- RECOVBI NANT PROTEI N Bl OSENSORS AND A METHOD FOR DETECTI NG THE PRESENCE OF
AN ANALYTE MOLECULE CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] This
appl i cat i\80 208Ki88722ef erence to and cl ai ms the benefit ofCHISGENI2{09000898 a

Si ngapore patent application for "Allosteric Mdul ar Bi osensors” filed on
March 23, 2011, and there duly assigned application nunber 201102087-2. The
content of said application filed on March 23, 2011 is incorporated herein
by reference for all purposes, including an incorporation of any el ement or
part of the description, clains or draw ngs not contained herein and

FELD o BEEOMBENGEROTEI pnRoRs s i frbo B S aeipiies PCT

recombi nant protei n PHESERESENCEOF Y A0USLYTE MOIECUDE t he presence of an
anal yte nolecule, in particular, reconbinant protein biosensors and net hods
for detecting the presence of an anal yte nol ecul e using anal yte bi ndi ng

nol ecul es. BACKGROUND OF THE | NVENTI ON [ 0003] One-step honbgenous

bi osensors have the potential to significantly sinplify and expedite

anal yte detection procedures as tedi ous washi ng steps or secondary

det ecti on reagent s CROBS-RIFFERENEIETORELATEHDEAPPLIEATION t he norm wi th
current procedures such as ELI SA are not required. However devel opi ng such
bi osensors has been a consi derabl e undertaking, usually requiring starting
from scrat clpob9f TEE GBpRAHR IkEs dTededcCto0ind AbRisehit beh¥fitt fepiriglorhand, a

w de variety of protein domains known to bind analytes of interest with

hi gh spediifgappreypaterd apphertionfor yAHgsteric Moglhlar djosepgars nBldcoroMtarchad?i bodi es
and deri vat v i - L: i f VS )rif.0 I ficcl adl

Bi mcl mg. i Souto AL B AL bR for AR SR DR L Y THCedfcnt Ly

apt aner s.application filed on March 23, 2011 is incorporated herein by reference for all purposes,

—

including an incorporation of any element or part of the description, claims or drawings
not contained herein and referred to in Rule 20.5(a) of the PCT, pursuant to Rule 4.18 of
the PCT.

FIELD OF THE INVENTION

[0002] The present invention relates to recombinant protein biosensors and methods
for detecting the presence of an analyte molecule, in particular, recombinant protein
biosensors and methods for detecting the presence of an analyte molecule using analyte

binding molecules.

BACKGROUND OF THE INVENTION

[0003] One-step homogenous biosensors have the potential to significantly simplify
and expedite analyte detection procedures as tedious washing steps or secondary
detection reagents (like HRP labeled antibodies) that are the norm with current

procedures such as ELISA are not required. However developing such biosensors has
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[ 0004] Therefore, there remains a need to provide a nodul ar and predictable
mechani smto convert the above-nentioned binders into anal yte responsive
bi osensorwO 204WiIe872a0ul d greatly facilitate many | abor at ®CF/SEroCHAWORS.
SUMVARY OF THE | NVENTI ON [0005] In a first aspect, the invention relates to
a fusion protein conprising a structure of (An-B-Ax-C-Anm)y wherein each A
| ndependently conprises a peptide or protein domain that binds an anal yte
of interest; B conprises an entity that can produce a detectable signal; C
conprises an entity that, when Ais not bound to the analyte of interest,
bi nds t o H8emmdcomsiderableamdeiiakisg, grsadllypraydusizi sartiny f®m ncratell for aach saich
! ndependeer\]/%rl}y angly(t)er 0f<9i'%1telre:(:§f.l %n t}x’e other hand, a wide variety of protein domains known to
bind analytes of interest with high specificity and sensitivity exist, ranging from
monoclonal antibodies and derivative single-chain variable fragments (scFvs) to artificial
binding molecules based on scaffolds such as fibronectin to peptide aptamers.

[0004] Therefore, there remains a need to provide a modular and predictable
mechanism to convert the above-mentioned binders into analyte responsive biosensors,

which would greatly facilitate many laboratory procedures.
SUMMARY OF THE INVENTION

[0005] In a first aspect, the invention relates to a fusion protein comprising a structure

of
(An-B-A-C-Ap)y

wherein

each A independently comprises a peptide or protein domain that binds an analyte of
interest;

B comprises an entity that can produce a detectable signal;

C comprises an entity that, when A is not bound to the analyte of interest, binds to B and
modulates the signal production by B;

n and m are each independently O or at least 1;

X is an integer of O or at least 1;

y is an integer of at least 1;

“. represents a covalent bond or a linker comprising or consisting of one or more amino
acids;

provided that if x is 0, n, m or both are at least 1.



X is an integer of O or at least 1; y is an integer of at least 1; "-
represents a coval ent bond or a linker conprising or consisting of one or
nore am ryoe12dK8872pr ovi ded that if x is 0, n, mor bot hPETSGA012/08¢098 1.
[0006] In a second aspect, a nethod for detecting a presence or anount of
an anal yte nol ecule is provided. The nethod conprises contacting a fusion
protein as defined in accordance to various enbodi nents of the present

i nvention with the anal yte nol ecul e under conditions that allow binding of
A to the analyte nol ecule; and detecting the presence of the anal

nol ecul e by [W86kFma skcond aSpsci:tgmaietlmdd"dmd;@@tibg atpiesefaesir@mopniotfednanalysd yt e

conpl ex. pect r tectl p ce of an
anal yte r‘FB?lS‘[é"ﬁ? & %rtpv ﬁg tlb th8$ gﬁlgrly?secqnéac%?%w g P li‘ﬁ‘gelnkl tJeglond;rl ses a
f usi on pret&dahdeno aafoisdanb®lihenty af ltlfle;Sre&ﬂbﬁdzleﬂﬂadH s/ltﬁfthet béal e exsstédule

I nvention. BRI EF DESCRI PT| ON. OF THE. DRAW NGS (g In the follow ng
descri ptiwder cenditnns thapalovmbmdingot dnio thevambit molyeley @ad rdetrstingithe

referencqgr&s%aééﬁ%ffteé laﬁ%!}/{égn%[&iﬁ'engf detePmMieE R SIgnal[;QQ&%Jedﬁs W fkicihows (a)

a schemat’i c depiction | osensor conprising the fusion proteln Tem 1
| act anas epréteivi: qmalzfteeqmntpbpe (EKI RLR) beta | act amase i nhi bitor prot e| n (BLIP);
and (b) the as_neas

bst
absor bance BIBTRE ASREE i S G mm & ERcY RE Palds B GRle  mous
anal yt es,amidunf©€ QnslgRCR providad.i Dhes kit rddapirie®nNh Susion protein in accordance to

various embodiments of the present invention.

. BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the following description, various embodiments of the invention are
described with reference to the following drawings, in which:

[0009] Figure 1 shows (a) a schematic depiction of a biosensor comprising the fusion
protein Teml lactamase-HIV p17 epitope (EKIRLR)-beta lactamase inhibitor protein
(BLIP); and (b) the rate of substrate turnover, as measured by nitrocefin absorbance of
the HIV pl7 epitope biosensor in the presence of various analytes, in accordance to
various embodiments; | _

[0010] Figure 2 shows OD492 increase in the presence of various analytes for the
biosensor mentioned in Figure 1, in accordance to various embodiments;

[0011] Figure 3 shows the response of DO1 biosensor (as in Figure 1, but with the
peptide epitope of DO1 antibody between Tem1 and BLIP instead of EKIRLR peptide)
monitored by nitrocefin cleavage absorbance at OD 492 nm, in accordance to various
embodiments;

[0012] Figure 4 shows substrate turnover for various analytes being added to DOI1
biosensor, in accordance to various embodiments;

| [0013] Figure 5 shows a schematic representation of the rigidification of Mdm2 upon

binding its cognate analytes, in accordance to various embodiments;



[ 0010] Figure 2 shows 0D492 increase in the presence of various anal ytes
for the biosensor nentioned in Figure 1, in accordance to various

enbodi mernwe;2012/12pA11] Figure 3 shows the response of DELCTHGRSRASH¥S (as in
Figure 1, but with the peptide epitope of DOL anti body between Tem 1 and
BLIP instead of EKIRLR peptide) nonitored by nitrocefin cleavage absorbance
at OD 492 nm in accordance to various enbodi nents; [0012] Figure 4
shows substrate turnover for various anal ytes being added to DOL bi osensor,
in accordance to various enbodi nents; ! 0013] Figure 5 shows a schenmatic
r epr esent at {0 4bFigutee6r shgivdi the gaspoose of bigsensobi bag¢dhgni triplicategnef e

anal ytes, i.n acc vari ous e n{s, [0014] Figure 6 shows

rdance t
the respoff&gy Tﬂmﬁﬁﬁ?“HF8%§W¥§}°Bﬂg%ﬁenl0IFFB t cates of various analytes, in

accordance {(D18RFigQtts7 Shdedlimases of visuall 4§PEahndel @Uthe rdactib® v Figuag6s irof
vi sual appearance of 'the reaction of Figure 6, in accordance to various

enbodlneﬁ?gndmwePBBQEFsFW@9¢§m8“shoms t he response to MIn2 bi osensor, in
accor dance i(g)el FleQHSs %Wéj'tl'geﬁgﬁonse to M b érQHf 8n %c%@%e'tmﬁgusf or

JMLO9 cel | s be g trans W't h expression plasm ds encodi ng i ndicated
biosensoramMﬁnnmmS|stance cassette) and DOl ScFv (Chlor resistance

casseti€) Ryt YRR TIOLUIoF a0k LSO shovs
f | uor ophaslgntlte Bedading Gaditated bivser3bs (Kdh ARSNGB Setie) aNd DU ScBNMTCidoment s;
resistance cassette), in accordance to various embodiments;
[0018] Figure 10 shows a schematic representation of the coiled-coil binding for
fluorophore-quencher configuration, in accordance to various embodiments;
[0019] Figure 11 shows the response of p53 short peptide against specific DO1 and
" non-specific (bp53) antibodies, in accordance to various embodiments; and
[0020] Figure 12 shows images of samples of Figure 11 excited by fluorescence, in

accordance to various embodiments.

DETAILED DESCRIPTION OF THE INVENTION

[0021] The following detailed description refers to, by way of illustration, specific
details and embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice the invention.
Other embodiments may be utilized and structural, and logical changes may be made
without departing from the scope of the invention. The various embodiments are not
necessarily mutually exclusive, as some embodiments can be combined with one or more
other embodiments to form new embodiments.

[0022] In a first aspect, a fusion protein comprising a structure of

(An-B-Ax-C-Ap),



[0019] Figure 11 shows the response of p53 short peptide against specific
DOL and non-specific (bp53) antibodies, in accordance to various

enbodi merve;20Aid8722 [ 0020] Figure 12 shows i mages of saRpIES2012/0p0g8ire 11
excited by fluorescence, in accordance to various enbodi nents. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [0021] The follow ng detailed description
refers to, by way of illustration, specific details and enbodi nents in
whi ch the invention may be practiced. These enbodi nents are described in
sufficient detail to enable those skilled in the art to practice the

i nvent i orwhe@tihevaclke b onlleprendestiyrmwpmipssast 4 Ipeptede am grosein Womamathat Jnils| agi cal

changes na e de out departing. f the scope of .t i nve n. The
various eﬂ?%mbﬁ ﬁgﬁ?tgre\l\ﬁ*eé] not PHEE, eggaeflﬁ IEhapcﬁ‘%llzf &10 c lflgfeg!eggleasélg%ohgo
enbodi WerHo&p@@ék deerdyTiiat) 6shend A s ﬁkStEonﬁd Dthe aﬁhlb&fofﬁﬁi&ﬁﬁt Mixitls Yo Boarfdor m new
enbodi nents, [0022] In a first aspect, a fusiaon pro |n co rising. a

st ruct ur énggul fiogthesignal erodpetign by Bep éndmease ach ndep Hefr g lt%sﬁﬂr Fées a
pepti de Oarmf?{egér%f@ oqlgmage1t9ﬁtanhht@géro@au@£@|1yte of interest; B conprises an
entlty t ha roduce a detectable signal; C conprises an entity that,
when A is n[ﬁOZBblu“hnjsytndmﬂ hé’reaxmblyseco‘falmtbemdasttqlirﬂiend@np@si@ enrdnsreihg at es
the signal Br oduction bX &g n and mare each i ndependently 0 or at |east 1;
x is an iH 68?m8¥ea(¥“8? 4t>least 1; y is an integer of at |east 1.

[0023] The foalpin the coepxesfantisutemiibtanes, the fimotfusion” dik€iisi@Opiotdisi ng or
consi sting_ of one or nore am no acids. [0024] In the context of various
enbodi merfe&rs iha ewplent digksgsnot syo "Cfru@P@npw%%Seph"ffarggFéﬁsst 50k Vi s ent

linkage g ék%m'e%e pHBE sam)eﬁ@sl e Qhkd qugsemgé bk h;%rlﬁfaar Y &-LhR1dieaAeat i ve

pepti de back The |1 nkage may a be co-linear or co-translational. A
f usi on prfosien protegn mramlﬁtuabplateup@m@mpbde darived drom ﬂemdém Wecumf more f usi ng
the two or Jore pl otet £ ra rrrrlentasmtlgserﬂtlaeofr ;n S ex Sif t he

pr ot ei ns PARE"F Pad REeS eéeroeo eei‘) PFS IR PR SR 35 en ere may

be from different sources.

[0025] As used herein, the term “domain” with reference to a protein may refer to an
independently folding peptide structure that may naturally be part of a larger protein. For
example, a domain in the sense of the present invention may include one or more amino
acid stretches that have a secondary, optionally a tertiary and optionally a quatémary
structure and fold independently from other parts of the protein that may not be present in
the isolated domain.

[0026] The term “structure” refers to a chemical structure.

‘ [0027] The term “binds” refers to an interaction between a target and a potential
binding component wherein the potential binding component preferentially associates
with the target. The association may be measured by a level. The term “binding
component” refers to a compound that has a statistically significant association with a
target molecule. The binding may generally be specific or non-specific. In various
embodiments, the binding of the protein or peptide domains may be specific to the
analyte of interest.

[0028] The term “entity” may refer to but is not limited to a chemical moiety, such as
a peptide, or a protein, or a protein domain, or organic molecule. The entity may

comprise or consist of a chromophore or fluorophore a quenching group, wherein this
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[ 0025] As used herein, the term"domain" with reference to a protein my
refer to an independently folding peptide structure that nay naturally be
part of awvDapyers8eotein. For exanple, a domain in the PERSE20H2/000088 pr esent
i nvention may include one or nore am no acid stretches that have a
secondary, optionally a tertiary and optionally a quaternary structure and
fold i ndependently fromother parts of the protein that nay not be present
in the isolated donmain. [0026] The term"structure" refers to a chem cal
structure. [0027] The term "binds" refers to an interaction between a
target anpemchpg erup atanbihsdibngmissiop dlee rexcidtionkienergnergota fiuprphereneti ng
conponent ,preferentially associates. with the target. . T S | at hbon may be
neasur ed cl}fj)méo 8Vefl§ualllﬁgn f%ﬂﬁﬁfprt?ixh ityngancélrlrli)so ugﬂ‘f}gﬁlre esfgél:afsag%oe%ggdc hﬂ(§§und t hat
has a st ghiofdph6R!dr¥h®n@phéiecant association with a target nolecule. The

bi ndi ng may 0gener ally be specific or non-specific. In yarious_enhodi nents,
the bi ndi ngl0829% Ae usediherein. othe JewR | @EWEHa Y Wé%rcllﬁlég%% ciPfi Efrsdt Re

anal yte of,lnlel8§toive off] §9281 entiReTHSEM “GREdtibIe iR FGES o hQighklthheS Not
limted t00 a chem c%l noiety, such as a peptide, Or a protein, or a protein
dommi n, @an be detrited oroheasuted dirfetly a@nnditegtlyrdipr example.she deteatdne signal ofaya

chronmophqre,or fl uorophore a.quenchi ng.qgr.oup, .wherein thi .quenchi ng group
can abso(r)bﬁ %eﬁ?rcéasbheoﬁr ?S‘érg%l?tb t P cagns rg‘tjt{/OSE PRah Igh O?(fclrl}(e)l%cﬁ obrlgc glrmcall’

chr omophamehunbéiéatiday of Bhehmiadliradanprihe detdcyableagighal sy lgyrodited daegiygmal
generated hy the fluorophore or chronophaore. . a(L500 Qé’fAs used _herein, the
term " pr deditestly RyFeactipr oF FEFgelon Yitha sureble carjugate. Janeramnle, asbairatyi ve of f

give o efflleteFleLERMmAPLEG! ARiusl ORI efers o a signal that can be
detected or neasured directly or indirectly. For exanple, the detectable

si gnal nmay ©630lcinsbe edntext of varimas emhpdimehiy, thiyesing sodulsatrs? refers do phamge.

phot ochem. ca bi ochem cal .. i munoghem ca i cal

det ect abﬁé‘eschla?’?ael m??éi/nc ugepspf)n&ua(tzlg 'Ogolrreexg?’lpif’ %?e ﬁ%’g’?‘ﬁé‘?ﬁeﬁ%‘ﬁ?‘éﬁ i%On or

i nt er act ijfdreask ihtha sigualtorlaldecreawjingh@tsignal or exanpl e, a substrate. The

det ect abl e s:qgnal ma "indi cat or .nol ecul e". 0030] In the, context

y b“ . an”
of various K8BYHdlheelste, ﬁf‘#‘é’ {effih to FoliRlfing sQMPQUEREPi2 SPACKMGIEY YRE Change

may i ncl ugde saldiily dt hfflcoFa®nt§ 1AM @mpolifd & S83Hd fipYyorbsr Ngﬂh@iﬁ’-ﬁ@ﬂailﬁy an
increase in the signal or a décrease in the signal. [ 0031] The term

"1inker" orehethsr thenaicalj entit JLiokarpamranbe oelecied basedrep Hhsirelepstithchamiean

coval ent | r. nop-.cowal.ently link a conpound to a solid support or a
protein &%Rg}t% agf?m{é’hg?)ﬁglrh%hem cal entity. Linkers may be sel ected based on

t hei r | engt jpo3hanvars hodinenys, taf linkdrt gomprise bbicbndists of onf @@ 3Adrel n
various enbodi nents, the |linker conprises aor consists of..one or nore am no
aci ds. Tﬁ@"ﬁ‘b?‘%ﬁs' iﬁ? 175 2 o aeids ef Sttf’)n_?‘}};{fa@?' é’F?‘i}“%ﬁ?ﬂ?‘*‘ﬂﬂa@%H@g}lﬁdfi cially
produced a{Hhd19cias i Ha, aldNsniab $0ideaHaltgs aGH hnARe beid Smiddidic A Miad FurGibdl ifamet i s
that function in a simlar manner to the naturally occurring am no acids.
A no acistnilmanaist ftefles newrdlyrpseuig anae asilbe ATHEC SEife aRHQISCreEERi cal
structur %ox%ﬁoﬁrnﬁ tl[?aqth%ea{h%%algg BRI ERGhi BN s a‘ﬁhé naturally occurring amino
acids.
[0033] In one example, the one or more amino acids may refer but are not limited to
one amino acid, two amino acids, three amino acids, four amino acids, five amino acids,
six amino acids, seven amino acids, eight amino acids, nine amino acids, ten amino acids,
or twenty amino acids.
[0034] The use of chemical linkers may be, for example, for use to connect the

fluorophore/quencher to the conditionally fluorescent peptides (eg. as shown in. Figure

10)



[0033] In one exanple, the one or nore amno acids may refer but are not
limted to one amno acid, two am no acids, three amno acids, four am no
aci ds, fiwe?amwnsi2aci ds, six am no acids, seven an no a®CASG2eR2HH09&m no
acids, nine amno acids, ten am no acids, or twenty am no acids. [ 0034]
The use of chem cal linkers may be, for exanple, for use to connect the

fl uorophore/ quencher to the conditionally fluorescent peptides (eg. as
shown in Figure 10) [ 0035] In various enbodi nents, B and C each nmay

i ndependently conprise a peptide or protein domain. For exanple, B nmay be a
peptide or mﬁhlmvmnabmbccﬁmpm@dmaodé:@glbgmameGMntlzca@mMagmtidme

det ect abl e si gnal be an enzyne or may
nave enaylietP ERLLHP: EO° Srmeld 5 ey LRI s BiolR ¢Ofefl rBTRe ey e
may be camaamgmqﬁmpmpmbduaghadaanmﬂ@mgmﬂ read-out. For exanple t he enzyne
may be but is not limted to Iactases cat al ases,, anyl ase

bet a- | act amH¥88] Inpsianodiemt-rhgex es%ﬁwmemrmé?ve %ﬁﬁ&rlséﬁw%‘é&%s and
car beni ci I u e b

bet agal ac%n(%gr?ggg?é’re gcégaﬁ)ft%eﬁ %Iﬁfglsépfrgﬁ gés?%%m% 05 Cé&mesﬁ% " n%o iments, C
may be arconwdidit troad-@ft. Fore cxommplerethe feozynec(amlls b.UtDISOICéllnnltﬂdhiOb]atfmes, The

i nhi bi tor H&% be aacopgq}|t| & qulbltgr 83% allosteric inhi.hitor.

Bi ndi ng of AHRE> i nhi B to PHE %H?Vﬁ% is ‘?P%P@“wFor BRUAPI"&5t he
protein idephdiddporindtey ahé chrbbnitislinists. |Th Vati@d dtker@nfbodin®ints, Bahpbé Bétasuch as
al pha 1-antitrypsin, C 1 -inhjbitor, antithronbin, alpha

1- ant i chy&RAcky Hé“ﬂ”aﬁpggﬁpﬂﬁa@ﬁmﬁctlvator |nh|b|tor-1, neuroserpin, or a
bet a- | act ampRg7j iR iRboRAR © (n@}yllP)an SHPABE bRAMe @RImb 2R RAGHAN 2

[0038] In various enbodi ments, ‘the ength of the I'inker between the

pept i des motemrmh@ntnr &diﬁranfnlsltmyasbbe g@bmpctéd/esulmhltm‘rmam gllostetiowshibitoe.
interacti i.S. not_ boun al yte of. rest, and
it preven g ltnﬁe()%ﬂ% lenpéclz il gont SF'8and C whien i %Or ex?)%%q %Fé)r(ﬁ 8 13%’1@ tcflrt e of

i nt er est .mayhiee burdl yotelirdited mteepxe&ﬁn |nhitétoe bmh%aﬂ;ﬂm I-gfti@rypsih OC Binhibiedry t e
under test . I n e enbodi nent,. the binding of B and C may be

i npai r ed %ﬂ@ﬁorﬁ ﬂp#bl heymarpHe: PlgnigAgss, atiepiar b9 nEew S Hhanal yte,
opt i onal Iy athlefa- 1§am%a@n@hlu;t@r protem[(ﬂﬂﬁﬂ)] sdllec%ﬂ?%hIi kGobdERedi ments, the fusion
protein may conprise the structure of (BA-C)y. The structure is obtained
when m and H03Blelnesarious radod ivernits, | the (bengﬁhdf %hg §nker betw¢epothe Jpepidest ¢rer

enbodi ne C h conpri se
= subst arsaeir e e S RaLPIRR Sl he RS E L€ s 7O ohor o
(quenchernpt boundi to ehevarabyae of interest, and it prevents the interaction of B and C when A is

bound to the analyte of interest. The analyte of interest interchangeably refers to an
analyte under test. A

[0039] In one embodiment, the binding of B and C may be impaired when all A
moieties of the fusion protein are bound to an analyte, optionally the same analyte.

[0040] In specific embodiments, the fusion protein may comprise the structure of (B-
A-C),. The structure is obtained when m and n are each independently 0; and x is 1.

[0041] In other embodiments, B may comprise a chromophore or fluorophore and C
may comprise a substance that absorbs emission energy of the chromophore or
fluorophore (quencher) or vice versa. |

[0042] In one embodiment, B is a chromophore or fluorophore. In another
embodiment, B may be conjugated to the chromophore or fluorophore with B being a

peptide, protein or protein domain. B may also be a fluorescent protein or peptide.
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[0042] In one enbodinent, B is a chronophore or fluorophore. In another
enbodi nent, B may be conjugated to the chronophore or fluorophore with B
bei ng a pEPL2IA287220t ein or protein donmain. B may al so BETREGROIMPEE ent
protein or peptide. [0043] In one enbodinent, Cis a substance that
absorbs em ssion energy of the chronophore or fluorophore. In another
enbodi nent, C may be conjugated to such a substance that absorbs em ssion
energy of a chronophore or fluorophore. In still another enbodi nent, C may
be fluorescent peptide or protein, for exanple a conditionally fluorescent
pepti de. As [QMéhhhen@hmbOdih@nt,é? ] awhmgaggd‘ 'abserby ssmissigre cpasgn @l thoget her ,
to be cou or togact ope e as,if d tjon
occurs by %r{}%ﬁhé’ﬁ? °f pH%mBeorSrﬁ)‘l %nr?lrthcerlen bé)fihnlé nlkgﬁ mayug%g&ﬁ%at%f)wo%{gzﬁd
enbodi mendubstBndelth4t abBYLE ONREILS endpy bPa shibineph@p e flao@phort e stitlk@bthess or
conprises a substance that absorbs enission ener?y of tPe fl ua tlg}h
Y8¥Nd t he

i e.,e a dREREL. |H1a§nbeeﬁggrg§q?ghpept§engyp%%r A CXample, 3 GHAG

subst anc %&JP&E&&?}%&E&SAQ M AHe R, SRE(EN “&fn ﬁ%ﬁede Iﬁ{e‘aﬂp@hﬁrjﬁné@fo gf:tlhbko fpphore)
nmay be a quenche 45] For exanp e fluorophofe may be but is not
limted the ¢duptedesc &l nct &- qepate A‘rrnfrmateﬁyUﬁmﬁyngs»magﬁﬁltonaicewe-bylcavsl@mf oni ¢
acid (ED r@a{% i sot h| nate counmarin, cyani ne and rhodam ne. Exanpl es of
a quench ‘i/orblgmﬁﬂl? S inmited to dark guencher,

di net Eyl ani mszﬁe]EHmeldfiﬁdrﬁdB bt G(hkamlrlg)rﬂueﬂbeheﬂﬁoroﬁﬁbeyhd thartheid
quencher. More specifically, da ma e a n 0 inhibit

f1 uor ophdeCHRISEhe SR thef 32’6‘?{ ‘T’tel’“B??éﬂnl ﬁn‘?g)ﬁé’& etg‘éedﬂo PEBES dése (F or

exanpl e, @sndtel URL iteRBollitheli, 481 rRayl Qdmprise 4 W hl)l@ fldhel «phasicnmats, the
fl uorophore may be green fl udrescént protein ém | f GFP or derivatives

t her eof ar@ssurbeemizsion enerayobilie chromepbore (onfirororats) may belagwersheent pr ot ei n
such as but [(ﬂ)%][ kérnQQaﬁl%lé ﬂlehﬁuor‘féﬁé%% %[%ﬁ%gg)effs x%o?lhrﬁn{eglzg) )ﬂug%&elf suﬁfd as the

i nteracti on‘partner I'on makes use 0
so- cal | edAiinsethghaainomaprholere t-eulésrte %Cld r(amm) (1E<RE1'5):ydnet}:h ndograrinpwher e

t he one fluorescent nojet when in c ther (in the
absence &ya@ﬁawf da%nFI]%/’%i‘Bg’é)‘ist?fﬂﬂB?‘&ﬁ ‘Hn8§h H%‘s MRS ophor e

via Fl uorfseahamifRsMNeaR aiéme btk _Ebfbf‘cgfeﬁéhe@fﬂﬁﬂ'&ylaﬂﬂ Of- th&hea Vierger

wavel ength photon. In case of using G- for exanmple, the GFP
eni ssi on sphdifieply, alebeylomay e avmerciEpio] énhiibit dlugeephpres xinnihey coniext REP | s

i nhibiti i Y ted When anal yte
is addedn%n%:ﬁ?—% &\Q/%lggaé\ggg fBPJ.; @an@é‘?g‘?ﬁ ﬁ%grg € ssi on phot ons

w ||l be det {m)kléljhﬁnthea e@%@d'ﬁriegt};althe Sﬂudﬂiphmteanhp bel grebﬂnlfhlomye;nt aprEtREaT

accept or P .al.so e n5| d ed an i.nhi bi tor  of donor
(such as @%%S ﬁsI—G‘%v‘érr Vﬁuﬁ"rseg’@ 8fj|arré‘°f"i‘fié)u6fm‘flﬁ°é‘ki ntb%‘htafl “hot

both, B Mr&cerﬁ%m&h%ﬁcpﬁs Bt Gof hmea)mﬂ%qﬁmaéaaelﬁ Reotél8i(REP) MAy Beubd pl e is
not based on FRE 0047] In various_enbodi nents, when nore than one A

i s preserfs tha inlgeaction |Péﬁn€t5r sheh agieh the rigjectien makes ase of ghe sarsallid nore A
be d b bi nd
ay be 'filjo%sg Hegbngﬁ'cee %ﬁ%p F sfér RE_)EGQ @W evfhefgiifh gneafl{uﬂ@a:%gt to bin

to the sane ana yte n va rent's, nay conprise an

ant i body,maintyj lwhdy if rciacgergmmmpgpblthle othet &imethe apspté dé aaariyuegewni,ll grsorbept i de
antigen f %ns emitted by the other fluorophore via Fluorescence Resonance Energy Transfer
(FRET) and re-emit a longer wavelength photon. In case of using GFP and RFP, for
example, the GFP emission photons are not seen when RFP is in close proximity; as RFP
is inhibiting GFP emission so that only RFP emission is detected. When analyte is added
and RFP is moved away from GFP more of the GFP emission photons will be detected
and a GFP signal is detectable. In this way, a FRET acceptor such as RFP may also be

considered an inhibitor of a FRET donor (such as GFP). However, in preferred
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[ 0049] As used herein, the term"anti body" may be used in the broadest
sense and covers polyclonal antibodi es, nonocl onal antibodies,

i nul ti speyDR2dR/@22bodi es, single domain anti bodi es, an®Cpis&ge128000080di es.
Anti bodies may refer to fragnents of antibodies. The term "anti body
fragnent” neans a portion of the full Iength antibody, generally the
antigen binding or variable region thereof. For exanple, an anti body
fragnent may include single chain antibodies (scFv) or binding fragnent
(Fab). Antibodies nmay be interchangeably referred to as inmnogl obulin.
Var i et i essnfodamgritbotithesnymafiobeot bash, Braadil, eompgigs ot g, fluogdphotey@ndrile | gM
Exanpl es nt i bodi.es t limted to anti-H'V pl7 epitope, p53
(DO-1) ndﬁﬁ%?S%ngaﬂfFﬂggémw§88%§§ﬁ9 c-myc anti body. [ 0050] In sone
exanpl es, A[omay] ﬁpmﬁdlﬁeeﬂilﬁidﬂﬁaité YWBEC tHokd figinl dr@aAds Q’fesénﬂtlﬁrtﬂ@tfﬁd'l@
partners. For exa MIn2 may be used as A for the detection of

[0051] TH¥OteHe mqhg mgy aﬁlﬁsmﬁw e of eQ3F i MaY be didferest dp epscxasple ﬁl@e t hat

bi nds to {Ar@siorPh %gwaﬁ%%&i@%(gﬁ é)@d%efdn(‘;‘yw and a strong affinity. For

exanpl e, the pepti aptamer may In the function of a protein in vivo.
[ 0052] The {0948) Immancglerembgénmnaﬂ |Ay magyf @meprise an antibedy | atibedyabhgmeft, bei ng

bound by an.antibody. FEqr an antigen may be but is not limted to
pat hogen p&@??%@’(ﬁa%?ro?e@flﬁg?ﬂﬁegcﬁlp&n&mlg%‘gf%@nﬁ' nedi cal interest such as
insulin, hcf@odef as ubétl ReteinetHROeinEMtiboliTEmantbedREed @f thrrirbgRe dehagamnt nay
conprise or consist of an antigenic determ nant or epitope. .. [0053] In

some enbd@veremalyclonalmptibpdigsy anqnoglogaly antibggies, mpHispeqifis aatippdissmsmele ~ x may

be an i ntRatkn ofhibBi&, than Hage':%nlﬁ?&?é@'@nnb\é/&ﬁ@ May Jrefek N ffﬂéﬁfn@ﬁ'ts pgot ei n
may conprise the structure of (Al A-C-Amy. Wien x =2, the fusion protein

may corrpransbodlcshg hsttmm:t fm’t@wb)f fr@xémelB’-’ Aneans:am@’qon afhse SuMl dertetr entgfodyhe

fusi on pr oLg ] t}sle % ysh B ng or varla%!le €210 tthereo:fnﬁ’or %&a‘t erlE:aEn!l Oar1]1 [ 0054]
The tern1 EF€e¥ p:g H%fge rmnd §%dlhere|n I's l?pe ur va eny'to t he
synbol " Gtaghient hﬂa}s tulid]h(tdeu si@aglf chdig zidﬂ1$)bd)1ls F(Ecﬂ{v@l ér. bmdn{gO(fﬁgﬂnehﬂ’l (Bdbher
enbodi nents, the respect.ive p05|t|ons of . B and .C may be exchan ed wthin
the fusi oMUfegIce; MaXuls iRiEEhangeadly  &igredo o &8 AMEUAPHPREY. oV aRFiSEt o e of

(An- G AXBnfBddes ma fbgoﬁ’)@]exérﬂpl\‘fangoque[Q@qgﬂ%ﬁslgl\/f & akipdi P%nfbodies © B may
decrease or inhi b|¥ si gnal pr oduct’i 6n
may be but not limited to anti-HIV p17 epltope p53 (DO-1) monoclonal antlbody, and

anti c-myc antibody.

[0050] In some examples, A may comprise naturally occurring ligands or interacting
partners. For example, Mdm2 may be used as A for the detection of p53. _

[0051] The “peptide aptamer” may be a combinatorial protein reagent that binds to
target proteins with a high specificity and a strong affinity. For example, the peptide
aptamer may inhibit the function of a protein in vivo.

[0052] The term “antigen” generally refers to a molecule capable of being bound by
an antibody. For example, an antigen may be but is not limited to pathogen derived
proteins/molecules, molecules of medical interest such as insulin, hcG, etc. In one
embodiment, the antigen or antigen fragment may comprise or consist of an antigenic
determinant or epitope. |

[0053] In some embodiments, x may be the integer 1 or 2. In other embodiments, x
may be an integer Of, more than 2. For example, when x =1, the fusion protein may

comprise the structure of (A;-B-A-C-A)y. When x =2, the fusion protein may comprise
9



[ 0057] In other enbodinents, C may initiate or increase signal production
by B upon binding. Such initiation or increase may be upon the binding of B
and C. Asweuroty/12€72zmy be or may involve an activat or or PEH/SEANRMAC®OS For
exanpl e, an activator may be an enzyne activator, which is a nol ecul e that
binds to an enzyne and increases its activity. For illustrative purposes,
an exanple of an enzyne activator nmay be the a fragnent of

bet a- gal act osi dase and vari ants thereof, which activates the K2 fragnent.

O her enzynme activators may work in a simlar manner. For exanple, an
enhancer thaytrb@ulamfe(mz.ﬁré Arhrdnge Thewiructurecainthigi fasion ereteingn-givsni meNsi t e and
cause a conforlr{ag hlar}% ﬁ/m ch enhances enzyne function. [0058] In
one enbodfTEAE © Bl OTEENOR-act ammse or honol ogs, fragments and variants
t her eof , \Ahﬁmsnpmmenlﬁormt@@mal”f SragTredtnsnudN dsedakidraintis nat equdddéntpaiid al |y
retain enzymatl c activit I n_other enbodi nents, B may be various beta

| act anase%’mbpl F{%rﬂ%s;ru#ﬁf%@f}féﬁﬁ@%mot@@n ants thereof, wherein the

honol ogy, \

norol 09y, | RS 3ha i AGAGRL Tl SRR B DI LIRS

vari ants wlltianelw fusioWarateintsuch thet ths dusidrepwitan compriges atstruetursr aft(din1e- Ahat
differs L}g%a consensus sequence or the accepted w | dtype sequence by at

| east on Yo acid variation. The variant nay be but is not limted to a
natural var (86} InOvardud/Bfbodimenithe biding JEXOAKB gy dddteaseldreinhibitdignalct anase
TEML may conprise the am no acid sequence set forth in SEQID NO 1

(Uni Pr ot KesodctesBY Bn nunber Q6QI17). In one specific enbodi ment, the beta

| act amase Tﬁ%7ﬁﬁb’otﬁé}@8{ﬂo§§né’at§“@m5 Qut?a'ie bt 1%19:@5‘5@" 5%%1 flx%ﬁﬁcﬁ‘i% b‘}fB Ly am no
acid sequence set forth in Honol og§", ‘as used
herei n, rhafding.tSuch mth:nootoe um:seatsdnmtay haveorsihmbiralnn%ﬁm@nct@ As sl@é}u@mae'

Horrol ogs I ngl Udelr?Joﬁve an gﬁiva%r raalilaen%? ce 1!‘:c;’ra gl‘%ln ah acfwa grer%ah el refer
to a portlo?1r TFY ANG Atfa'Seqe hat | Boel’ e co?fr'pr|3| ng

f ewer thanzaht a@fvaionewkioh ixa ﬁh@ledulé @lidt Bitels t(Dﬁn Eﬂik@rnﬁrmﬁéndieases it§ Adiea}.

General ly used herein, the term"beta | actanmase" ncI udes nul ti Ie bet a
| act amasesr lﬁ‘bﬁtra%‘%‘aﬂ‘ﬁp%ses aﬁwe’@F’PE A AZYE ACTIRPTLINAY e therp Jragmegnt;ol

| act amas §ia- (AR dasd SRR vhRmtBRES 7wlﬁé}gé&fvagsf%§§§ﬂr§’§ﬁéhtl©ﬁkﬁ€&§ﬂ§: In one
enbodi nent, the beta |actamase is a Oass A beta |actamase, such as, for
exanpl e, dFENALOrs may| ‘@Oﬁﬂill}l g mmslwomh@mr cirscarmplst an enhengertpaybq an FeMEr nase

var ant 5 PRERRGEE Hpdin Fidudsu®t o4 Loet CRRBRRAME nadIFRIRRS FO7

bet a | acteahmmes edzlymerf&ncmpem fic enmbodi nent, C | s a beta | act anmase | nhi bi t or

proteln (BL]PL_ oy vari ant the eof e "variant' onol ogs and
"fragment s" [0&%@ ORfefh maf’ﬂl?éq’éf_al Ctﬁﬁﬂ?seha’(/ Olflﬂlé?g% 3B F9sequence

set fortRatiBntSHERrddP Mekreh &Umo}?fomg@f@glﬁ@% b varHRe st 13 BERally IrBta@ne
specific enbodi nent, the BLIP may conprise a honol og or fragment or vari ant
of the arfbAENa dCtS‘éWuéﬁc@thsléten‘fbedmnISn Bspupy LbeN@nozs bd{a Jactampsdi ¢fent, C
may conpr I t f JP- 1 I

[ 0062] | nﬂo\iﬂz)rll o’u@g d‘ﬂde A §ﬁt9’kle?n%)>f/ "gl%?%h?%n | gen g%ﬁ)mk g rglnantl genic
pepti de mamyeasopptialbye radin ey ymativs agivitpf Iranneanpaudicamnbbchmqueﬁcs thelbeat ed from

t he grou consi of t.haos forth in SEQ D NOs

10069 | HGHBREnIONT FErteih S EPRpoferane, fs b eberes s fAREFnBHor | i ng
nore t hamlffa@ fASHh ROcoRSdSs SifendResrehd abipidd WHaKpPHeRfue® bpaikagt i | ed
coil structure. [0064] As used herein, the term"coiled coil" may refer
to a peptamiec eeidpraseom Thegrasiarlemay bl oy innethlimitedin pgubual yrepke on of

hydr opho e Ry aPaf Pﬁgg{@g f ol ds)
to form ?1\4?7% ?i‘sul-la%g?r?%c %ﬂﬁ i ﬁ{ he |b%2aslqyt§§%alr If)dflqﬂ% CO|t ezaﬂr%%/) be
brought taoidxequenae betdortein SEQ D MND: al (Lari BdotIcB ac@m‘wrgnmabardlﬁ(yﬂﬂafn one
anti-paralle r..configyratiaon. ane end of the paralle

cont i bar aPratic SERMIEET B Hoth ldeimals TVT UM TRRShE BOREIEST (TR | ed
coi | s May,R8ntof fRCanfROHAN séReAlse? Brth $ASEQAD Nder.eof . In this regard, use
of anti-parallel pairs nmay be considered to be nore suitable than parallel
pairs. 10



[ 0065] In various enbodi nents, the fusion protein may have the am no acid
sequence set forth in any one of SEQ ID NGs: 4-5, 11, 14-15. [0066] In a
second asWweO@p12/1a81t hod for detecting a presence or anpBET/SGRORMAOAAI yt e
nol ecul e is provided. The nethod conprises contacting a fusion protein
according to various enbodi nents of the present invention with the anal yte
nol ecul e under conditions that allow binding of Ato the anal yte nol ecul e;
and detecting the presence of the analyte nol ecule by determ ning a signal
produced by the fusion protein:anal yte conpl ex. [ 0067] As used herein,
the term " c969cthomdlogsyas uskd hereim, referdo mgjpmtelm theli hage si@olar awinoragidmay be

bringi ng a eth sugh that, t he oundc n affect
the acti W@V%?%%Ol?%frla@?&e %gho{l%t rpga iles ulg e But"y l%l 3 a?lg%e%ﬁ}nﬁll? ef%fef 0 bei ng
per for med pdkiéh bLshinb4bR sRGuckc@ahdtiis,di pﬁﬂypeﬁﬁdﬂi edsthprivéhgnfeywerf thiplall@f the

i ncubati on. 0068] The term "detecting" refers to nonitoring,
det er ni nidyno arid EsKPHef thapwteidr m " presence” may refer to the existence or

a measur eabL{ﬁ b]e(‘égﬁerﬁ Iy, as uscgcpgtgglll et “Bhta YA Shase® ekt de® Qﬁultlﬁl@fb%fas to

bei ng subject to a certain set of requirenents or paranetric control to
achi eve Baaaihasgs,dbr ¢xamplg, sy ahi€lags & betd bctamesesFGlaseRebetsl lectamhsss.cOlagh t i ons

may be b imted, to-tenperature and/ or Iengtho term

det ermn Lt? r?&fa ?aé%aél?'agesf %55%?8”@ batélr[ aG1aRSeso I HiS R%Jlmﬁtrr%per m?a'f usi on
prot ei n: anainiise 1§@0&kﬁxbetasadtaﬁmpkum@a foexafnipte, (FEer ot ein bi nds with the
anal yte, thus form n a co%l ex. ﬁgg herein, an "anount' repr esent

a neasur abl H0pEl 2 another Fob ]ne‘Tthg Ry Re betp Jagtaspass ipfibitqy-prote; ]f)a‘b‘] e

signal ", mng 1" B BARY opltRaghRndehbRR b%@lmfaméethereof (09 7ddaind Bt YeASd ous
enbodi rrents t he presence Or anpunt 01g the anal yte nol ecul e nay be detected

ina samplamally thq b)@dmg attivignfor heir lantdanasinisrime spénifis empodimentoftiaathetsg t he

fusion protein w.t. nol ecu rlsa cont.ac e fusion
protein v{f(‘ttﬂn%esuéhﬁptor psrﬁtsemg]c Ig) rovaélgn{ al %re%fhgﬁgna y VananF B+Iplglo§§; [ 0073]

For exanphe frafi@esit esre @k dé@i&(ﬁbbw TthlaEBI}:IPeﬁ@nl@@lele hxhelowaai yegeerdlsecul e may
TunLher |l U FSTRRN 50, 5, BELES! 0. anal L, mhegils 1D 2 con 0
control NBAIHHEIE Hhe Bifﬁmﬁp%rﬁﬂhse a homolog or fragment or variant of the amino acid
sequence set forth in SEQ ID NO: 2. In an embodiment, C may comprise molecules with
similar function such as BLIP-I and BLIP-II. |
[0062] In various embodiments, A may be an antigenic peptide. The antigenic peptide
may comprise or may consist of an amino acid sequence selected from the group
consisting of those set forth in SEQ ID NOs: 3, 8-10, 12-13.
[0063] In one embodiment, the symbol “-” may represent a linker comprising more
than one amino acids and wherein the linker peptide forms a coiled coil structure.
[0064] As used herein, the term “coiled coil” may refer to a peptide or protein
sequence usually with a contiguous pattern of hydrophobic residues spaced 3 or 4
residues apart and assembles (or folds) to form a multi-meric bundle of helices. A pair of
coiled coils may be brought toward each other to form a parallel configuration or an anti-
parallel pair configuration. At a same end of the parallel conﬁgﬁration, the coiled coils
may not touch each other but the coiled coils may be close enough to form a reaction
thereof. In this regard, use of anti-parallel pairs may be considered to be more suitable

than parallel pairs.
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measur enent serves as a reference or basis against which conpari son nmay be
made to the detected neasurenent. [0074] In various enbodi nents, the

si gnal preOReRd28i22t he fusion protein nmay be det er m nedPbE§/SGRoigreddence,
absor bance, |um nescence, enzymatic activity, use of a detectable
functional product, use of a selectable phenotype, use of a screenable
phenotype that produces an activity due to a phenotypic change. For
exanpl e, the sel ectabl e phenotype nay conprise an antibiotic resistance. In
an exanple, the signal produced by the fusion protein may be determnined by
use of in v[ﬂﬁéSIeBnp\raesss embodimerftg oG usiPher®ei@ yyndive thezamine heid Acqugnteyt e

cannot | biRLOLD LR R SESt I NEFCRET D BFiGi ng ' [o076] Th various

enbodi ment s[oo6bEInERidaest @yctbzenﬂaefoﬂowwbcnﬁgapkésmhdeg;r@ﬁiohnﬂdsf;mi analy@y i n
vitro (ex vivo). The cell may be used for a drug screening assay. For
exanpl e, MUl provided B BisHod compyistecqcling Pellision REQIEINA5CBHING 9di es i n

cel I's (tynlic& éﬂbo@ﬁﬁ&ﬁ% bthe resTr{tWKllor{ Q/ltﬁ tﬁéﬂﬂaﬁd@ﬁlgﬁgﬁle uﬁdé?'cBn(ilﬂan .

detecting a presence of an te nolecule or an anount of analyte is
provi ded.thaf hﬁowlbundmgmim $@Eheamalum mcmlepﬂ@taad detgstingethe peedermb 0¥ the analyfe0078]

The kit h d h I d d
by the. { DRGSO THPPEE BRI BHELCRES FSLOR® BBt bR A JBleRe ol | ned

her ei nabove[0067] A9 - hbfblIQrtﬁerteﬁlha‘boﬁthkﬁlrﬂgﬂVrﬁW IrﬁEr Iﬁﬁ)teebﬁng Qﬁdﬂnh&'ing
under st ood and put |nto practi cal effect particul ar C§r7130d| ments wi ||l now

be descri¢RE¢RcHYS Wy bt bringdnent eemestddretd 3 fapget et suchifhat jhe ﬁom@wndence to
the figurgs. el AYRLETVES HTPhe tdrobOR8RAacAR im& BY DuEN hoPEmREPSE R

performed in a test tube or a petri-dish. Contacting may involve incubation.

[0068] The term “detecting” refers to monitoring, determining, or sensing. The term
“presence” may refer to the existence or a measureable level of.

[0069] The term “under conditions” referé to being subject to a certain set of
requirements or parametric control to achieve binding of A to the analyte molecule. For
example, the conditions may be but is not limited to temperature and/or length of time.
The term “determining” refers to measuring, deriving, or checking. The term “fusion
protein:analyte complex” is formed when the fusion protein binds with the analyte, thus
forming a complex. As used herein, an “amount” may represent a measurable level.

[0070] The terms “fusion protein”, “detectable signal”, and “binding” are as defined
hereinabove.

[0071] In various embodiments, the presence or amount of the analyte molecule may
be detected in a sample.

[0072] In another embodiment, the step of contacting the fusion protein with the
analyte molecule may comprise contacting the fusion protein with a sample suspected to
contain the analyte molecule.

[0073] For example, the step of detecting the presence of the analyte molecule may
further include comparing the detected analyte molecule with a control measurement. The

“control” measurement may be a positive or negative control measurement. The control

12



[ 0081] Exanple 1 describes the devel opnent of an anti c-nmyc epitope

bi osensor. Apart froma high affinity binding protein, an enzyne capabl e of
provi di ngve 20wemnkent read-out (beta-lactamase TEML ( SEQTISG2NQ00MP8in this
exanple, but it is noted that any other enzynme nay be used) and a protein

i nhibitor of the said enzyne (beta-|lactamase inhibitor protein, or BLIP
(SEQID NO 2), inthis case) are required. In Exanple I, the anti c-nyc
epi t ope bi osensor was constructed by placing the |inker enconpassing the
cnyc epitope GGSEKLI SEEDGG (SEQ I D NO. 3) between BLIP and TEML. The anti
c-myc epimepercpicotenasas AugfelgaceBirbhasiSagng wiyah comparison may be made to the

epi t ope GEEE§ TEM1 or TEM1 -GEGS-¢ nyc epitop

e GECGS IP (SEQ ID NOs: 4 and 5) wherein -GGGS- (SEQ I D NO
6) and - GCOHIFHISEHASES GHBOFEMdnB-hd BghiD préducad dyekafidi@s pafteih ind¢ebs .
[0082] The rationale is that while in the absence of anti c¢-nyc a?tibody
the c- mycdaisminsgeby dioregeenge ursorpange, dwmpiegcencs, | SaymatiBRetPATENES KB mli ng|
the intro j . i C tieb At dngiQk f - i t ope
and abol ids‘i:h%ﬁr?géﬁff%?i |1I?r§)§mrf’eclfg?rdefd9%§le£flalmgwp Bk isd %?nﬁis%?nf’ﬁéer eby
acti vat i nEhei@pic that jrod883 apsactisityl duertei m,pheidynieramnge. diodi dxgtpleeftey s t o

being rigid, | ontrast, to being flexible, .The |evel of rigjidness, or
nar dness 5Bl MEALHPS pie’ Apiriohie il eotige oL RipPbebirEd e
backbone gbdiche bpaRtfusien protdi Alagbs dekefiingd by use[ B4 vo ERpressial. yt e
responsi veness _of the anti c-nyc biosensors reveals strong support for the
i dea that i HOI§HART ng-G biediasontd pghey Ay toBticenls ubRdg  rEvmupelly
i nhi bi t or;n(BhdRblea R oA, R BLOBidRLSHS) bind BURD RaiTIOoIERA
BLI P- TEML bi nding and bi nder-anal yte binding are nmutually i'nconpatible is a
vi abl e genading net hod of generating honbgenous one-step biosensors solely
usi ng pre-exiSki wel | - char.acterj zed. prot ei.n domains. At .the.sane tine,
Uhe Sensi i Siobl Byl aRRRREHE hE FR S L B AP b FaER TR (T
| ow. Sol uiriinRitrd @xiviv)OViee tdllemsyebs usddviot ¥ diupcscustaingl Bedyn Forekaaipdd, Yie
concent 45 GhSPUREORA P & HFED YL S SUBSESA PT BEBRInd by a
second bi ndigpg7ymRdy! kkﬁrd"é&ﬁ/ﬂ@&, PLAThNGetbSink RCRERALE Bf &n Whdifte TREWeuRLdPan
interaction. The BLIP-TEML affinity may be fine-tuned using known nutants
of BLI P tamavakeiinzkytesis gravidedoThrokiseomprisagye Fusifinryoteineas|defikaskaboye.decr ease t he
backgr ound, { | . %@gﬂl es r 1.4 um ”Pﬁ; at es
i nst ead of pgﬁﬁg?%%%¥ggﬁronnégﬁ¥§8%h %@9%‘%§b§§§&%€%3%5§§§§§#€?| |aétion
st r at egi ake fulidiproteind$ prpyvided Hiel fudon piotdh inag baeedincd hbeinakgteor ed t o narrow
down t he se or th st. pram si ng conf.igurations, linker |engths etc.
Beanpl o 2 [ D08 bt FpOMe drbeion PR R GSa iR o PrEOR8E] The
conser vedfdel dakicufl! dnfiRRinkhdIR1 (nRQAbk Eaelg@be_a)bmfyp&fasﬁ% S a@nd hoker
joining the Ctermnus of TEML and the N term nus of BLIP (Figure 1(a)). It
was expedireidations ang pidirelgreaee torbe figlressant ant i body (nouse nonocl onal
anti-pl7, Clone 32/1.24.89, Zeptonetrix) to this epitope would rigidify the
epitope and constrain the flexibility required to allow easy Tem1 -BLIP
bi nding. Figure 1(b) shows the rat EXAMRIISrate turnover, as neasured by
nitrocefin absorbance .(y-axis) of the HV pl7 epitope biosensor in the
presence of various anal ytes:

Example 1

[0080] Anti c-myc Epitope Biosensor

[0081] Example 1 describes the development of an anti c-myc epitope biosensor.
Apart from a high affinity binding protein, an enzyme capable of providing a convenient
read-out (beta-lactamase TEM1 (SEQ ID NO: 1) in this example, but it is noted that any

other enzyme may be used) and a protein inhibitor of the said enzyme (beta-lactamase
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[0087] In Figure 1(b), starting fromthe left, pl7 refers to the

anti - EKI RLR nouse nonocl onal anti body. The anobunt of this anti body present
in the 25V0 20BAIE8728n i s nmentioned (10, 100 or 1000ng). PR&/SGAXI2/080098

hi st ograns show bi osensor response to various anmounts of nouse whole |1gG
(mMgG used as a negative control). The next two sets of three refer to
BSA, as a negative control, fromdifferent sources, also used at 10, 100 or
1000 ng in a 25 0 reaction. The gradients were normalized by substracting
the rate of nitrocefin turnover in the absence of any anal yte (background).
[ 0088] Fiighib#or2preteoyer BIDJEESEQSIECN@oZ)th fhisa¢age)rdre ragoatd. dn dxempkge thy TEML

| act amase, .y- axi i,ncrease. in the presence of

Vari ous: dlfs RS ik HoRHE Sl Fonsp it ap SRRkt SR SREEE

monoc| onahy@&liidde GSEYRAIBEDGGS (SBQITDUSO: WisdtRedrgSLIPSaWd BBMA. Tegait ve
control, NEB-BSA and pure-BSA refer to BSA fromtwo different sources used

as negatl%@}’%ont?i’é)tp@e PEOSeBI0Er s ¥8Y backeyr o BIdP K7 @<e®8s or ™YEL i vERIPPEN buf f er
in the ahg %ﬁdﬁ}G@ﬁ@G@@d&éG(ﬁENﬁmu&ts FEMBLGHRR- §emmdfcg|905%eo§)efer to

t he armunt e anal ytes present a 25 0 reaction. ction of
DOL anti H&GGGSQ}QGGS@GMGQG@CCBI!&MSEQ 2 Ni¥ss dyand 6) d'bclemt Gfdﬁ$dtSEQarmunt S

(sE0 b N NG B RERP GEG Ao SRR CR BT TR oL B S Gtonce

was pl achlkb@t ween TEML and BLIP similar to the anti-HV peptide mentioned
above. The bi osensor was expressed . and tested for. responsiveness to DOL

anti body. DHIO82L Thrasiongle dpthst whyle in (sgabsensei fentic-wye ghtikadyiag c-mye
denonst ra%,ﬁgg@g eptilid %hlm ﬂé}ﬁ@ranleuﬁlgaﬁmnfm@fblﬁdﬁfgeﬂfeﬁﬁtr@&.@awsf idit o the

reaction | ng ant1 body and biosensor. It was expected that the
degr ee ofc-mgt antadiady rwoyﬂd bgmlsfefrtb@p -mysuépdtode apd abolishghafAexibidityy regpiredive

bi ndi ng site fre 5 rived peptide, and the anopunt
of p53 péﬁ?léﬂaggggglgl gl zy%%uﬁ 3IEmffhe extent of the drop in
activati on [O-BBB}SA§Q§H216H£Hre1HBﬂﬁe b@memgl ipoT xafewltotbmﬂg 8gid pincdoiras, 1l0l’be$r£g| ution
or cell sates e tags s as nyc or C, [ 0091] gure 3
shows | n J@eéﬁﬁﬁjﬁf gglépewﬂarﬁfl?ssaw ‘{edneafuraﬁfﬁ Ing iy %H&X&m@rvgﬁs ver e
added to IQA}Q&%GISQrthé BhcRbaarloF dhe' ﬁ rot@fﬁqlomﬁl response nonitored by
nitrocefin cl eavage absorbance a [0092] Figure 4 shows

vari ous ana[@ﬁﬁélsThmaealmde@pQr@lmSSbﬁ)foﬁ@ngm camgic tthesensare refeatsupisengat e

tur nover was QL nt s b
(negati ve gon Sth eé? E%hm%ﬁ%ra@ { rfa(f(;%u?xr%@)éldlcé %‘r%ﬁ ggcehog R{If Fong W th
buf f er onh}ylbn@n(BIcilP) aX@ranalys amdmgt sodiilefsy ée s aemammpahmeBLIId@Emr e added

110 e Rt bR SRS AT SOMReLl ke L AL 00,61, O osenzer ve (0
Det ect i onyfofoeMiiftthgl iH3RYEENIMIt loh&sRPd bRRehsEAR! IsYRE, PR e dristitl aleim?
o Osensorcharactenzed protein domains. At the same time, the sensitivity obtained with the current
first generation biosensors is lbw. Solutions to improve the sensitivity include placing an
analyte binding module outside the BLIP-TEMI1 interaction to increase the local
concentration of the analyte, which may then subsequently be bound by a second binding
module whose binding is incompatible with TEM1-BLIP interaction. The BLIP-TEM1
affinity may be fine-tuned using known mutants of BLIP to maximize signal to noise,
lengthening the linker to decrease the background, using high signal fluorescent or
chemiluminescent substrates instead of low signal chromogenic substrates and secondary

amplification strategies. Additionally, in silico modeling needs to be explored to narrow

down the search for the most promising configurations, linker lengths etc.
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[0094] The N term nus of MIn2 binds and inhibits p53 and is an attractive
target for cancer therapy. It is bound by a small nolecule, nutlin which is
a conpet iwWDwe17/1Ri2Ri t or of p53 binding to MinR2 (SEQ | D RCI/SGR912100¢098 ot KB
accessi on nunber Q0987). In addition it is bound by a |linear peptide
derived from p53. A Min2 based sensor was constructed by placing the MIin2 N
term nus between TEML and BLIP. It was expected that the Min2 N term nus,
which is known to have a nolten globule structure would be distorted due to
the constraint of spanning the distance fromthe C termnus of BLIP to the
N term nus of TEML. Addition of interactants like nutlin or p53 derived
peptide may ri i%ify the Min2 N termnus and drive it to adopt its conpact
structure, Féﬁ’&’ 6it unabl e to span the Tem 1 -BLIP di stance, thereby
separati ng Emgg] DEtetthm ofaML-HIW 2GWhaspd dniBbBL! P, resul ti ng in increased
[

activity. This concept is schematically illustrated in Figure 5. [ 0095]
I'n Figure 5[0086] The eonseiyehSUVrnlgi qnltpp%@ﬁlghRdﬁEﬁb% Nipoh Wsklreed astas

cognat e : ! ; >4 Vi 0096]
o gure. 6 ReyRifRE G ROl TENARSAN NilmiBe) STBER ARl 1iah Ly wed

(i ndi cat edtpyyed et uddinged theinblevat lanBpodye (movstd mdnodondi rddtiki Ids€iemr i n a

25 111 r t he final cgncentration.of .each analyte is 4 [md. 1t1 of
006 DVEO L6 h ZRCue Hon o 16 efee cedilg e theriniods Sntote i Beou o
only contflibilitfheqiifdwd allve east Beth 5 BLIP [bikdiad) oFipapt i(Be sdvwspid der oved MinR
bi ndi ng peptide) show higher rates of substrate turnover than_the negative
control s spesMafefBmevenas Beayrgddy Hepesiiaapsorhanepily-exighof the BLY (L7 sgiteRspt i de)
5 FU (us : ), BSA and no-anal yte control. The

vi sual ag)g%sglrﬁsé)gggﬁg:pﬁsﬁ%le?’gg%rﬁug%g&l?‘gg'shovvn in Figure 7. [ 0097] Figure 8
shows var i o[#98¢olmcEigtreak(bprstartafg fromi thatidt pilitrefeacto thg aandKIBAR mpeseact i ng

| yt ded..t bi T t f. b te t i
cepunse EoRIoBEk B0ioRsa T “BPIA Hugh B ChaRin 307 a8 Pt Cher "

anal yt es métioh&d (M, 400! @r1000h@ht The nBRACH hist@ai8s shovaidkessHF redpohiE to
concentration of BSA |s conparable to the other anal ytes. Exanple 4 [0098]
Bi osensorvaigscdmants of mauss; whple kG (mleG, userhas 2 rgetippgomiobk dhe 8eXde9cr i bed
in Fi gur &3 3rdnrkd Faﬁrltoﬁﬁ%!akfeggi@m(éa@%l% Nerehilonts, AxPhLASEdoi N the
periplasmof E.coli. Two derivatives wth the wld type (W) SDLVKLL
sequence 190tcatl®80 ng iSG@ AMKLL reagttpnAGh¥\Ktadieats Wenaatoewalized $FQubsirasideg the and 13
respect | VetI Yt Weogefii oy %nge’lg t?sab%gnrz:telb lx?' ana eﬁ)%cFl\(/ e al so expressed in

t hese cel'f§  af Frectedt’s The peri pfla?'sm Si hg agswdl)'abl e signal peptide.
It was expepines| Figate DQhossFODWERII(aseli 1od edtinaad chitbakefiv adleavage bPOLIERIlosensor .
As TEML activation leads tq resistapnce to anpicillin ?nd. rel at ed

ant i bi ot i1p4am3se, YrAES.dRPLRUNRET 41 St HCEIVQN G RreHANGF 81 BRIog8 ARRYFEd*Son t he
bact eri a i@xp5hes 9l BY7 dRIOREATLATWHIN hb&eGREERMnal %Mk,'—%l%@'treﬂaf%t tot he

mut ant (SGLVKLL and AGLVWKLL) epitope between TEML and BLIP (SEQ I D NGCs: 14
and 15, meapeshpledeGusedrss snagatives@nivaly NEfeRSpand suw-BIA seferde i Sy frpmr

desi rabl %wgrcﬁﬁglreﬁti gosuréeg LBQ&' a3 Cnlégativ%ugolﬂtrgl%, ?h@d}e?gs & b%l&?&ﬁlld ﬁBLetn%}e for

activity in buffer in the absence of any analyte. The amounts after the semi-colons refer

to the amounts of the analytes present a 25 pl reaction.

[0089] Detection of DO1 _antibody, and its use in a competitive assay to detect

various amounts of a p53 derived peptide

[0090] The DO1 anﬁbody binds to the SDLWKLL (SEQ ID NO: 9) linear peptide

epitope from p53. This amino acid sequence was placed between TEM1 and BLIP similar

to the anti-HIV peptide mentioned above. The biosensor was expressed and tested for

15



i nst ance. 1001001 Figure 9 shows JMLO9 cells transfornmed with expression
pl asm ds encodi ng i ndi cated bi osensor (Kan resistance cassette) and DOL
ScFv (ChlIWO 20B¢i2812ance cassette). Cells were grown to OBCI/SG26128009%! at ed

on anpicillin plates (right panel) or Kan + Chlor plates (left panel).
I nteraction between DOL anti body and bi osensor with correct epitope
(SDLWKL) gives rise to |lactanmase activity and survival on anpicillin plates

(right panel, top row). Reduced or no growh is seen when the epitope is
nmutated in the SGLWKL and AGLVWKL bi osensors (right panel, second and third
row). Lefrespoasieénesnthi RaM emtibeplyi Mteen'on ot fice pﬁmieni'eedmddfi m setéaon wiskanpl e 5
[ 00101] ndi tion y.fluorescent e i.ose logensor concept
descri be H’é’f‘%tf%e‘ﬁ& lt%‘f’ghlé}v‘éaqobls Eﬁ ggéregop np '? ﬁﬁ’ BP9 syst em

The concephta PO AEBOBE 8l BiSsedsdr! u&va@wﬂpé&edqﬁmbareg@abf acti@€on of
fl uorophore EDANS and t he quencher dabcyl were used.

As
f1 uor ophd}*@SﬁqfiPé ekt drgp ap die ansbedyseritepe PHdHE SithE ]ae;qa}g{qb(lpcgfﬁql brifeeg P63y each
ot her, a
coi | ed- coFvpPRREINE (R Sy BE AR polEplebif fhaf 6 Rl By By HRTRRA OF
ant i par althe kiro@rmmtmatlonnThns cposEpt napdet dxaapcpihtadeo tiilge p’rdtclos op bdntgoramd

quencher 'ﬁ cl ose From m tu¥ enabl |ﬁ§ fficient quenching. The N and C
termni  GEI{RFACSSPIEPSJaReSUch ARy BT eg‘éptl de recogni zed by the DOl

ang I téody, anmbp]gplgﬁret %glbﬁs UBRERingf ?ﬁlbmﬁsEX s)arm?p%hbﬁtﬁj ((3; 1, IT {,‘k 106MimdBLI P N
an termni in the i osensor (see Exanple 2 above e . constraints

. rfp;)sed bl)QO?%ﬁ)l‘ﬁﬁetaéd?d mbmlz@m;ar @ tae?r5rhh; {ﬁ:acapnmgl E}@Me@%ﬁ??o?ﬁe@éé@ t h;e_ DOL
epi t ope s ion iC as w e enzymatic
bi osensoﬁlgtp e %g %Osr%t?p?gtg)g 4I9§%e rigidification engendered by cognate
anti body bi ﬁlﬂDZn]gFlgtrﬂm%shmy vstwla;l analytes voaye bétbdctoiDOIbbln@hnﬂg andrie céusle a
percenta f the coil ed coil me_unbo

¥ o opnaratatrHESR oS [RugirRg oh MrgRbcp pT B SRR freatitne

f1 uor OphcubﬁtrolThms DOAN&RPLAY Epostive EBhtrelalre Is(hdiﬂil)ladfdr@dwitlﬂ biffgusy ¢éhtrol.
[00102] Figure 10 shows that in the absence of analy t he aptaner adopts

a flexi bl'EroyspmeyHs of fnes POh cpitpsiperida wers pidsd 1Et8|th%f?a‘651nlt° HERENSYGIE t her eby
keepi ng tlg EitiRRBRIE of bos&isbiPauens BB RERESE thHRopE Elnﬁlnﬁ%tgﬁnwel s the
aptanmer to g dopt a ifferent conformation, straining the coiled coils,

| eading to their separatl on and therefore increased fl uorescence.

[ 00103] ‘Ilg]saﬁpz‘g}l de descri bed above was synthesized chemcally and tested.
Figure 1 t he response of the conditionally fluorescent p53 short
pepti de (w [0093]hBetEXionasit Mdai2 Beinds aatliSDAKpI3 Beaivwd aieptide using iapsidai?l el

coil ed cqil s) against specific (D0O1) and non-specific (BP53) antibodies. In
Fi gure 1RIOSEBRIhentide with a p53 derived DOL epitope |inking the N and C
termni of p@bk eﬁh@plt&ﬁnmrorfmlﬁz emtih R RS §52 860 AURNERRTIVE Rarkdd féT gure 10
were tested vvlth cognat e g 1) and non-cognate (BP53) antibodies in a 25 pl
reaction. camtmmnh itpoua tbi}’b@d’;ﬂlﬂl@l@a@% np@iacyhienisiascogipgtivveoinhibier of axi s.
Each data . [ epr, t riphica arly
| eads to 55 ?Sbﬁl 4“‘ %gt]\ﬁ&rgg (§1%é h?II\L%r g@’c@ﬁ%g&kﬁeg&%sm rﬁg& 68%8&0 Fi gure
12 shows aﬂalmipheslsﬂfcmrrd FBlygaereaiqbeﬁmien@rﬁzmlftoadpamdAﬂ\hdmz éasddt sengpremasssi on

was i maged.
g constructed by placing the Mdm2 N terminus between TEM1 and BLIP. It was expected

that the Mdm2 N terminus, which is known to have a molten globule structure would be
distorted due to the constraint of spanning the distance from the C terminus of BLIP to
the N terminus of TEMI1. Addition of interactants like nutlin or p53 derived peptide may
rigidify the Mdm2 N terminus and drive it to adopt its compact structure, leaving it
unable to span the Tem1-BLIP distance, thereby separating some of the TEM1 molecules

from BLIP, resulting in increased activity. This concept is schematically illustrated in
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[ 00105] The listing or discussion of a previously published docunent in
this specification should not necessarily be taken as an acknow edgenent

t hat the WOQOENI8722s part of the state of the art or i sPCHSGAN2H00088 al

know edge. All docunents listed are hereby incorporated herein by reference
in their entirety. [ 00106] The invention has been described broadly and
generically herein. Each of the narrower species and subgeneric groupi ngs
falling within the generic disclosure also formpart of the invention. This
i ncl udes the generic description of the invention with a proviso or

negat i ve Higuretat i on reaning any subject matter fromthe genus, regardless

(00107 nEsB bl & Fio it by RELhSHBR BEMArRE boch HEEHE Y 5Bl o1,

wher e f ealnblys nfy 1866 GicgeRéd THEI1i 1R t@Rise@Btivtye  described in terns of
Mar kush groHEB9]those skilled in the art w]l recognise that the invention

is also the biguterG Hheavsithe fiadings whersyvariqus eraivias imeirbercobindiemet oup of
menbers qfy (ih@%u%eglﬁﬁn)bglrs @AWF%gentoh\@ﬁyﬁfog&sw%m@ QBR%LS TRk @

structure erein eac dent onprises a peptide or prot ein
domai n t Hatal bonwdmrzamnaxﬁ&bgh anabifte isvt ggadt 1 pBICEYpDIMEQ (solvanubedyfor it can
produce apegtl eescatn ﬁm% vcgas Udded as a buffer only control. The known interactants nutlin
and peptide A (p53 derived Mdm2 binding peptide) show higher rates of substrate
turnover than the negative controls peptide C (mutated p53 peptide), HisHA (non-
interacting peptide), 5 FU (used as a small molecule control), BSA and no-analyte
control. The visual appearance of the reactions is shown in Figure 7.
[0097] Figure 8 shows various concentrations of indicated interacting and non-
~ interacting analytes were added to Mdm?2 biosensor. The rates of substrate turnover in
response as plotted. BSA is at a much lower concentration than the other analytes as its

molecular weight is much greater. The mass/volume concentration of BSA is comparable

to the other analytes.

Example 4

[0098] Biosensor function in in vivo assay

[0099] The DO1 biosensor described in Figures 3-4 (Tem1-SDLWKLL-BLIP) (SEQ
ID NO: 11) was expressed in the periplasm of E.coli. Two derivatives with the wild type
(WT) SDLWKLL sequence mutated to SGLWKLL and AGLWKLL as denoted in SEQ

ID NOs: 12 and 13 respectively were expressed as controls. DOl scFv was also
expressed in these cells and directed to the periplasm using a suitable signal peptide. It
was expected that DO1 scFv would bind to and activate the DO1 biosensor. As TEM1
activation leads to resistance to ampicillin and related antibiotics, it was expected a
growth advantage would be conferred on the bacteria expressihg a biosensor with the
correct (SDLWKLL) but not the mutant (SGLWKLL and AGLWKLL) epitope between
TEMI1 and BLIP (SEQ ID NOs: 14 and 15, respectively). This method may then be used

in screening for desirable properties in DO1 scFv, such as binding to a novel epitope, for

17



C conprises an entity that, when Ais not bound to the anal yte of interest,
bi nds to B and nodul ates the signal production by B, n and m are each

i ndependeNOl29120128722at | east 1; x is an integer of 0 or RCTISEA812/00009% i s an
integer of at least 1; "-" represents a coval ent bond or a |inker
conprising or consisting of one or nore am no acids; provided that if x is
O, n, mor both are at least 1. 2. The fusion protein of claiml, wherein B
and C each independently conprises a peptide or protein donmain. 3.The
fusion protein of claiml or 2, wherein Bis a peptide or protein domain
coupl ed tiostancsubst ance that can produce the detectable signal.

[00100] Figure 9 shows JM109 cells transformed with expression plasmids
encoding indicated biosensor (Kan resistance cassette) and DO1 ScFv (Chlor resistance
caésette). Cells were grown to OD ~ 0.5 and plated on ampicillin plates (right panel) or
Kan + Chlor plates (left panel). Interaction between DO1 antibody and biosensor with
correct epitope (SDLWKL) gives rise to lactamase activity and survival on ampicillin
plates (right panel, top row). Reduced or no growth is seen when the epitope is mutated in
the SGLWKL and AGLWKL biosensors (right panel, second and third row). Left panel

indicates equivalent cell numbers used in assay.

Example 5

[00101] Conditionally fluorescent peptide biosensor

The biosensor concept déscribed herein does not have to be limited to an enzyme-
inhibitor system. The concept was exfrapolatéd to a fluorophore-quencher pair. The
fluorophore EDANS and the quencher dabcyl were used. As the fluorophore-quencher do
not have significant intrinstic affinity for each other, the fluorophore and quencher were
fused each to one member of a coiled-coil pair known to bind each other with high
affinity in an antiparallel orientation at positions that place the fluorophore and quencher
in close proximity, enabling efficient quenching. The N and C termini of the coils were
linked by a peptide recognized by the DO1 antibody, analogous to the usage of this sanie
peptide to link TEM1-BLIP N and C termini in the DOI1 biosensor (see Example 2
above). The constraints imposéd by having to link N and C termini of the coils should
cause the DOI epitope peptide to adopt a loop orientation, which, as with the enzymatic
biosensors, should be disrupted by the rigidification engendered by cognate antibody
binding. This may strain the coiled-coil binding, and cause a percentage of the coiled
coils to become unbound, increasing fluorophore-quencher distance, enabling fluorescent
emission from the fluorophore. This concept is schematically depicted in Figure 10.
[00102] Figure 10 shows that in the absence of analyte, the aptamer adopts a
flexible loop conformation required to allow coiled-coil binding, thereby keeping the

fluorophore close to the quencher. Analyte binding compels the aptamer to adopt a
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4. The fusion protein of any one of clainms 1 to 3, wherein Bis an enzyne or
has enzymatic activity. 5. The fusion protein of any one of clains 2 to 4,
wherei n tWe 20e4g8122o0f the |inker between the peptides oPCHGReNR2AVAG%RI NS | S
sel ected such that it allows the interaction of B and C when A is not
bound to the analyte of interest, and it prevents the interaction of B and
C when Ais bound to the analyte of interest. 6. The fusion protein of
claim5, wherein the binding of B and Cis inpaired when all A nvoieties of
the fusion protein are bound to an analyte, optionally the sane anal yte.

7. The f ulifferenironfasinatiarf, sawripingrike ofiled kcailsrieadingdo eheinshparation andghdreloren
protein consi sg%gﬁfegt he structure (B-A-C). 8. The fusion protein of claim

1, wher ei A“B*E 4% chronophore or fluorophore and C conprises a

subst ance t [gut103bs AheSphitis Sdesdtibed est@ye Ofast Bygntidiizednghsmicallor ardd wustedphor e.
Figure 11 shows the response of the conditionally fluorescent p53 short peptide (with the
DO1 antigen peptide SDLWKLL between the antiparallel coiled coils) against specific
(DO1) and non-specific (BP53) antibodies. In Figure 11, the peptide with a p53 derived
DOI1 epitope linking the N and C termini of coiled coils carrying a fluorophore and
quencher as in Figure 10 were tested with cognate (DO1) and non-cognate (BP53)
antibodies in a 25 pl reaction. The amount of antibody is each reaction is shown on the x-
axis. Each data point represeﬁts triplicate experiments. DO1 antibody clearly leads to
significantly higher fluorescence, as predicted.

[00104] Figure 12 shows samples from Figure 10 being excited and the resulting
emission was imaged. _

[00105] The listing or discussion of a previously published document in this
specification should not necessarily be taken as an acknowledgement that the document is
part of the state of the art or is common general knowledge. All documents listed are
hereby incorporated herein by reference in their entirety. |

[00106] The invention has been described broadly and generically herein. Each of
the narrower species and subgeneric groupings falling within the generic disclosure also
form part of the invention. This includes the generic description of the invention with a
proviso or negative limitation removing any subject matter from the genus, regardless of
whether or not the excised material is specifically recited herein.

[00107] | Other embodiments are within the following claims. In addition, where
features or aspects of the invention are described in terms of Markush groups, those
skilled in the art will recognise that the invention is also thereby described in terms of any

individual member or subgroup of members of the Markush group.
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9. The fusion protein of claim@8, wherein Bis conjugated to the
chronophore or fluorophore. 10. The fusion protein of claim8 or 9,
wherei n GVOL0R/138122i de conjugated to a substance that alB€®HSIG2018H08098 on
energy of the chronophore or fluorophore. 11. The fusion protein of any
one of clainms 8 to 10, wherein B conprises a fluorophore and the substance
t hat absorbs em ssion energy of the chronophore is a quencher. 12. The
fusion protein of any one of clainms 1 to 11, wherein when nore than one A
is present in the fusion protein, each Ais the sane. 13. The fusion
protei n o€LARYSone of clains 1 to 11, wherein when nore than one Ais
present in the fusion protein, two or nore A are different. 21 WO
2012/ 128722PCT/ SG2012/ 000098 14. The fusion protein of claim 13, wherein
the two or nore A are arranged to bind tg the sane analyte. 15. The fusion
protein of any® BIfENFrOEMLORPISIng § sfUCtulGdr ei n A conpri ses an anti body,
anti body fragnent, peptide aptaner, peptide antigen, or peptide antigen
fragnent.

(Ap-B-A,-C-Ap)y

wherein

each A independently comprises a peptide or protein domain that binds an analyte of
interest; | ‘

B comprises an entity that can produce a detectable signal;

C comprises an entity that, when A is not bound to the analyte of interest, binds to B and
modulates the signal production by B;

n and m are each independently O or at least 1;

X is an integer of 0 or at least 1;

y is an integer of at least 1;

“-” represents a covalent bond or a linker comprising or consisting of one or more amino
acids;

provided that if x is 0, n, m or both are at least 1.

2. The fusion protein of claim 1, wherein B and C each independently comprises a

peptide or protein domain.

3. The fusion protein of claim 1 or 2, wherein B is a peptide or protein domain

coupled to a substance that can produce the detectable signal.

4. The fusion protein of any one of claims 1 to 3, wherein B is an enzyme or has

enzymatic activity.

5. The fusion protein of any one of claims 2 to 4, wherein the length of the linker

between the peptides or protein domains is selected such that it allows the interaction of
. 20 .



16. The fusion protein of claim15, wherein the peptide antigen or peptide
antigen fragnent conprises an antigenic determ nant or epitope. 17. The
fusi on pr¥OaP1R/i38722ny one of clainms 1 to 16, wherein x PETBGEN12D000948. The
fusion protein of any one of clains 1 to 17, wherein the structure of the
fusion proteinis in Ntermnal to CGtermnal orientation. 19. The fusion
protein of any one of clains 1 to 18, wherein the respective positions of B
and C are exchanged within the fusion protein such that the fusion protein
conprises a structure of (An-C-Ax-B-Amy. 20. The fusion protein of any
one of cI&iamdsCMheo A & nosthenmd to thérendbytadf merodt, diibpRverds thedsteracten phhi bit s
si gnal i 1., The, fusi.o otein of any one of clains 1 to
19, mher %ﬁ‘ﬁFP?%?E%u%fmthc??&@%gf@gaﬁél production by B upon binding.
22. The fu5|on protein of any one of clainms 1 to 21, wherein Bis beta

Iactanase TEML or_honol ogs, fragnents a % varlants th reof, wherejn the
hormol ogs, frag}l}bérftlgmaﬁwt%ﬁf alﬁt% SeWhersmsthe bidingeff B apd Coiss impaissdubeng

activity. allnXﬂﬁaézéﬁﬁﬁQ%éé%é%é&mg%ﬁ anzﬁ§te Jair%namsaheemﬁé figpp of claim

22, wher el eta lacta e TEML conprises’t

7. The fusion protein of any one of claims 1 to 6, wherein the fusion protein consists

of the structure
(B-A-C),.

8. The fusion protein of claim 1, wherein B comprises a chromophore or fluorophore

and C comprises a substance that absorbs emission energy of the chromophore or

fluorophore.
9. The fusion protein of claim 8, wherein B is conjugated to the chromophore or
fluorophore.
10.  The fusion protein of claim 8 or 9, wherein C is a peptide conjugated to a

substance that absorbs emission energy of the chromophore or fluorophore.

11. The fusion protein of any one of claims 8 to 10, wherein B comprises a
fluorophore and the substance that absorbs emission energy of the chromophore is a

quencher.

12.  The fusion protein of any one of claims 1 to 11, wherein when more than one A is

present in the fusion protein, each A is the same.

13.  The fusion protein of any one of claims 1 to 11, wherein when more than one A is

present in the fusion protein, two or more A are different.
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am no aci d sequence set forth in SEQID NGO 1 or honol ogs, fragnents or
variants thereof 24. The fusion protein of any one of clains 1 to 23,
wher ei n GVDL0124128722act amase i nhi bitor protein (BLIP) or PCT&GRer108009%0nol ogs
and variants thereof that retain at |east partially the binding activity
for beta |lactamase. 25. The fusion protein of claim24, wherein the BLIP
has the am no acid sequence set forth in SEQ ID NO 2 or honol ogs,
fragnents or variants thereof 26. The fusion protein of any one of clains
1 to 25, wherein Ais an antigenic peptide conprising or consisting of an
am no aci d sequence selected fromthe group consisting of those set forth
in SEQ I Q NCs:.3,. 8-10,  12-13.. 7. .The fusion protein of an ne,of clains
\"vo 26, Vner it fuson pigisiRateion B pyniikdn Ind3hE Pr BloRt 48 & iBe B no

aci ds andhygefiednlykhe | inker peptide forns a coiled coil structure. 28.
The fusion protein of any one of clains 1 to 27, wherein the fusion protein
has t he

-15.  The fusion protein of any one of claims 1 to 14, wherein A comprises an antibody,

antibody fragment, peptide aptamer, peptide antigen, or peptide antigen fragment.

16.  The fusion protein of claim 15, wherein the peptide antigen or peptide antigen

fragment comprises an antigenic determinant or epitope.
17.  The fusion protein of any one of claims 1 to 16, wherein x is 1 or 2.

18.  The fusion protein of any one of claims 1 to 17, wherein the structure of the

fusion protein is in N-terminal to C-terminal orientation.

19.  The fusion protein of any one of claims 1 to 18, wherein the respective positions
of B and C are exchanged within the fusion protein such that the fusion protein comprises

a structure of (A,-C-A,-B-Ap)y.

20.  The fusion protein of any one of claims 1 to 19, wherein the binding of C to B

decreases or inhibits signal production by B.

21.  The fusion protein of any one of claims 1 to 19, wherein C initiates or increases

signal production by B upon binding.
22.  The fusion protein of any one of claims 1 to 21, wherein B is beta lactamase

TEM1 or homologs, fragments and variants thereof, wherein the homologs, fragments

and variants at least partially retain enzymatic activity.
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am no aci d sequence set forth in any one of SEQ ID NGs: 4-5, 11, 14-15.
29. A nethod for detecting a presence or anount of an anal yte nol ecul e, the

met hod cOWPr0EY 128722 contacting a fusion protein acc®CHISGFORO0Y one of
claims 1 to 28 with the anal yte nol ecul e under conditions that allow
bi nding of Ato the anal yte nol ecul e; and detecting the presence of

the anal yte nol ecul e by determ ning a signal produced by the fusion
protei n: anal yte conpl ex. WD 2012/ 128722PCT/ S&012/ 000098 30. The met hod of
claim?29, wherein the presence or anount of the analyte nolecule is

det ect ed 23n a Bwrfp$ien pra@din of haim@2hwlerein tbe et l@amask iEN h cewprisesithang t he

f usi tein with th | yt ' ' the '
orot ot "t dotreE sEp R TROCERMD P PRbOR RS AL Hy b 7

thereof.

24.  The fusion protein of any one of claims 1 to 23, wherein C is beta lactamase
inhibitor protein (BLIP) or fragments, homologs and variants thereof that retain at least

partially the binding activity for beta lactamase.

25.  The fusion protein of claim 24, wherein the BLIP has the amino acid seqhence set

forth in SEQ ID NO: 2 or homologs, fragments or variants thereof.

26.  The fusion protein of any one of claims 1 to 25, wherein A is an antigenic peptide
comprising or consisting of an amino acid sequence selected from the group consisting of
those set forth in SEQ ID NOs: 3, 8-10, 12-13.

[ 132}

27. The fusion protein of any one of claims 1 to 26, wherein represents a linker
comprising more than one amino acids and wherein the linker peptide forms a coiled coil

structure.

28.  The fusion protein of any one of claims 1 to 27, wherein the fusion protein has the

amino acid sequence set forth in any one of SEQ ID NOs: 4-5, 11, 14-15.

29. A method for detecting a presence or amount of an analyte molecule, the method
comprising:

contacting a fusion protein according to any one of claims 1 to 28 with the analyte
molecule under conditions that allow binding of A to the analyte molecule; and

detecting the presence of the analyte molecule by determining a signal produced

by the fusion protein:analyte complex.

23



32. The nethod of any one of claim29 to 31, wherein the presence or anount
of the analyte nolecule is determ ned by fluorescence, absorbance,

| um nesceNOa01281282Amt i ¢ activity, a detectabl e functi onRCTSGEHIADI09%
sel ect abl e phenotype, a screenabl e phenotype that produces an activity due
to a phenotypic change. 33. The nethod of claim 32, wherein the sel ectable
phenot ype conprises an antibiotic resistance. 34. The nethod of claim 33,
wherein the method is perforned in a living cell. 35. The nethod of claim
34, wherein the cell is used for a drug screening assay. 36. A kit for

det ecti ngdla prEsengkobéf daimaifambesimthiegreserceoyr ampuaneiithe andlytamedlgaués t he
kit conpr.isin . fusion protein according to any one of clains 1 to 28.

37. The Hﬁaagga£V§VWF@g? further conprising a substance for detecting the
signal produced by the fusion protein.

31.  The method of claim 29, wherein contacting the fusion protein with the analyte
molecule comprises contacting the fusion protein with a sample suspected to contain the

analyte molecule.

32.  The method of any one of claim 29 to 31, wherein the presence or amount of the
analyte molecule is determined by fluorescence, absorbance, luminescence, enzymatic
activity, a detectable functional product, a selectable phenotype, a screenable phenotype

that produces an activity due to a phenotypic change.

33.  The method of claim 32, wherein the selectable phenotype comprises an antibiotic
resistance. |

34.  The method of claim 33, wherein the method is performed in a living cell.

35.  The method of claim 34, wherein the cell is used for a drug screening assay.

36. A kit for detecting a presence of an analyte molecule or an amount of analyte, the

kit comprising a fusion protein according to any one of claims 1 to 28.

37.  The kit of claim 36, further comprising a substance for detecting the signal

produced by the fusion protein.
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