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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 éaid 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 facilitate early treatment but also to reduce health-care costs.

30
Usually, screening for signs of disease developments, biomarkers, is only conceivabl¢
through an analysis of biological fluids, such as blbo'd, urine and cerebral spinal ﬂuid,‘i

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



acconpl i shed through the detection of just one single biomarker and a panel
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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



15 the poor sensitivity and the need for high | aser power and conplicated
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nol ecules wth a substrate surface, e.é., a nanoparticle surface of copper,
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up to the IeveI of single nolecul e detection (N cholas & Ricardo, Chem

Soc. Rev. 37, 946-954 ve t he detection of nolecules with
Such oxt TR BT SERAOCPONG B BaserHaLvcor We prbes of SoIeR Qfe

mol ecul engieP@Rt Apks GREMhfinARsktdrig o hE8S A attdnMdreerd fle amfdunfiof 11 asses
of SERS active nolecul es. 25 Sumary o the Invention The present invention
al | ows t hizeqepenshidis apfl the Vgﬁmhwdesjef éxetmohcmlos dihdeghibyational inpesxed -

system capabl e.of ec | ti r. sensi ng area,. In contrast
3 to mithauiB o g el Do B aReting GRaet ibBery i T or

t he dat ecthii®RevdaP M@ rmThtitinTkdpalBng 8 SdhledlicalebR@Ry dnd fnf@sdhewith\&her _
invention requires neither colored substance nor extrinsic labeler as it is

based on makcyes.c¥hilea ndgtherarpd|techniqaes, shelyes mrqlfmr magaetigrespnange (NMial
aspect, t n [ does.not requine multi washi.ng steps.
In fact, %@ (b)ip}é ‘Jyytgug&v\@éhl%é %? e (l)vsldesﬁl PR en‘fhefn 1cal 861 et é‘Sgl on In

a first anpsatemdnfeopvitsatidnal Biaes3tvie RahtamSscaréraige 6feQ o&uﬁ@&dﬂ@lﬁh t&% of
detecting one or nore 5 analytes using surface enhanced Raman spectroscopy
(SERS), WPk PFHParatiqe adnwé* morg; geRVEBIERH QPRTH('ECh@nEOfo‘rhISniﬁaémaﬁh? JWRaswngi t h at

! eastloongsrﬁ,gegd%aevhmhng' e ﬁ@koe%&uhem%fe Aehegk HOerd unﬁé g@,ﬁgnﬁ%f ace

hat enh man scatt rrng via a man-acti ve ecu and

det ect i ngdentsfymizaweknenimasprects,Rambin ai go! mte’renmgaasﬂecctpmamanohcatlﬁmgmsvarl ous
enbodi nent % this Ihod he sur ce enhanced Raman signal of the
conpound ‘ftglze forelugt m&icf)ﬁ g'Eﬁ the anal ytes. The anal ytes may be
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conpr i si rfdoweved, endgr PicdogiTi eohditiphs/the applications have been limited mainly due to

15 the poor sensitivity and the need for high laser power and complicated instrumentation.
Most of these drawbacks were overcome by the development of Surface Enhanced
Raman 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 active
molecules. . ' B |

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.



15 fluid may be selected fromthe group consisting of plasma, serum bl ood,
| ynph, liquor and urine. In various enbodi nents of the clainmed nethods, the
anal yt e iwoaoproos®isn, peptide, nucleic acid, carbohydratreysicepiogpooe! |,
virus, small nolecule, or hapten. In one enbodi nent, the anal yte binding
nol ecul e specifically binds the analyté. The anal yte bi ndi ng nol ecul e may
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anti body |like nolecules. If the analyte binding nolecule is an anti body,

the anti d be.a nmonog¢l onal ..or poly ant t hod may
5o be ol PO ASPRDTE OP TS AR SENGh Sorh AR BRI ARt e eRaaIe, o i n
t he cont agépgsNih ﬁt:teﬂo69bﬁlytdh@mva@ﬂagmﬁhytﬁﬁabﬂ%&gm@pé &&atdtn are used. In
various enbodi ments of the method e anal yte binding nolecule is
coval‘ently 30 coupled to a Raman-active nol ecular |inker that is attached
to the subst rfiace eractl Ranman- acti '
nol ecul a% h%{ SSP%& h% nﬁmgg t%netﬁ xtepa tPom ‘%ﬁgd {flr gjeﬁ con sty W&r

6- Mer (Saptml},ltd:ﬂfmng%u?ﬁac aﬁl&ﬁbé&RathhlB@M@(ydcaﬁﬁ(BEIES) the méthod including;

Mer capt o- benzi mi dazol e, 4- Ami no-pyrazol e[ 3, 4-d] pyri m di ne, Zeatin,

Met hyl ene Bl ue, SROBFACHBE JB¢ i AMener MoreiankyHSBIH Heleasi enmpedy®er biding,

N- Benzyl - am nop , urine,
3 A o 5.1 Qs Site AR & PoRT b e Surh T ACAR M Mol sckARR
Rhodam ne 6G, Cwiasd Rhmym-attéte, m51Baﬂa1c1nﬂ2|ef;hﬁdn Ani line Blue D amoni um saI t,
N-[(3-(Anilinonethyl ene)-2-chl or o- - ,

cycl ohexen-1-yl) ngﬁé]“afﬁ‘fq ‘?“Hé‘?ﬁ?émﬁbgﬂabﬁ%‘é?ld(ﬁ%‘woﬂfﬁb enzotriazol -1
-y1)qoN, N, N , N -tetranet hyl uroni unmhexaf | uor ophosphat e, 9-Am nofl uorene

hydr ochl ori de, Basic Blue, 1,8-D am no-4,5-di hydroxyant hraqui none,

Pr of | avi Ne Vesmius Lﬂrﬂm@nsmbtofhtyttr aethod 2thandunfaed] eth@cpd Roerent sigoar bthiet ri | e,

variam ne Bl ue RI sal ﬁmw%pgﬂ?W%mgg$%§3ﬁ%§§fé§?ﬂgg%3&&%%%%%& 83%8%WFP|Ie

2- Ani no- BERRSEAT & e

Si | ver (1)inQUkimpleddidnthe d&édtﬁ)h%h}nge i~V NBr Bne embodiment of the invented
mer capt opyr azol e[ 3, 4-d] pyri m di ne, 2-Am nopurine, Adenine Thiol FAD

FI uor oaden¢thed, the Apalyss @rm@tecagytspzyb@@bt Bpd comprisingi saidoanadyte. Rivdledilye 110,
Ad | orid
o ooy P 1 P SRIRIEEROR U0 Eolb LRA0N e, Al SeroE RSB R Tl €

5, 10, 15, 2dTeineaki s( \-

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. The
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 multiple)t 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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15 Violate Acetate, Acriflavine Neutral, Dimidium Bromide, 5,10,15,20-Tetrakis(N-
methyl-4-pyridinio)porphyrin Tetra(p-tpluexiesulfonate), 5,10,15,20-Tetrakis(4-
trimethylaminophenyl)porphyrin ~ Tetra(p-toluenesulfonate), 3,5-Diaminoacridine
Hydrochloride, Propidium Iodide (3,8-diamino-5-(3-diethylaminopropyl)-6-
phenylphenanthridinium  iodidemethiodide),  Trans-4-[4-(dimethylamino)styryl]-1-
20  methylpyridinium iodide, - and 4-((4-(dimehtylamino)phenyl)azo)benzoic  acid,
succinimidyl ester or derivatives thereof. Preferably, the Raman-active molecular linker
is a thiol-group containing compound. In one embodiment, the Raman-active linker

molecule is 6-Mercaptopurine.

25 In various embodiments of the inventive methods, Ethe 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.



anal yte using surface-enhanced Raman spectroscopy, conprising one or nore
conj ugates according to the invention. The biosensor may further conprise a
subst r at ewowner@sm®4t he nanoparticles are adherent to thecsisicomnaves2! n
vari ous enbodi nents, the biosensor is ﬁonfigured for in vivo and/or in
vitro use. The analyte may be a proteih, 20peptide, nucleic acid,
carbohydrate, lipid, cell, virus, small nolecule, or hapten. In a stil
further aspect, the invention relates to the use of the biosensor of the
invention for the detection of an analyte. The _detection.may he in vivo or
vt r o s SbosingRe, e ol RephaRprl ThY garwatikg Rlavd tiied,
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i nker mg;ff 1e(i u#nesn%tﬂﬁri aélerce l%%s bc())\%lsn?e’rn(ta’gg’(? nrslgnog 8’3\? 55 lso%‘ f‘ﬁ%?es‘g%‘é,ﬁ egzgaﬁs ensor

ver sus anianggditiclencentrations. Figure 6 shows spectra of clean substrate
taken at 100% power, | Gs acquisition and 1 accunul ation. The three curves
represent the spectra of three neasurenents A, B and C. 10 Figure 7 shows

spectra - en at. 10% r QUi si'tion
and 2 acanr Her SRk IE bri VBRI <Bhip flé U, el AT
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Au | ME substrate taken at, 10% power, 30s acquisition and 2 accunul ations.
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conjugate, the analyte binding molecule and/or the Raman-active linker molecule and/or

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 vivo 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 in vivo or in vitro.

25 Brief Description of the Dfawings
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 10 shows spectra of 6-MP-anti-p53 coated Au | ME substrate after
rinsing taken at 10% power, 30s acquisition and 2 accunul ations. The three
curves repoesantrsiohe 25 spectra of three neasurenents ApcBsandioBoosFr gure 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. 8 Figure 13 shows the

i ndi vidual spectra of the anti-p53 conjugated and p53 i ncubated bi osensor
of neasurenents a) A b) B and c) C Figure 14 shows the individual
spectra of the anti-p53 conjugated and p53 incubated 5 bi osensor of
measurenents a) A b) B and c) C after rinsing the biosensor with PBS.
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Description 10 Wien a nolecule interacts with a nonochromatic |ight

carryi ng "HETSARIPBHIRSErMY) pea Ramapmactiveslinker groleculect ronic transition, two
optical processes can occur. In the first, and the dom nant, process, a

| arge portion of the incident light is elastically scattered with no photon
ener gy beFigareab3oslimds tebpanse S clmesvofashé hBERSWaeed) hseasat tvefsus g anthgenecond,
and 15 the rel atively weaker, process involves the adsorption of a smal
amount of CPAAIAHENYent phot on energy by the nol ecul ar system that then
undergoes a transition froma one vibrational- state to another, followed by
a subsequent re-em ssion of light at a frequency "shifted" fromthat of the
i nci denc &Figared6 shows apectptdf cidaneshbsate takerw on1@0% ipowat, | 1¥s koguisitias aRdrtan
scattering. 20 One ]j rtant aspect of the Ramgn scattering is_th

correl at iagﬁurﬂgm’é'nﬁ{% CRTBUTE TSR J‘? PR S §$WF?%“%‘("]‘%§ ﬁeB\ﬂngr%t i onal
nodegoof the nolecules - here, vibrational nodes refer to the "manner" in

whi ch the _rml ecul e vibrates. Since vibrational npbdes are sensitive to the
cheni cal Figuxe @ sbpws speeital et 6iINP cortediAwy IMib substrate takenr att 109 powen, 30s

acquisition and 2 accumulations. The three curves represent the spectra of three

measurements A, B and C.

15  Figure 8 shows spectra of 6-MP-anti-p53 coated Au IME substrate taken at 10% power,
30s acquisition and 2 accumulations. The three curves represent the 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 substrate 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-p53 conjugated biosensor of

measurements a) A, b) B and c) C.



25 thus reveal information regarding its chem cal geonetry. Wile a

pl et hor a

of techni ques, such as the nuclei magnetic resonance (NVMR) a

X-ray crwsbabliagsaphy, can al so provi de access to cheni ealr/sseowoberes
optical neasurenents of vibrational stgtes via Raman scattering offer
much nore conveni ent approach, owng t0 the ease of sanple preparatio
(Garman E & Sweet RM Methods Ml . Biol., 2007, 364, 63-94;, 30 Chen J
Brooks CL, Prot., 2007, 67(4), 922-930). For this reason, the Raman

spectrum
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5efficiency of Raman scattering. It is estimated that only 1 in every
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ectrode (Fleischman M et al., Chem Phys. Lett., 1974, 26, 1
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el ectromagnetic enhancggggﬁaﬁggwggggical enhancenment. 15

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
the relatively weaker, process involves the adsorption of a small amount of the incident
photon energy by the molecular system that then 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.

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-
thus reveal information regarding its chemicai deometry. While a plethoré of
techniques, such as the nuclei magnetic resonance (NMR) and X-ray crystallography,ﬁ
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;
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
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El ect romagneti ¢ enhancenent accounts for the majority of the enhancenent
(factor of 104-107) and arises fromthe interaction between the anal yte
that is aveanbedseu brought in close proximty to the nmetalscaemfiaee2 and t he
surface plasnon fields excited in the tal by a | aser beam (Mskovits M
J. Raman Spectro., 2005, 36(6-7), 485-496). 20 Conduction electrons that
reside on the surface of a netal exhibit lateral freedom of notion as they
are constricted only by the positive charges on the 'bul k' netal side. Wen

light int. i th th | ect . th i1 at | ectjvel d thi
osci 11 at VBB BUPR St o Fhr it Gt Bheve fouih e

osci |l | at i @NFzeaks: él@&é&ti@%nﬁﬂﬁaﬁ&i@@lﬁuﬂg@w ar to the surface pl ane,
generating a locally anplified el ectromagnetic fields 25 responsible for

the SERS effect. The | ocalized surface plasnons (LSP) have a resonant
frequency whieh t j O n terin fi. 1ight occurs nost
effici ent?‘%&nl%{)g&fgr eg}ﬁe %‘%@@’dgﬁ%ﬁ%es % %ogg%p){ %39%5?15%135% cfuﬁe%ng??fr e of

t he surf afficieAty of Ragisghyeesaings Majpesstiinatedr that 61191 1ein 3@ n@tiloY sed@red
dielectric environnment) (Kelly KL et al., J. Phys. Chem B, 2003, 107(3),
668- 677) .Phptans is Rapanisastsredaanddhis gesulfs i ¢ wery svaak &amemn sggmb substrat es as
one may want to nmani pul ate the resonant frequency to be close to the '
excitation frequency used to 10 ensure maximal enhancenents (Haynes CL &
Van DuyneSurRace<knhditrgd RaiammnpeBrosc@BOGERS) B3 irst dukdbred 433 leisCianh eahl
enhancenent_ | rgued to contribute only an order of 10-102 order to the 5
overal | dRHIAE aﬁ@%ﬂew&ahl@( SE&’“&%KF'@M%@W were RRHIGd SeRTidine adsgthsd op7(12)
879- 885) .an! Llel | ' Hel& e I

surf gge taﬁa%leg%éygde{géﬁuﬁe%%%?g??gg?ﬁ :ert})g/t r%]fet pﬁgetﬁml ecﬁlpgt é%’d C?%?lhi n §1'a
surface dpaci ¥4 Bat 1250t Twe meshaniams hane beenewideteacdeptet Her Ranging sbautt er i ng.
A charge thr anlig er mecthani m bet \Mﬁen the,a al%lts and tal has al so been

pr oposed. Mo Ra8EERe i Raman SEHEHRg (Whishopdn P§ % B ndBRSdMeet al 1 ¢
nanost r uGinkhRarRBd Wpnel) (Kh@ipgrlabym.e,scwn@ RS avbe dod(on), SERE2aTa)UTREY hRNS -
There are three classes of SERS substrates: roughened netal surfaces,

col | oi dalelegtiomagnelioethanceamnens andehenyeal gahaneementt i ¢ structures such as
arraég of netal nanoparticles supported on a planar substrate |like 15 gl ass
(Vo-Dinh T, Trac-Trends. Anal. Chem, 1998, 17(8-9), 557-582; Baker GA &
Moor e DS, Elé¢tedmagdiietiaeahancChment, ac2Ofits faQR¢ Sajority o -the’ éjancAfentyfddtsrned

earlier, the LSP responsible for SERS enhancenent is hi ghl é@dependent upon
the surfd@10 £} Gpmcthe dpteragliongpatgeen therapalyte thatig jahgprigdeer brought

sur f ace- §eNFdel YBx ISR ﬁuemeéps&%acera@tyﬁh@m&c% Gmfgﬁlforﬁﬁg%e XERALd §f BleS their

bi nding to a substrat'e cannot be easi etected using RS. However, the
i nvent or snetil bher pases beam i (MaskevisnMhal Rdneunpdchrat, 29061 86¢6s7); #8586 6llet ect ed

SPmatt RonebRar CelRRRS Bt o B SAREE oo skl ByREh el RS
i mobi | | 266t PERSHRG dr¥ @ofistAskd a8 bPYhe héEHed Hthrgd- &h thet balke théadl sad

corrpressivrcqgl t he bonds of the '
en light interacts 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 Whiéh ‘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



25 SERS active substance to the substrate and/or antibody as a result of
the anal yte binding event detectable shifts in the SERS spectrum are

i nduced. vsorpriesngly, this allows highly sensitive andpepscrbiomogiet ecti on
of analyte binding. 11 contacting the one or nore analytes with at |east
one anal yte bi nding nol ecul e attached 1to a nmetal substrate surface that
enhances Ranman scattering via a Raman-active nol ecul ar |inker; and
detecting a surface enhanced Raman si gnal from sai d corrpound The terns

| east one! se o] ti on

w th ot Seate il metSeERG CLEVARTIRRENE! S BhE, S 602065

5, 6, 7, 1®7(3), M26-433).14, 15, 20, 25 or a pI urality of nolecules. In th| s
connection, the term"plurality” means nore than two, preferably 3-100. The
term "anal yte bi ndi ng nol ecul " as used herein refers to any nol ecul e
capabl e jalel Qo) f S r 2C X

consi st %%‘1 thfgl%g%a yte tq%%r%l%ﬁgts)r%ﬁg@)w S{d&tﬂ Eir?gll?t@ gge}fg)rfae ly,

this Bbi ndxvlagllllemharmmeht (iswg En&t Kiefes Ve ot RamnanSppbex , DAS6\\2P(1 23183D388S).and
anal yte i ndi ecule is forned. 15 "Specifically binding" and "specific
bi ndi ng" 'aglvﬁg‘%a %‘é’?‘n"%‘ﬁﬁﬂg gﬁ%rfeefl ke aﬁaémtaéldblinﬁ*al Ay iaes| telushengesitis to the
target a i of e n the
e S S T G e e R T TR
binds to mﬂaenctchatgsetm nthk eRarhan wc&ttemghn@hhargHMSfﬁg mEc¢Hanistyy betvaseni thebi nds
to other |nt e sa I n vari ous enbodi nents of the

i nvent i or"im yﬁ‘:‘p"g@l‘?? 34,7159, ¢8R R po?ﬁﬂ/ mean that an antibody or other

bi ol ggi cal nol ecule, binds to a target nolecule with at | east about a
106-fold greater affinity, preferably at | east about a 107- fold greater

af finityABBR8 ayb%tfaéq: abmyalbtrefeea@ta 'azblir@nglaeqre@me@ﬂlhlc gareatrestursfdn whicl, and

nost pref t 9-fol.d ter n|t t ha
nol ecul esﬁ%%gée%a? ade S%rge ﬁ§r thRéof’C%ﬁlté%%l erIeyﬁlie Teyc Sﬁéc‘fr} ?%Rgl ndi ng
refers tguitiatedi tuphendd bl fizhges, lelaa@luhetaﬂﬁarfophﬂlcte@ @A hnak Qfethipik d

greater than non-specific bindi n]g I n sone enbodi ments, specific binding
may be cKHPEEISSush @S AFrays ff dneta gar@@élétcl:ﬁs suppertedoon ﬁdPléfl%\ﬁéletFﬂSﬁélﬂiém fic

bi ndwg Jdlg (gpggfgﬂgrammexdwwe Inbllgb éeﬁv&ﬁwpfoeg‘yf fﬁag{?dz@t god.

Such In the art an 1 on, surface
pl as rmn dMows O b=l aB:damsloChem 2D03,i3B2eR)) lﬂﬁlemmb | Agtneytiored earlipethef i C

enbodi ne the an nol ecul e y recogni zes _and hinds to
the targ ﬁ%ﬁ%‘)’f’%‘ %&r&l“%‘@“ﬁf‘hd? ﬁ@gﬁldl deppndenta o the pswface naceous
nol ecul e ch&HeRridfesJT tl?J‘ﬁE@Qngstlfafy mRERATINER Pa FRPRE 0N VeO(Ec ?(%dé(?l onal
anti body, which i munologically binds fo the target analyte at a specific

determ nant or epitope. The term "anti body is used in the broadest sense
and §8 eCIAISI [():raot‘.eu){s gr%v\?vga( ﬁoarrh%ﬁl s%gt erersrﬁlelr %mcf3 ing ?0 a sulbstrﬁg cg'rrllrgot t1)odn¥a511y

detected using SERS. However, the inventors of the present invention have found that

at

proteins can be detected using a SERS-based nanoscale stress sensor. In this setup, an
analyte binding molecule, such as an antibody, is coupled to a substrate immobilized -
SERS active substance. By streséing, e.g. stretching and compressing the bonds of the
25  SERS active substance to the substrate and/or antibody as a result of the analyte binding
event detectable shifts in the SERS spectrum areg ihduced. Surprisihgly, this 'all(:)wsjg

highly sensitive and specific detection of analyte binding.

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



5 wvariants or fragnents (e.g., Fab, F(abl)2, scFv, Fv diabodies and |inear
anti bodies), so long as they exhibit the desired binding activity. The term
"nonocl onab 2anti78edy"” as used herein refers to an anti bedy/schimioned2from a
popul ati on of substantially honngeneoqﬁ anti bodies, i.e., the individual
anti bodi es 10 conprising the popul ation are identical except for possible
naturally occurring nmutations that nmay be present in m nor anounts.

Monocl onal anti bodies are highly specific, being directed against a single
antigenic site. E a1 C vent i onal | ycl.onal )
ant i body prepar at#%%gg%ﬁ@ﬁ N ;e/p?rc%%%{/%?%}g{egd‘gﬁgi a:‘%?l g?sgn&ea%gﬁ%%g?lggméi rected

agai nst di f f er enfoletalecdtrichaltos fhefal subgest sudacthitsnban@s RlanARtscRedinglS i s
di rected against, a single determnant on the antigen. In addition to their
specificity, th¥afohypinagiveanlpadylmkenapd advant ageous in that they may be

hesi zed b 1 Enat
?%ﬂhng;:ggulf%sFh%ﬁgﬁﬁ%égﬁﬁngﬁh%ﬁ%gFgﬁgﬁgﬂ%%g§@gf§§ tﬁgggﬁa;acter of the

anti b6édy as being obtained froma substantially honbgeneous popul ati on of
anti bodieg, and is.not tg be construed as 20 requiring production of the
Ty 3 i

anti body B\ i8S ‘(4 AaSToMeA OF nER 8mOoTE, g rangeably Beygined GORReqtige| ude

"chi meri Gyinfbl R 88aRPth NWIBNr26sle a0} ELAGIIE St 1eAkt 16D ATBf isC6 AR bbagdy is a
mol ecul e in which different’ portions are derived fromdifferert’ ani ral

speci es, 13udh, bs 20h@Seorrmpliuraity of ardledules. frethionomhections dhd teom “plwnalifyie mAb
and a human innungghgbulin cQons q@b regi on. 25 Monocl onal antibodi es may be
obt ai ned BPPAMPTE VauRrefer y%? ides for the production of antibody

nol eqgl es by continuous cell lines in culture. These include, but are not

limted to the hybridoma technique of Koehler and MIstein (U S. Patent

No. 4, 37dheteym “anpdythbasdingmed¢duler\asrused heretrnersifiers duany meteculeecapeietofbr i dona
techni queg,. . 3 i.bodi es. e of. any | nogl ohul i n gl.ass i ncl udi ng
1 gG | gM%"fdglgg, ?‘c}’éaﬁ %{ﬁdhgé)gcf%g)hcga és()ugsclt(fasﬁ% ﬁle(r:oerpﬁrli > %Sll{ilnt%r P(Pi(t)hr?aarballgauci ng
the mAb midile noldduleyaidetheianalyle3 Pydfbiably) this BindingOis sPecfiti 66 itlid adpebifigh

titres of mAbs in vivo makes this a very effective nethod of production.
complex between analyte and analyte binding molecule is formed.

15
“Specifically binding" and "specific binding" as used herein mean that the analyte
binding molecule binds to the target analyte based on recognition of a binding region or
epitope on the target molecule. The analyte binding molecule preferably recognizes and
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 refersl to affinities in the range 6f about
10%-fold to about 10°-fold greater than non—speciﬁc binding. In some embodimcnts,.:
specific binding may be characterized by afﬁnities; greater than 10°-fold over non-
specific binding. The binding affinity may be determined by any suitable method. Sﬁch
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 molecule uniquely recognizes and binds to the target analyte.



"Pol ycl onal anti bodi es” are heterogeneous popul ati ons of anti body nol ecul es
derived 5 fromthe sera of animals immunized with an antigen, or an

ant i geni owbuorottdzenal derivative thereof. For the productcenscaiiomodsye! onal
ant i bodi es, host aninmals such as rabbits, mce and goats, may be imunized
by injection with an antigen or haptencCarrier conjugate optionally i
suppl enented with adjuvants. 10Alternatively, techniques described for the
production of single chain antibodies (U S. Patent No. 4,946,778) can be
used to oduce sui.t abl . ngl e _chain_anti badies.; Single,chain ti,bodi es
ore typi oo geaas PRl St ol 1R CeRh R R R e R ERETor e
Fv regi onfo¥ eganple aNinBAodenall ob hbgRnal £%ibbEY,\ghich irﬁn@hﬂl@?ﬁanﬁ Binds to the

pol ypeptide. 15 Antibody fragments that recogni ze specific epitopes may be
gener at edaiggt RpAYIS at cHsrdicedeterminang op gpitepe. gheﬁerm Fntibady’ isnspdidetheut are

not limt . 1 g n duc b i

di gesti oang?&et9 %5%5}% iﬁg%éggﬁﬁo%ag@u@g%gi O’[}'ﬂéloﬁglb ?Dé)g%gn s%%Hags g"gﬁé @
gener at edvabigntsaduRagngeritdée.gli Sub,fH(de),be¢Rgds difibddies dndaledr tifititagdigs), Sso

Al ternatively, Fab expr esgi on_|jbraries may be constructed to allow rapid
and 20ead§ng aihey exkibititbgdesiredgHdMERAsiVit ab fragnents with the desired
specificity. The anal yte bi nding nol ecule may al so be any ot her :
pr ot ei naceous scaffold that has been adapted or nutated to bind a given.
| i gand witHe teuhf'muineclonkl amdibody'ads usedtherei s&beesntpl ansanvibodis ebtained dedrh @l ds

i nclude thosge scaffolds described in US patent appljcati.on 2005/.0089932 or
US Pat ontPOBuBESE ofe ST eRSHEsn et orbihoaey Esdh nf ududh aRRER o of
the l1iopoCakiphisiieOtied gbd;ﬂmlox af ‘i’&e%ﬁ&élb%fécégﬂ fohepd gLt r}ﬁwrﬂg,aloo@ t
applications WO 99/16873, WO 00/75308, WO 03/029471, WO 03/029462,

03/ 0294 63nutidR0 UGB @1D2b5e present? 06T 9EdIndy. Monde®l Gndb&Eles finer highlst ance.

30 14 | dommin, .a fibropecti.n.type |l domain,.a fihronecti.n type |11

domai n, &P ARCaBHE n‘,&“%%?“éei a%ala%n%isﬂl,gieaa%t@‘cdé‘r‘&i ‘51‘,1 RS 03,/ 598 o

pancr eat i@nléntidahin (poiRtdhaIPr aribaBY NprepLaEHE hadh, tvpikaBAkindlyRe dsfférbme
protease inhibitor domain, a Trefoil (P-type). domain, a von WIIebrand
factor t\Aptibedigodirpgied agping épfrﬁvpratctsiﬁrwnap%ée(e@mh cach womdenahantibadys

t hyr qgl oQul;t . , ~ L 4SS i . i main, a
Ui oy ety Beathet £ BE8L ackethuf i 6 L o200 o 00B o iR HRABCAPT O
an i rmunabé adonoclonbl ketitebaliesi are (ddoantegeandlire thal ahey magrhd byrdheizedrbyc thieel

heavy chai p .gnti bodjes), a C-type lectin domain, a M.donmgi n, a von
W I | ebr aﬁﬁ'gflgﬁ’flﬁr Ty A“B‘Eﬂ%‘i‘ﬁ{‘,natﬁds HatogFFédiIW“Bmﬂ pins. QTWP-”%‘}%%'W our
di sul fi derfoelofRMB{ddicatesF BkS chB&erl & GhE ORRIVddy Aad BRRRE¥hRiRARbA 28N SH2

domai n, an SH3 domain, a Lam nin-type EG--like domain, "a C2 donain,
Kappabodisgbstaniahiyblbernegenedun pepuistionn ofi anobadies, aadaidnmedttonbe sonsttuedresctin, a

m crghody, an affil.i an gfib. or._an ankyrin a crystallin, knottin,
ubi q_ngti r{?q\gn%; erp?jV%{j’é’r O_B?t ?ear"gl,gx% BYnRYY il?%t(‘)cruwénfw&loﬁ: r@ﬁeglonﬂ%f‘ inor a
| euci ne- ran€iBodiep et indlleicRiméit" antibBdies &d Wehhnidéd Matboldiea] AHchaNerEer
proteins evolved by 15 exon shuffling of a fam Idy of human receptor
domai ns. 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 ;technique that ,provides: for the
production of antibody molecules by continuous cell lines in culture. These includé,_ but
are not limited to the hybridoma technique of Koehler and Milstein (U. S. Patent No.
4,376,110), the human B-cell hybridoma technique, and the EBV-hybridoma technique.
30  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



As mentioned above, in certain enbodinents of the invention the analyte

bi ndi ng nol ecule may be a nmutein of the nenber of the lipocalin protein
fam ly. Iwoonm7efoat hese enbodi ments, the open end of tipeTkS20@00€172
structure of the lipocalin fold (whi ch1320 enconpasses the natural |igand
binding site of the lipocalin famly) 1I's used to formthe target analyte
bi nding site. Menbers of the lipocalin famly of proteins include, but are
not limted to the bilin binding protein of Pieris brassicae (SW SS-PROT

Dat a Bank. i - - hunean roli lLip (S 7 Dat a
Bank Acc&@?%ﬁqﬁldﬁg)éw%&gﬁg?%n%tﬁ&apo f\?))gg'f 5 vgﬁﬁ&%s(t %\?\fs‘é&ggg%%&}t a Bank
Accessi ommabhodNofripexdu&®dh90), the retinol binding protein (RBP) (for exanple

of human or porcine origin, SWSS-PROT Data Bank Accessi on Nunmber of the
human RBP: P02753, SW SS-PROT Data Bank Accession Number of the porcine RBP

pP27485), « : i, Jn i - ' ' i :
oW 55 PROF Rt Eanfibiits: (2 bRl RACAERGIBDA oL pRARRY. HoleOMELbprived o) o cq
pr ot edn (fA#m the S DHIPRGMaBO irbaaizBh nkitlAcne sistigen, v rdne antBhd nctianal nouse

24p3/uterpcal .n (24p3, _(SWSS- PROT Dat ank Accessiqn Nunmber P11672), Von
Ebners gl ﬁ‘_ﬁfath%ﬁ'{?F‘r%:’%QFérft rPGECtWBrQ?ae@qX‘ﬁgna? \?Eé%‘f“ést gloﬁt guimg %@ﬁm Dat a
Bank AccegsyiR) nifeda8a dodk24dhly: be immunized by injection with an antigen or hapten-

carrier conjugate optionally supplemented with adjuvants.

10  Alternatively, techniques described for the production of single chain antibodies (U. S.
Patent No. 4,946,778) can be used to produce suitable single chain antibodies. Single
chain antibodies are typically formed by linking the heavy and light chain fragments of

the Fv region via an amino acid bridge, resulting in a single chain polypeptide.

15 Antibody fragments that recognize specific epitopes may be generated by known
techniques. 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 reduc_ing the disulfide bridges of the F(ab'),
fragments. Alternatively, 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 scaffolds described in US patent application
2005/0089932 or US Patent 6,682,736. Another example of suitable scaffolds are
members of the lipocalin protein family as described in the internationﬁl pa:ten.'t.
applications WO 99/16873, WO 00/75308, WO 03/029471, WO 03/029462, WOj
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



15 Von Ebners gland protein 2 of Sus scrofra (pig) (LCNl;, SW SS-PROT Data

Bank Accession Nunmber P53715), the Major allergen Can fl precursor of dog

(ALL 1, SWOSHHRRED4Dat a Bank Accessi on Nunber 018873), egd/sicnewovéoyani n A
or insecticyanin B of the tobacco hawknpt h Manducta sexta (SW SS- PROT Dat a
Bank 5 Accession Number P00305 and Q00630, respectively). The anal yte

bi ndi ng nol ecule may al so be a binding protein, receptor or extracellular

domai n (ECD) thereof capable of formng a binding conplex with a |Iigand,

w 11 Fecdghrity FRBtorR Ry SRER: A Alron il bros I dhall o0 Y domal ™

various f@rdrdomhindRt SROR 86mais, arkinitzBoiine pattrémiceysas ithibitor! ERnhe,
extended to_other proteinacequs receptors such as reconbi nant, chineric,
hybrid, tteRdeestal adtezal-typgseringprofrape whititep dgmeise a Jirefed (Ptiee) domain, a
anal yt e- i} ndg : b 8j r . such as
For oxamplel WMEEHAIEHOE AT Bfn i AnREG SR SIATERAE o COBRRIa 300, T2,
(Apt afer thwdeglobllih-typd drepéatol DleaeteptddOclhsy aademiihe aaushy HembinNdi Dk

nol ecule js a protein%Seous,nnlecul it can be covalently coupled to the
Raman- actdoR&iRm R e LHORIPOsPoNdaR thRe dnflemaaiBorfd fremnaegiehplinTHpmaio ¢8| 20

coupl i ng ; iy - i, ol i@ g fo Eﬁ@ﬁﬂl W :
l-ethyl- ?: E Sﬁg}cﬁgp h?ﬁ%d%%ﬁggﬁfg%‘ﬂ?gﬁ%ﬁg}éﬁ%g l% é:roup I nge%‘égzh'?g The
coupl i ng anabodies)y aC-type Isictin @omeainyra MAM domam, anenoWilbabrandsfader ¢yym As of

t he am no, aci.ds of the pr in.. Si 5 chai ns. that can, be.us or this
coval ent d@&?&»i%@“ﬁ‘ﬁeﬁnﬁ_ é‘,cﬁ g?fPa‘&r%. % 'tYl?erﬁ%P%_ Sy %f)‘}g‘ieﬁj(?,mal‘ﬁ’é‘tl . % H@’,e. .
cyst qone,c dvhiasi, e HeRfpekid: ddr4ig oM Rel2 ASAMN! be A6 doAdfh, Al Lidfitnael d side
chains. The term"linker" or "linker nolecule" refers to a Raman-dctive

mol ecul e EGidike idoaain,he G0 demainy tkepbahediesg Minihedies e Janusinkea sahehadyt @

surface and facilitates detectiagn of analxte.specifi.cally bound by the
anal yte t?':a H%ﬁtlr?gartr%faélgﬁtlmé avllngzr%‘{)ogﬁ’a%’ggﬁﬂﬂ’ %%%E%ﬁég%?’bﬂﬁﬁm%gyﬁﬁﬂﬁwam ive
ol ecul e kinBttRy, aliguith,t B iiﬁkﬁﬁﬁgé?sﬂﬁrbfﬁir@ &UahlagE andnkMits regeav ipd@sinf 6F aa 16
SERS signal. In principle any nolecule that can generate a SERS signal upon
i nt er act ilHFiRG-HeD EEPREtAIAteH, AR gumey saval asfgultivalentavimercrsteinscayalygd byn t he
SERSgi g . fanti I caused by analyte binding to
t he 611§la| y%?éng@lfgfﬂr%&;% ot elfynd}?lgﬁ]%ger%g%%agéagémmn- active nol ecul ar |inker
can be selected froma variety of 5 known Raman-active conmpounds that

i ncl ude, but are not, lim.ted to 6- .capt opur.i ne, 8-Aza-adenine,. .
N- Ben_zo_yvg%g}ﬁnﬂgfle 2 2RRYE dﬁt%?nsghsmgg%gf&se&u &leArﬁV_ﬁbt_-lcﬂyﬁyzawgrts,wndmg _
d] pyri m ghdBeuld ety B a MRitE SNGie Bhétfber STAM BRoAGL! fbR il 3 WhmBrgFm de,

Bi smarck Brown Y, "N-Benzyl - am nopurine, Thionhin acetate,
3, 6- Di anithesacmboidmeents-th©paero pod pfithe B-barrel structure of the lipocalin fold (which

£ Ao Sohh ezl cal boam Sl oohl orl 05 oA, P IR Setngel e,
N-[ (3 - (Antigki HAMRE Bildif§le: MG ¢ 8 the GpSLAREHARIYIOF 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
- origin, SWISS-PROT Data Bank Accession Number of the human RBP:‘P02753,
SWISS-PROT Data Bank Accession Number of ﬁthe porcine RBP ‘P27485)“, humani
neutrophil gelatinase-associated lipocalin (hNGAL, SWISS-PROT  Data B:ank |
Accession Number P80188), rat ov-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),



yl ) met hyl ene] anilinenonohydro

chl oride, 0-(7- Azabenzotriazol -1-y1)-N, NN , N -

t et r amet hybuoomizemhexaf | uor ophosphat e, 9- Ani nof | uor ene Ilpgarseehlomoésie, Basic
Bl ue, 1, 8-Di am no-4, 5-di hydr oxyant hr aglg none, Proflavine hem sulfate salt
hydrate, 2- 15 Am no-1,1, 3-propenetricarbonitrile, Variam ne Blue RT salt,
4,5,6-Triam nopyri mdine sulfate salt, 2-Am no-benzothiazole, Ml am ne,
3-(3-Pyridyl methyl am no)Propionitrile, Silver(l) Sulfadiazine, Acriflavine,

FAD Fl vorAbERTHE, CRARiEne? GEAR Kyt o8 @i SIRST B MeiBam ne
110, Adenidessidn Aliner 2P 58EM S B pthe IRk Mil1eaeR | €an AL PrébiubRr 28 @&a%gL 1,

Hydrochl ori de, Cresyl Violate Acetate, Acriflavine Neutral, ium

Bromi de, SVINH-RBOAp-Date r Brek sAegepsieh N umbery Q1887 )o) nor pisgetiyanin A or
Tet t , , 20-.T Ki 4- 1 I
arm nopheny e Rorey B oF eitoBc Hhvatisny FidsRla e’ SVERSYR Q1 e oo

Hydr oshl XdcdssiorPNambei PO0I06 Gind €00630, respectively).

(3, 8-di am no5- (3-di et hyl am nopropy1l) - 6- phenyl phenant hri di ni um

i odi denet hi odi de), Trans-4-{4- 25 (di nmethylam no)styryl]

- 1- met hylRwr J.diJad L 0di - - j t 1 I zoi c
aci d, suggl:é n%n%}gipmggéég}rn%geﬁg%&g#\?g izjb\?eésgftn}Eﬁfgqrée%riD %m" gg%e?)\t}g{}%? véé@%g%l@f ers to
modi f i ed doorpo(ECD) theadof aapabdd ofifiirmirgy 4 pindimps@mpleelvithedigand] typicaiy ent
conpound. Erefe red derivaéives are conpounds that have been nodified such
that t heyPob®RpEsY &ysanepiidq kgandqgr oup. The thiol group all ows coval ent
couphpng of the 30 linker nolecule to a netal surface. The inventive

met hods thus conpri se enbodi ments, where the Raman-active nol ecul ar |inker
i s attacHdgse skillee isuhstartawal senofnized vhah thewahdimiting tezamples @igen atbre The
ternms "anal yte", "target conpound", "targe l.ecul e" or "target" as

i nter chaﬁ%%%%’l‘%g Jggauﬁg?ré?%?@raé‘flg?dlf% aén%’abﬁﬁgg?%‘ﬁﬁ% ‘F?\lﬁ?m‘é%ﬁa%éhWegéct ed in
an assay eRpenBéd1db NGthéi0 protbinAclons re®pesty| stich aRdrétbin®thant, NcHiReri€ MRAgsidrent ,
may be present in a 5 sanple. Therefore, the anal yte can be, w 1hout

i mtati drncaied etsy Kemmsrriaongantippdyreceerse exi sts a natural |y occurring

ant i li)](-;dy or for which an anti body can be prepared. The anal yte may, for
exanpl e, be an antigen, a protein, a polypeptide, a nucleic acid, a hapten,

a car bohylteadnalytébindirigi motecutd tarohlsae Dhbepraréinacesus eedepforéehods for
bi ol ogi cal or, non-hi ol ogi cal .nol ecul es, conpl exes or conbi hati ons t hereof
Gener al | $XaRlE HRYslgicacl ppsedanoleeple, sychagian Apfamer gk SPEaeish (APHImEr or

lipid de%a‘ﬂ%%f‘ﬂ-ﬁﬁ%rﬁxc@oﬁhé’%i cal source such as bacterial, fungal, viral;
I A

pl ant or ani mal sanpl es. ditionally, however, the target may also be a

smal | organi c conpound such as a drug, drug-netabolite, dye or other snall
nol ecyl e _present in the sanple 5The term "sanple", as used herein, refers
Lo aflal Mo GF HrabLs Patine alssuRcr 9 BpGIBgeAm S Todh Bongrablis

sol uti on ceiiplad t* EHeCRMAarS HERRBbRBulAElARE By Al Bbl Ritifafibn "Rt th@llent Sanp! es
to be assayed for the presence of an anal yte by the nethods of the present

i nvent i ogouplgiguen, b¢ @ehieyedpy earbediimgde ¢quplingsior esamplenading 1-dtyd +-@s,
extracts,;. r.ifiegy I tially purified prateins.and other biglogical
mol ecul e éhtﬁ%gyl%&)% 0 rrg ls)cargg(fuml%e a¥a coupling ageﬁ. ?fle coupling can Be Via tﬁe le- |
or C-terminus or via one or more side chains of the amino acids of the protein. Side
25  chains that can be used 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 Raman-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



20 thereof Non-limting exanples of sanples typically used in the nethods
of the invention include human and ani mal body fluids such as whol e bl ood,
serum plwemaii/werebr ospi nal fluid, sputum bronchial washisegoiomenehi a

aspirates, urine, semen, 25 |ynph flu%fs and various external secretions
of the respiratory, intestinal and genﬁ ourinary tracts, tears, saliva,

mlk, white blood cells, nyelonas and the |ike; biological fluids such as
cell culture supernatants; tissue speci nens which may or may not be fi xed;

and cel | I men ich r or may npot be fixed. The s es used in the
met hods eS’%‘PZsXQtPff‘}?@%th"WY‘?ﬁUPW@ -%gff‘eéﬁet%eﬁggéa‘?g’f rYRY and
the nat Urifitera3BoRwithhe RaiafliRfive Si8¥AcE an@Miat PRIdBcA a SAAGE iNBHHEIY Signal

especial ly biological materials, to be assayed. Methods for preparing .
prot ei n esarantsoffmelerelar steeseas couged lbysnalyte hnding ko theranplyte hiadiagpreteid can be

readily ted. i,n-Qr ain.a sanple that is;co tible with the 18
nmet hods %gﬁlﬁjr?eg?erq\'/en e?@%‘.ng‘%é@g‘;& rlnghec}l%r gi%k%rdf/anf F’Eisﬁlegtgap@?rgoa BaUPLY of; Vo,

i.e. ¥ theutvnfRdrBin-a6iveadhipdinds SiarpeRide, B Rtd AR lingiesdeo d-Merdapfopufing,0 a
short chain of am no_acids |inked by peptide bonds. 5 Typically Begtides
conpri se SafieHadening NiBgnzayladeniiso dtMprcapio-bengimidazphy, dafmyngzpyarolal3,450, and
nost co &I,I?{” t7 O ' 1. 09. 4 ~-PO| | da . - . to
i ndi vi dm stralg tZ egt#%%ﬂg%%eaﬁgﬁeg?nmgg%u%%?g{se’g l(g%gglg{o?g?ésélg '&g{&ar e
t ypi cal | \Brbongel, t MBepeyltimiespurinep! Viihigaiin d esétates udl6-Dianinpidrkkénegt §-east
about 20 to 1000 amno acids .in length, nore typically at |east about 100
to 600 aré%ow"cfs, and f1éedBArryn %Zoiee%?é?oxf@l%@ddfo%@@dﬁo about 1500 ani no

aci dgg | rmtﬁaﬁ%fgoﬁ{d%uhameemﬁ%r5@9@13 gl s\ﬂs&},f h%sifi‘”ﬁﬁléﬁsﬁ?i,Qniliﬁé'cﬁﬁésaf-or

exanpl e, poly-lysine. "Protelins"” iInc e singl'e polypeptides as we S
conpl exediafmmopliumpl e pokalpept i deNd(f{Avslinavhetbiileng)y2-bidotdie-cgelokexen-1-

di fferent | t.iple.chains.in a pratein e Characterize econdary,
tertiary YQH%GQ‘F%WHQPWOE@YEEOFB@F@% as n%](?'%Q?%Qtrﬁtz?]ﬁéﬁ'_a'ﬁ#’ﬁoﬁaci d
sequence t&tdnykdh G niwANeRBubRpHopASR! DA minbBhoRK&MiRchRYidE] BMiE iFlge, bonds,
and may include post-synthetic nodifications such as, without limtation,

gl ycosy! dt8-Bramishdk pddrydrenyienthraquingneatiroflaving hennenlfase ossds shydgate At-i bodi es

such;as | r i f el exr.are.typic lsed.of four. 20

1S5 ] A MBS A B Y S i 20

t oget her shifateisalt) Z-iAceinbdiefisothibrisle, Nelelabiife, 3p(3RyedyEmemylamivd) Rebpiangild, i onal -

conponent s such associated netals (e. .g., iron, copper_and sulfur), or

ot her noiSeVPdb. Sulfadiarins, Hhenflayimes - Ariig-grarercapimypazaial b« lpyremishing, & ns

I ncl udes, B@Hﬁ | Agdtal i 119 Ha agt j aad ] | 5

denat ur eo?ﬁgfr?g natel’ vAé(lig tcl)l?éng?{bésﬂvgIfﬁ%eargg‘#/égﬁ?éﬁté%ﬁjoog? |éé§jb%%¢%§%g?[géﬁs
d]pyrimidine, Rhodamine 110, Adenine, 5-Amino-2-mercaptobenzimidazole, Acridine

20 Orange Hydrochloride, Cresyl Violate Acetate, ‘Acriflavine Neutral, Dimidium
Bromide, 5,10,15,20-Tetrakis(N-methyl-4-pyridinio)porphyrin Tetra(p-
toluenesulfonate),  5,10,15,20-Tetrakis(4-trimethylaminophenyl)porphyrin ~ Tetra(p-
toluenesulfoﬁate), 3,5-Diaminoacridine Hydrochloride, Propidium Iodide (3,8-diamino-
5-(3-diethylaminopropyl)-6-phenylphenanthridinium iodidemethiodide), Trans-4-[4-

25  (dimethylamino)styryl]-1-methylpyridinium 1odide, and 4-((4; |
(dimehtylamino)phenyl)azo)benzoic acid, succinimidyl ester and derivatives thereof.
“Derivatives” refers to modified compounds that are structurally closely related to the
parent compound. Preferred derivatives are compouﬁds that have been modiﬁed sﬁch |
that they comprise a thiol (SH) group. The thiol group allows covalent couplirj‘g of the -

30 linker molecule to a metal surface. The inventive methodé thus comprise embodiments,
where the Raman-active molecular linker is attached to the substrate surface via

covalent interactions.



25 hybrid, and chineric forns thereof. The terns "contacting" or

"I ncubating" as used interchangeably herein refer generally to providing
access ofwoneliggsPénent, reagent, analyte or sanple to RODISIGR010/0PEHT2

exanpl e, contacting can involve m xi ng A sol ution conprising an anal yte

bi ndi ng protein or 30 conjugate thereolf with a sanple. The solution

conpri sing one conponent, reagent, analyte or sanple may al so conpri se

anot her conponent or reagent, such as dinmethyl sulfoxide (DVMBO) or a
detergent, which facilitates m xing, interaction, uptake, or other 19 .
physi cal or chem cal phenonmenon advantageous to the contact between
conponent®e rteagent'aal@ayl y‘ltzegetamdﬁrqrouﬁdﬁ;rpI“%getThﬂolEﬁ?én " oet ‘&ﬁxtgieﬂ’g"ellsas ijsed
herein refers to nmet hod of verifying the presence of a 5 .given nol ecul e.
The tec hdpwz@aa%@gbt BsedepHp TeiH te ANY Sybstangs that cal ke deicelgd @ AR Assay by
spectros o di t LoD wiBdh I+t At L Me, -1 ncl ude
cgrrel at ﬁﬁgdi?%gggg%lgg}t giﬁ%ﬁgi b'I\?\A(pt h t ’Zﬁzﬁg%ﬁ%b%g?ﬂ%dﬁhﬁ{?rﬁ p[ljﬁ% ctiéft1 %ct I on

i ncl udes sampla. flherefsreybklanalyte canbiey witledtd ohitasion, Ay Shibstaheer for Whight thate as
used herein, refers.to a small pr tei ?aceo.Uﬁ or nign- pr ot Ei n ant idg i C
det er mi naSIHAIEPTRILY OSPHBRE aBHbYY flyfor KRygh 2R tBgdx Sam Re iRsERFe -?‘3’& cally,
haptens d@aRed n&kg Fort eRIMPIBOBY ah GLABEA, AplofeifNa 3B1yFRbtide) laditih@akid0h 2

| ar ger species. For exanple, small peptide haptens are frequently ¢oupl ed
to a car rliaptenpa carbphydrateha Hpidk @ pelbpreanyi athestoflaevide yaméty of hiokogileal of norgener at e

an anti-hapten anti bady response. 15 "Antigens” e cronol ecul es .capabl e
of gener g’f‘@ﬂélcgﬁmgir?f:\%ﬁ%d‘&?nfpz?ﬁgﬁg 8°Ifjhln§‘ﬁm§?’lﬁ?¥ﬁ?f‘ g{r?aér%ﬁ?"ﬁge ?Iéaigﬁ Ay @é’(ﬁ by t he
resullpi NG grtéiRO Pyptidd0 tdarkuhlHaeNSr APl [AeRY &N FroaP APbiofiRid! sbBREtsulReas.
antigenic determ nant or "epitope", which is the region of the antigen or
hapt en wibagisriph dengal.oitaheplanttarinpapal Sﬁwﬂ%aﬁﬂgil,ﬂophléy,g}@iwte@?reﬂlmta&ehapb'en is
the 20enta'lsroeb(ﬁp lsﬁ%ﬁ'o?ganic compound such as a drug, drug-metabolite, dye or other small

molecule present in the sample.

15  The term "sample", as used herein, refers to an aliquot of material, frequently biological
matrices, an aqueous solution or an aqueous suspension derived from biological
material. Samples to be assayed for the presence 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 may not be fixed. The sample:s. used in -

the methods of the present invention will vary based 6n the assay format and the’ nature -

30 of the tissues, cells, extracts or other materials, espécially biological materials, 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



The met hod of the invention can also be a nmultiplex nethod for detecting
nore than one analyte, i.e. two or nore different analytes. This usually
requi res wWheougss®wh# nore than one anal yte bi ndi ng nol ec #C&/SIGA010/9e0472
contacting step so that each anal yte if8bound by a 25 specific analyte

bi ndi ng nol ecul e. The signal obtained Troma nultitude of different analyte
bi ndi ng nol ecul e: anal yte conpl exes can be resol ved by using different
Raman- active |inker nolecules that produce distinct SERS signals. The netal
substrate - : T |, as
30 used nopioueEEuER oA eelorfindONY, MRh Pon Ao ERLRLe, L AMBUREE o

r ut heni ungollebtini aimamplel ver, pal |l adium osm-um iridium platinum and gold,
preferably silver and gold. 20 The substrate may be a nanoparticle, for
exanpl e a nanoparticle coated with or consisting of a noble netal, as

def i ned aiRfie OgehBRPFer S 1 3AGPREHCCAD Rt RAUADIDEN R, Bdeer film

or can be a citrate-stabilized g nanoparti cle. as used
5her eisn rEymcdly peptidepeomhpridecansing adidodnins @i abowtrd 1 ) are typiedl yr aboutThe

i nvention_al so enconpasses conjugates .for the detectiop of an anal yte using
surface-e% af eﬁwﬁb§§H“§B§&PP%§d%§§fm%ﬂ%ﬁﬁ} 'tﬁ§¥@¥@8ﬁjﬁﬁﬂ?g%yéﬁéﬁnging an
anal yte bjnagidithl SRAigRUSrSbrafchd BRAIn 36§ehBes! dfiRho ABLE At SredPFicA Y RInglr
substrate, all defined as 10 above. The term "conjugate” a3 used herein

refers tothappepitdesoifolynsptides! @suallyi comphise ot lsegrabbutrdetd 1060 enhiee acidthin

| i nkage to _each ot her. oyal e r n-coval.ent, but preferably is

coval ent oo ot aietTon et AeRenTto BhAPDgaie Aot aaddreBnly 7l

nol eqwl e ibdue 20@tceiduy SEPaRiRthcids. IntRidBd BRI hoded-pd§mbetsifRne ¥pé&Rs h@iRNd t he

Raman-active |linker nolecule is covalently attached to the netal substrate.
acid, such as for example, poly-lysine. "Proteins" include single polypeptides as well 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 ¢hains) 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. For 'example,‘
contacting can involve mixing a solution comprising an analyte binding protein or
30 conjugate thereof with a sample. The solution corhprising one cor'nponent,v 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



15 These conjugates can be part of a kit for the detection of a given

anal yte or the conjugate conponents can, together with coupling agents,

f orm par tWOR20H/RB194 requiring that before use, the conj RGASE2019/0D@H7red.
20The invention also relates to a biosgnsor for the detection of an analyte
usi ng surface- enhanced Raman spectroscopy, conprising one or nore of the
above conjugates, in particular nanoparticle conjugates. The bi osensor nmay
further conprise a substrate with the nanoparticles being attached to or
adher ent i he I at ' or e nf | dfor in vivo

and/ or i n‘; h fltcfkioortsjg}ga&fgle%esn -éH%P Qﬁs ﬁgﬁ&gag&"gs?g"n?‘ O go%éacg% {t}’geteﬁecron}fs?ﬁg%tts’ 25 of

t he presapigently amilitenandbi ssmiies. can be in vivo or in vitro and nmay conprise
contacting the biosensor with the anal yte containing nmedium for exanple a
sanpl e or body fluid, and detecting the SERS signal fromthe sensor. In a
preferre in - g j ' .G - ' t hod
Phat ol | ons oho JeRbind 08 ReA3EAIRTobS CAMCBHRRR JoRfy S Henll T8 ve.

i s anShorgiderontolecaléSHRS- techniyee meddatd hecongiisk tthiscik tsuefdces enfianced \Raman

Raman- acti ve nnlecggﬁé | i.nker. The Iinﬁer schenatlcaLIy‘dngglaye in the

Fi gure mePEFPSSeR, EERS)- die PR mAyqalse bRdtuantiedyyd ¢ nslute farrrlatingg.
Linker Mmoh@aitk&ef oBhal DiththelindlinP BPArafyte | Tt RlccfoRbrdlill I vifl AWAIPY! C
rings in some suitable arrangenent can also be 5 used. To ensure a tirm
at t achnent vob deteetiamt i body to the nanostructures, the antibody is

coval ently connected to one end of the |linker nol ecul e through an
appropriate chem cal reaction, e.g. through an am de-bond formation by

1- et hyl - 3F}{e3te¢1h”ﬁla§:1/éna”h§"' QRSP Biffeln, CrafepP @b 1 aTisAA11 (Flelnat iR - b ABh pré&tsinp! er
while the other end of the |linker nolecule is covalently attached to the
met al | i c antigene determinant whishigh capablg of being eqcpgnizebbe by antloryhdiypieglly.he
ant i body . f. i.Le.the different co nents can e
repl aced }%ﬁteégﬁ%gggﬁ?%lgﬁq%’gégﬁ%%hag,m e 1mrarli) %l(e:suslpgp Oaraﬁgr JerRsmte™ IEorcr uci al
for the amemple, Gmallf pépirleChuptedidtare ei@Entby sbepled 1& albariempanéiarsuchfast he
present invention have observed and shown that binding of an antigen

nol ecul e keyhqle impst hergacyapininerdss de gencsate ap apli-hepten YirespeBseh nenber s,

i .e. ;khe antibody and the |inker nolecule, due to binding-related stress.
Wthout wishing to be bound to any particular theory, it is hypothesized

t hat a miAntigeade ot mactooradeantrs| chpgbleeof gemeratings an hanéibbdyn despgnsee lirataad

stress. For instance, electrostatjc repulsio S |l as 20 steric
nt or act Ol RBERE RESRIHE B P oHBinee iR Aoy o) pahgens andchapisrisss, |
has al so RapRis W0USE Bfle taRBkerd UBRHAMAR SICtAShAt IvhiaNe fHeCekfon’ SPHeSi ON
may play a role, conflgpraplonal entropy may supersede these forces and
| ead to raptigenudiahapterowhishttandsda/tboaritibgdy.at yraeallyhthetepgops em adnptey ibthengs
abou Osthﬁ%rnI%ngdition, hydrati on forces between nei ghboring bound
nol eCul es n%y 3ﬁs result in stress. The inventors 25 have now unexpectedly
found that these forces can be exploited for the detection of
antigen/ anti body binding events. A nore el aborated picture of this
i nvent i velheanetbost of thedryratian cemplpg be p mudiinlex mwthod fey dptectingara hancone n t he
exanp! & Sl 8. FABF ok uitehéht AbIYR AL BTy RGHREHE husd Bf hidké bith! Y

one analyte binding molecule in the contacting step so that each analyte is bound by a

25  specific analyte binding molecule. The signal obtained from a multitude of different
analyte binding molecule:analyte complexes can be resolved by using different Raman-

active linker molecules that produce distinct SERS signals.

The metal substrate surface may be made of a noble metal or copper. %‘Noble r'n'etal’;’, a's‘-:
30 used herein, relates to a metal selected from the group consisting of ruthenium,
rhodium, silver, palladium, osmium, iridium, platinum, and gold, preferably silver and

gold.



30 specific angle. Upon binding of an antigen to the antibody, repul sion
forces, which could be steric, electrostatic, hydration, entropic in

nat ure, awe:2ndus®d, bringi ng about a re-orientation of PCRSGantobaidy/ | i nker
construct. This re-orientation subseqqﬁptly 22 produces bendi ng stress and
results in changes in the internal structure of the linker nolecule. Due to
the proximty of the linker nolecule to the SERS-active surface, such a
re-orientation induced structural changes within the nol ecul e becones
detectabl e via SERS spectronetric analysis. In another exanple depicted in
Figure 1c, the 5 antibody/linker construct is initially oriented normally

Wi th respee ststiafte nflyRbe af tna€pastid1é, a6k . eXdple i Mahdpartide aBhiedEWRh or
repul sion forces between neighboring antigen nol ecul'es result in a

re- ori ent@npisingef a ﬁ@blsmqtqdo@ﬂqumk aboveopiseapper: dhe ampnarthlwam breenatedg
stresses \thr) P sﬂv%e m d'lrurﬁgrbe% c?t%tg %{aﬂfh%e(il ﬁ‘gld' xﬁﬁ&%&é}: r‘% IRe® as ﬁéje%h

stress can a ctly neasure spect onMBtr it anal ysi s.
10 W t5h theeein welatento £ pitidiersidet beivieehd aﬁp@t)(ﬁahoxhétaﬁs no washi ng step nmay be
required for the detection of the binding events since the unbound anti gens
or contam nants within the sanple nediumare not within the reach of the

pl asnon s .8l o t A hus i B@gqg- i gnal s
are not gﬁ%lrllé‘)iegg tﬁgcfe orgiégn&ea{?u%ﬁ{)l gﬁi‘bg Zdy%%lﬁga?iiegﬁ na he 1|r%ker

si gnal s. sa&rfatdaalhaadmhﬁamgm spdctresagybwhérbia theseroenjugdtes qupnsng he ataligueness
of the man _spectrum t he |inke al l.ows f r di scri tio

agai nst R&ﬁ?ﬁﬁ %ﬁ%ﬁ%&ﬁ%M%éﬁaﬁ "ﬁ‘ﬁ’p?’(?‘ﬁc% aé‘gé’r‘QFtla pstratsy %lw%"?fﬁdt"}sw ty.
Anot her  e/bBodliTRNEm® T cdni\zafd!rak 88¢d héwlﬁrf&femolt@ololr lrrHﬁE i &dlds WHGORLE 22
This 20 enbodi ment concerns a highly-nultiplexed SERS-based nanoscal e

stress séws@rlmk@d tqgedteel hejbnkageitoreachT hthei magriteosayafeotind nonrcovabet, buti s -
sensor capn niaturized tha revi ous f esc ection
met hods, FA% elr Emls 80‘\70?11& ot §Ajop ?lé%ﬁ?f 2 psglﬁlf taa‘foné)‘{/gé'lh 3{5% %1% ‘?f&b‘f‘gw
peak- wi dtrholieculé h@ cSkfféntBpesipledl EMBR dndiactive Niblkef Hd%&ELR ddCR Renan-

m nim zed, thereby allow ng simultaneous neasurenent of nultiple binding

25 event sictive bekesanglesulets cavalenthy aftashedjiodhe metal sapstrete. Thus, the current
desigg i s expandable to a highly-mltiplexed sensing pl atform In this
particul ar enbodi nent, the sensing area is sub-divided into several

regi ons, HEmsh cofjughtes ltaheser part ofpe iitf for thatdelmdyﬁldfnzkgivsnomﬁlytuair thds an
exanple, three different 30 antjbody I|n constructs are shown in Figure

2a. |t S%mu@atﬁémﬁ&ogan@ 15aR, tagether, \f’lt ﬁ%up 1ng agents, form part of a kit, requiring

that before use, the conjugate is formed.

20  The invention also relates to a biosensor for the detection of an analyte using surface-
enhanced Raman spectroscopy, comprising one or rhore of the above conjugates, in
particular nanoparticle cohjugates. 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 irn 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



three antibody/linker constructs is conprised of a different antibody and

| i nker nol ecule so that up to 3 antigens can be targeted simnultaneously per
sensi ng aveaoillns@ae aspect of 23 this particul ar enmbogdicaseRe10iobo47s not a
requi renent that each sub-region vvithiCQH the sensing area be conparable in
size wth the | aser spot. In fact, eactt sub-region can be snmaller than the
| aser spot, so that nore than one binding events can be sinmultaneously
probed within a single | aser spot (see drawing on the right of Figure 2a).

This i i.bl e by the f hat. SER t f djff t. 1ink
ol ccul cERRE GBRE dF e SFgnt SERSHYS CURHT B pEt B Eh BT e |
conput at i roddd-ActRRRAGIBER S lidker. FaRtlinkBIcBefmRRehlly i ayRl R tHRFiBYe Helgan be

probed sinultaneously by one single |aser spot, so l'ong as the SERS spectra
of the |isaRigp aspe esappleasdds nFhingended trolbgriimmitingh hinkst melecutencontrisisigipiol | ty of

a highly-nmuliipl.ex [ N sensing.system 10.Q her enbodi nent re

mi thon AT B8 il b SRR AR o Bme hidebie e R TB R B o
15 6- ser aspd.Opdiénsige 4 BirvRitadanet @ it £ti80dly to the nanostructures, the antibody is
1-ethyl- 3-(3-di net hyl am noprggfi%@car bodi i m de (EDC) were obtained from
Si gnma Al develntlremieqted g ang ¢ tinkerfrelecua thrawehy mpsppropaateghemicad

obt ai ned I pyi . ti \el 1 £l
ant - hondeoctBl, P BEORERaR Aidebord bGP BE 1L sftfss UG B3R e o
procur ed carbodiiBRISB(KEIBC) ecrodendth avuplag evhile The offiel endBeRMesliket hl@ulased i n
this 20 experinent re fapri catélgid by e-beam | ithogrg%h . Exanpl e 2:

Cr QJrehg a nib r

Coupl i ng c8valenthp attgchads tosthes mactallic, ngngstiuctyre pthr apelshur theesbys- vP)

ver e 1@i sS@kydithe e BRHIS tH?ll&end'iHBstﬂR:H{r?.Xi matel y 10mM sol ution. A clean Au

| ME substrate s inmersed 1n this solution for an hour 25 before it was
rinsed with denoni zed water and left to dry. A Raman spectrum was taken

before a%hﬁé tt}(laé d}trffggﬁtngo%povr\fe}ltrs] c%hl\ﬂ?a' replaced by other suitable compounds, such

molecular arrangement 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 mdleéulcs 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

25 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 Ic.

In the example given in Figure 1b, the antibody/linker construct is initially oriént_ed at %1 j
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



Exanpl e 3: Immobilization of anti-human p53 onto 6- MP-coated SERS
substrates 41.1.1 of anti-human p53 was added to 0.5nm PBS. 650RM of EDC
sol uti on waxprEg@red 30 by dissolving 2.4ng EDC i n 20nPCPBS20180004G¢ t he
EDC sol ution was added to the anti hu p53 in PBS. The 6- VP coated SERS
substrate was imersed in this solutioin for 24 2 hours at roomtenperature
after which, it was washed thoroughly with PBS and briefly dried. Exanple
4: SERS neasurenents 5 21.11 of p53 was added to 200 of PBS. This solution

{emper at (7R0AS QAR SALE R e S0 Rhther 3 Ol SRl PR liker o

was ri nsetolebaleoDgé ko thel grbxidietyost the nka tnesleané tathSISRR SyeaR/dsaifeey, stés t aken
in PBS. 10 A schenme of the experinental setup is shown in Fi g!ure 3. . '
Briefly, &reroneAiptios. induepdstmichpgl|chargeswithia theamalerels begoragodatedtaligwiasi ng a
neutral demgst i . Inc. set, I i ts.ag.ooth a
beam expande% g%éghg%lgﬁcgﬁﬂlw ft;érIlﬁwaa)slOtl}}g&re %‘6‘% oc%gicgéda ﬁ%%) F(Bezhnél) of -
uni f oSm pmdtbpd wlinKérecosstnadd ti s imial ] yoaraemtedarsorimatiy seith respert tdthesSERS$-activer ea of

the SERS stress_sensar .via a djchroic m.rror and through an 15 A ynpus 40
x, 0.90 I\Wr{‘?f?:r Hi’%plém%?e@t BRI LR rfrglicés a?égwea"‘lnf ﬁlggb(ﬁ'iﬁ&) aﬁg%qnass

slide vi andRElke réduiieth t@P&oridRHorPbf ahd 2RtiBOAYAIRR NRsrsltOPRRA 1P t he

substrate and covered with a cover slip beforé placing onto the mcroscope
st age of hendinastresses yeitlim tha hiekérisgrucpuweeds an thehfirss axqhgewash rstrassucand t o be

6 MV The,acquisition time ed | e experinment was 10 s with all Ranman
spectra C%ch%c gﬁe(ft yo%eﬁﬂqu;gﬁb@h}%fﬁ{%f@eéﬁoénﬁﬂﬁﬁﬂalﬁlﬁnaI s generated at the
sensaip were collected by the same objective and focused into a 400 um

optical fiber (Ccean Optics, Inc.) which delivered the signals to a
si ngl e- st W8 the sueentamshasimento $rigApparenidhat norwashing step gnayskeirdauiredhifer st udy

et to - opF aeielith,phe B HELFEND ink e el RS B ORhERE BltipS 22°

wel | as tthe canpleahedinm 2esmrovitinehereacH € thaplaSiiRs nepefiéld dnheeSERScessed
using the Wre g.o sof twar e provi ded bly manuf acturer of the Raman system A
Sf

strai ght acHeSyaass pRbIasBhein &AMen sigalsiars get grpitiipdand herefaravelighly
background flihara56 M EnkePy, %f@&h&%@&ﬁ@g&m}@@s B Frentde i€ Blcr ed

out using 50% Gaussian curves to | ocate the centre %eak posi ti %n an
det er m nemiqiengssafl Whel Ramamdspeetiami of dresiinler, which allows for discrimination

against Raman background, thereby improving overall system’s sensitivity.

Another embodiment of the current invention is illustrated in Figure 2a. This
20 embodiment concerns a highly-multiplexed SERS-based nanoscale stress sensor for
protein detection. The inventors found out _that :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, three.differenvt
30 antibody/linker constructs are shown in Figure 2a. It should be noted that each of the>
. three antibody/linker constructs is comprised of a di_fférent antibody and linker moleculé

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



25 Exenplary SERS spectra derived fromthe 6-MP stress sensor are shown in
Figure 4. It is obvious that the shapes of the three spectra are generally
simlar aWO200/078%4peaks are formed due to anti body couPCir/$¢2010/006482 sensor
surface and anal yte binding. This is bﬁcause the proteins are weak Raman
scatterers and the enhancenent effect i'n SERS 5 decays rapidly as the
separation of the analyte and netallic nanostructures increases. Therefore,
a contribution fromthe anti-p53 anti body and the p53 anti gen woul d not be

signific ' : ect. f_6- M SER ak posjtiong before
and aft e?ﬂ%h@]ﬁ%% ?@Rg%& C%ESIY\R/Ee?@ %urreg‘éll}?rp?%gﬁataﬁ%fﬁt ﬁg)'rfgg e‘r’%’ftélln the

wav enunbeaessihg bitadteccbmpardtdblie size withethp &aks splt. A3, eadh?éhb-reBidh.can He00 and
1290 cm | show si gni Lal cant positive shifts upon addition of p53 with --866
and - 1000malleg thap dhg taser spet. £0ithy moTe thaneenedundipg e¥@rs cambe simyftangpuglyos,
Signific 1 Ve sShi.fih S Med: {HOr ¢ pil Nney.- L CI |
peaks. | Tonaay epn Esifpt b St GRS WA of FRRDOBY IR I
t heor§ ofpoRablerbysthet faetr thay SER Sveplettraast diffbesrs timker inbkeculkb ateng@tepallyl got of -

light with a_nolecule as determned by its energy |levels. There are two
types of Ségﬁ’éﬁiﬁl?ﬂp'é\)’@ﬁ@peél gyt %F"é‘d%é?‘ﬁg}“?t&i’éh}’ sepasded- dpdactwmore Hshenent

of electr bafingy BV | | ; ati e lLexel ,
associ at etgl%s\n th rr%verrngén!t:ég{(;?é gg{d&%@%ﬂ{&ﬁéo% llse}é:u e%lﬂ%’g?ﬂ&éfé{{t %cgqung%\éevel
wi | | havdhé tSERSIpectrapfofviher tinkaynatie sepambie. Haseemissiimestr thug, offersi the

optical absorption  does ngt require that the incident photon 20 energy
coi nci de RRF%"?.‘%h%&’gk}lgﬁﬁa‘HBﬁml%ﬁgPbot?lﬁée%&& SY8I%Btt roni ¢ level . Instead, an

i nci ggnt photon is usually nmuch lower in energy and excites the nolecule to
an internediate virtual state froma ground vibrational |evel. The virtual
st at e i s Qtherwakpdimeets arpwihiorihe Hllowing namboifgigexemplesered with the

nol ecul e returning to a | ower vibrational |evel other than ground. The
energy of the scattered photon corresponds to the difference 25 between the
energy of the incident photon and tRgafiples gy transition between the '

vi brational levels (Raman shift). Therefore, vibrations in nolecules are

t he ori git&d - SEffect. These vibrations are constrained in a

nol egygl e 1 C d t c iituant. 18@C' served
peakqghi fé?‘éelltcﬁﬁto Eﬁ%@ur %Mx&@?%ﬁt@ari}ﬁt hggk?ﬁ t}g?’g@s(%llm\%te 0 lgoﬁr&%Pg@si on or
st r et chi rgrbofliimade @DChwartsobtained frofr Sigmapsidribh.n@lyome 2@d phosphatephdfaro t he

i bilized | - tib . hond i d t rai ned,
e vi br stits A QR Bvere obbinsddfon duyiibsene B AS ERGweRten TSRIRE.  The
reverse ingousk WhtifHRAmant F3t @siEey/AN) A FROSbMBLMRENRPHSE (LR Th TIRBLE Werel t CanN

be observed o
procured from BD Biosciences Pharmingen. The Gold SERS substrates used in this

20  experiment were fabricated by e-beam lithography.

Example 2: Coupling of 6-MP to the SERS substraté |

15.2 mg of 6-mercaptopuﬁne (6-MP) were dissolved in PBS to make an approximately
10mM solution. A clean Au IME substrate was immersed in this solution for an hour
25  before it was rinsed with demonized water and left to dry. A Raman spectrum was taken

before and after treatment with 6-MP.

Example 3: Immobilization of anti-human p53 onto 6-MP-coated SERS substrates

4pl of anti-human p53 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 ahti- '
human p53 in PBS. The 6-MP coated SERS substrate was immersed in this solution for



26 that the bonds that have an upshift are bonds that bind 6-MP to the gold
substrate (S-Au) and that to anti-p53 (N9). Also, the peaks wth the nost
upshi ft (WBaB11Ax87941000cm 1) correspond to S-Au vi brat i @aT/SGRIW/00&2 be

expl ai ned by being 6-M's main Iinkag§4to t he substrate, and thus the S Au
bond experiences the greatest conpression 5 upon p53 binding. Table 1: Band
assi gnnent of shifted peaks Shift Peak (cni) Assignnent Upshift 433.54

(v)S-C6, (br)pyrim 620.42 ()C8-H(op), (6)N9-H 865.99 (br)pyrim (d)S-Au
2 hours at room temperature after which, it was washed thoroughly with PBS and

briefly dried.

Example 4: SERS measurements

5  2ul 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 nm 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. 20ul 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 experiment 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 um optigal fiber (Ocean Op'tic.s,AInc.) 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.) operatirig 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 carried out using 50% Gaussian curves to locate the centre peak position and

determine the peak width and peak intensity.



1000.04 ()S-Au 1290 (v)N1-C2-N3 Downshift 1536.02 (v)N7-C8, (6)C8-H,

(6) N9O-H 1571.92 (v)C2-N1, (v)C6-05-C4, (6)N9-H Abbreviations: v:

st ret chi NgOROIVE8199N; br: ring breathing vibration; (5: POESGROAL0DGHT2

vi bration; op: out of plane; pyrim py5im'di ne. 10 Response curves for ‘the
current sensor were constructed by plotting the peak shifts at 865, 1000
and 1290 cm 1 agai nst the p53 concentrations. The curves are shown in
Figure 5. These three peaks were arbitrarily chosen to nonitor the

PoSirt s RS EXaAh VB HoRRESIP UrelWERLLD abd ShoWR SRS o2
is obvious that the shapes of the three spectra are generally similar and no new peaks are
formed due to antibody coupling to the sensor surface and analyte binding. This is
because the proteins are weak Raman scatterers and the enhancement effect in SERS

5  decays rapidly as the separation of the analyte and metallic nanostructures increases.

Therefore, a contribution from the anti-p53 antibody and the p53 antigen would 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 levels.
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 corresponds to the difference
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, resﬁltjng in a higher Raman shift: Thé |

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



15 intensity.

can al so be used. From Figure 5,
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unul ati ons.
HERP &S Pect r a
whereas Figures 12 a)-c) show each
p53 was
30s acquisition

The

10 acqui a%pewe-rjﬁmeqw—s-he on and
2 accumyl ati ons. bsul ts OF PRESE record ngs. It
becones ed upon addition of anfi-p53
and p53(to the sensor sufface. This is particplarly evident in Figufe 11,
whi ch rdp pshift RLTVE Pl Of5,QY tNne Speftra T roughopt t he
procedurle fromthe anal y$is of Io%:a’%l on A Fipure Cl@gacgﬁn?og)ﬁ €sents p

cumul atijve plot of the spectra obdzmiqped from | hreqama-qw)e(gm;s a ter

anti body conj ugation, ad¢iter—ef—pbl—anrd—+i-Rs-hrg—the—sensor—surfac A

| arge Raman shift is obs¢rved vvheffggﬁ% bi nds o théb';wf“i“*ﬁd&”antl body t hat
has been immobilized on {he Au | Wbocsasostrate [cf Figur@sla). The -866,
_947, -1000 and 20 -1292 cnnnrh ng t o \vC8-HvN/Z-C8-tvNI- .
aCs- N7- (8+61\ 19- C8+aC6- S| aS-H and2¥®- H+6C8- HraNL- C2(8%620N89- H  shpw t he
nost prqmnent sn1ts or |- & 5cm €Se repfe o) 2) mor MP and
t he subgtrat eowr$hiF thejanti bodyI‘s360 en t he 3@5&{7%%@%8 H’r(%@ed wth '
dei oni z¢d water and the Raman spaeiresm i S take(v)mlezqu}Bﬁcst(Ilﬁ(cﬁfﬂ@Gﬂrum

Cl Osel y rocoanhl Ac thu : ot t 1 Al oner\trllm be'F arol i nerihat AR \I\vl th nE2

'Abbreviations: v: stretéhmg vﬁ)ratlon br: ring breathing vibration; o: ‘deformatlon '
vibration; op: out of plane; pyrim: pyrimidine.
10
Response curves for the current sensor were constructed by plotting the peak shifts at
865, 1000 and 1290 cm™ against the p53 conéentrations. 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 signiﬁcaﬁt upshifts and a relatively large
15 intensity. It should be understood that other binding-sensitive peaks can also be used. -
From Figure 5, 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 substrate, 6-MP coated substrate, anti-
20  p33 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 accurhdlation as settings. The resultS-are

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



Figures 12, 14 and 15). The inventions illustratively described herein may
suitably be practiced in the absence 30 of any el enent or el enents,
limtati owoeoig7eissat i ons, not specifically disclosed heceisg2oibvuss2 f or
exanple, the terns "conprising", "incgﬁging"; "containing", etc. shall be
read expansively and without limtation. Additionally, the terns and
expressions enployed 28 herein 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 excluding any. Lval ents, of the features shown.and

descr i bedBIsBIT sATRataRit 0 Ppies S0P cayRiioB S accupylaien (o

nodi fi catpigm 72.FH‘1 tRe ek tt€p, WhiiSH ahiibod&a0P&e Cbnjubfted By @R LR Yials@. Thus,
it should be understood that although the present invention has been

speci fi casing the FG seagslinkes pr darther SERSowiented tanalypid of the Wipsansércfallowed,,

nodi fi cat | nd varhation.of t I nventi.ons -enbadi.ed t herein herei

i scl osod 10y BEMHRa0T By Ein g ERHARRE ERERE ot T B U Bucn
nodi f 5catdndng, aherendFigitd ®8EowY £ setts ioded BoplbOfod ehred hithsurémients GolRgehlf this
i nvention. 10 The content. of all docunents cited herein is incorporated by
r ef er enc&18¥et Héi 3)-@rihoweeach speetrym \separately ands insbids the fenk eyemmbars.y and

gener| Ca'ﬁ%& D65:8h8B wWalGHAQH tof M€ BRI NESERREGERa ?él%&f?tgﬁtg%r loGveB! f}P1 NgS
falling w Rinthe generic di S¢I°8sur 6 al’so rmpart O t'he 1’nventi on.
Thi s i nclacqesitioheag e raccurddatonsp(¢forFigired e andvE3)t iThen\ithd) sarfpceOwa0 Or
negative |imtatiqn rempying any subject natter fromthe genus, regardl ess
of whet hé{"OTBP Ytripsed withj dapmized ayater ands PBSe tyap added.y SEBS] sregirpeveien.

Q hen oemeghiRRN L &if &hb N SIRKiAL! bMhBErsC! POYIE pohlr, 296! 14 Gisit}gﬁeraﬁdf gat ures
or aspectsq%f 20 f%% inventioﬁga e escrigggspn t%rns d?ﬁwhr ush groups,
t hose skiacbwdulationsheigures il andr &4 show ztbe trhsultst dfetheses srcbrdimgsi 9t bb@mdsher eby
S/gfﬁLls ﬁegphé}ﬁgte gts nporlclevva Ir;gakls re‘zgé gl)lsgrl'\ll%li uggnng)(?d’itigr{ ofs al'rlxl%lg r5%u£1dog53q§nt$eesregso?f t_ he
surface. This is 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 rinsing 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+6C8-H+alN1-C2-N3+6N9-H, show the most prominent shifts of ~4-
5cm’™. These represent bonds between 6-MP and 'the‘ substrate and/or the antibody.

When the substrate is rinsed with deionized water and the Raman spectrum is 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.
" o n "non

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

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



Claims What is clainmed is: 51. A method for detecting one or nore anal ytes
usi ng surface enhanced Raman spectroscopy (SERS), conprising contacting

t he one OWOrOTIN7814l ytes with at | east one anal yt e bi ndiPAT/SGR0OO00432
attached to a netal substrate surface at enhances Ranman scattering via a
Raman- active nol ecul ar linker; and 10-detecting a surface enhanced Raman
signal from said conpound. 2. The nethod of claim1l, wherein the surface
enhanced Raman signal of the conmpound is correlated with the anount of the

anal yt es. oG e HEE! B9t O &kl P destiipion MRERS 8 iAo RUIE ARl (HBKES)s 332l V1 es

are contained I1n a sanple an ctlon IS in vitro. he et hod of
any one dfteptian irs the- Bse o/ﬂmclentenﬂshed@npremomfeemhmhggm equivalaiteof ét i n a

B OB R Be e 20 o p R o] gf clalm s
serum blpgdficdtiorBre poIHE w?tﬁﬁi) #E s8%pe of the invention claimed. Thus, it should be
5 understood that although the present invention has been specifically disclosed by
specific 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. |
10

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 terms of any individual member

or subgroup of members of the Markush group



6. The nethod of any one of clains 1-5, wherein the one or nore anal ytes
are 25selected fromthe group consisting of proteins, peptides, nucleic
aci ds, cawbabydr7atoes, |ipids, cells, viruses, snall nol @UWISE3910000412pt ens.
7. The nmethod of any one of clains 1- wherein the at | east one anal yte
bi ndi ng nol ecul e specifically binds thé one or nore analytes. 30 30 8. The
nmet hod of claim 7, wherein the at | east one anal yte binding nolecule is
selected fromthe group consisting of an anti body, antibody fragnment or
anti body ke nol ecul es. 59. The nethod of claim7, wherein the at |east one
anal yte g nol ecule is a nonocl onal or polyclonal antibody.

10. The nmethod of any one of clains 1-9, wherein the nethod is a nultiplex
met hod f detecting. nore than one anal yte, wherein in the contacting step
nor e thaﬁ&hﬁléﬁénﬁﬁgﬁyte bi ndi ng nol ecul es are used. 11. The net hod
of any one of clains 1-10, wherein the at |east one anal yte binding

nol ecul e i s covalently coupled to a Raman-active nolecular linker that is
attached to tlhe Absthaelfor deteftagsoneian nowe ahaptes using sarfddecnbanck® Raman  12.
The met hod of an (g f clainms 1-11, wherein the Raman-active nol ecul ar

li nker c&Rﬁ‘gf?ﬁﬁogys ﬁztsgt‘foé@qsl‘% the group consisting of 6-Mercaptopurine,
8- Azaadeni ne,. N- BoRzeNhAdROIOAE, orlnived GARYRsPRNAR! A1 KAk 04f analyte binding

4- Am no- pyrazol e[ 3, 4- pyrim di ne, Zeatin, Mthylene Bl ue,

9- Ami no- acri di nmoleeulg ai dBogningte] subistratasuiface that enhances Raman scattering

via a Raman-active molecular linker; and

10 - detecting a surface enhanced Raman signal from said compound.
2. The method of claim 1, wherein the surface enhanced Raman signal of the
compound is correlated with the amount of the analytes.
15 3. The method of claim 1 or 2, wherein the one or more analytes are contained :
in a sample and the detection is in vitro.
4.  The method of any one of claims 1-3, wherein the one or more analytes are
detected in a bodily fluid comprising said analyte.
20

5. The method of claim 4, wherein said bodily fluid is selected from the group

consisting of plasma, serum, blood, lymph, liquor and urine.

6. The method of ény one of claims 1-5, whérein the one or more analytes, are
25  selected from the group Co‘nsisting of proteins, peptides, nucleic acids, carbohydrates,

lipids, cells, viruses, small molecules, or haptens.

7.  The method of any one of claims 1-6, wherein the at least one analyte
binding molecule specifically binds the one or more analytes.

30



20 Brown Y, N-Benzyl-am nopurine, Thionin acetate, 3,6-D am noacridine, 6-
Cyanopurine, 4-Am no-5-im dazol e-carboxam dehydrochl oride, 1, 3-

Di i mi noi swondold7e®s Rhodami ne 6G Crystal Violet, BasicpEusicaim/oft!ine
Blue Diammoniumsalt, N-[(3-(Anilino hyl ene) - 2- chl or o- 1- cycl ohexen- 1-

yl ) met hyl ene] anil i nenonohydro chl ori é) 0-(7-Azab

enzotriazol-1-y1)-N N, NI, NLl- 25 tetranet hyl uroni umhexaf | uor ophosphat e,

9- Am nof | uor ene hydrochl ori de, Basic Bl ue,

1, 8- Di am no- 4, 5- di,hydr oxyant hr aqui none, . Prof | avi ne msulfate salt.

v ater o A ot e BE LR WBERR e e |l onbanaiih HoR eI s ¢
4,5, 6- Tr i seréctedtyérh thé ighgupSenkidtife 5Ahi antfo¥yl Hxﬁiﬂéﬁng% ¢AZ O BntitdAlyaikene,
3-(3-Pyridyl net hyl am no) Propionitrile, Silver(l) Sulfadiazine, Acriflavine,
4- Anmi no- eénelsedent opyr azol e[ 3, 4-d] pyri mi di ne, 2- 30 Ami nopurine, Adenine
Thi ol FAD Fl uor oadeni ne, 4- Am no- 6- nmer capyopyrazol e[ 3, 4- d] pyri m di ne,
Rhodam ne 110, Adeni ne, 5-Am no-2-nercaptobenzi m dazol e, Acridine Orange.
Hydr oshl ori d&. CrHEsythetdodbftRirAGeiviitRin H6 fat feastindanNety biading Ridledilasn 31
Brom de, 5, 10, 15, 20- Tet r aki s( N- et hy1- 4- pyrii di ni 0) por phyri nTet r a( p-

t ol uenes i enRalenal sr pelyglenalzntivedy: aki s(4-tri et hyl ani nophenyl ) por phyrin
Tetra(p- toluenesul fonate), 3,5-D am noacridi ne Hydrochl oride, Propidium

| odi de (3, 8-di am no- 5-(3-diethylam nopropyl)-6-phenyl phenant hri di ni um

i odi denet hi odi0de)TheTmathed oflahy dneddofnedsimgsl B8] whpeiry thel hethdd is a multiplex
-met hyl pyri di pni_um odi de, and44(4- (di nehty] am no) phenyl )azo) benzoi ¢ aci d,
succi %i %ywﬁogﬁrget%ﬁﬂnaé??%wﬁ@%e( W&o‘%ﬁ erein mltg‘? copfacting: fieRimore thagi m 12,

wher qpn e JRATRIbiAGhE Yol BN &GHL @ded! | Nker is a thiol-group containing
conmpound. 10 147 The method of claim 13, wherein the Raman-active

nol ecul ar linker is 6- Mercaptopurine. 15. The method of any one of
L L BB ol O S L e i B0 EL SR
f or mat i ombinding molecule is covalently coupled to a Raman-active molecular linker that is

attached to the substrate surface via covalent interactions.

12.  The method of any one of claims 1-11, wherein the Raman-active molecﬁlar
linker compound is selected from the group consisting of 6-Mercaptopurine, 8-Aza-
adenine, N-Benzoyladenine, 2-Mercapto-benzimidazole, 4-Amino-pyrazole[3,4-
d]pyrimidine, Zeatin, Methylene Blue, 9-Amino-acridine, Ethidium Bromide, Bismarck

20 Brown Y, N-Benzyl-aminopurine, Thionin acetate, 3,6-Diaminoacridine, 6-
Cyanopurine, 4- Amino-5-imidazole-carboxamidehydrochloride, 1,3-
Diiminoisoindoline, Rhodamine 6G, Crystal Violet, Basic Fuchsin, Aniline Blue
Diammonium salt, N-[(3-(Anilinomethylene)-2-chloro-1 -cyclohexeh- 1-
yl)methylene]anilinemonohydrochloride, : O‘-(7-Azabenzotriazol- 1 -yl)-N;N,N',N'—

25  tetramethyluroniumhexafluorophosphate, 9-Aminoﬂu6rene hydrochloride, Basic Blue; |
1,8-Diamino-4,5-dihydroxyanthraquinone, Proflavine hemisulfate salt hydrate, 2;
Amino-1,1,3-propenetricarbonitrile, Variamine Blue RT salt, 4,5,6-Triaminopyrimidine
sulfate salt, 2-Amino-benzothiazole, Melamine, 3-(3-Pyridylmethylamino)Propionitrile,
Silver(I) Sulfadiazine, Acriflavine, 4-Amino-6-mercaptopyrazole[3,4-d]pyrimidine, 2-

30 Aminopurine, Adenine Thiol FAD Fluoroadenine, 4-Amino-6-mercapyopyrazole[3,4-
d]pyrimidine, Rhodamine 110, Adenine, 5-Amino-2-mercaptobenzimidazole, Acridine

Orange Hydrochloride, Cresyl Violate Acetate, 'Acriflavine Neutral, Dimidium -



16. The method of claim 15, wherein 1-ethyl-3-(3-dinethylam nopropyl)
carbodiimde is used as a coupling agent. 20 17. The nmethod of any
one of clwomsi1lo78®s wherein the netal substrate surfacepics/scad®oods7a nobl e
nmetal or copper. 18. The rret od of claim17, wherein the noble
metal is selected fromthe group 25condi st ng of silver and gold. 19.
The nmet hod of any one of clains 1-18, wherein the substrate is a
nanoparticle. 3020. The net hod of claim 19, wherein the nanoparticle is

ted w h [ . Th h f
c1ai m 20 B n T heonOd e oL RS EEh Bt e PiRRE i oup CoIRRGI ng of
si | ver anglugidstifonate), 5,1043, 2OTT‘&raﬂE%Kﬁ&ﬁn&ﬁy1§HNndiiﬂ€nﬁfpo§ﬂ>}ﬁlrfﬁ5 2fstrdfp-

wherei n the nanoparticl e is coated 5With a sil ver 23. The net hod

of any ortelugnesslfenate), 3F-Dmminpasriding Hmomm&¢mdlelm bdide (3,8- diamino—

OO Lo T T R R L T S

anal yse lgiiistitRgamiiiodseinye]-1-mdBaipyridigiuinve | i nkedidgol ecul enand a nmai@d-
substrate, wherein the anal yte binding nolecule is coval entlﬁ/ coupled to
t he Ramand whtbdémmomﬁnyw&welcami Syreinieifiyh egter orderivatives theredfecul e i s
coval ently attached to the nmetal substrate. 15 25. The conjugate of
claim 24, wherein the anal yte binding nolecule is selected fromthe group
consi sti ng ofl3an Taetmbthdy ,of asdimb b2lywhereigntha tR abtanaattive @l eduldeelinkek écul es.

thiol-group containing compound.
10
14. The method of claim 13, wherein the Raman-active molecular linker is 6-

Mercaptopurine.

15. The method of any one of claims 1-14, wherein the at least one analyte
15  binding molecule is covalently coupled to the Raman-active molecular linker by amide

bond formation.

16. The method of claim 15, wherein 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide is used as a coupling agent.
20
17. The method of any one of claims 1-16, wherein the metal substrate surface

is made of a noble metal or copper.

18. The method of ¢laim 17, wherein the noble metal is selected from the group

25  consisting of silver and gold.

19. The method of any one of claims 1-18, wherein the substrate is a

nanoparticle.

30 20. The method of claim 19, wherein the nanoparticle is coated with or

consisting of a noble metal.



26. The conjugate of claim25, wherein the analyte binding nolecule is a 20
nonocl onal or polyclonal antibody. 27. The conjugate of any one of

cl ai rs 24WOR01INMITET9¢I N t he Raman-active nol ecul ar | i nker PEDSGRUID00432
selected fromthe group consisting of £ Mercaptopurine, 8-Aza-adenine,

N- Benzoyl adeni ne, 2- Mercapt o- benzi m daZol e, - 4- Am no- pyr azol e[-3, 4- 25

d] pyri m di ne, Zeatin, Methylene Blue, 9-Am no-acridine, Ethidium Brom de,

Bi smarck Brown Y, N Benzyl-am nopurine, Thionin acetate,

3, 6- Di am noacy, di s} . :

4* At no- 5- 1 midazop 2 mampaYEBAR 200 Rherein the ngble mpeta s elected Gom the grqupr
Rhodam necofifistifg yfsdibver Mdogadd., Basi ¢ Fuchsin, Aniline Blue D ammoni um salt,
N4( 3- (Ani | i nonet hyl ene) - 2- chl or o- 1- cycl ohexen-1- 30

ypnet hyl ene] ani | i nenonohydr ochl ori de, 0-(7-Azabenzotriazol-1-y1)-N, N, N ,'N -
tetramet hyl ur@ni wyhexad : \Fi r aﬁ%q ori.dge, Basic
Blue, 1,8-Di aznzi' no- 4, S%Fﬁ%ggggsgﬁtgﬁ%%h%ﬁg%@?e’?‘%’rrg@ltgglﬁne hg%qés]tsl &3%2 sal t
hydr ate, With a SibveAfilmo- 1, 1, 3- propenetricarbonitrile, Variam ne Blue RT salt,
4,5,6-Triam nopyrimdine sulfate salt, 2-Am no-benzothiazole, Ml am ne,
3-(3-Pyridyl nethylam no)Propionitrile, Silver(l) Sulfadiazine, Acriflavine,
4- Am no- 6- mergaptRRY hRaRded S afy GheYJf dhitdsNe0-22; wheteP Ry h&fopaﬁﬁ‘?@'i@% Thi ol
FAD Fl uor oadeni ne, 4- Ami no-6- nercapyopyrazol e[3,4- 5 d] pyrimdine,

Rhodanmi necittaterstabhdiznd geld mnppartiole2- ner capt obenzi mi dazol e, Acri di ne Orange
Hydrochl ori de, Cresyl Violate Acetate, Acriflavine Neutral, D m dium

Brom de, 5, 10, 15, 20- Tetr aki s(N-net hyl-4-pyri di ni o) porphyrin Tetra(p-

t ol ugpesul f orpat e)A 20dfgdts fEPthEaictettibs Of ah lah At iR EuHRRBLANANCE® RAMAR N
Tetra(p- toluenesul fonate), 3,5-D am noacridine Hydroch| oride, Propidium

| odi de ( 3PecteiseeRYhenmpmsing an agl gerndinginedesuis, ¢ Bangnpacivg linkenaatesvledi ni um

i odi denet hi;qdj j - 2 = 1 i.di ni um
odi dor g fn{iR bR ferpi it s FE WA ATORLE AL dodstcndy SBhottl Rl
ester or Rimfidnvadtiveelnkehaneetule and the RamaB-activee linketj mghiceleofs coaileils 7,
wherein the R%magh acti Ye nol ecul ar linker is a 15 thiol-group containing
conpound attached to ghe mpia frt§at e of any one of clains 24-28, wherein the
anal ke bi nding nolecule is covalently coupled to the Raman-active

nol ecul ar 1inker by am de bond formation. 20 30. The conjugate of

cl ai m 29, whébei The-eenfngateHf(chini 24 whgteamtheapalyte/binding mipeliulensdelecedused as

a coupli agent . . 31. The conjugat.e of any one, qf clai 24- 30,
Sher el n LTHES R IPUR GRS RE 0f AE anb o AP fSE DRI Y KBS EONER al or
copper.

26. The conjugate of claim 25, wherein the analyte binding molecule is a

20  monoclonal or polyclonal antibody.

27. The conjugate of any one of claims 24-26, wherein the Raman-active
molecular linker compound is selected from the group consisting of 6-Mercaptopurine,
8-Aza-adenine, N-Benzoyladenine, 2-Mercapfo-bcﬁzimidazole, 4-Amin0-pyrazole[3,4- _

25 d]pyrimidine, Zeatin, Methylene Blue, 9-Amino-acridine, Ethidium Bromide, Bismarck |
Brown Y, N-Benzyl-aminopurine, Thionin acetate, 3,6-Diaminoacridine, 6-
Cyanopurine, 4-Amino-5-imidazole-carboxamidehydrochloride, 1,3-
Diiminoisoindoline, Rhodamine 6G, Crystal Violet, Basic Fuchsin, Aniline Blue
Diammonium salt, N-[(3-(Anilinomethylene)-2-chloro-1-cyclohexen-1-

30  yl)methylene]anilinemonohydrochloride, O-(7-Azabenzotriazol-1-yl)-N,N,N',N'-
tetramethyluroniumhexaﬂuorophosphate, 9-Aminofluorene hydrochloride, Basic Blue,

1,8-Diamino-4,5-dihydroxyanthraquinone, Proflavine hemisulfate salt hydrate, 2-



32. The conjugate of claim 31, wherein the noble netal is selected fromthe
group consisting of silver and gold. 34 34. The conjugate of claim
33, wher évo20h@78@roparticle is coated with a silver filPEI/SG2010/00047235. The
conjugate of claim 33, wherein the nanppar t icle is a citrate-stabilized
5gol d nanoparticle. 36. A biosensor for the detection of an anal yte
usi ng surface-enhanced Raman spectroscopy, conprising one or nore '
conj ugates according to clainms 24-35. 1037. The bi osensor of claim 36,

further c | $i . i rf{ecl [ dherent to
t he subst raEed. f’lggp'%ggﬁg?%%%rﬁglslgr}g%ﬁng?é gﬁéﬁnl?’nﬁggﬁo%’g\%?fgﬂﬁgg@%rp ‘?jhng

bi osensorsulfatecsaltf 2-gunid-Benrzothinzuley Mebantih€)r3-(33P yrid yifethstamid&)Propioni@ifle, The
bi osensor_of .any aone of cI‘ai,HB .36-38, wherein the analyte is _a.&otei n,.
pept i de, Hber@ §u§edla%ln§népm e hh@ipe-orpgreanopyrazole[3,4-dlpyimidige Zf t he

a1 The an PG Radin® IRATEE &5, HilolgQerh e LAMTRNCHMpy By BT, oo
of cl ai mdpyrimibneiRhddamintel B3t Ademires St Aminiok2-mercaptobenzimidazole, Acridine
Orange Hydrochloride, Cresyl Violate Acetate, Acriflavine Neutral, Dimidium
Bromide, 5,10,15,20-Tetrakis(N-methyl-4-pyridinio)porphyrin Tetra(p-
toluenesulfonate), 5,10, 1'5,20-Tétrakis(4-trimethy1aminophenyl)porphyrin Tetra(p-
toluenesulfonate), 3,5-Diaminoacridine Hydfochloride, Propidium lodide (3,8-diamino-
10 5-(3-diethylaminopropyl)-6-phenylphenanthridinium iodidemethiodide), Trans-4-[4-
(dimethylamino)styryl]-1-methylpyridinium iodide, and 4-((4-

(dimehtylamino)phenyl)azo)benzoic acid, succinimidyl ester or derivatives thereof.

28. The conjugate of claim 27, wherein the Raman-active molecular linker is a

15  thiol-group containing compound.

29. The conjugate of any one of claims 24-28, wherein the analyte bihding.
molecule is covalently coupled to the Raman-active molecular linker by amide bond
formation.

20
30. The conjugate of claim 29, wherein 1-ethyl-3-(3-dimethylaminopropyl)

carbodiimide is used as a coupling agent.

31. The conjugate of any one of claims 24-30, wherein the metal substrate is

25  made of or coated with a noble metal or copper.

32. The conjugate of claim 31, wherein the noble metal is selected from the’

. group consisting of silver and gold.

30 33. The conjugate of any one of claims 24-32, wherein the metal substrate is é

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

film.

35. The conjugate of claim 33, wherein the nanoparticle is a citrate-stabilized

gold nanoparticle.

36. A biosensor for the detection of an analyte using surface-enhanced Raman

spectroscopy, comprising one or more conjugates according to claims 24-35.

37. The biosensor of claim 36, further comprising a substrate, wherein the

nanoparticles are adherent to the substrate.

38. The biosensor of claim 36 or 37, wherein the biosensor is configured for in

vivo and/or in vitro use.

39. The biosensor of any one of claims 36-38, wherein the analyte is a protein,

peptide, nucleic acid, small molecule or hapten.

40. Use of the biosensor of any one of claims 36-39 for the detection of an

analyte.
41. The use of claim 40, wherein the detection is in vivo.

42. The use of claim 40, wherein the detection is in vitro.



