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put to use in chem cal analysis and di agiesplegs. Herei nafter such
Interactions are referred to as specific interactions. The nethods of
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conpl ex by 25 the c%ﬁ& t'Lnteractions of aligand with a receptor and
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I denti fying or characteri zi ng bioctienrcat—todul-es
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Binding tests on the basis of equilibrium constants
Non-covalent interactions between molecules are based on the
atomic interaction of binding partners by hydrogen bridges, ionic
15 hydrophobic and van der Waals forces. Weak interactions are orders otl‘
magnitude less than covalent bonds which are formed or dissolved by
chemical reactions.
Non-covalent interactions between binding Partners with a high
degree of selective binding property are the prerequisite for molecular
i 20 detection which is put to use in chemical analysis and diagnostics.
} Hereinafter such interactions are referred to as specific interactions. The
methods of identifying or characterizing biochemical modules generally
involve binding tests. )
A binding test is based on the formation of a binding complex by
25  the specific interactions of a ligand with a receptor and the identification
of that complex.
In a diagnostic binding test, the important consideration is to
identify a known substance in a sample:
- to determine the identity of a sample substance,
30 - to identify a sample substance in a complex sample mixture,
- to distinguish variants of a sample substance, and
- to determine the concentration of a sample substance.
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*@00002* In binding tests for the devel opment of new di agnostic agents or
therapeutic agents, the inportant consideration is to find for a glrﬁnt -
biﬁaing partner a suitable, as yet unknown secord blgd{n%cggrtﬂgi’mhigh
: i i lity of sanple substa
to say: 5 - identify out of a plurali npl ¢ Tont of the el e
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made io a probe V\ﬂl’ch conprises a nucleic acid such as DNA or RNA an
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15 In molecular diagnostics, in regard to the receptor reference is
made to a probe which comprises a nucleic acid such as DNA or RNA and
with which nucleic acids are identified in a sample.

The most wide-spread immunodiagnostic test is the enzyme linked
immunosorbent assay (ELISA). In the ELISA procedure a first antibody is

20 immobilized on a surface. It selectively binds an antigen of an added
sample mixture by way of a first binding site (epitope). A second
antibody which is provided with a marker and which is in free solution
binds to a second epitope of the antigen. In a separation step the fraction
of the marked antibody, which has not bonded to the antigen, is

25 separated off. The sandwich complexes which remain behind on the
surface, comprising the first antibody, the antigen and the second
antibody are identified by means of the marker. An enzyme which
develops the signal by means of forming a color can generally bond to the

~marker. The color is ultimately the measurement in respect of the

30 amount of antigen in the sample being investigated.

A typical molecular-diagnostic test is Southern hybridization. It is
based on the interaction of a known nucleic acid molecule, the probe, in



based on the interaction of a known nucleic acid nol ecule, the probe, in 2
relation to a conplenentary nucleic acid of a sanple m xture. The sanple
i s .it)mobi lized on the surface and the marked probe is added. Under
suitabl e buffer and tenperature conditions the probe nolecules bind to
conpl ementary sequences of the sanple. After separation of the non 5 bound
be the nucleic acid dupl exes formed conprising probe and sanple
ecul es are dﬁ%ﬁ'ﬂ%ﬁoeﬂc%mpi@aﬁ@tayv rtumaeicmarcidaofalslam;gg%g@u,%?ufm@rsgmﬂe
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conpl ex as soorp]-gﬂ.aaj,rta Eg tt%ound by the deposit of a sanple su PSRk ( a
tensile force. ‘SeparatrsnstPARE MOlsriies areaung on thef surtacessederasiegnal
by virtue 16f tdmmpleamiotdcuispaeadddiy Bf FreWQol gy ophores. In that respect
there is no provisi lg for the fact that, instead of the nucleic acid

duplex, it would al Sﬂ@%%evmeéntrwbgmr@mehamtbém@hmgon%%ggema%h%f
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15 two binding partners in relation to each other are characterized on the
basis of the magnitude of the binding energy in the resulting binding
complex.
An analytical method in which a force component is also used is
described by W099/45142. This involves separation of a nucleic acid
) 20 complex as soon as it is bound by the deposit of a sample substance with
a tensile force. Separation of that complex results in a fluorescence signal
by virtue of the spatial separation of two fluorophores.
In that respect there is no provision for the fact that, instead of the
nucleic acid duplex, it would also be possible to separate the binding
25 complex of the sample substance. There is therefore no force comparison
between the binding forces of two binding complexes. On the contrary,
W099/45142 can only provide for determining the presence and absence
of an analyte.
It was not realized in W099/45142 that the magnitude of the
30 binding force between the sample substance and the receptor represents

an item of valuable analytical information, nor was a means for
determining same described.



i | uabl e anal ytical information, nor was a neans for _
ggtgﬁﬁgkﬁagvgane describgd. 3 0 Model of molecular interaction The chﬁnlcal
i nt.éraction between two binding partners can be described by means o .
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reconstructed fromthe rate dependency of the unbinding Torce .. M

contrast to ché‘?%feérf%éjﬁséwe& bengi ndhegbiteimg exeogy tdfewoasingiry phkthers

L . i Dy f neasurement 1S
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governed not by thermal excitation . . . ntn&
greatly sinpli ?IGV@J;S bf Aancentratibel of fredeandibirthdeirdihg @&9&@}45@; iwt%g @1% ng

. bl , . | i ng
ential. 25 e conpl.ex is not characterized solely by it (
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b1 nding. coml g al 50 has. & GeT ned. Spartal ot et oY B Reanep o mefilr
par anet er Interaction was made possible by force measurement, for example with an
15 atomic force microscope, at individual molecules. The forces which are
produced between the atoms of two binding partners can be
experimentally determined by the unbinding force to be applied. Under
certain conditions the binding potential of a binding complex can be
reconstructed from the rate dependency of the unbinding forces. In
E 20  contrast to characterization of a binding complex on the basis of its
binding energies, decomposition of the complex upon force measurement
is governed not by thermal excitation but by a manipulative intervention.
A greatly simplified binding model is described here to explain the
binding potential.
25 A binding complex is not characterized solely by its binding energy.
It also has an activation barrier which is characteristic of it and which
determines its binding and decomposition probability.  Each binding
complex also has a defined spatial structure. A characteristic parameter
describing that structure is the binding length or potential width. Those
30 parameters can be summarized in the following simple model! of the
binding potential which is shown in Figure 1.



describing that structure is the binding length or potential w dth. Those
30 parameters can be sunmarized in the foll ow ng sinple nodel of the

bi ndi ng potential which is shown in Figure 1. 4 0 In the bound condition
the ligand is at the mnimumof the potential. In order to break up the
conplex the ligand nust be pulled over the potential barrier out of the
tgdi ng pocket or out of the binding potential. The force required for
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characteri sti cthenbppliedéprce is increased continuously at a fixed force rate r until the
complex decomposes, that gives the following mean unbinding force for
15 the complex, in dependence on the applied force rate:

Fokl g Axer
Ax k o kT

decomp.

If at various force rates the respective mean unbinding force is
determined, it is possible to determine therefrom the binding width Ax
which is characteristic of the binding complex and the decomposition rate

20 Kgecomp. Of the complex.

The measurement of unbinding forces therefore represents a new
approach to the characterization of binding complexes.

Methods of molecular force measurement

Although the great majority of binding tests detect selective

25 interactions on the basis of binding energies, there are examples of
methods which enjoy the advantages of the characteristic unbinding
forces of the binding complexes.

The first example of such an apparatus is the “surface force
apparatus” (SFA) which was developed in 1976 by Israelachvili (US patent

30 No 5 861 954, 1999, Israelachvili). That apparatus can be used to



forces of the binding conplexes. The first exanple of such an apparatus is

the "surface force apparatus” (SFA) which was devel oped in 1976 by

| srael achvili (US patent 30 No 5 861 954, 1999, Israelachvili). That

apparatus can be used to 5 neasure adhesion forces of two nolecule | ayers

relative to each other. For that purpose each of the sanple substances is
lied to a cylindrically curved mca sheet, which in the ideal case are
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beads. A recept or oun
can come to a point on an individual atom. In the best case scenario an

individual molecule, for example a DNA double strand, can be suspended
between an AFM tip and a second surface. If now the tip is pulled away
from the surface, that causes stressing of the molecule and bending of the

20 AFM cantilever, which, with a known spring constant of the cantilever,
permits measurement of the molecular binding forces.

A modification of the AFM method which is aimed in the direction of
diagnostic application is described in US patent No 5 992 226 to Lee et al.
Here, instead of being on a flat surface, the sample is bound between a

25  projection which terminates in a point and the AFM tip.

A third method of characterizing molecular forces is based on the
use of microscopically small magnetic beads. A receptor is bound on a
magnetic bead and same is caused to form a binding complex with a
ligand which in turn is bound to a surface. If the magnetic bead is

30 exposed to a defined magnetic field, a defined pulling force can be applied
to the binding complex between the surface and the bead. If the position
of the magnetic bead is observed in the direction of the pulling force while




magnetic bead and sane is caused to forma binding conplex with a Iigand
which in turn is bound to a surface. If the magnetic bead is 30 exposed to
a defined nagnetic field, a defined pulling force can be applied to the
bi ndi ng conpl ex between the surface and the bead. I|f the position of the
magnetic bead is observed in the direction of the pulling force while 6 T)
!e is varied until separation of the binding conplex occurs, IS
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strongly focused laser beam which can capture and move a microscopic
15  particle.

An application of the optical tweezers for force measurement for
diagnostic purposes was described by Kishore (US patent No 5 620 857,

1997, Kishore et al).
The fifth method is based on the adhesion of an elastic pillar
) 20 (conformal pillar) which is coated with a sample substance to a surface
which is coated with a probe. When the pillar is detached from the
surface again it is possible to measure unbinding forces which serve to
identify the sample (patent EP 0 962 759, 1999, to Delamarche et al).
Characterizing binding complexes on the basis of unbinding forces instead
25  of on the basis of binding energies affords some significant advantages.
By way of the potential width of the bond it is possible to obtain a new
independent parameter for characterization of the bond, which makes it
possible to distinguish from each other various binding modes which
involve identical binding energies. That applies in particular in regard to
30 distinguishing non-specific and specific bonds in relation to proteins, and
for discriminating between nucleic acid duplexes which are fully

complementary and mis-pairings.



25 of on the basis of binding energies affords sone significant advantages.
By way 'of the potential width of the bond it is possible to obtain a new

possi ble to distinguish fromeach other various binding nodes which
i nvol ve identical binding energies. That applies in particular in regard to
di stingui shing non-specific and specific bonds in relation to proteins,
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a bi ndi ng conpl ex st mul
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result are a preparative method for the structuring of surfaces.

15 A further aim of the present invention is to provide a force test
which can test binding properties of a binding complex by simultaneous
testing of a plurality of non-cooperative individual events.

In the case of methods with magnetic beads, the result obtained is
generally unbinding forces which are based on a plurality of cooperative

R 20 events as a plurality of binding complexes are fixed to a bead.

A further aim of the present invention is a force test in which
separation of the binding complex and detection of the result are
separated in respect of time (one-off). That results in a simple apparatus
structure and a high degree of flexibility in terms of selecting the

25  detection method.

A further aim of the present invention is a force test which does not
require a complex apparatus structure and the implementation of which
does not require experts.

A further aim of the present invention is a force test which permits

30 high parallel measurement of many different samples.




separated in respect of time (one-off). That results in a sinple apparatus

structure and a high degree of flexibility in terns of selecting the 25

det.éction method. A further aimof the present invention is a force test

whi ch does not require a conplex apparatus structure and the

i npl enentation of which does not require experts. A further aimof the
sent invention is a force test which permts 30 high parallel

@asuremant of many Alfurtharerim efathe presedtonveritior Isea farom ekt irhwhjuheteastle

invention is a e St i: j ngile forces can be inplenented,
which are far a %& tc%{gt 6%f'“¥ﬂﬁ€"“§%€‘%@aﬁ“’ﬁ'?%8%rEraﬁ Y%gtthag??ffﬁ@en%ﬂf@ﬂl c
beads. A furthéwearensodnd tratpfebenhagneabeadsi s that of providing faster
5 binding kinetics i ect of_the binding partners than are possible in

a nethod such as Elﬁnéﬁﬁ‘?rna{mi%fh_h?%é’@?ﬁ'_@t ?r&‘éenéioé‘ I$ fhekdf mrovidingiifastesi on
speed of the reasdingrkinetidsNRY fesieice brath bﬁ\dﬁf’i&ﬁ)ﬁi@ﬁ%'t‘ﬁ%né @é’%ﬁl@% %O

the described nethods the present invention is D _on a procedure whi ch
was desi gned f ragthodesusilt aeELIDA, etverigh thagkingtichiandi livgitpdtanthaldiffusich

whi ch af fords sigrlfy n 0, t t f..the art. The _
surface force Engarj %fﬁ@@%g”ﬁi}é,%a% aﬁ%qlsl %:R{Clhsgﬁeo% @%gtsggtl'téorf'or the analysis
of bi onol ecul es. Thénappteat trstisd dastribved insetérotis ehelpreeonPing®ntidRGs 688dd Y

and for that reasqn is scarcely suitable for diagngstic purposes. 15

Par al | el rreasu?’g’m%ntpr%fed\%‘?i\ﬁhéhsm Qﬁé@e‘ldsq%g H& QytBel fandiatermiging

t hought i t 1@oubthding pobentiatplapaenhre: wrskisdéibhifcaht YadvERe &@dﬁﬁ%"é@g@ of
the atom c forcg m croscope is a high level “of force resolution. The

conpl ex appar af §h%lafliuct_ure however results in high procurement costs and
Sreer e 1o "hec MRS RFoE BSIoTR6R SNBSS BT
statistically goalysist eebiomeelsaulesenThe eapparatuseqtriucasreaispbstiraiiely cofplex
sequent i al engFwidnc%gEﬁ a%rc]jdfotr Qﬁarate}iggseoni %Vsocla\:{ceglyasuitable for diagnostic purposes.
15  Parallel measurement of various substances is not described and it is
thought it could only be implemented with difficulty.

The main advantage of the atomic force microscope is a high level
of force resolution. The complex apparatus structure however results in
high procurement costs and also handling which requires an expert makes

20 that piece of equipment unsuitable for use outside basic research. A
further limitation is that a statistically guaranteed measurement result
requires a plurality of sequential experiments and therefore involves a
large amount of time. A#M also suffers frofn an inherent disadvantage in
regard to one of the most important demands in terms of a diagnostic

25 measurement method, the parallel measurement of many different sample
substances.

The use of magnetic beads gives rise to problems in regard to the
application of forces. Practicable particle sizes and field strengths do not
permit forces which would be capable of pulling a DNA-duplex apart,

30  which excludes that method from use in molecular diagnostics. The same

problem applies in regard to the use of optical tweezers. Here the pulling



| arge anount of time. AFMalso suffers froman inherent disadvantage in
regard to one of the nost inportant demands in terns of a diagnostic 25
meajur ement met hod, the parallel nmeasurenent of many different sanple
substances. The use of nmagnetic beads gives rise to problens in regard to
the application of forces. Practicable particle sizes and field strengths
c’not permt forces which would be capable of pulling a DNA-duplex apart,
3

whi ch' excl udescdshathicret deed ber @RodIs@Rd Nar@IrB§ ey dbaaap%tdo%m% %?HE
probl em applies in regard to the use of o&tjl cal tweezers. Here'the pullring

9 0 forces whi dheEefRreEYEhJ@edey tarke ableckitssti PNA-HODIeXN and ar e
therefore nmuch too Iy t&'lelggn@bihgeﬁ@oﬁ eshnd AV dypl e ollo-mﬁ%pfa%glg%ggoaﬁd

invention can have the follow ng advantageous properties:
advant ageous app@Partfs:structure - sinple handling - a high level of force

[ ith the _siml [ t _pf a plurality of binding
(raszg![ gt : Olrjln imited p-u%l{Hlf)rI]éggﬁgsgzaE%Egaﬁéﬁ%%g%ﬁgfsaﬁrgét%ﬁrruI taneous testing
of many bi ndi ng conplsmeée hdhdingossi bility of si mJIdt aneo\tljws]I y ftest |hng manlyt
simlar sanple conplexes. during, a suring procedure, erein e resu
for each ggrrpl ex occuf s?‘i'g%eafé/%ﬁeﬁgle?obqe tgﬁ%s‘atiﬁéﬂog‘d?ﬁgetfgis,nSIgigl\:%n:rr:;eg;ség
say it is non-rAegneeridntdf al SufdlitP®f BiSdR rtge .
of yt he 15 i nvention. The desacFrﬁiubeldpnet hods vméﬁ the conformal pillar or

with magnetic be?ds 1 liRaiyed DHW?Q\f@rceooper ati \éeare\éte_ngﬁ afozegﬂ ?ti ogf oI .
Femmi ni ng. ol exes. T ruie 2t SR ST LR RBIE BE BT RS achaaigaes
events is |ost. 20 The tessibiligedf tsimueistrddusiyt h&stﬂh‘genﬁb@? sihfladekhpptl as
foll ows: SUSpecg%pcfQXesC%ﬁﬁ%Et'anf%egsgrlir?gl grgoc% ruE'g,erwI't\e(:)re% r%ﬁedrleggltdfeovrI gaeéh
complex occurs independently of the other complexes, that is to say it is
non-cooperative, is to be viewed as one of the main advantages of the
15 invention. The described methods with the conformal pillar or with
magnetic beads always involve cooperative events as separation of some
of the complexes has an effect on the separation probability of the
remaining complexes. In that case the information about the individual
events is lost.
20 The terms used to describe the invention are defined as follows:
Suspension: connecting a binding partner to a holding device.
Binding properties: relationship of two binding partners with each
other such as: no binding; binding affinity; binding mode,
Binding complex: a complex comprising a plurality of binding
25 partners; molecules or bodies or bodies and molecules which are in
interaction relationship with each other and which can be separated by a
pulling force.
Binding partner: constituent of a binding complex which can be
separated by pulling forces from another binding partner. Binding
30  partners can interact with each other specifically or non-specifically. The
interaction is non-covalent.

10



Bi ndi ng properties: relationship of two binding partners with each other

such as: no binding; binding affinity; binding node. Binding conplex: a

conpl ex conprising a plurality of binding 25 partners; nolecules or bodies

or bodi es and nol ecul es which are in interaction relationship with each

ot her and which can be separated by a pulling force. Binding partner:
stituent of a binding conplex which can be separated by pulling forces

from anot her bi ndi n@Bipaiewstes:Bnblicaes WAidpadtenehtairedNfroft BIASHicHY §)J%|té’r%%h

ot her specificall %rﬁ@ .nEn-s ecjfi c:ﬂill{. The interaction is non-covalent.
10 9 Bi onol ecul®s2Htac NBECHISS: WHiFR BR dNfedaMomDithrsgi &8m shislagieal or
artificial nol egdtefswhich are the same as those from biol ogical systens.
Conj ugat e: connection of two binding partners. 5 Connection: connecting

el ement of a conj ug&tiugetes coppectiarnpfl Ewo Wndidigrrprenenst ex wi th a unbi ndi ng

force as a gref eren%n‘f*@'cHSnPEoﬁnér(]cE?l%elléﬂpérﬂdéﬁ"agc%@&%%a%.u gand: ~one of the

bi ndi ng partners of a specific bi conplex. bi ndi ng force:
arithmetic nean of tReferemoencbmplekorindingf campléx pith & iinbindingi frédlas a

bi ndi ng conpl exes whose ' ndi vi %al un i,na&ﬂng force varies by virtue of
thermal excitat Fonc sanpl'é o? “PAWGYPINAN%EAIF®, pol ymer etc. which can
forma sanple or taigeid: cHEbEHhe 5A - A AN onpl ex
which is to be 15 characterized/i deEﬂ?ngrﬂe% ?ﬁgrﬁgwgqﬁﬂsﬁg@sﬁ?%' known
bi ndi ng partners whia® BRiadHY frepertithmeticemean 196 thetuntindied forcashofa

unbi ndi ng § or en 2ol S amRE BRbingcofgiRkes MRS IR AT PN, free”

bi ndi ng conpl exarie2ySepaeatfi thermii edcitgtigrar t ners whi ch do not involve a

bi ndi ng Sample (or target): molecule, polymer etc. which can form a
sample or target complex.

Sample or target complex: binding complex which is to be

15 characterized/identified. Either this involves two known binding partners
whose binding properties are to be determined or this involves a known
binding partner. This can involve an unknown or a known unbinding
force.

Receptor: one of the binding partners of a specific binding complex.

20 Separation: binding partners which do not involve a binding
complex separate from those which involve a binding complex.

Specific interaction: molecular interaction between two binding
partners of a binding complex, which is disfinguished by a high degree of
molecular recognition.

25 Unbinding force (or separation force): maximum force required for
mechanically separating a binding complex.

Interlinkage: arrangement of a first binding partner which binds to
a second binding partner of a conjugate and a third binding partner which
is a constituent of the conjugate and which binds a fourth binding partner.

30 Coupling: connecting the two holding means by way of a
interlinkage.

11



conpl ex separate fromthose which involve a binding conplex. Specific

interaction: nolecular interaction between two binding partners of a

bi hdi ng conpl ex, which is distinguished by a high degree of nolecul ar

recogni tion. 25 Unbinding force (or separation force): maxinum force

required for nechanically separating a binding conplex. Interlinkage:
angenent of a first binding partner which binds to a second binding

par t ner of a conj ugdoaptind pakthier d thiondieRtrpanimer MRdCH éa%haoﬁmaf}s&h&uﬁ\nt

of the conjuga e and whuﬁh bi nds a fourth binding partner. 30 Coupling:

connecting the ?ﬁbwﬁﬁﬂﬂ] EMELfOUBingay of a interlinkage. 11 O Coupllng

partner: two el eﬁenmlambcmé%dad rh@aﬁs?“bl} %{ﬂ%{f VAih! & fofdRak e aﬁptg

coupl i ng. Hol di ng neans: “neans way of ch a force can

t he |nterI|nka§@e”Hedmmagam)nunber number of couplings actually effected

in a test u n. CouplinAqehf n tient of the nunber

coupl i ngs asf:t ual ly 'd%g c']éu |e§gqﬁiun% ?ﬂgﬁﬁplf"}% ﬁ‘ﬁ%’é‘?/ 8#9%8 HiR test

possi bl e coupl rags: coupl ing number 10 coupling efficiency = maxi num

possi bl e couplings | nveeﬁbl on is descrijbed | ﬂe greater detail hereinafter
t

e i

by neans of Exanpl QUQHBQ CIENSWi HYs AHRtiGh fithemynber of sadmlings actually
sinplified binghaue gﬁm’hgaﬂmu%e@) Eha@h@%um'cﬁ%naxu%%rﬁ' Shig éoh@‘ﬁﬁg%he
principle of the di rential force test; after t Ilcatlono
pulling force to the conjugate of 131 and B2 tearcwgplm‘g @@berccurs if
FI <F2 or t¥aring of B2 occur s_mﬂpﬁngpﬁicimmFQS shows the distinction
bet ween non-specific interactions wth a bod%az%(r?%u%?%%lsgllbﬁ:e Egaglrl%:stl ons
wi th a binding partner,

The invention is described in greater detail hereinafter by means of

Examples and the drawings in which:
Figure 1 shows a simplified binding potential of a binding complex,
15 Figure 2 shows the principle of the differential force test; after the
application of a pulling force to the conjugate of Bl and B2 tearing of Bl
occurs if Fy<F, or tearing of B2 occurs if F;>F,,

Figure 3 shows the distinction between non-specific interactions
with a body and specific interactions with a binding partner,

20 Figure 4 shows the distinction of a completely paired nucleic acid
duplex from an incompletely paired one,

Figure 5 shows the simultaneous implementation of a comparative
force test on five indepéndent similar binding complexes in a sandwich
format; in this case the sample has the binding partners BP2 and BP3, the

25 -sample is provided with a marking; as F,>F, the binding complexes B2
predominantly tear, and

Figure 6 shows the simultaneous implementation of a comparative
force test on five independent similar binding complexes in a capture
format; in this case the sample has the binding partner BP1 and is bound

30 to the surface 1, the conjugate of BP2 and BP3 is provided with a marker;

as F1>F; the binding complexes B2 predominantly tear,

12



20 Figure 4 shows the distinction of a conpletely paired nucleic acid

dupl ex froman inconpletely paired one, Figure 5 shows the sinultaneous

i nplienentation of a conparative force test on five independent simlar

bi ndi ng conpl exes in a sandwich format; in this case the sanple has the

bi ndi ng partners BP2 and BP3, the 25 sanple is provided with a marking; as
F2 the binding conplexes B2 predomnantly tear, and Figure 6 shows the

sinul t aneous i npl enEittgei behowsaa posgibleatmbedinfent of at gitler apphiratus which is

i nd dent sipi; bi ndj | i tur, f t; in thi
the. camte. has Rt t Py ERRLP 88 i B8kt SOLRS neubir o rore
the conjugate pfecBR2 dadcidhtBons ofr @vistadibie t hosstrwdtiorr ; is a& FbaF2duR@  in

bi ndi ng conpl eées B2 pr'eld mnantly tear, 12 0 Figure 7 shows a possible
enbodi ment of PTG AL EPIR tahich is suitable for carrying out the

met hod accay di ng t OFfgige! HVEHBWO Vievis 'L suBb@rf’Ei&esgfigﬂgpng?gylﬂ%aalzipglar

possible construction is to be found in Experinment ure 8
shows vi ews of (8B)safbpor: fasee $apk farasompanigonaefdthe gsimplexes (Ba)inAstreptavidiar ce

test for conpag ; ; L Ot r i_di nd

i ni nobi ot i n/stéfrlé%?g\l/rfgd? '%“?é%@%ﬁ@ﬁ#@% ?B@@%P%%a%@feg@re 9 shows
respective views of Figusetbishane (Speative @wsanfaasubstidtar((OBnandcyDnpht er
force tests for.,the ar i of t - 1o _dupl exes (see Experi nental
Exanpl e 2), Fi %u%re @?% i[g?t?fgers\tﬁ%@%%sifﬁr fef? ispR Ofi EWie eDYIA-
show ng the pidigexés (Bapanip@itheddil ERbEYIE 2) IFigreVd t '
Experinent 2b _an% )Iéi glgre 9Dﬁ§ﬁpvm'e ng thegwg)i I ?ar I%ﬁ{]% g@gp?@@t&@%g %Ldrtg 10
shows the resuNtBXRErEGAtUAR biguse Yhehewing the eillandnt Bxperieantl 2ay Fafurer a

f [ : i | : .an_ LhAentical |l e
(100 and Dy any < PARDELIE sHRS A LT R AT E e BiPeeREoFhRRTng 8
10A: substrat epillar Expspenemnt22h, 10B: pillar in Experinent 2a; 10C

substrate in Experi ﬁg[ﬁ'e zltb S 89/:5 t%'el ll'easthlsnof evaluation of the substrate and the

15 pillar after a force comparison, wherein a DNA-duplex was compared to an
identical duplex (10C and D) and a further duplex (10A and B) (see
Experimental Example 2), 10A: substrate in Experiment 2a; 10B: pillar in
Experiment 2a; 10C: substrate in Experiment 2b; 10D: pillar in
Experiment 2b; these respectively involve portions of fluorescence

20 profiles,

R

Figure 11 diagrammatically shows the distribution of the conjugate
with complete coupling (A) and partial coupling (B and C),
Figure 12 shows the principle of the reverse pillaring procedure, A
and C respectively showing the surfaces which are brought together
25  during the pillaring operation, with the marked sample being bound on the
one hand on the left-hand side (A) and on the other hand on the right-
hand side (B), wherein the binding partners identified by “X”, with a level
of coupling efficiency of 2/3, do not form a bond to the respective other
surface, and they are therefore also not involved in the distribution
30 between the surfaces in the separation operation,
Figure 13 shows examples of measurement results for reverse

pillaring of streptavidin from biotin on desthiobiotin and vice-versa, and

13



Experinment 2b; these respectively involve portions of fluorescence 20
profiles, Figure 11 diagrammatically shows the distribution of the
conj:ugate with conplete coupling (A and partial coupling (B and C),
Figure 12 shows the principle of the reverse pillaring procedure, A and C
respectively show ng the surfaces which are brought together 25 during the
| ari ng operation, with the nmarked sanpl e being bound on the one hand on
tNe | eft-hand side Figurand showdeaabheivdiand vich fé@ubiir@?ﬁtanfb’@éfféi:@%.(B),
wherein the binding partpers identified by "X', with a Ievel of coupling
efficiency of 2/3, do notimfobindinheatnes Egtlpﬁe respective other surface, and
they are therefore a so gg&o,i,@\bg{d{ﬁﬁ paftddt@spd stribution 3o between the
surfaces in the separation operationh, Figure 13 shows exanpl es of
measur enent results F.or Thirdriyedingi parémém@P3df streptavidin from biotin on
dest hi obi ot n and vigce-v nd. 13 0. Fi 14 shows various ways in
whi ch couplél ng can Sg' ef Fé@&gﬁng'fg ?—"i‘rltg?'gg‘sﬁdi ng partner BP1 2. Second
bi ndi ng partner BP25.3. Bhrdidgkionthieg 1p@t)ner B133 4. Fourth binding
partner BP4 5. Binding conplex 1 (Bl) 6. Binding conplex 2 (B2) 7.
Interlinkage 8. ConjQgat ”'gﬁngﬁérr%%é@o(%)ndi ng partner BP2 and the third
10 bi nding partner BP3 9intavgpei on of the first binding partner BP1 10.
Suspensi on of the fourth binding partner BP4 11. Connection of the second
bi ndi ng partner BP2 &nd €pejugdtedof theseaonpAindieg mrenasBP2. andcther thifd t he

pul I'i ng spﬁjed 13. Surfagﬁz]djmg partner BP3
9. Suspension of the first binding partner BP1

10.  Suspension of the fourth binding partner BP4
11. Connection of the second binding partner BP2 and the third
binding partner BP3
15 12. Vector of the pulling speed
13. Surface 1
14,  Surface 2

15. Sample
16. Sample with the second binding partner BP2 and the third
20 binding partner BP3

17. Suspension of the sample

18. Marking _

The present invention involves a rﬁethod and an apparatus for
carrying out that method, which in comparison with the conventional force

25  tests involve a completely different principle for determining unbinding
forces.

A differential force test comprises two binding complexes which are
linked together. Upon the application of a force which is at least above
the unbinding force of one of the two binding complexes, tearing of one of

30 the two binding complexes takes place. The binding complex with the
higher unbinding force remains intact in that situation. If the unbinding

force of one of the two binding complexes is known, it is possible in that

14



14. Surface 2 15. Sanple 16. Sanple with the second bi ndi ng partner BP2
and the third 20 binding partner B133 17. Suspension of the sanple 18.
Marki ng The present invention involves a nethod and an apparatus for
carrying out that method, which in conparison with the conventional force
25 tests involve a conpletely different principle for determ ning unbi ndi ng
fgces A differential force test conprises two binding conpl exes which are

ked toget heMaWQonc@ﬂT@u@@pJvhémelrom@fur@blh@rrrge W%@%ﬂ shélsdcBAg! bHIMYS
t he unbinding force of one of the two blntpfgth | exes, _tearing of one of
I§i

30 the two bi n§PAYPI®%imhigREs of freer Hlaackha it e ofipe iffarential fioece
hi gher unbi ndi pgs @éﬁebé% n?orJ Bt Paq"P el Rubfid- SF tdi%h(%hc aggh&et (yabi ngi 9

force of one of the two b|n exes |I's known, SSI e int
14 0 way to corimqrd@m\lsesth@ble h‘eparﬁmuialrr ag o ommodfoft dl@gaesmmdetacudnmyd

Force. teatcalanabiire; P Papaltafiinh et bifdipfoBianeshicr Sbdirorne

i nvention is sundlablilesi orpandlecubsr with aanigied delgrdé agfospedfidehansénar and
S identification or for characterizing the binding properties of
bi ocheni cal nmbFERAN™Ee N or nol ecul es with a high degree of specific

ol ecul ar  recogni t irpR. pld¥dnPr A%BAtioh nﬁ?d\ilﬂ@@ Lg'lf RV A dtB M ation o bmdm

characterization of binding properties of ng partners Is e fected on
the basis of tl@éomrbueﬁdrpfngmdlrw fp@rtmr&hscﬁffeciede@@st@ar pasisrofstiyganabindimaf

the binding, CO%’JC@&NIR Fﬁ ?R{ace ?y %rjée%q?gﬁ%)ﬁ{og ﬁefﬁjgé Sgt ec?n%ﬁlg&gbg%a%feéhe

i nvention Can on a si |
hovvever that a pI urTabl fd)ff@*énaalmfbea’e | telser beadrages & ethids afvérition fRICee
t est. in the B[ﬂ“s‘ent Ilcatlon celrtal n constituents of the

r

interli nkage aig Tﬁ%tFﬂoa s"t’ esbggle Interlinkage. It is preferred however that a
plurality of similar interlinkages are used in a force test. If in the present

application certain constituents of the interlinkage and/or method steps

15 are referred in the singuiar (for example binding partner, binding

complex, conjugate, interlinkage, coupling partner, sample or target and

so forth), that does not mean that the invention is limited to force tests on

individual interlinkages. On the contrary that also embraces force tests

with a plurality of interlinkages. The use of the singular only serves to

} 20 make the discussion of the invention easier to follow. It is known to the

man skilled in the art that in practice a test is generally carried out on
many molecules, binding partners, complexes and so forth.

The procedure for characterizing the unbinding force F, which has

to be applied for the separation of a binding complex B1 (5) is effected by

25 comparison with the reference unbinding force F, which has to be applied

for the separation of a second binding complex B2 (6). Both binding

complexes are connected to form a interlinkage, to the two sides of which

a pulling force is applied. Reference is made to coupling when a

interlinkage connects two holding means, by way of which a force can be

30 applied. It is to be emphasized that the pulling force applied to the two

serially arranged binding complexes is equal in magnitude. If the pulling

force exceeds a value which is above one of the unbinding forces (F; or

15



15 are referred in the singular (for exanple binding partner, binding

conpl ex, conjugate, interlinkage, coupling partner, sanple or target and

so-forth), that does not mean that the invention is limted to force tests

on individual interlinkages. On the contrary that al so enbraces force

tests wth a plurality of interlinkages. The use of the singular onIy
wves to 20 nmake the discussion of the invention easier to follow

krown to the @, skat Ireshlnsnnrt rseparattudrhaif tive psiaging eartrierst of sh&elbﬁfcﬁfh%y
carried out on @ﬁ | ecul [}dl ngﬁﬁ}j{’neri conpl exes and so fort
The procedure fEMRREMEE%:Y "r‘l‘&i”ﬂ 8r¢fh ¢y LhfAEEMANE tapanation of the
applied for th%lﬁ@lﬂ@@drh@l@xoél %c@hﬁ&d'lﬂg’oﬂg\%'%r@ﬁroﬁ@thbts F?é?ectxﬁ%zbvver§5
conparison with the reference unlnlngforce F2 whic obea

for the separ atSsparardaitsiotiows thetbiny. c Gigirex2 I@oe\@thesmlnclpiendﬁt@ force
conpl exes age ggppected to forma interlinkage, to the two sides of which
a pulling force is applied. Reference is made to coupling when a

i nterlinkage connectlhet bindhg domglemBﬁus(S)ogemyalb/f imidleds a $§ample canplex, 30

lied. It i h h d.that th li ed h
SeTial 1y ar andodt gF il N corirdraocoPebanb R Righi ABSbecenerapipl pg

force exceeds aharddterivéd 6h in svhido¥ebinamMPhakttRrustpnsk TtganftFF'éE%y (N% Hald

F2), that results in separation of the binding partners of that i ng
conpl ex whose UFSIYHHPIRG ToPOPerty, I‘”ﬁ%?’nome”f%‘ﬂdm%r@eéepﬁlﬁléthw\@fr o

bi ndi ng conpl e E

separ at ed, IT|Bt ;(aéﬁéﬁv\g&?%%tn Iyi]gtﬁgﬁé@%uﬁgﬁgeshomtteﬁ%tognrlﬁng\iv%% E’T%pﬁtﬁ?%rce
5 test. The bi m:armpremmeé\p(eela(tﬁr)ldlggmrahéyandvmbods a sanpl e conpl ex,

that is to say a bi eblndl properti S are to be
characterized or m%nra@h n%fﬁfé(ﬁ ‘%‘éﬁ% naerre e{‘Geb%OmBE‘mﬂfhiaEdsbSP Ay df a
known bi ndi ng ingieyt gomplek hwisewet bﬁfdnbg nshop@rpes toretieterRiise OYBNAhetERY 10

al so involve an undeflned non-specific interaction between two binding

partners or betRAEERAYIEN Bl%"’l’@%&‘?ﬁcﬁem arich theppmpe qenPigsie camparedvol ves
a referencgsconpl ex,ydi Bp} the éafrngpﬁéycoﬁnp@x”md“@déso'ﬁﬁé%s%ﬂ?ﬁné’ dAUR Bp1

properties predetermne a par
and the second bmdlng partner BP2, while the reference complex includes

the third binding partner BP3 and the fourth binding partner BP4. In
accordance with the present invention however the sample complex may
also include the third binding partner BP3 and the fourth binding partner
\ 20 BP4 and the reference complex may include the first binding partner BP1
" and the second binding partner BP2,
The principle as described hereinbefore does not involve
"measurement” in the narrower sense but rather “gauging”. In
accordance with the German Industrial Standard (DIN) the term “gauging”
25 describes a testing procedure in which the item to be tested is compared
to a known value or magnitude of another item. In that sense, the
present invention also provides that the unbinding force of the binding
complex B1 is compared to a second known unbinding force. “Measuring”
in contrast involves a testing procedure in which the value to be
30 determined gives a specific numerical value on the measuring scale. That
corresponds to the situation of force measurement with the AFM or with
one of the other methods in the state of the art.
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particular a unbinding force, to which the sanple conplex is conpared. 15
Usual I'y the sanple conplex includes the first binding partner BP1 and the
second binding partner BP2, while the reference conplex includes the third
bi ndi ng partner BP3 and the fourth binding partner BP4. In accordance with
the present invention however the sanple conplex may al so include the

t@@r d bi nding partner BP3 and the fourth binding partner 20 BP4 and the

reterence conpl ex MiieipuHiddiaritf @f fthespreventiifgemasd NefolBEY asddWatihg wiggond
bi ndi ng partner BP2. The principle as described herei nbefore does not

i nvol ve " measBREMSRMPIE fonRlexder badestachacfopes geaoRepn "agaanpsegpic snale,
d i i d h " ing", 25
Gescr i bes a t¢ Beﬁ@g it eFé}%St\E/%rlﬁbLé&an %rth(Qé}%pl% ecéﬁérglxsggg%g%e%

describes a testl procedure 1n the itemto be tes
to a known val irelependagtiyt utie oésdhoohemainyenmdividuahatestensinally hgivepr esent

i nvention SO i h he, unbi.ndj nqg forc f the_bindjn conpl ex Bl
is compare tongé’a%ét%ﬁgntﬁ%%HE'un%im'ﬁﬁ,af—g?(c‘@{"csl\féggfﬁ’rsi frgm %?PBHHF'P S
invol ves a testhegpopsiotitdusfebéingwibientd hepyahest tihe kRpaPatieh &FhaedingiYes a
speci fic nunerical value on the neasuring scale. That corresponds to the

situation of fB?W'erf‘é’ésiﬂde\?@n?eﬁcﬁﬁnt%rﬂﬁﬂﬁ‘oﬁf_’%rﬁﬁ'}’dﬂéeéﬁf’ecttﬁ-é: tisnaer
methods in the statenefinfdificH Eakeﬂsﬁac?chﬁ W%&%‘lﬁ bf ¥hé’rfm£|h8xcﬁfa‘%ﬁa%ﬁ“ It
h ach sanpl ested a

invention involves associating wt e e conplex to be
force gauge onwdll msa@ppgpert $uanhethe opdgl tdigcusseef kereimzefooerpiferol &adar

Costs tinal y BSELTRhe tEohBASEranER, e bt Mbretl WRRK I GRHERE e oue

fromthat prinsemraté shetbiedipgscirbplext B1odr befuitherbbiadiry cORIpEEBD {Hges
separation of the bi ,ngi n% , rﬁﬁor?' exes ang)ﬂ_t he detection operation,
separatel y i n PedPECNIRCHPALDENMEEN; R MNYRIt RAERERS: ISoaRbIaCtR D &0 tthetmal of

thermal excitagpi@tatidd. WhelefBfe aRPACEStddHRMWitiE tiRd regérﬁcwgion the

herei nbefore of molecular 10 interaction (Figure 1) that the unbinding
force which iscemgarised afothsepue driedinige pbirads nprefenaplieseffatted aapluwalityeof

bi ndi ng co]!’g)I eém%?s l\ﬁaf)i'c?egr to be able to form a statistically secure mean value, the
mean unbinding force, which says whether Fy>F, or Fi<F,. That occurs by
exposing as many similar binding complexes to the same unbinding force
at the same time and determining how many of the binding complexes B1
and how many of the binding complexes B2 were separated. |

20 The invention additionally or alternatively takes account of the force

|
Sewe

rate dependency. An important parameter in terms of implementing a
differential force test is. the rate of the applied pulling force as the
unbinding forces F; and F, can vary greatly, at different force rates. In
order to be able to reproducibly repeat a differential force test in

25  accordance with the above-described principle, it can be crucial to operate
with only one given force rate.

The force rate is determined by the speed of the pulling force and
the elasticity of the conjugate of the two binding complexes together with
the suspension of the first binding partner BP1 and the fourth binding

30 partner BP4.
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as the interaction between the binding partners is subjected to thernmnal
excitation. Therefore in accordance with the present invention, the
conpari son of the two binding pairs is preferably effected a plurality of
15 times in order to be able to forma statistically secure nean val ue, the
mean unbi ndi ng force, which says whether FI>F2 or FI<F2. That occurs by
osing as many simlar binding conplexes to the sane unbinding force at
the same time and d&epremdinggomaveneegpeativé hepdicatdomgofc ahpl diffeseBiial dmctehow
many of the binpding conplexes. B2 were separated. 2Q The invention .
additional 'y oEe%FI' ?ce'rc' ?Péﬁsﬁ'ql?%ﬁggeﬁ%@g%f/ V@I"ytth%?‘?@rec'@ter’%toéd%ﬁ%ﬁ’@éﬁ'@y.
An inportant pardgiveh@iedd of aifoBmatiohaseerdihddigacorfiplieker ential force test
is- the rate of the _applied pulling force as the wunbinding forces F, and

F2 can vary greatlylnae Brefesrashiemedimenite inventignidpkes arcoamiteof dhe
reproduci bly ﬁﬂﬁ%eraofdﬁlﬁﬁffdg bathd @Ffﬁ‘?eﬁcgis\}i/itﬁ WHich %Cﬁq?é&ﬁ?ﬁﬁgmérnghgﬁg

above-described princip can be cruci to operate
gi ven force rathe bihdingopardners BPils BRY, B3RY ard BR¢ tsheowsmedbativadme tipalltiviong

force and the icity of the conjugate of the t bi ndj ng,.conpl exes
together with h?@%u@"ﬁ@ﬁ?i‘ onﬁ%rg'cf”ﬁaé"ﬁ ?’\{a@ n BPHmaﬁ'&gEgWPnEPL’ﬁ%H”%%rFﬁ% of
fourth bi ndi ngsirdlamandgeitudes it 19 HV2epedEbugdtdnNntiDger BFPQOUPYIRG number
application of t differential force test, it is also possible’to

/o

del i beratel y vaP§/eme's 6peRInGeE Isianet Hepvalvation af fhe fegi Ve praeese bef able
I nf or mat i ofy ab N evel Eﬁ,gpl f odi nent the

I nvention %bakeg&tgég%rﬁ?}?]dﬁo ta e ggﬁgﬁggpégﬁﬁﬁgﬁﬁ ﬁﬁégggr the efficiency
with which a interl Exkoydes ofsesifritpe inentiimdi ng partners BP1, BP2, BP3

and BP4 is coupl ed ig?gg&ﬁg@ggmt&mgmg?% (ljrg)ria% means. Particul arly when

conparing two unbin Fnagni tude, it is advantageous to
i ncl ude the coupl i ng.hubtsinguastilhgrspebiicemdmorgpedific ehtengstidris eval uati on
of the test, in order to be atEIJe ié) to ascertain the actual ratio of the
unbi ndi ng forces. ERafRItEal BFoRig®m @f binding teskhin which a first binding partner is

15 immobilized on a surface is the non-specific background signal. The non-
specific background signal is caused by molecules of a second binding
partner which were added in free solution and which have non-specifically
bound to the surface. That therefore involves superimposition in respect
of the specific signal, that is to say the signal of those molecules of the

20 second binding partner, which are specifically bound to the first binding
partner. As non-specific and specific interactions can bind with binding
energies of similar magnitude, it is difficult to distinguish them by a
binding test which is based on discriminating between binding energies.

Figure 3 shows a differential force test for distinguishing non-

25 specific and specific binding. The conjugate of BP2 and BP3 binds non-
specifically to the surface and specifically to the binding partner BP1 which
is immobilized on the surface and with which it forms the binding complex
B1. BP4 forms with BP3 a binding complex B2. For a given force rate the
unbinding force F, of the binding pair B2 is higher than the unbinding

30 force of the non-specific binding of the binding partner BP2 with respect to
the surface. The specific unbinding force F; of BP2 and BP1 is however

higher than F,. After the pulling force is applied therefore separation of
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1. Distinguishing binding nodes 1.1. Distinguishing specific and
non- speC|f|c interactions A central problemof binding tests in which a
flrst bi nding partner is 15 imobilized on a surface is the non-specific
background signal. The non- specific background signal is caused by
nol ecul es of a second binding partner which were added in free solution
whi ch have non-specifically bound to the surface. That therefore
ol ves supertheposntsmecificalhedpentd cofjugbte speoasf ibut shamalf, tHehapeickidaty say
the signal of those molecules of the 20 second binding partner, which are

specifically PB€the first binding partner. As non-specific and
specific interactiopg, C@“sthiglﬂsmn"gh vsﬁé'a'R@f "@Jecm@eb&h@ fﬁims'sﬁﬂdr@er”%%tlhls'de
it is difficult to distinguish themby a Dbinding test which is based

di scri mi nat i nP¥eswviefhBi ¢x6B Mg lesneisgngdishiriggan dn v@n@waéednTI$maeﬁngal|n a

force test .for [ and specific binding. The
éﬁgaé&: dél%géﬁﬁl&g i a Zoﬁnéélﬁﬁ%'roglrﬁg

conj ugat e of nds non- y to the surface and
specifically to theAkardiusgppablenein miniwlof clistinigsishimm biuicl ede chaiah selgrience
surface and with onpl ex .. BP4 forms w th BP3
b1 nd ng compi s Dbrva T SaiRe ceoaReitn: MansiHgouEs etidftc e
bi ndi ng pair Bid ssdrnplermblesulédeviviohi adi baudd tootree |m‘mbbmz@anp‘m6él ftbe

bi ndi ng of the binding partner BP2 with respect to the surface.

speci fi c unbi RASSHAIDMeetherdhegmregspmpetely SoRpiRvertariy giumnd ﬁarwlpngther
After the jpul 'qh'ég A E & $hARR Ut DdsREmR- géﬁngepﬂ{ gtﬁ%@ \9th1§ Qg £, 9VBBund

non- speci f| cal bound conjugate occurs, e speC|

one. 1.2. Di stpnm@el shabgum&kéﬁ tsemecpéurs imdividsalf basa s‘usqngengsm faism be
bonds in the ex ui shi an i ndi vi ringina 5
nucl ei ¢ acid anaFnEQUIISPf?% ﬁﬂm%%p%ﬁ'w%OnAﬂgiﬁais&u%feH}eoEf’gcﬁ{‘ CHRIGIRS: of
di sti ngui shi nchnucth@t pro@eseﬂ@ermmud.mrararﬁ@cémréersetaen@@uwerrﬁlear the
hybri di zation is that of dlstanU|sh|ng nucleic acid sanple nol ecul es

whi ch are boun@eltdg HEMPRATBBHIE z&fd the JBENPlekRly Raded: &Pmﬁwﬂét hednggeythgse
conpl etel y SCO”EFUrﬁﬁﬁgﬁﬁrth@f'ﬂggEFi‘; r@{llés"%%%ﬁé. 1A thE¥sOd¥ & rAOriaRdlerh dhiebs Base

ms-pairing. In atest wt
plurality of probes of various sequences, as is generally the case with

reverse hybridization however, that option does not apply.
Figure 4 shows distinguishing a complete base pairing from an
individual base mis-pairing.

20 The invention is carried into effect with the following means:

1. Exerting forces

The operation of exerting pulling forces to the interlinkage can be
implemented in very different ways, in which respect the nature of the
applied force is not an important consideration.

25 In the preferred embodiment the pulling force is a mechanical
macroscopic tension. For that purpose the interlinkage is fixed between
two bodies and they are moved away from each other until separation of
one of the two complexes occurs. The bodies can be nanoscopically small,
but this may also involve macroscopically large surfaces.

30 In the second case the pulling forces are produced by magnetic
particles which are fixed to the interlinkage and on which a magnetic field

acts. This may involve two different particles which are each fixed to a
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probe of about 15-25 base pairs individual base m s-pairings can al so be
di stingui shed fromconplete pairings on the basis of the binding energies.
For;that purpose the hybridization procedure is carried out near the
melting tenperature of the conpletely paired conplex. Under those 15
conditions the ms-pairing is unstable. In the case of an arrangement of a
rality of probes of various sequences, as is generally the case with
reverse hybri drespective lepvkesfthe inbedlinkabe amdiwBRhnatoradgdse h&vgwisgmaghrbaws

di stingui shing a conpl et e base iring froman .individual base

ni s- pai ring. 26"%%“??1\?@&'?‘3%‘% ‘gt%@érc??%cﬂ’aﬁ’mégﬁ?q‘%ﬁo%rpﬁst he fol | owi ng

means: 1. Exertingaf @npes cibe ARfeat iRR of exerpodithimy 'dfn&\?;r]\%%ﬁﬁgt end he
in whichr

interlinkage can be inplenented in very different ways, il spect
the nature of ikelinkppei t&dlargec@ojesuirs oarPalYipers and Rredsicier atlling fa@ses n

the preferred I i LS _agRec i cal 0SCORj.C

t ensi on. Fo5‘r3 tﬁé%%éﬁ%&feiﬁég%*#ée?gi %%figgf i”z % flggldgﬁzltu\?\(/gen[)%\%“goodﬁfé%g and
t hey are novedfomees chnobe dath g ifetheuittitlird@pariatboundobetween ¢fartibrst iweo
conpl exes occurs. The bodies can be nanoscopically small, but this my

al so invol ve n’ﬁﬁ?cgs%%ﬁ?cgmalvﬁsla&dg@ ‘FH@&B%@MF{F t#/e D& ¢ase the

pul ling forces are prfodigrdadyy ifRIVES infakiRgridecb®mavtrilitrRieeof bredekfidane
interlinkage and on which a magnetic field acts. This may involve two

di fferent partfieldePrnneiarogde rBalasutasxedst & athey @seedprecexampéadwith tave

| nterlinkage 20dMBHABrédt ARNGES FdIanar HRBBANEtd freIHRBE! L A ididd ot N

ot her case paramagnetic properties. A third case na

possi bility oflecehméconagendhdo anthargedkageecute, | preferatrbt ecuwhelsipty ghalryestr s
and produci ng |1ing fprce 5 by neans of ,the resistance thereof in a
Flow of f1uid. PSR MHEH Pat eeds 86 1GIREH L0 BENATOE] oISt thees IThidee
i's bound bet wegppdridly eh@pgedtiblealegh sound waves and in particul ar

ul trasound can be coupled. A fourth case involves making use of the
i nfl uence of an el ebt @i 6&h case the force is applied by shortening a polymer which

15 forms the suspension means of the binding partners BP1 and BP2 or the
connection between BP2 and BP3. In that case the shortening effect is
based on a confirmational change in the polymer which is caused by a
variation in the chemical medium, for example the pH-value or a salt
concentration.

20 2. Variation in the force rate

The force rate with which a tension is applied to a molecule is
determined by two parameters. On the one hand it is the spring constant
of the suspension means of the binding partners BP1 and BP4 or the
spring constant of the connection between BP2 and BP3, and on the other

25 hand it is the pulling speed. In order to vary the force rate either a
different spring constant or a different pulling speed is adopted.

The preferred mode for varying the spring constant of a suspension
or a conjugate involves varying the length of a polymer which forms the
suspension or the connection.

30 3. Detection

20



field on charged nol ecules, as is the case for exanple with an 10

el ectrophoretic nmethod. For that purpose the interlinkage is connected at
| east at one end to a charged nolecule, preferably a multiply charged

pol ymer. When both ends are joined to a charged nol ecul e, these involve
oppositely charged nolecules. In a fifth case the force is applied by
’rteni ng a polyner which 15 forns the suspension neans of the binding

tners BP1 and BFhoOpyfdiRe &P@é&%ﬁibﬁﬂs%t&@@?nﬁﬁg ViREn B5iBene! fvd Mt dif Se
the shorteni ng effect |s based on a confirmational change in the poly

which is cause@rbpleaes vefr painterinkagenhwasheaperatededftem theo@pehieatisire Otfhe
pH value or a @_ﬂ gfgr%ﬁcer%‘c%%h% dgﬁ)e ?nd%@l{thﬁ“ BI}IEE the force rate The
a nolec

force rate wit tension 1s Ule is determ ned by
two paraneters. On mwldereomeetennnbnl is dsrettlreei spra fee dsdiagt paghert B which,

suspensi on _neans of fhe bindin rtners BRP1 and BP4 or fhe sprin

conat ant of € I loiEE PR OE N ErL IR TBESEs WeRiPaRt oh WAdIBR SIRigkd | ¢
is the pul Iingsspefi is laghieveg byt @dm@ya tdaebé Qflsieh r@tcﬁr&tw%wardsdﬂﬁef ﬁfé@“t
spring constant or a different pulling speed is adopted preferred node

for varying tHinging ﬁgrtaehstanoro@@m@lﬁsﬁeﬁaraﬂpn &if ﬁ\&:@«nmggt@mmm Bés
varying the | e&%gl suspension or the
connecti on. P%@E ﬁ&%ﬁﬂ%&%e%ﬁféﬁérﬂ? é'et ection is to determ ne
whi ch of the two bibidectgdetmtipheiremleds adatattngi imk agieichasf sepatvad egulihy er
t he appllcatlon of . a ulling force.. That can bed e|n ctly
directly. PndiPELGIORSt g’&‘i i ‘Eﬂfﬂi"gal@ roéc;trle‘a P&ding B@ Chi %5 par¢ n%é)£ Bpas
which, 5 pri Qﬁlsélﬁécécﬂ‘eaﬁ@rp'ﬁéé@?n'gorbc‘éﬁrrtelﬁe PUkd rt%aftorpeeposv@&h@arcbnjﬁ

bi ndi ng complex " B. That is achieved by addi n&ba probe which is di rect ed

t owar ds the fre¥MpHsingi BRE pad REE. is| prq\dfie@x\a | @ B@pkeat | Ot ePeraiéonioidi ng
conpl ex 131 O&é\t'éFﬁnmhé vs)l‘ﬁd‘PB?ﬁ'\e)lt\ﬁotcBn%EQQ \A%Dlséaﬂ'éqja?ed ?g)r%be effected by

determining the amount of conjugate of BP2 and BP3 which, after

15 application of the force and after separation, is on one of the surfaces or

holding means. The determining operation can also be effected by

determining the amount of conjugate of BP2 and BP3, which after

application of the force and after separation, is on the first holding means,

and determining the amount of conjugate of BP2 and BP3 which, after

) 20  application of the force and after separation, is on the second holding
means.

A very wide range .of different methods in the state of the art can
be put to use for detecting and identifying the probe in indirect detection
or the marking in direct detection. The preferred embodiment involves

25 'marking around a fluorescing molecule. Here it is also possible to use
FRET (Fluorescence Resonance Energy Transfer), by a procedure whereby
the two binding partners of a binding complex are provided with two
different fluorophores, between which resonance transfer takes place.
The fluorescence signal is lost upon separation of the two fluorophores. A

30 further modification involves providing one of the two binding partners of
a binding complex with a fluorophore and the other with a molecule which
guenches the fluorescence of the fluorophore. Upon separation of the
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Direct detection involves detecting in which of the two pulling 10
directions the conjugate of the binding partners BP3 and BP2 was displaced
aftier tearing occurred. For that purpose the conjugate conprising BP3 and
BP2 is provided with a marker. The operation of determ ning which of the
two conpl exes was separated can be effected by determ ning the anmount of

j ugate of BP2 and BP3 which, after 15 application of the force and after

separ ation, i s bimdingeartndrhgueichfraces the flimilophoge e atisnindteel ded ahaidibig
operation can alsp be effected by  de m ni_ng, the anount_of conjugate of
irelgibAr ShetTIEnAb i

BP2 and BP3, wiiclCEFasE P Ct }E8NFoPERUEnd Paeferieds BueioRhpees, i s

on the first hels@tngrd"®ans-scakNcdiBic Nirnit@ridiRtaMiarticlel (©RBhHIAL B0k, BP2
and BP3 which, after 20 application of the force and after ((sag aratio%,f)"ls

on the second RerdieRPPtiRBaRTE IRNRAVRI BT Kigg eMarkianfwish e affinityodarker t he
state of the agp cmidpe Mt Lo Mse f\?/hicq?.t egttr{eﬂgt "%ﬁgt' %@ngg tt.t)e]iﬁpgmbe
etect T refer

in indirect detection or the rking in direc i on. d

enbodi ment i nvehes®!@binescénaey edeaironteanithuoragkitigsgommiass gpectréiopyit i s

al so possible to us%héFR\I/Eg'C[ Fl uor escence Resonance Energy Transfer), by a
procedure whereby t AUBEDi ndi ng partners of a binding conplex are

provided with two dhefd@fferdntal yercentaat efeschskeRsreMiceR BES9BATSE at wiesf er
takes place. The fluorescence signal is |ost upon separation of the two

f1 uor ophores. A2Rge PfiseRelesmpliefeaily Hresaniniahes prekaingi grRpesaldy entibpdieswo
bi ndi ng paf s ners;; aphhmdi i u . .and e

with a nol g?:ul g%\%ﬁigg i hg%%ﬂ%%sﬁtgﬁgﬁéﬂyr %gréglneféiec gpeﬂt%&ggglldgbrgbﬁopg&g%ron
separation of thhay stobim@iwgvpaseanrhamsmmdlIngon;sitim.haaatsf lonowlogibocedisi S 1t is

el i m nated and t heref ore . an hncrease i.a t he streg%th.of }_hge signal occurs.
Preferred fl uoloiIVES aS0sROSSIRIE tRANLUUGT SOMMYPKTPERING SHPEGRGER tSYFh as
particl es (quarhemtitgtsgents.Further options are radioactive marking, marking
with an affinity nmarker 5 to which an enzynme whi ch strengthens the signal

bi nds, chenol uni neScBgferenes eeMPEN®ENi cal mar ki ngs or mass spectroscopy.

4. Sanpl esyg A binding partner of a reference complex can itself be a constituent
of a sample, as is the case with the sandwich format. A reference
complex can in principle be made up from the same constituents as a
sample complex.

6. Time sequence of the interlinkage

20 The connection of the binding partners PB2 (2) and BP3 (3) to form
a conjugate (8) can occur before the interaction of BP2 and BP3 with BP1
or BP4 takes place. Alternatively the conjugate of BP2 and BP3 can also
be formed only after an interaction with BP1 and BP4 has occurred.

7. Coupling

25 The term coupling is used to indicate the connection of a
interlinkage to the two holding means. The two elements involved in the
coupling are referred as the coupling partners (KP1 and KP2). The
coupling partners may involve binding partners, as is the case with case 1
(see below). In other cases however the coupling partners are different

30 from the binding partners (see cases 2 and 3). Coupling will be discussed
here by way of the example of a preferred embodiment. When using two
surfaces as holding means, macroscopic tension for applying forces, and
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The differential force test described herein can be used for a wide range
of _sanpl es, Preferably these involve proteins, generally antibodies, 10
antigens, haptens or natural and synthetic nucleic acids. This however may
al so involve viruses, phages, cell constituents or whole cells. It is
nor eover al so possi ble to consider conpl ex-form ng substances such as

| ati ng agents. 5. Reference conplexes 15 A binding partner of a
r et erence conph'a(k'(mmohtBletjfngbﬁaetneorisbi“ uenton tifie @osfugdte, cagplirg tha ts@se

with the sandwigh format. A referenc npl ex .can in princip be made up
fromthe sane (e,ﬁ:ﬁgtth UBnt8MQUs aWays, 'gurceoanZfeQ'agéamf”%é”é'é!qth'hﬁé'@%? tre
interlinkage 2flbwngwasesti on of the binding partners P132 (2) and BP3 (3)

to form a conjugate (8), can occur before the interaction of BP2 and B-P3
with BPL or BP4 ta&eép)ﬁl 'éi@“”ﬁ!l fetheatitskadWTaase EbRjcopigaterofBiP2 and BRS

can also b for”Edlsochlbﬁféc?bnai‘he' ﬂFs‘%rélH‘é(fé“ i lclﬁP&a?é"ght_BP%nﬂﬂéx B1 is

occurred. 7. Coupling 25 The term coupling I S use ndi cat
connection of a i nf@medﬂf@ge BRL ahd BRw hHhehsagomréausfac&’he rmhoec towants

i nvolved in the e .ref couplin a Pl

KP2). The coupli ngHg%rP e?’égr‘rh °|$h-(poﬂ-'vee cynﬁ '% B ﬁgﬁgébg dséF

with case 1 (see bédrm@tsorl of mhpfowm%mbw\\/ﬁhkh@eoﬁm@blmn@ﬁafrﬂ%@ pre
different 30 from tB"f di n%g%rt ners (see cases and 3). Coupli nP Wi I I

be di scussed here s £aHpiing of the W@F%’P'ﬁ@f Ehberitwermurfages
using two jgurfacespas fipl BpHghERAGS a@@%@a@erﬂh@ SoBiBh grbafrmerépp' ying

forces, and 22 9 marking on binding partner t he conj ugat e,
coupl ing can be ef Re&Pddsibounar i Wsiurfa(@urﬁhezt:odﬂtmtamfeﬁRZ:ahdyBPB

b sen e, he, ok Qs 899%is e PBled o BRETFSE 8GR Bt BNERE
case the conpl ex Blthe formation of a interlinkage takes place. The second surface is
moved towards the first, this involving binding of BP4 to the second
15 surface. This step involves coupling of the interlinkage already
previously formed on the first surface. In this case BP4 is
connected to a coupling partner which binds to a second coupling
partner which is bound on the second surface.
3. BP1 is bound to the first surface. BP2 is incubated on the first
20 surface, whereby the formation of B1 takes place. BP4 is bound on
the second surface. BP3 is incubated on the second surface,
whereby the formation of B2 takes place. The second surface is
moved towards the first, this involving the formation of the
conjugate of BP2 and BP3. This step involves both the formation of
25 the interlinkage and also coupling of the interlinkage to the two
surfaces. In this case BP2 and BP3 are each connected to a
respective one of the coupling partners.
Ideally the ratio of the unbinding forces of B1 and B2 could be
determined directly from the amount of conjugate which has remained on
30 the first surface after implementation of the test and the amount of
conjugate which was transferred onto the second surface. In practice

however those values are falsified to a greater or lesser degree if it is not
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formed from BPI and BP2. The second surface is noved towards the first,
this involving the formation of B2 from BP3 and BP4. The formation of B2
provi des for both linking of the binding partners 1 through 4 and al so
coupling of the interlinkage to the two surfaces. 10 BP3 and BP4 therefore
al so involve the coupling partners. 2. BPlI is bound to the first surface.
? conjugate of BP2 and BP3 as well as BP4 are incubated on the first
surface in suc&@ewwuwgéssétmaecof S IEeD) Qiirr?htéli,):]@f hm&élaeoihamgs pRHEfPs

r
The second surface is noved towards the first, i s invol ving binding of

BP4 to the secPisent Sigureckl cigarly shews thatol ves coupling of the
interlink | d ' LSt ; i [
| nterlinkage already, sQEg\d F’é's%l ¥hd ?Hﬁ%ﬁer\?\%\‘i ttgl%erglfaﬂ{fgl cShiuGate onga t%@'r?clh%gse

BP4 is connected to a coupling partner to "a“second coup
part ner whi ch $wfacurdepemndshdotiecamdheufdraeeratia. oBM1 iandod@hdand else the st

surface. BR2 is_incubated on the first, 20 surface, whereby,the faormation
of 131 takds pREOUNtARATESCRUIRG ot TbkedS EiTEE e s FEalcamaees
on the second Bunf Afeexambiy el fitdierof We®ddond soffaBe daakigdidatadththat sgeond
surface is noved towards the first, this involving the formation of the

conj ugate of BbiadinGferceTdf B 4t gpeatar sharshd Al B4 Radrapedbrbendr asmalie
interlinkage arﬁ‘@m%'gﬁ%f?ﬂf@lihﬂﬁg@é W c'oglb%rdl to¥R%RcbRdIRFI AP (/#%Ew&iéé‘?ﬁe In

this case BP2 and are each”connected to a respective one
coupl i ng part néme tHadeatdyntt be marked aihjugaesniiictdihayef enoaisedf oBthanfirsB2

coul d be eterm.ned. directly fr th t of conjugate which has
Commi ned o SOTTRE I Fereasnd sbd This Sp R n sttt et il PR aot e
amount of conj ¢@ailed Whathiswassdyr adtséies isedjaatédtd forcs eeaipghrigor.ace. I n
practice however those values are falsified to a greater or |esser degree

if it is not 23 0 stcEResRUMBErpBSAPENGD Wiah| 2tHBPY daokatPdase diPURlRged
bi ndi ng part neﬁémb@i);g?mela@dg% ech%lr'r%i)ﬁr%hh%’r@?ﬁ% tBaptindd) &GN v &LtRet NE

transfer of the mar conjugate onto the
coupling efficiency. In that respect, the number of maximum possible

15 couplings is limited by the number of that one of the two coupling
partners which is in the smaller number. In accordance with the invention
therefore it is further possible to at least approximately determine the
coupling number or the coupling efficiency, namely the quotient of the
number of the couplings actually formed and the number of maximum

20 possible couplings, and possibly take account of the coupling number or

e’

coupling efficiency in ascertaining whether the sample complex or the
reference complex was separated. 3
In order to exclude non-quantitative coupling as a source of error,
there are various operating procedures:
25 a) reference experiment with a “self-comparison”
b) “reverse execution” of a test
c) “double marking” and pre-forming an interlinkage on a surface
The “self-comparison” (a) and “reverse execution” (b) will here be
described in respect of case 1) (see above):

30 In a “self-comparison” (a), besides the actual force comparison, a

reference experiment is also carried out. For force comparison, the

marked conjugate is incubated with a first binding partner (for
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surface depends both on the force ratio of 131 and B2, and also the 5
anpunt of the coupled interlinkages (coupling nunber). A small transfer
fromfor exanple the first to the second surface can indicate both that the
unbi nding force of 131 is greater than that of B2 and also that only a
smal |l  nunber of interlinkages were coupled to the second surface. At the
?e time the anount of marked conjugates which have remained on the first

S

urface is increag@shprBHINUFGHIH Bi bR BY at firessuefarkUgsd @he \Wrbabferabe
not coupled, that is to say not also subjected to force conparison. |f the

number of coupl i ngstighi 8roatd ueHfgea d‘dNCTbI acdecraty i WED RurtbEmnern @“’r“é'ﬂﬁt ed
t h
o the maxinmum pOSSBQrLt?\e?(C)(?‘&L 'e&g?h & ggﬁ‘égéeﬁgﬁedcoﬂp‘:ﬁ@%ﬁlfl m@f['rgi(}?%;y fhe

t hat respect, the nunber m pos l'e 15 couplings is
nunmber of that one pfoqd@remdeoapduw l@mlvmaﬁemtcmndmg rpatrheewmse

nunber. In E‘accordanc |1]1 lratl of, c% rﬁa e rlé %I |l e
to at | east” approxi P Qe F r? t Re 8 er or ﬁ
efficiency, nanely theiaglott entthefsatrﬂiwmanmb,ern wﬁmhh@s@omd bngﬁn_gq:tamd\érys
account of the QSH‘SEB AP HUMIERCER arc BEBLEAG oai e BnERGy PPaNEE B4 ATHAg 10
whet her the sanple gappipex b‘i’rﬁdﬁn@e aHRkEr&NaR (?Qr’FEE' BXmparsis8RPBhatRE- sdddnd
order to excl ude non- guantltatlve coupl ing as a source of error, there are

various operating psodade).esIn 28gayd rt@ft@eemfere@zpeﬁestremenmrh is made of a

ore-for m nip an 1 nt er 18 TREYE AT St M Benfraok B arc BURITR, 1 20, °

'reverse executi on "I tl)rdwrlduodvetroebbeabldetscmtbdaeﬂnnfnrmeapecas @b whseh bf theee
above): 30 In a "se|f-conparison” (al bes ﬁs the actual faorce c arlson

a reference experi H’é}ﬁ'”gscoépgl?x@ér(ﬁle%f Bal agdhe hreier YA NG S one GepndWo
mar ked conj ugate i spidldRdiess Wnlbt ad ishbfidd: n‘?’dé?ﬁlcﬁﬁrédﬂﬁhn@f (Hfﬂ@l@nQy for

exanpl e BP1) which |s bound on a first surface and the transfer to
force comparison and self-comparison and identical density of all
15 binding partners which are bound to the first surface or all binding
partners which are bound to the second surface respectively.
Under those preconditions, it is possible to infer for B1 (complex of
BP1 and BP2) a greater unbinding force if transfer onto the second
surface turns out to be less in the case of the force comparison than
. ) 20 in the case of the reference experiment. If in contrast the transfer
is greater than in the reference experiment, then B2 (complex of
BP3 and BP4) has the higher unbinding force.
Accordingly the invention also concerns a method in which (i) in a
first step (=force comparison) the amount of conjugate including
25 the second binding partner BP2 and the third binding partner BP3,
which was transferred after the separation operation from a first
holding means onto a second holding means is determined, and/or
the amount of conjugate including the second binding partner BP2
and the third binding partner BP3, which after the separation
30 operation was not transferred from the first holding means onto the
second holding means is determined, wherein the first binding
partner BP1 is different from the fourth binding partner BP4 and (ii)

25



t he second surface which is decorated with a further binding partner (for
exanpl-e BP4) is ascertained. In the force conparison procedure BP1l and BP4
i nugl ve different binding partners whose 5 unbinding force ratio is to be
ascertained. The reference test is carried out in the sane manner, in

whi ch case the binding partners on both surfaces are identical to the
tﬁgi ng partner BP4 (that is to say the binding partner of the force

c

rontion 8 made of & doe-ohfs SERarRriRRide) tE ARERTRECi Tovetig.

conmpared. In order eﬁ‘vmemcybetmdalamdmwtobf monJugafterlﬁadetrrg abet sesdridc biding he
bi ndi ng conpl exes (Bl or has  t reat er unbindin 5
prerequi sites nust hardsy é%?eﬂnd tg@n?”'& |bipding Pﬁbtnégf@%%emﬂ)d? offter dhee

conpari son and sel f segaRAIINS dpefatibri d@éﬁltﬁ@isféie@élwnp% ﬁH:t Faéld@hgdmré%ns
partners which are bound to the first surface or all binding ners

whi ch are bdund to ORE fetefitndshelfiitgemeanseis ﬁ@@"mlne@nd@fﬂ/qrhﬁt‘@eamount of

preconditions, it ig, j?&i%'fté'.ﬁcm Heqj'tcontsfe(ag)ﬂc}:golr ﬁﬁﬁg&%ﬁﬁe fapBRhdlnh %ﬁ%%i

great er unbi nd| ng forc trans SUFf ac€ UFns out
be less in the casebonmgaDafrbmereBEBnpetmrsarfteﬂtha sHparatioheopemationfwadeot

reference experimen contrast e nsf er ter th in the
ref erence experi men%ran[sﬁ %f?'@oﬁb&i Lf'i&o rﬁﬁﬂn%@ﬂ’? &3‘5 f‘ﬁ%p grifing

unbi ndi ng force. Aceméﬁsogbxdett@ﬁnxlneugm\theaaunaﬂ@oﬂﬁs@rmﬁam@ aamathﬂ 13 ¥gbch
(i) ina first step (=force canpariso a t he anmount of conj u%ate i ncl udi ng

25 the secbhd bi ndi H§€Bart ndie Bporthnhi t PATEREDIBRS, ngr pddet hewrtBPRIindiRgch
N Ao Ly Barida? BEP AL LORUA AL BRI Iabine8bT! 3. (FRENS
an th nmoun

onto a second hol di hg nmeans 1Is term ne tonj ugat e
i ncluding the secondhdz)ifhrslli b'gwqmrag tpaetmeBFEPl and thbefouhttr diraimglipagtmpar BP4rin

BP3, which aft th n 30 erat on s not transferred fr t he
first hlof:dl ﬁg (ranreans @{,ﬁ St ebn %lca’ ﬁﬁﬁﬁ?cpgd&@ e mneﬁ\ﬁ??éﬁn

the first binding @abﬁmtuaﬁlﬁder&;@’dlfté%@mhirﬁrbqﬁanhaqaafr@wélpﬁl ndi ng partner
BP4 and (”12 25 A reference test with a self-comparison can however be carried out
only if a conjugate with two identical binding partners is available,
as is the case in Experimental Example 1. In cases of a different
kind, it is necessary to have recourse to one of the following
solutions.

N 20 In the “reverse execution” (b) of a test the marked conjugate is

incubated in a first implementation with BP1 which is bound on the
first surface and the transfer onto surface 2 is determined, with
BP4. In a second implementation, the conjugate is incubated with
BP4 on the second surface and the transfer onto the first surface is
25 ascertained.
Accordingly the invention also concerns a method in which in a first
implementatibn (i) the first binding partner BP1 and the conjugate
including the second binding partner BP2 and the third binding
partner BP3 are bound on a first holding means, the fourth binding
30 partner BP4 is immobilized on a second holding means, the two
holding means are moved towards each other so that the third

binding partner BP3 and the fourth binding partner BP4 can bind to
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0 in a second step (=self-conparison), to determ ne the coupling

efficiency, the anount of conjugate including the second binding partner

BP2.and the third binding partner BP3, which after the separation

operation was transferred froma first holding neans 5 onto a second

hol di ng nmeans, is determ ned, and/or the anount of conjugate including the
ond binding partner BP2 and the third binding partner BP3, which after

tNe separation opere@@¢oothers thetampuahsifegargdgdtecimctusiéng ithet sewoindi bigdireans

onto the second hol di el 21 M, j kst _bindin
partner BPlI is al Sogé@ﬂﬁgmgnphgh(?gﬁﬁr{dh bﬁﬂﬂ?%’%ﬁ%%&s&ﬂa‘o@ﬂ e,:heg
fourth binding parsemaraBbd operatiso waedramsférl'redfﬁ’mmhtﬂbﬂ mga‘;mgomamq m&éarg;ldf,
so that the first bindjn artner. BPl and the urt j ndi part ner

'n the second stepSaietGaReaneholiee MgMnedsREBIMINGty /O éhe gpovat
substanti ald y identpeabnjugatditciding thb@z‘cﬂﬂd&ﬁl{ﬁ&iggrpﬁ?ﬁer BP2 AndefH 811E

test wth a self-conpari'son can however be carried out only if a conjugate
with two identical Bindinh@apaer fR: whichvalitealhe sepagatian operatiee was not

Experi nmental Exanpl I [ [N [t LS sgary. to
have recourse to on@aé?fetr{;beoc?‘g)l%ﬁ&&Engrﬂsﬁélg[ﬁmgﬁogmd ?R% S”é;&é\%gr @@d}’ng
execution" (b) of arteass, tihedetarkéted;oandgat e ifsrthenduEieetntation f (if)Sthe

i mpl ementation with, BP i ¢h is boun n t first surfagce and the
transfer onto surfafcoé“'g”_ ;ékg”cﬁ%?_é’ra _'}’Féd',gpt\&/)\/iatr}‘f}qaﬁ?ﬁ?“Jluﬁage é%@Hﬁ@g tne second

i npl enent atoi on, t hebip@d/ paifer BPREHPEiE e bindiBEbapthdBrS acondurdrdace
and the transfer onto the first surface is 25 ascertai ned. Accordi ngly t he

invention al so concéitnhssesorgt Heding vReens,i thg firststbinding epaoat i BRI (i
the first binding pﬁﬁﬁw&%{l'ﬁgﬁl%rfﬂge kpg ﬁQI@]iﬁ’%gﬁ{anng:‘ TB%%WO”HO@@?L%%%%dare

bi ndi ng partner BP2 an bi ndi ng are d onTa first
hol di ng means, the fowethobiands egcB®tpar,t seth&Ptha sedombbindirig ghaetmea BRECond

Pﬁledi Eigrgeans, the etlr\%) thrc]amfiglstn%inr@%aspgltt%epogsg éaonwabrirqg t?oacehacﬁ?mt r(])%rrxers,ott;[ehat
15 amount of conjugate including the second binding partner BP2 and
the third binding partner BP3, which after the separation operation
was transferred from the second holding means onto the first
holding means, is determined, and/or the amount of conjugate
including the second binding partner BP2 and the third binding
20 partner BP3, which after the separation operation was not
transferred from the second holding means onto the first holding'
means, is determir!ed.
If the quotient is formed from the tra.nsfer (of conjugate) in the first
and second (reverse) implementation, that also gives the ratio of
25 the unbinding forces of the two binding complexes. As the coupling
efficiency for both implementations can be assumed to be equal, it
is shortened in the formation of the quotient thereof and therefore
is no longer incorporated into the result. An embodiment of this
procedure is described in Experimental Example 2.

30 The “double marking” (c) is discussed hereinafter in relation to case

2) (see above):
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bi ndi ng partner BP3 and the fourth binding partner BP4 can bind to 26 0 )
each other, the amount of conjugate including the second binding partner
BR2}and the third binding partner BP3, which after the separation
operation was transferred fromthe first holding neans onto the second
hol di ng nmeans, is determ ned, and/or the anpbunt 5 of conjugate including

t second bi nding partner BP2 and the third binding partner BP3, which
after the separati off26pendnYQMENHSNEG SeqqshETEKNG theofansfer fof mdtichontt ng
means onto the | | ' ; LN t

I npl ement at | ont’??%)@%&;%ﬁgg?tcﬂﬁgmd#g&pgﬁ ﬁépbgﬁg rgf\rﬁg{ahe %o%ﬁjbé’g eent

i ncl udi ng the sédbisdprgelduralisrdepaittadein BRReeintkritaé Bxtainnplebd ndiymigkepal t mer

BP3 are bound t.he second,hol di ng .neans, the fir bi ndi n artner BP1

is inmobili ze%%@%eﬁi%@tB%cﬁrﬁipﬁgv'%éﬂsf‘”{‘h%d tl%‘ﬁYoPBirlg‘& ﬂ@gﬁé‘réfﬁ% in

noved towarsls eanth obbisdct e thglightic apECBPA BicNrogidedy Wid dRithgudMblide
ner 13131 can bind to each other, the 15 anpunt” of

first binding par !

conj ugat e i ncl B’_@ﬁrﬁfg"qshec%eldﬂﬂjoﬁ"?%aiaﬁgS% laﬁe"rheBF‘QUEWEB PaERer fiongepiatding
partner BP3, wfepahbmdsertothﬁ'ess%eaﬁatsm?é@ewahorbarw% @“ééc%hﬁe‘éoﬂﬁlﬁﬁot he
second hol ding neans onto the first holding neans, is determned, an r

t he amount of Pparjnegabe virtnel afdihegtwhsusfaces cbding dinay edatawesnds BRZhaotherhe

third binding p 3 ich after the separgtion operation S not
transferred fr%&et %Ecg‘ﬁ{écoﬁg Rgm?'vﬁ‘&hnerbaﬁs %%frbdgtﬁoe %ler s?ecr?glddisHéf%cﬂe s
det erm nedio | f cofrespords ot the Eaupied fueabéhe tTEOSHRIcdRfe CABVUGRAIAYed N

the first and second (reverse) inplenentation, that also gives the ratio
of 25 the unbpﬁEﬁrﬁ@”F‘ér&@saB\ouﬂhé’ftt% BRRERh GOBBHRAEX hiCAvan Brapsigsradhg

e e e i
| onger incor poamwtiiﬁieﬁstthenrf'@#mhg.ermliegbvd'mben,t itafant bé £oncluded that the
complex of BP1 and BP2 has a greater unbinding force than the complex

15 of BP3 and BP4. If the amount of conjugate transferred is greater than
half the amount of the couplings, it can be concluded that the complex of
BP1 and BP2 has a lower unbinding force than the complex of BP3 and
BP4. An embodiment of this procedure is described in Experimental
Example 3.

20 Preferably accordingly the conjugate of the second and third
binding partners, the second binding partner or the third binding partner
is provided with a first marker and the first or the fourth binding partner is
provided with a second marker, the second marker being different from
the first one.

25 Then, in an embodiment, the separation location is detected by
ascertaining the amount of first marker which is bound to one of the
holding means, ascertaining the amount of second marker which is bound
to the same holding means, and comparing together and/or relating to
each other the ascertained values. Information about the extent of the

30 separation of sample or reference complex can be obtained from the ratio
of the amounts of first and second markers, which are bound for example
to the substrate or the pillar.
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procedure is described in Experinental Exanple 2. 30 The "doubl e marking"
(c) is discussed hereinafter in relation to case 2) (see above): 27 0 Case
2)-*i nvol ves using a second marking, the transfer of which onto the second
surface corresponds to the coupling nunber. An enbodinment of this
procedure is described in Experinental Exanple 3. Unlike 1), in this case
and B2 are previously fornmed jointly on the first surface, in 5 which

respect the conjugatle amdnBhdisedt 0h dHabaespetth tilk Shtertinkageblisich TREKIHBSS -

Coupl i ng occurg _as_.soop as the coupling partner connected to BP4 binds to
t he second suri%eﬁr\%i g?‘? éﬁ??’?dest?‘ﬁhﬁ"régéaﬁdt%tﬁ‘b‘l"ftﬁgb'nﬁ’éﬁg wartnepy igifirstle of

the two surfacegrrhedngh goved hbgiﬂ?%(ﬂﬁeé?%cgn@tth%h- in I@ec‘%ﬁ@%’t&egﬁéﬂﬁ'ﬁﬂg%kﬁgr_

has bound to the second surface thus 10 corresponds to the pl'irng=nu
The procedure K8GPNANSIdIRg Mepnsds @fieckrf.t he anbunt of the narked conjugate,

whi ch was tg¢ansferr f.a6 I WO . t d_from
the first oner IT ¢ Ao eihe: tBoBRREN citierTfE e Rt bERINE DR A and
can be concl udédetdmtjugaie imaugihgxthef sBERINdisinBFRy hmtraerg:seat ehd uthel migiir-ang
force than the _conplex 15 of 3 and BP4. If the a it of conjugate
transferred isPyf EePa%tHS‘h B‘fBTgquet H%u%%%taogrstthgggﬁﬂﬁl MEges, ithec fopnble
concl uded that bifngosEtexr 8P4 iBRMAGSIIBRE Jhas eddERokiMG HHERTS fHeChyS han
t he conpl ex of BPSngnd BP4. Ar{ enbodi rlrent 0of t hi gﬂgfogeéﬁ gq%éé}gsde@%rﬁ%%d

i n Experi nent aholdiRgnfeans argompred dpwlrgs £acbr athryl o tthet dbaj it dinsfing he
second andq4 hir J-NEh r - eLnn hBdi rtne third
bi ndi ng pa%(% ne gqr?ryo?/?aggﬁéw@ﬂ&g bﬁ@?? mrﬁ%€hg%ﬁhgﬁlgi érbs%acg{ 0{*{163' or
fourth bi ndi ng(iatheéourtls binding ipdemheniBA4 and eébentbrjagker inddting ¢hersdcond ker

D e LR o 6 e e B S T2 i % i e
whi ch is boundskgoi@oriing Meearfs0ltlé MlstBiRdifng dSFEIdrBP MY irhRRLATTRIENGN Sfe
second mar ker which is bound

first holding means, and the two holding means are moved towards each

15  other so that the second binding partner BP2 and the first binding partner
BP1 can bind to each other.

At least one of the binding partners may include a nucleic acid, in
particular DNA. Preferably at least two of the binding partners include a
natural or synthetic nucleic acid.

20 Preferred embodiment of the invention

In the first preferred embodiment of the invention, in which the
conjugate of Bl and B2 is fixed between two surfaces, the pulling force is
applied by a mechanical macroscopic tenéion and detection is effected
directly by way of a marker.

25 This embodiment is discussed here in relation to the two formats
which can also be implemented by all other embodiments, namely the
sandwich format and the capture format:

In the sandwich format of the differential force test (Figure 5) the
conjugate of BP2 and BP3 involves the sample (15). A binding partner

30 BP2 (2) of the sample is specific for a binding partner BP1 (1) which is
bound on the first surface (13). A further binding partner BP3 (3) is
specific for one of the binding partners BP4 (4), which is bound on the
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to the sane hol di ng neans, and conparing together and/or relating to each
ot her t'he ascertained values. Information about the extent of the 30
separation of sanple or reference conplex can be obtained fromthe ratio

of the ampbunts of first and second nmarkers, which are bound for exanple to
the substrate or the pillar. 28 0 In an enbodi ment in that respect the

i@erlinkage which includes the first, the second, the third and the

fourth bindi ngse@rdnetgrate (14)st IWheh othER O s RfdckE Sireh Bl6i g mnéorﬂ%e'g
then in a second step coupling to a second holding neans is effected. In

anot her enbodi ifE@tactient perthei jampte Witk tBR maidn§PHakakesr PErRe, amderebiyethe
ther enbodi et RE f . . etr
conj ugat e i ncl ygieng. & bﬁdsgﬁ?%‘i’et}bﬂ%o&gxgﬂ%ﬂgof@Fﬁe@rﬁgﬁﬁ‘ﬁoﬁﬁl%%sngiBagﬁ‘g

partner BP3 are bound'o irst nmeans, ner
BP4 is i nmobi | B2guodnced.sdf ovoav hioé dunfpceeane,pullhd away florhdiauly othwens there

noved towards each h o that .the third binding 10 partner BP3 and the
fourth bi nd: ngb RAPEITLY Bah 2t Obithe 0 iR, saumpleyrs Bsis has Furower

bi ndi ng part neuntBR4irandotdee meaksgaraei m’ngrél Behdree eenad subliaedi Mg whder ner
BP2 and the third bhindjng partner BP3 are bound on the second hol di ng

means, the firergimaiilgatedRINBMY FQMPIRYebI | i zed on the first hol ding
, and th g t
means, and the two Wtﬂé%dﬁﬁ?é"z%@ﬁﬁ%‘?%@ a@f‘é?érgﬁal%?@e %éspt(b@giégagnhg% .

t he:second bi ndi ng partner BP2 e first bindl ng partner
to each ot her.sampleetsd) isnignmbbtlizeddmdhadirgasurfemes(I3)y Thelsateple mascthes ¢

acid, in artjcul ar DNA.  Pref erall t least two.of the binding, partners
include a 1|%nat#t'frggl 'Sld'%rﬁar{é%rc B%ﬂc?(é?cwé'&ﬁd'.s EBE%ﬁ%fft@the 5%889 rr@'ﬁ‘fj”?ﬁ
the invention parthbe BRX 0)pr &rex nedepiredsdmpt BPE (hetd nﬁbemia)rton'?'dgaﬁbi ch
the conjugate of 131 and B2 is fixed between two surfaces, the pulllng
force is applVBAr®) BPeRiRgmic SPUBchinsihPenenHhsh viHeh dateurndeni the
ef fected diregddoydoar %4){1 marker. 25 This enbodiment is discussed here
inrelation to the two fornhat's

The two surfaces are brought into contact whereby interaction of

15 BP1 with BP2 takes place. If now the surfaces are pulled apart, preferably
the weaker of the two complexes breaks, that is to say either the complex
of BP1 with BP2 or the complex of BP3 with BP4. The distribution of the
conjugate of BP2 and BP3 between the two surfaces is determined and
gives information as to which of the two complexes was the more stable.

R 20 Binding of the sample (15) in the capture format can be effected
covalently or by way of weak interactions.

The preferred apparatus for carrying out the present invention
comprises: |

i) A use means which comprises two surfaces for binding of the

25 reaction partners,

ii) The binding partners which are bound on the surfaces,

iii) An apparatus for bringing the two surfaces into contact and
separating them again after molecular interaction of the binding partners
has occurred,

30 iv) A marking means for the conjugate of the binding partners BP2
and BP3, on the basis of which the distribution between the two surfaces

can be determined, and
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whi ch can al so be inplenented by all other enbodi nents, nanely the
sandwi ch format and the capture format: In the sandw ch format of the

di ff'erential force test (Figure 5) the conjugate of BP2 and BP3 invol ves
the sanple (15). A binding partner 30 BP2 (2) of the sanple is specific
for a binding partner BP1 (1) which is bound on the first surface (13). A
f@t her binding partner BP3 (3) is specific for one of the binding
partners BP4 (4), wh) Ah appdratus] fandeteetid® of ebentbriingf meang.14) . When t he
two surfaces are brgu{aﬁr}t into ,%ontafﬁt’ interaction of the sanple with BP1
and BP4 takes pl ace™® é?’&&\%ak XaMPlf faces (13., 14) are joined by neans of

t he bi nding conpl exesrcBltedtfor B npRMLIEdf thé cBAWId RS §inif’1?&?§p?’\ﬁ%iPi“éll18d

away from each other, then 5 preferably that one of the two bindi
conpl exes, whi BWNRRtIYELNERRYIdINuNbi ndi ng force, breaks. The sanpl e adheres

to that surd ace at j : j [ ki I gy Xa. LD the
capture forg(mat of tdﬁﬂégF}P F g‘?ﬁé}ﬁ %?O\?%lrﬂlé%at ?{éﬁs{]lﬁ%%&?én ;’g% H@Q@hﬁpﬁ%c? f&%)

i s i mobilizedthen comeplekest bikirf/atreptadylin. ahde imingilietinyasrepbavidid) &an sbe

bi ndi ng partne Pl. whi is specific for the second binding partner
BP2 (2). BP2 iéet?g%’ﬁriég BM qgkﬂ‘ﬁ:@n@gﬁqr&e&&?t{h a conjugate, wherein BP3
binds a fourth bindPmgcipar:t ner BP4 which is bound on the second surface

(14)'. The two surfaces, are brought into contact whereby interaction of 15
BPL with BP2 takes PI&Fe3nds iImbIPRIAEN sare Howsdaloe apaHbEm@teparkluopesgancebl y

t he weakerqpf & 5 tehatidrSolh iiher A | ex
of BPI with Bp?aolﬁédty\%é corr{}:/)ﬁjgﬁsi(s)g ds%sla & ttﬂgégiﬁoﬁﬁ 28 haBtend! iAth;?%rgé’{?;g?
conj ugat e of BFiflaanhiGPs beateskwithhiziotinois Suovert tvarss dbe esubistredie dndsuahi @ es
information as ' . 1.he conpl exes s.the nore able. 20 .

Bi ndi ng of thewégr%/gﬁﬁ?[%'obﬂ “P’hé\c%c'ép%?%a(ggrtﬁgtp'Iia({ncadb[)@ldfsé'&e( égrep?tavudm
covalently or tyupley 1of weakof rther aebtarits to The BuBSteateed RRPABABHSISI Bhen
carrying out the present invention conprises: i) A use nmeans which
conprises two EMevRE @985} bl dfiong!uste, tthe procedure involves determining which

15 proportion of the streptavidin was transferred from the iminobiotin of the
substrate onto the biotin of the pillar and which proportion of the
streptavidin was transferred from the biotin of the substrate onto the
biotin of the pillar.

Upon separation of the surfaces, one of the two bonds must
) 20 become detached. In that situation the ligand remains bound either to
the pillar or the substrate, depending on which of the bonds is
mechanically more stable.
Implementation:
Coating of the pillar .

25 A microstructured pillar was made from PDMS
(polydimethylsiloxane). In that case the structures consisted of small
pillar feet portions measuring about 100 x 100 pm which were separated
by depressions of about 25 um in width and 1 um in depth. Bringing the
pilar and the substrate into contact presupposes that the buffer

30 therebetween is displaced. That is possible only with extreme difficulty or

slowly, when smooth surfaces are involved. The grooves in the pillar
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25 reaction partners, ii) The binding partners which are bound on the
surfaces, iii) An apparatus for bringing the two surfaces into contact and
separating themagain after nol ecul ar interaction of the binding partners
has occurred, 30 iv) A marking neans for the conjugate of the binding
partners BP2 and BP3, on the basis of which the distribution between the
t surfaces can be determned, and 30 0 v) An apparatus for detection of

the marking meghs,re %&h@EBh?derEﬂagel XOE fc?ﬁfn/aerﬁfedp raﬁ%’&ar Igriﬁﬂepé

the conpl exes biotin/streptavidin an 0 avi
experi ment shov@ntapaef ttheepldjiarf@e@neemnsmthéhaﬁbbmmg force of the

R e by o (A 30k AfaRfdal BrAR! Bld-BlerldaPd RS Mol es areyt i o

det erm ned byadlf erenti al foree tes ri Nci

are bound to a‘pabsdd awvey” IEIyuU'reepdlamam tfﬂe()smmtmtmd intmpdraimhalge remtiopighh t 0
theirrrmbll zed Ee%tens ngr or Iar which is coated with biotin is
noved towar Vit BE@PPYA‘?%'”E LPé'ILFr DRINERSEY VAeRffheramReiRmg s9BEsNd

to the pill ar %ei&rﬂ!ﬁ theajé{sr@pbaméﬂnﬁb|e@lﬂe§l|ﬁ¢row dﬂ%)‘\eg:flllérhgnaatpatrfamu§o

t he substrate. illar is then renoved again. To concl ude
procedure i nvolPQ/é!B“éFéC{ as @i TafALeae ealuesn sheeyaluatienairocedurst r ept avi di n was

LSS err e o % b0 SHktnglrokhBe LAY 5 B0) ek B bakp Sty e
bi otin of the klllﬁ)smn)GtUEe ofisticone elbstwmer afid tiossHinking reddomn (Bpgamt 184, of
Lhe S Lok O8G,Bhribhd MR Mot R e R e o o ilebht o,
dependi ng on Whitbstelictiuhed Bangdsh W%feﬁ@ﬁ@%r‘érﬁébdrb’pl@@as%tﬁlgt@and incubated
perpendicularly for 24 hours at ambient temperature. After
polymerization the structured surface of the pillar was exposed to an H,0
plasma at 1 mbar in a plasma furnace for 15s. The oxidized surface was
15 incubated with 3% aminosilane (3-aminopropyldimethyl-ethoxysilane;
ABCR, Karlsruhe) in 10% H,0 and 87% Ethanol for 30 minutes. The
silanised surface was washed with very pure water and blown dry with
nitrogen.
Attached to the amino groups of the silane was a bifunctional PEG
20 of which one end had a carboxy group activated by NHS, while the other
had a biotin group. 20 pl of a solution with 2mg/100ul of NHS-PEG-biotin
(Shearwater, Huntsville) was incubated under a cover glass for 1 hour on
a pillar with an area of 1 cm? It was washed with very pure water and
blown dry with nitrogen.
25 | Coating of the substrate:
A glass object carrier was cleaned by a 100-minute treatment with
saturated KOH-ethanol solution. The cleaned surface was incubated with
3% aminosilane (3-aminopropyldimethyl-ethoxysilane; ABCR, Karlsruhe)
in 10% H,0 and 87% Ethanol for 30 minutes. The silanised surface was
30 washed with very pure water and blown dry with nitrogen. Attached to
the amino groups of the silane was a bifunctional PEG of which one end
had a carboxy group activated by NHS, while the other had a t-Boc
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| mpl ement ation:  Coating of the pillar 25 A mcrostructured pillar was nmade
from PDM5S (pol ydi met hyl siloxane). In that case the structures consisted of
smalil  pillar feet portions measuring about 100 x 100 p.m which were
separated by depressions of about 25 min width and 1 min depth. Bringing
the pillar and the substrate into contact presupposes that the buffer 30
t@gprebetween is displaced. That is possible only with extreme difficulty or
sl'owl y, when spovehtesliefranegraum (NS PESINHTtBocgSimaewater, thenteivliedr e O

h h ff | j ckly . es conplete contact
of the pillar 5% PhSecH R raRY amehenishi e MR FOhSneacaabacibe 1S he
m crostruct ur ebicgint bat NASAPAIAEIOER esi@mé,psg.sw@hsvaéﬁe Wsﬁé}ﬁivﬁw 'tdﬂgté?ﬁ

the substrate in mrror-image relationship 5 with the grooves i o
pillar. The inS'@REngyremiael srMistack satitionny PYBSOIED givepa Sise@htcencendratnsi t y

of the nol ecul [ t |l h 1] ] as a

ref erence \E}S;I ugﬁisnrﬂt g%@v%ﬁéé'ﬁ% Srt%g{éjﬁgq%?gn%’r g’?ﬁﬂ?gﬁt ﬁiqené%sggp?ﬁtc?ﬂred
pillar a conpoBiotinororcominpkiotig aespedivaty xttmrd'\e)famihbfonetiehfl&hdrfgflaﬁld
cross-linkin t | gar 4 0_.Dow Cor ni after tiple
degassi ng, | g %)lg%gg%ebé@ée ecﬁeci%r?rgbhptﬁ%YPngr ug‘%F é’lﬁa%i'm?%eMPéro%d a
snoot h pl exi gllassr (i at satarsted neateatgehogpicPeN@aSHERMWiYh fVary %rl@q}v'ét%raérﬁl
anbi ent tenperature. After _polynerization the structured surface of the

pillar was expdS¥h €&y Withipitrodghasma at 1 nmbar in a plasma furnace for 15s.
W ; TE i  3h 3% ar .
R S e T Sy,
A : - ur e
Et hanol for 30c4H UBE?@J{(%E@%N&S'ﬁr@@éé%%%ﬁ{)a%f%&@ﬁowgfgrx\ﬁﬁ&d\/%\?’olgwg

wat er and bl own dry w ni trogen. 'Aftached e anno groups
silane was a b fapneentragionPEG0. 20mgf mihincle glyeineriNalat baffear gk yL0)r othe

acti vated by Nl Sl NEuBLRS for A1 nAnbhY bin 42 B51u0n PlrerhathSPher O
5 minutes in that buffer and blown dry with nitrogen.
15 Pillar procedure:

The pressing or pillar procedure can be carried out with a simple
apparatus as is shown by way of example in Figure 1. The apparatus
comprises a base plate (1), two guide bars (2), a pillar slider or carriage
(3), a pillar head pad (4), the pillar head (5) and the pillar pad (6) (see

20  Figure 7). The base plate, the guide bars and the pillar carriage can be
made.from metal. The pillar head pad can comprise a foam rubber and
the pillar head can comprise plexiglass. The pillar is square and is of an
area of one ¢cm? and is 1 mm thick. The pillar pad is of the same
dimensions but is smooth on both sides and comprises for example a

25 .particularly soft PDMS,

For the pillar pressing operation the substrate is laid on the base
plate and the pillar on the pillar pad. Both are covered with buffer (pH
10). The carriage is introduced into the guide bars and moved
downwardly by hand until the pillar comes into contact with the substraté.

30 Separation is also effected by hand.

The function of the pillar head pad is to bring the pillar head into an

exactly parallel position with respect to the substrate, when applying the

33



(Shearwater, Huntsville) was incubated under a cover glass for 1 hour on a
pillar- with an area of 1 CM2. It was washed with very pure water and bl own
dry with nitrogen. 25 Coating of the substrate: A glass object carrier was

cleaned by a 100-nminute treatnent with saturated KOH ethanol solution. The
cl eaned surface was incubated with 3% am nosil ane

I(gan‘i nopr opyl di net hyl - et hoxysi | ane; ABCR, Karlsruhe) in 10% H20 and 87%

anol for 30 maﬁ*Utﬂ% ﬁTﬂae pald! Rpb e éé%b%ﬁ@at’@ﬁi&iadn@%e%ws BEEYedHr ©

wat er and bl ovvn dry wi nitrogen. Attache no groups o
silane was a bﬂﬁ@rﬁ’d{arcﬁm theegubstraliti ch one end had a carboxy group

activated by NHS, V\H*h'eesﬁ#&;e%tﬂ fe Rl §0\§ d 35?&8%@1 ef Gh %C\, S‘&%ﬁﬁﬁﬁgs

(NHS- PEG NH-t Boc, Shear wat er ont svilTe c prot ec
then split off tmatl:hotml bowrad dio eihet pitlamaiach. intdeBactbmath rthanstréptdvidim nefbtrd i n

(Sigma, St._Loui ective dilyted _sfarting froma 50 nmM stock
sol ution ir DI W é&eg lb%Bﬂ'aeHmedtqf %85"89 EeS e SUifasgs were
(phosphat e buf fsgpgldatéalfrdpﬁ,eas_hg,lﬁm,— The attachnent of biotin or

i mnobiotin respectively to the am no-functionalized glass substrate was

effected fromthat é&BastresRentrnat was i ncubat ed for one hour in a

saturated water at mﬁ;@h fiISr é%s?ﬁ%SWBEHaY Ye %arw%dﬁeﬁggmﬁbxgwth

ni trogen. 10 For the pu poses o ndi ng he S rep avirdin A

conj ugat e (Mol éRertkam ERmeb&eneFage dY) irarespact ioftheasapkardilerd-Flidress46.ng a
concentration of 0.1 nmg/m in a g lycine/NaOH -buffer (pH 10). The
substrate Was i ncub&vetlation 2@ Resuit:es with the solution, then washed for

5 mnutes in that b and r i.th nitroge l | ar ocedure:
The pressing or pill [3 %ﬁ%@%@ @Qm@zsﬁr%evgdaPPi%”?ﬁP%ﬁtﬂmt% QthT% ects the
apparatus as i gifedi nbe/cnawcaq)fst@fmpbteth@ s'ffféﬁté@ldln HdfteARRAAAEYSs. The
conprises a base plate . two guide bars (2), pillar slider or carriage

(3), a pillar He&§ qfa@f(mptmt petopibiqthy q@éa%sq%r)dSaﬁe heé e lagtugladoy@)ng see
events, that is to say the coupling number corresponds to double the
15 transfer,

15% of the streptavidin bound to biotin is entrained by the biotin-
coated pillar. 30% is transferred from iminobiotin to biotin. On the
assumption that the coupling efficiency for both tests is identical and
subject to the condition that the density of the iminobiotin and the biotin

20 on the substrate is equal, it can be concluded that the streptavidin-biotin
bond is stronger than the streptavidin-iminobiotin bond.

Figures 8A and 8B show a representation of the substrate and the
pillar after the pillar pressing operation. Measurements with the AFM
force spectrometer gave 160pN+20pN for the receptor-ligand pair

25 biotin/avidin and 85+15 for iminobiotin/avidin (Florin, E.L., Moy V. T. and
Gaub H. E. Science 15, April 1994, Vol. 264, pp 415-417: “Adhesion
Forces Between Individual Ligand-Receptor Pairs”). The force comparison
between biotin/streptavidin and iminobiotin/streptavidin comes to the
same result in qualitative terms.

30 Experimental Example 2:
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20 Figure 7). The base plate, the guide bars and the pillar carriage can be

made fromnmetal. The pillar head pad can conprise a foamrubber and the

pi-l:l ar head can conprise plexiglass. The pillar is square and is of an

area of one CM2 and is | mmthick. The pillar pad is of the sane

di mrensions but is snooth on both sides and conprises for exanple a 25
ticularly soft PDVS. For the pillar pressing operation the substrate is

laid on the base plratee aast tvieh pidveade @illdrh@resdihar upind. thet xanhpleC@fes ed
with buffer (pH 10), The carriage is introduced into the guide bars and
nmoved downwar GCYRANSPENd uﬂ%il the pi 194PPIESRES inP@tMﬁ¥r§E¥aW'ﬂh t hand
substrat6. 30 JagBabBlotiAPstrép@ividinef fected by hand. The function of the

P .

pillar head pad is to bring the pillar head into an exactly B@:}rﬂallg
inging aerceghe

position with respedihet@xpranmenibshovedthathide difisrgnees imthasn g
Phd the oubdt r o aneteBBRes Bidti SreBtdyiilh P HESHRBRIGHRYMTERraAIE Bin b8l

that the bi ot idetéonimeédtly & hifferential forae teésttwithatversdiptilae presspg.avi di n of

the 5 substrate. Afjer an incubpation tine of 30 minutes the surfaces were
separated from each’46?14%&{0"’!\@’;@’2%%&15“%%@?% |lar and the substrate were

scanned with a | aserp scapigbstrbigrkd N Epiar Cepgkrc L@ak¥) | FrdisPepps
t he marker Al exa-Fluor*-546. 10 Evaluation and Result: The differing

transfer from KPeb/dimeinyisHoxaprbt i I tthabi@se ntheefstedatyres gonsistddeof ngmall
rechani cal 1§t aBildr oot ifn e HER AL UL EY SBEPLEXRRICTRE e LERAREEY ©f

biotin onto biotin corresponds e actual caupling  even

to say the couplyi depressioas of aboes @engs nowttthbdred them b depens Beingind thef
the streptavidin, bound to biotin is entrained by the biotin- coated pillar.
30% i s transferpr“@f farrlﬂnti?\ﬁ ARSHE R {BOhiCONE3Lt BregHRPoses that the  buffer

therebetween is displaced. That is possible only with extreme difficulty or
slowly, when smooth surfaces are involved. The grooves in the pillar

15 ensure that the buffer flows away quickly and guarantees complete
contact of the pillar feet portions with the substrate.

A further advantage of the microstructure is that no molecules are
“pressed away” by the pillar on the substrate in mirror-image relationship
with the grooves in the pillar. The intensity value of the remaining “grids”

20 represents the density of the molecules in front of the pillar and can thus
be utilized as a reference value in the evaluation procedure.

To produce the 1 _mm thick microstructured pillar a composition
comprising a 1:10 mixture of silicone elastomer and cross-linking reagent
(Sylgard 184, Dow Corning) was poured after multiple degassing between

25 a suitably structured silicon wafer and a smooth plexiglass plate and
polymerized perpendicularly for 24 hours at ambient temperature.

The substrate also consisted of 1 mm thick PDMS. However the
substrate was not structured. For production thereof the mixture was
poured between two perpendicularly disposed plexiglass plates and also

30 incubated for 24 hours at ambient temperature.

Coating of pillar and substrate:
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assunption that the coupling efficiency for both tests is identical and
supj ect to the condition that the density of the imnobiotin and the biotin
20.0n the substrate is equal, it can be concluded that the
streptavidin-biotin bond is stronger than the streptavidin-imnobiotin
bond. Figures 8A and 8B-show a representation of the substrate and the

| ar after the pillar pressing operation. Measurenents with the AFM

rce spectroneter TQ@V@OWWM&@ID&WUQDré@%nﬁﬁ@r@ﬁﬁ&tuﬁchBDMSJQ|aTte85vere cut
blotin/avidin (Florin, E. L. T

b tin/ di d 8515 )
Ghob 1 e Y B 228 o Dram 1 394N s iRbes Wesh €xpg5ad £0 ankhbubERMAh d0s
Bet ween | ndi vi %%mb'ﬂ%ﬁ‘é’c@ﬁ@@phﬂfar%”% k. The Ixdigéd %Pm@ @99 inB&bAREN

bi otin/streptavidin and’im nobiotin/streptavidin cones same result
in qualitative Wit s SOBBIGK 9€r3%eptdehyERasiANe £4- tBﬂthD)Wcsrlw)utt@lsal vimkhro,

everse il Lar peeshith USIdthd s FXATASE) Sha SHTRAULSRR Fe P REIRAE S

biotin/streptavidin and ot i n/'streptavi

t hat the di ffefreﬂcsaiamsed Iserfanbiwal ngashedceith &hahol bed oyl pyes water and

bi oti n/ st repta d| n gﬁst hi obi otin/streptavidin can be determ ned by a
differenti al ¥tw' HrPeSerse pillar pressing. Production of pillar

and subst rate A m th‘éSdetQTo%ﬁQedf“shb%raY@ssaﬁ'&dpﬁllérrs%P%ub ted overnight
(poI ydi met hyl siloxane). In that case the structures consiste 10

pillar feet pom |P&%(ﬂb@%ﬁf’rqtﬂgbtéffﬁf§ﬂ galmex @gmansml@hnweldé%ewamaa%dssgx
ot the subdrr (POPME, serh ot ] B, Kl BRlinglih o Pin thkl GpsPuish i s

and the su te |nto contact presuppbses
di spl aced. Thabmd;s pogsitel @anomd grovph texheendelydd igeolpsy oﬁrtheSakLWéce. VHeen

bur fer 11 ove. aalAP (A PUERE SUI AT LG e T e cbe s aE TBRUEI W I

feet portions whHiunk hBofdHgf iRt for A Y Uhidlftes advaina 9 OfactiNatdl Chigsihr YRpur e

is that no nolecules are
desthiobiotin (Sigma, St. Louis, USA) was bound to unused amino groups

15 of the BSA. For that purpose, 50 mM stock solutions in DMSO were
respectively produced. They were then diluted with PBS to produce a 5
mM reaction solution, in which respect 50 mM EDC (1-ethyl-3-
(dimethylamino-propyl)carbiimide; Sigma, St. Louis) and 25 nM NHS (N-
hydroxy succinimide; Sigma, St. Louis) were added for activation

20 purposes. The reaction solution was pre-incubated for 15 minutes and
then incubated for 30 minutes on the BSA surface. Carboxy groups
additionally activated on the BSA were blocked for 2 hours in a 0.1M
glycine solution. The pillars and the substrates were washed with very
pure water and blown dry with nitrogen.

25 Depending on the respective pillar composition a fluorescence-

marked streptavidin-AlexaFluor®-647 conjugate (Molecular Probes,

Eugene) was bound to the substrate or the pillar. A 0.1 mg/ml

concentrated solution in PBS with 0.05% Tween20 (Sigma, St. Louis,

USA) was for that purpose incubated for 20 minutes on the corresponding
30 surface.

Pillar procedure:
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"pressed away" by the pillar on the substrate in mrror-inmage relationship
mnth the grooves in the pillar. The intensity val ue of the renaining
ngds 20 represents the density of the nmolecules in front of the pillar
and can thus be utilized as a reference value in the evaluation procedure.
TQ produce the 1 mmthick mcrostructured pillar a conposition conprising
110 m xture of silicone elastoner and cross-linking reagent (Sylgard

184, Dow Cor ni ng) weise msemgabfe}fuambm@derdegasee RErrR&d weerw%ﬁ 8 sHigiebly
structured silicon vvaf er and a snpoth plexiglass plate an yIer i ze

per pendi cul ar | IPRYALYS A% iR ShAWNa ki \é’ﬁt/ @eﬁp@mﬁhﬂf‘e Figrie %ubghﬁaﬁepairatus
consi sted of lcimplibesls PERAG p| V‘gi’)erthdqgum%“t@aﬁ‘% (?t)ea‘lf}ﬁﬁapgl‘idél 51"3:5%?&?'

For production thereof the m xtur our ed er pen
di sposed pl exi g}lass ppplastheadmpadal(4o thBOplilacbbad ¢8) eod the ;hndiarspaﬁ (abrt(lseet

Str et or 60 andl ML Poct e Bt EMeatlS G vetk 2Ry and ) Je ciifadd fon ten

the pi eces wer magepsed netadn HROMI@SHead pad capl espribeiranpsAmatubdrband f or
30 s. The oxi d{ zed, sur,face was i ncubated  wth a sol ution of 2% al dehyde

silane (4-trietfoRVET NABLCARHOMAHER RIexiglaggs  Hres RlpmcatdrensaipR e b &f H20
and 88% et hanokn f &Hea36f MBrHMIL@s? anth %rha@maﬁd frHéf;ﬂﬁsr Yae ll@%?e\%é(‘@a}?ne

et hanol and very pure water and dry with nitroge

functi onal i zeddiSNERSORE éBJtaﬁd SmOOtbr Qn\/\b@l'él sideabanddonpeisesgfar exaniBS a
(phosphate &)Ufp%&%ﬂlasrw gma St. Louis, USA) with 2% BSA 10 (bovine
serum al bum n; a Germany). In that case BSA binds with its

am no groups to theTIaéﬁe'IWcﬂmgf@hl@@llta‘r e pad feebrif®the ?ﬁlfﬁ?lﬁéé@ﬁrht@an
pur poses the resul chiff's bases were reduced with 1% sodium

bor ohydri de f ofXa% Vn?%rl?t &4 POBIHAN Mk é%%ﬁ%ttedhﬁl%‘Pﬁﬁa%dWhG@sQWWbiQ)thﬂ
(Sigma, St. Lopiigr. YR8)piNae pRaUdvES Y Orf%ﬁ%%r%’i@f’f@ﬁné@eﬁﬁeééﬁﬁeﬁ?@en For

t hat purpose, 50 nM stock solutions in
the pillar and the substrate.

15 For the pillar pressing operation the substrate is laid on the base
plate and the pillar on the pillar pad. Both are covered with buffer. The
carriage is introduced into the guide bars and moved downwardly by hand
until the pillar comes into contact with the substrate. Separation is also
effected by hand.

20 The surfaces were moved towards each other in such a way that
the free binding partner on the one surface can interact with the complex
of streptavidin and the respective other binding partner on the other
surface. After an incubation time of 30 minutes the surfaces were
separated from each other.

25 The following reverse procedures were implemented:
Procedure 1 2 3 4
Pillar Biotin Desthiobiotin | Biotin Desthiobiotin
Streptavidin | Streptavidin
Substrate Desthiobiotin | Biotin Streptavidin | Streptavidin
Desthiobiotin | Biotin
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respectively produced. They were then diluted with PBS to produce a 5 nM
reaction solution, in which respect 50 mM EDC (1-et hyl -

(di'net hyl am no- propyl )carbiimde; Sigma, St. Louis) and 25 nM NHS (N

hydr oxy succinim de; Sigma, St. Louis) were added for activation 20

pur poses. The reaction solution was pre-incubated for 15 mnutes and then
i@ubated for 30 mnutes on the BSA surface. Carboxy groups additionally
activated on t he BSAheeattabhouwedof the 3t|rap11a\s'dinnt<atbelsubsgiayeimetlselpitliaqn

i d
dry v th it roddit T8 BRI AiFfackS) S8 oRE e e phpy A T R peges

fl uorescence- rr&keshtssl ept avi di n- Al exaFl uor(r) 647 conj ugat e (Mol ecul ar
Probes, Eugene) was bound to the substrate or the pillar. A 0.1 ng/m

concentrated sol uti dRei RIIPESARAt He SebsE iR 858 %@’@#ﬂ wih aLages, Scarmmer
was for that pyGRASEixi HGOHHB! Q&erins?t@urﬁﬁ'eﬂtktﬁ%orwéd”)e it ¥e5FeRCHELRY M%@«ar

surface. Pillar procedure: 36 The pressing or Il ar procedurée can
carried out w AexaFuiorptet7. appar atus as i s shown by way of exanple in
Figure 7. The apparatus conprises a base plate (1), tw guide bars (2), a
pillar slider or cafvetugéion ayd raswit! | ar head pad (4), the pillar head (5)
ane-the pillar pad q)p (pbge 5 Figure 7). The base plate, the guide bars and
the pillar carriage can made fromnmetal. The pillar head pad can

conprise a foam rublae anevertsee pinple@nehesidncaperaiteri eealpbgshgl agsch Thig
pillar can_be s o) nd 1 nmthick. The pillar

ne
pad i s of tfe ] e&gﬁgﬁg tBﬁgcn%a“%%segg'ﬁ%ggﬁcéﬁ t%b’?t FRS; Hieke GRa Redifferany
for exanple a difsipREtofCHIRIihY S&theRDYR- thENgrst UWid 's@&er:T stifeces! | f_ﬂ'hl@e@d

pad is to bring the pillar head into an exactly parallel position wt
respect to thea§b'l§§?¢atneth@\h@ﬂlapmﬁylmgxmnﬁn podsitie. caumings| heg tpkensmtoes

to compensate fghqigbtdtYn, "N CHN tR5s @ TR shblkt B AETwBNLFG 1 UPTA Rk

evaluation procedure only the transferred fluorophores are taken into

15 consideration. Figure 12 shows that the ratio of the binding forces of the

various binding complexes B1 and B2 can be calculated from the quotient

of the fluorescence intensity which transfers onto surface 1 and that which

transfers onto surface 2 (Figure 12B: number of the fluorophores

) transferred from the first onto the second surface = 2; Figure 12D:

20 number of the fluorophores transferred from the second onto the first

surface = 6). In this respect it is only presupposed that, on the surface

which has the lower density of binding partners, it is precisely that density

that is constant for both partial executions of the reverse implementation.

That assumption is permissible here by virtue of the very similar

25 properties of the binding partners BP1 and BP4 to be compared (for

example size) and can also be checked by measurement of fluorescence

intensity prior to the pillar pressing procedure. This evaluation procedure

does not take into consideration the influence of different affinity
constants on coupling efficiency.

30 Figure 13 shows by way of example the measurement results and

the evaluation thereof. As here two spots which were not completely

congruent were brought into contact, the overall transfer and therebeside
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15 For the pillar pressing operation the substrate is laid on the base
plate .and the pillar on the pillar pad. Both are covered wth buffer. The
caryiage is introduced into the guide bars and noved downwardly by hand
until the pillar comes into contact with the substrate. Separation is al so
effected by hand. 20 The surfaces were noved towards each other in such a
that the free binding partner on the one surface can interact with the
llex of st tpiw-shetifiddrdrifor 59 BRCAENGHRBE N @ienavaﬂaﬁ%graﬁ{op@hé he
other surface. After an incubation tine of 30 mnutes the surfaces were
separat ed fronfRelsh it Heeanof Tine seansowi TE meeen s@lpesdediasescivef eoverall
Lnpl ement ed: Pracerr eda3doRiphaRB §bhSRRS B RRLIAELOHCAPSS! PbRET & e
StreptavidinStreptavidin
Subst r at eDest hspitispt whiBhowienStmeadlareddim & iiregepmnideénd tBssd.hi Specific niBadfen 37

0 The attachnent. of the reptavidin to the substrate or_ t illar, wth
the sanme sutfalHg®s rﬂﬁ%tog%r\’/ee cﬁfﬁ%reggﬁeof?gg%lqveéﬁlz tf"i‘fés‘r%ﬁ'f ﬁrJg@ngg"sB%C'é\é
control. The ptdahgferand the substrate were scanned with a | aser scanner 5
(GenePi x 4000B, Axon Instrunments Inc,, USA), in respect of the Marker

Al exaFl uor x- 647. EvaPBatea) avelugesef tthe pevatse rrocedergsevefr dbe pressing

I npl enent ati on ) LAn ' L SinaLHipdependent of the coupling
efficiency. | ne{?ﬁ%@h@gg%ﬁgﬁ%\h@% éeq:glik#\?lentgen BIQ%ensi ti es of binding
partners on the fir3tarsmfdr sestweptayidih doms.thgThibstriate tacheeikar:i n that only
t he maxi num possi bl e couplings are taken into consideration, as only those

can be shared to the two surfaces]. In the evaluation procedure only the

transferred f|gerftihgties are takeOveriltransfer | Non-specific Specific
Biotin->desthiobiotin 9600+2500 7600+ 900 200
Desthiobiotin->biotin | 236005200 10200+1600 13400

Transfer of streptavidin from the pillar to the substrate:

Combination Overall transfer Non-specific Specific
Biotin->desthiobiotin 10800+3700 7500+ 1900 3300
) Desthiobiotin->biotin 23200+ 700 6900+ 1100 16300
15 Within the limits of measuring accuracy both tests afford the same

result. The quotient of the transfer to desthiobiotin and the transfer to
biotin is on average 0.18. Clear qualitative information about the binding
forces is possible on the basis of that relationship: the reverse pillar
pressing operation shows that the binding force between streptavidin and

20 desthiobiotin is weaker than the binding force between streptavidin and
biotin. As streptavidin/biotin/desthiobiotin is a complex system in which
multiple bonds to a surface are possible, quantitative information relating
to the relationship of the binding forces is only limitedly possible.

Experimental Example 3:

25 Force test for the comparison of two DNA-duplexes
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15 consideration. Figure 12 shows that the ratio of the binding forces of
th vari ous bindi ng conpl exes Bl and B2 can be cal cul ated fromthe
guotient of the fluorescence intensity which transfers onto surface 1 and
that which transfers onto surface 2 (Figure 12B: nunber of the
flLuorophores transferred fromthe first onto the second surface = 2;

ure 12D 20 nunber of the fluorophores transferred fromthe second onto
the first surface Ihe) experiment shesysedhattthes widipdineSopmssef tviatDNAn
the surface which has the |ower_ densit bi ndi artner It
preci sely that d&@rl]egietsycaq ‘If?gt cqrgp%rgﬁslﬁér%dﬂ%geg&allﬁgg sy 'ejgchhﬁ E%Errmle t he
reverse inpl emeiipddst an.involtied aagoupmdd Qairss |ef rdeisilBl strhgdewhlie Vdugiee Df
the very simlar 25 properties of the binding partners BP1 and BP4 to be
conmpared (for ¥RiKeY @ 2] base paits ©Ag dauRlesErdkbcked by neasurenent of
fluorescence int enﬁr;ﬂg?%_j or to the pillar pressing procedure. This

eval uation procedure es not take into consideration the influence of
different affinity Qigesugieotidenl deuplignd) eif terieinelly Boumd gtor @ s@bsthates by

f I : t Wt - wval i;,on, t hereof . here
too apot o whi ool GerERBHEE I B0 8 R ke d K R SPRAC contiled
the, overal lj tr ahe Qrei@fbrtﬂm.epﬁgmﬁl%ﬁclfcﬁ:idéle (roligpsgiis im/btrrd?ze[ﬂf Wwithagigole
ascertained in the overlap region of the spots, by means of line scans,
The mean val ue¥'t aré%%é%{)ceof: 'BQ@?‘a‘P?'”gtfroéﬁ'E%‘{er_g%o%oﬁﬂiﬁi'épﬁi%re_t PRRKeGr
were cal cuj@t eqyity affféteht FO¥RPAbrdd1€01i§891S adMtisiaWe Fea ia?)?‘i"tl’?% biBtig, A

i ndependent tests. Specific transfer 5 arises out of the erence of the
overal | transf @illandhichesmeaterhwitinf steeptavidisfierpreshed medn thal sidstate twith

rabl ee: Tr ana 57 apes POBEGERTNORs ot TS VERGTEEE TRLOFKh Bicty M "
Combi nat i onOvebiigb3ttoatisd etriptevsgiacefl teSpeitart.i CThe pillar is removed, in which

Bi ot i n- >dest hi obi oti n960025007600 900200 , _ _ ,
Dest hi obi ot i n- SBF®tN rABHNEHINGI6 0dlted1 ¥y oligo2 and oligo3 either tearing of

15 the sample complex or tearing of the reference complex occurs.

The sample complex is a DNA-duplex of 20bp. The reference
complex comprises a DNA-duplex of 30 bp, of which 20 are identical to
those of the sample complex. As a reference a second experiment is
carried out, in which the sample and the reference complexes are 20bp

20 long and have the same GC-content.

As the efficiency with which coupling of the interlinkages pre-
formed on the substrate is effected by way of the biotin/streptavidin bond,
can be only limitedly monitored in the pillar pressing operation, it is not
possible in the force test to limit the procedure to only marking oligo2 in

25 order to calculate the ratio of the unbinding forces of the sample and the
reference complex. A second marking in respect of oligo3 is required. If
on the basis of the two markings the procedure involves determining how
much oligo2 was enriched in relation to oligo3 on the pillar or depleted on
the substrate, that affords a measurement of whether oligo2 has a greater

30 unbinding force in relation to oligol or oligo3.

It is to be noted that, in the event of fluorescence marking of the

oligos, no falsification of the measurement result occurs by virtue of
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Transfer of streptavidin fromthe pillar to the substrate:
Conbi nati onOveral | transferNon-specificSpecific
Bi-oti n- >dest hi obi ot i n1080037007500 19003300 Dest hi obi ot i n->bi oti n23200
7006900 110016300 15 Wthin the limts of neasuring accuracy both tests
afford the sanme result. The quotient of the transfer to desthiobiotin and
t transfer to biotinis on average 0.18. Cear qualitative information
about the bi ndifi@redc@heesebsniNeSirbhs&rePIFREE) BasiveeRfthhahrkdsat A asdhai
the reverse pillar pressing operation shows that the binding force between
streptavi di n af@Ntdft FREDI dtatwers Wakearkasn eheami inderipkeoecis befteren
streptavidin ay i t; tiav n AL AEsS oti | ex
system i n whi Cr"]'r‘?ewPeIHPé Ftte@ﬁnﬁ s %B b'ae ngrdf gd(?gﬁ%rr@épossr\gﬁmn Eulgﬁitrﬁg‘a?g w
information r eltbem@erlm;enth@d éhatrefmeMGp egpetineerii beinggatf me:eamessmﬂnyg
limtedly possi ntal Exanple 3: 25 Force test for the

9 frbdrﬁﬁqiﬁdﬁbklma

conpari son °Of t e€xes 39 0 The experinent shows that the unbi nding
forces of two [BMAerichapiteRedpcataim? 30hmEEEXbdrimandi2kfjerential force test.

In this Exanpl . duRle%dt-R¥aLYes a 20 base pairs [ong double strand while
duplex 2 involves a SOHbIaseul{Dal rs long double strand. 5 Principle:

A gonucl epgi de 1 (="8T1G6IYT¢" F%GFthf“ﬂﬁi"T‘y" B 'f TASTps At e.
A igonucleotide 2 (= oligo2) is hybri chszedsspgeiircagd fg@dmeencammnsph@o conpl ex
t hen bei ng f or RedereBice dopecinemiti @ObB qairtdti 204} (+=Expgtimaht2d) Wi th ol i go2,
Wi th a referencg..couph excheldgtomed. Adigo2 and ol 903 are marked 10 with
di fferent {%}uorophores Ul F%Ag'oanus additionally marked with a biotin. A
p| | | ar V\k" C | S Coat e IrAGAGGCCG GCiGCATATT GGA CAAY HTAGIHS'T::I Gﬁggéal”aflﬁfﬂb the SUbSt I’at e W t h
the three hybridized oligos. That gi veuswr Peessierredpaeimgecaf et ot i n from
oligo3 to the streptavidin of the pillar. The pillar is removed, in which
case in an inteply, {%Qﬂ%tﬂﬂcn .oligol with oligo2 and oligo3 either tearing of
15 the sarrpl e cor[rjp ex or tearing of the reference conpl ex occurs.

1. Coating of the substrate:

The substrate used was glass object carriers functionalized with
aldehyde groups (Telechem, Atlanta: Superaldehyde Slides). Polyethylene
glycol (PEG) was covalently bound to the glass surface as passivation
against adsorption of the streptavidin. For that purpose 2mg of

25  bifunctional PEG (Shearwater, Huntsville; molecular weight = 3400g/mol)

_—
-

with respectively a terminal amino group and a terminal carboxy group
was dissolved in 100ul PBS (Phosphate Saline Buffer, Sigma, St. Louis)
and incubated under a cover glass for 2 hours on the object carrier. The
Schiff’s bases resulting from the reaction of the amino groups with the
30 aldehyde groups were reduced for 5 minutes with a 1% NaBH, solution.
Thereupon the substrate was washed with very pure water and blown dry
with an oil-free nitrogen jet.
2. Binding of oligol:
Oligol: 5" NH2-AAAAAAAAAA TCTCCGGCTTTACGGCGTAT (SEQ ID NO:1)
35 Oligol has at the 5-end an amino marker and a spacer of 10
adenines. The further 20 bases form with oligo2 the sample complex.
Several drops of 1ul respectively of a mixture of 25uM oligo1l with Smg/ml
ECD (1-ethyl-3-(3-dimethylamino-propyl)carbiimide; Sigma, St. Louis)
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The sanpl e conplex is a DNA-dupl ex of 20bp. The reference conplex

conpri'ses a DNA-dupl ex of 30 bp, of which 20 are identical to those of the

sanpl e conplex. As a reference a second experiment is carried out, in

whi ch the sanple and the reference conpl exes are 20bp 20 | ong and have the

same GC-content. As the efficiency with which coupling of the interlinkages
- fornmed on the substrate is effected by way of the biotin/streptavidin

bond, can be énHy ImgimediiSmiNhydresyisudcinemidd;| Sigmpaesst.ngoopsr & i pRs it

is not possib ' rce.test to linLt the procedure to only marking
oligo2 in 25 ok@réér)gh@%gé%mea?ﬁﬁ?ﬁe \gé??gkéquurlFQ YRS ﬁa?ﬁedqu}te eofoatpd
sampl e and t hesubsfreteenCEhe @UbbRAte AVaBCRROBaFERS I BUsdtlrdt@8PASH MneddHans s
required. |f %glrthe basis of the two markings the procedure | nvol ves

det er mi ni ng ho¥®" FuBAYGI W@shedawithn® 28k 3D Sn(s0diwn i dedacyislifages Siamenest.
pillar or depl 0 i { 23S L t of whet her
ol i go2 has 2 grgggﬁ)a'rHn%oﬁﬁvﬁgrggfﬁgu%owggéf %ﬁé é%vﬂfgﬂ/ Wo’ﬁ'?'gog%%r ol i go3.
It is to be noted tRatybridizatioravent of fl uorescence marking of the

oligos, no falsification of the neasurenent result occurs by virtue of 40 O
fl uorescence resonance transfer (FRET) between the markers. As a small
amount of FRETObHEPYRen the markers of an interlinkage is often inevitable,
attention is torierqeisacrterdcadpdcket G deiiaibadscbRhREdCEIINASR cbdhaa-EBE
experiment;gand g@s I@N@.%ce experinment being at the sanme spacing 5 from
each ot her. Ex§>er| ment . 20bp agai nst 30bp (=Experinent 2a)

5' NH2- AAAAAAAABAGHRZI CCGGCTTTACGGCGTAT oligol 10 15 1111121112112112111111

Tt GAMGTCGTE R S gP AT PO PR P T ACER R TMACERRAME 111111
ol i gO 5 " Cy5- AFRAGANOCAIAGAGTCTGEGAGCAA AAAAAAAAAA- Bi 0
Oligo3:
15 5" Cy5-AGGGACTTTCAGCAGAGAGTCTGGGAGCAA AAAAAAAAAA-BIO
(SEQ ID N: 4)

The oligos 2a and 2b have a Cy3®-marker (cyanine3, Amersham-
Pharmacia Biotech) at the 5’-end. Oligo3 has a Cy5®-marker (cyanine5,

Amersham-Pharmacia) at the 5-end (all oligos from metabion,
) 20  Martinsried).

Sul of a mixture of oligo2a (1uM) and oligo3 (2uM) in a citrate
buffer (pH=7.2) with 750mM NaCl was put under a cover glass over the
spots of the bound oligol. The hybridization composition was incubated in
a saturated H,0 atmosphere at 80°C for 15 minutes and then cooled down

25 to ambient temperature. The substrate was washed once with 15mM
NaCl/0.2% SDS and a second time with 15mM NaCl at ambient
temperature. The procedure then involved rinsing with very pure water
and blowing it dry with nitrogen. The procedure was likewise in the
reference experiment, with oligo2a being replaced by oligo2b.

30 4. Coating of the pillar:

A 1mm thick microstructured pillar was made from PDMS

(polydimethylsiloxane). The structure in that case consisted of pillar foot
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Ref erence Experinent: 20bp agai nst 20bp (=Experinment 2b) 5' NH2- AAAAAAAAAA
TCTCCEEn7ACGGECGTAToligol it |
3" TGv3- AGAGGCCGAAATGCCGCATATr GGGGAGCAATCGCTAATAGT' r
TCCCTGAAAGTCGTCTCr CAollgo2b of i gO S CyS- AGGGACMCAGCAGAGAG r CTGGGAGCAA
AAAAAAAAAA-Bl 0 | nmpl enentation: 20 1. Coating of the substrate: The

strate used was gl ass object carriers functionalized with al dehyde

groups (Tel echsdsmtuoﬁtslcamwoutSmperﬁllcdcﬁnyrdevrﬁth GRse - sepatateti iy gBpredHiydlor
(PEG was coval ently bound to the gl ass surf aceeaa EaSSI vati on agai nst

adsorption of eARMEEOMM ally dViFthF@Nd e puPpds f For5 thef uREtR@SRal @ PEG
( Shearwat er, "l‘z’tﬂhﬁdélhbﬁ chHt;ﬁ%l-Hgara Weighhlxtu?élgpgllf&he &%%é@gﬂﬁ%?&gl y a

term nal am no group ermal car oxy group I ssol ve
PBS ( Phosphat elirggng rﬁeamntf &ylgard B4, Sow auhing), aﬂidr muﬂwmiatcmgasnsd@, was

esal ting 17 onfPre, SetyRBn' OF Prhsl, SBRinrBlh, e thehodarc rerymectn
groups were r eplezigdtbdsoplate ahdunheabatddchfar ZA%bhu&l-hlt sobldnt @empefagIrelUpaftet he
substrate was wa]shed W t h er%/lir ure ter and lown dry with an oil-free

nitrogen jet. POYEIEREAHGN gtureg syéace of Wi panwRsauResed to an H.0
TCTmTTAC%%Tat(ﬁﬁ@aF% "é%lja)smé”ﬁ.quacg%r negegbnddle S -end an am no

mar ker and a spacer of 10 adeni nes. her 20 bases formwi th oligo2
the sanpl e conpl ex. Thesewxifigeddrea|sbacst Vlg$ mgbehedl wétly 3 aminosilaee of 3-

25[tMolig
(1-ethyl - 3fB( 3\,\%[51%9 é n‘mo Io%ty %xe/sﬂ M5 mAdBeCR’SlKéﬁlaru@) 'r]_o]uqé’) }'i?f) aEHdd
5nmg/ m - NHS (N 8iyadr exhermjcf@lrnBlm rdmutﬁsgnahessnarhmd surfabe RS wWddtesphiastey
Sal i ne Buffer; \'Xg TE &lﬁH re spott ed ont%b(ih coated substrate.
The substrate b EUB LeRd thRNa tYﬁ'”' BHre-p@rer And PR dry ovith igegen.
washed with 0. R%lf@'ﬁ@tléﬁé’ldPE'@ \ﬂ@g%dnﬁijtd he an§h9r§?=0u§§ Btﬁe lsA4he) onk! &5
with very pure water and rHy nitro ridization:
of the PEG havmg an NHS- actlvated car oxy group and the other a biotin
15 group. 20ul of a solution with 20mg/ml NHS-PEG-biotin (Shearwater,
Huntsville) was incubated under a cover glass for 1 hour on a pillar with a
surface area of 1cm?. The procedure then involved washing with very
pure water and blowing dry with nitrogen. 0.1mg/ml! of streptavidin
(Sigma) in PBS was put onto the surface which was now biotinylised and
20 incubated for 30 minutes. Washing was effected with very pure water,
followed by blowing dry with nitrogen.
5. Pillar pressing: _
A freshly prepared pillar and a substrate were pressed with a
solution of 15mM NacCl under a pressure of 400g/cm? onto the spots with
25  the bound oligos (oligol + oligo2 + oligo3). After 30 minutes the pillar
was very slowly lifted off. The substrate and the pillar were washed with
very pure water and blown dry with nitrogen.
6. The pillar and the substrate were scanned with a two-color laser
scanner (Perkin EImer GeneTac LS 1V) in respect of the markers Cy3 and
30 Cy5. In order to ensure comparability of the measurement results the

pillars of the experiment and the reference experiment and the substrates
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digo2a: 5

TT_G%T CCCAGACTCTCTGCTGAAAGT CCCTTTGATAATCGTAACGAGGEGGT TATACGCCGT AAAGCCCGGAGA- C
y3.710 (SEQ ID NO. 2) digo2b: 5

ACTCTCTGCTGAAAGT CCCTTTGATAAT CGTAACGAGGGGT TATACGCCGTAAAGCCGGAGA- Cy3 ( SEQ ID
NO 3 digo3: 15 5 Cy5- AGGGACTTTCAGCAGAGAGTCTGGEGAGCAA AAAAAAAAAA-BI O  ( SEQ
IdaN: 4) The oligos 2a and 2b have a Cy3(r)-marker (cyanine3, Anersham

rmaci a Bi otefcthe expérveht aeddtheQdfershdeasxperbht Weh@iskennéd Yath ReBal
Amer sham Phar naci a%ﬁtat the 5 -end (all oligos from nmetabion, 20

Martinsried). 8peiteN$Hi®%ure of ol i go2a (1M and oligo3 (2M in a citrate
buffer (pH=7.2) W th,759#dhNaCl was put under a cover glass over the spots
of the bound oligol. The hybridization conposition was incubated in a

sat urat ed H20 at nospPrepilaa@ngober sbstmtai wiereeevanatedHon eacblexpedionent2s t o

anmbi ent t enper at ur%vinﬁ%gﬁg@g%gﬁé%é@shed once with 15nmM NaCl /0. 2% SDS
at " a

and a second tinme wt i'ent tenperature. The procedure
t hen invol ved ri nsiThe diffédrencey Afly3e.. et nCyangd vidrewiongeidt b rsyibtiddtion of

' . Th dur. i kewise jn t f erimept, with
o1 i goda bei ng TEp BERTED 31 FepAesoqs Furiabae | Fmof s HeBBte oF ANenfPeni ck
m crostruct ur gskepséd Frovess., THHR amﬁar&wﬁum(m(}%mmuﬁg Wa¥aBehed 6m

structure in that case consisted of pillar foot 0 portions of about 100
x 100 m whi ch fheriwve differensas for depedseind @ligodaband2the nHotipat Neamnd =one

min deptho FOICiAAYARYEROSTa8 GRS oMt MBifePbAtes? b 1RxBLARIE @
(oligo2b). The quotient Qunt = Qa unt/ Qs unt Was formed as a measurement
in respect of the difference in depletion of oligo2a and oligo2b respectively
on the substrate.
Evaluation of the pillars:

15 The differences ACy3s: and ACySs were formed by subtraction of
the intensities of the grooves to which no oligos were transferred from the
intensities of the pillar surfaces. The quotient Qa st = ACy3s/ACy5s: was
formed from the two differences for Experiment A (oligo2a) while the
quotient Qp st = ACy3s/ACy5s: was formed from the differences for

20 Experiment B (oligo2b). The quotient Qst = Qa st/Qs st Was formed as a
measurement in respect of the difference in enrichment of oligo2a and
oligo2b respectively on the substrate.

Result
For the substrate of Experiment 2b the procedure gave the value

25 Qsun = 0.36 + 0.08 and for the substrate of 2a Qa ynt = 0.69 * 0.09.
That gave Qunt = Qa unt/Qsune = 1.92,

For the pillar of 2b the procedure gave Qgst = 0.61 + 0.08, and for
the pillar of 2a Qas: = 1.20 £+ 0.08. That gave Qst = Qast/Qsst = 1.97.
Experiment 2a involved a force comparison of a 30bp duplex on the

30 side of the pillar and a 20 bp duplex on the side of the substrate. If the

result for 2a (Qaun: = 0.69, Qast = 1.2) is considered in isolation, it is not

possible to have any information as to whether one of the two duplexes
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| i nking reagent (Sylgard 184, Dow Corning), after nultiple degassing, was 5
poured between a suitably structured silicon wafer and a snooth plexiglass
plate and incubated for 24 hours at anbient tenperature. After
pol yneri zation the structured surface of the pillar was exposed to an H20
plasma at 1nbar in a plasma furnace for 15 seconds. The oxidi zed surface

i ncubated with 3% am nosil ane (3- 10 am nopropyl di net hyl - et hoxysi | ane;

ABCR, Kar | sruhejasi mot8%taBie @ndhich 96 teiehans| when siparatingahe gingr Hiodnanhsed
surface was washed firstly wth ethanol and then with very pure water and

bl own dry wi t hSHPE8HentoreAme e drrauesHy| ARGt dSHEN tRETaMtS §iosups
of the silane, EQE@riﬁﬂ’th ok tanfnePﬁ%Lﬁ@v?mg Bel b‘b&aéfé!ivaér%da%fﬁ OXYbHaRHe

and the other a biotin 15 group. 20l of a solution with 20ngy

NHS- PEG- bi ot i na(8hetsweft €y3 andurts ooulide ralsulated fseedthmdeeasuredvevelglodss
volvea vedn: RyBRERGl: PRefn ARcie rsphy P EBRE TS 4 e

i nvol ved washi n pure water an ry wt
0.1ng/ M of strceptapoddimg ¢SitgatidpnivallRBS fmstiputforsd confearssorf a¢ehwhdobp was

now bi otinylised and incubated for 30 m nutes shing was effected with
very pure wat erd,“'p?%YVI' @%ﬁﬁ%eﬁdn emqpﬁn%?\r{\gﬁgﬁrcg%@'ﬁp?ﬂé?f‘ of the
pressing: A froghbyduieravias autthar 2888 dusel s rRERL DHAS 6 heMisdYy 3525

sol ution of 15mM NaC under a pressure of 400g/c onto the spots with
t he bound ol i g@sef®nengsl + ol i go2 + oligo3). After 30 nminutes the pillar

Wy |if ; ; d-th i it h
vary pure Wrer and HroauotenBerBHP BpEEaRAabana! HeeBredd BrHBARRAC "5
substrat e wer e gicafurdthevgubistate QoncolQund@ser = dc@dred foPehkipilldd mer

e L ) 4 SRR S e RT3y B B0 OMRs i ULl s
experi ment andabEmXiﬁfaQé@n@ﬁic@meﬁiumrmyanﬂaﬁm 8HE6twas §fredsed afayt &€ in
experinent and_the reference experiment were scanned with equal | aser
intensities. <2b and that approximately twice as much Cy3-marked oligo was

15 transferred onto the pillar as in 2b.

In a measurement procedure in which the same number of Cy5-
and Cy3-fluorophores would have the same levels of fluorescence
intensity, a Qs unt = 0.5 and a Qs s« = 0.5 would be expected in the
reference experiment 2b, by virtue of the identical stability of the two

20  20bp duplexes. The Qg uyn = 0.36, which is ascertained here, is too small
by the factor 1.39 in relation to the result to be expected in a calibrated
measurement procedure. If Qg ynt is corrected by that factor to 0.5, that
gives for the correction of Experiment 2a: -

Qauntcorr. = Qaunt X 1.39 = 0.69 x 1.39 = 0.96.

25 For the PDMS pillar, by virtue of the specific fluorescence properties
of the material, it is necessary to calculate a particular correction factor
for same. Similarly to the substrate that gives:

Qsstcorr. = 0.5 = Qa5 x 0.82

Qastcor. = 1.20 x 0.82 = 0.98

30 It can be concluded therefrom that in all interlinkages formed 97%
of all sample complexes (20bp) tear and only 3% of all reference
complexes (30bp).
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Eval uation: The pillar and the substrate were eval uated for each

experinent. 5 Evaluation of the substrates: The differences ACy3unt and

ACY$Unt were formed by subtraction of the intensities of the pressed

surfaces fromthe intensities of the non- pressed grooves. The quotient QA

Unt = ACy3unt/ACy5unt was fornmed from the two differences for Experinent A
i go2a) and the quotient @B Unt = 10 ACy3unt/ACy5unt was fornmed fromthe

ferences for Expefigueest 98anddB ghak)a vibe of tibé isebisti@tatarr B Fmb/r@celrlnt
was fornmed as nmeasur ement rneggect of the djfferen e |n de etion of

ol i go2a and ol i BSZW%%E‘&&Q?@@PW PEHEESG#S: r SdYIreR W feview
pillars: 15 ThefdiHd eupsges YRS ildrdarEly bsd dﬁ@gﬁnboéﬁBﬁbtW\ W@b@ﬁHe‘P\@ of

the intensities of the grooves to which no oligos were transferred fromthe
intensities of 4thelpigachrcaseonicte cofpreodine CoRtis@hosin= ACy3st/ACy5st was

formed fromthe two ﬁgm&rf & Shd ?f) or medltﬁs ﬁﬁ( 8t 'tﬁ%za}b&’PAt!e gregarce

quotient QB St = ACy35t/ACyost was e difTerences for
Exper i rrent B (@longo2ngon With qligenusieotiget 2250r-2[®4te§pé®/slt/ waiggures OB asda

o 1 gozb respeciiiR g iPPRAMGYLUIMEHE Fesh (reF YRslTErs. rabis IRy bR hioes o
Experi nent 2b tdﬁeflerese@hUeq:rgﬁlee thee Nr&iglﬂ@ss-ro:ﬁ)&ﬁhecbr@ﬁléﬁ'% |f1§fcaté1fby the
substrate of 2a (%A 0.09. That gave = QA Unt/ @B U 1.92.

For the pillar 3%f ‘Qtjntﬁﬁ%wﬁr%%ea’!]?én@fam e G@Pé;‘f 10AGmd 404 cparresp@n@ to
pillar of 28 QfnetbrigHt ¢%d I|Qe§33¢h|cﬁhl%ltpl SEBIR rieH- ?%sbs%tdl% ichs ofjchezgu%trate

Experinent 2a invol ved a force conpa on 't
of the pillar dm¢ BipIndwhicplex betwadnethsd deaks CDh’esSobslttoatrm darfk sdueares

irgsglot for 2a (f%nquEh %1|88s v@%esﬁresseld ?aXNa'ys agonsc'odnesre%%e'n@el3folhaet Icgrﬁlfaclct

with the streptavidin bound on the pillar foot portions. The minima of the

graphs in 10B and 10D correspond to the dark grid lines on the pillars, to

15 which no fluorophore was transferred. The maxima correspond to the

bright square to which oligos were transferred onto the pillar, as a
consequence of the contact with the substrate.

Qst and Q une showed that the duplex between oligo2a and oligo 3

has a unbinding force which is at least 50% higher than the duplex
20  between oligo 2b and oligo3.
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possible to have any information as to whether one of the two duplexes 44 0
wag _nore stable or which of the two, when separating the pillar fromthe
subétrate tore nmore frequently than the other. Such information from
Experiment. 2a alone would only be possible if the actual substance

anpunts of Cy3 and Cy5 could be calculated fromthe neasured |levels of 5
ﬂl'orescence intensity. As the present Experinment does not involve
correspondi ng calibration values, for the force conparison of the 30bp
duplex with th dupl ex in Experinment 2a the force conparison of the
20bp dupl ex mﬁ urther 20bp duplex in Experinment 2b is to be used as a

reference. 10 The quati em sniatosd Eéﬂ@%aﬂ@ét’ter@ﬁl\fa%d/gf'efd%ﬂﬁ |ﬂ§p%“5ﬁ‘?cﬂ
give for the substrate unt / QB unt 92 and for the pil =

QA St/ QB St = Fogw! e’FhS?q:'J‘lﬁ’é'éH‘sg hea3teB®: t he substrate 2a appr oxXi rrately
tw ce as rruch Cy3- i SVEY
Creparia agﬂr%n&hg ol g0 vvagaasi%rﬁtu?ans erre%%ontoqﬁe

approxi mately twice as nuch Cy3-mark
pillar as in 28hirdpindingagantesaeand me%“uwéfpnrwwlohlrtgma@aﬁe nunber of

O, (Lo RS gt B SR B RIS

intensity, a

ref erence exper’alrmdalng Qahtnbrywuth thﬂasecfortmblnddiwtpaﬂrMerSﬂoab@ats)an@életcﬂﬁmﬁl’éﬁ 20
20bp dupl exes. T % =.0,.36, ich i ﬁ tained here, is too snall
by the factor gt dalb”?ﬂingoo"’l T %44 £heo %E”éiﬁ@‘é’ﬂédpﬁﬁnﬁc@lrﬁnﬁr at ed
nmeasur enment pr@@@}@h@e cbinpBunt is corrected by that fact or to 0.5, that
gi ves for the correction of periment 2a: QA unt corr. QA unt x 1.39 =
0.69 x 1.39 = 0.96. aPpI¥ipg a fscetnvtheintedinkage whtchuesoftStnrne:r@p'edmgmfthe

fl uorescence pry Q%EIC%@;(D'QL otr'}ﬁe’}f@%e‘?éh@é gmlntpléxs é}&fessary to calculate a

particul ar correcti Iar'l o the substrate that
gi ves: QBSt corr. =deté&rmingBy $thich of 82 t»@b&tdmgraomr;!eieﬁ@za& whbblirg. 0. 98

2, A method as set forth in claim 1 wherein firstly the conjugate
is prepared from the second and third binding partners and then the
sample complex and/or the reference complex is formed.

3. A method as set forth in claim 1 wherein firstly the sample
complex and/or the reference complex is formed and then the conjugate

is prepared by connecting the second and third binding partners.

4, A method as set forth in claim 3 comprising the steps of
immobilizing the first binding partner to a first holding means,
“immobilizing the fourth binding partner to a second holding means,
producing the sample complex by bringing the immobilized first binding
partner into contact with the second binding partner, producing the
reference complex by bringing the immobilized fourth binding partner into
contact with the third binding partner, and moving the first and second
holding means towards each other, in which case the second and third

binding partners can come into interaction with each other.

47



30 It can be concluded therefromthat in all interlinkages fornmed 97% of
al | sanple conpl exes (20bp) tear and only 3% of all reference conplexes
(30Hp). 45 Figures 9A and 9B show a view of the substrate and the pillar
after the pressing operation in Experinent 2a. Figures 9C and 9D show a
view of the substrate or the pillar after the pressing operation in
erinment 2b. In each case only the color or dye Cy3 is shown. 5 Figures
10A and 1 OC show t he resAlmetiod las satbforttaire cabtafrcldioncd thooaphrd samensin h
ol i gonucl eoti dg 2 r.2h respectively, FEi S 10B and 10D .gorrespondingly
ahow the resul e et PHECTBBIRTEer it he fodith Sindigs rrber F IFRMfocence
profiles. The progression of the profiles is indicated by the arrowin

Figure 9C. The nmaxi ma of the graphs 10A and 10C correspond to 10 the bri ght
grid lines which reépresehtMabiRpressEdortyinrsedf ¢pignsdpdirpdgl. 5 witrrein

m ni ma whi ch & waeh - : o

whi ch ol i gos vvfeHr:eeﬁEStrtessegbgggeeﬂgahﬁgﬁgzgﬁg%éé%ogla??]%jaa(r:nlgntéart:ét%gﬁgact Wrﬁﬂ%a
streptavi di n bepatificatyttied gpldanh étder. portions. The nininma of the graphs
in 10B and 10D correspond to the dark grid lines on the pillars, to 15

whi ch no fluorophore was transferred. The maxi ma correspond to the bright

square to which ol igos wermaethathakesatefdrtimim ohbeofpildings 1 soagh c®eesHeance
of the contact_wi th the substrate. t and Q unt_showed that the dupl ex
bet ween ol i go2Xea3RINBIE UNBIEXigD3sEdO Ay SPerlie MkRrAGoNs at | east 50%
hi gher than the duplex 20 between oligo 2b and oligo3. 46 CLAIMS 1. A

nmet hod of characterizing and/or identifying a binding conplex, conprising
the steps: preparind a fArdetheddashgepdoritein aalms doktjragabe? ovhareioctinel

and a third bjndi r . i . four i N, rtner,
formng an i ntte?%eﬁggggﬁaﬂggﬁg%%ﬁgé%ﬁgg ﬁc%r%fﬁérog% hﬁré-%&gﬁ'ﬁ?ﬂape?}#g&_ bi ndi ng
partner with the second binding partner forns a sanple conpl ex

9. A method as set forth in claims 1 through 8 wherein at least

one of the binding partners preferably of the sample complex is a body.

10. A method as set forth in one of the preceding claims wherein
at least one of the binding partners of the sample complex is a
biomolecule.

11. A method as set forth in one of the preceding claims wherein
the first and/or fourth binding partners are fixed to a first and a second
holding means respectively, which prefefably each have a respective
body.

12. A method as set forth in one of claims 9 through 11 wherein
at least one body has a macroscopically large surface to which preferably
a plurality of sample complexes and/or reference complexes can be
connected.

13. A method as set forth in one of claims 9 through 12 wherein

at least one body is nanoscopically small, preferably selected from a group
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and the third binding partner with the fourth binding partner forns a
reference conplex, applying a force to the interlinkage which results in
unbitndi ng of the sanple conplex or the reference conplex, and determ ning
whi ch of the two binding conpl exes was unbound. 2. A nethod as set forth in
claiml1 wherein firstly the conjugate is prepared fromthe second and
t‘rd bi ndi ng partners and then the sanple conplex and/or the reference
conpl ex is forwbith Anclidest lpedtiakss emdgndtit ipartitias,m garshergeietic! i psrticked he
sanpl e conpl eé and/ or.. t he rmed, and t hen the

. . reference. conplex s f
conjugate is \aé]ﬂ)%qqf&'cbﬁa%‘ﬁﬁéctcpﬁa'cfshg'%?ge&ﬂké' éﬁar%ﬂ MOIBEWES nPYPumens: s.
4. A nmethod asagétmibileibtynchargddapdlyen&@npri sing the steps of immobilizing
the first binding partner to a first holding nmeans, inmobilizing the

fourth binding partner to a second hol di ng neans, producing the sanple
conpl ex by bringing{ihe } 1A [ hi ndi t ' t
with the second bi ntltl‘ig"ng %;Hr:{?ﬁgérd %g%(%uférﬁr?gmt e 89%'}‘?3 gﬁggfng'o%ﬁg)%q,g@gr%m
bringi ng the itheodprdezéddr funbinting rdengntealinkege isntappliednbyct widdrosdmpic
third binding Jgdyer, and noving the first and second holding nmeans
towards each other, 'in which case the second and third binding partners
can cone into interaction with each other. 47 9 5. A method as set forth in
one of clains | thri)ggh 4 vvhei{e' n the first binding partner and the fourth
bi ndi ng partner arel?denfigiNo%as getdpRdNRNeset theopiasedingodlairas wheniais 1

through 5 whergidortd & SbpiRdd 8 %ﬁ%@f’cbf'élgi ng partners are a ligand and a
recept or which specificizbiFFly biond to ea::h'ot her. 7. A method as set forth

in one of clains 1 through 5 wherein the sanple conplex is based on a
non-specific inter ai:é_i 0N rﬁ

set forth in clainms 1. through.7
wherein the reference corrp?tel'ﬁbﬁg%%gefgﬁgn'ﬂaor’sep%éﬁhfei %re(SFg'Jggn(aﬁ'-rQﬁé’yi‘%eén
interaction. 9theXomed iwappliedey & hythodynaphigiffdv.1 t hrough 8 wherein at
| east
17. A method as set forth in one of the preceding claims wherein

the force is applied by coupling in sound waves, preferably ultrasonic
waves,

18. A method as set forth in one of the preceding claims wherein

the force is built up by applying electrostatic forces.

19. A method as set forth in one of the preceding claims wherein
the force is applied by molecular conformational changes of suspension
means and/or the connections.

20. A method as set forth in one of the preceding claims wherein
a force is applied while maintaining a given force rate.

21. A method as set forth in claim 20 wherein setting of the force
rate is effected by way of the pulling speed with which the holding means
are separated.
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one of the binding partners preferably of the sanple conplex is a body. 10.
A nethod as set forth in one of the preceding clains wherein at |east one
of- "t he binding partners of the sanple conplex is a bionolecule. 11. A

met hod as set forth in one of the preceding clains wherein the first
apnd/or fourth binding partners are fixed to a first and a second holding
r&ns respectively, which preferably each have a respective body. 12. A
met hod as set forth2Rn oAemethed aknet Fotthriouddini 20vdreriinm 2 1alvhe e tsedtifg

body has a macrgoscopi.cally urface to whic referabl lural ity
of sanple corrppg %’f aﬁ?lﬁ:/eorraLeef'g %Eﬁteéjo | Y% %H]ﬁ ré%nélﬂsgﬂlg t1of the
nmet hod as set frﬁéﬂmua@eqnghqﬁeqi(md@th%ré&r ough 12 V\/nerel n at |east one

body is nanoscopically small, preferably selected froma group 48 9 which

i ncludes particles, nagnetic particles, paranmagnetic particles,

di amegnetic particl o5, oal [Qitlsy B0 RAUIGE ENAEHEHIOLAEHP SetARLYHE e

and mul tiply charged pol ymers A nethod as set forth in one o
precedi ng cl ai aerinpeopbtantiineffesterbby ovayunbaniriagiontis thatlengtmebigedigmer

opol <0 by & TRETESRE oA beg Taar Tl 088 SRt i RSt e

met hod as set feddptorsncansistef the preceding clainms wherein the force is
applied by a hydrodynamc flow. 17. A nethod-as set forth in one of the
preceding clains wherein the force is applied by coupling in sound waves,

preferably ultrasonpg, “@Vﬁ%thé@as%e@‘%ﬁﬂ%%ﬁwéﬁf tﬁé’BFé’te‘d“hgcj’@%n?i% Wherein

preceding clainms wherein the force is built up by applying el ectrostatic
forces. 19. A asamorlea®mplexfad/Ar areference complpx desditrigast @nersonsidiuent

selected from a group including low-molecular substances, polymers,
proteins, antibodies, antigens, haptens, natural or synthetic nucleic acids,
particles, viruses, phages, cells, cell constituents and/or complex-forming

substances such as chelating agents.

25. A method as set forth in one of claims 1 through 24
comprising the steps of immobilizing the first binding partner to a first
holding means, immobilizing the fourth binding partner to a second
holding means, preparing a conjugate of the second and third binding
partners, which represents the sample, wherein the second binding
partner can bind to the first binding partner and the third binding partner
can bind to the fourth binding partner, ahd moving the first and second
holding means towards each other, in which case the binding partners of
the sample can come into interaction with the other two associated
binding partners.

26. A method as set forth in one of claims 1 through 24
comprising the steps of immobilizing the first binding partner which
represents the sample to a first holding means, immobilizing the fourth
binding partner to a second holding means, preparing a conjugate of the
second and third binding partners, wherein the second binding partner can

50



the force is applied by nol ecul ar conformati onal changes of suspension
nmeans ‘and/ or the connections. 20. A nethod as set forth in one of the
pretgedi ng clains wherein a force is applied while maintaining a given
force rate. 21. A nmethod as set forth in claim20 wherein setting of the
force rate is effected by way of the pulling speed with which the hol ding

ns are separated. 49 9 22. A nethod as set forth in claim20 or claim
21 wherei n set bind) todhet sampler aed rtaeethirsl binfdérng edrbyerwagn dfinthe s ifgth

constant of th h. th s t hereof . 2 met hod as set
forth in claim Bﬁ'mﬁge{e#rﬂéa%ﬁdl W@V'@fg ﬁ'}?e? p?n%ﬁecc,Bﬂgtrhoﬁg'r\gs“m‘écer%
way of a variaeaoh bthdéhewherghhtief aspolayererbindinghpsfinehe kN dsoreé ITnF@
| i gands or the,.co Ctlon whi ch connects the receptors consists. 24,

met hod as set fric}re #4one of the preceding claims wherein a sanple
conpl ex and/or a reference conplex has at | east one constituent selected
froma group including | ownol ecul ar substances, polyners, proteins,

anti bodi es, anti gen§7 hap?t @nsthodatsr set ofordy inhenec afudhei @ramctilsg claims

particles, VII‘ I u formng
subst ances suc a§d'8 fggﬁrkﬁ@zthg%%ME g&%?le?{;t% gé?fﬁﬂ'? f) a6t
clainms 1 throughmzﬁlex,c;mrrqﬂenﬁly\gt teast of epe Dindimyphirtrier aodt inglidelct o deatli ng
partner to a fiyg hol b||| i. t he fourth bindin rtner
to a second 8?5‘%9%)%8315@'9 "E&’érbci?g Age tACCYFS ¢t s@EB‘r’ﬁ?tE’%‘dggﬁlﬁ’ d

bi ndi ng partnégrge. whi ch represents the sarrpl e, wherein the second binding

partner can bind to the first binding partner and the third binding partner
can bind to the fourth binding partner, and noving the first and second

hol di ng neans towar gg eagh RkRgs as'é%t%l—tﬁ?h rﬁ@%‘?mt B9 \?ngélﬂgcg%a érgﬁ gatq ﬁgi ng

the sanple can cone’i'nto I nteraction w € othér two ass
partners. the second and third binding partners, the second binding partner or the

third binding partner are provided with a first marker, and the first or the
fourth binding partners are provided with a second marker which is
different from the first marker.

29. A method as set forth in claim 28 wherein detection of the
unbinding location is effected by ascertaining the amount of first marker
) which is bound to one of the holding means, ascertaining the amount of
second marker which is bound to the same holding means, and comparing
the ascertained values to each other and/or relating them to each other.

30. A method as set forth in one of claims 1 through 3, 5 through
24 or 27 through 29 characterized in that firstly the interlinkage which
includes the first, second, third and fourth binding partners is formed on a
first holding means and then in a second step coupling to a second holding
means is effected.

31. A method as set forth in one of claims 1 though 3 or 5
through 29 characterized in that
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26. A nethod as set forth in one of clains 1 through 24 conprising the
steps of immobilizing the first binding partner which represents the
sanple to a first holding neans, immobilizing the fourth binding partner
to a second hol di ng neans, preparing a conjugate of the second and third
bi ndi ng partners, wherein the second binding partner can 50 bind to the

| e and the third binding partner can bind to the fourth binding

partner, and noving (ihenéifrst bathng getierhBbdi sigd NBRNSoh QYRS ﬁfm er,
wherein the associ a&?bcinaiiﬁlgdi nr_%] ar?ners can cone into inter ac'tnicon. %QA
i

net hod as set f&FPR RATR4 Bt apddihegthirdibidingn epumen BR3nare bepndf

mar ki ng t he samlgfﬁggmb@mgamyaﬁg the reference conplex, preferably at
| east of one binding partner, and indirect or direct detection of the

unbi ndi ng | ocati on WARdRUBECRINgingr patnap BPAciat inumobilizete onf aseeon®Biolding
met hod as set fQgihsin claim27 wherein the conjugate of the second and
third binding partnérs, the second binding partner or the third binding
partner are provi dedhaitwo holding meamskae, novedt tevdridsstaolh dther sbaHkt fhe

bi ndi ng partnegs. are provided w a secopd rker. which is different from
the first mark 6'."8%'.18',539&?'%6%"\,\%&9@‘15% FCH”'F& binding partiiesrBR4care bind ton
of the unbindieaghlstgation is effected by ascertaining the anount of first

mar ker which is bound to one of the hol ding neans, ascertaining the anount
of second marker w¥fch is bound to the sanme hol di ng means, and conparing

t he ascertai ned val FF‘J?'% r | a1 t e her .
30. A nethod as set %Egpﬁﬁ f?ﬂﬁﬁnbgﬁ(@ﬁé al neg ?p?ha?@ugﬁeé{b?ﬁhé%reoﬁgﬂjd?%?%? 27
t hrough 29 chafacerd ibirding rpartrer BR2 shbythiehehirchbardingkpaetnehiBe3 atenbbuiskes

the first, sec thir nd fourth binding partners is fornmed on a first
hol di ng nmeans §ﬁ§:he %‘i@?‘ﬁa}ﬁﬁ 'di'ﬂ%arést'ep coupling to a second hol ding neans

is effected. 31. A weéh@dtasngiay parhdr BP1ORE iMIMEbAIZER dnt UGN hEIdify
t hrough 29 chalr'naeca;tnesr Iazn%d in that

the two holding means are moved towards each other, so that the
second binding partner BP2 and the first binding partner BP1 can bind to
each other.

32. A method as set forth in one of claims 27 through 31 wherein

at least one of the binding partners includes a nucleic acid, in particular
DNA.

33. A method as set forth in one of claims 27 through 32 wherein

at least two of the binding partners include a natural or synthetic nucleic
acid.

34. A method as set forth in one of claims 27 through 33 when
marking is effected by fluorescing molecules.

35. A method as set forth in claim 34 wherein a binding partner
of a binding complex is provided with a first fluorophore and the second
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51 (i) the first binding partner BPl1 and the conjugate including the
second bi nding partner BP2 and the third binding partner BP3 are bound on
a-fiirst hol ding neans, the fourth binding partner BP4 is inmobilized on a
second hol ding neans, the two hol ding nmeans are noved towards each ot her
that the third binding partner BP3 and the fourth binding partner BP4
bind to each other, or (ii) the fourth binding partner BP4 and the
conj ugat e i ncl bitidigg t p@rtneredorprobidedi withpar saesndBPRicrophotes bétiwekrbiwtdcimg

partner BP3 ar t he second ans., the first binding
partner BP1 Isﬁuﬁﬁ%s&gpf:géas%%ar{qq r?”%@ﬁ%ﬁﬁ% {%esrﬁia #s, and the two hol ding
nmeans are noved towards each other, so that the second binding partner BP2

and the first bindi partner BP1 can bind to ,each other. 32. A nethod as
set forth in one of ggr Rs MEENP® B8R fgi”\/\)rﬁ’eFlé‘irﬁ 3% whergit aghiading prener

bi ndi ng partnepg 3 rmhuﬁ@s BBk eibcpﬁﬁh@ed 'Wltﬁaét ﬂayrl@dhor%d 3the %ee&ﬂéﬁod
as set forth in one of clains 27 through wher ei n | east two of

bi ndi ng part neP&ding| pastnernds upeevided sWﬁ"he@l ¢n¢i@@t|J|@| (,Whlébl diueghes Ilﬂeehod
as set f_orth |r| Cg_f.]cggqutﬁg ﬂ%z)ﬁw&ggh 33 when marking is effected by
ecu

fluorescing no as set forth in claim34 wherein a
bindi ng partner of a binding corrpl ex is provided vmth a first quorophore

d th d 52 0.i nd | ded wi d f h
et woen whi oh 11 uoPdscefud RatbASAEk AN POF RHEMS 2IRBE0Manas Where

the marking involves fluorescing nanoscopic semlconductor particles
(quantum dots).

38. A method as set forth in one of claims 27 through 33 which
involve radioactive marking.

39. A method as set forth in one of claims 27 through 33 wherein
the marker involves an enzyme or an affinity marker to which an enzyme
which by a reaction develops a signal substance can bind.

40. A method as set forth in claim 39 wherein the activation of
an enzyme which develops a detectable signal is coupled to the unbinding
of a complex.

41, A method as set forth in one of claims 27 through 33 wherein
‘the marker involves a molecule of electroluminescence, an
electrochemically detectable molecule or a mass marker which can be

detected by mass spectroscopy.

42. A method as set forth in one of claims 1 through 41 wherein
the method is implemented on many similar interlinkages.
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36. A nethod as set forth in claim34 wherein a binding partner of a
bi ndi ng conplex is provided with a fluorophore and the second bi nding
paryner is provided with a nol ecul e which quenches the fluorescence of the
fluorophore. 37. A nethod as set forth in one of clainms 27 through 33
wherein the marking involves fluorescing nanoscopi ¢ sem conduct or

ticles (quantumdots). 38. A nethod as set forth in one of clains 27

tTrough 33 which 480l va medheacis yer FaitkiiAdGlair® 42AWnBtdohray it kit th i n
one of clainms 27 through 33 wherein the marker involves an enzynme or an
affinity markel"€QINKROERISaeehesy RE ORI BRELIPree ettt VHRraiRv & iBterlinkgaal
substance can Biwds ifeludestkNesmasarshle’ Arhplek bngl AayS VNG 'Fef%?"é c
activation of an enzymé which devel ops a detectable signal I's coup &d%o

t he unbi ndi ng COTP¥Xconpl ex. 41. A method as set forth in one of clains 27
t hrough 33 wherein the marker involves a nol ecule of electrolum nescence,
an electrochemcally detectable nolecule or a mass nmarker which can be
detected by mass spéétroAcwpyhodZs gettdrtiodnadaiset2f whédein ordypermdf kiddiors 1
t hrough 41 whe d,is n_many sim

rein . the nmeth o enmented o lar . )
i nterlinkages. |r§§ﬂ§\k3§_e - %?%%M'Egr@b?r?rg‘rf%c? ﬁa'i?lsai"‘fheig”\/\ﬂé? dnterinkggene
kind of interhiwH@daciRicsapeeshrab samhyeditinplek @dr AivBys Whesaie B rence
interlinkage always includes the sane sanple conplex and al ways the sane

reference confP®R!€44. A nethod as set forth in claim42 wherein only one
kind of interlinkage is tested wwth different force rates, wherein the

interlinkage always includes the sane sanple conplex and al ways the sane
reference conplex.435. A moethat assseetf dotth iim cladinm42 whereim varibosis

interlinkages are tested at only force rate, wherein the interlinkages
always include the same sample complex but varying reference complexes

with different unbinding forces.

46. A method as set forth in claim 42 wherein various
interlinkages are tested at various force rates, wherein the interlinkages
always include the same sample complex but varying reference complexes
with different unbinding forces.

47. A method as set forth in one of claims 44 through 46 wherein
the interlinkages are serially tested on only one procedure.

48. A method as set forth in one of claims 44 through 46 wherein
‘the various interlinkages or force rates are tested preferably parallel in

separate procedures.

49. A method as set forth in one of the preceding claims
characterized in that in addition the coupling number and/or coupling
efficiency, namely the quotient of the number of couplings actually formed
and the number of maximum possible couplings, is at least approximately

determined, and optionally the coupling number and/or the coupling
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interlinkages are tested at only force rate, wherein the interlinkages

al ways i ncl ude the sanme sanple conplex but varying reference conpl exes

wi 1 different unbinding forces. 46. A nmethod as set forth in claim42

wherein various interlinkages are tested at various force rates, wherein

the interlinkages always include the sane sanple conpl ex but varying
erence conplexes wth different unbinding forces. 47. A nethod as set

forth in one ofeffitianess isttaken duphcassidheateamin determingnd iwteibers the sample

serially teste nl I [ 48. A net hod, as set forth in one of
clainms 44 thr ogcé)hngo éﬁée]?%f)er?ﬁggggﬁ%ﬁ’gwaﬁt%q ges or force rates are
tested preferably parallel in separate procedures. 49. A nethod as set
forth in one of the preceding clains. _characterized in that in addition the
coupl i ng nunber and/or cgu@ﬁglﬁﬁd aéfsrqtcfP&%c'{/‘,C'?\'E?réeéychar{écﬁﬁ'_éf"? érh?h%tf_ t he
nunber of couplings (gctial kiystt Qtdpd =faRek tBMpuHERR) &fe rsawmnbﬂo%ﬁjlma%e

e

couplings, is at |east approximately determ ned, and optionally t

coupl i ng numberinglHdiNgr thehseedng| BiRgings Pertaer i BR 2and itke tthikdnbinding partner
consi deration i AT t I gﬁrxm : fer e
conpl ex was unb%buaﬂg&ﬁ%g W'%\Egng‘téfﬁgff?gésd sa‘gtger?gﬁ)h&ipﬁpc 2 ?ngbfggt(':%rg?g ergi §fr25 in
that (i) in a fhaldingsmepns$ <drdoce saaopar helsi)g trheaasms rdetefmioed) weal/er the

i ncl udi ng the second bjindin artner, . BP2 and the third binding rtner

BP5, i oh was TPaLr BF Fon EatRr MEfieae SRt K BUIiOs iTiisapE i the
hol di ng means aflr@ @ingmgoparthel BpE] WRalS after dpkesdparaton adptrafiot NRas amRUNt
of conjugate including the second binding partner BP2 and the third

g [ 11 ng . .
bi ndi ng par t nertr@serragifeam dhedirst heldegdrapnoAntp Ehaseerndbelding means is
transferred frCHBtErt?ﬁin%Hr st hol ding neans onto the second hol ding neans is
determined, wherein the' first binding partner BPl is different fromthe
fourth binding parwhereBPthe dirdt binding partner BP1 is different from the fourth

binding partner BP4, and

(i) in a second step (=self-comparison), to determine the coupling
efficiency, the amount of conjugate including the second binding partner
BP2 and the third binding partner BP3, which after the separation
operation was transferred from a first holding means onto a second
holding means, is determined, and/or the amount of conjugate including
the second binding partner BP2 and the third binding partner BP3, which
after the separation operation was not transferred from the first holding
means onto the second holding means, is determined,

wherein the first »binding partner BP1 is also used as the fourth
binding partner BP4, or the fourth binding partner BP4 is also used as the
first binding partner BP1, so that the first binding partner BP1 and the
fourth binding partner BP4 in the second step are identical and the second
binding partner BP2 is substantially identical to the third binding partner
BP3.

51. A method as set forth in claim 49 characterized in that
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(ii1) in a second step (=self-conparison), to determ ne the coupling

efficicency, the anount of conjugate including the second binding partner

BP2}and the third binding partner BP3, which after the separation

operation was transferred froma first holding neans onto a second holding

nmeans, is determ ned, and/or the anount of conjugate including the second
ding partner BP2 and the third binding partner BP3, which after the

separ ati on oper ati ofi)wde fiott bingirsd eparéder rBfh ahd the sonjugate ngcludisgnshont o

t he second hol di.n n is det i ned, .whetein the first bindin artner
BPL is al so usggcgg%dﬁ?%ﬁmergé%iaﬁbd ﬁg?tethgfj lggpg!ngopalftﬂgr bggrqr% ‘E?W ng
partner BP4 is onl $6irstsasidiag rhbeens,first binding partner BP1, so that the
first binding partner I?Pl arS}J(éj the fourth binding partner BP4 in the second
step are identical &hePWENIURERNG PRIASH PH4as imBromized an 65046t halding
identical to thgeddy rd binding partner BP3. 51. A nethod as set forth in
claim49 characterized in that 55 9 (i) the first binding partner BP1 and

t he conjugate incl udhdgwenroldisgcBIRNs Atk MHoped tawardPeacmdthdresa lihatdthe

bi ndi ng part nen ¥-1 zgim,qe i i he fourth. bj pdi ng
partner BP4 is tp%ﬁﬁlﬁg on raﬁlgégaordeEﬁélfgﬁhtgw Bﬁrr‘gawritagftﬂér ?v% ) Elr\dgpo
means are novecatbwdnels each other so that the third binding partner BP3
and the fourth binding partner, BP4 cap bhind to each other, the anount of
conj ugat e i ncl udi ngtl?%él”%%n‘%f HHYeR ﬁ%&yﬁé}q gﬁ‘ése%‘i’fﬁrgﬁﬁ“ﬁgﬂp@&trﬁr%ﬁ%g
partner BP3, whinghttrf HaFd bivdifgNsd@hEPBEPERMdrOBteWafie JepRsitfd SReF4R t he
first holding neans onto the second hol d nmeans, is determ ned, and/or

the amount of X&§ tigaseratifiginnipa Kist d"t&iﬁgmﬂ prerfisngnparthaesecepd boldingie
Ty or "0, SRS BRI, gty e bAmie o AUEHA! IRIR PR
det er m ned, second binding partner BP2 and the third binding partner BP3, which after
the separation operation was not transferred from the first holding means
onto the second holding means, is determined,

(ii) the fourth binding partner BP4 and the conjugate including the
second binding partner BP2 and the third binding partner BP3 are bound
on the second holding means,

the first binding partner BP1 is immobilized on the first holding
means,

the two holding means are moved towards each other, so that the
second binding partner BP2 and the first binding partner BP1 can bind to
each other, - |

the amount of conjugate including the second binding partner BP2
and the third binding partner BP3, which after the separation operation
was transferred from the second holding means onto the first holding
means, is determined, and/or the amount of conjugate including the
second binding partner BP2 and the third binding partner BP3, which after
the separation operation was not transferred from the second holding

means onto the first holding means, is determined.
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(i1) the fourth binding partner BP4 and the conjugate including the second
bi ndi ng partner BP2 and the third binding partner BP3 are bound on the
second hol di ng nmeans, the first binding partner BP1 is inmmobilized on the
first holding neans, the two hol ding neans are noved towards each ot her,
so that the second binding partner BP2 and the first binding partner BP1l
bind to each other, the anmount of conjugate including the second

bi ndi ng partner BP252andApberathsr tbrbichdragfepaimgnemdde’, idehtittingf & ebirtdieg
separati on operation t.r.ansferred fromthe second hol di ng nmeans onto
the first hol dicﬁéjp?%aﬁ\,\f@ﬁpri'g'%am erm ned, and/or the anount of conjugate

i ncluding the secoadfilstndindthd e BRd andnjbgatehbf & Beeshd &Rt BeiFd
BP3, which aft%r the separ?_;tﬁjjeo? orgerati_on was not transferred fromthe
second hol di ng PINHBALAEHNES ankka fourdh bindiggRpTRens, is deternined. 56 9 52.

Apparatus for charagt @feaat Tor 3NErHkdSEEBF ith¥i KlddRgPhaRhBS;, \ﬁﬁ%iﬁﬁ e first

conprising: a first binding partner dand a conjugat’e of a seco a third
bi ndi ng part nebirgiag artnart Withi thei srropdr binging aanmendofros a samplé chaydenf

i ndi i n. i .bi ndj ner. with.th d
e 2L, PGBt DS GRS v T8 B BT AP RS,

the fourth bindefegepas torepldxorns a reference conplex, a neans for applying

a force to the interlinkage which results i nbi.ndi hg of the sanple .
conpl ex or the refefef&@" ofﬁﬁl%gpﬁy'é"ﬂdaa %%&Q #hﬁ ”{‘}Qfl 9% WHIckhiresHlEs 1P he

two binding cogpbfesg WRshe YBRPIOdonplex OPRAE RbfEPeAde 86fhpldX tahd N cl ai m 52
wherein firstly the <conjugate is prepared fromthe second and third

bi ndi ng partners an@ MeRBA fon&lesepinén e oviprexofaling® two tthiedingf errsptaxesowps ex

is forned. unbound.

53. Apparatus as set forth in claim 52 wherein firstly the
conjugate is prepared from the second and third binding partners and

then the sample complex and/or the reference complex is formed.

54. Apparatus as set forth in claim 52 wherein firstly the sample
complex and/or the reference complex is formed and then the conjugate

is prepared by connecting the second and third binding partners.

55. Apparatus as set forth in claim 54 wherein the first binding
partner is immobilized to a first holding m'e'ans, the fourth binding partner
is immobilized to a second holding means, the second binding partner with
‘the first binding partner forms the sample complex, and the third binding
partner with the fourth binding partner forms the reference complex, and
including a means for moving the first and second holding means towards
each other, in which case the second and third binding partners can come

into interaction.
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54. Apparatus as set forth in claim52 wherein firstly the sanple conplex
and/ or the reference conplex is formed and then the conjugate is prepared
by tonnecting the second and third binding partners. 55. Apparatus as set
forth in claim54 wherein the first binding partner is immbilized to a
first holding means, the fourth binding partner is imobilized to a second
di ng neans, the second binding partner with the first binding partner
forms the sanpl e cobfl exApaadamlseas hstaftdfdnitlmdlnng)nepa:ft aims 1592 ttheorﬁg;lurrsﬂ
bi ndi ng partner,for.ns compl ex ncl u
moving the. 11 raPeB thEchlth B drlRe Bodaltr ol tifid b &he
case the seconideanidat hird bi ndi ng partners can cone into interaction. 57 9
56. Apparatus as set forth in one of clains 52 through 55 wherein the
first binding partner and the fourth binding partner are identical, 57.
Apparatus as set fokyh i BppEPatdE G5 36dEE féren t i QHgh &6cram@r Gyzn thP@uél?r%
and second bi ndi ng partners are a ligand and a receptor specifically
bi nd to each owhereinghe fisiaantd aecans Biedingopamners @rﬁaadfgamdanand F2ecéptongh
56 wherein the i e a non-specific interaction. 59.
Appar atus as sep&?{@é%'ﬁ Iggﬁr?st% h&gggh 58 wherein the reference
conpl ex is based on a specific or a non-specific interaction. 60. Apparat us
as set forth in clapm 52,throygh 59 ereln at least one of_ th
partners preferabl ylsg]f t ABPEEFHF @R o7RH EXTh gIN aonﬁoc@ %imSAE&argf%%g sgget
forth in one orvhérérhrme%rhfareomp@;z is BRSEEbA aahoh%;)%bﬂ%ni‘?rt@rfac‘t*@)‘% bi ndi ng
partners of the sanple conplex is a bionolecule Appar atus as set
forth in one of clainms 52 through 61 wherein the first and/or fourth
bi ndi ng partners arggfix f ¢ A n |_di :
respectively, whi chgpr ef g\ﬂgéfat%gaécs{]% ve a(i;h chtfhS §2f}%r9589 S8 Wierein the
reference complex is based on a specific or a non-specific interaction.

60. Apparatus as set forth in claim 52 through 59 wherein at
least one of the binding partners preferably of the sample complex is a
body.

61. Apparatus as set forth in one of claims 52 through 60
wherein at least one of the binding partners of the sample complex is a

biomolecule.

62. Apparatus as set forth in one of claims 52 through 61
wherein the first and/or fourth binding partners are fixed to a first and a
second holding means respectively, which preferably each have a

respective body.

63. Apparatus as set forth in one of claims 60 through 62
wherein at least one body has a macroscopically large surface to which
preferably a plurality of sample complexes and/or reference complexes

can be connected,
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respective body. 63. Apparatus as set forth in one of clains 60 through 62
wherei'h at | east one body has a macroscopically |arge surface to which
prefierably a plurality of sanple conpl exes and/or reference conplexes can
be connected. 58 64. Apparatus as set forth in one of clains 60 through 63
wherein at | east one body is nanoscopically small, preferably sel ected

m a group which includes particles, nagnetic particles, paranmagnetic
particles, di amagnet®d pafPPeratys awlgesi tsth riol eoal ef, cleimpg60 rbrememi 53

pol yners and my|fd ibféfﬁﬁdé:?oﬂ@' %{{)@7 3s %‘oséﬁﬂéﬁlﬁé%ﬁ? i)glét#cégétyhtsiﬁgecggde

of claims 52 throug el n force ne r unbi
i nterlinkage hdsoma searsud evhiclpptlyides partides, osegpietict patiches, pErarARgAELRE US

2opl yi no. magnet L UElsP cdeMdBn el RRLRIE. hoids! TBple ek o rRa e rapiesuiss,
through 66 comolysieng andealspll Ghasgdd polpehdrydr odynanmi c forces. 68.

Apparatus as set forth in one of clains 52 through 67 conprising a neans
for coupling in sound waves, preferably ultrasonic waves. 69. Apparatus as

set forth in one of 4 ai MpBaratlié MO ESrortPTRI bk N AcHRABS 5HONARRIY
el ectrostatic forces. 70. ,%gparat us as set forth in oneggf'chai rtrg Ve
t hrough 69 conhersimgha faeeneepos fpr vabioding efothecinter!indagieonasigi meahs for

changes of su i : connections. 71. Apparatus as set
forth in one o%%?lr@ihg&ﬁ %Ersgé}gé?%'&?v\herei naforce is applied while

mai ntaining a given force rate. 59 S 72. Apparatus as set forth in claim71
conprising a nmeans f setting the force rate, preferably the pullin
sprergd, vvit?h whi ch théé'hol pRgratus as set f%rth in one of clain%/s 52 Ft)hroughg 65

comprising a means for applying magnetic forces.

67. Apparatus as set forth in one of claims 52 through 66
comprising a means for applying hydrodynamic forces.

68. Apparatus as set forth in one of claims 52 through 67
comprising a means for coupling in sound waves, preferably ultrasonic
waves.

69. Apparatus as set forth in one of claims 52 through 68
comprising a means for applying electrostatic forces.

70.  Apparatus as set forth in one of claims 52 through 69
comprising @ means for producing molecular conformational changes of

suspension means and/or the connections.

71.  Apparatus as set forth in one of claims 52 through 70

wherein a force is applied while maintaining a given force rate.
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nmeans are separated. 73. Apparatus as set forth in claim71 or claim?72
wherei'n the force rate can be set by way of the spring constant of the
intdgrlinkage with the bonds thereof. 74. Apparatus as set forth in claim
73 wherein the spring constant can be set by way of the variation in the
| ength of a polyner of which the bonds of the ligand or the connection

ch connects the receptors consist. 75. Apparatus as set forth in one of
clai ms 52 through 742.whehrparatuss aapses ﬁoot’rpllrexlamd/?dr campeTsiin g rec eneTsp Farx

Cubstancee, | poryud 2he (R at b A b FRE PR ke Y Bifeh Wt GPdor

synt hetic nuclmemsaareisep@taated.cl es, Vi ruses phages cells, cell
constituents and/or conpl ex-form ng substances such as chel at | ng agents.
76. Apparatus as set forth in one of clainms 52 through 75 wherein the

first binding partners.is Apparhtdd aedet Foehl i slajMoy di I cr@any2 whibkeif AWkt h
bi nding partner is inmobilized to a second hol ding neans, a conjugate

conprises the SQsnPtana@nt pe sat By Mg’ Wher sniinasconspne ob e finfeslinkageowish
wherein the se¢Re®bidadihageg@rtner can bind to the first binding partner
and the third binding part%‘gﬁﬁ1 can bind to the fourth binding partner, and
i ncluding a neans for noving the first and second hol ding neans towards

each other, wherein artne t he a I can cone into
interaction with thgt ot hgi?éhdqmg‘bspsa&m 5 eEPrbl’ nd rfi)a Fﬂ; ?ﬁe ergin tRSp SPENAs
as set forth ironstanefcarl Berset 3 WlalyQtfﬁﬂheWGrla@ftﬁf B ehé hendthr 6f abpOJhied of
part ner Wmchr res tﬁ\’é’the sanple is 60 i mobilized to a first hol di ng

neans, the fouM C"l')l nsr Phdpe; Ega”qinﬂibt'l‘? Zennestigns sy eingcky the

means, a conj ug@éeg)tgpgrgbh§1§§ the second and the third binding partners,
wherein the second binding partner can bind to the sanple and the third
bi ndi ng partner can bind to the fourth binding partner, and including a

means for moving th(375f.i r%pp%?gtxfse%%nget forth in one of claims 52 through 74

wherein a sample complex and/or a reference complex has at least one
constituent selected from a group including low-molecular substances,
polymers, proteins, antibodies, antigens, haptens, natural or synthetic
nucleic acids, particles, viruses, phages, cells, cell constituents and/or

complex-forming substances such as chelating agents.

76. Apparatus as set forth in one of claims 52 through 75
wherein the first binding partner is immobilized to a first holding means,
the fourth binding partnér is immobilized to a second holding means, a
conjugate comprises the second and third binding partners, representing a
‘sample, wherein the second binding partner can bind to the first binding
partner and the third binding partner can bind to the fourth binding
partner, and including a means for moving the first and second holding
means towards each other, wherein the binding partners of the sample
can come into interaction with the other two associated binding partners.

77. Apparatus as set forth in one of claims 52 through 75
wherein the first binding partner which represents the sample is
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hol di ng nmeans towards each other, wherein the associated binding partners
can conme into interaction. 78. Apparatus as set forth in one of clains 52

t hidugh 77 conprising a marking on the sanple conpl ex and/or the reference
conpl ex, preferably at |east one binding partner, and a neans for indirect

or direct detection of the unbinding |ocation which occurs after

%i cation of the force. 79. Apparatus as set forth in claim78

c

rising a fimsbobnredeto @nfitstehoRhgdaicary, tihe Paebndirdidgt Pakthepi rdi ng
partners and a secgﬂgﬁqrrar ker on the first or fourth binding partner,

wherei n the sefdng &p a secand: hdding means, @hePnitgate GppRidses g second

Apparat us as Sghd ftAeLihirdNbH i N paBtidrsClvithéhel? thBeeRbAd Mﬁamgnga%e‘?f&%‘:t ed
by fluorescent nolecules. 81. Apparatus as set forth in claim30 wherein a

bi ndi ng par t nepindofo _éhfbisﬁmmg hprexthird pinsingie@rwierteaa bindsto thadiouptior e
and the Secondbi{\{ﬂh@‘rﬂgg&ngﬂrEHQrinklﬁdﬂ{eé’;Qr gﬁ%%&r ?&qu"?ﬁeff,r ra?l@hgé nd

bet ween whi ch scence resonanc akées pl ace.
Appar at us as skoldfrgr trheams ctawandl0 ealchr eitheg Wineteirg thar tassociatefd abihdimdj ng

complex is provided with a fl.uorophore and the second binding partner is
provi ded with Ba%B?'@cﬁ”eCQ/mFdﬂtoqlﬁgﬂ'a‘?g?”rhe f1 uorescence of the

fl.uorophore. 61 0 83. Apparatus as set forth in claim78 or claim?79
wherein the marki gg%i nvol ves fl uoresci ng nanoscopi ¢ sem conduct or

particles (quantund@ot S)PPHFALUNFFarsetubsords detonerafhcipimel a2 nthr@ugh ¢i7ai m
79 wherein thec%\lﬂgﬁl:‘ihﬁga' %5%’.‘1@6‘86' e §a‘3m8ﬁa° ARLER_GRdAf tﬂng&e‘r Ggam
e mar nty nmar

P
78 or claim79 rein th ing has an enzyme or an affi er to
whi ch an enzyneompliexh prefevatiye least gnalbisdingt parteerhyand a earrisofordadirbeind.
86. Apparatus 8r'sdlsrg(t.t (];é)treg:thlml‘\ Q)fctl".g'unﬂbg?r?divﬁ%ero%hgo%cvw\i\c/ to'chrl]rst];ftgrnapplication

of the force.

79. Apparatus as set forth in claim 78 comprising a first marker
on the conjugate of the second and third binding partners and a second
marker on the first or fourth binding partner, wherein the second marker

is different from the first marker.

J 80. Apparatus as set forth in claim 78 or claim 79 wherein

marking is effected by fluorescent molecules.

81. Apparatus as set forth in claihﬁ 80 wherein a binding partner
of a binding complex is provided with a first fluorophore and the second
binding partner is provided with a second fluorophore, between which
fluorescence resonance transfer (FRET) takes place.

82. Apparatus as set forth in claim 80 wherein a binding partner
of a binding complex is provided with a fluorophore and the second
binding partner is provided with a molecule which quenches the
fluorescence of the fluorophore.
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enzynme whi ch devel ops a detectable signal is coupled to the unbinding of a
conpl eéx. 87. Apparatus as set forth in claim78 or claim79 wherein the
marki ng i nvolves a nol ecul e of el ectrolunm nescence, an el ectrochenically
det ect abl e nol ecul e or a nmass marki ng which can be detected by nass
spectroscopy. 88. Apparatus as set forth in one of clainms 52 through 87
i&i ng many simlar interlinkages at which the nmeasuring operation is
carried out. 89. App83.at spmsaset abogdthfarth dhadlain8 & 8voerciaim @8I wheretn kibed
of interlinkage igint est ed one force rate, wherein é&gpi nterl i pkage

t | .
al ways i ncl udes™ Qangw%var?ﬁl g?lé}éﬁﬁ?%&gan&aﬁpmct mERIgRR er dEicles

conpl ex. 90. Appaiadtus @sspet forth in claim88 wherein only one kind of
interlinkage is tested at various force rates, wherein the interlinkage 62
0 always includes the sanme sanpl e conplex and al ways the sane reference

conpl ex. 91. Apparatgs aSApﬁ?atralL%r b ddt fdrdh %BQaMmﬁs%P cYé’}h‘L‘?gswherein the

interlinkages are tested at on one force rate, ereint I nterlinkages

al ways incl ude btaekisgrie rediapttévesonpl ex but varying reference conpl exes

wi th varying unbinding forces. 92. Apparatus as set forth in claim88

wherein various interlinkages are tested at various force rates, wherein

th;a interli nkalges %%y?ﬁmhtuteasl‘?tsgimh S?rmhien B8Rl eXaibl7ovenhgidig the

ref erence conplexes. with varyi ng unbi ndir orces. 93. Apparatus as set
Gngeh g

3
forth in one of & B0t KGUGIF 95 AR Y P#Eer feevhichialye8z4ne Whished

serially on onl ye@EpPs fHYEEbstHhce P @iakbioATaRBingOrth in one of clains
90 through 92 wherein the various interlinkages or force rates are tested

preferably in parallel in separate procedures.
86. Apparatus as set forth in claim 85 wherein activation of an

enzyme which develops a detectable signal is coupled to the unbinding of

a complex.

87. Apparatus as set forth in claim 78 or claim 79 wherein the
marking involves a molecule of electroluminescence, an electrochemically
detectable molecule or a mass marking which can be detected by mass
spectroscopy.

88. Apparatus as set forth in one of claims 52 through 87 having
many similar interlinkages at which the measuring operation is carried

out.

89. Apparatus as set forth in claim 88 wherein only one kind of
interlinkage is tested at only one force rate, wherein the interlinkage
always includes the same sample complex and always the same reference

complex.

90. Apparatus as set forth in claim 88 wherein only one kind of
interlinkage is tested at various force rates, wherein the interlinkage
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95. Apparatus as set forth in one of clains 52 through 94 wherein the

unbi ndi ng forces of the reference conplexes are so selected that the

unbiindi ng force of the sanple conplex can be approxi mately determ ned. 96.

A kit for identifying a binding conplex for carrying out a mnethod as set

forth in at | east one of clains 1 through 51. 97. A kit for identifying a
di ng conpl ex having the neans as set forth in at |east one of clains 52

t hrough 95. 63 always includes the same sample complex and always the same reference

complex.

91. Apparatus as set forth in claim 88 wherein various
interlinkages are tested at only one force rate, wherein the interlinkages
always include the same sample complex but varying reference complexes

with varying unbinding forces.

92. Apparatus as set forth in claim 88 wherein various
interlinkages are tested at various force rates, wherein the interlinkages
always include the same sample complex but varying reference complexes

with varying unbinding forces.

93. Apparatus as set forth in one of claims 90 through 92

wherein the interlinkages are tested serially on only one procedure.

94. Apparatus as set forth in one of claims 90 through 92
wherein the various interlinkages or force rates are tested preferably in

parallel in separate procedures.

95. Apparatus as set forth in one of claims 52 through 94
wherein the unbinding forces of the reference complexes are so selected
that the unbinding force of the sample Complex can be approximately

determined.

96. A kit for identifying a binding complex for carrying out a
method as set forth in at least one of claims 1 through 51.

97. A kit for identifying a binding complex having the means as
set forth in at least one of claims 52 through 95.
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