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nmet hod as well asp Kkits and reagents useful in said
assay. 5 Immuno-PCR, which dates from 1992, uses
nucl eic acid tagged antibodies to provide a very
sensitive assay endpoint. Generally the antibody is
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into its genone and it expresses it as a fusion

protein to the coat proteins, generally attached at
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candiddtonsrodhe phagrctanctyamshe nul tiplied by growth
inits 30 host bacteriumand the DNA can be cut out
and inserted into an expression vector. Binding
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vitro. Phage libraries are made that contain a very high number
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.

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

for example, humanised antibodies for therapeutic use.

The phage display technique is thus used as an intermediate

technique for in vitro antibody production. However, the phages
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35 The phage di splay technique is thus used as an
internmedi ate technique for in vitro antibody
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PCT/ GB2004/ 000865 2 thensel ves have never been

proposed for use as assay reagents previously. Thus
according to the present invention there is provided
t%“%méélgég_ﬂgvéiﬁébéysbegﬁ”ﬂ¥$ & Q&Q&ﬁ?%s%ngsdéé&%ﬁx%aaents
bi nding noiety, as a det éct abl e nol ety in an assay
fRFegereéyYi ng the presence or neasuring the
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herein, the expression "detectable noiety" nmeans that
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In addjtion, the expression "binding noiety" relates
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an anal yte pol ypeptide or protein, but may al so be

anot her pol ypeptide or protein, which is utilised in
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digHee giresanc@td0d®sentd qArdn aubaytdy usi ng
anplification reactions such as the polynerase chain
reacti on. However, the advantage of using a virus as
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ﬁ%q§¥¥béh§d%§”§%n%ﬁ§du%?ﬁb aggﬁn1§ﬁ§?c%ﬁ%g% ?cﬁg{ypeptlde or
exzahsiie, f oritthewapr bduter crxaobler @conbilyant pyiymgedde or

Phag ' y. lihraries nd _.wi.thout the.need .

ﬁﬁgngggft|ongvg%%ﬁ%?n%é§$§%@?§A$3ﬂﬁvﬁglg %fﬂ%%ﬂﬁ%V’bgthh
ustditiipiseed gormesinmohodsrayi peepriomf tBO detddidfoni bystem.
may be a DNA virus, and in particular a bacteriophage
(phage), which is a virus which attacks bacteria
clg gwchaic anifepfDNAe viinyseschs RNA viebaseswvimiegh abgobe

kH%ﬁ@B%EQY§§En§T%%§'prEM§rEHJw% hhei g ug; wi bl be 3, methods,
phage, and in pafticular a

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
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,
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.



reconbi nant phage. 35 WD 2004/ 079369 PCT/ GB2004/ 000865
3 In particular, the virus will conprise a reconbi nant

w@bage7936mhi ch has been transfornmed so that expCEEB2®4/000865

10

15

20

25

30

35

and displays a specific binding noiety such as an
I mmunogl obulin for instance, gn antibody, or a
bi ndi ng fragnent thereof. However, the virus 5 may be
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whi ch expresses and di splays a binding noiety, such

that the virus forns a conplex with the analyte or an

am@é&gli%rfnﬁﬁéﬁqﬁhlcﬁr may bhsliuhg sparéa@intfsQr mhPee any of the
anal and that the conplex binds or does not bind
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absence of a nucleic acid on the surface, and

relating that to the presence or absence of analyte in
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' t f
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e 'sur
presence or absence of analyte in the sample, detecting the

pPresence 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
characteristic of the wvirus, but there may be some assays
formats where the presence of any nucleic acid will indicate
that wvirus 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.

Suitably, the wvirus 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
complex, or to any binding reagent which is not occupied by

analyte from the sample. For example, the incubation may take
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binds to available binding sites on the surface, for
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a bound anal yte/virus 35 conplex, or to any binding

reagent which is not occupied py analyte fromthe

sanpl e. For exanple, the incubation may take WO
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this incubation, the surface including any i nmobilised

5 conplex is separated fromthe virus suspension, for
exagy enby ifeiiing, thee WurdscSUSRENSIi0g and Maeingsed
the surface. Thereafter, a nycleic acid sequence, and
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detected on the surface. In a sandw ch type assay, the
virus such as the phage is selected so that it wll
biimer-dadtan, analydieivi abid seqeanpée 4 ihoparei @orpl @xXnucleic
A further binding re nt_f the analyte is 15 .

gLk IWi%éng B Pt Pree” PR Al caF S L el the
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conpl ex of analyte and virus becones bound to the

surface. This nmay then be separated fromthe residua
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20 wthin the sanple. Tn a typical conpetitrve type

abewy 2 gopbhel ng A Eugener frgndang eerdeytte foor thdhanalyte is
aNRhoH9 196aall AP | NARA! cnl SoddIIDLLI 860k Ay en the
surface. 25 As use erein, the expression ané?ogue
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not be of precisely the same sequence or ~“structure ¢
t e idey resiqualngprplier iDedeahter onpridengcleic acid

retained on the surface is indicative of the presence of analyte

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.

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
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.

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

moiety for the analyte or analogue is added, is contacted with
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30 particular epitopic region of an analyte, which is
bound by a specific nonocl onal antibody, which

wao benefose acts as the. binding partner. ThuSPEIGB2004/000865

anal ogue will "mmc" an analyte in the context of an
I Mmunoassay using a common binding partner. 35 A
sanple, to which a virus that @xpresses and di splays a

bi ndi ng nnleﬂg for the analyte or anal ogue i s added,
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rface for e pre ence of a nucleic resent in
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dPe sur gg In this Case, the _bindi ng

e SRk e
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s ) The |
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fp&nhﬂemeWQan@I¥s Sehecuéﬁrﬁﬂf@hahaﬂyt@pmpﬁtpseszwn.analyte for
I [ c .
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specific abe for the binding noiety, and
detiec ced sustk aglrsmogx eyl id1sa s ughph § fadbrehes eamc@nmay be

stygghﬂs indaPolyimBIage ghaidyseaction or PCR reaction,
whi ch may be “specific for the particular virus

nucleic acid. Quantification of the analyte in the

saiplie kashessdRlRrishié i @Xanpk eshlvigdaM dtatisve
PCR nmet hods, as are mell known in the art. In a

PAFISTEPAR eRbORSRRALC TIRPSivERET BRe igdiae el 9kt haad may

fi9¢ 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,

gquantitative 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
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 displays a
binding moiety that binds either said analyte or said binding
reagent in competition to said analyte, separating said surface
from the sample, and detecting the presence of a nucleic acid

seguence present within said virus on said surface, wherein at
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i mobi |i sed thereon a binding reagent which either
(a) binds said analyte, or (b) c,conprises said analyte
or an anal ogue thereof, and a V|rus whi ch expresses
and. di splays a,. Bl lﬂ Pé’éggtr% %QaEhQ'b%S l%' t};{g{ %ﬁ'l%
ana?yte or “sard bin ent in conpe At
sa@@bhma1ﬁpe,t@%paﬁéwtﬁg sald surface 35 fron1the
sanpl e, and detecting the presence of a nucleic acid

sequence present within said virus on said surface,
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specific for the analyte. In particular, as discussed
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present in the sanple, it will forma conplex in the
sanpface- TWEe%nQ}%/tsélréF‘g% bedsmeyedotiir ttéet Aamblrdidegnd

r eRgeNe AR rhb ecoréiﬂrefxaﬁ'@ll ek itthea S8 §ARE ad pokefbedesult
fromthe sanpl e, bound  analyte/virus conplex wll

r BReR VirRddNgPeta a5e s L7 v@STRETl £o10 WRdYSYRRAY, where the

naglhllelec Ocl:@@sdnbs aggyediépfet @@ﬁ\lgréﬁlxymrumgﬁ?giﬂ&ﬁ moiety,

s e does pot _contain tar anal. yt e, virus/bindin
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be detectable. 15 Alternatively, the imopbilised

bi ndi ng reagent is an anal ogue of the analyte, which
nhmtefnaﬁuyeayalyﬁ&aﬂmmobhklsﬁn&anﬁhag rdagenit] isbamdartzdogue of

t bi n of .the virus.i t|t|on
t e AR08 PRl -Phate nlt Sl T SRR Bihde vl
thén@naiyme bnmdnhpnbuadyngfﬁﬁagsmtubuhunmmpbbituodIW1th the

t hl §]\./3? Se’ hhg 1.51%"%'1%0129 Ir§ojpr f er ?Pl 1¥1n41(:elik%%gedtk\:(\é tarlllalyte
rus prior to contact Strt ace. ~buring
thrsthﬂeg;ndang Eﬂﬁﬂ@p&ebpteSQﬁanMhll Iorthiz ceeaplEe sample

g?ng (ﬂgbﬂg fﬁkdggeghngﬁgtgﬁé %]Eﬁé P{?-%Pkyng0£€§%t with the

e virus tot I "D I se
reggﬁ@ﬁe .onDpeng this step, any analyte present w1ll form a

complex with the binding moiety on the wvirus, 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
surface after washing and so the amount of detectable wvirus
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.

In some cases, the immobilised binding reagent binds the
analyte, and also the binding moiety on the wvirus. In such
cases, where the analyte is present in the sample, both the
analyte and the binding moiety will compete for available sites
on the surface. As a result, the amount of virus/binding moiety

that is immobilised on the surface is reduced by an amount which
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absence of analyte, the binding noiety of the virus

will be free to bind the binding reagent, resulting

inalarge viral nucleic acid Vsignal" bei ng retained
on the surface. 30 In some cases,_ the inmobilised

Bisidithg Fedgentcopraasrahien 8ﬁa?9%¥¥teaﬁ&-gh§cF%Wﬂ}e Again,
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ard- 4Re " bf Fdt igndi &ty %Cﬁeleoﬁﬁje? &% dPaacar T HpIE he
Ste%n3d 6N A ysur iacthe Asmaleesul t, the amount of
virus/binding noiety that is inmobilised on the

surface is reduced by an anount 'which WO 2004/ 079369

P GR2664/ 820865 exﬂréreéil@t esntOt i mﬂceatk@tdm efignals,

anal yte in the s in thi,s case

PR Gseors wi R Gid Pirensb il dirif8Reedy farnods, can
tihe ndduakdnucited enamyslm Sitiseditcas mm:eotretahely praedgendéed, as
of, anal te |nk§h% sa ThIS

SS n .
eXtF eI SERSIT IFVE er Cbacokcom e %h%% ggg W choo 3

acenasseok at eﬂnamdtehecbm/rema @nahrémmln@a%as}emmp@@s the

C e analysis itself is nore readily
d%%‘ngﬁI%dgH&%gk?§ESV|rus can be engineered to

conpri se whatever sequence is 10 convenient. The

d‘,ﬁﬁ@%l (&Qngsr%geéngcshé?/' @Q%}ﬁng@g&eﬁ@%atth gilDatil e tgf

e anal yt ng reagent be any reagent
tdealytd-l bind to analyte. 15 Analytes are generally
proteins or polypeptides. Typical exanples will be
pol ypepti des or proteins that are associated wth or
pAR2Lyifesa apat $rrpamild YorEal iswm stchohgraptidegs, Typical

bé§£ﬁﬁlé§ 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
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
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.

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

conventional methods. For example Protein A may be used to bind
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such as an i munogl obulin for instance an anti body.
Preferably, where the binding [eagent bi nds t he
analyte |t is 25 specific for the target anal yte.

be relativel specific, for
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noi ety fused to the virus is specific for the target
anal yte. 30 Suitable specific binding reagents include
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surface of a reaction plate or insta
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appropriate, sites which are not occupied with binding
reagent 10 may be "bl ocked”, for exanple with protein
such as bovine serum albumn or mlk protein, or with

pod Vv isBybal €0h8lpeOtiss&y hanel afinpee i fMirstUiesufted with the
t hese, %?IS conventional in the art. 15 1n a

SHHRCEN TP p BEFRS STHELEERS| B0 | 4o thphcaibateglyte
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Y <O ARG B e itCuPB o4 didpRe Lo e anbiaody-
nmatteel Encsbatledewitvh a ddrdekeds antdrb@dy¥o 60 minutes, at

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

with the virus.

The virus is suitably added in the form of a suspension. The
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 is removed and the
surface is washed before viral nucleic acid on the surface is
detected. If necessary, the virus can be released from the
surface, for example by boiling, before the detection reaction

takes place.
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added prior to, during or after the incubation

peri od. Preferably however, after the incubation,
residual 25 sanple is rennved Prom the surface, which
is then washed to renove any unbound anal yte, before
the surface is then contacted wth the virus. The

Vtﬁ %fﬁcﬁygi ablye 3dded idrd he tRemafha sYsReRsiABinant
30 surface is incubated with the virus suspension

Blﬁa%e peichdedressiefeashi1didi%eAPie by a9t W enaRat ¥ifs oFothe
bi, gk 4y 3Rabyte @Rt e sedAcea AbdEIFilBEndEXE @SS tner. In

virus suspension is renoved and the surface is washed
DBRE WAl M CTRSCETAE] L RSH TENBSE LR 5 B s OB @dSingle

| EnRBC8RSAEY] e thRigHehdSof adh BatiBbepsedtfimom t he 35
surface, for exanple by boiling, before the detection
reaction takes place. WO 2004/ 079369
PR LEAB20RAL0PREHS exPrbBs PRF tdieldliag , md e iisr 18y Use hrioduced
the nethod is, a recongi ant pha e ﬁmich expr esses .
bPREHFRTERE O Ty gﬁaﬁt &0 DA ng T SFFEREE O
tbatpmég{esuubabtyesa repephige diispdipy pardivensséa FHove (see
rticul ar fic_bindin ner w |l gomprise
DRt et e R, BBpEnTe e R SRR g Tieel® (eas)
(spf&ﬁgeﬂ%mabnhamuﬁms,pngEngaqu@$3agg mﬂnmmnngemdmkhar@s 2001) .
aggv %PrOdu teé%nl Conven %gﬂgld aé%%%u6380£ﬁ%r types of

the pro uctior raries
f epcphagend sprayss.as di scussed above (see for exanple
Anti body Engi neering, R Konterman & S. Dubel (eds)
Springer Lab Manual s, Springer-Verlag, Berlin
Heil desdrerapch286 IphageHowey epe sidrelasinekhmmgaesmablt be

USEA-L P A QOHE L QLIEr UPESAle ChEOORL NABNXLT U5 ding

ruses suc as phages nay S|ng or as
mibpked for. In the latter case, detection of multlple nucleic

acid sequences, each characteristic of individual viruses is

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). 1In this case, reagents,
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 segquence present.

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
way that the amplification product generates a detectable

signal, and in particular a visible signal, for example a
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of individual viruses is 20 carried out subsequently.

I'n one enbodinent, the nucleic acid sequence of the

virus is detected using an a ification reaction,

for exanple a polynerase chain reaction (PCR)..In

tHueregsent sk s 25 250 RTOPHEPAGS pr Ml sassay formats that
E@Jm@agggh dé(;lﬁujglaﬂ_@t ageskncamd ihuthersa-tas aney meet hitilise
nown, are added to the surface, and then,subjected to

CHRAGRRIESCHUFT 77 QA B oo ROBRAI STt 26 dBFot G iatiny dyes

agm‘dciri‘ ¥maByradiartget antleintiacildrsegilencespests erdia8@on at

The anpli.fjcatjon product may then b et.ect ed |

BT GRAFHECSHE. SUCH A8 Sqaf Car SlT Gan ey £ei ue s

f ot dz0wed bya, vdsuallisas i mrobesi agddyesuedBr ghicabinclube

amplification reaction is rrie t 4
\/\ggucﬁ?gtcefjiﬁeﬁ%bn%si’f Peatt ené:proob‘ag g%%n%r%é)? ggg%@t SRry
detactfabl ¢ FEB) giad paahdcuinipar filootescentvicspphant energy

signal, f anpl e a WD 2004/ 079369 PCT/ GB2004/ 000865
T Uored CaRT

£ n .
10" FHUSH signal, as it progresses. Many assay

formats that produce such signals are known in the

a‘f‘ e eTI?JS:)é %X cl:gnhnlolnﬁ.g £§<§ % gHC%@%%E@MH&, those
agéents such as i nter al'ati n yes Ich emt
ragizg inydrahdsbaraf cubdely ddigopaskentta sePardeh denos from

g n S : £ Lpt t [ :

SHE Ao, TSR el Rl R L ) Sy LG apacian
whetatianshigeor fderesae ntCEHE@ITs ModeFdkRfed t o under go
fluorescent energy transfer (FET) and particularly
fluorescent resonant energy transfer (FRET). 10 There
aHedtalysienpoabys used coypesciofl INET Vet LERET agr Ba@éan™ probes.
tggggé ég% qgthggﬁﬁ&y%hi 8&u5&5§ﬁyd saﬁﬁékrgf%bfébéfhed with
séparate donor Trom acgeptor, and those using

hyibnodi et ieorepbomincdectbes spdilisgprobes are designed to bind

to a specific region on one strand of a PCR product. Following
annealing of the PCR primer to this strand, Tag enzyme extends
the DN2 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 Tag extension. If the TagMan™ probe is hybridised to
the product strand, an extending Tag 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.

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
the hairpin structure is formed. Following hybridisation of

molecular beacons to a complementary sequence the fluorescent
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ol i gonucl eoti des that are |labelled with donor and
acceptor nol ecul es. The probes, are designed to bind
to a specific region on one st%%nd of a PCR product.
Fol | owi ng 20 anneallnggof t he rlner to this

stRFF a¥5qS %Pﬁﬁﬁﬁ?dex nE%Ethﬂgs L G Pes apg %pls forms the

pehyIEIES@cdsttMrt.y. Tag enzyne al so exhibits 5 to

3" exonucl ease activity. TagManTM probes are

protected at the 3' end by phosphorylation to prevent
thﬁimélumwupbéniéq;dmmqoautfmmﬁﬂmes hby tdlescl agvasdd/! pridieee

|d|sed 25 the. rodu r.and n_exte
T%%b EEult ﬁé@ﬁe protha yse P?% rOdW§% ? é?aIngglng
t hiencko rrord écoaptmucemﬂlepubsstﬂugebasrsswﬁthadeﬁeﬁtlcﬂn occur.
TErelh nct%da::FRlE.'tﬂ t i SheI IP)% fff.lgcgf &%H%J}I‘?t | MR 5 %ggs of this type

conce RSh ©F Tree donor an accept or ecul
i horbadb mglnmﬁarﬂahﬁﬂiedyemmﬁxﬁlqaheoanmﬁmmarcautbna 81ngle

fgﬁig&a %gbgwbrldlsatlon probes are available in a
or ns Mol ecul ar beacons are

ol i gonucl eoti des that have conplenentary 5 and 3'

SEAHENGRS HeH ggé{la&ettef&%xngoglﬁgmllagwoﬁ %%%tlzﬁg N Nahhey

uor escent s are Inclose proximty for FRET to
0eEERr \i¥en KBSWR heoweaierpi ANG t30e Cdr Ehese MAYTRg, used.

FoLLowi g hybehi satdro8uoh nd@LEULRE REAGIRSHt BoR example in
conpl ement ary sequence the fluorescent WO 2004/ 079369

PO/ EBARPHL00BBELL s Patgpk| ¥o arde 338paf bt &1, 9942fKET and WO
deggsswiy occur, and this forns the basis of

detection. Pairs of |abelled oligonucleotides may al so

be used. These 5 hybridise in close proximty on a PCR

Pedugto gHonands b ity BYvedPnaiccard rat Capir el estd@Sing the
together so that FRET can ,occur., Enhanced FRET is the
DRSFECTHS A8t BctPEIE VHFLBAT SO FRASSEYpe™ PnerRLS: o this

usitBgod, |abahl edoBsldihideati axerdy bier awidbea spebgifc for said
target sequence, 1is 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 seguence.
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exanpl es of such nethods are described for exanple in
WD 99/ 28500, British Patent 2,338,301, WO 99/28501
and WO 15 99/42611. WO 99/2850& descrlbes a very

ha &g%sf; g% 8258 fy%r cdeUSLtdNg; LRE,, %S%nfjﬁaxg%lw‘?atlve manner

el c ac sequence In a S
net hicd weal Dhitoviu ginekhi aeli n goagemmzalrﬁj by pepbeoring the

SQ%aﬁ' %r%ﬁrtﬁéa'a%p?agf&ééigfén &%QH&P&%JC '1%a§@d89cé Q:h%liﬁg each

robe conprises a reactive nolecule
tevals @fbthe @W@S@éﬁé 1¢p ginest igbnatly BIrgyieg caHt the

ePSL O oh0 1 fatich PNA ygughgxaﬂyu%g'gﬁ fO8IY prEBES: d0 X Surface

is then SUb ect ed an anp ification réaction in
WRRY: e tdﬁF@éftllrrﬂPol ere Beid ey BApFe¥ated tanghe amount of

CORM Jd0RS8LR: iiRdueedo2DyBitihgkmgik i ng or after the
anplification process in which the probe hybridises

to the target sequence. Fluorescence fromsaid sanple

| ShdQRrtQE8Uar %cﬁieh@é nat ime Fera detldditedansdyoe WHyCh
utilises a DNA dupl ex 30 binding, agent which can

abRyrar e sk s c‘iﬁﬁ?tueé‘ﬁ@r 591G SREERED - f IS EsEeRYLS apsrcificity
ofiteprebeuded hiceb d9es/,nehienhdy \Besidblyesedigite, found

IS descrlbed in co-p din British Patent Applicatj.on
R RR R R B IS R S RO

cottEddmenfat hey mssayninehdottgabnt hepr )nwentthensehv oraher

tQ de th | ei c_aci d sequyence. WO
55 90T T 503 PB OB EEY TOSRRIO PRELE o &7EeT
caeqmﬁndaarﬁnEfbdnﬂed mnaoqthﬁﬂﬂetambymannanmmmus asrimgy its
L X loni Ch a-Sart ortfcx% 1 1¥c moni tor| ng the
ﬁdﬁ?e?ron1 e anpllFlca Toh AT XT 0P e at TEast once
durlng each cycle of the anplification reaction. By

CaLT ¥l NG AUt ?éé‘cel%hr%ggkﬁnsédﬂekgeé A e BEAIRUL O he

viTus presé e sur
virus in addition to those coding for the binding moiety. They

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
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

marker sequence, as discussed above.

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

some carry-over of viral nucleic acid, which can be used as
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10 characteristic sequence found therein. Were single
specificity viruses are used {fi the assay, this my
be any sequence found wthin the phage itself, as

M@He%f '%%fé?&fﬂ@é‘%%gmﬁ%é NeANE 1 nG ogwiter{%et 8k t¥eaction has

determ ni ng region the sckv
" gEatdsiad ﬁgpr©Equuﬁ§YCDR of any reconbi nant virus, or
ot her 15 sequences introduced into the reconbi nant

virus during its preparation such as antjbiotic
r 68 Sl c@sgemestinexgBSR r eRpCtdpBE; v tngrgtiéprent signalling

SSQHEL0ES HBY Q@emmdagdsg dip iR Yhrdsadh taddetéon de
t hose codi ng ¥or the bindi ng noiety. They 20 ma

be
| HEF ORI G SRTESE HE Ay B5° - TS Same R g PP hechieved, for

beQIh By eb¥elf Dy @XaBPt eof YsBehetd 580 S@OURBCANPlification
encod] ng the blndlng_(i noletg or_ may be add?abefs e

séﬁ%?%&%?tﬁ%&ﬁ§f6+?ﬁﬂ G bpRYEYI IR

mgh bbrspeciati aityerdntt waesli&igtHsr. USEﬁarﬁt[r%‘diS‘s&dof ntHdh&ignal
25 assa

,, then_it_is necessary to_dete ences
WRECR S 1ERRRack S ISOTEL0 b aF  FeUI R TOTFOS,
okdeeldémytdet eenthen asretiberowpedisf hécasm:air_)&t @l thar &pproprlate
presen .sample. In this therefore, it is
n&¢8e3 r@estoéugé?%g%esrgqEgﬁc‘”éasvesll? %ES ctyﬁee‘L 2Psquence
encodi ng the scFv itself, or a speC|f|caIIy i ntroduced

Sglga£xl§ae1glvse H assay ql S&é‘lssls'%d dab?%ﬁ tflx%]c tl:lE.IeSa Cons
sequences co%hn G Vi'r UseS-of° reconbi nant VI rus
smbdasetha,gellblmr@rt RNA, reactamnsbhgbridiesitst dnte duplexes

gl%\gl%/:é% s tg%ﬁljs]%lsgoap ed:f!ﬁ?e%%h% dterg‘?ee'}%[tﬁ!rk ¥ La C«{!Ft&%g"‘%&%nt

Sone carry-over
wanehyebhn Berusadugpk: \n@m@ommmgtm | CRZ0GhAD0SEEB it

13, LPLSL ég&%ﬂ@é@&& aHenGseRs H%”éHﬁﬁfQ éé%%BdEQeDﬁﬂj?

reacti on roceedadea appr Oprl at el y. his case
mseFpeex IRCR weébtkrcm@ @splnrglqﬂeffeBﬁn@d%i@wépphn@s &ye to

tr%ggePééc’&ronS)é%%&ﬁ, Bynke epPiRyed LPcoF dgle 6959818 cess,

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

hence the particular virus which has bound.

The assay system of the invention thus provides a useful and

reliable assay method.

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
body having immobilised on a surface thereof a binding reagent

which eithexr (a) binds said analyte, or (b) comprises said
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| abel s, for exanple, |abels which fluoresce at
di fferent wavel engths. Exam naijon of the signal 10
fron1each | abel , for exanple at each of the different

L epgt hf a'nsak,-taf glfea%%sgo@uta 460 Sche oo

appro ra resol ution ere e wave engt
ovepbmlplnaﬁdtt @haae; wéhy:ht RepassE iagdddsigiwat sulehndm moiety
l%gtﬁg}?lé&‘%f‘ odﬁugg%%rsﬂa Brger gah FCR @8RbEONSion to
yrldlseto exes €sta flsea

ﬁﬁﬁér@@nlxﬁawperatures Mel ting point analysis, for
exanpl e using intercal ati ng dyes that exhibit

i ncreased fluorescence when bound to double stranded
DRAr spekinge, wWhere vigla SREGWFF tiedhArgoel l Biedadhrrern 2

SUGRaasy Wt dR2inibie Jieast 50m sHstionk, eind e rdyrédBaniy
or after the assay process,  and by nDnltorln

f lPEBF 882N WAL FPBE X0 it PoNfERE dfatger ofor tt@ﬁpé%%xﬁee or a
tl%qnhﬁﬁcpe;saa}ttﬁe% ahimhigzhathea dupliexi sl seddine oh c&ﬁ%tltlon

anpl i con breaks down or refornms can be determ ned,
t s Sa¢RmP IR &l at ed to the presence of the partlcular
anplicon and 25 hence the particular virus which has

bound. The assa stem of the invention, thus ovi des
o AISEFORCEFRL Y71 BPPLDI Bon SEESA o thiSd L8P R BPotRgh

i rblhh@n@%@germt hﬁﬂcldefoﬁlptbgéis ahire rf ﬁnm z&'hafllyﬂ:bhef an

aspeﬁt of the Eveg% art|cg ar venti on 4
POV §8s® k"rl}erfeS ®c ﬁrﬁ‘a iL S &é’n%%e o“f apaf§ieEs on

| Riapsappl £, bisalidgkpdrteerprosi agid enadyt85 body havi ng

I rmobi | i sed on a surface thereof a binding reagent

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

ssiudtHDLQDOﬁeO'é%ﬁ@ RCE E&B2004¢ 00865 pldtegndloyt éndirance a

an nalo re and_a vilus, suc

recg |ngﬂf ggé %ﬁfghmaXprgsses gngddlscﬁlas %?gnetlc
bibedidag gnlmﬁmblae?$heﬁnsamamph@1qahiu@pssamqmumandsn@p found in
reRYSRh e S SOMELLE O AR assays.

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

discussed above.

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

suitable for amplifying virus sequences, seguence which encode
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di spl ays a binding partner for the analyte, or a

bi ndi ng partner which binds sajgd binding reagent in
conpetition 10 to said analyte. Alternatively, mhere

t he fce has | b||| thereon_a_, bi ndin t
wﬁcaﬁy P Ses°e e| fher t g%%na Vvt & or & Cata s o ue ek are
theeeeﬂb:nheevpmbsnas:suruably one whi ch expresses and

15 di splays a binding partner for said anal yte.

Suitably, the solid body is a well in a plate, for

i Aseaprceners malyt suldeddlypbat tabdjdted innayclalas wabethaiadse

SE}BP ?%13 L %&F%d@@@qss dOFe FBNPIRARES 2 AL e)%%FpE§ample, they

anes as found 1 20 conventi ona
dimpst fekludgpdlassayeentTios Rikendypbiens| agelqnsrdbepapbove.
one type of virus, in particular reconbinant phages,
for use in nultl-speC|f|C|ty assays as discussed
abedetiomlpgs orbpetaHtivehal diendit §apfinHadg) probes, which

Compr 556182088 Sths taﬂpqéhsgcéﬁory%%oaacfe hedeheehi Qe
the nucleic acid sequences. 1n particular, the kit

w&?béé%?ﬁ it SRt ek ch aieitﬁﬁta?/%s?f PECRBEFS- or‘ihe@{r BB@scomprise
f @finyse- tdre dgtechbom Lf hiheo Padild ol ﬁ{/bﬂia@ls%!t@oﬁcltﬁobes,
30 _sequences as di scussed above. For exanple, the

m&y S€ oRPri USSP B T Snhi He%rﬁﬂHW%@E%eWs mayhipptude
engedecspadciiy @yégﬁyr dﬂﬂéMEDnESdupMéaniK&inQS%@@QB§ESwhlch
whi ch have heen_incorporated into the virus. In
ad@rl o F SarfeFRat ISy PR 1 Tase of single
specificity assays, the kits may include prinmers which

are 35 suitable f anpl.ifyi Virus seguences

S &IEnEeY ViHion LBRLEYe WOSSU0NT 07565 PO QIO BhbadiLting
1pcsaaf id didig, ovhsedvshiar iantédiiotedc inestadranoe rgenese

mdi@igéggcificity assay results.

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.

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;

Figure 2 illustrates diagrammatically a competitive assay

including the invention;

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

when carrying out a PCR reaction of the TAQMAN® type;
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i nclude fluorescent or other |abels as described
above. Additionally or alter ively, the kit may
i ncl ude probes, which are specific for the

a |.figatio uc j r 0 | abelled to
AR L Bet BieEh By PRSI e B AR TP mumper of
spagles ofr sdupled ave i Efersmir cliystsomy uwibgi Hhsatdssry of the
p%9@§&10n9|§ yas di scussed above. \Wen appropriate
they may include intercalating dyes or other DNA

dupl ex bindi ng agents, which formelenents of the

dﬁic_ﬁﬁ_lé @nsﬁ¥\§§ &Re l@sﬁh%ég@)én_alaégaﬁif rﬁéé&gbedfhereinafter for
intercalating dyes to assist with nelting point

aflal §xiegs @he¥es tificdufing e AGRe dor ndgiratdringorhegd | MR -
mul ti-specificity assay results. 20 Reconbi nant
viruses and in particular reconbi nant phages, which

afe theafspariehl 3w avhat Lesiesp teRpiesEisieh 14 bR riehafy (1) is
NMRE&LY vARehacoffikRls SRAUENGE corbe HVR)siaBdpRSgSURRA (2). a
forma further aspect of the invention. 2 ?he

i A% R2WFRET n B8CBaft | FUISEF VY18 eSREER LYY Vidip &fage
Exadmdiepwat/Bar&f enenegartocd hee ageonpanydmgndr gMads | At is
which; Figure 1 illustrates diagrammtically, a

s &F 3sE8FISTIndPudPngS I He TEAVENTT JH*TBE SFY gLTR Y

I bbmsdimataal ek agngnemtl cal iy caneaspetitdh wesassaye, such as a
includin e, invention; Figure 3.is raph of C o
¢ Pt SRt ) et ers bR, ub P tes Sy apo specitic
Cast yiHeg aatl yviee PAR rieadtunaisilofsebhe TAQVAN(r) type; WO

2004/ 079369 PCT/ GB2004/ 000865 16 Figure 4 is a graph

of fluorescence (Fl) against cycle nunber of series
obnsanmplesiab Bf,f ehenphdgd utli)opadusnaigytehd 4assaymofa complex

taﬁich is retained on the surface (5), by the binding of the
analyte to the antibody (6). Thereafter, the surface (5) is
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
(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
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.



invention; and 5 Figure 5 shows the results of an
assay described’ hereinafter for B. cereus spores

wo pdiz3ng a PCR for detecting phage DNA. | n tPEI/GB2004/000865
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sandwi ch assay illustrated in Figure 1A, a phage (1)
Is used, which conprises an oyjer coat, enclosing
phage DNA (2). A 10 binding partner (3) such as an
S Y. d I :
SrreE s, R BREP R 28 PhTR AL RaRRel O i ene
ré&§ent to an assay reaction n1xture mhlch may
contain analyte (4), and is in contact wwth a surface,
such as a bead or well (5) on which an anti body (6)

12 | so specific 15 for the analyte (4) is
| HEREhS 1584 0nO8ri AEUNALISQAg (Boitihe PbagSs (sbhragd
analyte (4) fornms a conplex which is retained on the
surface (5), by the binding of the analyte to the
anti boglye (@)rmathereafter, the surface (5) is 20
renoved fromthe remai nder of the sanple and washed.
HOWETBPLle SOHR) phAEE lisdnped af fEENEACR hel sRirdegeas simsies (1 x
Itloﬂegéxbﬁlmeiﬁcafs%nlea é,{l@ﬂqab@gté@rwag laIdHé%lrLaé &dchNye11 of
Figure 2A, an analyte or an anal ogue thereo
c&p%?@%ﬁ BiIAd ptpt <t1n@uia<?rhdfrﬂﬁ?gfogatme%12® psalt@)f which was
t I 81 SPmbi L. 2 (
sgﬁg e un§£%hte§? to mh|c§€qh%geﬁggg%%f§ %% ngres onto
adtiedristes.ncubated in the presence of thls surface.
Analyte (4) in the sanple will bind to the binding
partner (3) of the phage (1). Any phage whi ch has
ufber gbaleess weliebtimeh ngshsdubliisice tioebi witht @ $8shheolution
. E@R{Bﬂéﬁ%d 0283k Y4 £ ARRIAOLE 1(n7)ph(>§ge>h 209, 4 MeLEROLD ine (pBS)
wi | washed away wth the sanp %urlng a
s@EsB%@%nt separation step. Detection of phage DNA
(2) on the surface (5) follow ng such a washing step
will reveal |ower |evels than woul d ot herw se be

eRpBEPEHLIF PHEFaRal 30 e FEmpHed@at 2% 3%/ WOrX0D41 H 78GFr and
PCTHEB208AQRA8650 Aok QuBetadssay, Lornafs ar erRESSIRIL yas

as_ woul d be understood in the
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
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.

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

conventional PCR mix (18 pl) including M13 phage specific



art. Exanple 1 5 Denonstration of Assay using Bacillus
cereus spores 1) Plate format A sanple (50I)

w@pissng a suspensi on of B.cereus spores (1PXI/GBR®4/000865
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per mM) in distilled sterile water was added to each

wel | of 10 a blocked ELISA plate (Immulon mcrotitre

ELI SA pl ate) which was then pI aced in an oven at 37C

0 t _to.d the spor Ia.ts The
Fég?gés@v\@rn e %%Gﬂ%es eg ree C%r%gaf}mc h t% Wb R
smhmfan‘turér(:enpms';’rsdumgl@n@s% v/v Tween 20 i n phosphate
buffered saline (PBS) or PBST. A blocking buffer

(200m ) conprising 2% w v dry m |k powder and 0.05%

vIpe Tovasnd 26 UPBSC et taddesetieseadhtielhal Thelphat stayes on the

Zgowgrtl%%@h;glgpdag %Qg%gd at roomtenperature for a

m ni mum o hour . was then washed again three
t|9m%£35 fiom D’B‘Sél'cormssdmaitbn of primary anti body
gessn n hage (1 x 109 transformng units per
? \ﬁﬁ‘ér ns? It i ABPSA MG BBASS1%s a 25 B. cereus

speed froe 56 NG & Al B VaLd @l gnhsagnent (scFv), in
PBST bl ocking buffer was prepared and at | east 50l

added per well. PBST bl ocking buffer was added to one

oot B! LS rENcRtACR Bhie. t g ich IBLY a8 @q%al from the
expressi ng phage as a negative control. 30 T pl at e

WALTP IR BREc OB tIRE PEFS 1040 S leheh mﬁsw 5%t Fhpextension

| BhEEST. oAkt Ffogéé’é Rehs 2Opatld?QivwASaAdded 421 84EH dilute
wel |l . The ate was then boiled for 30 seconds to

flsélépﬁ]é‘nﬁ’hﬁﬁé FeTUPERare sf R 4y EWPWES the plate to
cool briefly, and contents of the wells were
transferred to a PCR tube, ch ether with a 35

cHRIRTMT0RARPER FAPICESS NI HARdHi AgSMIE! pisgease in signal

spectiid GndDo200¥é 0AFA8AgPEAIEB32004100086onk8 rRES BF S Final
ﬁ%%ﬁ?é%%%%%%gélggggrﬁgpgg%g{ﬁaﬂg% %kghsighal from the negatlve

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

The results show however that the presence of bacterial spores

in the samples was detectable using this method.

Example 2

Detection Assay

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.

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-
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 LightCycler as follows: 94C for

w@:2@e0m3es (nmelt); 62C for 30 seconds (anneal i PGI/GB2004/000865
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phase); 72C for 30 seconds (extension phase). 10 40
cycles were carried out. The flyorescent signal from

the sanples was nonitored once per cycle at the end

0 en hasg. Jhe. proce was eated
a%ugﬂcrigéﬁné gg%f%) §YeSHAS éngﬁbgﬁﬁe resdﬁ?s 5f
shemprier ﬁhgbaalims,lﬁbmbgaamwbe(uﬁnngoflunnqﬁoeatshepwnter
opkyyés S j n.S h . L
OBt T LDcHRRBRY 0ol pyBol EENY Ok Mo coring
cmﬁv&%r@p}gwsd( Fither geaptipmmiptiarsi gnathefmmedly heycled to
NBGRLLY QnCARDL PLi MRS oAUEA! O, NANHRBRELLI RIQAUCT S

such as priner-diners. 20 The results show however

that the presence of bacterial spores in the sanples

Wage dedectabkentiddld hiyhi ARt EXappl &2 (sPeLECLd e
Assay =25 For use as a detection assay, a sanple Is

alB8esh Y da HPoekrd Podmti) bbdyn¢inst e8dEEe S sitatevhil the

| BeHbat 8 rabn34€ L1 Rt QnG&lg[mrﬁqt 8smpR0. Thereafter,

the plate is washed with wash 1iquid fron1three to

five tinmes. A suspension of filamentous phage

expr es i@ idNe Sed\amPepirki €hal Unet BEFaSHRN lak@8tehS
added,to the plate, and incubated for 5- 35 60 m ns.

APPEF i HER 'v\hsfrﬁ%@a(“g EL7$ me) ISEBTRAERT iPofaPIpcE targets.
Cvot o N0 2004 079369 p%%?iggﬁ%ﬁfbgaggghﬁ?%& teﬁ@iéﬁﬂhgulSh
system WO 2 04 such as

KB ) E7G &én LBy & Tn(FoRET SHovES FRREVAES BERcpound to the

r epal yes. IBEChaﬂifﬁﬁs phﬁgeGXémﬂﬂnteuSbﬁgaﬁﬂihﬂb&&&eﬂé51stance

;grgg[{lér?crest %r ﬁs'llrbﬁ:i t%gn;réogmelg( E%agera n?a{:yh%re Br g egs an
internal reference for the PCR.

Example 3

Alternative Filtration Assay Format

In this embodiment, a liquid 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
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

above.

Example 4

Detection of phage displaying single chain antibodies directed

against B cereus in an immunoassay format.

50pl of 10" 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 anplification in the

w@eowemnssonal way. The PCR cycl e nunber at whiB¢IT/GB2004/000865
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product appears (fluorescence threshold crossing
point) is noted and correlatedbgMth the concentration
of analyte in original sanple. 10 It is possible to

- agee gLt ham ane ysebY1 Wdd il tprand o FE%%' Figidigs Fhat

at the sanme tine, to determne a range of targets.
sHedy asgaeredeihe FAEEAFESN gy VBéckatt iz lotkie ves blndlng an

di:frhddiQUis8R anhiigtiyONgs OhidHie osehY 15 4 @36RY AH the spores.
therefore has bound to the 15 analyte. If desired,

phage sequences or antibiotic resistance sequences

f o G liaft et Bigs tﬁkﬁﬁﬁﬁv@éﬁ@d ﬂh%@ﬁomr@% lﬁﬁﬁé’s aS BHEh well was
Lﬁ%ernal reference for

S RCeGe By P4 PSH%%faffF&P%% crfn %%hpéotto/phosphate

eirtbfh Nt aland i @a@isy saap&@ ip3 apassed ﬁﬁérnow_gbulaa&cﬂ a@r 37 °c
0.45 mcron fjlter, endug&egpon t he nature of

th
ak%hyt FPHFget’h% RIS ReREr P e ViiShEd. SRS -
aﬁ@;hytoef pﬁ@c§e 2 spieasnbe hacﬁ%ebﬂ_attﬁ/mB‘SESJasaﬁ&dé@ttaj rRE@dh well

Subsequentl , Aa_Su nsi on of
(%th é S ghsgE g?ﬁr%%%??%?%?nagsgﬁgi &cPPPCRTgr PRetRAt

a‘slsa)p}ta@egmumcs ta>| $hepa§sm!s tolnr ohig rplah& f rhe eplatm waB then
[ h bi the tar
Qa%%%{ |f1 }A?Ig_?%gpiaen t J,Bgs,d\é{] li?e%drho\g/ atélashes q_n dH,0 to
desaveh @dbo3id glhewe.. Exanple 4 Detection of phage
di spl ayi ng single chain antibodies directed against B

cereus in an inmunoassay format. 35 50pl of 107 B.
cefleuisgBre v ther eadidduttededch fuglld BnddHROdewr wam heated

N oSSR matcoshansned, S0 A0Lg e e

2pl from each well were then assayed by PCR using phage directed
primers, amplify the lacI gene found within the M13 deriwved
phage. Real-time PCR was performed using a Corbett RotorGene.
Fach tris-buffered reaction contained 0.5pM each of forward and
reverse Lacl 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

follows:

FORWARD PRIMER 5/-CGTGGTGGTGTCGATGGTAG

REVERSE PRIMER 5'-TGTGCACCGCTTT

PROBE SEQUENCE 5'- ACGAAG CGGCGTCGAA GCCTG
AMPLICON 57 ~-CGTGGTGGTGTCGATGGTAGAACGA 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
though the background level in this case was quite high. This

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



overnight. This imobilised the spores on the plate so

that they mrrored the situation in which an anal yte
woRr®4079369 Nng an i nobi | i sed anti body, as nm ghPCDCB04/000865

in an assay for the spores. 5 The plate was then

washed in dH2O, three tines. h well was then

bl ocked by the addition of 150pl of 1%

bl h u r i n PBS) and._the plate :
e R BB Freth 3 B B DRl Al B Bl S10ming
WESHER S rMsPBSIwieiere 1t Anebh¢ iJwds. THBOpiergfitplage of the assay
s i LA 1% /3P .add .
by e by o e T 170 o agse pbdetion
s8nt Aatab tthetphadgerasoehdiid edndagporebororpat by phetsing

5 TheiRlal e dai &1,1RBS: e ' - -
St e (LA PRSREraldhalond 8P lekdd Bt ibonics.
phage. 15 50pl of dH20O was then added to each well and
the plate was heated in boiling water for 30 seconds
so as to elute the phage. 2pl fromeach well were then
assayed by PCR using phage directed priners, anplify
the lacl gene found within the ML3 derived 20 phage.
Real -time PCR was perforned using a Corbett RotorCene.
Each tris-buffered reaction contained 0.5pM each of
forward and reverse Lacl priners, 0.3 pMof |ac
speci fic Tagvan probe, 4 ny MCl2. Cycling paraneters
were 95 for 5 seconds and 60C for 1 mnute for 50
cycles. The prinmers, 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
GTCGAAGCCTGTAAGCGECGGTIGCACA  The results are shown in
Figure 5. The results show that 106 to 103 spores per
wel | were detectable above background | evel, even 35
t hough t he background level in this case was quite
hi gh. This was probably as a result of
cross-contam nation. There are WO 2004/ 079369
PCT/ GB2004/ 000865



21 shared genes between ML3 derived phages and ML3
derived cloning vectors used routinely in the |ab.

wabh®4pessd tivity of the assay could be readi | BCT/GB2004/000865
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i nproved by setting up the phage PCR reaction in a
lab that is free of M3 contam,pation or by choosing 5
prinmers specific to phages displaying B. cereus

ant i bodi es. WD 2004/ 079369 Pg{é§§g004/000865 22
Clainms 1. The use of a virus I ch expresses and

di splays a binding nmoiety, as a detectable moiety in

an assay.f pLe det ectyipgst %l%h%ggﬁ@;:%p 5naea§%1£& GN8: nding

concentration of an ana'i yt elna
aé‘@éPHYngai‘c ¢ ceaparabMherérhY te an pgsay sfar ﬁlﬁ‘ag@tlnqwhe

3 priBends &,2Geat i Ny 119 eChahfd MISLR! O te spRaYe. 1 5, &,
r econbi nant phage whi ch has been transfornmed so that

e¥sfed8es and displays a specific binding moiety. 4.

The use according to claim3 wherein the specific

bi ndi n 15 noiety i s a binding fragnment of an

i rfruno h@bHF?r?CQ?rdTﬁﬁ'B%éﬂééﬁdeW?ﬁfQ%ﬁ &haj Waps is a phage.
wherein the binding fragnent is a single chain

vari abl e fragment (scFv 20 ,6. The use accordi

any oné“hﬁf uFﬁeaiﬁ"éééBFn > A 1&is 2 WSS TR ﬁepkﬁl‘ﬂﬁgésl 5
g&TeQGInBﬂnal&yt qmaglétwmg:ﬂ u’l&snbééxeltﬁfa&@_lfgrmgd hsgd rebLHogkesses
etecting an analyte in_a sa sai d net ho
G PP oy SELF TG i SRt h B viCus. whi ch
expresses 25 and dlsplays a binding noiety, such that

virus forns a t.h the analy or_an _. o

ol oo i her aiSiTR £ i Sngrdtn bheipi¥isic binding
aneligte, iand dihdlng heraeoepk exf bimdsmohogloesiiiat  bi nd
a surface, depending upon the presence or absence of

analyte in the sanple, detecting the presence or
abbsenc&hef usé plrageibilitorcliie suvhacen ahd beldmongragment

tﬂ%t tglﬁgf%[gﬂgign&arféblea§§§£%§ﬂpns%@@!yte'in the

6. The use according to any one of the preceding claims

wherein the phage is detected by detecting its nucleic acid.

7. A method of detecting an analyte in a sample, said method
comprising contacting said sample with a virus, which expresses
and displays a binding moiety, such that the virus forms a
complex with the énalyte or an analogue thereof, 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
phage DNA on the surface, and relating that to the presence or

absence of analyte.in the sample.

8. A method according to claim 7 which comprises contacting
the sample suspected of containing an analyte with a surface
having immobilised thereon a binding reagent which either (a)

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



8. A nethod according to claim?7 which conprises
contacting the sanple suspected of containing an

waeakprsem th a surface 35 having i nmobil i sedP€TIeB2@A/000865
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a binding reagent which either (a) binds said anal yte,
or (b) conprises said anal yte 5 an anal ogue WO
2004/ 079369 PCT/ GB2004/ 000865 23 thereof, and a virus

WRhehe &XPIRSS aSv ANtk dingBhaysya 2ie8ding dl@fﬂ%&! $ Nnaing
bi nds_ei t her sai d anal yte or said binding reagent in

cBAPEEY t55rT Panda o ek §eed aedarat %gsaslasﬁ BiBgipadeagent in

f cofpétier i 9aRPpl saidnthadotertddigirbhenprLseneerehic@ from the
nuclejc acid JSequence ngresent within said virus on

s SFEP ST e SSWRET-E1% FAE PEZRANCEn8T dfMHHE6I AQihgPeduence

r@ﬁg@@rﬁt Gd'ltihhlﬁ baitdlﬂgruB’DbﬁtsyaiidS s&@.ﬁ@d:é,i gvh{?ﬁélhhﬁt least one
I A net hod ,acco to claim ere bot
TRE Y i BarT oA i H® PGSR TP Cha SoPRTHG C for the
nanelyUhlnds the analyte, so that a conpl ex
conprising the binding reagent, the analyte and the
virus is retained on the surface after separation of
t Be sanméEhmheMEbrdnmgandcﬂhEmpI@&@meeb@fhwﬂﬁﬁhnmwblllsed

n Cld ce is i.ndicative, of

pggégnc %Fganal Cgﬁﬁﬁ E%%ﬁpe %§- % ggge, S0
a@betcnrqympéesla¢mpﬁiswhereh¢rhamdungbréagﬁni bthd|amﬁlyte and
r @ﬂg e@frlféo 'IEr E ﬁé’&e o%”@ﬂaé(ts%ﬁ%% %naﬁpeag Eﬁgne%ff the

that the ng noi ety w i nd
aﬁéﬁgl%eﬁherpﬁéOQArﬁﬂdw@herp%@ﬁﬁﬂpe afdvifel mue@enceaqﬁd on the

aga!:féc,ee '1@; Eﬁﬁléﬂﬁﬂ}e o l nggﬁprte@%ngg gf rkg‘la ?Itgf J_rtéht%e sample.

bi nding moiety to the g reagent,
reduction in the amount of virus able to blnd to the

b pdi ng mé@ﬁgﬁ%tccbn?dir@'ﬁbatch.gﬁnog %@?eDEﬁégﬂﬁﬁb‘lﬁ.lsed binding

analyte in the sanple . nmet hod accor
cFﬁF%@QF\M@@PéFﬁe%iﬁ?eb@ﬁa#Yﬁf*ﬁéa@énPHQQPQHawééethi, so that

anAak yib ghdidgdmal $© t1Q 1bL 0k NG tiRk-etye OJhatl@%ebe utche %Qndlng
that the analgte and the binding noiety w

f P9 ai PEBI BN REESeaRct Ak %ﬂﬂﬂyéﬁelns§hQI$§mPée Socks the

rﬁdﬂﬁiﬂlgprbfl RhéheinBRURALi &ty Wd ¥he abl airy RERged® tRCthat a
bl ng orne?. egltlelasfnount of virus able to bind to the binding

reagent is indicative of the presence of analyte in the sample.

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
avallable sites on the surface, 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.

12. A method according to any one of claims 7 to 11 wherein the

binding reagent is a specific binding reagent.

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



i ndicative of the presence of analyte in the sanple.
30 12. A nethod according to any one of clains 7 to 11

wob@reiaseds he binding reagent is a specific biPdi/682004/000865
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reagent. 13. A nmethod according to any one of clains 7
to 12 wherein the 35 surface s the surface of an
ELI SA plate or well, a nmagneti ¢ WO 2004/ 079369
ngégg;pgg&g88§gg 24 bead or a nenbrane. 14. A

I'ng

met hod accor o0 any one of clainms 7 to 13 wherein

sites on the surface which are not occupied with

bhadi n agent 0 d 5 met h accardin
to?cla?ﬁ?g in Cfgﬁa%ﬁ%q%bﬁﬁgmf%g %ﬁggglm%?g-%%ﬁgigéegeln
oftteeRieriticabyfage) whampl ard dtnogbapeet wiith bieding reagent
sdrtase,diig.a period sufficient 10 to ensure that any

anal yte present becones bound to the immobilised

bi ndi ng reagent, ii) residual sanple is renoved from
t he. sunf AEnoMAEBrisnd RN c1¥Bshed: T @l EOME, i
unbound anal yt e, ifi) %he gurface 'S contactegﬂ%ﬂfﬁlgg steps

s B5PerRi O doPut heedHer$2l % and i ncubated for a period

ofi) t samp ikl Chedatle@ ALEOWHNGWHELLS £d:0 PLBHIE® sursicient
agal%%glon the surface; iv) virus suspension is

r Efo Ve N PR 2R APac Bt PRpEsHEdPeaees Ppupdctei e

atiglolef 1@ wi habnPrebhensurface is detected. 20 16. A
netgod according to .claim1l5 wherein the virus nucleic

attd FEIEREaSTPIT df THEOGS 408 BR? ot iscep (ich fF. then
Avaethdidtcacenstd nghyt anBOYnd M2k t6l aims 7 to 16
m@fi?“ﬂ1the virus is ? reconhi nant phage which _
expressts “HEEPETi T EOBFAGSY 158 AP eIBPIRAPRAOE the virus,
spedi inadlatydbifatds eekbhed dheigvakytei@lend §€£1ITWE the virus
bLnding, partne or _the analyte. 18. A nethod

JC [e) ana{ ge O, % ? H . . . .
according to ¢ L7 et it Fhe specific binding
pari meiruiss sasgémgloa ¢hatemorard ahbeth¢ agiEate of s afshed; and

a@}'&ﬁ%xéic acid of the wvirus on the surface is detected.

16. A method according to claim 15 wherein 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 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
partner is a single chain variable fragment of an antibody

(scFV) .

19. A method according to any one of claims 7 to 18 wherein the

virus comprises a multi-specificity mixture.



30 (scFV). 19. A nethod according to any one of clains
7 to 18 wherein the virus conprises a

woredotiozspeci ficity m xture. WO 2004/ 079369 PCT/GB2004/000865
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PCT/ GB2004/ 000865 25 20. A nethod according to claim

19 wherein detection of nultlg%e nucl eic acid

sequences each characteristic i ndi vi dual viruses
pcarnied net hod according to any one of

c & m téﬁﬁ\ﬂ%SPééhn?rﬁ$ haiPet ¢ WGt 1B edritfitd ons of
d@péttgiblnucmglanaémqﬂseﬁueﬂmegu1eabaaehaﬁﬁbté%astﬁb of

et hoad; acgordip thPE%rgﬁg 1 wherein the anplification

10 reaction is a polymerase cHHi'n reaction (PCR). 23.
A nethod according to claim2l or claim22 mhereln t he

appl i fic 9 rried q ns
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according to claim23 or claim24 wherein the 20
anplification reaction is carried out in the presence
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agent is an intercalating dye. 27. A nethod according
to_any one of clainms 7 to 26 wherein the anount of
vi? us” BetEE8d AP kidrt itPi edaimrdd i sladn ra ahedeim the
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sequence which is characteristic of a particular virus

used i .
EE. £ method according to claim 23 wherein the signal is a

visible signal.

25. A method according to claim 23 or claim 24 wherein the
amplification reaction is carried out in the presence of a DNA
binding reagent, or a primer or probe which is labelled with a

fluorescent label.

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

agent is an intercalating dye.

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

the amount of analyte in the sample.

28. A method according to any one of claims 7 to 27 wherein
virus nucleic acid is detected by detecting a nucleic acid

sequence which is characteristic of a particular virus used in
the method.
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29. A nethod according to claim 28 wherein the virus
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with a marker sequence, and this sequence is the
sequence which is detected. 5 30. A nethod according
to claim 28 wherein sequences characteristic of nore

t ban viyr w3 hod accordi ng to any
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anal ogue thereof, and a virus which expresses a

bi ndi ng noi ety either said analyte or said binding

r dagent Pet PERBR ' sBY domaifycdaing BFo AOkwhere more

aenaf Ay viieus! A M3 Whergd BhlRes¥i risy I8 sBbsequent melting
reconbi nant phage whi ch expresses a specific El%dl ng

nBPELYy af“&rlysgﬁt%rc@&Pat%?\aﬁ%/td@tSFmé%? dHEichdViges has bound
reagerd the eespelition to said analyte. 25 34. A kit
according to claim 32 or claim 33 which conprises

nore than one type of reconbinant virus. 35. A kit :
aseor dhngit CanyietaetDfg ehai phehde0 o34amhi G Jiur thes sample,
coggcg]iks. S rea?ents subjtgbl e for use |n the detection

of “the 30 “RURTF 67 Q&P S fifen b8y ing Hgnobgliised on a surface

atteratiing bondhyy aregeht cliaidis e32hép 8D whihab faid hewiyte,
C i\ses_an.intercal ati dye. 35 37. Reconbi nant

v?gﬁg?) Wi EhT AT e arlgng?%fﬁbed &0 2P A 199 %B%ﬁ%’%s and a
bot i vhiicdi agossesy aanthdingamkseet  efligReesaid analyte or

said binding reagent in competition to said analyte.

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

said analyte.

34. A kit according to claim 32 or claim 33 which comprises

more than one type of recombinant wvirus.

35. A kit according to any one of claims 32 to 34 which further
comprises reagents suitable for use in the detection of the

nucleic acid sequences. .. '

36. A kit according to any one of claims 32 to 35 which further

comprises an intercalating dye.

37. Recombinant virus, which are transformed so that they

express both a binding moiety and a marker sequence.
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