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The present invention lies in the field of spectroscopy and nol ecul ar
di agnostics and relates to nethod detecting anal ytes by surface
enhanced Raman spectroscopyé&?ERS) 15 b ectroscopi cal Iy detecting
anti gen/ anti body bi ndi ng everiRS-Basedpn Ytégleéﬁcmllhe i nvention is -
directed to a nethod for the detection of anal ytes using surface
enhanced Raman spectroscopy (SERS), conprising contacting the
analytes with at |east ong anal yte blndlng nol ecul e attached to a -
nmetal substrate surface t&EssBsierancet RelatahAppligatiens ng via a

Raman- gctive nol ecul ar |inker; and detecting a surface enhanced 20
Raman signal fromsaid conpound. In a further aspect, this invention
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of the synpfernse lnuts eaticeoy fbe bk puippgsspeci fic features that would
unanbi guously indicate its presence. Furthernore, an early detection
in asynptomatic popul ations is of utnost inportance not only to
facil ijpat e early treatment but also to reduce health-care costs. 30
Usual Iy, screening for signs of disease devel opments, biomarkers, is
onl'y conceivable through an anaField afthginkentiongi cal fluids, such as
bl ood, urine and cerebral spinal fluid, :

The present invention lies in the field of spectroscopy and molecular diagnostics and
relates to method detecting analytes by surface erthanced Raman spectroscopy (SERS)
15 by spectroscopically detecting antigen/antibody binding events. In particular, the
invention is directed to a method for the detection of analytes using surface enhanced
Raman spectroscopy (SERS), comprising contacting the analytes with at least one
analyte binding molecule attached to a metal substrate surface that enhances Raman
scattering via a Raman-active molecular linker; and detecting a surface enhanced
20 Raman signal from sﬁid compound. In a further aspect, this invention relates to a
conjugate and a biosensor suitable for the invented SERS-based analyte detection

method.

Background
25

In medical practice, identification of a disease requires not just recognition of the
symptoms but also detecting specific features that would unambiguously indicate its
presence. Furthermore, an early detection in asymptomatic populations is of utmost
importance not only to f_acilitate early treatment but also to reduce health-care co-sts.

30
Usually, screening for signs of disease developments_', biomarkers, is.only conceivabhf:
through an analysis of biological fluids, such as blbo'd, urine and cerebral spinal ﬂuid,':

for circulating disease-related biomarkers. An accurate diagnostic can rarely be



for circul ating di sease-rel ated bi omarkers. An accurate diagnostic -
can rarely be 2 acconplished through the detection of just one
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25  sensing area to about 3. In other words, the maximum number of proteins detectable for
each sensing area in a conventional immunoassay cannot exceed 3. Although, many
immunosensor arrays have been developed in recent years, a truly rapid, accurate and

miniaturizable system is still non-existing.

30  Vibrational spectroscopic techniques namely infra red (IR), normal Raman and Surface
. Enhanced Raman (SER) have been considered for analyte detection. Since near IR and

mid IR technique suffers with the limitation of competing absorption from aqueous
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one or norRaman spectroscopy (SERS) where the spectral intensity is enhanced tremendously by
the interaction of the SERS active analyte molecules with a substrate surface, e.g., a
nanoparticle surface of copper, gold or silver. There are many cases where these
20  enhancement factors are up to the level of single molecule detection (Nicholas &
Ricardo, Chem. Soc. Rev., 2008, 37, 946-954). However, the detection of molecules
with such extraordinary sensitivity still depends on the properties of the molecule-
nanoparticle ensemble and is currently limited to. certain classes of SERS aqtive

molecules.

25
Summary of the Invention

The present invention allows the expansion of an SERS-based detection to a highly

multiplexed system capable of detecting multiple proteins per sensing area. In contrast
30 to immunoassays, no secondary or tertiary antibodies are required for the detection,

hence minimizing material wastage. Furthermore, the invention requires neither colored

substance nor extrinsic labeler as it is based on the detection of a molecular fingerprint.



5 anal ytes using surface enhanced Ranman spectroscopy (SERS), the
met hod including: contacting the one or nore analytes with at |east

one analy |.ndi nol ecul e attached to a netal subst
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8- Aza- adeni ne, N-Benzoyl adenjne, 2- WD 2011/078794PCT/ SG2010/ 000472
in a sample and the defection may be in vitro. In one embodiment of the invented
method, the analytes are detected in a bodily fluid comprising said analyte. The bodily
15 . fluid may be selected from the group consisting. of plasma, serum, blood, lymph, liquor

and urine.

In various embodiments of the claimed methods, the analyte is a protein, peptide,
nucleic acid, carbohydrate, lipid, cell, virus, small molecule, or hapten.
20
In one embodiment, the analyte binding molecule specifically binds the analyte. Thé
analyte binding molecule may be selected from the. group consisting of an antibody,
antibody fragment or antibody like molecules. If the analyte binding molecule is an
antibody, the antibody may be a monoclonal or polyclonal antibody: R
25 :
The method may also be a multiplei method for detecting more than one analyte,

wherein in the contacting step more than one analyte binding molecules are used.

In various embodiments of the method, the analyte binding molecule is covalently
30 coupled to a Raman-active molecular linker that is attached to the substrate surface via
covalent interactions. The Raman-active molecular linker compound may be selected

from the group consisting of 6-Mercaptopurine, 8-Aza-adenine, N-Benzoyladenine, 2-
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25 In various embodiments of the inventive method's,;the analyte binding molecule is
covalently coupled to the Raman-active molecular linker by amide bond formation. For
this coupling a carbodiimide, such as 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide,

can be used as a coupling agent.

30  In various embodiments, the metal substrate surface is made of a noble metal or copper.

The noble metal may be selected from the group consisting of silver and gold.



nol ecul e, a Raman-active linker nolecule and a netal substrate,
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The detection may be in-vivo or in vitro. 25Brief Description of the

Drawi ngs %Btﬁeﬂ-asﬁgaemtﬁr%hi Mlvl%ﬂt{gﬂ%faﬁg & atéagjngﬁtl Cal; Plle'%lefgctl&b 8f an

SERS- based nanoscal e senso ure 2 sch | ustrates
the pri ncmp#lgteoﬁsmg wwifadersinbansed %R@nmg@mscmogmmreu@mmnsdyte bifding

Figure 4 s e derive fro a .senso cor.ding .to_t
nyent on SLH-6 ABRERBUEJIRRER A A AGIRRENASE il d il
mol ecube. bindmgyitfobechlesin Malem@pmm@&dau rtlweekamﬁn-‘ahs;eSER& mdlemahé

versus antj gen canc rati ur.e sho ctra of clean
L Ubaty at o RAHEBIACHYe T0b% BOEHe it GOVAEHD: STHERGh (e fetad SHpRAG 18 fhe
The t hr ee c6hjapAs, theMiBREBindinpenSpRLd zﬁﬂ/dafthetftuh% ACHOS 1IN BN tuld anBoand

C. 10
the metal substrate can be as defined above in relation with the invented method.

15 In still another aspect, the invention is directed to a biosensor for the detection of an
analyte using surface-enhanced Raman spectroscopy, comprising one or more
conjugates according to the invention. The biosensor may further comprise a substrate,
wherein the nanoparticles are adherent to the substrate. In various embodiments, the
biosensor is configured for in vive and/or in vitro use. The analyte may be a protein,

20  peptide, nucleic acid, carbohydrate, lipid, cell, virus, small molecule, or hapten.

In a still further aspect, the invention relates to the use of the biosensor of the invention

for the detection of an analyte. The detection may be ir vivo or in vitro.

25 Brief Description of the Dfawingg
Figure 1 schematically illustrates the principle of the SERS-based nanoscale sensor.

Figure 2 schematically illustrates the principle of a multiplexed SERS-based nanoscale

30 sensor.

Figure 3 is a schematic drawing of the experimental setup for SERS measurements.



Figure 7 shows spectra of 6-MP coated Au | ME substrate taken at 10%
power, 30s acquisition and 2 accunul ations. The three curves
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three curves represent the spectra of three neasurenents A, B and C
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 r equdricy Figierd shaws spasira OhaMIrANt-pE saatadfunkdE suhstrats tRken ainl Spppwen
effect is 3ponuantilioNahd ¥ 4BaWRaAhs RANP oS BlV& fePfkserf Phe spectra of three

measurements A, B and C.

Figure 9 shows spectra of 6-MP-anti-p53 coated Au IME substrate in presence of p53
20  taken at 10% power, 30s acquisition and 2 accumulations. The three curves represent

the spectra of three measurements A, B and C.

Figure 10 shows spectra of 6-MP-anti-p53 coated Au IME subsirate after rinsing taken
at 10% power, 30s acquisition and 2 accumulations. The 'three curves represent. the

25  spectra of three measurements A, B and C.

Figure 11 shows a stacking of all “A” spectra of Figures 7, 8, 9 and 10. No new peaks

are observed upon addition of anti-p53 and p53.

30  Figure 12 shows the individual spectra of the anti-pS3 conjugated biosensor of

measurements a) A, b) B and ¢) C.



One inportant aspect of the Raman scattering is the correlation

bet ween the amount of the frequency shifts and the vibrational nodes
of the nol - here, vibrational nodes refer to the " "N
whi ch t he ‘ﬁ@?@g’@i’s@{;i brates. Since vibrational nodes a?g’r@@%@ﬁqo\fg to.
t he chemical nature of the nol ecule, p8obing nolecular vibrations can.
25 thus reveal information regarding its chem cal geonetry. Wile a

pl ethora of techniques, such as the nuclei magnetic resonance (NWR)
and X-ray crystal |l ography, can also providé access to chemi cal

st r uct ur eskigurn 13 shoveths drdivigval spestraafshe entopdd conjugated apd pS5RAnenbated
scattering,; ' approach, owng to the ease
of sanpl e%ﬁg%%grg?l on ecg}a?rrrsgarﬁg%gg V\gg CRM Met hods Mol . Biol., 2007,
364, 63-94; 30 Chen 3 & Brooks CL, Prot., 2007, 67(4), 922-930). For

this reas th man, spect.rum which is ynigue to each ecul e

wns ut 1 2oty SRR ERREH AT ol 8 iU Conbinf b ple RahRed g
N a nore Hisdefsor Sf egsuapatd a) ARBNBAng ¢RCaterd MGingIhébibsdngRdviftoPBS.

el uci dati ng conformati onal changes. Despite of its high

specificity, Raman spectroscopy has |imted use due to poor :
Sef fici enomgﬁafe PARBRs et ot Figutds 1051 Pald MBSk fiRka.only 1 in every
106- 108 scattered photons is Raman-scattered.-and this results in a:
very weak Raman signal. Surface-enhanced Ranan spectroscopy (SERS)
was first observed by Flei schnmamyg o

fed%éscﬁptioh

10
When a molecule interacts with a monochromatic light carrying a photon-energy less
than its first electronic transition, two optical processes can occur. In the first, and the
dominant, process, a large portion of the incident light is elastically scattered with no
photon energy being absorbed; this is known as the Rayleigh scattering. A second, and

15  the relatively weaker, process involves the adsorption of a small amount of the incident
photon energy by the molecular system that tﬁe‘n undergoes a transition from a one
vibrational state to another, followed by a subseﬁuent re-emission of light at a frequency
“shifted” from that of thé incidence, and such an optical effect is conventionally known
as Raman scattering.

20
One important aspect of the Raman scattering is the correlation between the amount of
the frequency shifts and the vibrational modes of the molecules - here, vibrational
modes refer. to the “manner” in which the molecule vibrates. Since vibrational modes
are sensitive to the chemical nature of the molecule; probing molecular vibrations can- .

25 thus reveal information regarding its chemicai -:geometry. While a pleth_orﬁ of -
techniques, such as the nuclei magnetic resonance (NMR) and X-ra:y crystaliograi:ﬁj:,l
can also provide access to chemical structures, optical measurements of vibrational
states via Raman scattering offef a much more convenient approach, owing to the ease
of sample preparation (Garman E & Sweet RM, Methods Mol. Biol., 2007, 364, 63-94;

30 Chen J & Brooks CL, Prot, 2007, 67(4), 922-930). For this reason, the Raman

spectrum, which is unique to each molecule, was utilized as a “fingerprint” in



in 1974 when remarkably strong Raman signals were obtained for
pyri di ne adsorbed on 10 an el ectrochem cally roughened sil ver

el ectrode | ei n Met al., Chem Phys. Lett., 197 )
Two machar}’glé ﬁi“{agpbeen wi dely accepted for bringing ﬁgg@&mﬂ]ﬁ@m
enhancenent in Raman scattering (which9can bée as high as 1014 tines
t he unenhanced signal) (1Crieipp Ket al., Chem Rev., 1999, 99(10),
2957-2976). They are el ectronmagneti c enhancenent and chem cal

enhancenent. 15 El ectronmagnetic enhancenent accounts for the majority
of the enti8entidyingtunknewn speciss, awlin @ 7yora Anterestingessppeto RamAR Scattering is

interacti Qp;be yg@gﬁ&#g@@%@ﬁ%ﬁlﬁgg (absorbed or brought in close

proximty tot ace an surface plasnon fields excited
in the netal by a | aser beam (Mskovits M Ranan Spectra 2005,

36(6-7), 5 496 pon el ectrons that t.he surface
of o et alDeRRtE g Biel SO BRTGT ST HPRCAE HBYRE B GHE 5 | EoBg
only by theﬁ@aﬁsytcsf\mmfagﬁ&ugn Itt 19 Eestitatbd thatBhB 1 i eﬁa \oenod s@hiéred

interacts with these electrons, they oscillate coll ectlvely and this

osci | | at i dRotoas i RAmanzssatisied andahis restliin a very weakRagwame@akur f ace, the |
oscillations are |ocalized and perpendicular to the surface plane,

generating a locally anplified el ectromagnetic fields 25 responsible -
for the S§A§a9€f~¢@@nced1ﬂamarwa¢tr0§e@yiﬁﬁfi§):wapﬁass mgreﬂlbsmlelhmnaet al

ccur o modh TEHFRE RinallibikoRg RANER LR ARG DA sl by
and tHé nahwl&tmbh@imealgurcf@hmedalza- elemmgbr(EEsphmhaM et |ah1 par Phyl e
30 i Kelly. KL et al

Chem 5, | S68 19Th AR 2Dl duSeehantiny bhvelPesE WiHGhS ptcene forpringeng about

fabricati fis Gdnh@RRMment! s IRaMASscAfier@ipe (WHiYh Wam thet B MRdh Il 18t titRe the
resonant frequency to be close to the excitation freauen x used to

WO 2011/ OF8  siggabh Emepp 4y ot Al igeu Rev- ni302n33(1 On K& t Ehey are
(Haynes Clejesry@Rpdddy BfhaREemeht afd MR midd&Ran&ment 003, 107(30),

7426-7433). Chem cal enhancenent is argued to contribute only an
or der léf 10- 102 order to the 5 overall enhancenent (Liang EJ & Kiefer

W J. cﬁgﬁﬁ%ﬁ ie enhy @megtqc nts f%? sur? rit (E ?XﬂLaYn@eﬁ'%egllt t%‘:{op Of

coupl i ng bet ween t e analyte and neta
pol ari zabilb{-19") afd biies rﬂmema hmemmmwnmghmw mesapmbe@sortunm,ghact

as resonant jntermedi at, t aman tt rans

mechani sml%elose groﬁuﬁlety etap "JF r% @%%%%gﬁ%%ﬁ?&‘g mn f A

SERS substmicadlebynarlagk Ibyea;ﬁG{Mfskoth M, wzelRI:zm&ﬁlgpéteﬁar eIDOBpBedﬁL‘J)p 485-496).

nanostruchjr icht na yte are absorbed for

acqui $ti Ei@guerwa\'@e%@s Bﬁf &S é“#?ccgﬁﬁs,"?%&liﬂa‘& é%tera} Gagfloonebi

netal sur fagRe, ascky ased@JnstﬁetteaIonnawaﬂ@rﬁdsﬁlk/s%hargémmp{@nemkme?&lIsicre

structures_such as arrays of metal nanoparticles supported on a

pl anar s uty¥henglight [iptpracts ‘with these electrons, they oscillate collectively and this oscillation
is known as surface plasmon. On a roughened surfaée, the oscillations are localized and

perpendicular to the surface plane, generating a locally amplified electromagnetic fields
25 responsible for the SERS effect. :

The localized surface plasmons (LSP) have a resonant frequency at u{hiéh ‘the
absorption and scattering of light occurs most efficiently. This frequency is dependent
upon the metal and the nature of the surface (size, roughness, shape, interparticle
30  spacing and dielectric environment) (Kelly KL et al., J. Phys. Chem. B, 2003, 107(3),
668-677). This is of importance in the fabrication of SERS substrates as one may want

to manipulate the resonant frequency to be close to the excitation frequency used to



15 glass (Vo-Dinh T, Trac-Trends. Anal. Chem, 1998, 17(8-9),
557-582; Baker GA & Moore DS, Anal. Bioanal. Chem, 2005, 382(8),

1751-1770)., As ntioned earlier, the LSP responsible R
enhanceneﬁ?o?guﬁﬁﬁﬁﬁy dependent upon the surface chara%?@??gpﬁgyfgf
the SERS substrate, nmaki ng SERS a surflce-sensitive techni que. 20 As
proteins are weak Raman scatterers their binding to a substrate
cannot be easily detected using SERS. However, the inventors of the
present invention have found that proteins can be detected using a
SERS- bas edn$iapBsia eshangemenieioypes Gl & VansDywa i, JaRhanghem. &8 bgWéi ng.
nol ecul e, | tibody, is coupled to a substrate i mmbilized
SERS actidgwgg%??gﬁZégﬁBy-stressing, e.g. stretching and conpressing
t he bonds of the 25SERS active substance to the substrate and/or

ant i body a.result of the analyte binding,event, de t.abl e, shifts
" e, SekbeRiel tnodettif 080 SomiPik ot ot ot afrBhtest e
sensi t ve oaadll spiemcément (EAg EY &Kiefer 8N RémabS5idirn91996y¥¥(12), 879-885).

2011/0787Z4PCT SG%glO/OOO%&Z %1 cogntacting the one or nore anal ytes
with at | dad¥olyps elefEen, Cuphpg deivgehticetaivie apd aetnb guifage dhatehapges the -

subst r at e psiFibAfkty! b the® HORRERSarfdAFRRinsC A tsufthbd 9peéied tRatRATBR- RSUE

mol ecul ar | inker; and detecting a surface enhanced Raman signal from
sai d conpéiierancdiptrs ine thes Ragan |seafisring nd” chorge' trawsferr meghapismg getwsend the -

i nt er chan . d ' with nolecules relates to 1, 2,
3 or mrqu?’g“f*%@g{ﬁﬁga%%’%%@?%%b "3, 4, 5 6, 7, 8 9, 10, 12,
14, 130 20, 25 or a plurality of nolecules.-In this connection, the
tenn "plurality" ans nor.e than two r ef er abl -100. The term.
anal ybe B VERS g RERERFEA T, SR o s Vel B PP ap ety nmyriie o ich
capabl e ofthd)fiumﬂyt'hag aieo?taﬁrlﬁg abg 1SERSf adqhﬁiti;bﬁs.sbl'a@é rz]ﬁreo tﬁ‘raelr Blagses QITHERS
consi sting .of the analyte nding nmol ecul e and the anal yte. .
Pref er abl yUPS{rAeE rsvamiﬁ%me@ SPECHS FRlaeA et ngnop3gicies; Eidgdanar metaliic
bet wveen agihithies 8ich AN akdsCotthardl AthopEHiQEY S&posted 8 Meflanat Jubstrate like

"Specifically binding: and "specific binding” as used herein nean
b

that the &l (YerDintndi dgaqrbreadtl4ahi Gy .t BP98h 7@ gb37-882a(Baker G4s &d
bl . b RG° ! L ; ' |
on recogninid@ DRl 47.LBRMLAY CheR! ﬁhsgg§§t@jr, 199ﬁ1?fbg.s Jﬂg.ﬁ%ﬂ%@%gﬁ%ﬁ%e

The anal yte bi nding nol ecul e préfer ecogni z
t ar get nolL8Eurespausitie afohi YERS dmhartiemgntafss ihighly dependentt ubdmdse tsorfatcher

20 conpou L0-th 0. various di ts of.the.invention,
"specifi cgﬁzﬁil/ét%?strtfa??@ﬁggnggsr%%sg a%h%l 13%§gg i"Bo¢ Silcebsr"e nsy g?cw}f%lf:bgi cal
nol ecul e, binds to a target nolecule with at |east about a 106-fold

gr eat affinity, prefe |y at | east abput a i07-fold greater :
O Py Asgialels o Sl aon; sl i Sioingeto i iboite Sowt L ol y.
and nost gewéted alihy SERS. ER%evabOBlin@ntbeOof Gk Praeat@nted hivei thiind fhan

it binds nolecules unrelated to 25 the target nol ecule. Typically,

speci fic BIHAPHERY RS ériectedusing ¢ AFRSDesadpappiwalessige sspsoadaunis so@pi &1 d
to about bLn{PfiphdndhRad AL, Emrhs%%ﬁﬂﬁ@, fid &l.ff)!éadtgr%sublslﬁté Mobilized -
racterize y a

enmbodi ment s, " speci fic binding may be c _ Inities
great er tRERSIABOVE subitanos Byntiresieg; iefg. strésihing agyl corhpredsingdhe oradsfofithe v

may bg.de ' L1 t.hod. .. h et hods.are .known..in |
The o8O ERE it Moo B ¥hd ARG b e IRAREPuR SRR
and i sot heventldetactablat shifts dakier SERS rspectiom aresipdodell] Supriliogly /s alléwae: ..
anal e blding. Tplec & AL GUEl 1, REORNL 592N B nds tothe tar ge

Thus, in a first aspect, the present invention is directed to a method for detecting one or

30 more analytes using surface enhanced Raman spectroscopy {(SERS), comprising



12 The anal yte bindi ng nol ecul e may be a protei naceous nol ecul e, such
as an anti body, for exanple a nonoclonal or polyclonal antibody,

whi ch innup logically binds to the target analyte at a

det er m nan 83&8@%V¥ pe. The term "anti body" is used inPéﬁga(ng%%EQ
sense and specifically covers nonocl ondl anti bodies as well as
antibody 5 variants or fragnents (e.g., Fab, F(abl)2, scFv, Fv

di abodi es and | i near antibodies), so long as they exhibit the desired

bi ndi ng activity. The term "nonocl onal antibody" as used herein
refers to an anti BUHICtSELHEF 188 91 BRTCaapmbyies stithont lepstsenssanghite atilmcyng

honpbgeneous ant uiaa%gé attzich@dtoatrﬂ@tal ?bﬁ’dt@élﬁ‘fac bt QRdL LS aﬁeem%hﬁ

the popul ation are identical except p055| e nat ura occurn
mut ati ons t hat nayaB@Hpn@gEﬂmnanWHMDkﬂammbnts anoclonal antibodies

are highly specif| irected ai nst single antigenic site.
Furthernore, in cg‘% i gta Sgrfgcfoerri’g/en 'ilg%g?n UHY ai{il gﬁ’a?lc)on?ﬁ’t"gﬁody
prepar &tions which typically |ncIude different anti bodi es directed
agai nst different determ.pants |topes eac onal, anti body
15 is di r dOFEIg d‘ﬁ%ﬁt oge’ s‘irnail% P@r ﬁ?H%?Ht‘mS‘i?R%;Li%L?f@’érin cpppection

addi tion uﬂmtrhaeeuianeEthIt&ttzga Jr REOrEEHOS PR at@éattl 1b9d3 31553691 8,9, 10,
advant ageous in that they may be syntheS|zed by t

cul ture, ddc b?ttlén?%%df ® plusalihe of Fi‘i’*ﬁﬁh’@gl bbblisicﬁgnecmte ﬂPﬂ)’Gﬁfli ‘Phll'ahtY”

" nonocl on anéﬁhncliuﬁ%mipﬁpfﬁﬁ% gr of the antibody as being
obt ai ned froma substant onogeneous popul ati on of anti bodi es,

and i30not to be construed as 20 requiring production of the antibody

by any pat ul ax Qcl o ant i bodi.es can | ud

P2 e o Tk ) ConfEAS g AR G 3R 1B 8896 B RIS E <SR gy

is a nol ecbtﬂd&ig to whiandly@i ¢ff eoiset sopay td foim Alcom@RK i coRelstinpost thief dnalyent

ani mal |es suc as t hose hayi vari abl e regio der,ived fr nta

muri ne ni R mAer|FaRc MeARA %Hﬁltqffiﬂyc@ws‘tlafiitg iSégFe ¢ s fahp AR

ant i bodi egompiéx Betweh AhdlAE aktyardlXe biRGRR hfti@ulchdforRERV | des for the

production of anti body nolecules by continuous cell lines in culture.

TheselPncl ude, but are not linmted to the hybridona technique of

Koehl er am 18I " R f, 27 %ﬂgg %am -

hybri doma tgeégiiﬁrﬁ%éﬁe% cgtl'r'ié tﬁlnie %@/ﬁ%)}%ﬁuogoné tﬁsee(g:l Ei%l}’iecl]rllje o Bdn%@ké

ant i bodi edinding elevsle himgs torthe tangsy uddyte ibasedloagscognitibm df mgmdglﬁreglgwr

| gE, mlagAb g{)% \c/{lén[@g%ge? #B?ACQI%STEIQS&EQJ bmtﬂﬁg M&:Hedp%%ragfy%ggo%l{] de
binds to the target molecule with a higher binding affinity than it binds to other

20  compounds in the sample. In various embodiments of the invention, "specifically
binding" may mean that an antibody or other biological molecule, binds to a target
molecule with at least about a 10%-fold greater affinity, preferably at least about a 10’
fold greater affinity, more preferably at least about a 10%-fold greater affinity, and most
preferably at least about a 10°-fold greater affinity than it binds molecules unrelated to

25  the target molecule. Typically, specific binding refers to affinities in the range of about
10%-fold to about 10°-fold greater than non-speciﬁc binding. In some embddiments,_:
specific binding may be characterized by affinities. greater than 109-fold over non-
specific binding. The binding affinity may be determined by any suitable method. Such
methods are known in the art and include, without limitation, surface plasmon

30 resonance and isothermal titration calorimetry. In a specific embodiment, the analyte

binding inolecule uniquely recognizes and binds to the target analyte.



WO 2011/ 078794PCT/ SG2010/ 000472 13 vitro or in vivo. Production of
high titres of mAbs in vivo nakes this a very effective nethod of

production, " onal antibodi es" are heterogeneous | ons_of
ant i body %?é@g‘loisghderi ved 5 fromthe sera of animals ?%hﬁ@@g&%zt h
an antigen, or an antigenic functionall2derivative thereof For the
production of polyclonal antibodies, host animls such as rabbits,

m ce and goats, nmay be i munized by injection with an antigen or
hapt encarri er conjugate optionall ){) suppl emented wi th adj uvants.
108

10A! t er natTheeanplyte bindingqoelscule s@y bsadprpisinaceous makreyles pesh asfangantigpdy,
chain anti ' , 7S} e
sui tabl e sfPﬁg*ag&éigﬁoigﬁlﬁ ﬁ%g)g}pgi}’ln éﬁgﬁg"%’ hg%]ﬁﬁant | nggggu%?igﬁg e
typi cal | y tingetnasdlyby al & siécifiy ddteniraayyr empé.i Titet temh Santibbd ygmstdsinathe

the Fv region via an _aming.acid bridge, resulti .n a sipngle ai.n
ol ypept 1 dasete bl B8 BECREHE PLERNRonb o) OBAG.R Fell i pitifu
may be Sgenafiaitedr iinghemere. o Fabli F(ae), soFo) Fexabpdies arfliieaf B@PFeRE)s so

i ncl ude but are noé ll.mtsd.teg'ithe F{%a 2.fragnments that can be
produced Bgnenstassexbibjbthe desired pindfig ag t!Bbody nol ecul e and the Fab
fragnents that can be generated by reducing the disulfide bridges of
the F(abl)2 fragment's. Alternatively, Fab expression |libraries may be.

const r uct eldhetterny [ menpdiensl antthedy' e wssd elietherefary facan adibody obigined fiomad
Fab frag ' t desh £ L Clly. ;. Jhe anal v (.ndj :
mol ecul e%éﬁlgﬁ%s% Qgeéﬁgﬁty otlkggongoggﬁéé)ﬁ%%g%%ds@é g'gf Ptg% dhtfﬁﬁglf thlgggglg?l
adapt d@ orcomptising dthieo pbpuigtion grev édenticaljaextepti for podsfle imntrally mdeurgng
affinity. 25 Exa Ites of usef u{ .scaffolds | n%d@ tkllosggs affo'h(ljgsnl
descri bed THAIES JaptelpY 2§ JITFeeht ToRinop GE108BS o §'eodpralgnihgdics; are y
I6, 682, |736.spékﬁlﬁxt, hﬁﬁi:;@kﬂ&lﬁmb@ agginaué ts'ﬁ@gealﬁig&?]jf:(ﬂitds F&ﬁl&nﬁﬁﬂ&bleﬂi Sofrfast e

| pocalin protein ' a escribed in the jnternatjona t
appl i cat i CHEVEREPRA) &)@%ﬂa @P%%@aﬂ%ﬂw@%&mﬂ inpty 233%93}“ o)
03/ 029463, anWkd iR&AQh/Lkd 22 4inst Wit SR e fiRidams g%t%?,%é{ R68¢chal hftibody

I nstance. 30 WO 2011/ 078794PCT/ SG2010/ 000
- 15 is directed against a single determinant on the antigen. In addition to their specificity,

the monoclonal antibodies are advantageous in that they may be synthesized by the
hybridoma culture, uncontaminated by other immunoglobulins. The modifier
"monoclonal" indicates the character of the: antibody as being obtained from a
substantially homogeneous population of antibodies, and is not to be construed as

20  requiring production of the antibody by any particular method. The monoclonal
antibodies can include "chimeric" antibodies and humanized antibodies. A “chimeric”
antibody is a molecule in which different portions are derived from different animal
species, such as those having a variable region derived from a murine mAb and a human
immunoglobulin constant region.

25 _
Monoclonal antibodies may be obtained by any ;techniquc that .provideé for;th? .
production of antibody molecules by continuous cell lines in cultufe. These includé,. but '
are not limited to the hybridoma technique of Koehlrer and Milstein (U. S. Patent No.
4,376,110), the human B-cell hybridoma technique, and the EBV-hybridoma technique.

36 Such antibodies may be of any immunoglobulin class including IgG, IgM, IgE, IgA,
IgD and any subclass thereof. The hybridoma producing the mAb may be cultivated in



| domain, a fibronectin type Il domain, a fibronectin type I1I
donmain, a PAN domain, a G a domain, a SRCR domain, a Kunitz/Bovine

pancreati .Q‘ﬁﬁ?%ﬁ’?g‘?”i nhi bi tor domain, tendam stat, a Kage%/g%%g&oﬁg{zi ne

pr ot ease dormain, a Trefoil (P-type) domain

Wl ebrand factor type C dommin, an Addphyl atoxin-like domain, a CUB
domain, a 5 thyroglobulin type | repeat, LDL-receptor class A domain,
a Sushi dommin, a Link domain, a Thronbospondin type | domain, an

i mmunogl obul i n donmi n_or, a an_li nogl gbul.i-n-1i ke domajn (for i
oo, QPRSP HRauoR Pt CIB R G A A HroaRTD tF 8SF SRS pe
lectin dommdihod of pvcelem®i n, a von Wllebrand factor ‘type A domain, a’

Somat onedi n B donain, a WAP-type four disulfide core donmain, a F5/8
type 10 C donmi n, a Henopexi n donain, an SH2 domai n, an SH3 domain, a

Lam ni n-t y =1l 4 .1 i | as, h hod .
Sanust ns. > SoyERhR liBolR D nefrden il Boslind AP RF AR malb Ao
affilin, domfthe seryobrniamlsmkynnized avithr ys taatigdnn or can antigenigbfimotidniah,

a zinc-finger_praqtein n.ankyrin or .an in repeat protei.n or )
Ceucine. r eenvaREdbiedt SRR BioR g BBISHonABEEEs, Hobt SuaRisody pver
proteins gadity,eohidayantbgds) e fohihiizedl by idjédtioh Ywit alwikeden@aRplear
donmi ns. As mentioned apove, in certain enbodi ments of the inventi.on
the anal yt&m5F FRITRFtMUeeyhesvRplymeted with ediukandy: t he nenber of the

| ipocalin protein famly. In some of these enbodi nents, the open end -
of the -barrel structure of the lipocalin fold (which 20 enconpasses --

t he ndPur diitemagizeld, tsrhriaury dssoribedyfor theeprpiiystion of pinglgrehtip antibodiesd¥. o
formthe a bi.ndj ' L i dindamly’
of  pr ot of oo N5 el e b4 Groall ok, SingleWhaln RREAULY Sl [ ¥
of Pi eri s chaingsfilnsiies(@ByypBaPROTMEd by liBking thkdeasys ashlighit olxen iRHAd&Gd pf
human tear, | "p%cal ivn SW .SS- P‘d - .Dat a Bank AC%@SSi on unbctar MB0424) ,
hunan apolﬂ?ep%prr BO8i ViR 15 iy &l Brdste: pespling i g single shain BoIVBRPTRE e
P05090), the retinol binding protein (RBP) (for exanple of human or
por ci origin W SS- P Dat a ,Bank cessi on Nunper of the human
REP: | 927 atibedy Jammensy Bk Epaie Acts FOTPPRL mpg%fge’e%%ﬁwcwmsp
P27485), héMRiques. For example, such fragments include but are not limited to: the F(ab'),

fragments that can be produced by pepsin digestion of the antibody molecule and the

Fab fragments that can be generated by reducin'g the disulfide bridges of the F{ab"),

fragments. Altemnatively, Fab expression libraries may be constructed to allow rapid and

20  easy identification of monoclonal Fab fragments with the desired specificity.

The analyte binding molecule may also be any other proteinaceous scaffold that has

been adapted or mutated to bind a given ligand with sufficient binding affinity.

25  Examples of useful scaffolds include those scaﬂ‘ol&s described in US patent app]ica'tion'
2005/0089932 or US Patent 6,682,736. Another example of suitable scaf_folds are
members of the lipocalin protein family as desciibed in the int_emation:al pa:ten:f
applications WO 99!16873,' WO 00/75308, WO 63/029471, WO 03/029462, W0:
03/029463, WO 2005/019254, WO 2005/019255 or WO 2005/019256, for instance. '

30
In accordance with the above, scaffolds besides members of the lipocalin family

include, but are not limited to, a EGF-like domain, a Kringle-domain, a fibronectin type



neut rophi | gel ati nase-associ ated |ipocalin (hNGAL, SW SS-PROT Dat a
Bank Accessi on Nunmber P80188), rat arm croglobulin-related protein
(A2m (SW. SS-P 30 Data Bank Accession Nunmber P31052 d

24p3/ uter&%?qlwsﬂ%ps, (SW SS- PROT Data Bank Accessi ohcﬂgﬁf%w&ﬁ%
P11672), Von Ebners gland protein 2 ofl4Rats us norvegi cus (VEG
protein 2; SWSS-PROT Data Bank Accessi on Nunber P41244), 15 Von
Ebners gland protein 2 of Sus scrofra (pig) (LCNl, SW SS-PROT Data

Bank Accession Nunber P53715), the Major allergen Can fl precursor of
dog (ALL 1 dompinse fireurcin fype Bhénmaie adihspenstinigsdH dowgizy 3P ANy demain, a

oxta ( e s SRR, MR, R e/ VR RRREG SRR b g

respect i veéndpmisttiea Kazdlyype serimoiprotpasen hkabiidrel ommin, al efoll €P-dype) doknaig, a

protein, receptor or_extracell.ular dopai CD),..t her eof | e .of
Porm ng’ a Bt SHAeab R R Hom A oREreby psrliie ol 30 fordabes
gl ycopept itkigogdlbliaindtypd Hopest KL.DLabedptor tdds A tdoivhinl arRERONGASGSR, & Tadk
the non-limt]ng exanpl es gj.ven above descri.bing various forns of
ant i bodi e&oB8ina rfa prmnsHendiny HRA & cdamadn.camh impugogiebulip; dorara % 2otther -
pr ot ei Nac¢Qusns ASKRINNIS Sithdin Afor'AeAPR! BGNkin mibSHEE &p cdbYePHeshy chain
truncated etc., forns of non-antibody receptors. The anal yte-Dbinding
mol ecul e @afibagiesh HE-tEpnisatip domainnadbdMsdanein it van, Wallgbrand Sfadtor type A

exanpl e a e ' ( e - r.or
Spi egel rn::rcI g‘?‘%&t %ﬁglgﬁﬁfg&?qﬁ%}lb%ﬂ% fi@? ?‘ﬂ*é???@&é\?r? case-f flig/& type
anal ytl@ bithdomaginyrel gudpexinsdangin,odre SHA cloousén, ol Hdiildembin, aadbankiain-type

coval ent | led to t man-acti ve ol ecul ar |inker by am de bond
For ot 1 on ESTRIEE S85uhio 2 SARAIn & cbattoBE® 0imaiss: b S arfirete =
coupl i ng, afifectieXEhtectin @ictotiyah-a3filim an AFiBRHR ¥ ANakeHh 0PMstallin, a
carbodiim de as a coupling agent. The coupling can be via the Nor

C- t er mi nu&knffiny PRIGBINE. & Z‘P&T%Bg"sfi et 2 1 {05 ANKWEI, Gensal otedr of e
protein. fhidmedRhGERMalSrotdlf lan GRithebfis YRA%s hftivaltnBa i ¥ al6fRins GP8IRLd D
i nclude, but are not limted to.lysine, histidine, cystelne,
tyrosilfe, esershyéling pf @ Samilyeof hymegn receptondampiegd gl utamic acid si de
chains. The term"linker" or "linker nolecule" refers to a

Raman- active nolecule that |links the 30 anal yte binding nolecule to
t he subst et mestiomied cabowe) dinf certialn tmbabmems of tthe nnwehtiem then aajyte binding
specifically bound t he an t e bi.ndi | ecul e via.a.change in
the - sers. @R R B s B0g % Sre bl s Trebain el by L ime B
substr at e tigddé Enbediaiegts! theSoppri eid L te fPoban! structure of the lipocalin fold (which

20  encompasses the natural ligand binding site of the lipocalin family) is used to form the

target analyte binding site. Members of the lipocalin family of proteins include, but are
not limited to the bilin binding protein of Pieris brassicae (SWISS-PROT Data Bank
Accession Number P09464), human tear lipocalin (SWISS-PROT Data Bank Accession
Number M90424), human apolipoprotein D (SWISS-PROT Data Bank Accession
25  Number P05090), the retinol binding protein (RBP) (for example of human or porcine A
. origin, SWISS-PROT Data Bank Accession Number of the human RBP:.P02753, _
SWISS-PROT Data Bank Accession Number of Ith:e porcine RBP.P27485_):, humar_ll‘ﬁ i
neutrophil gelatinase-associated lipocalin (hNGAL, SWISS-PROT Data Bank |
Accession Number P80188), rat oy-microglobulin-related protein (A2m, (SWISS-PROT
30 Data Bank Accession Number P31052), and mouse 24p3/uterocalin (24p3, (SWISS-
PROT Data Bank Accession Number P11672), Von Ebners gland protein 2 of Rattus
norvegicus (VEG protein 2; SWISS-PROT Data Bank Accession Number P41244),



16 SEAS signal. In principle any nol ecul e that can generate a SERS
signal upon interaction with a Raman-active surface and that produces
a change | &7 S signal as a result of nolecular str S used
by anal yte %% ”ﬁg o the anal yte binding protein can %8%§§§HW&$K§
Raman-acti ve nol ecul ar |inker can be 48l ected froma variety of 5
known Raman-active conmpounds that include, but are not limted to

6- Mer capt opuri ne, 8- Aza-adeni ne, N Benzoyl adeni ne,

2- Mer capt o- benzi m dazol e, 4-Am no-pyrazol %3 4- d] r| m di ne, Zeatin,
Met hyl ene VginyBbnegs s}wﬁcprat@m 4iok Sus perefrgi (o BL@Mldé Iéﬁsl%mm)a@; Bank Y,

N- Benzyl r e, 6 !

Q/anopﬁrl ne, &ER’ mNF]hglb | m a l?' %Elﬁgg%%ﬁ%dgﬁ@?g %ﬁﬁégro?cfg,dof, @LI*_L&"
Di i m noi S@WSFRR@T Dijao Bank ndc@BjonCiNmibatr V1 83178), , artdadnsectfeyalkisi A, or
ﬁ\glc: Ioﬂgxglﬁlys%ct%yam 0%' r{?le {% adco I}!l_a[)vicnoﬁlwalzé‘u'} a saxgy &S%{?S)S I;R(S{Jlﬁ) Bargk

yQret hgl engicéssion/ Nuistiep ROD303r 06 Q00630] eesPectitelfg abenzot ri azol - 1-y1) - N, N,
NI, N1- tetramethyl uroni unhexaf | uorophosphate, 9- Am nof | uorene
hydr ochl oride, Basic Blue, 1,8-D am no-4,5-di hydroxyant hraqui none,

Prof | avi ngpBaphis diRdife %ﬁ:llécurh\’lﬂﬁ bRo bén b}r'i_tl t t tracellul
Am no-1, 1, 3-pr oﬂgnet ri carbonit r.f Varl amnﬁ%pré)l e&% rl%":lg:IJ Or|0tr extraceliuiar

4.5, 6-Tri Spwap ith¢rpef ®9$ngpfef0§éintg a ignding pomplen satht ligaod,dypically a

g/ﬁ: ??dpgzpngg cr| kg&dﬁe@“&ﬂ@nﬁo) Propionitrile, Silver(l)

4- Am 10- 6- ner capt opyrazol e[ 3, 4-d] pyri m di ne; - 2- Am nopuri ne, Adéni ne

-Cli-]h Ip)(;lri EAS i l UO%)@ 2 ﬂ@ aﬁahw,&gcgg{%_ﬁ%‘fn {h aﬂ%éoﬁ’&{lfl?rﬁ%'ng [e:;(algples given above

5- A no- 2 deRfbag! ehtnEi otz Siibaies 6 lﬁﬁal?@ $haing embikelile Barohisd eve
Cresyl Vi olt‘%%‘fepAcet te, Acriflavine Neutra Di m di.um Br.om de,

5, 10, 15, 26% ald SHRI REPISIPECEPUS, FRGeatoR SY5hoADASSOMmpinant, chimeric, hybrid,

Tet r a( pt okgResIEtE. OfvAhE b non-antibody receptors.
5, 10, 15, 20- Tet raki s(4-tri met hyl arfi nophenyl ) por phyrin

Tet raéét ol uenesul fonate), 3,5-D am noacri di ne Hydrochl ori de,

Pr opi di umy di lecul
(5, B- ol am Bo2 L iagipg moleele, a0, 255 b 2 Sosrprpcinassont arseacn, i = o
i odi denet kkagilde)jucliaasd dafed-m@bcule, such as an Aptamer or Splegclmcr (Aptamer

(di met hyl am no§ LYY t hyl pyri di ni um i odi de, and 44(4-
(di nehtyl glr?ld?lg %F%Ry?‘%l%?;%%énzoi c acid, succinimdyl ester and
derivatives thereof. "Derivatives"” refers to - nodified conpounds that .

are.s raII sel el at d tQ the parent conpound. Preferred
deri vé@ %Féﬁ%elﬂ?gﬁﬁ%gf%% el ds Bé?é%gﬁif&wﬁ 1@8139{}6# andie oplgntly
conpri se godpkdio thSHamahAbfive hbRciIN lﬂikeﬂﬁph&ﬂldﬁlﬂoﬁfi\@brﬁﬁﬁéﬁ eftis &b NY.
of the 30 linker nolecule to a netal surfiace. The inventive nethods

t hus conpfPudingfssdienshicyed hn cpdbodipidrpenplinge forvexamplecesingat-ethyhRd3- i s
o . \ . o
attached g, arﬁiﬁlagltog9{)%m%Hﬂ1irﬂﬁ§ ag/aeo@ﬂxg &%% THBCSAGE B via QJ S

terns ana oun arge

i nter change@dleynmgedr Mar@iengr meeesidet crluamnynf shebanian eeids lditthecprotelre Slde

det ecLe d ﬁ'au?sntha’ééan%e%ed for this covalent coupling include, but are not limited to lysine,
histidine, cysteine, tyrosine, serine, threonine, aspartic acid and glutamic acid side

chains.

The term “linker” or “linker molecule” refers to a Rarnan-active molecule that links the
30  analyte binding molecule to the substrate surface and facilitates detection of an analyte
specifically bound by the analyte binding molecule via a change in the SERS signal.

The Raman-active molecule interacts with the substrate surface and thus provides for a



bi nding to a binding nolecule, and which, in one enbodi nent, may be
present in a 5 sanple. Therefore, the analyte can be, w thout
limtation, any substance for which there exists a natura
occurrlng‘gﬂg? IEV'br for which an anti body can be pre88P§8¥“$WQ*“
anal yte may, for exanple, be an antigas, a protein, a polypeptide, a
nucl eic acid, a hapten, a carbohydrate, a lipid, a cell or any other
of a wide variety of biological or non-biological nolecules,

conpl exes or combi nations thereof CGenerally, the analyte will be 10 a
protein, PERS dignak anbprigaplat anyomoldcpledthdte ch eagnératona aSHRE‘oISc@abalbon
source su A f

Addi ti onaﬁ{& l%ZS'tﬁ(g{jvxg[vﬂér I?zjtr?]an #{19@4 \& Erﬁf 'ihatgll E‘E{}cg% n%a?'lg% m%%.%@s Signal .
conpound ssialhesalt oﬁmiﬂecglar sltmswsnmmbby aﬁﬂyte Byﬂmgrto ﬂtefmaly&r‘ﬂixhdmgrploaﬁul e .

present in the 15 Theter u in, refer '
o an al | b De b eiat B Rafatarits Blers ShReHes 5ot de el dueh Srie ebus
sol uti @n Qhowfl RASHAAQUEYS RS IRatdRELIES Guf ir@ﬁbthirﬁitéﬂgtb@ﬂ/leféﬁﬁtﬁ?ﬁrﬁie
Sanpl es to be assayed for the presence of an anal by the met hods

of the pr&sdfradenifignNrBenzpradaning, 2i\ercapterhpnzmidazals, 4-Aminpsppaazole(3,4-
honogenat %;p&mgl%iﬁﬁkeﬁeatlﬁxﬁ/lreﬁgfeﬁe B9 DY ba gﬁidlﬁé m&ﬁslhg%xlox}]@él @1%&15&(

proteins a her’ bi ol ogi ¢ mol eCul es ‘and m Xture _
Non- 1 i mi t iBrgwexdfip| BsBatzysammpbpsiney piTbihiny amtte,i 3,4-Réamivodvadmepf 6t he

i nventionAdncl human a uch whol e bl o
serum pl g farga lill%er ebr ospi %g}mp? lﬂu&fg%-carr%oxﬁ?lgslgﬁfoﬁ)ﬁgghl ng, Pg
bronchal Disihoisdiadoling] iRtedammees;, ZoydtalmPivlét] Bagis BudhsMarAmlite Blue
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speci nens whi ch may not be_ fixed; and cell specinens wn ch may

or may noﬁet@@qhwgmuméxaé@ﬁﬁmb@,sph@eﬁ ﬁﬁllﬂ?@oﬁ@@ﬁb’é?cblpﬂ%@%ﬁegbﬁt
i nvent i on 1\ hlanMAS-H, sDRARGHoA AL bRy Pi&ravﬁ;te andishitie i"f"iJ S dote, 0
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the ti'ssues, cells, extracts or ot material s, especi
bi ol ogﬁcammoérh,hp@penm@ebm&yé@narm FdesRTGnlt p%@-&mmgmmmghm '

eadi |y adab i p AR R R, L ke PPy Bk Bl PP G

t he 18 netSiedtl) dulfatiazinevAotflayine, @eimnimﬁametcaptapyhmb%[ﬁ H{dl]pyrmaﬂmaJ 80

be in viv W t.hout fit Il ectin

general | y(‘%‘r"‘BP%??“Fo Age%'ﬂ% iiféaﬁ:ﬁ ﬂéqor%ﬁeﬁﬂe’a‘g %g‘gmf P%ﬁﬂ%g@p}g@zﬁ{q[ﬁg
bonds. 5 THyprieddiny, Regiades | ) Mikhine, $Ainifo-3GhdcaphbenimiazelbONEridine

2- 100 mor e typtl_fall about 4- 50, and nost commonly about 6-20 ami no

aci ds 20 pQrangepHhdrechlpzide, eyl ¥iclat t‘\aetﬁﬁ%mM@M}nesi\ﬁeaﬁrﬁhmmldm

branched ®hghia Sequengey, szoaf@tﬁﬁl nfbthyl Balyriahto) | Iy | opgg
than peptides. © ' Pol ypepti des” USSQI@ |y c)l(i) q%ylnsg a *Fllgg?t about Zép

1000 am néeluenegdfonate enétllQ;1SFQQr'@tWHQG%@me@ymm@i@tlylhl@mMﬂ&OOT?@a(BOO '
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aci ds. are ners of “one specif suc
for ex arrplSe(;S qwh)ylarhywpm@yl) G%Mﬁphmanﬂmdﬂnm sodidgheetlpaligg)e pTraded-(ds

wel | compl exes eptide chai,n mhlch y be :
same S dg%ﬁlgﬁatm %IL e@’ﬂﬁ?’ﬁéﬂf ﬁ“a pr ot ¥y be 2B ar act e‘# Rged '
by seconddishehfybintih@pierdMdzd)beiz6icnaid] succinimidyl ester and derivatives thereof

“Derivatives” refers to modified compounds that are-structurally closely related to the

parent compound. Preferred derivatives are compo'm@ds that have been modiﬁed s‘uc};

that they comprise a thiol (SH) group. The thiol group allows covalent couplix:l'g' of: the -
30 linker molecule to a metal surface. The inventive method§ thus comprise embodiments,

where the Raman-active molecular linker is attached to the substrate surface via

covalent interactions.



15 structure as well as the primary am no acid sequence structure,
may be held together, for exanple, by disulfide bonds, and nmay

i ncl ude PRSH > él)ﬂahgg_{l c nodifications such as, w thout IP 1}} E;?rﬁbﬂd?mz

gl ycosyl at'1 on oSphoryl ation, truncations or other processing

Ant i bodi es such as 1gG proteins, for dfanple, are typically corrprl sed
of four 20 pol ypeptide chains (i .e., two heavy and two |ight chains)
that are held together by disulfide bonds. Furthernore, proteins may
i ncl ude additional components such associated netals (e. g., iron,
copper and sul fur), or other noieties. The definitions of peptides,
pol ypept i dgs 3&ehsPrahRiRS, | MskideSmpBitd?OUbtalgbiT hafobas: &' O*t@getﬁa'aéy
active and inactive fofns; denatureg and’ natl ve forns;

vari ant, nntdxchmgablwa«rrbb@rgm refg th iy $1dbstaa¢¢dh@tmﬂn®pldcteﬁfod meant hwsaeby . .
The terms Ct g, u S_Uus r.chapgeabl erein
for er - gondiifitt, B bEfing fpoldci AR WAk, ool Blbidib Bl DR et 6
anal yt 6 OsamplpThkeréforetiat dnalyte danrbepcxahquk Hmitated, acy subgtaﬁ@rfot ﬁrhmh\ﬂaere

m xing a 'sol ution canprising an anal yte bindin tein or

conj ugat e il & Bpt wca“%ﬁgwﬁb°$h@y é’BI"‘R’t“iho?P %&ﬁwﬁr m&e@ﬁf@md The
conponent ,anf19RUARY, foRRAMMPIE, BE af ARLAD, BHHHoRinS @ DR/B&E aafﬂﬁleliheamd a
conponent or reagent, such_as dinet f sul f oXi

det er gent ; al?\tﬁ%c?n“"‘?%b’ﬁaieaﬁ &gidyp gelhey, anafmf@f afca Wtslﬁ vauﬁvaﬁblolqgrcab@w
19 physi cao10%icAi hiTicits, RGOS 8P PorRti AL

bet ween corr.i)oér}(énts reasgents aﬁa esﬁ%ng%ggugade% Faﬂ? tﬁﬁgﬁﬁﬁémnbe
"det edfi ng" pra@uusmtlﬂer@arbphyélfa@r or tllplcladmﬂcﬁjormfa bmlogigai sgurichauch as.
presence f i | e.. The .t echni ageqr |ISh t-hi s
e surt acd el Bt BE & anlill hPRSAGOIR Relielt PRmsimiy o
be quanti tah:blbeea, smalborgamclcud@omﬁr sueh at b rigug Hﬁlgdﬁétﬁlﬁﬁlﬂd dse @ﬂaﬂlemméﬂl

t he anount lﬁy . Jhe d tection includes in vitro as well as in
vivo det e(‘}fq e’i‘h’é'tp%?ar?? %apten" as used herein, refers to a
smal | protei naceous or non-protein antigenic determ nant which is

capabl e of being recogni zed by an antibody. Typicall y hapt ens do not
el i ci 13 antihp &y Fﬁpﬁﬁt’l%ﬁs?qﬁ%ﬁnéﬁfeﬁﬁp ap gligues opmaterigl frgayeatty hiological

speci es. %mm(%aaplﬁue&&akém@&pfokdﬁ 9@1@5@%@5&3& REHRAL hxmcefapdg?éil to
a carrier protel n such as keyhole |iInpet hendbcyanin in ord

gener at e amaterial. Sampdesete kenassaved for e paessrce of an analyte by the methods of the
present invention include, for example, cells, tissues, homogenates, lysates, extracts,

and purified or partially purified proteins and other biological molecules and mixtures
20  thereof. ' : '

Non-limiting examples of samples typically used in the methods of the invention
include human and animal body fluids such as whole blood, serum, plasma,
cerebrospinal fluid, sputum, bronchial washing, bronchial aspirates, urine, semen,
25 lymph fluids and various external secretions of the respiratory, intestinal and
genitourinary tracts, tears, saliva, milk, white blood cells, myelomas and the like;
biological fluids such as cell culture supernatants; tis:sue specimens which may or may
not be fixed; and cell specimens which may or man not be fixed. The sample:s. used 1n '
the methods of the present invention will vary based Bn the assay forrhat and thel najture--
30 of the tissues, cells, extracts or other materials, esP;acial]y biological materiﬁls, to be
| assayed. Methods for preparing protein extracts from cells or samples are well known in

the art and can be readily adapted in order to obtain a sample that is compatible with the



15 "Antigens” are macronol ecul es capabl e of generating an anti body
response in an aninmal and being recognized by the resulting anti body.
Both anti apt ens conprise at | east one anti genj , nant
or "epi togga,%l&ﬂ?sg%ai s the region of the antigen or hagFgfﬁe\g\%%@hﬁ
binds to the antibody. Typically, the ¥8pitope on a hapten is the
20entire nol ecul e. The nethod of the invention can also be a

mul tiplex method for detecting nore than one analyte, i.e. two or
more di fferent analytes. This usually requires the use of nore than
one anal yt®eHpdsptibe mypriion Retestionia gy Bid; cap alsp &p invyve, gt Wi tirst
anal yte i seopeuit Aun1e2> specific anal yte binding nolecule. The
signal obtained froma nultitude of different anal yte binding :
nol ecul e: anal yte conpl exes can be resol ved by using different Ranan .
active lin -l _ t, p. | SEI. DG RS;. 5 | S...:kh al
substrate ?E{)?cggge&%%ﬁgé‘g%%dtg %?}ﬂ%{‘ﬁ%%} é%%@?% §‘§§§S'é‘§%%g’f¥ 393{]8& é)%ast'

nmet al " 5 asTyjicallyeeptides ebmprisecdnaine acitl ehdinsref dbous i €6 tnedte typivully kbowgrdoup

consi sting_of rutheniu r hodi u il ver, .palladium, psm u i ridium
o1 a1 num hdnnert (srteataout B-26 mti i) HpaRgiaed 2ol 1S hmy
be a nanopgdividehBstraight oE¥RATHE cBaifl SRRBRICE bﬁﬁrﬁin@%@fd@ﬂma‘i\’aﬂehyl%i_éally longer
consisting of a noble netal, as defined above, or copper. The

nanopar t i ¢h pentidete "ReJapeptides” wpuallyspmpese gtilgast ahout2fhto90Q amino acids in
citrate-stighigi riicl " i e -
oL ouahihl 5 ORI bYS! Rp LRI LEHE oondiflate
i nventlilon abbui2(rtc ehpr 86 sminwricidgalneludédoare homo gelyerets divne kpeaificaminy t e
usi ng e

acid, such as for example, poly-lysine. "Proteins" include single polypeptides as wéll as

complexes of multiple polypeptide chains, which may be the same or different.

Multiple chains in a protein may be characterized by secondary, tertiary and quaternary
15  structure as well as the primary amino acid sequence structure, may be held together, for
example, by disulfide bonds, and may include post-synthetic modifications such as,

without limitation, glycosylation, phosphorylation, truncations or other processing.

Antibodies such as IgG proteins, for example, are typically comprised of four
20  polypeptide chains (i.e., two heavy and two light :chains) that are held together by
disulfide bonds. Furthermore, proteins may include additional components ‘such'
associated metals (e. g., iron, copper and sulfur), or other moieties. The definitions of
peptides, polypeptides and proteins includes, without limitation, biologically active and
inactive forms; denatured and native forms; as well as variant, modified, truncated,

25  hybrid, and chimeric forms thereof.

The terms "contacting” or “incubating” as used interchangeably herein refer generally to
providing access of one component, reagent, analyte or sample to another. Forl ‘exaniplg,.
contacting can involve mixing a solution comprising an analyte binding proféiﬁ or
30 conjugate thereof with a sample. The solution corﬁprising one cofnponent; reagent,
analyte or sample may also comprise another component or reagent, such as dimethyl

sulfoxide (DMSO) or a detergent, which facilitates mixing, interaction, uptake, or other



sur f ace- enhanced Raman spectroscopy, wherein these conjugates
conprising an anal yte binding nol ecul e, a Raman-active |inker
nol ecul e substrate, all defined as 10 abov

"conj ugat gﬁgé@@% herein refers to two or nore nol ecgfgge%r%{)@[?%ave ,
been |inked together. The linkage to d8ch other may be coval ent or
non-coval ent, but preferably is covalent. In one enbodi nent of such a
conjugate, the anal yte binding nolecule is covalently coupled to the

Raman-active |linker npl ecule and the Raman-active linker nolecule is
coval ent | yphytiea) o «hemipal phengmenen adigstagenus to the wonsack belgieen gampenestsn
be part ofg, e}ﬁistanﬁft}iestaﬂglof’ i on of a'given analyte or the

conj ugat e conponent's can, -together with coupling agents, form part of
a kit, requiring that before use, the conjugate is forned. 20 The

i nvention .al r el at i hosens@r for the detection.of an an te
usi g sur raeatah e & Bet SRR RO A0h el GRRARENE i & &)
t he ab6ve giwen|mglatels., The taehtitjie ubadr tonabofRplidhi tiseisCaaffact anlRgcedTR&man

bi osensor may furt omprise a substrate. with the napoparticles

bei ng att éawéas?aygsﬁﬁéhgﬁ@n‘fﬂ%% ey A9sRE QaBLtafKg 15 Bsews sPElinge
confi gur eqhd dufectdd signdPwth Hedimdulit Ufatnﬁlﬁtel)?ﬁe dkEGioH $R1des S14GHo 8s well as

bi osensor is a further aspect 25 of the present invention. This use
can be in#pyedeection. vitro and may conprise contacting the biosensor
with the analyte containing medium for exanple a sanple or body
fluid, and detecting the SERS signal fromthe sensor. In a preferred
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observed and shown that binding of an antigen nolecule to its '
anti body coul d induce structural changes in both nenbers, i.e. the
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rhodium, silver, palladium, osmium, iridium, platinum, and gold, preferably silver and

gold.



In the exanple given in Figure I b, the antibody/linker construct is
initially oriented at a 30 specific angle. Upon binding of an antigen
to the ang%@g@gmﬂggpulsion forces, which could be steripgqscininnonsmz

el ectrostatic, hy&ration, entropic in nature, are induced{ %rlnging
about a re-orientation of the anti bodyflinker construct. This
re-orientation subsequently 22 produces bending stress and results
in changes in the internal structure of the linker nolecule. Due to
the proximty of the |inker nolecule to the SERS-active surface, such
a re-orientation induced structural changes within the nol ecule
becones dejgac Vi i i nal ysi Mo
exanpl e dgltpﬂl%c%%g& iﬁ?\ Iiﬁ?’g’g ?rgeR? I r%?%ﬁﬁe&égafg?]te%%%/ %?fﬁﬁ?rahgb (lj'ﬁs%tg atthcgtmlms or
initially consiginged amobleahétyl, a6 definedshpaetor icopeh I hSER®mctde/andearchaed.

Upon bi nding 1o, anti gen repul sion f.orces. betwe nel ghbor.i.ng
antgen oy et i er BB fan de LRt SOMUAEERR RGPERT " PO P Pas et
const r gct shereamnetladtes tb dpartitsiicd Gesices $ 286 100 ddnbietchte | i nker' s
structure. As in the first exanple, such stress can al so be
indirectly measured t hrough SERS spectronetric analysis. 10 Wth the
current enidindBiton hlko |cRcARPBERKonjuales T0r MRS BeB@ica! P 2 BYalRE usin
required for the detection of the binding events since the uhbound’
anti gens GHrfesrrnbanosd Ramanispestrasqony whengin ehepeeliniteates eomprising ahimlythe
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conpar@d taboteh@&heé temine'congigatel| as usdtinetrdie refad waiwcagenet fmledleb yhidhéhave

current desi s the, unigu ss of the, Raman spectrum of the |jnker,
whi chal | SRR PR goednetn e FRERER 48 sporotn iR S Beteib Ghion-t@ab put
i mprovi ng peaferabllyl is Spsdlent $n 986 Thribbiinde)it oABWhNE gl i the ahal Gt Hiltkng
current in%ﬁ fonis jllustrated in Figure 2a. This 20 enbodi nent

concerns & 'ir’%‘ 15 GAypiEn 89(‘@2‘3‘18%9 BeEEg-artiyfodnksr analgquiesandsthp Kgmapy

protei n det®edlifker molReule V@VhIRHSy dtReied 18 e héi@tsubdiafe. SENSOr can be
much more mniaturized than previous fluorescent detection nethods,

as it 1Ps devoid of significant spectral overlaps. The narrow
peak- wi dt K, & yg%@?%ﬁpﬁ@ JRARR foP e S | p

m ni m-zed, tﬂ%r%ﬁu allomjng%%?nultane%us %eggﬁgéﬁgagﬁ%%ﬁnﬁﬁﬁﬁgPeqhe
bi ndi ng 2%owivgate somporgatspran{ ogetbet with biupliag sganty, Erinaset ofsplalt,. requtiningg
the curre I i l.e tq a highly-nultiplexed sensing

pl atform %ggﬁkggﬁﬁif?@@ﬁ%ﬁgggﬁggﬁhent, the sensing area is

sub-di vided into several regions, each of which bears a specific

antib /linker construct. As an exanple, three different .
38y ’fhe mvention also relates to a %mscnsor or %13 csetejc?lon oi‘ an analyte using surface-

enhanced Raman spectroscopy, comprising one or r:nore of the above conjugates, in
particular nanoparticle conjugates. The biosensor may further comprise a substrate with
the nanoparticles being attached to or adherent to the substrate. The biosensor can be
configured for in vivo and/or in vitro use. The use of such a biosensor is a further aspect
25  of the present invention. This use can be in vivo or in vitro and may comprise contacting |
the biosensor with the analyte containing medium, for example a sample or body fluid,
and detecting the SERS signal from the sensor. In a preferred embodiment, the
biosensor is configured for a multiplex method that allows the detection of more than
one analyte. ' ‘
30
One embodiment of the invention is illustrated in Figure la. In this particular

embodiment, an antibody chosen to target a specific analyte of interest, which can be as



.30 antibody/linker constructs are shown in Figure 2a. It should be
noted that each of the three antibody/linker constructs is conprised

of a differ nt /antl body and |inker nolecule so that up E g an[t ? ns
can be tar‘& &"ul t aneous! y per.sensing area. In onBCHEBEE0GE? 23
this particular enbodinent, it is not2& requirenent that each

sub-region wthin the sensi ng area be conparable in size with the

| aser spot. In fact, each sub-region can be snmaller than the |aser
spot, so that nore than one bi ndi ng events can be simultaneously
probed wi tdefinedaatmivaglseanchered ostooa SER&@cmeanwuaglcomnostelcw@hsur&te Fiagur e
2a). This S ec
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bi ndi ng events. can be r%ixed i nmul t apeousl bg/ .ope single | aser S ot,
c0 | ong adiEHICSEROTAMBRLLY offaroTHRq g dh SORe SuiEble, g gemenh fap also b
enbodi geNntyséd1Ts a6 bSiddgtaBansit BY the bitiRidydo megﬁhastﬁuﬁﬁdspdhem%ody is

protein senm;& system 10 Cther enbodinments are within the foll ow ng‘
non-1i miticA rﬁﬁrl%%CtedERé?ﬁﬁ prdsofithe Highes molecaigdhrongh an appeppriate chemical

6- mer capt -3-(3-

L ethyi: 39%§f*%f“eeé Vit 2R AL Rl Zoftiion by ety dimetbylaminopropy)
from S| gnearhbdimigh. (Egcydﬂweleagﬂﬂ cpupbs pivhile thewitlicz rend af tmdin@:EBﬁplepﬂé ist)
mouse. ant O R S EF hedlls SPbeRbr RS ol ntthbSfy
100p1)10vveraﬁc11@mgufeeﬁht1ﬁ0d3nmmﬂn@ﬂﬁjcm&ces Pharm ngen. The Gol d SERS

substrates used in this 20 experinment were fabricated by e-beam
| i t hography. Exanple 2: Coupling of 6-MP to the SERS substrate 15.2

ng of 6- MeygRPiePdffeRAt cEnPIRkntdesal i SpIRbesly bihePRSHabR E0MRUARS, such
approxi mately 10nmM sol ution. A clean Au | ME substrate was i mrersed in
t hi s sol ufmadésulas arrangemsnt is crucial for the operation of the current sensor system.

15  The inventors of the present invention have observed and shown that binding of an-
antigen molecule to its antibody could induce structural changes in both members, i.e.
the antibody and the linker molecule, due to binding-related stress. Without wishing to
be bound to any particular theory, it is hypothesized that a multitude of factors could
give rise to such a binding-related stress. For instance, electrostatic repulsion as well as

20  steric interactions between two dipole like mdleéq]es can give rise to stress. It has also

| been suggested that although -electrostatic and steric repulsion may play-a role,
configurational entropy -may supersede these forces and lead to molecular. re-
orientation/configuration which subsequently brings about stress. In addition, hydration
forces between neighboring bound molecules may also result in stress. The inventors

iS have now unexpectedly found that these forces can be exploited for the detection of
antigen/antibody binding events. A more elaborated picture of this inventive concept is

schematically illustrated in Figure 1b and lc.

In the example given in Figure 1b, the antibody/linke:r construct is initially oriented at a
30 specific angle. Upon binding of an antigen to the antibody, repulsion forces, which
could be steric, electrostatic, hydration, entropic in nature, are induced, bringing about a

re-orientation of the antibody/linker construct. This re-orientation subsequently



25 before it was rinsed wth denoni zed water and left to dry. A Ranman
spectrum was taken before and after treatnent with 6-MP. Exanple 3:

| mobi |1 zgg,) Nt i - human p53 onto 6- MP-coated SERS S

491 of anﬁ%{)%ﬁl}rlrfgiw%gS was added to 0.5nl PBS. 650pM of PE&&%@E@?%
was prepared 30 by dissolving 2.4ng ERZ in 20nl PBS. 50 of the EDC
sol ution was added to-the anti human p53 in PBS. The 6- MP coated SERS
substrate.was imersed in this solution for 24 2 hours at room
tenmperature after which, it was washed thoroughly with PBS and
briefly drifedpceERending stiess apeestits Surkangen i thg infamabstryste wh dheaHaken
to 20A1l of5iBRie BlieSto T8 prokidt h@ﬁﬁ&f’n{ofécﬁlg‘%% ﬁié':??gsa—‘ﬁéﬁv@@ﬁjrface such

i ncubated for 30 mnutes at roomtenperature. neasur enent  was
t hen t akera reAfricgtation deiucedsirustipg tchartges wathiny the swiectledeoamésl detagtable via

dei oni zed r - Meas U e taken in PBS. .10 A .schene -
o e ox SERE | crBlfbrferE WRaTRRD e Willher ot A Begidled iy Fighnd) REVIRE
He- Ne 632.adtihedylaker covsauattit atitidlyedichied aloandllySwith\fespechep theSBRS-&dtive

density filter (Edmupd Inc.). A set of |enges i ch acts, as, both. a
beam _expar?&@fgcea_rﬁ’%‘pgﬂdwg F? PRI PSR %cea%ww geighharingoFntigeam
of uni f or thfle@idsl Rsull MR $ Qe-BRERAIM 0P GRMaNRRI/ DRk CEbnSRidEs, tha HERSh NI
area of the SERS stress sensor via a dichroic mrror and through an

15 O ynpusdeading stressgpwinnie ligkerspurughyee eisi inghe firé exumle.r eicle stigss can

af fi xed o 1@ ifliftfly Hlebhdlfed i ARUBRS Dl ABRNRyGOAL OF a PSS
sol ution was dropped onto the substrate an coverdd with a cover slip
bef or d0pl acing onto the mcroscope stage of the Raman system The

| aser po . the s €,.1as asured. to be 6 M\ The acquisitio
e ubed iR b seBE PR G, 5 MRy e BF ofhcli 8 SusBot Bty oo
f rom 200- 2R Beaeatibn ofGhelbindingrevents sigoathe vpbneladn€gerdtor ichtam@RAR rwites e
col | ected t he sane objective and focgus into a 400_Am opti C;

[T ber (oo dlih st ST A Tl OHS A <8t iyt 1sgiog Taris it og he SERS-

si ngl e- st aggvdRMACHPTRMY théiPRARENG;gndls ére) not APlifERhAd Bele&RE nkgligithé S
study was 600 g/mm and the CCD detector (AN Inc.) operating.

t enperlat urdd comBared o the linkgy signalapAngtsord wgiagaafferedhy thecuirentslesian if the
the Raman 3pRehésd FSthWeRdmAS speRurmANés Bl lidker. Z9RieE HilbRTEhE rdiscf%'lglgﬁg%(/v

SEAS spectra were processed using the Wre 3.0 software provi
manuf act uragaingfRanran tRelrgpursly Sreraby innprovingiogérall ystam’s sensitiviie
subtraction was first perfornmed to renove any background
fluorescence. Curve fitting of prom nent peaks

Another embodiment of the current invention is illustrated in Figure 2a. This

20 embodiment concems a h:ighly-multiplexed SERS-based nanoscale stress sensor for
protein detection. The inventors found out _tliai :this sensor can be much more
miniaturized than previous fluorescent detection methods, as it is devoid of significant’
spectral overlaps. The narrow peak-width in the SERS spectra means that signal cross-
talk can be minimized, thereby allowing simultaneous measurement of multiple binding

25  events to be performed within a single laser spot. Thus, the current design is expandable

to a highly-multiplexed sensing platform.

In this particular embodiment, the sensing area is sub-divided into several regions, each

of which bears a specific antibody/linker construct. As an example, threeldifferen:t
30 antibody/linker constructs are sﬁown in Figure 2a. It should be noted that each of the
- three antibody/linker constructs is comprised of a différent antibody and linker rﬁolecul;a

so that up to 3 antigens can be targeted simultaneously per sensing area. In one aspect of



30 was carried out using 50% Gaussian curves to |locate the centre
peak position and deternine the peak width and peak intensity. 25
Exenpl ary fra derived fromthe 6-MP stress se wn
in Flgure‘ggﬁﬁg I'S ObVIOUS that the shapes of the thregég%ggﬁﬁg%4 :
generally simlar and no new peaks ar@3formed due to anti body
coupling to the sensor surface and analyte binding. This is because
the proteins are weak Raman scatterers and the enhancenent effect in
SERS 5 decays rapidly as the separation of the analyte and netallic
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rotationaf or tran ener oCi ated with movement of
atonms 1dn t he nol ecul e. Each electronic level will have its subset of
vi bration | ey unlike.optical absorption, does
not requi ﬁéhqrﬁglt O@%e |Sna5° Hitﬁ %5?1%’ 18%%"8#@?‘8@%’81“}?& Sde with energy
transition to the next electronic level. Instead, an incident photon
is usually nmuch lower in energy and_excites the nDIecuIe to an
internmediate virtual state froma Svi brational |evel. The

virtual stEabgpled: ChahRady and a photon is sinultaneously scattered
with the nolecule returni ngbto a lower vibrational |evel other than

ground> TRaneeptepprige t(RMEr amaspldirgnotasfd cloethshGhdimethylantisopropyl)
di f f er encg,BodiRRUYRED Wy&%r@ 5l ﬁBmtsh%m? %@dr%“él;?ﬁ@ta% pﬁﬁﬂa}a&%@%uffer

energy transition between t e vi bratio evel s”(Raman"s
Ther ef or e salinelfPBS; phE4) wenewbtaineddwnn nyitrdgen end & BASE redpectRehym Rurified

Effect. T 0

cher cal  BongatEnFht bR B SndRRFk Ry Rl BEL LD Gdn 1 B were
shi fts i nptdeeredufroreBD qupmammthmnmgbinUEhesGglgleSE]kS/euhnhatB@nmdehstm
or stretching of certain bgnds wt IVP upon bi nding 30 of the p53
to thé8 n%?’ﬁ?&ﬁergﬁ“ gg%gﬁfl?eﬁ’@gﬁ}ﬂo *a bond is conpressed or
constrai ned, the vibration frequency |ncreases resulting in a higher:
Raman shift. The reverse S true for stret ched or un-constrained
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Example 3: Immobilization of anti-human p53 onto 6-MP-coated SERS substrates

4yl of anti-human p353 was added to 0.5ml PBS. 650uM of EDC solution was prepared
30 by dissolving 2.4mg EDC in 20ml PBS. 5ul of the EDC solution was added to-the a:nti- ’

human p53 in PBS. The 6-MP coated SERS substrate.was immersed in this solution for




Shift Peak (cm 1) Assignment Upshift 433.54 (v)S-C6, (br)pyrim
620. 42 (6)C8-H(op), (6)N9-H 865.99 (br)pyrim W5-Au 1000.04 (6)S-Au

WO 2011/078794 PCT/5G2010/000472
24

2 hours at room temperature after which, it was washed thoroughly with PBS and
briefly dried.

Example 4: SERS meéasurements .
5 2yl of p53 was added to 20ul of PBS. This solution was added to the substrate and

incubated for 30 minutes at room temperature. A SERS measurement was then taken.
Afterwards, the substrate was rinsed thoroughly with deionized water and a SERS

measurement was taken in PBS.

10 A scheme of the experimental setup is shown in Figure 3. Briefly, a 10 mW He-Ne
632.8 nn laser was attenuated to about 5 mW using a neutral density filter (Edmund
Inc.). A set of lenses which acts as both a beam expander and spatial filter was used to
produce a 7 mm (&) beam of uniform profile. The so obtained beam was focused onto
the sensing area of the SERS stress sensor via a:dichroic mirror and through an

15  Olympus 40 %, 0.90 NA microscope objective. The substrate was affixed onto a glass
slide via double-sided tape. 20pl of a p53 solution was dropped onto the substrate and
covered with a cover slip before placing onto the microscope stage of the Raman
system. The laser power at the sample was measured to be 6 mW. The acquisition time
used in the éxperiment was 10 s with all Raman spectra collected from 200-2000cm™.

20  The Raman signals generated at the sensor were collected by the same objective and
focused into a 400 pm optiqal fiber (Ocean Op‘tic's,.lnc.) which delivered the signals to a
single-stage monochromator (DoongWo, Inc.). The gfating used in this study was 600
g/mm, and the CCD detector (ANDOR Inc.) opereu:tiﬁg temperature was set to -60 °C.
An ANDOR software was used to acquire the Raman spectra as well as to control the

25  spectrometer.

The raw SERS spectra were processed using the Wire 3.0 software provided by
manufacturer of the Raman system. A straight line baseline subtraction was first
performed to remove any background fluorescence. Curve fitting of prominent peaks
30 was carr%ed out using 50% Gaussian curves to locate the centre peak position and

determine the peak width and peak intensity.



1290 (v) N1-C2-N3 Downshift 1536.02 (v)N7-C8, (6)08-H, (6)N9-H
1571.92 (v) C2-N1, (v)C6-05-C4, (6)N9-H Abbreviations: v: stre ching

vi brati On’WQFoufo‘iff'}Eh breathing vibration; 15: deformati 96}[%&;9{1%609&;

op: out of plane; pyrim pyrimdine. 10 Response curves

current sensor were constructed by pl @ting the peak shifts at 865,
1000 and 1290 cm | agai nst the p53 concentrations. The curves are
shown in Fi gure 5. These three peaks were arbitrarily chosen to

noni t or t ant.i - p53 bi pndi ng.event sinply because of having the
nost si gn %W§E§ﬁlsl’?°éra "éigﬁ'%mé]?‘? MR styess yasoreg shoaman dgure ¢. It

shoul d be lym@tmdhé i]ﬁbes%f'ﬂ?e’th}%b @ﬁec&g aﬁ;e%ﬁérﬁl'l)yﬁmﬂm nfa%wadea& e

used. FromFigure 5, it can be seen that e current sensor
responsi vdomgdpde tmtmttjv@ﬁy @pemingt tocthe sensor amrf@ﬁsinésmhlaw bzsdllle s lﬂ'he

SERS measyyf,

subst r at o Do 1 Hlchy' G RN Ralrth sCacRREs PO A frocRpsifEP I ters
presenée décqy§3améﬁyoe£setharsdpeméttoarofrthe]an;ﬂge a]ihenerélﬁamaﬁkmrhétﬁes ut’ﬁﬁéa&&t e
was anal yz[%ere cgretahcr:oe %‘1@181%;1 o%]tlfeha%tl-s %Qsagtrlbosalyj/ra];lg (éhe p5% ant]gen \gvould not be -

significant alongside the spectrum of 6-MP.

The SERS peak positions before and after the addition of p53 were curve fitted and the
10 center wavenumbers tabulated in Table 1. The peaks at ~433, ~620, ~866, ~1000 and
1290 cm™ show significant positive shifts upon addition of p53 with ~866 and ~1000
cm’! peaks displaying the greatest percent shift of ~0.45%. Significant negative shifts
were also observed for ~1536 and ~1571cm™ peaks. To understand the spectral shifts, it
is necessary to revisit the theory of Raman scattering as well as understand the
15  interaction of light with a molecule as determined by its energy levels. There are two
types of energy levels: electronic energy level, associated with movement of electrons
and vibrational, rotational or translational energy level, associated with movement of
atoms in the molecule. Each electronic level will have its subset of vibrational Ievels.
Raman scattering, unlike optical absorption, does not require that the incident photon
20  energy coincide with energy transition to the next electronic level. Instead, an incident
photon is usually much lower in energy and-excites the molecule to an intermediate
virtual state from a ground -vibrational level. The virtual state is unsteady and a photon
is simultaneously scattered with the molecule returning to a lower vibrational level
other than ground. The energy of the scattered photon comresponds to the dif‘ferencg.
25 between the energy of the incident photon and the energy transition between the
vibrational levels (Raman shift). Therefore, vibrations in molecules are the origin of the
Raman Effect. These vibrations are constrained in a molecule by the chemical bonds
between the constituent atoms. The observed peak shifts in the current experiment are
thus suggestive of compression or stretching of certain bonds within 6-MP upon binding
30 of the p53 to the immobilized anti-p53 antibody. When a bond is compressed or
constrained, the vibration frequency increases, r'esﬁlting in a higher Raman shift: Thé -

reverse is true for stretched or un-constrained bond. From Table 1, it can be observed



C) using 100% power, | Os acquisition and 1 accunul ati on as settings.
The results are shown in Figure 6. Afterwards, the substrate was
coated w a SERS 27 nmeasurenent carried out w 9
power, 302‘932}2\1{5{0@?‘1 on and 2 accurul ations (cf. Fi gurep%}.sggﬁg’[{@%n
next step, anti-p53 anti bodies were capjugated to the surface via
6- MP using the EDC crosslinker. A further SERS spectral analysis of
t he bi osensor foll owed, at 10% power, 30s acquisition and .2

accunmul ations. The results are shown in Figures 8 5 and 12, wherein

Fi gure 8 dhaswke bonsgdhat have e ppdyit prechonfipthat bind &-MBds ihegad sebstratedSeas
Fi 1 - t ) i t.h
wiyenamberid) 12 4Bl I £RERG" W SRPBER iy I ol HEEL "B LR

recoded at 1000%m{i)eeresplfbtostsAuivibration TaisdaR baecplaintdby beisg ¢-MP’s main
Figures 9. and 13). Thep, th urfa s thoroughly rinsed with .
et ont 2 Rtes o BB Bt G e SC TS Athr kR fie BSRER chimpregsion
usi ng she upoh b3 binginpar anet ers: 10% power, 30s acquisition and 2
accurnul ations. Figures 10 and 14 show the results of these
recordings. It becones apparent that no new peaks are observed upon

addi tion N fﬁl%sa ; sor surface. This is

parti cul aﬁayw(}\iiﬂ ent s?i%gl%?gﬁ?fgﬁﬂéﬁeﬁ?gh represents a cunul ative pl ot
of the sgectra gl Ned (N7 OUGNPEIk (EMS) PT OCEQUT € 1T QREigiReminct ySTg Of
| ocationjA. Figure 15 15 |represents a cunul atli ve pl ot of the spect|ra
obt ai ned|fromthree neasyrenments after anti body conjugation, addit|ion
of p53 amd rinsing the sdnsor surface. A larde Raman shift is :
observed|when YBshifii nds tlo the amassp53 anti hody thgtcaasp@en
i mmobi liz2ed on the Au | Mfg—substrate (cf Figyre 15).  The -866 _-947,
1000 and 20 -1292 peaks,| corresgBRdfng to v({8- HFIEE-Ea (DO,
aCs5- N7- C8+51\ 19- C8+aC6- S, 0S-H angseé2- H+3C8{H+a. Nbrgwm -H,
show t he|nobst prom nent ghiHs—ef—4—bemt—FHhese—represent—bondsg
between ¢-MP and the subdtrate an®%¥ the andi body. (%is\mbn t he. .
substrate¢ is rinsed with|dei oni zed2gpat er and{the RappRi-spRetrumi s :
t aken i n (26—RRS—the—speditii-c-osely—osenbi-es—t-ho—iidtiab—spectd um
bef ore in-cubatDiocgrquq:tth p33 (cf Filg¥lEs 12, 14 attN71CD) (5)O&M (ENO<Lht ijons
illustratively described ; ; chr )' S aa AN ‘
absence 80 _of any elepent! or elenments, linitation or P LAt ons not
speci f i calAbpreyiationsysedstresehéng vibTation; bioringbagathieg vithafiong dargleformation
"conprisi g pel udiagt Y cont aini-agt, etc. shall be read

expansi ve%‘%“r?&’ %toﬁgh{ﬂﬁer‘rﬁ%ﬁi Wﬁ%&i tionally, the terns and

expr ed8i ons enpl oyed 28 : o

Response curves for the current sensor were constructed by plotting the peak shifts at
865, 1000 and 1290 cm’! :against the p53 cbxiéqntrations. The curves are shown in
Figure 5. These three peaks were arbitrarily chosen to: monitor the p53/anti-p53 binding |
event simply because of having the most sigﬁiﬁcar}t upshifts and a relatively large N
15  intensity. It should be understood that other binding-sensitive peaks can also be used. -
From Figure §, it can be seen that the current sensor is responsive to p53 antigen even at

concentrations as low as 10 nM.

The SERS measurements were repeated for clean sqbstrate, 6-MP coated substrate, anti-
20  p53 6-MP coated substrate in the absence and presence of p53 before and after rinsing.

The clean Au IME substrate was analyzed at three spots on the sensor surface (A, B and :

C) using 100% power, 10s acquisition and 1 accuﬁlﬁlation as settings. The 'résulfs-aré

shown in Figure 6. Afterwards, the substrate was; coated with 6MP and a SERS



herei n have been used as terns of description and not of limtation,
and there is no intention in the use of such terns and expressions of

excl udi ng l.val ents of the features shown and de

portions 9ﬁ§¥ggﬁ%h%ﬁt it is recognized that various no%eisggﬁP@%%7are
possi ble within the scope of the inve2fion clained. Thus, it should
be 5 understood that although the present invention has been
specifically disclosed by specific enbodi nents and optional features,

modi fication and variation of the inventions enbodied therein herein
di scl osed meyuEEeRleaasried qut Withyl 0¥ pewers R03 peawisitipn; ad 2 epcunaiationn {ef.

such nodi f ik | at

scope of J%@ﬂ' gggntloﬁya%%%¥hgﬂggﬁ?§ﬁﬁgg%hg§{ﬁg%%gﬁg s C|fggéﬁere|n
is incor porsmgel'ie B C @bsstiskaz A ifurttien SERSepeqtnabaqalysiEM thebiestns@rfoheveed, .
B e BeREcT! BB FU £ S blER Fin R SR kiR A AR
di scl osur endligowhereim Rigirt 8ahows Hspebea wvmptpm mor thfek SneafiGEHERS wHeRas
generic descrlptlon of the invention with a proviso or negatlve

i mitati o $BF0VE AYChilPrvs Gosheectnm serarately mnfi Heclydenths peple avenuabsrsof

whet her orgd@ifel, B 36%4 a'iﬁgd EBa{h% erI?SJOl‘ hrvd §Eﬁ§ 'sﬁéc%%lrlzébdé@ﬁﬂ i pBﬁrEne 305
O her enbodi nent’s are in the lowing clains. In addition, where

features @F%l@b@@:t@do? @@umhlétlﬁm’v@-‘tft Figuresr 8 s dd) GBaeni he snrfaceofvas

Var kush npbiagand NiREs S Yadntlly WGl Mab wJoS00A! BBRENGcctiyere

I nvention Ts escr et Ne 0O I Vi
or sulgr ompquedmnaﬂngr ﬂleoffolldveng/apdrmétexgr ddpo IR@E:f SGBﬁ) 1£bq0ﬁﬂi©?12 and 2

29Recei ved 17/ 10/2011. O ai WE t od fin-
det sot | ng sreniprsy s (¥ L shey” o Feste of v cocareiginnit becomes "
spect r oscapyaréfititho neRPRiksHrélghseRed t:mtadﬂgmh RE @RS Dnd'P3B G0 BRALNSLES
wth a conj%gate cQnpri si 9 at. | east. one ’
surtace. This 1s particularly evident in Figure 11, which represents a cumulative plot of
the spectra obtained throughout the procedure from the analysis of location A. Figure 15
15  represents a cumulative plot of the spectra obtained from three measurements after

antibody conjugation, addition of p53 and ﬁnsing the sensor surface.

A large Raman shift is observed when p53 binds to the anti-p53 antibody that has been
immobilized on the Au IME substrate (cf. Figure 15). The ~866, ~947, ~1000 and
20  ~1292 peaks, corresponding to vC8-H+vN7-C8+vN9-C8, aC5-N7-C8+6N9-C8+aC6-S,
oS-H and 6C2-H+5C8-H+aN1-C2-N3+6N9-H, show the most prominent shifts of ~4-
Sem™. These represent bonds between 6-MP and 'ﬂie substrate and/or the antibody.

When the substrate is rinséd with deionized water and the Raman spectrum s taken in
25  PBS, the spectrum closely resembles the initial spectrum before incubation with p53 (cf.
Figures 12, 14 and 15).

The inventions illustratively described herein may suitably be practiced in the absence

30 of any element or elements, limitation or limitations, not specifically disclosed herein.

Thus, for example, the terms "comprising”, including”, "containing", etc. shall be read' -

expansively and without limitation. Additionally, the terms and expressions employed



anal yte bi nding nolecule attached to a netal substrate surface that
enhances Raman scattering via a Raman-active nolecular linker; and -
det ecting w83k a4 s in the surface enhanced Raman Sp@%&fséﬁﬂyﬁ(ﬂm:
said conjugate as an indication of the analyte binding event

The nethod of claim1, wherein the pe#R shift in the surface enhanced
Raman spectrum of the conjugate is correlated with the anmount of the
anal ytes. 3. The nethod of claim1l or 2, wherein the one or nore

anal ytes are.cont 'ned ina' a and t he,de ecrion.is in.vitr

The. et nodetsis SR BAB spd of sy . scttfen 4 2518 idioe abfl SRt i es
are det ectigntion ia tb@dkd ¥f dukchi itémS QAP X SreRHnS A exchitihy b equivalents ofithe
The net hod, of cl aim4, TlV}gereln sai d bodlly fluid is selected from

the group easwes shevk and depcribied or Rortinms thergef but jtnishrecoanizsd rthenyprious
urine. modiffeatidACarBpbiiile Qrflthﬁﬂ}ie Qd?)?e of telideiBonlclRmetNehR! 11 shdifd poe

or more analytes are  selected from the group consiating of proteins,
pept i d&s, understepd thatj although the pyasentt @gentlonplnadsbeeneﬂpbfsﬁcallyr diselesedshyl |

mol ecul es’sg&qi?chae%b%ﬁﬁnems andZPgtg_J}ﬁlDr@%th%g grr%’ld i S 8f Vit a"iu ofl tﬁé

wherein th | 'east one ant ecuﬁe speci caPIy bl hds
t he one olinventiensaamatodiedsherdinEisfDG ISt MR réddrtePET bﬁ%@a%ﬂﬁﬂﬂﬁﬂe
30Recei ved ,17/10/ 201 The ,met.hod of claiim mher Jn the at
Censt  one A pes %ﬂ*‘fﬁ&?%ﬁ%?f&c@fié’%h@é|a@c$°@ad?rﬁim byt Elfl&hi)scope of

consi sti nghigfnvamicant i body, anti body fragment or antibody |ike
nol ecules. 9. The method of claim7, wherein the at |east one
analyﬂ@ bi ndi ng nol ecul e i s a nonocl onal or polyclonal antibody.

The content of all documents cited herein is incorpbrated by reference in their entirety.

The invention has been described broadly and generically herein. Each of the narrower

species and subgeneric groupings falling within the generic disclosure also form part of
15 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.

Other embodiments are in the following claims. In addition, where features or aspects of
20  the invention are described in terms of Markush groups, those skilled in the art will
recognize that the invention is also thereby described in terims of any individual member

or subgroup of members of the Markush group



- 10. The rrethod of any one: of clalm; 1- 9 Wherein the method is a 4
nul tiplex method for detecting nore than one anal yte, whepeikobm/oohes

“contacting step nore than one anal yte bindingtol ecul es a -

The net hod of any.one of clains 1-10, 28herein the at. Ieagtgce%&%ﬂwﬂo]l

anal yte binding nolecule is covalently. coupled to a Raman-active

mol ecul ar linker that is attached to the substrate surface via-

coval ent inpggactions. - 12. The nmethod of any one of "cl ai ms 1-11,

wher €i h t he"Ranan-acti ve nol ecul ar |inker conpound is selected from

the group consisting of 6-Mer.capt opt ui ne, 8- Aza-adeni ne.

- N- Benzoyl ademitieclaimeder capt odenzi'm dazol e, "

4- Am no- pyrazol e[ 3, 44] pyrim di ne, Zeatin, Methylene BM

9: Ar.ni no-acri di ne, Ethidium Brom de, Bi smarck Brown 1,

N- Benzy| ani, nopur i, né, mefigd dor driosingt op &1 mRrecanslyteniuriega gifach epbanced Raman

6- Cyanopur i mﬁmmsmsﬁcd;ﬂﬁﬁﬁg/\ﬁ ecar boxami dehydr achl ori de, Rhodarni ne
60, Crystal Violet Fuchs -An Bl ue arnm)m um.sal t, _
N-[(:3-(Aniiinol "t et %%ﬁé)%: ongiﬁ'énr - J&H’@ﬁé@ﬂ“ﬁ n%’ﬂ??f%éplﬁﬂﬁﬁ t¥neno
nohydrochl or i de, Gaglfte hizdibmolequleiatiached to a yetpl sbsiiathjurfade thet cnhances Remen -
t et r anet hyl ur on| e fﬁaqqaﬁmm%;amlmﬂﬁfl uonme -hydr ochl ori de,
Basi ¢ Bl ue, 1 no (00 t hr aqui .none, Profl ayi ne ,
hem sul f at e sai t %%f%ﬁgep“l? lﬂﬁi r’ﬂv)%f “"p &¥e g’f"?"@a"fp %?‘Pe‘“
Vari arni ne Bl ue: anmcwmdntﬁqaeoanfﬂurﬂlWMMe . sul fate salt, 2-

Am no- benzot hi azol e, Mel am ne, 3- ( 3- Pyr| dyl met hyl ami no) Propi Oni tri I e. S|

| ver @ Sul f adi azi n Acr.i f1 avi.ne

4- Ami no- 6-.mer c&pt o QBVH%%F@ gaim EJW“&PW%’I”%‘“AW AR fhmged W@Hl ne
Thi ol FAD Hpedmoed de conjngatd issprrcired Seitrgrecupyao pfithenrdijted. 3, 4- d] pyri it di ne, -
Rhodam .ne 110, Adeni-ne, 5-Am no-2- rrer capt obenzi m-dazol e, Acddine

Orange Hydr och orl Vi, ol. ate, Acriflavine Neutral, -
Di ni di um Br oni 1&’ fffgf% %"m E%WHSITOWMWI%CBW PRer i n
Tetra(p- tolmnbsndﬂmﬂmn)mm@tr&o 15 20- Tet raki s( 4.

t ranet-hyl ar ni nophenyl ) por phyr| nTetra(p-tol uenesul fonat e), 3, 5 D am xt o
acri di ne '

Hydr ochl ori de, Br o&halwafw et falmy hB' wherein fiF 9B OF M‘rﬂﬂ%ﬁ) 6-
- AMENDED SieEER BAdiXuid oPOIFIsBESBABEBB0472 31Recei ved 17/ 10/ 2011. '
phenyl phenant hri ,dl ni uni odi derret hi odi de) , Tr ans- 444-'(di net hyl anti no) sty
rylj-1- methyl

44( 4- (di meht y| &ni :‘?g‘fﬂ?ftéi’ﬁ%"f a@%)dgeﬁ%ﬁ“t‘%l"ﬁ"’y&a'édﬁf?l?ﬁ"dﬁ"me%ér"“ar

derivati v e sotdistingofiplasma, serum, blond, lymph hquor and urine.

6. The method of any one of claims 1-5, whezein the one or’ more analy'rzs are -
selected from the group consisting of pmteins pepndm, nuclelc aclds, carbohydmtcs hp:ds,
cells, wmscs, small molecules, or haptens .

7. The method of any one of clauns 1-6 wherem the at least ope analytc bmdmg .
i molecule specifically binds the one or morc analytes, : :

AMENDED SHEET
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13. The method of. cl ai m, 12, wherein the Ranum acti ve mol ecul ar i nker

i's a thiolgroup. containing.coipound. 14, The nethod of ¢laim13, = °

wher ei n the Raman-active nolecular tinker is 6- .. tl_ :
o PR e

15." The nethod of ‘any one af .clains 1-14, wherein the a
anal yte binding nolecule i s coval ent1® coupl ed to the - RASivedd74Y011

_.nol ecul ar |inker by ami de bond formation. 16. The net hod of 3
- claim15, wher&i nThe methng| OMﬁ-wamhﬁmlmanM&e Sﬂ&b#’mole@ihg% B
alns 1-16,

used as a gaskRbifeh &g ne of
wherein the {[.%%al subggﬁ ate sur?ac?%%%gﬂdén%"x% Ak o Antikpdyolike _
copper-. The method of claim 17, wherei.n the noble netal is

sel ected fromthe group consi sting of.silver and gol d. .19. The

nmet hod of an n the substrate is
Y oPnenimdioft o Bk £ neilp STty Sumhs Windi o s s

“nanopartic] e.
nanopart i cF&“‘T’E’“’&BﬁP@H"WM‘bW consi sting of a noble netal. 21.
The net hod of 'claim?20, wherein the noble netal is .selected fromthe

gr.oup consi stijpg and 8]]51 . 22. The nethod of any one
of c¢lains 20-21, g.?ig%;é’?{ a‘% s L cr'Eer%ﬂleazs@eﬂm\mnwmsnmér :

film ANEWW Mmmalytc, whcmn in the contacnng step more than one analyte
binding’ moleculcs are used. -

11. The method of any one of claims 1-10, wherain the at ]east ome analyte binding
molecule is covalently. coupled to a Raman-active molecular lmker that is attached to tha.
substmtc surface via covalent interacuons

) 12, The method of any one of claims 1-11, wherein the Raman-active molecmlar.
linker compound is selected from’ the group consisting of 6-Mercaptopurine, 8-Azz-adenine,
N-Benzoyladenine, 2—Mez'capto=bmzumdazole, 4-Amino-pyrazole]3 4-d]pyrimidine, Zeatin,
Methylene Blue, 9—Annno-amdme. Ethidium Bromide, Bismarck Brown Y, N—Bmzy -

. ammopunne. Thionin acetate, 3 ,0-Diaminoacridine, &Cyanopunne, 4-Ammo-5-1m1dazole—

_ carboxamldchydmcmonde, ]3-Dummo:somdolmc, Rhodamine 6G, Crystal Violet, Basic
Fuchsin, Aniline Blué Diammonium salt, N—[(3-(Anﬂmomcthylene)-2-chloro-I-cyclohexen-1- o
)d)methyienc]amhncmonohydrochlonde, O-(7-Azabenzotriazol-1-yl)-N,N,N'N'-
tcn'amcthylummumhwaﬂuorophosphate, 2-Aminofiuorene hydrochlonde Basic Blue, I,8- '
Dmm.mo-4,5—dlhydroxynnthraqumone Proflavine hemisulfate salt hydrate, 2-Amino-1,1;3-
_propenetricarbonitrile, Variamine Blue RT salt, 4,5,6~Tnammopynmxdme sulfate salt, 2-
Amino-benzothiazole,  Melamine,  3-(3- Pyndylmeﬂ:ylammo)l’ropmmmle ' levcr(l)

. Sulfadiazine, Acnﬂavme. 4-Amino-6-mercaptopyrazole[3, 4-d]pyrimidine, 2- Armnopunnc,
Adenine Thml FAD Fluoroadenine, 4-Ammo-6—m=rcapyopyrazole[3 4-d]pyn.tmdme,

' Rhodamine 110, - Adenins, | S-Ammo-z-mcrcaptobcnmmldazolc, -Agridine Orange

- Hydrachloride, Cresyl Violate Acetate, Acriflavine Neutral, Dimidium Bromide, 5,10,15,20- .
Tetrakis(N-methyl-4-pyridinio)porphyrin  Tetri(p-toluenesulfonate), °5,10,15,20-Tetrakis(d
. mmethylagnnophmyl)porphynn Tetra(p-toluenesulfonate), 3,5-Diaminoacridine
Hydrochloride, ‘ "Propidivm lodide . (3,8-diamino-5-(3-diethyleminopropyl)-6-

AMENDED SHEET
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. PCT/ SG010/ 000472 32Recei ved-17/10/2011 .23. The nethod of any one"
of claims 20-22, wherein the manoparticle i's a citrate- stabilized
gol d nanopart i cI e. 24. A conjugate for the detection. o

usi ng surface-enhanced Raman spectroscopy. conpri sing ar?cg% 9’%00472
" binding nol ecule, a Raman-active |ink® noleCule and a r&ﬂcﬁWd 17/10/2011
substrate, wherein the analyte binding nolecule is coVaI ently coupl ed

}\/gl tezﬁl Ealrra:mmlpb m[ag%mwoa the ubstrate %eﬁgﬁ the
"Raman- act i \S}ne ?‘écu y'° ehﬁ'é E&é’?{%‘ﬂ%ﬁ‘?’h&“ﬁ@yg Paozer Aeid; Fscigimidyh

consi sting W%de‘b’a%@Gﬁirl ‘ne, 8-Aza-adeni ne, N-Benzoyladenine,
2- Mer c. apt obenzi mi dazol e; 4- Ani no- pyr azol e[ 3, 4-dbyrimdine, Zeatin,

Met hyl ene Blue 9:.Anmi tiddjugi Bronide, Bismarck Brown vy,
N- Be%'zyl ani nopur Fﬁée %?ialcoﬂrff z%,'e“fl.:'ﬁ?@ the %M#ldﬂ‘ﬁés a thiol- g
6: - Q/anopuﬁ'ﬁﬁemﬂmm@tmn dazol e-car boxam dehydrochl oride, 1,3-
.Di i m noi soi ndol i ne, Rhodani ne 6G "Crystal Violet, Aniline Blue -

D anmoni um salg,, 3 ' '
(Ani | i nonet hyllghe%hégﬁ%f’f)c*‘“’b}%l Wisesin ey R%?MFWM Fnket nﬁeﬁonohy
drocl i kui de@rqpnm

Azabenzotriazol - 1-y1)-N, N, a- t.et rarret hyl ur oni unhexafl uorophosphat e,
9- Ami nof | uorer}g drochl.ori de,. Basic Blue,

-1, 8- Di ani no- 4 L FVHR g Sl &-14,prhereinathe st deapteons sulytetinding] t
hydr at e, zmpmlu!m:slcowﬁatm @pﬂlalatd it@aRacHMiakve :ﬁotmﬂ\{alhhﬁmwemﬁhéleoﬁ

Thani t | opyrl m di ‘nesul f at esal t, 2- Ani no- benzot hi azol e, Mel am ne, 343- -

Pyri dyl met hyl ar ai no) Pr opi oni tr| I'e, Silver(1) Sulfadiazine, -
Acriflavine, 46Arffheo- rﬁahoderocaptampynﬁz odtefefd, 4r-dﬁ3@-31(ﬂhﬁﬁﬂ1y]ammopropyl}

. 2- Am nopu&mgnm@ggwgs b, Fl uor oadeni ne, "4-
Ani no- 6- mer capyopyr azol e[3 4 yrim di ne, "Rhodam ne | JO, Adenine,..

5- Ami no- 2- ner capt ebenzi'm dazaol e, Acridine Orange Hydrochl ori de,
Cresyl Viol at é7Ac%taneﬂmdACanyfdxﬁ\oEaﬁnﬂHe!utﬁ( %ummmg}gﬁ“
5, 10, 15, 20pdRbf Hod ﬁwg,l%4 pyridini 0) por phyrin .

Tet ra( pt ol uenesul fonate);
5, 1045, 20- Tet r aki s(4-tri net hyl am nophenyl ) por phyrinTet r a( p- :
t ol uenesul f onk®) Ths nfthbd africlaiaa T, Ivdllafaﬁ thy AALRCIRbLA S S@ectddr B S b 0di de

(3,8-di an%@ﬁs‘éﬁé@f’sﬂv&rmdgo
di et hyl ami.nopropyl) - 6- phenyl phenant hri di ni um odi derret hi od| de), Tr ans 4

-[4- (dimethyl-am noystyryll-1-methyl pyridini um odi de,and -

(di mehtyl ati i i) Themythddaif agynealAmsIc] §lwh@ds hi absmedyimﬁ@aﬁae.or -
derivatives thereof. 25. The corijugate of ‘claim 24, wherein the

anal yt e -bi ndlz?(g nol ecul e is selected fromthe group consisting of an
‘anti body, antf'bo dbe petiosial MsMﬂW‘h’ﬂﬂ@@m@mmm@ﬂhe
" conj ugat e noblemktali m 25, wherein the anal yte binding nolecule is a -

nmonocl onal or polyclonal antibody. AMENDED SHEET TEA/ AU

21. The method of clmm 20, whersin the noble metal is selected ﬁ-om the group
consisting ofsﬂverandgold ' :

22. The method of any onc of claims 20-21 whmm the namparucle is coated with a
- silver ﬁlm

MNDED SHEET
"~ IPEA/AU -




PCT/.SG2010/ 000472 33Recei ved 17/10/.2011 -27. The conjugate of claim
24, wherein the Raman-active nolecular I'inker is a thi olg(Fﬁg 2010/000472
cont ai ni ng conmpound.. . 28. The conj ugate of any one @‘,01
24- 27, wherein.the anal yte bi -ndi ng noPecul e is coval entl “c?‘a‘ﬁfg 2t6

t he Raman- acti ve .nol ecui ar | i nker by .am de bond for mati on. o
The conj ugate ai, cnalrﬁmﬁs,ofwtyeanelomcﬁmﬁtzbazi,Swl(e&udﬂxmmls&ﬁm ﬁQD&i@dwU

car bodi i m d; I.l s‘@d parﬁ lcoupl I ng agent. 30. The conj ugate of
any one of Cralne 2429, vvﬁerel n the metal substrate is nmade of or
‘coated with a noble netal or copper. -+ 31. The. conjugate of claim

30, wherein.thea, nQb'o@njﬁ’@{eafor 'tlﬁ: Setdo@it §0anf Erﬁmst h&%:g%:@fd&-eﬁﬁhﬂ@ddsﬁdxﬂﬂ of
- silver andg%old at(gﬂqfealglxn mgclalms 24- 31, .
wherein the "mfmf’pyscﬁﬁ'g’t’?”ét"é ”f“g % i} fman-active ?‘“*ﬂé"“&‘@ﬁf’ﬂgate
of cl ai m 32metivelstite whaicinthnoshtettinging nicecde it mvhlenily oupled itd the Reshid- m
34t Tthe C?r‘dg&&aﬁxﬁéﬂﬁdﬁﬁ'aﬁh% Wﬁb@lzﬁ@m&@&%%&h&h s:ﬁahf%d to the
eitrate-stabiliie ol.d n artic H’Bg |oeasor or e
det ecti on O‘PQH“W 2‘??15‘% & solsrienioke cpEpasn ‘?‘io@é'b%'ﬁ
conpri sing gy mnmﬂtmgeofcmet@mmnacbbmhdn@et m-Béraoylsleraﬁle-, dMercapto-  36.
' The bi osensppziisdelea ictmﬁﬁm,té' D MRikiABR ﬁtm
t he nanopartléxéao%fh?re grbere { substrate Eﬁ?ﬁ % eT
bi osensor B E Nl%ﬁ’é’h@%‘f”ﬂ“gmegh‘f’%tﬁ%f or
I n Vi vo andi®Disminoscriding a:Symnopurdel-MiAkiihoSi-itdhzdiétatfordnidebydrochloride, 1,3~
Diiminoisoindeline, Rhodamine 6G, Crystal Violet, Anilinc Blue Diammonium salt, N-[(3~'
(Amhnomethylenn)-z-chloro-l-cyclohcxen- ~yl)m¢thylcnc]anﬂmemonohydrochlonde, O-(7-
Azabenzotriazol-1-yI)-N, NN’,N'-teu'ameﬂtylummumhexaﬂuorophosphnte, 9-Aminofluorene
A hydrochloride, Bas;c Blue, I,S—Dtamxnﬂj-dihydmxyanthmqumone, Proflavine hemisulfate
~ salt hydrate, 2-Amino-1,1,3-propenctricarbonitrile, Variamine Blue RT salt, 4,5,6-
Triaminopyrimidine - sulfatc  salt,  2-Amino-benzothiszole,  Melamine,  3-(3-
P}n‘idylmethylanﬁno)l’ropiouitrile, ~ Silver(l)  Sulfadiazine,  Acriflavine, 4-Amm0-6-
'mercaptopyrazole[s 4-d]pynnudmc 2-Aminopirine, Adenine Thiol FAD Fluoroadenine, 4-
A:mno{-mcrcapyppymzolcﬁﬁ-d]pynmldmc, Rhodat:mne 110, Adertmc, S-Mmo-z-
mercaptobenzimidazole, Actidine Orange Hydrochloride, Cresyl Violate Acetite, Acriflavine
Neutral, Dimidium Bromide, $,10, 1S,ZO-Tetrakxs(I'I-methyl-ti-pyndm:o)porphynn Tetra(p-
toluenesulfonate), 5,10,15 20-Tetalus(4—&xmcthylammophmyl)po_rphynn . Tetralp-
toluenwulfonm.e), 3,5-Diaminoacridine Hydrochloride, Propidivm Todide (3,8-diamino-5-(3-

"dxethylammopmpyl)-&phmylphmamlmdlmum iodidemnethiodide), -  Trans-4-[4-
;. (dimethylamino)styryl]-1-methylpyridinium iodide, Cand . A4~

(dlmehtylmnmo)phcnyl)azo)bmzmc acid, succinimidyl ester or dqu-iv_aﬁves thereof,

25. . The conjugate of claim 24, wherem the analyte bmdmg molecule is sclectod ﬁom
the gmup eonsxstmg of an antibody, anubody fragment or antibody like molecules,

26. The conjugate of ¢laim 25 wherein the analyte bmdmg molecule is 2 monoclonal A
or polyclonal mtibody ‘ ' ’
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any one of claims 35-37, wherein the analyte is a protein, pepti de,

nucl ei c acid, small nol ecul e or hapten.. . 39. Use -of. Cgl'?s |0(1)6°78nsor

of “any one of claims 35-38 for the detection:of an anal
The use of claim 39, wherein the deteBtion is in vivo. Rﬂw“@4ﬂ7ﬂ@ﬁéﬂ
use of claim 39, wherein the detection is |n vitro. AMENDED SHEET

IPEA/ AU

.27 The conjugate of clum 24, whetein the Raman-achve molew]ar linker is a thiol-
group oonh.tmug compmmd

28. The conjugate of any one of claims 24-27, wherein the analyte binding molecule ‘
i3 covalently coupled to thc Raman-active molccular linkér by amide bond formauon

29. The wnjugate of claim 28, wherein 1-ethy!-3 (3-d|methylammopropyl)
_ carbodum:de isusedasa oouplmg agent.. ‘

30, The con_]ugate of any one- of claims 24-29 wherein the metal subslmte is made of
or coated with a noble metal or copper. '

31, The.conjugste of clmm 30, wherem I'.he noble metal is selected ﬁ-om the group
oonsmhng of silver and gold,

" 32. The mnjugate of any one: of claims 24-31 whm:m the mctal Substrate is a
nanoparucle : .

33.  The conjugate of claim 32, wherein the nanoparticle is coated with a silver film,

. ‘34, The oon_]ugate of clmm 32, whcrem 1hc nanoparticle: is a dtrate-stab:hzed gold
nauopaxtcle ' ‘

as, A bmsmsor for the detection of an analyte using surface-enhanced Raman
spectroscopy, comprising one or more conJugates aocordmg to clmms 24-34,

. 36. The bmsmsor of claim 35, ﬁn‘ther compnsmg a substmte wherein the
nnnoparﬁclm are adherent to the substrale. ' ' ‘

~ 37.. The biosensor of* clan:n 350r 36 wherein the blosmsor is configured for in vivo '
and!or in vitro use. '
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38. The bxosensor of any one of clalms 35
peptlde, mucleic acid, small molecule or haptcn.

-37, wherein .thc analyte is a protein,
39, Useof the biosensér of any 'onq of claims 35-38 for the den of an analyte.

40, Theuse of claim 39, wherein the detestion is i viv,

41. " Theuse of claim 39, wherein the detection is i vizro,
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