- 1 DEC 2004 WO 01/ 97616 PCT/ US01/ 19657 PROTEI N EXPRESSI ON PROFI LI NG
BACKGROUND OF THE | NVENTI ON The di scl osed invention is generally in the
area of detection and profiling of proteins and peptides, and sp_eppgra |y
in the area of mcroscale protein expression 5 profiling. The info on
content of the genone is carried as deoxyribonucleic acid (DNA). The size

and conpegh bi@k1#f a given genom c sequence determ nes tper{9f;MgsANd
function of the resultant organism In general, genom c conplexity is

proportional to the conplexity of the organism Relatively sinple
organi sms such as bacter| a%@hﬁ%ﬁ%ﬁ%l’m & niilion megabases

whi | e mammal i an genones ar ﬂﬁbetlt) ﬁ(h@mes. The genone is
generally -divided into di 3‘?‘2@'@5@%an ETI&]ﬂgvm as ~‘chronosones. The

bact eri um Escher i T discdesed in(vEntionok iggnegdlytiathesiren of degicdo aiccprbfiting of
chronosone, whereas the human gen consi sts_of 24 chronpsones., Genom c
DNA exi sts al%fO?ﬂH@BBPéP%‘ICFé‘HE]éBWB?OﬂZﬁWthEBWF 8f BTG RIS RICONSTPESEEY 15 (A,
G C ang T),Lghhered to a sugar-phosphate backbone. The order of the bases
along the Is the primary sequence of the DNA. The genone of an

or gani sm cont ai nsThebofdnmptiant @intent oftthe gerant incarricd ds dapxyeigpmiakijc dont| udi ng

d i , t d.. _equl at i ons, _and
Ron-funct | omRP AR erna caRpy ol &5t Rl waSeed ARPPEPr B ff ur e of
gene copy NumBSin@id of HIBRIQAFOrBHIRE! In g%ﬁerﬂ@kén@ﬁckﬁﬁp%t?h@?@%&ﬁoﬂ

singl.e base differences in the primary sequence of the ngl e base
changes t hatto ghecooexity o dhesprgarisrh e Reletival p sisnpleperigomismp ichras bagihes bave t hose

Genom ¢ Bnaigpeol tohlPsuifonafeeisel it SARLHEE G Ay BothBir "

expr essi on (3008tmégabast ETHY @aess iHyenetalli afvidbAneaktaEDegndnt Xpbws aof t he
codi ng sequences  are synthesized). 25 Al of the cells froma, given
or gani sm ar €haBoTeEes: She basterium Egrdariciia ol e fefikeontaips 3 dngle A5FRIET f r om

i1 erent | N Bl wAbxchd e $3En SORGASINAREof PLEBhomADOL 99 9%

| dentical . o pol ynor phismrdte anong i ndividuals (Wang et al .,

Sci ence 280: 107 7G¢mbati8 PNA exists gna foubderstranded pd ymeppimbaciing fainDNAbeees

m | 1ion ol ynorphis expected to be fou upon, conpl e equenci ng of
Ty tvio Barh G 388 3RS shrstosate ol St Gr i e BEGF A6 ng
segments, pcahy MNAK thEPrifdfy sedhdné of e DNt ThelorREeITeR opelishheinediay e
change the biochem cal activity of the protein. The DNA genone consists of

di screte furkoth grigin cedips and Rofotmlingsregones SCdiHLFROSSs aRd HRAY. PrIRYfsNIhs
such as bactff k3£ 9053 PudhP boXhSBESEHonkPBRAI B R me analysis can provide a
guantitative measure of gene copy number and chromosome number, as well as the

20  presence of single base differences in the primary sequence of the DNA. Single base
changes that are inherited are referred to as polymorphisms, whereas those that are
acquired during the life of an organism are known as mutations. Genomic analysis at
the DNA level does not provide a measure of gene expression (that is, the process by
which RNA and protein copies of the coding sequences are synthesized).

25 All of the cells from a given organism are assumed to contain identical
genomes, while genomes from different individuals of the same species are typicaily
about 99.9% identical. The 0.1% polymorphism rate among individuals (Wang et al.,
Science 280: 1077 (1998)) is significant in that approximately three million
polymorphisms are expected to be found upon complete sequencing of any two human

30 genomes. If single base changes occur in protein coding segments, polymorphisms can
alter the protein sequence and therefore change the biochemical activity of the protein.

The DNA genome consists of discrete functional regions known as genes.
Genomes of simple organisms such as bacteria contain approximately 1000 genes
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1 - 1 DEC 2004 WD 01197616 PCT/US01/ 19657 (Fl ei schmann et al., Science 269:
496 (1995)), whereas the human genone is estimated to contain about

100, 000 genes (Fields et al., Nature Genet. 7: 345 (1994)). Genom c -1DF 2004
anal ysis at the nRNA | evel can be used as a neasure of gene expression.
Expression |levels for each gene are determ ned by a conbi nati on of

, genet i cWETH%H¢i ronmental 5 factors. The genetic fact orBCT/HEtIQEST he

preci se DNA sequence of gene regulatory regions such as pronoters,

enhancers, andsaRhidet 81 LEFencE ok H98 PIUOS B whirehd@e BM 2 enoddiesxpegt ed to

contribute some of the differences in gene expression anong individuals of
t he sane speriaéin Exqtd86,00Mginey fisldaetalaNgoraiieaet edB45y(1894).r Geamemnical

factors, includin e ur tres | i ght nd signals that lead to
changes i n SIS0 S BROVA (VR Eiandy o6t @ i te SRS TG Ln dPRRECY For
this reasoneyBfosdiah LeheSare BERMhHEShY DEQHPREGHoMNRhe@ind @RGdhmbRe] genetic
potential of an organism but also about changes in functional state (M

Schena anhd Returs.CBlg genenfacireinshide thpprecaserlpRdi segugnce ap pensaeglatookf or d

i ver si , k i he. ' i
s e syt FESTS syt B Ebters Plibrriodte S G A B i BN B "

each nRNA, giieBxpdbadd ©\cehitribhieIseRe BE e Adférdices f geidNApressicRd@Bnone ani no
acid of the polypeptide chain, with the linear order of the nucleotides

r epr esent edimgviguals pbthe sampespepiced Brpressiondevads 4§ alsoélectsd hy saeironseentalhe
protein ass S. a_Uunk. ree-dj i ' |- term ned
| argely by %I%C Oés’ﬁéilﬁ%lrgg?%&rﬁ i) gtélt%‘?sgg&gtgﬁ%%ﬁ%@%@%ﬁﬁé@?bﬁ%ﬂérﬂ%estxﬁe uncti onal
i nst ruct0 ongevels of henAéhes @nd bthebyigRding subsiangesa Fuir des reange RNA bhalgdien cal
activities including roles in gene regulation,. abolism cell structure,
2nd DNA 1 epPiCGide SO A G0y e H96F BRFUIA RagP RESPRISt Proureedt | n
protein act bﬂdntO¥s ﬂﬁﬁn&ﬁbnapﬁbt)!m BAeRlEnd an BhtiBeONA NRFodrRB s PA IFFRS oM NO
acid sequence Of the proteins or perturb steady state protéin Ievels by

al teri ng gedppexphd&siford UbversityaPressoNaRNorR51999y #116,) protein | evel s can
al so change in rg@gonse to cha%ges i n.the environme reo r.ot ei n

t: .
| evel s are al so PEEPd S15P IR SHE SAPISHYQR 15 %S%gﬁ{stoggﬁ%?% cﬁ\%%ﬁtgr ol
whi ch dps nouniiué pedteth R EEMS) €ach IlRRTA| sach Bolf ety @ide RBvltdtided BOARNA

Proteom cs anal ysis provides data on when_or if a_predicted gene product

i s actual | yeneasiaspag a@inori of s palypeptda shadn. rithibe lineax ordyr of nal |
1011 o) ko d S kb8 sS00ORL g o0 i L
537- 544 (199¥0t}in adfutness aDiiqueshiee-girsensiobalcconfirmatitiNthat ishistessuores langaly Hye
spliced Tn g Lol on iR Scil S Socd Prifding bhRP RS R n R8RS mb ©! | OW N
20  genome by performing a wide range of biochemical activities including roles in gene
regulation, metabolism, cell structure, and DNA replication.
Individuals in a population may have differences in protein activity due to
polymorphisms that either alter the primary amino acid sequence of the proteins or
perturb steady state protein levels by altexring gene expression. Similar to mRNA
25  levels, protein levels can also change in response to changes in the environment;
moreover, protein levels are also subject to translational and post-translational control
which do not effect mRNA levels directly (Schena and David, 1999). Proteomics
analysis provides data on when or if a predicted gene product is actually translated, the
level and type of post-translational modification it may undergo and its relative
30  concentration compared with other proteins (Humphrey-Smith and Blackstock, J.
Protein. Chem. 16: 537-544 (1997)). After DNA is transcribed into mRNA, the exons
may be spliced in different ways before being translated into proteins. Following the
translation of mRNA by ribosomes, proteiﬁs are usually post-translationally modified
2



transl ation of nRNA by ribosones, proteins are usually post-translationally
nmodi fied 2 -1 DEC 2004 WD 01/97616 PCT/ US03/ 19657 by the addition of

di fferent chem cal groups such as carbohydrate, lipid and phosphate_] C om0
groups, as well as through the proteolytic cleavage of specific pepti‘cpg'
bonds. These chem cal nodifications are crucial to nodulating protein

functi onwWygy@eg not directly coded for by genes. Furt%&;@ﬁ’ﬁm@?iﬂ MRNA

and protein are continually being 5 synthesized and degra an
final levels of protein are not easily obtainable by neasuring nRNA | evels

(C:Eat ton, J. bEHicoifditiogrof differentppgmizaberoymsagol as qzmahydrais; liaid%a,nd@hosmaml e
270: 4- i
Lo 1 ndi cat e e iyt de ghe toe oRepthe fedVbl\ PUALE pBl e Bond e Thoe ' ©

there is |i thémicalanodifiedtionn afeatuutano iloeulatingnpretiefuattidRiA afpfe dgsctAnd t he
act ual armunt$ of 10 rotﬁi ng t hat t hey code for (Anderson_and Seil haner,

El ect r ophor §964 1950y geags.shyrthermpre;, both mRNA agg proteip pre qapgpually deing720- 1730
(1999)) .5 A i Vi t i d
broteln  ox oy s RASUeShast hACRECHSHHRER'CT phdteh of MR By oBBERE A'C o
(Schema andnBasrmg mRIAdpvelP(Rattemni Chemmalryei 3220003228 4595%);) Bestag &t slhgul d

Gi ven i 11 ne2o! quers Jahof bl fleBneso 3ids eI ehieet ehen Gippekierion a a
gl obal I evelq inGiRpRitkd el Bf SfprRkd LptoRRR i@ﬁ&t?ﬁ%tﬁ?si?\?%?ﬁé{cqgfihﬁ a disease

state with the changes that result” fromtreat a smalT nol ecul e
woul d  pr ovrereelatiun hebieen the abundancerof alNA spicassed tiefactnal emoingsot hat nmay be

effectiye’i Q ' a giyve | sease, .Proteom.cs thus h role in
R (N e S R R R S D R e A
phar macody n&yecea al. gval. ATeigB R fioe #120-1736 (P99} al conponent of proteomics is
its-ability to accurately quantify vast nunbers of proteins accurately and
reproduci bl y. Tyfigawvng body of evidstce seggests that chaages imgepapsnreteliepar at i on of
proteins fr ' ' | qﬁ’]%i ' ] ative
abundance o 3 ﬁg%%%@%%@f%%%ﬁ%e sep??gg#gﬁgea?o (grojr%%és 25
currently r&99%9s Plenmic\anaysis whHdiskase tissuenshiou(d281B theidentifation phproadnss .

However obt ai ni ng i.nfornpatian concernin | obal.. protej n expressi on using
2D gol 551 o RPUARRSHPR 5 UA B e Ve PSS WA SO RELF-BED BEd B0 aNED car ry

out this prpgess eRiressidh 4tAgildbal ienélaCarnbimiag 1F5imaBoR hBG RiteHle ExptBssicifid- 957

(2000)). Furthernore, the commonly used stains for evaluating protein

expressi on PAispasestafrawith the rhynges T ek Som Braeent ath oymerl] mglgcyle mpulthd

SLiver stal BloviR yaflah RiRM- A8 oh P SrndMOMY o BRAR dil @ 81 f eCt I ve 11
this capacity. These Stains are PI near over only i A -flgl d range,
wher eas t hecombating a given disease. Proteomics thus has a role in processes such as lead

20  compound screening and optimization, toxicity, pharmacodynamics, and drg efficacy.
A pivotal component of proteomics is its ability to accurately quantify vast

numbers of proteins accurately and reproducibly. Typically, proteomiés entails the
simultaneous separation of proteins from a biological sample, and the quantitation of
the relative abundance of the proteins resolved during the separation. Proteomics

25  currently relies heavily on two-dimensional (2-D) gel electrophoresis. However,
obtaining information concerning global protein expression using 2-D gels is
technically difficult, and semniantomated procedures to carry out this process are in their
infancy (Patton, Biotechnigues 28: 944-957 (2000)). Furthermore, the cornmonly used
stains for evaluating protein expression in 2-D gels (such as Coomassie Blue, colloidal

30  gold and silver stain) do not provide the requisite dynamic range to be effective in this
capacity. These stains are linear over only a 10- to 40-fold range, whereas the
abundance of individual proteins differs by as much as four orders of magnitude
(Brush, The Scienzist 12:16-22, 1998; Wirth and Romano, J. Chromatogr 698: 123-143
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abundance of individual proteins differs by as nuch as four orders of
magni tude (Brush, The Scientist 12:16-22, 1998; Wrth and Romano, J.
Chromatogr 698: 123-143 3 - 1 DEC 2004 WO 011, 91, 616 PCT/ US01/19657_
(1995)). In addition, |ow abundance proteins, such as transcription fi%FJWE
and ki”aiﬁﬁp,that are present in 1-2000 copies per cell, _often represent

a ] e

species t ﬁgﬁ orminportant regulatory functions. ThECHEe 2P
detection of such | ow abundance proteins is an inportant challenge to

pr ot eomn cs. (M9Shoda abdivienSleseblhdanbepiotein, suative ednicgipdon fetdryarkd Wnaed | fy
the rel ati ve abundance of proteins in_tw different sanpl es by nass

spect r omet r {2t P REGEAL mt]h%&?q GBKE PWW‘%@qrﬁPiﬁéﬁBﬁP‘FﬁégE“ REPRLIRE b een

denonstrate - a.f = =50l 3 | - 9: (da et
o o o < Segfry MR, P sechfd oo oE IR BE b Hpe Fpreflins i3 T: 8
recent |y thahpcreare civllenge to mroamicay Metlodds bhegicesntlydwko invmidecedt6 divestbi bl e
t he sinultaneous, uItEa_-sensitive nmeasur enent .. of hundrfe(gidor even t housands

of subst-ancBRIHY Heirive SoHRGRRCe GRPFHEDS B WP, dUEFER SHPCs DY FRISB030 (1998)) .
This  approgehuBanuye et hietidea drbffliaRed O BERThdfdus AOURYCT, Decause
the extrenel'y small~ volumes (about "0.5-5 nl') of sanple used to create
spots on t hdsmonstotesioveayslyrdkas to ten- fobtBogalGygi ot alt 19952 ©daet Hodsonf

anal yte detegction t.are_ e enel sitive. Rolling 15 Circle
Anplificati 8’%"]’(%@&% gﬁ‘r?&éﬁ%&éﬂ\?ﬁ%ﬁ@ﬁgr ase can replicate circular

ol i gonucl eoti de pripR®tenhdtBd RickRS/ thhd d&eakgigg nflERERbY tebhidlfss Wonld RERE

i sothermal conditions (Lizardi et al., ture Genet. 19: 225-232 (1998)).
| f a siHYyl eppssibiethe simulignegus, Ritre-spasit vemeasurament pEhyneredds e eves thowseeds chai n
of hundreds pr .t housands of, _ta - H.n i f t et which
'S Coval ont P SIHREE R il s RGBT A B0 floaty; 38

anpl i ficati apprpacithnibeps Biffibwt dQtduce pepractice! Boodudt,leomne the exaemelytsmall
guantitation of a tar generated by RCA can be | abeled with

t. DNA .
f1 uor escent V@l“ﬂ&'ér(ﬂkq“ggtﬁ'ﬁél) Phgrauple ysedig E%C?Wisﬁ‘étsé’fl thASP PROPETRISTRASE I t he
t andem Nﬂﬁé&wg#? ?‘E ﬁ@m@ﬁé}h&@srbf%ﬂ%%e\eg&ﬁlm%! MO LRRURAG séR e NRIIAHRS

desi gned for aranetric color”coding (Speicher et al., Nat ur e “Genet .
12: 368- 375 Ci8¥6pmplifisatidie(RélA) drivel b DNA polysmsisngan teplicatediequlasf t ar get s

that can be anal yzed. si myl t aneousl y. RCA technqlogi e n ed in

sol ution, i %ﬂ%%%ﬂd?&eipw S?ntﬁa?ﬁﬁ%%j?eaﬁ%gﬁwwcg‘ﬁ%%gs ﬁ‘fc%?ﬁgﬁ'%ng et ection
and quant i t @bhdifloR(LiRediodt Al N@tlraGerien a9 235232001998y 0lfa simpfleptihesis (Li zar di
et al., 1998). It _is therefore an object of the present to

i nventj o
provi de a m¥eb&RGdEenesaeyin ey mpuEralineg canpiof| B%dfﬁﬁif&ré’é?i’éé‘%ﬂsr‘)g_t i ons of
anal yzes. | ?]aeﬂtd%gtﬁ?r{lljgkéd‘ﬁﬁﬁ%ﬂp%tof%ftargé't%vlﬁélﬁé%B{valbﬁﬂﬁﬁlﬂikle@'Eb {het iRy de a

met hod for _
20  Generation of a linear amplification product permits both spatial resolution and

accurate quantitation of a target. DNA generated by RCA can be labeled with
fluorescent oligonucleotide tags that hybridize at multiple sites in the tandem DNA
sequences. RCA can be used with fluorophore combinations designed for
multiparametric color coding (Speicher et al., Nature Genet. 12:368-375 (1996)),

25  thereby markedly increasing the number of targets that can be analyzed simultaneously.
RCA technologies can be used in solution, in siu and in microarrays. In solid phase
formats, detection and quantitation can be achieved at the level of single molecules
(Lizardi et al., 1998).

It is therefore an object of the present invention to provide a method for

30  detecting small quantities and concentrations of analytes.

It is a further object of the present invention to provide a method for detecting

small quantities and concentrations of multiple analytes in samples.



smal | quantities and concentrations of nultiple analytes in sanples. 4 -1
DEC 2004 WD 01/97616 PCT/ US01/ 19657 It is a further object of the present

i nvention to provide a nmethod for anplifying the signal of an anaLihg%E@
be detected. It is a further object of the present invention to pro h
automated nethod for detecting small quantities and concentrations of

mul tiplewoalyisgs in sanples. S It is a further object opcthg, ﬁ?g%ent

i nvention to provide a nmethod for profiling the presence o

analytes in a sanple. It is a further object of the present invention to
provi de a met hod I ra fuBhgs abjastof the ofesdne svehtiarhe ppeddenusthofl fondmplifyieg

anal ytes Intﬂé&%&h%?&ni&i h &éﬁgs a further object of the present

invention to pr sSeSS|ng 10 the interaction of

conpounds with mat muﬂmlser@fbjdcn@mepﬂesent invesitich tf)tga&éxh@é aPRit@RitePnettde th esent
i nvention to provide a nethod for detectin smal ﬁ{lﬂ(iuantltles and

concent r at i SIFECERE gt yarEtasandsepesnirations|of mudtiple paalythein Sémpbét of the
Concent rat 1 ons. oft sar Pl bBfePofIR BRCeal et ok e £ HBinog MeRbbae’S Z“"
further obj eh&pmﬁenthefmuhi@mﬁnalymsenhlsﬂnpko provi de a rret hod for anplifying
the signal of a ﬁr_o%&{lglﬁ:orgf)e{%j ﬁe to be detected. It is_a further obj ect
of the present int8 TO8ICHT G ﬂ@eﬁtm%mte@r%@%@c@eé orfOMPating g
smal | quant igr@ss anfle § feeeu%etorafuh@ﬁéa@j f%“ihtdifpér tREApRENS and peptides in

sanples. 2071t is a further obje present Rventlon to provide a
met hod for prof i IItlﬁ@ furthee Obms@nhepmﬁcnmemqﬁneoprm@ anmethnd fqreptasdes i n a
a furt ect of i nvention to provide a nethod

| [ t
fsggpcgrrp ri Irrfg “’f)cf%?uiof’ Ec%r' Wgsmtgé%ﬁ@:@ ?'Hﬁ?rf‘? ple proteins and peptides

in different sanii@s fulteriobjedt dfithd b‘x@ﬁen@ﬁdv@ﬁﬁonQB FRRdL RSOl fdrrﬁéﬁﬁﬂlﬁn to
provide a nethod for assessing 25 the |nteract|on of conpounds w't

prot ei ns anéfft?@ﬂuﬁ'é?ttseséﬁ PoRcERERIONS ok prpteing apg pepiigdes.obj ect of the present

i nvention to pro | t nd
concentrations ogjc anaﬁiﬁ%gﬁj&i %e g{é ?ﬁgﬁ?otﬂbtgg’ccﬁg&éf#ngg%g?esdgnetm fivent i on
to provi de comiawattitesand mncentemmns oﬁtgulﬂpklﬂmtqimarahdpegﬂﬁleejmdaﬁ@lumnt rations
of protei.ns and tides F SUMVARY OF THE | NVENT]I C]\l Di scl. gsed are
conposi ﬁ?ons andqvg %%éﬁioglﬁcﬁgtgﬁﬁeﬁt O¥ERiondo 2 Yids 2@epd %Fr?é‘i‘@’tfﬁggsuch
as protei ns ikl ghd PF h GRBein P feptidk AOBE doidepddves associ ating nucleic acid

1t is a further object of the present invention to provide an automated method for

detecting small quantities and concentrations of multiple proteins and peptides in
samples.
20 It is a further object of the present invention to provide a method for profiling
the presence of multiple proteins and peptides in a sample.
It is a further object of the present invention to provide a method for comparing
profiles of the presence of multiple proteins and peptides in different samples.
1t is a further object of the present invention to provide a method for assessing
25  the interaction of compounds with proteins and peptides of interest.
It is a further object of the present invention to provide compositions for
detecting small quantities and concentrations of analytes.
It is a further object of the present invention to provide compositions for
detecting small quantities and concentrations of proteins and peptides.
30 BRIEF SUMMARY OF THE INVENTION
Disclosed are compositions and methods for detecting smail quantities of
analytes such as proteins and peptides. The method involves associating nucleic acid
primer with the analyte and subsequently using the primer to mediate rolling circle

5



primer with the anal yte and subsequently using the priner to nediate
rolling circle 5 -1 DEC 2004 WD 01/ 97616 PCT/ US01/ 19657 replication of a
circular DNA nol ecule. Anplification of the DNA circle is dependent D]J:pr?gmhe
presence of the primer. Thus, the disclosed nethod produces an anplifie

signal, \{@u.{@ding circle anplification, fromany anal y?{gﬂ%%p}&; est. The
0

anplification 7Ts jsothermic and can result in the produ t77a | arge
anount of nucleic acid from5 each prinmer. The anplified DNA renai ns

associ at ed weplivatitve ofunairanize DINA andlémalerAmplification af s BNAaileSpdepealkient
detection of the analyte. The disclosed nethqod is preferably used to detect
and anal yze B¢ B’icﬁ%ncaﬁgth%’@&qﬁd@%‘%s’ the %?EQSSFI e dmsedicae it Tophigd i pl e

proteins cag; Q c)ﬁn%%' i Te NG | ' i d iffHaGEgr ent
proteins or @g’ﬁa ’y%glls a eng%r%gpt]ﬂf%h%é&%% I r cﬁﬂﬁlﬁgﬁci at e%l(ﬁllf?gat Elgy are
present in tdmsogemicenteammpstlest thelprodAction dfi aigrgeiamzivet ofapiclecatdidirompr i mer
I's then associ.ated w th the varjous proteins usin conj ugate of. the

ri mor | add SSCOpEBeT | THATRIGG LV ECHE SSOCAAoHBa A Body: BEREITs

speci fic fogpdRE aNEWE §laal Ri2Bon BEhEGhAGe. ROl 1ing circle replication prined
by the prinmers results in production of"a |arge anount of DNA at the site

in the array wherkhetdisslgsedmethed inpreferahhy biddi tesldiectng analyagrpioleinseandDNA
serves as a_readily detectabl.e .signal for the .proteins.,Different proteins
in the arr ayeﬁté‘ﬁesbin chi?ferqﬁﬁb?ﬂ’éﬂe%lmnng’ NRlg Efoei y/n o@a]é%%ﬁ’%g: t he

| ocation of pibarapPvith westhNAHERMHfAhGRbRIHSRE aRi1les bt direvdy Yeidldiréctly

different proteins are immobilized at pre-deternined |ocations_in the
array. APt erseciajed GF theyam perseridp &iersapipet baing esigdheA relispeirde eapligation a

different rql.li i : |i: L On: Dr.i . WAL 0. i Lng 20
circle repl i%ca ‘:‘Flgsn[(]?lgl1El g%’%%??grl &eﬁbé %&8 ??@Flg%%]ﬁgarc gnhg%tgfjgﬁlgir@%c%gﬂiée
anplifi ed DiBedifit bindingmoleddi€ rsect aspmainabody, T idkpbti€ic éot the praltsih telbe DNAS can
be di stinguished using any, sujtable sequence-bhased nucleic acjid detection
t echni que. ARSCHSr lﬁﬂﬁ&ge‘f’%’c&f%maﬁl Rﬁﬁleggﬁ’ e BIRgEIS AP _ éPPF&thﬁﬁ’(ﬂ’niq(ﬂ\%l ves
conpari son %Iéeraﬂl%uﬁ){&t RSt ﬂfé@{tgme alrlly WHEI&?C t@ndick iBARBiz8AMPhes. The

I nformati on génerated is 25 anal ogous t0 the type of iInfornmation gathered

in nucl 8fc aoipdified B4 senyes oy ofcrdibysdetertablelsigosl dorttie prat¢ins Riffeosnt praieins ti ve

and accurate_detection,and..quantitatiqn.of proiej expr ed n.any cell
or tissue. Th eﬁé’l%ﬁé’ﬁ%‘?&ﬁ%&%ﬁ%%@ﬁ%ﬁ% ﬁér%xgiﬁglcaﬁglﬁ%?g)omﬁom

di fferent sampldedBNACadRIdRatete piotaih tvobadst iifferent potdnayme damapilizBRI EF
DESCRI PTI ON OF THE DRAW NGS 30. Fi gure 1&5 a .di agra%ng% an exarrgl e, of an

| MUNORCA ad BYE-dereRipestlocatians inehe aray. HltFRHY o AilterRayBrofsn 61 Bn
anti body congugakeduil s QA Iomie LRk rdfikartifh Ploet OnRA 1PRA YiRed RMing S

captured on a solid surface by coval ent "attachnent or by an
20  circle replication of a different DNA circle. The result is distinctive amplified DNA for

each different protein. The different amplified DNAs can be distinguished using any
suitable sequence-based nucleic acid detection technique.
Another preferred embodiment of the disclosed method involves comparison of
the proteins expressed in two or more different samples. The information generated is
25 analogous to the type of information gathered in nucleic acid expression profiles. The
disclosed metho;l allows sensitive and accurate detection and quantitation of proteins
expressed in any cell or tissue. The disclosed method also allows the same analyte(s)
from different samples to be detected simultaneously in the same assay.
BRIEF DESCRIPTION OF THE DRAWINGS
30 Figure 1 is a diagram of an example of an immunoRCA assay. Top left: A
reporter binding primer, made up of an antibody conjugated to an oligonucleotide)
binds to an analyte that is captured on a solid surface by covalent attachment or by an
analyte capture agent. Top right: An amplification target circle hybridizes to a
6



anal yte capture agent. Top right: An anplification target circle hybridizes
to a6 - 1 DEC 2004 WO 01/97616 PCT/ US01/ 19657 conpl enentary sequence in

t he oligonucleotide. Bottomleft: The resulting conplex is vvashe_dx BErI 2004
remove excess reagents, and the anplification target circle is anplified by
RCA. Bottomright: The anplified product is |abeled in situ by

hybri di za¥P@#9%i6h fl uor-1 abel ed ol i gonucl eoti des. 5 Fi ggfrfsdiidgsa 9r aph
of protein (in mcrograns/m) versus colum fractions. Conjugation

m xt ures wer | on.exchan |.u eluted with a, salt
gradi ent as %&s@?@%ﬁ%@aﬁ%@igc]l—ll"’lgl(??l?cgen?%@eﬁgﬁeeréf%ﬁ“%ﬁﬁng%%yed
for protei nwashed entemove exaisnrcpgaks aHe iR apokiedicanskgassWad afplified by

ant i body/ DNﬁ%égnh%g[t bgghé% pect roscopy and SDS- PAéE. 10 Figure 31s a
graph of ab art&o S Paritied proqust ix labgled m sinpBphybrjdiapiips with col urm
fractions. Hiaehhis JiBMd&figedi on exchange chromat ography contai ning
ant i body- DNA conj ugat e were pool ed, concentrated, and | oaded onto a size
excl usi 08 col um¥Figeredds e igrapbaf protéx fmphierakrankd/m)iversu EoliNA fiabtiadi um

phosphate pH.7..5 150 .nM Nad , | EDTA, 0.01% Tween 20 was fol | owed at
260 run. Theltcﬁp OB FEETCESV S IS/ LT AN ARICR FEANGD £ ER aRq nter it 2
fractions 16GaRQritedf aPQRkEBeHRExehBRKE ' ; | graph of
absor bance (at %05 nm versus cogn%gtilﬁgjrgﬁ{oingggglééo\gg%tg%%tﬁr%ts%gﬁ%?fn nM .
The graph sisosindoatest.f Biotein peakd merrpnolesirandastayed fov iaulitiodydIN Aoniant by hunman

| gE nonocl o ' : hkive ELI SA assays were carried out as 20
descri bed i %ﬁ%oggq%ﬁn&%%‘kgﬁ i -human | gE antibody in the

DNA- conjl0gat ed  (Fipre 396|6 gf 8 of @bsortie st @edopbhnts imitsed 167 hcledSimf REE -
Figure 5is a grth of DNA synthesis (in pnoles) versus tine. The graph
conpar es f r SQURRYITAGHONE o HLACHens tinga theniom; exehange Rhramamemphy sertridmg RCA wi t h

I mol ar a g J: = ' | 0, hreles) or
25 Uncon] uger Sy Phr b g Bite piBiea, bkt SRR BN e
6 i s a grapteobfd s desershedrin Exemplus BlgtiorcafTaAtin addian phosphag/pH 7.5, [Hte

graph conpar ' Q tional i noass I n ELI SA format as
deacri bod | AEsALfksh S inFre GO iGhect 28w el B oo Hie mambeevin
| MMUNORCA,  usgysadf mhultiple NoddP Mt hFrubAra€@iitis UG M08 erOpEsled S PEHREKS By ELI SA 30
assay of human IgE with an anti-human | gE-al kal i ne phosphat ase conj ugat e.

Figure 7 isP5r graph of fluorescence seen in i munoRCA and conventi onal
Figure 4 is a graph of absorbance (at 405 nm) versus competing antibody

concentration (in nM). The graph shows the effect of conjugation on the avidity of an
anti-buman IgE monoclonal antibody. Competitive ELISA assays were carried out as

20  described in Example 1 with the anti-human IgE antibody in the DNA-conjugated
{open squares) or unconjugated (filled circles) forms.

Figure 5 is a graph of DNA synthesis (in pmoles) versus time. The graph
compares free and antibody-conjugated primers in an RCA reaction. RCA with
equimolar amounts of anti-human IgE - primer 2 conjugate (open circles) or

25  unconjugated primer 2 was camried out as described in Example 1.

Figure 6 is a graph of fluorescence versus IgE concentration (in ng/mil). The
graph compares immunoRCA and conventional immunoassay in an ELISA format as
described in Example 2. Filled circles are ELISA assay of human IgE with
immunoRCA, using an anti-human IgE-DNA conjugate. Open squares are ELISA

30  assay of human IgE with an anti-human IgE-alkaline phosphatase conjugate.
Figure 7 is a bar graph of fluorescence seen in immuncRCA and conventional

immunoassays in a magnetic microparticle format. These assays were carried out using



| rmunoassays in a magnetic mcroparticle format. These assays were carried
out using 7 - | DEC 2004 WD 01/97616 PCT/ US01/ 19657 the same anti-human

| g~F, conjugates as those in Figure 6, except that nmagnetic nicroparhtBidl 28
were used as the solid-phase as described in Exanple 3. Figure 8 is a graph
of fluorggcAnsgsver sus PSA concentration (in ng/nal). Thecrgsaphsshows
detection of PSA by i munoRCA in a m crospot assay. Fluorescence in 5

m croscope i mages was quantitated as descrihed i le 4 and plotted

¢ Exa
versus PSA UESABERERANIERASE RRUBSHEAS ShOSHiRF -&§%Cqpf it Ba8SYE a graph of
f 1 uor escencﬁjc}fgéﬁ‘géleé QEreaRBE 89 hE R51RPh4sk s BRI in Bx@mp® #Ph shows

detection o y ITmmunoRCA 1 n a croarray assay as described in

Exanpl e 5. | munbRG£e aidd ghapimeiflig&Ecacevesus 2§ Adosesntrespolinaghd). P i fi ed
IgE. 10 Signals from6 mcr r .Spot s re averaged for each point, and
t he backgro%ﬁ(sh%ws ?‘3&5“°§i°3_%§ﬁ%§ﬁ% _ ineﬂ?lcﬁ?%ﬁg‘?s@b ﬁgorﬁs%g?e Yraph of
dot cour§ s ¥RErsitHpR Vndkdd vl luatlitatb®¥d @RAHKEA A Fx@mplEandstottedinapus PBews dual

antigen detection using i munoRCA- CACHET described in O Exanple 6. The RCA
product s fr oencehizatzonsiincbatdd on aietospeds. ant i - sheep antibody " n oti 15

conjugates were decorgted with.fl uorescein- - | abel e r
ol i gonucl eot i desT B ed Rt gD PLAUOHRESHE 1S gg?ﬁ?(}%sé?%&n%@ @/Cehlggﬁgbqeffl}?red
separately ugipRhdws B@Ectionlcf g0y idinzesRE AN & eoasapissapatisyibeaddt ect i on.

Figure I | 1s"a diagramof an exanple_of the disclosed nethod ‘g t he
presence of Exaapls eroRGEA PW'?%%I@W%%‘%P%QWI%“‘ge -sanpl e

2) can gf aégﬁnq?&?o%%%i&baygﬁf@fgye&%mgﬁﬁ@mﬁ%m&s f¥disé ng two

differe nat yte capture ach w fferent capture portion
(hapten | angE)sppiabwa@jybtmel. that a ag different reporter binding priner

Sgent s. Each di 1 MR L0 1t EBPOE ALk e et S R E PR PP g
circle repl irg_fzgahisﬁawp bh TRt S et n 0868 iRRbASRCARTAGHBT degddbedgn Circl e get
circle (amplification target circles 1 and 25 anplification of a different
anpl i fi cat | &xamgle.2The RCA products from the anti-avidin and the anti-sheep antibody
15  conjugates were decorated with fluorescein- and Cy3-labeled detector oligonucleotides,
respectively. The fluorescent signals were acquired separately using filter sets
optimized for fluorescein and Cy3 detection.
Figure 11 is a diagram of an example of the disclosed method where the
presence of the same analyte in two different samples (sample 1 and sample 2) can be
20  detected in the same assay. This is accomplished by using two different analyte capture
agents, each with a different capture portion (hapten 1 and hapten 2), such that a
different reporter binding primer (reporter binding primers 1 and 2) will bind the
different analyte capture agents. Each different reporter binding primer has a different
rolling circle replication primer and thus each primer mediates rolling circle
25  amplification of a different amplification target circle (amplification target circles 1 and
2).
Figure 12 is a bar graph of the ratio of Cy5 fluorescence intensity to Cy3
fluorescence intensity versus the ratio of IgE in two different samples. The graph
shows expression profiling of the same analyte in two different samples as described in
30 Example 7. A fixed concentration of IgE was incubated with one preparation of an
anti-IgE antibody, and varying concentrations of IgE were incubated with a second
preparation of an anti-IgE antibody. The two mixtures were simultaneously applied to
a microarray consisting of anti-IgE capture antibodies. The amount of each IgE-anti-
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Figure 12 is a bar graph of the ratio of Cy5 fluorescence intensity to Cy3
fluorescence intensity versus the ratio of Ig in tw different sanples.
The graph shows expression profiling of the same analyte. in two different
sanpl es as described in 30 Exanple 7. A fixed concentration of |gE wadfC 2004
I ncubated with one preparation of an anti-IgE antibody, and varying
concentr akpons7s@é | gE were incubated wth a second prep%fqujsﬁ)]zw?g? an
anti-lgE ~ntibody. The two m xtures were sinultaneously applie 0 a

m croarray E;% sisting of anti-IlgE capture antibodies. The amunt of each
| gE-anti- | P& C_O_R&pﬁ%u%@%eéynggmuwggggy@@g@-% eipgas was
det erm ned gk JARUBARCA YNk Akt Go BuI A A2 A0RLDSL 580N
conplex containing two different “rolling circl® rep iFCatl o0 pri i , and
si mul t aneousimultanecetly dgetting thersaltingitvd TR DIRGADMNSs Oy 1ibe@imndahgl ed and

Cy3- | abel e tector prabes. 5 Figure 13 is a diagramof an exanple of the

di scl osed ngg!ﬂege @ﬁﬁ%ﬁ%pﬂf%é% presence of two different forns of the same

anal yte are det eqtide 13 SdihfraaCHkhAds tRGURBIIRIdIEREN! T epor ter
2), eac W t

bi nding prinmers (reporter bindi ngqg)ri mers 1 and a different
speci fic bi raFssacaefl twediféerentdornis ofdse samezandiytef awr detectédr Thiofs dchemphidieyt e

Cch 10"t £ 20 B A A R R AR BRR PR S nt Bmiare | P e =
replicati on with aéiffesont specifitbiRBEH mdlecile thaBHdS LS difRldnt ARG tEd Salyte

anplification of a different arrpTification target circle (anplification
target circl@dhis casgy physphenylptedeand pnphospheryiated feames of the anedyte). Each t he

di scl oseg ‘flf&gnv%f‘d’ inoHESe - I ule or the
ability of rTf;l%m)l etc el-%tr15(()jﬁlgloIl ete %ﬁ%@n?g@ﬁé%?%%@%%%gp%aﬁ her
ol ecul es ( ripiserach prithenmedintel adlibecift]e arapleficafiombll £biffefent Amplbfidation dargéts

assessed. In.t resence of an effectjve conpetitor nolecule (nolecule
3), interactc%@%ﬁlgpﬁ%@nf’w&?tﬁgfkﬁ&la@ ‘es is reduced or elininated. A

reporter bindi ng Fagirees is Sdiksem Jthalkxidple bRk Fidkidsid HRfol Wekdw@pbi | i zed
molecule 1. If the two nolecules interact, anplified DNA wll be
associ at ed VHISEqeRS arpgmpetitos srolacpleper the abiligytndta maleculhtercontpstecwitipttei t or

mol ecul gs5pr ey | ' | f | ot be associated with
the i mmobil i ztg%h?%} éﬁctﬁ{ogc.ﬁﬁ%{/b%{l%%c&ﬁgg Jg.’{,cc@,g lgg@n%hcé:}lg @hmg‘no I“@P 15 an anal yte
capt ur e agentmcdilizedns assessd.ohnytherptesenct of ameffuativocdapetitdrigelecqlds is a

di agram of an _ex e of t.he disclosed nethqQd where [nteraction. of a
protein wi tﬁmgﬁﬁgg&l)’i lgteﬁaéflg%f’fg%? %}&0 P@Bbﬁ“f’]éf:‘ﬁfﬁ ﬁa?%efk)?‘i GHROtet g And- pri ner)
25 conposed réforr Pindifgipridied ifused iz inferhdi@dvith MetfoRGhInMikRdTNANS 1. IF

associ at ed \%th MRNA . : )
e two molecules interact, amplified DNA will be associated with the molecules. If

=

20 not (that is, when the competitor molecule prevents interaction), amplified DNA will
not be associated with the immobilized molecule. Molecules 1, 2, and 3 are an analyte,
an analyte capture agent, and an accessory molecule in any order.

Figure 15 is a diagram of an example of the disclosed method where interaction
of a protein with a mRNA is detected. A reporter binding primer (ligand-primer)

25  composed of a primer and a protein that interacts with mRNA is associated with mRNA
and the tnRNA/reporter binding primer conjugate (mRNA-peptide) is hybridized to a
analyte capture agent (oligo) immobilized on a glass slide. The primer can then
mediate rolling circle amplification.

Figure 16 is a bar graph of fluorescence intensity versus allergen on a

30  microarray for a set of 22 patient samples. The graph shows immunoRCA microarray

detection of allergen-specific IgE in patient sera. Serum samples from patients were

incubated with microarrays spotted with extracts of cat hair, dog hair, house dust mite



and the nRNAreporter binding priner conjugate (nRNA-peptide) is hybridized
to a analyte capture agent (oligo) imopbilized on a glass slide. The
primer can then nediate rolling circle anplification. Figure 16 i-sl 8t{bals
graph of fluorescence intensity versus allergen on a 30 mcroarray for a
set of 22 patient sanples. The graph shows i munoRCA microarray detection
of allerf6n?eyatific IgE in patient sera. Serum sanpl es FEORPHEI¥ENts were
i ncubated with mcroarrays spotted with extracts of cat hair, dog hair,
house dust T4 p ﬁﬂgr,? LSO ;49854 ' and D.
pt er onyssi n@%&ﬁzﬁﬁ%ﬁ%ﬁ{@g’é’s es :E{ngé’gén?lﬁggxa-{asnpl e %’ Ar Pgéﬁ I\?\‘/E?Iﬁlgpagrganned
and f | uor esceamed andjflabssovacesigndnwekigeantdeddsdescrived. Fi gure 17 is a bar

raph of antigen _ratiq_versus si | .ratio f t.wo- cQl t [ f PSA
T oMt it or eiEuE TR R D CES Ty o oA ROl s

quanti tat i orgefdibPAr POA IEBBIRY dikRFRN QR s dh éé&ﬁ’él@'ﬁi&%ﬁﬁﬁ&t. @@%Jggmme Wi th
biotin | abeled anti-PSA and the other with FITGC | abel ed "anti-PSA. The
bi oti n afd FEuEGitatempl BSA aetigendydommoR Chcindwonliferert\samples deeavitle Bokp-

conj ugat es. MReaR A B he i B FC8RG B2ty he Bl pa gy
i ntensi ties shspRk Mek€siRE ttHeWREGE 280y Md defetddty inBindRYZA akihg gen-bidlint he 10

two sanpl es as described in Exanple 7. Figures 18A and 1813 are barbr)?raphs

of the anmpurpriggr Byandlanidd TC{prisend) coaigaigs., Theratiogt Syddraeeed: 3Bt two
di fferent cytokines. ) ti-t:aLl f ILla
as vel | as RESE)PE BB Y fleq A FanPARIRCARY CAESR LB BIN00,

cyt oki n@s ( Fivouraplk8A detibediarBxayplechnt ai ned capture antibodies 15 for the
two cytokines i mmbilized aé&gé% rent H)g ions in_the array. Detection

was perforned by BHHEHREN g & e SRS ™ 0 primer 1. A

control sa i | detelbibPofvdUiEEn e y2d i s®nH @itddarrdyampey for
'%tmﬁ@%%%g@llwgﬁay f)f theﬂﬁ?terac?i gﬁé (Fi glljlre 1 Saér)#a_DETAI LED

I LI a, showi ng
DESCRI PTI ON gDrphs o w NUENIFatm GFILbh acwelb adINF eyiobings Siom o$asnpe 6OHBNHE®Es f or

detecting snmall quaptities, of al yt S S..pr i ' . The
net hod appl irggmpggfl &P CW%&@E#&%%& ﬂé%&%ﬁﬁac%ﬁfrg?ga# | Oeﬁﬁ{i%:b&ﬁg
det ecti Qf offonfidthbEyRikined ehthobiliatd htabfferbetlecitionninthe attayn Deteetign wss f or
whi ch there are no_anplification, techni_%ue,s coppar gbl e .t o nugl ei ¢ Eci d
anpl i fi cat i GeriosReth Py HEBIARSAGERNE R 2R CHEBaRE A "YBERET ot TP0Uf fi ci ent
quantities %fl éd?ﬁaiﬁiﬂg'o}ﬁyqlﬂé phd¥Bcdistsifle SihaleHRhdy SISk ¥ewhabats. The
use of such aeﬁ5|sbth :

specificity of the interaction (Figure 18B).

- DETAILED DESCRIPTION OF THE INVENTION

20 Disclosed are compositions and methods for detecting small quantities of

analytes such as proteins and peptides. The method applies the power of nucleic acid
signal amplification to the detection of non-nucleic acid analytes. Detection of such
analytes—for which there are no amplification techniques comparable to nucleic acid
amplification techniques-- has generally depended on detection of sufficient quantities
25  of the analyte or the use of extremely sensitive labels. The use of such labels is both
cumbersome and limited. The disclosed method provides a simple and sensitive way to
produce an ampiiﬁed signal for any desired analyte.
The disclosed method is a form of RCA where a reporter binding primer
provides the rolling circle replication primer for amplification of an amplification target
30 circle. The disclosed method allows RCA to produce an amplified signal (that is,
tandem sequence DNA (TS-DNA)) based on association of the reporter binding primer
with a target molecule (also referred to as an analyte). The specific primer sequence
that is a part of the reporter binding primer provides the link between the specific
10



cunbersone and limted. The disclosed nethod provides a sinple and
sensitive way to produce an anplified signal for any desired analyte. The

di scl osed nethod is a formof RCA where a reporter binding pri mar_]pf[p\gqnges

the rolling circle replication primer for anplification of an anplification
target 30 circle. The disclosed nethod allows RCA to produce an anplified
signal (t®&01/93616t andem sequence DNA (TS-DNA)) based on gg§agdoghden of the
reporter binding prinmer wth a target nol ecule (al so referreg to as an
anal yte). The specifi.c prinmer sequence that is a part of the reporter

bi ndi ng pri mEFEIPYER A L FERIqrbmdingarisess o & Realyp évia thecaffigity porbBCoR0B4 WO

01/ 97616 PCT{LSR QbR vl . -an t nter. bindin rimer. tq a
analyte (via the affinf £ i;&glgratﬂ?gg’%df@{lﬁ?etﬁeerreéglg%tbéf&%g Rﬁ?ﬁb’gﬁgﬁoﬂéﬁ RCA.
Once the rep®t enalytbiandimpifipationgargetscimbs@AGti e Hybrdided t@headBnglcfclean

anplificatiop target circle (ATC) is hybridized to the rolling circle
replication %p%%eﬁgngg&?éﬁ%@e Iid Ogl)qée TERYIEY PEing IERsigioepae by amplifieatsd by

ampl i fi cat i OfF the Mc:_tﬁ;eR_el.Cmﬁér&@ﬁingﬁ‘seDN%Sﬁilc&#aH%hegﬁ;%[gfeﬁ&geﬁgéﬁ%gs the

rolling circle replication prinmer “sequence o 0Bri mer
at one end, PHOY sfemee Phijerdpormbimling ptimet Meonsiehd this dnbRomipathy T8-DNRe

di scl osed . ne Sin ny. analyte. Preferred anal ytes
are nucl ei gﬁlggfl?%ssl%aﬁ&r?%ieuglingoghﬁpqdlf#?s%gﬁﬁjé%ﬁ&‘ﬁgﬁé? Gmgany goabxis. ~ and
anpl i fi cati dPrefearedahalgies ateaficleRnicidBSRSuaNG abipfBBESucIZRLGRE sl 54 SR Al O
the 10 di scIoEgng thod are generally referréd to herein as analytes. The

di scl osed CRHQIY argshiirlesseizens andtligandsa Tdrgen ojecales fattbe ns and
pepti desyg | %M&E&Hﬂﬂpg&ie ?r&eu?&'lotﬂepéiﬁaﬂn%ﬁ%i ns can be anal yzed using
| |

m croarrays to which the various protelns are B 1ized (if they are
present in the skhepliwldsed npthiodss preferably uellé dgestiand healvRirbedkiagd pri ner
I's then assocci 3eed vm;&g t%e%é? vari ous tg:)rotei ns using a conjugate of the
pri mer and enge(,sHI?B STFG PO @ IV IORlE proteingcag e ApelyBrsising hat i s

speci fic formicharyofoaklich thebarse26iRS areRRlrhdviskcal LGRLA A primed
by the primers results in product ifgn of a large acn[g{tfg]{l%odf’rg%i&gﬁﬂﬁlﬁe site
in the arr YORIGCES REedr o wling cicle repliastiph primer is Then maqufiatéd with DA ser ves
as a readil wandgd | RirSi ol oteins. Different proteins in the
array can be “di st?ﬁ%&i?s ler%]a?%ﬁ Cb’zngé)\ljt‘eﬂré \A%)?lslaaﬁ)ercgé&lﬂﬂ%‘%?‘ﬁ?%{q’é i on of
the anplifi edaDrptibogly, thathis specific foe therpodteinno be dstedty@ dR bliingicfrEle repMca@édt €i NS

are i nmobi li e-determ.ned | qgcatiops.in the array. Alternatively,

each di fferéng gr ttg'{“: RUE5H rﬁscghti&@(‘?&%ﬁ“@ﬂ Eq{geaa‘:B‘PWQFQﬁA Aighe sitggindhe cl e

replication apmynbere theprdtind st nRbbitBed. 'Pd Arifei TN & sE504 Ascaalfea@gy of a
DNA A

di fferent circle. The result is distinctive anplified each
di fferent %{e@ﬁ:&hfe sigral érfl’feel?‘%‘ﬁ’tns- Different proteins in the array can be distinguished in

20  several ways. For example, the location of the amplified DNA can indicate the protein
involved if different proteins are immobilized at pre-determined locations in the array.
Alternatively, each different protein can be associated with a different rolling circle
replication primer that in tum primes rolling circle replication of a different DNA
circle. The result is distinctive amplified DNA for each different protein. The different

25  amplified DNAs can be distinguished using any suitable sequence-based nucleic acid
detection technique.

Another preferred embodiment of the disclosed method involves comparison of
the proteins expressed in two or more different samples. The information generated is
analogous to the type of information gathered in nuclejc acid expression profiles. For

30  example, the same analyte(s) from different samples can be associated with different
primers which prime replication of different DNA circles to produce different amplified
DNAs. In this way, an analyte from one sample will produce a different amplified
DNA from the same analyte in a different sample. An example of this is shown in
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25 anplified DNAs can be distinguished using any suitabl e sequence-based
nucleic acid detection technique. Another preferred enbodi nent oj]bagm

di scl osed net hod invol ves conparison of the proteins expressed in g#
nore different sanples. The information generated is anal ogous to the type

of information gathered in nucleic acid expression profi . r 30

exanpl e,w?ﬁé’gé"dgre anal yte(s) fromdifferent sanples can %@E@@@gfr’ét ed with
different prinmers which prinme replication of different DNA circles to
produce di fHigient, ahpleitlid @che doblAse frém tivb diffarent saapleandll ydseltin om one sanpl e

will produce a different anpplified DNA fromthe sane analyte in a
di fferent sEphiEationobwoMiterepfDNR &rcles: shown in 11 1 DEC 2004 WO 01/ 97616
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will result in ‘anpli ation of two erent DNA circles. IS
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e

m xed Wi th sanpl and sanpl'e 2, respectively. In another preferred
enbodi ment ,respeetivednl it anothen predertedsemhsidenentdhe abdytesin cark samply agg lebeled

di fferent haptens...This _associ ates. i.ffer P ype of
anal yt o i n ERetg P ERERCRE S, P s a e DGR Wik B2 BRE crYES D
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t he source anglifisiofiom tif roagvimleakylication psmats. Fiven Hapalytesfram diffeaent be 15
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The source %‘Fnlé‘?? LR 5F éﬁf‘fw&sarp%,oc?tﬁ%‘ Ogjglt:'?ﬁls'ém%?%c&%%éqrﬁ%ééa%a Yte came)
can be detgeiHoBRthe {dtcetmamBioant dftastbinalytéipetenk ainthat labaica ckobe di f f er ent
anplified DNAs whi ch resulted from priners ke%r/]ed to the different

sanpl es)5  Byeterstined brwiEig of thedifferant agplified O ahwill bR RIRdstect ed
si mul t aneously wif b, 5@%@#&@@&%@%@1&%@%&%@93& legmW) dabl
pectra), all of t

di stinct em ssion’s e sanpfes can be m xed together and
anal yzed t opgeddtemindd dortemptestly hsibg Hiffecran iabtlis der differepbamplifiesk DNAe anal yt e

indirectly through t chain of c n s; .|l abel | £ to
circul ar DNAVIEER P’r’i‘“e‘{lg?%‘ P“ﬁ?ﬁoﬁygagq)ﬁc %Wetrsmu F ee?)'e(rﬁrse% # 1rz’dr)n"?li°:)l¥ i ﬁe
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20  labels with distinct emission spectra), all of the samples can be mixed together and

analyzed together. The detected label identifies the source of the analyte indirectly

1

)\

through the chain of components: label to amplified DNA to circular DNA to primer to
analyte.
In another preferred form of the disclosed method, referred to as ImmunoRCA,

25  the 5 end of the rolling circle replication primer is attached to an antibody. In one

preferred form of the disclosed method, the antibody is directed against a hapten. In

another preferred form of the disclosed method, the antibody is directed against the

analyte itself. In the presence of circular DNA (referred to as an amplification target

circle), DNA polymerase, and nucleotides, the rolling circle reaction resulis in a DNA
30  molecule consisting of multiple copies of the circle DNA sequence (referred to as

tandem sequence DNA) that remains attached to the antibody (Figure 1). The

amplified DNA can be detected in a variety of ways, including direct incorporation of

hapten- or fluorescently-labeled niicleotides, or by hybridization of fiuor or
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25 the 5 end of the rolling circle replication priner is attached to an
anti body. In one preferred formof the disclosed nethod, the antibody is
directed against a hapten. In another preferred formof the disckofed 200t
nmet hod, the antibody is directed against the analyte itself. In the
presence of circular DNA (referred to as an anplification target <circle),
DNA pol ynePad@761and nucl eotides, the rolling circle reacticgiyydpfpdékis in a
DNA 30 nol ecul e consisting of multiple copies of the circle DNA sequence
(referred to . m seguence DNA) that remains_attached to the anti body
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sel ectively i mobilizing,.them .on mcroarrays as described in Exanple 8. An
i MuUNORCA m%%?%vyﬁégﬁvc%e%m 1p ﬁmpl%@- HeR BRBIRARS A fEFToOdm LRS54 Y09 R0 Ak

quant i t a0i Orbe dnfiplHRABLAtEHRE Ghd qﬁg}ﬁtﬂ{oﬁpl osed net hod invol ves nul tipl exed
detection and quantitation of nore than one analytes in a sanple. This is

i|lustrated i n EXamppéenaspediche disclosedrmoethodiinvolyat anultiplexeslaieertibn aebt Sit es,
each test si 0 L Ai ' ilized captur.e anti body. ) i ncubat ed
With sampl o RECERbELANG B GEIRGE EES R fl s A REedd et Dot od.
The mi cr oar rvdyese wesieromexy contanibg se@raMidshsitesdaxh thsiteofdiny #0 at | east one

bi oti nyl at ed_ant.i. bogy for each analyte. An | munoRCA mcroarray assay was
t hen enpl oyéﬁ‘@‘%ﬂm@ {CRREFARURARY WisiReuhatad with samplepeniaiuing aswatrs ofan

| MUNOREA Miprh Al rAktdS BY dbRited eTREMIP5HBYs | ' ; 9LASs,S! | des,
wher ei n eachﬁwel_ | is separated by a Tec?{)on ?rawsg{(%{hlmg@a% ?Hl“ﬁ%lfer ated in
Exanpl e 8 wfenimng aideast ayesbiotinylged 40ibodp forssaviearsl yie.i Ah étmiuncR@ah

m crowel | . I ) ed. to .assay different sanples, and
control s. Eﬁ%ﬁ%ﬁ&y%ﬁ@eﬁégﬁb cgiorp |%F8’E13’%§/?L}?ng{a§3§/s of anti-IgE
capture anti bodi @8 ahethér @pect, @ imbfindROASIICEEFHay Aba9 ¥Rk bOPerinmedTRII® RCA
assays on al I.e%g‘ge@xai crglaéra s inthis_ nmultiwell format can be
i npl enent ed RBIATS| S8 9cse WheRsn 2k WeH 4 teparsisdibypanTeflon mask. This is

20  illustrated in Example 8 where microarrays of 100-400 spots were printed in each

microwell. Each of these wells was used to assay different samples, and controls.
Multiwell slides were also printed with arrays of anti-IgE capture antibodies in 6 of the
16 wells. Semi-automation of immunoRCA assays on allergen microarrays in this
multiwell format can be implemented, for example, on an inexpensive Beckman
25  BioMek liquid handling robot.
Microarray-based immunoRCA assay can be applied to other multiplexed
antibody assays. For example, certain immunological reactions are caused by specific
IgGa rather than IgE (AAAI Board of Directors, J Allergy Clin Inmunol. 95:652-654
(1995)). The use of an anti-human IgG,4 conjugated to a DNA primer complementary
30  to aDDNA circle that is different in sequence from the DNA circle to which the primer
conjugated to an anti-IgE is complementary would allow the simupltaneous

measurement of allergen-specific IgG4 and IgE. Such an assay can be used during
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25 BioMek liquid handling robot. Mcroarray-based i mmunoRCA assay can be
applied to other nultiplexed antibody assays. For exanple, certain

i mmunol ogi cal reactions are caused by specific 1g& rather than |'gEDFRARL
Board of Directors, JAllergy din Inmunol. 95:652-654 (1995)). The use of
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vitro testi ngstedonipunibilitoratingniddinchal sedisatessndlndqiafdcaotssdisdaten suspect ed
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RCA- power ed sandw ch | nmmunoassays on m croarrays 15 can provide a 3- to

4-1 0g gain isacapdary mmunodeBeiencychseazent Fiomady, the saltiplézang, anlpmation asdich  as

prostate serym ant.j. e i sck.osed t. r . gain in
di agnostic a %“B?%bﬁigg?ﬁ tysﬁﬁégﬁ%egpgg‘géf%?tg&by n%a%gﬁ%cﬁetiggsegﬁggt esting
of multipl e inedlingta@Gbddyr detdt€oOR EaUp@vered Rgiwithahutlineeasy. onNdR@irayaci ds
are ideal_nolecular labels for multiple anal yte detecti on _because 20

di fferedd sp@BPFedspauefcios saiyn Senseivey O ef fonyeriaglassays dongralytessuph

i ndi vidual apalykfe sergnrﬁﬁge - OVl SMRE a0 Aeth O plddicdsQ lﬁl@&%ﬁﬁ% pernmts an
body- DNA add

unlimted nunber of anti y ucts to be prepared and used in any

conbi nat i on,diggnosticiantt prognostia phweNnade| pepsible by thei qoungstingeionultipleat . |

Nucl ei ¢ Aci dasnﬁf%'fo?&é,:%o%&u?ﬁ%ta%%%%?ﬁseasgoval ent coupling also has

advant ages for e | nplrenent at’ sinpl e assay formats, since 25 fewer
reagent m xi ng aniusleildcidy as¢ &ipal radlecuia dabeisafds miultiplld avabyie deteataomi tabadset y i n
the 20  different specific sequences can be arbitrarily associated with each individual analyte.
Direct covalent coupling of DNA to antibody permits an unlimited number of antibody-
DNA adducts to be prepared and used in any combination, provided that each DNA
label is unique (Hendrickson et al., Nucleic Acids Res. 23: 522-529 (1995)). Covalent
coupling also has advantages for the implementation of simple assay formats, since
25 fewer reagent mixing and washing steps are required; furthermore, variability in the
stoichiometry of the assembled components can be avoided. In preferred embodiments,
the disclosed method uses a covalent coupling strategy in a signal amplification
strategy, termed ImmunoRCA. By employing several modifications and improvements
in the synthetic and purification strategies, these conjugates can be produced in high

30  yields with a high degree of purity.
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stoichionetry of the assenbl ed conponents can be avoided. In preferred
enbodi nents, the disclosed nethod uses a coval ent coupling strategy in a
signal anplification strategy, termed | munoRCA. By enpl oyi ng sever al
modi fi cations and inprovenents in the synthetic and purification -10E 700
strategies, these conjugates can be produced in high 30 yields with a high
degree Ofwﬂﬂgd% 14 1DEC 2004 WD 01/97616 PCT/ US01/ 19657 Materials A

he

Anal yt es scl osed net hod invol ves the detection of gﬁgm]é?.&’-’l n
general, any conpound, noiety, or conponent of a conpound or conpl ex can
be an analyte. 5 Preferred anal ytes amgatpaplsi des, proteins, and ot her
macronol ecul es such as_|ipids, conplex carbohydrates prot eoli pi ds,

menbr ane fragnents; - ARteucl ei ¢ acids.  Anal ytes can aI so be smaller

nol ecul es such as t@&g{, i ons,
and netal chel at egﬁé)&e&?é;?glsc prefe F@es?eé%géﬁ(?ﬁmsl ze %EE&?L[O%%aI tons to
1, 000, 000 da¢Qmprmnd,]1ﬁ01éryabmoaqaonay of endrapeundnd complek canlss abataiyteat ural |y

occurrin vitro.or in v | nduced tiaqns i nclude
Saauct 1 o noPieBA GeH v eGP RIFS: Pormceémr@rﬂﬂwr RS helres Kbl ox
formation bycdmiiet é‘rﬁﬁélﬂrﬂra\f!st ﬁo&%ﬁﬁﬂs Erfgfr éﬂéh%t hRfnuctlig&g4d on or

cl eavage (by, for exanple, protease) I on attachnment or renoval.
The di'scl osednﬁlmehe@ aimﬂtﬂnalﬂsenwlegulmhtas dmfﬁcrtersemctabohtcs, etmyomodi fi cati on
15 state of | such 433 S | at c at i state
of proteins. b @‘R\% &%ﬁ Pe néé%&ﬁ?lg dRH"fC‘lV%%PIi%F %?%F?f% % ]E’ﬂ
substrat es, M&;ﬁeroam)()owomdaﬁbﬁsays. Most preferred are mcroarrays. Analytes
can be captured and/or immobilized usi ng_anal capture agents.

| mobi | i%ed anal yé%?éyfé%wabéoqieealqdéﬁceamw@theﬁ lywﬁ%ﬁéﬁt Hdyeadni n t he
di scl osed me§;pQd; 3G, & @eea' dafBH Zraau@@&@h& fp it o‘ﬁg%ﬁr i&r n%aip?egxsb:ind' ng

primers. B. Reporter Brn Ing Priners A report ndi n
speci fic bi natiacyment| mobimerieatignl esnplex fortnhorely interaction &hﬂhg:mlm:cchemdatle The
speci fic bindi |5 the affi portion of the

| | f dt
reporter bind’ %§° nﬁ'}g??‘gtijmg?ﬁ& Ve gﬁ;x 3‘&?&8?‘8 2 I% trﬂéan ptachamepher o5

ol i gonucl eotﬂeeevaorlthwrscmfsedﬁ@mﬁ@@&rﬁeqrse@tmé&gmﬁfewﬁe&s inlthe fB8ifdhSG osed
met hod the oligonucleotide portion serves as a rolling circle replication

primer (ccortdrebryanalfe sugh asgbnphasplaryladomen glyensylation spteof prottinsidi ng
agents are also rﬁﬁﬁ%?&ntlﬁ RELEEA &%c@y 68&1&5’&&}[ with substrates, preferably in

arrays. Most preferred are microarrays. Analytes can be captured and/or immobilized

using analyte capture agents. Immobilized analytes can be used to capture other
components used in the disclosed method such as analyte capture agents and reporter
20  binding primers.
B. Reporter Binding Primers
A reporter binding primer is a specific binding molecule coupled or tethered to
an oligonucleotide. The specific binding molecule is referred to as the affinity portion
of the reporter binding primer angd the oligonucleotide is referred to as the
25  oligonucleotide portion of the reporter binding primer. In the disclosed method the
oligonucleotide portion serves as a rolling circle replication primer (accordingly, the
oligonucleotide portion of reporter binding agents are also referred to herein as a rolling
circle replication primer). This allows rolling circle replication of an added ATC where
the resulting TS-DNA is coupled to the reporter binding primer. Because of this, the
30  TS-DNA will be effectively immobilized at the site of the analyte.
The sequence of the rolling circle replication primer sequence can be arbitrarily
chosen. In a multiplex assay using multiple reporter binding primers, it is preferred that
the rolling circle replication primer sequence for each reporter binding primer be
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circle replication primer). This allows rolling circle replication of an
added ATC where the resulting TS-DNA is coupled to the reporter binding
prinmer. Because of this, the 30 TS-DNA will be effectively irmeiIi_yﬂnggm
the site of the analyte. The sequence of the rolling circle replication

primer sequemgeiscan be arbitrarily chosen. In a nultipl sst@assagesSi Ng
multiple reporter binding prinmers, it is preferred that the rolling circle
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speci fi c bi sgicigalip methia parzeuder nidlecudmeri meiety. Ahp maflequiedr mgmhythat inferactch an

I nternmedi ate | anal yte .capture agent. It is to be understood. that the
ter m antd vt ety X8 A5perne Bz BoRGS A e D o HOLET GrCBle e

nol ecul es,  §di6d} a@andMeAREIAP ® BE iMeRéthetvechiBd spebifRI HRdifg BREC I Hal | Y
with a 15 specific binding nolecule. Antibodies, either nenber of a

recept or/ | i §rialyte. rA pepderredsnxaaplens|sach aAndgiomnediatedean apalytp capiiasgizantf ithiti es
are exanpl e A gelell ity portion
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speci fi ¢ tapget meRRulS wilepbasheHinRihe aMMlitife/id By ARIATS Wetific bolddgng circle

anplification. This anplification allows sensitive detection of a very
smal | nunbemodsculgssdiuh asithg affanity/paraqroniiasepdsion dindingppiimer. A KRPOTtENt er act s

specifically.with a particular.analyte is __sail. o S £l G f hat
anal yte. Fopiiphriiaf ¥ Eambid Bt et B arilifod Redfigi®ffed jneBhat 151 o)
t hat }s an]c mpbhh%ﬁh ibolat B?icﬂ@tﬂmh' tg&raujngﬁ:irbleuélﬁrcam %)@@Br ﬁosustaibpécﬁind be Cul
speci fi or that antigen. The antigen is t anal yze. Anti bodi es, usefu
as the 20t i RIdipEIBPlerUes. gmdr*%pcmsgﬁc ?ﬁm‘v@%ﬁﬁ%wﬂ% target can be

detected by amplifying an ATC with rolling circle amplification. This amplification
allows sensitive detection of a very small number of bound analytes.

A reporter binding primer that interacts specifically with a particular analyte is
said to be specific for that analyte. For example, a reporter binding primer with an

25  affinity portion that is an antibody that binds to a particular antigen is said to be specific
for that antigen. The antigen is the analyte.

Antibodies useful as the affinity portion of reporter binding primers, can be
obtained commercially or produced using well established methods. For example,
Johnstone and Thorpe, on pages 30-85, describe general methods useful for producing

30  both polyclonal and monoclonal antibodies. The entire book describes many general

techniques and principles for the use of antibodies in assay systems.
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obtained commercially or produced using well established nethods. For
exanpl e, Johnstone and Thorpe, on pages 30-85, describe general nethods
useful for producing 30 both polyclonal and nonocl onal antibodies. ThBEC 200
entire book describes many general techniques and principles for the use
of antibodies in assay systens. 16 1 DEC 2004 WD 01/97616 PCT/ US01/ 19657 In
use, the wemamt@s binding prinmers need not be absolutely ,ﬁﬁnﬂaﬁ7reporter
binding prinmers preferably are at |east 20% pure, nore preferably at | east

50% pure, nore ef er,.abl t l.east 80% pure, and nmore_ preferably at | east
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bet ween 40 to 10(%% nui(-:gllgotfde};, preferabl@mﬁgﬁgﬁef&gﬁa‘?héﬁtw& ’

nucl eot i des, mensdrefgeblypt dsast Hlb putse endbnregivefatablOat flens 9% purl eot i des.

Portions of ATCs ha necifig. f J1.gns maki ng the ATC useful for rolling
circle arrplificad?'l )é%n‘?' 5&%’?‘“%‘55%%‘5@?% ons are referred to as the priner
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W thout a m 1 1s also preferred that ATOM containing a
promot er 20 egor Fg%%%ﬁﬁ@?cah%e a%f“gléq 5#’5&%“ fjaﬁantonf%’éeﬁ?ﬁ? ©F&hscri ption
term nator, ssquehcaportions, addrefs e gbitions, ai® pRmMdHPotidIR 2 iGHRAAI d?e%er%
anplification tarh,%gt .circle, when replicated, gives rise to a |long

nol ecul e coAPEPMINGAHAR BFS5 droleisetinglestranded sicular Pdifpmetrshie sompprising he
anplifiggtiop ' TH, Scel I | 0, herein
2"t andem s g 20Blerinl B fon Thi RN M AIC S ddndiEbibiEbHa s

conpl enent aspedilic perdopof HerAT0 ol borabitrarihochosanseanehces. f It v msfented aimt t he

anplificati ' e _detecti ta ortio t he . secondary
t ar get sequ%lc‘:(}a%%r? tih%kés,%f%ega%ﬂ(f Srglggal? 3‘89 %ﬁf%ﬁgt,arya%ist%émﬁ?rﬁﬂ?aé s
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whi ch mat ch .t.he . .
( w1haout a mismatch or gap. It is also preferred that ATCs containing a promoter

20  portion do not have any sequences that resemble a transcription terminator, such as a
run of eight or more thymidine nucleotides.

An amplification target circle, when replicated, gives rise to a long DNA
molecule containing multiple repeats of sequences complementary to the amplification
target circle. This long DNA molecule is referred to herein as tandem sequences DNA

25 (TS-DNA). TS-DNA contains sequences complementary to the primer complement
portion and, if present on the amplification target circle, the detection tag portions, the
secondary target sequence portions, the address tag portions, and the promoter portion.
These sequences in the TS-DNA are referred to as primer scquenées {(which match the

. sequence of the rolling circle replication primer), spacer sequences (complementary to

30  the spacer region), detection tags, secondary target sequences, address tags, and
promoter sequences. Amplification target circles are useful as tags for specific binding

molecules.
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sequence of the rolling circle replication priner), spacer sequences
(complenentary to 30 the spacer region), detection tags, secondary target
sequences, address tags, and pronoter sequences. Anplification targe{t_r]
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long. A rolling circle replication primer can be used as the tertiary DNA strand

displacement primer in strand displacement cascade amplification.

20 In preferred embodiments, rolling circle replication primers (and other primers
used in the method) can contain a spacer. The spacer can help to overcome steric
factors from the surface when immobilized, aid in anchoring polymerase on primers, or
provide other advantages, such as control or alteration of the hydrophobicity of array
elements. Spacers useful for the disclosed method include nucleotide spacers such as

25  poly dT or poly dA; aliphatic linkers such as C18, C12, or multimers thereof; aromatic
spacers, or RNA, DNA, PNA or combinations thereof.

E. Analyte Capture Agents _
An analyte capture agent is any compound that can interact with an analyte and
allow the analyte to be immobilized or separated from other compounds and analytes.

30 An analyte capture agent includes an analyte interaction portion. Analyte capture
agents can also include a capture portion. Analyte capture égents without a capture
portion preferably are immobilized on a solid support. The analyte interaction portion
of an analyte capture agent is a molecule that interacts specifically with a particular
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allow the analyte to be inmobilized or separated from other conpounds and
anal ytes. 30 An anal yte capture agent includes an anal yze interaction
portion. Analyte capture agents can also include a capture portion..- '?"Dﬁf’ yiie
capture agents without a capture portion preferably are inmobilized on a
solid support. The anal yze interaction portion of an analyte capture agent
Is a nol e3P e/ interacts specifically with a particul T[[}S%L,-l%l57 DEC 2004
WO 01/97616 PCT/ US01/196:57 nolecule Or Miety. The nol ecul e of 'ndi ety that
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and to porti 8hideattencol batwbasthe sutyic aseranionpottimenalhdandlyad, ot i obhat

interacts spechfi Lth an analyte _interaction portion. Antibodies,
ei t her nenbe‘raﬁ%e%gtgg&f %ah)éte%% aukit ‘qusrt,o b PeBIREmolplescanr dspartions ofpeci i ¢

bi ndi ng af f f iroldcuRs, Stk aLXPERNPS od praRise Gk ﬁﬁer&&?gpegﬁéfﬁf*#g ?ug Sfé‘%wﬁg

anal yte interaction portion of an anhal yte capture ‘agen

bi ndi ng por t FE&HACHM ROFIGM Agtibedies,witheraneglanivf ¢ erveposhighd paftyardmaund or
conposi tion Mnjddyisbig - I .can _interact, . such as peptides. An
anal yte capture gigg%tﬂtsﬁgﬁlﬁgﬁﬁgﬁ 5%“?&%?@?@ SICSI;%T‘?"HI%%FQI} g ipsgdl as
anal yte is saizhal e beeraqémi gdror afrantah@yte@Bgthel ent=0the Sﬁmﬁﬁngyb &@ﬁl yte
capture agent. Wth an analyte interaction portion that is an an |80 y that
binds to a pards2aIvAF CARHIE gesnt rad adsg b any compewRsloTioompbsition with veidh men. The
antigen i ifagrepal Micact 1 k f sefyl . as the anal yte

i nteraction portion of anal )C/te agtt%ugken %ﬁ%@@?ﬁ%@%%&ﬁ%@%@s such as
crude (serunjpecificalliowite s papienlaf pedyte st satiad be specifitfoe tap Al yt@ kb odi es,

pol ycl onal ' [ synthetic antibodies, antibody fragments (for
exanpl e, Fab %rgig)érj?eaﬁf%gi}ly%gﬁi’ﬁuﬁ’o%n'% yﬁegméﬁ‘j%ﬁ‘i‘%}’og@érgﬁhaéss By BHbPGY A,
car bohydr at ethb bitds g apfaedildt Sntignds QiR bel sPEEHAfdr 3t Snt RLORL Bnd LGS act ant s
(for exanple 20 gvidin and its deri vatives?; peptri des; %ﬁd&gﬁgﬁ&%ﬁ%m cal
entities, suth yT(Snzyme substrates, cofactors, netal ions/chelates, and

hapt ens.15Ant i bodi BgariglYs BensRdiids Qgﬁg I reated t.o gptim ze
bi nding to surfaces andS/ or (?Igr é%t@&u%ftﬂﬁ%o |e§&ﬁésré?%opp5§hqnhoéaﬁﬁ “yte
i nt eracti on [FOREE agrnsy are Autibodies caph ey @udmyeatiz) antittudidescpieifieaianetbdies,

Jonnst one. ard iRl EB0AS BB e G RuPaEcs et od Sagerth 1 or
produci ng bdfdr epeinple, Bainiragmehts)pandboyiateraihi Besi€ SuchTRgraBhiA e book
descri bes macrz]n}'izwohydrate binding proteins, and other interactants; protein interactants (for example
P
20 avidin and its derivatives); peptides; and small chemical entities, such as enzyme
substrates, cofactors, metal ions/chelates, and haptens. Antibodies may be modified or
chemically treated to optimize binding to surfaces and/or targets.
Antibodies useful as the analyte interaction portion of analyte capture agents,
can be obtained commercially or produced using well-established methods. For
25  example, Johnstone and Thorpe, on pages 30-85, describe general methods useful for
producing both polyclonal and monoclonal antibodies. The entire book describes many
general techniques and principles for the use of antibodies in assay systems.
'The capture portion of an analyte capture agent is any compound that can be
associated with another compound. Preferably, a capture portion is a compound, such
30  asaligand or hapten, that binds to or interacts with another compound, such as ligand-
binding molecule or an antibody. It is also preferred that such interaction between the
capture portion and the capturing component be a specific interaction, such as between
2 hapten and an antibody or a ligand and a ligand-binding molecule. Examples of
19



general techniques and principles for the use of antibodies in assay

systens. The capture portion of an analyte capture agent is any conpound
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agent (with which the analyte is, or will be, associated). Capture docks

i mobi | i zed9bAreaCcofiam analves by bigding &g o inseragtinguitla ihe sapouro pottivn audsst r at e.

Such capt ur ' [ s_of ..washi na. y~reactio
componont s Thare Sleae dpn B e WERR R bnRE RS ab kil BS Hh3eiaRTY Chiffe vy,

anal yt e captnmebilizpertns ubstrdealttiw ety of thermblytd Gele @ibstratl B2k @hturel N t hi s
case, | yte capture agent need not have_ a  capture portion.” I n one

the ana
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prot ei ns to%%%@?(g{%gisag&g ‘%Al/ehﬁﬁgg? é%ﬁyst%e rr%@ltﬁgazﬂg% dd%gg n be

acconpl i shdthopiligedanmmhstraté.oin this aagel the ahal yerapmakesgeatindeda@s havead boxyl at ed
surfaces or.., éjrox§l ated surfaces using standard i mmbilization
chenmistri es?P a%f‘ % of attachnent agents are cyanogen bron de,

succi ni ni de, al dalyeemboligseyt, tdUrlytditaptn® ageti 8f a8 dbk to be
phot ocr,gssl.i nkabl e agents, epoxides and nal eim des. A preferred attachnent

agent ils a iFERehkasins AR aytphyiridangbady. iMribads fogémmobilizingantifodips and

mal ei m dobuyayd - QXML $316f iRk t SAVBS) 4 se.and gt her at.t achment

agents, as Wla{l)fjlE as mgﬁ%@g@%%@@gﬁ@%@g& in at-g?%%%rrogln%?%aeragmdn ]%:S?‘F%ed in

Prot ei n i miptdttatkaerntoior exfropleamamiztesi sarfdcaappdrbeatitahsyfacectar d F. Tayl or,

d. (M Dekk York, 1991), .25 Joh d Th , | hem st

Ien PE acticdy I xé'%%éeﬁ“ga’é%ﬁ%ﬂﬁ s}z{ngar un%:orl!,v t%tqgn g]?emisn'i%sr).pﬁxam&\ég gtn ochem stry
attachment agents are cyanogen bromide, succinimide, aldehydes, tosyl chloride,

20  avidin-biotin, photocrosslinkable agents, epoxides and maleimides. A preferred
attachment agent is a heterobifunctional cross-linking agent such as N-[y-
malermidobutyryloxy]succinimide ester (GMBS). These and other attachment agents,
as well as methods for their use in attachment, are described in Protein immobilization.:
Jfundamentals and applications, Richard F. Taylor, ed. (M. Dekker, New York, 1991},

25  Johnstone and Thorpe, Immunochemistry In Practice (Blackwell Scientific
Publications, Oxford, England, 1987) pages 209-216 and 241-242, and Immobilized
Affinity Ligands, Craig T. Hermanson et al., eds. (Academic Press, New York, 1992).
Antibodies can be attached to a substrate by chemically cross-linking a free amino
group on the antibody to reactive side groups present within the substrate. For

30  example, antibodies may be chemically cross-linked to a substrate that contains free
amine, carboxyl, or sulfur groups using glutaraldehyde, carbodiimides, or
heterobifunctional agents such as GMBS as cross-linkers. In this method, aqueous

solutions containing free antibodies are incubated with the solid-state substrate in the
20



Publ i cati ons, Oxford, England, 1987) pages 209-216 and 241-242, and

| mobilized Affinity Ligands, Craig T. Hermanson et al., eds. (Academc
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| east 90% pu ccessory cchsory nol ecul es are nol ecul es
that affect the ihteseatht anayeicapnelagems nesdchot pabiditelypurdiTi@ amalyecul es or

anal yte capture agents. For .exanp| e, cessory nol ecul es can be nol ecul es
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agent orispegioré preRirily Bied BO% Wukk, aﬁﬁoﬁ%’r@@e?ﬁblfﬁl@&i Qé%éﬁfﬁc cessory

nol ecul es are anal ogs of anal ytés. An anal’og is "a nol ecu at is simlar
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Lt T o o e L
mol ecul es caspeaiisthihdingmiokculee sr drfakyte aipdirobgate ReeRa®pleYaccessory
molecules can be molecules that compete with the binding of an analyte with an analyte
20  capture agent or specific binding molecule. One form of competitive accessory
molecules are analogs of analytes. An analog is a molecule that is similar in structure
but different in competition. In this context, the analyte analog should be sufficiently
similar to interact with an analyte capture agent or specific binding molecule specific
for that analyte. Accessory molecules can also be molecules that aid or are necessary
25  for interaction of an analyte and a specific binding molecule or analyte capture agent.
Such accessory molecules are referred to herein as analyte binding co-factors.

In one form of the disclosed method, accessory molecules can be compounds
that are to be tested for their effect on analyte binding. For example, the disclosed
method can be used to screen for competitors (or binding co-factors) of an analyte

30  interaction with a specific binding molecule or analyte capture agent. If an accessory

molecule affects interaction of the analyte, the results of RCA will change since the

association of the reporter binding primer to the analyte (or of the analyte capture agent
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25 for interaction of an analyte and a specific binding nolecule or anal yte
capture agent. Such accessory nolecules are referred to herein as anal yte
bi nding co-factors. In one formof the disclosed nethod, accessory _j DEC 2004
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Cy3.5, Cy5, Cy5.5 and Cy7. Preferred fluorescent |abels are 20 fluorescein
( 5- car bR yf lenzymeese antiborfiesyanddigisifeci ni mi de ester) and rhodani ne (5, 6-
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cyanine dyes Cy3, Cy3.5, Cy3, Cy5.5 and Cy7. Preferred fluorescent labels are

20 fluorescein (5-carboxyfluorescein-N-hydroxysuccinimide ester) and rthodamine (5,6-
tetramethyl thodamine). Preferred fluorescent labels for combinatorial multicolor
coding are FITC and the cyanine dyes Cy3, Cy3.5, Cy35, Cy3.5 and Cy7. The
absorption and emission maxima, respectively, for these fluors are: FITC (490 nm; 520
am), Cy3 (554 nm; 568 nm), Cy3.5 (581 nm; 588 nm), Cy5 (652 nm: 672 nm), Cy5.5

25 (682 nm; 703 nm) and Cy7 (755 nm; 778 nm), thus allowing their simultaneous
detection. The fluorescent labels can be obtained from a variety of commercial
sources, including Molecular Probes, Eugene, OR and Research Organics, Cleveland,
Ohio.

Labeled nucleotides are preferred form of detection label since they can be

30  directly incorporated into the products of RCA during synthesis. Examples of detection
labels that can be incorporated into amplified DNA or RNA include nucleotide analogs
such as BrdUrd (Hoy and Schimke, Mutarion Research 290:217-230 (1993)), BrUTP
(Wansick et al., J. Cell Biology 122:283-293 (1993)) and nucleotides modified with
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whi ch is bound t &etagtomn]abels that ard inspegedmid ympkfietteitibacid Such as biotin,

chem | um ne sukt abl ubstrates (for , ex | e, hem | um nescent
substrate géﬁ%?ﬁlg%qgg?%&%&edsusmg SRV théRbas el RnSwn i the are. For

3- (4- met hox geqnyple, HidtiPcandieQieescftd @sidg repthvidia LN phopUethR conjusgate
[3.3.1.13 Y}a,g‘gcanee] -4-yl), phenyl phosphate; Tropix, Inc.). preferred
det ect i on | Sb@P% Bic )y whichis bendde thebigsm aadsnbseneentmdatected byr i di ni ur n-

ter-| | egkrNAn; . ' Ar nol.d I .,
G i cal 20 R e A B G oA e LR )

det ecti on pfok®: phsadiug, 3-(hmethoxwpird-Oh2 adioxermie-3-2o( -Bilbrodrit ot washi ng
because unh l, dB. [ can be, destroyed with alkali -(Arnold et at.
(1989)). l\/brste)'%'&lqeJ%?%agl?ﬁ%glr?tﬁﬁ%ﬁ?%Spggte‘r;@%‘gmomct)hese detection labels are
al so A preferred detection label for use in detection of amplified RNA is acodinium-

ester-labeled DNA probe (GenProbe, Inc., as described by Amold et al., Clinical

20 Chemistry 35:1588-1594 (1989)). An acridinium-ester-labeled detection probe permits
the detection of amplified RNA without washing because unhybridized probe can be
destroyed with atkali (Amold et al. (1989)).

Molecules that combine two or more of these detection labels are also

considered detection labels. Any of the known detection labels can be used with the

25  disclosed probes, tags, and method to label and detect nucleic acid amplified using the
disclosed method. Methods for detecting and measuring signals generated by detection
labels are also known to those of skill in the art. For example, radioactive isotopes can
be detected by scintillation counting or direct visualization; fluorescent molecules can
be detected with fluorescent spectrophotometers; phosphorescent molecules can be

30  detected with a scanner or spectrophotometer, or directly visualized with a camera;
enzymes can be detected by detection or visualization of the product of a reaction
catalyzed by the enzyme; antibodies can be detected by detecting a secondary detection
label coupled to the antibody. Such methods can be used directly in the disclosed
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consi dered detection | abels. Any of the known detection | abels can be used
with the 25 disclosed probes, tags, and nethod to | abel and detect nucleic
acid anplified using the disclosed nmethod. Methods for detecting a_nf 0
measuring signals generated by detection |abels are also known to Hgsén %)f
skill in the art. For exanple, radioactive isotopes can be detected by
scintill X?8HEYunting or direct visualization; fluorescERTUBVESH es can
be detected with fluorescent spectrophotoneters; phosphorescent nol ecul es
can be 30 defaadest MiihALSE MU BEecBbn SRS GbdORAGE QBRI AEn nflecHics G | Y
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vi sual i zat i anolefulesiibatinwagt with aimplifiedioudlein acidandtoywkigh boye pheoesndeention

ant i bodi es tcl nlbe de%gc ed. by detecting a secondary detection | abel

coupl ed to tHEMHEFH ?/‘5 Such methods can be used directly in the disclosed
23 - 1 DEC 2004 @ Opef:éfidl PRSHUSOL/ 19657 met hod of anplification and
detection. As used herein, detection nolecules are nolecules that interact
with anpfified ndRiestionpeohss aredabeled plisonudentidss bapresaguercetcoppieneasys are

coupled. H tiqn_ Prohes [ on_pr

ol i gonucl eott:ojgétg&ho \C}la %Sgo 02%3%‘2%-5*8%%‘%‘ ﬁgﬁ{lt%ﬁ?ﬁ?%f#ﬁ@%%ﬁ%ﬁ i %bgescagr? ©
TS-DNA.  The ag9 Talghtbat Qipyoradpetian and stabld dybdizaioneobenaha ddecticaprotieengt h

t hat supports specific and _stable hybridizati on between the detection probe

and the det &8t ihgrfictesgon tag: Forfthis prppiss & length offith 33 pralgotides dxprafrmiedot i des
i f L 4] f ' 16 to 20
Is preferr eanh Y 1B g:g}v r@g&ﬁp gfre%/%dg%gg%& 1630 @95@&&6@&3@6@&“%%6 0

nucl eoti des | ong ngg Det ection probes can contain any
of the déteahospprefeairel Dadaxsioniphebds cabomutin Predfahe detedtamdhbelndeschbat i n and

fl uorescent | equl es. A particul.arl referre etection probe is

ol ecul ar bRt PRt R abetned Al ERentlE ob setiaBpateredsd ,

fl uorescent JaRigid HSLYAEL RolcBBlaf bdaohe MBRCuRPb&kb@Sart HEtBERSRoBEY 1beldien t he
detection probe is hybridized (Tyagi and Kranmer, Nature Bi otechnol ogy

14: 303- 308 with flugesknt myighes wleere fhedlnorespems peaietss fipreseceanly Mben sl f or

L of oo ) .
innybr | df 2oL P88 f AR (Pidef nd RN SOl RRLIOEEPUSE: S0
especi allby yseday). The wselof sypiheptolaes ediyinatéithe A&dd¥reomvabef unhgbiidipedkd as

d i bed in WO 97/19193 usi | | ' det.ect i bes, Call i
TSTDNA 1 o e ZPY LSBT B P PR PSR oSaAG e whi oh | s
descri bed odiRE QWignhl. TN sIspndiyldsel ACAIRDIexRsdaVE Thers- NS catsiRd f or

secondary strand di SB| acenent are referred to herein as )
collapsed as described in WO 97/19193 using collapsing detection probes. Collapsing

TS-DNA is especially useful with combinatorial multicolor coding, which is descnibed
20 below.
1. DNA Strand Displacement Primers
Primers used for secondary DNA strand displacement are referred to herein as
DNA strand displacement primers. One form of DNA strand displacement primer,
referred to herein as a secondary DNA strand displacement primer, is an
25  oligonucleotide having sequence matching part of the sequence of an ATC. This
sequence is referred to as the matching portion of the secondary DNA strand
displacement primer. This matching portion of a secondary DNA strand displacement
primer is complementary to seguences in TS-DNA. The matching portion of a
secondary DNA strand displacement primer may be complementary to any sequence in
30 TS-DNA. The matching portion of a secondary DNA strand displacement primer can
be any length that supports specific and stable hybridization between the primer and its
complement. Genperally this is 12 to 35 nucleotides long, but is preferably 18 to 25
nucleotides long.
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DNA strand di spl acement prinmers. One form of DNA strand di spl acenent
primer, referred to herein as a secondary DNA strand di spl acenent priner,
is an 25 oligonucl eotide having sequence matching part of the sequenpg i
an ATC. This sequence is referred to as the matching portion of the
secondary DNA strand displacenent primer. This matching portion of a
secondar ywoNA/ssérsand di spl acenent  priner is conpl enent apyrhRypReences in
TS-DNA. The matching portion of a secondary DNA strand di splacenent priner
may be conplenentgry to_any sequence in 30 TS-DNA. The matchi ng portion of
a secondary DNA stySHyr frnf QhMvetmodgsiispiasementprinips, refeprefl émiytrtintabat  support s
speci fi c and¢st ol ' e he pri .and.its conpl enent.
General ly thf@?gﬁgﬂ%gMS%ﬁ%ﬁeg%?l es ’Ilgﬁ%?ﬁ%u ucggﬁ%ef%arvg}ggsgvni% to 25
nucl eoti des Femplem@dtary (b pREG! 2RG4qUMCOM B ZONGC PRE/stRA4cLS bATANBIReRe f Or m

of DNA strand displacement primer, referred to herein as a tertiary DNA
strand di spl 5%%%%?“% PPEPOIP?%?‘FW B i sprcrment pgss gl c e

conpl enens ar yorhshedf taryOfork SEoSREHIANEE DRIA ' Lg referred
to as the corrpl%rrent aréoport?on of tﬁe te%%ﬁgﬁph%gﬁg%t?%?@%;&gﬁcemnt

prinmer. Thi ss&uernspireib-iidbh y Thoeqmplamertary ipertionrdf iaaery afpNIN Atstramd]

di spl acenent pr4i t.ches equences .in TS-DNA. The ¢o tary portion
of a tertiarglllggﬂ%%éetnrgﬁﬁﬁmﬁlﬁ% ¥ ]ﬁ’fm?)r?it?’rﬁ?y Wﬂ?e’ifél%gﬁm%ry to any
sequence in ¢dmmpléhEntarkiiRrti GxOSHY oA BNX sBefd 4i8Madimeht btkbi @h e BN &THANd

di spl acenent _priner can be any |ength that supports specific and stable
hybri di zat i oR2b¥PREEHSPEREC 3R Keble Abridization betyearrthe primer Gnditneomplesentai s i s
12 to 35 ucherthfesid i b S, ; | eqtides, | ong.

DNA strand di splracerresjnltg @%ﬁ %yeé%ﬂ%ﬁgésﬁhg’f%mu%g}ez?gea&dg@é&?gé’ qf’onu‘j(r%ﬁ}oé]bdet ail
in U S Patent NoNAst@S5d d3pBicemeht YWOmBRE/ 2h8 3 usd ardAdsgibedéd eotd @eaibynt hesi s

Rolling cir epl i cati i fion probes, address probes, 15
anplificati gg%‘g?égéﬁ%iiﬁhe@,% W@ngﬁ(g&%. spl acenment priners, and any

ot her ol igonucl ept Otiesmscdébtiag SsutHel®si zed using established _

ol i gonucl eoti de synthesis nethods. Methods to produce or synthesize

ol i gonucl eot i des Rplinggirtle kepbigption privkess, detectionguebesneddwsd prabesy r ange from

st andar d15enz,)5ﬂﬁgﬂ'&- | | t] fragnent isolation

(see for exanple, ggﬁn%? %% ERQF g’ gg@%dte%@ ﬁg&“%ﬁfﬁ g%é%’ aﬂ\élgnéb%bgt ory 20

Manual , 2nd ®ionkdeotides kah Bpsyinthgsibiat ining esablishet oliyoricketde HattdsiSpr i ng

gli;ﬁ_g{ ’e Nb;{ Iglﬁtélgic?:ss iﬁgﬁﬁﬁ%eprrgdu%é or6 gyngh%s' éj (r)l?glo%uglggtg egtall'ccwc lgn%%rqnsih tlflc? il;rt
Such methods can range from standard enzymatic digestion followed by nucleotide

fragment isolation (see for example, Sambrook et al., Molecular Cloning: A Laboratory

20 Manual, 2nd Edition (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.,
1989) Chapters 5, 6) to purely synthetic methods, for example, by the cyanoethyl
phosphoramidite method using a Milligen or Beckman System 1Plus DNA synthesizer
(for example, Model 8700 automated synthesizer of Milli gen-Biosearch, Burlington,
MA or PerSeptive Expedite). Synthetic methods useful for making oligonucleotides are

25  alsodescribed by Tkuta et al., Ann. Rev. Biochem. 53:323-356 (1984), (phosphotriester
and phosphite-triester methods), and Narang et al., Methods Enzymol., 65:610-620
(1980), (phosphotriester method). Protein nucleic acid molecules can be made using
known methods such as those described by Nielsen er al., Bioconjug. Chem. 5:3-7
(1994). -

30 Many of the oligonucleotides described herein are designed to be
complementary to certain portions of other cligonucleotides or nucleic acids such that
stable hybrids can be formed between them. The stability of these hybrids can be
calculated using known methods such as those described in Lesnick and Freier,
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phosphoram dite nethod using a MIligen or Beckman System 1Pl us DNA

synt hesi zer (for exanple, Mddel 8700 aut omated synt hesi zer of
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phosphi t &3 ‘dfifgé nmet hods), and Narang et al., Methods
65: 610-620 (1980), (phosphotriester nmethod). Protein nucleic acid
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Ol | supports are solild-state substrates or or . I na es
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array. other formof solid. support .i.s an array, detector.. An_array
det ect oﬁ?i s defegtinn molegpigghave; e’&/ﬁ?‘@ﬁfdﬁrﬂ PR AFPE %ydf ?qulgﬂtorgﬁgﬁ@gg&%?bbes or
10 detection nol gelblftd:@iberhesfbr GQURIsEEG bubpeits 84 iBdlud@inytholia méne to
organi zed pattern. Solid-state substrates for use in solid supports can

i ncl ude any vduthi eligvaneestides can bewaupledo Thisonelafesgnsterials gk 2pacyBEfed. This

i ncl udes ma ' 148, i h.rocel | ul ose,
ol ass. pol yegyedh SR CHlbATLER, polddRRE Dokl B56H s,

pol ynet hacr yobipeopyiakeypilimbdbaerylapo bylgtthyleas eotpeiiyizne paidgspdlysldates, 15

pol ycarbonates, teflon, flugrocarbons, nylan, silicon, rubber

pol yanhydr i @QE’FE’I B?%It‘ifl%’b ﬁEc’r&E‘?‘r Qnspgyl9¥,a?§{qoe athey ,Poym%est ers,

pol ypropyl f ywaRLAdlic 68kl fldfctic &hd pORAAhEREY palpropIiemprley sllapenaci ds.
Solid-state substrates can have any udseful formincluding thin film

menbr ane, ba@lYdosamingglypens, ard pdyaningesien $olidestate S@ﬁaﬂéﬂmg@w? FaY yseful
particles, A EEB?EJE L Gl Eradd | 0N | ks egubstrates
and 20 soli 38%%5%% can e’%foor ous ’Bgmﬁgﬁr@%g??ﬁgﬁ ‘K§gérne ee?str’g%%‘ ormfor a
sol i d- st at e pelysdrs,gaeicléss beads) micodpattetes dirshcomtimations Solid-etbtgrsnbsirdiesrapd of

m crot ES ' %Ioﬁ(ri] sﬁﬁpo}trs] Can b€ Sgr%{l.g orgxzﬁ)h\-ll\%rtlms. A preferred form for a solid-state substrate

is a microtiter dish. The most preferred form of microtiter dish is the standard 96-well
type. In preferred embodiments, 2 multiwell glass slide can be employed that normaily
contain one array per well. This feature allows for greater control of assay
reproducibility, increased throughput and sample handling, and ease of automation.

25 Different analytes, analyte capture agents, or accessory molecules can be used
together as a set. The set can be used as a mixture of all or subsets of the analytes,
analyte capture agents, and accessory molecules used separately in separate reactions,
or immobilized in an array. Analytes, analyte capture agents, and accessory molecules
used separately or as mixmres can be physically separable through, for example,

30  association with or immobilization on a solid support. An array includes a plurality of
analytes, analyte capture agents and/or accessory molecules immobilized at identified
or predefined locations on the array. Each predefined location on the array generally
has one type of component (that is, all the components at that location are the same}.
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type. In preferred enbodi ments, a nultiwell glass slide can be enpl oyed
that normally contain one array per well. This feature allows for greater
control of assay reproducibility, increased throughput and sanpl e ha{ﬂﬁlﬂlg
and ease of automation. 25 Different analytes, analyze capture agen -,E !
accessory nol ecul es can be used together as a set. The set can be used as
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f
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a

mol ecul e 2 i<2%R ¥e CRIfeT IpgeBt atdactessony| molbenlarpranahylye. dApt ure agent
and noligculBoldcd@23£ &€ y I | S, cas t he anal yte_ (nol ecul e
olec SRORY, R REHLSe 1 %uf%ﬂc an agg@{tc ?aé)%.g ot /G o

2) is inmmbilized. If nol'ecule 2 1's an anal yte U &Rt
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Forms. of i he mEhand” BERRLIE 2 CR0d FRHES darie oep BolePReduroviaeam |
analyte and molecule 3 an accessory molecule. In this case, the analyte capture agent
(molecule 2) is immobilized. In other forms of the method, the accessory molecule can

20  be immobilized.

In alternative embodiments, RCA is performed in solution, and the products of
the amplification are captured on an array. For example, a biotinylated capture
antibody is added to a sample containing the analyte, followed by a reporter binding
primer that binds to a different location on the analyte. These components—the capture

25  antibody and the reporter binding primer—can be added in any order. RCA is then
performed to produce TS-DNA, and purified on a matrix containing streptavidin
(streptavidin beads (Dynal), for example). The TS-DNA is then detected or quantitated
by hybridization to an array containin g oligonucieotide probes complementary to the
TS-DNA. Such probes are referred to herein as address probes. By attaching different

30  address prebes to different regions of a solid support, different RCA products can be
captured at different, and therefore diagnostic, locations on the solid support. For
example, in a microtiter plate multiplex assay, address probes specific for up to 96
different TS-DNAs (each amplified via different primers and ATCs) can be
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ol i gonucl eobiydas aml.cNsdeinAcaktRes 220549615465 (1¥4descri bed by Stinpson et
al., Proc. Natl. Acad i . USA 92: 6379- 6383 . .y d of
attaching ol i gonﬁ“&oﬁoﬁ‘a&pﬂo Sélﬁ‘?%\lldpiﬁ%{g 855%{)%‘1%% tggsu?%s&r&géglre |E gfeaac‘idﬁ@%&o Guo
et al., NuchgbfdAtidsubRese. SachABbodidHan(btIPddific Semandsietilelobinppestt s usef ul
I n RCA assays have detection antibodies attached. t a_solid-state

substrafé. Swpkredhmolrsles of niesh sarsiher pe fleteqteg by biRgingal Iaée%ﬁndf FPeFEst . 15
Capt ur ed mlaﬁﬁﬁéﬁ; f&;ogﬁag;&;@‘;‘%y %g{%&i henrhensiach adoky mﬁip@ﬁ' aMawefr@a second,

reporter antl Such a use of antibodies in a_ solid
support al | assyRG be dssinpsd far theddetioh of ey nolecelh dordukick pntdpdiss canpe ‘

ant | bod es. 85PSBIN N apS ot arate g 0ot 1O A TP SEResR e BT 2t Ton
can be accorgiabafied. InnibilRatidedn, befaocompahpd By attashment, for example, to
20 aminated surfaces, carboxylated surfaces or hydroxylated surfaces using standard
immobilization chemistries. Examples of attachment agents are cyanogen bromide,
succinimide, aldehydes, tosyl chloride, avidin-biotin, photocrosslinkable agents,
epoxides and maleimides. A preferred attachment agent is the heterobifunctional cross-
linker N-[y-Maleimidobutyryloxy] succinimide ester (GMBS). These and other
25  attachment agents, as well as methods for their use in attachment, are described in
Protein immobilization: fundamentals and applications, Richard F. Taylor, ed. -(M.
Dekker, New York, 1991), Johnstone and Thorpe, Immunochemistry In Practice
(Blackwell Scientific Publications, Oxford, England, 1987) pages 209-216 and 241-
242, and Immobilized Affinity Ligands, Craig T. Hermanson et al., eds. (Academic
30  Press, New York, 1992). Antibodies can be attached to a substrate by chemically
cross-linking a free amino group on the antibody to reactive side groups present within
the solid-state substrate. For example, antibodies may be chemically cross-linked to a

substrate that contains free amino, carboxyl, or sulfur groups using glutaraldehyde,
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(analyte captu Sents accessor ecul es anal yzes) imuobilized
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be phyS| cally separated from each ot 0 ¥ eren regi ons. e
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example, m an array, each of the components can be arranged at fixed distances from

each other, while components associated with beads will not be in a fixed spatial

relationship. In particular, the use of multiple solid support nits (for example, multiple

beads) will result in variable distances.

25 Components can be associated or immobilized on a solid support at any density.
Components preferably are immobilized to the solid supportj at a density exceeding 400
different components per cubic centimeter. Arrays of components can have any
number of components. For example, an array can have at least 1,000 different
components immobilized on the solid support, at least 10,000 different components

30  mmobilized on the solid support, at least 100,000 different components immobilized

on the solid support, or at least 1,000,000 different componetits immobilized on the
solid support.
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20 different predefined regions of the solid support can be either fixed or
vari able. For exanple, in an array, each of the conponents can be arranged
at fixed distances from each other, while conponents associated with Bﬁ?ﬂﬁ
will not be in a fixed spatial relationship. In particular, the use b !
multiple solid support units (for exanple, multiple beads) will result in
vari abl e ¥f? §¥%ft%s. 25 Conponents can be associ ated or i RfdBiNI¥BA7 on a
Solid support at any density. Conponents preferably are immbilized to the

solid support at ja | ivmexgeedi ng 400 different conponents per cubic
centineter. Arrayég cs%n%‘gnents can have any nunber of conponents. For
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the solid supPQREdred9b hakid £380ind HOR.IHOR pdivnieseat F&Oﬁﬂﬁlg‘i‘:'ﬁ%l% fg}?}ﬁ’@ﬁbﬁ,' zed
on the solid support. 29 - | DEC 2004 V\B 1/97616 PCT/ US01/ 19657 L. DNA
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pol ynmer ase be capabl e of " di sglﬁam ng the strand conpl enentary to the

t enpl at e st tanddm qopiegel as amphfcatios piragisirelet A Arid 3| exoruelese aplovity, if
exonucl ease_acti.vity. Strand di | S0 ssar |
synt hesi s of Icr%%ﬂltt F]ﬂ#ﬁé rcsﬁlgﬁ%g]%dgg%lmggggf &tgﬁy%%ﬁ%%ﬁ S@%Féif'ofnt?% %?‘Sé{e&g{ erlacl e. A

5' to 310exch Oreapelyddrases fof usd fn thp deslesd mehohiregghly prdcessivee Thest r uct i on
of the synthesized strand. It is also preferred 10 that paol.ynmer ases for

use in the AWEHIEYSHaRNApalvaasitghisy Hhgdisiasoémethod caabereadillity of a
DNA pol yner N l; )| erm ned
by assessin gé’%{éﬂ%g P??’?df Ebg%é‘%z%@&'&ﬁ? %ﬁf’ﬁgﬂé ?rﬁrg\eggﬁzﬁecglﬁig% a?ﬁef)eﬁﬁhPr eferred
rol ling circblEinPhibclpdiyApohaesasas erclbacteophagh 22 DN A2 polphtérgse (iiSe Paset (U. S.
Patent Nos._5,198. 543 a S 1,050 to B]anco et , _phage M2 DNA

pol yner ase 1@5( ?%Q%F%Pg?mag% togﬁ%c"gﬁ. h?g%gfg\éé%N‘lé’ﬂﬁ@%‘gWRDl DNA

pol yrer age , . . ' @ggg ](g@[@ o VENT( 1)
DNA pol 3§rer gﬂs%&?ﬁ%%%gﬂeﬁl" gle}.?% 9&.3%%%1???)%%%%6?%%%%%@{01975ras£cl 93’)%1,QI'KI enow
fragment of FA2NA Mol veed ek USA §40&850H328V)pt VENT® BWA pdymBiascfemg ¢481.623- 627

(197)), TS o DSl QAL B P A gl ) P
(1994)), nOQidchBédn B aDNArDR | BibEHeRS 85:6T2627 (13r74))RTS DN A $6medase (Chatterjee
et al., Gene 97:13-19 (1991)), PRD1 DNA polymerase (Zhu and Ito, Biochim. Biophys.

20  Acta.1219:267-276 (1994)), modified T7 DNA polymerase (Tabor and Richardson, J.
Biol. Chem. 262:15330-15333 (1987); Tabor and Richardson, J. Biol. Chem. 264:6447-
6458 (1989); Sequenase™ (U.S. Biochemicals)), and T4 DNA polymerase holoenzyme
(Kaboord and Benkovic, Curr. Biol. 5:149-157 (1995)). $29 DNA polymerase is most
preferred. '

25 Strand displacement can be facilitated through the use of a strand displacement
factor, such as helicase. It ié considered that any DNA polymerase that can perform
rolling circle replication in the presence of a strand displacement factor is suitable for
use in the disclosed method, even if the DNA polymerase does not perform rolling
circle replication in the absence of such a factor. Strand displacement factors useful in

30 RCA include BMRFI1 polymerase accessory subunit (Tsurami et al., J. Virology
67(12):7648-7653 (1993)), adenovirus DNA-binding protein (Zijderveld and van der
Vliet, J. Virology 68(2):1158-1164 (1994)), herpes simplex viral protein ICP8

(Boehmer and Lehman, J. Virology 67(2):711-715 (1993); Skaliter and Lehman, Proc.
) 30



Biol. Chem 262:15330-15333 (1987); Tabor and R chardson, J. Biol. Chen.
264 6447- 6458 (1989); Sequenase" (U.S. Biochemcals)), and T4 DNA
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prinmers and/or a pl ural ity of analyte g gre 10 agents: The anal yte
capture agents in the kit can be assocr ated with a solid support. Method
The disclosed nmetTediicksed foothor if a fRGA ofREMewhere apefdrer bRIdGH pifindar | mer

provides the roII| rcl.e.replication i mer_for anplification of an
anpl i fi cati dHOPSF tﬁ?m(h&’?gr‘i}:fcee fegil.féﬂar B’H“ HaWBJc‘&‘E?&“’BIOIf Gv\émR@C‘%t’@nﬁ?Iéauce an
anplified sigRm T(h%ﬂiﬂclds@d mé&oaméﬁcwgﬂﬁec%ﬂﬁmfgzﬁ %ﬁ] ¢

e specr iCc

associ ation of the reporter binding primer wth an anal yze
primer déqudardsm sequence DN SFS-DAY hesed epessoeintitni oithe gepopter bipdingpaviees t he

ke oA SRERLI A BB U BRI PR AT L2,
For RCA, arprampiprdvideattheolinit urgen the spetific (ﬂt&i@)ndrﬁofhb{é)f diteesindifg bhmef ol | i g
AR T R RN A Y g
RCA, an amplification target circle (ATC) is hybridized to the rolling circle replication
20 primer sequcﬂce of the reporter binding primer, followed by amplification of the ATC
by RCA. The resulting TS-DNA incorporates the rolling circle replication primer
sequence of the reporter binding primer at one end, thus anchoring the TS-DNA to the
site of the analyte. The disclosed method can be performed using any analyte.
Preferred analytes are proteins and peptides.
25 The disclosed method is particularly useful for generating a profile of analytes
present in a given sample. For example, the presence and amount of various proteins
present in cells can be assessed, thus providing a direct proteih expression profile.
Such analysis, a form of proteomics, is analogous to genomics analysis of the presence
and expression of nucleic acids. Multiple analyte analysis, such as the proteomics
30 mode of the disclosed invention, is preferably carried out using arrays of analyte
capture agents. By including in the array an analyte capture agent specific for all of the

analytes 1o be assessed, the full range of analytes can be assayed in a single procedure.
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by RCA. The resulting TS-DNA incorporates the rolling circle replication
primer sequence of the reporter binding prinmer at one end, thus anchoring
the TS-DNA to the site of the analyte. The discl osed met hod can be
performed using any analyte. Preferred analytes are proteins and"b@ﬂlmWés.
25 The dj;3¢/,Qsgd method is particularly useful for generg&%ﬂgng rofile of
anal yzes présent in a given sanple. For exanple, the pr e’ anmount
of various proteins present in cells can be assessed, thus providing a
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priners specific for different anplification target circles, the

anpl i fica®ion of ddepificatiorofamgtipleiapalyiesnan by feilitated by esingimalyte pafiterst e i n

whi ch sanpl e o) ent on of
rru: ti pIS e rrIa)mal Zss Foc‘garr? ?%Q %épﬁ%%gﬁe%hgtf : 3)%]& I‘(li g"%ﬁ%ﬁ ldt%gm& ap 1 %‘)I gl?ﬂ ts to
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capture agents I s peptides. Wien various 15 pép are i mobilized in an
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Chat 1 nt er acExtplp SAGS ot HSchhePRIS B SR AT afke SR e ot B os
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of analytes in a sanple
20  of analyte capture agents specific for analytes of interest can be used to access the

presence of a whole suite of analytes in a sample.

In another form of the disclosed method, accessory molecules can be used to
affect the interaction of analytes with specific binding molecules or analyte capture
agents. For example, the disclosed method can be used to screen for competitors (or

25  binding co-factors) of an analyte interaction with a specific binding molecule or analyte
capture agent. If an accessory molecule affects interaction of the analyte, the results of
RCA will change since the association of the reporter binding primer to the analyte (or
of the analyte capture agent to the analyte) will be lost or gained. An example of
competition for interaction of an analyte and analyte capture agent is illustrated in
30 Figure 14.
Different modified forms of analytes can also be detected with the disciosed

method. For example, phosphorylated and glycosylated forms of proteins can be
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In anot her formof the disclosed nethod, accessory nol ecul es can be used to
affect the interaction of analytes with specific binding nolecules or

anal yte capture agents. For exanple, the disclosed nethod can be 1@22'@@&0
screen for conpetitors (or 25 binding co-factors) of an analyte int i on
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i MMUNoRCA i &esaepd dergistection andgrantiatioenpl oyed for detection and

guantitathon. 10 | ect .. the disclosed nmethod invol ves
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sanpl e- Thi s quantithtiasdfmadre thanronEX4AdPleeinta sankié. €T 1Hi0hQRfaaY FxRALRINI Ng
several test gites, each test site containing an imobilized capture

ant i body was WATEUHEATAYI PN EERPE £ Vershicsl sifehgaeh lBFteite pentaiingmnot ei n

anal ytes to bgexf8 Qﬂm:r ! r; . ncubated.wth m xt ure
15 contai ni ng at Ih%g&st ongggtil%%%%gts e §t§}gﬂ1@osg§ﬁeo¢°néla%%g %\ﬂ’é}lwiﬁee‘? An

i MuNoRCA ni prafeinraaslytes sale detsctec ePheaniotoayress #ere ndet ie@ibed vatth mixture

guantitation. | n. another aspect, .an, i nmuno croarray. assay_ can be
per f or rre%gi n¢ %mmFﬁgca}IE%tl ‘?11-"311 {rlylatgq @E@?@ﬁ%ﬁ@qﬂ%@q‘] AfelopmproRedar at ed by
a Tefl on maskicrbairsy iﬁay%h&%&ﬁéﬁbﬁq’c&&rﬁé@m&n@m&dﬂCroarrays of
100-400 spots were printed in each 20 inicrowell.” Each of these wells was

used to assay di f PRFRAHer $3RASH 83 maMECRGARISToamaNMsey odl Ye peifiodeed ietée al so
printed wi thgER%8- s @idds; WakemaRi Y En ?S@Ebg'ggh 5y aT38n Ioﬂcaslgh'fhls is

llustrated in Example 8 where microarrays of 100-400 spots were printed in each

20  microwell. Each of these wells was used to assay different samples, and controls.
Multiwell slides were also printed with arrays of anti-IgE capture antibodies in 6 of the
16 wells. Semi-automation of immunoRCA assays on allergen microarrays in this
multiwell format can be implemented, for example, on an inexpensive Beckman
BioMek liquid handling robot.

25 Microarray-based immunoRCA assay can be applied to other multiplexed
antibody assays. For example, certain immunological reactions are caused by specific
IgGy rather than IgE (AAAI Board of Directors, J Allergy Clin Immunol. 95:652-654
(1995)). The use of an anti-human IgG, conjugated to a DNA primer complementary
to a DNA circle that is different in sequence from the DNA circle to which the primer

30  conjugated to an anti-IgE is complementary would allow the simultaneous
measvrement of allergen-specific IgG4 and IgE. Such an assay can be use.d during
allergen desensitization therapy or for monitoring response to anti-IgE therapy (Chang
Nature Biotech. 18:157-162 (2000)).
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16 wells. Sem -automation of i munoRCA assays on allergen mcroarrays in
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i mmunol ogi cal reactions are caused by specific 1gG4 rather than IgE ?]AAAI
Board of WWiEEe®érs, JAllergy Ain Immunol. 95:652-654 (P99E)Sp#/iHhe use of
an anti-human | g&4 conjugated to a DNA primer conplenentary to a DNA

circle that is di f’f}%rcﬁ%tlos%@ﬁ&%ﬁ%gé&gﬁgﬁ%ﬁ?%h%o%ﬁgLt%last-o whi ch the

primer 30 conjugate an anti - | conpl'enentary Wwoufd all ow t he
si mul t aneous neaqs) airehig nfo cintaer gerorspee khilgte lsgfidleancd dgfor doehepditeassay

can be used gﬁ'.ng .al l ergen desensitization iher y or for npnitoring
response to 411-13 @@mﬁﬁe%wgﬁ%@e YiGreampies 8 ﬁl.e rimrﬁﬁs%nfeﬂz RIBE) ). 33
-1 DEC 2004 W46/ 348305 %@éﬂéﬁf%%&%@ﬂoﬁ BeuRisp&lifS G afpthad.dansiaal |y

I ncl udes the followng step bringing into contact one or nore anal yte
sanpl es and cmelyes. Koclerepeperbimsling frimel ingupes nepesific hndlingumoleatlengd he

anal yte sanpl es. and the reporter bindin ri.oer.s,. under conditions. that
romte | nt orLEe GebReREbSLEEhrY B roBEaE s B JRBEs Each
reporter bi ndinfigteditddBY ot Beliddgs a specific binding nolecule and a rolling
circle replication primer, and each specific binding nolecule interacts
with an anal yte db)emarlty, sonukasdouseeith, pr fqllowipg stop (agdqﬁr@nﬁjmcatrmthd th,

or follow ng step (a), bringing,into contact..the .reporter bi.ndi prinmers
and one_or  mSFRTER BEkmEHRan SR riF arplintdity TR R gy nBE

reporter 10i ndh&\pptéiBhding pAmeRRhi bingBfié Mdn!iasgedirclds nab@scondidens gandi ti ons
that pronote hybridizati on between e anplification target circles and the

t
rol ling circlrometepybedieetim hetwerniike amplificanpp fargdt sirrlsnaphithg selliag ciFles each
conpri s¢ a S'IE@lcﬁﬁéﬁ Qﬁﬂgﬁﬁjrﬂm‘ﬁhﬁﬁﬂk on ElYeeRICRE Uhéh &&Sﬁﬂé@'a'}%o?e-&é:ﬁ%{i,
r e ary to at

conpl enent portion. priner “conpl emefit portion is conpleifen

| east one of dihelar DINA nppleciuledhdudiephk pdaktr complémeptrpontéers . THecritherl | ow ng st ep
(b) and prior to, sinmultaneous with, or fallow ng %te&uéa)., inch.ubati ng the
reporter bi ndCHEIRBPIICRAHCORIFeT iRy e pierst PR Pt Rp rUing Chigle &PUCRRORY ti ons
that prongte gepldcation of the anplification target circles. Replication
of the anplification target circles results in the formation of tandem
sequence DNA, and (20follewing stepr(bbind privd éensiragirases Wil of Aellavung step e,

presence of tlﬁ&bggﬁé &%Qg&q{c;] ginding primers and amplification target circles under

conditions that promote replication of the amplification target circles. Replication of
the amplification target circles results in the formation of tandem sequence DINA, and
20  detection of tandem sequence DNA indicates the presence of the corresponding
analytes. Preferably, the analytes are separated from the analyte samples prior to,
simultaneous with, or following steps (a), (b), or (c).
The method can also include bringing into contact at least one of the analyte
samples and one or more analyte capture agents, and separating analyte capture agents
25  from the analyte samples, thus separating analytes from the analyte samples. Each
analyte capture agent interacts with an analyte directly or indirectly, and at least one
analyte, if present in the analyte sample, interacts with at least one analyte capture
agent. The method can also include bringing into contact at least one of the analyte
samples and at least one of the reporter binding primers with at Jeast one accessory
30  molecule. The accessory molecule affects the interaction of at least one of the analytes
and at least one of the specific binding molecules or at least one of the analyte capture

agents.
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anal ytes. Preferably, the analyzes are separated fromthe anal yte sanpl es
prior to, sinultaneous with, or followi ng steps (a), (b), or (c). '_T’ppEE 704

nmet hod can al so include bringing into contact at |east one of the ana
sanpl es and one or nore anal yte capture agents, and separating anal yte
capture aqggts 25 fromthe anal yze sanpl es, thus separating anal ytes from
t he anal yt é’é’r%ﬁlés. Each anal yte capture agent interactspittifadcanal yte
directly or indirectly, and at | east one analyte, if present in the
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accessory 30 Ial%eué e. Thedaccessory nol ecul e affec e Interaction of at
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and prior to BFIOREizngytersemplenadngitee mpomdrémdirpbricies SRludd 088 BPRABEE #if O
the first analyte sanples and one or nore
€

contact, m xi DﬁPle?i%mrmr.e eog _ :

of the second analyte sér%lfné.aqdr@fsﬂ?of%ﬁcﬁﬁﬁf PYTEET bipdinggimerheFamakly ze
sanpl es i ncl ufiestoeyerier binding phintes thedddlayh £ r,ore 5 second
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reporter bi ndFAGHHT PiRERE mekesulss of tie firgrepcster binding @pintetsantcpichoi g tH safer S.
For each fir ghatBRO ERgiong nr i there is.a matchi ng second reporter
bi ndi ng pri mer, jz}itnd E%ﬁeggggn1?%6%+lg§°ﬁ§? Iﬂ@ap%s%f)nqwgi’t?rr@?dméporter

bi ndi ng ptd mePsmEnt Alsacths rallingcitdherephication prley 61208 Alreers RefHE ﬁnﬁﬁgdi ng

nmol ecul es of éﬁﬁcﬁ%tdgtgi nlg seﬁ%ﬁ‘?r eparter hinding 10 priner. Al so, The

rol ling circl&Tepri CATFEn~45F CHFen rolling firdl raplisation prigyso primes triphidativg of
primer is dif4diffenént caaehtheixbfpati @bl i replicat i mer
primes replication of a di fffgr e%ﬂoonrtfg"%f&?]ﬁg’ ag%%hfﬁ@% Illtoanmq"raﬁcgg?n gt es,
and each di f f SFLhProgRessiadiferentgandeay spauence DNA. Tl preltenesoeatdidcteren t andem

sequence DNA o The RIESENE ce of .the s analyte in different
anal yt e sarrpl_ses i's i}ﬁdﬁglt%%rgﬁtb%%ﬁ%aﬁpg%é%@glcaﬁeggﬁéwés%?e qEbseice@E pondi ng
t andem sekjueneestespondingiandear sdgoemaediNAhe nmet hod i ncl udes, prior to,

simul taneous with, ,or.fall ow step (a), bringing into contact one or
nore first analyt eA’g%ﬂﬁ?I&IP’ém%@%ﬁ%ﬁﬂé‘ﬁﬁﬂﬁméﬁsﬁn%‘%éllﬂ‘#liﬁﬂswsawdl,y)zéolh:awmg es,
and bringi ng sted @),coni@ed ineNeorict BRY & &8 agents and
one or nore srﬁrcond anal yt e sar%)l es. Each %I@%@eg{l@?&%ﬁ%gﬁo " U¥Es 20

an anal yte i nUSr &G MARRIES: ARrhbuningintgentactoqear tiwn secbod agagh chprusd
anal yt e capt Wgents and one or more second analyte samples. Each analyte capture agent includes

yt e

20 an analyte interaction portion and 2 capture portion. For each first analyte capture
agent there is a matching second analyte capture agent. The analyte interaction
portions of the first anatyte capture agents interact with the same analyte as the analyte
interaction portions of the matching second analyte capture agents. The capture
portions of the first and second analyte capture agents each interact with a specific

25  binding molecule of one or more of the reporter binding primers, and the capture
portions of the first analyte capture agents interact with different specific binding
molecules than the capture portions of the matching second analyte capture agents.
Each different specific binding molecule is part of a different one of the reporter
binding primers. The rolling circle replication primer of each different reporter binding

30  primer js different, each different rollin g circle replication primer primes replication of
a different one of the amplification target circles, and each different amplification target

circle produces a different tandem sequence DNA. The presence or absence of the
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agent there is a matchi ng second anal yte capture agent. The anal yze

i nteraction portions of the first anal yte capture agents interact with the
sanme anal yte as the analyze interaction portions of the matching 5'3?‘HE'F12[]|]L
anal yte capture agents. The capture portions of the first and second
anal yte canture agents each interact with a specific 25 pipgingppl ecul e of
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one or nore of the reporter binding priners, and the capture portions of
the first analyte capture agents interact with different specific binding
nol ecul es t haume halyeapt differepoartai wasanafles i éndivarahtnige pessonng capbsepeeolcapt ur e

agents. Each different ecific hinding nolecule is part of a different
one of the r%?‘%‘}d‘n%%a‘%éc%ﬁﬁ?gbgg' The rolling circle replication priner

of each different TheRRIHoRcak h13E bbb GerdOnididiviRke htdeddt bfesiant anpedisdi f f er ent
rolling circle replication prinmer prines replication of a different one of

the anplifi cadifiedtfammyef anvthes|apalyteathe speséfic binding madecudigf 3t iqastancdh thear get

circle produces a .different t.and geg”ﬁq E{E"Aﬂ A absence of
the 35 -IsODE'EP%FiIfﬂH Pfﬁgﬁis/lf%é%gs]’sane a(r%g?y 8 Y’Eﬁg} @%gﬁggﬁ%}énﬁ yte

sanpl es i s ipdigRUgEMRYS Bty esene candrthabReiftdinfing notecelkpdadother t andem
sequence DNA. The net hod can_al so be perforned where at heast one of the

anal ytes i s wporierdnndiag prigierigsragthsimety anantiyedly: vHE ﬂ%fp‘é qrfapelyfﬁ. ndi ng
nmol ecul e of at | eﬁkﬁ}hgpﬁ’vfﬁ‘h{t@‘ﬁdﬁéo*ﬁ91%5“{%{%%5”%1"%'3 R DIIb W stpk S ,

directly or indirec e analyte t Is"a nodified formof the

ot her anal yte, anch)bhiagsgéstofcontattionediongorphmatytt eangplesrst dneror masp anal e
binding priner interacts, directly or indirectl Wt ther te.
Anot her f(b r R ﬁgeIH'FsaBFl ARG %‘6 @%ﬁé?‘ﬁ%@ a’%}f@f’ &agﬁ e’?%%t%%%leg%ﬁﬁg&
steps: () BoidRGbRThitPrOmERMBREL QNG thE afidYte captale)ipents anphedytesdEahe or
more anal yte 10 capturé agents, and incubating the anal ﬁte san‘rl es and the
anal yt e capt emadylggepiuse ageaianterastinith o ARl YR Sreg hRFIRATSCHY AL 1587 B t he
anal yte capture agents gl ke - - Podd BaReeRbuddt er act s
wi th an anal Wagytﬁi l?é’(rzetsf:@tqgr |n5?grteec @%@ﬁﬁe{gﬁl eagé%cdgone anal yte, if
present in thegemnal yte sanple, interacts with at |east one anal yte capture

agent. 15 (b) prior. to, simultaneous. wt or. faollow.ng step,(a i ngi ng
into contact at I@d%fto%‘i’ré‘uB‘Fltatnﬁ‘éusa"Hg}'Wgdus‘f’é{‘ﬂﬁ UEP gam]brgar%n go]rBtorrc:oo)rﬂteac*rj£etpor ter

bi ndi ng pri Mgy ot thd Ratirhgled 4R MR Yige SpbREASnding plifers) epbrter
bi ndi ng priners under conditions that pronote interaction of the Srirg"?mflc

bi ndi ng nol edngubeting te anayipsamples eng the Jgrartes binding primezs Brdes FOMHFENSIBA by i ner
CompL1 =22 3 ARRULIRLA (RS Gt L0 0L LR L sy o
capt ur é agemépatier biniding pimérmdinpeists| aspecific binding molecule and a rolling circle
20  replication primer, and each specific binding molecule interacts with an analyte capture
agent directly or indirectly.
(c) pror to, simultaneous with, or following steps (a) or (b), bringing into
contact the reportef binding primers and one or more amplification target circles, and
incubating the reporter binding primers and amplification target circles under
25  conditions that promote hybridizaticn between the amplification target circles and the
rolling circle replication primers. The amplification target circles each comprise a
single-stranded, circular DNA molecule comprising a primer complement portion, and
the primer complement portion is complementary to at least one of the rolling circle
replication primers.
30 (d) following step (c) and prior to, simultaneous with, or following steps (a) or
(b), incubating the reporter binding primers and amplification target circles under
conditions that promote replication of the amplification target circles. Replication of
the amplification target circles results in the formation of tandem sequence DNA, and
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(c) prior to, sinultaneous with, or follow ng steps (a) or (b), bringing
into contact the reporter binding prinmers and one or nore anplification
target circles, and incubating the reporter binding prinmers and -1 DEC 200k
anplification target circles under 25 conditions that pronote hybridization
between the anplification target circles and the rolling circle

replicati wopremes. The anplification target circles eacpc_ﬁﬁ rise a
si ngl e-stranded, circular DNA nol ecul e conprising a prine %I’%fﬁgnt
portion, and ri.mer cong%q%icrr% portion is conplenentary to at | east

t he.
one of the roF?"F‘ﬁ’g‘%cqu%Hdémﬁﬂ “omdisatetheressace af the entfespindiingt ep ( c)
and prior to, asdlyd t aneous with, or follow ng steps (a) or (b), incubating
the reporter binding prinmers and anplification target circles under
conditions that pr 6%‘3@1” foaplof tht disiosed mecthed aepdrally inelidentht 8a1BRtnE kES: €S-
Replication of th Lification target circles results in the formation
of tandem sequence&b%g?[mﬁnodm?émoria’ﬁé% Wﬁ%%@f@?ewowhwlm%w
det ecti on of tmaddetm sequence DNA i ndi cates the presence of the

correspondi ng analytes. Another form of the disclosed nethod generally
i ncl udes the fol | o\Y RENSRE B0 conqtagt at keast onegf the enalyte nampleaand gesorsanp| es SO

| cast one of The anal St EPLars, SRk See iR ehthd B Puerr R

| east one of t yte sanpl es ‘an re d’ﬁ‘lgi ners,

and i ncubat i ngrimére vadeal cpnditisantbhigronod iitbrct @Nsthespebift HiRting Riold¥BIeS aphder
conditions that .ﬁrgrm%e i nf.eraction of the specific binding nolecul es and
modi fied anal PEdied gralytes- HarhIEporisy higding Thimer o mBRTep isBesfiabinging molecule
bi ndi ng ol ecatldes bin@nscR: relidabibpinkL hfd E£RH&H d YRR - ch
speci fic bindi ng nol eculce i%lear ach W th aﬂ%%ﬁ%%dlgﬂg@%%ﬂ%{a%é%% y or

B

i ndirectly. (¥ihpmosifiadanaligdiractyenindiredttyn, or fol | owi ng steps (a) or (b),

bringing into co - €. rbi ndi riners and. one or nore
anplification tar Sggfﬁ%ﬁ% Séél,ﬁﬂg%é& Wlﬁ%fﬁﬁgqqﬁﬁ‘gng %gpsr(é)p?frqjgrhnﬁg‘l’i‘&ilﬂ@ primers
and anpl i fi catdntact thargetrier binding privitsteand bne @0 MBid ABFFidahal taPse® BRERS, and

hybri di zati on be%ﬁggﬁﬁthe anplification target circles and the rolli ng
circle repli cAEYBHYS S TEREter Pding Roymers and amplificaliojoiareet ¢gdlessmdsth conpri se

a singl as5st randRdns taf frobivke I@Hﬁdﬁ@ﬁ&%@vﬁeéﬁ%éﬂn@bﬁ'@ %%L&%hcfé?g?& Tent

portion, and the primer conplenment portion Is conp gmantary to east
one of the rdPlinggislereplicatipr primerst Toe applifiestion t2get Cityles eAdhawimgisstep (c)

and prior to,ssdiirAR0E Weuldk blia Aoebak lcgfﬁﬁpggng § %B_gnex( c(’:agmﬁgmem portion, and
the primer complement portion is complementary to at least one of the rolling circle
replication primers.

20 (d) following step (c) and prior to, simultanecus with, or following steps (a) or
(b), incubating the reporter binding primers and amplification target circles under
conditions that promote replication of the amplification target circles. Replication of
the amplification target circles results in the formation of tandem sequence DNA, and
detection of tandem sequence DNA indicates the presence of the corresponding

25  analytes.

Another form of the disclosed method generally includes the following steps:

(a) bringing into contact one or more analyte samples and one or more arrays.
Each array comprises a set of analyte capture agents, a set of accessory molecules, or
both, and each analyte capture agent interacts with an analyte directly or indirectly.

30 (b) prior to, simultaneous with, or following step (a), bringing into contact at
least one of the analyte samples and one or more reporter binding primers. Each
reporter binding primer comprises a specific binding molecule and a rolling circle
replication primer, each specific binding molecule interacts with an apalyte directly or
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(b), incubating the reporter binding prinmers and anplification target
circles under conditions that pronote replication of the anplification
target circles. Replication of the anplification target circles {gsujms in
the formati on of tandem sequence DNA, and detection of tandem sequence DNA
i ndi cat esyhaeqopresence of the correspondi ng 25 anal ytes. _Anot her form of
the di sclosed method generally includes the following st &8pEUSYHLFShringi ng
into contact one or nore anal yte sanples and one or nore arrays. Each
array conpri $8drestiyeandsrchiapssow melptul effestsethe dteractivmtof of leagi@ms 6 the

analyte di rachryteind AR EBET orRE e T SRRk SoBORE] o RuhEtiorihe g

fol |l owi ng st epptiisd agehtsi ngi ng i nto contact at |east one of the anal yte
sanpl es and one or, )pre_reporter binding primers. Each reporter binding

primer conprises &CkPREIHIEEILVIRY R Lonies qiteer on Both steph (3)ragd ¢b) icabating

replicatign pgd g&ﬁlg] A i adi , i t i 1.
anal yte digr egl!tiél {/H%[ rc 37 e%%%%g% f? %g%é%ﬁgllﬁr&{éﬁl‘é?} F%&Sg‘%%ég%%ﬁ%%%sgggor y
mol ecul e af f @remote mteranter afehé grcifitc batdidgaaskadee andlyit analgadaptes agats, at

| east one of tge sgecifiof I nding nol ecul es or at |east one of the anal yte
capture agent® EEF-Oh%4NESuUs with, or fol lowing, either or both steps

(a) and (b), i ncul@fid to, ikl BneRA WS oSRIBYES: stdp(8), HHne¥ in@dntl
reporter binding prjprr_ers under conditlorns that"S pr o)r’mt egﬁlﬁgtnér acﬁaoﬁthgf t he

speci fi ¢ bi nd@tReFehbindng) peisnerszl gpes mogmvahplificaemptanges ciagen aad incaheting

accessor ynno (). | |.i-aneous w,t h r follow step
(b), bri%%i ngﬁﬁlﬁ#%%%g%%nﬁﬁéem%%ﬁéé eraﬁgﬁlﬁagﬁeﬁau%ﬁ%c@gc %ﬁéﬂ%{r nor e
anpl i fi cati oprdmotgéybidizaionbetvesed terenpdifithtivgh takkBt dift@esl BAKS @Ilidy el g
primers and anplification rget. . circles under conditions that pronote
hybri di zat i oFFRFEEHREPPIPHE iﬁf‘pg‘iﬂf’lﬂf’é%?fbﬁf&eé%ﬁﬁs ch ePBBISERISIpEE-Standadng
circle  repl aall-ODNM hBREde cBendiPh bk huhéfe Q6hioh! & 5 pfiARD Compri se
a single-stranded, circular nol ecul e conprising a prinmer conpl enent
portion, andcemplemenhpertion Sreoelaammntappiotat drasi aneed thel ehgtcncie epliattioheast
one of the rgl_ﬂd'e&q circle replication 15 pruners. (e) followi ng step (d)
and prior to; sinultaneous with, or followi ng steps (a), (b), or (c),

i ncubating the regdrfbRowing setprid) sdipier ®, snalaigols it aéd folokBedadpsqhy, cl es
under conditi.ans i on of the anplification target

at pronote replicat. | :
circles. Refth F CubRtRE e ZTROFEE RGPS BHIERAFE Ampifieatan targeigitdes n t he
formation of yha@ddenditions that promote replication of the amplification target circles.
Replication of the amplification target circles results in the formation of tandem
20  sequence DNA, and detection of tandem sequence DNA indicates the presence of the
corresponding analytes.

The amplification target circles serve as substrates for a rolling circle
replication. This reaction requires the addition of two reagents: (a) a rolling circle
replication primer, which is complementary to the primer complement portion of the

25  ATC, and (b) a rolling circle DNA polymerase. The DNA polymerase catalyzes
primer extension and strand displacement in a processive rolling circle polymerization
reaction that proceeds as long as desired, generating a molecule of up to 100,000
nucleotides or larger that contains up to approximately 1000 tandem copies of a
sequence complementary to the amplification target circle. A preferred rolling circle

30 DNA polymerase is the DNA polymerase of the bacteriophage ¢29.

Many different forms of RCA can be used in the disclosed method, most of
which are described in U.S. Patent No. 5,854,033 and WO 97/19193. For example,
linear rolling circle amplification (LRCA} involves the basic rolling circle replication
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20 sequence DNA, and detection of tandem sequence DNA indicates the
presence of the corresponding analyzes. The anplification target circles
serve as substrates for a rolling circle repljcation. This reaction
requires the addition of two reagents: (a) a rolling circle replichDifoAls
prinmer, which is conplenentary to the prinmer conplenent portion of the 25
ATC, and wBlhi187419! 11 ng circle DNA pol ynerase. The DNA pol iémerase catal yzes
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bi ndi ng noi eP&cﬂQﬁclﬁdaQeré@lphlebﬂé@Farﬁcl tﬂdédl(lélh@eﬂ-ét [afR, M'BSIL)S)

mochod 1 nol uks B e SREREENAE 0 XGRS BELS R A o (35 GRE 6
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Product s
1. Detection of Amplification Products

Current detection technology makes a second cycle of RCA unnecessary in
20 many cases. Thus, one may proceed to detect the products of the first cycle of RCA
directly. Detection may be accomplished by primary labeling or by secondary labeling,
as described below.
() Primary Labeling
Primary labeling consists of incorporating labeled moieties, such as fluorescent
25  nucleotides, biotinylated nucleotides, digoxygenin-containing nucleotides, or
bromodeoxyuridine, during rolling circle replication in RCA. For example, one may
incorporate cyanine dye UTP analogs (Yu et al. (1994) at a frequency of 4 analogs for
every 100 nucleotides. A preferred method for detecting nucleic acid amplified in situ
is to label the DNA during amplification with BrdUrd, followed by binding of the
30 incorporated BUDR with a biotinylaied anti-BUDR antibody (Zymed Labs, San
Francisco, CA), followed by binding of the biotin moieties with Streptavidin-
Peroxidase (Life Sciences, Inc.), and finally development of fluorescence with
Fluorescein-tyramide (DuPont de Nemours & Co., Medical Products Dept.).
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Current detection technol ogy nakes a second cycle of RCA unnecessary in 20
many cases. Thus, one may proceed to detect the products of the first cycle
of RCA directly. Detection may be acconplished by primry |abeling f Hm
secondary | abeling, as described below (a) Primary Labeling Prinal@ [ 200

| abel i ng consists of incorporating | abeled noieties, such as fl uorescent

25 nucl eBtd Y&38i6pi ot i nyl at ed nucl eoti des, di goxygeni n- coREEUAINGES

nucl eoti des, or bronodeoxyuridine, during rolling circle replication in

RCA. For exanpl e’gﬁnﬁ:cgﬁﬂaﬂyi% Ogg,;-l ﬁetgy@y%g%)ée UTP anal ogs (Yu et al.

(1994) at a frequency o ana or every nucl eoti des. A preferred
met hod for det ect Bagniugllaicling comisangdlusfogestitabie sidlaculdr prabes,refeatd tdhas DNA

during anplification with BrdUrd, foll b i ndi ng of the 30 .. .

ncor por at ed HSRBATIFSclosEsE By PareBae A B RAAR T BSUyP AP IEon San

Franci sco, Cé}cetf:ﬂéﬂegﬂj%e%sigﬁéﬂb%nﬁ{n stcbgrapfe%taétﬁ‘of@h% arbfdrP sequence,
ase Inc.), and f [

Strept avi di n- Per oxi (LiTe Sciences, I nal |y devel opnent of

f | uor escencerefdrted tofk deteetmnaags t4 seondey hPuirdintticdstdyermibesisél ©dind Medi cal
Products Dept.).. 39 WD 01/97616 .. (b) Secondary Labelin | tection
Probes Secon %%;anﬁ%l?ﬁsﬁ‘b%% %t?flsgé%gsu@ﬁﬁgefS&%naﬁfP ?SrfB?%ié\%]ltaE?le Fobes,
referred to @scriBl®f Al MthPlop BeSnplk ndek eet, flltReskBR! hbibes, BNAdRACEHRNA.  For
exanple, an anplification target circle my be designed to contain several

repeats of aiskiopen By Bing duse defestion tags peramplifiqarion tygetgirclietnddoiibn t ags. A
R thiine ity . . ; "
seconcar . e 8 SR S B, S5 BN oo

det ecti on tage. N probes t'la escri ove

wi th, foro exgdppdieforaier catidntereSEiaM repirah itesTS-DNA adéldagtup\te

I sotopes. By using three detection tags per anplification target circle,
and four flh%ﬁa@%gwswﬁ@meégs fﬁéPV%éwpgﬁﬁﬂét@it%efp?%Ehablﬁém&B(}%Bf ain up
to twelve flgprescent 10 signals for every anplification target circle
repeat in the TA‘S DNA, yielding up to 12,000 fluorescent noieties for every

anplification tar {pgtMoltipbixéeng dndtBytsidaapbn Aireg Dafecti®@A. (c) Ml ti pl exi ng and
Hybri di zati on Arr Detection.. I s easil 14 pl exed. using ,sets of
different anplifi B ﬁﬁ@&ﬁﬁ@f‘%ﬁﬁ%ﬁmg s gﬁ‘i‘#"%&f a‘@ﬁﬁ*‘?gﬂ“ﬂ’é e R Ry
target probecEBRUeRssh I8 TE@neerdedprobt BetjuaBcds QlesiBhelRr bindingab nigiet e t hat
al t hough the target pr obe sequences designed for each target are

different, twesss i Nete teadnishagbihe toeact Probe seqrepertelen SRRCIASETTeghYet hus the
primer different, the primer complement portion may remain unchanged, and thus the primer
for rolling circle replication can remain the same for all targets. The TS-DNA
molecules generated by RCA are of high molecular weight and Jow complexity; the
20  complexity being the length of the amplification target circle. There are two
alternatives for capturing a given TS-DNA to a fixed position in a solid support. Ope is
to include within the spacer region of the amplification target circles a unique address
tag sequence for each unique amplification target circle. TS-DNA generated from a
given amplification target circle will then contain sequences corresponding to a specific
25  address tag sequence. A second and preferred alternative is to use the target sequence
present on the TS-DNA as the address tag.
(d) Combinatorial Multicolor Coding
A preferred form of multiplex detection involves the use of a combination of
labels that either fluoresce at different wavelengths or are colored differently. One of
30  the advantages of fluorescence for the detection of hybridization probes is that several
targets can be visualized simuitaneously in the same sample. Using a combinatorial
strategy, many more targets can be discriminated than the number of spectrally

resolvable fluorophores. Combinatorial labeling provides the simplest way to label
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for rolling circle replication can remain the sane for all targets. The
TS-DNA nol ecul es generated by RCA are of high nol ecul ar weight and | ow
conpl exity; the 20 conplexity being the length of the anplification target
circle. There are two alternatives for capturing a given TS-DNA tp(g filked
position in a solid support. One is to include wthin the spacer region of
t he anpl i ®iooathae target circles a uni que address tag S%ﬁ‘l‘ﬁ&ﬁﬁﬁﬁo{ each
uni que anplification target circle. TS-DNA generated froma giV
anplification target circle will then contain sequences correspondl ng to a
speci fic 25 aP@Pes® ampytipleyfshioa sinse s prabadluant epherfaormpddelalabsennéd ove is to

the t th
Conbi nat or | a1 PR g com BB A Th RS PR Bl RO R Bt
i nvol ves t he mssbaiof exyepimennbbdifurtfuchl a8 dgtesediabsh@bil e hink lof eHeehESs Qdd

di fferent wav&egfgt hs_aqr are col ored di fferentlﬁg One of 30 the advant ages
of fluorescen ¢ts PhehagEp 8 EXFBHOB FOURSARIVET SRAC W’ﬁﬁe@lﬁi@‘éiﬂﬂs that sever al

targets can be vi sy écﬁ?ﬂna‘ﬁbﬁé’bfl@ﬁ@?é&ﬂbﬁsﬁ Db dieos %ﬁere dde?%uh)nt he

conbi natorial strategy, nany nore targets can be di scri*m nat
number of spepiobed dng, by esmsmbﬁxﬁefdnumamnaaoasnc}ﬁhaw deadcOon plobkadel i ng

provi des the sinplest. t o .| abel . C.2004 WD 01/97616
PCT/ US01/ 196537?’5@12%5‘2?14{‘\/&%315?7?}1 pF“é‘%mFé%ﬁfi Bigddp AreoRbPaepal Yligelars et her
conpl etel y absedihg (GBI Sudd @3fHis Hékcﬂ'ﬁﬁdtbyagﬂliﬂ?ﬁser(aﬂ Nafup@ggné?{}glllﬁ%ﬁ

thus nore anenable to automati on, and experi nment al artlgacts
such as diffet®rilP¥)- Puotnypibenetrbes, @»fhlcthh@emmmbmeémdn be mamﬁfflgdescnaﬂ

changi ng ci tat avoi-ded e,conbi_nati ons
of | abel sﬁ?e(stéaaldlc%ﬁeg&go%@b@&\éﬁgl&ﬁ ?‘ 8‘%@}%& & f lérpéeg?n%iiet% Bo?‘r 506’? 8bes and,
by ext ensi on,labélf bensedtin eorabiyitas. ToiswhisCprefehed that 6 1atels terused. ODRSn@hker
associ at ed w’c%ﬂ.w‘g[shi S Iabﬁ%b%%bschene is referred to as Conbinatori al

Mul ti col or ¢ Burbey of sniges kabplrembiatigpsthatfen betfogned

Nat ure Genet i &gorki&ig36%he3brnd12984) wh@i@N fé 1¥: ok g%@ll 3 fkc%} tw&%

conbi ned can be separately detected, can be us nator| al
mul ti col or coﬁ@l‘fﬁgla,ﬂabﬁlg foymsfilence lﬁbeltdmatbl@tm&, 34abeks foons ﬁvelhhibe] s be used in

conbi nat i t r t 6.labels unber  of
| abel s usl(eBS est db"ﬁ E{Sﬁ§4 ?%ezglﬁ)ung%ia@a] CogbénagoF ngbegorﬁﬁﬁlll&(?ﬂs that can be
formed accor dicmpitatichhientl 6 1abelseforké 43 labdleb@bidatiénst he nunber of | abel s.

According to this _formula bels forms three | abel conbi nations, 3
| abel s forms severPHeHBET €'k c%fﬁ‘?g’ie%%fqtﬁ “°rﬂa1’ fraTesPestingsoptisal fifsas spaced

combi nat i ons,ac%dsgbﬁdgac&:@iﬂi&@a; 35abeb mzmgi% 5hi%ﬂ%1eg1%@9f &séxﬁﬁ%hﬁ%é ornms 63

| abel combi nati on pei cher et al. desc es a set of fluors an
cor r espondi ngPesyesncl passibledlusr BaiEe dais fluor set, which is prefen'ed for combinatortal

20  multicolor coding, consists of 4'-6-diamidino-2-phenylinodole (DAPD), fluorescein
(FITC), and the cyanine dyes Cy3, Cy3.5, Cy5, Cy5.5 and Cy7. Any subset of this
preferred set can also be used where fewer combinations are required. The absorption
and emission maxima, respectively, for these fluors are: DAPI (350 nm; 456 nm), FITC
(490 nm; 520 nm), Cy3 (554 nm; 568 nm), Cy3.5 (581 nm; 588 nm), Cy5 (652 nm; 672

25  nm), Cy5.5 (682 nm; 703 nm) and Cy7 (755 nm; 778 nm). The excitation and emission
spectra, extinction coefficients and quantum yield of these fluors are described by Emst
er al., Cytomeiry 10:3-10 (1989), Mujumdar et al., Cytometry 10:11-19 (1989), Yu,
Nucleic Acids Res. 22:3226-3232 (1994), and Waggoner, Meth. Enzymology 246:362-
373 (1995). These fluors can all be excited with a 75W Xenon arc.

30 2. Further amplification

Secondary DNA strand displacement is another way to amplify TS-DNA.
Secondary DNA strand displacement is accomplished by hybridizing secondary DNA
strand displacement primers to TS-DNA and allowing a DNA polymerase to synthesize
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across the spectral interval 350-770 ran that give a high degree of
discrimnation between all possible fluor pairs. This fluor set, mhlch S
preferred for conbinatorial 20 nulticolor coding, consists of 1 DEC 2004

- 6- dianidino 2- phenyl i nodol e (DAPI), fluorescein (FITC), and the cyani ne

dyes c,ya, 3-as Cy5, Cy5.5 and Cy7. Any subset of this Cr;}r,@sf L4ed set can
al so be used' ere fewer conbinations are required The absorp Tion and
em ssi on maxi ma, res ectlvel for these fluors are; DA-PI (350 nm 456

nm, FITC ( E@m frmn 2: nme soys Tismprodnst obggonigy DBygsteindsisplagamesas nn)
5 (652 2
%e (eXCI t g.m {)e C% cé% aFnS SC,SO |non tgldgg?se%& ]§I nc %%Snﬁ(:&g%? ‘Igoznﬁ?lg}—m é %t ég.%?lr?m

yi el d of theggplatethss and ﬁrﬂﬂ&ﬁiﬁld@eﬁeﬁmcaﬁfaﬂébmpmcaﬁbn are@ekaitet iy U1D: 3- 10
(1989), M undar et al Cytonetry 10;11-19 (1989), Yu, Nucleic Acids Res.
22: 3226- 3232Patenigdg. SWW% /%98%%. Enzynol ogy 246: 362- 373 (1995).
These fluprs can all be excited vmth a 75W Xenon arc. 30 2. Further
anplification Secondary DNA strand di splacenent is another way to anplify
TS-DNA. Secondary DNA strand di spl acefentples acconpl i shed by hybri di zi ng
secondary st Bra]tﬂd di spl acenent prinmers to TS-DNA and all owi ng a DNA
pol ynmer ase t g‘?‘lﬂi size 41 - 1 DEC 2004 '""'10 01/97 616 PCT/ US01/ 19657

DNA from these pr Tﬁﬁ@xﬁﬂngﬁﬁemmﬁrﬁés%%ns%ctﬁﬁ%ﬂ@E&rﬁct@%ﬂéﬁ bRt body-
di spl acenent is referred to as secondaré andem sequence DNA or TS- DNA- 2.

Secondary DNBEMNA remjugatehi thytl sae vyed @b Rapertes Bilmptsacenent cascade

5 Bxampl B0 Branpl SUOHAS st i s f%éﬁ?cgtug%d R

char act er i zaBj&@fsteins &]ibb(ﬁ&d&NA%ﬂQ@ﬂd:matpﬁﬁﬁédlhﬁ rexege-phasd HR Reporleer
Binding Priners. 10 A gonucl eoti des, ol.i onucl eot | def‘ & wer e
synt hesi zed &iN4s wereﬁmwedaerp&%ebmsmsé &g AR e and

purified by PINAB St ed cpsa ey i ously
oscri bed (4] Co BT e Fol 1T T TS CPp T EL B e e Tl T

CCA TCA TAT AT BOT GAG T3 saplieaionSagzeAGicBABNA: 53 TAﬁrﬁMfG@étGﬁoT\

ATCToo ThT ek TRETRR BHE CeRA AT ST A B AT GAEFETTAN R, 17

Probes - 5' ©y8A TATA AT TAA CTG TTT CCT TC -3"; Detection Probes - 5° Cy3 TAT ATG
ATG GTA CCG CAG Cy3 3", 5" Cy3 TGA GTA TCT CCT ATG ACT Cy3 3°,5° Cy3
TAA GTG GAA GAA ATGTAA Cy3 3.
Antibody-DNA coniugation. Antibody was buffer-exchanged into 50 mM
20  NaPhosphate pH 7.5, 150 mM NaCl, 1 mM EDTA by chromatography over a PD-10

column (Amersham-Pharmacia Biotech). Desalted antibody (41 nmoles) was treated
with a 10-fold molar excess of sulfo-GMBS (Pierce) under nitrogen in the dark for 30
min. at 37 °C, followed by 30 min. at room temperature. Unreacted sulfo-GMBS was
removed by chromatography over a PD-10 column equilibrated with NaPhosphate pH
25  7.5,150 mM NaCl. The antibody was then concentrated in a Centricon YM-30 at 4°C.
The number of maleimides per antibody was determined by utilizing Ellman’s reagent
(Pierce) to measure sulfhydryls following titration of beta-mercaptoethanol by the
activated antibody. 2.8.1 nmoles of sulfo-GMBS activated antibody and 142 nmoles of
5" thiol oligonucleotide were conjugated in a volume of 825 microliters for two hours at
30  room temperature, followed by overnight at 4°C. Antibody conjugated to
oligonucleotide was purified by anion exchange chromatography on Q-Sepharose

(Amersham Pharmacia Biotech) using a salt gradient (Figure 2). Fractions containing
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ATG GTA CCG CAG Cy3 3', 5 Cy3 TGA GIA TCT CCT ATG ACT Cy3 3", 5 C3 T
GIG GAA GAA ATG TAA Cy3 3. Anti body-DNA conjugation. Antibody was - -
buf f er-exchanged into 50 "M 20 NaPhosphate pH 7.5, 150 nM NaCl, 1§ BITA
by chromat ography over a PD-10 colum (Anmersham Pharnaci a Bi ot ech).

Desal ted anti body (41 nnoles) was treated wth a 10-fold nol ar excess of
sul f o- GVBBO0PP®L€ce) under nitrogen in the dark for 30 racfyusaétiodss C
followed by 30 mn. at roomtenperature. Unreacted sul fo-GvBS was renoved

by chronmat ogr | ilibrated with Phosphat e pH 25
7.5, 150 mM @@%a%’g&% ?ﬁﬁ%@d SR Ci‘%ﬁ“’rna ‘Hn?tﬂgf&Ng%?ﬁ PYREST I 30
at 4C. The rddtiEharofaciaphtei°Gitd esnperfrenlicbagdiconas FEeienyi ned by utilizing
El | man' s reagent Pi er,c,e%gﬁ) measure sulfhydryls following titration of
bet a- ner capt oet hartd/mRFRUY e BFSPRY E%Fe&ﬁlfqeéé’éejllp apgsy thepbilissobthe sul f o- GVBS
activated antd - %ﬁgp f U ] | I | r

conj ugat ed i ndogﬁ\g%tlcggngl n(%l?:g 25 %1&%? g'l H@?Sse a?%a&k,tt%h%%lﬂj# @'(ta 6@@‘&&}%%%%

t enper at ue, DPNAtconpgatey aoytardisghire agsesbed inAmirlleb ity thonihiligte dodnpete with a

O Sophar ose (R SHOMCHIEI TERHS CLFOREENSTHLY YL 60y Rar AOEAIFRTBLr ¢ 2).
Fractions coniek bbdieh #ith bajolee A0y Bi RPAGHS 36at BEICIRRAALIBRY aCPN] Ugat e
wer e pool ed and subjected to size exclusion chromatography on Superdex- 200
( Phar maci a) aﬁlcwgfmiﬂnmlga@@eevmgw&&T%o’fﬁmﬁ(osﬂ:gmieﬁ@)w_ammam tive
ELI SA assays ' - P t .copjligate to

bi nd cognat o "iat § 5EREA A bk 300358 5% bk i BreaiPtgi it o s

DNA- conj ufat énkcuhnated fedi eairwed FCadHedee tas fenpaedivitl4 ahet feTBSBl0sH ty to

t i th . i bod bi_ndi t Nt i . Briefly:
comets v s Teperier e[ boc for bladiig [0 B 0en B e
(Bi osPaci fi c ;9664 n#&h YETBOinAREdEatifor2b ndn. @3?4‘(991:%@ wéﬂe&oé%%gg%ﬁn q

overnight at 37C. The anti body solution was replaced wth a
bl ocki ng sol wtédskas of TBSHG AT Gt Twigep 204 follovedEyaddidiBof pre-Hedk antigE hixfursubat ed

f 1h V4 . i.t.h4 . TBS/ 0.05% ., T 20
or o0 ot Rl S Pl SRV M iRoles 0 B0, 050, Treen
at 500 ngbm réporfEB®itryhattdaitbiE, DharMingsd). Thélbiothyl3E€ant 36 Was helgmpy ed

with 4 wash TBS/ 0. 05% Tween 20, foll owed by addition of pre-nade
anti-1gE ni x%ls}regiﬂvegﬁéﬂg‘f gﬁcﬂﬁlpstft%%\’ﬁépgﬁ W SPrEERCH YRU g levrlanthe gy ebr

DNA- ant i - | gE ngQRirds0adr€ IncaPsed i hE€RRNE 8- 30iQt 4 gy loat %n%iﬂ?' ‘\|9§she

f
Phar M ngen). The biotinylated anti-IgE was held at a fix& evef 0vvhi | e the

conpetitor afdBY)-§Fevkikces28swmaining higtinvaied Rati-ddis waT iesected by IngBbativnwtitr es
wer e i ncubat %uitﬂﬁdﬁ?%@pﬁo@ﬁhﬁge Qi’f@rce%heg’nzca]- COS%BII Wmﬂ:g at3 37 &S hfﬁc of
20 wells were then washed 3 times with TBS/0.05% Tween 20 and incubated with alkaline
phosphatase substrate (p-Nitrophenyl phosphate kit, Pierce Chemical Co.). The color
reaction was allowed to develop for 15 min. and absorbance at 405nm was read in a
BioMek FL600 plate reader. The conjugated antibodies, each coupled to about 3
oligonucleotides per mole of protein, exbibited nearly equivalent avidity for antigen as
25  the unconjugated forms (Figure 4).
RCA reactions were carried out to assess the ability of the conjugate to serve as
a primer. RCA reactions contained 5 nM primer or primer-conjugated antibody, 10 1M
circle, 200 ng of E. coli SSB (Promega), 0.125 unit of T7 polymerase (USB), 0.4 mM
each dATP, dTTP, dGTP, and 0.4 mM [a-**P] TTP (300-600 cpm/pmol) in 25 pl of a
30 buffer (pH 7.9) containing 20 mM Tris-acetate, 10 mM magnesium acetate, 50 mM
potassinm acetate, and 1 mM DTT. Additions were performed on ice and then shifted
to 37°C. RCA products at indicated time were quantitated by spotting onto DES]
filters. Antibody-primer conjugate gave more RCA reaction product than an equimolar
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TBS/ 0. 05% Tween 20, remaining biotinylated anti-IgE was detected by

I ncubation with NeutrAvidin-al kaline phosphatase (Pierce Chemcal Co.) for
30 nin. at 37 C. The 20 wells were then washed 3 tines with TBS/ 0.105%ikeen
20 and incubated with al kaline phosphatase substrate (p-N trophenyl
phosphat g, kit, Pierce Chemcal Co.). The color reacti onPg%%éal | owed to

devel op F'6r" 8% re. and absorbance at 405nm was read in FEMER' FLB0O

pl ate reader. The conjugated anti bodi es, each coupled to about 3

ol i gonucl eot iatesnparuncoljegaéd pimeenthe mrivnbe dfedcanepicinyniagudinat BIRA dvigakiet vy
for antigen 25 the unconjugated for Figyre 4). RCA reactions were
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RCA react i onggRant weﬂﬁ‘éiféf@Mémméwgavgan RYprB&AbIE pRidusah ekl anbhkagdy, 10 nM
circle, 200 no of E. coli SSB (Pronega), 0.125 unit of T7 polymerase (USB),
0.4 mV each camPRmETPeirdSPPn theigregede pivk pon-8oRpleMEmRaEBo0cl600 epni prol ) in
25 | of a 30%%”? (pH 7.9) containing 20 mM Tri s-acetate, 10 nM nagnesi um
acet at e, éo HH)F ssium acetate, and 1 nM DTT. Additions were perfornmed
on ice and then shihig@@mpleddedidnstratesthp Ldofod Reprirtet AdtBEd Pt TBWBEE) -

guantitated lr:ﬁ/ spotting onto DE81 filters. Antibody-priner conjugate gave
nore RCA r eadiNoSopugse éer defeshompl apmalyis wrandd IS4 figpmatgdxetegon By97616

PCT/ US01/ 19634, .45R f ' . DL TR :

conpl ementary cir cﬁgmh%%agg%gog%éﬁgﬁé’&%a %@?E@%ﬁ%@h@ﬁ%ﬂ hat
each anti bodyo dstectonm) wsgataacbnientivnaleantibady-enrgmemonjugate. Nei t her f or m of

prinmer gaye an ap L abl e product in the sence of . conpl enentary cifrcle

or inth }SpresencgﬁgAés??é’n%%?ﬁﬁs’éﬁﬁa%gPVS@lgwa .‘mﬁor@(&' ge aﬁf?‘%’}%ih | e

demonstrat es r#ﬂb%gﬁﬁﬁ?%&ft P@?Ei%ﬂﬁrahﬁrhuﬁ% ug@gxr Wl FRY/ Nk RAYYC aflheqoOn] Ugat e
of Jan analy SA™f

for detectio einan EL rmat. Detection by |mmunoRCA is
shown to havevsoyggt atd Cs daties wenetwasbertheberiamgscvitta iep RS 05 Amedn 29,0

detection using.,a nyent i. ant.i hody-.enz conj 0 _ELI SA.assay.

N nety- of x el SR i R B A e T R A L s e WA RE g
goat pol ycl onahinafti TBSEI5% TRefE20, WelldwddWy addiidmrds tigd 1g874aaB el att igiable
overnight at 4C. Plates were washed three tines with 100 gl TBS/ 0. 05% Tween

20, and lfherroptentiiensin e 089 NelvmeatAligr ¢ 3fi Fluqubption fas 3Pdnig: Piresayem®l at es

ot yro ot vareah B a0 BB ry 40 Ve o Rl B A ¢ O

i ncubat i on f afssa39, Aikimhumapl lgFegkabe phoswhstaetcdniicae Wiswigeitd dachGk1yknd
TBS/ 0. 05% Tween 20. In_the conventional ELISA assays,_anti-hunman
| gE- al kal i ne 1pFibajsHat A% C Erfusia Sl Blatsgae Pashed cHthEPP/0-Qavg Tween 20,

the alkaline phosphatase substrate MUP was added, and fluorescence levels were read

20 after 20 min. on a BioMek FL600 plate reader at an excitation wavelength of 360 nm
and an emission wavelength of 460 nm. In the immunoRCA procedures, anti-human
IeE — DNA conjugate (5 ng/ul) was added to each well in a 60 pl volume, and
incubated at 37 °C for 30 min. After plates were washed three times with 100 pl
TBS/0.05% Tween 20, Circle 2 DNA (170 nM) in 60 pl $29 buffer (250 mM Tris-HC],

25  pH7.5,50 mM MgCl,. 1 mg/ml BSA, 1 mM dATP, dCTP, dGTP, .75 mM dTTP,
0.25 mM FITC-12-dUTP) was added to each well, and incubated at 37°C for 30 min.
RCA reactions were initiated by addition of 1.5 pl ¢$29 DNA polymerase (0.4 U/ul),
and continued for 30 min. at 37°C. RCA products were detected by addition of an anti-
FITC-alkaline phosphatase conjugate. After a 37 °C incubation for 30 min., plates

30  were washed three times with 100 u] TBS/0.05% Tween 20, MUP substrate was added,
and fluorescence levels were read after 20 min. As shown in Figure 6, the immunoRCA

assays gave a dose-response over a greater range of IgE concentration than the

44



i ncubated at 37 Cfor 30 mn. After plates were washed with TBS/ 0. 05% Tween
20, the al kal i ne phosphat ase substrate MJP was added, and fl uorescence
| evel s were read 20 after 20 m n. on a Bi oMek FL600 pI ate reader at_an
excitation wavel ength of 360 nm and an enission wavel ength of 460 Miniin
t he i munoRCA procedures, anti-human |1gE - DNA conjugate (5 ng/ul) was
added to gagh,¥gkl in a 60 | volune, and incubated at 37 C for 30 nin.
After plates were washed three times with 100 pl TBS/ 0. 0BGHYHEEA6520,
O’rcle 2 DNA (170 rM in 60 41 4)29 buffer (250 mM Tris-HO, 25 pH 7.5, 50
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MJP substrate was Iuores ence I vels wer read after 20 mn
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In Figure 7, it can be seen t I nMuno antis caonj ugat e
gave a strongﬁ@igg?mal anhhmOduxﬂecmCmmmeﬁIgEaimﬁthcIugl:'rob@uﬂést0 t he

m croparticl eg, i.on an |-| E-al kal i ne hos hat ase conj ugate
gave gppr oxi ot efg&?ﬁﬁ#l & ant\lMIth alirahm osph%tasc conjugate ga e aplg)roxunately 75- f(J) J
less SJgnal than the immunoRCA assay with the same amount of input IgE (25ng
20 IgE/mi).

Example 4

This example demonstrates the suitability of immunoRCA for solid-phase
detection on a microspot using detection of prostate specific antigen (PSA) as a model
system. For this application, immunoRCA was configured in an indirect sandwich

25  assay format. A mouse monoclonal anti-PSA antibody was used to form the second
part of the immuno-sandwich complex. This complex was detected with a polyclonal
rabbit anti-mouse IgG antibody that had been conjugated to an oligonucleotide
containing a sequence for priming an RCA reaction.

Preparation of microspots. Clean glass slides were chemically functionalized

30 by immersing in a soluticn of mercaptopropyltrimethoxysilane (1% vol/vol in 95%
cthanol pH 5.5 for 1 hour. Slides were rinsed in 95% ethanol for 2 min., dried under
nitrogen, and heated at 120 °C for 4 hrs to cure. Thiol-derivatized slides were activated
by immersing in a 0.5 mg/ml solution of the heterobifunctional crosslinker sulfo-
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Purified hurrﬁ]hdqj@AS morbaterhal Fieder %%WHPIF f b ”‘f‘i‘élg
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(Hybrislip, &ue]lcm) 1?%0%1‘5% 12201 flrlll\(/ierﬂrp%gd? éﬁ%eotfgﬁi %gé(gc\l}glrn%tg\ég@gfgeog of
the array. Thﬁ:noaldndpanmssmﬁub@iyedasaddda&ﬁ thearrdQ) Therslide wagidvubitdd hi ed
chamber, washed twice for 2 mn. in PBS/0.05 % Tween 20, a%%éﬁﬁﬁg% dry.
Ten pal of a37°Gfoudl min. i p&Hmidifiphehagtber. nshed Giea fop AEPD A y was

added to.the.array.~ The sli C t

i di f188 oY 5820, gl ‘E‘\%P’%ahp rg{} E%'uﬁ“’“f:%gﬁoﬁ% Jna{T&m(ég% . and
t apped dry. lﬁml»{«a@adﬂa@w the anhy, aﬂﬂﬁﬁ:@bit@:&WCdﬁﬂ;ﬁm@m& uﬂnhiyﬂ@dd in
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RCA reaction. Circle 1 DNA (200 nM) in 10 pi 629 buffer (250 mM Tris-HCl,

20 pH7.5, 50 mM MgCl,, and 1 mg/ml BSA) was added to the array, and incubated at
45°C for 30 min. Ten pl of RCA reaction mixture (2 mM dATP, dCTP, dGTP, 1.5 mM
dTTP, 0.5 mM biotin-16-dUTP dNTPs, ¢29 Buifer, 0.4 U/ul ¢29 Polymerase) was
added to the array and incubated at 37°C for 30 min. The slide was washed twice for 2
min. at 37 °C in 2X SSC/0.05 % Tween 20, twice for 2 min. at room temperature in 2X

25  S§SC/0.05 % Tween 20 and tapped dry. Ten microliters detector oligo mixture in 2X
SSC, 0.05% Tween 20 was added to the array and incubated at 37°C for 30 mun. The
slide was washed 4 times for 1 min. in 2X SSC, 0.1 % Tween 20. Ten ul of CACHET
solution (1 mg/ml Neutravidin, 2 X SSC, 0.1 % Tween 20, 0.5 mg/ml BSA, 0.5 mg/ml
sonicated herring sperm DNA) was added to the array and incubated at 37°C for 15

30 min. The slide was washed in 2X SSC, 0.05% Tween 20 for 5 min. with agitation at
roormn temperature, followed by a wash in 2 X SSC. Slides were dried under nitrogen

and the array portion of the slide was covered with Prolong Antifade (Molecuiar
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dry. RCA reaction. Crcle 1 DNA (200 nM in 10 0 029 buffer (250 nM
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and incubated at 45C for 30 min. Ten 0 of RCA reaction mxture (2 nM ,& uub
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covered with Prolong Antifade (Ml ecular 46 --1 DEC 2004 WO 01/ 97616

PCT/ US01/ 196550ubd begf‘sty@ted:l Tigp yelaf deteprian ip gpmvasinehsele 3ondes Painegnitude more

epi f | uor escenge i Ui i I i.n yst.em and a 100X
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concentrat i on? (B G S90IugHE foilsiectrnymquse mogeclgnal agihady wi Boensitivity.
zeptonol er) peuhflele detected. This level of detection is approximtely 3
orders of magnitude nore sensitive than standard i nmunoassays for PSA. The
anti body used as tHusgsspplgdemonsirates Hiegisegbimphenold3A in a sdudimichafotmatnuse | gG

pol ycl onal anf i : ' ent. .can ser as. "unjversal" conjugate to
det ect any m”%%@%ﬁ%é?g%ﬁﬁg%o:& 58 @hvu\‘nmtaﬁ\f;ﬁ %nbsogﬁgi)ﬁe\giof’?ﬁ gl@@%@% Ze 5
Thi s exanpl e apimensittypd microdimyingeoladt. IimteseaRcfodniays, HaRehaiyfooy el on

m croarrays of %OISF\;CI onal goat anti-human | gE ant] body spotted onto gl ass

slides using 2PAEHSQIRID VESHEPATIEH HaFach yPgFRosLAd 2 dipmetseelappreximatghyr ay s,
. | . ) f . ,
appr oxi megsel Yodh @nMnddhe sﬁ?&b-gﬁﬂngqagf}{g{ﬁdggggw f'ﬁ@%ﬁft-%%d%{ﬁg?ﬁggw%m

spots had a dianeter of appro 0 m an spot
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to an oligonucleotide containing an RCA-priming sequence.

Preparation of microarrays. Glass slides functionalized with thiol-silane were
20  prepared as described above. Thiol-derivatized slides were activated by immersing in a
solution of 0.5 mg/ml sulfo-GMBS (Pierce), 11% dimethylformamide, 99% ethanol for 1
hour at room tcmperatﬁre. Slides were rinsed with ethanol, dried under nitrogen, and
stored in a vacuum dessicator until use. A solution of polyclonal goat anti-human IgE
(BioSpacifics 0.5 mg/ml) was spotted onto the slides using a pin-tool type microarrayer
25  (GeneMachines). Arrays were blocked with 2% BSA (Protease free), air-dried, and
stored under nitrogen at 4°C until use.
Antigen capture. Each microarray was blocked by adding a 50 pl volume of a 2
mg/ml BSA solution in 50 mM glycine (pH 9.0) and incubating for 1 hour at 37 °Cin a
humidity chamber, After blocking, slides were twice washed by immersion of the
30  slides into a coplin jar containing 1x PBS/0.05% Tween 20 and allowing the slides to
stand in wash for 2 min. followed by a 1 min. 1x PBS wash. A 10 ul] volume of human

serum was immediately added to each microarrays and incubated for 30 min. at 37 °C
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A nouse nopnoc i -.Dj con ed. t
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30 minutes. |fginhl ESSEPOMMETr HCE g7, uewnqgcn@ﬁms gﬂmtacfﬁ%fﬂ% 30
mnutes 10 in a hum d chanber, and then slides were washed twice. A 20 |

vol une of rea%d@F%FPE@Bmﬁoaﬁ%dﬂi%ﬁhﬁ%‘gmm%ﬁe%tﬁ\lﬁ%ﬁm@éﬂe@ 01

ni ts/ 1 R n®
lI\J/l\/: I\/gC\lA)Z and%%%sél%@gdbfw ?iglde to ea ggnq/gpg?rrlg‘g%ﬂ%ﬁuq&%es wer e

i ncubat edSat BdmCemperadie. mmp pamiundneofﬁﬁgMDbm dmresdsr@ppedddrﬁ toasdthi ng t he
slldeS|na2XSSCIOQS0 n205| on roomte a A 20 pl
sol ution of CEEVMASACHEL EPr \f\%&‘ %ﬁiﬁe ct&a&@%ﬁa délé‘ﬁelsd\’lﬁ'éﬁl to
hybridize to @Meﬁa%Zﬂrmfm&Qfemﬁrdﬁrg an@bpin-Aried. ﬁd@%ré"&faﬁned’ﬁsf'ed in 2X

SSC at roomtenperature and spin-dried. Slides were scanned in a
General Scanning Luminomics 5000 microarray scanner, and fluorescence was

quantitated using QuantArray software.

20 ) The results (Figure 9) indicate that immunoRCA has high sensitivity (down to 1
pg/mL), a wide dynamic range (5 logs), and excellent spot-to-spot reproducibility.
Recently, a microarray-based immunoassay was reported that used alkaline
phosphatase conjugates and the fluorescent substrate ELF for detection (Mendoza, et
al., Biotechniques 27: 778-788 (1999)). The ELF-based assay required a specially

25  constructed CCD-based camera to read the signal, and a sensitivity of approximately 10
ng/ml was achieved. In another report, antibodies labeled with a near-infrared dve
were used to detect IgG subclasses on a microarray (Silzel, et al., Clin. Chem. 44:
2036-2043 (1998)); this system also required a specially designed imaging system and
achieved a detection limit of approximately 15 ng/ml.l In contrast, signal amplification

30 by immunoRCA gives sensitivity in the pg/ml range and allows the assay results to be
read with commonly available microarray scanners. ImmunoRCA can also be used to

detect allergen-specific IgEs on microarrays with excellent clinical sensitivity and
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General Scanni ng Lunsinom cs 5000 m croarray scanner, and fluorescence was
quantitated using QuantAiray software. 20 The results (Figure 9) indi cat?
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range (5 logs), and excellent spot-to-spot reproducibility. Recently, a
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di met hyl met hoxy ah#-ak -Bhenyl ene-di i sot hi ocyanat e.
A 10 m xture of an avi pt u?ﬁlefrg%gmhtd&o 5 O|Slu %‘Hﬁcﬁ'%fl?‘ffé’r%‘caﬂfjiz GG,

SG bi otin-T, hzdmde, aachana lcemhegmm@ejﬁﬁm Ofere gpitted ®ntcrde 8kttvated slide surface
hydri de, each at a concentration

of '3 M wer e S5t By 15708 B0 Besthado fhericbeaaling bes Aavadio gracasd fopnat
The sl i dos. ver o F1 necq Lat o & p. LeOgHes pCeRtrie, PASPLARAE Alfedl 4804 1 n
the 15 gl §ti n8ls@eselugan fas303pingt 47%tto Bk mprebiod fmgtiored gtoagls.f Thestidenal
groues- The shidssumniea s kit 1 S lclan (e 9.8 0,10
NaN3 at 37C f efbumith ®k% serdcated herring sperm DNA, 0.2% NaNj at 37°C for 1 hour and
washed in PBS, 0.1% Tween 20 for 3 min. at room temperature. The slides were then
dried and stored at 4°C until used.
20 Binding of antigens 10 capture slides. Various concentrations of avidin and
sheep antidigoxigenin IgG, either singly or in defined molar ratios, were spiked into
normal human serum. The spiked serum (1.0 pl) was applied to the capturé arrays and
the slides incubated in a moist chamber at 37 °C for 30 min. The slides then were
washed twice in PBS/Tween20 and air-dded. Five ul of a mixture of 7.5 nM rabbit
25  anti-avidin-Primer-1 conjugate and 7.5 oM rabbit anti-sheep IgG antibody-Primer-2
conjugate was applied to each array spot and incubated at 37 °C for up to 2.5 hours.
The slides were washed eight times (1 min. each) and air-dried. Five pl of 0.2 M
solution of the two circular probes (circle 1 and circle 2} in 2xSSC, 0.1% Tween 20,
3% BSA, 0.1% sonicated herring sperm DNA was applied to each spot. After
30  hybridization at 37 °C for 20 mm, the slides were washed with 2xSSC, 0.1% Tween-
20) at 37 °C for 5 min. and air-dried.
RCA-CACHET Reactions. Five pl of RCA reaction mixture (50 mM Na(l, 50
mM Tris-HCl (pH 7.2), SmM MgCl,, 0.5mM of each dNTP, I mM DTT, SSB and 0.5
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capt uredpusi %gﬁé@%@g(%?r& |v%&%gygﬁﬁ&%ﬁdﬁﬁsgh%%ﬁ@%a}%%@ %ﬁglgeggﬁ
field count edyeibowlahdiyated that &l Goawds g3ndratetiigea vaple anmibgddardiges compiesal | y
and RNA signal s pseudg-col ored, green_and red. The discrete fluorescence
si gnal s had r@‘}apﬁ Oﬁogm"é‘"’fdg%aﬁg?é@?’% sheeR & °§1§§E'P§§¢' (97 FBPence of
signals w th sEmspdeaRast4ted har th o) idHbapedi 8shld £1Bie] ¢ 86ikesdOhda@S the

generated by a single antibody-antigen conpl ex. antitation of the avidin
(1ight grey) kaawndrpe patinsof i tyoxprefeii aatiggs (Fumrk 1, &yther suggesting a 1-to-1

correspondence between antibody-antigen complexes and signals.

20 This example demonstrates that ImmunoRCA is ideally suited for microarray
applications. Duxing the entire isothermal RCA reaction, the resulting amplified DNA
molecule remains covalently attached to the antibody-antigen complex. On
microarrays, this process results in an approximately 3 log increase in detectable
fluorescent signal over non-amplified signal detection approaches. A distinctive

25  feature of RCA is the ability to precisely localize signals arising from a single DNA
reporter molecule, thus enabling the visualization of individual recognition events on a
solid surface. When the long single-stranded DINA product of RCA is decorated by
hybridization to many complementary oligonuncleotides labeled with both a reporter
fluorophore and a hapten, such as 2,4-dinitrophenol, all of the fluorophores can be

30  collapsed into a point source of light. When the number of molecular signals is
extremely high, the signal from a spot on 2 microarray can be read using aggregate
fluorescence. When the number of surface-bound antigens is smaller, however, the
signals can be scored as discrete single molecule counts, and subattomoles of analyte
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signals denonstrated that the ratio of light/dark signals closely
corresponded to the known input ratios of the two protein antlgenjaﬁf @Ere
10), further suggesting a 1-to-l correspondence between anti body- J
conpl exes and signals. 20 This exanpl e denonstrates that |nmunoRCA is
ideally suited for mcroarray applications. During the entire isothermnal
RCA react wongi/47b resul ting anplified DNA nol ecul e renai pé{ﬁ?ﬂ ?jl ently
attached to the antibody- antigen conplex. On mcroarrays, d B‘F&cess
results in an ap I‘OXI mat el | og i ncrease in detectable fluorescent

si gnal over nc?ﬁ W}SPFWE\ ﬁpﬁiﬁa Qércavrlont @Ipp!lifaa@rﬁefs Ihu&m\s'cﬂdsmsiaiyyerit%

f eat f I ' f
Single DUA T oner PEREARE Mtenk e e Bitng PR eSSt dinderd 0T
i ndi vi dual o’ggrnsmn@n ogipenindicates a dysmlit ﬁr@urbf:tz’m:en 6\dhen 16se | ong

si ngl e-strande]% roduct of RCA is decorated by hybridization to many
conpl enentary al“&’d tcl eotides | abeled with both a reporter fluorophore

and a haptsn, such Tags Gutpll RirtdnOPhENAL mehdre:ln: LRl AL QRROLES, AN be 30

col l apsed into a point source of l1ght. e nunber 0
signals is e®qdshpiofein{lgh) intte ssingleal from a spot on a microarray can be

read using aggrega cence. V\glreﬂ of surface-bound
antigens is small etr,f'((ajr R%%/\gé\;érrc Pfaon 1y Péﬂ'l%?ﬁ%g iz bresg RGA, éi“%@?@@)éﬁ singl e
mol ecul e countwere pmte&wh“xatpbmmnelsodaf a1 B0 5h JREC HOPACHO J616
PCT/ US01/ 19657 C}%%ty}pn i sual’i zed. | nmmunoRCA carried out on mcroarrays thus

provi des assay&i givs shidles @pwyaged fydhiodsyianianiéon playecatmontovith GYRS."Dwe
ot ween 6 and T orEAaofMAB AnHIPHIBERPENAE R A aro MR P SRR Fobran

between 6 and 7 Iogs Exanpl e 'S exanp nonst Emrent
of relative c@?@c@ﬁtmug@mthofanabodymhelacwmmm CULEEG MBS, thén e a08d @k For

t wo- col or expr r via linear m croarra

were printed Wi po'l @‘%h&% 8{3 f‘gﬂﬁ%%tﬁgrgf%gr@e(}%ﬁ@f* Aéi%éﬁé‘cnﬁ c)
capture anti lm)dYoﬂﬂhegém& cBhjuges, tl@&iﬂﬁ!ﬂ@&ﬁ@a@%oﬁﬁ'ﬂd@ﬂeé 'va?: .
t r eat ment w&#@@ﬁﬁ Two 10 conjugates of " MAb Antl -1 Bi 0S cI one#

A37020047P) SHietre Cdmigb o)t Reconiugste @Mﬁh@amdqxomm@amun body was
ATG Too GG CrA i Bk AL e BRM B oy il ool W Bt oS,
ant i body was B‘ic@trmwnamtd Siihidh PEZ¢Avk mmm Mlm AGA PG GEA
was al o conerrCLERR KET SnderliRiem RrPlier Both e vPc R seeaibgocons
by incubating blotm MAD Anti-IgE with 50 ng/m! IgE in one tube and Pr2~MADb Anti-
IgE with 500, 50, 5, and G ng/ml IgE in a second tube for 1hr at room temperature.
20  Appropriate antibody-antigen complexes were then mixed, and 20 ul mixture applied
per array. Capture of pre-formed complexes was carried out for 30 minutes at 37°C.
Ten pl of a mixture containing 200 nM circle 1, 200 nM circle 2, and 2.5 ng/ul
Prl~Anti-biotin conjugate was then applied to each array and incubated at 37°C for 30
minutes. The slides were then washed 2x2’ in 1xPBS/0.05% Tween 20. Ten nl of
23  linear RCA reaction mix (20 mM Tris-Cl, 10 mM MgCls, 25 mM NaCl, 1 mM each
dNTP, 0.5 uM Cy5-1abeled detector probes for circle 1 and Cy3-labeled detector
probes for circle 2, 29.1 ng/ul E. coli SSB (Promega), 0.01U/ul T7 Native DNA
Polymerase (USB), and 8% DMSO) was then applied to each array and incubated at
37°C for 45 minutes. The slides were then washed in 1xPBS/0.05%Tween 20 and in
30 1xPBS, air-dried and scanned. As shown in Figure 12, the ratio of Cy3 fluorescence
intensity to Cy3 fluorescence intensity reflects the ratios of IgE in the two samples.
Measurement of relative concentrations of a protein in two samples is further

exemplified using prostate-specific antigen (PSA) as a model. Varying concentrations
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then reacting with 5 thiol Fri (AAA AAA AAA AAA AAA CAC AGC TGA GRA TAG
GAC AT). Anti body-antigen conplexes were pre-fornmed in separate rqu}[tozn[]gs,
by incubating biotin--MAb Anti-IgE with 50 ng/m IgE in one tube an

Pr2-MAb Anti- 1gE with 500, 50, 5, and 0 ng/m IgE in a second tube for Ihr
at roomtenperature. 20 Appropriate antibody-antigen co ~Ye-e then

m xed, a‘;ﬁ 2% (Tél‘%t m xture applied per array. Capture opp(lf)ﬁg?@b‘r’ﬁéd

conpl exes was carried out for 30 mnutes at 37C. Ten | of a m xture

cont ai ni ng 260PHM(Biasphafids) w2einmhatddr witte S 2g/uhnftkiBebbingh lor FHICabdlnd i - bi ot i n
conjugate was then appl.i t rra nd ipcubated at, 37C for

m nut es. Themé’PP‘g@%aJ\ﬁgPépesg}]@gpgggﬂé%’ ”[é\;géﬁn%pgor&)gggp@%g%— &Qrc"ef%.‘d’f%%r?'pd of
25 linear RCA e3Atd ArpdA KiotigPaftllalti PEAompkOk T MeMrGhe midea (FMMNEClng 2b MM
each dNTP, 0.5 pMd&/S-I ablgl e@adet ect or porn1 ese fgr circle 1H%énd Cy3-Tabel ed
detector probeshé oixthie were nub28d dn nghiprohrrky for GDImMiHBBs 4FY760E §dles Wer61UL1

17 Native DNA Pol ynmerase (USB), .and 8% DMSO) was .then applied to each
array and i nvasheddricifor sympitesn FRSHYe Twerells | Trgelidtiey ere ifIRIGAYNE] i n

1xPBS/ 0. 0594 ;0. 30 Al Lz dr i€ ngd. i
Foure 12, 1 fe s - ticlin Bt P Bon Bbdie Sl QAT BIAEET Halloe i o NS
intensity rebf getrdordegenil Misroafraysgidre iprephitd byWRn®biliigsGoat iehslonelmit  of
rel ative concentrations of a _protein in twy sanples i@furt&ir eﬁ(snpl i.fied

USing prost aPSAASEBPAY Bigrargen O g en SV SRRt valed Bigsdane EPBns 51
- | DEC 20.04%&&%5@%@&%@%&%@?&&%%@9& aig&“a%gg, :ﬁ;%él{i%dﬁwsﬁ &89 1aWBES with

incubated with 5 ng/ul of either biotin or FITC d nonocl onal
ant i - PSALG n &B8ir FT0E%r Tivsmn@iefaprbaily labelungdats 43ig@7 Chefisl PSASFILPGs, MH}Y.i - PSA

d PSA/ bi oti nyl d i,- PSA | t h ] ) , d 20
1 of the m xtur o HEPERCH UBd S BRE B RSty Vb T30 REREE a *37c
Sl'ides were pomarhad fbﬂ’%?ﬁirilculﬁtrs a]'g PP CNnHE Biesdrde BBSY MMM dreenieledimercy | des

were incubated™with 2.5 ng of anti-biotin-priner 1 conjugate, _
anti - Fl1 TC- - piliamd Cy2-lebsipdigaele 2 dscoratons. x§lides wersf washed twiee fasdyje migutes in

M croarrays I i il 2] t I L3

anti body {Bi %g@ﬁ@%ﬁgec &rqgﬁ#m fégnf%&%a}%%’e e?’%@é%ﬁ%mg asIs
?:3: gg;agimfli CS) was Icgtfmge\?mg?edfom%mgr FIS rﬁgisgi n usin Orc;lphiomg’cly
| abel T ng. ki ¢ Soparipely: cheshoein digore &1, B¢ fipeol Cyp fodteprangediioasy {62

per f or ned Onﬂhﬁ%s@n‘éé%éﬁsﬂ%%eﬂ&cis%é?aﬁﬂ@bf?ﬁ%%e WekyApease for 45 ninutes
at 37C in the presence of 50 nMeach of Cy5-labeled Grcle 1 and

Cy3-1 abel ed Examipde 8 decorators. Slides were washed tw ce for two ninutes

i 2XSSCl 0. 0% THRGI, 2fhy1d b35Sk lindhs TR U Eph ich FGuthiBthng Aluacanned

20 from complex biological samples and the use of the disclosed method for determining

and quantitating their presence in the samples. The process is exemplified herein using
samples containing allergens.
Allergen microarrays. Clean glass slides were derivatized with thiol as
described in Example 4. Extracts of cat hair, dog hair, house dust mite (D. farinae and
25  D. pteronyssinus), and peanut (ALK-Abello) were fractionated over PD-10 columns
(Pharmacia) and then concentrated by ultrafiltration on Centricon YM-3 filters
(Millipore). Spotting of the extracts onto the activated slides was accomplishcd using a
pin-tocl type microarrayer (GeneMachines). Human IgE and a 5’-amino modified
RCA primer were spotted as positive controls. Arrays were blocked with 2% BSA
30  (Protease free), air-dried, and stored under nitrogen at 4°C until use.
ImmunoRCA. Each microarray was blocked by adding a 50 ul. volume of a 2
mg/ml BSA solation in 50 mM glycine (pH 9.0) and incubating for 1 hour at 37 °Cin a
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15 Lunoni cs GSA5000 scanner at the appropriate settings for Cy3 and Cy5

fl uorophores, respectively. As shown in Figure 17, the ratio of Cyb
fluorescence intensity to Cy3 fluorescence intensity reflects the ratios
of PSAin the two sanples. Exanple 8 This exanpl e descri bes net h_ofﬁ@amg
conpositions for imobilizing anal ytes 20 from conpl ex bi ol ogi cal “'sa ‘Ies
and the U%O%Efgl’;gig di scl osed nethod for determning and quantitating their

presence in-t npl es. The process is exenplified herei rRCuSMY sFanpl es
containing allergens. Allergen mcroarray . Cean glass slides were

derivatized wilumitiiy changter. A&schlodiet, kRddEXaRPhasHd ikt LaGss Of hair,
dog hair, hou\?@rrgygt mte (D farinae and 25 D ptero%@sﬁ%n%g)@%é%ﬂge%anut

( ALK- Abel | 0) B DIPACREd BY & A -1pD- washcio [PlSh st O( Bhaf inagdna)k:nam dag hen
concentrated by, it ' i Cent,ri YM3 filters (MIllipore).
Spotting of the eéarrt% th J%éerg%{)Sgdtﬁhagﬁgt?wpﬁ‘teggg%ﬂ\%‘érgﬂ%3?;1?:@811%)@@%&! usi ng a
pi n-tool type akmber andyeshed Geioe MBS, B THAIED. | OE 0800 n80R16:3 0o

modi fi ed ECAO,BH%{ re Js-‘_&gtted as%%osi_tive control's. Arrays WeT 61 ocked
with 2% BSA 3 El RYSeopjigal wasapnegiadarith 30m sroradNAdssquander S5EAGAE 4C
until use_ | mumo R cracATA Y | 0..tL vol une
of a2 ng/m BSA soluti on@n@%wﬁgﬁﬁﬁ?fgﬁ%&%ﬁ@gﬁﬁ%iﬁ%@%r I
hour at 37 C iTaTea GTGIESAXGAA ATG TN AATEGEIPCUCISOE) thIGET olvshi Fivkyy 20
chanber. After i

in lides were washed twice with PBS, 0.05% Tween 20
for 2 minutes lfmé%ﬁe'?;%?ﬁ?mm%rmmVP’BSPPISL@tEemh arcayend smnubaedas
I medi at el y added f4:B08& 4 ed for 30 mnutes 37 C.in a
hunmidity chanber, angﬁi&/gtscﬁﬁer{jg%nggﬁ%ﬁ%Bg}l E%%%g s t%c.eaftﬂr fYeR/@anutes in

nonocl onal0an#iBS| §85% Ewmteni20d R ONFeaciioy argiatetechens warn i@t uthd DG in
circul ar DNAC%%%HLFE?C& 5'-TAG CAC GGA CAT ATA TGA TGG TAC CGC AGI ATG AGT
ATC TCC TAT AC TAA GTG GAA GAA ATG TAA CTG TTT CCT TCO in PBS, 0.05%

Tween 20, 1 nM EDThe ahm3d6REQmid@aiiatk i each array
and i ncubated at 37C for 30 mméut es }Pn ?‘ﬁﬁéﬂéﬁa eﬁ%ﬁ’e\gﬁe%&ﬁés‘rsgﬁﬁkshed
twice for twocHiitlbeprmteddypERilon npsks Micreara of RIAI0E ASL Spott Weld paafeact i on

were carried . ] | Ex | e 5. The i munoRCA m croarray assay
was perfor nedﬂjfj‘%a"%“‘%%@%%m%%ﬁf) gﬁg SIS R Bsed 0 A AN iiTerepbyaspiy obpegativef | on

o hese Vel 8 5D B Sk s Lo T SR e
. mmmunoRCA assays on
allergen microarrays in this multiwell format was implemented on an inexpensive
Beckman BioMek liquid handling robot.
Example 9
20 This example describes use of the disclosed method for the multiplexed analysis
of more than one analytes in a sample, as applied to the specific case of detection of
cytokines.
Microarrays were prepared in 10 well Erie slides with thiol-silane/GMBS
chemistry as described in Example 5. Briefly, polyclonal antibodies recognizing 5
25  cytokines (anti-bNGF, anti-IL1b, anti-TNFa, anti-IL6 and anti-IL1a) (R&D Systems,
Minneapolis, MIN) were dissolved at 0.5 mg/m} in PBS and used for microarraying in
multiwell slides. The microarrays were blocked and incubated at 37 °C for 30 min with
a sample containing 20 ng/ml cytokine in PBS/0.5% Tween. The microarrays were
washed and iricubated with a solution containing 2.5 ug/ml biotinylated monoclonal
30  antibody (R&D Systems). The spots were detected by RCA with a-biotin /primer 1

conjugate, as described.



15 or positive controls. Multiwell slides were also printed with arrays of
anti-|IgE capture antibodies in 6 of the 16 wells. Sem -automation of the

i mmunoRCA assays on allergen mcroarrays in this multiwell formt was

i mpl enented on an i nexpensi ve Beckman Bi oMek |iquid handling robotl.NEC 200k
Exanpl e 9 20 This exanpl e describes use of the disclosedbgggngguﬁgy t he

mul ti pl eXed"ahaldysis of nmore than one analytes in a sanple,~as~applied to
the specific case of detection of cytokines. Mcroarrays were prepared in
10 wel | Erie slides dbivh it Ricolte 5, Talred GBS wehasiinsltinecoady desctebloent the
Exanple 5. Briefly, polyclonal antibodies recognizing 5 _25 cytokin
(anti-bNGF, aneioairpy Wheaartbomigsr, bogh e CYokingh FeERTESPE | BY° iﬂﬁéﬁ@i&? g??s

M nneapol i s, were di.ssol ' - F

m croarrayi nélli\éﬁ%%ll 1‘9’% t ?év%ﬁ% bﬁﬁﬂ%@é‘”&%&%@%ﬁ% g@?d%%gﬁgﬁg%i%ygﬁéhe

i ncubat ed at a87bddidsonas3lded.n with a sanple containing 20 ng/m cytokine in
PBS/ 0. 5% Tween. The m croarrays were washed and incubated with a solution
containing 2.5 Lg/m biotinylated nonocl onal 30 antibody (R&D Systens). The
spots were detectqgd i - Bd QL N i : { 408t BartidSlar

descri bed. 53 - 1qﬁﬁ?&%@%ﬁb&%hggégﬁgaﬁk?ﬁkg?gﬁﬁgn%g?ﬁ%ﬁk andﬁu | a were

si mul t aneous myethleicbedyaptotocols, tdtbreagrinty deacritay apitiense maviveodiles dsrtofst h t he

cyt oki nes were present. The specificity of.the. signal j 2000 by

t he appearan@@dgF“Gﬁavﬂgﬁémﬁﬁ ﬁas%“¥#3%5?°WH8%m8ﬁP c%$o{%39§§ﬁfi%%§%gg was
added. 5 It i.sHéadBEsE 9QY, 41038 ndthereficiGh USEOhE BxBLoS Gt préseoOinvEmiit €Hich 0
the particular nethodol ogy, protocols, and reagents described as these nmay

vary. |t 10s afifdetlonis oninbethstappendefalaitthe t er mi nol ogy used herein is for
t he purpose of describi.n rt.cul ! I I Nt ended
S5O SRR IR T IR S0l

to limt the scop resent invention imted only
by the appendgengtaai men”, hdd Nustinhiedngibedirdfhatceas:lass dek doatreat pleanhyl dickateshe

appended cl ai ns, the singular ornsg "a ", "an",.and,"the", i | ura
ref erence unl®BBE¥ie @Bﬁ%@&?"aﬁpi%ﬁfﬁr_ea?ectf’a? gst cgil h@lcw_dgse? pli"ﬁ%%’ %? OI%C%

exanpl e, ref e{QNGRIs! RferdhBAS tmE ShibodiyNElaUeRserRe B tHedrithire @bt BotitE addost
cells, reference to "the antibody"” 15 a reference to one or nore anti bodies

and 15 eddi valgemtadentsiberof kionovi e skidsinstkr btetrds? 1PAR art, and so forth.
Unl ess defined ot Nesul 3G dld ol GG SRRt 36 ENAdFCGebR (T8 HERSh IREET N

have -
the same meanings as commonly understood by one of skill in the art to which the

disclosed invention belongs. Although any methods and materials similar or eguivalent
to those described herein can be nsed in the practice or testing of the present invention,
20  the preferred methods, devices, and materials are as described. Publications cited
herein and the matenial for which they are cited are specifically incorporated by
reference. Nothing herein is to be construed as an admission that the invention is not
entitled to antedate such disclosure by virtue of prior invention.
Those skilled in the art will recognize, or be able to ascertain using no more
25  than routine experimentation, many equivalents to the specific embodiments of the

invention described herein. Such equivalents are intended to be encompassed by the

following claims.
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t he sane neani ngs as commonly understood by one of skill in the art to
whi ch the disclosed invention belongs. Al though any nethods and material s
simlar or equivalent to those described herein can be used in the_, £C 2004
practice or testing of the present invention; 20 the preferred nethodg,
devices, and materials are as described. Publications cited herein and the
material for which they are cited are specifically incorporated by
reference. Nothing herein is to be ed as an adm ssion that the
invention is not entitled to antedaté such di sclosure by virtue of prior
I nventi on. WElodsim: skilled in the art will recognize, or be able to ascertain
using no nore 25 than routine experinentation, pmany equivalents to the
speci fic enmbodi hrefitaethed fosdetectingong grnere eealytsedhe Biethod compeisingqui val ent s
are intended to : ' | 04
CLA VB Ve ol ai nf TR TRASEH SigoP ord Alahbkiibies dTe dkinche BBl |
conpr i si ngbiading PEintegd, Mhetoil eachaBp@td bamngoprimar @nprzbyd gpesHiglindingnd one or
nore reporter binding prinmers, wherein each reporter hinding prinmer
conpri ses &wokspdleiand a rolling cirgle repdication Rriman whcred) sachgpegific Pedimgo| i cati on
pri mer, ' | £ L.0gi Lpteracts wth an anal yte
directlymgﬁgﬁg F?@%ﬁf%gﬁg% %ﬁ@ﬁ%g?lnaqﬂﬁéﬁﬁgff@g sanpl es and the reporter
bi ndi ng pri mer sinvitsheihg tisoaraiytte sumsplédaid the eepoiter bindiap peilieosumafer t he specific
bi ndi ng nol ecul es and anal yt es, gg%hgrior t 9, .sinultaneous with, or

&

fol | owi ng ¥dRiongfhat Brampye HyeragH speeificfunding Bioleculesjapd ana)ytss:i mer s and

one or nore anphhti: i ] | Ay T -anmlJ £ hhan target
circles each CO@P#@\Z&&&&@%#%%%F@ gllr’lQ}eE’?log%%&a@’g@gm@u{dg%ggﬁpri si ng
a primer cepptatindingpriinesandwine beinord freplpfidanion tagitreirekenwhgeintthon i s
conplenmentary_ to at |east one of the rol]ling circle repljcation priners,
and i ncuba‘tlFPll&%qaﬁén FAERRS (cireles BRGRCHOmPrise ﬁﬁ@.g?-%wad%ﬂrﬁml%lai%woreap et

circles un . € r i diizati 3
anplificat (l'cb(;%rp qsa ge ﬁ%?%ﬁs@ﬁéﬁ@ p?ﬁe ’?‘}gﬁ)“‘ﬁdnfgi‘b??‘?ﬂce?g"‘?@% | cgﬁ%ﬁ%nﬁsri nmers,
(c) foll owiomgplementafyltp atledstne of teapllmigrirt leangmatomptitnersoand ol | owi ng st ep
(a), incubating the reporter hinding.priners a applification target
circles under ’@Smt@gétﬂfsr@%?r%ﬁ?‘g%g@%@&lng@Hlpﬁ}gﬁatg’f% targst SRES Ydent i on
target cir ionhiEk 6} \ call i [ t HeCl es
results i n&Jtnﬁgmfl or ma? f%gtggw@%%%%@%%gﬁgiﬁ%ﬁda\ﬁﬁ%lrtée}?er} Cgrgfg:gtgltu?g{r? of

t andem sequdimpsciiodreplichtioatpesndrfie  presence of the correspondi ng anal ytes,

(¢) following step (b) and prior to, simultaneous with, or following step (a),
incubating the reporter binding primers and amplification target circles under
conditions that promote replication of the amplification target circles,

wherein replication of the amplification target circles results in the formation
of tandem sequence DNA, wherein detection of tandem sequence DNA indicates the
presence of the corresponding analytes,

wherein the analytes are separated from the analyte samples prior to,
simultaneous with, or following steps (a), (b), or (c).

2. The method of claim 1 wherein a plurality of reporter binding primers are
brought into contact with the one or more analyte samples.

3. The method of claim 1 wherein a plurality of analyte samples are brought
into contact with the one or more reporter binding primers.

4. The method of claim 1 wherein at least one of the analytes is a protein or
peptide.

5. The method of claim 1 wherein at least one of the analytes is a lipi'd,

glycolipid, or proteoglycan.
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wherein the anal ytes are separated fromthe anal yte sanples prior to,

si mil't aneous with, or followi ng steps (a), (b), or (c). 2. The nethod of
claim1 wherein a plurality of reporter binding prinmers are broughlt JE(n2]g,
contact with the one or nore anal yte sanples. 3. The nmethod of claiml
wherein a plurality of analyte sanples are brought into contact with the
one or nore reporter binding priners. 4. The nmethod of claim1l wherein at

| east one of the TnehetRd dfeladmArwhatin apleastipRiof @& andlytcks frobi dRengf claim
1 wherein at |east one of the analytes is a lipid, glycolipid, or

pr ot eogl yc¥WCs5 1 DEC 2004 6. The method of claim| wherein at |east one
of the anal ytes,i S e. 7. T . i wherei n at
| east one of th7e' z}ﬁ%ﬁ%m@g qqgl@ﬁoln‘?g&%@ﬁl ?eﬁfjtr?glﬁ O@L?Pégng%y?%.lghﬁg‘%?ﬁod of

cl ai m 1 wheireamsonedee of the anal ytes are nucleic acids. 9. The method of
claiml wherein the analytes are separated by bringing into contact at

| east one of th& Zhampthedodsliind whdaepmens el thsapalyigs afomuslaiaprids e agent s,
wherein each angl yeq AUl ndBhSASIAWN 4D AR f0pbyt e directly or
indirectly, wherein IHPEaS T One ana yte, 11" prese I'A e anal yte sanpl e,
interacts wth &indigabito esitactafleydt®ne 3piherafalg@asainpleandd 9a9ar moteng anal yte
capture agents fromthe anal yte sanples, thus separating analytes fromthe
anal yt e sa#figlecaptare agems, ghdiern cath arbitgsaptuytp agait mtegacts dgt anpaldhal yt e

v er not ettt ReETERSH BRih) e oRE MR ARBS R SRRIR T por

becone assipeiradtedithial feaitione anilym capippoident, 3dd The nethod of claim 10
wherein each of the anal yte capture agents is located in a different

predefi ned regi ¥RAGHNE pRAlYLE ICRRIUE ARSBS trom the aplyterfamping. BIS s9PATAWNEL wher ei n
t he di stan ' t predefined regions of the solid support
G 6 Bl e

Is fixed. alm 12 wherein the solid support conprises

thin film menby.anies mbhbl o€ slaim Dsitesein hi leest one wnlee chptosy szensigaped
pol ymers, particles, beads, mcroparticles, or a conbination. 14. The

method of ePesifPd Wilhesolir supnast. avhstoamaral et halntetct Mathsthe analyisraptie
different prEORLLARE] WAE L%d Yiphdbetine AsbARAY With the'slili SPyfort.

11. The method of claim 10 wherein each of the analyte capture agents is

located in a different predefined region of the solid support.

12. The method of claim 11 wherein the distance between the different
predefined regions of the solid support is fixed.

13. The method of claim 12 wherein the solid support comprises thin film,
membrane, bottles, dishes, fibers, woven fibers, shaped polymers, particles, beads,
microparticles, or a combination.

14. The method of claim 11 wherein the distance between at least two of the
different predefined regions of the solid support is variable.

15. The method of claim 14 wherein the solid support comprises at least one
thin film, membrane, bottle, dish, fiber, woven fiber, shaped polymer, particle, bead,
or microparticle.

16. The method of claim 15 wherein the solid support comprises at least two
thin films, membranes, bottles, dishes, fibers, woven fibers, shaped polymers,
particles, beads, microparticles, or a combination.

17. The method of claim 11 wherein the location of tandem sequence DNA
on the solid support indicates the presence in the analyte sample of the analyte

corresponding to the analyte capture agent at that location of the solid support.
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15. The method of claim 14 wherein the solid support conprises at |east one
thinfilm menbrane, bottle, dish, fiber, woven fiber, shaped pol yner,
particle, bead, or mcroparticie. 16. The nethod of claim15 mherein[khﬁUL
solid support conprises at least two thin filns, nmenbranes, bottlé&,n—

di shes, fibers, woven fibers, shaped polyners, particles, beads,

m croparticles, or a conbination. 17. The nethod of claim 11l wherein the

location of tangenTremudoaef B 10wHehsn §Rl sofld SuiRl dompiles ApRSality 61
presence in the analyte sanple of the analyte corresponding to the analyte

capt ure agéniytaeaptirgtagene lacpsd ine phusdity of ﬂﬁfesqppptﬂd@ﬁn@aregipnmfjll@004 f18. The
hod of g¢l.ai m.10 in t ' t i ity
e o DA bl A0 AR A oot Sl

regi ons ofoftdhalysel i d support, wherein the analyte capture agents
collectively correspond to a plurality of analytes. 19. The nethod of

cl ai m 10 wher ei ¥-t Ree wethod of glspbdf whsrgin theselid gepport qomprisgethit e, bott | es,

m or opr t 1 WegrandyScifee RS Ao RS et S RO BRmicS e ci n e

sol i d suppgidropaeidied, 9€8 combitation.de, agarose, cellul ose, nitrocellul ose,
gl ass, polystyrene, polyethylene vi ngﬁlE acetate, polypropylene,

pol ynet hacryl at 20. ‘bl giethig o plaim 38} yyharpip| thzolishgupport penpesesiagaiasaide,
pol ycar bongt es flon, .f [ rbons. nvl on i Licon .t [

pai yannyar e dhlegBmlror URSE IR0 RrER, ek Bamec o o
pol ypr opyl c\lymeylene, polynagieRrylatg| potesiannepgblyehyisne eXidePoymilicarsaci ds. 21.

The nethod of claim 10 wherein the solid support is porous. 22. The net hod

of cl ai m opqluarbrmates defen.dluegoasrhang nyden, silisor Bivbsk pobreninsigles, one of the
east ons DauRtsdReftpoffiRle AR A IErER R BraB RN AMER o1 s e

i nt er act i oglycs3hméroglRasnd, oppélyahirdoheiddnal ytes and at | east one of the

speci fic bindi nglf nmol ecul es qr at | east gne of the anal yte capture agents.
23. The met hod o Eremethod ofiplaine il wheeein thesehd sYpnost is OTOBS| s br ought i nto

i th t g - : f.th
Feporter bi ndi g A engd Of ol o XA or B Bine e hEBhar By e

fol | owi ng @&ieayt thednaldd sanijfies aml 1dehsddnecdfaheeparttanding painctaith abne anal yte
capture agent is associated with a solid support, wherein the accessory
mol ecul e i ¥2% 986 a¢cssoly Wolasulenwheret) the agepigny molecule affects the interaction

of at least one of the analytes and at least one of the specific binding molecules or at
least one of the analyte capture agents.

23. The method of claim 22 wherein the accessory molecule is brought into
contact with at least one of the analyte samples, at least one of the reporter binding
primers, or both, prior to, simultaneous with, or following step (a).

24. The method of claim 22 wherein at least one analyte capture agent is
associated with a solid support, wherein the accessory molecule is associated with the
solid support.

25. The method of claim 24 wherein the accessory molecule is associated
with the solid support by bringing the accessory molecule into contact with the solid
support prior to, simultaneous with, or following step (a).

26. The method of claim 22 wherein the accessory molecule is a protein
kinase, a protein phosphatase, an enzyme, or a compound.

27. The method of claim 22 wherein the accessory molecule is a molecule of
mterest, wherein one or more of the analytes are test molecules, wherein interactions

of the test molecules with the molecule of interest are detected.
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25. The nethod of claim 24 wherein the accessory nol ecule is associated
with the solid support by bringing the accessory mol ecul e into contagprmwh
the solid support prior to, sinultaneous with, or following step (a). 26.
The net hod of claim 22 wherein the accessory nolecule is a protein Kkinase,
a protein phosphatase, an enzyne, or a conpound. 27. The method of claim 22
wherein the accessory nolecule is a nolecule of interest, wherein one or
nore of the anal8itElse methotl @f tlaim 22 swlicesn avibast eneof the @nalgtes (smolztulehe t est

nol ecul es th the nol.ecule of interest.are detected. 57 - 1 DEC 2004 28.
The met hodg%f“eﬁqséi"fh%n EPSTORMPlEcE isgHestgrolppule. ahergin eneragtionsb| ecul e
of i Nt er eShe M fioRlcllch it HEGRASAINY o PIEEW b decied! €St Mol ecul e, wher ein

interactions of the test nolecule wt e nolecule of interest are
detected. 29. ThHe Tietinethodbf claan thvéhendie thed amatytesanndésyineludanm esmomrec| ude one

or nore fjrst anal yte sanples and one Qr re second, anal yte sanpl es,
wher ei n t ht SF@B’@‘F?&%{“&B? ?f}f%ﬁ?%lsgcqnaép H@SBWB&@TWWF’Qt ?F?P“igl]éporter
bi ndi ng pr ;R8s gﬁ%ré_)fﬁﬁlu% oﬂp?fmomﬂgggﬁ&gﬁﬁcg%%pﬁﬁgfs%d%b%f—‘frﬁ)_re the

met hod further “conprising, followng s (a) prior to bringing the
anal yt e sasgpbmbrepodierttimdinagbiichesipport into contact, m xi ng one or nore of

the first analyte s s, and one, or re of the secand .analyte sanpl es,
wherci n for cadtiemog EBER P ING Follg VRS SHER (3 BT BrPEtobTIRgIERg second
reporter DO IIERIG th¥ASCEPpbientS BEhE! C bi nding nol ecul es of the
first reporter binding priners Pnteracts W th the sane analyte as the
speci fic bi ndi ngixmg excdrasowfof thdlrshatatyiie sndecanicbneapandre of tiersdiang pri nmer

wherein the rolling circle replication priner of each different reporter
bi ndi ng pPehery SiTPEf f erent, wherein each different rolling circle

replication prigRéreR fofB&h ﬂr@d}{&#l&?etr ibRHiY prim &l théRh €N MmakibnOdechhte

anplification target circles, erein each different anplification target
ci rcl e procpers banding pemen twheanu d1m speqjlie hudirigapleniles ef the finst repoesence or

absence of, . the sane analyte in different an te . es 1§ indicated by
fhe or esoriibdge SRR Wi A s Al Bt sk BRUBE riglpga it The

met hod of @k &isR1A%s WeehEtdpoktfihdngpAReauence DNA  corresponding to one of
the anal ytes and produced in associration with a first reporter binding

primer is in thehgamshe odhng orcle replingtiangiringerad opady diffarent repdgen iadjognce DNA
cor 1 eSpondL g9l W B Lath §eRAh PIRFYGS e HbRERS bbbt P he
replication of a different one of the amplification target circles, wherein each different
amplification target circle produces a different tandem sequence DNA,
wherein the presence or absence of the same analyte in different analyte
samples 1s indicated by the presence or absence of corresponding tandem sequence
DNA.
30. The method of claim 29 wherein the tandem sequence DNA
corresponding to one of the analytes and produced in association with a first reporter
binding primer is in the same location on the solid support as tandem sequence DNA
corresponding to the same analyte and produced in association with the matching
second reporter binding primer,
wherein the presence or absence of the same analyte in different analyte
samples 1s indicated by the presence or absence of corresponding tandem sequence
DNA.
31. The method of claim 9 wherein at least one of the analyte capture agents
is a molecule of interest, wherein one or more of the analytes are test molecules,

wherein interactions of the test molecules with the molecule of interest are detected.
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second reporter binding prinmer, wherein the presence or absence of the sanme
analyte in different analyte sanples is indicated by the presence or
.absence of corresponding tandem sequence DNA 3 1. The nmethod of claim?9
wherein at |east one of the analyte capture agents is a nolecule p && 2004

I nterest, wherein one or nore of the analytes are test nol ecul es, erein

interactions of the test nolecules with the nolecule of interest are
detected. 58 - 4y Dﬁ%l%@t%d%?claimg wRkRdt Rhst ©habfind aﬂ@?’fe@'lsﬁa ﬁfolécﬁﬁSt one of
the analytes is a nolecule of interest, wherein one of nore of the analyte
capture agﬁmwreat avhiieesdn onobemoteas the aviad!yte captunetagctas aredest nofleques, t est

nol ecul es th. t.he nuol ec?]tlg‘ﬁeo in erest re dete od of

claim 1 fuVpeen ipisrshray e%lesgfl H“? 'a'ﬂ%’ ‘\%n"ftFFCStcﬂre t8‘I"‘F‘st;vv| ng step
(2), bringing iy oreoRbMel opBRin et chinbRling/iHorts sHalkaoBuPFRRIG and one
or more first analyte sanples, brlng ng rnto contact one or nore
second anafoyibwingpgptpufag agents and one or nore second anal yte sanpl es,

wherei n each anal yte capture agent c rises _an anal yte inferaction portion
and a capture p@?ﬁgl%lnt(gm@tﬁ ?8?“‘8%?%?4‘\3 € CAPLYTG ARCUS, BRA0TE U JRNE t here
s a matchy WaEL I

I nteracti O{]ﬂgora?ﬁ g%{sm%l?p ah&bﬁngﬁghgﬁg §ttg gq}(r:lgp?t ur e@gﬁgﬁ@?}@gfgrtﬁg with the

sane anal yﬁ@nﬂ&nﬂloaeanmloyﬁsrcomﬁ arafyie saomplenrti ons of the matching second

anal yte capture ents, rein the c ture ortlo s of the first and
second analyte ¥ %Flﬁ‘reé‘da@’é‘ﬁl’@ ca@%’rﬁgie g?"%ﬁ’é“d’?‘?tioél BN ng

mol ecul e ofy, héBf HERRAL dWE{tRre WAGHALRNE Ne
capture port|ong%?w{%§nﬁvrst anaPRthefﬁ%taa%?ﬁge ggléﬁtﬁ% I nt éerlact W tné
di fferent speal iratytbcapdureggent] ecul es than the capture portions of the

mat chi ng second . anal yte capture agents, eL.n ea h different specific
bi ndi ng nol ecul ¥ ?rgmpté? ?nagﬁeamﬂliaf"f‘ %‘?ﬂ‘o%s\r,@-eé?h -Ytéﬁﬁ?ti“@raaﬁpﬁdl ng

primers, wher éif'drtlgn%lpﬁﬁé@ﬁééﬁ%t?%%ﬂie%nﬁl‘?{ylhfé%h%g%fodl ?f@iten%ﬁ&ﬁ di f f erent

reporter bin rent, “whereirn e ferent %Ilng circle
replicati osecomd amﬂyt@capmm apentb,i cat i on of a different one of the

arrplificationtaé circles, wher ach dlfferen anplification target
circle produces%¥ erﬂWP%F@Wt‘retP&FFHE%O trﬂ‘,’QSﬁF\%‘ PRI RIYR AP sence or
absence of ¢t higy ét%EFwﬁﬁ‘Q' &hid E’inﬁf% &%oré%me%pdr&rbmh@t ed by
the presence or sence corres |ng tan em sequence

primers, wherein the capture portions of the first analyte capture agents interact with
different specific binding molecules than the capture portions of the matching second
analyte capture agents,

wherein each different specific binding molecule is part of a different one of
the reporter binding primers, wherein the rolling circle replication primer of each
different reporter binding primer is different, wherein each different rolling circle
replication primer primes replication of a different one of the amplification target
circles, wherein each different amplification target circle produces a different tandem
sequence DNA,

wherein the presence or absence of the same analyte in different analyte
samples is indicated by the presence or absence of corresponding tandem sequence
DNA.

34. The method of claim 33 further comprising mixing one or more of the
first analyte samples and one or more of the second analyte samples.

35. The method of claim 33 further comprising mixing the one or more first

analyte capture agents and the one or more second analyte capture agents.
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DNA. 34. The nethod of claim 33 further conprising m xing one or nore of
the - first analyte sanples and one or nore of the second anal yte sanpl es.
35. The nmethod of claim 33 further conprising mxing the one or nore first
anal yte capture agents and the one or nore second anal yte capture abhft &l
59 1 DEC 2004 36. The method of claim35 wherein m xing the one or nore
first analyte capture agents and the one or nore second anal yte capture

agents i s accofﬁ.i?ﬁ@ﬁ }Sdo"f‘ﬁl?ﬁﬁ%é‘@ﬂ%ﬁsinﬁiiﬁﬂg%lﬁe{}gﬁ%ﬁorgrﬁrﬁ%ﬂﬁ tially, the

one or nore fi ana 3‘7 e capture agents an oné or nore second

anal yt e cagiptitre aggeis] the bhe bheosaseomidnalitseuppoe hgends/is atb@nplishbdbly of cl ai m
33 wherein the tandem sequence DNA corresponding to one of the anal ytes
and pr oducB8oGiings siguiliapeeuslygrispauentill thegng o meore fizgapplatesgBmee is in the
sanme | ocat] ' ' V. ' : ence DNA
correspo ndillgtié gtsfh?)l d tﬂﬁé(;&%ela&rre'ﬁ%%%)? g %ggri:lg{epc 7 %&%ﬁgﬁﬁ%@g & %Iglt@ g@n% \S/\/|"rcp ? EH' t he

mat chi ng second3anBhe/inethod pf blaiin 38 evtiereiniertaident stquaiced®¥ige or absence of
the sane analyte in different analyte sanples is_ indicated by the presence

or absencecwrespPdingsiomgion dhe anatyian and predvsed ingepociatipon wighea fiestgBlYIST ¢l ai m
33 wher ej e ' £ 1 is th
oo wher ity AR W8 oL RRlon BTN b BRI R UHE AR 5 1

anal yt e cagquérRe QCAlcorragpenting t6 desamehailgicrunt peodunpd irf Assadiation wiaki get
circles corresponding to the first analyte capture agents are the sane,
wher ei n t h@c@mgsehingsqspnd anphyte captueageeond anal yte capture agent is the

same, | wher el N \RGeioRE b PUbANcPO} LI LSS ROBMHAG: bituisbe Second

anal yte capture agen ré the sanme n target

circles cosgangsadstidigiddbyt the preemernd aBseaty bEcot@ppotidin a@addns sajuendehe sane.
39. The nethod of claim1 wherein at | east one of the specific binding
nol ecul es P¥4n antibody specific for at |east one of the analytes. 40. The

ccul es PA . _ of the a |
e & mol eoul o 17t T REREp 9K e iR e BB Sy e hna; 2011 €3,

The net hodeapture hgéntislthelaneiwheadin tifagportardimifing frémsReoirtsponbiingdo ag:
nol ecul es s a nolecule that specifically binds to at | east one of the
anal yt es i first anpie ARt RSARtS Arcdhe sape adwEgin thel anlificationptarget Irglgs hod of

a1 1 G R SAREC Sl AL e af, onal v oo nceract by
wherein the capture portion of each second analyte capture agent is the same,
wherein the reporter binding primers corresponding to the second analyte capture
agents are the same, wherein the amplification target circles corresponding to the
second analyte capture agents are the same.

39. The method of claim 1 wherein at least one of the specific binding
molecules is an antibody specific for at least one of the analytes.

40. The method of claim 1 wherein at least one of the specific binding
molecules is a molecule that specifically binds to at least one of the analytes.

41. The method of claim 1 wherein at least one of the specific binding
molecules is a molecule that specifically binds to at least one of the analytes in
combination with an accessory molecule.

42. The method of claim 1 wherein the specific binding molecules and
analytes interact by binding to each other directly or indirectly.

43. The method of claim 1 wherein at least one accessory molecule is brought

into contact with at least one of the analyte samples and at least one of the reporter

binding primers, wherein the accessory molecule affects the interaction of at least one
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43. The nethod of claim1 wherein at | east one accessory nolecule is
brought into contact with at | east one of the analyte sanples and at | east
one of the reporter binding priners, wherein the accessory nol ecul e
affects the interaction of at |east one 60 - | DEC 2004 of the analyt)Eg 78lhd
at | east one of the specific binding nolecules or at | east one of the

anal yte capture agents. 44. The nethod of claim43 wherein the accessory

mol ecul e Cemgraﬁélyi%ﬁﬁhaﬁtlgfst bt Sf‘tﬂ@%ﬁ,ﬁ%&.ﬁi &’iﬁgﬁé&ul&% aPle *b%e%%g“c

bi ndi ng nol ecul es”or at |east one o ana capture agtents. 5. The
met hod of anaytecdptusctagestsn t he accessory nol ecule is an anal og of at | east
one of the anal %/%ei 46, TQ’% g:lat hod of claim 43 wherein the accessory

mol ecul e faci | i t%t &be methodjohclaim ddivdieren the acresseny mplecwe competspwihf i ¢

bi ndi ng no : . 47. The
met hod of E@gﬁ%ﬁﬁig%mﬂgét&%ﬁ? ee&;lg%g{s%%@;o I%Pgﬁq%ulfeg%%r%ﬁaﬁg’ El%ftcl)]e cont act
w th at | easdlytensptode sgtmetsanal yte sanpl es, at |east one of the reporter
binding prinmers, or both, prior to, sinmultaneous with, or follow ng step
(a). 48. The mefholtometiodiokelean dravherdin threacassryguolgcuie isamanglogofatl pr ot ei n
ki nase, a tel ase, an enzyne, or a conpound. 49. The nethod of
claim43, %&grogllh%f gﬁlgpce'ssory nol ecule is at | east 20% pure. 50. The

met hod of cl ai mi@3Theumethet of thaém A6 Gefsdin Yhamtasotyandlscidé fdciinsts #R% pure.
51. The nethod of claim 43, wherein_the accessory nolecule is at | east 80%

pure. 52. IfEaghonsat lspstongopthespedifie Pardingmeleadeeerat lspshenefihe is at

| east 90% R met hod of claim 1 wherein at | east one of the
anal yt es izgﬂaﬁl%gal ateeaggﬁ\?\'/i th a solid support. 54. The nethod of claim53

wher ei n each of 41.hehemathyti @ chif 46 iviictsdn et decdsbery mslkdude BUROOH i1ts
associated wth the solid support in a different predefined region. 55. The
met hod of €qniach s ahirapleans of thq anabite samples; at lsest gpepfthedenpstepbingingd  wit h

the solid su rt ' | . i d: indirectly. 56. The
met hod of @IF&Q?[% @KSBO\?\?T}?@??\d’g e 5%‘?“}?{3@%&2@0“8?%{?%%%@% the solid support
interact w th a#él Viemerpt of eladnafdtwherdm thevilaesseory nidlecudd il areterapt ur e

agents ) :
kinase, a protein phosphatase, an enzyme, or a compound.

49. The method of claim 43, wherein the accessory molecule is at least 20%

pure.

50. The method of claim 43, wherein the accessory molecule is at least 50%
pure.

51. The method of claim 43, wherein the accessory molecule is at least 80%
pure.

52. The method of claim 43, wherein the accessory molecule is at least 90%
pure.

53. The method of claim 1 wherein at least one of the analytes is associated
with a solid support.

54. The method of claim 53 wherein each of the analytes associated with the
solid support is associated with the solid support in a different predefined region.

55. The method of claim 53 wherein at least one of the analytes associated
with the solid support is associated with the solid support indirectly.

56. The method of claim 55 wherein the analytes associated with the solid
support interact with analyte capture agents, and wherein the analyte capture agents
are associated with the solid support thereby indirectly associating the analytes with

the solid support.
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are associated with the solid support thereby indirectly associating the
anal ytes with the solid support. 61 --1 DEC 2004 57. The nethod of claim1l
wherein at | east one specific binding nolecule interacts with at l??ﬁ} mﬂe
analyte indirectly. 58. The method of claim57 wherein the analyte~ !
interacts wwth an analyte capture agent, and wherein the specific binding
nol ecul e interacts with the analyte capture agent thereby indirectly

associ ating 1nesepefl femolloPdiaild 1TPhGH aPichtildhe HEi iRl moledye The et hod

of claim1l wherein at l'east one of the analytes or m of
anot her anmiterbats withet Bast dieenslyrdhdiretlpi ndi ng nol ecul e of at | east one of
the reporter bipnding primers, interacts, directly or indirectly, with the
anal yte that i sg’g 'i”ﬂq)@pﬂqoggfle@p%safw}{ep@n Hermoalyiginteyacs wHhanapdyei n t he
speci fic bipdi I hen i ndl | fer. Laferacts,
i rectly origiedt ftih noBRLERbiERERbREuR REl0R A FEand e T2 T 60
wher ei n t heaparabhyéne sherelsy ipdivéctlynssocisnap eigspedific binding moRtulerwidf the he

nodi fied formof the other analyte is a post-translational nodification.
61. The rre?fﬁtliﬂe-of claim 60 wherein the nodification is phosphorylation or
ol yeosyl ati on. 82 TiNcfBliReiah 15kl b ASTORE Br LSS Shmollifeq! andem
sequence DNA i s “‘acconplished by mXinhg a set of detection probes with the
t andem seqfvemad abMAetEBte, wieheh thepscitib dindheomdleeulb wif ai Idhst ahe entheet ween

t he tandem sequence DNA and the detection probes. 63. The nethod of claim

62 wher ei nfCROMFTHEGING Prigersgnteractse Airetlyfy dnditssyoridic the prplytethat igat ect ed
separately i ' | t4 Pl [ . . t hod of

ol o m 63 Woeded KR bEAESUEN bl @, ST I BB Hlindfolcif oF°

conbi nat or armitheruégorrteobimdingqatinig intéfacts I dheeci® oh adlir@btl g vaditnth ofher bhwtyte.
conprising, sinultaneous with, or  follow ng, step (czf,_ bringing into
contact a secon@fr Vhemathed o5 alging P prhseamthsranglyissare BIstpinsnwherehbem sequence

contact a_seconk g i . e
petweon  HEot AReRsiPaidAE HodF Rk Bcioh R & pbitiren B T R oment

pri mer, anmogifichtisrepl i cation of the tandem sequence DNA, wherein

replication of the tandem sequence DNA results . in the forpmation of
secondary t ande®}- The method of claim 60 wherein the modification is phosphorylation or

glycosylation.

62. The method of claim 1 wherein detection of the tandem sequence DNA is
accomplished by

mixing a set of detection probes with the tandem sequence DNA under
conditions that promote hybridization between the tandem sequence DNA and the
detection probes.

63. The method of claim 62 wherein a plurality of different tandem sequence
DNAs are detected separately and simultaneously via multiplex detection.

64. The method of claim 63 wherein the set of detection probes is labeled
using combinatorial multicolor coding.

65. The method of claim 1 further comprising, simultaneous with, or
following, step (c),

bringing into contact a secondary DNA strand displacement primer and the
tandem sequence DNA, and incubating under conditions that promote (i)
hybridization between the tandem sequence DNA and the secondary DNA strand
displacement primer, and (ii) replication of the tandem sequence DNA, wherein
replication of the tandem sequence DNA results in the formation of secondary tandem

sequence DNA.
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sequence DNA. 62 1 DEC 2005 66. The nethod of claim1, wherein the reporter
bi nding priners are at |least 20% pure. 67. The nmethod of claim1l, wherein
the reporter binding prinmers are at |east 50% pure. 68. The nethod. Qf .
claim1l1, wherein the reporter binding priners are at |east 80% puré. [Eb_?[][]b
The nethod of claim 1, wherein the reporter binding priners are at | east
90% pure. 70. A nethod for detecting one or nore anal ytes, the nethod

conprising () 86! T RGP AR AGheRRANDE IR EH AR MG eARIERadd One Of

nore anal yte capture agents, erein eac l'yte c e agent I nteracts
with an an20%tparadi rectly or indirectly, wherein at |east one analyte, if

present in the te sanple, .interacts, wth at, | east, one anal yte capture
agent , incubati%gah{%mﬁﬁ‘ggpﬁélagaﬁpWégm%eﬁPé‘nﬁh nging el %8 abifasit s under

condi tions c%tba{,e_pr onote interaction of the analyte capture agents and

anal yt es, %%) prior to, simultaneous with, or following step (a), bringing

into contact at68.| Eresinethod oftlaihd, ahedeit the sepopteelsinding poineeroirer®leastr eport er

bi nding priners, wherein each reporter binding priner conprises a specific
bi ndi ng nmoP&EPIE- and a rol | | ng circle replication prinmer, wherein each

specific bindin [ t ] : ! directly
or indirectly, %ﬁﬁf@gﬁggi"%ﬁ?ﬁg’g’%éﬁcg{%gg?ﬁg‘@sﬁ‘gﬁéi’?‘ﬁi%r %8%?&3% bi ndi ng
primers ung®s pueonditions that pronote interaction of the specific binding
nol ecul es and apal yte capture agents, (c) prior to, sinultaneous with, or

fol I owi ng st eps’{-af mfthedior deterting ong qramese apyrieadhe MEEAEEBIPIIENED] ndi ng
o on T SETESEEFEAALGR ERPEAR A TR L
nol ecul e ceappire agengs, avherdineschcanalytermpnire pgunt imdractwhétheinmnblyee dirdctipr
OO O L RS B g e S el BusodPas ' °
oTPL L o480 B Che S Sapul conc ) on Lhet promt e byt on
replication prinmeualsating3he analyte samples and the analyte capture agents under conditions
that promote interaction of the analyte capture agents and analytes,
(b) prior to, simultaneous with, or following step (a), bringing into contact at
least one of the analyte samples and one or more reporter binding primers, wherein
each reporter binding primer comprises a specific binding molecule and a rolling
circle replication primer, wherein each specific binding molecule interacts with an
analyte capture agent directly or indirectly, and
incubating the analyte samples and the reporter binding primers under
conditions that promote interaction of the specific binding molecules and analyte
capture agents,
(c) prior to, simultaneous with, or following steps (a) or (b), bringing into
contact the reporter binding primers and one or more amplification target circles,
wherein the amplification target circles each comprise a single-stranded, circular
DNA molecule comprising a primer complement portion, wherein the primer
complement portion is complementary to at least one of the rolling circle replication
primers, and
incubating the reporter binding primers and amplification target circles under

conditions that promote hybridization between the amplification target circles and the

rolling circle replication primers,
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-1 DEC 2004 (d) following step (c) and prior to, simultaneous wth, or
foll-ow ng steps (a) or (b), incubating the reporter binding prinmers and
anplification target circles under conditions that pronote repli c_q'_tm;gnmmf

the anplification target circles, wherein replication of the anplificdtion
target circles results in the formation of tandem sequence DNA, wherein
detection of tandem sequence DNA indicates the presence of the

correspondi ng apBlfYiReing éékp (€) dMaLMRE td, Sfmifl@hEsidsiWith, QP GolRFwiAP sRpSRARLY L €S,
t he net hod conprisin a) treating one or nore anal yte sanples so that one

or nore anﬁl)ylﬂ@@aans?hermmﬁqré)mdllqgapl‘lmcﬂsmgﬂ agplificasiondangelctircdds underst  one of

the anal yte | es.and one qor nore..reporter. bindin rimers, wherein each
reporter b?or@?ti%sgl?qt %qm%tg 'ﬁcgtécgl g@%@@?%%ﬁmﬂitﬂéﬁr@m%& ecule and a
rolling circle yRaatkirc@plicitioR ol R ampMIRAGItaBRE Bird BERLAILCinRh HrRgtisP! ecul e

interacts with a nodified analyte directly or indirectly, and i ncubating

t he anal yt ef tondan essuams RN&, whprsitt datedbion ¢f tagpdemisequence DAY indewitesithé ons t hat
pronote interacti of the eci fi ¢ binding nol ecul es and nodi fi ed

anal yt es, pr(eﬁﬁncf)f’?@’?cf’ﬁ?”??ﬁ@ﬂtaaﬂg%&s with, or following steps (a) or (b),
bringing into gpnhagdthédfordeReMitEonebrieird andliteiRAS mRMHSILDBMpPikingD! €
anplification target circles, wherein the anplification target circles
each conprise ala}imafing aseroamensd analyte sanples siat oy eronore anakytesiasd ng a pri ner
conpl enent P’@‘ﬁi idon, wherein the prinmer conplenent portion is conplenentary
to at |east™OW&%f the rolling circle replication priners, and incubating

the reporter bimbAdgREiiMNBcon@bcht 338 drici F@id LRl AEHBeLdlddiRr wiier
conditions that prondte hybridization between tthe anplification target

ci rcl es anepetier binding prigpets, whiersin egshireparienbinginigrpeinger conlipries 4 spaFifllg st ep ()
and prior t.0. simyltaneous w.th. or follow ng steps (a) or , 1 ncubating
the Fepor Erdipk o Rt Erdlig i aspReaiar et Shgeh e restnger

condi ti onshihBik 1864 Mitdr@Rs hWedla Rediakd hit@yte dRbdthy srahdiedtlyadmaet circles,

wherein replication of the anplification target circles results in the
formati on of t@Aekatingdegrnabye B leswnsrthe repgaendiog pomarswiiism sequence DNA

i ndi cates the... presence af .t.he corr ondi .anal vtes.,72. .The. hod of
olai s RS T Pl incheifo QSRE S dihi PRy Micietuetand migtiflt |
nodi fyi ng g{apHes, t o the anal ytes, wherein the nodifying group is the 64 -1

DEC 2004 .
(c) prior to, simultaneous with, or following steps (a) or (b), bringing into

contact the reporter binding primers and one or more amplification target circles,
wherein the amplification target circles each comprise a single-stranded, circular
DNA molecule comprising a primer complement portion, wherein the primer
complement portion is complementary to at least one of the rolling circle replication
primers, and

incubating the reporter binding primers and amplification target circles under
conditions that promote hybridization between the amplification target circles and the
rolling circle replication primers,

(d) following step (c) and prior to, simultaneous with, or following steps (a) or
(b), incubating the reporter binding primers and amplification target circles under
conditions that promote replication of the amplification target circles,

wherein replication of the amplification target circles results in the formation
of tandem sequence DNA, wherein detection of tandem sequence DNA indicates the
presence of the corresponding analytes.

72. The method of claim 71 wherein all of the analytes are modified by
associating a modifying group to the analytes, wherein the modifying group is the
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same for all of the analytes, wherein all of the specific binding nolecules
I nteract wiwth the nodifying group. 73. A nethod for detecting one or nore
anal ytes, the nethod conprising (a) bringing into contact one or nore -
anal yte sanples and one or nore arrays, Wwherein each array conprisefFfa’¥et
of analyte capture agents, a set of accessory nolecules, or both, wherein
each anal yte capture agent interacts with an analyte directly or

i ndi rect | Yeanddtor Bl b?{hetaﬂalyfég?gitl&éﬂeﬂltb?tM\%]ééJ%ciffafbiﬁd?h% gi%{&glségﬁgmé?&i’th

bringing into contact at one of t anal yte one or nore
reporter bthedaoigfyprg grews, wherein each reporter binding primer conprises a

specific bindin |l ecule.and a.rollin circle replication prjmnmer, wherein
each specific bﬁggﬁﬁﬂtﬁ?ff@é e LT TROTRARH Y ISH tﬁgﬂ’&ﬁ?@é"&%%l y or

indi rectly, whegghAngAs ntdC6RISUnY oM HIcRE Matyabifolesald\end HfsRGHAAD Of at

| east one of th(éﬁang yles an@gat lH)écg)ast onea%ggbt ‘ew?spem icrﬁ(l5 n&?ﬁ%m

nmol ecul es wherain eakle asty comeprides tlset afraahlyteecaptapt ageatsagecttod acdesjorgi mul t aneous

with, or fol|ow ng, .ei.ther or both steps (a) and (b), ipcubating the

anal yt e sawsie@'ﬂes,t% bot, Whgrein eaeh apﬁ'&er%ak#q %&ﬂ%ﬁ%ﬁ%@%}ﬂiaﬁ@ﬂﬁmder

condi ti onsgthat, or Md@@Ph¢ i nteraction of the specific binding nolecules,

anal ytes, anal yte capture agents, and accessory nol ecul es, (d) prior to,

si mul t aneous wi bl prior tof einubtanergs stithy of fllowing step (a), brivtgingriatt @oritact e

reporter bjnding prinmers and one qQr nore anplificatjon target circles,
wherein th asté?ﬁﬁPF ?he@aelwmapﬁﬁépg@m BT WETSISPOII iRsHng Bimess; WHFEIst r anded,

circul ar : 1.Sd . | alyee) i - wherein the
pri mer cor%%%g r?'?{éggl?lﬂ %ﬁ |sér%g§%1??%%§rﬂg§?i§%to a%e&lgtegggg%%ﬁgqg?m%e rolling
ci rcl e reptirdatapbicatipmi prime, wherdin gach bgdci fivghihdieg nepanieintdoactadwith apr i ner s and
anplification target circles under, cqnditions that pronote hybridization
bet ween th@l%&r%twr i"&fﬁ@iﬁg‘%‘ﬂ“@f‘ﬁ&? cesanRelecs pifpois the ipferastion
replicati ogrRid , ] Bk i did ' Apeous
with, or f%#éﬁgﬁ%&sﬁ%ﬂ@%%ﬁ by le%gtfﬁlf (é’? }hﬁgﬁlt@gtb?{ndé £ wg%rcg%(g)tr{)t b ndi ng
pri mers anktastopt bf itheahalyte daptugesgents; cl es under conditions that pronote

replication of e. anplification rget cjrcles, wherejin l.icati.on of the
%ml i I/vlh cat i or;H t 5@5}:%@}}?55@“}’ &5 Eﬂtlﬁ)é‘g?gi eﬂhg}i’; P%it?%?a) ‘Egi@gﬁ E%uen?e

, ere %db‘it% : : eo
t he corres%lgnd?k%%angl%i eg.ﬁggs?@fﬁ%% 20{)4 7éﬁgq%lrﬁlg&ng;ﬁ%odeg?legﬁt??nlc73

wher ei n eaptlomaty ayeracioprof Stesspecifie birsfingmalegtles, agalytesy mabgecdpsyrewher ei n each

anal yte capture ent is i ilized on a solid support
y :?gcnts, an%gaccessory mmgglﬂes, PP

(d) prior to, simultaneous with, or following step (b), bringing into contact the
reporter binding primers and one or more amplification target circles, wherein the
amplification target circles each comprise a single-stranded, circular DNA molecule
comprising a primer complement portion, wherein the primer complement portion is
complementary to at least one of the rolling circle replication primers, and

incubating the reporter binding primers and amplification target circles under
conditions that promote hybridization between the amplification target circles and the
rolling circle replication primers,

(e) following step (d) and prior to, simultaneous with, or following steps (a),
(b), or (c), incubating the reporter binding primers and amplification target circles
under conditions that promote replication of the amplification target circles,

wherein replication of the amplification target circles results in the formation
of tandem sequence DNA, wherein detection of tandem sequence DNA indicates the

presence of the corresponding analytes.
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in a different predefined region of the solid support. 75. The nethod of
claim 74 wherein the distance between the different predefined regions of
the solid support is fixed. 76. The method of claim75 wherein the ﬁﬁhj%
support conprises thin film nenbrane, bottles, dishes, fibers, wo - 2004
fi bers, shaped polyners, particles, beads, mcroparticles, or a

conbi nation. 77. The nethod of claim 74 wherein the distance between at

| east two of thegy ﬂihéﬁm@ﬂ@ﬂbfl@faﬁﬂ%i\ﬂﬂﬁdﬁ@ﬂih%ﬁg%Bnﬁﬁ@eMeitQfﬁ%ﬂ@rt s

vari able. 78. The nethod of claim 74 wherein the anal yte capture agents are
i mobi | i zeeAptwe agents ovhieeis apghoanalyia captute agdnt 1 isvoaslizadensO®lidi supporent

anal yte ca tuiig agents %ﬁr cubif cenﬁ(iimeter. 79. The nethod of claim74
wherein t hd % f'eg;:ln preduingddegign of the solid SIBMOTtyes 80, The nethod of claim

79 wherei n each7nf Thd@ethioli bEcRith 7ASRIckdS thel Est@icelRAPdendhe diffehtaci ds in
|l ength. 8 1. The method of claim80, wherein each different peptide is from

about 4 t opredgftngd remormefitbe s@liddsippert issficpdh. 82, The met hod of cl ai m 80,

wh [ h di t ti.de. i t. |least 1 am no acids j,n ngt h. 83.
e o heaCor Cor HiCheRER sl i 35 Heiste Hs oy sHor eeirie iy ST 5
am no aci dgmeBrdneWHthles, 8ikhes! ABeBHRG fHers kﬁdp:au?émﬂ&ﬁ@,rpﬁ&m&} bda@@st one

array conprises at least 1,000 different analyte capture agents
i mobi | i zedligspparheles oF kgombmation.. 85. The net hod of claim 74, wherein at

| east one array ri ses.at. Jea 10,.0Q0 different an te capture agents
| mmobi |1 7ed o’ Thiel BOPEOLAEEEE  Sdieri e BRipss toaeh af IreaoMeNe: n- ot

| east one giffefint pRAPANRIGSIBhs bARE bolid APpBR s FlrfabRr ent anal yte capture
agents immbilized on the solid support. 87. The nethod of claim 74,

wherei n at | eas?8.ohke methag of olapn i74 eherain theaanalytelcap0de agmiziaref er ent anal yte

capture agents, .i. biliz on the solid su re. e 1N thod of claim
727" vhor o) TnS PR e S Plparh: 3By PHERCRE 00 Histerhd sBRyBzaflrs

separ at ed ideAf0RACILIOLARIM&AEr. t he different regions, 66 -1 DEC 2004 89. The
met hod of claim 74, wherein the solid support conprises thin film

menbr ane, bott| &5, Tl mhted of clatn 94 whstaim thici apalyts caphuip agentrodry peptides.

par 1 e Do T SERRRRHLGESp ey FREBIRL) P R 10 o

amino acids in length.

81. The method of claim 80, wherein each different peptide is from about 4 to
about 20 amino acids in length.

82. The method of claim 80, wherein each different peptide is at least 10
amino acids in length.

83. The method of claim 80, wherein each different peptide is at least 20
amino acids in length.

84. The method of claim 74, wherein at least one array comprises at least
1,000 different analyte capture agents immobilized on the solid support.

85. The method of claim 74, wherein at least one array comprises at least
10,000 different analyte capture agents immobilized on the solid support.

86. The method of claim 74, wherein at least one array comprises at least
100,000 different analyte capture agents immobilized on the solid support.

87. The method of claim 74, wherein at least one array comprises at least
1,000,000 different analyte capture agents immobilized on the solid support.

88. The method of claim 74, wherein each of the different predefined regions

is physically separated from each other of the different regions.
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agarose, cellul ose, nitrocellul ose, glass, polystyrene, polyethylene vinyl
acetate, polypropylene, polynethacrylate, polyethylene, polyethylene

oxi de, polysilicates, polycarbonates, teflon, fluorocarbons, nylopnﬁ 7004
silicon rubber, polyanhydrides, polyglycolic acid, polylactlc acid

pol yort hoesters, polypropyl funerate, coll agen, glycosan1noglycans or

pol yam no acids. 91. The nethod of claim 74 wherein the solid support is

porous. 92, ThesdeThofeitod o Bialth 74, bl sty Bak Kb EphalmpeIAgENt S i1

the different predefined regions are at | east Yo pur e t hod of
claim 74, miembeine, hdidesadahys, @bempeavan fiwes) skaped polymergiphftelanbeads,edef i ned
regions are.at st 50% re.. 94. The nethod of claim 74, wherein the
anal yte capt %?M@E%P%ac HatioRi f f er ent predefined regions are at | east

80% pure. 95. Tog T'FéB@ﬁlloﬁfof‘éiaﬁhW7&hermefﬁ@édhdt§ﬁggé’t@ f)ﬁse% gdggents in
the different predefined regions are at |east 90% pure K1 t

conpri si ngagaagseacqﬂlulusa,l nitrgcelitiase,rabass gpolyityretia gobreihrjrbne vah ecre@itq each

reporter d|n rises. a eci fi.c bind |n le and a
r oIOI ing ci P 8%15‘1&) QEFYPFE}I%HI%TPOIY?;W@WI’ olygt }ﬁleg‘b ?’lﬂ??ﬁﬂ %Sy nol ecul e
interacts &r@&la?ea%maﬁ fmo&@&}ﬂdﬁsqyldmmcsﬁm%er Bnkyikidas P! ural ity of

anal yte ca t re agents, wherein each analyte captulPe agent interacts with
an anal yt epmiyglgmlicyacmk pokythctlead:lti,ypolﬁmho'ﬂta‘skpctlyprbpyiﬁancral%co/lhgere| n the

anal yte ca ture agents are associated wth a solid support. 98. A nethod
for detect gwgg%{gﬁycmgrg PRHRLCIhe et hod conprising (a) bringing into

contact one or 5D Eh ARt o f SRR 78IRS ReQ0RE siffoft i9PBlanke capture
agents, wherein each analyte capture agent interacts with an analyte

directly or in%2.réhtmgthodieéclaim 74 wheastthoamlye edpture ageits pr heent i n t he
anal yte s Interacts . with one anal yte capture agent, 67 -1
DEC 2004 ﬂ?@%{?&f?ﬁ?&efﬁwrﬁﬁww& aggﬁﬁez@s}% M8 the anal yte capture agents
under conditiongs Thekheb@®PERih MW RGENARe ﬁal}t@@aﬁ&%‘aﬁé&ﬁs%@kure agents
and anal ytes, (b) prior to, si nmul taneous with,” or foll 6w ng step (a),

bringi ng |dltff§ranbmedcfﬁn®ltreglloeame ableestcﬁlo%pweanal yte capture agents and one
or nore reporte nd|n | ere orter b|n ng primer
conprises a s_pe%‘f fb-ha: ’BF 6%38U%er5Wdﬂ% *ﬁ%gf: 'drec?lgf’?:?é“ &'Spl i cation
priner, whgfRidnt prRABIMRAGesbheakianhtBoPpeeUl € i nteracts

95. The method of claim 74, wherein the analyte capture agents in the

different predefined regions are at least 90% pure.

96. A kit comprising

(a) a plurality of reporter binding primers, wherein each reporter binding
primer comprises a specific binding molecule and a rolling circle replication primer,
wherein each specific binding molecule interacts with an analyte directly or indirectly,
and

(b) a plurality of analyte capture agents, wherein each analyte capture agent
interacts with an analyte directly or indirectly.

97. The kit of claim 96 wherein the analyte capture agents are associated with
a solid support.

98. A method for detecting one or more analytes, the method comprising

(a) bringing into contact one or more analyte samples and one or more analyte
capture agents, wherein each analyte capture agent interacts with an analyte directly
or indirectly, wherein at least one analyte, if present in the analyte sample, interacts

with at least one analyte capture agent,
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wi th an anal yte capture agent directly or indirectly, and incubating the
anal'yte capture agents and the reporter binding prinmers under conditions
that pronote interaction of the specific binding nolecules and anal yte
capture agents, (c) prior to, simultaneous with, or followi ng steps [[f4)20&
(b), bringing into contact the reporter binding prinmers and one or nore
anplification target circles, wherein the anplification target circles

each conprise ainsulging tisd mmﬂydeshmpibsmﬂltaé andDNA captheCigefts aad@ dogdiigna pri mer
conpl ement _portion, wherein the prinmner onpl enment portion is conplenentary

to at | easthabpramete @FFéaCrt‘GF‘IOifH&f’é‘iaWéq @PFIEEJF‘E%W $Smers, and incubating

condi £} ons 1 hat CoPano e SHoTEn g TS AR 89 ihebld BLERIREE oo

ci rcl es aniagdthee ofﬂielanmlgtanapnireageem anda@ink onmprd @bﬁer l:(lﬁidmg phitews, ng step (c)
and prior to, simnultaneous wth, or follow ng steB (b), incubating
t he report‘é'herssnrfaplh&Pﬁﬂ?h@ﬂélnam&nm&ﬁpmpnaeansaﬁslfra Q’éinchFlP](?F‘él§ apdhaer

condi ti ons ﬁ cifdl n{EgP%t{? Ré}el feaf:l{.I @ﬁ%‘ﬂlﬁdlﬁ Pr‘o?&uteaiﬁ :Ic:tsCI rCl es,

wher ei n repI| at1 o0 |ca i on get C|r es resu In the
formati on with ahamdeumcaﬁqmgmt @Mtly\ohﬁfdeem}deh@ct i on of tandem sequence DNA
I ndi cates the presence of the correspond mg anal ytes.. 99.. The net hod of

cl ai m 98 wher ei ¥¢ a&n&ﬂm W‘E)Fapé'%fﬁlaﬁ?‘gs EF@(’&’@%\%‘F@I“&H@“‘%?B‘}% i nto

contact w cl aim 98
wherein a é@d?@%ls?{/ﬁ? anaF %%E@a{yn%ﬁ}eg%gieﬁ%b u%woﬂlﬁ eﬁ@%ﬁ%{g{e with the
one or norepamahgdngs,capture agents. 101. The nmethod of claim98 wherein at

| east one of the analytes is a protein tlde 102. The met hod of
cl ai m 98 wher ei () Bfiol Bagmudareoys “‘tlhi'eoraf‘?QPW t‘?Pé @ 9ri(B)s &Hng@lgy@m i pid, or

proteogl ycafachthel nTB&dﬁ%ﬁ}ﬂﬁ Rhnéb ﬂ&‘@gﬂ igfe of the
anal ytes is %arcomea% lfman S rce'c ﬁél'ﬁ] 3 o%ﬁalﬁggc jerein at
| east one whertinghamablifiesionsarpetanictes eadnedmnpmn asingleetranted, cirthiar met hod of
cl aim 98 wher.ein none of the anal ytes re nucl ei c aci ds 106. The net hod

of cl ai m 98NANBPIEFReCaMPERINEG CPE’}’ et pertigh. Whereindhepiimgheous with, or
fol I ow ngaéot.frn gﬁy%)pon $tis cBfpletentdr i AMHsY EfSofAhErotRRALRUELpliE R0 t he

anal yt e sanpl'es
primers, and

incubating the reporter binding primers and amplification target circles under
conditions that promote hybridization between the amplification target circles and the
rolling circle replication primers,

(d) following step (c) and prior to, simultaneous with, or following steps (a) or
(b), incubating the reporter binding primers and amplification target circles under
conditions that promote replication of the amplification target circles,

wherein replication of the amplification target circles results in the formation
of tandem sequence DNA, wherein detection of tandem sequence DNA indicates the
presence of the corresponding analytes.

99. The method of claim 98 wherein a plurality of analyte capture agents are
brought into contact with the one or more analyte samples.

100. The method of claim 98 wherein a plurality of analyte samples are
brought into contact with the one or more analyte capture agents.

101. The method of claim 98 wherein at least one of the analytes is a protein
or peptide.

102. The method of claim 98 wherein at least one of the analytes is a lipid,

glycolipid, or proteoglycan.
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separating the anal yte capture agents fromthe anal yte sanples, thus
separating analytes fromthe anal yte sanples. 107. The nethod of claim 106
‘wherein at |east one analyte is associated with a solid support, wherein
anal yte capture agents that interact with the analyte associated w tE
solid support becone associated with the solid support. 108. The neth Qlﬁogﬂm'
claim 107 wherein each of the analytes is located in a different

predefined regi giy th'%g?%é‘g lﬁf ?lﬁ.ﬁﬁl Qé)grﬁrereirg'%}%as?_&gﬁe | }nlg gﬁ%lg[%s & Rigr, 108

wherein the di stance e differen pre gl ons of the solid
support i shirhaegburcel0. The nethod of claim 109 wherein the solid support
conprises thin fil menbrane, bottles, dishes, fibers, woven fibers,
shaped pol yners!oﬁaarqf'}qléﬁég‘,l obelaia 98 whercingideast epcef the andlytepisdromai on. 111.
The nethod of | B 188 wherein the distance between at |east two of the
di fferent prede hed régions of the solid support is variable. 112. The

met hod of cl ai madsliThhaetbbd of Eleins 08 mteipiaiciof ten@ial ResSaraiutle@sicidsone thin
film nenbrane, bottle, dish, fiber, woven fiber, shaped polyner, particle,
bead, or m crophi i Breanethodol qlgian AR wherepollomangstap () A& PEPTHOt he sol i d

puppor . coIREaREiboblgh U, 40Tl 8 TORBRRRGS: st 0 e

fi bers, wovén m croparticl es,
or a conbi thatahglpte sithplesBye net hod of clai m 108 wherein the |ocation of
t andem sequence DNA  on the solid supp i ndi cates the presence iin the

or
anal yte sanpl e ¥PaRHBE HiraAnglyée eapturp ggenty emtheanabyte sarapley thyp sepping . 69 -
1 DEC 2004 I m 107 wherein the solid support conprises
grkies GOF (FARRe BBt

a pluralit anal in a plurality of different predefined
regi ons of the s®i.iThestipthod bf clainh 0@ ivhereheat derat gricemabyid Isessdciaedd/witlr r espond
to a plurality of analyte capture reagents, 116. The nethod of claim 107
wher ei n t hiSaidl sugpartppastein @pakyici capairg agertsithatapterachyih AbreAnafid t | es, di shes,

fibers, wo A - S ' I croparticles,
o 5 cond, agsigied 8ius SARRGRRAOABRL Sesckled Blfr e B SEonort SO support
conpri ses acr yl@sr Te meaphad of elaing €07 wheem each bf deainklytesselocated ssa

pol ystyrene, pol yethyl ene vinyl acetate, polypropylene, polynethacryl ate,
pol yet hyl eW&er%PVéF%‘}Rdéﬁ%‘OB?%H@,SOﬁ SYBRROTY | cates, pol yearbonates, tefl on,

fluorocarbons, {pg eﬁéthB&Bf*clﬁfﬁlP'?@é wheref h2QRYALE §8SveeR Blovdiffuen! | ¢ acid,

pol yl actic acid, polyorthoesters,
predefined regions of the solid support is fixed.

110. The method of claim 109 wherein the solid support comprises thin film,
membrane, bottles, dishes, fibers, woven fibers, shaped polymers, particles, beads,
microparticles, or a combination,

111. The method of claim 108 wherein the distance between at least two of
the different predefined regions of the solid support is variable.

112. The method of claim 111 wherein the solid support comprises at least
one thin film, membrane, bottle, dish, fiber, woven fiber, shaped polymer, particle,
bead, or microparticle.

113. The method of claim 112 wherein the solid support comprises at least
two thin films, membranes, bottles, dishes, fibers, woven fibers, shaped polymers,
particles, beads, microparticles, or a combination.

114. The method of claim 108 wherein the location of tandem sequence DNA
on the solid support indicates the presence in the analyte sample of the analyte at that

location of the solid support.
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pol ypropyl funeratc, collagen, glycosarninoglycans, or polyam no acids. 118.
The et hod of claim 107 wherein the solid support is porous. 119. The
‘method of claim 106 finther conprising bringing into contact at quﬁT B?@
of the anal yte sanples and at | east one of the analyte capture agents with
at | east one accessory nol ecule, wherein the accessory nolecule affects
the interaction of at |east one of the anal ytes and at | east one of the

anal yt e Capt Ur &1 AOSTcmorh8d of iy 181 RABLeA! e ¥ b bBr WBRRELE 4 iEraibpessory

nol ecul e is brought i1nto contact w east o e anal yt e “'sanpl es,
at | east oofamafytéstecaetbiny uradipt efidifferegtepredsfined rdpddis, of phé slidtsopport,

simul taneous wth, or follow.ng step (a). 121. The mef hod of claim 119
wherei n at Whersuythe aealganrelicstivaly saesepad o ML of A3IiIGCaiyE 8738 tiher ei n

the accessory MpleOtldmkod 37 ik 65 wibleth B SomPhploR LBARKLes thikefim, The

met hod of claim121 erein the accessory nolecu I's associated w'th the
sol i d suppmeinbiinesotngs, d3héd) Eibascessar fjben) skeapat] @olyndess, partickst beads,h t he
solid support prior to, sipultaneous with, or following step (a). 123. The
met hod of EEpRArtieles, phacempnaHanaccessory nolecule is a protein kinase, a

protei n phosphatgsep,Alle g&grrgailngrl%ﬂrm B Hmds"g?‘%ﬁ?ﬁ"ﬁ‘g‘?ﬁﬁﬁ d of claim 119

wherein the accessory nol ecu cule erein one or

nmore of t hacrelamlide, egaraseecdlrddsemmitrocsilubsse, gy polpstyrend, ohetliyiene vidylt he t est
nol ecul es with the nol ecule of interest are det eciec{i 125. . The net hod of
clai m 119 ¥Ws&tePrlpionyians: pdnachacrylais, aﬂlapﬁvlégeaip«g wihyleneoxiffee of interest,

wherein th G o) g&lﬁle ' " r.ei i nteractions of
the test nﬁ?lgﬁg?"g&mﬁﬂﬁ%he D %ﬁP@%ﬁﬁ@f%@?@rﬁygggt@%&d. 70 1 DEC 2004
126. The npdlhathydfides| polppliOfiodead, polylatic heidspolpsehoaftetshe anal yte capture

agents is a nolecule of interest, wherein one or nore of the analytes are
test ol ePAYRIGPYNiBeraicncelligen. ghycosaaingglyeaes ergolyamineatides with the

ol ecul e of 1 Nt B hARBnod Bl 8ahE 47 Wifrcinlihe sIF Ao fUBln 100 uherein at

| east one of the ana ecule o nt er est, erern one or nore
of the anal yte tHptThHemeahedbsclaing 10€ firthentirapridiesbringieg sitm comaeaact i ons of
the test nplecules with the nol ecule of interest are detected. .128. The

met hod of ERHioRF gﬁthremn_ﬁh&:_rsaewﬁﬁrqnéiahbfﬁstmnpafthe@ww%ﬁé&%s WiRAt  or
follow g Rh&RnkAdoestirl BRHRGI, WhBrefiP AL Ao RS nfilcdIRY R1RRIRE hudrBoH ©

capture agents and one” or nofe second analyte sanp
of at least one of the analytes and at least one of the analyte capture agents.

120. The method of claim 119 wherein the accessory molecule is brought into
contact with at least one of the analyte samples, at least one of the analyte capture
agents, or both, prior to, simultaneous with, or following step (a).

121. The method of claim 119 wherein at least one analyte is associated with
a solid support, wherein the accessory molecule is associated with the solid support.

122. The method of claim 121 wherein the accessory molecule is associated
with the solid support by bringing the accessory molecule into contact with the solid
support prior to, simultaneous with, or following step (a).

123. The method of claim 119 wherein the accessory molecule is a protein
kinase, a protein phosphatase, an enzyme, or a compound.

124. The method of claim 119 wherein the accessory molecule is a molecule
of interest, wherein one or more of the analytes are test molecules, wheretn
interactions of the test molecules with the molecule of interest are detected.

125. The method of claim 119 wherein at least one of the analytes is a
molecule of interest, wherein the accessory molecule is a test molecule, wherein

interactions of the test molecule with the molecule of interest are detected.
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wherein each anal yte capture agent conprises an analyte interaction portion
and-a capture portion, wherein for each of the analyte capture agents there
is a matching second anal yte capture agent, wherein each second f{bﬁl te
capture agent conprises an analyte interaction portion and a cap e
portion, wherein the analyte interaction portions of the analyte capture
agents interact wth the sane analyte as the analyte interaction portions

of the matchi ng]3@CPRImedalortRIA2DE WitrehYRNESt oNOEF tﬁé Gndl gﬂafé” €

portions of the anal yte capture agents and the secon anal yte capture
agents eachgqntﬁtléraamlewlc of mtes@é,ovlﬁqrclnl@nndrnngrmﬂthcauhadytaﬁ arenestor nore  of
the reporte t he capt ur ort f the analyte
capt ure Bié’gﬁcg F,n\?lgqrgi&mwatcf{or&ﬁ c%frtg‘?‘ Gﬁ&mglﬁ‘é Eﬁ‘ Wﬁﬁ%f’h@‘rﬁﬁﬁ?%ﬁf?@éﬂ? han t he
capture popstb@pg of the matching second anal yte capture agents, wherein
each different specific binding nolecule is part of a different one of the
reporter bindi n@ZbrThﬁamst,hodAoéchim 106 whesin atdepst bnecdfthe epdlitesitsiaon pri mer of
each differ rlner i.s different, wherein eac

t f
o T oront | T lkieTRRtetest wheln PR B miTe qf Hectalytd Cipline A A e e of o
different ppecafes twb‘l‘i‘er@iﬂ%tbfa'cﬁé‘ﬁd SFhd émﬁslecaesr wltR%he M@E&@lb Bf fRGRstdid f erent

anplification target circle produces a ferent tandem sequence DNA,
wherein théetpfnefkence or absence of the sane analyte in different anal yte

sanples is |nd| b h rese r absence of. correspondi ng tandem
sequence 528, T helnod oB A3 B Tubler ARTRBING Priok - RBRREONS HEF

conpri si ngomoquﬂglgcga@, @F nore of the analyte sanples and one or nore of
the second anal yte sanpl'es. 130. The nmethod of claim 128 further conprising
m xi ng the one ngmgeltoamaqmeoapmm@cagbmmao@tmmegmnsmomre second

analyte caturea iﬂ él The met hod of claim 130 wherein m xing the
one or R ana f)ffﬂ? siigents and the one or nore second anal yte

capture agent S vheRACAIR ahAPREaPiire ARAOCNHrisBPan SialHt IRAGOHS por@én
sequentially, the one or nore anal yte capture agent's and the one or nore

second anatyd &caphpe ppgicagwhersingor haqhhé theamalydotdpture @gerds thereli82. The met hod

f claimi2g t he, t and DNA ding t f th
analytes. D MGdota TR CRRI RO TTHn R RPN bOTVE Gt i s i n

the same | ggag ﬂs@@a@ﬁnalﬁ@@ntbﬁcﬁéﬂ%@ﬁ@ﬂ@ﬁkﬁl: apreetpeaigd W th, tandem sequence
DNA correspondi ng to the sane anal yte and produced in association with the

mat chi ng secondwaerginthe asalpteinteraggemportions of the analyte capture agents interact

with the same analyte as the analyte interaction portions of the matching second
analyte capture agents,

wherein the capture portions of the analyte capture agents and the second
analyte capture agents each interact with a specific binding molecule of one or more
of the reporter binding primers, wherein the capture portions of the analyte capture
agents interact with different specific binding molecules than the capture portions of
the matching second analyte capture agents,

wherein each different specific binding molecule is part of a different one of
the reporter binding primers, wherein the rolling circle replication primer of each
different reporter binding primer is different, wherein each different rolling circle
replication primer primes replication of a different one of the amplification target
circles, wherein each different amplification target circle produces a different tandem
sequence DNA,

wherein the presence or absence of the same analyte in different analyte
samples is indicated by the presence or absence of corresponding tandem sequence

DNA.
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wherein the presence or absence of the sane analyte in different anal yte
sanples is indicated by the presence or absence of correspondi ng tandem
sequence DNA. 133. The nethod of claim 128 wherein the capture portiﬁm of
each analyte capture agent is the same, wherein the reporter binidiftg
prinmers corresponding to the analyte capture agents are the sane, wherein
the anplification target circles corresponding to the anal yte capture

agente e L e, SATE GRSty L 28K B0 0 RS SRR RE v

capture agent is the sa e repo

cor r espondamgytt earhiples SRCaRCbranee Wi heGRpdnd RalydgRiiplesar € t he sane, wherein
the anplification target circles corresponding to the second analyte
capture agents &% Thiemsthad of ¢haun 134 &urthist poyapesing Maxipg U8 quscraiare at | east

one of the;?an:? 8% | nt i ecific for at
| east one 0O ! héé anal%g%r(&a{ésniggi’%%é&%g%)#gg&g?&@ﬁ glcéétg%c%ﬁ%?‘ei n at | east one
of the analyte Cﬁpt'ﬂﬁeﬂne@l@@lﬁfslaﬁ'@fmmh@e&im@hﬁﬂwcﬁhebﬁ*%r@ﬂ%ﬁfﬂ cal ly binds
to at | east one of the analytes. 136. The nethod of claim 98 wherein at

| east one eAPtYIREseinMd e oap Pumersseondanabipedpiitrs ageniviseeenraplishad by

speci fical | nds £k anal ytes _i conpinatipn with an
Sbcessory Hp Sl shiuBhed R BRGRa. e R GR apDys BREERPR e "Capt r o
agent s andaan@k Whesr mofd REQRE aldWtOL4pthire dgérids RaE heddah@r solids8pidry, or

indirectly. 72 -1 DEC 2004 138. The met hod of claim98 wherein at |east one

accessory nol ecld%e The mpthed ghelaimd 38 whatcicthe fandamaequange DNohe of t he

anal yt e Sapl S50, @ode%a9le SR &fan Moo BBFI VS SARNU B B0GSe her el n

t he accessory e affects € ITnteraction o of the

anal ytes agghtat ap@a$d inahesahe lobichng| ydeis eimiltaheoafeddtéctedeh, tdideniet hod of
cl aim 138 wherein the accessory nol ecul e conpetes with the interaction of

at | east osfaugrceMALaEESROAdINE P thesamganplyte andprodused Hetssodatiam withi m 139

wherein th I nal og of at |east one of the

anal ytes. %ﬁﬁﬁ%ﬁg%?ﬁ%%ﬁ%ﬁegﬁ%ﬁﬁ ]gt’wher ein the accessory nol ecul e
facilitates thewhérircthagtdserte@r abfentE&afthe o4ine Mrialytbén diffekant andlgget ure agents.
142. The nethod of claim 138 wherein the accessory nolecule is brought into
cont act wi $ammes is ingdieateshlay e prosencer|apseace afgareesponsing @adem seguense ¢ he

anal yte ca? re agents, or both, prior to, sinultaneous with, or follow ng
step (a). " The nmethod of claim 138 wherein the accessory nolecule is a
protein 133. The method of claim 128 wherein the capture portion of each analyte

capture agent is the same, wherein the reporter binding primers corresponding to the
analyte capture agents are the same, wherein the amplification target circles
corresponding to the analyte capture agents are the same,

wherein the capture portion of each second analyte capture agent is the same,
wherein the reporter binding primers corresponding to the second analyte capture
agents are the same, wherein the amplification target circles corresponding to the
second analyte capture agents are the same.

134. The method of claim 98 wherein at least one of the analyte capture
agents comprises an antibody specific for at least one of the analytes.

135. The method of claim 98 wherein at least one of the analyte capture
agents comprises a molecule that specifically binds to at least one of the analytes.

136. The method of claim 98 wherein at least one of the analyte capture
agents comprises a molecule that specifically binds to at least one of the analytes in
combination with an accessory molecule.

137. The method of claim 98 wherein the analyte capture agents and analytes

interact by binding to each other directly or indirectly.
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ki nase, a protein phosphatase, an enzyne, or a conpound. 144. The nethod of
claim 138 wherein the accessory nolecule is at | east 20% pure. 145.[EE%QM
met hod of claim 138 wherein the accessory nolecule is at |east 50%

146. The nethod of claim 138 wherein the accessory nolecule is at | east 80%
pure. 147. The method of claim 138 wherein the accessory nolecule is at

| east 90% pure. 148. The nethod of claim98 wherein at | east one of the

anal ytes is assogg, aTl?éineﬂHbHQf@laﬁﬂbB@vh%%b@rPQﬁEast Eﬁ@acc f&%g}ﬁ%ﬁ@gle% claim 148

wherein each of the anal ytes associated with the so support is
associ at edbyiught lnlﬁ)e:wtalct with tap]@esrttonc of Ehec&nalb@rsamplqs raod ef leasacbne efilen. 150.
The net hod of1 cl aim elé t€ | east On]ﬁ q H} &? tes associ ated
with the s#a4 %Pﬁbr&ﬂgeril@ wheteipiths agesippimeleenls aifects Bgdpractienal fect | y .

151. The ”!%taél%‘ﬁe%i‘th%'a%hl%e%%n&‘ﬂ?fe@ét%nébfih%%ﬁélr&% ﬁ?@é@l&ﬁs capture agent
interacts wth at | east "one anal yte indirect R he met hod of claim98
wherei n at | easi3%nkharhethhé ofinlainy il 88 whsrem thmacbe[ssoafylnf(rhwmimcfonmmsha'th

anal yt e, wﬂgr.ei n at B‘r&’ﬁt one ff thelanaliﬁte capture agents 73 --1 DEC 2004
i nt er act s, TEINERFHON o atileast Precefithe anglyts cawe 285t e that is a nodified form
of the other angjvifo mehda Whehth 13 RRLRST 1nBAENIGy SRMcHI 3 GRA10} BE o7 8t S,
directly or indirectly, wth the other analyte The net ho claim
152 wher ei at ledseomnel the esalpes prote| ns, wherein the nodification of the

rmdifiedformo t her ~a t-translation di f|cation.

154 The ot hod 4 Tremiifos St ol £ Sombr Baatd ity Bivsalt pelie b at i on or
gl ycosyl at jn@hactibadf af 1e8stHak BP theQUhaGicdlafudBagipgy €i n detection of the tandem
sequence DNA is acconplished by mxing a set of detection probes with the

t andem sequencelﬁwhmdeuhod obcoldin il 3% wheteat thp aorestory mabecudt iz btought inét ween
t he tandems tfl %and the tection lrgsges. & 6. The rrethod of claim
155 viher i FPHAE PR FSa5H G it aabie Sagiho it 1caR 406 RGPS ARAR AR ect od
separ at el ya@mé, §ﬂ B! YR 08! Siful¥drRowd W fth, R $X11 4G hE Glep @4):
143. The method of claim 138 wherein the accessory molecule is a protein
kinase, a protein phosphatase, an enzyme, or a compound.

144. The method of claim 138 wherein the accessory molecule is at least 20%

pure.

145. The method of claim 138 wherein the accessory molecule is at least 50%
pure.

146. The method of claim 138 wherein the accessory molecule is at least 80%
pure.

147. The method of claim 138 wherein the accessory molecule is at least 90%
pure.

148. The method of claim 98 wherein at least one of the analytes is associated
with a sohd support.

149. The method of claim 148 wherein each of the analytes associated with
the solid support is associated with the solid support in a different predefined region.

150. The method of claim 148 wherein at least one of the analytes associated
with the solid support is associated with the solid support indirectly.

151. The method of claim 98 wherein at least one analyte capture agent
interacts with at least one analyte indirectly.

152. The method of claim 98 wherein at least one of the analytes is a

modified form of another analyte, wherein at least one of the analyte capture agents
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157. The nethod of claim 156 wherein the set of detection probes is |abeled
usi ng conbi natorial rmnulticolor coding. 158. The nmethod of claim98 further
conprising, sinultaneous with, or follow ng, step (d), bringing i-af@t( 2004
contact a secondary DNA strand di splacenent priner and the tandem sequence
DNA, and incubating under conditions that pronote (i) hybridization

bet ween the tandem sequence DNA and the secondary DNA strand di spl acenent

rimer, an Il - ' ' : i
Pepl T cat | omtrpdth, R GRIB0 ) Wi Snd ARARELRER SR fornt (hE ey
secondary tmatyieandseguenasothbifanalybOcapiire agait haekactk, dittlpoPhdivealyei n t he

reporter bi nﬂgﬂ]g rimeis are at least 20% pure. 160. The nethod of claim
98 wher ei M “r%‘g?fraﬁ”éyt‘bi nding primers are at |least 50%pure. 161. The

hod of cl ai ' | g i 80%
method of claimog O?ﬂh@fl%?%&&'@@%%‘érem @%gﬂiﬂg%%'r rrﬁglﬁ{r?ewﬁérelnetﬁg ¢ /

pure. 162. The netho erein ding priners are
at | east Ho#fpatien offthe niodifidd B 4f IEDthethpalveiibagostiraiskitionf8 wherein the
anal yte capture agents are at |least 20% pure. 164. The nethod of claim 98
wher ei n th@oa'rf%l??‘é capture agents are at |least 50% pure. 165. The nethod

The' met hod of ol 2 nron Saeg &) Hirf v ke FERR T dh Gt ic BRRRSRIBRUES, o0

pure. 167. glicosstadnon. f or detecting one or nore anal ytes, the nethod
conprising (a)_bringing intg contact one _or npore anal yte sanpl es_and one

or nore anal yt el3tapiimethgd ehelaim QB arherein defestion pfithe Bndem sequsnegyay

interacts wi th an:apgpyte directly or indirectly, wherein at |east one
anal yt e, iyapre@g}lt él’[lnyt he anal yte sanple, interacts wth at |east one
anal yt e capt ur emixgjeft seti ofdeteatiomprobbewith dethdchasgguesceddd Atundeanal yt e

capture agents, under condition that pronpte interaction of the anal yte

capt ure agetidiionsthat pramete Sybmdizatipnhetvepndhe BRdem seqitenee YA #bther ¢ he
anal yte Saﬁ&é&%n%’&ae@? | east one of the

156. The method of claim 155 wherein a plurality of different tandem
sequence DNAs are detected separately and simultaneously via multiplex detection.

157. The method of claim 156 wherein the set of detection probes is labeled
using combinatorial multicolor coding.

158. The method of claim 98 further comprising, simultaneous with, or
following, step (d),

bringing into contact a secondary DNA strand displacement primer and the
tandem sequence DNA, and incubating under conditions that promote (i)
hybridization between the tandem sequence DNA and the secondary DNA strand
displacement primer, and (ii) replication of the tandem sequence DNA, wherein
replication of the tandem sequence DNA results in the formation of secondary tandem
sequence DNA.

159. The method of claim 98 wherein the reporter binding primers are at least
20% pure.

160. The method of claim 98 wherein the reporter binding primers are at least
50% pure.

161. The method of claim 98 wherein the reporter binding primers are at least
80% pure.

162. The method of claim 98 wherein the reporter binding primers are at least

90% pure.
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anal yte capture agents with at | east one accessory nol ecule, wherein the
accessory nolecule affects the interaction of at |east one of the anal ytes
and at |east one of the analyte capture agents, wherein the accessqfy 200
nol ecule is a conpetitive accessory nolecule, (b) prior to, sinultaneous
with, or following step (a), bringing into contact at |east one of the
anal yte capture agents and one or nore reporter binding priners, wherein

T rePOr Lol DA il BEAR o ERTR Ok SRRrdh ARGRLICCBLAE hIS RESE MG P00

rolling circle replicatron pri e€rern each speci | ecul e
i nteracts 2@Wtparaan anal yte capture agent directly or indirectly, and

I ncubating the anal yte capture agents and the reporter binding priners
under condi t i oh@4 t Hag mpthgdef elaim P8 werain thegnalyircappise pganés ¢ atliensy

nol ecul es g@g %Hglyte capture agents, (c) prior to, sinultaneous with, or
followng § eﬁ% (a) or (b), bringing into contact the reporter binding

primers and onelgs. Tivs Methop of tlahavB Wheteid gRtanglyfecdapine aydney £t At leh
anplification target circles each conprise a single-stranded, circular DNA

mol ecul e cBWpIPUES-ng a primer conpl enent portion, wherein the priner 75 -1
DEC 2004 conpl ePE  TIROLE MBS of élagﬁ) R WHERM ﬁ'lre%{l%lg‘teacta Ju?? géengsna?e gﬂ( 1e£sj?e. rolling
circle replication “priners, and i ncubati ng reBor i'ndi ng priners
and anpl i f 9@%tpues target circles under conditions that pronote

hybri di zati on bet ween the anplification target circles and the rolling

circle replicati®h pmsteedfor detpcting ons\gr mepre aeglytes thexmgthed comprising
AR . P . ; et t
b1 ndi ng- pr + mer s fGin b SUhAH, ghe B Buck Pdnaie siumdice REURAL kel RO €

pronot e 1 egdptiraapeits, afhetdi eatnaftcaiphee agant gRéracts Withes, analyes dirddtly
replication of the anplification target circles results in the formation
of tandem SEfdisertly, PRErCInH doast oncraabis, ifnressnt indhe apalwe seranpleeltR@Cts ndi cat es

the presepag ap{ca%tgge%ﬁ%gﬁg&gﬁﬁgéﬁgpnal ytes. 168. A nethod for detecting

one or nore analy Aprising (a) bringing into contact one

or nore anal yt einsalgringsheaunthlye sangplen@idetha aadlyie @aptoRpigenss vadedoaditioher ei n
each anal yte capture agent interacts with an analyte directly or
i ndi r ect | ythavprepetsinigraqiiog of thsanabitpeapture agentyadamalylssn t he anal yte sanpl e,

B e e U R
i Nt er act i omabyte tdpeurangentt evithayp ldasteor@@eddssorg fichl@ondd, wiheein the accessory
molecule affects the interaction of at least one of the analytes and at least one of the
analyte capture agents, wherein the accessory molecule is a competitive accessory
molecule,
(b) prior to, simultaneous with, or following step (a), bringing into contact at
least one of the analyte capture agents and one or more reporter binding primers,
wherein each reporter binding primer comprises a specific binding molecule and a
rolling circle replication primer, wherein each specific binding molecule interacts
with an analyte capture agent directly or indirectly, and
incubating the analyte capture agents and the reporter binding primers under
conditions that promote interaction of the specific binding molecules and analyte
capture agents,
(c) prior to, simultaneous with, or following steps (a) or (b), bringing into
contact the reporter binding primers and one or more amplification target circles,

wherein the amplification target circles each comprise a single-stranded, circular

DNA molecule comprising a primer complement portion, wherein the primer
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bringing into contact at | east one of the analyte sanples and at |east one
of the analyte capture agents with at |east one accessory nol ecul e,
wherein the accessory nolecule affects the interaction of at |east-ofgl ¢if.
the anal ytes and at | east one of the analyte capture agents, (b) prior to,
simul taneous with, or following step (a), bringing into contact at |east
one of the analyte capture agents and one or nore reporter binding priners,

wher ei n eagdmplepent girtibn RHAPIRRIIRY 16 X TRAsk 56S0RhE PAfihE bR rdplicAghnTo! ecul e
and a rolling circle replication primer, wherein each specific binding

mol ecul e i pri@esctyl with an anal yte capture agent directly or indirectly,
and incubating t nal.yte capt.ure agents and the reporter bi.nding priners
under conditi OHIE’SY%%t %Wfﬁgr gt ‘ﬁgg ﬁEFﬁeWHf@m@C tb(gbﬁafgeécﬁ?lﬁ%ﬁ‘?f%r_

mol ecul es &ﬂﬂitﬁﬂ@hh’a&(prorﬁ@tBhybﬁdi@ﬂﬁﬁtlﬁs_twé&n)th@ﬁm?ﬁﬁéa@ion%r@b't' GRNSQHS thd th, or
followi ng steps (a) or (b), bringing into contact the reporter binding

priners antplibtgcizle repheatipmirinigreat i on target circles, wherein the

BRA ol ecul o oo Rl fipE e REH boSR B irdieReBisrriu of FIBRARG seRt i pt ner
conpl ement (N OnatdHAfing SheG@PFHR@ BRMIRY Prithersahd b@PhHicARR t@get AR 1dsQndbng circle
replication prinmers, and incubati ntgbt he reporter bi ngl ng priners and

t

anpl i fi cat feiticns deat peamele sepligatden of the auplificationttarget giickaspt e hybri di zati on

between the amplificatipen.target circles and the rollin I Lcle.

Fepl i cati on pr 1 mereitenfeR o8 fle el ichort hresh fed St ot Bt ous
with, or fefthaddndSequbRRDNA) whtrcid dtectiol @ RREMTed tRcé DR iificaRisiié Ng
prinmers and anplification target circles under conditions that pronote

repl i cati opregsuce REthgepiresnosdingenalytebget circles, wherein replication of the
anplification t ef .cifc [ |ts in the formation .of tandem sequence
DNA, wherein de esgt‘%g}]et%dﬁgﬁ%fgﬁyn Oq e"ﬁé‘b"fbﬁi}f%‘ﬁ%f‘ ea?lg@oflﬁgmpﬁﬁlggence of

the correspondi aybangihy 6 comb@ddicdr alord fadjte O4fpled addEhedtdhire afalve a

mol ecul e of interest, wherein the accessory nolecule is a test nolecule,
wher ei n i ntapfue pEUS Whereim eachawalyietaphiae agant infieragth withinawalyte drectliit er est

are detect . f th ne. nore analyte t he net hod
conpri si ng&?fe{ 1}%%/ hg}"?%‘t‘%haﬁ? %asfg%nﬁé%;g Bh %S(r%nﬁ%]ﬁfele %aé §:,ts%mg hgl A% nd one or

mor e anal yWwith aclepdt vhe arggeicaptuidpent, n each anal yte capture agent interacts
with an analyte directly or indirectly, wherein at |east one analyte, if
present in the BRghajingt ise samples andkthe anglyta captuiecgents sndergondyions capt ur e

agent, that promote interaction of the analyte capture agents and analytes,

bringing into contact at least one of the analyte samples and at least one of the
analyte capture agents with at least one accessory molecule, wherein the accessory
molecule affects the interaction of at least one of the analytes and at least one of the
analyte capture agents,

(b) prior to, simultaneous with, or following step (a), bringing into contact at
least one of the analyte capture agents and one or more reporter binding primers,
wherein each reporter binding primer comprises a specific binding molecule and a
rolling circle replication primer, wherein each specific binding molecule interacts
with an analyte capture agent directly or indirectly, and

incubating the analyte capture agents and the reporter binding primers under
conditions that promote interaction of the specific binding molecules and analyte
capture agents,

(c) prior to, simultaneous with, or following steps (a) or (b), bringing into
contact the reporter binding primers and one or more amplification target circles,

wherein the amplification target circles each comprise a single-stranded, circular
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I ncubating the anal yte sanples and the anal yte capture agents under

conditions that pronote interaction of the anal yte capture agents and

anal ytes, (b) prior to, sinmultaneous with, or following step (a), brirTE%'En
00

into contact at |east one of the analyte capture agents and one or
reporter binding priners, wherein each reporter binding prinmer conprises a
specific binding nolecule and a rolling circle replication prinmer, wherein
each speci DNA hiohgulkgofiprig eprimiérdoalémentpbhRioaNwas@Inhe paaRt ur e agent
directly or indirectly, and incubating the analyte capture agents and the
reporter bvwlﬁ@%&m%%lsmmem@m itq ptderst eneef the satbngcirgle ceplication of t he
specific bhﬁﬂk&grﬁplecules and anal yte capture agents, (c) prior to,

si mul t aneous mnt%, or following steps (a) or (b), bringing into contact

the reporter bi ndubgingrtheepsrtartinding peifefiing addfidifichiipfat @0 ciréleO@idegi 1 Cl es,
wherein the anplification target circles each conprise a single-stranded,
circul ar 7sonditjonsytivat pramotpfbrdizaiian hetwesmihe amplificationitaraet citsiasiaad et

portion, V\ﬁ)?]li 'Hrctl@féipﬂ&lltmﬁ.rpri Qopl ement portion is conplenmentary to at
I 'ng

| east one o ero ciircle’replication prinmers, and incubating the

reporter bindi ngl)dslioveng sep dc)eidlprior 613 sindntahed@etitls iof GIRBviHR seps ﬁa?@ﬂdi tions
that pronote hybridization between the anplification target circles and the
rol 1ing ci feiBCytalng ierrepprtes binddegprupers apd pmplifipgiiogttangel arclesmdpr i or t o,

si mul t aneo ' 11900 : . . el ating the reporter
bi ndi ng pr%ﬁngﬁ&gﬁlbaqgﬁ{)[ﬁ‘%)tk ?%iﬂé{&lg%cﬁh{ ‘?ﬁa}rﬁ%é@ I’%ﬁéaé]logéggl o élfé%lgtondi tions that
pronot e repli cawvhemwirokplidation m)p thefanghification Afg@etir€led 6%, inWhefognation
replication_of the anplification target circles results in the formation

of t andem igdsie eequrpce TN 8 whareinedeeatiop 9f mdem saeuanse Bbh indipies thevdi cat es

the prese Fen%oﬂﬁ‘écﬁ%{p%fiﬁﬁg%ﬁ‘l cg,nal ytes, (e) prior to, sinultaneous
I a),

wth, or f OW Nng step ringing into contact one or nore second

anal yt e capt ur ewheeini & leastonensf the analpesis aaaleahlaobintdrest, seligpéiashe Wher ei n
each anal yte capture agent conprises an analyte interaction portion and a
capture po?@?ﬁﬂ?%’é?@ﬁ‘ﬁﬁ?ﬁt palerulgs whergindptsiagtiensof the fest melerels Witlere is a

mat chi ng sgeandeaMad pihfr&eRicWefcggent . Wherein each second analyte capture

agent conprises an analyte interaction portion and a capture portion,
wher ei n the anal§it eA mwtlerdafor detactpigrdnie@n soné atdhgtes tied method @pinprisinggent s
nteract  with O(ta?ﬁmslgaﬁgg ina%cr)] %l) tE'i((:at 0%2 oE’ Ir}l%rg Qn%llyyté (saanilp?lgse zrmadcctnieoor} rr?oci"rstailac.)lgtsé of the
mat chi ng secon
capture agents, wherein each analyte capture agent interacts with an analyte directly
or indirectly, wherein at least one analyte, if present in the analyte sample, interacts
with at least one analyte capture agent,
incubating the analyte samples and the analyte capture agents under conditions
that promote interaction of the analyte capture agents and analytes,
(b) prior to, simultanecus with, or following step (a), bringing into contact at
least one of the analyte capture agents and one or more reporter binding primers,
wherein each reporter binding primer comprises a specific binding molecule and a
rolling circle replication primer, wherein each specific binding molecule interacts
with an analyte capture agent directly or indirectly, and
incubating the analyte capture agents and the reporter binding primers under
conditions that promote interaction of the specific binding molecules and analyte
capture agents,
(c) prior to, simultaneous with, or following steps (a) or (b), bringing into
contact the reporter binding primers and one or more amplification target circles,

wherein the amplification target circles each comprise a single-stranded, circular
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anal yte capture agents, wherein the capture portions of the analyte capture
agents and the second analyte capture agents each interact with a specific
bi ndi ng nol ecul e of one or nore of the reporter binding priners, wherein
‘the capture portions of the analyte capture agents interact w thDEi 2fier ent
speci fic binding nolecules than the capture portions of the matching
second anal yte capture agents, wherein each different specific binding

nol ecul e iINRahbledile oMpfisiaf & phinRh SoMplenteR€pdrAfR MWIRIeiRitiEhhritdedr | NEI'S,
wherein the rolling circle replication priner of each different reporter
bi ndi ng prdomalement giftioarie pemplemenantoess ddastinefod thawolling qitchgyreplieation
replicatiaon. priner, primes replication of a different one of the

anplifi cath erf’af'rnaet circles, wherein each different anplification target

circle producesnéutdting tHeqBportcd bifling srafiere A€ albiicaldnWhgeediftldshadar esence
or absence of the sanme analyte in different ana!ﬁyte sanples is indicated

by the preafdicienythapprogmiehyiridization bpoveen thy anaplicatien thugat ctclepppd theg

rolling circle replication primers,

(d) following step (c) and prior to, simultaneous with, or following steps (a) or
(b), incubating the reporter binding primers and amplification target circles under
conditions that promote replication of the amplification target circles,

wherein replication of the amplification target circles results in the formation
of tandem sequence DNA, wherein detection of tandem sequence DNA indicates the
presence of the corresponding analytes,

(e) prior to, simultaneous with, or following step (a),

bringing into contact one or more second analyte capture agents and one or
more second analyte samples,

wherein each analyte capture agent comprises an analyte interaction portion
and a capture portion, wherein for each of the analyte capture agents there is a
matching second analyte capture agent, wherein each second analyte capture agent
comprises an analyte interaction portion and a capture portion,

wherein the analyte interaction portions of the analyte capture agents interact
with the same analyte as the analyte interaction portions of the matching second
analyte capture agents,

wherein the capture portions of the analyte capture agents and the second
analyte capture agents each interact with a specific binding molecule of one or more
of the reporter binding primers, wherein the capture portions of the analyte capture
agents interact with different specific binding molecules than the capture portions of
the matching second analyte capture agents,

wherein each different specific binding molecule is part of a different one of
the reporter binding primers, wherein the rolling circle replication primer of each
different reporter binding primer is different, wherein each different rolling circle
replication primer primes replication of a different one of the amplification target
circles, wherein each different amplification target circle produces a different tandem

sequence DNA,
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wherein the presence or absence of the same analyte in different analyte
samples is indicated by the presence or absence of corresponding tandem sequence

DNA.
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