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PROTEI N- NUZ2HOE446F D | NTERACTI ON CROSS- REFERENCE TO RELRGESG2010/000196
APPLI CATI ONS [ 0001] This application nmakes reference to and cl ains
the benefit of priority of an 5 applicagtion for "Method to Measure
Protein-DNA Interaction” filed on June 12, 2009 with the United
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2009 is incorporated herein by reference in its entirety for all
pur poses. 10TECHNI CAL FI ELD [0002] The present invention refers to the
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I mmunosor bent assays (ELI SA), genetic analysis and X-ray

crystal | ography. [0004] EMSA, aI so known as gel shift assay, is used
extgensi vely in nmodem nol ecul ar kPR P ying protein-nucleic
acilgpi nteraction. This techniqueg, Elhowevfjég i ers froma nunber of
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depend upon binding of proteins to specific nucleic acid sequences. Therefore, an

understanding of sequence-dependent binding dynamics in protein-nucleic acid complexes is
important for gene regulation. Conventional methods for studying protein-nucleic acid
interactions include DNasel footprinting assays, electrophoretic mobility shift assays
20 (EMSA), enzyme linked immunosorbent assays (ELISA), genetic analysis and X-ray
crystallography.
[0004] EMSA, also known as gel shift assay, is used extensively in modern molecular
biology for studying protein-nucleic acid interaction. This technique, however, suffers from
a number of disadvantages. Firstly, use of hazardous nucleic acid probes labeled with
25  radioactive phosphate can result in environmental and safety issues. In addition, the assay
procedures are time consuming and labor-intensive. Furthermore, building of the detection
facilities such as radio protection lab is subjected to stringent requirements. These
disadvantages render this technique less amendable for fast and robust detection of s:peciﬁc
protein-nucleic interactions on large scale, which are vital attributes in modern genomic
30 research. |
[0005] Chip or biosensor-based techniques, such as surface plasmon resonance (SPR)

spectroscopy and transcription factor (TF) ELISA kits (Panomics Inc. Denmark), eliminate



30research. [0005] Chip or biosensor-based techni ques, such as

surface Pras3m9d+49%3onance (SPR) spectroscopy and transc?Cﬁ@G@Wﬂm%®?%r
(TF) ELISA kits (Panomcs Inc. Denmark), elimnate WO
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prc} Pei FOMFL LR p00VE 1AM 8BS, | i ¢ nanoparticles are added to the
first mxture to obtain a second m xture. An electrolyte is added to
the first or second m xture to detern ne the &sotei n-nucleic acid

interaction. [0009] In a SIXYMARSHOETHEINVENEONon provides a kit
for da[%f)ﬁ@]m 1% é)ﬁ%%ﬂéc@,uﬁlle%%ntlon provides a method of determining protein-nucleic

acid interaction. The method comprises mixing a protein with a sample comprising a nucleic
15  acid which is suspected to interact with the protein to form a first mixture. The first mixture

can be incubated to allow interaction between the protein and nucleic acid. Metallic

nanoparticles are added to the first mixture to obtain a second mixture. An electrolyte is

added to the first or second mixture to determine the protein-nucleic acid interaction.

[0009] In a second aspect, the invention provides a kit for determining protein-nucleic
20 acid interaction. The kit comprises a protein capable of interacting with a nucleic acid or a

nucleic acid capable of interacting with a protein, and at least one type of metallic

nanoparticle,

BRIEF DESCRIPTION OF THE DRAWINGS
25 [0010] The invention will be better understood with reference to the detailed déscription
when considered in conjunction with the non-limiting examples and the accompanying
drawings, in which:
[0011] Figure 1A illustrates the principle for determining protein-nucleic acid interaction
according to an embodiment of the present invention. As shown in the figure, negatively
30 charged metallic particles are stabilized in solution as the particles repel each other and thus
avoid aggregation, leading to well dispersed particles in solution. This stabilization is a form

of electrostatic stabilization, in which attractive van der Waals forces between the particles



20 acid interaction. The kit conprises a protein capable of

i nt eract iWG 2M0{1H4033 hucl ei ¢ acid or a nucleic acid capabPET§G2010/000196
interacting with a protein, and at | east one type of netallic
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Figure 1BVP30/1d¥3@matic illustration of effects of el eBEFHLYFEH000196
i nduced aggregation of netallic nanoparticles on ultraviolet visible
spectroscopy (UV-vis) absorption spectpum according to an enbodi ment
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10 [0016] Figure 6 is a graph conparing zeta potential of sanple (A")
to (D), WH@RBI0A44083) s a sol uti on containi ng bare AuNPECT/SG2010{3pg1h6
no addition of salt or bionolecules), (B) a salt solution containing
AuNPs and 50 riM MERE, (C) is a salt sgl ution containing AuNPs and

100 nM ERa, and (D) is a salt solution containing AuNPs and ERai wt ERE
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2204 ! APl b 1D D bl S SR g T B

pr esent cha¥feprobbrty &Rfhe 200N ar%i:‘ghh@ﬁtfe&&ts gxty! oy@ana WCpard HiSHiMH) residues
stability of AuNPs increased. However, increasing the wtERE
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30 particle aggregation. Photograph shows that the color of sample (a) and (b) are red, (c} is

purple and (d) is blue.



buffer solution containing 80 mv KC1, 0.15 mM EDTA, 0.3 inM DIT and
1% of gl YE@RHI0§144053t he | mobi | i zed ERa-wt ERE on gol d chPET/SE30108086
by exchanges between protein binding buffer and AuNPs aggregation
buffers. The down arrows indicate the ti me when the 25 surface is
rinsed with the protein binding buffer (80 mM KCl). The dash arrows

I ndicate the tipe when, dil uted buffer taining | pw concentrati on of
KCl (ZOFO@FSISO FiguweSA jssa &B’pﬂ?'i hewing &ﬁgﬁf{}éaaﬂgw tune gg | SEPRSFLy tgran
ef f ect | '

Fi gar o PSRRI HEbARSERANE A0 100N a R RN s SOREIRE (demoted
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SSB), single-stranded binding 30 protein with single stranded w ERE
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cont ai nétatgliB0ofMAUNHs, 43. Ad funhérEERP, whs AvaitdbleTfo dovan koref coghplexassolThis is
bef ore subjecti Qg\,\;ho colorinmetric testing (final KCL concentration is
20 M )conajstent syithwhei finding tast Gt binds 4R vt gha teteamsire Figyra 8k ifsa praph
m ns after .sal,t ded. Sanple SSB i e - 5S( RE)_LS

and s (VOB ACUTRER s SRE olirimer P HRAN R ) HA/ERRIERE K258
This i A0S (sh sl i t ' gl I NERH vk .
pr ot ei n@églggAﬁthld egsg aci d?ﬂg%lgﬁ(s;g&%rg"%gi %a%udg?féﬁfc ac itgé]gg I ex? carl% pre
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el ectrol yte-induced. aggregation to_a |arger extent cqnpared to either
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degree pf (AORLCAAH Ot AhaiB ITael L il RGBS bESOIAMICRRRACHES Gk to

binding affinity between the protern and the nucleic acrd. The extent
of st abtriggergpariocle rggregaiimnce dependent, and can di stinguish a single

base variatjon_jn t nucleic acid ed on differepnces betwe t he

or i ndoaf] nilgare 4% srhnk shatay i Sthetth ob ABNES frBP G0 JuRgr MERE
bi ndi n u i\ i ' ik ndli

or O30 koG nd BD BREGAEKRE R Lol BREL S ol (it BTG Bt
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according to the present invention, [ 3]In a first aspect the .. .
present? ?}U’ér}{SF‘gﬁ‘P PEFEPYS EXPeRmABis B ]gﬁéogéﬂ‘é‘?“ﬁ%hﬁvg}%ﬂﬁ%ﬁﬁfﬁe Sibstitutions.
Figure 9B is a graph showing UV vis spectra of ERa-wtERE complex and ERa-ps 2 ERE

complex. The ERa to ERE ratio used was 2:1. A final salt concentration of 50 nM KCI was
20  used to induce particle aggregation.
[0020]  Figure 10 is a SPR sensorgram showing binding of ERa (prepared in Tris-HCI
buffer solution containing 80 mM KClL, 0.15 mM EDTA, 0.3 mM DTT and 1% of glycerol)
to the immobilized ERa-wtERE on gold chip, followed by exchanges between protein
binding buffer and AuNPs aggregation buffers. The down arrows indicate the time when the
25  surface is rinsed with the protein binding buffer (80 mM KCl). The dash arrows indicate the
time when diluted buffer containing low concentration of KCl (20 or 50 mM KClI) is applied.
From the graph, a reversible buffer effect due to bulk refractive index change was observed.
[0021] Figure 11 is a graph showing UV vis spectra of AuNPs exposed to other protein-
DNA systems, i.e. single-stranded binding protein {(denoted as SSB), single-stranded binding
30 protein with single stranded wtERE (denoted as SSB-ss(wtERE)) and single stranded wtERE
(denoted as ss(wtERE)). SSB-ss(WwtERE) complex was preincubated in 10 mM Tris-HCI



nucleic acid interaction. The term"determ ne" refers to any

qual i t at iWe 28Ma+dantitative identification, such as |dBﬁT@ﬁ¢%@®WHW5
presence or absence of a protein-nucleic aC|d interaction, 20 the
strength of interaction, or anount of bnteractlon can be deterni ned
using the nethod descrlbed herein. Quantitative identification as

used he arried out Vi a rrelatio opert

that ofb xoga(a%ﬁ 1), entounia B e gifan Do M ED oty Fhd Sy b1 % of
protein I

det er i %125%?? SR IERG S iy OV G 1 20naR), R
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propert of bi traction b en two entities. It refers

to any %ﬁ%&té@& ﬁ% A dv&I%¥nt bond, hydrogen or

i onig bond and any ki nd of physi cal bondi ng such as dipol e dipole,

hydrophobi C interaction or Van der Waals forces. Accordingly, the
term "protei n nucl ei BETATL.EIhDESSGRIPTION OFFHE INVENTEOMoert i es of

bi ndi ng tJon bet we rat e.h,.an nucl el.c aci d, .
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structural proteins, 15 catalytic proteins, transport proteins,
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refer to roteln ntain_ s s of t he 0

componeHELFie p dtetarfen S e poRuRbot Betierpn s Be BFrgnty AnsFlsranchto the
i ncl udeaorﬁuﬁorﬂﬁ@ ﬂﬁ&uﬂtldﬂﬁt&‘icﬁ(ﬁ) ofaRt kagse, keratin, elastin,

skl erotin, and fibroin. Catal ytl c proteins refer to proteins that
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pr ot ei ns re O pro unc |on convey no
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i ntracel | ul arl y, Exanples of transport proteins include, but are not

li mit ecdaroW ah’énf?@‘l"i"ébﬁ?“ﬁﬂh“&‘brﬂm By mrﬁtemmlaﬁl@etq% %P@P‘é@ hslefgsdp the
to pr Otperpﬁéméé‘@fblp&}ég or Afir Hblll bét%e%r?a ﬁf&% %ﬁl@{?w"e[c?& eins from

damage enera r ot EC Ive pro I on mnimzi ng

de@oadap02s] vi As casdédr h@rkinpnétle Clhﬂmgeproﬁaimi qmp;mat aed 2polgpenidagear®r used
di gestion, thereby enhancing cel] viability in the cells,, tissues and
interchangeably. Proteins refetred to herein are protéins having nucleic acid binding capacity.

Such proteins can be found in almost every known protein class. Therefore, for purposes of



30 hornones such as estrogen, adrenalin, insulin, growth hornone,

steroi d YHPAWMEL0AAd t hyroid hornone. WO PCT/5G2010/000196
2010/ 144053PCT/ SG2010/ 000196 9 [0027] Protei ns can be produced by
living cells, and the activities of all, living cells are conducted

primarily by the thousands of different types of proteins each cell

produces. The blueprint or code for synthesizing each protein can_be

f ound i Hisaappdiceiden, gnprotin gelies, toj preteinsa prpteja fEagaeitsd @sptides, pliganeptidesond
ded D e i . ; _

oo AR HE, J0BRR gl BRI SIPERRLOInE 80 L SHabi

pol yer asgpduddp bpdéttites oRBRSEAE Gere BNA doiendiNA) atidaiwhichingluds natiee amdreon-
protei n-encodi.ng information, and translation of the

> MRNA b
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r ef er s inolechie, phivhaan alffgctvpriopbrtitd sudheasi pollavitprahd aciddast arapecties witieeamino
MRNA is Uy as.a blueprint to. synthesize the protejn, [0028] In sone
enbodi nﬁﬁﬂwt%e IR GHHVEY JB SEERY 5 YOFaRsD G & Elycine; e PrbH! ygroup in
proteil Spheﬁ'j&ﬁnﬁﬁe. MAITTRP Cexahip1dt8 BFBrfino A AL Rectude@ Bsfis Yatid) eghuflsic | 4tid,
one organ Or tissue, and can travel through the blood streamto

var i ousarganngetlysingassparagine; rglanmite, adpnmie, Hryppapbiahias well egst emy non-standard
praqtei ns,. al so, knawn as, nucl ear receptors, in th arget.cel | he
oo ctio fech G & AeleALatette, HAEEENER. 7 pihoisepulsFis i, iy oslgie or
changi Nganbig afifibREIcORCi®f of REfnd hEid JRRRAtivaNdudt8s BB HtpRpusd Sr L-
of these genes then carry out the biological actions that result in

al t er edlibedroyyphenylahaineo dherefareo g protein melgoe i made tpa adpng cheig| affhese

receptof . refers . t-ej 0. pl f gl 5 5 whi ch
has abi@Pé%f@&bﬁan%hgkﬁ%&nﬁ%ofgﬂ%ggl}%%g%ﬁ%%@e?n 0 a nucdéus of
a 20 cHlob26 TheProesimg ‘chin deendlassifiedisind Hfioe emajor efatiperity e. ssthahank erodvéins,
conmpound whi.ch can bind to the nucl ear receptor, .thereby creati rg% a

| i dand/ FHALYHGProtERS STASEPrh REIERS, RAATCEtV Profdis aeéﬁe%}lﬂayx Broffpns. Structural
appr opr i giens’ &?&Q? %%t%]n@ TRA mAthiR SirhdGles o][f bite? %Edll&gib.ﬂrbo, Bht5,Ofke &blls

response e[enent refers to a region of a nuclelc aci nDIecuIe,.
usual | yaridrtissues. Esguplas of gtrueiyiab proséinsingbide, butawre het limijtecbtos collagen, keratin,

i figall i ndli -bi ndi tej h i.vat gr 25
moi ecul Gty gdiiny thd Brdir. ¢ alite Proleins nett 6 o i Bl SRR Meafive ma
of a RWoéHeatledl reftdtiond withih @R @uside oPliggl Rl Afrexatipldbf catalydit protein is.

transcription. Therefore, ligand functions to nodul ate transcrjption
of 28 nweizEne. Beansparhpioteinnesder fadueteins that dingiong to eysh Jeolesersipto and out

Exanpl ese 0f 4 | | : Lo :
Chat " deZaell APRER o BandEauB 0 bR tafbibiifl. BxoliBIdTYR Eanglfi brdiRins
30 [ 003&tlude,Cintt direr gbty limitbé td,cliemcgiotdh @ad sbarmaibamire @rpleotive petansrefa to
a nucl ear tec&gt r which. has ability to bind with _a horpone. Nucl ear.
hor rmonePTPEsEsHthat a@e@srﬁbﬂ&&twgome&h%wt% em darasge. [ gpRgIRh pLotective

cor r es PRI ARRGIPYY Iiinib{iing Chdgdaliof W4 'BRIFMAationEN &hbfEdY and enzymatic

25  cleavage or digestion, thereby enhancing cell viability in the cells, tissues and organizations

from which they are derived. Examples of protective proteins include, but are not limited to
antibodies and thrombin. Regulatory proteins refer to proteins that bind to specific regulatory
sequences of nucleic acids and act to switch genes on and off and thereby regulate the
transcription of genes. Examples of regulatory proteins include, but are not limited to,
30  hormones such as estrogen, adrenalin, insulin, growth hormone, steroid hormone, and thyroid

hormone.



WO 2010/ 144053PCT/ SG2010/ 000196 10 "correspondi ng hornone" refers to
a speci f iWORBKAIHE3t hat binds to and activates a speci f PETRG2184P0196
hor-none receptor to regul ate expression of a specific gene. Exanples
of nucl ear hornone receptors and t heir gcorrespondi ng hornones t hat
have applications in the present invention include, but are not

st r ad 51035} Bitisiay ot B RRRIcEL 55 chl Aot Bty of A BYiog el re
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receptors, regul ate estroge ene expression by. binding to specific

DNA_ SR e8 SORMRHn 12 EnA0apAls I TOBET o BEIFSES 1Y patpangan 9f B, did can
" est r ogefvel Hlodsh e BibdiEiRlam th&/afibis {afcd ofgaRs IR ImEoradimip Wit spkific receptor
synthetic, that exerts biological effects characteristic of

est r ogeproteinso also rewwnsac huclear astaptars.oin the dargefusells) athormpegscesn change the

Ex | es,.of . est en,hermnes i ncl ude 17- 13- est e} - est e}
corPho s e R Bt BRI 6 0% el ¥ SRS Bl R, i "ana she
sodi um gsidin pestustsl dBitRse gbdbsniibn @sfry aalk dhe bitdgi@hactiGuzdthet hsult in altered
estrogeni c sterojds and derivatives and esters thereof are

r epr esespillar fanchiongst r ogens. 25 Representative esters include

estradi . 17adi t @113 , radi -

ot adi P20 172§ Lelch, S (bRl BUEBAEEALE, L I frbtch mAEAAS Kind
est r adi withih% ccdll adavkich a0 8#]ityTioebind & figandebiodiengcdarportated iproes auxtleus of a

i nyentio ris m.xi n r of ei i th anmpl e conprisi a .
nucei (ool TRe dFFE Higandh o8 et Beroinefont i & stbsSAER of RRPARGRVHIP $op find to
a firstim@inikktberectSr, MERBY ceQ@inp R0ligd@ARETEr fdiddtoRBYmplex ! Which in turn can
nol ecul es involved in the nethod 30 1s attached to a solid phase. All

conponebing tosandapraeptiate despoass elgment and jagiivate éranspgiption sheysfrom; ¢ respyyse

2010/ 144053P 10/ 000196 1 ] erej .

"nucl ei E%E?tgﬁl:‘r%g% gers(ot %Q%gg ! AL Flgggl%aa??dd&?%g%%yﬁ%lggg iﬁt?ll?lgatrgé‘m tory region
of a gene that is capable of specifically binding to a binding protein, such as an activator

25  molecule, for activation of transcription or for allowing elongation of a RNA transcript, or a
repressor molecule, for inhibition of transcription. Therefore, ligand functions to modulate
transcription of a nucleic acid maintained under control of a response element. Examples of
ligand include, but are not limited to, hormones such as that described herein, and vitamins
such as vitamin A and vitamin D.

30 [0030] Accordingly, the term “nuclear hormone receptor” refers to a nuclear receptor
which has ability to bind with a hormone. Nuclear hormone receptors become active when

they detect their respective corresponding hormone in the cellular environment. The term



configuration, such as single stranded, double stranded or a

conbi nat %A 20W&#€83 Nucl ei ¢ acids include for instance DRNSH311860018%
RNA nol ecul es, anal ogues of the DNA or RNA generated using nucl eotide
anal ogues or using nucleic acid chem sig V. DNA- RNA hybrid 5 nol ecul es
and tecto-RNA nol ecules (e.qg. L|u B., et aI J. Am Chem Soc.

(2004) 126, 4076- 4077)., . DNA o enom c Qr synthetic
origin %&ﬁwﬂy@ E?rﬁamé & eﬁdam @egﬂcamaeane g@& ﬂmﬁm é%l@ aglivages agpegiic
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may furthernore 10 cont ai n non: nat ur al otlde anal ogues 034] .
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cont™ai nf’ng a nod ance sugar

phosphategeptor ¢TRE havifig ﬂﬂj}rdnﬂ |HoSinbAd iay @ edr@é'ﬁpbﬁﬂmg‘i ukehd, twitantin Dfreceptor
2'-OH residues of siRNAwith 2'F, 2'0- 2'H residues is known to

i mpr ove(YRR) paving thram@p & e pptryspendme éloﬂé@,tﬁf’e@b iBvandrmo fowmngi ofi retingie peid

ST BUER i A e Rl Sl oo
uraci | - & Blandhy Re¥eHshd Mreflnditl, X @8 ?cr H@ﬁm réinslds eop@hﬂdsaélated to

non- purine or nonpyrimdi ne nucl eo |de bases. her nuc
analbgurstingae,y theagarbpnylase satm efsetamiund), a3 sa¢ortrspersiing, (hbl]m!le progesterone

3- mtroﬁp rr.ol %’?ﬂg 5-nitroi doIe Uni ver S"dmg es _are a r(%R)
base pa I, gcﬁrﬂ%‘?s P, 25 B AT PRSP é’ﬁ""& 5?1“38

conbi nenlavmg hes‘t@uteren@raal 8 EoriddfeidingD Gofh6d, | glﬁeoc%btﬁ‘d@nﬁ&eédp[orl (GRpMEGing
2' -0-net hoxyethyl, e.g. . to achieve unique properties such as

i ncr easedtisnl gp éﬁoeeamﬂnﬂmahor{feeeeqmml@mr@mwpﬁm hayipg aldgeterong as a

or dori ST SRt bin e B A AT b Byt PR A Fecgtor

Forlsexa(RPAR) hdving)uespettively iWlylda46 Ay a Saddoagiberstaghatin 52 aegotresohlling
charged such as a backbone containing a phosphodi ester group. The
nucl ei chIBI%BYsed in the method of the present invention can be a
doubl e d DN y

Iength,ﬁ)IO oﬁgl As 1t 'gﬁ%@ﬁrr%hg %oahﬁ%e%bj@m Sf@sq %eﬁ?%}ﬁg@ griégués?d ?Snthe
size t hnm:l&r hbsrorerecdpier. Esteo@mrdcepforpfdqutmeMQm gaieeaxpﬁsﬂmby binding to
exanpl e, e nucleic acid can have a length of between 30 about 10 to

70 nucl %ﬂ dANAssegHences KBPWR @f SSHRASP repopss dompnte (EBEshdoie tegm "estrogen”
betyeen, ARt hgxgmt Pefeld UG &BLH 1naﬂ{ra1b8f ‘Qﬁﬁtﬂeﬁ@%ﬁt 8RertsObBthgical effects

nucl eotides. In enmpbodi nents iIn doub
characteristic of estrogenic hormones, such as estradlol and equivalents thereof. Examples of

estrogen hormones include 17-B-estradiol, a-estradiol, conjugated estrogens, esterified
estrogens, micronized estradiol, sodium estrogen sulfate, ethinyl estradiol, estrone, and other
estrogenic steroids and derivatives and esters thereof are representative of estrogens.
25 Representative esters include estradiol-3,17-diacetate, estradiol-3-acetate, estradiol-17-
acetate, estradiol-3,17-divalerate, estradiol-3-valerate, and estradiol-17-valerate.
[0032] The method according to the present invention comprises mixing a protein with a
sample comprising a nucleic acid which is suspected to interact with the protein to form a
first mixture. The method does not require that any of the molecules involved in the method
30 is attached to a solid phase. All components used can be dispersed in a liquid or aqueous

solution.



stranded DNA (dsDNA) is used, length of the dsDNA is expressed in
terns of WWA3K0(41058 WO 2010/ 144053PCT/ SG2010/ 000196 12PCHSEG2HA/08F196
nucl eotides. The nucleic acid can contain a response el enent capabl e
of specifically binding to a protein, fpch as a nucl ear receptor or a
nucl ear hornone receptor. In sone enbodi nents, the nucleic acid
conprises_an estrogen response el enent (ERE). [0036] The protein and

sanpl e K933} i sPagsed Rereleithe teemd miiplernadid’ tefers & ARy DpQeir fekh mgnyspossible
with th ' L %E t ' [ : ;

5 but  cgortigtiol, S PRl BE QhId Brhaphlch BDbFmBRANE her Sy Rubic
nmet hod adidd imelude dseiristanoy ENA o lédudese RINA soddeules, analogues of the DNA or RNA

tris(hydrox t hyl ) am, nonet hane (TRI'S). buffer, ar tris- r l.oyi.c.
aci d bus«rn@FaytﬁRﬁ%a)cﬂc,eo Hg gn sg%ﬁnalf Bg RIS EdaQQIQ_%ﬁE“?ﬁB%l?Afo@qﬁa@?Id
onl y a &gw{;ﬁﬂey aRPRcRITRRA BB culel e Au0B., Eh4., SOUML LRGY,] Sbcw?z_aeg) ii}g 4076-

nmet hod o e present invention Is carried out is neutral (i
about p#077). . BNdeot RNA pldyite afsgmhotmc nt synthetiecongdiy sind nesgi eeabingle or double

condition gn 0, ensur e od .bi ndi f conpl.e rmed bet n

or ot ef ritEReh ek RS g Y s NG, ek RoRER TE. Bt A oA
i nvent i @aetic CONA, @dcopblydér 60 DN A GFRRRAYRigoh@ebtideb,"mSSBERNA having a
enbodi nents, the protein and sanple conprising a nucleic acid which

i s susplesgtbdfibstwernebavt 2via 23 mueleqiidss gfon Ajrespeativandeicfagid may Bxthsgmore

of tinme_so.as to allow sutficient 15 time for the protein and nucleic
acilttid to?qng%'%ln%'tqa?%alglﬂ}c?%’figa%aﬁ% It" of time can be dependent on

react i ofpogendi Ma@fsnuckédtide amaloped Yiekadwipraat edan B gredemtl mdiomased, in the
sol vent used, tenperature of solution, and amount, of sol ution. .
Agi t at i Bathofpef tednygntionpd nucleptide,analoguers @ nygleptide, pontaining mpdHication at
enhanceg,lL.n ' e h{ds: el [ '

catoe t it ILELRE APl lRr br oGl b REE AR RS FamBl, b Rickdlon
woul d bef ZbOH tesiddes ef sIRINA with 20, AjipMepor ATE rasidmes s kifown teithprove the in

i nt.eract.on . take, pl ace bet n.th rotein_a nucl.ej c. aci.d.

Ty ea vy Seiick R repesRdRer MAREPABES o RO or R o RSB e mpap] and
the pr Oéaalﬁbtier}ﬂodlﬁeitﬁﬁﬁ A OC &, b e, 8fRednt Plirifé BHP9EmidiAE basaBid as
about 20 m nutes, or about 30 m nutes, or about 60 m nutes. [0038]

The rre_tutr@@lil-éc:sd,orlwpwge}ml@ntﬂml, pids argmmgmm-gﬂl,cgw@g@_ AERHPHGNE OT non-
e 1S BRORRA L oSt Bl hubichlic b s V@ IRLRRICRM bAGs yniyersa

sing a nuc ac i'S suspected
t o i nt epazed indhide I-hitropyabRi ahd Suitfoiidudé. Unisecslrithses arewbie tosfolmr avbabe pair
The netallic napoparticles can. be disggrsed in the first m xtur

. In
sorf? entsBhianyfther basechmnmediications2imen bt yompinet awih RAYEIE 8jsieer
met al | 1.6, AR0RE], Shed &S £t iRst AT et RUXYOMRY, el k& Schieve unique properties such

as increased duplex stability.
[0035] In some embodiments, the nucleic acid is a synthetic or naturally obtained DNA,
RNA, DNA-RNA hybrid, or derivatives thereof. The nucleic acid can be negatively charged. -
25  For example, the nucleic acid can have a backbone that is negatively charged, such as a
backbone containing a phosphodiester group. The nucleic acid used in the method of the
present invention can be a double stranded DNA. Generally, the nucleic acid can be of any
length, so long as it forms a complex with protein that is larger in size than either the nucleic
acid or protein when taken alone. For example, the nucleic acid can have a length of between
30 about 10 to 70 nucleotides, such as between about 10 to 30 nucleotides, or between about 20
to 50 nucleotides, or between about 30 to 60 nucleotides. In embodiments in which double
stranded DNA (dsDNA) is used, length of the dsDNA is expreésed in terms of base pairs



Pl asnmoni ¢ nanoparticles refer to netallic nanoparticles whose surface
pl asnon MEQ3HAAEHSI0 frequency depends on the nanopart i BEES&R818/000196
shape and conposition. Light incident on plasnonic nanoparticles

i nduces the conduction electrons in th?n to oscillate collectively
WO 2010/ 144053PCT/ SG2010/ 000196 13 with a certain resonant frequency.
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enbodi ments, "negatively charged netallic nanoparticles are used to

avoi d aapif sgattheordst of menwtes, dbt exampe epaut t20chiestesy droabont 30 minutes, or about
deter mé}?xtrﬁn%?esOf protein-nucleic acid interaction. In sone

[0038] The method according to the present invention comprises adding metallic
25 nanoparticles to the first mixture, comprising the protein and the sample comprising a nucleic
acid which is suspected to interact with the protein, such that a second mixture is formed. The
metallic nanoparticles can be dispersed in the first mixture. In some embodiments, to enhance
the measurability of these changes, the metallic nanoparticles are plasmonic nanoparticles.
Plasmonic nanoparticles refer to metallic nanoparticles whose surface plasmon resonance
30 frequency depends on the nanoparticle size, shape and composition. Light incident on

plasmonic nanoparticles induces the conduction electrons in them to oscillate collectively



30 enbodi ments, the negatively charged netallic nanoparticles are
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surface. WD 20101144053PCT/ S&010/ 000196 14 [0043] W thout w shing
to be bound by theory, the inventors | i eve that the negatively
charged netal lic nanoparticles, which behave |ike coll oi dal

particles, are stabilized in solution due to electrostatjc .
st abi | i W4k j3ofertaih SE50P8 g?‘ﬂ‘@“&i’-aﬁ”ﬁi Iesqnagh fregpenicy qhgnBesenneass dhe dnstpilic

whi ch theopdtiERehg %a\{@ﬁn&'ﬁﬁls\é\ﬁ%émfe%xﬁ&ﬁ e .M%ibti&il@néiﬁd&si cles are
count erbal anced by the 5 repul sive Coul onrb Torces acting between the

negat i VI@0§9]c ha¥igmafagiaire o Liueb pldsmoniv sanepatiisles snknavreinpthe ritdlsese.ga@rabar,,
h tri l e | ' ' I ' tral d

wh oh o5 Tt Eeamar Rited Haroes. he Fard, Selbl wiiis Tk Pestlh s be
layer ightiih&l eSB! knevy st Bsidexatiple, Gl sbii6 ehbblintdngs, She AdoBartitl§ have a

second part calleéd a stemlayer is nmade up of positive ions adsorbed
on t he shape which is s¢lected fivsoethegreupeansisting of 8 nanasphesei ananothbe, taHiandrod, a
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es w a negat
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aci d, emhodomerd$,dhe anopacticles are nokld inetad padiclesy alloya®if dioble metal particles or

pyrenedodecanoic aci 0 capt os {ni.c, aci aspartic.acid,..to
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met al | igdpld@AaaR aplhtiglre (PO eridiamMIr), lostiiemafQs), Adiex dRA) @nd ruthenium (Ru).
citrate-stabilized AuNPs were prepared by thermal reduction of HAuCl4
wi t h sdisamples afmebie mefahloys melade afie atipungand gidigm, Pd-fa,0Pd-Rh or Pd-
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ot 2D iaviSler othere disay Phseniatip it Roseb JBR Coaner A akodie Ged a ppible
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mer capt osuccinic acid at the surface of netallic nanoparticles. Tan,
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determ ne the protein-nucleic acid interaction. The term
" eR8ct iy nyrapge of between about 10 to 30 nm, or about 20 to 30 nm.
[0042]  The metallic nanoparticles can be well dispersed. In some embodiments, methods
such as agitation or stirring can be used to disperse the metallic nanoparticles. In some
embodiments, negatively charged metallic nanoparticles are used to avoid aggregation of the
metallic nanoparticles prior to determination of protein-nucleic acid interaction. In some

30 embodiments, the negatively charged metallic nanoparticles are metallic nanoparticles

carrying a negative charge at nanoparticle surface.
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AuNPs were prepared by thermal reduction of HAuCly with sodium citrate (Grabar, K.C,,
Freeman, R.G., et al., 1995, supra). In brief, 500 mL of 1 mM HAuAly; was brought to a

rolling boil with vigorous stirring. After that 50 mL of 38.8 mM sodium citrate was rapidly

25  added, resulting in burgundy color. Boiling was continued for 10 min; the heating mantle was
then removed, and stirring was continued for additional 15 min. Maya, L., et al. (2002,
Langmuir, vol.18, pp.2392) discloses a method for immobilizing mercaptosuccinic acid at the
surface of metallic nanoparticles. Tan, Y.N., et al., (2008, J. Phys. Chem. C, vol.112, no.14,
pp.5463) discloses a method for immobilizing aspartic acid at the surface of metallic

30 nanoparticles.

[0046] The method according to the present invention comprises adding an electrolyte to

the second mixture to determine the protein-nucleic acid interaction. The term “electrolyte”
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25 [0048] In some embodiments, the electrolyte is a salt. Suitable salts that can be used
herein include any organic and inorganic salt. Organic salts are also known as
polyelectrolytes or polysalts. Organic salt refers to a complex formed by charge attraction
between oppositely charged polymers. Accordingly, organic salts are polymers comprising
cationic and anionic components. An organic salt can be formed by any method well known

30  1n the art, such as by blending aqueous solutions containing the cationic polymer component
and anionic polymer component, and allowing the charge interaction to occur. For example,

the cationic polymer component can be a polyamine. Examples of polyamine includes C;-Ci2
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Figure 1 Aillustrates the principle for determ ning protein-nucleic
acid interaction according to an enbodiqtent of the present invention.
Figure 1B is a schematic illustration of effects of electrolyte
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sanpl e, nanppartielgs,suclothaprthesparticdegmare shiglded dipen eaghtotiaay apd hencegdoynot Aggregate

cxamp) SHPRATEEER SesPSb R a So P chirCa it 6P Bl BR kieke Ao B el s

part i clfsridgbfresed protel contdinidgesranse fulkeioasl gretss €d d muctbié Add esuth as a
bi ndi ng efficiencies oféFrotein-nucIeic acid interaction gresent in

the sarfistuble standed dPMinel hendowlestrapdsdd Py 230 dier maderipy obp double helical
o0 M VASIE AR A A 30 IR Y e i

conpr i scily camjslegveanskeigd encihe snefacé o€ tha eletdllic aanapalticiel thgotgh pnobeinire
with high affjnity. Methods, to carry out such .correl ations..are kno

' the i oalEns pRssen op ths i THRE e DR (o1 eEs FEBT ZEphprovited
curves %@?@meaﬁcﬂ@@ww RhpIShh R d ke 'iﬁhfwesaeﬂéel?&é@atﬁzes‘iélﬁlﬁa%if)g is %1130

specifi ¢ nu ic acid binding to protein with 3bhigh affinity.
| n songrevidedasramtesylt ofidherpegative othargeeorp thesuleit podntdckhonsawhich prwvents

to,quantify the pindi st i ghi. onet f .praoteln-nucleic aci

| iar aceeisatidh o PR e A R0 A s gk S BRe P Btord b fsopye two
st oi chifeahafidms) efefit Sarldo eleb@ostftic, Qo Oftabillize eHenndrophrtictesbieUsaied Celectrosteric
nucl eic acid.. Binding stoichigmetry of the protein_that is bound to

t he nudtabilizatien.gA dughes binding athnix Pepyeenrotsinggnd mickRit a¢id cam gnean that more
bsorb : ' i f t ' . [

o nuoiy PIEHIAE LAl LETRRAR 9% Kiukh, WEFEY piflidind Brorflf MRBLALA dT e

bi ndi ngnahbicalhopaeticlys. 5 [ 0057] Upon addition of the electrolyte, the

i be i ncubat.ed,.f tjne. period to all ow bindi f t .
nucber d0G8Hl,” Tsasrtedimgs dhe b sBatOhtte P SEteEa B L micit acid
the metiglhyC ANanPRALIdH e afffhit§Ubdn2Rletn ARRUREs fotbinlRicki 2818 SRRABESNre

on reaction conditions, 'such as the tyge of protein, nucleic acid and
met al | iformedadp some embodineemire thet micleionicis eanibavemne gn enoapbasaiseqifence variation

solution.. A.person.skill ed in,the.art | d_beg Le to 4N he
o anprnieh P BOCRAERIY pSiimida R e Spffad Bhdlek o UEhRRME Wrollf In
of ti MeohRMHbREmests] thetfiRle¢ deid ifferdttswithshe poteifoalplveakhauth it weak
m nut es, or about 30 m nutes, or about, 60 m nutes. [0058] The

el @t r dingt lsansignt Fretsinhrncleia agid gomplextis riormed. Wiy sushcigskangesi Hig protein and
oL jAt dex SE > com '
it er adptli Ao AR o FRPIEsss: Atk BF GBI Ea e OF S AAIR BHORRALIES addinst

nanopardggedgation.o deternmne protein-nucleic acid interaction. In sone

15 enbodi nents, the electrolyte can be added to either. the protein_ or
the sarfPedlconpenesalhy rsg%@eﬁ%?@ha@M%ﬂﬁl%ﬁﬁw?etg’c@eﬁég?féal d 1?%?%9 agid, the

with t : i j 0 31 t e i . ..
0 AR e L ACGERIARL L08R GLA h E Re c
pr goei ralond, ehence of combindtinat 6] sterds  andc hleatsostatia lstabilzatioresitel teleatrosteric

reater efficiency in protein-nucleic acid conplex formation )
g stabilization, cgmpareg to a solution contamning protemn or nucleic acu{ w?uch can provide

only steric or electrostatic stabilization. For example, when only a protein is added to the



20[ 0059] As previously nentioned, determ ning protein-nucleic acid

i nt er act VA 28WA4HE3 achi eved by neasuring the optical prBEESGRUEE/0H6
the nmetallic nanoparticles or by neasuring the size of the netallic
nanoparti cl e aggregates forned. Aggregﬁgion changes for exanple the
absor bance or the size caused by aggregation of nultiple single
nanoparticles. These changes can be measured using st andard

mi cr oscBfERHVely <iEEtd JRRRIF charicleb . cptain bl ganditiogp, theyprotein is slightly
t i . . -
CroeL LhERe thaePRPLURIEG S804 AELERIIBLEAL JESLOC B won

change addiidreobii Eleairolytey plee prodasin ipsowdesi dosteric bartiee td pventvipgecpatitigef the
visible tq hu s, it is also gossi |e to determ ne the iiifferenc S

X e .
with f[hléarﬂ‘élﬁeq y MUt n GOTRFIS AN HeriWetet @lpFfastaticofegpbilization and - steric
pr otsel ”%E'Mﬁﬁﬁ oh 6%@&@1&9%%@ Rt feh@tP .iﬁt@nﬁecﬁz%tﬁgzlaﬂi@@gtfafaﬁﬁ. For

manner by observing col or change in solution w thout use
anal yt i eainpd®) in eetbodineerts wikredrn theamicksic aoig énsingle. stiihdedsDNA, df canhadsorb to

renObeL i ChERL AT, Mgl ABRE o e Bl L Rl T
2010/ 14408 hS AR RLY Ot ouélicd abRr 1 MRONMt it WA 38t Sprboie etiBGtdseific

m croscopy (TEM, or light scattering techniques or a coulter counter
for snestibilizationdp dhe ADFsGince ihigdrevented frava agsarbingdo ehe patielasyriade dusdo

pr Oltoel ni'tan&lJb é%eﬁ;%'sgrulc&&g rw%ﬁéﬂ 8{‘1,0%95“ hl%?dy charged repulsive backbone and prevents
adsorption on the negatively charged partticles. Figure 1A illustrates the principle for

determining protein-nucleic acid interaction according to an embodiment of the present
invention. Figure 1B is a schematic illustration of effects of electrolyte induced aggregation
of metallic nanoparticles on ultraviolet visible spectroscopy (UV-vis) absorption spectrum.
15  Therefore, the method according to the present invention can be used to determine whether
interaction takes place between protein and nucleic acid.
[0055] Not only can the method of the present invention be used to detect the presence or
absence of protein-nucleic acid interaction, it can also be used to quantify the binding
efficiency of protein-nucleic acid interaction. Depending on the binding efficiency of protein-
20 mucleic acid interaction present in a sample compared to another sample, the degree of
metallic particle aggregation will vary. A change of the degree of metallic particle
aggregation will change for example the absorbance of the solution or the size of the metallic
particle aggregate. This difference can be correlated to different binding efficiencies of
protein-nucleic acid interaction present in the sample. To determine the exact binding
25  efficiency of protein-nucleic acid interaction present in the sample the results obtained from a
sample can be compared with the results of a sample comprising a known sequence specific
nucleic acid binding to protein with high affinity. Methods to carry out such correlations are
known in the art and include for example the generation of calibration curves obtained by
measuring samples including a known sequence specific nucleic acid binding to protein with
30  high affinity.
[0056] In some embodiments, the method of the present invention can be used to quantify

the binding stoichiometry of protein-nucleic acid interaction. The term “binding



determ ned by correlating the optical properties of the netallic
nanopartﬂ@?ééwﬂﬂ“ﬁﬁe size of 5netallic nanoparticle aggPEHate0{0p018he
sanple with the optical properties or size of netallic nanoparticle
aggregates of another sanple, wherein jhe other sanple conprises a
known specific or sequence-specific nucleic acid binding to protein

with high. affinity. {0061]]Jn a.second aspect,. the i.nventipn proviges.
kit 1 OB SR R RS T oPtotaR, HF ri oPEE o Bosfiee et Einding
Conpri sasichioRicdfyeb ticApRRif it {sMbAMACHo! 118 Mcldic AckUEdneHE deferfin®d By for
10 nucleic acid'capable of interacting with a protein, and at |east’
one typexapiplengengrating absoopace icutves cpoeappdiag tordifferentomoid ratios o4tpretginyto
descri bed.herei.n suitably bhe practic | n_the a ce. of .an

el onent TGS AEECorRAE Rl (B AloiG el oA inFORNES APy

di sl osp@sher eUpon kidision betheexiadtilife, the enikRkéTan SeOBEBaS¢d T a time period to
"including", "containing”, etc. shall be 15 read expansively and

wi t hout allawribingtingpf thegencleie aeld) (he pratein of the proteieRpelels wicish somplek gyilly the
her ei n . ¢ f deserinti i 1 i Qn:
andt neP SetiC REiboREL S shRITE atbuiCSE g datbeMkiehliln Sh sl dlohtileliops,
excl udi sighaisythe gypevell grotein, afucleiwadié ahd mesallib aanopanticlel asmperande of solution,
portions thereof, but jt is recognized that various Lficat] ons,artei1e

possi bl @ ATRPR Pheobtiope & persan skillad mbihe g wenld ?i"&Ie fq deffsming
be lﬁnde%p}%%ﬁéé Babuf $H1AHE Tot %ugaQié)B{a gg@?j&u}h NS Bnb R Jﬁﬁn@?ﬁﬂired is in the

speci fi | scl ose y preferre | ments and optiona )
f eat ur esrdeneitininutes; fooexamplewrhoutad( mimutds, etreboiniEminutess orativut H@ dunutes.

t herein i ndisclo may .be . resorted.tq. by those skilled in, the
et an@OSKR: " Tht RIeHGRSTe R 1Eh e FAERL B kT bR o BirnE i fud o
Wit hi n ahepls e8mPristhg b MusleidWRwhiUh is F&PESEd T Ritdridt SR 198 phRsinD &g wed by
descri bed broadly and generically herein. Each of the 25 narraower

speci esadgitiprsobyeraetabicqiasopittigles taeterpnaiproiein-nusleigesid interaction. In some
di s¢l os f f i t]s | S, e i
deadr i pif o dtsp ey Ble BRchy8 cuh BF aBUEIE bl albRiciiBl WAl cBBRALIRE o
renovi nguoleiy asidbwkich isgtigpectelinorintetuet géthuhe pragml ghes s odntadiimphtbe postein
not the excjsed material .is specifically recited herejn. [0064]. O her,
enbodi rfih $he,sample;sommprising ¢ BFgis 4@3 Afhighds sysRecHishto wqw%i\w&l the protein.
exanpl bl r : : i J ;
are deggrrelS ﬂeag%?nﬁﬁglﬁé%oqgf ’ yl\\%?l %ués ﬁﬁ%?%rﬁgessﬁﬁ tnﬁ se@ir%flﬁ%lg%%# ?Pﬁg&g'rn?&em
wi || r esddjpdmpplek Hertmation. i nvention is al so thereby described in terns

8]; gy f(\'{kgbz 628%2@%%%%; 8%%@%115&9 rf)?(ﬁgi?l-nqcletich%cz Enltecrlzjics:tti]on can be

achieved by measuring the optical properties of the metallic nanoparticles or by measuring

the size of the metallic nanoparticle aggregates formed. Aggregation changes for example the
absorbance or the size caused by aggregation of multiple single nanoparticles. These changes
can be measured using standard microscopic or spectroscopic methods. For example, optical
25  properties such as absorbance can be determined with methods and devices known in the art,
such as with a spectrophotometer. If the change of the optical properties is visible in the light
wave range visible to humaus, it is also possible to determine the differences with the naked
eye. Using this method, determination of protein-nucleic interaction can be carried out in a
simple and fast manner by observing color change in solution without the use of analytical
30 instruments which can be expensive. The size of the nanoparticle aggregates which form

upon interaction of a protein with a nucleic acid and induced by an electrolyte can be



21 EXPERI MENTAL SECTI ON [0065] In the experinents, an estrogen

recept or /¥Q2PWFd#HSFesponse el ement (ER ERE) system was ERESER019400196
nodel because it is of great biological and practical inportance. The
S term"estrogen receptors” refer to apg DNA-binding proteins that
bel ong to the nuclear receptor superfamly of transcriptional

factors. ERs. requlate estrogen gene.expressi by .bi ndi ng .t o, specific
DNA seqlEREReY A3 s i PR R BisToeaP Y [ Ly o lghpcaftdring fegfpiques o a
vari ati ghdter ol PHSMARhARIGOMPOSI tion of an ERE can affect the

bi ndi ng characteristics of ERs, which could ultimately affect the

t ranscr [60bnaln pdditionf thedhigding péheisncyl of tedireteimnudiels acil atesacsion eh be

t he nost, i rtant nuclear..hor e _recepto in .east cancer .

bi o1 gy etkTBREd B o3 tnd SpIE D0 SHAR. OF o sherRE RRROBRGE pr the size of
sens§ ngni_eﬁmwhaﬁié@aﬁtﬁlepég@@gétéﬁni onk @ﬁﬁ\ﬁlei Wwith Bt MRREl HOpERIBE Br i€ 8Pinetallic
and DNA in order to discover new anti-cancer and gene regul ation

agent s. nigpeviclecasgrpgates of prether samplanwhegin gecnther syoBle] comjptisey 8rknown

tetrachlaor [ : . 99. .frisodi um

15 ot SRR S she HEhRIBC GG Hiektlag (e S il AR | O

Puri fi epD06eTontii aasetordiliaspece she apentise paplidussa kitRar aletbnhingVprogein-nucleic

pur chased_ from Pan \era rp . i son, ) trogen response_ el enent

hased _f Pan V Cor p ( Madi W). E |

(ERE) of'¢dnteraction i theskig semprises; 4 protan sapable e? giterpgfing wita ajnucigic acid or a

purghas -1 Ofp: P : ' Dor.e 0 a :
4 El.(licltfrIE [BiP (%E%El)gt gfé Litdralc2h g ARRP };rot H063h & %aaﬁte $?§§k%e%)g>gnmetalhc

response el enent guences used 1 n the study
as) Sequmeatopalticlklom 5' to 3') GICCAAAGICAGGTCACAGTGACCTGATCAAAGT

i1 d-t RE ERE) (S . _r . . . .
Croca ARG e ARTERF TR EAR B R hergin (et xSt ereticsn the
No. 2) absence of any element or elenfehtsCAMMalioN diCEHHAGEACHT GPIGAGASTAREBsed
ERE (scrDNA) (Sequence | D No. 3)

TCCCCCTRzpinGEen osraanpikCtacEnea Georpaying 3 2 inchid ing) 3 Jcamrning Seajeicthgll be
I D No. 1 = | ni . Opt |
o o g SRpt AR ohE B ol AR OE GOl B i B

( SequenkeeinMate beén hsedbdsaterado f deatnigtioncde@mot of limitation, and there is no intention

in the vuse of such terms and expressions of excluding any equivalents of the features shown

and described or portions thereof, but it is recognized that various modifications are possible
within the scope of the invention claimed. Thus, it should be understood that although the
20 present invention has been specifically disclosed by preferred embodiments and optional
features, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this invention.
[0063] The invention has been described broadly and generically herein. Each of the
25 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.
[0064] Other embodiments are within the following claims and non- limiting examples. In
30  addition, where features or aspects of the invention are described in terms of Markush groups,
those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.



vitell ogenin %ene I s denoted as "W ERE", inperfect ERE sequence that
cont ai ns YWa2&V1855010/ 144053PCT/ SG010/ 000196 22 subst PEUBEFHE/PH6
the core is denoted as "nmut ERE", sequence scranbled DNA used as a
negative control is denoted as "scrDNA%; and natural sequence

obt ai ned from human is denoted as "p52 ERE". [0070] The two natural
ERE sequences, i.e. WERE and pS2 ERE differ fromeach other 5 by

only 1 base pair (shown in bold in Table 1) in the consensus core
sequence. The synthetic nut afRPERIMERGWNSECTTONERE) has two base
substitutions to the consensus core seugence and is used as a control
in the E00881i mbntthe expamntyr aw estregans recepthviestogee respanselement dER/ERE)

20" P PR R e s BB Sebdlo? ' 5 BE el B loial RO fraClont FRBAnRE e
(NaQ) eosh Testrbb@l Rydepredi astemel atd DANALIMIIRE pebtéiBD TR, bdlond @ Ahe nuclear

doubl e-stranded ERE. Al chemcals and materials were used as i
recei vetpcopton superfammibnef tiapsqritiena]i Batory ERsprgnlategsteagenigengeexpression by

pr epar eg: tO |I ugd £ [ S h..
o vant Sl et ke A3 o ot Sl US| BREY  Siighe
UV-tr ansagﬁtiﬁni imther apleatids cofposidbh of GaHRE) ;:dmmqomhabiﬁdfnglcﬂaaﬂs&éistics of
wer e us as, a reaction carrier. A TECAN infinite M200 plate reader
(Tecan FR&dVhigh sep Sty aﬁgﬁt_ the drapsaiptiopal fatesqfriarach gongs- In addition, ERs
absQY Pt Ay RE Bl HEY ifpBRETCR RN Hont HEEDRIVAbrESCLar:6r 5i6RRYI THA e,

of the solutions. Zeta"potential neasurenehts were perforne
ci t r at etheonis aggepent] ActdR® denveloptadhcileaselsing EefbipiqgERYGG panbe tRatEREon between

conpl ex- coat ed AuNPs_ | uf fer. solution containing 2Q rnM KCL,. usin
7T PEes gt DA et Bisabeh e RBit P P Lion gt
[0073] foossp! eggém-a@h@lmwggﬁd@h@mﬁé}uNP) preparation [0074] CGold
nanoparticles (Au ) wth an averg{ge di aneter of about 13 nm were

pr epar ck07) t hlyérogenteacslosenesteoh) bxirpedbdnGh 3H:Q) (HARANd aodium
aquﬁou.sciﬁ%eg(?ﬂ&fq}gt%f ?ggg%)g?k%;&%% ‘gﬁnﬂhdrf’eﬂ P8 AL G eI ARh O ohubin

a boiling's
estrogen receptors {ERa and ERf) were purchased from Pan Vera Corp (Madison, WI).

Estrogen response element (ERE) oligonucleotides used in this study (refer to Table 1) were
purchased from Sigma Pte Ltd (Singapore).
[0068] Table 1 estrogen response element (ERE) sequences used in the study

Name (denoted as) Sequence (from 5° to 3°) ’
GTCCAAAGTCAGGTCACAGTGACCTGATCAAAGT
wild-type ERE (WtERE) -
(Sequence ID No. 1)
. GTCCAAAGTCAGTTCACAGTGATCTGATCAAAGT
mutant ERE (mutERE)
(Sequence ID No. 2)
GTCCAAAGTCAATCGCCAGCACGATGATCAAAGT
non ERE (scrDNA)
(Sequence ID No. 3)
TCCCCCTGCAAGGTCACGGTGGCCACCCCGTGAG
human pS2 ERE (pS2 ERE)

{Sequence ID No. 4)

20
[0069] In Table 1, consensus ERE containing the optimal ERE core binding sequence
(GGTCAnnnTGACC, n = spacer nucleotides (Sequence ID No. 5)) obtained from chicken

vitellogenin gene is denoted as “wtERE”, imperfect ERE sequence that contains base



25 (50 inL m). Wthin several mnutes, color of the solution
changed fwgm’]ﬁﬂf‘ﬂ’s%l low to red. The nixture was al | oweBCTSCARUA004PE 1
stirring under reflux for 30 mn to ensure conpl ete reduction. The
stirring was continued for an additiong 15 mn after renoving the
heating mantl e and allowed to cool to roomtenperature. [0075]

Ex I t f ,E ] f ti 30. [.0 Sanpl
ol U1 GHDSGEROR 1 g @2k, RpUSpte = RS s SYACB1e BTBPRITicNA Boed af a
nol ecul &%aﬁd&‘%@hﬁm]ﬁ&ddma& e DAY emANERuaf séqBendd Eﬁiﬁmeﬂq}oﬁwﬂ is
(D) ERai wt ERE cgg ex were used in the experinments.

2010/ 14de8AcHE/“pE2ERF V00196 23 [0077] For (B), 50 nM of wt ERE was

ol uti ofp07er Tt P aRlit FXE statenee el ol Pt BREART e faclSber

2:1 3t #p @ﬂ?_r'tle’rﬁ&@@airl(ﬁlﬁ)ﬁrpﬁltﬁﬂd i Tablen) &Dthe ebhskaiisdoed sé@&&ﬁ&f The synthetic
solution (p , conprising 80 mM potassium chloride (KC1), 0.15 nM

EDTA, cmgtamd BR@M‘B%CG i(ytE twarmsq%b@mugogs {pctbe gpnsegsrRoye peugence
m croli r1§u9%1 %%%Q{wh%ﬁg%&hﬁgﬁ was then mxed with 75 iL of the
e

as- synt esi ze I'nal KCl1 concentration of 20 mM

The fi n@o7tpnckridr ad u@e;&hefserﬁaaaxﬂnmtwbﬁaEsttandi bé DNAPmé uhneated in buffer
m xture were 100 nM and 50, nM respectively. [0 {Fﬁ g re 2A s a

graph ¥R (R - ‘t}\/cﬁp’é’“é’é‘go}%ﬂMntr?ﬂB@f?"Ql%P f i dRQ il sodium
sorth g, ) SR et B DAl £ ot SRl g

inres ulEREntAll;o:lhuniicmﬂB and 20atehpls Vo7 9f<Bamplreceived) without diartlees pltreﬁcatlon
f A sh d.f
L U R MR TSI P e e

to (D) Joneat weRts sthedwiswindiRuieddi f ferent degrees of aggregatlon
characteri zed b}/ col or changlg 15associated with agpear ance of

absor pt[08#2lat @lean s rootieue (E¥rgransyarens. mmlatﬁs (8¢ avelh Coraéne Ingerpsrated,
absqrb n
o0 P10y W A Bl Gl 4 TPl R P
aggr egaAGo IS wifzetlinel)AuddPased| ﬁOﬁ@isﬁwrﬁleeU(VBhs abebrpign wpecarunOtA sbahbledigital
upon salt addition,_ as sho y atJ (%\f/er absorgl on | evel] of about
0.23 arkfoEdI¥as ueed 4o E&%&é‘?l@hgﬂ hthet segtions; feta grjratialy megsyegpnts were
performed on citrate-ion capped AuNPs in water, and wtERE, ERa, and ERa-ERE complex-
coated AuNPs in buffer solution containing 20 mM K.C], using a ZETA PLUS zeta potential
20  analyzer (Brookhaven Instruments, USA).
[0073] Example 2: Gold nanoparticle (AuNP) preparation

[0074] Gold nanoparticles (AuNPs) with an average diameter of about 13 nm were
prepared by the citrate reduction of chloroauric acid {(HAuCls). An agueous solution of
sodium citrate (5 mL, 40 mM) was added rapidly to a boiling solution (100 °C) of HAuCL
25 (50 mL, 1 mM). Within several minutes, color of the solution changed from pale yellow to
red. The mixture was allowed to heat with stirring under reflux for 30 min fo ensure complete
reduction. The stirring was continued for an additional 15 min after removing the heating
mantle and allowed to cool to room temperature.
[0075] Example 3: Determination of ERa-DNA complex formation
30 [0076] Sample solutions of (A’) bare AuNPs (i.e. with no salt or biological molecules
added), and AuNPs in the presence of (B) wtERE, (C) ER«a and (D) ERo/wtERE complex

were used in the experiments.



20 for sanple (A ), and a higher absorption |evel of about 0.24 and
about 0. VAR I4EFE| engt h of 650 rimconpared to 0.05 f8ETSGAPNL00196
(A"). Therefore, in terns of stability, sanple (B) is the | east
stable of the three solutions, followessby sanple (C) and sanple (D),
sanple (D) being the nost stable. Al so shown are photographs of the
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tris-HClL buffer sol.utjon 4),.cC i sing 80, mM KCLl, Q.15 nmMV
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24 Fi guy, e’éﬁi,,ae,a graph show ng UV-vis of AuNPs exposed to (i) bovine
bum n

serum al BSA)and (ii) BSA/WERE mixture, taken at 10 m nutes
upon sal0078ddi Figore 2A iK@lgraph showi® thoAEEniy altsorionssp2irarhf AuNP solutions
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graph m FigureZA.

30 [0081] A negative control experiment was carried out with bovine serum albumin (BSA)
that has no specific binding to wtERE., BSA/wtERE was mixed in 10 mM tris-HCI buffer
solution (pH 7.4), comprising 80 mM KCl, 0.15 mM EDTA, 0.3 mM DTT and 1% glycerol.
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' eSIDSECt tO‘ﬁ%BY Without wishing to be bound by theory, the inventors of the present application
believe that a nucleic acid, such as wtERE (which is a 34 base pair (bp) dsDNA) is unable to
protect metallic nanoparticles, such as AuNPs, due to its double helical structure which
exposes highly charged repulsive phosphate backbones. This highly charged repulsive
backbone prevents nucleic acid bases, such as DNA bases from adsorption on the negatively

20  charged metallic particle surface, such as AuNP surface. Consequently, no electrostatic
protection is observed following addition of salt.
[0084] In the case of the example where ERa protein is the only constituent in the AuNP
solution, the intermediate level of aggregation (blue color solution) may arise from both
electrostatic and steric modulation. As ERa at the tested condition (pH 7.4) is slightly

25  positively chargéd (isoelectric point of ERa is 8.333), the initial uptake of ERa would
destabilize the negatively charged AuNPs due to charge neutralization. In addition,
adsorption of this large 66 kDa protein may also provide a steric barrier to prevent the
nanoparticles from crowding, It is well-known that some amino acids, for example cysteine
(C) and histidine (H), show strong binding ability to noble metal via their functional side

30  groups (e.g., thiol or imidazole). The absorption of ERa (13 C and 20 H out of 595 amino

acids) onto AuNPs to provide steric protection can then be rationalized. Figure 5 shows a

ERa sequence. In the figure, the positively charged amino acid residues, i.e. hysine (K),
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inz ng; Z ?@P?Pﬁd g‘ th >4 ?gﬁ I trXpnsmg gsprg egn,iir?tgli'n? 1ét8 rlle:v%I 0? gggregation (purple

25  color solution) may arise from both electrostatic and steric modulation. As ERa at the tested

condition of pH 7.4 is slightly positively charged (isoelectric point of ERa is 8.333), the
initial uptake of ERe would destabilize the negatively charged AuNPs due to charge
neutralization. Moreover, the absorption of this large 66 kDa protein may also provide a
steric barrier to prevent the nanoparticles from crowding. The relatively low surface charge as
30 shown by'the zeta potential of (-10.55 + 4.90 mV) measured for the ERorcoated AuNPs
confirms the charge neutralization and that the steric protection is attributable to the

immediate stability.



[0094] In addition, as shown in Figure 7A, increasing the MERE
concent r ¥P3MOI440580 nM di d not result in further inproBERSEROINGO0196
stability of AuNPs, as no further ERa was available to formnore
conpl exes, given that molar ratio of ERp-WMERE is 2:1 (i.e. 100 nMto
50 nM. This is consistent vvith the finding that ERcc binds to wt ERE
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C

ER4; wHer e8s RE sequences differing by one or nore 20
nucl eot| [0096] ar )51 ddaldx\tmm, o sitheat maBigure! Ve, ihoretisitg thé it BRE\cohcenidaton i1 G0 oM
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[ 0099] Wig et resiit Im firgher dmpeoveBgRYINNBIEY Qi A\uN e 25 A dthsy ERserppgeilable

compl oxt® Sirim<iE BBPERE el Il folb Y FRor UGN K Tie. 106 S0 mb,

”anOParThﬁ'l@%ons%tEﬁ‘c #ih AN Find E3NhRE ERbAbiRgs ﬁ)sw’tERE 421 90Her! b chirpdlbritba
25 using SPR and fluorescent anisotropy techniques. This approach to unravel protein-DNA

binding stoichiometry is more convenient than using surface plasmon resonance (SPR)
spectroscopy that relies on titration of a known amount of immobilized DNA with increasing
protein concentrations to determine amount of protein that saturates the DNA.

[0095] Example 6: Determination of ERa-DNA Binding Sequence Specificity

30 [0096] The mventors have further demonstrated that the method of determining protein-

nucleic acid interaction according an embodiment of the present invention could be used to
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[0099] Without wishing to be bound by theory, the inventors believe that correlation

between binding affinity of protein-nucleic acid complex, such as ER-ERE complex, and

stability of metallic nanoparticles, such as AuNP, can be stated as, the higher the binding

25  affinity, the better the electrosteric protection conferred by the protein-nucleic acid complex.

Steric effects exerted by the protein-nucleic acid complexes are dominantly responsible for

the stabilization of the metallic nanoparticles. Thus the efficiency of complex formation, i.e.

the amount of protein-nucleic acid complex formed, will determine the particle stability. For

example, as illustrated herein, when the ERE core is mutated, contact between the protein and

30 DNA is disrupted, leading to a weaker binding interaction and inefficient ERo/DNA

complexation. This would reduce the amount of complexes formed; as such the degree of



25 This validates the utility of this AuNP-based colorinetric assay
Thi s expVPAEWIAISY det erni ned binding ratio (4:1 of ERWWE?@EP'W%%G
then used as an incubation condition in the next series of
experinments. [00105] Figure 8B is a grgph show ng A650/ A525 versus
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Figure 8A is a graph showing A650/A525 versus time of AuNPs exposed to an ERB-wtERE

incubation mixture of 200 nM ERp, with various amounts of wtERE (denoted by x, in which
=0, X = 25, X3 =50, and x4 = 100 nM).

20 [00104] Results show that the formation of an ERPB-wtERE complex is detectable by the
improved particle stability, relative to the case with ERP only. Moreover, at an ERB-wtERE
ratio of 4:1, stability of AuNPs is maximized, thereby indicating that ER was completely
consumed at this condition. This result suggests that ER binds to wtERE as a tetramer,
which has been previously reported using SPR spectroscopy and fluorescence anisotropy.

25 This validates the utility of this AuNP-based colorimetric assay. This experimentally
determined binding ratio (4:1 of ERB-wtERE) was then used as an incubation condition in the
next series of experiments.

[00105] Figure 8B is a graph showing A650/A525 versus time of sample (p) ERB-wtERE,
(q¢) ERB-mutERE, (r) ERB-scrDNA, and (s} ERP. Sample (s) was used as a control. All the
30 complexes were pre-incubated at ERB-ERE ratio of 4:1 (ie. 200 nM:50 nM) before

subjecting to colorimetric testing. Figure 8C is a graph showing UV vis spectra of samples



20 out on_anot her natural -occurring ERE sequence (i.e., human pS2
ERE), whi%¥H 2858 from t he wt ERE by only one base pai FCUSER/0PUPE,
to Table 1) in its core sequence. Using solid-liquid phase SPR
nmeasurenents, it was previously deternthed that the binding affinity
of ERcc to pS2 ERE is only 18% less than its binding to wt ERE (see
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very simlar wERE and pS2 ERE sequences. Therefore, using this_

spect r ug@whes (r) in Rigueendldand dliguweBB) betderi thausing theongeeptersralonst which proves
aggr egati can_be. determned.  The particle sol.ution containi.ng. t -
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sensor gram show ng the binding of 'ERa (prepared in Tris-HCL buffer
sol2ft i opmtcwmengthermptgel-e¢avoik@ ERE. sequence KDT Ahumag pSA MRIDT waveh diffess from
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buf f er sliquil @hd WVBPRI hexsurdridits; dt &ak peevidusty diterminbé thatrthadindisg aiffisgcf

with the protein binding buffer (80 inMKCl). The dash arrows
i ndi cat BRetie pSZERE is only 18% less than its binding to wiERE (see for example, Teh, H. F. et

al., I. S. Biochemistry 2007, 46, 2127-2135). This difference is much smaller than that seen

=t

25  using the mutERE (about 60 %) containing a two-base pair substitution.
[00110] Figure 9A is a graph showing UV vis spectra of ERa-wtERE complex and ERa-ps
2 ERE complex. The ERa to ERE ratio used was 2:1. A final salt concentration of 20 nM
KC1 was used to induce particle aggregation, which is the same amount used in previous
experiments for ERE sequences having more base substitutions. From the graph, it appears
30 that the difference in ERa binding affinity between the very similar wtERE and pS2 ERE
sequences did not appear to show up as well as previous experimental results described

herein. Figure 9B is a graph showing UV vis spectra of ERa-wtERE complex and ERa-ps 2



20 when diluted buffer containing |ow concentration of KCL (20 or 50
mvl KC1) i¥OZp9IA¥3 From t he graph, a reversible buffer PETSE210490H% o
bul k refractive index change was observed. However, there is no

di ssoci ation of bound protein as the bigdi ng signal goes back to the
sane | evel when the binding buffer was applied (refer to dashed line
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i B sases sobriierns 28 Bogmeiabls: Mo iieoatEEhp o i pia AR igding
sSDNA alap@icity REI6 asREW hmtlcohig¥rdshRtiohhe method to determine
protein-nucleic acid i'nteraction according to an enbodi nent of the
pr esent[OiOhl/}dnt xample slelolidle POAIE SNEACE NA D G0 Nang 5P ) eRperimenis)
conmpl e eci.al |y, for..thos r i n- DNA _bi pdi n st.e re t.
resul t@oig‘ﬁpl t?e%&/dﬁ%s\%ethg i %ﬁﬁ? i cgﬁﬁ }1?/ ?Oé?pfglpﬂlg%l(gfcu ar @lf’g]?o\fﬁg{ﬁ&? and
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10 charge properties relative to DNA and protein before f(_)rm'_n%é
corh§l exidgure Hpis EJ_SRMIE9W%tSh@‘dmﬁfthGé’M{% of AR op fserared fy dinsTRClhbyider

_ emre Bos ek ARG A udre
caml o Sy SRRGTLE ARMRCLAS BRABTE: 0a0l PI1 el PAlbiekSh By the

t he profghdbiliged BRA-FERE SIn pblt ¢Hig, followed by exchanges between protein binding

buffer and AuNPs aggregation buffers. The down arrows indicate the time when the surface
is rinsed with the protein binding buffer (80 mM KCI). The dash arrows indicate the time
20  when diluted buffer containing low concentration of KCI (20 or 50 mM KCI) is applied.
From the graph, a reversible buffer effect due to bulk refractive index change was observed.
However, there is no dissociation of bound protein as the binding signal goes back to the
same level when the binding buffer was applied (refer to dashed line on the graph). This
confirms compatibility of buffer conditions used for protein-DNA complex formation and
25  colorimetric detection. Therefore, the protein-DNA complex formed in binding buffer
remains stable when exposed to aggregation buffer solutions. The SPR results confirm that
ERo-DNA complexes performed under physiological salt conditions (addition of 80 mM
KCl, in which the ERa-DNA complexes are maintained in solution through multiple
hydrogen bonds and van der Waals forces) remain stable when exposed to the diluted buffer

30 containing a low concentration of KCI at 50 mM, or a lower concentration of KCl at 20 nM.

[00113] Example 10: Generality to other protein DNA binding system



adding nmetallic nanoparticles to the first mxture to obtain a second
m xt ure; WO2010/144§8ng an el ectrolyte to the first or seZ6RBGAIHROMIE6
to determne the protein-nucleic acid interaction. 10 The nethod of
claim1l1, wherein the netallic nanopartiigl es are dispersed in the
first mxture. The nethod of claim1 or 2, wherein netallic

nanopar td.¢ ' . | r 1 :
e SRS YRR AN TS el S SRR ForcHS5)
nanopar one lofshasteantstcl the GvtBERED Fagitre All €8 angriaph sheve@gtUvevis Ypdchacof AuNPs
charge. The nethod of any one of the preceding clai-ps, wherein
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of the ahdriehmerhaeedmpatedrwith SSBbinesDNAdsheo Theseyesulte shéw it the method to
pr ecedi clainms, wherejn the petallic nangparticles each hav si ze
inat | Bg@{nv&ﬁepm%wgﬂsf? PR aﬂwt%rﬁgtgmo@cq%ﬁ)%eﬁq &P oRFRDOLBmRRh of the gusesent
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have a size in at |least one dinension in"a range of between about 10
inn to potemDMRENDEMSHESES PEA¢raUthe Gesult@ complexes have significantly larger

molecular size (when protein binds DNA at higher orders, like dimer) and distinguishable

10 charge propetties relative to DNA and protein before forming complexes.
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CLAIMS

A method of deterrining protein-nucleic acid interaction, wherein the metﬁod
comprises: '

. .mixing a protein with a sample comprising a nucleic acid which is suspected
to interact with the protein to form a first mixture;

’ adding metallic nanoparticles to the first mixture to obtain a second mixture;

. adding an electrolyte to the fivst or sccond mixture to determine the protein-

nucleic acid interaction,

The method of claim 1, wherein the metallic nanoparticles are dispersed in the first
mixture. '

The method of claim 1 or 2, wherein metallic nanoparticles are negatively charged
metallic nanoparticlcs, -

The'méthod of claim 3, wherein the negatively charged metallic. nanoparticles are

metallic nanoparticles with a negative surface charge,

The method of any one of the preceding claims, wherein the metallic nanoparticles are

noble metal nanoparticles.

The method of claim 5, wherein the noble metal nanoparticle are made of & noble
metal selected from the group conmsisting of silver, gold and alloys of the -

' aforementioned materials.

The method of any one of the preceding claims, wherein the metallic nanoparticles
each have a size in at least onc dimension in a range of between about 10 nm to about
900 nm. ' |

* The method of ¢claim 7, wherein the metallic nanoparticles each have a sizy in at Jeast

one dimension in & range of between about 10 nm to 50 nm.
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30 33 The nethod of any one of the preceding clains, wherBEWS{2010/000196
metal li c nanoparticles have a shape which is selected fronrtﬁ&mgkggem6n0“
consi sting of a nanosphere, a nanocube, a nanorod, a nanotube,

nanostar, a nanocrescent, a nanoplate and m xtures thereof The nethod

of any one of the preceding cl aims, whéBein the negative charge of

the nmetal lic nanoparticles’ is conferred by a carboxylic acid or

sulfonic acid or carbolic acid or a m xture thereof imobilized at

the surfa of ld4.c_na t.icl The od of

e 100 o SRkt S Tk D o CorBA0ER Madnl Fhicin e, il papptiles
consi sting of disved dlaacwur,ch hseselccted tromahe growd eonsintnigds 2 harosphers @ nshocube,
oxalic acid, ury acid, nere to uccrnlc acrd
and aspart iC ac|@“€@H%nﬁ‘§%ﬁ§%gg%%aﬁgg(%%ﬁs@hé “b’?°é’ , fereof.

wherei ¥ the nucleic acid is selected fromthe group consi str ng of

2. wher ei -t het DU & 49 Bl X HckiEs bR St nd Bepo o oo b

stranded DNA amaftallic oaropantitleois Qohﬁrred)by Ircarbnnylfm:d)ér nﬁ&njam&dcﬁ‘r chhbehc
precedi ng cl ai r MBS
det er nmi ned by gseasﬁ\‘r'?ng the optrfgg]' proper |es %"{gﬁg r%? kC{B metallic

nanoparticl es ®pnamgdickB.ze of the netallic nmuunmarticle aggregates. The
nmet hodigof any one of the preceding clains, wherein 't he binding
efficiency of the protein-nucleic acid interaction is determnined by

correl ati rd- t hdhggesthad obhelaige 9. wherein theygarhertylic|dcld insnloped thioot te. group
the si.ze of rret;aﬁslwnﬁg %@@WE&& qh&ma&ﬁ[ eGBE G8id) Borfd eac&rame&n% Méé %{;Q&a,

optical properties or size of I'i ¢, nangpartic regat
anot her sanpl epmﬁe%osﬁrneﬁé%t%wgoarﬁsrﬂ@ q eeena
sequence- specr fic nucleic acid binding to said protein wr t h hi gh

affinity. 1PEA/ 34 The thod of claim1l4 or
wher ellﬁ t H@ EBEE 3?“%5&3@% Preso afP"eP‘iT%‘EdWrﬁr{E hFgin thsanplsleagiddy éelecred
with a spectr opbaime@roap consisting of DNA, RNA, DNA-RNA hybrid and derivatives thereof.

13.  The method of ¢laim 12, whcrcm the DNA refers to any one of smgle stranded DNA, -
double stranded DNA and d combination thereof,
20 | |
14.  The method of any one of the preceding claims, wherein the protein-nucleic acid
interaction is determined by messuring the optical properties of the metallic
nanopartwlcs or the size of the metallic nanoparticle aggregates,

25 15,  The method of any one of the preceding claims, wherein the binding efficiency of the
protein-nucleic aeid interaction is determined by correlating the optical properties of
" the metallic nanoparticles or the size of mctrt_llie nanoparticle sggregates in one
sample with the opﬁcal properties or size of metallic nanoparticle aggregates of
another éamplé, wherein the other sample comprises a2 known sequence-specific
30 ' nucleic acid binding to said protein with high affinity,
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The nethod of any one of the preceding claims, wherein the PCT/SG2010/000196
electrolyte is a salt. The nethod of any one of t he precedi nnedéjvedg@/oé/zou
wherein the salt is an organic salt or an inorganic salt. The neth

of claim 18, wherein the concentration of the salt is between about

0.01 to about 0.5 M The nethod of any 36ne of the preceding clains,

wherein the protein is a nuclear hormone receptor. The nethod of
clai m 20, \her it meodefd clelmi4 orotSrmhercindbepptisal prepestids act detbrintnod hyithhRe

group consi sti Rgkedf eg;mgggb%ﬁm,ﬁgte&ER) thyroid hornone receptor
(TR), vitamn D receptor retirnoic acid receptor (RAP.),

retinoid X receptor (RXR), progesterone receptor (PR, androgen
receptor (IAR), THE geBeAbLEAne _
of (R rat | on-'actl vattm:g c@%tsoarsalt'

receptgr (MR), and peroxi sone pro .
(PPAR) 7 A kit for determ ning proter n-nuclejc acid interaction when

used in a IBIEt hoHe e OF R due ofHRIgiR: a%QIai%']s’ w%&%h@sa&th?aﬁ(&t anig salt ot

conpri ses: rotein, c abl e of i nt er wth nucl el
nucl ei ¢ aci d C 5’8?%“’81‘ ‘nteracting with a protei n, and 1 - at | east
one typo of netallic nanopartiele. Use of at |east one type of

metallic nopajtiele t hod of any one of clainms Ito 21 or in a
kit accordi'ng ?{3 ﬂmg%‘m{tﬁ% e thp SenseRraypn af the eple iscetveden abont £.01

met hodoof any teboaf0.£haims Ito 21 or in a kit according to claim22. -
AMENDED SHEET | PEA/ AU
20.  The method of any one of the preceding clalms wherein the protcm is a nuclear
hormone receptor,

15 21 - The method of claim 20, wherein the nuclear hormone receptor is selected from the
~ group consisting of estrogen receptor (ER), thyroid hormone receptor (TR), vitamin D
receptor (VDR), refinoic ‘acid receptor (RAR), retinpid X receptor  (RXR),
~ progesteronc receptor (PR), androgen reoeptor (AR), glucocorticoid receptor (GK}
mineralcorticoid reccptor (MR), and peroxisome prohferatwn-actwated receptor

20 (PPAR).

22, A kit for determining protein-nucleic acid interaction when used in a rr:lcthod
according to claims 1 to 2'1' wherein the kit compﬁses
* @ protem cepable of i mteractmg with a nucloic acid or a nucleic acid capable of
25 mtcractmg wnh aprotein; and ) '
= &t least one type of metallic nanoparticle,

23, Use of at least one type of metallic nenoparticle in a method of any one of claims 1 to
21 orin g kit accordmg to claim 22, ' A
30 '
24.  Use of a protein or a nucleic acid-in a method of any one of claims 1 to 21 or in a kit
according to claim 22. ' |
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