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In the surface plasmon resonance approach, as
described in Storhoff, J.J., Elghanian, R., Mucic, R.C.,
Mirkin, C.A., Letsinger, R.L., J. Am. Chem. Soc 1998,
120, 1959-1964 two gold nanoparticles modified on the
surface with specific oligonucleotides are used. Both
particles recognise and hybridise a specific strand of
DNA which is the analyte. This brings the gold particles
into close proximity and the change in frequency of the
surface plasmon resonance is detected. However, such
techniques do not offer the combined multiplexing,
robustness and simplicity which would be desired.

SERRS can uniquely provide the selective 1abe111ng
chemistry to develop the new types of assays required.
It has a sensitivity equivalent to or better than
fluorescence but the key advantage is that each SERRS dye
used as a label gives a unique fingerprint, which can be
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Thus, in a first aspect the present invention
provides a SERRS active bead for use in identification of
a target molecule, wherein the SERRS active bead
comprises aggregated metal colloid and at least one SERRS
active dye, encapsulated within a polymer shell.

SERRS refers to surface enhanced resonance Raman
scattering. SERRS has been previously described, see for
example Rodger, C.H., Smith, W.E., Dent, G., Edmonson,
M., J. Chem. Soc. Dalton Trans., 1996, 5, 791 and
references therein to which the reader is directed for
background information. Surprisingly, there is a

widespread fluorescence gquenching mechanism on the silver

surface. This means that almost all dyes give SERRS
enabling the wuse of more extensive and simpler
derivatisation chemistry than is possible by
fluorescence. Further the specific enhancement of the

dye provided by SERRS active particles is more than
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The polymer
layer. For example beads may be formed which comprise
some aggregated colloid on the surface. It is possible

to then pass such beads back through the bead making
process, with adding any metal colloid. In this manner
an additional polymer cover or layer is created which
contains no metal colloid particles on the surface of the
bead. Nevertheless, in certain instances it may be
desirable to have metal on the surface of the bead and
this may be achieved using the metal colloid or by metal
coating or lithographically depositing metal on the bead
surface. An advantage of beads also including metal on
their surface is that SERRS sensing can also be carried
out on the surface of the bead which is additionally
internally labelled.
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silicon-containing monomers (e.g., (3-methacryloxypropyl)

trimethoxy silane, tetramethyldisiloxane), polyenes
(e.g., isoprene, 3-hydroxy-3,7, 1 l-trimethyl-1, 6,10~
dodecatriene), azides (e.qg., 4-azido-2,3,5,6-

tetrafluorobenzoic acid), thiols (e.g., allyl mercaptan) .
Acrylate terminated or otherwise unsaturated urethanes,
carbonates and epoxies can also be used in this present
invention, as can silicon-based monomers. Crosslinking
agents that lend rigidity to the subject polymeric
compounds are known to those skilled in the art, and
include, but are not limited to, di-, tri-, tetra- and
penta-functional acrylates, methacrylates, acrylamides,
vinyls, allyls, and styrenes.
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The colloid particles can be of any size so long as
they give rise to a SERRS effect - generally they will be
about 4 - 50 nm in cross-section,‘preferably 25 - 36 nm,
though this will depend on the type of metal.

The beads of the present invention are extremely
small, typically less than 1lum in diameter. Preferably
the beads are about 10nm to 1mm in cross-section, more
preferably about 10nm to 1lum in cross section, but
obviously not smaller than the dye coated colloid

particles which they encapsulate.

SUBSTITUTE SHEET (RULE 26)
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The polymer used in these beads may further comprise
functional groups (e.g. carboxylic acids, active esters
of carboxylic acids, alcohols, amines, epoxides,
chloromethyl styryl groups, vinyl groups, thiol groups,
maleimide and succinimide) or may be further'derivitised
by a linking group or groups, such that target molecules
may react and become bonded to the surface of the
particles. The advantage of these groups is that they
can act as points to covalently or non-covalently attach
a molecule to provide a specific capture or analysis.
The term 1linking group refers to any dgroup which
facilitates adherence between one or more target
molecules and one or more SERRS active particles. The
adherence may comprise any sort of bond, including but
not limited to covalent, ionic, hydrogen bonding, van der
Waals forces, or mechanical bonding.
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or Senir P Er e i BB IR T the Bk U3 Buitanie
t hbréBgral | owi ng a nol ecule to be attached to the

bead. The polymer beads may be further reacted so as to
add functional or linking groups to an outer surface of
the bead thereby allowing a molecule to be attached to
the bead.

Examples of suitable target molecules include,
nucleic acids, proteins such as antibodies, aldehydes,
thiols, amines, explosives, drugs of abuse, therapeutic
agents, metabolites and environmental pollutants.
However, the beads, due to their extremely small size may
also find application alone, e.g. as a security marker.
The beads may therefore be applied to a surface by being
contained within for example an aerosol spray, paint, ink
or the 1like. The beads would generally be invisible to
the naked eye, but would be loaded with a particular
SERRS active dye or dye combination such that a specific
SERRS signal could be detected. This may be particularly
applicable to prevent/minimise counterfeiting.
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example be magnetised by the incorporation of magnetic
species within and/or on the surface of the beads
weighted by the addition of materials which would allow
the particles to be separated on the basis of their
weight. The magnetic beads could then be brought down by
using a small magnet to, for example, concentrate the
particles in the beam of the spectrometer.

Suitable magnetic species may be in the form of
magnetic nanoparticles which are incorporated into the
bead. Such magnetic nanoparticles may include any
ferromagnetic material in nanoparticle form including
iron, magnetite, ferrites and compounds of other metals
such as nickel and cobalt.

Incorporation of the magnetic nanoparticles may be
achieved by combining a solution comprising said magnetic
nanoparticles with a colloid/dye mixture and thereafter
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as Mmolecular imprinting methods can be applied to impart
specific molecular recognition properties to the polymer
shell wvia templating approaches (see for example WO
00/41723). This generic approach can in principle be
applied to impart affinity to the polymer shell for a
range of analytes, including analytes of «clinical,
dietary, forensic and environmental relevance.

The method for obtaining the SERRS spectrum, may be
conventional. However, the following might apply to the
spectroscopic measurements:

Typically, the methods of the invention will be
carried out using incident light from a 1laser, having a
frequency in the visible spectrum ie. 7380nm - 780nm,
particularly between 400nm - 650mm (the exact frequency
chosen will generally depend on the dye used in each case
- frequencies in the red area of the visible spectrum
tend, on the whole, to give rise td better surface
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of the invention, nolecular inprinting nethods can be
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properties to the polyner 18hell via tenplating
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' nﬁSﬁ]él;i»é{ ﬁEé SOq %@i@élmﬂye?émé!ﬁﬁg | neggeNDI Eé&t{?@red light

a nohochr oma rating or prlsmto sel ect an
detectlon and flbre—optlc waveguides. The intensity of a

SERRS signal can be ‘measured for example using a charge
coupled device (ccb) , a silicon photodiode, or
photomultiplier tubes arranged either singly or in series
for cascade amplification of the signal. Photon counting
electronics can be used for sensitive detection. The
choice of detector will largely depend on the sensitivity
of detection required to carry out a particular assay.

Note that the methods of the invention' may involve
either obtaining a full SERRS spectrum across a range of
wavelengths, or selecting a peak and scanning only at the
wavelength of that peak (ie. Raman "imaging"). It is
also possible to detect all Raman scattering using only a
filter to remove reflected light, Raleigh scattering etc
and a detector such as photodiode.

Apparatus for obtaining and/or analysing a SERRS
spectrum will almost certainly include some form of data

processor such as a computer.
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anakyﬁslﬁ\ahsa%we Héﬁﬂoﬁﬁheata't\é@t)édto detect a m xture
of dyes then it will be necessary to detect _the
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Oneenthen ShERSERRGNad chinde bpaptiapesr gdrbymeiitiple labelling

apg%_oprl 3t gleld;tl%gt(%es@_lts %req;f,gnc o&ﬂd 1Nt ens{,Tl tcy]jessétaare dye

asse a conp er for
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detected, Ranman active conpound or. the signa
|n§gﬁ§ypycgg t g¥ent 1is separately carrled out by, for

example, covalently linking a molecule to be detected to
the polymer surface. The main advantages are that the
particles give very intense, stable SERRS. For simple,
sensitive identification of a specific particle, there is
a huge multiplex labelling capability in suspension which
is unrivalled by any other technique and the SERRS active
nanoaggregates are protected from the environment. In
turn, this enables identification and quantitation of
specific target analytes such as DNA sequences or
peptides in-situ at ultra-low concentrations in a complex
mixture.

In a further aspect the present invention provides a
method of detecting a target molecule in a sample, the
method comprising the steps of:

a) providing a SERRS active bead(s) according to
the present invention wherein the bead has been generated
so as to have a specifically identifiable SERRS signal
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active particles for nultipgke labelling of analytes

is described. The colloid particles are dye |abelled,
pre-aggregated and | ocked into the polyner so that
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anal ytical event is separately carried out by, for
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t heat aﬁaguvtlelmi*écaf‘éew@e' aheaﬂm%oaynévwhed Phetwedn the
two antibodies and this can be detected by SERRS being
carried out on the bead attached to the second antibody.
Other molecules which associate naturally may also be
detected such as a receptor/ligand complex, with one of
said complex immobilised on the bead surface.

In a preferred embodiment the method is used to
detect a particular nucleic acid sequence in a sample.
In this case, the bead may be modified so as to have a
molecule capable of specifically hybridising to a nucleic
acid molecule which comprises the particular nucleic acid
sequence, attached to the surface of the bead. The
molecule capable of specifically hybridising may be of a
sufficient 1length to enable a simple hybridisation and
subsequent detection to occur. Alternatively the
molecule capable of specifically hybridising to the
target nucleic acid molecule may be a relatively short
molecule, say less than 50 nucleotides, e.g. less than 25
nucleotides in length, designed to act as a primer to
allow hybridisation to said nucleic acid molecule and
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Due to the ability of being able to generate SERRS
active beads with specific different SERRS signals it is
possible to conduct what is known in the art as a
multiplex reaction using a number of differently labelled
beads each with different immobilised binding moieties
e.g. oligonucleotides. In the case of oligonucleotides,
each one may be designed to identify, for example, a
particular polymorphism in a nucleic acid molecule, by
incorporating specific sequences at the 3' end which will
only allow chain extension to occur when complementary
binding at the 3' end occurs. That is, when the
nucleotide at the 3' end does not hybridise to the
target, chain extension cannot occur therefrom. By

carrying out an amplification reaction using another
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sequence, using an appropriate DNA pol ynerase and
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known to those skilled in tihe art. Indeed an
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order to effectively enhance the anount of target

nucleic acid to be detected. The further priner my
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easi Vi £ il f
boi BLOGRY e Y oGR8 RiEEILIDE BY dtng out
spe% RRE @ﬁ??%ﬁkﬂﬂ SERRS §P5h@P§1|$t?B CHHAY IgmPploged such
. conghat ohBy FeaddioMs whitheafet iasneified tdlgherating an

f | d
eoehi il Al Gl Lt Led B
ol | §ekRRFEVi des. In the case of ollgonucleotldes,

each onermmysi@n8si gied tkey dentvdntagber exanghe, @resent
parilcul OIpollyrmrphlsmln a nucleic acid nol ecul e, by
|ncorpord%|ng sﬁeC|f|c sequences at the 3' end which

wi | }) &dansidiiivikyshaEackexbenadi okf t @ oiRRAralisensensing unit

Conviup@nem aby Hyudngg W tHemld116888s0eFUr SERRNAbActBve dye
? SOF ”“CbEOt'de At the. 3).80d d°%§ not hybridise, pe
% ?a chaln exten3|on canno OCCU

the?bW%ltﬁ wckgér ity dve dbedsi-i fi dhe olnkeaciodgcular

USl@@eﬁ&ﬁ&ﬁ&”mé@ﬁéﬂl@%@oQ%E@7rﬁemkﬁﬁzgﬁaégo%@gﬂlmlﬂy of two
pri esi gned tQ _genera ied product

IS Tﬁ%sgl gg?b %as a%%%ectgmﬁ ce éﬁﬁnéhn%%$lapply in
pr eSERRS . |nTEU¥af@%t0¢ﬁu#Q§QJ ddiel ﬁ&ﬁﬂ&%ﬂk? Vegyagtrong and

anpeadi LAtd quERKNOBetScEad rdtdi dititcondef¥@atiShich as

SybE)Gigg S%%ng@ %%%dp%%cggg'gglaggféggt%%%?ressential to
obtain the maximum signal from SERRS, is carried out
during formation of the bead. Thus, it is preset and
protected from the environment by the polymer making the
signal 1long-lived, constant and unaffected by any
biological event. In addition, the sensing species used
to find a specific analyte is covalently attached to the
polymer surface.
3) Multiple detection: The beads may be manufactured so
as to contain many codes "written" by using different dye
mixtures in each of a number of colloidal suspensions and
by adding aggregated colloid and dye from more than one
suspension to a specific bead. The sharp nature of the
SERRS peaks then enables recognition of each bead type in
a mixture of beads without any separation. Since all
chromophores that adhere strongly to the SERRS active
surfaces can be used, much simpler and more extensive dye

chemistry 1is possible than with fluorescence. For



that an anplified product has been obtained. This

. product can thereafter be identified by carrying out
WERRRB0Ie1 ecti on. This optional step can be enptDG82003/003009

such that only reactions which are identified as

generating an anplified product are thereafter

anekgspliehy tBERRE tt@ene®ifi HERRS signatly fhemkey dye such as

adygnt 2ggs 9& t@ﬁrgre§&5‘é1ti\9é’en£bons1%§t1éﬁtlon round the
Sensitivity is a separate sensing unit

caﬁlaﬁwoshoneusw@na@ tiF niuchonSasiesERR] ag¥eatedywiltiple
I labgblélsﬂt@ifﬁmﬂsf ecraé/actéféalbmﬁhl \_Igﬁﬁo?lééf:@ﬁeeQan 1|hrels greatly
cl ose acke yea S..el Ul a .

qURERFAgEfecHi 215 8§%kpr5§b‘ﬁ£ﬂ/’eﬁ)¥ simple

t wdyekabel s mnth for exanple fl uorescence, do not

oPPlY 1o SHERS, ThUSAL0E, OPRDCRdabhe: ALRAL 15 Edda1, a

strong an easf | uic
contenifichoh. n@)ss‘?oszpﬁ@ysdeﬂihetcpr&béséoezﬁd This weight

agghggatd A, epaentysda t 0inobt@d felbforBXaidfod IN&paration
from SERRS, is carried out _during formation of

t he
bebachnigyes; ?mpéowégef:hﬁnl?eaﬁ‘lsot edi¥d Gf’f%‘iﬁ]tqve a DNA strip

envecogaeBkdbyst e pabvrer 2maloul@ thee tm;gumai on the surface
| ong- i ved, constant and u affe t ed y an oIo

ev%ﬁt |§1t%%%1f?Y (ﬁ t ﬁ%ase%s Ipng%s pempes C]?%Lalance
a bpkantec andal the nassovhhogel \detteckdted t&Mﬂuheavy nature

pOJﬁ! e eS YR ?o@d MUid pLgi dehaet! Q:‘?Lanyée DERAS n@cy detect

be nmanu acture as to contain many codes "writte
bylDS¥RgsSanet EReneediyd tifikvuds the car's ba JaReR  conpared

of tgol b@h%htsu&aqns wa@paﬁ@ yf addieng mogr eegtaﬁml After
d,and an_one

col! oi d rom., spenS|on
sp@%E?FElBgadXE*% 'tna? Padgr | #0e’s ‘% particle
t heaushabl ét ceuagnbe|datebtedcbybeadengpg change.

m xture a n. |
Chr omopared haT ta ”ﬁ#%“%%ﬁ“g gt%b? NPSERER B  ggsoribed

subYavWay ©fn eFampded anfu st tdy HRISTNRP R et BhgiXes which
dyghofhem stry is possible than with fluorescence For
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pat t er n“6FUEER CYfalPs oy & ReTH £ta%+]o%2%f 3 SERRS
veaytseasbehdeabcosdbsgltutthn pm@ﬁ@nthanventlon,

Figure 2 shows in schematic a potential use of a
SERRS active bead according to the present invention;

Figure 3 shows the Raman spectra of control beads
and the SERRS of blank beads in Example 2;

Figure 4 shows the SERRS of a dye in a dye coated
bead sample;

Figure 5 is a SEM image of dye coated beads, the

measurement bar is 10 um in Jlength and the average

diameter of the beads shown in ~ 0.8 um;

Figure 6 shows the SERRS spéctra of ABT DMOPA, 8HQPK
and a 1:10 ratio mixture of both dyes;

Figure 7 shows the SERRS spectra 8HQPK,
benzotriazole rhodamine B and a 3:1 mixture of both dyes;
and



chronophore making it nuch easier to create nmultiple
| abel s than is the case with fluorescence. This

w@e@awdye67 i ncreases the coding potential w th PCT/GB2003/003009
relatively sinple dyes. Miseover, because the beads
include a netal, a significant mass is provided to
the bead. This weight nay also be used in detection
and/ or separation techniques enploying the beads. For
exanpl erigubblAgstdidis re&ceghiemad ias reprhegpiittatti oubfl how a

be ped,on the surface ..of t tavidin.caated, .

pl gt&%ﬁ‘gf agtdﬁgr Fofa% carc(ﬁ@o%d&%c,geat%af:gﬁc z?%&%tthel eglst ion may
cheagaiskst etbediddiel fireawry speaiéicomudieiszadcwdul gskquence,
"BKS:LLQ' dn §1§ﬁ§89€i§h@%§?£90ﬂ?t ect increasing the
sensitrvity of the quartz bal ance conpared to

conventional trapping of the DNA strip. After

deggghbie Ebetyehoht change, the specific particle

causing. .1t _could be detected by a wei ght change. The
pr@%’ﬁg—ﬁﬂ%enti on will now be further described by

wagobiotdappeparationt h reference to the Figures which
show. Fj h S i C r i;0n .
SerRs  GePFErRadiGed I " P BRERRad Dalboaing o
Fi hee methiegvsof nLeghamal i Beaspdt effRedgeuseCoi Smith, W.E.,
SEpBRractd ve hepheror ding to_ t hendih eseidc i NnBaMEbAN; Trans. ,
Fi gure 3 shows the Raman spectra of control beads and
t hE2BERRS 86 7 bl A MeadsCith- Examtidty; Alglire 4G8KEHRE, M-,
t he1SERBONOf Ja Gy iwhitglyep coal elanheadrsammos;, 11, 3712).

Fi e 5.is a SEM.imge.,of d oat.e ds..the .
rreggﬁJr eFERTSERTC i D g:r%rioﬁl g%’:lr}ét %1aen(§1%t%ﬁe§f§\}égagé?ua Regla
di ffreler HE1 MO eadndshbheni nthovowgiuby Rigwes 6with water
sh t he SERBS ,spect.ra of ABT - SHOQRK __and
1 STIVES RixEUrE OR Botirfes; PLOUFE PLFORS (0 m9) was
SE®BSsepwetir an8HBK111bdnweteirazZd® middaat re Brprrature of
3: Xt ur h %8S gndt 20&]{!{&917 6fcated :
PC%?&ZOOS?]E}B O%S}lultg‘ F}I gure 8 xg%ws a sSC %mateiace. us.mg 2
regpgggﬁtgprgﬁropohgmﬁgmperature of 98°C. At this point 10
ml of a 1% solution of tri—sodium citrate was added. The

temperature was then carefully controlled, keeping the
temperature constant at 98%c for 90 minutes. ‘After this
period of constant temperature the colloidal suspension
was cooled and its UV absorbance spectrum measured.
Colloid with a maximum UV absorbance within the range 403
- 410 nm was used in the experiments detailed below.

The silver pellets used in the polymerisations were
prepared by centrifuging 12 tubes containing 12 ml of
citrate-reduced colloid (Apax ©f 406nm) at 3000 r.p.m.
for 20 mninutes. The supernatant from each tube was
removed and the remaining silver was concentrated into
one tube. The concentrated pellet was then re-suspended
in acetonitrile using ultrasonication, which was then
centrifuged at 3000 r.p.m. for 40 minutes. The
supernatant was removed once again, the resultant pellet
re-suspended in acetonitrile using ultrasonication (5 ml)

and the suspension incorporated into the polymerisation.



SERRS active bead according to the present invention
may be used to identify a specific nucleic acid

waeguoene] using an anplification reaction. BERENpB2003/003009

Section Exanple 1 Colloid1Preparation Ctrate-reduced
colloid was prepared according to the nethod of Lee

and Meisel (Rodger, C., Smth, WE., Dent, G,

Ednonson, M, J. Chem Soc, Dalton Trans.,

1996, 5, Ti&; d%ﬁloadéstamﬁmetsh wéNeE.prmned iM exactly the

O © d . . .
ﬁﬁé %f E1‘ass"%/\\@/aér‘}e&’v\/as ltﬁ‘hr oughl y cl eanegé’hm ng c,&’qnl}:;flnlng
Regi’ﬁratéé-xled&&ad HNEB)Loaad 1steenat horoughly1 o T fisedodation of

te fol | owed distilled er ilver, nitrate 0 .
ey S toBh L atopeii b 7SR bt of ¢ EB6E Ry By Pamine)
t emperaddade. of 4000. The solution was then quickly
heated using a Bunsen burner to a tenperature of

980C. At this point 10 m of a 1% solution of
t rBeaddSymthésiait e was added. The tenperature was

then cafefl Wiy C@B&&@hgedthge%ﬂ&aﬁepotlm%r atYh€ained no
constant at 980C fo mnutes. After thi's, period_o

of,
corRimidt E’ﬁﬁé?—éﬁu r"ehet h@léﬁlfl Rdamezyspenta bred ygolloid but

cagd edyand i tthd)Vpgesobhaeae SeeghédMoBASIMR@A colloid and
Colloid with a maxi nrum UV absorbance within the range

40+ 410 nmwas used in the experinments detailed

bel ow. Timeesi | per‘iypertlsatiuned i (Carkizrqilo] ynBiaskti ansl Dye-

. D e
LARiFPRcE] Beraany o] %ﬁ.éébe'%ﬁ%fﬁ:g "50%pdonick
r.Yyakedfglage kikefes. Thre %%%Fhﬁ{laHﬁSFPé &xcheyfeontrol
Waso 1 1fEPV ety d té}@afgaéml NivideIsi | V@éeﬁ@slﬁeﬂp@nt redsd m1),

on ube co etra ed | et f hen
re‘istPs‘R?é eR{ aggtozﬁt |Ig usi uﬁ%%@d?ﬁ%ojc{‘fWOnltrlle
wh{zIBNMBaS (a5 cent,ri tingedratc3God r vpsself ofor0 the Blank

mi e@éjﬁﬁg = TQgﬁ ik axﬂtl){vagge%%\i%q 19/aC 3?(? allnilg t t&%e dye-

re- suspende I n acetoni
ulflf%\%on$%%P$@ﬁl?15 nPf grdlpAd sddpemsiedipnitrile (5 ml),

I r@ﬁﬂ@%ﬁb@ﬂzéﬂéo glohe( @osy?;rl sabl qmmﬁo(aoaééocli)%?and the
PCT/ GB2003/ 00300 17 Th ye- | o% §2 les were
prre%aét‘? Hoqlnvgfg e Dye-Loade rlrop olymer was charged

with acetonltrlle (20 ml), the dye-loaded suspension of
colloid in acetonitrile (5ml), divinylbenzene 80 (0.5 g)
and AIBN (0.005 g). The reaction vessels were shaken to
dissolve the monomer and the AIBN, cooled on an ice~water
bath for 710 minutes and then sparged with oxygen-free
nitrogen gas to remove dissolved oxygen. The tubes were
then sealed and polymerisation effected by heating at
60%C on a low-profile roller for a period of 24 hours.
Following polymerisation the polymer beads were isolated
by filtration on membrane filter (0.2 um), washed with
several volumes of fresh acetonitrile and then dried in

vacuo at 40°C.

Bead Modification o
1~Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC)

(500 mg) in 25 ml of 0.1 M MES buffer (pH 4.5) was added

to the polymer beads and incubated at 25°C for two hours



same way as above, but in the 12 tubes contai ning

citrate-reduced colloid 150 pl of a I x10-6M sol ution
W®@£2004/007767 PCT/GB2003/003009

ABTDMOPA[ 4(5' - azobenzotri aad®yl ) - 3, 5- di met hoxyphenyl am

ne] was added. Bead Synthesis In what follows the

Control polynmer contained no colloid whereas the

Bl ank pol ynmer contained colloid but no dye. The

Dyeo Loagdrdtpel yfithecenraanedactlivel dpaedeslye Fiuree 1 shows

pol ye I sati.ons Control oaded
catr PERSTREHSh Thr 8e separﬂg1 g’ q"rt%wéec é f%(}\ﬁ%d above.
gl Else bebés.( 1Thésr €éacmednofepodiynfegr shed 1ICof# ¥ otncapsulating

poé(%‘(%ﬁ%%&@édcggggggg trﬂs 3§ﬁh@§” hbitiGel( %@'em Beads (5). The

enzene and azobi si sobutyronitrile

a¢e. 065 te Rﬂé’n}e&a&h%ﬂ vé3iehagobgeir Bnglikionalised

pOécvrrsg Was HahR aafivd tduPeatonattike 638cik)l (17 ewhlch are
dye- free suspensign of colloid in acetonltrlle

m §2Pakie; A BeasEdndsyith. PN andl BPBRE( @ld0% @er gram of
angeddie inf eA5t h®N ofesSed id®r hbe Hﬁcteanﬁ@Eéﬂook Aer.2) were

harged with acet Ly the dye-loaded
it 080, e AR TS T e Sutdovdi oo

di svayhbgheene &hd 0 dzagls aedeAl BHmb@eﬂOng):m Teelution by
react on-vess els ver 1A S50 £pn

PRETANERE FeBo Bl ofe o ebfagl 257 it i 013 eer (o
mﬁuZ)asraﬂdYt fen wparged with oxygen free nitrogen

gas to iﬁﬂgvelﬂbiéog&sﬁp%yqe@e Fepdidbey W achd N8k of the
seaI ed and &f)l ymeri sation effect ed&g heat i ng at . 600C

onP@Bw- prk)i | e PEEPEFSFor @Peri ST RLhour &PoVe, the
Fobl bybrdcpebyheei aki)on st e pidys@r tbegdsogyiee a specific

isolated by fil tion_on ne an | ter : .
wasRedIFth ° % \}5}?}2 volwglrres o@?’efrz:sa% atgeto%%%lénﬁ aﬁ%lll) 18
t henegentd im aadNR aex4@@Ct Bedd Mydilfli chvbosadige to the

(1 %%b&_f&sxéciéoiﬂ&@t h%’izgm Qﬁ@r 0@15{1!1% CBﬂ begﬂt{ﬂ'ga (kE_PC}_he bead

5) wa
adélb@i) -to the POFYRBr %h%%n‘é‘ﬁelePﬁéGBat é?:Ith 9@@@%’6?‘“9 for
t vexhap1e W0 BOO¥L R0 §F64pPQH §3820@3/ AN2D0RybiBat sefioland the

thseygg]erqeb%%ug%%e o%“‘tt've Spegirgf’ata\':rllglﬂqep]lasc%o or bead (20).
This assay specifically recognises the target sequence
(14), which hybridised both the particle (10), and the
biotinylated sequence (16). Alternatively, if magnetic
particles are added to the bead, it and the hybridised
target could be brought down on a suitable surface
without the biotin step. In both methods wvarious
approaches can be used to remove the unincorporated
probe. In the first method, no label is brought down if
extra biotin is added to the streptavidin plate and
consequently it is an interferent that does not need to
be rigorously removed. However, the size of the complex
created with the label makes separation easy and in
either method removal of an unincorporated probe can be
achieved using a flow cell system or a short
chromatography step. Alternatively magnetic separation
can be achieved by using magnetically coated streptavidin
beads to pull the complex from solution.



a schematic of a bead (1) prepared as descri bed above.
The bead (1) is fornmed of polynmer shell (3)

wep@apsurbat i ng aggregated colloid and SERRS arCT/¢82@$003009
beads (5). The surface of 19he pol ynmer shell (3) has
been functionalised so as to have am no surface
active species (7) which are capable of reacting with
DNA. 3 pg of oligo per gramof bead in 25 m of
saEkampbéiaxzphat e buffer (pH 7.2) were added to the
activated feafs and. eaet eglebgﬁgegl&@rwégst thHR€ preparea

beads were renove rom sol ution centritugation

andsing skizdpesosd iftngphdspest-e belaek pbppds7contpdagd 9.6 ml
f ko tiB®ia ! Ard ShIR! eiexaabke (See kugere 2pyf EB&tE8e beads
of the beads (1) prepared as ggscrl bed above, the '

ol ¢opiraithedt 2dd (mR) dye debxyPedM) o ansbofnbsanla colloid per
speghdi ¢ sequence of DNA. Wien the target sequence

(14) 1s resent in a DNA extract, it will hybridise

to the Abli §oheel stcdeleldl) cxyranipghs R tapt td¢ngy the dye
tr&?@?aéené%ﬂfugédseﬁlﬁﬁd @g! g?tﬁlllﬁl't%@;t.i delgﬂéi_)lets were re-
cont ai ni Qr e e Lot gro s _alLso :
nyireeraddh o in AR LoSeBaniPhadal B br-generfhifea for a
stfwptiaer dd 0 piateesr (headl ¢283onidat somksay

speci fi e i the t uegnc

ohi ch 1Bt SR8 KRR, Lo AR REE K epfbher 5 m1 or
bi acetgnitetle equhcarlimsonicrEpdt | Ty, 2 | MMRYERS | Pefore
Paddid £t £6n S eddegolpndherbgadi oht maReut8e hybri di sed
target could he broig t down on F sui tabl e surface

wi t hout O td2 bRSVERYIPERZSPR b me? HOWRI vafitBlls were ‘then
appt 9ashesd cabnbeausedthd r emdwvamet heofuniaikcomubr ad@skonitrile

pr . 1 he I rst 0 | abel | g 0

i fesrgﬁjfé(gl%?o%: |Lﬁ' iS; %ggég ?j S ]tri%el@t'r ep? %@g(ﬁ:{?"% g{egt% evg]egassed
ariditie oNgefaentliy ninutesan | Bher Fappaest Weredddsemalaced on
ne 0. _be.ri us ed. V. si,ze .
th’gg%%%% e%t 03%2 édhé\na%ﬁg?\l’llteo I gglg}ger?a desiggﬁartét i%‘;nlynlerlse
eabyr addl hourseither nethod renoval of an

uni ncorpE ak s PEEPGeF@NthEn #GNitevRd Yir¥hdh fd W2 mm pore
cel| systemor a short chromag

ogr aphy step.. , ]
A TRFRafLEERY RRGREY vashied WitR aPsfopdtrifpesed gpied in

usa ngasa@nedvénl |y coated streptavidin beads to pull

L?:.?./ ggglo%}(lﬁggggbgglngt Io%nth\émbze%%ij 0&7.7e6.7 control, blank and
dye containing beads) were then suspended in ~1 ml of
acetonitrile, ultrasonicated, dropped onto a microscope
slide and allowed to dry. The spectra shown in Figures 3
and 4 were then recorded on the systenm 100 Renishaw
microprobe Raman spectrometer, x20 objective, 100% power
“8mW) 1ls, la.

Figure 3 shows the Raman of control beads which are
identified as (a) and the SERRS of blank beads which are
identified as (b)

Figure 4 shows the SERRS of the dye in the dye

containing bead sample.



19 Exanple 2 A further set of silver pellets were then

prepared wusing 12 centrifuge tubes. Bl ank beads
wa@oemadrtetd 9.6 m colloid and 2.4 nl wat er pepPCT/GB2003/003009

Dye coated beads contained@02.4 nm dye (1x10-6M and

9.6 mM colloid per tube. Al tubes were |eft

overnight after adding the dye and centrifuged for 40

m nutes. Pellets were re- suspended in 10m

ad@MMnageés and re-centrifuged for a further 40

m nut esp ( Pitéﬂé@ﬂtcéf'gﬁé BSEH@tﬁeﬂ@rthBe%uspended in a
re-suspended further 5 m of , acetonitrile and

ulstcl‘]éé‘blfﬁl?:ap:?d ]?‘64 ysipguEEHAIIHE RN 1 | oFi® PRRAS were

palnerer araaet | ALl Uéﬁal@- Sg1asyi rmstzepzaaeeandand stored
0. 00 Al BN WerFF hen

‘ Esol.ved Ieﬂ‘oen#?% vol une 9,
251 cCEROTHRr PPECTEi ACPUdPAT -t h fiR3Peoif) Figure 5
Sargd etshewr eedegasdedn théehChiefar SK100 Mlteerothélicroprobe
S he d 70C, a
: Byt r i T UpBhgoR) 8, sLELtELA PeadD0 T8 ge beaa
sap| k. hwarme amdntHe skl héadsighrea 0° Q. Fmipore si ze
filter paper, washed with acetonitrile and dried in a

vacuum oven. A small anount of the beads (i.e.
cye ohixreexk dmPVRAlye contai ni ng beads) were then

suspendefiyifes 16 Mhn&f 7 éﬁ@tﬁﬁhhh|E%ec%&br%So&M%akgﬁmples of
dr opped, onto a [m crosco de and all owed to dry.

Th"é”% pebrrurefolm e F r%"sa%le aAAYPALLRESS t hen
recor deldlchﬁh:é he ssisdwam 408 Bmmr&hampeﬁtﬁaopnfobea)feanam DMOPA -

sp j ect 1000/ "8 |
Fi E%%fe& ﬁ%’\)\s%?{%@% Fc):ont rfol eléa(lj% mﬁkﬁre 3t both
i dyes fi ed @be( appentirahewSERRS cofl lsickiekd beads thie cfRenishaw

b h of BeyyelER
R R L R T T A v A

P@ﬁ‘? @2@%‘%9@%009 20 SEM i mages

In Figure 6, the main peaks of each of the two dyes
(a) ABT DMOPA and (b) 8HQPK can be clearly identified in
the spectrum of the mixture (c). Peaks labelled (i-v),
(vii) and (viii) all originate from the 8HQPK dye (i.e.
1-[4-(8-hydroxy-quinolin-5ylazo)-phenyl]-ethanone) while
the peak labelled (ix) is from the ABT DMOPA dye. The
peak at ~1360cm~ 1 in the mixture spectra (c¢) is a
combination of the peaks at that position from both dyes.
The intensity of this peak has increased relative to the
other peaks in the spectrum.

Figure 7 shows the SERRS spectra of (a) 8HQPK, (b)
Benzotriazole rhodamine B and (c¢) a 3:1 ratio mixture of
both dyes. Collected on the Renishaw microscope systenm,
514nm, 5s,3a, 100% power (approx. 3mW), X5 objective. In
Figure 7, the main peaks of each of the two dyes (a)
8HQPK and (b) BTRB can be clearly identified in the
spectrum of the mixture (c). Peaks labelled (i-viii) all
originate from the 8HQPK dye (i.e. Benzotriazole
Rhodamine B - {9-[4-(Benzotriazol-5-yl sulfamoyl)-2-
methyl-phenyl]-6-diethylamino-xanthen-3ylidene}diethyl-



A smal | amount of the beads were then suspended in a
sol ution of PVA using ultrasonication. The beads were
wo b@a/oar7sed i nto a small gl ass disc, dried andPGr/GBe@3/003009
under vaccum before anal ysi2¢6. The SEM image in Figure
5 was then recorded on the Caneca SX100 El ectron
M croprobe M croanal yser using 5 kV el ectron beam
The large bead is "1.5 umand the snall beads are
" CargomiumDy whiilet hhes peaPVAakieddeds 6ixhdid afrorRabe BTRB
Qgﬁra of two exanples of two mxtures in the PVA
st e substrates. Figure 6 shows the SERRS spectra of
(a) ABT DMOPA (GV19), (b) 8HQPK, and (C) a 1:10 ratio
m petaihsl 73 bottise B Smadhét SPSséads Wwere col | ected on
t he Renlshaw mcroscope system 514, 5s, la, 100%
p(ﬁ%ﬁ—(%%ﬁ—%‘-}'(a—%?ﬂ!\), X5 objective. In Figure 6, the

Mai N pestey ohreagh Lf1dthieod Werdyfs néaicAEiTaMﬁﬂaﬂes was
(b) 8HQPK can be clearly identified in the spectru

ofaddrA nite upemic)of pEdRYerabePt 8¢ -k5eated)i F"’)ltélndthe dye

g\/rhidf)ki%u]?érz] | a@riin nEi:&m?I@mlt he &H@?ﬁy‘tﬁal fe . ﬁf nanoparticles

-14-(8: rox inolin n et hanane).

wids Eprl GEr bR S LR P e Sha  BaRERe out as

dyin ‘Elxamp[leaklat "TI860berd iwasg hthenxtinmeshewrYisdd) as in
that position from

bz%%a%é eﬁ)lnor#t){e sllﬂt?cf/f)% %‘i% peak has i ncreased

relative to the other peaks in the spectrum Figure 7

sheyendde(aERRS spectra of (a) 8HQPK, (b)

Benzotriazol e m ne B and ( ;1 rati o, mxtur .

of bot%ﬁe@e&q$eﬁ%@w5 hes%@?ﬁ%% maé?dosé%brelfelcatlonr

S Visd ey tﬁ%méﬁlémrd@ﬂ@bp@s\mf(w@rpﬂtw

ObJeCt'ﬂg n§ w% ?ﬁ§¥§ C é? anﬁgdtg%r the

two dyes
i cRBaYi éd |e1xam>ée §pé'(:11¢ltﬁn af brijedim )ﬁ"%}?@ (%1)l pPedead have -

| aedh eﬂyﬁfi&hééé{ abl tner '&ir&ﬁitﬁ BNOM & hen8HOPI18e tip from
.e. Benzotriazole Rhoda

(i
{ T 20 [RERE0 PRADEF - 429, LBLFPaHGs) Jako a micro titre plate
maxrdayi pbatyhhifigdiPerRhypradiued: x anThe nnd8ghetemakdistithydhed on
04/ 0776 / a iU ile
the peakql . Jx’r&: %(SE%QQQ %%.QL% te?t%._l_Rg%e rﬁa&‘ﬁél: was then .
removed from the solutlon, dlpped into a second well to

wash it and then into a third well with a streptavidin
coated area as in example 2. The electro magnet was
switched off in the third well and the beads released.
Following a period of two minutes in which the beads were
allowed to attach to the streptavidin area, the magnet
was switched on again. This removed all unattached
beads.

In this way, all unincorporated biotin primer
remained in the first well and all beads not attached to
the target strip were removed in the first step and
biotin labelled DNA not attached to the target strip was
removed in the second step. The beads remaining in the
foot of the well after the second step were interrogated
as in Example 2 and the SERRS code used to identify the
bead and hence the target DNA.



dye. Exanple 3 - Use of magnetic beads Bead
Preparation 50m of a solution of magnetic
wmamaper7st cl es was added to 50m -of silver coPCDGH2003/003009
treated with the dye mnmixtdke as in Exanple 1. The
m xture of nanoparticles was then centrifuged and the
bead process carried out as in Exanple 1. The bead
was then functionalised as in Exanple 1 with
olMegthod| €b) i des. Method (a) This nmethod conbines
separ at qpi aﬁgtﬁga' Eiiﬁ&'t?gte'és IRQ e Jmg Qﬁfﬂ advantage of
propertiés o Using a sanple o
prdectusent edd e@ielbea'tih%ed adeands n condmdind ng V\ﬁéﬂ@ d“agnetlc

b'ﬁéi‘f‘léiéépwi'ﬁﬁ @lobe.@doé?@.\@i Seevehybairdiisadst. 0 td®mmercial
from an_electro nagnet

waSFtvabised Brats conteralert b pEade Cvel |

cont ai Nk ngodPEEh prafludicadEhe wemrgnepreparsdi t aBeddescribed in
al | mag etic, be et S en _.

re TR t PEE soﬁﬁt |h(53(r21bJ |1t'1%gl Iagéggggeco\r%g é}% silver

tonamhrti.Chas t hemnidnt o ademveltmed Wi t Msdng specific

Stéfﬂ%@ﬂuéi@otf@ét %gqﬁ[efx@eés td PééH@ﬁfsg be‘}e‘-’éﬁ(‘itd' Otarget

magne swtch hird wel
belRB - r efé&SedNCOFBPFBPAg 1§t|5’ert|h€d ROR myie HeHR Rther beads

Whi £4n t Eﬁeb%dd&e\ﬁerl%beﬂé ovesotPorateghih@ot RBe bead and no
stregt avidin are e magnet ﬁ@s SWi t(:hetsa on again.
e

THPRIPEHhGed HATWTHSSached b I n SH 8| second

unohigopochéetideot i sequéenee rdenigeddin the freecbgnise a

Wehl £ ROPAL ! rgﬁﬁgﬂe%ﬁ t3fd ached Egr %Ee i\ﬁrgetFﬁfng.Lng PCR,

were renoved rst step an fotin |ab
DNehaoelertaonagnes tife addedt tot rie wislls apgy sitrhed on.

th@nﬁﬁccﬁﬁi‘n tp. wikn hﬁﬁfﬁeﬁf«‘ﬂalﬁéd& I Breheatt@ndtad to its

the wel |l after the seco st ep, e |nter at.ed

i "t Ranpl &2 afdPt NERSERRSR odd! é‘ﬁoqao ‘?C{i %’ﬂ ﬁge Raman
beaticaroprébace t baltyar gips DNfontAd 2004/ (]be'.éﬁmed beads were
ﬁ %%é/ OOSOO%h:L%Z Mﬁe@ﬂgd( b) 5 Jh' %fﬁéﬁ%e because it

es the selectivity Advant age of
concentrates all the beads in the microscope .

interrogation volume. This increases sensitivity. It is
reliable and selective because it involves a double

hybridisation event.

Method (c)

" This method illustrates the combined use of Raman

and fluorescence with magnetic beads.

Using the PCR mix from example 4 where Sybr green
has been added to the DNA, the electromagnet was dipped
into the PCR mix. It was switched on and the magnetic
beads removed. The mix was then directly interrogated
under the Raman microscope. A frequency was chosen so
that the fluorescence and the Raman signals were detected
on separate arts of the CCD detector. The method is
effective because of +the sensitivity created by
collecting the beads in a small area for immediate
detection. The fluorescence from Sybr green detects a

hybridisation even within a conventional PCR machine so



the use of derivatised beads containing only nmagnetic
particles with no | abelled silver particles.

w@ormmoTsal  derivati sed beads could al so be uBEHGB2003/003009
bat ch of beads were prepare@d as described in Exanple
1 but wthout the addition of the silver
nanoparticles and derivati sed using specific
ol i gonucl eoti de sequences to recogni se a specific
t aflget apgAngleovehtofpdr Redseheetede fror mix asray for a
ot hgkt bgRdsst¥pt NadheiBityeiohakRhsysnsor porated into
the bead and no nmgnetic particles. They contain a
second ol igonucl eoti de sequence designed to recogni se
a Egahprecat -rege odf CSERRS Baadst AogebNDNBetEBLLiOW NQ

PCR, the ectro et d d th |1 _an

swi t che no%. lsmﬁx)g%%gﬁplée%ﬁt Egﬁégnectalgc\ﬁeea‘dge‘gr gs a label
atfonctietettipns oft jap . spEwiftigp DA shagnehoeer r st dibrmat is
ungeLed he 0 Cro ORGP Vibi PAGORLRYAERT th .
Igge%?ed ng SHMEre observéf%HTns nefﬁbggﬁg% e high

ef feRsiviviErafe the URRNt B2RES apndt lpdssealilei nincreased
t heapa&iOFCOPEYr | MhetipUaking.vol unkh THitidICr eeReSrescence
senS|t|V|t¥. Lt IS ret#abge and sel e H]v because it duced
i IVoF9eR G2BodBRLCah§pFPEi SHPEENH &y &Rt ﬁ/&t‘}?o"daltac‘je produce

Tha srespbadel. | | iasat e$hohe weidflisnethnusiee obxRadard dyd SERRS

fl es ce_\\ ti in m
(A ERES CadbuL TIE, SediiBtiSe | BEDddentt Mithay, nave
DNaybx héisedcdebeemieedwas di pped into the PCR mix.

It was gyhiehed 882880 chhe B OPLLhsreleadso8TRYedo Example
The m x was. t hen dlrectlgglnterroq@%gd under

t.he .

Rahah n¥R+G8cBPe CUReF r EYEERES s % hag Rgen feedified
flsor ascanc eaBbaw t hemBbiadsaitdon sofean datieginttledtide the
Separ %hg %Lft Sw‘.r%f.cﬁ h s rggs:%%{ %Wat)ahfrgf?t Qgg 'Suter surface .
effective becalsé of the sensitiVvi creat €d by ,
codpf ethengepde bdids igrm eaally abeaabbievededivator example
deé@_@éd:l?{‘ng'”&e é}lld{&! egeeng f EOMBrofr €8 A8t E5dSueotide
hybri di sation even wi thin a_conventi,onal PCR nachi ne

s B 0407787 PeT L epth) §9S03Y 193 that SPIfians eof the

webéad arsdethakectisd Girempanoar rithe f 8" aend adheres to the
surface of the bead.

Figure 8a shows a schematic representation of such a
béad 50, which has a specific SERRS signature by virtue
of the dye labelled colloid particles 52 found within the
bead 50, with a number of identical oligonucleotides 54
adhered to the surface of the bead 50.

PCR Amplification of the Target
PCR is used to amplify a specific piece of double

stranded DNA from the sample. This makes use of the
existing specificity of PCR by using allele specific
oligonucleotides for genotyping. Initially, primer
sequences can be chosen to detect the mutational status
of the most common mutation found in a particular
disease. To analyse the genotype of the sample DNA, two
forward primers may be used along with one reverse primer
in a multiplexed - amplification refractory mutation
system, ARMS. The forward primers are immobilised via a



fast one step identification analysis. Exanple 4 - Use

of SERRS Beads for DNA Detection In this exanple SERRS
w®ead®oen be used as a | abel for detection oPCEHGB2003/003009

speci fic DNA sequence. The2#ormat is based around a

PCR assay to denonstrate the high sensitivity of the

SERRS Beads and al so the increased capacity for

mul tiplexing. An initial fluorescence screen can

i n§i' cheamimast ubkert, wente Hdfiferant pPBRREedeagds that act
resgongRe THase s hator Wehks spacheiexapneerby SERBS reverse

and t.he actual DNA seguence or segyences .that have

hyBridefed udtagarhe?t TWRRi Pi clierBinys: #ithe Ricdidr-ed As the
ac@cRdmm@Qrééééﬁﬂﬂﬁh ﬁr¢dudm|whlanbeumanrﬂﬂdﬁMﬁhcmhe SERRS

b . nodi fi ed
TAE VU s n farofonafedt e e SR fgthe amplicon
V\/nﬁthYI Sy difieedSERRY Bead) t hd ldgmratswvelage itof is hpossible
bead. c-g.hr'r% oL %a%d%&ﬁl%%le\éﬂ% b<¥% e@f%%éfeo?l%jowed by

attaching~a group
dutnkgoristipnt ki EhanSERRS Boadg W@%u‘?h%@é@ éf tae issue

beﬁdtﬁopbh'&brhﬁﬁgg PerPoanthBe sSERRENBeadREr es to the
sur f ace_of bead. Figure 8a shows a schematl '

represer?f’alt;“&n c8Fes Ofh TR l?é%?d“% MR TREMRLeR Feaction five
spddffiereSERRS hnapet caa bgleVlmrmmn]ofsetdweoﬂyeflve different
| a d [ r 2 h e

gﬁhhgh lgé)z%\]%g %rn%a {:h%eﬁ%lga e%fﬁbg:én\#ditc I gg%:h alg %gme beads
adﬁéi&éé tegekbesuwikbethe shwpBead 50. PCR
A”D' i figagues %fb tsf}ﬁaw-%aréﬂ&ﬁeﬁg;glb§lﬂ Q tl%lﬁm.léé Yofoduct 60

lfhc I%eceo | e , stranded A fromt
T nd?@ees“ us%bﬁl‘i“l"f% &R OMAGIs pi fﬁ’?ﬁ‘t yregction.
PC&nbyllﬁsibaglahl elsd rgpethd | primergattttddmid des &OrSERRS bead

ge pi al ri g es_can_be _chose
o geEe it A0, pn R R R B i P e ies in
nutbﬁloﬁeﬂgnﬂﬁlpn aoﬁarﬂlchiatlnﬁﬂsﬁade pfgdaqalywhlch also

thenaeppbyReesf at BRRRIMPEE-PAe bBRg.fOrvard priners
may be used along with one reverse priner in a
mul ti pl exed -anplification refractory nutation

syxneﬁnaARs/BreEhenﬁot:watﬂeppbner[ap&uenhmjobi lised via
a WO 20%/ OOngZeggT/ %2%%/ 0%3&99 can be measured by the

increase in fluorescence of, for example, Sybr Green (64,

see Figure 8c) as the amount of double stranded DNA
increases. Use of a dissociation curve at the end of the
PCR will confirm the presence of PCR product and not
primer dimer. Thus if there is any amplification then
the fluorescence will show this. It is possible to use a
QPCR instrument to measure the increase in fluorescence
during the PCR however a conventional plate reader could
also be used after the PCR to rapidly analyse the tubes.
Control tubes of no template controls and Beads with
nonsense DNA can be used a deemed appropriate.

Immobilisation of the SERRS Beads on a Surface

' Once the tubes that have an increase in fluorescence
had been optionally identified as having PCR product, the
contents can be spotted onto a streptavidin coated slide
(66, see Figure 8d). This immobilises the biotinylated



5 -termnus linker, onto different SERRS Beads t hat
act as the labels for the specific primer. The

WO 2008108567 primer is tagged at the 5 -term nus BET/BB2003/003009
biotin. As the PCR progreg§es the product will be
built up on the SERRS Bead with biotin incorporated
at the end of the anplicon away fromthe SERRS Bead.
Alternatively, it is possible to carry out a
coRUBnpiredaictBCRidh ttiee t SEBBE Belddewath byhe surface of the

t B
S b TR R4 AL L1 0on

f ofPe%kanpiéla pekt app¥R r actSRecifiigally f fdekantable SERRS

Pré&iBhs1 fanpite icRiaeiithiisry emsfal vsaﬂl fder elshedFRBRay in a
Beads, and t he PCR rformed with t he beads m xeg
t ofethe? Wk hW"ilﬁ%egarrpl This gl‘j’ll&18bl%?1]d\‘/%e he intercalated

scéebhmt saraLelny vmﬂc&bed:bmﬁdplfadimbs&@z ad chnbasrbeenwith the
obt.aj ng reac a

oCERRESh AL 10, BT 0 L RELRRREZH e g now
8a§’eaﬁd\na>hjlldtae@/| anedtlpfr—l myrrmef eofil the n sltige ready for

gepRE&t+ & a@{oﬁl offys ated product which al so
|ncorpora es a S RS reactive bead. Initial Screening

of the PCR [optional] The success of the .PCR can be
nmlsdamlwfs 6ﬂCfl@@SBm1h61biliJ§é&SE€Q&§ of , hfor

exanpl e see F| ure 8 as t nount

of doub? %%?rﬁﬂa‘égr ahl & e% ‘C%fa a}mmo 1sed SERRS
di Beads atoonidaurbic yat thde aehuadf pﬂmeﬁ:’@équéhcesnﬂ:ham have
t he Of eseBge +Qf UL o 2BggN r d' RN
Thus&lrlf theregl SQP%,;H@ El?l cat Fo%}rt d%ege tHE ability of
f I%F%?%%cé?ﬁcelQ\FDFlgl’ioth% §°mPPn|e§1t§os%f blae lﬂéaxtﬂe}éea without

fQ:EEiol ast 1 oMeahnt Q)e“ﬁﬁééﬂg’éthQde@ﬁ:ﬁQ@S@tlié‘ SEthRS Beads from
uor esce rin e er ‘a convention
DIBTECTERIAT EBhRE il penR B re rf PERCORIex 1ikely
rape dbg apasyiiele hbyt ubes. al®intugdl stbtssblicao can also be
templat £oC I e ht.h can,pe .
o d Borndiedh, M SPR0, Mkl nd RS I, SR view
BeleRisiRpreasing dele Glrgrescof umektinbexhage an
lncreaspypibéiwr%@erxﬂeol@a@e&w gRbLPAAldke 1ittle more
ntlfkg 3: # ct the contents cgn be
A FRd-Bft &St ‘Egt 3v?&| Qte%?cépflﬁ’épef@@engeé -e. about
Fimnenﬁnié,. iffhasdiswobibtdien theve dsi ngkdt et WBout 60 mins

20:94/ QQZZ6%))%§ESGB£9Q3GQQ§OQ% a standard PCR cycler. The

PCR setup can be arranged in such a way that the

effective concentration of the primers on the beads and
the final volume will be entered into a spread sheet and
all other values automatically displayed. This makes
setting up the PCR very simple and reduced systematic
error in the calculations. After the PCR has finished
there may be a need to pipette the contents of the strip
tubes into microtitre plates for either plate reading or
to be compatible with robotic handling. Alternatively
direct pipetting onto the streptavidin slide is an
option.

It may be possible to use 1linear extension as
opposed to amplification to incorporate the SERRS Bead
into a long double stranded piece of DNA. Fluorescence
detection is unlikely to pick this up but the SERRS Beads



25 PCR products with the SERRS Beads on the surface of
the slide. The biotinylated priners will also be

wo pomalodizssed (but will not have a specifi cal | BCT/GB2003/003009

detect abl e SERRS signal) Bet everything el se can be

washed away in a series of washes. (This wll include

the intercalated Sybr G een which could fluoresce and
interfere with the SERRS signals). Thus, as series of
SERRE] Beageorwi |dn nbhe leazymadtlhid | ecdemsiomewhathaee tdfere is
th I eady I oyl tion by SERRS. SERRS
Angpés#ggg% ?ﬁeDﬁﬁn%Eiﬁ§§£%8%§éds SERRS spectra can be
taken on the i mobilised SERRS Beads to identify the

achyahpei BEI- SHAUENOSSad NBlia BN AAiRGCRAIENEA t&kploiting the

enerate the PCR products, The ability of SERRS to
? fofi t 2ae ?nilﬁgxﬁéﬁéﬂgﬁ¥hout

separ at AAn example usell tthd dSERRSy beadSERBSnBeagS assay is
from ,cul ar tubes . w th .a multipl.ex . t apl ex

| iﬁ‘é??xgg%dbgh%%%si b Zl%yt & aﬁ’ﬁ%‘%’glﬁ' sEhE sitlds Bage long
al seqbenceasefl aomgbanhtrayshic Fobrohesngenepési ahaidysed.

Wth a wheWactubnCheRstadokhs adl 1l 86 d'%ith an
Typically the whole setup shoul d t e

_ dtake Tittle nor _
t haRot HYQ4i n¥afordarsyahesed 0P expefPRERt ¢ligonucleotide

agpﬂbb%l5Q;dnquI§1%é1]fta&ydi &&loca atéélfhé}#tfjé/?oifs Uﬁﬁddﬂfuéxd on a
abou ng . | eSS Lgycles are e | a St andar

SCRbsRP o Yetine THioutd LBSBan belRP, MDY nCBuatIgnd vas
wayitked tthe aefbictine qxongentatat the ofppd=itpei rerds of the

onsLhgeheads apd %«ﬁ@rgi ”g:tp‘éo' u%nﬁ%]}émﬁletaw er§flobe  was

into"a spread sheet an ot her ues L
autpREReesFey- di Sy BRRTTPNA nede seas i hybypdiged to the

PGERFVBLYt 8hNPLEgadkcs edueRd SMBEBIRIEEd €6KO0Tal NstGtavidin
ations. After the PCR has finished there may be

cal ug

a 3@% Sto pipette the contents of the strip tubes

into mcrotitre plates for either plate reading or to
beySPRPgt i bl e with robotic handling. Aternatively

direct pipetting onto the streptavidin slide is an

opti on.The FEERRSe besdsblwens gyathesdaedexyeing offhgs method

QD@@ﬁfﬂné@ @HEHEE%C%WﬂHW&ibiﬂ?l"ﬁ@ﬁ@éﬁet@%5ﬂﬁﬁﬁ%é¥ﬁﬁhrylic
|nto.3 | ong doubl e stranng phec of, DNA. Fluoresgfnce
acid. The surface of e beads 1s covered with a number
of carboxylic acid groups. These active acid groups are
used for attaching oligonucleotides and other molecules

to the surface of the bead.

DNA sequences
Two sequences were synthesised using the Expedite
DNA Synthesiser
Sequence A containing an amine linker, X.
A -X-GTATCTATATTCATCATAGGAAACACCATT
Sequence B containing biotin, B
B -B-GACTTCACTTCTAATGATGATTATGGGAGA

Sequence

Sequence

(X = aminohexamethylene and is added to the 5'-
terminus to produce an oligonucleotide with a primary
amine group at the end of a carbon chain after solid

phase synthesis and purification).



detection is unlikely to pick this up but the SERRS

Beads WD 2004/ 007767 PCT/ GB2003/003009 26 will report
wo@rooioe77énzymat i ¢ ext ensi on whether there is POEGBR@3H03009

of DNA or mllions. Exanpl 75 - SERRS bead DNA bi ndi ng

assay, exploiting the biotin - streptavidin binding

affinitse%menmanpke Qﬁonné SHW%%Ng%m&)bindéngpaxsiﬁed and

C SIBRE oF o KR Ao DB oL 7ohT, bl oy g -o- -

'Hﬂummthykamlmépmmpxﬁ)a.@i¥§§ﬁbemddelaN@DCed Wﬁmn)anand N-
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sequenceeqeenFRrB f e5E§hpW@ﬁeHF (ﬁ%? amgalflcatlon

é)éf‘%&@@ié&d wikhe §EBRd$TIDN60ﬁ eﬁle\é\&s ax&r idi gedetget herimer.
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tfu2r¢ﬁ$m¢be@utbbuadwmﬂﬁ|addmtubndanQQuénuzeBea&@ heated

and %bécféLiEOm éd The surface of the beads is

covered Wi a nunber of carboxylic acid groups.

These asftee achik groupsl aref uske fdispersedi ngplution was
éc?ﬁ@ela’l Ieo Ides é@gegcQSEdSFR' %Cluétees aha tlll%tsuﬁéagql:and for

Seguences ences

syhhhesﬂaed wsmn@-Kﬂemgﬁﬂedlt@heDNKASﬂﬂﬂﬁﬁﬂtyﬁed beads were

Segisica/ §OUAtHIY an 1@l ng1hiBKafas Xwasheauapten A1s  sDs

- X- GTATCTATATTCATCATAGGAAACA! T Sequence B

coR APy bEEER, AMSeRfiRheBL - The beads were dried
- Ba R\ GHENGIS CTHA TREAMAA TIRNI EEEHEAL L &ssopy .

am nohexanet hyl ene and is added to the 5 - termnus to

produce an oligonucleotide with a primary am ne group

at the end of a carbon chain after solid phase

synthesis and purification). WO 2004/ 007767

PCT/ GB2003/ 003009




27 Sequence A (400p.I, 0.6nmg/mM) was purified and
coupl ed to SERRS active beads (70ng) using

wda2@ttoyi76B8- ( 3- di met hyl ami nopropyl ) carbodi i m BPeT/GB2X03/003009
37ng) and N- hydroxysucci ni2éi de (24nmg) in 0.1M PBS
(750pl) buffer and acetonitrile (100ul). Sequence B
(Ocbplmg was used in the PCR anplification reaction

wiih |t \Y; |
CERERM %;gand addegf Q{ Px‘il I’f&éntlpﬂtgatlon of a

product was puri
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be% LRI e ngOt 0P+ 3 1 ?e Hﬁ% ¥t ymer shel |
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aminostyrene, styrene-~4-sulfonic acid, 3-nitrostyrene),
vinyls (e.g., vinyl chloroformate, 4-vinylbenzoic acid,
4-vinylbenzaldehyde, vinly imidazole, 4-vinylphenol, 4-
vinylamine, acrolein), vinylpyridines (e.g., (2,3 and 4)-
vinylpyridine, 3-butene 1,2-diol), boronic acids (e.qg.,
4-vinylboronic acid), sulfonic acids (e.qg., 4-
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acid, 3-chloro-1l-phenyl-1l-propene) (meth)acrylic acid
anhydride and derivates (e.g., methacrylic anhydride),
silicon-containing monomers (e.g., (3-
methacryloxypropyl) trimethoxy silane,
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active bead according to any preceding claim wherein
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ngﬁgéegéa cc898Fﬁ§ ﬁsdaﬁvg%? rfa 2818|d$%mprlses a naked

metal or a metal oxide layer on a metal surface.

8. A SERRS active bead according to any preceding claim
wherein the aggregated metal colloid comprises an organic
coating of citrate or of a polylysine or polyphenol

polymer, to increase its sorptive capacity.

9. A SERRS active bead according to any preceding claim
wherein the aggregated metal colloid is in the form of

aggregated metal colloid particle or particles.

10. A SERRS active bead according to claim 9 wherein the
aggregated: metal colloid particles have a cross section
of about 4 - 50 nm, or about 25 - 36 nn.



wherein the aggregated netal colloid conprises a naked

nmetal or a netal oxide |layer on a netal surface. 8 A
WERRRB0E61 i ve bead according to any precedi ng BCHGBR003/003009

wherein the aggregated netab colloid conprises an

organic coating of citrate or of a polylysine or

pol. ypheno I re
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I SehQnt he Pﬁorn1of aggregated netal colloid particle

or particle 10. A SERRS active bead according to

claim9 wherein the aggregated netal coIIO|d
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SERRS si or are provided with differing dyes or

dy&1988 rnatlons so as to generate distinguishable

SERRS signals. 13. A SERRS active bead according to
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target nol écul RRS active bead accord
an?uﬁﬁ@ggmqﬁgQg%“hgad(s), or such that a moiety may react

and become bounded to the surface of the bead(s) which

moiety is capable of binding said target molecule.

14. A SERRS active bead according to any preceding claim
wherein the beads are used as a labelling technology for
protein and antibody detection.

15. A SERRS active bead according to any preceding claim
wherein molecular imprinting methods are applied to
impart specific molecular recognition properties to the

polymer shell via templating approaches.



wherein the beads are used as a | abelling technol ogy
for protein and antibody detection. 15. A SERRS

wa@eadaouwe77bead according to any precedi ng cl ai mPeieBi03/003009

nol ecul ar inprinting nethods are applied to inpart
specific nolecul ar recognition properties to the
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SERRS Rt ésdwftﬁ@§0é§@@ pdggeto; 2) mixing the

aggregat e colloid with a nononmer in a suitable
solvent; and 3) effecting polynerisation of the
nDn@nBrASﬁeeﬁodt@ﬂ*ﬁﬁﬁgﬂﬂﬂﬁgnsbmassa&ﬂd&ﬁSMgﬂddﬂpdﬂprising

reg tal colloid. 19. A nethod of preparing
S %5??§engeads conprising the steps of: a)

provi dihg a formoiey an agyrdgdiied suebaht cadjloid comprising
effectingg E§§§”§§£§@é &g e Of L BELORNPHBLE8;as to form
ea di n

pol ynmer b aggregated net al CO||0Id to a
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as to agdefynghy P54,

19. A method of preparing SERRS active beads comprising
the steps of: i

a) providing a monomer in a suitable solvent;

b) effecting polymerisation of the monomer so as
to form polymer beads; |

c) adding aggregated metal colloid to a solution
comprising the polymer beads; and

d) heating the solution so as to cause the
aggregated metal colloid to be taken up and become
encapsulated by the polymer beads.

20. A method according to claims 18 or 19 wherein the
polymer beads are further reacted so as to add functional
or linking groups to an outer surface of the bead thereby
allowing a molecule to be attached to the bead.



or linking groups to an outer surface of the bead
thereby allowing a nolecule to be attached to the
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nmet hod of detecting a targét nolecule in a sanple,
the nmethod conprising the steps of: a) providing a
SERRS active bead(s) according to any one of clains,

1 - 16 wh in th d h b
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22‘} Thet rretgod ggpordi ng to claim?21 wherein the
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ligand oy moohehictbog dsabfedgad (SucWish Fhpnssample so as
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the noiety capable of binding said target nolecule is
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a  sanple; conprising the steps of: a) providing a

SERRS active bead(s) according to any one of clains 1

- 35, whekei Retheaberddiasnbeav @eabhabed wheradn Ghe target

have a specifically identifiable SERRS _sign and
SUPPEREU L vﬂﬁcﬁnhagngégﬂa diafr%e o asrect%ﬁ!r?f\/e 1188na or
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target nol ecule wherein the noiety is an

ol i gonucl eot i de ) . .
23. The method according to claim 22 wherein the moliety

capable of binding said target molecule is an antigen,
antibody, ligand, receptor or complementary nucleic acid

respectively.

24. The method according to any one of claims 21 - 23
wherein the bead(s) are magnetic such that the bead(s)
may easily be separated and/or concentrated after step
b) L]

25. A method of detecting a specific nucleic acid in a
sample, comprising the steps of:

a) providing a SERRS active bead(s) according to
any one of claims 1 - 16 wherein the bead has been
generated so as to have a specifically identifiable SERRS
signal and the surface of which has been modified so as
to have attached thereto a moiety capable of binding said
target molecule wherein the moiety is an oligonucleotide
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specifically hybridising wwth a target nucleic acid,
wdo00d007art i ng sai d bead(s) with the sanpl e soPEEGBR@3/003009
all ow any of said target nddleic acid in the sanple to
bind to said bead(s); c) contacting said target bound

b it i I : ' hdsa xd ;
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26. e nethod according to c¢laim 25 further C s .
conpri $ng AN BRIIF e RRFYHGSt et 0 AShpy@mplification
unRlutd Jreagshls fr@Bheit epdstibnatlgndieteetinge if said
r%%%f?%ication reaction has been successful;

e) contacting said 1labelled hybridised nucleic
acid bond beads with a surface capable of binding said
labelled moiety; and

f) detecting said target molecule by way of
detecting the specifically identifiable SERRS signal
obtained from said beads which have been effectively

bound to said substrate.

26. The method according to claim 25 further comprising
one or more washing steps to remove unbound reagents from

step(s) b, ¢ and/or e to be removed.



