRPWR e TEpEeAdARL SR Gp gt the
f @vendapwillive refatee cids € ‘{p@allgandaniget@ad.es that carry a
magneti c bead). - Small magnetic beads can be attached
to the targets after these have bound to the sensor
skrafraleey. again in a generic or specific way. - The
. SS@M,s L0 ssay,

??g%ré‘g@%%? %éf%geg ,%nggﬂé ﬂﬁ;{% Aélr%b Flllﬁg ?r%%%agt magneti c
f Sacensiqlaras) beadpy flipmeterd e EHY ~ Aohpuesirarieagadises t he
chance of nol ecul ar di ssociation. This can help to
increase the speed of a displacenent assay, which is

eI’%r very slow due to the high affinity and | ow
OFiss@mbldtbe@s: diatetr 85 nif,apt 0t i) ls@etpapmagieanpl e 1 of

the first. enbodi nent.: determnathqn. of forces.between
S (oBEep SRR SRR o oSl T bt Yo BRI CFRAR
possi bl e. A good bal ance needs to be sought between

t ﬂqhe%luﬁlgri(g A?Sm g?ln! cf%ﬁotésnﬁe S%Fa{eﬁ rnv)a r?eﬂg m‘ba tgPtgygeta
properties (m

1nétl c nonent, magn%tl C ranaxatl on?sgg?e
t $remplepiiige bepp palecteqd atep Fhat the e tbeada are abip Hregndraje latga digld

Oftadldrh b£ME REELRR! ANBLBIZS 6o betWidn BR ki Sbeds HRAELth4nl 081SpN. For
according to a preferred enbodinent of the invention.

| ﬁl}e fql]lgwi'n% Fz}lcd%tiﬁxgs t aWic]ef arg quxajéartedtt%e spherical.

si t uat i onSoRENG3R4Ze METHAIBRABA/ 051213 22 In the
fol |l owi ng .ex les, the first and second bead.diffe
o st ve S e e g e B G = RER P b o
r ' ésen syo migpetfzed hdsbedetbrminel] bygbosia of tha chagrfeti¢ lnements, the

[ t] ' r a he ' ' ead-to-
ottt br REmb 0 o rEaR? piotfip oF B Lcnds Al beado,
1ped prproaph-alene figAlipgtion ef frepirateyranphied meengedsidrls-terngte)

bgprbach), dhARlBe dpoltighiclibcd 3 oeBy: SUper par anagneti ¢
E%gnplgz B. Fi rstgp(small) beags:ﬁ%i anmeter 35 nm n¥l0

18 A ne, spgeﬁipe?ri’éghgneti c Eq. (2)
2 X

where m; and mj; are the moments of the respective beads and x is the center-to-center
separation.

The maximum magnetic force that a second bead can exert on a first bead
occurs when the beads are in closest contact.

For example A an attractive force is calculated of 46 pN for a surface-to-
surface separation of 50 nm (x=0.6 pm) and 66 pN in case of contact (x=0.55 pm).

For example B an attractive force is calculated of 17 pN for a surface-to-

surface distance of 10 nm (x=77.5 nm) and 29 pN in case of contact (x=67.5 nm).



Second (large) beads: dianeter 100nm nm=10 15 A n2,
hi gh-density magnetic material In the nunerical

wexersplier; m denotes the saturated magneti ¢ nmOREMABIN4/051213
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t he beads. The exanpl es have been sel ected such that
t penpEeoyd beads are able to generate a large fie
gradient on the first beads, generating a force
bet ween the two beads hi gher 5han 0.1 pN. For the

foll owi ng cal cul ations the part| cl es are approxi mated

to be sphefhug #He meftRl 6RoRBEWEBH ehBé@RendRdyviad¥aild potmst;%to
Tgl calc | ate t he attractlﬁe force between a first and

eheERySropgfE andoyeker rt%aﬁ?ﬁ’&ﬁ@ﬁ aflugshgld feyee of
|31ed1eltnejfténmdncbyemdie size of the nmagnetic nonents, the
relative %nt(atttheqn . f the nonments, and the rel ative
position o (tﬁye beadss ele—‘or a bead- tobead appr oach
al ong t he Rlietetbtir lbrge ofagietiememéng rireased¢opd bgapd dae te magpédtddc

f fnﬁli hé g&h ﬁ){ 485 JI Qppﬁpcpﬂlggi} fbeldté?%wﬂ{st"fh@‘frg?kt\Y)Flatlonéaeed fora

I po orce’ls
( @?Or\mgltlele ﬂﬂrgfabtad)rwn e eatlreattcttéf Uﬁaﬁa’élﬁ egyain forhe flow resistance of
r esRaechi phRick gRdhasBntnetiins t he center-to-center
separation, The maxi mum magnetic force that a second
bead can efert Ol &V fi rst bead occurs when the be&dd3)

cl osest. .cont or at tr
£ B S ORRR AL e RE R THPRICE P el St Fan
s@mctatih@wm@ﬁn@&ﬂmmfém@yﬁomﬁ)ebawd 66 pN in case of
contact (%, ééadfé}l of 1'69t/me%h@ @&Ehﬁa boad %f@Je E;{a?lgie'AV&p&féB&%

is calcul ated surface-tosur
dfosse ahtA8 pdflEq. @)h%ﬂd(awewtyaf rlt%)“méﬁr{ﬁq Al Hihe spme geadiepss the
CRBsmMAGEad( KF&Zmﬁe B MveBYOFA Y anE V1 RS OPAMRRL PHidmeads that

Thus, the net according to thi odi nent pr.ovi des
t Resgeddeags th‘fF*g} Argeerdop wgm by %8?)9\5‘81‘?%%3‘%@8?/5 Ddfygrds and

V\B)aalyélrombhmbmﬁh@rwhlemﬁ ﬁﬁ@ﬁﬁd firldsis wpplikd. Alsbjthie Sdﬁ@é ifl size and
t rﬁ eg%? ézrorgogg ag B der loﬂed to %ﬁtﬁm ?orfep w?nocﬂ are sz%%lenty a(1:n e% y of

t thecnm@mbety@atdwead;mntb EToEan,| q:gjtmclédandmsspcteﬁq Iheduﬁg inihe
betRots eftﬂ@trtgénamhﬁo%qsemaamoﬁmteh@bqmga" adi ents. The
mani pul ati on speed for a second parti cI e (large bead)
can be estimated by using the equation for the flow
resi st ancRepdatcd s@iph@ky cal particle in a viscous
medium F = ht he vi sc

th rv Eg. W oS
the fluid™ e prOpR P geﬁ‘é‘déi?ﬂdf Incpltiong B i gach otber

pﬁlietnltl&lyere$)ptﬁ@d:sem inholnetmpect to the surrounding fluid
far away {)gr{nhé Rvo (é)ve{x %ﬂuat ons r%hﬁ rat%roe}’qte%]at ne%t: mjéglgnts otrttllle first

t he seco n e A exp
and second beads is 10 or more e.g. 10%. As a consequence, the magnetlc forces on the

respective isolated beads and their velocities also differ by several orders of magnitude. This
means that the second beads can be magnetically moved towards and away from the sensor
while the first beads in solution are hardly actuated.

(ii) The first beads feel a significant particle-to-particle force only when a
second bead comes into very close proximity [the force decreases like x** in Eq.(2)]. Such a
close approach is easily achieved at a surface where the first beads are immobilized, but has a
very low probability when both beads are in solution.

As aresult, the two-bead stringency procedure can be repeated, regularly

removing loosely bound first beads from the surface. Then, the sensor status can be regularly

| d
BCT/IB2004/051213



force of 100 pN [Eg. (2)] and a velocity of 10 mm's
[Eg.(3)]. At the sane gradient, the second beads of

wexersphes2B have a force of 1 pN and a vel oci t yPof/IB2004/051213
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mm's. This neans that the second beads within a range
obPHi@300Mm to 1nm can be noved rapidly (mis) to
and away fromthe sensor surface when a nagnetic fﬁiﬁ%rmm5m13
is applied. Also, this range bpn size and magnetic
nonment can be exploited to obtain forces which are
S ohitozddether tHan 641y golrRd at tak ﬁﬂpdlﬁ’ﬂ'oﬂmﬁ bsody. DiRirvdRBNg YRAKAE of
and stron speci fic, binding.in
© it ARt Sps PEatine e A0 G i Tt gt reison
enmﬂcsdchteﬁﬂlsblﬁloalndn@)sureﬁemeat ed stringency It can be
shown that first and second beads in solution hardly
af fect each ot her when they are both present in
sol ut i on: Kateral maniplationgflagepeads si t uati ons, the ratio

of the magnglhéw mm&ﬁasgeﬁnea Bt thd doSdnd B0Ms SEFONG thEARSNd
is 10 or nore a consequence, the magnetic

f BYFLOYRe teper %fgffe%fh tbfér traissiogeseasepiaily gerpgadicylprp fe surface.

v &hoeiidiénes wal ﬁﬁicldéﬁ&fnﬂ Ibedaly piﬁleu;emklycbbﬂﬁrfﬁst 0éad &g Dt o ed
t he

[ netic
b B T e G o P et ek Al Aear R evicice o fusrel
beadsnentras bd aidated by amy&uhaabﬂaihganaﬁ‘mth&h glgkar ﬁldw of thelHfid, hdosdtic
b L]
S}%ﬁgtwh gog hg&gg% %n 3{1% gaggé 8"&5&11)1% ?Iée lgtteep &l b|e %enera{e% With external
pf@i E‘E‘WIPIVS Jstwel af hropgh gredientscpscated op the clhip, 43 & by faepir(g)current
StedheRo RS QrBRNIRAOR-ch BRsk l)vi)fes%g@ tﬁeva%%xﬁatge thathd ér?tﬁe%t is

where the first beads are I mobilized, but "has a Vvery
| E‘W’rﬁ%B%{bFlPﬁeﬁ?th&h’éﬁ‘n%ﬁ}FﬁceoVé‘ﬁ’d@fde@ PFEX EBHTIGAL The
I eaghetic fidd@adisdgdaerandd stblindig OReNp PirReEMAY Quaan be
repeated, rggularly renoving |oosely bound first beads
fromthe s ce t he sensor status can be 4 @
regul ar| yPHRLO30947 PCT/ | B2004/ 051213 24 noni t or ed®

rat t han onl olled, a e e oj nt, of the assay.

P Phe HRER Aol oo B SR POE i hn i e cien

t h@l 0sen stardls@hceeﬁ 10 hﬁ gatdavmfaaf@lﬂ gﬁafdlehtl’m LO@YVRd Alssume tha‘lc the beads
ab| ision a [

2 kPl oo B0 S AR, PRRE S Wr PR

n@ﬂﬂ/ltlonal heisurifenfidd isgreaidd bhthe on-¢hip siem mireh dhelgradieng of 20 T/m

By V&Y vEBYRIH5.2 At RNAY 15%&;3% 'a{eex%ﬁ NS Qr aﬁ%@@&% O%Lmn/s for

eir trajectori es _essen pen | cul ar

st pegend beadﬁ &f séiptiop Be Whign fhe fq‘iSOJ\h‘%S@I’Wl@Fb elohddih éwscoml fdds can

upe Meikd doRaerbd tifel skrfsbr (RAR GimeCaNReRA HRGHRARER PihisakSA
creatlng%a.lateral movenent of the econd beads over

t ngeglgp] 7 INGIERS] ’gl& EXPOSHLE.0 sgls%rrsalifac 1ncrease the
cchaate@dpitiingamyveskly bahl @rsoeadss of whi C h S hear f | ow of
the fluid, acoustic excitation, or nmagnetic actuation
are only exanples The latter can be generated with

external fAgglegatign aflagebeadns wel | as through gradients
creat ed onl“hw{'\@o-ﬁéyd Qtringengy en%di%ﬁtsié lgﬂtix%l}piﬂsreﬁs@ﬁ% to magnetic

aggregation, for two reasons:

(i) The first, e.g. small beads with a lower magnetic moment can have little
tendency to aggregate in a magnetic field.
(ii) The stringency force on an immobilized first bead is determined by the

single nearest second bead [cf. X* in Eq. (2)]. Forces from beads further away are negligible,



t hrough on-chip current wires. On-chip current wires
have the advantage that the gradient is generated very

wohkoes®1ea7t he bi nding surface with very |ittl ePeneBmyy4/051213
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consunption. The magnetic field gradi ent generated
apgnnesoaqy on-chip current wire equals: dB moO | |
Eq-(4) with I the current through the wire and r
distance fromthe wire. As anyexanple, a current of 10
mA at a di stance of 10 nm generates a field gradi ent
0fo Zfbtehtidlclufiisig e scbdhd beddh @oeb @R ERangé Be FR@DSLett&Bnl the first
sgt rated by an externally applied uniform magnetic
frefd and that an additional non-uniformfield is
created byHcMaeerowr)clhugp agpragptesif theisea@sd bemrse(wgh aﬂngmtnagfenc
2

bglgé ;?é %gt%ragly\ﬁ%'&&ﬁ ngt}{?e %C%‘Qg §an hg\ée ﬁc_ﬁl{:eaa %cgessﬂf hté to

s the emepr iserades A@Eregatlpmwme red@ed Vh@mtctnhgths engotic figd offpart of the
Wi, by QingidadWithtaREry IGF RAER SRASH ¢AD dQeeto %gﬁa@g’uc@%ﬁnon

across the sensor many tines or several tines per
sEederenchidemping BIPHIPARBGEIPER): RANINE At wisk eoatings, by fluidic shear

emﬁ@sﬁbbr ®ingfmogens osncattbficas ef sfe@bnﬂ B&ds esrydnApad Shedmshtation of
crease P‘I](g chance of pic {g%%?gg weakl boungiafl rst
&sa?gneﬁbé & V518 VB ine gt PR

stringencyN cemhaidhermmtldns‘s peetbratet vethy targes@olsdules vseOrt the ﬁrst

ngeg@se t1“!) g\ioﬂgtglseesg%tafs %ﬁl sgc%l:nd Be\é\@s thdt @oucl)c[]bse Cpre(ser?t 1n-|;Fe sensmve ! ve

I ﬂqfftctl@ 7086 therseopnd ksadsgpepferedy @ nOhgaemglﬁeqi pfmtrﬁhued)rd duréngl the
Tﬁ@as%xﬁérﬁl %P&%m&l@ rtﬁ@de%@tuﬁﬁs (']mg If&s't I;e%ﬁis vfngﬁﬁjgre%)c%?tq %(,Swzlhlle

determ ned e single nearest second

fogedaes proypt pr‘iﬁ@}te’é@ef“‘r"@fﬁ‘ﬁ%‘ﬁds further away are
negl I gi bl e, PHNLO30947 PCT/ |1 B2004/ 051213 25 so a
potenti al El uslt gri ng of second beads does not change
the force ed on the first beads. However, very
| ar ge aggregatgescy@ioctdve: seasdingtohgadsred %bdﬂln&nhci)fg]h'éﬂﬁventmn

. 2 cau

L R e B R e Bl S B e
sepyduidicgetiece. Aggregati on can be reduced by

swi t chi ng {t gy BRENEHiCa fobv@xj Rt mR@eht 04 oﬁtﬁﬁalﬂl'sﬂglier Qi’e are
usi ng beads with a very | ow remant nonent

t %Staf}a“% fo trggfmalserles aaf AseXidedip soussed ! Urhiargth@tom@ol@énawsand

spua@m m&@ﬁdfa@l&@aub@rmo aléasufhd\Gadbr 15 Silviidh 1Rk la BihStratddb
ar stress

C usi derate concentration
oV eGPt das P dh Boe R T Mot rr e denbiabte, T
t tnemspvet@pfi edailctofvaré thel siréacgycan s erhgneedie)gi Bygfluidailpw, btirelgg, ants)
dj A O, fleld). Note that the detection
[ %E)g%{réno{%n%%g%ﬁgﬁﬁébt%%%&et nol ecul es or on the first
beads. To 2aVksifitstbedds & attackpdad the fargghmeleaiss are liremokilizeth ent the
Cs‘%h's’ogsupﬁce% @8 Hindlnd td J&Stul%@mécﬁlleé’ a r&ﬁﬁﬁ%dn%@thﬁ%odﬁaﬁ is

second beads preferably do not generate Si
cHRPPYIHR q)féi}fgre&maptﬁﬁ: sppfgon a biochip 16 having differen strengths of the

interactions between bioactive molecules. Therefore, it may can be advantageous to select

first beads 1 with a somewhat lower magnetic moment for capture spots that have weak bio-
molecular interactions, and first beads 1 with a somewhat higher magnetic moment for
capture spots that have strong interactions.

3. Second beads 2 with a larger magnetic moment are supplied from source 10

by operation of valve 2 and pump 13. The second beads may be optionally of larger size than

T
Ppl',l]'/éB2004/051 213



nmeasur enent. For exanple, the detection is done via

first beads with fluorescent tags, while those tags
wanreosrnaes2pr esent on the second beads. Exanpl e BCAIB2004/051213

stringency procedure according to a preferLeg ]

erboaoyoomt of the invention will be described wit

reference to Fig. 5. The device of Fig. 5 nay be PCT/IB2004/051213

i mpl emented as a microfluidicyfdevice. 1. First beads 1

with a |l ower magnetic nonent and optionally smaller

stledirabeadat. Seaohebals® dramoet towakde wlsaﬁoram%cp KvBate 6h8 Birst Beads

th
¢ neleafi e bl B Sl el ndnbereRhy
wiagiietie ficdd genpratonl dsythsasong @ niofe purthdne apnatseor spelécromagnet.
c @Qt/vtgfghﬁﬂ?& &a‘ﬁ lzﬁs@ﬁe Q\H&ld%%m a%ov%rptﬁl 2503%5%&10‘?1[& La?‘ﬁe% a%gl pump 13.

substrat é . kt%r ansport 0
5 stiproptial e@ﬁmb@“ t@ﬁﬁ@ﬁ@@@f of ghe geconshbefids i te Mhgngtic fotcksas wallas a

OFord2¥l 13w Bf 1h€ Alill WdvOThe SenbRINEEL Siodil Slleﬂzrﬂfyaog kB intoZccotb@nd
first heads 1 attached to the target nolecules are
|F?Wﬁlﬁf”}‘?e§ed on the sensor surface by their binding to

capture nmod. &dieh &8 sec&dﬁé@ﬁshiaﬁ;&bdc@ the @itst beatiS1, @RlIRd beret
§x6)g1h e%ceD a%t%v% rr]nagr]; tl? #‘o ceZ d earr1 tt]?e%ﬁ%%x@ Eeai%) 20. 5’%@1?19 bc{):}md first
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Silcfréobenisdl @ytential or enables electrochemical charge transfer, the presence of the first

30  beads may be detected by using suitable electrodes. If the beads contain radioactive material
they can be detected by radioactive emissions.
The above sequence can be repeated several times with the same set of second
beads 2. The method can be applied either in well plates (e.g. microtiter plates) or in

microfluidic cartridges. Well-plates are highly suited for robotized high-throughput
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do not immedi ately nove away fromthe sensor surface.
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beads in close proximity can only occur if two selective bindings are present, e.g. two

ed
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antibody bindings plus the control of stringency by application of the varying magnetic field,
the presence of closely bound beads 1, 2 is a clear indication of the presence of the capture
molecule C. In particular, when polyclonal antibodies are used, the chance of a-specific
binding or cross-reactivity to other epitopes is increased and the application of the varying

magnetic field, and thus a force on the binding, can be used to eliminate a binding which is



different target nolecules TI, T2 can be anti bodi es,
each either nonoclonal or polyclonal, directed agai nst
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capture nol ecule. In both arrangenents, the capture
M4, which is either coated on a surface or in
solution, is brought into contact with one or botfy1/1B2004/051213
bead-coupled target nol ecul es,dl, T2, which will bind

to their respective binding sites or epitopes.
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generated, the beads 1, 2 repel each other. Since the
magnetic beads 1, 2 tend to align in a nagnetic field
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the start, the magnetic field has to be constantly
clramgesbotp obtai n repul sion. Varying the directi 33

the nmagnetic vector can be done by a rotating ma e {lF3004/051213
field, e.g. by the provision gf three coils orthogonal

to each other with a current controller for
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Cs@ﬁw{l @sthe capture molecule C in Fig. 4) by placing it in a flow F of a liquid and (2) an
opposing magnetic force which acts on the magnetic bead being attached to the other
molecule by application of a magnetic field gradient MG. This application also allows to
perform the present invention in solution, without the need of attaching a capture molecule C
to a solid substrate such as a microarray.

Non-magnetic beads are available commercially. Any suitable non-magnetic
material can be used, e.g. solid or semi-solid materials. Examples, include latex, polystyrene,
cross-linked dextrans, methylstyrene, polycarbonate, polypropylene, cellulose,
polyacrylamide, dimethylacrylamide.

For example, with a non-magnetic bead 2 with a radius of 0,5 um and the fluid
being water with a viscosity of n = 1. 10~ Pa.s and the water flow v = about 1 mm/s, a fluid
friction force of 9,4 pN is applied on the non-magnetic bead 2. With a magnetic bead 1 where

m=1.10"° Am? and the magnetic field gradient MG is dB/dz=1.10* T/m a magnetic force of



with proteins in the oral cavity. These conpl exes are
then renoved fromthe nouth using a magnet to scavenge

woanosaos2of t he beads. Second nmagneti c beads | abelBm04/051213

10

15

20

25

30

with a further target nolecule T2 are then added to
t PEINLezovRered first beads and conpl exes between the
two beads are allowed to devel op. Then a rapi dl yPCT/"32004‘/051213
rotating magnetic field is apgjied in order to disrupt

first bead-second bead conpl exes that are not bound

t i1¢ bl fisyapplizd et the magiktie baad Medssuimig; thd t‘ﬂa |rr&g1&i’o‘ic 8dad RAhdnificantly
b @ﬁgﬁanﬁ 95\{1%} eﬁ’f%@t‘éd lg\) g HUIQ ﬂox% Ehus L e rﬁgf‘ G ﬁmgﬁn?tﬁéwnﬁét of

mal ni n
d gi"é’?ﬁ‘ﬁ lnws B@ﬁh%\mgnstm @émremmamé)eacb 1gZ andiibivoéithe qud a

TE‘ihfa@oneﬂpﬁpdréﬁ?eﬁtwhé%ﬁﬁﬁﬂh&&tlﬁéﬂlﬁd Foh:'e [aﬁjd dﬁﬂ%’cﬁc f&%es are 1f1 balance.

the invention, two beads are use
o e PR PR (oipaeve Eoleiesrt Cs siebe (Bizgrpeatfc) Al complex

awspeﬁmfl bithd¥ame béigtion &t 108 8duid M. Bi BAGLd M{%vegipée%cyé eandy

di.srupt ed he canbi natj on of
f 8 g r?é"{a% é"dl%%}‘medr% eeginr indecer é&@e QPWQP&@Y CeS and the
abrpmbmmioltcmlee aeT mill @iber nsigihe Itdvhtﬁ:rs alon@the haftdtic 5QWwASIoat
ﬁhﬁlgﬂgﬁﬁﬁoxfol ecule Cin Fig. 4) by placing it in a

iquid and (2) an opposing nmagnetic force
V\,hl ch act sThisressaj eanm&glbepq:rfmb@iazdthkbmlw@:aMeﬂamads dr@thb;he
Oﬁlhl%éweﬁm) ﬁhp&éoﬁgg&” L&A, %es%fbocﬂesrz?]?& a{'t of a ino 0 1ca1
gr adr ent hi's application also a 8 &eig
t FPénPﬂ:ﬁXél%ﬁ PutiURdes ﬁ?mmﬁsw ordeyisil stress, or\metbhda@qthmselvcssamﬁmnon

aﬁsttff&slactdﬂ@ bead Gatd) hﬁo&@«haﬁwlﬁl abpeti® oﬁhéﬁ}béef?t iSRS A %

such CJ%H \E/’ia glo netlc beads are availabl e
c%er‘i%%% °é‘Fﬁinp§? SRHYSE BrY P %deﬁ Y Al Prtclpreipediding bickegiral
beodiesed, e.g. solid or sem solid materials. Exanples,

i ncl ude | A Xxach %F.Mon KGOt lex 0 %{S’)‘fsrg‘} lﬁl?,pglggee/ gr]élﬁ gr)g(gt rm%ﬂagdle C,Tin

nethylstyrene bon
clét liqidaey cap be %%mywle‘zhm mkasurezill. fretamblacipyitatipi Qe exdﬁqﬂe is the

eﬁ%@ Uﬂ!hﬁ)mowld'rﬁ gﬂ)fu{;'sodﬁ tﬁ@lgé}g%tic%n&?&qge n%n g&n@ bdad w!h%cg' al%fw h

mm and eln wat er
—Opilcal qesectionf the pgsence H@h%ﬂa@rm f pmvuw Lecaige of th@.am’wﬁ@s Faow

f einl:l/lodmﬁg‘nbtibtﬂeﬁll’baﬁ B :ﬁi@ptéﬁc in 9sdér 5 hb1k the @ 1&)@% a %Qedtﬂaﬁtlon in the

dq{gg gtlctg[ad Wth a magnetic
DA 5P E e vedheeopiplss AT Pofl ia p gerginalifeeion. With this
oBfbddimént 110¢poksible & puEifynad/ocenfiar @pue iR domplexes with

Pg;rgdd 91 /051213 30 10 pN is applied on the magnetic
1 sum ng that the magnetic bead is

i nsignifi é\éiﬁlmﬁtyels’nm $ystamdar g ustto &aq‘tlenateeaisainyle t;dm)rfsingl d
f daWk andlt @bmo@ééul@@"[pééluﬂgd tggla%rnﬁc £Ha M& 1, 91 Due to

t he .bead Si zes trc an mantf‘
RS chasers 2 Jyge nop- ng‘lﬁ’flc 't’eﬁéw § egequgter %ﬂa@ﬁl’tﬂm ﬁorm themmsripdler

Qﬁ@ﬂdtﬁ@eddhﬁAﬁér@o&Mﬂé &£&a Ie'v&ﬂtg c&lpﬂé’d%rée@ﬁlﬁiec }%"fﬁ‘rg Glﬂ&td 9, a
t he bi ndi ng ween

BB o SRS CBLSar ik 51t P gciabgnd Sesscplpaes,wiil
tdther moinqmlee Yemulnl ih pra&mﬁd Bandtk rdntt@eds WMen BOiEbdsAR obﬂ&sﬁehﬁ:‘ud
€.,.Ca

|
ot e 08 R R s i e By i o
icArtye axdlepjestwilk repyopaisiitighd oG essoraiycbpedi@: bound complexes will be

removed with the flow while unbound target molecules will remain attracted by the magnetic
field.
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may be low or the liquid may be stationary. The effect of the magnetic field gradient will be
to drag the magnetic first beads 1 towards the left in Fig. 6. To prevent the beads 1, 2 going
too far, an optional filter 23 may be provided. The pump 21 is then activated to slowly raise
the flow rate. Initially, non-magnetic beads 2 and other debris not coupled to the first beads 1

will be flushed out of the system via exit 30. When the fluid flow force of bead 1,2

combinations reaches a high enough level these combinations will move to the right. If they



magnetic fields can be generated externally or
internally (e.g. coils or magnetic material). The

woabousreoaf a sanpl e can be reduced to the m cr 8CTABI004/051213
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range with detection region volunmes down to 1 nl using

f oHNEX30YRY € a nesoscal e fl ow system as described in US
patent 5, 866,345, for instance. Exanple of the tHiG 82004051213
embodi ment An exanpl e of the third enbodiment will be
described with reference to Fig. 6 which may be
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s thelsystam. Hancs; bead dolnhinatidne whielcemain frothe hspignreizetic baa€ls wi)l have
agRclngbaligd W th target nolecules and are brought into
contact with the second non-nmagneti c beads 2 | abel ed
with a capture nolecule. The result is a m xture of
beads 1, 2 sone of which are bound together by
bi onol ecul ar bi ndi ng. When the forces are bal anced,
t he conbinations of first and second beads attached to
each other via at |east one bionol ecule remain
stationary, e.g. in zone 28 where they can be detected
by a suitable detection system e.g. an optical or
magnetic system The mi x of beads and bi onol ecules is
injected at 25 e.g. into zone 27. Initially, the flow
of liquid fromsource 20 nay be low or the |iquid may
be stationary. The effect of the nagnetic field
gradient will be to drag the nagnetic first beads 1
towards the left in Fig. 6. To prevent the beads 1, 2
going too far, an optional filter 23 nmay be provided.
The punp 21 is then activated to slowy raise the flow
rate. Initially, non-magnetic beads 2 and other debris
not coupled to the first beads 1 will be flushed out
of the systemvia exit 30. Wien the fluid flow force
of bead 1, 2 conbinations reaches a high enough |evel
t hese conbinations will nove to the right. If
t heyPHNLO30947 PCT/ | B2004/ 051213 32 enter zone 29, the
flow rate reduces and the force generated by the
magnetic field gradient will dom nate preventing the
beads fromreaching exit 30. If the flowrate is
slightly too low, the magnetic field gradient wll
tend to nove sone of the bead conbinations 1, 2
towards the left in Fig. 6. However, as there is a
hi gher flow rate in zone 27, the fluid flow force w |
dom nate and prevent the conbinations from goi ng
further. The result is that bound



conbi nations of beads 1, 2 will be trapped in the
hydr omagnetic bottle 28. Here, the binding between

woeead/0102nd/ or bead 2 will be placed under str @6%/1B2004/051213
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caused by the opposing nmagnetic and fluid forces. If
t PeINLOB09HNg IS non-specific, the binding will be

di srupted and the magnetic first beads 1 will noJ&T/B2004/051213
towards the filter 23 and nonsgragnetic particles wll

be flushed fromthe system Hence, bead conbi nations
witiLaiMBenmai n i n t he hydromagnetic bottle 28 will have

speci fic bindi ngs. PHNLO30947 PCT/ | B2004/ 051213 33

CLAIMS: 1. Use of a first and a second particle, at

| east one of which is magnetic, in a magnetic field

for distinguishing between different strengths of

bi ndi ngs between m crobi ol ogical entities in a |liquid,

the use c reSkng: .- providi conpl ex. bet ween. a
lrst part Pa o ppmg s Ry o Sl i e .
nin@gnst Bl fr distinguishing hetween differont direngthe of tddirigoswash t hi n

t .Hl@créb'i ) il Jng{ies% Qlicﬂﬁjd, g u%%gr\ﬁgr%}l the f I rst. .

m crobi ol ogi cal entity and a ecohd m cr obi ol ogi cal
entity; - UFPHGISRroBPEsbyvesnpdirtt patide mollelinthe hiquidwad a first
| inépdbibldgiaenlyOXi Mty Wi th the conplex; and - acting
on the first apd/or. second particle to apply a

mechani cal ™ PSP EeECopgiqns yitp ﬁ’ﬁ iliAgd e e hivding g‘ﬁ%‘eep thedirst and
s aorbiblagicarenbiy ahdgsecal nedtbbidlycisahédtie; appl yi ng t he

magnetic fi.el t here di sru hindi ng.of a first
strength anbgm% 8% Q%e(caon ipgr?l é%@@feﬁﬁph‘a ?}Wﬁd 8o pé(%%r%‘éyo‘ﬁla‘ the
gfamlexrandt rengt h. 2. Use according to claim 1 wherein
the di stingushi,ag 08 .4 bi ndi ng, is

used for the %i SCI | m't ﬁadtﬂ? S%B%d?ta\%%[eér%%app pae%?cg allnf:cgl&lsﬁ &S e
aliefeehepyreen te A fng secgnd miseobigiogiseldntity while aplyingntlt negnedic field

Woetieedb disfut o Biddsdg ok GFsOIe IO 8 to @ﬁltu.btlt aybirlﬁd%lg%f 4 %&gtgreater

mgk%%gle and the second mcrobiological entity iIs

cap? ‘e nol ecul e. 4. The use according to any of
clains 1 to 3, wherein both first and second particles

ag e magnet;i [ s. .5. The use. accordi.ng to any of
che cl ai el BBl B, Rinerl ] ISig e LY sreg Bl e g
t Windingr$ wsed for e digerimaihation bitween a spkcifil endeinr-specifiztidihg.
magnetic particle is not coupled to a m crobiol ogi cal
entity. 6. The use according to any of the clains 1 to
F-wher ei n PeesorRe teglgim opivheisia thefersmelcrpbivlrgicl etityds @

ctagnextbciile ad thd GER indre16al @btyiit ¥ cBHNLAZQIR7
PCT/ | B2004/ 051213 34

4, The use according to any of claims 1 to 3, wherein both first and second

particles are magnetic particles.

5. The use according to any of the claims 1 to 4 wherein a first patticle is coupled
to a microbiological entity and wherein a second magnetic particle is not coupled to a

microbiological entity.

6. The use according to any of the claims 1 to 4 wherein both the first and the

second particles are coupled to a microbiological entity.



7. The use according to claim®6 wherein the first
particle is coupled to a target m crobiological entity

wanastohes2second particle is coupled to a capt uPET/IB2004/051213
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m crobi ol ogi cal entity. 8. The use according to claim
6 RENRI0BIM7t he first particle is coupled to a first
target mcrobiol ogical entity and wherein the secddn§B2004/051213
particle is coupled to a secong target m crobiol ogi cal
entity. 9. The use according to any of clains 4 to 8
wherein the first and/or second magnetic particles is

r amagnet i . use according. to .of clains 4
Co o wher et TharE i RARE i B isouted hree
maRjFreliolesienbentifyt andyine s¢vondspattBletis epeplediumichpture tivaobididpteal entity.
magneti ¢ nonent of the second magnetic particle. 11.
The use according to any clainms 4 to 10 wherein the
si®ze of t hEhersg @POTWBQWé{ﬁ% 6 pyaprein thedirgt garkeieis iceypled amfirst
t Beged mzctob@iogichl@nti¢ @@Wheﬁ@gﬂﬁﬂéc&]d%ﬁﬁiglh &l cBupichido a I%E&ld%fﬁ‘rget

accordin o.any of clainms 4 to 11 wherein the firs
nﬁiéﬁ%l{l?l%ggcﬁ[a‘?“flfycl e has a dianeter between 1 nmand 1

mm nore preferably between 10 nm and 200 nm 13. The

uge accor dj ny of clajnms 4 to. 12 wherein the

s 2'0 ond rragﬂ%%f %:a%ﬁogcr11¥$ g’l & %%%al%s 4 °§r’f§‘f’r§‘f1v%€? fEréﬁ““"li/ @ggond
10BensHe pattrles Brperamegnetc cording to any of clains 1 to 13
wherein the first or second microbiol ogical entities
are arranged on capture spots on an array. 15. The use
ad%or di ng ngts usgrAFeQsding tle@ny-9fsiaims 41to O avharain thetfast aiagnetin baticle
OR® aGhaghdfie mbnk:® twhdAth PEBRO NS tﬁd.nocheer?a SticTRARGE dr%heR0nd

trr}le n%I_her. article is non-magnetic. . The use
aCeBFYi MY Lo cl ai m 15 wherein the non-magneti c

particle is larger than the magnetic

particle. RBENL O3 7 PCT/ | B2004 1213. 35 17. .The use
ag{i or di ng ]La_{lﬁ 3l[/1 %oafo‘%? (ﬁrég PN Cr?aémi4 {081% fvé‘e’?'ﬂlﬂfeﬁ&e OE%EJS’PY Bigge
t pasticlq ie pmalier thgnshedizeef the fdcondoindgnéticiparticial force to the
first or second mcrobiological entity. 18. A tool for
the distinguishing between bindings of different

stTengt hs %@P%@é“rﬁ’rd{ﬁg&? 8 Bclafisddp Tevherdin e first megnetingiarticle
Chiipdiamk®betweet 1 if tampﬁ[uh,i 10dr€ ﬁeﬁﬁgly%@&v@é’hdl oRA dnbiShEsn. at

| east one of which is magnetic, - nmeans acting on the
first and second particles to thereby exert a

nmchani calThs tse@s@rdin tb hnydif Bigins 3@ vE@Rrdih@e fdobiRitmandic

Sﬁ%ﬁ%qlamﬁ?éﬂ%&%%{%a&%?ent ities and to distinguish

bet ween t I ndings o "1 ff erent strengt hs, the neans
for exerting a nechanical stress conprising at |east a

magnet i c frihe Ls@_a&%ﬂﬁ}f My-of (]:lgimsg‘t(; %he%?nct% ﬁﬂsﬂ? s&8nd
claim 18 wherein both fi'rst and second particlés are
microbiological entities are arranged on capture spots on an array.

15. The use according to any of the claims 1 to 14, wherein only one of the first

and second particles is magnetic and the other particle is non-magpnetic.

16. The use according to claim 15 wherein the non-magnetic particle is larger than

the magnetic particle.



magnetic or the first particles are magnetic and the
second particles are not magnetic. 20. The tool
weacewsrdes2g to claim 18 or 19, wherein first an@8ComB2004/051213
second particles are coupled to a mcrobiol ogical
e®HNLY30921. The tool according to any of the clai
to 21 wherein the mcrobiological entity is a
bi oactive nol ecule such as a ggotein or a peptide. 22.
The tool according to any of the clains 18 to 21,
wher ei n t hEhermeaavsorfliog argoéthe iclaggnsd toreChandr eahpring @8 Step of

[ ’ td a flui.d frictional force
LSRR AL RGN, Bl i ol
according to any of the clainms 18 to 22, further

C risin : o ' h-cal L
arrangod. on Lant e o oared AR BRUER o BRLbly Rt by
> a81&°6?g‘i%a{%“”éfﬁfh%@dtcﬁ@mﬂ%i ms 18 to 23, further
conpri sing m@m?cléscahd g@&mrpa&ﬂcntaﬁ a@E‘asﬁ%ﬁE blf\@ﬁié}QE‘{ntﬁQféﬁc,
forces a lateral .nove t o e particles w )
respect to PHE aﬁP‘?ga%?.tE%g?t a{‘jgﬁc%‘fi pgrﬂ%lesttﬁ Brerebyr et @ mgehagignl
asfessoin baldagsrigetidn the fizsd arfdoecohd mickabeiMdgichi efifids @ to distinguish
| 6@ uRindB 4Rt Hnglls, B SRESHT bR UM RNRA S ©

10 comprising at least a magnetic field generator.
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19. A tool according to claim 18 wherein both first and second particles are

magnetic or the first particles are magnetic and the second particles are not magnetic.

15 20. The tool according to claim 18 or 19, wherein first and/or second particles are

coupled to a microbiological entity.

21. The tool according to any of the claims 18 to 21 wherein the microbiological
entity is a bioactive molecule such as a protein or a peptide.

20
22, The tool according to any of the claims 18 to 21, wherein the means for
exerting a mechanical stress includes means for exerting a fluid frictional force on the first or

second particles.

25 23, The tool according to any of the claims 18 to 22, further comprising an array

of microbiological entities arranged on capture spots on a substrate.

24. The tool according to any of the claims 18 to 23, further comprising means for
generating an excitation that forces a lateral movement of the particles with respect to the

30  array.

25. Use of the tool according to any of claims 18 to 24 for the identification,

isolation, purification of a specific bound bioactive molecule.



