WD 2004/ 079369 PCT/ GB2004/ 000865 1 USE OF A VI RUS EXPRESSI NG A BI NDI NG

MDD ETY T&Wﬁ% NALYTES IN A SAMPLE The present inventi on%ﬂorovi des a
novel as 2 as well asp kits and reagents usef uPCT/EB2 4@0%§§ay. 5

| mmuno- PCR, which dates from 1992, uses nucleic acid tagged antibodies to
provide a very sensitive assay endpoint.1 Generally the antibody is |abelled
with streptavidin and the nucleic acid through the streptavidin to the
anti body. The 10 biotinylated DVA is usually added at the end of the

i mrunoas$&y. OF ¥ ViREs EﬁéiFséH?ﬁ)lAi BENDEING MOEERT |TP YHRKURE ANRAYTESNEN &t AEILEhost
cells, integrating their nucleic acids into the host system in structural
terns, Vviruses mresenal {yventiioss provide @S netieT hadaiynmébhad "goaicilaaolind t he
nucl ei ¢ aci gs. Phag i techni que that was devel oped to all ow

e display i
proteins suthtH&™ nFFB%%‘i%éss ‘156’%32 121 ¥ 853 produced in vitro. Phage
librari és are made that contain a very high nunber 20 of different proteins,
such as scFy's (single chain variable_ fragnents fromantibodies). The phage
nas the DNATFBPORER: rEiat abRe, PR 18y o T eacgBbTe AHR ¢
expresses i antaibodiekuso oprpricieeanvény tdemsdohte pii=8i eadpgener al | y attached
at its head. 25.The best protein_spuch.as scFv. fqr a particul ar purpose is
sel ected frg?ﬁlﬁ? I iﬁgﬁrviﬁibﬁdgr é5b§§“epl A ﬂbth f%’fﬁgvﬁ)ﬁh’éeam{ ﬁgf binds to
t he anal yt enodldint ecedt thumiesh shei strepdlagdtiionto dorediantdbsdy Th&@hphage can
then b l1iplie noin i 30 st,.bacterium.and the DNA can be cut
out " and-d nsbr Peiriabe Sk HBusl £y SdtChe "B, e B SPe ke FER be
produced either as scFv or incorporated back into an anti body framework to

make,  for examlenaPUoBSel aaLEReASRS bRA SPG08PCURLCatSEek host
cells, integrating their nucleic acids into the host system. 1In
structural terms, viruses generally express proteins which form

15 a “coat” around the nucleic acids.

Phage display is a technique that was developed to allow
proteins such as antibodies to be selected and produced in
vitro. Phage libraries are made that contain a very high number

20 of different proteins, such as scFv's (single chain variable
fragments from antibodies). The phage has the DNA for the
protein scFv’s inserted into its genome and it expresses it as a
fusion protein to the coat proteins, generally attached at its
head.

25
The best protein such as scFv for a particular purpose is
selected from the library mixture by “panning” for the phage
that binds to the analyte of interest under strict selection
conditions. The phage can then be multiplied by growth in its

30 host bacterium and the DNA can be cut out and inserted into an
expression vector. Binding protein can then be produced either
as scFv or incorporated back into an antibody framework to make,

for example, humanised antibodies for therapeutic use.

35 The phage display technique is thus used as an intermediate

technique for in vitro antibody production. However, the phages



35 The phage display technique is thus used as an internediate technique

for in vygﬁagg}éé&ody producti on. However, the phages \é@ﬁ%ﬁé}{&&%@

PCT/ GB20 2 thensel ves have never been propos use as assay
reagents previously. Thus according to the present invention there is
provided the 5 use of a virus, which expresses and displays a binding

noi ety, as a detectable noiety in an assay for detecting the presence or
measuri ng tthemsehventhavs oavet kermpaopeeed (fox sgaphe.asmayusedgeriin, the
expressi on 5 detgetapl e noiety” means that 10 the virus itself is detected
to provide a signal” indicative of the presence or absence of an analyte. In
addition, the expression "binding noiety" relates to any noiety which wll

bind to a t@f@ehccOsPEY &bl ¥hd PRIIRRPLhténtAlon LRept OiLighoviaLghey be for
exanpl e_an anal yte pol ypepti de or protein, but may al so be another

pol ypepPi dés6r ofr dt BHHs iPéRh $XRPHASSEEsaRd iH-sRAaysmiviskiag Bigfart of the

detecti on sysShefbtedtbIMGLEEEY A1 ténoasgaf £ e taet Sn@Sthd b2BstncaMdi:ch nmay
be 20 detected using any of the known nucleic acid detection methods, in

parti cul ar URPSUSERY EhfpiGonFeRFFIn T &5t PBANGEWER 48 ? A& ymer ase chai n
reacti on. However, the advantage of using a virus as conpared to any ot her

| abel ling technique is that a wde variety of binding npieties can be
i ncl uded r &SatiSee| Yeoaing AhpyS¥RTSRF OB hAF tRIESPRAOTALS o &eznpl BP3tor t he

productiioon fe vhieeoMAAR (¥ BbeESsedS ehpASriRagessysPl adhdilcBEdGE &y and

wi t hout the need for additional binding steps. Any type of virus may be used
in the cont'd PEESERE® 9 EREEBRE °B@’sgNehYi®it nmay be a DNA virus, and in
particul ar a bacteriophage (phage), which is a virus which attacks

bacterial cells, but other DNA viruses or RNA viruses rggé al so be enpl oyed.
Thus, geneMalPPditReRn ithEs SHPFESHEP™ "PRAGENY Jvdety” partd &P any
moiety which will bind to a target, especially a polypeptide or

15 protein, which may be for example an analyte polypeptide or
protein, but may also be another polypeptide or protein, which

is utilised in an immunoassay as part of the detection system.

The nucleic acid of the virus acts as a label, which may be

20 detected using any of the known nucleic acid detection methods,
in particular by using amplification reactions such as the
polymerase chain reaction. However, the advantage of using a
virus as compared to any other labelling technique is that a
wide variety of binding moieties can be included relatively

25 simply using techniques known for example for the production of
recombinant viruses, such as phage display libraries, and

without the need for additional binding steps.

Any type of virus may be used in the context of the invention,

30 so that it may be a DNA virus, and in particular a bacteriophage
(phage), which is a virus which attacks bacterial cells, but
other DNA viruses or RNA viruses may also be employed. Thus,
generally the virus will be a phage, and in particular a
recombinant phage.

35



reconbi nant phage. 35 WD 2004/ 079369 PCT/ GB2004/000865 3 In particular, the
Virus w Lse a reconbi nant phage, which has be f so that
Qoa%ogﬂg{l%%ﬁ Pt/ ERID L Bi0RE

expresse ays a specific binding noiety such as an 1 mrunogl obulin
for instance, an antibody, or a binding fragnent thereof. However, the
virus 5 may be transfornmed to express any protein which may be of use in an
| mmunoassay, including target anal ytes or anal ogues of these, even where

t hese are nbt pefrtipelammitheglvébus i wiildugemprhid \2 resswhindrdr whage, whi ch nay

use these rgagentss HBY, t{ﬁ@g&ﬁ&;&% HagonysnddQualy, S@fés;élfgggr@ known in

i mrunol ogy. For exanpl e, / y be used in both sandw ind conpetitive
type assaysSPeRHfdC Phediny aeiebl PHBViededn alminesdobuldetian ingtarceanal yt e

in a sanplg SRIHd.AF! hOd L£YTRKLSE NE-GRBRACEANIE A1 duSREIRLE WhiNyAryslD
virus, which expresses and di splays a binding noiety, such that the virus
forms aSconfePenttans frrmadtt 8xpressn 2K aPERRRLD Whacbdray de afbpsrliing

partner forad hemaRahyisy, and1hBdhg iR geCOMRARK dY BYSaRE] Betriidd a
surface, depending upon the presence or absence of analyte in_the sanple,
det ecti ng tHEERUhEFeskirE @reapSete he aAMARIE PV pdswrrRi@isYr f ace, and
relating that to the presence or absence of analyte in the sanple. The

nucl eic acid detected is suitably a nucleic acid which is 25 characteristic

of the virudssufornate i BemaBisnddsye rI3gantts RR¥rRe @y pEehce of
any nualeei ccaiidethtWohhl | 80 £28rmb hidtowhl KHSiRATMAIRRY . I eF&H N8dmBle | Nehssur f ace.

In such cases, the nucleic acid may be detected for exanple using a dye,
such as etTRYREMIBEB i RIL I SRPBYHIS aR8 BRI 18E) £¥BF \2SSENE-virus i s

i ncubated in the presence of the surface

Thus, the invention provides a method of detecting an analyte in
a sample, said method comprising contacting said sample with a

15 wvirus, which expresses and displays a binding moiety, such that
the virus forms a complex with the analyte or an analogue
thereof, or a binding partner for the analyte, and that the
complex binds or does not bind a surface, depending upon the
presence or absence of analyte in the sample, detecting the

20 presence or absence of a nucleic acid on the surface, and
relating that to the presence or absence of analyte in the

sample.

The nucleic acid detected is suitably a nucleic acid which is

25 characteristic of the virus, but there may be some assays
formats where the presence of any nucleic acid will indicate
that virus has been retained on the surface. In such cases, the
nucleic acid may be detected for example using a dye, such as
ethidium bromide which binds to DNA.

30 ’
Suitably, the virus is incubated in the presence of the surface
for a sufficient period of time to ensure that it binds to
available binding sites on the surface, for example to any
analyte present on the surface to form a bound analyte/virus

35 complex, or to any binding reagent which is not occupied by

analyte from the sample. For example, the incubation may take



for a sufficient period of tine to ensure that it binds to available

bi ndi ng sjtes the surface, for exanple to any analy t he
surface §%6F%¥ﬁﬁgagound anal yte/virus 35 conpl ex, or to£§ﬁ@ﬁ§ﬁﬁ@$%§greagent
which is not occupied by analyte fromthe sanple. For exanple, the

i ncubation may take WO 2004/ 079369 PCT/ GB82004/ 000865 4 place for a period

of from5 to 60 mnutes, at appropriate tenperatures, such as from 25-40C,
for instancgléde @dRUE Sd3od At Eroh B o BOURRALIES, BReagprd@eatiencl udi ng any
i mmobi lised 5 complex Is separated fromthe virus suspension, for_ exanple by
renovi ng t hESRRSHRSUEHE petitGio @SahBoMedhi4Ct HO s dnFhRRce afhepPeuFt31°C-a
nucl ei ¢ acid sequence, and in particular a nucleic acid, which may be a DNA
or RNA, which is characteristic of the 10 virus is detected on the surface.

In a sandwi BRteY FE18s3B5WPaHEOY Fie SHERCESIRREIPHGENY s1makiddred so t hat
it Wl i ndof@1edn i8NaLyLeatid BirBm s RBast Susgetidion, CoaP| &ampAef byt her

bi ndi ng reagent for the analyte is 15 imobilised on a surface. \Wen the
sanpl e i s cOARANEIED thft FiEte SUSBEPSERN iaRndt KRS dliCe SBFERFR- virus, the
conpl ex of analyte and virus becones bound to the surface. This may then be
separated fromthe residual sanple. Detection of, viral nucleic acid,

retai ned onTPHeeafieFac® PEISIG 25T EWE Re PRESENEETEFCRIRY @ SUCHBI% t hi n

the sanpl e. aéid A wWniRhCaRAy GHREDNAI ¥ HNEPEwASERYis &Haradtas: Siergert ther an
anal yte, or the analyte or_ an anal ogue thereof, is imobilised on a

y
sur f acet? 25VREIY d&d IREPEFSH AhEREXPIEAG 0N "anal ogue” refers to a noiety
that will bind to a binding partner which binds the anal yte, even though it

may not be of precisely Lhe sane seguense.or,, lTACLULe AS L g anal yte. Tt

selected so that it will bind to an analyte within a sample to
form a complex. A further binding reagent for the analyte is

15 immobilised on a surface. When the sample is contacted with the
surface in the presence of the virus, the complex of analyte and
virus becomes bound to the surface. This may then be separated
from the residual sample. Detection of viral nucleic acid
retained on the surface is indicative of the presence of analyte

20 within the sample.

In a typical competitive type assay, a binding reagent for an
analyte, or the analyte or an analogue thereof, is immobilised
on a surface.
25
As used herein, the expression “analogue” refers to a moiety
that will bind to a binding partner which binds the analyte,
even though it may not be of precisely the same sequence or
structure as the analyte. It may, for instance, comprise a
30 particular epitopic region of an analyte, which is bound by a
specific monoclonal antibody, which therefore acts as the.
binding partner. Thus an analogue will “mimic” an analyte in

the context of an immunoassay using a common binding partner.

35 A sample, to which a virus that expresses and displays a binding

moiety for the analyte or analogue is added, is contacted with



30 particular epitopic region of an analyte, which is bound by a specific

nonocl on t] , wWhich therefore acts as the. bindj t Thus an
analogueqﬁ??@Mbﬁgﬁgc" an analyte in the context of an *ﬂﬂﬁﬁ%@§@§®&53|ng a

comon binding partner. 35 A sanple, to which a virus that expresses and

di splays a binding noiety for the anal yge or anal ogue is added, is
contacted with WO 20041079369 PCT/ GB2004/ 000865 5 the surface. Wen anal yte

i's present iHe ihergagp! eWhe'nt aWhh{te cl%eéeemtfhtﬁh% gmﬂ?ﬂél iszedianal yte or
anal ogue for binding to the virus. Thu €SS Vvirus w be retai ned upon

the surfaceS Om%#&nwﬁbﬁlﬂ‘%émﬁélch%%j aF’al’]réftﬁn%l’F Ve legye pfFis dHndingt e

sanpl e. 5 Tines vieddCt i Biud,n 1leke ﬁﬂﬂwﬂwﬂﬁ bet aéfithedl (1PSn CiHie Reardetected in
accordance ¥ch t he |nvent|on ¥ anagﬁcé g t he surface for the presence of
a nucl ei ¢ acial prasenteithe [585§i 1H5° | Ml 2T RIEPTRT chiddts SRR e ype

assay, & biTwlisngenaagesh frofthelBmblie: aFakyteinsd iviFabi Lasask QetkBeesur face.
In this casg, the bindin nDietﬁadls Iayed on the V|rus Is a specific

bi ndi ng patt ASCORARRRS | & e tOE LUVEY 1Rt OY t 25 Pds ThF t RSPy £8% f or

bi ndi ng to the pgrieeehtki st hivrdeng dcirppibsedbeid ase virws. DNA detected on
the surface after separation fromthe sanple, the 15 nore analyte is
present. Particul ar exanples of analytes in this case are i munogl obul ins
such as antibe e&tenhhcivm&pmbetltt&ﬁé tlypenadsagin@sbinaingirseasatr for al |

cases we i C. ac1 d of the vir acts_as 20_defectabl e and specific
el 0 o Eid, aRliEerdd iR LR T henSuREttR T od bR FEr oFlfpl o an
anplifi cat |lo)indue:@ctnbdlat§slm“rspa.<ayed mlmwasesctmm speatfiorbiordiBGR r eacti on,

whi ch nay be t:seeC|&|c forgé artlcqih 4 vkrus n%%lelc Cld Ua gification
of the anal JRETIH PREE IS 5D BIME tudl ngo RS- 8x 4ib GuaRtitative
PCR et hodshirabsingr €oweh¢ kmehilised Heirmiking tea@erpart mhalmssnﬁmdisnem, t he

I nvention péé% é% % onnghéug%rf%ce after separation from the sample, the
15 more analyte is present. Particular examples of analytes in
this case are immunoglobulins such as antibodies, which may be

useful in diagnosis of disease.

In all cases however, nucleic acid of the virus acts as

20 detectable and specific “label” for the binding moiety, and may
be detected using for example an amplification reaction such as
a polymerase chain reaction or PCR reaction, which may be
specific for the particular virus nucleic acid. Quantification
of the analyte in the sample is possible using for example,

25 quantitative PCR methods, as are well known in the art.

In a particular embodiment, the invention provides a method for
detecting an analyte in a sample, said method comprising
contacting a sample suspected of containing said analyte with a
30 surface having immobilised thereon a binding reagent which
either (a) binds said ‘analyte, or (b) comprises said analyte.or
an analogue thereof, and a virus which expresses and displayé a
binding moiety that binds either said analyte or said binding
reagent in competition to said analyte, separating said surface
35 from the sample, and detecting the presence of a nucleic acid

sequence present within said virus on said surface, wherein at



detecting an analyte in a sanple, said method conprising contacting a

sanpl e SW&?@%}B%;;QJ containing said analyte with a 30 sy@,{.&ﬁoog@ﬁfg%nal yte,

i mmobi | i sed ereon a binding reagent which either (a)

or (b) conprises said analyte or an anal ogue thereof, and a virus which
expresses and displays a binding noiety®éthat binds ei ther said anal yte or
said binding reagent in conpetition to said analyte, separating said
surface 35 ieagh the slnphe bimddnderezgdntgorhthereigeting vbietynusl eic acid
sequence preseiis i\ %g &‘:’L&EHS on said surface, wherein at WO

2004/ 079369 PCT/ B2 0865 | east one of the binding reagent or the
bi nding noiety is specific for the analyte. In particular, as discussed

above, DOt Mk Nedumeibk oo dlsadlogy $hd2085kn VML ol 10 pRkeLy DI nds

t he anal ere analyte 1Is present in the sa rma conpl ex
in the nprﬁagenﬂwéndn‘ah?tkélmﬂl@@ Betee Hibdanthe cﬁrtaieftm noWVhere @agéwke on t he

surface. Wien SRachir iACed Sh@RY ok VA EBEn Sa M1 RouRCkp il vi rus
conplex will remain, and give a positive result when viral nucleic acid

i s assayed Fbf.aredaver 3bsg bageses Peend demphe lél?dé%lﬂ%treé@ﬁ%u% theget

anal yte, viggsfhiandi wgem&; Yur £9BE Ci baeﬂg%eaoffé}@tthteaagﬁﬁlén%%e will not
becone associated wth the surface, and so w | not be tectable. 15

Al t er nat i veRJal¥ifd VEFHBLFITRIEE Wihdi FRMGGagand 9ivens BRELBHIR T6FUlEhe

anal yt e,o Whijgdn NiHaGS nhbfe ANAN L 1k NaddiR/cBCRSL, t NnvelrsWhl] wHiRdthe the
bi nding noiety of the virus in conpetition with the analyte. Thus the

bi ndi ng noi %?’ilpjﬁ [doeBi ARt eFATHEH Dt haT Sfialaed i, Y%%Pﬁaﬁﬁ@g MAGENt but not

both. In thyBi&a¥ndsheo SHEY @aZget SamiBier ably ddicweabrd Mddrikiheqavirus
prior to contact with the surface. During this step, any analyte present

will form a"torpifeRURFEFP1 [ SRAY it rﬁﬂteP? deteHEX B rus, bl ocking the

bi nding of the virus to the imobilised binding reagent on the

15 Alternatively, the immobilised binding reagent is an analogue of
the analyte, which mimics the analyte in the sense that it will
bind to the binding moiety of the virus in competition with the
analyte. Thus the binding moiety will bind either the analyte
or the binding reagent but not both. In this case, the sample

20 is preferably incubated with the virus prior to contact with the
surface. During this step, any analyte present will form a
complex with the binding moiety on the virus, blocking the
binding of the virus to the immobilised binding reagent on the
surface. As a result, the complex will not be retained on the

25 surface after washing and so the amount of detectable virus
nucleic acid is reduced. In the absence of analyte, the binding
moiety of the virus will be free to bind the binding reagent,
resulting in a large viral nucleic acid “signal” being retained
on the surface.

30
In some cases, the immobilised binding reagent binds the
analyte, and also the binding moiety on the virus. In such
cases, where the analyte is present in the sample, both the
analyte and the binding moiety will compete for available sites

35 on the surface. As a result, the amount of virus/binding moiety

that is immobilised on the surface is reduced by an amount which



surface. As a result, the conplex will not be retained on the 25 surface

af ter washy o the anobunt of detectable virus Ci S
reduced.sﬁgegﬁ@%ggience of analyte, the binding nnletyﬁéfk$ﬁ§MG$Wﬁ§ will be

free to bind the binding reagent, resulting in a large viral nucleic acid
"signal" being retained on the surface.730 In sone cases, the imobilised
bi ndi ng reagent binds the analyte, and also the binding noiety on the

virus. In stihtesageSthaidneehbatit YeahSl BLSONkhe Nsddiflesanpbgin bot h the
anal yte and. tQ&@blndlng ﬂDleté wil | conggte for available sites 35 on the
surface. As-™h WeSufEser HPSaRBERENST IF POSY R NA%ST BBt S¥PIEE i s

i mobi | i sed*siyriahe Sﬁérﬁaﬂ% WSr&EtunsEekilkyaaid aoumdivht e W 2084/ 079369
PCT/ GB2004/ 000865 7_relates to the conﬁentratlon of analyte in the sanple

Again, in RFH%EEsE 7 FedBntR® SFBAFY a | ower than expected "signal "
fromthé viral nucleic acid is indicative of the presence of analyte in the
sanple. 5 Thiss assay can . be e ly sensitive, (Pund sj gnal s,
which are a th’ciagt?%% RN g’éﬁlf‘? hal” P ‘ﬁ%a ﬁﬁ ‘Fl’f)‘ﬂ'g“ E4AP34T r educed.
The analysiwhicmseké a5s6ﬁna£edeaﬂtmycanyehtméﬁ&mi1mmmnohbeaywmathodan dxh

engi neer ed g0 canprise whatever seaquen s 10 convenient tection is
entirely inaeepenrre ’E(/)m taﬁ’efyﬁla? ﬂllr{és’ecoifg %%é“%ﬁm’??é 'IL °%rﬁgﬁﬁ§ raesagent
may be anyiﬂ&aq&mﬁsttﬁm buIdnghneehéd)toanamyrise k&aﬁaaéytsﬁquyneeQEQeralIy
protel N9 OTcBRIMERL! defe TLRLERLon ATRLES M L diB RELYPARLL GRS, O Prot el s
that are assot] a "W or “par ho @@nl Brganlsnﬁéuc as a virus,
bacteria nature of the analyte.

The binding reagent may be any reagent that will bind to
analyte.

15
Analytes are generally proteins or polypeptides. Typical
examples will be polypeptides or proteins that are associated
with or part of a pathogenic organism such as a virus, bacteria
or bacterial spore such as anthrax or anthrax spores, or a

20 protein which is indicative of a particular disease state or of
exposure to a particular disease, such as an immunoglobulin for

instance an antibody.

Preferably, where the binding reagent binds the analyte, it is

25 specific for the target analyte. However, it may be relatively
non-specific, for example Protein A, where the target analyte is
say an immunoglobulin such as IgG, provided that a binding

moiety fused to the virus is specific for the target analyte.

30 Suitable specific binding reagents include antibodies or binding
fragments thereof, as well as lectins. Antibodies may be

monoclonal or polyclonal, but are preferabiy monoclonal.

The binding reagent is immobilised on the surface using

35 conventional methods. For example Protein A may be used to bind



or bacterial spore such as anthrax or anthrax spores, or a 20 prot ei n which
is indicativ particul ar di sease state or of exp rticular
di seas’e,%u?c?ﬁ‘mggs%n i mrunogl obulin for instance an anﬁ’%‘;wgﬁ F@r abl y,
where the binding reagent binds the analyte, it is 25 speC|f|c for the
target anal yte. However, it may be relatdvely non-specific, for exanple
Protein A, where the target analyte is say an inmunogl obulin such as |1gG
provi ded t hatiBodd ¢¥lidig bifaipg yEfdigedts ovhiivd Unelsdé stispae kegidmor the
target analyte. 30 Suitable specific binding reagents include antibodies or

binding fr ﬁﬁgﬂ 5§ thereof, as well as lectins. Antibodies may be
nonocl onal or polyclonal, but are preferably nonocl onal . The bi ndi ng reagent

is imobili op t he surface usin nyent i_onal tho For xanple
Protein A rr'%‘y Berﬁ%ceed R fan?inwof%& 6’% 5&7’/ (%\é %556%“? “Fnti bodi es
or bi ndbng dff agneatisiadhipdhtinct udd 1t, hEoF cinstginor anhmsmﬁ plahe swurface may
be any con en surf eactio | ate or

wel |, for :‘%srl?én%% %aHnJJ%E%g %ﬁg?a?so%ngh ,J# n%%%etgao%?agdngto%be slpsnl?gh as
magnetl Cc beadd, asrcaigifioasrepenistariesaghteh |adeosgedeibr carespdhi th are used for
exanpl e in 4 C st he Wher e
appropri ate, glssletﬂéié é\/\%ﬂl hégfségho%s (?%%ug{)e %\6%%% ?JI:']%A' ?’\erjia%genﬁﬁéﬁs3 may be

"bl ocked", dpwropraaty.e siitel phmrmaresugh @ss:dpomn@l’s}erb.mndlabmeerm m | k
proteing or, b P9l eijl a h he £ e hese, as
is con\@entl 0 afo in t art lfgg g)}arll'@)alesa'IL qﬁ%%ges%%ga{/g, )B{oh}%g%a%l% is

first inculsdbugini eh ntlﬁéi paFede drorigh pxmhwdnyﬂlﬁlﬁ@h@ntort 0 ensure that any

anal yte pr d a For
exanpl o, th%téﬁ% O e RC e O PP a ! acked it ey, o ne
ar

15 In a sandwich type assay, the sample is first incubated with the
surface for a period sufficient to ensure that any analyte
present becomes bound to the immobilised binding reagent. For
example, the sample may be incubated with a blocked antibody-
coated ELISA plate for a period of from 5 to 60 minutes, at

20 appropriate temperatures, such as from 25-40°C, for instance at

about 37°C.

The virus may be added prior to, during or after the incubation
period. Preferably however, after the incubation, residual

25 sample is removed from the surface, which is then washed to
remove any unbound analyte, before the surface is then contacted

with the wvirus.

The virus is suitably added in the form of a suspension. The

30 surface is incubated with the virus suspension for a period of
time sufficient to allow the virus to bind to analyte on the
surface. After that, excess virus suspension 1ls removed and the
surface is washed before viral nucleic acid on the surface is
detected. If necessary, the virus can be released from the

35 surface, for example by boiling, before the detection reaction

takes place.



coated ELI SA plate for a period of from5 to 60 mnutes, at 20 appropriate

t enper at as from 25-40C, for instance at abo C. The virus may
be added"*vf)(rg?(E)OF”%?%99 during or after the incubation perlgéT/%lglz%q“@P% y

however, after the incubation, residual 25 sanple is renoved fromthe
surface, which is then washed to renobvegany unbound anal yte, before the
surface is then contacted wth the virus. The virus is suitably added in
the formof a suspension. The 30 surface is incubated with the virus
suspension for a period of time sufficient to allowthe virus to bind to
anal yte on Theranfdcpdes, e dlrpfiagsedideshe Metheddspanseerrtisaptnoved and

t he surfacgnagse Was BRdeROf YR sVhI Bindiify Bbfeefi tbORNENENSINEACE the
det ect ed necessary, the virus can be released fromthe 35 surface, for

exanpl e by BbR4ingg; reB%?%‘F dhate 15eFRttatdy ReBREF0ic PARSLING RATgnepp In
2004/ 07%369 Eﬁﬂ@%@%ﬂ&oﬁﬁ%m@clmmrn@ pHl-Bfer tiQ1VibasSried sAnghe net hod

is a reconblnant phage which expresses bi ndi ng noi ety for the anal yte or
the bindi ngP#Eagastabhattragmentt abi3p é"@b’@%‘i‘iﬁ E%di ng partner. In 5
particular, the specific binding partner will conprise a single chain
variabl e fragnent. of an anti body gscF . [Reconmbj ngnt phage expressi ng

bi ndi ng noi B ‘F‘E%b%?&;r/‘thh?ﬁ%cﬁi‘é’éﬁs 11T HFrEdRg SMITIES MRY hRiProgdiced wel |

known in thespi@dsalveatiodd) alethbage dJ hsawees HwnPRagendlimRlaarsias
di scussed abgve (seg for exanple Antibod g/l neer,i n R, Konterman & S.
i bary

Dubel bra¥ e Al Bha%rq et a?g‘sc SFPT rPRieddFBR Y g,
2001). I-bV\BNﬁl’efdmﬂSllbaAntﬂdey BugSnéeninge HSekbritermaaddce. aidten (yges of

{nejffl”b' nant V1 IURSS 1ab 1385 SSUEH &S R1SZSS 4 108300831 19b Yoy . as
However similar techniques may be used to produce other types of
recombinant viruses.

15
Viruses such as phages may be added singly or as multi-
specificity mixtures, where more than one analyte is being
looked for. In the latter case, detection of multiple nucleic

acid sequences, each characteristic of individual viruses is

20 carried out subsequently.

In one embodiment, the nucleic acid sequence of the virus is
detected using an amplification reaction, for example a
polymerase chain reaction (PCR). In this case, reagents,

25 including primers, polymerases, nucleotides, and buffers as are
well known, are added to the surface, and then subjected to
thermal cycling as is conventional, in order to amplify any

target nucleic acid sequence present.

30 The amplification product may then be detected using
conventional methods such as gel electrophoresis, followed by

visualisation using dyes.

Preferably the amplification reaction is carried out in such a
35 way that the amplification product generates a detectable

signal, and in particular a visible signal, for example a



specificity mxtures, where nore than one analyte is being |ooked for. In
the latter case, detection of nmultiple nucleic acid sequences, each

char act eYQ2M/084369 ndi vi dual viruses is 20 carried out PELIGBAN4HMSEY. | n one
enbodi nent, the nucleic acid sequence of the virus is detected using an
anplification reaction, for exanple a pgjynmerase chain reaction (PCR). In
this case, reagents, 25 including priners, polynerases, nucleotides, and

ouffers as aherotebhe koo aLe A048044As Qs.swngggﬁ?gyndféﬁas@ssw% cted to

thermal cycling as I's cohverition order to a any target nucleic
aci d sequerkzoducesench SErpls anpl kridwmathobherasduct They mawemtididet ect ed
using Cconv&nij.onpal g&%w% UG it @t P 8lgeRLEC r ¢ft&rcd Qlds Y

vi sual i sation dljesi ngS yes. F_‘rN%f era‘gﬁilggt.ﬁg anp%tlﬁﬁglpg%t ?gn ]'Fceact_ilo}%egls, EE:Iar ried
out in suchich3smipfiyradiaticneandtartical pohy prlowrescgeneratiasiandat ect abl e

si gnal, sandyidhdaar theuh&fe A Wikl PAE, $rQnah e f Ol A6AMRAE 312004/ 079369
PCT/ GB2004/000865 10 fluorescent signal, as It progresses. Many assay

formats t hattrandsdub¥A e & vsilgnas sk ABANPY Hnetsewhi€h Imedyadgay utili se

reagents sugh:aesENA:biswhing agefheSUchuadetdt &CRALLOG RS gyWhi ch emi t
radiation and particularly fluorescent radiation at 5 greater intensity when

they are i nfeEnefest éBET htardipabttculanlynféHorpecerds ragptranis §5es88s and
primers whighyid¥eh-UdprpF) Uorescent |abels, arranged to undergo fluorescent
energy transfer (FET) and particularly fluorescent resonant energy
transfé® (FRET). 10 There are two commonly used types of FET or FRET probes,

those usi nghdBedi@kyehs QmidnilehsediyheBl 8PEBET QrS @RAT G EoERNOENEEOM
acceptor, and those using hybridisation to alter the spati al
using hydrolysis of nucleic acid probes to separate donor from
acceptor, and those using hybridisation to alter the spatial
relationship of donor and acceptor molecules.

15
Hydrolysis probes are commercially available as TagMan™ probes.
These consist of DNA oligonucleotides that are labelled with
donor and acceptor molecules. The probes are designed to bind
to a specific region on one strand of a PCR product. Following

20 annealing of the PCR primer to this strand, Tag enzyme extends
the DNA with 5’ to 3’ polymerase activity. Tag enzyme also
exhibits 5’ to 3* exonuclease activity. TagMan™ probes are
protected at the 3’ end by phosphorylation to prevent them from
priming Taqg extension. If the TagMan™ probe is hybridised to

25  the product strand, an extending Taq molecule may also hydrolyse
the probe, liberating the donor from acceptor as the basis of
detection. The signal in this instance is cumulative, the
concentration of free donor and acceptor molecules increasing
with each cycle of the amplification reaction.

30
Hybridisation probes are available in a number of forms.
Molecular beacons are oligonucleotides that have complementary
5’ and 3’ sequences such that they form hairpin loops. Terminal
fluorescent labels are in close proximity for FRET to occur when

35 the hairpin structure is formed. Following hybridisation of

molecular beacons to a complementary sequence the fluorescent



rel ati onship of donor and acceptor nol ecules. 15 Hydrolysis probes are

conmmer ci i.labl e as TagManN probes. These consis
ol i gonucle‘;e(%)%l Ogé?b% at are labelled with donor and acce%(f"gi; Wg(gﬁ? The
probes are designed to bind to a specific region on one strand of a PCR

product. Followi ng 20 annealing of the RAGR priner to this strand, Tag enzyne
extends the DNAwith 5 to 3 polynerase activity. Tag enzyne al so

exhibits 5'1&&13‘ aexomm&e assd i FRETY dodaghstn Dddui-obasd afeis Foekhecied at
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If the Tagl\’& tbridised to 25 the product strand, an extending
Tag nol ecul e may aI o) hydrol yse the probe l'iberating the donor from
accept or
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FRET dq

| abel | e
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s not occur, and this forns the basis of detection. Pairs of

ol i gonucl eoti des may al so be used. These 5 hybridise in close

eusmga cation prinmer with a
Particular examples of such methods are described for example in

WO 99/28500, British Patent No. 2,338,301, WO 99/28501 and WO
99/42611.

WO 99/28500 describes a very successful assay for detecting the
presence of a target nucleic acid sequence in a sample. In this
method, a DNA duplex binding agent and a probe specific for said
target sequence, is added to the sample. The probe comprises a
reactive molecule able to absorb fluorescence from or donate
fluorescent energy to said DNA duplex binding agent. This
mixture is then subjected to an amplification reaction in which
target nucleic acid is amplified, and conditions are induced
either during or after the amplification process in which the
probe hybridises to the target sequence. Fluorescence from said

sample is monitored.

An alternative form of this assay, which utilises a DNA duplex
binding agent which can absorb fluorescent energy from the
fluorescent label on the probe but which does not emit visible
light, is described in co-pending British Patent Application No.
223563.8. Any of these assays may be used in the context of the
assay method of the invention in order to detect the target

nucleic acid sequence.



adj acent probe. 10 Other nethods for detecting anplification reactions as

t hey OC%Z@QBF‘%E@M however, and any of these may be W%&f@@@%'ﬁfu' ar

exanpl es such net hods are described for exanple in British
Patent No. 2,338,301, WD 99/28501 and WD 15 99/42611. WD 99/ 28500 descri bes
a very successful assay for detecting tH& presence of a target nucleic acid
sequence in a sanple. In this mnmethod, a DNA dupl ex binding agent and a
probe speciMany Pdr thesal LGavar get kecqasnted duk dddedquantimtdygphannekhe

probe conprj A%V C e E56F from or
donate fI u%%gs%cgﬁtlienerélygtnggégi %mggue}lg@@b?%g?ﬁ%gg%nt. %&?s m xture

i's then subjimaddfrenarhampliféettion méseeromt AeaRfcpnce durdngnerdtei ¢ acid
is anplifi e@ycl%n@fceﬂélérﬁ%ﬁiﬁatﬁiwm‘ééi@é. eigyea rdyihgo @ takter the

anmplification process in whic he probe hybridises"to the target sequence.
FI uor es@enceedqtdfnsap dthisaiwple FRe msaunsr el vissaPresant i vk her Arefacehi s

assay, Whi cilapitdel Hesrmidd¥) dHpl €Xis IRybbadidithREERb ¥hL Cihndi@dR 8bsorb
fluorescent energy fromthe fluorescent |abel on the probe but which does
not emit vidiPvee PrefRnt i §bsceriEdalnsa®R¥endi ng British Patent
Application No. 223563.8. Any of these assays may be used in the context of
the assay nethod of the invention in order to detect the target 35 nucleic
aci d sequenth® PADL20BMID AFIHSNPETPEEIG0HLDODSFect2dMBRY RY afese assays can

be carniced hHrddtedi Stiodtddadeh¥e FRMELheRSinS WolhrekBOMELd BeBerfEdty f OF
exanpl e by npnitori ng t he si gnal fromthe anplification m xture at |east
once duringVEHSes 8YEI e WhERENPPIFY c ERED IR RS PBY. SBIURGS PR out the 5

reaction i ngidHis: BAY, phdte AFRENE, Ofs WelUSaPrase Heq@BntBCesdididgethe
complementarity determining region (CDR) of the scFv, the
“scaffolding” for the CDR of any recombinant virus, or other
15 sequences introduced into the recombinant wvirus during its

preparation such as antibiotic resistance genes.

If desired, specific marker sequences may be included in the

virus in addition to those coding for the binding moiety. They
20 may be introduced into the virus at the same time as the binding

moiety, for example fused to the sequence encoding the binding

moiety, or may be added in a separate transformation operation.

Where multi-specificity mixtures of viruses are used in the

25 assay, then it is necessary to detect sequences which are
characteristic of each particular virus, in order to determine
whether specific analytes are present in the sample. In this
case therefore, it is necessary to detect sequences such as the
sequence encoding the scFv itself, or a specifically introduced

30 marker sequence, as discussed above.

In this case, sequences common to viruses or recombinant
viruses, such as phage DNA or RNA, or antibiotic resistance
genes, may also be detected. Generally, there will always be

35 some carry-over of viral nucleic acid, which can be used as



may be determned, and this may be related to the anount of

anal yte present

in the oyl | e. The particul ar sequence of the virus detected may be
any 10 cﬁ§?§@@§?§§?rc sequence found therein. Were sinEWBG§HQéPWPEity
viruses are used in the assay, this may be any sequence found wthin the
phage itself, as well as the sequence enlbding the conplenentarity

determ ning region (CDR) of the scFv, the "scaffolding" for the CDR of any
r econbi nantinvienrsl gefetérge Fequencrmc ensiuningduedd that BCR reeacdonbhamnt

virus duri”QréééédeﬁrQggééﬁffgle§¥9h as antibiotic resistance genes. |f
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i nternal re§egeiCeeseUUEISeSshe@BSHRE NveNahgthe JR1epact i on has proceeded
appropriately. In this case multiplex PCR reactions using different

signalling 5 reagents or systens nmay be enpl oyed in order

to detect the

Alternatively the assay is designed such that the amplicons

15 produced by different PCR reactions hybridise to form duplexes

or destabilise at different temperatures. Melting point

analysis, for example using intercalating dyes that exhibit

increased fluorescence when bound to double stranded DNA

species, is a well-known technique. By adding such as dye to

20 the reaction system, either during or after the assay process,

and by monitoring fluorescence with a controlled change of

temperature, the temperature at which the duplex structure of

the amplicon breaks down or reforms can be determined, and this

can be related to the presence of the particular amplicon and

25 hence the particular virus which has bound.

The assay system of the invention thus provides a useful and

reliable assay method.

30 Kits for use in the assay method described above form a further

aspect of the invention.

In particular, the invention provides kit for detecting the

presence of an analyte in a sample, said kit comprising solid

35 body having immobilised on a surface thereof a binding reagent

which either (a) binds said analyte, or (b) comprises said



vari ous sequences which are produced. This nmay be achieved, for exanple by

| abel l'in primers used in the anplification I iLng
di fferen%&%@?ﬁ?ﬁ%{ or exanple, |abels which fluoresce %\&&%@2@@99
wavel engt hs. Exami nation of the signal 10 from each | abel, for exanple at
each of the different wavelength, is theh carried out, if necessary with

appropriate signal resolution where the wavel engths overlap. Alternatively
t he assay i sndégigymed asuehatdmte thereedl iasche tirys.oducbdadye di fferent PCR

reactions hyRebahSe 40 giqg%,?) Wcﬁxéﬁpr@ésé%e%hébhlléﬁﬁgi%tnadﬂairflé‘irr{%“hoiet

tenperatures. Melting poi anal ysis, for exanple u g intercal atln% dyes

that exhi bi eithekrmiseanalyer ccende Mhingogaadent doulsPEPSEtaivede #0DNA

speci es, issgig\eclulléllyygwm techni que. By addi ng such as dye to 20 the reaction
system either during or after the assay process, and by nonitoring
fluorescence with a controlled change of tenperature, the tenperature at

which the dggkexnstdiied, UhBepd tHBuaRREd GR3 BiRaks) dawntaerdsf ¢f ms can be
determ ned, and this can be related to the presence of the particular

anpl i con an@ipgirgiceadené pakeh Qirde RILSLIRRYER. Hele PuHE. SYH@Pd¥say system

of the invegkppassdy sl ngpfaz,saapsgﬁ&&ngamrthefif&&Qh@sgﬁaly&t,h%@l- a30 Kits
for use in the assay nethod described above forma further "aspect of the

i nvention. PAPPERY iRANtEEr VRECh MiSAE I DRIVAERY X§a9emGr 1At TREtHGiPRe
presenceg of tansai@latAyje.a sanple, said kit conprising solid 35 body
having i mobi | i sed on a surface thereof a binding reagent which either (a)
bi nds said analyte, or (b) conprises said WO 2004/ 079369 PCT/ GB2004/ 000865

14 anal yte @ntafnatiatedgyewhdes adle, safthde HasUSmmSHICIL s 8hef&D DI nant
phage, which exgresses and djsplays a bindin nDieetQ/naleither sai d anal yte or

sai d bi ndi nBin ﬁ%rﬁe59$néoﬁﬁ%ﬁ {GoFR*{ges elther th yte or an

analogue thereof, the virus is suitably one which expresses and

15 displays a binding partner for said analyte.

Suitably, the solid body is a well in a plate, for instance a
multi-well plate, but it may also be beads such as magnetic
beads, or membranes, for example cellulose membranes as found in

20 conventional dipstick type assays.

The kit may include more than one type of wvirus, in particular
recombinant phages, for use in multi-specificity assays as
discussed above.

25
Possible additional elements of the kit comprise reagents
suitable for use in the detection of the nucleic acid sequences.
In particular, the kit may comprise intercalating dyes, primers
or probes for use the detection of the particular nucleic acid

30 sequences as discussed above. For example, the kit may comprise
primers which amplify sequences, which encode specific scFv
sequences, or marker sequences which have been incorporated into
the virus. In addition, or alternatively in the case of single
specificity assays, the kits may include primers which are

35 suitable for amplifying virus sequences, sequence which encode



sai d anal yte. 5 For instance, where the surface has inmobilised thereon a
bi ndi ng &ﬁ?% ch bi nds said anal yte, the virus sui sses and
di spl ays it (i ng partner for the analyte, or a bi ndlﬁn@péé%@%éﬁg%m ch

bi nds said binding reagent in conpetition 10 to said anal yte.
Alternatively, where the surface has i nmidbilised thereon a binding reagent

whi ch conprises either the analyte or an anal ogue thereof, the virus is
sui tably onecaWﬁqﬂdiagpoEssmﬁwsand astihistliay sesidiamtiengepas tuteichf aresai d

anal yt e. %% Bh§e§gﬁﬂfka%ﬁd¥1%§ a well in a plate, for instance a
at e,

mul ti-well € beads such as magnetic beads, or
menbr anes, for exanple ceIIquse menbranes as found in 20 conventi onal

di psti ck typg, |nan1y;5§ éﬂlttawor@cla}ﬂ,@&lgar LR ANGalyBEOpK! U, 1N

particul ar reco hages use in multi-speci i fy assays as
di scussell apmwkifizetlonspirduciddit dirratlyl dabetiakife -t h&oki exazmher i they

reagent's | Shby bl ! el56eddheiColalarl 98015 1 JUEkeha ApldteseauCnoes.

In particular, the kit may conprise intercalating prinmers or probes
for use the detection of the particular nucleic acid 30 sequences as

di scussed ap@yfiJndh 1§X8FPd FrernBRitidly, MTYeCRIPIHAL 1nQﬁhH§r§rdMysC hoafgl i fy

sequences, which encode specific scFVv sequences,” or marker sequences which
have been i at®riRecifdd fo¥ oche paplifimatipn RERMUGomndoWharh enfat i vel y in the

case ofy @i ng;al?ell%‘?ie%'of heLidt asSAsect I loiet SroBYcH NCHUAS REY MR, rmfeéch are
35 suitable for_anplifying virus sequences, sequence which enco e

200410793695 FegdecR2s0drabobds1led Bydnqlyisasngr y%méab'iwrarﬂnqﬁeéu c
resi stance geg®ssMiicBuds&€d above. When appropriate they may include

intercalating dyes or other DNA duplex binding agents, which
form elements of the detection system.

15
Kits may also include intercalating dyes to assist with melting
point analysis, where this is required in order to resolve

multi-specificity assay results.

20 Recombinant viruses and in particular recombinant phages, which
are transformed so that they express both a binding moiety and a
marker sequence, are novel and as such form a further aspect of

the invention.

25 The invention will now be particularly described by way of

Example with reference to the accompanying drawings in which:

Figure 1 illustrates diagrammatically, a sandwich assay
including the invention;

30
Figure 2 illustrates .diagrammatically a competitive assay

including the invention;

Figure 3 is a graph of fluorescence —-d(Fl)/dt versus temperature

35 when carrying out a PCR reaction of the TAQMAN® type;



present in reconmbinant virus. The priners may suitably be labelled in such a
way t hat lification product is directly detect npl e,

t hey na?kﬁﬁgﬁ% %Bfluorescent or other |abels as descrﬂ%@%EB%ﬂggmgéa
Additionally or alternatively, the kit may include probes, which are
specific for the anplification product &®d which are 10 | abelled to assi st

I n detection of product. They nmay conprise single- or dual-I|abelled
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added as a reagent to an assay reaction mixture which may
contain analyte (4), and is in contact with a surface, such as a
bead or well (5) on which an antibody (6) which is also specific

15 for the analyte (4) is immobilised.

On incubation (B), the phage (1) and analyte (4) forms a complex
which is retained on the surface (5), by the binding of the
analyte to the antibody (6). Thereafter, the surface (5) is

20 removed from the remainder of the sample and washed. However,

some phage is retained on the surface, where it may be detected.

In the embodiment illustrated in Figure 2A, an analyte or an
analogue thereof (7) capable of binding to the binding partner

25 (3) of the phage (1) is immobilised on the surface (5). A
sample under test to which the phage (1) has been added is
incubated in the presence of this surface. Analyte (4) in the
sample will bind to the binding partner (3) of the phage (1).
Any phage which has undergone such binding is unable to bind to

30 the immobilised analyte analogue (7) (B), and therefore will be
washed away with the sample during a subsequent separation step.
Detection of phage DNA (2) on the surface (5) following such a
washing step will reveal lower levels than would otherwise be
expected if no analyte were present.

35



invention; and 5 Figure 5 shows the results of an assay

descri be fter for B. cereus spores including r ecting
phage DN%'&%H?/P%@ %andwi ch assay illustrated in Fi gurea])l%;@ﬂg@g&( 1) is
used, which conprises an outer coat, enclosing phage DNA (2). A 10 binding
partner (3) such as an scFv is expressedl"by t he phage and di spl ayed on the
surface at the head of the phage. It is added as a reagent to an assay
reacti on ni Rther agsiayh fomyats @reabassitdleyte ¢alld dred understaphtiacthei th a
surface, sughras a bead or well (5) on which an antibody (6) which is also
specific 15 for the analyte (4) is immobilised. On incubation (B), the phage
(1) and analyte (4) fornms a conplex which is retained on the surface (5),
by the bi ndgRg.9fe the analyte to the antibody (6). Thereafter, the surface
(5) is 20 rmv%d—ﬁomthe remai nder of the sarrpl e and washed. However,

sone phaye : FaAnoar 1 Ags siRg Bagidlusi eermils Isporesected. I n the
enbodi nent illustrated in Figure 2A, an anal yte or an anal ogue thereof (7)
capabl e of binding to the binding partner 25 (3) of the phage (1) is

i mobi | i sedlonPide £orpake (5). A sarrpl e under test to which the phage (1)

has been adge t C te (4) in
the sanple Q?ﬂ X (g%kﬁ)? ﬁ&n%l ngnﬁg par %grgl?%) ggﬂg !%% & ’in

phage whi chlﬁa@emndétgmeilﬁmhlbd rﬂnemglESwwmblvaSt adbedtd:q @easﬁ ‘tfeh]el of

i mobi | j sed_a, 7)

W th thieésa E%%{Jeﬁ ﬁgégﬂs st(ee t}%{ﬁ‘%s"ergg‘(ri ghﬁg%@{ fgdADé%‘Qg )I \é\'%&g ge DNA
(2) on the sueﬁqmac(e'a) 1ﬁotahow€ng atuBtrcaovemsighig tst apywhd slpe\realorttm/ver

| evel s thant uld otherwi se be expected if no anal yte were present. 35 WO
2004/ 079369 “PEHEEER004/ 000865 17 Ot hor assay formats are possible as woul d
be understood in the

The plates were then washed three times with a wash solution
15 comprising 0.05% v/v Tween 20 in phosphate buffered saline (PBS)
or PBST.

A blocking buffer (200ml) comprising 2% w/v dry milk powder and
0.05% v/v Tween 20 PBS was added to each well. The plate was
20 then sealed and incubated at room temperature for a minimum of 1

hour. It was then washed again three times in PBST.

A solution of primary antibody expressing M13 phage (1x 10°
transforming units per ml), wherein the primary antibody is a

25 B.cereus specific single chain variable fragment (scFv), in PBST
blocking buffer was prepared and at least 50pl added per well.
PBST blocking buffer was added to one of the wells in place of

the primary antibody expressing phage as a negative control.

30 The plate was incubated at 37°C for 1 hour, then washed 5 times
in PBST. After drying, 50 pl dH;0 was added to each well. The '
plate was then boiled for 30 seconds to free the phage for PCR.
After allowing the plate to cool briefly, and contents of the

wells were transferred to a PCR tube, together with a

35 conventional PCR mix (18 pl) including M13 phage specific



art. Exanple 1 5 Denonstration of Assay using Bacillus cereus spores 1)
Plate fo |l e (501) conprising a suspension of es (1 x
| o, per W(}O?ﬂ@?@?i |l ed sterile water was added to eac%%ﬁ?dﬂ%lg&g% a

bl ocked ELI SA plate (I nmmulon mcrotitre ELI SA plate) which was then pl aced
in an oven at 37C overnight to dry the sifbres onto the plates. The plates

were then washed three tinmes with a wash solution. 15 conprising 0.05%v/v
Tween 20 i nppheapshatd Sybf@resth, sabedein RBSprdamce’BSEh Ahél ocki ng buffer

(200mL) conpri SiRG 2L W, Vs ik owder and 0.05%v/v Tween 20 PBS was
added to each well }1%%24 p%rgs{t)é:um%ggri " then seal ed and i ncubated at room

tenperature for a mninmnumof 1 hour. It was then washed again three tines

in PBST. A lgalmg' (o] i nt i eXpr eSS

transform nrgﬁ%ni tsﬂge%u%%%%\/%grge%n t )eésp§?ng$y ant P%gé?/n?g&aegféoéo%e? eus
speci fi & si Reghe dAghhCyalemisise foLdgent (scFv), in PBST bl ocking buffer was
prepared an 402k %e@sgeéql%saqlqegt)p.er wel | . PBST bl ocki ng buffer was added
to one of the welfs ih [ﬂ ace'o t‘he primary antibody expressi ng phage as a

negative cogpiofor 380 THe:dplaat eanmsalinguprdssh ;at 37C for 1 hour, then washed
5 times in PBST. After drying, 50 | dH20 was added to each well. The plate
was then boV7?¥dfpor3Brermmdsdéextrrisiea pPhesphage for PCR  After all ow ng

the plate to cool briefly, and contents of the wells were transferred to a
PCR tube, together with a 35 conventional PCR mix (18 |) including M3 phage
speci f i ¥0 WA 0e1eE9oR80e PeaydR20 oYt 000%es flugressent signal SipnnGteen, used in

accor dance %ﬂetsh%asnﬁgﬂi@&:tel&r %ﬁé:é ﬂé?cStc'y'c!?cE' 80Sthe end of the extension
phase. The process was repeated with an increasingly dilute

sample and the results are shown in Figure 3.

15 Negative control samples showed only a small increase in signal
at the end of the cycling process. It was confirmed by a final
melt curve analysis (Figure 4) that the signal from the negative

control was due to non-specific products such as primer-dimers.

20 The results show however that the presence of bacterial spores

in the samples was detectable using this method.

Example 2
Detection Assay

25
For use as a detection assay, a sample is added to a blocked-
antibody coated ELISA plate and incubated at 37°C for 5 to 60

minutes.

30 Thereafter, the plate is washed with wash liquid from three to

five times.

A suspension of filamentous phage expressing an scFv specific
for the assay target is added to the plate, and incubated for 5-
35 60 mins. After further washing (3-5 times), conventional PCR

reagents are added, together with a suitable reporter system



The sanpl e subjected to a series of thermal cycling steps on the 5 Roche
Li ght Cyc | ows: 94C for 0O seconds (nelt); 62C f S
(anneal iirYg)rZB 42057](3?49 72C for 30 seconds (extension phase)ﬁféégﬁﬁg%?%s wer e
carried out. The fluorescent signal fromthe sanples was nonitored once per
cycle at the end of the extension phase® The process was repeated with an
i ncreasingly dilute sanple and the results are shown in Figure 3. 15
Negat i ve costdtolasstngl sbrérereddysinerdiomaf | abawer.-ea¥evwevesi gther at the end
of the cyClidihRLaChStharisntds 6P kAAY B¥i g d1MR BB SHIotEeBNAI VSIS
(Figure 4) té%g)t t he s%ané m\féﬁr;lomthe n gativleﬁ)g contrSF' was é’_tg

non- speci f i Brghegdusnsh sar ITRQMANP| orprotdiepepsobexr) foire inesitu snostiger Heghvever
that the prgsenge 1§@£.erirﬁg $O9LE%Hn ixthfe SAMRLEEMURS, d&jQchapl e using
this method. "Exa eIEe) Det ecti on Assarlly 25 For use as af%let ection assay, a
sanpl e s Rfkafrtt §ha Pvldifdgatanri bodinec sareRPtEONSA PRt e and i ncubated at
37C for 5to 60 mnutes. 30 Thereafter, the plate is washed with wash
liquid fromthree to five tines. A suspension of filanmentous phage

expr essi ng B FEBy C¥pER ifymbers g YinkchaPraguehrapnears Afteerassenpke pl ate, and

i ncubat ed f@irednho3a 6Foddile pBihey fdiren ¥RSNJIGeldtad tdi®skneconventi onal
PCR reagents are added, togther with a suitable reporter system WO

2004/ 07936 FPESEREB2DHA? (0855 1YE® Ty @Figdrehesaldea een dye nmentioned above.
Howevery,g other reporter nmechani sns, for exanple using fluorescent reporter

probes, such as TAQVAN(r) or other probes for in situ ponitoring
It is possible 'to add more than one scFv with different

specificities at the same time, to determine a range of targets.
In such cases, melt profiles may be carried out to distinguish
which one of the scFv is present and therefore has bound to the
15 analyte. If desired, phage sequences or antibiotic resistance
sequences found in the transformed phage may be used as an

internal reference for the PCR.

Example 3

20 Alternative Filtration Assay Format

In this embodiment, a ligquid sample is passed through a 0.2 or
0.45 micron filter, depending upon the nature of the assay
target, and the filter is then washed. Target analyte, for
25 example bacterial spores, are retained on the filter.

Subsequently, a suspension of filamentous phage expressing an
scFv specific for the assay target is also passed through the
filter, which is again washed. Any phage which binds to the
target on the filter can then be detected, by PCR as described

30 above.

Example 4

Detection of phage displaying single chain antibodies directed

against B cereus in an immunoassay format.

35
50pl of 107 B. cereus spores/ml were diluted 10 fold in dH,0 down
an Immulon 2 ELISA plate spores and dried onto the plate at 37°C



may be enpl oyed. The reaction mxture is thermally cycled to 5 effect the

anplifi C%' 7&@‘}@@% he conventional way. The PCR cycle ”‘@(}?g%@‘wmhé‘sh pr oduct

appears nce threshold crossing point) is not correl at ed
with the concentration of analyte in original sanple. 10 It is possible to
add nore than one scFv with different &fecificities at the sane tine, to
determ ne a range of targets. In such cases, nelt profiles may be carried
out to di stavegnight. wiihds émeobilisnad $hEvsparesr evehbe ankhrtichepeflrte has bound

to the 15 afghyhérrdfedesic SdtuPAIE 1SCANEACES QhaDté DEA B nheRd Shance
sequences found in the transformed phage may be used as an internal

reference figmobhélsRantibafie 35 JU-IRTt 8FFHE e 2P REPAY i THF ADSa§PPHmat | n
this enbodinment, a liquid sanple is passed through a 0.2 or 0.45 mcron
filter, dependi Eggupon the nature of the assay target, and the filter is

then washed'PeTRIGEE “afalheR, vadhed5ine g8yl éhﬁé‘étﬁl‘i‘eﬁ' sF8FBsvel) #38et ai ned
on the filtffen bUERRNUENELY, add BtiSREBEI 050, Jfi hamend Bt/ dHdagRaBX Pr €ssi ng
an scFv specific for_ the assgy t%&ﬁ@? Es al so passed t rou%Q the filter,
whichol e adarerasHAkinany SRR e phr e R0 ShRB LRaHedoAt, Rk 10 1 1 o1
Cﬁn thgn blefdietleﬁb@ﬂ. | lI}heEﬁBaﬂé @ﬁ@fabheddixs@aabgweenﬁxamﬂeetﬁn@l ection of
phage di sp i.ng_single chain antibodies diregte agai nst B cereus .in an
i mrunoassa ‘H‘rgﬁtph %Peﬁfli’b'l%a%cg?‘%ii&o@&& E@?rﬁ‘d‘a‘ﬁ &°dFRER tF110 fol d
i n dH2@odovehd &heh Ml PlaReEih SA fhidated ot 57 *andodr 68¢l i) bbetytat e at
37C WO 20041'{h%7%%gge PbCoTL{n %gOﬂ{)gOs(’)pBO@Ses %g the plate. The plate was then

washed in PBS-Tween 3 times, followed by three washes in dH,0 to

remove unbound phage.

15 50pl of dH,0 was then added to each well and the plate was heated

in boiling water for 30 seconds so as to elute the phage.

2pl from each well were then assayed by PCR using phage directed
primers, amplify the lacI gene found within the M13 derived

20 phage. Real-time PCR was performed using a Corbett RotorGene.
Each tris-buffered reaction contained 0.5pM each of forward and
reverse LacIl primers, 0.3 pM of lacI specific TagMan probe, 4 mM
MgCl,. Cycling parameters were 95° for 5 seconds and 60°C for 1
minute for 50 cycles. The primers, probe and target were as

25 follows:

FORWARD PRIMER 5'’-CGTGGIGGTGTCGATGGTAG
REVERSE PRIMER 5’/-TGTGCACCGCTTT
PROBE SEQUENCE 5’- ACGAAG CGGCGTCGAA GCCTG
30 AMPLICON 57 -CGTGGTGGTGTCGATGGTAGARCGA AGCGGC
GTCGAAGCCTGTAAGCGGCGGTGCACA

The results are shown in Figure 5. The results show that 10° to
10° spores per well were detectable above background level, even
35 though the background level in this case was quite high. This

was probably as a result of cross—contamination. There are



overnight. This immbilised the spores on the plate so that they mrrored
the sit i I ich an anal yte was binding an i molyA phody, as
m ght og@brﬁpw@%w;ssay for the spores. 5 The plate m?({fﬁéﬁﬁg\g@{ggﬁ in dH20,
three tines. Each well was then blocked by the addition of 150pl of 1%

bl ot t o/ phosphate buffered saline (PBS) Znd the plate was then incubated at
37 C for 1 hour. The plate was washed in PBS-Tween, three tines. 50pl of
phage suspesirnsd gandsobstoreen/ PBS drsivaddeadss eadhMhe| deniyegndlomien t he
plate was incubaikedsal RAfeih@hyoig fHHNans0 fhalsenkhe PHAgE PeHadd Lt he
spores on the plate. The plate was then washed in PBS-Tvieen 3 tines,

fol | oned byceHeEenESHELLY AIgFRTRE Y sekbiRI b &HiiedPPREYECRITe80BIODf dH20
was then adgded taneaght Wal lrradof e PlRheaibsatieal ed b}/nc}t&iéiheg water for
30 seconds so as to elute the phage. 2pl from each well were then assayed by
PCR usi Pg pPagerdi PResEtic o RERESS dHFPLRY1Rh | £eiregenenttnddedtithin t he
ML3 derived 20 phage. Real -tinme PCR was perfornmed using a Corbett RotorCGene.
Each tris-buffered reaction contained 0.5pM each of forward and reverse
Lacl primers, 0.3 Mof lacl specific TagMan probe, 4 nM MC 2. Cycling
paranmeters were 950 for 5 seconds and 60C for 1 mnute for 50 cycles. The
primers, probe and target were as 25 foll ows: FORWARD PRI MER

5' - CGTGGTGGTGTCGATGGTAG  REVERSE PRI MER 5' - TGTGCACCGCTTT PROBE SEQUENCE 5' -
ACGAAG CGGCGICGAA GCCTG 30 AMPLI CON 5' - CGTGGTGGTGTCGATGGTAGAACGA AGCGEC
GICGAAGCCTGTAAGCGECGGTGCACA The results are shown in Figure 5. The results
show that 106 to 103 spores per well were detectable above background

| evel , even 35 though the background level in this case was quite high. This
was probably as a result of cross-contam nation. There are WD 2004/ 079369
PCT/ GB2004/ 000865



21 shared genes between ML3 derived phages and ML3 derived cloning vectors
used routinely in the lab. The sensitivity of the assay could be readily

i nproved by setting up the phage PCR reaction in a lab that is free of M3
contam nation or by choosing 5 priners specific to phages displaying B.
cereus antibodies. 22 Cdains 1. The use of a virus, which expresses and

di splays a specific binding noiety, as ajsgletectable noiety in a nucleic
acid 5 anplification assay for detecting the presence or neasuring the
concentration of an analyte in a sanplecj2igdhe use according to claiml
wherein the virus is a phage. 10 3. The use according to claim2 wherein
the phage is a reconbi nant phage which has been transfornmed so that it

expresses andidi sptRysisd 8§pefiilrasDi iR cRPE&idbs 4nd IQplaFs AL GRRAIAG: tO

claim 3 wherein the specific binding 15 noiety is a blnggng fragment of an
i munogl obul i AINENITREI}SE A8cBr WHRFTRBLR IMAIRCY Whey BPALeHR HTAdI ng fragment
is a singl® chaplifizdhtadd &skaagm®@ntdeteet g thdOphesche U ancdGuRiAd et O any
one of the preceding clains wherein the phage_I's detected by detecting its

nucl ei ¢ aci d. SPRCRFBEHYY O 2Bt RS AR &38PYEe in a sanple, said method
conprising contacting said sanple with a virus, which expresses 25 and

di spl i fig bindi j.et h that th ' Rj I ith
the anal yte of-an SHaSGUB CHEHBET to GrLadm b MG nbRers 2Hor 1t Ho PARRR yt e,

and that the conplex binds or does not bind a surface, dependi ng upon:the

presence agsenc of analyte in_the sanpl detecting_the:; presence or
absence o?da 0 nuc eeiugea%f%alrodﬁln?hgo s{ejlr acé Vﬁis%rﬁénag%%a% s j<?1$(‘:i‘-’1d
anplificati onrec@@ddinboh, pleage which imag beat trenthermpdesenctmtoritabsence of

analyte in thgxﬁgggggg'and displays a specific binding moiety.

4. The use according to claim 3 wherein the specific binding

15 moiety is a binding fragment of an imm@noglobulin.

3. The use according to claim 4 wherein the binding fragment

is a single chain variable fragment (scFv).

20 6, The use according to any one of the preceding claims

wherein the phage is detected by detecting its nucleic acid.

1. A method of detecting an analyte in a sample, said method
comprising contacting said sample with a virus, which expresses
25 and displays a specific binding moiety,:such that the virus
forms a'complex with the analyte or an analogue théreof, or a
binding moiety for the analyte, and that the complex binds or
does not bind a surface, depending upon the presence or absence
of analyte in the sample, detecting the presence or absence of a
30 nucleic acid on the surface using a nucieic acid amplification
reaction, and relating that to the presénce or absence of

analyte in the sample.

8. A method according to claim 7 which comprises contacting
35 the sample suspected of containing an analyte with a surface

having immobilised.thereon a binding reagent which either (a)



8. A nethod according to claim7 which conprises contacting 35 the sanple
suspected of containing an annalyte with a surface having i mmobilised

t hereon a binding reagent which either (a) 23 binds said analyte, or (b)
conprises said analyte or an anal ogue thereof, and a virus which expresses
and displays a binding noiety that binds either said anal yte or said

bi ndi ng reagent in conpetition to said anglyte, separating said surface
fromthe 5 sanple, and detecting the presence of a nucleic acid sequence

present withiBigad halar HsaQheSabd &Hr fcéﬁﬁné@éeégi@ #al @@S&r %eané)ﬂ‘oghlae
bi ndi ng reagent or the binding noiety is specific for anal yte. 10 9. A

met hod accor ditRhgreF.cPBANG &7 ivMer ehisdt ﬁ@ﬁ%sq%ﬁnﬁbmciJsS@dayﬁmdxlﬁgm%agent and

the bindi ng npbeidsy RinBEspihe amahé@ 2a2i80andiRRE 8r CR BXn&HPLESELE tihe
bi ndi ng reagent, the analyte and the virus'is retained on the surface after

separation of CPRRELILAAB| kO t39drepRakiteandeRara thPe stick SBFEa4S dXOR % ¢ aci d

on the 15 sur Eaﬁ@é S ahaddiéitﬂ:_tdt\iﬁgotf_hé RRcRELSLRECa OhuARAkYL&id Reliien&anl €.
10. A nmethod accord ég to claim8 where the i mobilised binding reagent

conpri ses t hePAREFVt &L6P1%Padfal bt Pher ebSUrEact hatbereh 35 AERAHY HSi ety

wi Il bind eitberthd®iagahyt@a0ent exr RhBdh1HIZG hEeBO8NLs SpeLilthie pses@ece of
analyte in the sa | e blocks the binding of the binding noiety to the

bi ndi ng reageP?1¥¥ that a reduction in the amount of virus able to bind to
the binding reagent is |nd|cative of the presence of analyte in the sanple.

25 11. A pethQd accor to cl enel t.he Dbj nt bi,nds t he
anal yt e, gﬁd I'so dtrﬂ %df“ﬁcéo ngt §° atlﬁ‘e tl‘ed:s g" q?ﬁ l&ﬁa?yt e and
t he bi ndi ng nbﬁnd@ngmrhhgennnamﬁethewblndﬂagImﬂﬂeeysbimﬂ§ ahet dr@alyef ase, so that

a reduction |n %@ U8 Comp Hﬁb%ﬂleblnd ngegﬁﬁﬁpe %lqgkqge% ggpnt is

30 indicative 0 esence of In e’sa
according to &hg wnnysoﬁsctgnan;es Qm)tbg shefagienafher separation of the

sample therefrom, and the presence of viral nucleic acid on the

15 surface is indicative of the presence of analyte in the sample.

10. A method according to claim 8 where the immobilised binding
reagent comprises the analyte or an analogue thereof, so that
the binding moiety will bind either thé analyte or the binding
20 reagent, and the presence of analyte in the sample blocks the
binding of the binding moiety to the binding reagent, so that a
reduction in the amount of virus able to bind to the binding

reagent is ‘indilcative of the presence of analyte in the sample.

25 11. A method according to claim 8 wherein the binding reagent
binds the analyte, and also the binding moiety on the virus, so
that the analyte and the binding moiety will compete for
available sites on the surface, so that a reduction in the
amount of virus able to bind to the binding reagent is

30 indicative of the presence of analyte in the sample.

12. A method according to any one of claims 8 to 11 wherein the

binding reagent is a specific binding reagent.

35 13. A method according to any one of claims 7 to 12 wherein the

surface is the surface of an ELISA plate or well, a magnetic



~ ~n

bi ndi ng reagent is a specific binding ieagent. 35 13. A nethod according to
any one of clains 7 to 12 wherein the surface is the surface of an ELI SA
plate or well, a magnetic 24 bead or a nenbrane. 14. A nethod according to
any one of clainms 7 to 13 wherein sites on the surface which are not
occupied with binding reagent 5 are blocked. 15. A nethod according to
claim9 in which the follow ng steps arejgarried out sequentially: i)
sanple is incubated with the surface for a period sufficient 10 to ensure
t hat any anal ytg£q iresentmbegeres bound to the imobilised binding reagent,
ii) residual sanple is renoved fromthe surface, which is then washed to
renove any unbound analyte, iii) the surface is contacted with a suspension

of the virus, 115 apdndticdbateskdiql 8o Paly 8fe Af di1dBmS U flsCh8Nind @idl | ow t he
virus to bind to analyte on the sSurface; iv) virus suspension is renoved
and the surfaét®s C\»a%%oﬁuniﬁ&e whighyareirotafrgupied é toi pindigd F#RISHEGr f ace
is detectesl. 20e l.ochefet hod according to claim 15 wherein the virus nucleic
acid is released fromthe surface before step (v). 17. A nethod according to
any one of clains 7 to 16 wherein the virus is a reconbinant phage which

has, been transfor nROnéhoddhatcorfinigt tE&XfW8HSSSim whReRi the Hi Neki gy Boéss Y
whi ch specificallg bhngé ei t her th%d?nalyte or a specific binding partner
for the anal yf&® o] il IFEGUSREGHdYAg to claim 17 wherein the specific
bi nding 30 paftseipliesia Siduphaeedhaith ¥hs i abifackr aghenpediodnudbi ¢y

(3500 180, ASAebIREREL S0oh 0 005 wELBhIE wlukd 85 el the
immobilised binding reagent,
ii) residual sample is removed from the surface, which is then
washed to remove any unbound analyte,
iii) the surface is contacted with a suspension of the virus,

15 and incubated for a period of time sufficient to allow the virus

to bind to analyte on the surface;
iv) virus suspension is removed and the surface is washed; and

v) nucleic acid of the virus on the surface is detected.

20 16. A method according to claim 15 whérein the virus nucleic

acid is released from the surface before step (v).

17. A method according to any one of claims 7 to 16 wherein the
virus is a recombinant phage which has been transformed so that

25 it expresses a specific binding moiety which specifically binds
either the analyte or a specific binding partner for the

analyte.

18. A method according to claim 17 wherein the specific binding
33 partner is a single chain variable fradment of an antibody

(scFV) .

19. A method according to any one of claims 7 to 18 wherein the
virus comprises a multi-specificity mixture.

35



35 25 20. A ne thod according to claim19 wherein detection of nultiple
nucl ei ¢ aci d sequences, each characteristic of individual viruses is
carried out. 5 21. A nethod according to any one of clains 7 to 20 wherein
the nucleic acid anplification reaction is a polynerase chain reaction

| PCR} 22. A nethod according to claim?21 wherein the anplification 10
reaction is carried out in such a way thatysthe anplification product
generates a detectable signal. 23. A nethod according to claim 22 wherein
the signal isz8. ViShblfaci@Balainkd :84c1 AnTEb Ak AGKRLING LG ghal m 22 or
claim 23 wherein the lanplification reaction is carried out In the presence
of a DNA bi n@\%@l@l@g@uﬁ:ﬂel@racadpméwcss peasthe charattardstaped ed wWith a

fl uorescent IngLVl&gﬂ2ﬁurgggpggoga@££§yghgg to claim24 wherein the DNA
binding agent is an intercalating dye. 26. A nethod according to any one of
clainms 7 to 25 wherein the 25 anpbunt of virus detected is quantified, and

this is rekated top h@@um@egr@fngalﬁ@l ¥ onB bP&:-13AMR! €. t2 50 AndBiR0Ehe
according to any_one of clains 7 26 wherein virus nucleic acid is

detect ed by afycieif 54 ﬁﬂ%#%ﬁ%?aéh?QirqgétyghdéhéeP%WﬂWﬂ¥aF§ dfact eri stic
of a particul aea¥tists Mﬁﬁﬂ in the nethod. 28. A nethod according to claim
27 wherein the virus is a reconbinant virus which has been transfornmed with
a marker 35 sequence, land this sequence is the sequence which is anplified.
26 22. A method according to claim 21 wherein the amplification

10 reaction is carried out in such a way that the amplification

product génerates a detectable signal.

23. A method according to claim 22 wherein the signal is a

visible silgnal.

15 .
24. A method according to claim 22 or claim 23 wherein the
amplifica%ion reaction is carried out in the presence of a DNA
binding réagent, or a primer or probe which is labelled with a
fluorescedt label. »

20

25. A method according to claim 24 wherein the DNA binding

i
agent is an intercalating dye.
!

26. A method according to any one of claims 7 to 25 wherein the
25 amount of |virus detected is quantified, and this is related to

the. amount of analyte in the sample.

27. A method according to any one of claims 7 to 26 wherein
virus nucleic acid is detected by amplifying a nucleic acid
30 sequence which is characteristic of a particular virus used in

the method.

28. A method according to claim 27 wherein the virus is a

recombinant virus which has been transformed with a marker

35 sequence, |and this sequence is the sequence which is amplified.



29. A nethod according to claim27 wherein sequences characteristic of nore
than virus are detected. 30. A nethod according to any one of clains 7 to 29
where nore 5 than one virus is used in the process, and a subsequent
melting point analysis is conducted to determ ne which virus has bound
during the assay. 31. A kit for detecting the presence of an analyte in a
sanple, 10 said kit conprising solid bodyghaving inmobilised on a surface

t hereof a binding reagent which either (a) binds said analyte, or (b)

conpri ses saigyan e ; expresses a
specific bind?%g 2%%%%§g?d%ﬂgﬁpﬁéggggfﬁggéﬁg{;P%rg%ﬁqghugnﬁgading reagent in
conpetition teharsicdeapstin ef1Bormdhpni werys syptddiestedr anplification of a
nucleic acid sequence of the said virus. 32. A kit according to claim 31
wherein the virus is a reconbi nant phage whi ch:expresses a specific binding
moi ety for 280 ei thaetdafdeerargiagore savdors mf wgateadenr 79 Whexgererd on to
sai d anal y§ e. ¢ 3 oﬁek{r;ir@é?%réééw 0 thé %fazc;é%swaﬁ al QuBLNhienR ROTANGSES

nore than one type ofi recomnbi nant virus. 34. A kit according to any one

of clainms 31 POLTE3aRAIYH S danperdusteds te (drbernibg evhishsyi fushhasflpundse i n
the anplificaghomg @he Makdagi.c; acid sequences of the said virus. 30 35. A
kit according to any one of clainms 31 to 34 which further conprises an
intercalating dye. 36. A nethod for quantifying an analyte in a sanple, said

net hg_olI conpr Lsiﬂg nqat;tacfgjt r%t‘-?‘e@tﬁ!n@%ﬂé‘ 9#&:&:@_0&%& a&ﬁlbggigg 2 35mp]_.ed
Imobi l1se ,d thereona binding reagent Ich elther, (a I nds sal
anal ylte, 1&r $H)9 ddipPPaRISSIaA S Ag pPay cﬂ'a"a"ﬁgam%&gs on a surface

thereof agbinding reagent which either (a) binds said analyte,

.or (b) coﬁprises said analyte or an analogue thereof; a virus

which expﬁesses a specific binding moiety for either said

analyte oﬁ said binding reagent in competition to said analyte
15 and primefs suitable for amplification of a nucleic acid

sequence of the said virus.

32. A kit according to claim 31 wherein the virus is a
recombinant phage which expresses a specific binding moiety for
20 either said analyte or said binding reagent in competition to

said analjte.

33. A kiﬁ according to claim 31 or claim 32which comprises more
than one ﬁype of recombinant virus.

25 | |
34. A kiﬁ according to any one of claims 31 to 33 which
compriseséfuither reagents suitable for use in the amplification

of nucleic acid sequences of the said virus.

30 35. A kiﬁ according to any one of claims 31 to 34 which further

comprisesian intercalating dye.

36. A meéhod for quantifying an analyte in a sample, said
method combrising contacting said sample with a surface having
35 immobilise? thereon a binding reagent which either (2) binds

said analﬁte, or (b) comprises said analyte or an analogue



thereof, and a virus which has been transfornmed so that it expresses and

di splays a binding noiety that binds said binding reagent in conpetition to
said anal yte, separating said surface fromthe sanple, and carrying out a
guantitative polynmerase 5 chain reaction to detect the anobunt of a nucleic
acid sequence present within said virus on said surface, wherein at |east
one of the binding reagent or the binding;noiety is specific for the

anal yte. 10 37. A nmethod according to claim 36 where the inmobilised

bi ndi ng reagepfe FAMN hA§Sa K1GuaNR YL nAE BebARRLASHE e E0fhatSQr that the
binding noiety wll bind either the analyte or the binding reagent, and the

presence of af¥PJR¥BESnanfdispipye a Higdkay ttrd ey nthafg bénds heailsi RENMNIDi et y

to the bindi ngesgaent, cdmpet@thiBAtt R 28HUSAd1QR el Nsd M aRNRY a0 sHEELS abl e
to bind to the Dinding reagent is indicative of the presence of analyte in
the sanple. 38omAhfefABRlac@SAdFRErHiGIcPal M 3B2aRkkradiiyet PRLYIeFaFfg r eagent

20 binds the analyt@actiéh als@etber RinRdbAGuIDicet ¥ A1l ¥éidiSeqiéned hat the
anal yte and the bi ndi ngem)l ety will conpete for available sites on the

surface, so tRAPSEPY ¥AGBIR GRIAnVERES “RnBatf VFEIRGEr UESXBIR 30 15RRE R t he
bi ndi ng reagent tige PiRdif@tieegedt dhenRr BSRNGR AbidnAlikt epédl ikke fteanghee. 25
39. A nethod according to any one of clains 36 to 38 wherein the surface is
the surface ofP&hV¥1SA plate or well, a magnetic bead or a nembrane. 30
40. A nethod according to any one of clains 36 to 39 wherein sites on the

surface \A@'@)chae}re ot t%cugi gd i.th Qi dai.ng ,éew ent . are l%gg);i(ed 35 41. A
met hod acedrditng t 8 RTAIH 3BTRS H°t He B AQi T IFo 8t y'™ %K%yl e chain
vari abl e fragbendirf rangemt idoogyi§scRYp. analyte or an analogue thereof, so

that the binding moiety will bind either the analyte or the

binding reagent, and the presence of analyte in the sample

blocks the binding of the binding moiety to the binding reagent,

15 so that a reduction in the amount of virus able to bind to the
binding reagent is indicative of the presence of analyte in the

sample.

38. A metnod according to claim 36 wherein the binding reagent

20 Dbinds theéanalyte, and also the binding moiety on the virus, so
that the analyte and the binding moiety will compete for
availableisites on the surface, so that a reduction in the -
amount ofévirus able to bind to the binding reagent is

indicativé of the presence of analyte in the sample.

25
39. A meﬁhod according to any one of claims 36 to 38 wherein
the surfaée is the surface of an ELISA plate or well, a magnetic
bead or a%membrane.

30

40. A me#hod according to any one of claims 36 to 39 wherein
i
sites on ﬁhe surface which are not occupied with binding reagent

!
are blocked.

35 41. A method according to claim 36 wherein the binding moiety

is a singﬁe chain variable fragment of ‘an antibody (scFV).



28 42. A nethod according to any one of clains 36 to 41 wherein the virus:
conprises a nulti-specificity mxture. 5 43. A nethod according to claim42
wherein detection of nultiple nucleic acid sequences, each characteristic
of individual viruses is carried out.. 44. A nethod according to claim 36
wherein the pol ynerase chain 10 reaction is carried out in such a way that
the anplification product generates a de§§ctable signal as the reaction
progresses!, and the signal fromthe anplification m xture is nonitored at
| east once during each cycle of the anplification reaction so.as to
determ ne the the ambunt of virus present on 15 the surface. 45. A nethod
according to 43.ai A sethhdraiqerdheg siqggealy ¢me f v¢ilaind S6stgnbll whgeir6. A

met hod accor 4o i 8ut! hiP:de0ra Ghat i 45 MHTEELD phiffu O] yIEr ase chain

reaction is carried out the presence of a i ndi ng reagent, or a
primer or probe which is labelled with a fluorescent |abel. 25 47. A nethod

according 5 0 g4 ai R 4@:WheT &l Lhgy VA BLadi 10 whB0EN detedPidditegr cal ating

dye. 48. A method according to claim46 wherein the reactionis 30 carried
‘out in the prdddpée eMcleisr apid \@sauAneshpeprsescharBRperbitigonlicl eoti de t hat

is |abell ed WddivaqhhUorBSGESt ; £naLaYe4an@r and a fluorescent energy
acceptor nol ecule, and wherein during the anplification, probe bound to

target sequence is hydrolysed to |iberate the donor and acceptor nol ecul es.

35 29 48. A st had €666 0 b riongd o A8iRf 36 Ak #8i B&HeOpdVydi@ELI dhaivi I US
nucleic acid is detected by.anpllfylng a nucleic acid squence which is
char act eri%t i 223180 piF t9aEige U 48 B8Ry 3 Hay that the amplification

product g@nerates a detectable signal as the reaction
progresseﬁ, and the signal from the amplification mixture is
monitored;at least once dﬁring each cycle of ﬁhe amplification
reaction éo as to determine the the amount of virué present on

15 the surface.

45. A method according to claim 44 wherein the signal is a

visible signal.

20 46. A meﬁhod according to claim 44 or claim 45 wherein the
polymerase chain reaction is carried out in the presence of a
DNA bindiﬁg reagent, or a primer or probe which is labelled with

a fluorescent label.

25 47. A method according to claim 46 wherein the DNA binding

agent is én intercalating dye.

48. A mefhod according to claim 46.wherein the reaction is

30 carried'o@t in the presence of a probe which comprises a DNA
oligonucléotide that is labelled with a fluorescent energy donor
and a fluo&escent energy -acceptor molecule, and wherein during
the ampliﬁication, probe bound to target sequence is hydrolysed
to liberaﬁe the donor and acceptor moleéules.

35



the nethod. 5 49. A nethod according to claim48 wherein the virus is a
reconbi nant virus which has been transfornmed with a marker sequence, ~and
this sequence is the sequence which is anplified. 10 50. A nethod according
to claim48 wherein sequences characteristic of nore than virus are
detected. 51. A nethod according to any one of the clains 36 to 50 where
more than lone virus is used in the procegg, and a subsequent 15 nelting
poi nt analysis is conducted to determ ne which virus has bound during t he

assay. 52. A kjt fAOEner?%@ﬁatdc'agdilt&f R 88 Incfrfzs% 2l ARah¥t €, 14y @na e, said

kit conprising a solid havi n ed on a surface 20 thereof a
bi ndi ng r eageWiryshinggleie h?@rld( a3 C!ﬁtrm;*,e@ab}d ampalk{ying er npgdeicoppidses said

anal yte or ansaadRQueniferigothafa Mer¥sei MY Pas: N6t ¢ ANSS QLagd o t hat
it expresses a specifiic binding noiety for said binding reagent In

conpetition tbhegiathodnal yte, and reagents capabl e of conducting a
quantitatiye 25 polymerase: chain reaction for anplifying and detecting a

nucleic acid of said virus, wherein the reagents capabl e of conductlng a
quantitative ot y R rBaikoghar ¢ rdiagt FoFiRdR é%wqefrﬁilﬁgﬂhendlrﬂéﬂe%ﬁ ng' a

nucl ei ¢ aci d gécsithadt ¥srsNGhudie HasDblepriohasebifdd weORS int@%kka
fl uorescent ener dorior mol ecul e and a fluorescent 30 ener%%macceptor

mol ecul e. 53. SATENCEAcRRY FitHg EBIGGe ML 8 2t RehiSEARRTHMILER HoPBPLhEFDne

type of transformed virus. 35 54. A kit according to claimb52 or claim53
whi ch CO”P6ISg8 a'A meihoﬁcgéé%rdlng dX c¢laim 48 wherein sequences

charactermstlc of more than virus are detected.

51. A method according to any one of the claims 36 to 50 where
more than ione virus is used in the process, and a subsequent
15 melting pdint analysis is conducted to determine which virus has

bound durﬂng the assay.

52. A kit for detecting the.presence of an analyte in a sample,
said kit éomprising a solid body having immobilised on a surface

20 thereof agbinding reagent which eithei (a) binds said analyte,
or (b) coﬁprises'said analyte or an analogue thereof; a virus
which hasébeeh transformed so that it expresses a specific
binding méiety for said binding reagent in competition to said
analYte, énd reagents capable of conducting a quantitative

25 polymerase chaln reactlon for amplifying and detecting a nucleic
acid of sald virus, wherein the reagents capable of conducting a
quantltatyve polymerase chain reaction for amplifying and
detectingga nucleic acid of said virus include a DNA probe which
comprlseSIa fluorescent energy donor molecule and a fluorescent

30 energy acceptor molecule.

53. A ki? according to claim 52 which comprises more than one

type of transformed virus.

35 54. A kit according to claim 52 or claim 53 which comprises an
intercalaéing dye.





