METHOD FOR DETECTI NG DNA- Bl NDI NG PROTEI NS CROSS- REFERENCE TO RELATED
APPLI CATI ON [ 0001] This application clains benefit of, and priority
from U S. provisional patent application No. 61/526,913 filed on
August 24, 2011, the contents of which are hereby incorporated herein
by reference. FIELD OF THE | NVENTI ON [ 0002] The invention relates to
met hods of detecting binding of a DNA-binding protein to a

doubl e- stranded DNA recognition sequence. BACKGROUND OF THE | NVENTI ON
[ 0003] DNA- binding proteins are inportant bionolecules for Iife;
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regul ate the expre55|on of specific genes during specific ceI ul ar
events. Such |nteract|ons bet ween DNA- bi ndi ng proteins and their
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events and cell nepag?hisni gEO4LThe bi ol ogi cal functions that are
regul at ed™BPY SRR HET R BSTERfEUnder I i e the inportance of these
nol ecul es (e.g. transcription factors) as bionmarkers or targets for

di sease FEEDPSOF THEINVENEFRORPMENt . Thus, it is desirable to
devel op sinple and robust nethods for |dent|fy|ng DNA- bi ndi ng

prot ei ns [apgaf © NORiLL Qfvehfi Jeia% Eiemaa@af CdctiMe Biﬁlﬁgﬁ o?hgl\% BBla¥ng

such |dent|f|cat|on nmet hods woul e anena e to r oughput
screeningmo@cﬁnﬁ@9§§&ﬁueﬁbdE&h@l%@g@hﬁt&ﬂedmelabor-inten3|ve and
ti me-consum ng. The use of radioactive or fluorescent |abels and

speci al i i bbbl i of these techniques inposes
Iinitatiéﬁg(gﬁﬁgggﬁﬁﬂi{b@fgﬁh{§§§YFﬁT§ﬂ§ sensitivity for practica
use, and t ad le.to | throu s often .ne ed
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opti cal DDI@QQﬁﬁdi@@plWl&hNﬂ{ éeﬁﬁence specific DNA regulate the expression of specific

genes during specific cellular events. Such interactions between DNA-binding proteins
and their target DNA recognition sequences are essential for many crucial cellular
processes such as transcription, replication and recombination of genes. DNA binding
proteins may be involved in regulation of various cellular mechanisms including control
of cell cycle, cell death, cell response to various external signalling events and cell

metabolism.

[0004] The biological functions that are regulated by DNA-binding proteins
underlie the importance of these molecules (e.g. transcription factors) as biomarkers or
targets for disease diagnosis and drug development. Thus, it is desirable to develop
simple and robust methods for identifying DNA-binding proteins and to monitor their
DNA-binding activities. Preferably, such identification methods would be amenable to

high-throughput screening techniques.

[0005] To date, methods to detect DNA-binding proteins with sequence

specificity, such as fluorescent titration method, gel shift assay, DNA foot-printing assays



fromtheir ability to support a localized surface plasnon resonance
(LSPR), resulting in characteristic color for a solution containing

t he nanoparticles, which color can change dependi ng on changes to the
nanoparticl es. Bioassays using nanoparticles have been devel oped for
a wi de range of analytes, including DNA netal ions, small nolecul es,
etc. [0007] One straightforward nmethod for mNP-based colorinetric
assays i rwmlamsmfpwhnﬂtd dmmihmémgzetamnmtcsmm‘mmg\l%esne@af1atlmh@twe®ach
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specific bionol ecular interactions in which the protein is involved.
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by dest aBiFlpadgort vetrangsiof gpslueadrduding BBV @tal iens. i)l Belepresent
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[ 0012] The detection nethods of the invention for detection of
specific protein- DNA binding are based on the observation that the
m xture of these two sets of dsDNAMNPs with conpl enentary over hangs
experiences a particle aggregati on under annealing conditions in the
presence of ionic species, for exanple under appropriate salt
conditions that allow for annealing of the DNA sticky ends and that
al so al | csufiog theewNPabiazatian Hbwelarthesyjehdiassag turot atitabldosusefiace of

t he nanoparticles. Particle regation is .nodul ated by .the presence
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formed Mpheggihcéarget recognition sequence; the binding of the
protein to the DNA site is thought to act as a steric spacer between
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i nvention pravides a nmethod for detecting binding of a DNA-binding
protei n tE&RANAAPYEL corddisai Thopssaelielvestvomees ordsia-elfpprigedesi xi ng
in a reachhppaid Shalfsifelsk 1er§%¥'a@.{ncff§ﬁa@ﬁs]ﬁ‘l@ﬂ99&rghfti%% SueflceIGEPNd Set
of metal nanoparticles and a DNA-binding proteinto forma mxture,
and det ed?NAgpindieg puptpiegbintensst. SthaseadsBIN A half siteg tugrdssighednteteath contain a
nanopartigcles. The first set .of netal nanoparticles has a first )
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doubl e- stHARIe BHEN Oﬁ‘gP@@u |TimS=g§ﬁ?%§% gﬁi?ﬁlﬁérhé’t’%%t RBCK . 51gl 0 form
doubl e- sty @ndRe: AMAedl 8ONE sBARn@ GEEANHISNECE s@idagndadh pugLhang at
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the firstfubilengletagiet maordtioyssa g fos wedicinhanding dad dmgalivi teddlendyi als
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si ngl e-stranded overhang with the second single-stranded overhang.
The reactd™®fMuffer conprises an ionic species in a concentration
sufficient to result in aggregation of the netal nanoparticles upon

anneal i ngoofi2] he fiMhsle@pbnseeRIdE Fidheersibh FndRecaLsMpAgSc pRGLY] The

first set_of netal nanoparticles and the second set of netal
DNA binding are based on the observation that the mixture of these two sets of dsDNA-

mNPs with complementary overhangs experiences a particle aggregation under annealing

conditions in the presence of ionic species, for example under appropriate salt conditions



nanoparticles may conprise a noble netal or a noble netal all oy,

i ncluding for exanple gold or silver, or an alloy thereof [0018] The
first and second doubl e-stranded DNA nol ecul es nay each be conj ugated
to the first and second set of metal nanoparticles respectively by a
t hi oet her |inkage. [0019] The ionic species may conprise KCL, Nad,
Cadl 2 or phosphate buffered saline. [0020] The first single-stranded
over hang thatddlbhefommeaﬁﬂwsﬂf rigl eN A tstielndeds mwbuhlanaahga diay forndutlabz4tion ot 2

to 8 nucl otidsinle 0 The - roteln
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techni ques, dynamc |ight scattering techniques, visual observation

of col or,fullNengihstacgstiseommitinm seaemasdhrindianat the atein seiths Y Aske 51 asnon
0
ool e RO SRR R PRTBEN TR ARG bBIIEL sGRRME B, particles

DNA ol ecudr eatel’rratencttmm mmmecbroewhanahmm“migs ae egnpetadt d?hlstchffgeﬁce in
recogni ti %§1e§§t lill%tc]a%ees 1? d?crate%%y a 00101 cﬁangg which is readily detectable, for example

by colorimetric methods.

[0013] This “light off” sensing strategy using the analyte DNA-binding protein as
a stabilizer to prevent particle aggregation may avoid false positive results which are
often seen in “light on” assays in which the analyte binding results in particle

aggregation.

[0014] Other known protein detection methods using metal nanoparticles may
have long incubation periods, may provide false positive results, may involve multiple
tedious steps or stringent assay conditions, or may have low specificity. The method as
described herein has been designed to allow for fast, simple and specific detection
methods. This method allows for combination of the specificity found in cross-linking

approaches and the rapidity of noncross-linking methods into a single assay.

[0015] Furthermore, modulation of aggregation of the metal nanoparticles by the
DNA-binding protein helps to avoid false positive signals that arise in other methods as a

result of spontanecus aggregation.

[0016] Thus, in one aspect, the present invention provides a method for detecting
binding of a DNA-binding protein to a target recognition sequence. The method
comprises mixing in a reaction buffer a first set of metal nanoparticles, a second set of
metal nanoparticles and a DNA-binding protein to form a mixture, and detecting the
aggregation state of the mixture of metal nanoparticles. The first set of metal
nanoparticles has a first double-stranded DNA molecule conjugated thereto, the first
double-stranded DNA molecule having a first single-stranded overhang at one end, the

second set of metal nanoparticles having a second double-stranded DNA molecule



[ 0024] O her aspects and features of the present invention will becone

apparent to those of ordinary skill in the art upon review of the

follow ng description of specific enbodinents of the invention in

conjunction with the acconpanying figures. BRI EF DESCRI PTI ON OF THE

DRAW NGS [ 0025] The tables and figures, which illustrate, by way of

exanpl e only, enbodi ments of the present invention, are as follows.

[ 0026] Fi glmnﬁgéh;ed Bretmasraﬂhd:sebd)ﬂduhaﬁJBEtsh@mdedem netadh e atsechd kingle- del
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B) conpl ey @kysinBlXbitin@e®@bverhan g%uwﬂﬁm%ﬁb of theFirdt2iMne second single-
KCl-containin prot ein binding buffer. C W-vis spectra of - AuNP

al one (c Lﬁtr%d%)ovalrbdn&@mﬁrsenﬁrnnamn o the {apeeATAIPERiTion saquense tiat gpqceﬁcakby
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phot ographs of A bp- AuNPs and B) g ?1 Lement ary.
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Aggr egat an&hlzRnSfaridéstipeh @fndh NRASIUNE Brsd n it ST dive-By At Y NaRing .

di aneter by DLS) formeg in the corrpl enentary m xture of AuNPs. O
UV-vi s lsJ&g&%ra of t he corrpl enmentary vl _xbp-v2 xbp AuNPs. [0030] Figure

5. (A &l spectlihg iz get ebyeksl patapartiges @sbﬂeelﬁ@"@vade% of mgkilft of

nanoparticles may comprise a noble metal or a noble metal alloy, including for example

gold or silver, or an alloy thereof.

[0018] The first and second double-stranded DNA molecules may each be
conjugated to the first and second set of metal nanoparticles respectively by a thioether
linkage.

[0019] The ionic species may comprise KCl, NaCl, CaCl; or phosphate buffered
saline.

[0020] The first single-stranded overhang and the second-single stranded

overhang may each be from 2 to 8 nucleotides in length.

[0021] The DNA-binding protein may be a transcription factor, a protein involved

in replication, or an enzyme.

[0022] Detecting may comprise one or more of microscopy techniques, dynamic
light scattering techniques, visual observation of color, UV-vis absorption techniques,

and localized surface plasmon resonance techniques.

[0023] The method may further comprise pre-incubating the DNA-binding
protein with a free double-stranded DN A molecule that comprises pre-incubating a

competitor target recognition sequence prior to the mixing.



t he conpl enentary m xture of vl-v2 AuNPs (1:1 ratio) in the 25 nmM
KC1- contai ning protein binding buffer wiwth ERoz (curve a, solid
sphere) and w thout ERce (curve b, hollow sphere). UV-vis spectra,
col or phot ographs (inset of A and DLS data (inset of B) of the
AuNPs. [0031]Figure 6. TEM inages of the conplenmentary m xture of (A)
vi-v2 AuNPs and (B) sl-s2 AuNPs in the presence of ERa [0032] Figure
7. UWV-vi d08R4&kt r a dithdrhepectrpt drmntasfithepoetant mvedftionlwillDepad apphest

conjugates for (A).. AuNPs. an B) AgNPs wi_t h 200 nM. C%‘ﬂgl 0n d)
50 nM e)wélsosmf%lﬂala@ﬁsk@l Ao R s tﬁ@?\é’@gﬁfwrl O%PS‘EIE/!%
bi ndi ng  hisffolmentditBe 2PERIM3N Bnjlidigios LW ie: AcboNRSIEOungat es under
the sanme buffer conditions (curve a) is shown as a reference.

[0033] Figure 8. Schematic illustration of conpetition assay for
DNA- bi ndi BBIEFeBES CRIPTIONOFBHEDRAWENGS A) UV-Vis spectrum
show ng the sequence specific conpetition assay. B) Aggregation
degree (rfBB2%k ed aghasbibABR6pumndvidel dustatady dayicdekamlpenlyent age

([(X-Y)/Y]*1Q0% X and Y denote. sanmpl es . w th and w thout conpetitors,
ospect | VRS ma g AN erl o P ROL i AREE R R0 "ot "V G0
ol i gonucl eoti des used in an exenplified enbodi nent of the nethod of

t he i nverdfD26] [ 00Fedurall ScRemdticdllssttatien stegpuaiodsnat ofhe detaaion
. ) . e : th ¢
ol i gonucl eof i fles, used 1 an exempl 1] eqpembodi frent, of he [Rifag ©

[0027] Figure 2. TEM images of A} vl AuNPs, and B) complementary mixture
of v1-v2 AuNPs, each in a 25mM KCl-containing protein binding buffer. C) UV-vis
spectra of v1-AuNPs alone (curve a) and complementary v1-v2 AuNP mixture at 1:1

ratio (curve b).

[0028] Figure 3. UV-vis spectra (left) and TEM images (right} of non-
complementary v1-s1 AuNPs mixture in the 25 mM KCl-containing protein binding
buffer.

[0029] Figure 4. Color photographs of A} v1_,-AuNPs and B) (Left)

complementary v1_,pp-v2_ypp AUNP mixture in protein binding buffer. B) (Right)
Aggregate size of particles (measured as effective hydrodynamic diameter by DLS)
formed in the complementary mixture of AuNPs. C) UV-vis spectra of the

complementary v1_pp-v2_xp AUNPS.

[0030] Figure 5. (A) UV-vis spectra and (B) kinetic of LSPR peak (Aux) shift of
the complementary mixture of vi-v2 AuNPs (1:1 ratio) in the 25 mM KCl-containing
protein binding buffer with ERq (curve a, solid sphere) and without ER« (curve b, hollow
sphere). UV-vis spectra, color photographs (inset of A) and DLS data (inset of B) of the
AuNPs.

[0031] Figure 6. TEM images of the complementary mixture of (A) v1-v2
AuNPs and (B) s1-s2 AuNPs in the presence of ERa



DETAI LED DESCRI PTI ON [ 0037] The net hods as described herein relate to
a strategy for neasuring sequence-specific interactions between

DNA- bi ndi ng proteins and their target recognition sequences within
doubl e- stranded DNA. The net hods use a novel design of

doubl e-stranded DNA segments having "sticky ends" (i.e.

si ngl e-stranded overhang regions) that can anneal to forman intact
target rd0082) ti on Bagedndd/-veapirusedierdonpéinngtaomittgatoddlt@ a net al
nanoparticle. The use of | _nanopartjcles I or. colorjnetric
ot a6t | orP IS EORBEHHR ATy VES SHAE] AchEe HB20gi Mon KEqErbetaue
to the supfagesRhAIPH 08% ONRRE iP5CRAE KiceoRhinld&NeRMRANAd Gles. Uv-

[ 0038] The nethods as described herein relate to the discovery that

t he DNA biinsiepip pirtbe girlrle attnsNRsocogjughies isker ghelshma bsHersborditiomi(stivael s

of conpl qng}nt\&r}y d,sg,\lArret al nanoparticles (dsDNA-m\P) in sol ution
under condPt3'ons dMReFE T he conpl ementary ends of the doubl e-stranded
DNA segnents anneal and under ionic conditions where such annealing
woul d ot He083jse pr digire 8agghawaicii hustafion dieompedtiomangfar DNe-Biading

whi ch t he ds segnents are conjugated. [0039]Wthout being |imted
to any paPt? ‘E}Fyastm‘gheory, it appears that under annealing conditions
that include ionic species in the annealing buffer, such as salt

i ons, andods4r he alfsgiies. of) IBNAiDiHREinNg sREwhetd sesee fatiricng of the
conpl ement ary .overhang regions together with neutralization of
surface cqqaxpsté@wswg) AgasEdion depes (Bgasired 25 SRPY Aspekandsaleplatsdl ut i on
syner gi stg.cal; ' i e a . : icles to
o oh the P e e A e By MR " g
addi t i on cofnpetitersDApdsiimelyhg protein to the system appears to result
in binding of the protein to the fill-length recognition sequence
that is f by i . .. the
protei n tRethct ) nd aeh Hrafe SATR A RhA0E UHOSIRLEn &

nanopar t ick@plifid¢dentedymen dil the ngetidden ftlenidescipnof t he particles to
aggregate. This steric spacing appears to space the nanoparticles

sufficie part infl.uence the resonance.respon of the

ar t ol edOFBE L | MBI et AR S P N feseed B gat e
state. ThismpHfual dntbddigerss Uf feegetpldaFimninya@sonant properties of the
nanoparticles, solutions containing the nanoparticles wll reflect
different]gﬁghl ours_when. the nanolﬁarti cles are in an aggregated state
as conpar AR BJR(:HQ icles are sterically spaced by the
stabilizing effect of the DNA binding protein. [0040] Thus, there is
provi ded [H03&k hod dihe methods pndeserimiAeriimislaigytogy Wiatagh rimeasyEiep| e,
includin LfJ.Gat:] [ : 1 ficity of 1he
DN bi g ar Gy e e e S SESR T LHETRAHIERE Ind RER b rickgftioh

[ 0041] TheeDiAcdsi witiin dogrosteindedBIN Ab eTtanyetDida-vse ndove dgript &fidoublhat

bi nds to doubl.e-strande A in.a sequence-specific manner, thu

ecogni o G RITEA saRG s P g r et SO RS S e TR et
wi thin a dpublat Stioanae thtdNArgw0 ke iiton (LR, Acl Megtht REOGAIIdRA
sequence. Many DNA- bi ndi nﬁ proteins and their particul ar consensus
target rd8agHitlingrersEifanbisdisg pemgbuorartel conliovsi fatsoley petae estpctivay

be, for exapmbid biflild BURCHIJA lieeégnﬁ@&fsgauenhpﬁa@rgitﬁegsu@acf@élﬂaﬁegongﬁt a
SUppr essor of transcri ptl on, a pr oteln’i nvol ve Inrep cation, or an

enzyne. ThepcDNA-dbitlrediangpaptidesei n bi nds dsDNA in a

[0038] The methods as described herein relate to the discovery that the DNA
binding protein acts to stabilise self-assembled constructs of complementary dsDNA-

metal nanoparticles (dsDNA-mNP) in solution under conditions where the



sequence-speci fic manner, and thus has a neasurable binding affinity
for its target consensus sequence, and may bind to sequences that
have slightly altered sequences with a different (i.e. either greater
or lesser) affinity. [0042] The nmethod involves m xing two sets of
metal nanoparticles together in a reaction buffer. Each set of netal
nanoparticles has a doubl e-stranded DNA (dsDNA) nol ecul e conj ugat ed
to the suohpienafary belsrddepRobleshasied DNAVBEgentdwdnédl Bed weteDNAIc

nol ecul e conlj[.u ated to the first Iset of , metal nanoparti c} S conpri ses
a port i orfoBftignY WhgesuchappRsing MRl EhTNISE @ramte pgrscaniian BY e M
protein. hRgpdhdiatio GHRNALMHIDN AlsSEn VR 8bhjQ¥eidhang of

si ngl e-stranded nucl eotides at one end, thé end not conjugated to the
nmet al nanogarti cles. [0043]Simlarly, the second dsDNA nol ecul e

conj ugat 48989 t he Yédwmabeieg lipitediiorany pasisalsatheriy) éaprerrsdhai opfaTi ses a
portion fa - AL :% i N rQf.ein,
and al so agahgﬁlé%%tri({]ngggﬂo Cﬁds#ﬁ%lﬁgg%? %gﬁldﬁégaﬁ%gﬁ%%tl cfe’sstagl% &gsr?g ngtr?i:l of
t he DNA rmpH écthe @bsenbeofdiid Arbatdicppmoteiyg bew-jadririghd tietoaiplerasmopa ot érbires .

[ 0044] Thus,. alth h .each DONA.mpl ecul e conj ugat.ed to a.set of netal
hanopar ¢ erel et du bare o ha e SRR B papSuufidicsy The iR
appr eci atspeciédiakoliien SNk 8GR iRteR SR Tettch ald fetdlalaRbRredlésapded
with a short single-stranded over han{g region_at_one end, the end not

conj ugat edhieiothe JeDNArrspaents aeconipaped pyHericed ndiigws Lof he pddifion aftheng
dd any: i i . thes-si -
second dsENA yAREGEMLRS Btk gﬁgkg%gga@ B feliat mtbtﬁ?duﬁé[ ﬁgfl@%l‘g{egarﬁlgqﬁgfuﬂ-

overhang of the first dsDNA e is conplenentary capabl e
of anneallenah tegogrhgorsiengdnee tiat mrfckmttddyenherligs of cardesevomdsTRBNA

nmol ecule, in order to.for at least transiently,. one | onger
ont 11 ol y sulens S bR Diosthar £ 8 Wl R i ntriaRRR of 1t he
first andhaepordudsdiNA g Wl dis Rkl des hgneghts oTHihatriodpacingapeatsed,

t he | onger fo”@d DNA . Ieckgfle contains an intact target recognition
sequence P ARfce e ngpehAtiBesSutir By BBYH P 1B Gy HisreoRancERRPpRSI AT Y

protein thalcldiBksEnPIeS@Nr chiha a8 e&migfred bqgé%gT%tﬁi sRed. g@fg,rcﬁfaqu

overhang ‘portion may be from 2 nucl eotides in I'ength up &
nucl eot i dessuriice plagrnen resgrdnt propertiesyofitke mnopartiges, SoluonsZopteingg the

nict o0 |55k AT LIS B 5 UL AR

V. n
ang portron fa a t he
| onger ofstdtdias dowpastinandsn theakhnomkeldasprd haidl Picabbedielsabilizing.effette
"top strand" the overhang). Alternatively, the overhang may be a
5' over hfﬁg}eﬁgg‘ﬁi?@nﬂ’fﬁf‘m?'he si ngl e- stranded overhang portion falls
at the 5 end of the Ionger of the two strands that make up the dsDNA

nol ecul e [0048] the THhe! hemisfrotded a Bathodhe davasamNA-HiRGdd hrbfen GDNA
nol ecul es are designed such that the total |ength of the DNA
sample, including quantification or assessing the sequence specificity of the DNA-

binding protein for a particular target recognition sequence.

[0041] The DNA-binding protein may be any DN A-binding protein that binds to
double-stranded DNA in a sequence-specific manner, thus recognizing and binding to a
specific sequence of nucleotides found within a double-stranded DNA molecule, termed a
target recognition sequence. Many DNA-binding proteins and their particular consensus
target recognition sequences are known. The DNA-binding protein may be, for example,
a transcription factor, including an activator or a suppressor of transcription, a protein

involved in replication, or an enzyme. The DNA-binding protein binds dsDNA in a



nol ecul e that is transiently formed by annealing of the two overhangs
provi des sufficient space for the DNA-binding protein to fit between
adj acent, aggregated netal nanoparticles, while binding to the
transiently forned target recognition site. For exanple, the
full-1ength DNA nol ecul e, once assenbled, which will contain the
assenbl ed target recognition sequence, may be from 10 to 100

nucl eot i deguenthepRifRGhaict, @@ s Wad 4 mERRLBR wfﬁulﬁcaﬁﬁﬁﬁ§ foytgargg t he
nanoparticles chosen, the length of the tar recognition sequence

the size GRSIRE ORPISSHaf ﬁ@ylbmsitte SPAUSPRES fh@égﬁwhéhﬂy Ateygdi seqnopprs with
DNA- bi ndi NG eRLEAE 6k Neiltb N S4:E,0s 1 recognition sequence. A
skilled persoﬁ cgn #ea Mquégg%ﬁgﬁgggble | ength of DNA required for
any given nanoparticle, target recognition sequence and DNA-bi ndi ng
protein, 9842 routlimendtidonenlensyninmiiiodssts afuictabnasepartieles fogethéren a
Exanples n 4 a cl. at

nanopar t |1§ C’elso n%ﬁ&g %1% te Okggta%?mg%lﬁ%? BI easgcgilgﬁessluﬁrg&%r o]%t(ﬁé) ITJA)
ability t1ﬁolsuﬂ¢.)ﬁmi_]u@tddﬁﬁaiel snefelcesafitiiag@opdraden i whishnanis: sDSAR) . Free

el ectrons i n% met al ahnofpartl cle i nteract with the oscillating

el ectric FPEf %“B’F“gaff‘tj‘ﬁ? rES P PRt AePaBiclss RPN 208 Ut ERsi ge
in the nqg@%ftioh%%cﬁ.&n&é@? tHe DN A- bﬁx&ﬁ&“ﬁﬁféﬁq wrﬁe*h@t MKDNALEI A Pive an
frequency e size, shape and material of the netal nanoparticle

wi |1 i nf |avérwag @ﬁ%ﬂﬂéeﬂmndﬁ\é nypgedtides sitoar pad thednd ngt eqngugatediip [He metal

i nfluence, ?‘% R and thus the col or appearance of the solution
contalnlng nanopartlcles [ 0049] Thus, the nmetal nanoparticles
used in the nethod may be any netal nanoparticles that possess LSPR
properti d9043hcl udiSrhgilatrBt die snamdpiaDNlAcm@sculhad:njugam}rtbslm ﬁccnmltsb‘eof
metal , for

sore. enbdBF RS TRt e oo i A Fist fpaRiRe OBl o

gol d al | ayNarbiadig hroedin,ahll @ike h&Sanilelhabe oBpRsIeGIraided nudladmeamwns leﬁﬁ
are avail a%bl ewth a varjety of differ ent nanostruct ur es, and i ncl ude

for exanpiidhgyBPNd Ralseede e%ll I}O\"/%‘l’nllﬂﬁfﬁﬁlﬁP Hheguealgnepaiisiesol at es.

[ 0050] The netal nanopaiticles used in each of the two sets of

nanopart ijobas] my eyl Qﬁh&agﬁea&}aﬁm%allesdleﬁorgﬁ&a@éd thQ s&iTnigAt i on of
any DNA nol ecule. Al ter natively, different net al nanoparticles may be

used for Ieaewf@ﬁleeiﬁéeacvabedset“ﬂowleﬁaw i1 it veilldbg apmieinted ghat thedd Mt al
nanoparti }

Compr; se SR ar et Rab iy dok e e P R Bl

t han t he aanopsk, themhéaousmﬁlgauedtd’lﬁeaamadmhaet [ 0051] The et al
nanoparticl es have di mensions in the nanoneter range, for exanple in

the rang of .the t.al opaiticles chosen
my | i DS he PERgEReae B et acul B ARIORES | f Rl

i ncr easi nfgatdheEnge-onarelkd Dadrbgardfited @St dsONA I‘r@le@hieheﬂgﬁﬂlmﬁémﬁﬁl@o and
anneal ed ful |l -1 DNA cont | ni n he asse ed tar recognition
sequence c}ﬁ‘ﬁ?}’l?\%fgﬁgﬁgi%ﬁ%ﬂ’é ?th'm Srerags BE@\? S‘Eﬁ?“éé Nél RRPIECLS & e
for the DiNferbb EUHnngt 1%9&%5%%19 Jﬂetlmlpe; \@ﬁﬁ@l)adiiu%%fanmmﬁ&ﬁdlsdu?é

| i nked by anneal ed dsDNA nol ecul es. A’shorter |ength of the total

assenbl equnhm drecequnpesalider nslandesenntd dﬁHNﬁHeolﬁedm¢ tl¢sedned so that
stericall rev n acces to
e eSS B P 2 DAL LR RS b 84U gy PE568l
typi call waqmdmee thangemltahe tdbaﬁnmddjjsan@foftﬂed:)manﬂxpxﬁﬁg pmteesghamhey bonger
the total |ength of the assenbled DNA may need to be. A skilled
person cdh*¥EaliYl*)™Pést a suitable Iength of DNA required for any

gi ven nanoparticle, using routine | aboratory nethods, and as set out
in the EQOOpbES pr hidrd heraaddd ovkﬂﬁﬁ%bdﬁohﬂﬁl GatReh BEM@tzd@ﬁﬁherﬁfh
the two sets of nanopartlcles has either the tirst dsDNA nol ecul e or
t he secori? @SHNACABIE dulcBLBoMdgaY BAY P23 é B¢ T ES nyFleptides in length.



mol ecule with a free thiol may thus be conjugated to the netal
nanopaiticle for use in the nmethod, thereby form ng a thioether

| i nkage between the netal nanoparticle and the DNA nol ecul e.

[ 0053] The two sets of netal nanoparticles, each with either the first

dsDNA nol ecul e or the second dsDNA nol ecul e conjugated to the
surface, are m xed together in a reaction buffer and under conditions

desi gned Tie qefvhgRad Bk OPEiciieCRABMHidd @AShE Sndkls@nde@bviéhsg portion
conpl ement ary overhan reglons of the dsDNA nol ecul es to anneal .

Anneal i ngfaboHdbe 3'ore of Be 1enest of b gudnibalsmeleanibs AT plecule (i.e.

includin a Al Kol € ,0NS.
[0054] The s CoRer e ot Par " EURTC ARG R efheft PRI oL R 3 BTy

condi t i onsegnegghatphs smglnistam:loqh oealhal@tpodmnefaldis aiolre dendblithe dapger of the

Che t or natreliraB e el e ERGRDO raRele o8 PHIh Fesaet bBHBuf fer

cont ai ns @®rHafg)l ¢ species, for exanple a salt The ionic species is
selected to assist with the annealing conditions for the

conpl ene over f the DNA nol ecul es ditiqn, the
i oni ¢ spg:qﬁéi] is sﬂﬁsgﬁ‘éﬁgﬂa&e@ %Saé%gqsi&n?d %%hﬁ%fh%ma@ngwf digdiNA
partial | yné1B&iI&MaT @ @afhi &R ThmRla Bﬁ%@é&h@%@%%@ bb&hﬁ:&g ovides sufficient
nanopartlcles resul ting in aggregation of the nanoparticles upon

anneal i ngspat{e(fes@]smbmdm Iretgottp oih bukereadiesship pegregntamettlf ect | ve
amunt of,,.g a’n?d?és wﬁﬂ@@h@%ﬁ% ah‘;e]:'ttl%hﬁ%lé}@ﬁéd e ﬁt%ﬁ(?%'ltio’ﬁgmgf f&he

over hang egions a nanoparticl es.
The i oni cxspelki s fwih;ength,DNAnncémﬂ'q)bme afeynhlmmgajhlmllabntefngaﬂ c salt.

As wll be 3@3 ci ated, the reC|se i t|t ﬂpconc%§¥ra&hon_qf t he
i oni ¢ spetiS e B O FRTET G iRleplifese M gpiepise
depend onepdiewildiapesd 64 fdches MHQQ%%H&@M&%%@M thO BngRSIraR tﬁ‘xfoett he
DNA nol ecul es and t he conpl enentary overhang regi ons. For exa

di f f er ente¢agpitionspausatfo Perside el diy QAJindjog protedt andsthe maesr jo whnﬁrqlme
differ entnﬁﬁvﬁ%ﬁdlhég lotedn Bidlis foltfie &ggg@ﬁ%%ﬁﬁ @&ﬁ%ob ORi sﬁm%i??&s&?cdn

order to still egat e upon an e conpl enentary overhang
regi ons. rSidyltest bwltabh:delsghnf Diipereqfiiraiahopar ival rexn()m*gcle goget) nay

have di fferent Iomer i ncentrati.on, of ionic ec
dependi ndCoiP Lita JHRPRT A A SRR E S0k Bt ARk Y A an 5
conponentsst mngthlé@&amprespﬁwﬁﬁ&hexeinn sone enbodi nents, the ionic

speci es used conprises KCL, NaCl, or Cad 2 at a final concentration
he reaction buffer is th

of 25 nM eater, in

combi nat {BA4EE anndsiTH e&meemaiigaetﬁiéwmf[ﬂ%& RShuEiAE oL rpReTic
aggr egat |a@i@1n9fﬁcﬁ1hﬁ?mﬁﬁﬁl@ilty RAVPRA & loehIB8d bitdch gm&ﬁaﬁ;és@ﬁhnb@(ﬂs@ml r—rlefehe
absence of -bi nding protein. Metal nanoparticles cod%%gate

only one efctippwinfthe metabranspatipld inferettewith de opillating stecty af &ighty
solution,, }(tﬂ{gnlhfanktb%ﬂa‘%{@%f‘e’&ﬁ& Oveéﬁﬂl‘ﬁ theoﬁan‘c‘s aﬁasgbﬁgt ik ﬂu %‘qn%aﬁ%' W PN

Anneal|ng 0 e conpl enent ar Pons sets
of nanopaiigiblellight ﬁerqutﬂm/ élhnseme shefe mifnﬁatmaé nf themmhm@ﬁrtmre woifll i oni c

e aoorBRsErbireRSTR dhitit MR ARl um y L FtERent LBk wit i

concom t ajalorGPagRcHehE 8liEd dfhining the nanoparticles.

[0049] Thus, the metal nanoparticles used in the method may be any metal
nanoparticles that possess LSPR properties, including metal nanoparticles that comprise a
noble metal, for example, silver, and gold, or an alloy of such a metal. In some

embodiments, the metal nanoparticles comprise gold, silver, a gold alloy or a silver alloy.
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[ 0058] As stated above, aggregation of netal nanoparticles influences
t he resonant frequencies of the nanoparticles, and thus results in a
shift in the colorinetric properties of the nanoparticles. Thus, the
aggregated state of the nanoparticles can be readily detected using
one or nore visualization nmethods, including colorimetric or uv/vis
detection nethods. For exanple, the aggregation state of the

nanopar t i £4 e8] K2dppheia@ldsemepatities N aPAiRbRSFAP CarRYAH difiée@n Or
dynam c |i ght scatteanq to detern ne whether the nanoparticles are
cl unped tBgetRenresy andrincladesiar sxammdperld spnaredsy sibver eaneplaiss g9ld fer . More
rapid deggg&@gg&nay be achi eved by observation of the color of the
reaction buffer by visual inspection, nmeasurenent of uv-vis

absor bance, neasurenent of |ocalized surface plasnon resonance.

[ 0059] Thd088@k egat iTha mstal nareppdictes obassn jeachad e ol sl off pandpertiplee sapice

of any -hl ndi Lein.in the.s | et hat\, dded tio th

eact on it S BNl | RS SV INA Bl A A Rrl g

prot ei n rdifferbs mdslednéparddie madetised fdrehdhesf the twarsets@f nsiopdttickaelhgl y
W th, or.su@seq; ntlg tq?the nixi?_ toget her of the two sets of netal
nanopar t i {&/t8&me oparticlegysetgathsiing Segnasr e e f AIERTENt SREMAAMPREES # he
anneal i ngi;ggenasaseaahhdvk aRi @M thafbbtberd igh ﬂﬁbﬁhﬂl%aﬁ’ﬂccle!'s Q&dtideneset s
of nmetal nanoparticles. As well, the DNA-binding protein is capable
of bi ndi ri§cad sethe ful | -1 ength target recognition sequence if added
after the netal nanoparticles have aggregated. [0061] That is, when
the m xt f the ] i .

DNA bi nlioge By ot of A R [ Bar R BRATHnERaedt AR AR o e
ful | - | engkhmplengdte rageeg Aite il Ohnse dhe pice of e methl byncpartie ks chggenmay he

two dsDNA mol ecul es. - bindi n rotei.n wll. bind to full-length
targer r drtinte s Teer AR eRR SRS el M B e PieSoRghol at i ng
t he aggr egadpapicist fieotalAGndtn of Babetkakld GWe lenktheD DNAoRialith I We PéseinBicd
may act as a steric spacer, resulting in a reduction of aggregation

: g
bet ween MASBPEFIGIHICBSCAYCAL MRS P HICFGSS HECTR ta PRRYide uffEeient siagm &

and as a_tﬁ@ﬁ}h‘&biﬁﬁ&%%ﬁdtélﬁ 1§ RELIRSANRANEEntRARMIRIE:3inREd B P Shnealed
nanoparticles. [0062] Thus, provided there is a detectabl e anount of

DNA- bi ndids§Ngy opleculepr semter [dngth, oftthpetotahraiseinblod Dt vaderanienlesloomse t he
| ower detecti.on |imn the. Y e b sencge of 1.he DNA-bi ndi ng
protein V{Ag t %%/Ejeﬂagb %é?%%stsg%%ﬁ}z@@%{n%ﬁe? e glglglrn 5(35 t‘%lgﬁl% '8 of the
nanopar t iactes to thbatseinbled ik lengthapget recdgaiioniskducagp eidis | tgsisalBgdkregat ed

or even nodi spersed in.the reactjon conpared to the aggregation
tate | n TERE o DETORO8t STk ATBIORAT o o PR e R BRSeT har el 1 or
exanpl e MIGAGSEARYd SN GHBS] RirsoidAR Mdafil) teBY subEBlt ISt IIeA hEY SiesS -
Simlarly, colorinetric neasurenent of the reaction buffer will also
be af f ectiBtamyeYeRcapPRasisio aisHE rowiae babeeitery msthsdsi and aapel ot iskmge i n
col or or [ A -\vi:s absorption or |ocalized surface plasnon
resonancé%mggk%gﬁ%gkgﬁﬁﬁgéin t he absence of DNA-bi nding protein, can
be detected. [0063] The nethod therefore includes detecting the

aggr egat i[0852k at e d¥s indieaterbabmive, reactopliht fved st dfmanepddiclesasleitter thene
whet her ) - bi_ndi opat ein i rnesent ,in the | e nd

opt 1 onal RS oP RS8Py P RB s o TSR s 1
or ot her mmbpuptidest Thd@sBNE MLy bd@nivzaed Parahi dlethodusdédad@enj(at€an t he
state of aggregatiaon or diﬁ@grsioné_of the nanoparticles in the
react i on BEFFeROCAYe S oY abBrE] FHexprrly e Bl givups wattadt on
are compan&M, fRmtie: RAELEERLE thedhahQufhc ARt 88m. THuRGHE &RREA ON
buffer in the absence of DNA-bi ndi ng protein.

may be synthesized with an end group containing a free thiol on one end (e.g. the 5’ end)

of one strand of dsDNA molecule, using standard laboratory techniques. The DNA
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[ 0064] The bi nding of the DNA-binding protein to the target
recognition is a specific binding event, neaning that the binding is
reversi bl e, neasurable and saturatable (also refeiTed to as "specific
bi ndi ng" or as one of the DNA-binding protein or the DNA target
recognition sequence "specifically binding” to the other). Thus, the
bi ndi ng of the DNA-binding protein to the target recognition sequence

Wi Il havendlesiReeithaGredkfibNhiyihué %‘»ugtltetita@theql@éaal%nﬁa&we@uselﬁ%
it may be possible using the nethod determ ne the concentration of

DNA- bi ndi lﬂ@h‘?ﬁt dhesslyy fprnigg & Ariptteer diskery berweeathonetraneppsticle andbihd 8NA o
deveI op q.B éng curve. Simlarly, it may be possible to neasure the
affinity binding constant between the DNA-binding protein and the
target recognition sequence if the titration is perforned usi ng known
concent r d0Pb¥k of DNANGS sels signgelotaeoprramies, mmmim the firdt OIBSAAS

wel |, the eGi fi b|ndn f|n|t of.the n rot.ei n for
Vari ous. drerared e Hegn Aude gttt ot b R p e BbGududuiing
t he nmet hadeactdabuffes anihederbhdedomlesipBedio PréAeTapptopdiacUBREtibLd t¥e
assay, for exanpl e between a caonsensus target recognition site formed

by annealdfy '8¥ the RemB DRI SE NS seekns o el N omelsetesdp appél-t wo
sets of NaBERA ﬁdoﬁhﬁ%n@ﬁg s CONREEL kel %ﬁ@n&gﬁ,gfélucﬁ%%ﬂﬁ]"%{da%n
I 006 ar

sequence t hat ffers fromthe con ensus sequence.
excess amblnempsiatileend cmpestiength cBhlitioss. m xed wi th t he DNA- bi ndi ng

protein prior to addition of the DNA-bindi ng protein to the reaction
buf f er rrpet B\{ﬁ S |
nmet al naﬁggaﬁr} i cl e;ﬂlg ubl e- s frléggtédaéi bg) %%&L&?ﬁ 1& H%p@%g%ntggélﬁgnst(%e’
conpet it g, u@ngectncemmgn lahd pon-dinhring f;ortdmeom))mpelbwtfm thEdhdirg o tlst r ong
conpet i he,.DNA- bi. ndi pro ein wll .bind predom nantly to the
free conﬁ%?ﬁtbo?diwomt‘\/\ﬁ‘?f e Bt fEegUNOnCAT el effect in
preventing aggregation of the two sets of netal nanopaiticles upon

anneal i ngogsstt he prlthsme@oroﬁuf&nctamﬂhgazsi@amspsmesl, forteReémgsloapat.i Tier DNA
is a weak conpetitor, nore of DNA- bi_ ndi ng 4;*)Iroteln w il be
avai | abl dO%i6 SBRCHA 1t lecied t%ﬁﬁﬁeaweta ﬂteaﬁnaethngéetfb gusifeoihe eeuelam@enttdr ned

bet ween nNRBORAY teofdneaf th DA BREILLARLT N0 ddiRnd@eiGEAI88s Rfselblied fR @/
nanoparticl es. his way, a high throughput screéning assay can be

desi gned abdlflf EBItBUtl hleseet- hﬁ@ﬁm’gl‘f@ﬂ? thei chgrae foraseig obithe wiclack sfghpmetabi n to a
vari ety nt%at'tic:?%sr {L%ulPI}lﬁ i zaleog ns%tﬁéa]‘llcp gu‘tlttzltc]se JHED nglleagm}:a gy Nt hesi ze a

| ar ge nu er o er ent nopal es coﬁj ugated with
conpl ement ary DNA nol ecul es. [0067] As will be appreciated, the design
of this B85%@ld as d“ess;rthdlembtﬂnelbeffm dompgiecsanadffecmwhmdmet ofstihioc may be

used to detect uartt% %/ ar t %g% lel c. bi ndj affinity of, any
DNA- bi ndisRE Prst & A e 1”1%’8 a’%%?ﬁ‘ﬁﬂ%%‘“‘%jﬁ%"?‘ﬂ“aé‘té eReHER -
speci fi ¢ of@N@hopai@es eﬂié%lﬁ@Spe@fes the bGS@P\A{WI@@ﬂﬂI BidrdAai¢i o @rganic
conpl enent ar rhang regions can he readily synthesi Zed to adapt

the met hodis o8 Wtﬂti 8¢ INIACHRLFY rgprpien idpHIty Ang ¢finggribation plbe SINIGSPERAT I ast
to other sE!%Qt\é@fcﬁ°§§cﬁb131c51;f3ﬁmh991%aétfbﬁtbuﬁ‘éf @ﬁfde%@@d ¥ B g h T féaqtlae

aggregation ("light on" assays) his nmet hod as descri Inils a
prot ei n gisehird thatésian ofpipy Ebléxnnélétulmldolﬂﬁ ¢ona:éea§@talandelhmgg cgays.

reduce f it sult oft caus by u
part i cl eaﬁl(ﬁn exeF %fz,ldllf\zﬁ?tﬁtb %tfeF %Panopamc e€s(e.g. go versus Sl?vet 1¥1ay Have dai%elent

lower limits for the concentration of ionic species in order to still aggregate upon
annealing of the complementary overhang regions. Similarly, the same type of
nanoparticle (e.g. gold) may have different lower limits for the concentration of ionic
species, depending on the particular ionic species used and other buffer components (e.g

KCl versus PBS). In some embodiments, the ionic species used comprises KCI, NaCl, or
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[0069] I n addition, the synergistic conbination of annealing and
charge neutralization at the nanoparticle surface to induce
aggregation of the netal nanoparticles, conbined with the steric
spaci ng affect of the DNA-binding protein to reduce aggregation,
allows for a rapid detection nethod that may not require |ong

i ncubation periods. [0070]In addition to the above nethods, kits or
comer ci ata(PARKIGREcARLEREOY bIBInhP6: P4l Mdgadibg biBEhod. The kit
or commerci al package conprises two sets of netal nanoparticles as
descrlbed herein. Briefly, as described, each set of netal

nanopai t ilBP2E has & laﬁwwg@at@ﬁ@éan@mamdééengé nggrliggiendbptegulihia
surface of.l-Bg: AAPIRALLAECIGS alﬁTéT&; idablegsRh hanead t@%séﬁak%ﬁb&%
conjugated”t® each set of ne nanopai ticl es conprises a portion of
a target hnahmg}mme:mMs@hmwnpmidnﬂccmhmtedmrﬂmr&emeaofﬁmﬁrst or second

gt on of VEREToUMA 15! SR SCRHO ST B B RORPROS BV PRICOIRET

set of mebrkionaneralih 65 @S cosplemehBinlovelRig Fitne BBRIEIBRIRS ¥etO¥Lr hang
regi ons anneal  together, the two doubl e-stranded DNA nol ecul es forma

full - | end®RCRAESySHIN fhecabpimics Phfradeicarentpinn qf donis serighmey sl peulbund
in the a Bion b AN ERbRAAG, BEOKSIsen LORLH NG al
package %gﬁé urtnher H?Ci)ﬂagh a sul tgb %tl on KJC%UI%ggwdgg%:@ bed
her ei n. [SOJ@VEZ}a‘rhélapme@aoncmtmodsuwr@uﬁaimahm exenplified by way of
the followng non- limti ng exanpl es. EXAIVPLES [ 0073] The descri bed
detecti orn ay wa e a nodel
DNA- bi ndi nﬁr ot ei %sg gdg?@t Lﬁ%ﬁ?‘ ﬁéla Eiog%if E g%%ﬁ é&%ﬁlﬁl sgm%% %s t hat
form an esﬁonmgefmqnmpa@mﬁﬂleeﬂamﬁtclaspmdu@aatmdﬂﬁsm gehift 11®the$b]0mﬁfet1NPS as

t he sensin UWi. ctroscopy, TE d dynam.c |i ght
ROl TS L R A A S oM I g L IR B
particl e ragsl %@Eﬂe@ Réidh SRES5HOR vIREINANDS ﬂ@eﬂ{o@mﬂu drfendiit 0075]

Desi gn of ds Conj u ated AuNPs with Segment ed DNA El enents
uv/vis detection methods. For example, the aggregation state of the nanoparticles can be

observed using microscopic examination or dynamic light scattering to determine
whether the nanoparticles are clumped together or are evenly dispersed in the reaction
buffer. More rapid detection may be achieved by observation of the color of the reaction
buffer by visual inspection, measurement of uv-vis absorbance, measurement of localized

surface plasmon resonance.

[0059] The aggregation of nanoparticles is controlled by the presence of any
DNA-binding protein in the sample that is added to the reaction buffer.

[0060] Sample that may contain the DNA-binding protein may be added to the
reaction buffer prior to, simultaneously with, or subsequently to the mixing together of
the two sets of metal nanoparticles. That is, the DNA-binding protein will not inhibit the
annealing and aggregated if present during the mixing of the two sets of metal
nanoparticles. As well, the DNA-binding protein is capable of binding to the full-length

target recognition sequence if added after the metal nanoparticles have aggregated.

[0061] That is, when the mixture of the two sets of nanoparticles also contains a
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[ 0076] Estrogen receptor a (ERa), which binds specifically with its
dsDNA response elenent fromvitell ogenin A2 gene (vit ERE) containing
the core binding sequence of 5 - GGICAnrui TGACC-3" (n: spacer

nucl eotide), is used as a nodel in this study. Figure 1 shows the
basic principle underlying this assay. [0077]Figure 1. Schenatic
illustration of sensing principle. Each of two sets of gold

nanopar t i sNASikdWdNRReid fhatRehfabRb\MBniRinBahd biRRgS6 HEIN-1dibh @R V2)
containing sticky ends of 3 bases in length. Thesé€ particles, when
m xed t ogetdgattiogsequenceplmed bsamnea}hnlg@féleatw@n@bfmogwleﬁg@ﬁ@g&tﬂémg

t hr ough -.Cn e-pai.ring. ] ) i 1 of KCl
neutrali \é%éé]?lhqglﬁé Igdﬁagﬁ ? geﬁl stgl&%ﬁéﬁgﬁg%gkﬁgﬁgfé g%&%ér%gmt es base
pai ri ng hehweetcléshmoddapeive agaegatinakhiteERS isdigamehitoye rtks DINIA-bigding
rapid particle aggregation and sol ution .cqo.}{ﬁqr cgan e fromred to
purpl e (IBEPER MY rf’%fﬁ%a PrASWREE: SFulEEn AgFHRAIAG b HEUMN BAWFH to the
transi entpaivbpaiidess 86y 8REndES 8 BlePUNER IBXRICE Sndhed debulf ATL8nd Bic
stabilize the AuNPs, preventing the extensive aggregation effect;

t hus t he rs¥hardedaramstes of bprainepagielep.et urns to red (right).

[0078] Tabl e 1 sets out nucl eoti de sequences used in the ERE hal f
sites an scra . L I gl 1-N9: -

Exanpl es.ctogjl'ﬁgJ cons?&gﬁgl%Jdagééﬁ%%(%‘%ﬁg%ﬁd&gg&@%?gtglﬁﬁ%gﬁ 1t%\%én hal f
ERE segnam¢ssn{(derthe adowas ol progamdiswBovesthp Boter detbytion lmacbf the tisay, thhr ee

base conpl enent ar. i,cky.end. The.half s S re conjugat.ed onto
AUNPs o BT e RIS B BroxiRme By EATRE s e F SRk Sece
as- pr eparsefe (£t ¥@bpaBioNPSTEA MY, Ugata@SpattidlesOvill ayhEBRks W@ €xaledthr iefen
col or and showed no traces, of aggregation even in 25 nM KCl buffers
(see TEMl}l‘i’ffé’&@’?rﬁeqﬂPd}Eﬁ'@a%NP.as RoPPedis the pEregetrR slagar BgabsanRe tas
observed ik i Bn 2Fbtef) @Fheh WBseFRliSis il GOIREBIEBR AT Yopy! AR eo0d

v2- AuNPs conjugates were mxed at 1: I ratio under saie buffer

condi t i orynarmiedighSRRigamgkedhiqure Aoilrdy.coltjrinpt escsmsnynt ¢f thelraacticn

| onger |t oadeni nom eurve a t whlogure
20 ace oimen Rl b Ay OB TG Kudty ol
pur pl e (icoRebsa eliifthh §ivi-eis 26 orptldd®f Wcakiedundace. pldsidniremaaseods A) Vi

AuNPs and B) c | erent ar i re of vi-v2 AuNPs, in the 25nM

KCl - cont aﬁon?pwﬁ%’ Bridr %v%ﬁﬁ*@ﬁ%«% Rrpted, ff ,’f%e%mw KCl, 0.1 M
EDTA, 0.2 mM DTT and 1% of glycerol). TEM sanples were prepared by

di spensi rgoéte dsDife MetiRE thitt PreinClapfeletdiihgihahb@toa?dn Riatk dFfthe metal
reaction with salt buffer. C UV-vis spectra of vi-AuNPs al one &gurve
a) and cORPPREFHEEP ProFr ivdei oy whothairey BNArbindingareseindyprgienbin ther e
taken at JmBleNastPQRicasd) fdw@hueh), Séddsc il faBEve, LARSOLLA. WRRii Mg t hat
the conpl enentary m xture of vIZAuNPs and v2ZAuNPs al'so aggregated in
buf f er covilehirnictirsls v ddterutindi@ie imérpaticlexiftmge &.ct theBtate W aBBSgétom 020 i n

(data notyg %Ps“(’)“;% of HlSn g %gi%’i val hen 4 ndi gakes Lhali. tze*‘cﬁab%%%e%%eu’iﬁs%?y
sticky ends “of t Re Vi< and Vv S GRS "t T 6 BEAsE pai TS N orces
to facil iduel écteminapas dontpag:dag geagateostad stafeiof Rancpaniskes §1 B rdiytidhenffer
presence .of i%ns in_sol u%j g,n. [0081] To test this hypothesis, a
control &RPErAORENE WS ABREMEPERICTSi ng a mi xture of dsDNA- AuNPs
conjugates that carry non-conpl enentary overhang ends, i.e., Vvi-AuNPs
with sl -AobBs] (s| iThedidadlsf orshd BNALLIAMIAG PromdRRto B REkd GecdPMitioh 3 Vi Ch
the ERE site_Is scranbled. sl has a non-conpl enentary overhang end
with vi segtinbladirpiecen cneavnsebaidghe bindingworeHepibles eessirable andsaivsiiabie
DNA, i.e. . < 0. ks S0 !7 .

the vi - aleg TAEREL P4 pBE e by fEN e DRASHIMNL BlBF B UTNL |
of 1 ncubatigetrecopnitha sRquendd ¥GheiDoalydimiingy tptheteehan). bitndj thg bindinferf the

over| app?ﬁ]ﬁﬁ—%i]&(ﬁ%% %03%1?&;' f‘%: Yalrg_e'?\lflelglggniggr? ge%ggrgc% %Viﬁl Ihg\l;]eea 9!’1'3@%%2 a{'fjlqn?tys ane

buffer c

14



[0082] Figure 3. UV-vis spectra (left) and TEMimages (right) of non-

conpl enentary vl-sl AuNPs m xture in the 25 nM KCl -contai ning protein
bi ndi ng buffer (0.1 MPBS, 25 mMKCl, 0.1 nM EDTA, 0.2 nM DTT and 1%
of glycerol). The spectra and TEM i mages were taken after 20 m n of

i ncubation. [0083]Based on the above-described results and

di scussi on above, it is inferred that the hybridization tendency of

the conplgaRmM:May cAHd BOIshA8S TREY, RISay HeS0RASIE ShE $hel LR Lo BB imine
proximty with each other, and the aggregation is driven at least in

part by tthecqeadwteeobPNdabinding pept¢in it hermpd utinoiirating mdtodsgeh oideg to

t enper at : e . (N - CAG- 1. this
study i sL%ﬁTlglg ?L%%amgt% ng 'I ﬁ%ﬁy’%t%& bt%ﬁjggsglﬁgééa l%tgggf%%ht? rglsndglr"e not
strong enrongimtbetvebathclL-HidknBdbif anldlthd eRgt FecwgditiE@REqAdPif the
structure _far a signifjicant period of tine room t enperat ure.

Fur t her moPBIonR@Rr FReec Re Edap YR pReenizpions At Bt SRGHEIBABXi nity,
the char ggn&fieeRi ng effects by salt ions is anplified, leading to an
observed extensive particle aggregation that increased as tine

el apsed. é0084] EXAMPLE 2 [0085] Length effect of dsDNA-AuNPs

Conj ugat 4808RId" st akisellyrspeci fOBéTS affmify rhthe Rivydirdingpiotereior

condi tion,.k -he. gﬁ{g]ﬂ j t ,
shorter ?,, f%%asnchﬁgg %Etgln ong)ﬁlsg(ﬁ{;&é%&?ltﬁ%p%gs%%ﬁgs ﬁgglgquﬁkgém}éﬁra\é\%
used to ithwmsthpdatag bt desigfefl@s b cohpttiioe rssapsoeetanphttbdreemtacoosensus
aggregate_ formation. [0087 ch of .th S ljt into. t hal f
et s et e er kT 5 Sreite S (ol Bulfales st ediB e,
and wer e of @i twgate df fioparitiiand Oodr@ieltotlalté o AP Seca Bl tiv soghBrcddPs
(x=15, 25, _ 34, and 45), respectively. Dynamc |1ght scattering (DLS)
was used dt‘%“'?r@'&%’t}P%CQ%%“SH%ﬁ%ﬁVﬁam c diameter (Dh) of the particles.
DLS results as shown in Figure 4 reveal ed that | arge aggregates were

formed orbgeén t he AcQsR} SFBRLAIN NN XhalES kit MNNPS i CaXeY 9athese DRALTI ed
with the | onger ERE segnents of 34 ?@;}ﬁ 8.6 36.8 inn) and 45 bp (Dh

= 548. 4 biglip pajein mhy te pdditenyd teaBhabipdipa prdteih & e xeagtiesbultnj Gbat ed
wi th shor t : : , _run)
renain sichfl&lrpgt?tggo t heng{n-smgé %?olﬁ{é]'gwggat%ogo& : lﬁgﬁlrﬂ% Olgla%%déodr?gl‘élr%

ds DNAc appiragles N inaleesleabgeantains thprampeétobasget pabeiition et ifda t he
sticky end_segue s. that are farther . f.romthe rticle

i nt erface‘,‘:gfnpglt(riul ! 'S Pé&&“& %Olﬁ%g'ioé’rtﬁfégéﬂgé%}n@ﬁ?Otﬁiﬁé’a@(?ﬂﬁes pondi ng
col or chapgRnlifdn@its e fted chmpaite) DNArant ka1l $4veddsstPolRinghial [NSctAH NPS

m xtures (left panel of Fi r(;11ure 4B) and the LSPR spectra shift of

these paPff'enée saeiaeaten ¢ty iresetont nagiel naegpagisissepar amialing itk t he
DLS resuld&encthh ihid %)@Eieé. he tleadod eﬁi%gb?\g@fsedswéﬁﬁgﬁmloj?ﬁtgﬁ more of the
hydrodynam ¢ sizes, red shift spectra and darkened solution color.

[ 0088] Fi dui¥&-bindingsprgtem eflf praveildfle ddibitoche AuEsd sggpt eggagmtibor mat i on.
Col or sequence formed between nanoparticles, thus modulating the aggregation of the metal
nanoparticles. In this way, a high throughput screening assay can be designed to test the
binding affinity of the DNA-binding protein to a variety of different DNA sequences,
without the need to synthesize a large number of different sets of metal nanoparticles

conjugated with complementary DNA molecules.

[0067] As will be appreciated, the design of this method as described herein is
general, and the method may be used to detect, quantify or test the specific binding

affinity of any DNA-binding protein that binds to double-stranded DNA in a sequence-
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phot ograph of A) vl_"bp-AuNPs and B) (Left) conplenentary

vl _,,bp-v2_xbp AuNPs m xture, in protein binding buffer containing

0.1 MPBS, 25 mM KC1, 0.1 mM EDTA, 0.2 nM DTT and 1% of gl ycerol.

(Right) Aggregates size of particles (neasured as effective

hydr odynam c di ameter by DLS) forned in the conplenentary m xture of

AuNPs conjugates nodified with different I ength of dsDNA (x = 15, 25,

34 and 45fpdific Hlatnéatife M%te&et f thB AObRAIAG B s lﬁ%gﬁ&NEQmWa% taken
0

at 10 m n upon addition salt buffer. C UV-vis s ra of 'the
conpl enendV&FAng regians cgpbe Wﬁdihtﬁwﬁwtié%ietﬁ agapt themethedion thei DN Adinding he
25 M KCl; cont aini.ng protein binding buffer. [0089] EXAMPLE 3 [0090]
Protein Sensi ng using Segmented dsDNA- AuNPs Conj ugates [0091] Using

t he 34bp consensus ERE sequence as an exanple, the instability of the
conpl emeniP8P§] i xt dn eontrasiChiheo knawmassyy PBSods hiteltenamalysemdoaddet ect

'’ poalk pouTT G-l AT R et SR B TR B e Bt ary

m xt ure ofiabfiiRsn @mmg@ﬂ%ewﬂe BssEREmB itadinkke rBdhRE Gl (dsitiee msﬁﬁﬁths
added (Figure 5A). The tinme course of the particle aggregation (shown

as a functf e‘b‘*f"‘“ﬁ)“é%tw %@@F@Rﬁf‘ﬁlegﬁtsﬁpﬂ’@%ﬁ fiette in Figure 5B) for
the m xture of vl-v2 AuNPs with (+) and without (-) ERa further
confirns fobegpi sti nﬁtadtﬁorﬁt@tyyhélzetlt @@ntehtt%tof@tme%ﬁeg iy @ugout the
tested period of The same protein binding experinment was
conduct eoneptzahqanel atulxwrmwwlﬁéwfwettwqdnee 'vtgsrﬁgtﬂ tthg etdhl f site of
45bp ERE was
al so obs eéaée 4[?(%95‘6 E%m%?gcggﬁ@glf) z%elﬁéggd(@a%fggcaﬁtﬁgPli[)\fvﬂgﬁ%{.nh%g P ggptff)lggé S
that the speeiabgresdiondallogvsdbr &fdpidtdetdctisn method riaz alay aomieguilREng equence
(formed thr h initial base-pairing between the conplenmentary vi and
v2 hal f slP‘Eug’égotﬁ&‘i}wﬂé responsible for the retainable stability of
particle m xture, which would otherw se aggregate in the presence of
t he sal t-[0ORORI ni ngn bddifi@f to tfrétﬁaotzem&toﬂgrm@tn Y mADIRE pdcRader dreAUNPS
conpl ex st abi ld the transient fg ERE and |nserts a sufficient
steric baFpPYids Pritgyige gigthorc Tas kitor prrapeisial PHERSS SOTHUBER PRSELS

aggr egat '&‘@netal[n@ﬁ)oqp%]ﬂ:c'lélég ﬁes@ubédﬁ)elé&{ w117 R Ak LAbaN dadhB: &gl ¢ of
LSPR peak (Amax) shift of the conplementary m xturé of vi -v2 AuNPs
(1: 1 rat ingpopanti¢léschang anIK&m@@ﬁMimnw@cpk@pmmaatbd 'f@dh"ngllfﬂm pethewi t h
ERot (cur “té(ﬁtgsl élqlte%gﬂﬁr %flar?d%g o ec %m_]uéact?& ea%\ set 0 rln%\ia\t/g dat a

sphere). o rap

(i nset ofnaBgnpam‘icitamlaﬁuﬂNBSa pmrb(dsmas@ tARdEEr et@mmq%cmmmbés on

of salt buffer. [0094]To verif ﬁt the particle stabi h}l@%ﬂatlon .S
due to t HEodshglsriandedayes aﬁbt% Y IpporpiEmeniEy R ISOV Pt 6808 0hg a
non- ERa ko débutde-SEmasPbRd, DNACHE OMSNERLS tEOhdrQlt IFefRal GoRsHdRicRd, Two
of the scranbled DNA half site, i.e., sl and s2 (see sequences in
Tabl e 1) SHel that whet e peinplementary Qvwchaggtagions g setbep ety dpyble-The

conpl ene \ n
ol ar oo AR ARGl et o SRRl
ERa. TEMtpiradesnd in thé geryebyta BNdwbintiag ptdi@nconpl enentary m xture of
sl -s2 AuNPs (which can transi ently anneal ) underwent extensi ve
aggregati |Ie h v2 AuNP xiure.shows r.egat es
formati on[ﬂg ? a fev'\I/ths rtect)ﬁ lcwng?c;pa ?%13 r par f‘ ea g‘@tﬁ&?&éggl n
t he stablte:ffaaﬁstdsshﬁaemhxteu{.es These results show that the
sequence-specific protein-DNA binding event is responsible for a
hi gher stahLlijty of _the conpl.enent ds DNA- Ps m xtures. usin
Segment eO[ﬁB'(%i e%/n l;rhﬁéﬂeﬁalé Beg{!u%lthex exemplitie bywayofjJ ﬂe ollowmggnon-
limiting examples.
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[ 0095] Figure 6. TEM i mages of the conplenentary m xture of (A) vl -v2
AuNPs and (B) sl-s2 AuNPs in the presence of ER cg (100 nM fi nal
concentration), taken 20 m n upon addition of 20 mM KC1 buffer.

[ 0096] EXAMPLE 4 [0097] Detection Sensitivity of Protein-DNA Bi nding
Assay [0098]In this experinent, the detection sensitivity of ERa
binding to the conplenentary m xture of vl-v2 AuNPs was tested for a
range of teipy g]ncentration (0 to 200 nM in 50 nmM KCl - cont ai ni ng
buffer. [ igure 7A shows that ERcc effectively retarded the
agar egat iiger g UG RATRLATERLAasBXbN EnBhebte i RS en TREpEPALE
of stabillzation was 1 ncreased Wt I'ncreasing proterm

concent r atrade]l DEGY-bexdauypr@einondeyhea wsthidghttle sivarfded DINA begnlddtsvthas form an

spectrum was observed. for the vl-v2 AYyNP m xture in the presence, of
200" M ERSEOGeOR PR GTsSTer TG 40 £ OF STIeBONTS b b semthe BT Ut o
a stabl e wi sp_é@tNBc%%nireg@ta@d dalamielight sedtteting (3L heakireSdftd wares hor t

i ncubation tine, a down to 50 nM can be detected by a noticeable

st abi | i z&Pn@isteditp sbaractairerihe prsti¢lppesceatom s EREN BicgANR- of f i ci ency
and the larger shift in LSPR peak (relative to a stable vl-AuNPs at
Xmax_vt = (pgPanm gkavipe 1vl v2 AuNPs nmixture in the 50 mM
KCl-contai ning buffer (i.e., Xmax_v 1 v", = 545 run, curve f in
Figure 7) are attributable to the effective detection of |ow

concent r d096% of Design ¢fdsDNeh GonjugatedouNBnwith Fegmenidd ENA Firsrenthe
conmpari son was made for the 1 mn binding of 100 nM ERa in the 25 nmM

KCl - (Fi 20) paRde SR, b ings bk ' ik
R s A SR et A i

found th e recovery , -max = Kk
Xmax_v | eemmdaR@ofmontetlgenros freenedmd ERED centainmgdhe ¢oonbinding séquanet ofs'nm

respectiv Th .ts suggest that the | ess tal.egéd'ne Vvl -v2
N i oA REARES 3ROSR s RSy SEBT P IRSiB T Bl
wi || occuhownthetblsic phndple aadbdyhgshbkdayzat i on ef fects of ERa can be
detected in short assay tinme. The protein binding-particle

stabilizat] mechani sed.i.n thi.,s assay desi S educes th
Lok of -oBYAM{ nEenm Bt Puruth Pt atean iy Tk of Sieetptt o) o
de- st abi lnagépgaetiésf(@eNPs) ik ARUGRH RS BaTER Negthéht BRGGHRE) &fntd:illﬁﬁ%\l
conplenmentary m xture of vl-v2 particles conjugates for (A) AuNPs and

(B) AgNPstigist ¢ndppf 2besen i lergth-TTwsmgrtielys. siommixed)ioguthes i Bhanolgr regiog v

of ERoc i = cONL ak N PBS, 50
ke, CE iRt BBt A R R SR AR Ofaili ki lladell T
of the stédbligond-KNRsurdirestatchs ga mpelsidanhetwsanm® NAHANPsaod didmodess
curve a)_is sho as ref erence. Al spectra re taken at. Imn
Upon. adalErorre Qe FarbeRESum plort ahERh S Bt Chn Bhre
DNA- conj Lh@gﬁegghoii An¥ 86 1ufah 8N dhiafd LBorh AANBDLpIEIE Al S0e PFeERRE 6EERAI
tested for ERa binding to confirmthe sensing strategy and to
denonst r diedingel the profaiy tathe Kengmnt fAl ERE §equﬁ1@qedwéfé‘een1ﬂﬂ%ﬂ P SPMIS- AP

stability:t | - . r -v2 AgNP
b gt K2 F R AR I ML Ol e ORI ATERL R

KC1- cont aohiting cplootegiamstur netinmg tdomefl {@ghtsol uti on (curve f, Figure 7B).
A noti ceabl e danpening of the UV-vis spectra of AgNPs,

[0078] Table 1 sets out nucleotide sequences used in the ERE half sites and the
scrambled half sites used as indicated in these Examples. The consensus vit dsSERE
(Table 1) was split into two half ERE segments (denoted as v1 and v2 respectively), each
with a three base complementary sticky end. The half segments were conjugated onto
AuNPs to form vi-AuNPs and v2-AuNPs conjugates, respectively. These as-prepared

(unmixed) AuNPs conjugates (in 0.1 M PBS) were red in color and showed no traces of

17



particularly the drop in absorbance fromits original peak wavel ength
of 400 nm (curve a, Figure 7B) was observed, acconpani ed by an

i ntense col or change fromyellow to pale brown. The binding of ERg
(curve b-e, Figure 7B), on the other hand, retarded the particle
aggregation effectively in an ERa concentrati on-dependent manner. The
detection limt of ERa binding using the AgNP assenbly platform was
found to heredhiddMvedt B mMSKLOMETerd @R TEMImARLAFNRE: 1§, NoticBhlAUNP
sensi ng probe under the same buffer conditions (50 M KC1) and assay
time (t =Partioh sggrepaten wagNPevadFigwnadB) whet el sstscdseinplepstanpylovi de a

more sensj v, .Rl.at far . LN,: t [ | :
001021 Bt e 8 Pt oR ChsBE b EishiEL 71 BRoulibdRE B B8 ons.
Sequence BelI&SPR pdak yf G wdiNgs cpijd$dd Wineshifipdlto e ddrnigenw ofeldnleh widnbandl | ed
assenbly .of se 1t ed DNA- AUNR conjugat es for, bi osensi ng .nay be

fur ther dEVARBIEGT ST EBYE 26 EHiE G a&%%lgﬂnre&r%“%&ﬂ splge ExlPlocni ng
of pr ot eighasl MRk kadith Yulp®e YREisQEsidMe@equence. In this assay, free
ERE conpetitor dsDNA was added to conpete with the transiently forned
fill-1 enath EREs conjugated to the AuNPs for_ ER(3 bhinding (see
schemat i dOBTSlgr aRigrre Fi G emges of 40 YOAPNE's epd B) eqrpplymentary gaigture of v1-
unnodi fi ANGp i i ; 2E..; % ong
and vveakq%o rrpetslg:'?f(")ﬁr'q g?&%fe?/l;%(e:% '([; (lﬁl\}aelp% 'Eﬁgeslﬂgglg?lﬁlc u agog{jmvmé‘?:ﬁ’%{j ﬁleE%(?IG

at room tlehpat &D0re 0£20nM2D T Hiandi B figtycatol o WHM sarggapiverx pfaparadbiyon

(rmol ar rajiq of A i.5.1:.4), follo by t.he.addition to the
Conp emeri ity BF PERGPAVIES i haresdt A Eler AP idr Vit Ero
E:O nce n'; r a:}niﬁen (I)fc[ij%& s[ﬂMtra][(ﬂ’ vil bﬁlé\mseﬁicﬁid &Qﬁnﬁé a)Sdntl Qﬂgpﬁ:ﬁﬁﬁﬁd 5] \tf10f12hAuNP

Wt ERE), limted anmpunt of ERO bound to the ERE anchored on the AuNPs
surface, TEHEF fgl't E?Uéﬁ%%b)v‘@efﬁéag@{l &t bmityoagaestign of spltdaifier-sol ut i on.
The opposite result was seen with the weak conpetitor that is unable

to form goosop! ex wak FdunBRQ: ke dolipldnatpainiatreifty i erunpEhad vnbesnd ER, 6
was thus available to bind with the dsERE- AuNP conjugates, |eading to

parti cl e dwoagEreRatad inoitier pondifirns Poteri Gl afisr meposvierit U4 M 8BSdpxmim
the dire b pdibg Yok SES: X . i : tic
illust ra;\(?rgn of 120‘&%2?%&"%‘?% glsoslﬁggﬂ?%% t@%\ﬁ&h%l&%‘gﬁﬁg&gﬁ? {eulg{r?%g gﬁﬁgﬁgg
sel ect i vitly ast vildsequiimep thtodent BNApafinglfdifes teficilkaeuenoasicleapgiogatiosed
as conpetit.or. DNA to C ete with the - conj ugat ed AuNPs for
sequence-\%lBgélHSfaFSéSt%Lﬁ@f%g%leﬁ?%ﬁic’%&nsﬂrh%o Bi%sence of a strong
conpetitor will cause the aggregation of segmented dsDNA- AuNPs

conj ugat 8081tje t To tekethlsdspothésidh)hrchtig erpdrzeat @as tandsttabiding £mitvere of

transi ent tructure agaj nst charge screening by salt ions.

[ 00107] wf‘é%?&é@f F%‘H“@F%%ﬂtéim?{ H‘é‘*ﬁ%‘tﬂ‘@?@ﬁ%‘? 5‘%?513 PR dfsivag M NEN s
absor pt i afdsPERhNPNsASs 4 AT GRIAd nBY ERRG S DNGE i-PhiR RRAR @ 16
wavel ength to a | onger wavel ength (e.g. 650 nn). The WV-Vis

absor bancéraniplados beasgsoRmonelaratara v Shewend Wit v1 sp@Boradhe s¢ggences
indicativ ' r t] ree, . : ' Lalb 0 1S
irect |y B e R B B R L S R i TR IR T

t he devi atis grctpen oftikade\NPsaand sR AMNPs/mYktutdd9) raviesmeshed laftet bas ed

on the difference .i r jon ratio of. AUNP sanpl es (neasure, as
26501 a5 26 1 BH Gty SR et Bire dectsip SRR S bR W Hout
conpet i t aab{cteNALREs BshjnQatRlalone MhdHRSsadfel RIFfeNEorldMBni(Righke)56 MM KCL-
containing protein binding buffer. A distinct difference in UV-Vis
spectrum an ggregation degree is shown in Figure 9. A 9.0% of

devi at i or{gﬁgélar eBsiBed Y ¥rvis wecterlefmard d EBNmageywishbef paer DNA) . Thi s

result s %ﬁ%léﬁ@aﬁal‘%g%sm%hl’g %ﬂ?;& ihé?jl'ie 25;[ mEt KCEES M ing .Eﬁotéiﬂ 3hldt O

form conplex wt efficiently, due to the sequence recognition of

ERO to t HuflentiseNsRIBS,2REISEE], Db ATA) @@ aVPTE srekrids shglybaolbelhvo
upt ake Ofspgcl;%'oa Jngl:f‘E%? ﬂgzllg%é Je?ertggénl a%r % }nri]n gp irrrllc)lﬂala{ibr(f‘.d dsDNA, whi ch
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ER 6 to the unrecogni zabl e dsDNA present. On the ot her hand, AuNP
sanple with the wild type ERE sequence as conpetitor recorded a

devi ation as high as 35.0% fromthe maxi nrum stabilization exerted by
the 360nM ERO to the system (w thout conpetitor) in 56 mMV KCl
solution. This result shows a high uptake of ER6 to forma conpl ex

wi th the conpetitor wt ERE sequence during the incubation step,

causi ng DﬁAbaspe B&JA AR 0L dé@ﬁbé&egﬁwuﬂ@aﬁbds@eh %bcmru; giﬁﬁhje& aation
of the conjugated AuNPs in salt buffer. [O ure 9.

UV- Vi s sptéehyhml@h@mmgericmf ﬁ@ry;o@mt@@legiaexcmql@hdmst emﬂﬂ@;@ga@m B)

er cont agao ok oy YR e S he L aaaR s RNEF A O hou

conpet i t girssence @Sple oink velhy solupan A3 the RGlting t&ﬁp@y‘hﬂﬁf&lefﬁl@ﬁoampwﬂ@tal y

protein binding b r. fo 00 e pecificity
Dt oo A aN s e 4 Ling HE AT SamralObs Y TEas THee BNA 5k ad
AUNP ass giEik Yref 1k sthtin@enbidhoH GRBIe 828R NN h SRERENAENSD &8G e \thi &

of DNA-binding protein in a conpetition format. Tedi ous and

ti me- consigRiRENERATiod @Atimemt tomNENIPeraire. hFusthemamavkrsdherepactiglesyee
avoi ded v (o} \ f.ast.

et ect 1 oruiorh T8 BRll. 2 ABAR e MlhE bl RIS R s BRPIEAR Kndine

sel ecti wﬁmnbh&tved[e@&ﬁ@@@ Adrticlp apdrtgaibh dies irendsqolads einde dgpped.cat i ons
cited in this specification are herein incorporated by reference as

if each i ation or patent application were
speci fi ca[ﬁﬂb‘}ﬁa E#(ﬁ‘wi& ally indicated to be incorporated by
ref erence.. The citation of any publication is for its disclosure

prior to [0b85Fi | LagthaifectaddsBNasAdINROCohpigats ahd Semilky Bt adn ssi on
that the present invention is not entitled to antedate such

publicati virtue of prior inve As used in thi

Cocci 11 cAPPBRY andt FHG-Curis R i Earane pgbar 5 i Bt o T
and "t he"aggrghidsewpkibiat (rehans rbﬁ?aﬁﬂﬂr@i%geh@ﬁ%mldﬁxm oFIBRas lwere used
dictates otherwise, As used in t }gem fication and the appended

clains, tAdEEIgHS the gient pEibe rangFHEY S lgngth omaggrRgate deEmtignd ot her
forms of these ternms are intended in the non- limting inclusive

sense, ti@bsTp, E&hldiquet@keamﬁstdpwin@anﬁoq&uﬂs%g&n@ﬁt@wﬁta%o&me%mgnent s
wi t hout excl udi ng any other el enment or conponent. As used in this

speci fi caticknendiseassaucapesandeble andigere sphjugaigsyenso GuNPE m@uaglgwen

are inten nve e i . |i st
cont ai ned” iy SATETENARY CLSTEIRE Aol Mt Rop B o R
sci ent i f i(©LtS¢ mas useded nlvesves the hadedyienis diametse 6) P thepadioimD BIDE results

under st ood o one..of rd|n inthe art.to ich this

e ent! o shPEnBEiRsa TR i sdeleshlls SR RRFAGUR BR. has been
descri be@oh@l@ﬁﬁﬁuﬁﬁﬁﬁbfc DA UMY c@ﬁjugétkéﬁabdlﬁéd Qith @ o@oea BRIES e bRENts of
pur poses of clari ta)é of under st andi n%p S read| I %/ apparent to those

of or di na¥bpsiBini=1 488 £RG-Sam) apd 46 by Pn 5H48-A6t Ganm)- figs thefcompiementary

Tt Fott ek mEELELI ARNISR ABcRILELE BEERRS(a B8 pIRAR 25 8" ©

wi t hout I ng e spi r cope o appen
¥ 0.2 nm) remain snmlal to the v1-AuNPs alone (34.2 £ 0.2 nm). The longer dsDNA-

capping structures appear to promote base pairing between the sticky end sequences that
are farther away from the particle interfaces, and thus lead to faster aggregation. The
corresponding color change (from red to purple) for the 34 and 45 bp of DNA-AuNPs
mixtures (left panel of Figure 4B) and the LSPR spectra shift of these particles mixture
(Figures 2C and 4C) correlate well with the DLS results, showing that the large

aggregates have large hydrodynamic sizes, red shift spectra and darkened solution color.
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VWHAT IS CLAIMED IS: 1. A nethod for detecting binding of a
DNA- bi nding protein to a target recognition sequence, the nethod
conprising: mxing in a reaction buffer a first set of netal
nanoparticles, a second set of netal nanoparticles and a DNA-bi ndi ng
protein to forma mxture, said first set of nmetal nanoparticles
having a first doubl e-stranded DNA nol ecul e conjugated thereto, said

first doyobespt r ridess. DNHcmRIREN LEIITAVA BE AANTsaSresitd Hronfidd. andsed
overhang at one_end, said second set of metal nanoparticles having a

second dodfagraphoad ¢ -BRAUNBS e B LeBhiaumdereentatiad otoy2_said@NEecond
doubl e-s tl’é&ﬂﬂ&q% %iﬁ%ﬁ&‘é'b‘ﬁff@%’dn&%ig%ﬁ?% @’%Sshi‘ﬂngg Ky r(ﬁ‘ﬁﬁlﬁ{rj EPYQ hang

at one en sai d second srngle-stranded overhang I ng conpl enentary
to said f4.2stMETAgind-18% oiagigedolofReghtnAgesgarts diteatf panickalmeguef asai d

first and_said .second single-str over.hang results in.formation
of the 1 S BaS BEERR T PG e S A oty TR
DNA- bi ndimlgﬂwdahﬁigams hlh@ﬁﬁbﬁiﬂ@ﬂ@%ﬂltﬂ@lfﬂﬁbmsmﬁ tx Sil 535 hddepBpy
overhang with said second single-stranded overhang, said reaction

buf f er cdie? flap At etlon brragrappeé thes\yNPsavere frkem o It igpen pddideelisali o

result i I 1 Lt tjcles i of
he T st e B v/ S AR 2o PR AT B,

aggr egat iupan stizing innthe 2h enMiKElenoetagfingypoin biadiopanffércl es. 2. The
met hod of claim11, wherein the first set of netal nanoparticles and

t he seco o anoparticles conprise a noble netal or a
8p8gf | CpABEPLER

nobl e ne he net hod of claim 2, wherein the noble netal
conprises gold or silver, or an alloy thereof. 4. The method of any
one of cl[AD98] 1 Powid@n Sehsingusing Seghentsd dsiDNAsseNRAsICdojughtes st r anded
DNA nol ecul es are each conjugated to the first and second set of

metal na i cl,es_ne ctivel % t hi oet her |1 nkage. . Th
ot hod oReaatl ondBe U AR B R P e b R by e
conpr i sesok@lementary mixture in KCl-containing PBS buffer was used to detect a sequence-

specific protein binding event.

[0092]  Only a small shift in peak position (Amax= 530 nm) was observed in the
complementary mixture of AuNPs conjugates when ERE-binding protein (i.e., ERa) was
added (Figure 5A). The time course of the particle aggregation (shown as a function of
peak wévelength shift over time in Figure 5B) for the mixture of v1-v2 AuNPs with (+)
and without (-} ERc further confirms the distinctive stabilization effect of ERa
throughout the tested period of 20 min. The same protein binding experiment was
conducted for the AuNPs modified with the complementary half site of 45bp ERE
(V1_aspp-V2_aspp AuNPs). A similar stabilization effect was also observed in the presence
of ER« (data not shown). It appears that the specific binding of ERa to its recognizable
vit ERE sequence (formed through initial base-pairing between the complementary v1
and v2 half sites) may be responsible for the retainable stability of particle mixture,
which would otherwise aggregate in the presence of the salt-containing buffer. The
formation of v1-AuNPs/ERo/v2-AuNPs complex stabilizes the transient full ERE and
inserts a sufficient steric barrier between the particles to prevent them from further

aggregation.
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NaCl, Cad 2, or phosphate buffered saline. 6. The nethod of any one
of claimse 1 to 5 wherein the first single-stranded overhang and the
second-si ngl e stranded overhang are each from2 to 8 nucleotides in
|l ength. 7. The nmethod of any one of clains 1 to 6, wherein the
DNA- bi nding protein is a transcription factor, a protein involved in
replication, or an enzyne. 8. The nethod of any one of clains 1 to

7, whereijposs) d FRuRCs.I(AYUSAIREIRAS aRNEB)UindiR 08 LIPR Peflf QS GPRf of the

t echni ques, dynamic |ight scattering techniques, visual o%$ervathn
of col or ,couyloppentagpBbrtpeiod il vdhiRfuéd ratémdn thedaimdeClsepnfagiag plotedion
resonance.. ' t . - ' 8,
further 3%%%@?@#%%%gﬁé?g%%%agfpﬁﬁﬁgﬁggEkﬁ@ﬁ?ﬁﬁl%%ﬁ%ﬁ%ﬁﬁﬂﬁhé¥ a free
doubl e- stspherele O VINA spaekrecanl @ phb@braphajitisesefsA yand-D I dedaingegoB) of the

conpetito rget recognitiopn sequence prior. to said m Xxing.

93231- 847&@%%@%3]“? q&@_@%@?%“&@&éﬂé@i@%ﬂG <110> Agency for
Sci ence, Technol ogy and Research Tan, Yen Nee Su, Xi aodi <120> METHOD
FOR DETEGOONG DN BiAfihiNciHRRH el dNealstl03n 83113 1o Bl Gequence-specific binding

of ERo-ERE, experiments using a non-ERa binding scrambled DNA sequence as control
were conducted. Two of the scrambled DNA half site, i.e., s1 and s2 (see sequences in
Table 1) were functionalized on two sets of AuNPs respectively. The complementary
scrambled dsDNA-AuNPs were then mixed together (1:1 molar ratio) and tested for
stability in the presence of 100 nM of ERa.. TEM images in Figure 6 show that the
complementary mixture of s1-s2 AuNPs (which can transiently anneal) underwent
extensive aggregation, while the v1-v2 AuNP mixture shows no large aggregates
formation but a few strands of short linear particle assemblies in the stable particle
mixtures. These results show that the sequence-specific protein-DNA binding event is
responsible for a higher stability of the complementary dsDNA-AuNPs mixtures using

segmented protein binding sequences.

[0095]  Figure 6. TEM images of the complementary mixture of (A) v1-v2 AuNPs
and (B) sl1-s2 AuNPs in the presence of ERa (100 nM, final concentration), taken 20 min
upon addition of 20 mM KCl buffer.

[0096] EXAMPLE 4
[0097]  Detection Sensitivity of Protein-DNA Binding Assay

[0098] In this experiment, the detection sensitivity of ERa binding to the
complementary mixture of v1-v2 AuNPs was tested for a range of protein concentration

(0 to 200 nM) in 50 mM KCl-containing buffer.

[0099] Figure 7A shows that ERa effectively retarded the aggregation of the

complementary mixture of v1-v2 AuNPs. The degree of stabilization was increased with
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<150> US 61/526, 913 <151> 2011-08-24 <160> 20 <170> Patentln version
3.5 <210> 1 <211> 34 <212> DNA <213> artificial <220> <223> synthetic
ol i gonucl eoti de <400> 1 gt ccaaagtc aggtcacagt gacctgatca aagt34 <210>
2 <211> 19

increasing protein concentration. For example, only a slight shift in the UV-vis spectrum
was observed for the v1-v2 AuNP mixture in the presence of 200 nM ERa (the highest
concentration tested) (curve b) relative to a stable v1-AuNP conjugate (curve a) at =1
min. In such a short incubation time, ERa down to 50 nM can be detected by a
noticeable stabilization effect. Both the improved ERa-ERE binding efficiency and the
larger shift in LSPR peak (relative to a stable v1-AuNPs at Ay 1= 520 nm) for the v1-
v2 AulNPs mixture in the 50 mM KCl-containing buffer (i.e., Amu_viva= 545 nm, curve f
in Figure 7) are attributable to the effective detection of low concentration of ERxin a
short incubation time. Indeed, when the comparison was made for the 1 min binding of
100 nM ERa. in the 25 mM KCI- (Figure 2C) and 50 mM KCl-containing buffer
solutions, it was found that the recovery of the peak wavelength (i.e,,Admax = Amax_viva -
Amax_viva-ERa) for the former and [atter conditions are 5 and 15 nm, respectively. These
results suggest that the less stable the v1-v2 AuNP mixture is in (high) salt solution, the
faster the aggregation will occur and the more readily stabilization effects of ERo. can be
detected in short assay time. The protein binding-particle stabilization mechanism used in
this assay design also reduces the risk of obtaining false positive results caused by

unrelated particle de-stabilizing effects.

[00100] Figure 7. UV-vis spectra of the complementary mixture of v1-v2 particles
corgjugates for (A) AuNPs and (B) AgNPs with b) 200 nM, ¢) 100 nM, d) 50 nM, ¢) 25
nM and f) 0 nM of ERat in 50 mM KCl-containing protein binding buffer (0.1 M PBS, 50
mM KCl, 0.1 mM EDTA, 0.2 mM DTT and 1% of glycerol). UV-vis spectra of the stable
v1-mNPs conjugates under the same buffer conditions (curve a) is shown as a reference.

All the spectra were taken at Imin upon addition of salt buffer.

[00101] In this study, segmented DNA-conjugated silver nanoparticles (AgNPs)
were also prepared and tested for ERa binding to confirm the sensing strategy and to
demonstrate the utility of AgNPs in this instance. The dsDNA-AgNP stability test shows
that the mixture of the complementary v1-v2 AgNP conjugates (no ER« added)
aggregated drastically in the 50 mM K.Cl-containing protein binding buffer solution

(curve f, Figure 7B). A noticeable dampening of the UV-vis spectra of AgNPs,
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<212> DNA <213> artificial <220> <223> synthetic oligonucl eotide
<400> 2 gtccaaagtc aggtcacagl9 <210> 3 <211> 16 <212> DNA <213>
artificial <220> <223> synthetic oligonucl eoti de <400> 3 tgacctgact
ttggacl6

particularly the drop in absorbance from its original peak wavelength of 400 nm (curve a,
Figure 7B) was observed, accompanied by an intense color change from yellow to pale
brown. The binding of ERq {(curve b-e, Figure 7B), on the other hand, retarded the
particle aggregation effectively in an ER« concentration-dependent manner. The
detection limit of ERa binding using the AgNP assembly platform was found to be 25
nM, which is lower than that obtained using the AuNP sensing probe under the same
buffer conditions (50 mM KCI) and assay time (¢ = 1 min). Thus, AgNPs may, under
certain conditions, provide a more sensitive platform for protein detection in these

methods.

[00102] EXAMPLE 5

[00103] Competition Assay for DNA-binding Protein Sequence Selectivity
Studies
[00104] The application of the controlled assembly of segmented DNA-AuNP

conjugates for biosensing may be further developed into a competition assay format for
fast screening of protein selectivity to various DNA sequence. In this assay, free ERE
competitor dsDNA was added to compete with the transiently formed full-length EREs
conjugated to the AuNPs for ERS binding (see schematic diagram in Figure 8).

[00105] In this study, excess unmodified DNA competitor (i.¢., wtERE and
scrDNA, are used as strong and weak competitors, respectively) was pre-incubated with
the ERf at room temperature for 20 minutes to allow for complex formation (molar ratio
of ERB:dsDNA is 1:4), followed by the addition to the complementary mixture of v1-v2-
AuNPs in 56 mM KCl, with final ERf concentration of 360 nM. In the presence of strong
competitor (wtERE), limited amount of ERS bound to the ERE anchored on the AuNPs
surface, leading to extensive particle aggregation in salt solution. The opposite result was
seen with the weak competitor that is unable to form a complex with ERS in the
incubation buffer. The unbound ERS was thus available to bind with the dsERE-AuNP
conjugates, leading to particle stabilization through protein binding event as observed in

the direct binding assay (see Example 3).
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<210> 4 <211> 18 <212> DNA <213> artificial <220> <223> synthetic
ol i gonucl eoti de <400> 4 actttgatca ggtcactgl8 <210> 5 <211> 15 <212>
DNA <213> artificial 93231-847 sequence |isting_ST25.txt

[00106] Figure 8. Schematic illustration of competition assay for DNA-binding
protein sequence selectivity study. Unmodified DNA of different sequences can be used
as competitor DNA to compete with the DNA-conjugated AuNPs for sequence-specific
protein binding. The presence of a strong competitor will cause the aggregation of
segmented dsDNA-AuNPs conjugates due to the lost of binding molecules to stabilize the

transient DNA structure against charge screening by salt ions.

[00107] The aggregation state of the AuNPs was quantified using UV-Vis
absorption spectrum as indicated by the shift of LSPR peak at 526nm wavelength to a
longer wavelength (e.g. 650 nm). The UV-Vis absorbance ratio at 650nm to that at
526nm, i.e., AG50/A526 is indicative of the particle aggregation degree where a higher
ratio is directly related to a larger extent of aggregation. In this study, the deviation
percentage (i.e., [( X-Y)/Y}¥100%) was calculated based on the difference in aggregation
ratio of AuNP samples (measure as A650/A526) with competitors (denoted as X) relative
to that without competitor (denoted as Y) at 5 minutes after mixing in the 56 mM KCl-
containing protein binding buffer. A distinct difference in UV-Vis spectrum and
aggregation degree is shown in Figure 9. A 9.0% of deviation was recorded for the
scrambled DNA sequence (scrDNA). This result shows that the weak competitor, i.e.,
sctDNA, is unable to form complex with ERf efficiently, due to the sequence recognition
of ERf to the consensus ERE (see Table 1). Ideally, there should be no uptake of ERS for
complex formation with unmodified dsDNA, which eases the maximum stabilization
effect. Here, the deviation of up to 9.0% observed reveals the non-specific binding of
ER@ to the unrecognizable dsDNA present. On the other hand, AuNP sample with the
wild type ERE sequence as competitor recorded a deviation as high as 35.0% from the
maximum stabilization exerted by the 360nM ERf to the system (without competitor) in
56 mM KCl solution. This result shows a high uptake of ER to form a complex with the
competitor wtERE sequence during the incubation step, causing a large percentage of

ERf to be unavailable for stabilization of the DNA conjugated AuNPs in salt buffer.

[00108] Figure 9. A) UV-Vis spectrum showing the sequence specific competition
assay. B) Aggregation degree (measured as A650/A526) and calculated deviation
percentage ([(X-Y)Y1¥100%; X and Y denote samples with and without competitors,
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<220> <223> synthetic oligonucl eotide <400> 5 tgacctgatc aaagt 15
<210> 6 <211> 34 <212> DNA <213> artificial <220> <223> synthetic oh
gonucl eoti de <400> 6 gtccaaagtc aatcgccag ¢ acgatgatca aagt34 <210> 7
<211> 19

respectively) upon mixing in 56mM KCl-containing protein binding buffer for 5 min.

[00109] The ERf sequence specificity studies above demonstrates the potential of
this transient DNA-linked AuNP assembly for high throughput screening of sequence
selectivity of DNA-binding protein in a competition format. Tedious and time-consuming
conjugation of AuNPs with each DNA sequence can be avoided via this competition
assay, which allows fast and easy detection with the direct addition of unmodified DNA

for sequence selectivity test.

[00110] All publications and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application
were specifically and individually indicated to be incorporated by reference. The citation
of any publication is for its disclosure prior to the filing date and should not be construed
as an admission that the present invention is not entitled to antedate such publication by

virtue of prior invention.

[00111] As used in this specification and the appended claims, the singular forms
“a”, “an” and “the” include plural reference unless the context clearly dictates otherwise.
As used in this specification and the appended claims, the terms “comprise”,
“comprising”, “comprises” and other forms of these terms are intended in the non-
limiting inclusive sense, that is, to include particular recited elements or components
without excluding any other element or component. As used in this specification and the
appended claims, all ranges or lists as given are intended to convey any intermediate
value or range or any sublist contained therein. Unless defined otherwise all technical
and scientific terms used herein have the same meaning as commonly understood to one

of ordinary skill in the art to which this invention belongs.

[00112] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this invention that
certain changes and modifications may be made thereto without departing from the spirit

or scope of the appended claims.
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<212> DNA <213> artificial <220> <223> synthetic oligonucl eotide
<400> 7 gtccaaagtc aatcgccagl9 <210> 8 <211> 16 <212> DNA <213>
artificial <220> <223> synthetic oligonucl eoti de <400> 8 ccgatt gact
ttggacl6

WHAT IS CLAIMED IS:

I. A method for detecting binding of a DNA-binding protein to a target recognition

sequence, the method comprising:

mixing in a reaction buffer a first set of metal nanoparticles, a second set of metal

nanoparticles and a DNA-binding protein to form a mixture,

said first set of metal nanoparticles having a first double-stranded DNA
molecule conjugated thereto, said first double-stranded DNA molecule

having a first single-stranded overhang at one end,

said second set of metal nanoparticles having a second double-stranded
DNA molecule conjugated thereto, said second double-stranded DNA
molecule having a second single-stranded overhang at one end, said
second single-stranded overhang being complementary to said first single-
stranded overhang such that annealing of said first and said second single-
stranded overhang results in formation of the target recognition sequence

that specifically binds the DNA-binding protein,

thereby annealing said first single-stranded overhang with said second

single-stranded overhang,

said reaction buffer comprising an ionic species in a concentration
sufficient to result in aggregation of the metal nanoparticles upon

annealing of the first and second single-stranded overhang;
and detecting the aggregation state of the mixture of metal nanoparticles.

2. The method of claim 1, wherein the first set of metal nanoparticles and the second

set of metal nanoparticles comprise a noble metal or a noble metal alloy.

3. The method of claim 2, wherein the noble metal comprises gold or silver, or an

alloy thereof.
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<210> 9 <211> 18 <212> DNA <213> artificial <220> <223> synthetic

ol i gonucl eoti de <400> 9 actttgatca tcgtgctgl8 <210> 10 <211> 15 <212>
DNA <213> artificial <220> <223> synthetic oligonucl eotide <400> 10
cacgat gat c aaagt 15

4, The method of any one of claims 1 to 3, wherein the first and second double-
stranded DNA molecules are each conjugated to the first and second set of metal

nanoparticles respectively by a thioether linkage.

5. The method of any one of claims 1 to 4, wherein the ionic species comprises KCI,

NaCl, CaCl, or phosphate buffered saline.

6. The method of any one of claims 1 to 5, wherein the first single-stranded
overhang and the second-single stranded overhang are each from 2 to 8 nucleotides in

length.

7. The method of any one of claims 1 to 6, wherein the DNA-binding protein is a

franscription factor, a protein involved in replication, or an enzyme.

8. The method of any one of claims 1 to 7, wherein said detecting comprises one or
more of microscopy techniques, dynamic light scattering techniques, visual observation
of color, UV-vis absorption techniques, and localized surface plasmon resonance

techniques.

9. The method of any one of claims 1 to 8, further comprising pre-incubating the
DNA-binding protein with a free double-stranded DNA molecule that comprises pre-

incubating a competitor target recognition sequence prior to said mixing.
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<210> 1

<21l> 34

<Z212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 1
gtccaaagtc aggtcacagt gacctgatca aagt 34

<210> 2

<211> 19

<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 2
gtccaaagtc aggtcacag i9

<210> 3

<211> 16

<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 3
tgacctgact ttggac 16

<210> 4

<211> 18

<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 4
actttgatca ggtcactg 18

<210> 5
<211> 15
<212> DNA
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<400> 13 ttttttactt tgatcaggtc actg24 <210> 14 <211> 21 <212> DNA
<213> artificial <220> <223> synthetic oligonucl eotide <400> 14

t gacct gat c aaagtaaaaa a2l <210> 15 <211> 14 <212> DNA <213>
artificial <220> <223> gyrgiheti Geqldrgenuidrend isies 4@0> 15 aagt caggtc
acagl4d <2¥p>arkifigiab 11 <212> DNA <213> artificial <220>

<220>
<223> synthetic oligonucleotide

<400> 5
tgacctgatc aaagt 15

<210> 6

<211> 34

<212> DNA

<213> artificial

<220> )
<223> synthetic oligonucleotide

<400> 6
gtccaaagtc aatcgccagce acgatgatca aagt 34

<210 7

<211> 19

<212> DNA

<213> artificial

<220>
<223> synthetic oligonuclectide

<400> 7
gtccaaagtc aatcgccag 19

<210> 8

<211> 16

<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 8
‘cegattgact ttggac 16

<210> 9

<Z11> 18

<Z212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 9
actttgatca tcgtgctg 18

<210> 10

<211> 15

<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 10
cacgatgatc aaagt 15
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<223> synthetic oligonucl eotide Page 3 93231-847 sequence
l'isting_ST25.txt <400> 16 tgacctgact t11l <210> 17 <211> 14 <212> DNA
<213> artificial <220> <223> synthetic oligonucleotide <400> 17
tgatcaggtc actgld <210>91B1<84A xedlenc21PistbNA s72d3extartificial <220>
<223> §¥Tébeaac ol i gonucl eot i de

<211> 24
<212> DNA
<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 11
aaaaagtcca aagtcaggtc acag 24

<210> 12

<211> 21

<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 12
tgacctgact ttggactttt t 21

<210> 13

<211> 24

«<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 13
ttttttactt tgatcaggtc actg 24

<210> 14

<Z211> 21

<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 14
tgacctgatc aaagtaaaaa a 21

<210> 15

<211> 14

<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 15
aagtcaggtc acag 14

<210> 16

<211> 11

<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide
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<400> 18 tgacctgatc all <210> 19 <211> 14 <212> DNA <213> artificial
<220> <223> synthetic oligonucl eotide <400> 19 aagtcaggtc acagl4
<210> 20 <211> 11 <212> DNA <213> artificial <220> <223> synthetic
ol i gonucl eoti de <400> 20323ja8¢T gaquertck11isting_ST25.txt

<400> 16
tgacctgact t 11

<210> 17
<211> 14
<212> DNA
<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 17
tgatcaggtc actg 14

<210> 18

<211> 11

<212> DNA

<213> artificial

<220>
<223> synthetic oligonuclectide

<400> 18
tgacctgatc a 11

<210> 19

<211> 14

<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 19
aagtcaggtc acag 14

<210> 20

<211> 11

<212> DNA

<213> artificial

<220>
<223> synthetic oligonucleotide

<400> 20
tgacctgact t 11
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