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Di agnosti c- Nanosensor and its use in nedicine
Description FIELD OF THE | NVENTI ON Thi s invention

WO edoatiegiogeneral |y to bi osensor technol ogy, anBCT/EP2006/005760

pertains nore particularly Yo novel nultifunctiona

bi osensors based on ordered arrays of netallic,

sem conduct ors and magneti ¢ nano-i sl ands for nedical,
bi ol ogi cal, bi ochenical, chem cal and environnent al

appl i cabig8fos t BAGKEROMNROF THa LMENLONnThR gicine
nanoscal e Sci ence and engi neeri ng have shown great
prom se for the fabrication of novel biosensors with
faster response and higher sensitivity than that of

pl anar sensor configuratbons .due to their smal

di nensi ons conbined with SSSF§R§ P€al Iy increased
contact surface and strong binding with biol ogical and
chem cal reagents. Such bi osensors have inportant
applications in nedicine, in biological and

PR af BF e SRVERRIONS wel| as for environnent al

nmonitoring and protection and in food industry. In the

| ast few years nanoparticle technol ogy has been used

to build chem cal sensors and bi osensors for detecting
VRripusneent yersré tabesopenaradhystbnbdbsensblre technology,

presence of particul ar DNA}se menpts in Ioog and ot her
saanr%l ees?taE}}%%pr%%f%t%%_rE’b?é aﬁgﬁ_oggr PPePes™ G uB@_tlonal
foinedd st § zedsad tbn dbffereat akiragsobrl hgapdsiko give

a chem cal sensor

semiconductors and magnetic nano-islands for medical,
biological, biochemical, chemical and environmental

applications.

BACKGROUND OF THE INVENTION

The nanoscale science and engineering have shown great
promise for the fabrication of novel biosensors with
faster response and higher sensitivity than that of
planar sensor configurations, due to their small
dimensions combined with a dramatically increased contact
surface and strong binding with biological and chemical
reagents. Such biosensors have important applications in
medicine, in biological and biochemical research, as well
as for environmental monitoring and protection and in

food industry.

In the last few years nanoparticle technology has been
used to build chemical sensors and biosensors for

detecting various analytes from contaminants in air to
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that uses changes in the electrical characteristics of
the nmetal nanoparticle and thus could function as an

we@bk@etisami c nose for gas phase or el ectronic tPRPCHER20DE005760

l'iquid phase as described fbr exanple in the US

2005/ 0142030. In addition the W 2004/ 086044 di scl oses
that silver nanoparticles or gold nanoparticles could
serve as nanosensors in one or _the other way if

i RPRararS Gro 80T khdus fRc O APERERt SHERRLOOG Gnd
takeefUkbmpdygnt age of the physical characteristics of
smal |l sized particles such as for |ocalized surface

pl asnmon resonance (LSPR) spectroscopy as det ecti on

icles nee have size and ,
“§$Q£§ Vigﬁggaﬁ é%#s |cgp3ﬁgf8?eﬁe§8 %8 g@@ﬁtlonallzed
g@nmmtdifﬂétynargandzeﬂ Qﬂg&ﬂ@%t&@téiveAﬁokﬁ%hlcal sensor
limtation of metal nanoparticles as described in the

abte WeRti eheBoESClRehRS ?%epﬁénﬁaér@@@@ﬁp@ﬁrusanma of
chegn fiéta BYRLAGSLS 1 SNk SahyPenat 08%‘31& Lpcdhraies
F e parglclg

the precise control on size an shape o
mﬂh@kmmnDQtnpeenfbregea phasblbrzaﬂeomrohlpatbh@bésfor

trates re recently, chem cal and bi osensors
pAT TR PRI A GLAM TR S G SN e
cag dmno nen@isibes have been proposed. Such sensors were

produced using conventional sem cconducter fabrication
techni quest o gi ve non-horizontal or horizontal

escrl(g]t'tgij g@@é?@éi%@%é8§4ogl§fﬁé%5 %ngSTl?VGr

Fﬁmmngﬂrtinmxwenme@ald nanoparticles could serve as
nanosensors in one or the other way if appropriately
sized and functionalized. However, to take full advantage
of the physical characteristics of small sized particles
such as for localized surface plasmon resonance (LSPR)
spectroscopy as detection method, these particles need to
have even size and physical characteristics and/or need

to be even geometrically organized on substrates.

Another limitation of metal nanoparticles as described in
the above mentioned documents is their production via wet
chemical synthesis. This type of production disables the
precise control on size and shape of the particle and
does not permit even immobilization of particles on

substrates.

More recently, chemical and biosensors utilizing
nanotubes such as single- or multi-walled carbon
nanotubes have been proposed. Such sensors were produced

using conventional semicconducter fabrication techniques
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sem cconducter fabrication techniques do not allow the
geonetric organi zati on of nanostructures on solid

W@ 00648180 as | i t hographi c techni ques do. LithoRCHPPRO0OEE05760

techni que for the producti oh of nanostructured

surfaces exist in various types. One type of

Iithography is el ectron beam|ithography and has been

ugo 1 ng n FR.2 868 872 to create a

dISt?IButlg% ?r&FPSBFérOSr BFRZREGRdar TisRsRSedomapotubes

tow < deasi enabosilf 86@falkst sl Yesfrdhal dipsagvant age
this technique is that it is very cost-intensive.

(I-% Q£ &epei eF 0hnoNONAABPAPPBERAs Brwearet ubesventional
b 05/ 7445
V%éﬁ?c@énggégé fgbkgc%§ae9 %eg%g guﬁggé%egﬁ&uégl o the

m ni aturi zed e ecfrica Vi CEéS

Eﬂ@ﬁWEmslcSMNW&RYZQElEHEOENNEN$E€Nubtuk§stBﬁ LG Y
%gie tive of % invention to address the novel
T1RTMELOn t%?%%@ﬂ@b? teEhRéAYEY Based on netallic
sem conductors and magneti c nanoi sl ands and nanoi sl and
arrays giving a new nanosensor for diagnostic purposes
|h#¢hQHtﬁphy ®$ot©ghnaquanﬂob|bhheprodhctESeabch as
4 enV|ron ntal noni orlngﬁand rotection and

HUsTT yS U ThaCEtr FAtRC of "n¥AbpaFEi EVBEScafne type

tmer mn@miprzpdlw éhe@t@o@rlgaaﬂncnehsaﬁs?hyeaﬂat ghkabeen
that due to thejr speC|f|C%éa1|nteract sel eCtively

WIS ok HeredritRtel B8, FiRy2 ¢ &&PI9oc©neabEIanglsh61butlon
U (ARl NS NANOASLL] G4 £Svp L BEYCBN B BT QOLARTEL,

to recogni ze and sel'ective y ecll es W&psional
reandjFerd i chestq setm chngloet oais$am7aatsget abl yhpat tecRgdque

sub te
%. %,1t is very cost-intensive.

Electrodeposition of nanoparticles on nanotubes or wires
as described in US 2005/0157445 gives miniaturized

electrical devices but need conductive elements.

SUMMARY OF THE INVENTION

It is the primary objective of this invention to address
the novel multifunctional biosensor technology based on
metallic semiconductors and magnetic nanoislands and
nanoisland arrays giving a new nanosensor for diagnostic
purposes in medicine, biological and biochemical research,
as well as in environmental monitoring and protection and

in food industry. The surface of nanoparticles can be
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surface |i ke the cellular outer nenbrane.
Particularly, it is an objective of this invention to

W@e@eididohano-t ransducers based on nobl e et al PCT/EP2006/005760

nanoi sl ands through resonamt excitations of the

coll ective oscillations of the conduction electrons on

t he nanoi sl ands, the so-called surface plasnon

resonances. This phenonmenon can be coupled to the

bf BRIF h§ore bhEeBetEBn PLOCOFOGNS Card tergiat itvar getterial that

F&QQ|¥0'9959¥e9 k?%&%lg ll%%%q%%QIVIH%Eglv%}y with other

nano- t ransaucers trans e i'nt’d0 unprecede
seobétuvesy Bpdchpalicalflye cdasirgn 1ahgnenel ss@FidRy of the
devices for the detection of pathogens and toxins of

COARIPATEEBLABmeFARY SaBUPPt Y PrPgE@TERALt o Tecognize and

e0y1£00IBB1 3l paHa! by ecBldsPUBlhe NGakiha e 1use Of
nobl e nmetalTic nanoislands results in i crease si gna

t fsgmdoenidvatof st herbandumgae&enpameeweni siudsanrga C

|nt act| #grla i g thelr tar H% subst ances and
|éé ?%e Fﬁc Ss&CLhUdBAsPLLGEL FEBPIERE -

0 b|0f in terns of lower limt and dynamc
q%%@%l%? e %ctFBnlSTHB BPESERt VPnPénthdn dvarasdes to

theod ohé oMb G-t ahkakibans BhskH 8h abbie nHkdh ng$lslands

production cost such as in electron beam [ithogr
amirowgle| eesendeposkeibatiowsevénthe COlleCtlve

d r | ? Ilsatlon of _na rticles, tubes
éé% if%é %ﬁés rateSHQECtﬁ°80ﬁ38%?F8H&
SﬁmﬂmtﬁhﬂmdéBrtﬁabﬁbeahﬂmédtQﬁhﬂb@éeﬁlasm@ﬂeY%@o§b%%es.
and sh%?e of particles due to wet

his phenomenon can be coupled to the binding event
between receptors and their targets. Highly improved
electrical conductivity of these nano-transducers
translate into unprecedented sensitivity and enable the
design of novel sensing devices for the detection of
pathogens and toxins of concern, to homeland security,

food safety, environmental quality, and public health.

The use of noble metallic nanoislands results in
increased signal transduction of the binding event
between bio-organic interactive material and their target
substances and lead to an increase in sensitivity of the
nano-biosensor in terms of lower limit and dynamic range

of detection.

The present invention overcomes the following limitations
of prior art:
- High production cost such as in electron beam

lithography and in electrodeposition;
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chenical synthesis. The present invention provides
surface-confined noblenetal lic nanotriangles that are

w@lt@sislmt ed i n hexagonal geonetry, and the di PENEPING6/005760

of this hexagonal geonetry an b e varied by nmeans of
nanosphere |ithography (NSL) . Besides _
surface-confined nanotri angl es, surface -confined

nanospheres _and rod-shaped horizontal . ,
nanG-ﬁ@?ﬁH%Poa?égr&Qth 89¢8P8¥ﬁgdsPF6ﬁPtﬁé nanoparticles,
nanot rieagtgso¥i awdhedddht 5QR3k raitBLERISNG NPIRCEIHt 1 HI& 1
signal transduction nechani sm of the diagnhostic

nanosefS®icaeedrdtag fabrheaithvantiechniigueased on its
sensi tiyi to.lgcal ,refractive index.changes as a
functi%%é% “pg%%gd?E? §E%g? Sﬁdpéﬁg58&8ﬁt %F|é&,wet
sur f acenennta hedynohésipgetal | i c nanostructures . The

nanosensor according to the invention due to periodic

ditsd rp baiséon 1 5veeDoat pabedate BersubELELaRt hEg Poble—
sensitive for the detection of ultra-low levels o

Bhefriak keF snamobhyanglegi ehptf RupddisEuibhérd tthehexagonal

r 1 Qi specific interactions
R ot o T o f M e Baatof bReSHRRPyoPRoppEey
biaol dgg cad r spechesmeéana sArhanbapheteetieRvyFABARNINSL) |
This is extrenely inportant because the absence of a

[ydiatd andustd onscdRri Nt 8l 09h68kisRELESS LQrPSce -confined
anal ysed in their native state. DESCRI PTION OF THE

INVENR TN i 3y per PloaiPed ahpajzent bt akhniocmorphologies
?%?gm%fﬁEkhfﬁéénﬁr@ﬁ ?ﬁ@oﬁgﬁggyfgﬁg%égf a?afl®¥%4; tional
gral structure called a agnostrc nosensor
Hing eDirag mosed¢es Nanbisensdgtial stransduction mechanism of
the diagnostic nanosensor according to the invention is
based on its sensitivity to local refractive index
changes as a function of periodic, size- and shape-
controlled, surface-confined noble-metallic
nanostructures. The nanosensor according to the invention
due to periodic distribution is demonstrated to be
sufficiently sensitive for the detection of ultra-low
levels of biomarkers in physiological fluids. Further,
the nanosensor shows minimal nonspecific interactions
after bioconjugation, and allows for the analysis of
biological species in a surfactant-free environment. This
is extremely important because the absence of a
surfactant allows for biological species to be analysed

in their native state.

DESCRIPTION OF THE INVENTION



deposited on a device that could have a formlike a
needle or wire or tube or chip and made out of

W@ endpdent (gl ass, sapphire) or non-transparREE/EP2006/005760
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material (silicon substrates, stainless steel,

bi oconpati bl e pol yners). The "Di agnosti c- Nanosensor"

is made by using nanosphere |ithography (NSL) to

create netallic nanoislands. This technigue allows the
total control of size and shape of the functional part

of the nanosensor. One inportant feature in the

opt PeaPL¥pBEFLRISF AARGYsICAnAES terl lianasingds Imstdd acting as

pﬁéﬁbgkgﬁdﬁégrssbeﬁ% AHGWQQEQkﬁ&%ltE%f%(ﬁ&%%acalled a

pl asnmon band. The surface pla ban
cbDiegnoseleksenpeaneswﬂlIahuen“@na@mdgﬂm@4wﬂﬁdy§hsor” is

de of t t le A ticl
o8+ EEHoR Bbt6r pEPon PaFohrtLSod W anica i Lke a

NaeePaet bel Rsrhave tNBePbaseEhl phang akeund f2Q,m The
peak position and bandw dth of the surface plasnon

a%%@m%Pﬁéﬁnérégiéﬁateéapﬁh@me)SDZen@ndtshaﬁ@arEmm galtebrial

ATERLEra POEEERCbEr SRR ERsRl pRRTan Mo caaPer Bt e

Vpdlymeﬁk)pOBhélDD1d@neﬁdQﬂPN@ﬂoEBﬁs@$peQ% Rlde0 bf using
t he nanorods.. The subse uent nmodi fi cati on of

MATRTP BT Br £HTROPFARRY &NSE) chPhererter mgsalddoni re
WﬂéﬁbpépaﬁﬁganTﬁlénE@EHﬁE#M@ E@&S&EakgbstBEgie%%%@r%i of

an exanple in Figure 1 his ste especi al

b iz nen@f sDipe @fhehenﬁuchhesaérpaetlstMhbhaanosensor
particles surfaces | eads to a change inthe dielectric

corst anmpofr tiehits sfisd earand ican eksi | yphg@cal spectra of

nanoislands or nanosized metal particles (Ag, silver; Au,
gold) 1is the surface plasmon band. The surface plasmon
band is due to collective electron oscillation around the
surface mode of the particles. For example Ag
nanoparticles have a strong absorption around 390 nm
while Au nanoparticles have the plasmon band around 520
nm. The peak position and bandwidth of the surface
plasmon absorption are related to the size and shape. For
gold nanorods, however the absorption spectrum changes
dramatically and a bimodal spectrum can be detected with
peak position dependent on the aspect ratio of the

nanorods.

The subsequent modification of nanostructured surfaces of
a catheter or spring wire with bio-organic interactive
material is presented as an example in Figure 10. This
step and especially the binding of DNA, other molecules

or cells on the particles surfaces leads to a change in
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detected by the optical nmethod. The Di agnostic _
Nanosensor achi eves nanoneter scale spatial resol ution

wa@paotibignef ore provi des accurate real -tine i nf BCTEP10061005760

regarding not only the concentration of a specific

anal yte of organic or inorganic nature but also its
spatial distribution. The operati on of sensors nmade
wi t h nanow res, nanotubes, nano-contacts is based

ot | §1BheFRELFeFansitiang ﬂfantdélfl" nSYfhEeBpepeacaangasily be
ea@@éée@acbpreasrt)ﬁ%%chm peReLAl. Fhe %%yr sty &?an'hg sensor

speci fication of D agnosti c- Nanosen accor
tachhevépveanpoates baséd opaguant mmss»lml@fnfmtd ankrefore
be.,occur wt creasi ng, the size

ENOREreF ol 4e Mkl o Hr b ot e (AT O gregarding not
"6hg®neﬁbl%dﬁﬁ@ﬁﬁﬂéﬂﬂon(Eftal%ﬁé@ﬁ¥ﬂdcﬁhgﬁyt@e o#S€fganic
e

tect biological materials, such as proteins
QF béRpdLands, ortwinel duk axlele Gitscespat hal welilstagbution.

'¥H@'8 Qgégﬁgnn%Ee@éﬁ es %%bé@ Sgﬁthetb%l o%gg%%%é%ubes,

non or%am C nhanopartic agnos
mlmbﬂn@—mm‘daunsletsl bayedomas t el bnathlen r‘éhzb&@slble change
conditions. . The g gsent i nvention takes into account

it

tHe FRAIRPbHaR T zaRf oRl ERET ST FaPEORBRELRET

nobl e-netal ] i ¢ nanostructures with | ong chain
Het erdnerahet Fofal Sereskivhker santhespeeddicaniions of the

%%@&@tﬁfq@éﬁogéﬁgem ygaLi-a9 ngf thecﬁew{%&%?@é' 089 b ased

noble- neta nanostructures wt h
amt | bpgdémsum Theimanosdélsot dwnd o ctatrs FISEEI Odtﬁur with the
dAstrlbutlonls . . .

ecreasing the size of nanoparticles according to the

invention.

The “Diagnostic-Nanosensor” of this invention may be used
to detect biological materials, such as proteins,
carbohydrates, or nucleic acids or cells as well as non-
biological materials, such as synthetic polymers or non
organic nanoparticles. The “Diagnostic-Nanosensor” cQuld

be used under in vivo as well as in vitro conditions.

The present invention takes into account the
funktionalization the surface-confined noble-metallic
nanostructures with long chain heterobifunctional cross-
linkers. The cross-linkers enable a stable bioconjugation
of the surface-confined noble-metallic nanostructures

with specific antibodies.

The nanosensor due to its periodic distribution is
demonstrated to be sufficiently sensitive for the
detection of ultra-low levels of biomarkers in
physiological fluids. Further, the nanosensor shows

minimal nonspecific interactions after bioconjugation,
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denonstrated to be sufficiently sensitive for the
detection of ultra-low |l evels of biomarkers in

wokapsiial4opyi cal fl ui ds. Further, the nanosensorPGHBR)06/005760

m ni mal nonspecific interactions after

bi oconj ugation,and allows for the analysis o f

bi ol ogi cal species in a surfactant-free environnent.

This is_extrenely inportant because the absence of a
s%?@a%%éﬁ?saﬁPémgh?oﬁnB#USégl@élbg@égqa§ak)ﬂpa§1es in a

a0@} yaefahP-EREL! SAYL LXAnehL erpllieqe LONLER LIROLLANL ;¢

aspects o e present Inventions are not

tkh@ca;luaeetbé aheeace bifke. sADYANTAGES a0 oWidE FoNVENDINY i cal
I n the bionedical i Bunan area there is a need for
b%??%?eangc??oﬁnﬁ ¥SBFagRosNelrTRé tidfoSkalte . These three

cF%t@éﬁtaé§pé8§§tb@bkﬁefBEeEEHQUQhQQnQQWhge%%%t5%& known

di agnostic devices. On the nanoneter length sc
rﬁﬁlebh% ekatbi ofnehepropettkes such quantum si ze
confinenment. Their surface properties becone
increasingly inportant. Nanoparticles made of netals
(gold, silver, etc) , sem conductors (CdS, CdTe, CdSe,
Si, etc) or (superpara-) magnetic particles form an
ideal platformfor functionalized nanoscale materi al s.

BOVANTAGES €OF STHE TRVERTEONAri ed from sone of
nanoneter to 100 ran. The small particle size inplies
hi gh sensitivity and selectivity if they could further
functionalized b y the precise deposition of

-1 a0 Smd & €5 BChhY CL £ L AL T ohc10e, i 0} g 0k 2
glven analyte agnostlc nosensor accor |n8
thettwer idefeettiooniand diagnosis. The nanoscale materials
are insatiable for producing new detection and diagnostic
devices. On the nanometer length scale, materials exhibit
new properties such quantum size confinement. Their
surface properties become increasingly important.
Nanoparticles made of metals (gold, silver, etc),
semiconductors (CdS, CdTe, CdSe, Si, etc) or (superpara-)
magnetic particles form an ideal platform for
functionalized nanoscale materials. The particles size
can be varied from some of nanometer to 100 nm. The small
particle size implies high sensitivity and selectivity if
they could further functionalized by the precise
deposition of bio-organic interactive material for the

binding of a given analyte.

The “Diagnostic-Nanosensor” according to the invention is
made by using nanosphere lithography (NSL) to create
metallic nanoislands. This technique allows the total
control of size and shape of the functional part of the

nanosensor down to sizes below 10 nm. Subsequent
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made b y using nanosphere |lithography (NSL) to create
netal li ¢ nanoi sl ands. This technique allows the total

w@awsndl40f size and shape of the functional peCT/ERF006/005760

t he nanosensor down to sizes bel ow 10 nm
Subsequent deposi tions of bio-organic interactive
materi al on the nanostructures give a sandw ch device
for interacting with organic or inorganic targets.
B#ﬁﬁw%ét%ﬁéss@gsbtpvpryaaﬁd spéertictatvieomagferaml on the

' ds. h ' f [ it
ORIV ORT heBeahPRot RaRerLrRoaB vaahereryited Firng

bel dw ¢ hgapiol orangerghnigenaraktst heecause the
Di agnosti ¢c- Nanosensor according to the invention is
b ohY Hténtbith SPeeléifatiorn@icanybbirssagowi depends on

das easi 80t e §i #6n0feHLbL] aﬁgtnaEBFa%kxghﬁohh%tes%&elpt
deposited on vafious support natérial's and are
Sbzequehtvy $semstitonatiesdfart hebbwe- ohgapimel range. In

inggrac Y naﬁerial %o gji.ve a sandw ch device for
iht'er a1 néhm h 3P gaht ¢ BP PRERIAI ECEAFgang. to the
Asseitbli oy 19epa L Aa0BRSEhentBROSENSOLEFBRL and can be
bi oconpati bl e supports i ke spring wire or catheter

rtnad A1y drere pimgdiiee neizpecf Dibjhdseidcnanoparticles
t

r e gl I rfcell select, catheter
TRR cour o de Sor F o FFHL AL Supud Bhnet PR p proedsare
Asmesiuditel ¥ Fagnossh el Nesdsensor biaccegdhng tatkhgctive
inventiaon is for the direct detection and isolation of
MG i edt 5167 2 eF3RABLED ofeY hee pePF pheEaraptbpe Bith

kﬁ@&%ﬂbﬁofﬂﬂﬁbgﬁg&i@agi techni que enabl es

di agnostic procedures that were not possible before:

RrsaRairal i i} agnoses; o, G LIOSOMBL e nsor” on biocompatible

supports like spring wire or catheter material as used in
medicine the “Diagnostic Nanosensor” gives a
molecular/cell select catheter that could be applied for
in vivo diagnostic purposes. As such the “Diagnostic
Nanosensor” according to the invention is for the direct
detection and isolation of rare molecules or cells out of
the peripheral blood or the body. This application
technique enables diagnostic procedures that were not
possible before: prenatal diagnoses of chromosomal
aberration using foetal trophoblasts present in maternal
circulation; cancer diagnoses and monitoring of cancer
therapy based on the detection of disseminated cancer

cells in the body.

The “Diagnostic Nanosensor” according to the invention
allows detection of a resultant interaction between the
bio-organic interactive material and the target substance

by measuring the collective oscillations of the
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aberration using foetal trophoblasts present in
mat ernal circul ati on; cancer diagnoses and nonitoring

wo@Roocaser therapy based on the detection of PCI/EP2006/005760

di ssem nated cancer cells i1 the body. The "D agnostic

Nanosensor" according to the invention allows

detection of a resultant interaction between the

bi o-organic interactive nmaterial and the target

stubsdanteohyeheasuprnggonhéheohnlactisvenosgi [that isens-adfled
nduction el ectrons on the nanoiilands, t he so

h )
AT ERCE Pt A0nOn, EeROR S PERandic Bt e ta T dt b el

o;lgfé@@ktpé@p@fbhegeﬁl&@%aa@t@%d Balr@iT1RA ti1dB%escence) ,
(lum nescence) , or the super-paramagneti c properties

b9 nElgRet e paparamagnethes progeadtiesn byeragae tdigabl e

t t " Di L or" cording to
REFEEELEL, LB L ARROEL 6y RIS En RS e N U0 ot e
i Yhtashostidr Banbsankabor atevydifguso the "iBveerasih Gn
Nanosensor" could be used at the bedside, in the

OPEFRR i Y- € hett FBOUFnthRe 1RABGPAREE L UERd odn apdebiogatory.
frighdl, The sHifgasstieakimBtenbod@nesengors Welh NECine

| eads to surprising results: - geparture romthe
Peedehder atk ahaewppeatepyi bheeftrehe ipr shleemmbulance, and
satigfggiiogio a long-felt need or want hitherto al

ef't orts of ex e?ts were in vain the sinplicity of a
solution proves inventive action, especially if it

repl aces a nore conpl ex doctrine

The surface treatment of Nanosensors with NSC leads to

surprising results:

- departure from the beaten track

- a new perception of the problem

- satisfaction of a long-felt need or want

- hitherto all efforts of experts were in vain
- the simplicity of a solution proves inventive

action, especially if it replaces a more complex

doctrine

- the development of scientific technology moved in

another direction
- the achievement forwards the development

- misconceptions about the solution of the according

problem (prejudice)

- technical progress, such as: improvement, increased

performance, price-reduction, saving of time,
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t he devel opnment of scientific technology noved in
anot her direction the achi evement forwards the

waleweliagoent - m sconcepti ons about the sol utiper/BP2006I@5760

accordi ng probl em (prejudi ag¢) technical progress, such
as: inprovenent, increased performance,

price-reduction, saving of tinme,material, work steps,
costs or resources that are difficult to obtain,

i npr ovBAtPELR Abi FPEY, Skeredy Cof tgefodcresaunmesy gdhat are

[ty ' . ffici L, bet t
Gl o BTN ESTOES, o LERAO L LU B0 Uiy o

provi sdefieof s andviheobvedotjuagdessaniol yahettethde, 0duireased
openi n gf a second &not necessarily better) ﬁgy, _
openingf FCHEREWr f PBFHSTT Vil dzoPHOMSRtREA CR ofsikechnical
spare prodiict i akber Ngtbyesi oRo%F Bhbich¥ Ofinot necessarily
rationalisation, aufomation or miniaturisation or

enri chirebteof phedphar mapeotingabff andesped dhothoi ce

(if acertain Eﬁss%b%gity, the resul.t of which S

unf or €328abF 2 11 ¥ RRE58R7 aliBKg SPGPELE Rbnfercyr f1eld,
possi bl i§t eso1thabni so2 patgBkabkeakuckyceheice)

error in a citation young field of technol ogy conbined

i nvent? bR 22 ebWBF naPPoRibilatHupberasfioradwsation,

elenené&toﬂgﬁfog'3yrﬂih§gggr§gg%ggn'oki%%Qi%ﬂ%ent of the

pharmaceutical fund

- special choice (if a certain possibility, the result
of which was unforeseeable, is chosen among a great
number of possibilities, that is a patentable lucky

choice)
- error in a citation
- young field of technology

- combined invention; a combination of a number of

known elements, with a surprising effect
- licensing
- praise of experts and

- commercial success

The method for producing the diagnostic-nanosensor

comprises two separate but interrelated procedures:

(1) The production of periodic arrays of nanostructures.

(2) Functionalizing nanostructured arrays using bio-

organic interactive material that could be bound to
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prai se of experts and commerci al success The net hod
for producing the diagnostic-nanosensor conprises two

W@ eanaudeo but interrel ated procedures: (1) ThePCT/EP2006/005760

production of periodic arrd¥ys of nanostructures . (2)
Functional i zi ng nanostructured arrays using bi oorganic
interactive material that could be bound tothe arrays

di rect directly through Iinker technol .
(D To YoatEbeBor ROBPY Chr aFS B LARRGLY GEFGHED, Tanker

relatly@&yn@pggp@g3|ve and si npl e nmethod of
nanoparticles or nanospheres Iithography (NSL) w Il be

used for the creation of periodic and quasi-periodic
sel f assenbly spherical objects Iike polystyrene or
saijca particles wwth a dianmeter in the range of 200

2000 ran (Figure. la). The two and
t nsj ona ered partlcles will be
J@% %%a% %a%%rfggg h%rFSVFoﬁ§n8a8855§PFlBﬁeﬁﬁ fari ous
areLat svefy difiéepentivet aha &M 1égmel€h)>d06f nanoparticles
sem conductors (CdS, CdTe, CdSe) . After the

RAPHARRFRIE PR chssnpaEaPNYt ONPLOf wihd Raskswedl Foe the
Q?EJ%{E%’ of NGe PELAL L] End- QuéEggg%%gghggesgl 2 égggm%%y

partic arrays permt the-con
kﬁnh&ﬁnpalmpbmmoparllkéepoh§sm@kénaSOtheunlcabp@rtlcles
ona nmore. conpl i cated orderin The anpunt of

%?Qﬁf%ﬁt%?l ¢ TARSEgRTt RAONReK2E4A 8Bt er mi ne
MHﬂﬁﬁﬁd.I£ﬁJfTﬁ@ttﬁ@|aﬁ@dt§£88159ﬁéﬁ39699§rRbeﬁ; 3-D)

ordered particles will be used as a mask for the
following deposition of various amounts of different
metals (Au, Ag, Pt) or semiconductors (CdS, CdTe, CdSe).
After the evaporation process the liftoff of the mask
will be performed. The metallic 2-D (Figurelb) or 3-D
varying particle arrays permit the control of the
distance between the nanoparticles as well as their cubic,
hexagonal or more complicated ordering. The amount of the
deposited materials through the mask can determine

directly their optical and electronic properties.

The production of periodic arrays of nanostructures

involves the following steps:

a) Production of a two dimensional mask that consists of
spherical monodisperse polystyrene particles of sizes
from 200 nm to 7000 nm. This production involves the
controlled aggregation of the particles between

solvents of different surface behaviour for the
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The production of periodic arrays of nanostructures
i nvol ves the following steps : a ) Production of a two

wWa@lptwensi4ohal mask that consists of spherical PCT/EP2006/005760

nonodi sperse pol ystyrene pd#ticles of sizes from 200
nmto 7000 nm This production involves the controlled
aggregation of the particles between solvents of

[ h t t
of 6T HERSTBRAr k. CFhetPPnAT ROFpRBFJg Gk The

the nbikal sneleplesbgedoBstRE heBRef 8t He€e@Rlined using
mechani cal treatnent to give triangles, roots, dots oOr

(ntuw??mQ?SaT%ﬁ%s??ﬁome%$aﬁh@aha§keéhmﬁﬂén§© give
SUbStEfﬁéﬁbﬁé%atP509§ chLpd 8¢ g?ﬂeg%anar substrat es

(cat heters, spring wres, stent he substrates

[ f th
seﬁggfg%g%é)vapora |%nfg?kk§%réygﬁggl§ugg££ggs o(p&a%es

sewn&nndumuors:mrn@mng&mgrn@ﬁBétﬁéﬁeéQO&ch@EéEbnugbrlng
silver, CdSe, CdTe, Cobalt, N ckel) through the mask
d ) BSSIviHETR mashe byuk ehpeFas upeubd khehieapmpatible

treatgmnt iy (£yd adpedd ONGh & s ”@ﬁ‘é’sééh'%?r ed arrays,

bi o-organic interactive material s bound 10 array
surfaces using various strategies. These strategles
include standard streptavidin biotin interaction as

o Iso i ncl udes the direct
bi n\évlr}!:r#g q‘ll m)noc ona‘? arf??‘b%g?ess?rpk‘é‘)’? (& prs or
f ragmenire ttikemea tdfr 10l ¢ heg@Id AY¥platinum, silver, CdSe,
CdTe, Cobalt, Nickel) through the mask.

d) Dissolving the mask by temperature or chemical

treatment.

(2)

To functionalize nanostructured arrays, bio-organic
interactive material is bound to array surfaces using
various strategies. These strategies include standard
streptavidin-biotin interaction as shown in Figure 7. It
also includes the direct binding of (monoclonal)
antibodies like IgG or fragments there of to the array
surface via adhesion or electrostatic interaction. In
addition, covalent linkage of target-specific molecular
structures like antibodies or fragments there of,
oligomers made of nucleic acids, or peptide or
glycopeptides could be performed using linker technology
as described in the detailed example below. The latter

technique allows the precise binding of target specific
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surface via adhesion or electrostatic interaction. In
addi tion, covalent |inkage of target-specific

woreloeasi460 structures |ike antibodi es or fragnR@t/BP2006/005760

there of, oligoners made ofl4nucl ei c acids, or peptide
or glycopeptides could be perforned using |inker
technol ogy as described in the detail ed exanpl e bel ow.
The latter technique allows the precise binding of
trer]getu lspeci 6 | wamd Eslidmds t @i mangi shanudstgrvengle spatial
nanonet.er scahi %Qati | resolution and therefor

t'e

BFOTES AL ALt €5 62F 0T T et PRF §F et FONLP BGaFaPAGEABE
QN A e CONCRS A 2d1 08 Bbt 2o8PPCthlCcanabyt 8abibnab0,
its spatial distribution. The "D agnostic-Nanosensor"
Pl edital YeppPitaal on, Ltorsheblagi dabtahdution.

bi ochem cal research, as well as for environnental
nonitoring and protection and food safety. Concerning
nmedi cal application, the "D agnostic- Nanosensor" is
a$se Mi) iedyrass ol deNdmesdroso1) i $ Nf ot vieed@nda ( 23 ppDi¥hth6n,

se. (1) The "D agnostic- Nanosensor" for in vivo use
§€F %quﬁ%%éﬂgg&ﬁ??@ﬁ?mff%gﬁ%§??ﬁchhn%§eﬂ§bi"a?sfor
R99A YA Ak 1S R 10k Y 1 8 GV NG &t 8B £G4 é‘ﬁdof??g' %ﬁafety.

sel ect catheter to obtain rare nolecular or cellul
Comseravitng diadictdy appliofathencitioal dPiagnostibe body

i ral A Figure 9 ., As device.for_in vivo. .
Ig%& %%%cse 5 helSglﬁlsasg%n(l)%]tei%-aila%o%%‘ﬁ%%‘? "f%’ésg%l &8 ¥hve and
€29. ispreingroMuses. gi ves a cell or nol ecul ar sel ect

catheter which is useful for prenatal diagnosis of
chronosomal aberrations, cancer diagnosis

(1) : The “Diagnostic-Nanosensor” for in vivo use

For the in vivo device the “Diagnostic Nanosensor” is
assembled on spring wire giving a molecular or cell
select catheter to obtain rare molecular or cellular
components directly out of the circulation or the body in

general (Figure 9).

As device for in vivo appliance the “Diagnostic-
Nanosensor” assembled on e.g. spring wires gives a cell
or molecular select catheter which is useful for prenatal
diagnosis of chromosomal aberrations, cancer diagnosis
and the monitoring of chronic diseases like cancer,
metabolic, infectious, allergic and inflammatory diseases.

This device is applied as descript below.

a) Puncture of a blood vessel (vein or artery) using a

hollow needle.
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and the nonitoring of chronic diseases |ike cancer,
nmet abolic, infectious, allergic and inflamatory

WQIR®easso This device is applied as descript beCHEP2086/)05760

Puncture of a bl ood vessel 1fvein or artery) using a
hol | ow needle.b ) Putting the nanosensor through the
hol | ow needl e or through a standard venous line into
t.he bl ood vessel as shown in Figure 9 . c Repl aci n

the ne ﬁ?%i%%ttQ%eﬁ?ﬂ@S?HéoﬁaﬁB§€H§8rtpﬁ B%éé@W @?Fd%e or
After theo@@Rr orstah8akacybabiLan1thae; (Rt Waeny3 Ly S(%ssel

m nut es) the nanosensor is replaced wth the attache
cel | s andglopwmolecliiggreoP.furt her processing. As a
cell select catheter the "Di agnostic Nanosensor"
aticor Reglioindethaveatddba batf keephagi shkahbansehsor in
rare 3§tls out of the peripheral blood, e.g.
trophdbtdsts . Trophobl asts are foetal cells that
appear_in maternal blood around the 7th gestationa

ek dfEEEoMRMPREPRRIBFCabbGibatpopekine. (PrEWeEN 5 to

sel ect Ok PP ' 0 nt.i. bod
That 150 d Tobred aoar et SePaPar Thuf “RbRCSd hrD tne
HLA- G & redshespece Il sadhglor cmbattnetsr 6phobhasheri n
mat ernal bl ood. The nunber of bound cells to the cel
sel ectPTHiFET E19 depends on the retention period in the
mat ernal circulation and the actual cel

concentration. Appropriate nunbers of trophoblasts for

prenat al _ di agnoses of chronmpsonal
As a cell select catheter the “Diagnostic Nanosensor”

according to the invention is for the isolation of rare
cells out of the peripheral blood, e.g. trophoblasts.
Trophoblasts are foetal cells that appear in maternal
blood around the 7% gestational week at a concentration
of about 1-2 per ml. The cell select catheter equipped
with a monoclonal antibody that is directed against
cellular but not soluble HLA-G binds specifically
circulating trophoblasts in maternal blood. The number of
bound cells to the cell select catheter depends on the
retention period in the maternal circulation and the
actual cell concentration. Appropriate numbers of
trophoblasts for prenatal diagnoses of chromosomal
aberration and other genetic defects could be collected
after a retention period of 30+15 minutes in vivo. After
replacing of the catheter the tip of the catheter with
the attached cells is placed into a collector tube for

transport to specialized laboratories.

(2) The “Diagnostic-Nanosensor” for in vitro use



10

15

20

25

30

aberration and ot her genetic defects could be
collected after a retention period of 3CHL5 mnutes in

wapao/13140a er repl aci ng of the catheter the ti pPGFEPI986/005760

catheter with the attachedlg¢ells is placed into a
col l ector tube for transport to specialized

| aboratories. (2) The "Di agnostic-Nanosensor"” for in
vitro useFor the in vitro device the "Di agnostic
Nanosensor" is assenbl ed on planar and transparent
support to give a "lab on a chip" allow ng

ettt hativevahbogdaricat the UBiegnpastioNaobseasget’s is

B P 1, Pl 2o0BR L PRRDBNEE, L SRUERELCS oD LI

pPrieperdn es cependi hjowing h@uﬂﬂtﬁthahvé hahdi gudepesited
gg%f t he sugfort usi ng nanosphere |ithography. As
'?ﬁ@*Qﬁt% Wi??otﬁﬁﬁ?F%n?% @ﬁ%suEﬂégn Bej plasmon

fiSql il Stepge HhAGEPSLLELP ea??ggygﬁées or

(e.g. at the bedside, int e oper ati ng th
@mmﬂnﬁﬂﬂﬁnQﬂ thn@@metchpsbpérthas dbpahdihg uaedhas

b According to th t
oot 1 1 B (CHRAOT SREORED oF 1F coPRPPFEI 8180w

@jﬁaypﬁgrénmlgﬁﬁgﬁﬁpwypt|on spectra dependi ng on
size. The surface plasnon band is due to collective

lse Gl ot Osd 4 | AL i 9 25 WHQ&éUﬁQC%PL thtlc-
particles. For exanple Ag (Silver) nanopar I cl es have

M&%ﬁﬂﬁﬂ&ﬂﬁﬁikﬂwﬁﬁmﬁ?ﬂm)$¢ﬁwwﬁI@ﬂd@mu@hopaprbcééerhavee.g.

e.pla around 520 nm i ck position,
%%teﬁglﬁggghéﬁg (ﬁﬁ%ﬁ %ﬁeE?EQ%%rf%g%tr e POBhE ambulance,
or the battle field) that should be used as described

below.

According to the quantum size confinement effect
nanosized metallic particles show different optical
absorption spectra depending on size. The surface plasmon
band is due to collective electron oscillation around the
surface of the particles. For example Ag (Silver)
nanoparticles have plasmon band around 390 nm while Au
nanoparticles have the plasmon band around 520 nm. The
pick position, intensity and bandwidth of the surface
plasmon absorption are directly related to size,
morphology (shape), and surface functionality of the

particles (see Figure 11&12).

By covering the 2-dimensional assemblies of gold
nanoparticles with avidin their plasmon peak shifts
toward longer wavelength and can be easily detected as

shown in Fig. 12.
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pl asnon absorption are directly related to size,
nmor phol ogy (shape) , and surface functionality of the

w@aobiigl4es (see Figure 11&12) . By covering theCT/EP2006/005760

2-di mensi onal assenblies ofl7gol d nanoparticles with

avidin their plasnon peak shifts toward | onger

wavel engt h and can be easily detected as shown in Fig.

12. The invention may be further illustrated by the

foll owi ng exanples : Exanple 1: The two-di nensiona
ordering of latex particles as a basis for nanosphere

| TheoyREPAYIPNSIRYhRS Beehhesed 1By stgaded diyhétrs ifitl lowing

t 1,2,3,4,5,6,7,8 . The evaporation or
s%ﬁ?ﬁé?%%g of different materials through a I atex
particle mask enabl ed the production of lattices of
triangul ar islands on various substrates, the shape of

t.he isianﬂg bei ng determ ned by the shape of the
® between the spheres in the mask. Cearly, the

size of the aperture between the spheres depends on
the size of the beads in the nonol ayer. To overcone
this limtation, we anneal ed the nonol ayer to downsi ze
tTHee dpeptdirenshonhe audkringnpénlaneki ahr2Qdlem e 30

This resul far. ond our ctations, and
o oot Bt el RERs FARRPEREPEN SRS nbast Bhar Plres by
(S gii@ 6thenndihsohat pdsoyiqri hgs 5 FjYurmhe/ dvapdrhtion
our recent work we denonstrated that if the sanple is

RV SRR THE t Be dbpberenbnmpEsEéass thsovghper desex

particle mask enabled the production of lattices of
triangular islands on various substrates, the shape of
the islands being determined by the shape of the aperture
between the spheres in the mask. Clearly, the size of the
aperture between the spheres depends on the size of the
beads in the monolayer. To overcome this limitation, we
annealed the monolayer to downsize the apertures in the
mask from an initial 200 nm to 30 nm. This result was far
beyond our expectations, and was essential for the
fabrication of nanodot particles (Figure 6) and isolated

nanorings (Figure 7).

In our recent work we demonstrated that if the sample is
moving during the deposition process, the evaporated

structures can become much more complex and range from

'H.W. Deckman, J. H. Dunsmir, Appl. Phys. Lett. 1982, 41, 377.

M. Giersig, P. Mulvaney, Langmuir 1993, 9, 3408.

SHwW. Deckman, J. H. Dunsmuir, Appl. Phys. Lett. 1982, 4, 377.

*J. C. Hulteen, R. P. Van Duyne, J. Vac. Sci. Technol. A 1995, 13, 1553.

5 M. Winzer, M. Kleiber, N. Dix, R. Wiesendanger, Appl. Phys. A 1996, 63, 617.

¢ R. Micheletto, H. Fukuda, M. Ohtsu, Langmuir 1995, 11, 3333.

" F. Burmeister, W. Badowsky, T. Braun, S. Wieprich, J. Boneberg, P. Leiderer, Appl. Surf. Sci. 1999, 461, 144.

¥ N. D. Denkov, O. D. Velev, P. A. Kralchevsky, I. B. Ivanov, H. Yoshimura, K. Nagayama, Langmuir 1992, 8,
3183.
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3408. 3 H W Deckman, J. H18Dunsnuir, Appl. Phys.
Lett. 1982, 4, 377. J. C. Hulteen, R P. Van Duyne, J
Vac. Sci. Technol. A 1995, 13, 1553. 5M Wnzer, M

Kleiber, N, D x, R Wesendanger, Appl., Phys. A 1996,
63SbETHe BtRUChichS b0t GO0, kA e BAlsuye Improved
Lengmieend988e ¥hrtB333. 14 Eov%%k%%%sﬁ%%qggé[3¥¥%g%aﬁng
T. Braun, S. Weprich, J. Eoneberg, P. Lei derer, p
Sub¢. sSgp. ofoghe apertuses BeNwebn Penkdvle® Y.

\Y/ I vsk . B. . lvanov, H Yoshinura,

Ve Pt FEBLERBIEYophgh SEIBRN p o iR
sh¢ fict 6 eBet evapdsa8ndnWoresesS, Nawd We iindPravee it
techni que further. I nprovenents involve decreasing the
T3S bt at héNaperPurES ThEL REeh Oaithiec Hep dsy tiemp ematviars ous
tE e HepE . applied to the nanosphere mask before the
evaporation process, and using different material in
nanonet er size for the deposition on various supports.

1 . Nanosphere Mask Preparation A piece of silicon,

sf ai nl SS stegl Qla s,or_sapphire substrate (1 cnR)
coul d ﬁ;kgg%%—$%+—@ﬁE—§§%8§£5Eéﬁﬁof pol ystyrene (PS)

| atex particles. In this first step, the |atex
particles (dianmeter=540 nm in ethanol/water sol ution
are slomd%fapplied to the surface of water in a 15 cm

PetRieef shf ust hycangl 8581 pipest eteThe gABESL Oaf sapphire
SlsdE oL el e A dlisd 1 Qulh o) OcgOVELLLLP, HOR! 8

wat er surface wth a hexagonal close packedp epﬁ

N siyereng (PHl t bdtby phetsciesof IhhehPet fii rditsktang the
latex particles (diameter=540 nm) in ethanol/water
solution are slowly applied to the surface of water in a
15 cm Petri dish using a glass pipette. The amount of
solution that could be distributed to cover the whole
water surface with a hexagonal close packed (hcp)
monolayer is limited by the size of the Petri dish and
the diameter of the spheres. About 70% of this amount of
solution is applied to the surface of the water, which
left some places for stress relaxation and avoided the
formation of cracks in the lattice during the next steps
of the preparation. At this stage the monolayer has the
biggest crystals of about 2 cm?, with very irreqgular
shapes. To promote the growth of large crystals, gentle
waves are applied to the liquid medium by slow and
careful vessel tilting. After this treatment, crystals of

about 25 cm® are created that show clear diffraction

° A. Kosiorek, W. Kandulski, P. Chudzinski, K. Kempa, M. Giersig, Nano Lett. 2004, 4, 1359.
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avoi ded the formation of criacks in the lattice during
the next steps of the preparation. At this stage the
nmonol ayer has the biggest crystals of about 2 cng,

with very j.rrequl ar . shapes., To pr.onote the owt h of
PO Ery £ BPd gariiite MRS e i SISRAF L0 HE 1 qui ¢
medbyirly eSbowsakd Garefrulegsseltidd ting. After this
treatnent, crystals of about 25 cnR are created that

show clear diffraction 1A. Kosiorek, W Kandul ski, P
Chudzi nski, K. Kenpa, M Gersig, Nano Lett. 2004, 4,

1359.c j:Elnally, the nonol ayer is deposited on a
sgbst ; gh%éllﬁp

w wat er evaporation. 2 . Annealing
After the drying process, annealing of nmasks is
performed. The nonol ayer of 540-nm PS | at ex

n spheres on.a conductive Si substrate is inmmersed

| BERSHT K6 62038 DY CBF St P IEHTS /HC STE ( 1: 1) .
MpekewanedheahieNthdn®d1uSRE W tsy d-hen B9 A% x nanospheres
tenperature of the mxture, then additional mcrowave
paises candugppiee§ iwistilp squnedis orf i@ rseghdipey iviktofre (25
2 T L.aGr [ r._of, pul ses se radual, .
L} a5 Ry eEAE I AR (T FR SRS W eing
aper iseesupThe deeebdande qoftepaiame gmyHhlogyi ure,

nupber of,gulse is presented in Figure 2 . The |iquid
ehOFPoRREAEIOR A hELSEAWIY S RUSEF Sy FRDGEh &b

SAPILLOS, o, LR Besiagt OGO NAAI A nunber
of pulses causes gradual mask annealing and a decrease of
the size of the apertures. The dependence of aperture
morphology on number of pulses is presented in Figure 2.
The liquid environment of the sample ensured very
homogeneous annealing—the feature sizes become uniform
over the whole area of the sample. The control of the
aperture size was very good and reproducible. With the
540-nm PS latex monolayer we were able to adjust the
aperture size from an initial 200 nm to 25 nm (Figures 2
and 3). The annealed masks have different thicknesses—the
more the sample is annealed, the flatter and thinner it

is.

3. Metal Deposition

Metal deposition is carried out by evaporation using an

e-beam evaporator. The evaporation system is modified to
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aperture size was very good and reproducible. Wth the
540-nm PS | at ex nonol ayer we were able to adjust the

W@ p@ot1g4e0 si ze froman initial 200 nmto 25 nnmPCREBRMNEBIS760

2 and 3 ) . The anneal ed nd8ks have different

t hi cknesses- the nore the sanple is anneal ed, the

flatter and thinner it is. 3 . Metal Deposition Metal

deposition is carried out by evaporation using an

eﬁmﬁ%mmevapbraiopveThehevapepatb@doeyemgdeidéﬁDGMH edhe

toe n er.the eva rat| n an (e) and
éa féQ?E%a?lgﬁ %Petﬁsmga l@EF% .

Preparat|on of Nanostructures MAth D'fferent

Mor phol ogy An anneal ed mask wi th 30-nm apertures

(Figure 3 ) is ,used for the fabrication of Co magnetic
ﬁ%nopa?¥¢P¢Eéth@nAﬂfnHﬁBﬁﬁFFP?FBEeﬁnWéthoﬁéﬁé@ﬁﬁnt

Iatth@brégéfgﬁi of Co or Au is evaporated (10 nm at
0.01 i the sanpl e placed perpendicular to
t he evaporation beam The result for Co particles is
presented in Figure 5 . The size of the Co nanodot

rticles,varies in S and me of them
2?% %ﬁ%%l%%g Ahese” ﬂ??ngeH@ 8§ngu5FF ggéﬂufﬁe %a&ﬁlésed
ok aheer goriogribe anneal magnetszeeﬁenogaet;leneeaelryAu
because of the small differences

We%rsn §ehageycemhi Ilaf—tprﬁgksAf éayﬁan@rﬂ Gg or Au

fiabr i S,€e i Fen e sited (100
% < %})% e %ﬁnéalé et'r)eHn'gl é g f)\rNgirS‘Lnt%l gc(l%lre sfmﬁlet he
@@ﬂnﬂdupempem@ﬁemI3258o the evaporation beam. The result

for Co particles is presented in Figure 5. The size of

4 .

the Co nanodot particles varies in a small regime and
some of them are missing. These differences are all over
the sample and arise during the annealing process, most
probably because of the small differences (CV=2.4%) in PS

sphere diameters.

We used similar masks for nanoring fabrication. In this
experiment Fe was deposited (100 nm) through the annealed
template from Figure 3 at the evaporation angle 0=258,
and the sample was rotated during deposition. The rings
had uniform outer (~150 nm) and inner (~100 nm) diameters
(inset of Figure 6), which could be controlled by
altering the evaporation angle. The thickness of the
rings in Figure 6 is about 7 nm and can also be
controlled by altering the aperture size of the
nanosphere mask and the amount of deposited metal. In a
previous paper, we discussed the relationship between the
evaporation angle and the amount of deposited metal.

Recently there have been many attempts to fabricate
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and the sanple was rotated during deposition. The
rings had uniformouter (-150 nn) and inner (-100 nm

wQlt@iseres (inset of Figure 6 ) , which coul d PE/EP2006/005760

controlled by altering the2évaporation angle. The
thickness of the rings in Figure 6 is about 7 nmand
can al so be controlled by altering the aperture size
of the, nanogphere nmask and the anount of deposited
MATPTIEAS a preJ#ﬁﬂ%V%ﬁpe??rm@eﬁh@@ugg@biﬁﬁé 3 Vﬁry good
r L ONSH] t : vapo [ and the
e e enaen S B hel § trer e Trdva Been
niatyr ate ehpt smabefabiscat ehanbei ngprodeciboweesr anaur
net hod. conbi nes very ood. control of the dinensions
(ﬁlTQégg{ %c?grggeaﬂa PEBFF&SPi8ﬁ°ﬁ§Périals with the
reproducibility and sinplicity of the preparation
process. Exanple 2 : W used the follow ng strategy to
specifically bind nonoclonal 1gG to Au nanoi sl ands

tBEAMRER 2 assenbl ed on transparent or non-transparent
substrates. A 20 mM solution of succinimdyl 6- [3 -
(2-pyridyldithio) - propionam do] hexanoate, (a SPDP
reagent) 12 in DVBO (dinethyl sulf oxide) or ethano

Wies Usedibdtedf ol 1owbng peravdye aorapsc@fically bind

' f 150 mM DTT
ORI SRR 197 )70 oS oG H 639 ThRSE pr6EedapacaPLds o

aoval dritnkagen®f-t RhQLph Pe A Bapotshapnds. 10 F.
Yan, %ﬁgik Ggggel, Nano L%tt?ﬁg004, 4, 1183. 11 J.

l.an, ' - Xi Ay 1} 5 Chem 0d, .\ _
Jp%gg?j fnggssoﬂuf(z%r\f 2%%2?%?‘?#%% l%s-h( 2%% d$?] d??g:fgi’gglthlo)

PIEF iomerel  GPIRe raagrine 5) (ar @PRP unegygeny) FupnodMSO
%@f%%tﬁ¥¥£&¥%££Q§EV'é?agéﬂgﬁol was incubated with our
periodic arrays of nanostructures in the presence of 150
mM DTT (dithiothreitol) for 30 minutes. This procedure

allows covalent linkage of thiol to Au nanoislands.

'®F. Yan, W. A. Goedel, Nano Lett. 2004, 4, 1193.

' J. McLellan, M. Geissler, Y. Xia, J. Am. Chem. Soc. 2004, 126, 10830.

12 N-succinimidyl 3-(2-pyridyldithio) propionate (SPDP reagents) are a unique group of amine- and sulfhydryl-
reactive heterobifunctional cross-linkers. Whether they are used to form amine-to-amine or amine-to-sulfhydryl
cross-links among molecules, the SPDP reagents produce disulfide-containing linkages that may be cleaved later
with reducing agents such as dithiothreitol (DTT). The amine-reactive portion of SPDP reagents is the N-
hydroxysuccinimide (NHS) ester. Reactions are most commonly performed in phosphate, carbonate/bicarbonate,
or borate buffers at pH 7-8. Other buffers may be used provided they do not contain primary amines (or thiols or
disulfide reducing reagent). The rate of reaction and degradation by hydrolysis increases with increasing pH; for
example, the half-life of the NHS ester is several hours at pH 7 and less than 10 minutes at pH 9. NHS-¢ester
reagents like SPDP and LC-SPDP have limited aqueous solubility and must be dissolved in organic solvent
before adding them to a reaction mixture. Sulfo-NHS-ester reagents like Sulfo-LCSPDP are water-soluble and
may be added directly to aqueous reaction mixtures.

The sulfhydryl reactive portion of SPDP reagents is the 2-pyridyldithio group, which reacts optimally with
sulthydryls between pH 7 and 8. The reaction results in displacement of a pyridine-2-thione group, the
concentration of which may be determined by measuring the absorbance at 343 nm. Reaction buffers must be free
of thiols and disulfide reducing agents until quenching or reduction of the 2-pyridyl disulfide is desired.

Two basic strategies may be used to form cleavable cross-links between proteins with SPDP reagents, depending
whether one or neither protein already possesses sulfhydryl groups (-SH) in addition to primary amines. Both
conjugation methods result in cross-links that contain a disulfide bond in the spacer arm, which may be cleaved
by reduction with dithiothreitol (DTT) or other reducing agent. In most cases, cross-links created using SPDP
reagents can be cleaved with 25 mM DTT at pH 4.5 without reducing native protein disulfide bonds. However,
when preservation of native disulfide bonds is not a concern, cleavage with DTT may be performed most
efficiently at pH 7-9. Cross-linking experiments with SPDP reagents are not limited to those involving proteins.

Any of a variety of molecules with primary amines (-NH2) and sulfhydryl groups may be modified or cross-
linked using an SPDP reagent.
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het erobi fiinctional cross-linkers. Wether they are
used to form am ne-to-am ne or am ne-to-sulfhydryl

w@e@sd3l4dinks anong nol ecul es, the SPDP reagent BCPERWO€@S5760

di sul fi de-contai ning |inkagegs that nmay be cl eaved
| ater with reducing agents such as dithiothreitol
(DTT). The am ne-reactive portion of SPDP reagents is

t Nhydr oxysucci ni m de (NHS), ester. Reactions are
AN S Per AeGad BsEptaEer | PBS EDTA

C@i@@ﬁ%&ﬁigiEﬁﬁ@@ﬁ@t@veohagg&ﬁgg %%fE%E% A R 6:& from

O her buffers may be used provided they do not contain

M ieky anadéel(wast hnohbateddwsthf itthe medagi fpr 1 h or

r n he.rate of .reaction_and _degradati,on _hy
hy roIé%?%gin@?egggga%fghcpﬁgﬁgg§iﬁé ghpwpoﬂnef&ﬁMQS 8 for
tttee hadfe | thet ohohbel DHS1esyer aits aSevaah thayh$nal, foH
7 and less than 10 mnutes at pH 9. NHS-ester reagents
IRk 5prEs ansied o BpppdpasesEpm pédaagisale sottulsiplitt yn

I SS ] - gani Lvent before.addin
t eﬁ??%éaﬁgeg%figé¥ﬁ?§#§Pg?g§uF%o?ﬁﬁsggggggerQgégﬁPéa%
IWekiegi8ul ¢ H-4 CSPRDPL ar EgGaheil esallubbeé asd rpy be added
directly to aqueous reaction mxtures. The sul fhydryl
reactive portion of SPDP reagents is the
2-pyridyldithio group, which reacts optinmally with
SWJ haselinyd Be e ywephoH Bi 8§Ho8t i dhRah8aehE8R I €8Ul S vitro
in displacenent of a pyridine-2-thione group, the
cBifcent raRRbFedf which may be determined by measuring
t he absorbance at 343 nm Reaction buffers nust be
free of thiols and disulfide reducing agents until
quenching or reduction of the 2-pyridyl disulfide is
desii b fevprdhist ticn r at @lge bsingyahé tsedstfasfonnct blood
cl eavabl e cross-1|inks between proteins wth SPDP
reagen%osl?pod%eﬁ%%%i ng whet her one or neither protein
al r eadyl quas sesgesn St § Ny €le vt r 95 98BS - S phiPi 8deEt {QBer
to primary am nes, Both conjugation nethods result iIn
cross-9Rfks ) HEtidhteh o divsnredeabehd PA the recipient.

spacer i ; b e tion wi
e o (e e R R R ESUELRR o P g sprood
cases,t ypreosidd d indesl ky ekl @ daus i Rige SPOP: ypapest sbtasdbe

cl eaved \/(\%{ rh 25 DTT, at%‘gH 4.5 w t hout reducing
nat i v& PTotEih WS W TG ot Ponds! D HERY et O Bk us

pr eserasHdaal it Hd Ver db sabd | SEoBONES hSeBOtode excluded
concern, cleavage with DIT nay be perforned nost

ef f i ciPentIRe it iH MrasugRRTst § | nkinghexperd nentsodi t h

SPDP LA t ty Jd 4 t hose, i nvol vi ng .

pr ot ei ns. %%ne}tgs; eaa{b\?alr%geﬁyleg#j éhl%flec%l TOWTH B inRplainers
am nesy Yidd2) sdrvisig fitye ryl ot otipse nayd bedemeli £1 €8t 06n

crossld nked usin n, SPDP reagent. After cleaning the
arraygo\ﬁ tﬂr%’jﬁ fb%rc PEEHISHY DT oorfani RIFFR@F BEET ve

mat er iNaln oile neICe d @ Ny FEOMIL 5 A2 {8 M s was

incubated with the array for 1 h or over night. W

r evealfe@ cEdomiadgs ess wiidwthie dhmuowr Baferbio-organic
interactive material that enables the determination
of the various human blood types or potential
contaminating viruses (HIV, hepatitis B, hepatitis
C). If the appropriate bio-organic interactive

material is conjugated to self-luminescent
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the case that nonoclonal 1gG at a concentration of 1
mg/ M was used. The di nension of a single dot spot on

wW@lod/13802 nm corresponding to the average nRCEERI086/005760

wei ght of a single 1gG nol 8ule of 150 kD. Two _
exanpl es how the "Di agnosti c- Nanosensor"” for in vitro
use is applied: 1 ) Safe production, |abelling and

transfusi on of blood conponents Bl ood conponents are
t r ansfRRRPEAC patfent ENEndBESEBEELAN YiithelthRes to

insurec§§£§§§oﬁéeﬁEeaﬁ§§99569%pggg§fSrgB%%%EEQ%%es

i ncl ude determ nation of "the ype asi cally ABO
and Rhkgusneypedcef thhbodoplddaesslanderecitpidebty. eyie. The

It ' . 1 nat i f bl ood duct s ed
To be CartdRtChy SpREPFrconaastPaRgnad. PP ReARBFBEion

bl ood £osmapeedsiarent abghiedoduni B $heb2B8rbRed into the
contai nhers or bags ShOMAng t he bl ood type and
a

i dent i ¥irattoRoweh thabkbbaer" iproebdaresed Theing blood
"Di agnest €£OW®P§§P§§£a ?888r9h29b5§st @gﬁggé‘ﬁgt uSed %or

functionalized € appropriate bio- . .

i Nt er aclood catpehehtt hadresapl es abe“dgpgﬁﬁgnaaeemc@fto
the various humgn. bl god types or potentia ,

cont arf e TR G F1ReL F¥PY, SRephE| FFSIBLENAe Rt FERSLC

) - |faﬁiﬁh@ﬂﬁﬁcﬁwééﬁeopggiﬁéaaFESmi9ﬁ8r§€E5¥§ent. In any

material is conjugated t _ _
sel f - | Hstentaewpart dpeflesypeheri avbetani heningt kiruses

the CQ&&%&PqQQQ£ét§¥%qgég &fggggg g&d?@&é%?iagggipment.

2) Determining the homeostasis of patients by
quantitative measuring of serum components
The quantitative measurement of serum components is
frequently used to determine e.g. the coagulation or
glucose homeostasis of a patient. The “Diagnostic-
Nanosensor” according to the invention is
functionalized with the appropriate bio-organic
interactive material that enables the determination
of the various components of the coagulation system
or of glucose. Binding of a given component of the
coagulation system or glucose to the functionalized
nanostructured array change the plasmon resonance
frequencies on the nanostructured surface of the
“Diagnostic-Nanosensor” according to the invention
and thus enables quantitative measurement of the
component of interest. This measurement could be

performed in a regular spectral-photometer or a hand
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| um nescence that could easily detected by eye. The
"Di agnosti c- Nanosensor" according to the invention

wazendl4ed in this way could be incorporated | PEDEPI986/005760

i ne through that blood is2¢ollected during bl ood

donation, included into the bags that are used for

bl ood conponent storage, or as "dipping" device to

deternine bl ood type of the recipient in small anount

of bl oedlébpPhphenctesnthhé Pperpicent onl haamg rofest Hese “on-

cases, ;blood E%Q? or contam nating viruses could be

determ ned wi thout additional equipnent. 2 )

Det erm ni ng the honmeostasis of patients by

quantitative measuring of serum conponents The
antitative neasurenent of serum conponents is

?ﬂgﬁ h???eﬁs§E°VotH§tg?ﬁiﬂﬁlggg?lfﬁéméééﬁﬁﬁéﬁion or

gl ucose honeostasis of a patient. The "Di agnostic-

Nanosensor™ according to the invention is

functionalized with the appropriate bio-organic

iFtereRtl ve Ashempiict hdd ushabitéont He)dener riymetdadn AHM

the various ¢ n s of t coagul ati.on system or of

gl ucose. Bingﬁn 80?Bg nggﬁqgon 8%gﬁfE&Fﬂt eafeter

coagul ati on syspemratogl peoese siso ahkie 1figretrironrad it2Rd mask

nanostructured array change the plasnon resonance

frequenci es on the nanostructured surface of the

"Di agnosti c- Nanosensor" according to the invention and

tHE Ehabl esPqidRtnRaPPyéakessirsieannek leke ido@omdnto £

of interest., Ih.s/ ReaAYLENRALCAYLE LRE
by A) 1, B) 2, C) 4, D) 6, E) 7, and F) 10

microwave pulses.

Figure 3: SEM image of the annealed 540-nm PS latex

mask with sizes of all apertures below 50 nm.

Figure 4: Diagram of the modified evaporation system:
1) sample holder, 2) evaporation source, 3)
crucible, 4) water cooling system,

5) electron beam source, 6) shutter, 7)
magnetic field. © is the evaporation angle

and o is the rotation angle of the sample.

Figure 5: Ordered spherical Co nanoparticles evaporated
through an annealed 540-nm PS latex mask.
The diameter of a single particle is

approximately 30 nm.
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performed in a regul ar spectral -photoneter or a
handhel d phot oneter that operates on batteries for

WO ivsiagred use. The figures show the fol | ow ngPCT/EP2006/005760

circunstances: Figure 1 : @8hematic illustration (a)
and typical AFMimage (b) of gold nanoparticles after
evaporation process and liftoff of the mask Figure 2 :
A 540-nm_PS | atex mask annealed in 25 nL of

wat @R FEt BV aSEtoRe Ghukaued Brdened Fe manerings) 4 |

D) 6, E) ¢ E ] i ulses.. Fi gur
. SEM i mage o?pap%gggﬁrﬁj)egl%%m%ﬁ?n%gpﬁaa eed?( %‘@s%%e}%%
si zes of all lapert maek.bel ow 50 nm Figure 4 : D agram

of the nodified evaporation system 1 ) sanple hol der,
2 ) evapor at :Tg‘ﬁ S8hFde Aigmetan Qip tdie FOngls gring is 150

cooling system afd tWLGLl@h REAPROYIGR, & ) SMH LEL,
7 ) magnetic field, g is the evaporatior angle and a
is the rotation angle of the sanple. Figure 5 :

Ordered spherical Co nanoparticles evaporated through

. d 54Q-nm PS | at k. The dianster of
e onrls SERLe B TR o6 ey ot co e

picture of osdenedukesnaner idegeceeaporateddifiugh an
anneal ed 540-nm PS | atex mask. The outer dianeter of
the single rPR§IPEALEE - nAREAPOCHE swiddenh caosishd imkegl i s

20-30 nm through streptavidin-biotin to Au-
nanoparticles. Au-nanoparticles decorate the
nanostructured surface of a catheter or
spring wire or stent. This technique is the
first nano-sandwich approach for the

production of a Diagnostic Nanosensor.

Figure 8: TIgG molecules covalently tethered to Au
nanoislands through SPDP linker. The diameter
of a single dot is 12 nm, corresponding to

the average molecular weight of IgG (150 kD).

Figure 9: Diagnostic nanosensors assembled on spring
wire to give a cell or molecular select

catheter.

Figure 10: Cell select catheter in place. A spring wire
with diagnostic nanosensors assembled on its
surface is put into a peripheral vein through
a standard venous line. After appropriate
incubation time the cell select catheter is

replaced with rare molecules or cells of



Figure 7 : Graphic presentation of how DNA or cellul ar

structures are detected by specific antibodies.
wo\ioehaddes are cross |inked through PCT/EP2006/005760

streptavidin-biotin to Aunafoparticles .

Au- nanoparticl es decorate the nanostructured surface

of a catheter or spring wire or stent. This technique

is the first nano-sandw ch approach for the production

of a Di agnosintelNantsensecheHi gor ét8 sulrg@owlfequl®s-ther

covalently t tgere t o Au_panoi sl ands t hrough SPDP

| i nker. The g? Ret PrgfaBaEVﬁﬁpe dot is 12 nm

corresponding to the average nol ecul ar wei ght of 119G

(150 kD) . Figure 9 : D agnostic nanosensors assenbl ed

dri Bre ngl wi Fefivepreecd pertiedemsieeuloar pdelseon

catheter. Fi ..Celll .sel ect catheter .in place.
spring wire g?%ﬁnéggﬁhoé F%eﬁgﬁ%55ﬁ§8r§%a§b§ngpé% dé%o'
its surface 580pub8ont eraipeni pher ak veési kotrteepdhdant

standard venous line, After appropriate incubation
time the cel N2RePREEIEAEHEERPSIE1PBE| QB l raNSRarENE

nol ecul es or [ e h . _iht r.f ace
for further Tapor ot ory analseaeraEeotre el Brptiedie
of particle size on plasnon resonance. Different size

. the k (380 40, 98 or. 1710 n [ves
ggﬁ¥%§bg2§bﬁfypléa? ekamp?é of spectrg% ghanges of the
plasmon resonance after deposition of bio-
interactive material (avidin in this case) on

nanostructured arrays.
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nanoparticle depositions on transparent substrate that
generate typical spectra. Figure 12: Typical exanple

W@R00spa30r um changes of the plasnon resonance BET/BP2006/005760

deposition of biointeracti¢eé material (avidin in this
case) on nanostructured arrays.CLAIMS 1 . A

Di agnosti c- Nanosensor consisting of a carrier

conpri sing areas on two-di mensioned arched netallic
nanostructures wth detecticmimwsecul es, wherein the
metal lic nanostructures are distributed as periodic,
surface-confined nanotri angl es di sposed in a hexagona
array produced by nanosphere |ithography. 2 . A

O agnogtj £5 MRS £ASRL R GOORELS! RY, Ag08R0% 100 i
nanostruct%ﬁ%s ??Ee ngnopatterEgQS%S%éﬁg BR03' a2 iy

sem conoluet Ds snanateasmagnewbedinkbasdsned pranad aetallic
non- pl anar transgarent or .non-transparent surfaces,

wher ei PPR PRt FANbRF P BcY iFBsAGFECH SRFNBUEEY LS, wherein the

peri odh&sa BIL & acen69PELBEErBANQLET gRghes 9k§805§dpEQi%dic,
smal | mashed hexagonal array, and b ) subsequent
deposi i ohaet- bl brgannenohréangl esedmapeskdl ianat he

e AP PET PURLPIE skl {EeRoarasny

inorganic targets, 3 . The device of one of the
precedi ng cl ai ns, conprising surface-confined
ggnospheres and/ or rodshaped hori zont al

no- rior PTG esC R AP PRIy apmPrising:

a) a deposition of nanostructures like nanopatterned
metal, semiconductors and/or magnetic-islands on
planar or non-planar, transparent or non-transparent
surfaces, wherein the nanostructures are distributed
as periodic, surface-confined nanotriangles disposed

in a small mashed hexagonal array, and

b) subsequent deposition of bio-organic interactive
material on the nanostructures as descript under
2.a) to give a sandwich device for interacting with

organic or inorganic targets,

3. The device of one of the preceding claims,
comprising surface-confined nanospheres and/or rod-
shaped horizontal nano-morphologies obtained by an
additional sintering process from the surface-

confined nanotriangles.

4

4. The device of one of the preceding claims, wherein

the said nanopatterned islands comprises a
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addi tional sintering process fromthe surfaceconfined
nanotriangles . 4 . The device of one of the preceding

W@ b@ssi4omher ei n t he sai d nanopatterned i sl andBCT/EP2006/005760

conpri ses ananostructured p&riodic array of netallic
nanoi sl ands assenbl ed of a vari ous norphol ogy such as
nano- needl es, wires, tubes, rings or spheres. 5 . The
devi ce of one of the preceding clains, wherein the
said pmamstoucmnepl aaaiogmbsarrarae o mede 1dfic
stainl ess sLe S Ilcgn or bi,oco ati%j%

pol yme? 3" &3 %Bﬂ?daBSeWH §e8n8raf VRAASHSr Brrphology such
nont r aas pas eHtne 68DEYST v esOr tRBRsGORAUGE Ve o ?her-gke.
devi ce of one of the precedlng clai ms, wherein e
said nmetallic-islands are made up of noble netals |ike
gold, platinum and silver or sem conductors |ike

Se, e c g a I
eVicéﬁﬁ%-%%ggc€ gﬁegggeégd?ﬂg b% d@h ggglﬁsfhg%ereln
sai d bilve csghdi claméeract hoe- pﬁhaamabubeukdtbels made of
antlbodles f art OL anilbodles pepti des, oligoners
made of “HtRetefT ALPY 298 g8hAi BPAr BEGPGFOTDAt ible
St ruct s BenOF gaihg @6ulﬂoﬁgaﬂhcg@9€99§n9§ahg?%r nf, non-
specifically interact with targéts . og For

pr oduct TR P IF eihostPredNahb¥ensor acvocdndgcetavel.ai m 1
wherei n the nanopatterned islands are obtai ned by
nanosphere |ithography (NSL) 9 . The nmethod accordi ng
to claim8 , wherein the

6. The device of one of the preceding claims, wherein

the said metallic-islands are made up of noble
metals like gold, platinum, and silver or
semiconductors like CdSe, CdTe and accordingly

Cobalt or Nickel.

7. The device of one of the preceding claims, wherein
the said bio-organic interactive material could be
antibodies or part of antibodies, peptides,
oligomers made of nucleic acids, or in general
receptor structured organic or inorganic compounds

that specifically interact with targets.

8. A method for producing a Diagnostic-Nanosensor

according to claim 1 wherein the nanopatterned

islands are obtained by nanosphere lithography (NSL).

9. The method according to claim 8, wherein the

nanosphere lithography enable the creation of
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nanosphere |ithography enable the creation
of nonodi sperse, surface-confined netallic

wo20votisideingl es . 10. The net hod accordi ng t o OPEI/BP20061@05760

claims 8 or 9 , wherein th&%said nanostructured device
conprises an array of nanoi slands arranged so that the
said array has a tunable geonetry. 11. The net hod
according to one of the preceding clains 8 to 10,
wher ei RORAG1 pPBI BE gafilE frAEeCREL I Pedmmedaldliid s | i nked
to the,pagepattgined structures through adhesion,
el ectrostatic 1nteraction, chemcally |inkage, or
coval ent or non-coval ent binding. 12. The net hod
according to one of the preceding clains 8 to 11,

rein the pbinding of target substance to_the
gf@tonfﬁ%a?%ghﬁgtggF?Edéﬂgf58e°Pﬁd8%e§%§ CArrEE: Bver 9.
i nteraghépdim tRet BeigUREAGSteetheR WRKASROR omprises an
resonance) . 13. The nethod according to one of the

preced® i ¥| af nRagoiglandswasrengetheobithditnghef said array
targethggbgtﬁgggbig éggmgkgconjugated sem conduct or
[

surface creafes an e on-iMteraction which coul d be
detected by neasuring | um nescence or fluorescence.
14. The method according to one of the preceding
claing_8 to 1&, wherei n, the binding of targe

Fotihed

s t . .
subst alee b?ocohfigat B8 REEGnEET EnsuPEsceddng kdaims

nmeasurgdc byl heyh ot &L ACLHONLPELWREANT Er kAt e20€t i ve
super paramagnetic nmateri al s.
material is linked to the nanopatterned structures
through adhesion, electrostatic interaction,
chemically linkage, or covalent or non-covalent

binding.

12. The method according to one of the preceding claims
8 to 11, wherein the binding of target substance to
the bioconjugated metallic surface induces a
collective interaction with the surface electron

(plasmon resonance).

13. The method according to one of the preceding claims
8 to 12, wherein the binding of target substance to
the bioconjugated semiconductor surface creates an
exiton interaction which could be detected by

measuring luminescence or fluorescence.

14. The method according to one of the preceding claims

8 to 13, wherein the binding of target substance to
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15. The nethod according to one of the preceding _
clains 8 to 14, wherein every netallic or non-netallic

wWo2mwei13l4einds act as i ndi vi dual sensor. 16. TheP@BERPHI6/005760

of detection in clains 12, 3¢3, 14, wherein the

assenbly of target substances to individual

nanoi sl ands is detected and quantitative neasured. 17.
Use of a Diagnostic-Nanosensor according to one of the
cIaunsthetQﬁQC¢Qﬂuw$bgﬁo@a@netmcpantfaqbacahobe measured

pr enat g agnosi s_and/ or, noni tori ng
canceraf h%gré;p{/}?&l%acﬁg ol?egwﬁgggﬁsgﬁc RBHosensor
accor diuygeime caea@iet he whaépsalsto 7 for the safe
production, |abelling and transfusion of bl ood

components. 19. Use of a Diagnostic-Nanosensor
according to one of the clains 1 to 7 , wherein a

rnesul tan méﬂﬁﬁé“3é65k§¥% €9 LhE BEOrRL g?ége 6ng claims

interactive material and The target su nce
measurd g the ovideein vevesyeihéatlbis of tbe-metallic
rons,_on the. nan ands or optica

d
g?gpgﬁ : 22 ﬂ%ﬁ St conduRE I gt ‘é‘?Jtl TFRs°

(lum nescence) , or thesuper-paranmagneti c properties
by magnetic particles are detected.

16. The method of detection in claims 12, 13, 14,
wherein the assembly of target substances to

individual nanoislands is detected and quantitative

measured.

17. Use of a Diagnostic-Nanosensor according to one of
the claims 1 to 7 for diagnosis, in particular for
prenatal diagnosis, cancer diagnosis and/or

monitoring cancer therapy.

18. Use of a Diagnostic-Nanosensor according to one of
the claims 1 to 7 for the safe production,

labelling and transfusion of blood components.

19. Use of a Diagnostic-Nanosensor according to one of
the claims 1 to 7, wherein a resultant interaction
between the bio-organic interactive material and
the target substance (by measuring the collective
oscillations of the conduction electrons on the
nanoislands) or optical properties from

semiconductors particles (luminescence), or the
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super-paramagnetic properties by magnetic particles

are detected.



