Title: I nproved FRET-probes and use thereof. This
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interactions. Mre specifically, the invention rel ates
to techniques that indicate the presence of a fusion
protein and/or interacting proteins at the single cel

| evel . The diagnosis and classification of

mal i gnancies is frequently based on the detection of
specific protein nolecules or sets of protein

nol ecul es, as well as the detection of oncogenetic
aberrations, mainly at the DNA | evel or RNA level [I1].
THE tleu T m@ndved drRET gsolearth il wdectbieir@d. st udi es i n nor mal
and malignant cells are drastically extending the

i nformati on about gene expression and genetic

aber r anGieHhvedhbs ré18adsoltBe UbREHDS %P\é%dthfthB}é' thRbRspecific
new protein networks, which regul ate cel | -cel

i rfusioadipisies andblotelatinterpridons. dMynappefepht hhsayyentlon
gtrr%eat£§ %%ecﬁﬂlgugé E}E)a E}fgﬁ% %t ﬂlt\%rbrle%(%guﬁgltfﬁsﬁﬂ %r&%ﬂ‘y and/or
Unnearattinggrdtbies et photeigie ¢t Mmlks requires t he

specifi¢c detectjon of true co-localizatjon t he
i vi dsid et A hgretifadion AraRanckeily egrostly based on

MBhi GRAREILE DT kPedB¢ biitindhb RS 6H QR oP hdtein NERESIANE well
differentiation characteristics and the presence of

s pediheidetashionmb soemseatiar pbariraisns, Maiplyodt thihd A level or RNA

chr aberr tlons resul t jn fusi.o enes
anerark e ca Ry Al S ol e o IR Ml o
gaﬁeh@ﬁwﬂlcens hee ﬂhﬁtld@wl siﬂeﬁamgpﬁetlnmﬁrmtaﬁen@ﬂobet g@gane
and vice versa [2-5]. These fu3|on genes ar

{ EREEPIBRN] s tepeERngEnel pdrrds ophs diiggvery of multiple new

t rﬁﬂﬁéﬁh@%é&‘é Owhitsi RBuRLOL&L- E\cﬁl ﬁﬁé&%h@n@cell%h%‘n&{ e
assumed to play an inportant role in the oncogenic

preoged g 1@ghivays, pmh@raham hifetméid tidnf :ﬁlmp@tm@tls agdemofother
fu3|on e e have ?Iq%n

i b
| y erHl a n % (ie T gtlolge(anrrag?lﬁngﬁ ?se nprrgtel netxgorks

aneqhirss ﬁd} $p’éac1-fﬁbie€echoﬁﬂﬂ Sflﬂd.l@flloba/hzaftiﬁ)ﬁ dfehé allieidual protein
detection of these tunor-specific fusion proteins at
t HBOlgrwHgse cel | |evel would be a major step forward in

the di 2900Q5S+RADS malignancies is particularly based on cell lineage and
differentiation characteristics and the presence of specific chromosome
aberrations. Many of these chromosome aberrations result in fusion genes, i.e.
aberrantly coupled genes with the upstream part of one gene coupled to the
downstream part of the other gene and vice versa [2-5]. These fusion genes are
transcribed into fusion gene transcripts and translated into fusion proteins
(Figure 1), which are assumed to play an important role in the oncogenic
process. So far, more than hundred different types of fusion genes have been
described in leukemias, lymphomas, and solid tumors. Exemplary fusion

proteins are listed in Table 1.



classification of cancer patients as well as for
nmoni toring of the di sappearance of the malignant cells
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the applied therapy protocol. TABLE 1. Exanples of

fusion proteins in malignancies 3, which may be

detected via the FRET-technol ogy using the nucl eoti de

i nker system for close and stabl e juxtapositioning of
differentially | abel ed anti bodi es Ml ignancy

Chr onosone aberration Fusion protein Chronic nyeloid

| drsairaent]ys the y¢lydie detieyti thBEe bympheperifiq sBp(p2s:ins at

q NPM A Prostat.e cancer t(21:21 22. 3:0922. 2
TRk G A RO SRR RSB F kAR5 P it ep
Pajpadsifasayioneifiahndae pltichdé 4s) well bs G23holdREGd 6Ehe disappearance
carcj nomg, Fol licular thyroid t(2;3)(qgl 3;p25) i

PRkSh ppRenaRt eslivating Bieatsed a8 %ﬁur?iog thipeffqepiveness of the
16) 4933t Rbidaby pYSEEHIEB3L2 sarcoma Endonetrial stromal
t(7;17)(pl5;ql'l) JAZF1-SUZ12 carci noma Soft tissue
t(9;22)(931; ql 2) EWSR1- NR4AA3 chondros arcoma

Desmopl astic small round t(11;22)(pl3;ql2) EWSR -WI

cell tunmor Poorly differentiated t(15;19)(ql 4; pl 3)

BRXBDNET1.C BkampdéE of f fuglon RpPotditd linemalicdaheiesS which may be
| dedte@lellyviastHee FRREIL & chhbl@yt @singi the #Husleotidprinilairnsystem for
spdasief ard stabldjaditgsosdioning of differentially labeled antibodies

Malignancy Chromosome aberration Fusion protein

Chronic myeloid leukemia
Lymphoma

Prostate cancer

Ewing sarcoma
Papillary renal cell
carcinoma

Follicular thyroid
carcinoma
Fibromyxoid soft tissue
sarcoma

Endometrial stromal
carcinoma

Soft tissue
chondrosarcoma

Desmoplastic small round
cell tumor

Poorly differentiated
carcinoma affecting
midline structures

t(9;22)(q34;q11)
t(2;5)(p23;435)
t(21;21)(q22.3;922.2)
t(11;22)(q24;q12)
t(X;1)(p11;923)
t(2;3)(q13;p25)
t(7;16)(q33;p11)
t(7;17)(pl5;q11)
t(9;22)(¢q31;q12)

t(11;22)(p13;q12)

t(15;19)(q14;p13)

BCR-ABL
NPM-ALK
TMPRSS2-ERG
EWSR1-FLI1
PRCC-TFE3

PAXS8-PPARG

FUS-CREB3L2

JAZF1-SUZ12

EWSR1-NR4A3

EWSR1-WT1

BRD4-NUT

Initially, scientists tried to raise fusion-protein specific antibodies by

making antibodies against the fusion epitopes of the fusion proteins. This

approach has rarely been successful and if specific antibodies were obtained,

they generally were not applicable in fluorescence microscopy or flow

cytometry [6-8]. For example, the ER-FP1 antibody against the BCR-ABL p190



maki ng anti bodi es agai nst the fusion epitopes of the
fusion proteins. This approach has rarely been
waemeeewdul and if specific antibodi es were obPEI/NE2N08/050737
they generally were not applicable in fluorescence
m croscopy or flow cytonetry [6-8]. For exanple, the
ER- FPI anti body agai nst the BCR-ABL pl 90f usi on protein
works nicely in Western blottisg, but was not
successful in mcroscopic studies on human BCR- ABL
positive | eukem as [6,7]. Despite these initial
prfgblloerps"otesrp sorks nicdbtiodV ﬁmrmblofcusg,dmt praot witmsicérastul in
6COME DOSS bl.e t he tion. of catc
ot BGag SR SRS ) Rublis, ORI ABE PPl e BbE N M
| abel ed detection anti body agai nst the other part of
the protein. In such systens, the catchjng ?ntlbod IS

bound H§SBIte G4y 1}“&%@0@9@& secHicqlhettioRiof faFoxEPrggins has
5 Fll@]étzgme PosdibRAZa Eﬁ@%{)ﬁ%h@ﬁ RRakyases QMtlf)&B)’\éé‘:a){B&r@Ierﬁért of

. Al though el egant” and easy to perform 't hese
sytée dnsiony $)eot©ei dnd ydahaded éﬁ@ct@n segbehit dgaidgt ulnetotla¢11 Tt of

d ection [ eIIu ar sion ei ns _at

oG b @ T b O Bt ibf RaPbG OBl o rid taver,
didulcBraent dipeiidy, AREE B Pladé) O Gead tlaacahibdladialyzed by flow
proteins, or the presence of fusion protejns can be

i fveunetyElYaARoush clranhantd sanels Reniorma thesespirga g cell
10 W'l_‘yé‘at@é ahﬂ @&%%h@nﬂ‘l& HOMEE Qﬂm%téc'ﬁ@h oﬁr@cré&é’llﬁ% ffugiron proteins

| Uor escence resonance energy transfer (FRET).
teﬁhhebug&ecdlbasbd on the juxtapositioning of tmo
rochro erent excitati

el gt e A R SHE T 0P HEHPS e B saagnd Andor

eMhescMulht ghdteinRabr X6 bt@Snédsr mglbarprmew@sr Q@elbONFestigated by
(Figure ]L If the emssion light of the second
f |Lw@r0£ entigpdics thatire gerivgntad BiFhfor dnkegte fupraghrepessthat are

15 @ an g@%ﬁtf&aﬁé{ore&%‘%g 9@5%91131?19@11—)13[&'%2 tfgnsperrc@‘ﬁl n?ﬁm‘rtléfhnology 18

ection usion proterhs at the si
| énnsebd olisha glmagosnumnhg@ﬁtwd) dﬁ&restﬂmnon]gromasr(mﬁnﬂlﬁgrent

it becones ﬁ}g % aluqi eC|a licht
sUBERRYIOR 2 B A ‘811“ &P P PRt arissgn lig
f Unh®BxdHcRltBE BSherAR SoHr BT LRIro ORI TF Ziad &1aMksn 1igh? of the
FRET f| uorochrone-conjugated anti bodi es is not

seEend Bneroplaomeaeary ydsteetgd by gl etemglrst thif gllews easy, high-

20 Trslf)%ed analysis of protein networks and detection of fusion proteins at the
single cell level. Using e.g. confocal laser scanning microscopy, it becomes
possible to evaluate the precise subcellular position of the interacting protein
and fusion proteins.

Approximate colocalization of two FRET fluorochrome-conjugated

25  antibodies is not sufficient for the required light-energy transfer. True
colocalization of the detected proteins is needed so that close juxtapositioning
of the fluorochromes linked to two different antibodies occurs (generally < 80
A, but preferably < 50 A, most preferably < 10 A), which is essential for

efficient light-energy transfer.
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80 A, but preferably < 50 A nost preferably < 10 A),
which is essential for efficient |ight-energy
transfer. W previously described that FRET technol ogy
can be used to detect the presgnce of a fusion protein
(W02004/042398) or to detect protein interactions

(W02004/ 042404) in a cell wusi n%@g set of specifically
desi gnée pmybe@ly Aecobdil tloptt IBR MO 003398 heneked to detect the

B e 02883 oS IFRBLARB G PSR YU ey pracrion
0 r(wm@ﬂmemaom nva deil us\mtgha &t roé apdcifvllgrdedigned peobes.
addition of _a brldgln rea nt capabl e of bi nding

t Heccprhee o 8 DR0AHOAL A Ere: Probens Rpyidced

SG&RR% cheqp@eI%H{:Qaﬁl Q@Es E(@%f}?er'asﬂoWRETr 8R3861east one probe is
l i kelihood of energy transfer between the FRET dyes.

vmome&mﬁga réantivexanpb- €Ml ablitisesf a “ketgiob” aergehbdapable of

i rected ai nst fra t
Rt Rerta IPErE P SR RPN AT 2Rk Roft probe
vvl stulahdhﬁtf Heedis dﬁRﬁﬂér@b@a lixeUhvbesfinerdy aadsBr Wetween the FRET
provided with biotin reactive groups capabl e_of

bi &P nty OL0P0AE 9T foyicppriy ligglones & st apéidodyperbes A and B
adgidctDa 1n§%a§lﬁé§@'@gn§ l]‘ﬁ%eﬁﬂ@% h{%l&hﬁr({téﬁc gr'h\éf‘em A and B

groups, the spatial organization of the antib
pragb ésbdlle drmidly Idifee“dnt/FEEﬂhbfes eadtwheegr Aua{mi B W@ws provided

| vi dual T d hat ed.t.o
C Rt Pt aEr gt o s P PR e B St RdediRe
t haths@inlceVB pdrREJdition OF €k britlgitie stbbtainde @(bﬂuat re@BtddBroups, the
Angstrom of each aqther. \Wereas the probes and net hods

ofSPaERbOLADIERE08 o ke teboly pwbans wadulgteralthy roacsivg
; %&bﬁ}f)ﬁeﬂh% ¥115@§HL ﬁldl\;lﬁﬁ‘alpﬂ;l@]%@'?%eé Pl}ffﬁ rg %tal%ﬁé@m tﬁeoprobes

i mprove the concept
gGalcomfe wihleinpr dséntceiofieactt othier tloati eﬂhmmEBEf[‘he occur, i.e. within

sensitiyi RET- ds for, det ctin fusi on

ot 0 SesPorner g cphet S esTheaiEbe ehpaidiRed or

bm@omahggaaam@w@m/@dmm RUE lgeRtIad JABIShtERMCBI® results,
tghl y suitable to bring the FRET fluorochrones in

Pregeat spvmitersjsorghpesiurthen Impyee thegpnemtincpgyticular, it is
0 Cacél(fal Wf Hﬂ: &e@@ﬁt 1%(7&1‘5%1? Eb%crea@@ tﬁé@éﬂsﬁ%ﬁe of)f‘RET-based

methods for detecting fusion proteins and interacting proteins.

This goal was met by the realization that oligonucleotide moieties are
highly suitable to bring the FRET fluorochromes in close and stable
juxtaposition, such that FRET can occur with great efficiency. The small size of
oligonucleotides allows for only a minimal spacing between the juxtaposed
dyes. Furthermore, complementary oligonucleotide sequences can be designed
to achieve highly specific and strong intermolecular interactions. Thus, the

inventors identified oligonucleotides (e.g. DNA or PNA or LNA molecules) as



ol i gonucl eotides allows for only a m niml spacing
bet ween t he juxtaposed dyes. Furthernore,
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designed to achieve highly specific and strong

i nternol ecul ar interactions. Thus, the inventors
identified oligonucleotides (e.g. DNA or PNA or LNA

nol ecul es) asexcell ent reactivge groups and bridgi ng
substance to nedi ate and/ or enhance cl ose

j uxt apositioning of dye-I|abel ed probes. The invention

t ecefarteeprtois gtespnareébrigfing substeice 4o fiadzate amd/ax enhance
second. nol ecul ar pr.ope, C robe provided with a dye
e R G e R a B PR e ey gyt ranster, eath
probe gtdiihv@nidn shepeford slethdas tahsed of gialehbtve figstainal a second

al l owi ng juxtaposing, said . at_ |east first and second
pr%%]@?u]%ﬁ arehen each prope Reeyiged gﬂ%dy%wgﬁrem said dyes together

ol dl%%&%r@?&fﬁ%f&pgacmﬁroﬁé Qd&i@ﬁm@h_‘y %QMGéf%ﬂhd@reactive group
reactive group of saird first probe’is not directly

r edbviing jwith postihe saldiagdenst et aatbsacend piroke, ghheupnohid reactive
sai d _second gr Qb ' '

: ... The | . ired t d
¢ o Foa PiButdfegniaf dngSaFin o Hinbfie e RReRbe group of

sedaid A88a6bB 1s0ibt RietcsE e ReddiBrepirigh €Be ollfhuRldobide RE& tive group
under]lying the present invention is schematically

i 19t gatdrseeerr prebe; e datter iarpqyised troteidifadre-pesdBee signals
(9RGERALY bk RELYUARL M b IRET ocly BroBett th at

n
east one feactive group, said reactive group
conpr i §hegrorcidomnsidstlymg the paescalt igomivnas sthitenatically

| id T eact i i bl.e. of . .
Gt RSB Ty SRS B pBRRREA P roviaed
( NIREE Qliyk deake wth gy lesdtnoheQea@dnStdlpNehi@f et RGeS

aci d sequence of which a_part is conplenentary to the.
SEquBRERNSHPT eansisglgof anfoliggpieleotade leadtdeqdy- Ahe reactive

N : ' ! . 1:0:.at .

N SR AR SRR K Ryl b RS BRCLBl O
s eoonptisimd ecclnaistipeafe {uaikit badyseBhlepreafivdech wipant SRET

dye Y. The dyes, Xand Yt og r forma FRET pai.r.. y
S pieprReY B e dhdb A e e ggaeorid A
ProxélBdtide Ofis 8R6 RoRHNBhert8rBto NSCASRrt BEM AHeQuEHHY the
to adjacent epitopes on a fusion protein A-B as_shown

i rreaefeve grgyp éNugleotide Epif apeeondrimeleedpnprehegAntibody B)
LTS RIS OIS A M B i

f of thehrst and second probe come into close proximity of each other (e.g.
because they are bound to adjacent epitopes on a fusion protein A-B as shown
in the figure, or to epitopes on interacting molecules), the oligonucleotide
reactive groups (Nucleotides A and B) are sufficiently close together for the
bridging substance (Nucleotide C) to bind to the reactive groups of both the
first and second probe. This interaction will reduce and stabilize the distance
between the two probe-bound dyes such that a FRET signal can be detected.

FRET energy transfer efficiency is inversely proportional to the sixth

power of the distance between the donor dye and the acceptor dye. The very

small size of the oligonucleotide reactive groups and bridging substance of the



bri dgi ng substance (Nucleotide C) to bind to the
reactive groups of both the first and second probe.
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di stance between the two probe-bound dyes such that a

FRET signal can be detected. FRET energy transfer
efficiency is inversely proportional to the sixth

power of the distance between ghe donor dye and the
acceptor dye. The very small size of the

ol i gonucl eoti de reactive groups and bri dgi ng substance
ofolighentlegfatrulinkotiydten rakerclosyd herninglldivs @l wsedlose proximity
herfﬁiliﬂdal | &Vng\g thYn%rl)() &Ilwéé) %ﬁf(%n%r %(s!untmé[ 1n %ﬁn%ct% sdc¥oné<greg €.g.

f Ifumre@ﬁ&c@gﬁalgmdonqme@ lﬂepasmg the pu@eﬁgicédﬁfs reactlve groups

pr ot ei naceous reactive, groups and brid subst a

bk ke aE dubHAveRtD A CasabE BIOBBEEP B3 o BUO2004/042404.
FLF&I@E&MI’% tﬂe%sg%%?r ﬂ:@bémﬁgﬁ ‘P)gf\béérpﬁett%hﬂﬁ&ﬂeﬂﬁ?%r s%quences

conpl ement ary sequences the reactive group and _
brdf diyé n@c@ubglrmend flet bndgingetbhetance, hyet ne‘ab&t‘qwen the reactive

hens | ves [ Qv ide 2
2SRy BRETRRa B Rl il RRTRORy ee
ol i gontg Itlegtl‘rfd@fr apperidh &dtlashiet abikbhudlag@idel rﬁKEt’:ules as
system cells are typically first subjected to

i ritRRideins Irer IsEpie Rt wgl s tchtyika L AR %Fl“e?d@éracellular
?g?ﬂelﬁ?gr Fhngean 1&dst 9\95‘ B%%@ L, e céﬁ?ﬂébéﬂﬁol%o%ﬁgleoude reactive

 owed by (stringent) washing and sequent
i rgmbla,tfpﬂmwwl bh (ithelgsm) ovefshoeg dyd eldsiegnent ipculkfiongwith the

© e PR E 0Pt BB eGSR Rl BB p s PRt tinkage

ergient RO keacti®e AndibolRRe. I DPRFerrsd @ﬁﬁ%dﬂﬁ&lt\/\b&cfh &F the probes is
mul tiplicity of reactive groups, |ike 2-

olNrgBad Mabh p awaltiphery BEraRgtive gEaunselifs ?ﬁi eigonuglgpriges each
Ol IONHEIBOL LR a §?1'dgﬁ{egecﬁggfoh}iae9%9§ i RLERENE LBk present on

si ngl'e probe may be erent to
oteh@ngleAsrobis ethyhter thiersantehe Effpreas $o each dtheact i ve group

ol i gonycl eot i de". and "ol i onuqle ide rea tlve

ar ¢ U oA BEEHRNGE APy i cr i et s and
Al*sBgon il ddiiengaiedaBUE! L hAQ infdithaidaBBN UalR0 i dleated
br|dg|ng subst ance" refer to the sane entity. The term

" sithgovige 1A Badging digegupleptade ansk efigopyrleptideuidging
o%u%g n%ECRQ%H%%hQ %ﬁﬁﬁhghaCId anal ogs joined in a

| ong charn tora Ieng of the
The term “oligonucleotide” as used herein refers to a stretch of nucleic

acids or nucleic acid analogs joined in a long chain. The total length of the
oligonucleotide can vary, depending among others on the nature of the nucleic
acid or nucleic acid analog. In one embodiment, an oligonucleotide consists of a
stretch of 5-50, preferably 10-30 nucleic acids or nucleic acid analogs joined in
a long chain. A nucleic acid is for instance a nucleotide comprising a
nitrogenous base (A, G, T, or Cin DNA; A, G, U, or C in RNA), a charged
phosphate moiety, and a sugar moiety (deoxyribose in DNA and ribose in

RNA).
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the nature of the nucleic acid or nucleic acid anal og.
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stretch of 5-50, preferably 10-30 nucleic acids or

nucl eic acid analogs joined in a long chain. A nucleic
acid is for instance a nucl eotide conprising a
nitrogenous base (A, G T, or £in DNA, AL G U or C
in RNA), a charged phosphate noiety, and a sugar

noi ety (deoxyribose in DNA and ri bose in RNA). Suitable

|ength§uﬂ@bkﬂheg@mdbeﬂbumwbebbug@nhgmenimm@@s(neéherﬁﬁhve

r eacltéil) é%ngggfgﬁgsgsnc' u ng Bpgsl%?‘satb nus'lt {cg nueCsE(iues pretferably

acliodss aticlaitalcodysor aﬂ’&@oése’m‘gé e gdhs bﬂ@ledliggﬂﬁﬂéét&iﬁ tedetive
reactive %ng ps on the respectlve pr obes may
di FPEPLRR TRyt rasRectygRIobesimgH e cibeygnhanthe %BH%?, IarOéleof

t r@nﬁﬂ%eh? Qﬁé}hareséfqne@ﬁm%Qeﬁéch Bh&f & ?@h}{ ﬂi%fel%bly 10-12

nucl el ¢ aci'ds ‘or anal ogs. bri dgi ng ol i gonucl eoti de
witluclge neidalbol ynhlogs. dPigaebrltﬂglag otlg@nu@(arttde\mllgewpally be longer

ol i onucl eo e .bridgi or, .
RS HE bt P REPaRy TP e el Rh e O pBigine o
OrhrﬂmeQSmﬁdl@ftﬁchonE@fs @QM Budl8ic3Rids| drkd all dge thakehtfor
20 to about 25. a preferred enbodi nent, the

ol xgamle L&oPi Hie fr@naa‘?féﬁt%%r@ ahgut é9-c aci d (PNA)

oligoner. PNAis simlar to DNA or RNA but differs in

the conposition of its "backbone." DNA and RNA have a
deoxyr ilhegeecnckd ¢thogbmengdhe bligknonentideds pastpitide Inpcleic acid

L G AR N S N T

The itsabh@tsnPUDNA AARNAIRdVed A xPrABESe AdEribbdtk&fdat 0

the backbone by met hyl ene car bonyl bonds. PNAs are ]

t ysicklheney r@fé)ﬁp Y&8 vheieapEPiA'gbackhgne ps gorapoget of Knegsing N-
at ot ' ' : t

7| bR, Gy EhE hoBRRl:HA N ARG EBokaL D T8 pilif and
oqouimidheibadels yare hingrd $¢ thaghdckbenoby emthylenbvarbohyllaomds.

b rtificiall nt h zed. .I.t ha Bgﬁg used in
P s Pt i P e e AR S ARt the firs

t r@at)PRBitfon SHEHEC ternpieRt iadehdtighei ¢ aci d ol i gonmers

have been used in recent %ears i n nol ecul ar bi ol ogy

pr ocedithegrucleic acid analog PNA is not known to occur naturally’in existing
life on earth, but it can be artificially synthesized. It has been used in certain
areas of biological research and medical treatments. Synthetic peptide nucleic
acid oligomers have been used in recent years in molecular biology procedures,
diagnostic assays and antisense therapies. Since the backbone of PNA contains
no charged phosphate groups, the binding between PNA/DNA strands is
stronger than between DNA/DNA strands due to the lack of electrostatic
repulsion. Early experiments with homopyrimidine strands (strands consisting
of only one repeated pyrimidine base) have shown that the Tm ("melting"

temperature) of a 6-base thymine PNA/adenine DNA double helix was 31°C in
comparison to an equivalent 6-base DNA/DNA duplex that denatures at a
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bet ween DNA/ DNA strands due to the | ack of

el ectrostatic repul sion. Early experinents wth

honmopyri m di ne strands (strands consisting of only one
repeated pyrim di ne base) havegshown that the Tm
("melting" tenperature) of a 6-base thynine

PNA/ adeni ne DNA doubl e helix was 31°C in conparison to
artengpetatare lﬂss Ghaiaé@@l\hwxmwad@ PNex mohegtilagerya ttrieemimics of
atﬁ el{lglte ul S e sd%%a 1r LeCO enqtlgase PNA m)l eCUl €s
are true ﬁolpg 8sg Terns of base- pair

r ecogniPNAo ﬂhgﬁh&scdmgﬂw greak@csp@b@mw ne atrehng to

speC| fici ty | n nding to conpl enentary wWth a
PRGN %twﬁh B@M&W@aa%gﬁ%ﬁmhz‘?eﬁ@g PR4f a

Si d@sjcaﬁ)rlhﬂhg @H&&Q Slllﬁllgr %ﬁ% 1ﬂl-bob§’&?A/Dm é%bia ding binding

strength and specificity also applies to
dugttametls anPNpecificity alsb apabes to PEé@NAzcbdﬂ@gesePNmrare not

nucl eases or ote Ses m [ esl .

gy hE g iea B TR BRI S L Rl B8 gerfgeant e
plédzgﬂ@eiegﬁmidny PNAek disiciabiaesenatwide pikasze. Finally, their
crossing through cell nenbranes easier, which nay

f Urtchersadmtavemakes Frasangdhraieh oo ippbeanesi eﬁl\s@mwbwh may

V“"fh?ﬁ‘lek IKBEKRSHhERLAEEd £F tHé ?efseH’é ixﬁﬂénﬂbﬁkﬁh@h Lol s @etection

I's. I'n one aspect, a onucl eoti de consi sting
ofof alfoston @ otean 116 1nthcﬁ<®11$ 21~n1f51ePN®ecm |at]%NAs>hlgslemlaztlde

ConBr it O SR oL sF N G AR PE S vista o8 apestiveisrgee

ofolig@n 38l ciM, UPtibSally th @nsaGtibh igsRBEIdgidd @igonucleotide
probe- bound PNA sequences each consist of 10-12 PNA

urfiopsistpapf E%Htf’a% undtsa I pisyeiifg asnachdha dre agd PNA

c

a%ﬁh%ﬁéeg% %gf(%rr%ﬁst%%f 1? 1l§ejf&l&onu%\%&eot |1%l§en£&& ?6:8%40 ridging

L adigedudlactidd conbcitohg of IZN/%) 11kbm PNAaumawel type of

nuclel acid al o tains a 2'-0O 4'-C

ot hy1 ShachirBBEr Ctnpd it ot R Ag ooy Locked

C OXH QBB @ $A ™) CLN AtiB @ I{dv@}(t}lyeldfwc@fc 4di@analog that contains
ri bof uranose ring and | ocks the structure into a rigid

bigyPi £ G settlponbridenfldrs brgserhektdda Trgpde ennfatmnaion—
pq(refs&{c@ﬂ? ﬂéa)gglhty of the ribofuranose ring and locks the structure into a

rigid bicyclic formation, conferring enhanced hybridization performance and
exceptional biological stability.

As will be understood by a person skilled in the art, for the reactive
groups and bridging substance various different combinations of types of
nucleic acid oligomers (e.g. DNA, RNA, LNA, PNA) can be used. The specific,
high affinity interaction between reactive group and bridging substance can be
effected through either homoduplex (e.g. DNA/DNA, PNA/PNA) or
heteroduplex (e.g. DNA/PNA) formation. In one embodiment, a probe set of the
invention comprises at least a first and a second probe, each probe provided

with a distinct oligonucleotide as reactive group, wherein said nucleic acid



exceptional biological stability. As will be
understood by a person skilled in the art, for the
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di fferent conbi nations of types of nucleic acid

oligonmers (e.g. DNA, RNA, LNA, PNA) can be used. The
specific, high affinity interaction between reactive

group and bridgi ng substance can be effected through

ei t her honodupl ex (e.g. DNA/ DNA, PNA/ PNA) or

het er odupl ex (e.g. DNA/PNA) formation. |In one

erdiigdinge nt 2 daoprdisauskeptidé okigememing). obhesonPiNAsesctare groups

|l east, a,first, .and.a second obe.. each _probe. pr.ovi ded
o OR 5 b B R IRP e A B PR GRS Dva

whabriotdu plak dornau N thed@iodaplegpbhidging s@bstance. Alternatively, the
deoxyri bonucl eoti de ol i goner ( DNA ese DNA reactjve
X

. Th
griaps cHiTUBE CAPRE R PR Y Wbmwwﬁiﬁtseﬂyw BN kigh san be
® UYRedARERSand Byl ANFRLE (ML dRARY A ENeX I G R BNA

(het erodupl ex) bridgi ng substance. ternatively, th%
r datdding sghsaps. toisprssposaibloikyvnidohanbdoplcd deteeuenmbadging
(R whi ch n_be recaogni zed and bound by an
Crobth &0 TR R ERERD: BEE AR ot bt Aarratuptes
| thetwead 80 POSSNHBIs@bitants end@tOMRBHH @xoEhi@eNFar example,
bridging substance _and the reactive group_of an_a

c

| egebe Ailp proprebEtamIPR heestise gpumaskribes vHE a DNA or
bridai I%Qct‘?\;‘bb%%ﬁ %tﬁ@oﬁﬁc%ﬁbieﬁ%i%ﬁ%r&{ 9@9 PNR fbridging
e t a

exanpl e, pro I'S provided w reactive group
arehbptagioe. B wi th a DNA or RNA reactive group, both

groups .capabl e of, bei ng cl ustered . PNA bri dgi n

Jubeb anBERRRE & eeie 8 ol ST or N b SAeRE P e
bejfliesiclbied s dgithar d FaRYeligeii et cattiNesro0pe ci vary,
the ol igonucl eotjde reactive groups can vary, as | ong

assi lpng pp Hodlovey fop agpedfie pad shable bapiieg dnmdierrgbadimgh there
e ' thAEY 6. Ba&OpRL: lobh fdach bridgi

bgg gg% Ir |er?g% E}éﬁ\ﬁeeﬁ&g@elagf P%@ég r oau%lagn‘c]ie grotlwllp [ adlgdl %gm ging
s Hubbtamce ovarex staewhrodtat heast Saprdfaably &, lepstef emabéutivatnucleic

| east 7 consecytive nucleic acids ar anal . As.will
el . e G e i e e e B rou of
t e ffirEShroBE @D B0t Girft@ly 1hEEES Witht@aGlisyLudbdtiid Ractive group of
ol i gonucl eoti de reactive 8roup of the second probe in

orthaseeandavobe s erder 4e sveif selfersesiationeofghe paebesfnd premature
pre%@éw{rgnsfer to occur between the attached dyes. This is important to

ensure that a FRET signal truly reflects juxtaposed probes.

In one embodiment, the bridging substance comprises a first sequence
that is complementary to at least part of a first oligonucleotide reactive group
and a second sequence that is complementary to at least part of a second
oligonucleotide reactive group, wherein the first and second sequence are
separated by at least one nucleic acid or analog. For example, they are spaced
by a few e.g. 1-10 such as 2, 3, 4, or 5 nucleic acids. A spacing of 1-3 is
preferred. In another embodiment, the complementary sequences are spaced
by one or more amino acids residues, preferably 1-2 small amino residues like

glycine residues.



energy transfer to occur between the attached dyes.
This is inportant to ensure that a FRET signal truly
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bri dgi ng substance conprises a first sequence that is
conplenentary to at least part of a first

ol i gonucl eoti de reactive group and a second sequence

that is conplenentary to at | gast part of a second

ol i gonucl eoti de reactive group, wherein the first and
second sequence are separated by at | east one nucleic

aci d ofloarerkngt isRdeo pocsile shatt theyseauence pavwderhyntary ewmat least
e.g..1-10 such as .2 3. 4, or 5 pucleic acidg, A, ..

St R R PR ofusrle Rovg oER e R BRI Bl divectly.

t heiteoungipast By Yheegquencesomplenpangtoly l@nre part ¢faine

am no acids residues, preferably 1-2 small am no

r dianBd CotderagelEs Beouped iaoﬁ?égnfﬁev%\?eﬁ,ls iprefpired|that both
Passhilior E@@Brih&%g%@i%l&ﬁuﬂ&@otme%@n@H%o Eogrt"i‘(tipét%qythe

part of an oligonucl éotide reactive group of a first
priohéiniggofthankegehutigogicte Irgactwict groups, spele itinaf, thioye atpeno single
sg&yequuépngl gﬁntary to at | east part of an

ol §gOUCEI €68 1°8E° r eacti ve group of a second probe. It

I s prefiendédidnhéic HlpddhutROIUE ke@fentbesiuldye Relected such that
ol i gonucl eoti de are designed to participate in the .
bithAY A% bot CRES-HaCHYM Hetegrdogeneusarigloatidgrssgpances gk phe cell in

thatichRRE %ﬁ&@p{ﬂ%eﬁﬂ id Q{) Be Skt E&i‘?%ﬁé!x@ﬁeﬁ Hgs%%réinlgglny of the

addi tion, the oligonucl eotide sequences shou
salegutmas sweh farhahcetisiey the exveotions ossplemantdrity with lendogenous

d tid f th Il in.which
CTELPRRRHR DHOh SR TV G TGERs Bl b g 50
desh@el frYdal int dides /OpRREESutS 8ekctlWodkiRE bt §daRBndiRe of the

i nvention, conplenentarity with endogenous (e.g.
huﬂﬁﬁyuﬂﬁﬂﬂ3ﬁd/or RNA sequences should be m nim zed or

even C?HBL@Eﬁlb}SdﬂP{&{t‘,jQ‘i‘ir% ﬁ’égﬁ Pfo‘?zic&rd], é%ﬂn UMHARLE G ith a

bl ocki ng or scavengi hg o gonuc es. I n'one
e nieacti veegropp alikbnedleqgiddbensstipeof tldeskquenge 5VC@AA'TC TAT G-3’

linker, with reacti ve.group oligonucleotid .

c el oe a e S tiGrB6t 50 Bl VT kP ah anprgeive sroup

sefRodudeoRE phigsint aNé d@fhente §-TEISOCEITI@ ALY KRBT, set of

with a reactive group o , o . .
probes is advantageously used in combination with a bridging oligonucleotide
comprising or consisting of the sequence 5-TCA DGG TAC A Gly Gly CAT
AGA ATC G-3'. The skilled person will however understand that the present
invention can be practiced using any set of sequences, be it DNA, RNA, PNA or
any combination thereof, that allows for sufficient binding strength and

binding specificity between the bridging substance and the respective probes.

A molecular probe is capable of specifically binding to a biological

molecule of interest via its so-called binding domain. Following binding of at



ol i gonucl eoti de conprising the sequence 5 -TGI ACC TTG
A-3'. This set of probes is advantageously used in

W@ 0obios09 on wi th a bridgi ng ol i gonucl eoti de CREONL3N08/G50737

5

10

15

20

25

30

or consisting of the sequence 5 -TCA DGG TACA dy Ay
CAT AGA ATC G 3'. The skilled person will however
understand that the present invention can be practiced
usi ng any set of sequences, begiit DNA, RNA, PNA or any
conbi nation thereof, that allows for sufficient
bi ndi ng strength and bi nding specificity between the
brlpaiianigrss abdteasecendiptbbelte armesloewleiof entorestyersa the binding
Mol GeHhal L BIOBE Jh 8. caRablS, of Spselfieably Biading to

I ol oy LA o PECU & OF it RS VN A PP Y86t cgaIAI ed
bidligongcldatidd Feactiod Eawiph@nbiindhvglafe &irlieedtlating thStpatial
and a second probe to a nolecule of interest via the
bi Aar g2 Aol Wxtaposed prohes afies e Probgdegorrd oy madeeile of

j uxtaRas ird bﬁ@ Efﬁ%odﬂblﬁ! geﬁ@%_b&ﬁ& bﬂﬁltél%@ﬁ:{si & prddE®YUBreferably a
remal ns avail abl e for nodulating the spati al

orfgaiohzabicom wére prefeapblyed preobesc fftien prdteinpPabecilgrly

boungd to,.a mol ecul.e of interest. |n .one _enbodi nment .
SRR AR S H o Cind PR s PuRR Br PR TR bach probe is
f usbablePf 2é@icNizi@AaRd PIRhies bk Yirdlin®BRO g@itdpef P&difitned at
protein. Particularly preferred is a set of _a first )
arfPrasite sigat ohdleduslonregion9é saidraion wakern fPlowarse when using

C aaPé’é%' of p?(gbers nginzééﬁg p?'QISje S’l'n'ag I g_oﬁﬂe@np b%bﬁ@of‘s‘d E8lecule of

(epitope) positioned at opposite sides of e fusion
r egtarpstofe.gs apidofassitdhe S andiitex@hinabeids of thyhBrsiansiagipnaof a

oo e0haPrg: nb diir@-EREi R ger R BOtgn! Gaft Hjib et Bhher o

t heter aandtd¥- befdtraiableshlde fahidhBedaiSé Olfis MR @ilQBb@budy
fusion protein), said different epitopes should not

i iptriee With prebsdnndingePifferent probes Fithipaget opprobes are

| 0 MR . .
 PRERTELSSL B ASRLALDORRER LB AU pion
a Bevidefl thabtiesprabes tdveg@izo bendiag atbvée(epitopes) dvitlgntaosmall

di fferent, essentially non-interacting, epitopes. .
dieiREact R Ehe Sho el Pidiunrt Beuturbl SRRt protein or to
( eptdrap@sd mlldcildy cAuRIT®h kh&br§t A0E isOto 8RGRY At d1Rfer Bi®een the
nmere binding of the probes to a fusion protein or to

i ritvep-ddeveernby Sealcdestegng dof Jnktaphaest yeactyvy erqups dytapbridging
? Hodankh %196?’ Ef%tiﬁ%&%ﬁﬁgaﬁ%?oﬂ%%%yew&ﬁe BE 'inodgl-\l’atléﬁ Quch that the
g" of Juxtap y a

clusterin osed reactrve groups
brlilddihiogd of energy transfer is dramatically enhanced.

The present invention also provides a diagnostic kit comprising a set of
probes according to the invention. In a preferred embodiment, the kit
additionally comprises an oligonucleotide bridging substance which has a
sequence that is complementary to at least part of the oligonucleotide reactive
group of the first probe, and which is complementary to at least part of the
oligonucleotide of the second probe. For example, such a kit may be used for
monitoring and quantification of malignant cells, e.g. leukemic cells, via the

detection of tumor-specific fusion protein-positive cells. The diagnostic test kit



substance the spatial organization of the dyes can be
nmodul at ed such that the |ikelihood of energy transfer
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provi des a diagnostic kit conprising a set of probes
according to the invention. In a preferred enbodi nent,
the kit additionally conprises an oligonucl eotide

bri dgi ng substance whi ch has ggsequence that is
conplenentary to at |east part of the oligonucleotide
reactive group of the first probe, and which is

c anplicod iereiy it vseftl pethsttiparof dofgnpie asiwgbarudieog adé after

of, t he second .propbe. FEeor..exanpl such. kit may Dbe
st RERrBhR o TR SRR P E Bl Bhfone

calrbtocok. g. | eukem c cells, via the detection of
tunor - speci fic fusion protein-positive celhs. Thf i
di agnostitethea SePRtrplades Wetimeshed weipg apsbpiprokes taygletecting

tige p?éseﬁilic@gpgﬁﬁor@?rd’f@i!ﬂ oﬁﬁté}%ﬂiﬂg (}ﬁ‘@%iﬁ’&fléegﬁs) molecules in the
treatnent to evaluate the effectiveness of the applied

c ahagnosiy mat hendlagiitadpol of alifenst e rwdbpebtiore datiag and after
a nethod, usi a set of praobes.for _detecting,th

o Rk 7 225 et B o PRE ey P 0] 443 ol Mment

( pr ot einaceeuEledi®haesethed fénprlolGciticagNobe Scttdtdofdifs to the
classification of a disease as well as before, during .
ar8vertiQy canRAsing senigeting gpeearderviith pi oligorugleptide reactive

rer];%rﬁﬁls kY RPESS c&{juégﬂ.edoett%gé{ E@Htprgﬂ)eggndp Eé’i\ﬁirgg&i‘}teﬁger@up and

od for producing a probe set according to
i meeyingsacd nprjiigateg The neativie pyogachgqroketive mayalpe attached

ol,i gonucl.eot.i de, reacti v r.oup to forma conj te .
P ABERT L GBS TARGCCH, o BRI G P BhjRer moiety.
PUlsd Whe FRIET dy€ 64y bgattdchdd® theaibby 8ir8étDUe: indirectly, e.g. via
ol i gonucl eoti de nay be attached to the probe directly

orthp pergteetgroup £lara prpferspd emppdingideaprefte qanpases at least one

' dve: .
praBRh eI a, kO E Bl ENRPRARE L AGIE b abT itk o FRET
grdyefsed Figa3B). diterdmdnecdbotdiererzictiva gprgbeag drppusled datectly or

| east one, ol.i gonucl.goti de.reactive oup, .whj c

SRR i ISP B S P RbS Dhyad L g ERET aye
3Brior Ho@r Qlffeg o3UehRr@htiIR th @asbhae group may be coupl ed
directly or indirectly to the probe. The reactive

group may be provided with a FRET dye prior to or
af ter LS p(}gféhrf@aéﬂlgghihl%n@opfh%bﬁ‘/ention, a probe set comprises a set

of at least two dye-oligonucleotide-conjugated antibodies, each antibody
capable of recognizing a binding site positioned at opposite sides of the fusion
region of a fusion protein or at distinct interacting molecules, e.g. proteins in a
protein complex. A suitable antibody comprises a conventional (poly- or
monoclonal) or a synthetic antibody or a binding fragment functionally
equivalent thereto, such as a Fab', Fab, a single chain Fv fragment, a diabody
(a single chain Fv dimer) and the like. For example, a chimeric fusion protein
A-B can be detected via FRET using a set of dye-conjugated probes, e.g. an
anti-A antibody and an anti-B antibody. In a preferred embodiment, a sample

is contacted with two antibodies, one against domain A and the other against



In a preferred enbodi nent of the invention, a probe
set conprises a set of at |east two
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anti body capabl e of recognizing a binding site

positioned at opposite sides of the fusion region of a

fusion protein or at distinct interacting nol ecul es,

e.g. proteins in a protein conplex. A suitable

ant i body conprises a conventi onal (poly- or

nnnoclonal&mor a synthetic antibody or a binding

f rdograentB 6 ﬁtsmhalrdteméq ietezt €l prasenest of, ansfydhiugionaprotein in

Eaggefll sFaab eaOS g{mﬁgr 1s lﬁgel¥%d {p cgfglgarb %8},& 12%( ]éeac?1¥7e (g]éoup) with

chi FREfItd(fridS ld@él aﬁﬂ @h&itﬁeﬁvﬁh@FRE@ a‘iﬁélﬁ:@t dﬁe \@Ialyﬁﬂlfe'lfl domain

uz&ng a_set of %g conjugated probes, nti-A
DBRIOSERYOBIER TG dEnaiR Bb%aywh%b%thp%refpéw he same protein

erﬂ%@l@blﬁ% nﬁhe RS RidsHeeORb @ﬁ%fﬁ%ﬂ%}l Aol oBiMek ?}{Q&t& osed')

one agai nst domain A and the ot her agalnstgonaln

a Whish @hlops ¢heidnnemaadepter patrie ipdesendeteaiabnFREB ﬂuorescence

fu5|oq protein in a cell sanple. One antibody is

| abetded (preferably via its reactive group) with a

FRET doneke gigeanebraxtptineteriti trbadiverdEdugtegfizab adﬁ@lety

Only when domain Ais in close prOX|n1@y to dona
e. W 1Chﬁé1ﬁW56Wvéafén$>&m sReftial RECaR ALy %RET%P%&ﬂbethat

t Qﬁefé"ﬁ 'c%%gb %?t}peeﬁl%%ﬁbﬁfﬂ% b &'1&@& lYarEkQSH oTcE{%h{}P/f or an

("] uxtaposed whi ch donor/acceptor pair to
i ndmsalrdemeegy abirsfEREIciEhgo ﬂ‘éls cpagel (snggnalatlon mefehgeto both

B0 AN PR IS HUERTFg° EhEripEglire bSeffatioh?

Oradilaéihi@Ae Opatriibol gshyiestisn! Q{blﬁ(ﬁ%tad'lﬁlﬁ[@ 4154 @abilizing the
increase in_the probab|I|ty of energy transfer to
ocpariahpiganizgtionmlidies- &pceofithe enepg) wopdiiimerdor energy transfer

eftfoI gélﬁniQXhatT o§%‘3‘d'a§:h éﬁfng%llezcﬁiésqﬁ}létegeeﬂlscl&% e&Bh‘ﬂuty,

I stance between t dyes as
r etlyplcallg 16r1@nhAaln aprefbbedleathodgnehie agpattial group allows

o B S B5 RSP 3%  EEhL8 Day

cqwﬂhiﬂ 2NA Jf @hclehcgYut hARs hetfel®IP&eMin hslidthate SOMPK of each
and acceptor nolecules nust be in close proximty,

typheal [y 10-100 A In a preferred enbodi nent, a

20 BB LN R0 9L BNESIM L i
concert with another dye, can be used for energy transfer analysis, such as
FRET analysis. As mentioned above, FRET is usually based on the interaction
between donor and acceptor dyes that are both fluorescent. In one
embodiment, the invention uses a set of probes wherein at least one of said
dyes is a fluorochrome. However, a nonfluorescent acceptor may also be used
and FRET is detected by quenching of donor fluorescence. As said, detecting
FRET by monitoring a decrease in donor fluorescence as a consequence of
juxtapositioned probes is often not as sensitive as detecting in increase in

acceptor fluorescence. Thus, in a preferred embodiment, at least two

fluorescently labeled probes are used to detect a fusion protein, as is



within 20 A of each other but nost preferably within a
di stance of 10 A of each other. In the present
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in concert with another dye, can be used for energy
transfer analysis, such as FRET anal ysis. As nentioned
above, FRET is usually based on the interaction

bet ween donor and acceptor dygg that are both
fluorescent. In one enbodi nent, the invention uses a

set of probes wherein at |east one of said dyes is a

f laxompdified e theddelevled descrigidd. Moreadene! mebeptdoluopgghromes
al so .pe use ngd FRET is detected by, quenchi of ;.

S R P RE R Bl S B b La i BB Bla include
Nhidregdeitglabedeclzeasend B)-caboxyfilouedceis; 8N6L 6acrdoxyfluorescein,
consequence of juxtapositioned probes .is offen not as

s hETHor e HY-H@PED ICAEP PAN e PESRIG eig @aedtugrescein

f liH&%ﬁﬁ?&ﬁ‘%; ATRYF1udrM @Xé%rs%fcﬁ 5 e £IMAGH AR oy AllexaFluor

| east two tluorescently 1abel ed probes are used to

detddt, cxahineidyes pndt 8 Qy2,a8y3, $&x0e iyl dntedhally subetituted

det ai |l ed scription. anpl es of .preferr .
 OBPEHr SRk Pyt Rps ot SR den By FERIE andsprinceston Red
CORWRAN h BeHjubateWoE RiyHRbE Y tiafie ahfCt W€y bHPERECREDNand

| abel's, e.g. 5-(and 6)-carboxyfl uorescein, 5- or 6-

c arpBRers ghé@béwb}hmmmm%}d?@@é dyey of5infeyhet are quantum dot

6 X ani . ' Y ' .
DR BAATLAS ALk BRI SRS Btensive
4 88Yororatidnentaddnootc&P4dr, payaniitebld e neughtraasfey detection by

Qy.3, 5, 7, tjionall bst |t uf oumarin, .

iy e da iR By SR i ph et R ipgtions of
Pril:681:0M eRRImPSisWBhdseaFe§ B¢ M BRiHRS 18sical tandem conjugates,
R-phycoerythrin and, e.g. Cy5 or Texas Red and nenbers

ofalstheeleiipd dbps ﬂp@@tr_@inﬁg 1°. & harrelgyrast snbodimensirobgseare

q ] | | . 7

PO, U85 ML RTAN 1 IARREEMDLIIR, st o
ddharéaetept @mbgaatisn sttt BORed640™ en&ICRed70BNST er
detection by flow cytonmetry can be found in Szol | osi

et al. 18 Preferred conbi nations of fluorochrones

COAMRS bS&idPRS HY £y HRehd r 1B cEhatRE pRdschageusion protein
conjugates, also referred to as duochrones 19. In a

priefaerallectiegrbodt eleattlcagrobies aade weovd dedeonlartprabgetach probe

g];ca%XgI% otf Qggog%{z?ngl'l g%‘ljno{ilqg %{tg sztllg{gsl bel{‘ld{'-negc o%:!ti%?%bsiagﬁ:gd at
opposite sides of the fusion region of said fusion protein, each probe further
provided with a dye wherein said dyes together allow energy transfer, at least
one probe provided with an oligonucleotide reactive group allowing to
modulate juxtaposing said at least first and said second probe such that there
is an increased likelihood of energy transfer between said dyes, comprising
providing a set of probes, providing a sample comprising a cell, contacting said
sample with said probes under conditions that allow juxtaposing said probes
on said fusion protein, removing any unbound and any non-specifically bound

probe and detecting juxtaposition of said probes via FRET to determine the

presence of said fusion protein.



fluorescein in conbination wth LCRed640" or
LCRed705". Al so provided herein is a nmethod for

wa@lea0e0670ny t he presence of a fusion protein i nPEI/NELINS/050737
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using a set of at least a first and a second nol ecul ar
probe, each probe capabl e of recognizing a binding

site (via its binding domain) positioned at opposite
sides of the fusion region of 1gaid fusion protein,

each probe further provided with a dye wherein said

dyes together allow energy transfer, at |east one

probe proue dedodinéntan padheagyemrevided wath menethareonyr oup
SRl SR B APR S T R oSl b
| i deel brivizosle efibstagdey Prévidingf £prdbe twiele mosaithatly@sreactive group
conprising. providing a set_of probes, providing a .

s akipl &eetstispilg il%e%sectéueﬂ}ke@éﬁ?fgeﬁo 1 rteracior depieetyialfh probe
salfl PHARES fHBEfancONdi tions that allow juxtaposing

sal d probes on saird fusion protein, renoving any

unbound and any non- specifically bound probe and

det ect i j.uxt.aposi tion of said.probes via FRET.to .
dot er iyttt S PR stes S e ARG Rt e my o GReotein at
enbedinmetell Rvel @difg bfa REOM FeBesMdcbrdiBg €o tHiMveRitton, each
ol i gonucl eoti de reactive, group, enabling said probe tq

i irebacapakle of ipAgtthan byHENS pite grigonehat aprasite sides of a

Prigviofi RGioft JPQREuMoh HrORES viaﬂ@{% H?H&in_"g%%dﬁii}{ of EHRDbe i.c. one
W e |

theoretically i1 ncrease t I kel r'hood of an
i irebatt divertbbagmast s arateir phgmantdcanrisidgithg N-terminal

BB o BT A R Ul APyl oo
Usi-Em &t @nHRisind tiy 0ReAm Ak Gttt o thd1earh O V@b PFotein. A

each probe capable of binding to a binding site =
pd¥FiongRekinEoBpHeRs Ay kinded Pepteinacagisorhstics v lyeh is formed

Saeif rfti‘éﬁ&ﬁ 'Piroﬁta%dncré(ljlﬁa%&? opé “%i&g é*&!‘%' ﬁ‘lsﬁfn %el?l% comprises
probe 1. e. orie probe 1s directe agglnst a protein
f reagmemt oft@rpor mbriggdniee chinbaradi widh ahpigmeehe of agart derived

fusi tein, d th be. i g di t i nst

a e Bee et ob s Pr SRh NPT e Qubionanat pademton
ofint&igichedieddletsd 0 Mn R reirfed EmboEintnt Pf GlcBhdll HRFRIHISE Bised to
any kind of proteinaceous substance which is forned

afdedectartamearipseifisAudag Pretahs | afustm potenfgy bhagene.

A Jnﬁ%%%ugwq&p%géggﬁlp§§t%m or it may be the result of genetic engineering.
Fusion proteins in malignancies which can readily be detected using a method
according to the invention include but are not limited to those listed in Table 1.

Many different applications could be envisaged using the proposed
oligonucleotide-based FRET method disclosed herein, for example:
- Detection of natural and oncogenic fusion proteins :
- oncogenic fusion proteins occurring in several leukemias and
solid tumors
- T-cell receptor or B-cell receptor proteins formed by fusions of

gene segments



one part of one or nore genes conbined wth another
gene or a part derived thereof. A fusion protein nmay
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i nversion or deletion. In a preferred enbodi nent, a

nmet hod provided is used to detect a tunor- specific
fusion protein. A fusion protein may be an

endogenously expressed proteingor it may be the result

of genetic engineering. Fusion proteins in

mal i gnanci es whi ch can readily be detected using a

met hod- &%@ﬁ@hmﬁ asmtat@nn sfepatifiod-ellclegertobolraing ée.got VO2*
Ilnlted ted in Table 1. Many different
appllcgilo%s ge envi saged usi ng the proposed

ol i gOnuEhﬁ@h@dﬁo@@ﬁﬁﬂ)tﬁﬁﬁ%nﬁﬂéﬁ@dﬂ sI kenpen itk 6f A protein
for exanple: - Detectlon of natural and oncogenlc

f usi oncwpa%eéu nygsent? }@WC‘HQWT@ thg spBROPYIYE dinsed”

0CCUIT | igydsBie8EYE bRLed KRR 1AM ad Al idr R Seses (o g the
T-cel | recep or or receptor protelns forneé

f usi onél\duhl/@@rféi ®eghbbentisg f@mmanm1mfonas>guﬂe>atth@hlscﬁ critical
specific cel chains, (e.g. a Vd2+ with a

to
Vg9+ chér ?“”Ofpﬂvggfb%%?¥gﬂwaﬁ)protein conmpl exes: Are

al | conpeneritatih ofadi@itRinbf ERIRLAKt DA BF bk eNNh f1eR6E(e.g.
are the conponents |inked? - Investigation of gene

r egul abishngof Breatener tpTfohindyeps Erascrirtion OftW@t -target genes);
AMLI / CB'f)ePec‘Ef%%eofg}r&%h{‘ﬂ)II\fz?S} 8% Eﬁlaﬁﬁr rlhﬁéﬂa%o&so?&l ex,

that is a cri regu nor na opd|e3|s)
- | nvestvegtichtaon of p@ttiny arw(;dmad)]h mfamwmtmptdmnaﬂs}atmn

protei n_coppl exe bi nding of b-¢ nin tgo Tcf-1

i nduces Ft"F‘%E’Pi tcfg]g ﬁ‘%afnt\%ﬁfl‘wc 315 téﬁ%ﬁﬁ’s directe agamSt
DeteCtHﬁﬂm@ﬁt&ﬂp&%bﬁIﬂmﬂ¥éw&nﬁh@%ﬁh@jﬁ%@aﬂﬂhﬁﬁﬁk&&@nS
for investigation of proteins involved

transcrlptlon or translation; - Evaluatlon of
de#l} el:%lglz dI cﬂ%cﬁr%ﬁthe? | nlq.\;alb ase@%xtalgag%gtaggs fo?cﬁl)g)glggtg(gq %1ssue

pm@eﬁ@msmih@nmﬁmhod di scl osed herein has severa
advanta es for application in tissue
a]%plslcatlon 1nppparaﬁ6& to other immunohistochemical stainings
- combination with split-signal FISH: detection of oncogenic events at

DNA level (fusion gene) and at the protein level (fusion protein).

It is of great relevance to note that the present method does not require
disruption of the cell integrity, e.g. the preparation of a cell lysate, to detect
the presence of an intracellular fusion protein or molecular complex.
Preservation of the morphology integrity of a cell permits analysis at the single
cell level, for example by flow cytometry or fluorescence microscopy. Detection
of a FRET signal by flow cytometry offers the ability to perform rapid,
multiparametric analysis of specific individual cells in a heterogeneous
population. The main advantage of flow cytometry is that it directly gives
quantitative data and that it is very rapid (results can be obtained in a few

hours).
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DNA | evel (fusion gene) and at the protein |evel
(fusion protein). It is of great relevance to note
that the present nethod does not require disruption of
the cell integrity, e.g. the preparation of a cell

| ysate, to detect the presence of an intracellular
fusion protein or nolecul ar conpl ex. Preservation of

t he nor Tg\hoh@@yd |pm\eged tryt}mafprasmtl Ihveion aléovaméettysm(sn fta

f
?ﬁonéggseée T 1nt CI‘ Og m&ecu &%}PJL & s&nglgfcgﬂllilé% sam 1

by:ohimm@g/h @mﬂet:my b@ftfeeatéd @dﬁ@s ebdbthinya b@rm@rkﬁbgmdnamtﬁe
mul ti paranetric ana is . of specific jndividual cells

i rinatepial éPéM@é‘iFé’aﬁeé of Hh4 BADPARE e %@%ﬁ?‘%ﬂféaﬁ?em is one
f 'mcﬁxfxggfshmprés%rm%e'Iﬁox%%ﬁ)%{éay 1&%3% &L’cﬂ@tclefléltak V€atrix

data and t hat I's very rapid (resul can
obtrali ofétic lpmotanfsewthuuﬁs)cemw@ vn@t h@dnépirleﬂ/thiaemosstmfﬁhent degree

pr nven ovvs .detection of a fusion protein
bt ERs: s ARG Ay BE0RUZUEE' The ofngl e cel ! Tevel - A

sanpl e keI fos b pleGebhtchaiy/ MR edtiab 8Ebsdy @8tHdd, which can
obtain a perneabilisation of the material and a

pressdtiahi GHY b aPREcHd BASFOYY. Presrics o diiiey protein or
t rlﬁ?érﬂgﬂi‘ﬂ b%t@l‘ﬁ% a\mhg beﬁ é%ﬁ§%e%}qnp{cee§lel§¥§c% fﬂbepresent 1%1ethod

nor phol oglca Integrity of the cellular trix and
t redloprsagasingsofwibiitrof tolds Geltlarapreseht irag nerabkes celhevia
most _efficie

TR P AT AR TTRu ST 6= e et i RaM et wisvidse berein

anclrBAELYd BdthRtn AMHre hopaltREE MidlRtinayit 0aly/inde1apPbh&tround
to detect the gresence of a fusion protein or

i i @orwel erdlspd Bsgp wepegialbhad oot ageoyp farcdetegtinglow fraqyencies of
glﬁ?ié)ﬁﬁ?tsﬂglemeﬁg' FRk 1%@9@56}% ldgf’&tlgﬁto Hﬁnﬁal%gﬁl%'él chsease

are present 1n a mxture o S via
i nivLiRio péhenng yp aﬁter: hantioterfos evalsatiCong a@aenemyefchneeness In

OB b P g e B P e L B8 lRgr St o
NQfbdhete kb ﬁienﬁffy 8nll$ oL SPBEL alrgle ARt RERDYBe bRIsence of a
detecting |l ow frequencies of
fusion protein at the single cell level. All that is required for practicing the
method provided is a flow cytometry facility. Importantly, the procedure can be
performed in routine laboratories by personnel with ordinary skills.

More than a hundred different fusion genes and fusion proteins have
been described in various types of cancer. As said, the method provided allows
to discriminate between the presence of normal proteins and an aberrant
fusion protein at the single cell level. Theoretically, two antibodies recognizing
two different domains of a fusion protein can cause a background staining by
binding to the domains on the normal proteins that are derived from the
normal genes instead of the fusion gene. However, in certain cases only one of

the two normal proteins reaches a detectable expression level in a target cell

population, as defined by cell surface and / or intracellular markers.
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In preferred enbodi nent, the nethod provided includes

mul ti paraneter flow cytonetry to identify and / or

isolate single cells to detect the presence of a

fusion protein at the single ggl |l level. Al that is
required for practicing the nethod provided is a flow
cytonetry facility. Inportantly, the procedure can be

P eFurmhm@bmntheduirm plr@tbmsaarnir ﬂesfublpngepm pépn wiffdy in their
energ;\%erél%%l%" )§ﬁ’reﬁ$ i gfateqern% aqvure%gléze 51(1]1 Ifferbec{] %feren suBcellular

V&bd:aiizatlbyﬁE&s@fnpﬂ:laﬁ clest. cohscidaitdl, coldralipmiihroof ﬂhreQWIodﬁﬂerent
allows _to djscrimnate between the presence_of nornal
prift Bk @Rt san ue%?eraﬁ@nocwsato%hSlgp&ceph1%(@1 {R@aEIAYRE
Celoindigieht m?ib%%ﬁfg* ;ﬁ%és)’ suffi¥Rn Ak PPAESSiSEA 801! 1A% in
two different domains of a fusion protein can cause a

b awicgrad uelds, sﬁmmowgrsbyt@ﬂndl ng to the dorml ns on the

nor mal rotetﬁa t hat pre derived d ? nes 1,

i nst eag%c?fm? SPHLNERT GARRTS50MAV: ﬂng?ﬁa@é’?%l?ﬂoré %é‘ ce
ontyereBe sQid safeple WoostenHly sabficetdSxdteached p@rmeablhzatlon A
det ect abl e expression level in a target_ cell

PRI MY, CORPIEREra P apY celbFhatdy PP%?éeedaﬁam/ a fjological sample.
| g Bﬁ)%él%él's%lpﬁ‘@éé&%é a %HH% ﬁ%‘id‘? Iﬁple ﬂ@luﬁﬁ{g‘ﬂ'oo&rs%%nénne
and the fusion protein of fer I n elr

i rhomaafledtﬂeracerelxmspBwﬂ ﬁImeéﬁS]@r srliviar éUmemallsy) lrees tib$uangpmple,
iﬁ. a di.fferent, sybcel | ul ar Iocallbez}? eﬁ 1 |s i mpl . es

t HAPUE SO moRaRtita S@&}P&%g?mggf? Uegee 18%“1"? e
NQfuiRkred Heieirf Tell Sfok BkA kgl eyt ulntbraeny bb@tm@u o fihegihode
level. In particular, colncidental juxtaposing probes
sUTPRs ERtthesmore, PRETMIE gl commmseyeciiredioslldeman

C ol tishba 1o AGE UEP1iBE, m%é a KhRS, REKAL. @rRFrp&dCEM cell
conprises providing a sanple conprising a ce

wHeree lmhidacah beanhnjamddsfrmpta mtmxabbxyofsawhjr@etsutb abith@aingarican

col TR ROyt AP S R Gy B g BaRR S pr eRtsie of the

bi @084t ebllsaivRl & MRiodkgadisRendf¢dll durar®) ®SME] e mz. de
bl ood, serum wurine, bone marrow, cerebrospinal fluid

( dsFRD oghipe gatalow). %mww peoviglediis suaklarpidetect fhepresence of
Ra%ﬁ%g%gggouﬁuﬁﬂ)%rgtqu ggr\&'fe%le;‘s Qré:cldhltblllﬂfﬁgc fﬁgioh p%fe‘fﬁ' in a cell.

The method provided is also suitable to detect interactions between

recombinant proteins and/or endogenous molecules in a cell.

For analysing a sample comprising a suspension of cells, it is preferred
that the sample is treated so as to obtain a preservation of the morphology of
the material and permeabilisation in order to ensure sufficient accessibility of
a molecule of interest to a probe. The type of treatment will depend on several
factors, for instance on the fixative used, the extent of fixation and the type
and properties of the molecule of interest. Fixation may be carried out with a

fixative such as formaldehyde.



cultured primary cell, for exanple tunor cells
obtai ned froma | ynph node bi opsy. Furthernore, a
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established | aboratory cell line, like a K562,
KASUM -1, REH or CEM cell |ine, which can be obtained
froma nunber of sources such as the Anerican Type
Culture Collection (ATCC, ww.atcc.org for an online
catal og) or the German Col |l ection of M croorgani sns
and Cell Cultures (DSMZ; www. dsnez.de for an online
cat al odfpr ththdeteeti¢rool lprmvmdesdcqlb guk essicellyordiangéageous to use
ence_ of QuUS 0t ej
o R BB g SPAROEB R ST ROLBLP B TPl gymber of
prlmpodeadlt Ib$016§18ﬁ eq:iplht:aibbxes inonfletieat disehersadROM@Stection and
bet ween .reconbi nant protei ns_and/ or endogenqus
ORI PERE, o £eé‘élthera%’ tyasally Spqgratheanilesie sppisodatign of

2 1SS PANSEY hQEmB?(l)lleﬁc séeﬁn/b?og%%ﬁ[:élg? ftoRRh léx%ﬁ “BEMYrSund”

is treated so as to obtain a preservation of
m:qf phoirogiis.offn arfvecmiaddemieat oftrg 1pe¢ntmab ithe gmthfoﬂ]mcmdes

QS{III]III%%Q%E%}I%‘P eefo§ %fF g%’lg%: 8% 8& u(igls %lg?‘ i%lﬂ ?1 §Mr{fa}ce marker or
deﬁﬁﬁﬁrakellﬁ&‘teﬁ@lkef aoldefise af tArgdttsll Papeladidntwighin a mixture of
fixative used, the extent of fixation and the type and

préSPe FeMBLIsHIE qREACHBIERid earplel With @é—’@fnpomnsééﬁpwe phyelectively
b%lﬁ@l'hr | ‘éaﬂyltna}‘\kérhI@éfp'réi%ﬁe\’ieelﬁ%l?m@ﬁt such a compound is

for mal deh For the detection of primary cells, it
|shssdedaggkywaﬁvaﬂu@@amm$dVexﬂsendweaddﬂmundamnnmswea
defi ne .a,t.arget | 1. popyl.at.i o
o hErBRaF 80 Fe et oy BE ROt it RaiRiald quivalent
| theedth.0AlBo (H &aasamd MpRbliaifeeldcfitelgbin BRIt QlceN@laranskker
gene therapy typically require the anal ysis and
i sendiei %@ddﬁ’hl?%ﬁ%n bedptectest yping a%wn&gﬁ&ed secondary reagent

ot(E'?f R g’@lgfé;gc&gﬂy ?eﬁJe 1@()1 s&r ‘ﬁ%ﬁ{ 5 Q&V b@%éﬂ%l% %rk%%omprlses

I'n” one enbo I nvention
metntyddnil € intdes s @i ori mgmhra;aanipmmdf oarledr wiiabtcanbe used to
| ul ar. mark C surf er  or
RGPt o aon PGETlrp oSSR e Teed pistive ofcels

pQﬁﬁifﬁlsllelﬁvngtJ@H@ B em,d@dmﬁ@lms pé@inle§b1¢1eé@ﬁh§llﬁﬂf1xed cells. A
contacting said sanple with a conpound capabl e of

selelutaryasskepicaniba g destenphdifgreiation(CD)mnétgenr €8 markers
e”&%@%ff‘é{ﬂifacé Hl%ibc le%%%gtﬁﬁ% otﬁergll{a%g‘f gXletti%g:gﬁg tﬂ\ﬁttfﬂe

| uorescent d e. Sulta conpoun onpri ses a
distinguishable Wlth monoclonal antibodies. Haemopoietic cells comprise

thymocytes, dendritic cells, Langerhans' cells, neutrophils, eosinophils,
germinal centre B cells, follicular dendritic cells, plasma cells and bone-
marrow cells. For example, suitable cellular markers comprise CD1, CD3,
CD4, CD8, CD10, CD19, CD20, CD33, CD34 and CD117. Monoclonal
antibodies directed against a large number of human CD markers can be
obtained from various suppliers, such as BD Biosciences or Ancell Immunology
Research Products, Bayport, USA. Often, antibodies are available that are
directly conjugated with a fluorochrome of choice e.g. CD10-PE or CD19-FITC,



fluorescently |abelled antibody or a binding fragnment
functionally equival ent thereto. Al so, a conpound
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can be used which can be detected using a

dye- conj ugat ed secondary reagent (e.g. a fluorescently

| abel | ed secondary anti body). A cellul ar marker
conprises any kind of intracelgoul ar or menbrane-bound
mar ker whi ch can be used to distinguish a

subpopul ation of cells in a mxture of cells. A
miwhighes ofviewdly @ nrefeprddsdwidei toipmgcticeld methad adegwling to the
cq 5”%%? perneabilized and / or fixed cells. A
cefTU'a mar ker can be a cluster of differentiation
(CD) aihiagebferfdd srmabkBienarLemeeidd iswirbeded soldeatifyesndfor
anong ot hers haenppoietic _cells thah are i
dil8elREfgiRATE AHBLRCeMS Y I ABL HBREMSYRY Hlpw g taanetry/cell sorting

Fﬁ%@fﬁﬁﬂh&t 4 8d G Bh G QURREA 365 IWHIRE Xélﬁafsby Hf‘eriqreééﬂc% or absence of

cells, "Langerhans' cells, neutrophils, "eosinophils,
ger fvisimal proggin of ilBerestt os by thé¢ ideatifmatide nfimitetactinglvhgecules.

plas cel.l s, and_bhonemarrow.cel | s... For exanpl .

C TR B G5 MRNRRE L TRr ickBon SRRy o gpgortant
CRroble6ldlid, infehiZfe s¥sb83,deCERAnmRAL 16RLEidus MRBa&IspfIcer and gene
anti bodi es directed against a |large nunber of human CD

nePRERY - d3RicBEY oY teedaipingh? galf pouBlesHISBIS RioRe sty eells are

RS | St e o
rlabllePuRREACRAER0R 1 ARGG) iyt PEE QUATRERE e rding to

aveahdddeprbéraiures i didertd definvompargat edl pthataon. The choice of
fluorochrone.of . choice e. CD, O PE or,,CD19- FI TC, whi ch
| RBORLETS i Pt Rty Rt aes oh e e
acBRE drigh hAnb iR noBMeRE L10Addikidnao Bhe FRETEdy K Beditmible, a

a nethod is provided to identify and/ or isolate rare

si FYEE peehq setgsearging fiorihg An varstadr cap) kagosshinad illy ather dye
carti . Y ¢ .

o op rhlatERROAHESIAE ehfing VI BN AN ALLARL ERmbPRIRtics, e
of CD b, ef12 89 and (D21 theaceaietielyfdediak isahseath of pteenesoiriBigells in

| ecul es. Suc t hod, | artjcularly suited for
e atrim PoCR T bR DR R b r el e oy s or CD34
| ARV rSYB 1 EMiReti 8P AY prebitfs e t41D PSP U Ei6RS &% sHoRClRdrein in
and gene_ therapy. Tytgl calllay, prior to staining a cell

sdhpldetalladiiescppaen thednvandionsprarisles ageetdad whiph atlows the
't g&%éct%%eofra%' IBYRAREN WXE TEOM BARERS AN LR AW REGREELAR S, ic.

detection of MRD, which is essential for evaluating effectiveness of cancer

treatment.

Figure legends

Figure 1. Schematic diagram of a fusion gene consisting of the upstream (5"
part of gene A and the downstream (3") part of gene B. This A-B fusion gene is

transcribed into A-B mRNA and translated into an A-B fusion protein.
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for i mmunophenotyping in addition to the FRET dyes.

For exanple, a FRET probe set according to the

i nvention can be conbined with another dye to nedi ate

| eukocyt e subset gating via inmqunophenotypic
characteristics, e.g. CDQ CD19 and CD20 to

accurately define subsets of precursor-B-cells in bone
melfigowe 20 SclobhatiChk g bBe uoundaaﬂfp plfleusense sfsonance energy

¢ RN B iRt ondry SPhorkl &R sndh b aleeptor ase.

t he. 'Dl&t adckptdr dgs & will hethe étrgtatdtvVienthcodmpBewildes oathe donor
met had ich all ows the detection of an |eracellm

f ulsicoh bt Bsren bgtwrenyX apd|Y 1sdapLagge of- Hépe distanee between
dec%@‘ﬂ%h@f‘aﬁ’é a Ptor"}ﬂ)'qu' sﬁﬁlc?éﬁﬁfrgdlﬁh (i 2] A%\ég‘éerht lblf’c%referably

effectiveness of cancer treatnment. Figure [egends

Fi 980 dngstrSehaimatengsdpadichtrobthealonos dpe Xgeiteexcitate the acceptor

cquLftlng of the upstream (5') part of gene A and the
ream (3') part of gene B. This A-B fusion gene

is transcribed into A-B nRNA and translated into an

A—B fusi on ﬁrote|n Figure 2. Schematic di agram of the

priigairg e Sshempiip lingramcderigingdieciscoh ehgonucloptisles fe-g.
( Fﬂﬁ&DPN‘%s Hloflécﬂ@ésocgt&[(ggﬁf a?ﬁ(ﬁ&agﬁﬂ%k EW(F f;lﬁ gocﬁe@sWhen both

accept or A. The acceptor dye Y w
emtﬂ@tleﬂ cbyletlhe) @meslsnoannity ghtadhf othhlebetmrmee tlmlgzseaﬁé,bquhd to
i stance

i DE RELBET W TE T B b g B e SighudiEfide C.

subhicEiiephitly eommblbmertB9 tABgHt slsonkidlcopide esabBy will Béuce
Ang stron% the em ssion light of the donor dye Xwl|

X1 gebilizpthe distpcsbegyeenythepivg fleorgchigmpsphpapg Y, and a
di |
DI\W%%%«}&%@ L&h bP Qefejgﬁedusg eQioh St a%fc%b ﬁ'&xoﬁrﬁ%&omes are

nol ecules to closely an
anbhpeptaesdirdtbntobtbe andubb i) pdobes. Boitke Id[m(ﬂ' aldsmeptor

roxim of each .ot he a e th re b und to bath
PR s 276 G BAan o St R e PP A PR b d he
ol JIZOAUELERAd H8 chive WHWGR alrs amelﬁéd/tcpmm{rﬂmwy ddbdsGria a linker

bot h ol i gonucl eotide A and B, will reduce
moiety.

Figure 4. shows the results of the fluorescence detected in the case of either
reactive group oligonucleotide A, reactive group oligonucleotide B, combination
of reactive group oligonucleotides A and B, or combination of A and B and
bridging oligonucleotide C. The arrow indicates the FRET signal induced by
the addition of complementary bridging oligonucleotide C. For details see the

Example below.

EXAMPLE
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fluorochromes X and Y, and a FRET signal can be
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conjugated directly to the anti body probes. B. The
donor and acceptor fluorochrones are conjugated to the
ol i gonucl eoti de reactive groups. The oligonucl eoti de
reactive groups are attached to@ the anti body probes
via a linker noiety. Figure 4. shows the results of
the fluorescence detected in the case of either

r bzt follewgraelpooiuclyotrided wotd tmtlagsizasaaicprding tosfpndard
ol irgge%%lsgoti de B, conbination of reactive group

ol¥ gonucf’éoti des A and B, or conbination of A and B
and bridging oligonucleotide C. The arrow i ndi cates
the FRET si gnSI, i nduced. by the aég‘iﬁti 08 of i

c dhiIcEe TR OB reriyileniidsi 4 dontier 66 HECA ARG Fyerescria
see the Exanpl e bel ow. EXAMPLEThe foll ow ng

ol i gonucl eoti des were synthesized according to
stRewdtive gpruc@tgresledRamd i MexagT6IhACA Foautlisstt de A:
Li nker CGA TTC TAT G Fl uorescein Reactive group

A igonucl eotide B: Al exa-TGI ACC TTG A-linker Bridging
A BgegivglBatondeletiidd CATOED GACAAG A (B, G1EAPAGASFCAGCIO
pnol PNA of the different oligonucl eotides were m xed
in 200 nL phosphate buffer pH 7,2, and their
f'ﬂ&frﬁ%ﬁﬂ?ﬁoﬂ’é’ﬁé difRaat{ ﬁ?gonﬁbféoﬂﬁ@g ngesﬁtiiequn"m L phosphate
conplete wthin 5 m nutes when PNA ol i gonucl eoti oile ]8:
wasiffed gdtl 7,2Fend tesu flusraseendei war medsuredsThe h@ntidisation was

Per ki n El ner. 55 Exci,t ati.0n vel enqgt h: £| uor escei p:
2GRt AT B TR ot PSR IR RO 'R R Por resules
e Figiesd.it 10 nm References 1. Jaffe ES, Harris

NL, Stein H, Vardinman JW (eds), Wrld Health

Organi zation cl assification of tunmours. Pathol ogy and

g%@fﬂuﬁ’?&n‘ef Perkin Elmer LS 55

Excitation wavelength:fluorescein: 485 nm, Alexa 546: 546 nm.

excitation slit 5 nm emmision slit 10 nm.
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f actsor Grdansy HNe Shkamntoal€ Mk, ' rhestkeagnioasfactses end erahQ®éations in
278: 195l ahd nGleduid 1dd¥enSakBomitcaniEMO0TT 8grs3usi it i on

f acterga@MdntERmSS, Gk H13SA | MebdWWROT bta dA MBI #cognition of
| eukenji@. tubfikpriitic 26R4p] J@)ﬁnn iﬂé’g‘lg’ﬂ-in @hroﬂi‘knm%lﬂ Te@Rerhia. J
. Her RS M Uysek7Tgg et a Ant i body recogm tion

of t*W&H%ﬁéﬁ% CJ ft ICEI‘E%IKG e? %’%5 91 i r cognition

chr oni Cpr §m

Cf[&f%é
Ant bo g%hlﬁ G Y%IHO%Qfm? R%Sl 0 éukem’%% geg]éa :'6: 1107-

juncti b ne e| ns i

Phi I%a I}ﬁqf%@ éﬁ%ﬁn‘f}agﬂ&% aﬁ\”g %ﬁ@a qdies ppegifipiothe acute
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chi merPle.DplesisnChaptar &c Rettierdem olfirasndisdi aiyeostyi Botterdam,
utilitiQomBlop@71997; 89: 2909-14. 9. Berendes P,
Recognition of tunor- specific proteins in human

cancer, Ph.D. Thesis, Chapter 8. Rotterdam Erasnus
University Rotterdam 1997: 111-27.Cl ains 1. A set of

at least a first and a second nol ecul ar probe, each
probe provided with a dye wherein said dyes together

al | ow energy transfer, each



probe additionally provided with a reactive group
al l owi ng juxtaposing said at |east first and second
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ol i gonucl eoti de and wherein the oligonucl eotide

reactive group of said first probe is not directly
reactive with the oligonucleotide reactive group of

said second probe. 2. A set acegording to claiml,

wherei n the oligonucl eotide reactive group of said

first and second probe are independently selected from
the group consisting of deoxyleitenucl eoti de ( DNA)

ol i goner, oxyribonucl eotide (RNA) oligoner, |ocked

nucleic acid (LNA(r)) and peptide nucleic acid (PNA)

ol 1. gon&rset jof af Rahabh Yirshaides Bedohd mdle@datiptadel é4td probe
reactjve groups of said first and secgond are LNA

PNeECOBIdeq GYHER 8 dye whereiarsait dysdfioggthes alpy; %eigycﬁralzs er, each
WhSHEE Radibendl$ pkéfl&&f'bv%ai £ ctife %%poélﬂ(ﬁﬁﬁgﬁu%bbgﬁg said at
reactive group. 4. A set according to anyone of clains

1 leastIirahaned swoedcphom vewirdinpraab esactige ;gr@up teth WgOhualeotlde
nult icit eacti v ps. 5. set .accaor to
Ay EheR e id RELO UG RERYRT adin O S50 67 GRENL
antitdeOgire0étive WitAdho glisagn@nidelrvdnciveonialp Y esidiseed@Nbrobe.
thereto. 6. A set according to anyone of clains 1 to 5
wherein at | east one of said dyes is a fluorochrone.

7.9 A sat se@%g&fr%ﬂégto Paifl f” M@re%ﬁ{eeélféoﬁﬁblgoude reactive group of
fluorochrone I's selected fromthe group consisting o§

f |saot Bsgeind desatdhpoby amaimldpEhd@)t]y stlecre fitvy throgi@abne

MRS I Lo S8 R PRI

phﬂfg@ﬁiekl m&mwem eyRANLMNA®Y asd %@ﬁﬁd@ﬁu@}éi’c acky BN &Y oligomer,

5.5 or , Al exa_Fluor dyes, fl uorescein,

Li r@"ﬁf@@‘&lwh%ylésthesqh@ﬁna@e%ﬂ%@@&b% ErupRed 7o, fitsh Aad pecond
cqﬁ%qgggg§P@@%hp ofs| UOrochrones, and quant um dot

dyes or providing a set of probes
accordlng to any one of clains 1-7 conprising,

tact,i ng eac ob ui tabl e e and wit
o T gondertdartatitadinb! g Juts it atriushted 8 the
t heteeRhicledtddd RIabtide ERMYpUgat e

4, A set according to anyone of claims 1 to 3 wherein each of said probes is

provided with a multiplicity of reactive groups.

5. A set according to anyone of claims 1 to 4 wherein said probe is an

antibody or a binding fragment functionally equivalent thereto.

6. A set according to anyone of claims 1 to 5 wherein at least one of said

dyes is a fluorochrome.

7. A set according to claim 6 wherein said fluorochrome is selected from

the group consisting of fluorescein isothiocyanate (FITC),



bet ween sai d probe, said dye and said oligonucl eoti de.
9. Method according to claim8, conprising conjugating
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met hod for detecting the presence of a fusion protein
inacell, using a set of at least a first and a

second nol ecul ar probe, each probe capabl e of

recogni zing a binding site posisti oned at opposite

sides of the fusion region of said fusion protein,
conprising the steps of: -providing a set of probes
adetradiatylrbodanyingrieotbiocphaateg TRITC), Toray Rl K]'BRh R-

sanple ¢ ri-si cell -cont j said s le with

< TG R (R a0g, Audieer SRBN AR Ot oW

] WiyapsisbngeBR| e apiobégestiuciaisCyySiyonCpnd @i Oy 7, , Alexa Fluor
-contacting sai.d probes with a bridgi ng substance

cohispi IrargSeeimdagli(rclidyeseyish me & Per dCldT@pnigndem
SREGNIdafll thbQ MhorbBFSincRBAAd Ghiodiih Gbi gaaucel ot i de
reactive group of said first probe and to at |east

part of the oligonucleotide reactive group of said

second ,proke,, and -detecting.juxtaposition of said .

oS hos AR A P i E Sl d B bl BRI g e By 3R Ot claims 1.7
f ushPrigPiDtcehthclihe cAclipidRdvidk efudiahl: & £Adivithlih

wherein said fusion protein_is a tunorspecific fusion
prodtgenycleqtade peagiypgEpUpoY aderavativeghareof daderm gosonjugate

a6 b PhECHLER d Mh A8l M eet of ar

[

| east a first and a second nol ecul ar probe, each probe
conprising a binding domain capable of specifically

bi ndi ng, t di fferent. i.nteracting nol ecul e of

it er eofethagpsior ding §0 it spesrme hrigatieghy gy tofhe
proMaesudesddidadtiv® gy, one of clainms 1-7, -providing

a sanple conprising a cell, -contacting said sanple
with said set of probes under conditions that allow

j_ m?g%f#lgﬂloﬁ%p d@tregﬁﬁ% tl?@Plﬁe%blq%é Jﬁ&%@ﬁ)&' P13t L& gl'&leﬁ,susing a
g sald probes w a bridgi ng substance

corpof st legstamnfirst and a second molecular probe, each probe capable of
recognizing a binding site positioned at opposite sides of the fusion region of
said fusion protein, comprising the steps of:
-providing a set of probes according to any one of claims 1-7;
-providing a sample comprising a cell
-contacting said sample with said set of probes,
-under conditions that allow juxtaposing said probes on said fusion protein
-contacting said probes with a bridging substance comprising a nucleic acid
sequence capable of binding specifically to at least part of the oligonucelotide
reactive group of said first probe and to at least part of the oligonucleotide
reactive group of said second probe, and

-detecting juxtaposition of said probes via FRET to determine the presence of

said fusion protein.



ol i gonucl eoti de sequence capabl e of bi nding
specifically to at | east part of the oligonucleotide

WO 2@e06e9 group of said first probe and to at PEEN12008/050737
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part of the oligonucl eotide reactive group of said

second probe, and -detecting juxtaposition of said

probes via FRET to detect said interacting nol ecul es.

13. A nmethod according to claigg 12, wherein at | east

one of said nolecules is a protei naceous substance, a
nucleic acid, a lipid nolecule, or a carbohydrate. 14.

A et hédmatwdratconglingtaelginpAe, whersdimpaml fgion prgtein is a tumor-
mﬂgrghnfgggd thgpnucleotide reactive group and

brngiﬁg SubStante conprise a DNA, RNA, LNA or PNA
sequence, preferably LNA or PNA. 15. A nethod

according to anygne of clains 10 to 14, incl udi ng i
st ni Aghsthod fehaglcstingat lnast BR interstiag mefeetlest g apll using
tq, dgfje 01 st FTPEL alf€h lse&%ﬁ%@ltehﬂﬁr GPSHRY b§dl{1ﬁ9robe comprising a
contacting sald sanple wth a conpound capabl e of

s élirdinig\deimaibhicapilig of epesiichllydiihdingrto patierent witeraiting

said cel |l ular rker is eferably a cluster of
di@&8?@%@?5&%&’(@5}“&%? éléenst’f%? Of}/{A net hod according to
anyeiedial aCdediofprobds hbcor@id@bisaiyitheRERisletient i on at
the single cell level, preferably using flow
cyPiveding a spmpla camyyisiug d eelki t conprising a set of

pr-@?ﬁﬁcﬁlﬁg Q&rdqi sﬁgl 1O wH Y& sQﬂC oﬁlr@i)é‘gsuﬂdetr%pZditions that allow

preferably 1 n addition conprising a bridging substance
c gnptaipssing sail ptobge nuchEontdecteguehawleapabl e of
bind“pgbsgechficgll%fﬁo.gl |.east Qgrt of the

ol FYERHET & 5T AR SR PV B 0P SBPS R LT "B ABbe and

t @lgbnli@astidPduchie ¢dpRbRI dfIRNdiGePbEibealleRCAt 148st @b B the
of said second probe. 18. Diagnostic kit according to

c| AiganudAcotigrereactive graypmfisal gt duoka ankto atsleastppaat of the
RNA d in both the
ol A A AR o RO LR, i g

s uldsteating jarteptsidon pf FZNA psampgens ERETL & ddise soid mtprashiag
set according to anyone of clainms 1 to 7, a method
acBOPE g to anyone of claims 10 to 16, or a kit
according to claim16 or 17,

13. A method according to claim 12, wherein at least one of said molecules is

a proteinaceous substance, a nucleic acid, a lipid molecule, or a carbohydrate.

14. A method according to any one of claims 10 - 13, wherein said
oligonucleotide reactive group and bridging substance comprise a DNA, RNA,

LNA or PNA sequence, preferably LNA or PNA.

15. A method according to anyone of claims 10 to 14, including staining said
sample for at least one cellular marker to define a target cell population
comprising contacting said sample with a compound capable of selectively
binding to said cellular marker, wherein said cellular marker is preferably a

cluster of differentiation (CD) antigen.



before, during and after treatnent of a disease to
eval uate the effectiveness of said treatnent or to

waelr@gne®e and / or classify a di sease. PCT/NL2008/050737
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16. A method according to anyone of claims 10-15, comprising FRET

detection at the single cell level, preferably using flow cytometry.

17. A diagnostic kit comprising a set of probes according to anyone of claims
1 to 7, preferably in addition comprising a bridging substance comprising an
oligonucleotide sequence capable of binding specifically to at least part of the
oligonucleotide reactive group of said first probe and to at least part of the

oligonucleotide reactive group of said second probe.

18.  Diagnostic kit according to claim 17, wherein said bridging substance is
a DNA, RNA, LNA or PNA sequence, preferably wherein both the
oligonucleotide reactive groups and the bridging substance are LNA or PNA

sequences.

19.  Use of a probe set according to anyone of claims 1 to 7, a method
according to anyone of claims 10 to 16, or a kit according to claim 16 or 17,
before, during and after treatment of a disease to evaluate the effectiveness of

said treatment or to diagnose and / or classify a disease.



