METHOD FOR DETERM NI NG PROTEI N- NUCLEI C ACI D | NTERACTI ON CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application nakes reference to and cl ai ns
t he benefw0 20fo/puiserity of an application for "Method t@Chisa2em®00196
Protein-DNA Interaction” filed on June 12, 2009 with the United States
Patent and Trademark O fice, and there duIy assi gned serial nunber

61/ 186, 476. The content of said applica ation filed on June 12, 2009 is

i ncorporated herein by reference inits entirety for all purposes.
TECHNI CAL METBHORFOR DELERMINNG PROFEINNUCLEIC AQID INTERAGQTHIN

bi ochem stry and in particular to technol ogi es concerning the determ nation
of protein-nucleic acid interaction. BACKGROUND [ 0003] Many regul atory

steps in cellul ar TROSSSREFERENICESTO RELATEDPAPRMICATAONS i ption, depend
upon bi ndi n lg of proteins to specific nucleic acid sequences. Theref ore, an
g
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i munosar hent _assays (ELI SA),. genetic anal ysis and X-ray crystallography

[0004] ERER0,4{psThe tof sg\@h appHFstiondiledgn Jpme L5908yt Ervernpartyd hercideier n
ol ecul &g ghgg 29% é‘n@i;et?trf erth ein-nucleic acid interaction. This

t echni que, however ers m a nunber of disadvantages. Firstly, use of
hazar dous nucleic acid pr obes | abel ed with radi oacti ve phosphate can result

in vironnental and safety iss the assay procedures are
i ng&consum' ng and | abor-i nt ensi %Hﬁﬁgﬂim bui | di ng of the detection
f aCI | t {@G02$ UC ThaSpresitit AnsrRoRClerR8 th athe 'ﬁ%l& Wi 516 E1REhiktey Shd | R9SMicular to

requi rements. These di sadvantages render this technique | ess anendabl e for
fast antecholagies dencsming thegfetarpinationof proseininucleisciced titdrpationact i ons on | arge
scale, which are vital attributes in nodern genom c research. [0005] Chip
or biosensor-based techni ques, such as surface plasnon resonance (SPR)
spectroscopy and transcription faBAOKGROUNDI SA kits (Panom cs Inc.

Denmar k el i m nat euse of biohazard | abels. However, these nethods suffer
froh ot K403 i niMany; rsaulatosy stepsdn seliudar RIPEeIseshauchsas teplisatigniand JrRsEiPtIoRNndi ng

hature, déﬁéﬁh @pod %H&&g”ﬁ?tpﬂ%{eu{éo'i@' §pécitid! h8G€ic 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 specific
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



chem stry for probe imobilization, slowinefficient binding between probe
and surface of substrate, steric effects, and tedi ous procedure due to the
nuner ous wongimg4esteps. | n addition, equi pnents require@CrsG2a@t0ecvé on are
of ten expensive. [0006] In summary, current state of the art nmethods are
not cost effective, and are inconvenient and inefficient for |arge scale
screening of protein-nucleic acid i nt erfacti on. [0007] It is therefore an
obj ect of the present invention to provide an alternative nethod which can
be usedufeoof Wehazard labelg. Howbeérnthesmmeﬂndasﬁlﬂeri frame otter ilionitatiohs mmatiumes
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net al | i whivhrapde usel for dB&ﬁBnEEﬁﬁﬁﬁﬁh&ic@Exdﬁxﬁrm WGETcH Beiddmekhae least
invention wll be better understood with reference to the detailed

deskd p%qné"nof/m%ﬁb‘t"(?r@f%é‘?@ag?sn conjunction with the non-limting exanples
and the acconpanying drawi ngs, in which: [001 1] Figure IAillustrates the
principle for determ ning protein-nucleic acid interaction according to an
enbodi ment of the present SGVEMARM ORRFHENENVMENTIONe fi gure, negatively
char ged C rticl sare stabilized in_s ti.qn as. the rtlcles
Fepel - eBDD nlova B shed thoPuSuid alareR ™o oh o BRinink pRFSh sk
particl g8d iflera&ic TR me'ﬂ%& ies Infidinlg NprofeiwitBlaBadipl& tapriass ahibsleic
stabilization, in which attractive van der Waal s forces between the
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e, T BB S01 Thetihhy G0 ok TR b PakLiclg, Sabiye o
aci d i nh@bpaticles .ar®afded]to theofirst hm:duy@eo obtai at&camdanﬂxture 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



nucleic acid that is nade to contact with the solution, a color change can
occur upon addition of an electrolyte, such as a salt. This is due to

di fferencwe 20m/@4@58nt at which the nmetallic particl es areTdegsembnémweed by
the electrolyte in the presence of the protein and/or nucleic acid, which
Is affected by the binding affinity of the protein and nucleic acid in each
m xture. This in turn affects degree of aggregation of the particles.
Generally, the closer the particles are to each other, i.e. the higher the
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and steric stabilization of the protein on the particles leads to an intermediate particle

stability. In a further example, when a protein-nucleic acid complex is added to the negatively

charged metallic particles, the protein-nucleic acid can be bounded to the particle via one or

25  more side chain present on the amino acid of the protein. The larger molecular size of the

complex provides a more effective steric stabilization compared to the protein alone. In

addition, the particles are well dispersed i.e. stabilized due to repulsion of the highly charged

repulsive backbone on the nucleic acid present on the particles. Also, the degree of

aggregation of the negative charged metallic particles depends on the binding affinity of the

30 protein and nucleic acid. Generally, a higher binding affinity of the protein and nucleic acid

results in a higher stabilization effect, thereby resulting in a lower degree of aggregation of

the metallic particles. This system is even usable to detect subtle differences in protein-



absorption spectrum according to an enbodi nrent of the present invention. In
t he enbodi nent shown in Figure IB, gold nanoparticles are used, and salt is
used as tweo 2eloaate5el yte. The absorption curve profil e ofPClsIGowdi0spes sed

gol d nanoparticles, i.e. stabilized state, is different fromthat of
aggregat ed gold nanoparticles, Le. non4stabi lized state. Insert of the
graphs are pictures show ng correspondi'ng change in degree of aggregation
of gold nanoparticles (AuNPs), and _photographs show ng correspondi ng1 change
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20  taken 10 minutes after salt addition. Color of sample (D) is red, (C) is purple, which indicates

that it is less stable compared to (D) and some precipitation of the AuNPs has occurred, and
color of both sample (A) and (B) are grey, which indicates that the solutions are unstable, and
precipitation of the AuNPs has occurred.
[0013] Figure 3 is a graph showing UV-vis absorption spectra of AuNPs exposed to (i)
25  bovine serum albumin (BSA) and (ii) BSA/WtERE mixture, taken at 10 minutes upon salt
addition of KCl (final KCl concentration is 20 mM). No distinct difference in particle
stability was observed from the graph upon salt addition to the AuNPs containing BSA or
BSA/WtERE mixtures respectively. Also shown are photographs of the respective solutions
taken 10 minutes after salt addition, in which the color of both solutions turned to blue.
30 [0014] Figure 4 is a graph showing ratio A650/A525 as a function of time for sample (B)
to (D). From the graph, it can be seen that the time at which gradient of the curve decreases is

different among the tested samples, with sample (D) being the slowest, followed by sample



(D) underwent the |east and/or slowest aggregation upon salt addition,

foll owed by sanple (C), and lastly sanple (B). [0015] Figure 5 shows a ERa
sequence WBequerdew3| D No. 6). In the figure, the positiPelgceomarngeds anm no
acid residues, i.e. lysine (K), histidine (H and arginine (R that may
affect the charge property of the AuNPs. are highlighted in grey. Cysteine
(© and histidine (H) residues that col d be responS| ble for the protein

bi nding to AuNPs are underlined. The mnutual r’;pensatl on between these two
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[0017] Flgure 7A is a graph showing A650/A525 versus time of AuNPs exposed to

different concentrations of ERE. It can be seen that particle stability was low when a small

20 amount of 25 nM ERE was used, as the ERE used was insufficient to complex with the ERa
present. When the ERE amount was increased to 50 nM and 100 nM, stability of AuNPs
increased. However, increasing the wtERE concentration from 50 nM to 100 nM did not
result in further improvement in stability of AuNPs, as no further ERa was available to form
more complexes. This is consistent with the finding that ERa binds to wtERE as a dimer.

25  Figure 7B is a graph showing A650/A525 versus time of sample (a) ERa-wtERE, (b) ERa-
mutERE, (¢) ERa-sctDNA, and (d) ERa. All the complexes were pre-incubated at ERa-ERE
ratio of 2:1 (i.e. 100 nM:50 nM) before subjecting to colorimetric testing. Figure 7C is a
graph showing UV-vis absorption spectra, as well as a photograph of samples (a) to (d),
which are taken at 15 minutes upon addition of KCI (final concentration of 20 mM) to trigger

30 particle aggregation. Photograph shows that the color of sample (a) and (b) are red, (c) is
purple and (d) is blue.



ERb-w ERE i ncubati on m xture of 200 nM ERb, with various anmpbunts of wtERE
(denoted by x, in which X1 = 0, X2 = 25, x3 =50, and X = 100 nM. Wen the
ERE anburwowany/idmesseased to 50 nM and 100 nM stabilityPoff/SGadNB0é6er eased.
However, increasing the wtERE concentration from50 nMto 100 nM di d not
result in further inprovenent in stabi Id'ty of AuNPs, as no further ERb was
available to formnore conplexes. This1s consistent with the finding that
ERb binds to wWERE as a tetramer. Figure 8B is a graph show ng A650/ A525
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complex. The ERa to ERE ratio used was 2:1. A final salt concentration of 50 nM KCl was
20  used to induce particle aggregation.
[0020] Figure 10 is a SPR sensorgram showing binding of ERa (prepared in Tris-HCl
buffer solution containing 80 mM KCI, 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 KClI). The dash arrows indicate the
time when diluted buffer containing low concentration of KC1 (20 or 50 mM KCl) 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(wtERE) complex was preincubated in 10 mM Tris-HCl



gl ycerol before subjecting to colorinetric testing (final KC concentration
is 20 MM). Also shown is a photograph taken of the sanple solutions 10

m ns aft ewoalo14wws added. Sanple SSB is bl ue, SSB-ss(WPEREG20®/00@d6 and
ss(WMERE) is grey. DETAILED DESCRI PTION OF THE | NVENTI ON [ 0022] Thi s
invention is based on the finding thatginteraction bet ween a protein and
nucl ei ¢ acid, such as protein-nucleic dcid conplex, can stabilize

negati vel charged metal i c nanoparticl es against electrol yte-induced

aggr egabuider sodutzon (pHyad), centamning 80pavIdaCl . o mye EDTHe (o3 il band b of

nucl ei c n. sha ha f o] f the

mec al 11 E05ah BaBE syeator g BB Bstind (oA reoPr BPRBE R L AN ARG i
and t heshped & @pﬁ@tbgrapﬁhe(@mtm& shpRtlitlong 40 @ihsiakes eﬂuaza@ed@kapeaﬂ@m

and can distinguish a shggae base variation in the nucleic acid based on

di f f er eREBds bluey@B-ss(ve &i 166 and $S(WHERE) 15 18r¥%ddi t i on, paraneters of

protgi n-nucleic acid binding events, such as sequence selectivity, nucleic
aci d binding properties of protein subtype, bi ndi ng stoi chionetry and _
sequence i ndependentDEﬂatrliijEsMFnON&)‘F PTHEIIN¥ENTION usi ng a net hod
accordig% to thg present invention. [0023] In a first aspect t he present

i nvent i BFP22E¢ ed Bist Bvgntien folassd etk Fdinggthat dtesantion: b stveeaa grotein and
| nt er achiGlc aI@ st 48 prdfl IR acl®dcfipied, Xaf WabfAbR!de étwey etallic

quantitative 1déntification, such as ent’i catlon prese ce or absence of
a prot enmorpaxtichascagamswlelecttoéytacmdtmad aggregaﬂl)l’lé@ gtldrgerfexitent eompired m either émount

of i teractlon can be dete t he t.hod descri bed h

| BFoR O HErelie. 450 Glomealt fat bR aPATR (L Jogee DL AEaTEa By o1 prametallic
COV rel ahirfb@aﬁfcld@ﬁ@ B@]_Sédd&% M Bﬂdﬁt@eatﬂ‘nﬁfy Seth@@H\’fheS;ﬁeré!uﬁand:ﬂfe RYRMPPAE. The
gquantitative identification of proteinnucleic acid interaction such a

armount @ftemtmfeqtdnhzaénndaﬁewnqedmmﬂmdm ean dlélfmmibe _smeletbvée cyetlatmmnm ng
amount 8l sl 258 hatln e e iR gl iEu BRI 1 L FLACh el o

to the properties o refers

to any piokéin-aficleize audabmbm@d EVihtss Ustidh a8 mahcmtselbam, , hmdl'eﬁgeﬂldObmHﬁigi c
bond, and any kind of physical. bonding such as dipol e dipole, {drophoblc

i nt b acP‘iOBﬁmSF ofaprotfan sptape P’GF‘E’@SSt‘)}&E@é‘F“&WYn@‘P%/ seqvﬁm étc}?pe?ﬂea &5aRSIRRLC| ei ¢
aci d i nhRRRGT EMbe d éﬁﬁﬁe&&g&?fn@t&?%ﬁdrgggge tﬁléﬁ}géeﬂg Qkntfnl F @Cti on between

a protein and a nucleic aci herei n, the terms protein,
pept i de[(988] polwy pdisti abpectrtbe psescnti invertohaetres bd y m@h@d ef determahengr potaim

e B A SN, PRl G BRl AP AN CapRcL SUSh Bt on
of thi s giepfifiGbhOdichas RdedtiBicationSir8ehicd 6r zﬂfs@ﬁ&' oF% profedi-Rhdleit a8@ TBREation,
peptldes ol i gopepti des and
the strength of interaction, or amount of interaction can be determined using the method
described herein. Quantitative identification as used herein can be carried out via correlation
of properties with that of a known sample. For example, quantitative identification of protein-
nucleic acid interaction such as amount of interaction can be determined with reference to the
corresponding amount of interaction of the sample.

25 [0024] The term “interaction” refers to the properties of binding or attraction between two
entities. It refers to any kind of chemical bonding such as covalent bond, hydrogen or ionic
bond, and any kind of physical bonding such as dipole dipole, hydrophobic interaction or Van
der Waals forces. Accordingly, the term “protein-nucleic acid interaction” refers to the
properties of binding or attraction between a protein and a nucleic acid.

30 [0025] As wused herein, the terms protein, peptide and polypeptide are used

interchangeably. Proteins referred to herein are proteins having nucleic acid binding capacity.

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



pol ypeptides. Proteins belong to the broad class of pol ypeptides, and refer
to organi c conpounds nol ecul es containing nore than one am no acid (which

i ncl ude mMaDI2ZoB/AMEE3NONNati ve am no aci d nononers). Am n@CASGAGL0ANE 96

nol ecul es containing at | east one carboxyl group (-COOH) and one an ne
(-NH2) group. A side chain is present on the am no acid nol ecul e, which can
af fect properties such as polarity and 8aci d- base properties of the am no
acid. The side chain can vary in size froma hydrogen atomin glycine, to a
phenyl| thivapplicatiphenpto¢inmefees toFprotdiny, peotaimpframmeants, preptidesa oligepeptidésuatsl
aspartic acid,, glytam c .acid, arginine, si ne, ,as agi ne, gl utam ne
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cyst ei Ngomp&HIB Infbdifles mPdThingiMORYAM bife ARind acRLEYIER irthafel i@ive'and non-
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5- hydr orgtiveypninpeeid monpuiets).dAoing heids kel mplepales Tonspiaing at, least png catbexyl
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as trang'?‘:)r%}r?lta é%lélg%*ﬁ&n%flgég es |%ta?{aac§%wgl zer:él’ ;%P&Ex%g%pﬁgé"%]&r’?ﬁ n?ﬁ)c?rr {%
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ot her prote s e RRE S pRE i iRpen B oPRof PRSI RN bt Ton by
M ni m zjgugefegpafidhs @an Vb IR6HHE MRAld IRl madanGessories 6z yimdtiGl Grétavsge or

di gestion, thereby enhancing cell viability in the cells, tissues and
or gkini zeathlytie prateifs. IMNSHOR Magtels.epratactive rotens pH adsgWatopy praseins. \¥rystustlei ns
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nucl ei camligtaenMlamplestod suttuedl ppatems imudenButadré nantimitbé te by llagyy kattnt he
transcription of genes. of regulatory prateins include, b
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produced by living ce , e activities of a Iving cells are
20 enzyme. Transport proteins refer to proteins that functions to convey molecules into and out

of a cell, as well as transportation of molecules intracellularly. Examples of transport proteins
include, but are not limited to, hemoglobin and serum albumin. Protective proteins refer to
proteins that have the ability to protect other proteins from damage. In general, protective
proteins function by minimizing degradation via conformational changes 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.



conducted primarily by the thousands of different types of proteins each
cell produces. The blueprint or code for synthesizing each protein can be
found i n woOcotwesEendi ng gene, i.e. each gene encodes t RETISGROI0PAE196N
needed to synthesize a specific protein. Gene expression can result in
production of the protein, by transcrlg i on of the gene by RNA pol ynerase
to produce a nessenger RNA (nRNA) that “contains the sanme protein-encoding
informati on, and translation of the nmRNA by ribosonmes to produce the

prot ei n[00RAE t Brateing rcamémrmucgﬁ byr lifing §e1ﬂs@ apg dhey pegivaties off alk B rglls arsna
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protein. [0028] In sonme. enbodjnents, the Proteln pr.qduced by living cells
i s a regihagcse enpdes dh,in %mqﬁloagwﬁmn%m hesizeasRegibc Pﬁ&?lﬁnﬁsge Expicssion
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the bi ofdpg qalth@ﬁfobeg@.soft @%SBNA sopRhiehLtheGRhb By HNAURhEASe @RIl As
used herein, the term"n ar receptor” refers to a protein nol ecul e found
within de\é‘?x,l ussimgithetPN A mt@mldttct ?]hft terii ‘mmndaﬂlo janteratocthe proxess by sty at ed
intg a us of a cell t edhreln refers to a
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approprlate response el enent and activate transcription therefrom A
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Ilmted to, hornones such™as that deScribed herein, an vitam ns such as

vi tam nceﬂuzlmdumttoam n D. [0030] Accordi ngI y t he ter m "nucl ear hor none
tor t.o bi,nd . .w
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within a cell and which has ability to bind a ligand and to be incorporated into a nucleus of a

20  cell. The term “ligand” as used herein refers to a substance or compound which can bind to
the nuclear receptor, thereby creating a ligand/nuclear receptor complex, which in turn can
bind to an appropriate response element and activate transcription therefrom. A response
element (RE) refers to a region of a nucleic acid molecule, usually from a regulatory 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



they detect their respective corresponding hornmone in the cellular
environnent. The ternicorrespondi ng hornone" refers to a specific hornone

t hat bi ndwoOto10aabsact i vates a specific nucl ear hornone PeTSskam/00@9 egul at e
expression of a specific gene. Exanples of nuclear hornone receptors and
their correspondi ng hornones that have Slppl ications in the present

i nvention include, but are not limted! a and b isoforns of estrogen
receptor (ER) having estradiol or estriol as a corresponding hornone, a and
b i sof or"ers'respondnyg boundns! wefars uoea: spEcidic HoTRpné: dhat ﬂvgldts Hg rapil dchicatesom spestfic
correspon‘g hor non ne. il g) rece tor 8%’ ? g jétamln D.as 2
correspBH FHg " HBIRE H&CePLOT Eﬁ% Bl Oof PEFHHRACa i‘%}nIPS%é?BPBF fIRAR)
havi ng hbahsie’ Rté c}ﬂ@ﬂsfmﬂcﬂh&r Qﬂbn%s;fdnanfgeﬁdrﬂiéhés fifat HavsS a %ch@ﬁmsmhe Ipféhent
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( corrpound'snwm mchfet butrfét: inablméed thex aed Basofommscof estrngeﬁ reeeptah(EgR)A)avag a

corr pondi ng hornane, progesterane receptor (P rone as a
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correspon hof none,” mneral corticoid ceptor (MR) havi ng al dost rone as
a corr es‘yzSDRdlha@ngoan and carraslmngmgslmhmmm Qfp pmf qoxsoefmm of retinoic acid

proliferation-actiyated receptor (PPAR) having respectively | 4643 and
15- deoxgeceptsf 032 By haying ﬁraaereégwm%gb 158 rﬁan%rams‘r?ésa cqrEsshon \% gnhargege,

enbodi MENiS,n 4, HoGordhs! SPfe REHB Xfregeikérogéfk %?ft BhPoliifi tefifed
nucl ear h rnn receptor. EStrogen receptors regulate estrogen gene
expr@ssteinobry, thendirbgxytlatespeni ¢f citdhNA AP gsencasesionding dbrmsie; QgegestessEonse

el ements (EREs The term "estrogen” as used herein refers to a substance,
nat ur al TFPI8Y ﬁi’ﬂétf%mgtmage%ex@m &S i EATEPRIIING NPERQRS, ARAIOLER dPTepiar )

est r ogeRhinEHBEESne S;QCQ é&rﬁﬁéﬁcﬁf& Odorﬁﬂﬂe e b&%'rﬁ&tl@ &E\ﬁﬁ&OtGR%mge s of

estrogen hor nones include 17 est radi ol radlo ugat ed
estr ogen@ilscdsalsequoheepbrlds‘(g ogewse, nnncratkmru@dd mmwd I(MIR) lsmngutdoewm@m

sul fate, ethi stradiol, estrone, and.other estr c steroids and
Sor | ons PuEsming SoRRd fad @y s s SLaNPEReDE PSS getipwgenated receptor
Repjgse mvﬁa\ﬁﬁ% Qéﬁeb@@wdﬁyﬂgu adll ol5-Geoky- lﬁup?&% J2 as corresponding
estradi 3-"acet estradi o 17- acetate, eStradiol - 3 17-di val er at €,

est r adi borina@es.val erat e, and estradi ol - 17-val erate. [0032] The met hod

di t t th I
Compr i s[g10 nlrdnE SRR 1 (EBEBEES 64 OB FEeRRT U A Hes as eci n
to for nh@clédr%hn@ﬂé(xteeé;tﬁor E@ﬁ‘o {RAD S0 Eultiel edtRPLA géhééi@%ﬁﬂﬂ b9fandf&?g to

nol ecul es 1 nvolved in‘the nethod is attached toa solid
conponespesifiesloN Acsaqupeced kspen se dstregea esppnselclomentg(EBES). The tenn "estrogen

20 as used herein refers to a substance, natural or synthetic, that exerts biological effects
characteristic of estrogenic hormones, such as estradiol 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 s attached to a solid phase. All components used can be dispersed in a liquid or aqueous

solution.



solution.[0033] As used herein, the term"nucleic acid" refers to any

nucl eic acid in any possible configuration, such as single stranded, double
stranded WO 2a10¢c@mizBnat i on t hereof. Nucl ei ¢ aci ds i ncl udecireG2ongv@nce DNA
nol ecul es, RNA nol ecul es, anal ogues of the DNA or RNA generated using

nucl eoti de anal ogues or using nucleic ?fl d chem stry, DNA-RNA hybrid

nol ecul es and tecto-RNA nol ecules (e.g: " Liu, B., et al., J. Am Chem Soc.
(2004) 126, 4076- 4077). . DNA or RNA may be of genomic or synthetic origin
and may [(33§i ndiseused hewi|the tarmatieltic Sud'hrafers teany au¢ldiccasid eany, possipRNA,

CRNA, synthetic RNA. genom c , 4C synt heti ¢ DNA,,a copol f . DNA
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bases include 3-nitropyrrole and 5-nitroindole. Universal bases are able to form a base pair
20  with any other base. Base modifications often can be combined with for example a sugar
modification, such as for instance 2'-O-methoxyethyl, e.g. to achieve 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 expressed in terms of base pairs



to 50 nucl eotides, or between about 30 to 60 nucleotides. In enbodinments in
whi ch doubl e stranded DNA (dsDNA) is used, length of the dsDNA is expressed
in terns WO 2bag4@sai r si nst ead of nucl eoti des. The nucl elPCTaG2a00a0M96¢0Nt @i N
a response el enent capable of specifically binding to a protein, such as a
nucl ear receptor or a nuclear hornone receptor. In sone enbodi nents, the
nucl ei ¢ acid conprises an estrogen resﬁ nse el enment (ERE). [0036] The
protein_and sanple conprising a nucleic acid which is suspected to interact
wi t h t hanstradt ef mugkeatiges. nThee diuclsietagisy cam conéain t slsespossd \ademnent seaplablgs of
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20  appropriate amount of time for interaction to take place between the protein and nucleic acid.
Typically, the amount of time for interaction to take place between the protein and nucleic
acid is in the order of minutes, for example about 20 minutes, or a‘bout 30 minutes, or about
60 minutes.
[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



frequency depends on the nanoparticle size, shape and conposition. Light

I nci dent on pl asnoni ¢ nanoparticles induces the conduction electrons in
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resonant frequency changes in case the netallic nanoparticles aggregate and
t hus can be neasured, e.g. with optical, methods. [0039] Manufacture of such
pl asnoni ¢ nanoparticles is known in the art (see e.g. Gabar, K C,
Freeman, R G, et al., 1995, Anal. Chem, vol.67, pp.735). Such _
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20  ultraviolet, where many organic molecules absorb light. Copper can also be used as possible
metal for the metallic nanoparticles.
[0041] In some embodiments, the metallic nanoparticles each have a size in at least one
dimension of at least 10 nm or 20 nm or in a range of between about 10 nm to about 900 nm
or in a range of between about 10 to 50 nm. In another example the size of the nanoparticles
25  isin range 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.



enbodi nents, the negatively charged netallic nanoparticles are netallic
nanoparticles carrying a negative charge at nanoparticle surface.[0043]

W t hout wvehnrgi4t@s3be bound by theory, the inventors belPCese20t0a00196e
negatively charged netallic nanoparticles, which behave |ike coll oi dal
particles, are stabilized in solution (tii e to electrostatic stabilization.

El ectrostatic stabilization refers to e mechanismin which the attraction
van der Waals forces between the particles are counterbal anced by the
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Fr eeman, et al, 1995, supra). In brief, 500 nL of 1 nM HAUAU
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nmet hod for immobili zi ng aspartlc acid at the surface of netallic
20  mercaptosuccinic acid, aspartic acid, to name only a few. Methods to immobilize such acids

at the surface of metallic nanoparticles are known in the art. For example, citrate-stabilized
AuNPs were prepared by thermal reduction of HAuCls with sodium citrate (Grabar, K.C.,
Freeman, R.G., et al., 1995, supra). In brief, 500 mL of | mM HAuAlL 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”



nanoparticles. [0046] The nmethod according to the present invention

conpri ses adding an electrolyte to the second m xture to determ ne the
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limiting examples of an inorganic acid include hydrochloric acid, sulfuric acid, sulfurous

20  acid, nitric acid, nitrous acid, phosphoric acid, boric acid and carbonic acid. Non-limiting
examples of a base include potassium carbonate, calcium carbonate, sodium carbonate,
barium carbonate, zinc carbonate hydroxide hydrate, magnesium carbonate hydroxide
hydrate, calcium hydroxide, sodium hydroxide, magnesium hydroxide and aluminum
hydroxide.

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 in 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



cationic and ani onic conponents. An organic salt can be fornmed by any
nmet hod well known in the art, such as by bl endi ng aqueous sol uti ons
cont ai ni nyotzhw/@&isBoni ¢ pol ynmer conponent and ani oni ¢ p@CYseR0®ONpOaent ,
and allowi ng the charge interaction to occur. For exanple, the cationic
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preci pi ti@ imetallid8inoparticles. Degree of aggregation of the metallic nanoparticles referred to

20  herein is dependent upon binding affinity between the protein and the nucleic acid. As used
herein, “binding affinity” refers to strength of interaction between two entities. Binding
affinity is sometimes referred to as Ky or dissociation constant, which is an indication of the
strength of binding between two entities in terms of how easy it is to separate them.

[0051] The disassociation constant can be determined by a variety of methods in which

25  two separate entities are mixed together, the unbound portion is separated from the bound
portion, and concentrations of unbound and bound are measured. For example, the unbound
and bound portions may be separated from one another through adsorption, precipitation, gel
filtration, dialysis, or centrifugation. The measurement of the concentrations of bound and
unbound portions may be accomplished, for example, by spectroscopy or measuring

30 parameters such as radioactivity or fluorescence. As used herein, a high binding affinity

means that the dissociation constant for the complex is smaller than 1 x 10° M. A low



filtration, dialysis, or centrifugation. The neasurenent of the
concentrations of bound and unbound portions may be acconplished, for
exanpl e, W9 20pel@056scopy Or measuring paraneters such a®Crad2o@oOvIgéty or
fluorescence. As used herein, a high binding affinity neans that the
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metallic nanoparticles.

20 [0053] Insome embodiments, the binding affinity between the protein and the nucleic acid
is low. A lower binding affinity can mean that less protein-nucleic acid complexes are
formed. In some embodiments, the nucleic acid can have one or more base sequence variation
which is not perfectly recognized by the sequence-specific nucleic acid-binding protein. In
some embodiments, the nucleic acid interacts with the protein only weakly such that weak

25 and transient protein-nucleic acid complex is formed. In such instances, the protein and
nucleic acid can provide lesser degree of stabilization of the metallic nanoparticles against
aggregation.

[0054]  Generally, regardless of the binding affinity between protein and nucleic acid, the
stabilization effect of a protein-nucleic acid complex is greater than protein or nucleic acid

30 alone, due to a combination of steric and electrostatic stabilization i.e. electrosteric
stabilization, compared to a solution containing protein or nucleic acid which can provide

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



[ 0054] Cenerally, regardless of the binding affinity between protein and
nucl eic acid, the stabilization effect of a protein-nucleic acid conplex is
greater tweropr@s@dn or nucleic acid al one, due to a comrbirseRéwRo@ds st eric
and electrostatic stabilization i.e. electrosteric stabilization, conpared
to a solution containing protein or nu?éeic acid which can provide only
steric or electrostatic stabilization. Ffor exanple, when only a protein is
added to thenegatively charged nmetallic particles, at certain pH

condi t i oegativelye chargedimetaBicspartibleb,y ap gsitain vl ycagiditiaged the proteinalid slighsly

dsorb on.th t h ticles. .T f ddit i f
ol ect r oPOuLVETy AEAEPS A8 1 SHICIPHboREO i eyl Fr i ComtESE Tt ot on
of the pditibt bean ERRrOMkIahe ?ﬂimﬁ Predill@Na BietivvBaRice te® prdvest Agrégation of the

destabilization and steric stabilization of the protein on the particles
| eads t partiglei nThe nBwitual e cpmpensetien sbethiepn t glectrastatiox alepliabilizptiore nansldi shasiet s

whergin the nucleilg acid.is sihngle.stranded DNA . it n .adsqrh .th

our racesar Aot e Bisfeih it i Qe RAFE Ly 20 Prelrhefie, 3006 debicfor

parti cl egample iardbdimaaits wieesielthe inlitei0deidas singlel dranded DN, it tdn SRyrot
provide electrostatic stabilization to the AuNPs since it is prevented from

adsor bi B swfacgeohAulNRy dhasehy previding elsctrastatigostabidizatéan o sthe yparticles. vl ch

exposes '9hh¥ h r |.Si t ti he
negat i vgllg?/ C aP%ng}%gegri)ly i C es@h‘é?cg Bar%eﬁ# ﬁ%ﬂﬁlﬁf‘u& %%@nttﬁé r ?ﬁg [ %%gt r‘?%?t;c
det er m stabitjzgtiont i the AWNRSI sinceat ¢ praventaicfromradsarborgdiornhe partiale sanfacelduwetot  of
the, present invention. Figure IBis a.schematic illustration of effects of
ele ro}t§/38“‘P1ﬁJt?é‘écPt’é’ﬁb‘F%Q’§P?fb SxesenBiahlY charg STRHTYE PackbgRe and BapNeafsot
vi si bl e 0 iVe1S) | SipgakE WA D& § tngipietrtiod
accordi %‘gsgfﬁofoth hgﬁg@gslgér%nyérzll\?e%}ﬁb%% @gfrt\fe%g usedét 0 dlettl gr?néér)\éﬁev\ﬁet ﬁlgge B0

i nt er acdétomminimigepropinawclost aeidninfaragtionnacsoning¢¢ eincembodimept0063he [Hogsentn| y
can the. net hod of t resent i.nvention b sed etect. the. presence or
cboencemrtn it BB Shameic HRRlpah Esef of delEhEs il BERERRs
quant i fyf rREIIRE AsiopartRidsi 61 alfviodt HEiBleipectidkebSy CURCVIE) abvbijtdetspettrum.
Dependi ng on the binding efficiency of proteinnucleic acid interaction

pr ekent Therefpre thp methashprepeding to theorrpient Suapian cannke uwedrteddetrmine whether
parti cl t&%l{o?ﬁ?ﬁés lac\éﬂt}etwé(e%r ote@ aﬁi&a}ﬂgﬁiﬁéci&.he degree of metallic particle
aggregation w T change tor éexanpl e the absorbance of the solution or the
Si ze of [00B5&] neNat bnly qaarthe methodgditlgpresent fhviestich bé esedrto eleteahtheresendesdrat ed
to different binding efficiencies of protein-nucleic.acid inferactiqn
present atrSﬁncfen_e% §59fﬁ+gner;u C St MPIREGTh e ERA S PRASHY tefq‘}aevénﬁgf bpding |
protei ”éf?i'dféh@}}l 6f ﬁl‘b‘téin-'nﬂEl%{caé‘cﬁd RerRERRCNEPdidg th $i8 BRldEngd @icleRSybE sroRiit-ai ned
froma sanpl e can be conpared with the results of a sanple conprising a
knoth seupleinceid pdeiatiien 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



nucleic acid binding to protein with high affinity. Methods to carry out
such correlations are known in the art and include for exanple the

gener at i omoabiogiahisbr ati on curves obtai ned by neasuri ng eamsiGesioinebeadi ng a
known sequence specific nucleic acid binding to protein with high affinity.
[ 0056] In sone enbodi nents, the nethod gf the present invention can be used
to quantify the binding stoichionetry J) protein-nucleic acid interaction.

The term "bi ndi ggstm chionmetry” refers to the ratio of protein_that is
bound t BloiRhigmestey”acefrs B rihe ngtiat of ereteivethay ist b‘?lﬁlél e otusigic tasid Badingund

o the BuRhEl G bE RER-AERIBhERTbARH BY ulohaSH8 WL cHP R Ak AP RN Ce

curves correspo erent I'TD e ratl os O e| nto nucleic acid,

and conpgdmpleg gteﬁémaﬁg abdu@baiee LRy ds Tot@bndingetot chﬁ”emm ot ratiosi afhproteit toy .
[ 0057] Upan addition of the electrolyte, the m xt ﬂre can be |ncubat ed for a
time pewq}awtasxdap%wrmqamgrhgtwwth%cwefeq to; deterping the Rndgiestichiogietyh e

protein (;PB‘?:] el g %ﬁ'agdfhgepe Yelibori e lEhithrl Cal B0 BIAbAEE - 2 dimd 'lﬂbﬁé’rp{&

anount ent on reaction conditions, such as the type of
pr ot ei nallow direling a€itite aundeiecil, lthe proagio parthe ptoegmmaulpmr za:udl lcempfexswitlnntheon

and armunt of sol ut| erson skilled in the art
ot er m et nampREsTT 2 oG Aogpt of Fier G T AT o1 FepgiEnrary s

amount  gfcht4 As”i‘ﬁe rtf";%’bf Fdtdis ﬁd&leﬁ@ﬁm@raﬁﬁ@m&ﬁlh@‘ﬂ&%&ﬁﬂc%o{e PR & FAB RIbn 20
m nutes, or about’ 30 m nut’es, or about 60 m nutes. [0058] The el ectrol yte

can al sandemuide®ftwolution. f iA snerwnmkuﬂgi @Iortbﬁ! E M@ubi be cabdé to admleranmml‘pﬂ e
|S|nqc31 %uclelcta& \gh l’st %lomter t vmthtel(]e pr e|n

foI oneFPIHYPAUEAMOYH BF " OhEIAPT® 5’6 -1 PEQUPOIIPE MR 1s T

pr ot ei NofleE bEnenA&s, Ebrl REBPREbO M0 MinB&)Er ABROYD FEMitss, of Mbuelbo gyt € can

be added to either the protein or the sanple conprising a, nucleic acid

whi ch i 00885 pedheglacholyir esmmalso Retadded o ﬁ}eoﬁfé‘i AXtpge; QS’FnHr@mcgo?]P&E?lPr?@dt%e
prot ei n§a\%vélp cs{;,gr@,ﬁgatn%cfe?ﬁgla Wiid R Pt ekl Fo ﬁﬁérqft"wl'ﬂ?&e ot RS

i nterac esence of "an electro as a sa t can
resul t hddigoear efe métfailfcl eAnopartiolep rt@tleuennmuqireuem-mcile:ic acidphtexaction.nimt sonmre

[0059] As previously mentioned, dete njn roteln nucl ei ¢ .acid
i nt kY acemBrdimentsp heleiterldg By e 19 glt‘iq%é DBHAMER OT SR pAIPRIP COMBFiSPR

metal | i g, H&0RAT WhidheR sBipddded BARKLAR Wil e SréRi fpribP %o @Eﬁtﬁéthigcthe protein
nanoparti cl e aggregates forrred Aggr egat i on changes for exa t he

absor bawdtb tbe saimples¢areprising edlubgmcaggd oduch omsuspeated ta piteraei wgh éhe protein.
nanopari,i cl es. The cq ng can_be, neasured usin r.0SCQ lC or
RIS

Spect r oLESHICE ¢t SEoRchne o GEF FOL p BF, FBERERL fr BSGRTERRIC o
can be g@a%ﬁp[&cﬁ,m&ﬁbn{r\et hods and devices known in the art,

20 [0059] As previously mentioned, determining protein-nucleic acid interaction 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 humans, 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



such as with a spectrophotoneter. If the change of the optical properties
Is visible in the |ight wave range visible to humans, it is also possible
to det er mwoeotig4@df f erences with the naked eye. Usi ng Phirscaetvods

determ nation of protein-nucleic interaction can be carried out in a sinple
and fast manner by observing col or chagge in solution wthout the use of
anal ytical instrunents which can be exg nsive. The size of the nanoparticle
aggregates whi ch formupon interaction of a protein with a nucleic acid and
i nduced dpigraed Math traispissianelegeanemirescapyd (TEMD, arrlighé geattsring tasheigpesoer a

m crosc gattering techni ques or a coulter counter for
smal | par%#%%%%&bﬁ%68%?ﬁ$%ngﬂ%ition, the binding efficiency of the

prot ei n{0060 ei ¢n addiohiter Biading refficiendyco fitieeprotcie dudlyic crid Ritahitivg ¢dnebe
optical properties of the nmetallic nangparticles or the size of nmetallijc

nanopar SpterBingd by aredading the ﬂ@tlgadrpﬁmrm of fthﬁén%iﬁﬂlpd’épomf%ﬁésr o1 the dge of ze
Sanp"ft aH&ﬁn@ﬂ&%ﬁhfg‘l&L ao%%%al%le%ﬁﬁ'&?er peC| #:%Be FélEe BPﬁlg e

e conprises-a eC| |c or Sequence- nuc el c acl I ndi ng
t 0 pr ot eanvpattidle hggregates lolﬁ iahythef 463, Whereirs deoathenspaple, canlrises ackrovon

provides a. kit for deter n|n prot.ei.n-nucl ei ¢ .aci action. The kit
conpr i sé%ecz‘a?k IGoEareCESBED n}l%nB‘F eic aeidrbinding i piofein &'“ﬁ‘d’é&?@“ﬁ%l d or a nucleic
aci d capgghi¢ Ofnla rge%@&tagodwt Whé hm%n{%ﬁ)?t Iﬂdesamhtaforld%?éﬁm&qge protBif-ikleic

metal | i ¢ nanoparticle The 1 nvention illustratively described herein
may sui aadllytetastlpm aT:lue kmetonmrlswea abxdencapaifle aﬁwehetmmwnbra micdgientid,or a

i atlo I on not .specifically. dis dhere

exa ﬁ1§ ?‘éﬁli a‘B fl tin "W‘Hbmé?r?{ém an@o Gl Rge, tyB? é’qugjﬁ?ﬁlfc be

read exaaﬂﬁhﬁﬁﬂy'aﬂd mnthout Ilnltatlon Addltlonally, the terns and

expressions enpl oyed herein have been used as terns of description and not
of Iini t@A62bn, Thadnvension illistrefivel dasaribad ihereinemayg suiably (kenprastiensl imthe

e S L AR ALl ol Sl

modi f i cAére@ T has,efop @xamples thié tdinn@ 'bdsnapﬁmge "cixfclﬁdmg"l, Mu@niinig" cétai shatl. beThus,
It shoul d be understood that although_t esent invention has be

speb? fi Eeaf| sypefisdealy, @ad; vithopt dmitatieny /é%satil ntle trms apd SHTAFSIATS ATpRped
modi fi Cﬁ&ﬂeﬂl”h&%@%ekf@ﬁééﬂt 4sA3rRS of @e%chﬁ'tY(ﬁpiddoﬂft o?'ﬁ?rﬂfytﬁﬂ ddashEdens H@ i®kftion

di scl osed may be resorted to by those skil in the art, and that such
modi f i cat thense afiguchateims mgxmcmcmslednémgtwymumhhtsmftth@fmmsmﬁm hi s

R NS R e e
Wit hin HhairggReeichpe OF $itd RVBhtRorAtIanddOMius, 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.



part of the invention. This includes the generic description of the
invention with a proviso or negative limtation renoving any subject matter
from t he worowy/14s@gar dl ess of whet her or not the exci se®CFsG10400196
specifically recited herein. [0064] Oher enbodinments are within the

following clains and non- limting exagples. In addition, where features or
aspects of the invention are described“n terns of Markush groups, those
skilled in the art will recognize that the invention is also thereby

described in terns of any individual nmenber or subgroup of nenbers of the

Mar kush group. EXPERI MENTAL S xperi ments, an estrogen
ERRIRIVE R SR

receptor/estrogen response e em was chosen as a nodel

bec ause [0665]S Gh tHe eaa{bexbmeht@,gaﬁaéstrag& woapﬁor/eafogeﬂpesmw elenldie (ERVERE)
"estrogen receptors” refer tqo are ndi ng_pr.otei ns that belong to the

nucl ear SYSe®tasrchesgmeasrampiis] heravse dnis @rf iZpRat Bw&glqaée{lfé practiegddmparificss Ehe
estrgge en 0

oot r BoereHEcRSEER TEaRAy Yol 1RO [RARREL, ifordh, SETUERAE R0 O MRS
conposi treceptod fsuper farhlly @drtrm&ré;ﬁionhh&cmmdimg rehdatackrogest gar afprésBivn whi ch
ol 1 oo B Fobh By DSab G388 Knb b iobe ook v Rk e o
breast  ¢aRa&ns th %@Hlycleoﬂa%rc%hg;o@moh T8 BRE %algeﬁ@étqhe B&Rthg ShatlRY&isABs 8f
facile sensing technique to probe the interaction between estrogen receptor

and DNAERs, whibbrcoudd dltsmwlera%ew}arttamcrmtwal mbedoDtarget igenesl In additioy s .

| or Tl st a8 WP poRo Bt ik ”Em%ﬁs%%;%@@%g%&sﬁhmmys%ﬁefmw

ci trat e ot @derdl H8e Pt dvRIod apﬂbﬁé Befdinkrt wdth GRotRt the hrftractdi bdtivesh

reconmbi nant hunman estrog}\ln receptors ERa and ERb) were purchased from Pan
Vera Coegrqgwadecspier apd PNACdn erlgete dl&f@ﬁgrrw atbpaneer PERERNC 6eSUIRINNARHSE. | des
used in &I}T S%‘:;g% i gy\z&eggsggggg E%q ejere purchased from Signa Pte Ltd
(Si ngap[) i ponse el enent (ERE) sequences used
| n the $006dy I\I&-I’gﬁrc(giaﬁl’teﬁrﬁdﬂcaséur&q(ﬂﬁmh@drétfer((bm&h BHL03) (99.99%) and trisodium

e e SR G - N N
estrogen receptors (ERa and ERP) 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
(Sequence ID No. 1)
GTCCAAAGTCAGTTCACAGTGATCTGATCAAAGT
(Sequence ID No. 2)
GTCCAAAGTCAATCGCCAGCACGATGATCAAAGT
(Sequence ID No. 3)
TCCCCCTGCAAGGTCACGGTGGCCACCCCGTGAG
(Sequence ID No. 4)

wild-type ERE (WtERE)

mutant ERE (mutERE)

non ERE (scrDNA)

human pS2 ERE (pS2 ERE)

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



(Sequence I D No. 2) GICCAAAGTCAATCGCCAGCACGATGATCAAAGT non ERE (scr DNA)
(Sequence I D No. 3) TCCCCCTGCAAGGTCACGGTGGECCACCCCGTGAG human pS2 ERE (pS2
ERE) (Seowerow/4DBlo. 4) [0069] In Table 1, consensus ERET(sSGatwmioniag t he
opti mal ERE core binding sequence (GGTCANNNTGACC, n = spacer nucl eoti des
(Sequence I D No. 5)) obtained from chi gjéen vitell ogenin gene is denoted as
"wt ERE", inperfect ERE sequence that coftains basesubstitutions in the core
is denoted as "nut ERE", sequence scranbled DNA used as a_negative control

i s denoségtitusions dp DlAcorany depated s ‘SeybBEC e sebicash serambladh spd agethot ed

G 11 or PRYE SOROED SRy e SRR, S PRBTRER et Byl oD ftufia s "

t he congeivtetbac®Se EREuence. The synthetic nutated ERE sequence (nut ERE)
has two base substitutions_to the consensus_core seugence._and is ysed as a

cont r ol [Q0O] he T pwpinsiakERE soquences; il WilRE gad poR & Rfe qifer ffm ga¢h Q8RS e

tri & nydf Sl sl GRARTIL I Pl i e gl ded scheen R TS TR ™
et hyl enanitaaed B8Eedeaane t(imut BRE YhdsERbase substitutionsl autheeoasiensusdante Bédgened |

chem cal s, and pateri al ,\Aﬁ{ge used as received wthout further purification.
Ul t r apuf #ae as(‘lSQ‘MRj“b FXPEYEMEM M | | i pore Elix 3 purification system

was use%)v()ayq] thensphy eRE, HBlRRS MdShiNeis stRMls JaINAE QRtelanttA&d if baffer

bottom UV-transparent mnicroplates (96 well, Corning Incorporated, USA) were
used assclutiaa (phl oh4); avomiprisingAl O EOYNtrisAtyidne ¢hdoriep @¢id pltas- HCDe d@€r mM sedinm

Tradi ng JAG.,Sw.tzerl and used to asur.e t. AV bso I on

spobd r criotiseByHGIF oad §irtod ShuateBetehaatste st AERMA, B B GfoBlearanded

sol uti opRE. Z&fl acHeali®d)d iaal NRAFHISCHRAS SisvES Resilar Mathoan fufthéraperifiefiogapped
AuNPs in water, and wt ERE, ERa, and ERa- ERE conpl excoated AuNPs in buffer

sol ut i oHteapsraivaten g1 OMvremared framdyiliporeEAXH pimificatian syt en) Vas used 45 fhcer

(Br OOkh?O\{s&tluﬂ?etsg LOERLRe inlc&%‘}ed [0073] Exanple 2: Gold nanoparticle (AuNP)
pr eparation )

[0072] Clear flat bottom UV-transparent microplates (96 well, Coming Incorporated,
15 USA) were used as a reaction carrier. A TECAN infinite M200 plate reader (Tecan Trading

AG, Switzerland) was used to measure the UV-vis absorption spectrum. A normal digital

camera was used to record color of the solutions. Zeta potential measurements were

performed on citrate-ion capped AuNPs in water, and wtERE, ERa, and ERa-ERE complex-

coated AuNPs in buffer solution containing 20 mM KCl, 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 (HAuCly). An aqueous 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 to 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) ERx and (D) ERe/WtERE complex

were used in the experiments.



[0074] Gol d nanoparticles (AuNPs) with an average di aneter of about 13 nm
were prepared by the citrate reduction of chloroauric acid (HAuUC ) - An
aqueous swbuvioon4@B sodiumcitrate (5 nh, 40 mV) was ad@eu/SGamiodby196 0 a
boiling solution (100 C) of HAuCU (50 nL, 1 nmM. Wthin several m nutes,
col or of the solution changed from paI? yellow to red. The m xture was
allowed to heat with stirring under re ?ux for 30 mn to ensure conpl ete
reduction. The stirring was continued for an additional 15 mn after

renovi n€PHé h&at (By SeaM pEWARRE ayassdded to2 ABYP seBitienobert (EnpklOaNod ER075]

Exanpl e_3: tern bon, of ERQ- onpl .ex mati on O anpl e.
earurt onees aifedioll REEUnion“F (B ERTBICH e Bt SR04 8la #RIR cfig of
added) , 2an4d réeiitempétatule fdOSAME ¢ PF mMB)T st B buffeeko lakan gyrdl 7(4)) {sigERE
conpl ex were used 1 n the experinents.[0077] For (B), 50 nM of wtERE was

addeq 't S0aumpssumlonde (X)) RO IANACF. e o hesieH0VBTh and i of
"o t Rkl Tt Vg AR ERE B R el ARG R R BB il D uos B

conpr i sksgyniksizdll pALNPS | tommedkleonp de &l KC1 OcohbertdtiGTE 20. ]JaMMThe final
dithiothreitol (DTT), and 1% of g{/&/‘cerol . Twenty-five mcroliters of the
conpl exCRRSEHEILIONS @ ¢ WHEREGInthe AuNP palutagn migtueesweignkQealYlzand SUmMs t o

make uppé écllI‘]/ KGO concentration of 20 nM The final concentrations of ERa
and wt EREP & AuNP solution m xture were 100 nM and 50 nM respectively.
[0078] FO0J8] € Biuirs2A @rapraphhbuiviig theeU My absoditiodr §ec@d o RARNT solafiofsuNP
sol utions (A and gA) to éD) recorded at .10 min upon addition of a _salt
sol Qi ofA0f arvé)cﬁA)tte (Payrecqreed at 1 mim yperppddition af a sathselutiomef K140 (A1 (B)n
resulta | ey §,ﬂ@ ') atl d as the reference.
A shar p(@s)u%?a((;btg (%Fhalt?)rr%%ggg{a\{ﬁn ?fsﬁg glerre ve *%rl&té%ulga\l/tg% Ay at 525 nm Al the
t hr ee sfl009] onSamplel{AShistusedhas thieatforgncal A slzarp ber f{d8)plasmopDeak idehsemed for
di stinct but diff nt degrees of regation, c acterized ol o
change SuSBAAS) eiShs i BT Te SRAGBE S Rl bRRed SEomlR Gt
(i.e. O6penRintadltibdCbEICalfRAGR &’éfgré’é&s@f B@?fégatﬁin, harabidyized tdlor¥h¥hge
aggregation can refer

absorption spectra. The degree of & to both the rate
andl heassaeiated with agpearaeac oh absorpiien AuRPoOng¢rovsvilergthil.e %) nandandCihener e

N R T
sanpl e {gyr¢gation dalrdTergb dotlathe @4t tah® fhel eXvedilt o Dhgga&iautibn Of Bt AuNiPsabout 0.4 at a
vavel en t0%0]0f Sample (B) and (C) were not stable upon salt addition, as shown by a lower
absorption level of about 0.23 and about 0.45 at a wavelength of 525 nm, compared to 0.67
20  for sample (A’), and a higher absorption level of about 0.24 and about 0.4 at a wavelength of
650 nm compared to 0.05 for sample (A’). Therefore, in terms of stability, sample (B) is the
least stable of the three solutions, followed by sample (C) and sample (D), sample (D) being
the most stable. Also shown are photographs of the respective solutions taken 10 minutes
after salt addition. Color of sample (A’) and (D) is red, which indicates that the solution is
25  stable. Color of sample (C) is purple, which indicates that it is less stable compared to the
sample (A) or (D), and some precipitation of the AuNPs has already taken place. Color of
sample (B) is grey, which indicates that the solution is unstable, and precipitation of the
AuNPs has occurred. This observation is consistent with the observations from the UV-vis
graph in Figure 2A.
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-HCl buffer
solution (pH 7.4), comprising 80 mM KC], 0.15 mM EDTA, 0.3 mM DTT and 1% glycerol.



650 nm conpared to 0.05 for sanple (A"). Therefore, in terns of stability,
sanple (B) is the |least stable of the three solutions, foll owed by sanple
(O and swopbw/3D)s3 sanple (D) being the nost stable. APswv/SShammoave
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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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procedure outlined in Exa The zeta potential of sanple (A) to (D

le 3. Th
i's (-32(@%-822#43-%/)1}V)(-(1{7111)-.2%%6.%@%1/) (-105384.884mY) fad (ALY £24:494 M) 45
nv) respeesﬁéétlyﬁyy. [ 0088] Sanple (B) conprises WwERE, which is a 34 bp
dsDNA, 1s unabl’é to protect or
[0088] Sample (B) comprises wtERE, which is a 34 bp dsDNA, is unable to protect or

shield AuNPs due to its double helical structure which exposes highly charged repulsive
20  phosphate backbones. Therefore, wtERE is not able to adsorb on the negatively charged
AuNPs surface. Consequently, the AuNPs are not stabilized, and no electrostatic protection is
observed following addition of salt, and which is seen by the much lower zeta potential value
of (-11.29+5.65 mV) compared to that for bare AuNPs of (-32.82 + 2.43 mV).
[0089]  For sample (C) comprising ERa protein, intermediate level of aggregation (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 ERa 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 ERo-coated AuNPs
confirms the charge neutralization and that the steric protection is attributable to the

immediate stability.



shield AuNPs due to its double helical structure which exposes highly
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amount of protein-DNA complex is associated with stability of AuNPs and inhibition of

20 nanoparticle aggregation.
[0094] In addition, as shown in Figure 7A, increasing the wtERE concentration to 100 nM
did not result in further improvement in stability of AuNPs, as no further ERa was available
to form more complexes, given that molar ratio of ERa-wtERE is 2:1 (i.e. 100 nM to 50 nM).
This is consistent with the finding that ERa binds to wtERE as a dimer, as characterized

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 inventors 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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conpl exes was und to be sequence-dependent, followng the affinity order
of ERa- satDRZE witkERERorwtERE the Hggisest BffiAjty. Perfect ERE sequence (WtERE) bind with

-

highest affinity to ERq, whereas imperfect ERE sequences differing by one or more
20 nucleotides are known to decrease the binding affinity to ERa This affinity order was also
observed using techniques such as SPR.
[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
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the present invention was used to detect formation of ERb-wt ERE conpl ex,
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saturated conplex. Fi re 8A is a _graph show AG50/ A525 ver ti of
AUNPS elii&igee i$H3 GFA J QM6SO/A595 VQI‘SUS plme or}%\ul\?l‘;’s exposed to ansEL,EB-MEEE

incubation mixture of 200 nM ERp, with various amounts of wtERE (denoted by x, in which
X1 =0, X, =25, X3 =50, and x4 = 100 nM).
20 [00104] Results show that the formation of an ERB-wtERE complex is detectable by the

e e !2 aaa =

improved particle stability, relative to the case with ERB only. Moreover, at an ERB-wtERE
ratio of 4:1, stability of AuNPs is maximized, thereby indicating that ERB was completely
consumed at this condition. This result suggests that ERP binds to wWtERE 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,
(q9) ERB-mutERE, (r) ERB-scrDNA, and (s) ERB. Sample (s) was used as a control. All the
30 complexes were pre-incubated at ERB-ERE ratio of 4:1 (1e. 200 nM:50 nM) before

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



I ncubation m xture of 200 nM ERb, with various anobunts of w ERE (denoted by
X, in which xi =0, x2 =25, X3 =50, and X4 = 100 nM. [00104] Results
show t hatwoOnhe1ofasesat i on of an ERb-wt ERE conpl ex i s det eeCalsiGeotoyotive

i mproved particle stability, relative to the case with ERb only. Mbreover,
at an ERb-wtERE ratio of 4:1, stabilitygof AuNPs is naxinm zed, thereby

I ndicating that ERb was conpletely consuned at this condition. This result

suggests that ERh binds to WERE as a tetra been reV|

report ezP)L@ (Bly "tk gﬁé@%@@édéﬁ’&}m‘e\ﬁa up%%%@f@ﬂf&b“@ﬁ&? 5&‘?@&9““’1"?{ donoy &bsjat es
the uti assay. This experinentally
determ m b nﬁﬁ?}lﬁd:\t‘gi gm@faie%{g%%{ll?%; was then used as an incubation
condi ti POOL06] t s cambe ssar frem R)gureﬁﬂez{ndrm;tﬁmNI[sQﬁﬂz&EﬂedlﬁygiR[émBﬁ icemalegesaph

show ng A650/ A525 versus tinme of sanIgjél ERb- wt ERE, %? ERb- mut ERE, (r)
ERb- scr BrAnokealle thanphoseqyptercied by)E §10E}§eﬁlea%al§h€%wpr ect J§Un theordshpf exes

by Lot PR PHHR PO Kbl RECERBrs DR i hto-FumRE helle e e S

spect r aikebyadbRt ?drmné Well With féélil@.fbb?diﬁedt h&PRL Thi¥ ﬂwme Jo &Rt veieH that
addition of "KC (final concentration of 20 , Which was used to trigger

parti cl rdiRucgacvidencethb81béneshod oddetsemindngprotesnmlgigrint st iom acc®G INA\INPS

tected b | table than th b
P e, ShembpRBPr A Pomanes [Pl SicsDRtiTe 1§ Aiseie wheeaii iR >
ERb- scr Pifhitied dth Jeblino EifferBAVDRA, defjfertbghest stablllty, t her eby

correspondi ng wel'l with results obtained through SPR This result, together
wi t 10t h{A0103} ERaddition, mgubhticoemixhares pﬁERmeambeR@f withtthe seramblpd DNA (no

protein-nucleic interactjon accor to e invention is
Fel't bl ST SsaRTe, b7 dbE PP, R B TSy I dhehiea  pr ey RRg
protei ni¢@ved { &a (fjg&n@m a8 RQRE BB) b[ea&MBZﬂ udiflg @eieckitbrs dlowd) Ratidtoproves

m xt ures of Rb with the scranbled DNA (no specific core sequence
for t hethaéct@ptass@o ishaapableeeh menswing weak apd Itransienhprateindpllt Pieding thauises
(r) in F| re n r. S o)

whi ch pr ov%i lﬁf%tuﬂ %I gétgé;slgylﬁl Pe%ﬁﬁlgﬁ H alg él&gr k’ﬂgr&lgﬁlﬁanl f?@ﬁsﬁggrﬁ
proi®i n(EMBAYI nding that is usually di ffl cuI t to det ect in usi ng technl gues

such as_el| ectrophoretlc m)bl I lt ;
Det er mi HHO8h &xample,dscDetgrmma

Resolution

[00109] To further demonstrate capability of the current assay to detect subtle differences
in protein binding affinity introduced by a single base substitution, experiments were carried
20  out on another natural-occurring ERE sequence (i.e., human pS2 ERE), which differs from
the wtERE by only one base pair (bold, refer to Table 1) in its core sequence. Using solid-
liquid phase SPR measurements, it was previously determined that the binding affinity of
ERa to pS2 ERE is only 18% less than its binding to wtERE (see for example, Teh, H. F. et
al., J. S. Biochemistry 2007, 46, 2127-2135). This difference is much smaller than that seen
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
KCl 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



[ 00109] To further denonstrate capability of the current assay to detect
subtle differences in protein binding affinity introduced by a single base
substi t utworzp10edpessi nent s were carri ed out on anot her naCuss2ewmoudséi ng ERE
sequence (i.e., human pS2 ERE), which differs fromthe wERE by only one
base pair (bold, refer to Table 1) in jts core sequence. Using solidliquid
phase SPR neasurenents, it was previously determ ned that the binding

affinity of ERa to pS2 ERE is only 18%less than its binding to wERE (see
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to the g .
is rinsed with the protein binding buffer (80 mM KCl). The dash arrows indicate the time

20 when diluted buffer containing low concentration of KCl (20 or 50 mM KCl) 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
ERa-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 KCl at 50 mM, or a lower concentration of KClI at 20 nM.

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



i rmobi | i zed ERa-wt ERE on gold chip, followed by exchanges between protein
bi ndi ng buffer and AuNPs aggregation buffers. The down arrows indicate the
ti me wherwohelsusdsace is rinsed with the protein bi ndi ngChsiGRer/00@06 mv
KC). The dash arrows indicate the tine when diluted buffer containing | ow
concentration of KA (20 or 50 mV KO ) 4 ;15 applied. Fromthe graph, a
reversible buffer effect due to bulk réfractive i ndex change was observed.
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t hrough nmul tiple hydrogen bonds and van der Waals forces) remain stable

when ex pl@@emmteoptdﬁ@nmubmoe@cﬁunﬂ@ﬁcmtammdmg o lapvernordimant of i the nrf:sent:l at
50 MM or._a.lower concen t 20. 001 3] EX
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further pratkinddNad bindite Sfysghe- sheneed réiRedi Mpl@ceﬁrmxel elgﬁ%&tlﬁnﬁkgeﬂe of
the strands of the wERE. Figure 1 1 is a graph showing UV-vis spectra of

AUNPS ei%%‘é’é?ft gzesphensuyptein AN Aggtghighqryareets) likendiger) japd digtingpighable e of
SSB; §s Digh §%EE aggregation due to
the}r | ar BQ %gtée\l%?gl? ﬁgﬁl @eﬁgn\éﬁnﬁbz%%{r?ldncﬁ&%f kmggﬁg\i th SSB or ssDNA

al one. These results show that the nethod to deternlne protein-nucleic acid
interaction according to an enbodi nent of the present invention is generic
to detect the formation of protein-DNA conplex, especially for those
prot ei n- DNA bi ndi ng systens where the resulted conpl exes have significantly
| arger nol ecul ar size (when protein binds DNA at higher orders, |ike diner)
and di stingui shabl e charge properties relative to DNA and protein before
form ng conpl exes. CLAIMS 1. A nethod of determ ning protein-nucleic acid
interaction, wherein the nethod conprises: mxing a protein with a sanple
conprising a nucleic acid which is suspected to interact with the protein
to forma first mxture; adding netallic nanoparticles to the first m xture
to obtain a second m xture; adding an electrolyte to the first or second

m xture to determ ne the proteinnucleic




acid interaction. 2. The nethod of claim1l, wherein the netallic
nanoparticles are dispersed in the first mxture. 3. The nethod of claim1l
or 2, wheweizoiwmmet@Bl i c nanoparticles are negatively chargescretnabdive
nanoparticles. 4. The nethod of claim 3, wherein the negatively charged
metallic nanoparticles are netallic nangparticles with a negative surface
charge. 5. The nethod of any one of thézprecedi ng clainms, wherein the

netal lic nanoparticles are noble netal nanoparticles. 6. The method of
claim5, wherein the noble netal nanChAIMS| e are made of a nobl e netal
selected fromthe group consisting of silver, gold and alloys of the

af orenenti oned materials. 7. The nethod of any one of the preceding clains,
wherein it he netglib§ HRQERARMNI PoteRCAUCAY il Shtéfactifn, alyhbRAS th® NRethod

di mension in a range of between about 10 run to about 400 nm 8. The nethod
of claim?7, whepeses:the netallic nanoparticles each have a size in at |east
one gi mension in a .rang%e oft .bet.}/ﬁeen abllout 10. nmto ‘:‘fO nm.9. .Tpe nmet had, of
any one of the pré‘&%m 8gprcol P PR FORESIREL Y %lcrqgilﬁlo‘ﬁglrc it PERe SQ/e a
shape whi ch it ifieh&iCk Kt He R60eint6 O Wirst @Ristusd;i Ng of a nanosphere, a
nanocube, a nanorod, a nanotube, a nanostar, a_nanocrescent, a nanoplate
and ni xt ur es "t her égding metaliip napanarticdesdp thmfirsbmixtare to jobtai & sec@nd HisivEs: ns,
wherein the negatiue. r f | i i .S _by a
carboxylic acid oraﬁgﬂ%;%n%§(:tgoé¥tgq§rtﬁ%ar gki%g&glgi E)l%rggé) %gtf%@]rn(eéqp%g’?getg

i mobi | i zed abckiaacidintasgionf each of the netallic nanoparticles. 11. The
met hod of claim 10, wherein the carboxylic acid is selected fromthe group
cont? st i ng of citric acid, lactic acid, acetic acid, formc acid, oxalic
acid, umi c agid, AN LA Gl d iy ' rtic
. 13 e B O o iR ThE mol A ARICRA Wi E dfpeiicd A fpdane
nucl ei ¢ aci dmistusel ect ed fromthe group consisting of DNA, RNA, DNA- RNA
hybrid and derivatives thereof. 13. The nethod of claim 12, wherein the DNA
refers to any one of single stranded DNA, doubl e stranded DNA and a

conbi nagi on tiigrfR&hed of claim 1 or 2, wherein metallic nanoparticles are negatively charged

15 metallic nanoparticles.

4. The method of claim 3, wherein the negatively charged metallic nanoparticles are

metallic nanoparticles with a negative surface charge.

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

noble metal nanoparticles.

6. The method of claim 5, wherein the noble metal nanoparticle are made of a noble
metal selected from the group consisting of silver, gold and alloys of the

25 aforementioned materials.

7. The method of any one of the preceding claims, wherein the metallic nanoparticles
each have a size in at least one dimension in a range of between about 10 nm to about
900 nm.
30
8. The method of claim 7, wherein the metallic nanoparticles each have a size in at least

one dimension in a range of between about 10 nm to 50 nm.



14. The method of any one of the preceding clains, wherein the
protein-nucleic acid interaction is determ ned by neasuring the opti cal
properti esoabioiaeosaet al | i ¢ nanoparticles or the size of PCSGretabdve
nanoparticle aggregates. 15. The nethod of any one of the preceding clains,
wherein the binding efficiency of the protein-nucleic acid interaction is
determ ned by correlating the optical %{operties of the netallic
nanoparticles or the size of netallic nanoparticle aggregates in one sanple
with the optical properties or size of netallic nanoparticle aggregates of

anot her ssanp wher el he ot her . i : . .
sequencg'- spelg g? in&etﬁ(tfgf)gla%y 88y 8 ?gl?enﬁﬁ%%i@%gfé% ‘%lr%%?gitﬁg\?\%{%e %lhﬁinﬁﬂ()pamdes

af finity. 16. hdweea smapbathic is 6¢18éted Fénbdthe Froupwoasisting 6 henampbpiead, arfanpaibej es
are determned with the naked eye or with a spectrophotoneter. 17. The

met hod of any nawrogsa ranetyhiect BHIOSHL.A ANARTESIRAL AdARORIAte apd daikuEestherepk g
sal ts 18. The nethod of any one of the preceding clains, wherein the salt
is an organic salt or an inorganic salt. 19. The nethod of claim 18,

wher ei n10.he Thaasthdddl aty oiiec dbhthegabdedirg deinwe arhesditite fegdfivé chagewf the 5 M
20. The nethod of any one of, the_preceding clains, whergin the protein is a
nucl ear hor nBistalkic aagansfticlessis C?H@“ﬁ’gtbﬁ’o%i C@ﬁb%ﬁéﬁ 319 Or Wﬁ%?lﬁiaﬁldt ﬁreczﬁ i%ar
hor mone eceptiglol % SEkErd SherbSOMMBBiISEOUR HRNSirfick NGF RhciP Il AYCRelBREPt OF
(ER), thyroi ornone receptor (TR), vitamn D receptor (VDR), retinoic
aci d recept onarfolRaRiclesr et i noi d X receptor (RXR), progesterone receptor (PR
andL gen receptor (AR), glucocorticoid receptor (GR), mneralcorticoid

rec (gt or (MR), and peroxisone proliferation-activated receptor (PPAR). 22.
A kit for defrRE FhéthéW of'cifi 16, WRERINC HRCEAbOIIRT RSd liPRBeleBE ITRIM thé @rdiig
conprises: a protein capable of interacting with a nucleic acid or a

nucl ei ¢ aci dcensjssibg e fofitricracid, dagticnapidyi acktie apidofamic agidd oxaliq egidt uighacidy pe
of nmetallic p rticle, : | -of nmetallic
nanoparti cl epﬁggg&r(rig%%é)gc %%éﬁ%gag)ﬁ(g&géhlglag?dsﬁémg%gh é’oa(%“gr ina kit
according to claim?22. 24. Use of a protein or a nucleic acid in a nethod

of any one of clainms 1 to 2 1 or in a kit _. . . .
15° 12. The method of any one of the preceding claims, wherein the nucleic acid is selected

from the group consisting of DNA, RNA, DNA-RNA hybrid and derivatives thereof.

13. The method of claim 12, wherein the DNA refers to any one of single stranded DNA,
double stranded DNA and a combination thereof.
20
14.  The method of any one of the preceding claims, wherein the protein-nucleic acid
interaction is determined by measuring the optical properties of the metallic

nanoparticles 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 acid interaction is determined by correlating the optical properties of
the metallic nanoparticles or the size of metallic nanoparticle aggregates in one
sample with the optical properties or size of metallic nanoparticle aggregates of
another sample, wherein the other sample comprises a known sequence-specific

30 nucleic acid binding to said protein with high affinity.



according to claim22.
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The method of claim 14 or 15, wherein the optical properties are determined with the

naked eye or with a spectrophotometer.
The method of any one of the preceding claims, wherein the electrolyte is a salt.

The method of any one of the preceding claims, wherein the salt is an organic salt or

an inorganic salt.

The method of claim 18, wherein the concentration of the salt is between about 0.01

to about 0.5 M.

The method of any one of the preceding claims, wherein the protein is a nuclear

hormone receptor.

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), retinoic acid receptor (RAR), retinoid X receptor (RXR),
progesterone receptor (PR), androgen receptor (AR), glucocorticoid receptor (GR),
mineralcorticoid receptor (MR), and peroxisome proliferation-activated receptor

(PPAR).

A kit for determining protein-nucleic acid interaction; wherein 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.

Use of at least one type of metallic nanoparticle in a method of any one of claims 1 to

21 or in a kit according to claim 22.

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.



