1 D agnostic-Nanosensor and its use in nedicine Description 5 FIELD OF
THE I NVENTI ON This invention relates generally to biosensor technol ogy,
and pertains nore particularly to novel multifunctional biosensors based
on ordered arrays of netallic, 10 sem conductors and nmagneti c nano-i sl ands
for nedical, biological, biochemcal, chem cal and environnental
applications. 15 BACKGROUND OF THE | NVENTI ON The nanoscal e sci ence and
engi neeri ng have shown great promse for the fabrication of novel
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pl anar sensor configurations, due to their small 20 di mensi ons_ conbi ned
wth a dramatically increased contact surface and strong binding with

bi ol ogi cal and chemical | reagents. Such biosensors have inportant
applications in medicine, in biolegigal; Qi ochenical research, as well
as for environnental nonitoring and protection and in 25 food industry. In
the |l ast few years nanoparticle technol ogy has been used to build chem cal
sensors and biosensors for detecting various analytes fromcontam nants in

air ta 2 E Qﬁpqgg: Hlar DNA segnents in bl ood and ot her
sanples ncapsul at me nanopartlcles could be functionalized 5 with

different kind of |igands to give a chem cal sensor

This invention relates generally to biosensor technology,
and pertains more particularly to novel multifunctional
biosensors based on ordered arrays of metallic,

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

applications.

15 BACKGROUND OF THE INVENTION

The nanoscale science and engineering have shown great
promise for the fabrication of novel biosensors with
faster response and highef sensitivity than that of
planar sensor configurations, due to their small

20 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 mohitoring and protection and in

25 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




that uses changes in the electrical characteristics of the netal
nanoparticle and thus could function as an electronic nose for gas phase
or electronic tongue for |iquid phase as described for exanple in the US
10 2005/ 0142030. In addition the WO 2004/ 086044 di scl oses that silver
nanoparticles or gold nanoparticles could serve as nanosensors in one or
the other way if appropriately 15 sized and functionalized. However, to
take full advantage of the physical characteristics of small sized
particl es tBEckhr&seiste |vkarareticebptabdiPplsasmEm tesomanteocd LSRR)

spectroscog¥hg% ggﬁﬁﬁééylnethod, these particles need to have even size
and physi cal characteristics and/or need 20 to be even geonetrically
organi zed on substrates. Another limtation of netal nanoparticles as
described in_ _the.above nentioned docunents is their production via wet

chemical sYREABSIATFN £95Ae ANPPBHELFLES Gosdll & thenobionatigedcont ro
on sizg angi shape rebriche pantd e BNgandees oNel RerTid, Jgé‘ai mppLlization

of particles on substrates. Mre recently, chemcal an i osensors
utilizi ng EBBL NBAGEURESNSIfEh a5 Biagebechrimallt ichaaldaet: wiasthions adnot ubes

have been propgsed; SUGRSERS u Si onventiona
senmi cconduct er  fabri cation tec:%?g%gg gﬂggogéﬁ&é %gﬁgﬁﬂfrkéﬁia?nor
hori zont ale be¢entat ednoarotighesyanrphas e esrorleakirdnsy frageguasrdescri bed
in WO 20Q§{§§%§99 Qr. in 2005/0g§§§1. Fbmevir,_conventional

Phase as describe or example in the US

10 2005/0142030.

In addition the WO 2004/086044 discloses that silver
nanoparticles or gold nanoparticles could serve as
nanosensors in one or the other way if appropriately

15 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

20 to be even geometrically organized on substrates.

(' Another limitation of metal nanoparticles as deséribed in
the above mentioned documents is their production via wet
chemical synthesis. This type of production disables the

25 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
30 nanotubes such as single- or multi-walled carbon
nanotubes have been proposed. Such sensors were produced

using conventional semicconducter fabrication techniques




sem cconducter fabrication techniques do not allow the 5 geonetric

organi zati on of nanostructures on solid surfaces as |ithographic

techni ques do. Lithography as technique for the production of o
nanostructured surfaces exist in varipus types. One type 10 of I|ithography
is electron beamlithography and has been wused for exanple in FR 2 860 872
to create a distribution of circular or ellipsoidal "plots" on a two

di mensional] surface, or to it. A grat disadvantage of this technique is
that it is-9efyVEoSCHAtVNsFREa 50| Berdseaiad tdnrenta hadopanbitalbes on
nanot ubes ©f wW;kess as Id b, i 0 445, 91 V mniaturized

el ectrical devices but %ﬁ?%‘%dﬁgﬂi??%g ége%%%%gﬁi%3igﬁbﬁ&§Y OF THE

| NVENTI ON @05 408R& 98r iomariyn ) e28 0 ¥£08B88RI.s Howeardd oncéovaddiess1 25 the
novel rmul tj ' l..hi.o sor _technol o based on netallic

seni conducéf%#ggéggaﬁﬁ:é%éft i%(;ea%nlgln%?%}%lﬁd egﬁﬁlqﬁgﬁoidﬁ dHF #+59¢ §heing a new
nanosefsorgdae dr Agnosiat i AUy Pas eSf | MaABdkelhdeu R0l RPi £ s @nd bi ocheni cal
research, as_well as in_,environnental nonitoring and protection and 30 in
food i ndusttyfagha ear?a& CHTARiNdpareFaneguesndse 4 functionalized with
bi o-organic interactive material that due to their specificity interact
selectively with other nolecules. By chemcally controlling the surface of
the nanoparitiegexphyhey Easrhse Iuys odgpantked” produetdgm ze and

nanostructured surfaces exist in various types. One type
10 of lithography is electron beam lithography and has been
used for example in FR 2 860 872 to ecreate a distribution
of circular or ellipsoidal “plots” on a two dimensional
surface, or to it. A grat disadvantage of this technique
B is that it is very cost—intensive.
15

Electrodeposition of nanoparticles on nanotubes or wires
as described in US 2005/0157445 gives miniaturized
electrical devices but need conductive elements.

20

SUMMARY COF THE INVENTION

It is the primary objective of this invention to address
25 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

30 in food industry. The surface of nancoparticles can be




5 selectively bind nol ecul es, other nanoparticles (sem conductors) or a
suitably patterned substrate surface |ike the cellular outer nenbrane.
Particularly, it is an objective of this invention to provide
nano-transducers based on nobl e netals4 nanoi sl ands 10 t hrough resonant
excitations of the collective oscillations of the conduction el ectrons on
the nanoislands, the so-called surface plasnon resonances. This
phenonenon can be coupled to the binding event between receptors and their
targets. Hightyiomerlowed 6 eh ebfoicabacdrnducttianagt ofetheserial that
nano-tranngge S t%%%nsugte igto%ggpregedented ensiIivL%y an | e the

b
T Ces” th&F8C &t OH VD hB@E%S%P % oxi ns

desi gn of nhove sen5|ﬁb devices
of concer nmolochorel.amy secniicy] 1yf eedtrsafiating emd ropreatal cguahity, and
public health. 20 The use of  noble nmetallic nanoislands results in

i ncreased SFYABR &S RuctiRY of 3B heSbi REPAG 8WEH” et weendbilécorgahi c
interagti Y&@&%Eb@hy&'ﬂﬂr{cﬁ%élééﬁﬂéé,,é‘éh%tra%%gaf%%ir@ 510 an increase

in sensitivity of thé nano-biosensor in terns imt and dynam c
range 25 bfemecentiuchorfie Presehtitabémt pen teverccbresstheatel | owi ng

im tationg,, ploprh 9 Artic df Ol PEOGYELLOD. GOSE, auch as in electron beam

| i thography and i'n electtodeposition; 5 even . .

distribution/{ mpbhlhsation of NANGPRILECLesye HUReS et LS. Q"
provide nano-transducers based on noble metal nanoislands

10 through resonant excitations of the collective
osciliations of the conduction electrons on the
nanoislands, the so-called surface plasmon resonances.
This phenomenon can be coupled to the binding event
between receptors and their targets. Highly improved

15 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.

20 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

25 of detection.

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

lithography and in electrodeposition;




sem cconducter fabrication techniques; - Uneven size and shape of particles
due to wet 5 chem cal synthesis. The present invention provides
surface-confined noble- nmetallic nanotriangles that are distributed in
hexagonal geonetry, and the di mensian of this hexagonal geonetry can be

vari ed by neans of nanosphere |ithography (NSL). 10 Besi des
surface-confined nanotri angles, surface -confined nanospheres and

r od- shaped hqfiﬁontal ggro-nprpholo iies can be obtained fromthe
nanot ri angl es” vica <At "addi 1§ ohR t 1 enfd BRoRd liseddsen Jhenangpalr tticdrsduct i on

mechani sm of .t he udicagnosti e pagosansabsaceeed ng ta, the, (pyention is 15
based on its sensitivity to |ocal refractive index changes as &"functi on of

periodi c, size- S&RdcCsieaseLC oot Fabriédatdonf deetconfuaed nobl e-nmetal lic
nanostructures. ylhe _na S a rding to_ the.invention due to periodic
distribution is -Brerrgns%ggzt%;daq{% %@‘%ﬁg 2o Pﬁéfﬁéﬁtllef i t?VESFor the

det ect Pon of ul themliowl |ssudltsesofsbi omarkers in physiol ogical fluids.
Further, the nanosensor shows m ninmal nonspecific interactions after

bi oconj ugath@nprandnal iewsrftilon her anadysi suekachi-QRg Galqa SPesies in a

surfactant-freg environnment. This 25 is extrenely inportant because the
absence of"EaL5LIFaPEARE THANGNE § orDdf 0P BYi EABtEpdeitesl tin Heeamabyséd i n

their natigesdaie, 30aDEBCRRHILON O THE LAVENELQN S, A highly, peri odic

array of netallic nanoislands acting as
can be varied by means of nanosphere lithography (NSL).

10 Besides surface-confined nanotriangles, surface —-confined -
nanospheres and rod-shaped horizontal nanc-morpholocgies
can be obtained from the nanotriangles via an additional
sintering process. The signal transduction mechanism of
the diagnostic nanosensor according to the invention is

15 Dbased 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

720 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

25 is extremely important because the absence of a
surfactant allows for biological species to be analysed

in their native state.

30 DESCRIPTION OF THE INVENTION



nanot randucers forns a new integral structure called a

"Di agnosti c- Nanosensor". This "D agnostic-Nanosensor" is 5 deposited on a
devi ce that coul.d have a formlike a needle or wire or tube or chip and
made out of transparent (glass, sapphire) or non-transparent nmaterial
(silicon substrates, stainless steel, bioconpatible polynmers). The

"Di agnosti c- Nanosensor" is nmade by using 10 nanosphere |ithography (NSL) to
create netallic nanoislands. This technique allows the total control of

si ze and shape of the functional part of the nanosensor. One inportant
feature in_the optical spectra of nanoislands or nanosized netal particles
(Ag, silvef; PAZNIS RRF N1 eReagupfadme il ldsimmaramts LThdssartdce pdasnon
band i s dug ' rgn ci;ll.at | round the surface node of
t he particI2§9ﬁggﬂégéﬁ%féﬁ%§ﬁgngngggrﬁ%ﬁ%ggg%;kfgy%??ﬁﬁgcagég i on
around 390" Rira gwivis te AN aTerpas o & €. e§hhav e ik rpd ssimmdande asound 1520 20
nm Thea pe i.tion _and bandw d f the syrface | asnon absorption are
rel ate toggﬁggzﬁfgpéﬁhE%ﬁ%%%%c%oﬁﬁagoFﬁuﬁéh s, 2 etikPeaabsorption

spectrum chaages ofdr anatd cat | yusadoa bhApdahShecld Wicaysbe detected with
peak positjon dependent on the aspect ratio of the 25 nanorods. The
subsequent “FdAPPRE&Nforf D2 Fam o3 PRE L GRéd OFunoacdy asfspar @at hee e rdm Ispri ng

wire wth bsoi9eganisepsHacd | Ve s PREBELAL ¢S 1PT ..an_exanple in
Figure 10. This 30 step and‘especiglly t he 6F%&Vn§§§?£%ﬁ%€é% Egr nol ecul es
or cells oet¥Beparti dhes "rdgnestieatisnpeeasodngs imade by using

10 nanosphere lithography (NSL) to create metallic
nanoislands. This technique allows the total control of

size and shape of the functional part of the nanosensor.

One important feature in the optical spectra of
nanoislands or nanosized metal particles {Ag, silver; Au,
15 gold) is the surface plasmon band. The surface plasmon
band is due to collective electron oscillation around the
surface mode of the particles. For example Ag
nanoparticlesr have a strong absorption around 390 nm
while Au nanoparticles have the plasmon band around 520
200 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

25 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
30 step and especially the binding of DNA, other molecules

or cells on the particles surfaces leads to a change in



7 the dielectric constant of this systemand can easily be detected by
the optical nethod. The Di agnostic Nanosensor achi eves nanoneter scale
spatial resolution and therefore provides accurate real-tinme-tnfermption
regarding not 5 only the concentration of a specific analyte of organic or
i norganic nature but also its spatial distribution. The operation of
sensors nmade with nanow res, nanotubes, or nano-contacts is based nostly
on the reveﬁsibLe change in the optical and electronic properties 10 In
general thE"SefdigligA Y @naCBpEenti &t | Bl of sykéerDiaaghosti ceNaridsernsar

accordi ng §eckhecgn tdpn 4.5 based a jze effect and can_ be

occur with the gec?ﬁgsing t%e sizemggﬂﬁgﬁogg#$}%#%%ngﬁéﬁ?dpﬁaoﬁ§Qﬁﬁf

i nventi on.2¢BiT¥NEs" Dispiosts ¢ - Nambsenpart'i adf Adusl itwvent hea FRY Redsed to
car bohydrates, or nucleic

detect bi ical _materials, such.as protejn ]
aci ds or géfgggggsme%gcggaﬁﬁh-rﬁﬁb ogi'tal h%f%??%?é?nsuéﬁgé§d§y%&héﬁﬁb
pol yness osnhpn ther gamheenanapabhi G esa Hiedid agngshi ¢rManosepsar’ ;coul d
20 be used under in vivo as well as in vitro conditionS. The preésent

i nventi on akéSITRB e c FEMt HhePUFurkk F@ndltiszasPohithe @&isfatbutdnii.ned

nobl e- net atthd CopB@RRSHUCI #Ir 880 WbER Lhpna. chal rQRifunctional , cross-
|l i nkers. The crgss-linkers Qnagle a stable |gcgﬁﬁﬁggﬁﬁﬁf a%?%Pﬁgs’
sur f ace- cohf iRACnebREarEtalils dargdsneatlivr es thiet hrespecd fh Lo aghibhodi es.

The nanos%ﬂ?QﬁmQ“@p%?cbﬁsa %“é%%é%é%ﬁié'@%&é%@t&%s
100 In general the sensitivity and specification of the
Diagnostic-Nanosensor according to the invention is based
on quantum size effect and can be occur with the
decreasing the size of nanoparticles accerding to the

invention.

15 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” could

20 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
25 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

30 physiological fluids. Further, the nanosensor shows

minimal nonspecific interactions after bioconjugation,




denonstrated to be sufficiently sensitive for the detection of ultra-Iow

| evel s of biomarkers in 30 physiological fluids. Further, the nanosensor
shows mnimal nonspecific interactions after bioconjugation, 8 and allows
for the analysis of biological specigs in a surfactant-free environnent.
This is extrenely inportant because the absence of a surfactant allows for
bi ol ogi cal species to be analysed in their native state. These three 5

i mportant aspects of the present inventions are not knowmn fromthe state
of the arta@PfkélAmANTAGES O THEY FNVERTI ONolaigrt hepbtberdiicala and

human areagtbere t s, @ fegd .06, d fian and di agnosis. The

nanoscal e materials . are insat%%ﬁﬁégﬁéf g%g u@%ﬁg hew de %c%?Bﬁrgﬁ&t

di agnost i cbedeviseesheOr swn mranefiet esuk éagttiardc a 16, owmt 85+ abSoexhiileiat 15
Their surface properties

new properiies.such quantumsize.conf|nenent.

becone inc%%%é%%ﬁlfciﬁﬁerf Yse%bh%pggFFEl@§§ﬁﬂﬁe%ﬁaﬂ%téT%eﬁﬁoFBFe§iIver
etc), Ssemmpodueher s speitSs @Heth&dSeesShi ehGler!; (SUPSFPakar) LRRGHeti c
particles forman ideal platformfor 20 functionalized nanoscale materials.

p -
The particte¥MstPe statrpevdrie®¥F obib6re of nanometer to 100 nm The
smal |l particle size inplies high sensitivity and selectivity if they
could further functionalized by the precise deposition of bio-organic
interactive material for the 25 binding of a given analyte.

ADVANTAGES OF THE INVENTION

10

In the biomedical and human area there is a need for
better detection and diagnosis. The nanoscale materials
are insatiable for producing new detection and diagnostic
devices. On the nanometer length scale, materials exhibit

15 new properties such quantum size confinement. Their
surface properties become increasingly important.
Nanoparticles made of metals (gold, silver, etc),
semiconductors (CdS, CdTe, CdSe, S$Si, etc) or {superpara-—)
magnetic particles form an ideal platform for

20 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

25 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

36, nanosensor down to sizes below 10 nm. Subsequent



The "Di agnosti c- Nanosensor” according to the invention is nade by using
nanosphere |ithography (NSL) to create netallic nanoislands. This

techni que~atiows the total <control of size and shape of the functional

part of the 30 nanosensor down to sizes below 10 nm Subsequent 9
depositions of bio-organic interactive material on the nanostructures give
a sandwi ch device for interacting wth organic or inorganic targets.
Because the sensitivity and specification of any bi osensor depends on 5
the size oterogitésrserrsforbiiergaheci hnertaart idesordpiri hier enakhews

sensitiviti I range. |n eneral, the .

Di agnostic%{g%%géﬁgqug%%gﬁaﬁﬂgit%ﬁ?%%lcﬁnggﬁFFﬁh iY b Rt 0Nt um si ze
ef fect andvt@n begahudreedwitdo deot past Aggthe .sivzeRfstddd zed nanoparticl es
10 that are Q%Posit d on various, support materials and are subsequently

funct i onal§ <&

WFH%% G056k GRRC el heki 96 apyt dlioglensy idepandandwi ch

devi cesf ort Hat £1 a6t bAg aWighi ke rOT-GaHN &+ Of L POT ga ¢ o200y f&é&‘?g};%”g the
|

"Di agnosti c Nanosensor" on bi oconpatible 15 supports

e sprin re or

cat heter Mt ial laysuseasiiviiddiad neat hiee 1 Divaghes pimo INarzossnsors gi ves a
mol ecul ar/cgld - s€el ecf -cat r.:hat, coul d be applied.for in vivo
fhld-28) EB%\S%gggh%tsﬁé@gaa%%%g?is%r HESEREGr L dddi ding to the

di agnosti ¢ pur poses.
i nvent i on iinydrorieomeidi besed2@ndefeattion andei sgFaticoanef Jdaf 64! ecul es or

cells outeyheérﬁagﬁrégheral.bIo or the body. This application technique

enabl es di@agnostic pr

10

15

20

25

30

clGPES Phdt et hott Gtilized nanoparticles

that are deposited on various support materials and are
subsequently functionalized with bio-organic interactive
material to give a sandwich device for interacting with

organic or inorganic targets.

Assembling the “Diagnostic Nanosensor” on biocompatible
supports like spring wire or catheter material as used in
medicine the “Diagnostic Nanosensor?” gives a
molecular/cell select catheter that cculd 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 enébles 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



possi bl e before: prenatal diagnoses of chronposomal aberration using foetal
trophobl asts present in maternal 25 circul ation; cancer diagnoses and
nonitoring of cancer therapy based on the detection of dissem nated cancer
cells in the body. The "Di agnosti c Nambsensor" according to the invention
all ows detection of a resultant interaction between the 30 bio-organic
interactive material and the target substance by neasuring the collective
oscillations of the 10 conduction electrons on the nanoislands, the so

call ed sur§deduprashoRleesamancen orhelehestiohaatsoptihealso prHOpPEsdi es from

sem conduct t] | yni_nescence) r.the.super-paranmagnetic
properties jéﬁgg%e%?%géoga%E%%Q§?C%he%5 g%?%ﬁgFBH Fet I9eds bl e the use
of the "DragnostttebafosanseniaeeiichdgstPathechBentign RycSeede, . e.
wi thout the infrastructure of a laboratory. Thus, the "Di agnostic '’

Nanosensor “could HRPEEeHaEMPHES P T eThiehebypapaniengct heatre, in the
ambul ange, pand 1 d0on datsbeqtheld; MastrdacechLpaLment of Nanosgpsors
ur e a

with NSC | eads to surprising results: 15 - depar rom the beat®n track
- a new per ¢cBRIMS bic thenpprebbem”- asatdsdant i bn oheaihopgtfield dreed or

want - hithertQ ald effo ertswere in vain - the sinplicity of a
sol ution pro&%s'iﬁVeniiv£E§88%c?§%n?ﬁiﬁﬁﬁﬁ%ﬁ?%pf? PE PepPROEEtR IO e
conpl ex Thus, the “Diagnostic Nanosensor” could be used at the

bedside, in the operating theatre, in the ambulance, and

10 on battle field.

The surface treatment of Nanocsensors with NSC leads to

surprising results:

15 - 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

20 action, especially if it replaces a more complex

doctrine

- the development of scientific technology moved in

another direction
- the achievement forwards the development

25 - misconceptions about the solution of the according

problem (prejudice)

- technical progress, such as: improvement, increased

performance, price-reduction, saving of time,




doctrine the devel opnent of scientific technology noved in another
direction the achi evenent forwards the devel opnent 25 - m sconcepti ons
about the solution of the according problem (prejudice) technical .
progress, such as: inprovenent, incraased perfornmance, price-reduction,
saving of tinme, 11 material, work steps, costs or resources that are
difficult to obtain, inproved reliability, renmedy of defects, inproved
quality, no nmaintenance, increased efficiency, better yield, augnentation
of technical 5 PE<§iWial1iweTkpfbePsi ofosit sarot hees¢upte petbssaridey

better) product 4; i d ¢ I better openi ng
of a nem/field,dlgﬁﬁg?ngbﬁ%%?%%ggg?’agﬁggﬁ?ngggﬁgﬁ%?%yu%gy’ 5%F§%§%fi es,
possi bility of deatfieortal.i siatporyedOgaafianst,i oo oiaim ndBdnke Sat heReBlsed

enri chment of tg%fi%ga@paceq&%cal fund.special choice (if_a certain
possibility, thé FraSHF Y% Nt cht wisSaAr o PESEEHI A 198 *hokeRNBASAG a
great snunber opopessiiliiliildEs, ptbat sisnaocPatetdle {Mekynedascheii6]) -
error in acitation - young field of technology - conbined Invention; a
combi nation of 8ehiRBer FECUGHowPRERERAL ©F W teeenslr Préfsi ng ef f ect

necessarily better) way, opening of a new field,
first solution for a task, spare product,
alternatives, possibility of rationalisation,

10 automation or miniaturisation or enrichment 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 Jucky

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

- combined invention; a combination of a number of

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

- commercial success

The method for producing the diagnostic-nanosensor

25 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



20 - licensing - praise of experts and - commercial success The nethod for
produci ng the di agnosti c-nanosensor 25 conprises two separate but

interrel ated procedures: (1) The production of periodic arrays of
nanostructures. (2) Functionalizingthanostructured arrays using bio-
organic interactive material that could be bound to 12 the arrays directly
or indirectly through Iinker technologies. (1) 5 To produce periodic

arrays of nanostyuctures, . relatively.inexpensive and sinple nmethod of
nanoparticl es f‘){je n%ﬁggb’ﬁe%elsrreicltt g‘?réphg}gfﬁl%f)ti% %Ihrﬁ’élqikgll?%?rt he
creation of pertedhsoandiguasi -periodic self assenbly spherical objects

|l i ke polystyrene or silica particles 10 with a dianmeter in the range of 200
to 2000 nm (Figure.la). The two and three-dinensional (2-D, 3-D) ordered
particles will be used as a mask for the follow ng deposition of various
amounts of¢different metals (Au, Ag, Pt) or semi conductors (CdS, CdTe,
CdSe). 15 After the evaporation process the liftoff of the mask wll be

per f or ged.r Ther st 8k ber2o8:iCFi-gu el b)o Prn3aDst YakylRg particl e arrays
permt the control of the distance between the nanopartléﬁes as well as

t hei r cubitelathexabvnanespemsiaccans i Thtele ondehprdgofThe ranpuriti ofes he 20
deposi t ed Jyterd al s, LPLQugl (LG /TRSK, Cals 9Pt SE M NEe used for the
creation of periodic and guasi-periodic self assembly
spherical objects like polystyrene or silica particles
10  with a diameter in the range of 200 to 2000 nm
(Figure.la). The two and three-dimensional (2-D, 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).
15 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
20 deposited materials through the mask can determine

directly their optical and electronic properties.

The production of periodic arrays of nanostructures

involves the following steps:

25

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

30 solvents of different surface behaviour for the




directly their optical and electronic properties. The production of
periodic arrays of nanostructures involves the follow ng steps: 25 a)
Production of a two di nensional mask that consists of spherical ;

nonodi sperse pol ystyrene particles oft3sizes from200 nmto 7000 nm This
production involves the controlled aggregation of the particles between 30
solvents of different surface behaviour for the 13 precise structuring of

the two di nensj l. ...The final hol ogy, .of the mask i s determ ned
using tenpera 8?%15%3%%§:%ﬁﬁ%ﬁﬂgt?gg?héngwﬁo%ﬁ“ﬁ?s%qq%hg?%§3-rgéﬁs, dot's
or others. 5 bfiBeposicthipom lafgy her nask @aspla@aﬁéﬁé¥%ﬂ§&§5u£9£§tes or
chi p) or non-pl anar substrates (catheters, spring wres, stentsS). The

substrates cout@"BETBEEEMFAY -3 pical Grestaspiti ¢t iwinee of the sensor

10 c) Evapor atiepagh18ebl ¢ JBaAl Siose, £ogdystars or - magnetic mterials
(gold, platinum silver, CdSe, CdTe, Cobalt, N'ckel) through the mask. d)

Di ssol $i ng, i hep ;i byote ¢ I em 15, treat nment 2) To
functionaliie Hgﬁis%rﬁgﬁugggtg%fggggg5%2- r%géfcsuPﬁgéﬁgﬁFiVQD%%%%?iaI i's

bound to arraysurfaeésousineg-20 et cusbstrategi ¢satheese St rab £0h§s
include standagd . st epLAYLY NRIOU )4 Nteracton as shown 1n Figure 7. It

for in vivo applications of the sensor.

10 c) Evaporation of noble metals, semiconductors or
magnetic materials (gold, platinum, silvexr, CdSe,

CdTe, Cobalt, Nickel) through the mask.

d) Dissolving the mask by temperature or chemical

15 treatment.

(2)

To functionalize nanostructured arrays, bio-organic
interactive material is bound to array surfaces using

20  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

25 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

30 technique allows the precise binding of target specific



al so includes the direct binding of (nmonoclonal) antibodies |like 1gG or
fragnments there of to the array surface via adhesion or electrostatic
interaction. Th 25 addition, covalent |inkage of target-specific nolecul ar
structures |ike antibodies or fragnen#¢s there of, oligomers nade of

nucl eic acids, or peptide or glycopeptides could be perfornmed using |inker
technology as described in the detail ed exanple below. The latter 30
techni que all ows the precise binding of target specific 14 nolecules to
nanoi sl and% kg ¥ hgs n&nomenert slogids spaviab nassoktkiros crid tdeiefal e

provi des o .real -t information. regardi ng_not only the
concentra?%%%£g§§558588§iEﬁgéégiﬁﬁefﬁﬁﬁl%? anFgggﬁﬁjﬁﬂa%ﬂE&W?bution. 5
The " Di agnostdrmdNahosensarditid atotesthi Tal thppkbaatin@mat if@r &f ok ogi cal and
bi ochem cal research, as well as for _environpmental nonitoring and
prot ect i ot Bfifd- 6002 Rat &L, PUGoridetti g ndlar Eaf L appsiteatiudnion he
"Di agngstic 10 Nanosensor" is assenbled as a device for (1) in vivo and
(2) in"vitro use. (1): The "Di agnostic-Nanosensor" for in vivo use 15 For
the in vivo device the "D agnostic Nanosensor" is assenbled on spring wire
giving a %&%ﬂﬂﬁ%ﬁg%ﬁsEéFrNa§&$&ﬂsQ%urkﬁefotom%6£§ﬁh eaPd iesl teicwt ar - or
?gg Igﬂlrgr g)f%@r%@méigéieghhbe%%h%fmféﬁ CLLGULALHLONLQr LN adye i general
ehvironmental monitoring and protection and food safety.
Concerning medical application, the “Diagnostic-
10 Nanosensor” is assembled as a device for (1) in vivo and

(2} in vitro use.
(L): The “Diagnostic-Nanosensor” for in vivo use

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

general (Figure 9).
20

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

25 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.



As device for in vivo appliance the "D agnostic- Nanosensor" assenbl ed on
e.g. spring wires gives a cell or nolecular select catheter which is
useful for prenatal diagnosis of chronosonal aberrations, cancer diagnosis
25 and the nonitoring of chronic disdases |ike cancer, netabolic,
infectious, allergic and inflammatory di seases. This device is applied as
descript below. a) Puncture of a blood vessel (vein or artery) using a
hollow1nqule. éS h) Pu t|n t he nanosensor through the holl ow needl e or
and

through a P& S 8o PRHEVSPhe CHFEEG Y ddiseIno bkow heaRdl / PWgure 9.
c) Replacing thenneedhe abtgtalﬁmcmgvéh@uea@%%n%rtd Nhd x?ié’ﬁ& vaLaht er
the appropriate incubation tine (between 5 to m nut es e nanosensor

is replaced wit#St RBovat tidcHedwes | 8- and/ or nDIecuIes for further
processing. 10 As a cell select catheter the "D agnostic Nanosensor"
according b th@ephﬁéﬁﬂgoﬁhasﬁ&ﬂdlﬁebuSokaep@ngothamnanmxémsoﬁuinof t he
peri pheral bIooﬁ trophobl asts. Trophobl asts are foetal cells that
appear in nater a? iS bl ood around the 7th gestational week at a
concentratj £B sel ect catheter eqU|pged with

a monocl on 3 antl %bﬁa99@3%?%%&E%dl% #ﬁgfon SRR P Resdt © sbPubl e

HLA-G bi nds Spe@®fmﬂﬁht¢s) the nanosensor is replaced with the
attached cells and/or molecules for further

processing.
10

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

15 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

20  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

25 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.

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



circulating trophoblasts in maternal blood. The nunber of 20 bound cells to
the cell select catheter depends on the retention period in the naternal
circulation and the actual cell concentration. Appropriate nunbers of
trophobl asts for prenatal diagnoses 8¢ chronbsomal aberration and ot her
genetic defects could be collected 25 after a retention period of 30+15
mnutes 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 | aboratories. 30 (2) The "D agnostic- Nanosensor” for in vitro
use 16 For the in.vitrag devjce the "Diagnostic Nanosensor" is assenbled
on pl anar %%ﬂ FPEndParéit S ot e t bhegi VBT agnopas colanasampson! | bai ng

quant i t at i aes @ndl guabht aliav 5 el ef i Rag i ea, of sh?%%e}ts 4’&’ EBasuLing the
pl asnmon resonance frequenci es on the nanostructu surfaces or

| uni nescenceBrofagnehite"pEddertins depehdiagior thel qutleriatitdat is
deposi ged UNPO i sphere_Lithography. 10 As device for
in vit?ozﬁ%ﬁ%ﬁﬁ£§a§ﬁgﬁ"E%a§%£§%%§qﬂgﬁﬁg%ﬁgﬁ%mgiggﬁoﬁlﬁﬁW%%ene"

di agnost i cgroretice efrégugnciats tdre tiedsiateost pubhe reperating-dhegtre, the
anbul ance,,  or the battle fiel that should be used as descri bed bel ow

d
15 Accordilﬁlgmtnoe?%%nﬁ%aﬁfumagi“f)é:lébrﬁﬁmﬁe%f fgeendigsosirzedigret al | i c

parti cl es mehvaw 14 f fengot 1 ePtieg)s 1 1RRE AMld O SPEGHHA deRendifig on size. The

surface pl asnon )
nanosphere lithography.

i 10 As device for in vitro appliance the “Diagnostic-
Nanosensor” is for “on scene” diagnostic procedures (e.qg.
at the bedside, in the operating theatre, the ambulance,
or the battle field) that should be used as described

below.

15  According to the gquantum 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)

20 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,
morphclogy (shape), and surface functionality of the

25 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

30 shown in Fig. 12.



band is due to collective electron oscillation around the surface of the
particles. For exanple Ag (Silver) 20 nanoparticles have pl asnon band
around 390 nm whi.Le Au nanoparticles have the plasnon band around 520 nm
The pick position, intensity and bamdw dth of the surface plasnon
absorption are directly related to size, norphology (shape), and surface
functionality of the 25 particles (see Figure 11&12). By covering the

2-di mensi onal assenblies of gold nanoparticles with avidin their plasnon
peak shifts toward | onger wavel ength and can be easily detected as 30
shown in Fig. 12. 17 The invention may be further illustrated by the
fol | owi ng TeRa#prestinremaipllee 1fuThee rwoldiustnsiterhlbwrides | Aglobwiaigex
particles @Qaﬁ? pasi s for nanosphere |ithography (NSL) has been used by us
and others in %e pastl'2'3"'4'5'6'7' 8. The evaporation 10 or sputtering of
different materials through a latex particle nmask enabl ed the production
of lattices of triangular islands on various substrates, the shape of the
i sl andg bqi gLe m ned by the shape of the aperture between the spheres
in the nmask. earl'y, the size of the 15 aperture between the spheres
depends on the size of the beads in the nonolayer. To overcone this
limtation, we annealed the nonol ayer to downsize the apertures in the

mask fronhqp initigl 200.nmto 30 nm This result was far
e two~dimensional ordering of latex particles as a

basis for nanosphere lithography (NSL) has been used by

4 5 6 7 8
r r

us and others in the past?,?,?, , . The evaporation

,

10 or sputtering of different materials through a latex
part;cle mask enabled the production of lattices of
triahgular 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

15 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

20 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, 1. H. Dunsmir, Appl. Phys. Lett, 1982, 41, 377.
; M. Giersig, P. Mulvaney, Langmuir 1993, 9, 3408.
H.W. 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.
. M. Winzer, M. Kleiber, N. Dix, R. Wiesendanger, Appl. Phys. A 1996, 63, 617.
; R. Micheletio, 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,
3?13.311 Denkov, O. D. Velev, P. A. Kralchevsky, L. B. Ivanov, H. Yoshimura, K. Nagayama, Langmuir 1992, 8,



beyond our expectations, and was essential for the 20 fabrication of

nanodot particles (Figure 6) and isolated nanorings (Figure 7). In our
recent work we denonstrated that if the sanple is noving during the
deposition process, the evaporated dfructures can become nmuch nore conpl ex
and range from' H W Deckman, J. H Dunsmr, Appl. Phys. Lett. 1982, 41,
377. 2 M Gersig, P. Miul vaney, Langmuir 1993, 9, 3408. z H W Decknman, J.

H. DunSﬁUI 377. J C Hul teen, it. P. Van
Duyne, J. Eugmgém .Spé%%%t&?gs i]"% égd 140 adxes\ Ny df NIPRPESRBer, N.
Di X, It Woesengangerqudppl re Pays. TApt998mebts 6ilfvol 6 RieM-ehgkatt 0, H.

Fukuda M tsu, L%ﬁgq%b 1995t 11, 3333. ' F. Burneister, W Badowsky, T.
Braun, S. WE&pFri'dT hebRPhtupe S Bedecen pRggiicsuefbySci. 1999, 461,

144. 8 N tBapbeak@te Qrditiehev 1 éd K2l %'ée\{%é%' -
Yoshi mura, K. Nagayama, Langnuir a N 3f83 OS%P?E%e s?ructures to
rods and Weéere QM?QQ&#%W@@ p§9¢9566hﬁm@U@degrmuffénﬁnbvenents
i nvol ve deg h t pertuces betmee particles

£€@§ %,% 5ﬁ%fgr Fﬁeg %or o %%f%?ev§ﬁé¥us

t enperature treatnent ap p led to nanosp & &
evapor at i opuppocess, and using different naterlal |n nanonet er size for
the deposition on various supports. 1. Nanosphere Mask Preparation 10 A
pi ece of silicon, stainless steal, glass or sapphire substrate (1 cnR)
coul d be used for the deposition of polystyrene (PS) |atex particles. In
this firstlstepiabhbephere Mask Preparation

10

A pilece of silicon, stainless steal, glass or sapphire
substrate (1 cm®) could be used for the deposition of
polystyrene (PS) latex particles. In this first step, the
latex particles (diameter=540 nm} in ethanol/water

15 sclution 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

20 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 moholayer has the

25 Dbiggest crystals of about 2 cm?, with very irregular
shapes. To promote the growth of large crystals, gentle
waves are applied to the liguid medium by slow and
careful vessel tilting. After this treatment, crystals of

about 25 em? are created that show clear diffraction

® A. Kosiorek, W. Kandulski, P. Chudzinski, X. Kempa, M. Giersig, Nano Lett. 2004, 4, 1359.



| atex particles (dianeter=540 nn) in ethanol/water 15 solution are slowy
applied to the surface of water in a 15 cmPetri dish using a gl ass

pi pette. The anount of solution that could be distributed to cover,.the
whol e water surface with a hexagonaliocl ose packed (hcp) nonolayer is
limted by the size of the Petri dish and 20 the di ameter of the spheres.
About 70% of this anmount of solution is applied to the surface of the
water, which_ |eft Sone Iacegﬁfor stress relaxation and avoi ded the

formation &P atkss TTEHhE | 5PEi BEWUAYRF the FeRPS&EEHs CTof t he

prepar ati oAl AdH S §§aggo&heaﬁg&o@@ggoggﬁﬁéﬁe 25 bi ggest crystals of
about 2 cn2, with very irregular shapes. To pronote the gromh of |arge

crystals,-gentle waves are applied to the |liquid nmedium by slow and
careful vessel tilting. After this treatment, crystals of about 25 cnR are

created that show.clgardiffraction s A Kosiorek, W Kandul ski, P.
Chudzi nski, K. ; G ersig, Nano Lett. 2004,4, 1359. 19 colors.

Finally; the nmonolayer is deposited on a substrate by slow water
evaporation. 2. Annealing 5 After the drying process, annealing of masks

andiey| oo RIS BL BT LS o Sengemper €3, o @
wat er / et hapekfagetegne T8 Tndnol Myerowdy S dteatri s 10at sx USRHoEP e dshe
boi I'i ng tgnﬁeratur%<ﬁtfgga§gxéu gtra%geg_additionqé Plcgomave pul ses are
appl i ed mn? a conduc u S lmmerse mixture (25
mL} of water/ethanol/acetone (3:1:1). Microwave heating
10 is used up to the boiling temperature of the mixture,
then additional microwave pulses are applied with
duration of 3 s and period of 28 s. The increasing number
of pulses causes gradual mask annealing and a decrease of
the size of the apertures. The dependence of aperture
15 morphology on number of pulses is presented in Figure 2.
The liquid environment of the sample ensured very
homcgeneocus annealing—the feature sizes become uniform
over the whole area of the sample. The controcl of the
aperture size was very good and reproducible. With the
20 540-nm PS latex monclayer 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.
25

3. Metal Deposition

Metal deposition is carried out by evaporation using an

e-~beam evaporator. The evaporation system is modified to



duration of 3 s and period of 28 s. The increasing nunber of pulses causes
gradual mask annealing and a decrease of the size of the apertures. The
dependence of dperture 15 norphol ogy on nunber of pulses is presented in
Figure 2. The liquid environnment of 2he sanpl e ensured very honbgeneous
anneal i ng-the feature sizes becone uniform over the whole area of the
sanple. The control of the aperture size was very good and reproduci bl e.
Wth the 20 540-nm PS | at ex nonol ayer we were able to adjust the aperture
si ze from GRSPAE (SN 200L B PBenAvePcgartds anmke 31¢) Tardahheal ed masks
have diffe hi 56s-1he he ; e | npeal ed, the flatter
and thinne%sﬁ l%i§%K%§§33§N%?th%B%g?%t?3§%ggﬁgﬁh§§%dgftion is carried out
by evaporation using an e-beam evaporator. The evaporation systemis
nodified to 20 ensure control over the evaporation angle (e) and the
sanple rotation at _the sane tinme (Figure 4). 4. .Preparation of
Nanostruct%fes P%ea%t I _o N s’g Lyureg with 1 --?‘ SIS tV\,ith 30- nm
apertuses (Fi guMerghoil®qused for the fabrication of Co nagnetic
nanoparticles or Au nanoparticles in a honeyconb lattice. A layer of Co or
Au 10 is evaporated (10 nmat 0.01 nnms-1) with the sanple placed
perpendi cul ar to the evaporation beam The result for Co particles is

present ed Am Fheuheed mb¥k Sii%6h 080-nm apertures (Figure 3) is used

for the fabrication of Co magnetic nanoparticles or Au
nanoparticles in a honeycomb lattice. A layer of Co or Au
10 is evaporated (10 nm at 0.01 nms™!) with the sample |
placed perpendicular to the evaporation beam. The result
for Co particles is presented in Figure 5. The size of
the Co nanodot particles varies in a small regime and
some of them are missing. These differences are all over
15 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 nancoring fabrication. In this
experiment Fe was deposited (100 nm) through the annealed

20 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

25 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.

30 Recently there have been many attempts to fabricate




t he Co nanodot particles varies in a small reginme and sone of themare

m ssing. These differences are all over 15 the sanple and arise during the
anneal i ng process, nost probably because of the small differences
(Cv=2.4% in PS sphere dianeters. Wetused sim | ar nmasks for nanoring
fabrication. In this experinent Fe was deposited (100 nm through the
annealed 20 tenplate fromFigure 3 at the evaporation angle ~=258, and the
sanpl e was_rotated duygi,ng deposition. The rings had uniformouter (-150
nn) and i NARFCEIBEE 'nn) dIEHETES ihseetbedFrgmbéng)s, anhiethy coubd be
control | ed-bytraht eki RG < heR¥apPOLALI gR andl & The Lhickness of the 25
rings in Figure 6 is about 7 rimand can al'so be contt of Ted by altering

t he apert uf@Psigatépnt Retawirobphei thabk arg ridam carmilnt  wf 2 dgposi t ed

netal. In a L OUS _RaARer di scussed the relationship between the
evaporatiS%Ugﬁgféiggdoghgggﬂﬁﬁﬁp%ﬁa tPBsPfRESTt-al . 30 Recently there have
been mgny attenpts to fabricate 21 nanorings.1011 However, our nethod

conbines a very good control of the dinensions of the structures and
fabricathﬁkéggfgigls with the reproducibility and sinplicity of the
preparation process 5 Exanple 2: W used the follow ng strategy to
specifically bind nonoclonal 1gGto Au nanoi sl ands that were assenbl ed on

10 transparent or non-transparent substrates.
We used the following strategy to specifically bind
monoclonal IgG to Au nanoislands that were assembled on

10 transparent or non-transparent substrates.

A 20 mM solution of succinimidyl 6-[3"-(2-pyridyldithio)-

propionamido] hexanoate, (a SPDP reagent)*? in DMSO

(dimethylsulfoxide) or ethanol was incubated with Qur

periodic arrays of nanostructures in ﬁhe presence of 150
15 mM DTT (dithiothreitol) for 30 minutes. This procedure

allows covalent linkage of thiol to Au nanoislands.

:f‘ F. Yan, W. A. Goedel, Nano Lett. 2004, 4, 1193.
2 3. Mchel!an_, M. Geissler, Y. Xia, J. Am. Chem. Soc. 2004, 126, 10830.

N—§uccmim1dy} 3-(2-pyridyldithio) propionate (SPDP reagents) are a urique group of amine- and suithydryl-
reactive heterobifunctional cross-linkers. Whether they are used to form amine-to-amine or amine-to-sulthydryl
crpss-lmks‘among molecules, the SPDP reagents produce disulfide-containing linkages that may be cleaved later
with rcducmg agents such as dithiothreitol {DTT). The amine-reactive portion of SPDP reagents is the N-
hydroxysuccinimide (NHS) ester., Reactions are most commenly perforimed in phosphate, carbonate/bicarbonate
or borate buff‘el:s 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, _Lhe haif-life of the NHS ester is several hours at pH 7 and less than 10 minutes at pH 9. NHS—cster’
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 sulfliydry! reactive portion of SPDP reagents is the 2- yridyldithio group, which reac i i
sulthydxylsl: between pH 7 and 8. The reaction results in di?p]acgmcnt ofga py?idine-Z-thiorfia (;gct::;altll?l’cwmh
concentration ?f which may be determined by measuring the absorbance at 343 nm. Reaction buﬂ':ars must be free
of th:ols.a.nd 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
whe.ther one or neither protein already possesses sulfhydryl groups (-5H) in addition to primary aminés Both
conjugation methods result in cross-links that contain a disulfide bond in the spacer arm, which may be.cleavcd
by reduction with dithiothreitol (DTT) or other reducing agent. In most cases, cross-links created using SPDP
reagents can bc‘cleaved with 25 mM DTT at pH 4.5 without reducing native protein disulfide bonds. However.
wher_l preservation of native disulfide bonds is not a concern, cleavage with DTT may be performed most |
:Fﬁcw;ltly at_pti;l 7;9. Clrossl-linkgnf experiments with SPDP reagents are not limited to those involving proteins.
ny of 2 vaniety of molecules with primary amines (-NH2 i
linked ting o1 SPOP 1oy primary ( ) and sulthydryl groups may be modified or cross-



A 20 mM sol ution of succinimdyl 6-[3"-(2-pyridyldithio)- propi onam do]
hexanoate, (a SPDP reagent) 12 in DMSO (dinethyl sul foxide) or ethanol was
i ncubated with our periodic arrays of nanostructures in the presence of
150 15 mM DTT (dithiothreitol) for 3@2m nutes. This procedure allows
coval ent |inkage of thiol to Au nanoislands. F. Yan, W A. CGoedel, Nano
Lett 2004, 4, 1193. J. MlLellan, M Ceissler, Y. Xia, J. Am Chem Soc.
2004, 126, 0..5i.z N-succi nimdyl 3-(2-pyridyldithio) propionate (SPDP
reagents) %%gég &r%ieq%ﬁ‘elngq o%foe o‘?’rlé%rﬁ’ﬁe‘-”giﬁd%éﬁ%d?%ﬂs-"?@%Fi ve

het er obi f untbbegahier dss-diatkier e MAebReR 1t hey I disietdh ¢ Do 8 Mrom
am ne-to-am pe_or _am ne-to-sulthydryl cross-links anong nol ecules, the

SPDP reagent? pPodule/dilsds dencehetpdli Hathi fheges naatfomyl be okeaved

| ater w tdwveedyenRg . a t s.dithjathrei tQl (DIT)...The

ami ne-reactive po?ti ong}g3 %%Pg%gggﬁ%g%ggt % ﬁ-%oh@ndrlo&y%h%%]f(ﬁi fi 887 (NHS)
est er. "Redelt ¥ 0Ad sar éhps maswmiomal pegGorhed iconphosphatien of 1

car bonat e/ bi b t or -horate buffers at pH.7-8. Q her buffers may be
used pr ovi“géeﬁ%%hggp}gdgsﬁgt' éIgln a‘%lr{“%l??lrrﬁﬁlyogrrﬁn%n(ggre 1P °Wi sul fi de
reduci ng reagégnty. 1Them, aterafedeacding apdcHegbadatigen Ry Lyl 9L ysi s

i ncreases Wt 'tnc easi n% ﬁH; for exanple, the half-life of the NHS ester
i's severalwﬁ*i]o%}l? At PHEFIGHE 11 IReCUbe nPhul 88 O -pH 9. NHS-ester
reagents |i ke SPDP and LC- SPDP have |imted aqueous solubility and nust be
di ssolved in organic solvent before adding themto a reaction m xture.

Sul fo-I HS.ester reagents |like Sul fo-LCSPDP are water-soluble and nay be
added’ di r 69 VXY RETRo0SYr EREL i OH 3ABAH S NFhessubbhydtyr rivactiveo
portion ofusSPOR: rgagentg:is the 2-pyridyldithio group, which reacts
optimally with sulfhydryls between pH 7 and 8. The reaction results in

di spl acenent of a pyridine-2-thione group, the concentration of which may
be determ ned by nmeasuring the absorbance at 343 nm Reaction buffers mnust

be free of ihiqls and@hselbhdenedyci; t ] .quenchi ng or
reduction of the 2-pyridyl disdl fiadelil slqg;e%?[r?&ed&#ﬂv\%kggéf’g é’&lr égeogcf%s nay
be used to for AVIREARIDIR cross-1inks between proteins with SPDP reagents,

depeng§ ng whet ithe r in &l ready possesses sulfhydryl
aroups (S i T B e R R T e BB e o hod
result in crosspdmiesl thatdebnhabnta dirsulrfd deabongd bh the SRRGEST EHIM

whi ch may be Cl:r“?:]aevs%d L{J:é/derfgﬁjggi on i/iuth dj tthi othreitol (DTT) or other

reduci ng agent. 1M nost” cases; - cFBESUAChKE TG SRR 127 ngt SPBP Phesgent s can

be cl eaved witky2® nMa3Elcall pHABOSantt Rowts ysedugidly HathygoBr ot ein

di sul fi de bonds. Iaomgcver, . .

proaucts dand recipient. In addition, virus

20 contaminations of blood products need to be excluded
by specific measurements. Furthermore, blood
components are labelled during storage in containers
or bags showing the blood type and identification
for “look back” procedures. The “Diagnhostic-

25 Nanosensor” according to the invention is
functionalized with the appropriate bio-organic
interactive material that enables the determination
of the various human blood types or potential
contaminating viruses (HIV, hepatitis B, hepatitis

30 C). If the appropriate bio-organic interactive

material is conjugated to self-luminescent




when preservation of native disulfide bonds is not a concern, cleavage with
DTT may be perfornmed nost efficiently at pH 7-9. Cross-1linking experinents
with SPDP reagents are not limted to those involving proteins. Any of a
variety of nolecules with primary anmihes (-NH2) and sul fhydryl groups may
be nodified or cross- linked using an SPDP reagent. 22 After cleaning the
arrays with buffer (PBS-EDTA) bioorganic interactive material at

concentrations Ilg(r)lm 0.5 to 2 r‘%{m.was i ncubated with the array for 1 h or
over night. v PEUSRAEH CoatT nds asi RhBRACTACRI Hird &H%r 5 the case that

nonocl onal | gG abracepeeRintatld o Pfe 1rAULEL WS Jp56d.c Jhe, di mension of a
single dot spot_on_  gold is 12 nm corresponding to the average nol ecul ar

wei ght of a si ngFBIPEECRBICEC Hhd bfcasbd keas iy Tve texdrssl dsy howet hehe
" Di agnosti c- Nanegensan's +f o i, A Mse | Li ed: Saf e production,
| abel ling and trans uston of b oosl’oét Q%%rrp%ﬁ%%fggﬁig Ioocf):(]jf)ecolﬁb‘ﬁ@rfgmgnare

transfsed i n passembiednder thipeciay guitel baesnte rippsHte saf @ty ofot he

reci pient. These gujdelines._ incluyde determ nation of the blood type

(basically ABO gﬁ%g%ggagggyﬁ aqco;f;’djb‘?%‘gdlsp?%ﬂﬁ‘é%egndlwrééi%i@fwdI n

addi tion, virusd@fatcbohaninativers ofndd oggk prodyct g pegd o Qlﬁl%ecf eg% uded by
bel l'e

specific measurhgfents. Furthernore, blood conponents are |la during
storage in contH Nt sCOBPOBERE SHEIARE 4 Her B doddiypénarid dedenté ficati on

for "l'ook back'qdioeetis es1obhe t/IAWOSIAE 25 NFPORENSQr s, @qcerding to the
lnvention Is

10 amount of blood obtained from the recipient. In any
of these cases, blood type or contaminating viruses

could be determined without additional equipment.

2) Determining the homeostasis of patients by

15 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

20 functionalized with the appropriate bio-organic
interactive material that enables the determination
of the wvarious components of the coagulation system
or of glucose. Binding of a given component of the
coagulation system or gluéose to the functionalized

25 nanostructured array change the plasmon resonance
frequencies on the nanostructured surface of the
"Diagnostic-Nanosensor” according to the invention
and thus enables guantitative measurement of the
component of interest. This measurement could be

30 performed in a regular spectral-photometer or a hand




functionalized with the appropriate bio-organic interactive material that
enabl es the determnation of the various human bl ood types or potenti al
contam nating viruses (H'V, hepatitis B, hepatitis 30 C). If the
appropriate bio-organic interactive Zaterial is conjugated to

sel f-1um nescent 23 nanoparticles, the interaction with the correspondent
anal yte reduces or obliterates |um nescence that could easily detected by
eye. The "D ag osl;tc%]c-Nanosensor" according to the invention 5 assenbled in
this way could E\f FPPOPEEERT| Af'd tt RESNFLRS (9N deryhit € haeshifoad Mo -

col | ected duringddod ygonation, included into the bags that are used for
bl ood conponent storage, or as "dipping" device to determ ne blood type of
the recipient in small 10 anmount of bl ood obtained fromthe recipient. In
any of these cases, blood type or contam nating viruses could be

det er m nedppmit @9@;_1I%qgistﬂcgpaghgqflj)ngg&h]gZ)ciEg%ﬁﬁ%{?%%n %t he honeostasi s of

patients by 15 quantitative nmeasuring or ser ts The quantitative
measur gnent of serum conponents is frequently used to determne e.g. the
coagul ation or glucose honeostasis of a patient. The "Di agnostic-

Nanosensor ar di.ng he i nvention is .20 functionalized with the
appr opr i at%lﬁggo?gani%&%l?ﬁ%}%c iggs&ﬁtﬁ;ﬁioé‘l {HatahabyescheAFM
determ nation of the \nardeushcoapogents neh dde coagd al feR, system

evaporation process and liftoff of the mask

10 Figure 2: A 540-nm PS latex mask annealed in 25 mL of
water/EtOH/acetone mixture
by a) 1, B) 2, C) 4, D) 6, E) 7, and F) 10

microwave pulses.

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

mask with sizes of all apertures below S50 nm.

Figure 4: Piagram of the modified evaporation system:
1} sample holder, 2) evaporation source, 3)
{ . 20 crucible, 4) water cooling system,
5) electron beam source, 6) shutter, 7)
magnetic field. 8 is the evaporation angle

and o is the rotation angle of the sample.

25 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.




or of glucose. Binding of a given conponent of the coagulation system or
gl ucose to the functionalized 25 nanostructured array change the plasnon

resonance

frequenci es on the nanostructured surface of the

"Di agnosti c- Nanosensor” according to2she invention and thu
guantitative neasurenment of the conponent of interest. Thi
could be 30 perforned in a regular spectral -photoneter or a hand 24 held

photoneter that operates on batteries for "on- scene" use.
the fol | owf A§UEEr Ainst 2FdeBictyrR @it @ rdeSuhehatnanbkliugtrati on (a) and

typi cal AFM image (b) a rtij.cles after % rati on process and
liftoff of the mask 106‘%%%%93? KRR, ThRes vl R AnABARSd | n 25 nt
of water/EtOH acet onelaixtumesky A) 1, B) 2, C 4, D) 6, E) 7, and F) 10

m crowave pul ses. 15 E

s enabl es
S measur enent

The figures show

e of_ the anneal ed 540-nm PS | at ex

ﬁgﬂe 3. SgMina : .
mask with sizes of all &pertrEsCharew=530 Fmthei Hinela: rbnagiamidio t he
modi fi éd evaporati on sustefa dheSanpkd B defe g@n%v§§0§§ngnn§purce, 3)

20 crucible, 4) water cooling system 5) electron
7) magnetic field. 6 is the evaporation angle

eam sour

of the sanple.

10

15

20

25

30

ce, 6) shutter,

and a is the rotation angle

Figure 7: Graphic presentation of how DNA or cellular
structures are detected by specific
antibodies. Antibodies are cross linked
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: IgG 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



25 Figure 5: Ordered spherical Co nanoparticles evaporated through an
anneal ed 540-nm PS | atex nmask. The dianeter of a single particle is —
approximately 30 nm 25 Figure 6: SEM picture of ordered Fe nanori ngs
evapor at ed through an anneal ed 540-m% PS | atex mask. The outer di aneter of
the single ring is 150 5 nmand the wwdth of the ring is 20-30 nm Figure
7: Graphic presentation of how DNA or cellular structures are detected by
specific antibodies. Antibodies are cross |linked 10 through

streptavi di n-bi oti n ténpareatopdttaddias . taui hanspatece donidoorthert he
nanostructured surfac spring wire or stent. This
technique is the fir§?8%§%§§§§ag§§gﬁpéﬁ%?oach for the 15 production of a
Di agnosti ¢ Nanosensor. Figure 8: 1gG nolecules covalently tethered to Au

nanoi sl ands t hr ough | i nker. The dianeter., of a single dot is 12 nm

correspongﬁﬁﬁrfb%%o §E5E598P§§eQﬁﬂgﬁﬁﬁﬁéf%wﬁbﬁ? il P&@%WT§b kD). Figure

9: Diaggnostic nanosensessnassenblrad v G | fize Wokethe aiawd aypmd) or

nol ecul ar select catheter. 25 Figure 10: Cell select catheter in place. A

spring wire 540, 980, or 1710 nm}) gives correspondent
nanoparticle depositions on transparent

substrate that generate typical spectra.

10 Figure 12: Typical example of spectrum changes of the
plasmon resonance after deposition of bio-
interactive matexrial (avidin in this case) on

nanostructured arrays.



wi t h di agnosti c nanosensors assenbled on its surface is put into a

peri pheral vein through a standard venous |line. After appropriate 30
incubation time the cell select catheter is replaced with rare nol ecul es
or cells of 26 interest attached to its surface for further |[|aboratory
anal yses. Figure 11: Influence of particlg7size on plasnon 5 resonance.
Different size of the mask (380, 540, 980, or 1710 nm gives correspondent
nanoparticl e depositions on transparent substrate that generate typical
spectra. 10 Figure 12: Typical exanple of spectrum changes of the plasnon
resonance after deposition of bio- interactive material (avidin in this
case) on nanostructured arrays. 27 CLAIMS 1. A D agnostic-Nanosensor
consi sting ofClead® rier conprising areas on two-di nensi oned arched
metallic 5 nanostructures with detection-nol ecules, wherein the netallic
nanostructures are distributed as periodic, surface-confined nanotriangles
di sposed in a hexagonal array produced by nanosphere |ithography and

conprising surfacey confineds DanRapBekes ANHRls ik irpd-shapeds fprdzont al
nano- nor phol ogi es obtai ned by an additional sintering process fromthe
sur f ace- comprising areas on two-dimensioned arched metallic
5 nanostructures with detection-moclecules, wherein the
metallic nanostructures are distributed as periodic,
surface-confined nanciriangles disposed in a
hexagonal array produced by nanosphere lithography
and comprising surface-confined nanospheres and/or
10 rod-shaped horizontal nano-morphologies cobtained by
an additional sintering process from the surface-
confined nanotriangles, wherein the said
nancpatterned islands comprises a nanostructured
periodic array of metallic nanoislands assembled of

15 a various morphology such as nano-needles, wires,

tubes, rings or spheres

zZ. A Diagnostic-Nanosensor consisting of a carrier
comprising areas on two-dimensioned arched metallic
20 nanostructures with detection-molecules, wherein the
metallic nanostructures are distributed as periodic,
surface-confined nanctriangles disposed in a
hexagonal array produced by nanosphere lithography,

wherein

25 ajl a deposition of nanostructures like
nanopatterned metal, semiconductors and/or
magnetic-islands on planar or non-planar,
transparent or non-transparent surfaces,

wherelin the nanostructures are distributed as




confined nanotriangles, wherein the said nanopatterned islands conprises a
nanostructured periodic array of netallic nanoislands assenbled of 15 a
vari ous norphol ogy such as nano-needles, wires, tubes, rings or spheres 2.
A Di agnosti c- Nanosensor consisting of a cagrier conprising areas on

t wo- di nensi oned arched netallic 20 nanostructures with

det ecti on-nol ecul es, wherein the netallic nanostructures are distributed as
periodic, surface-confined nanotriangles disposed in a hexagonal array
produced by nanosphere |ithography, mherein 25 a) a deposition of
nanostructures |ike nanopatterned ta uct or.s and/P

magneti c-i sl ands on pl anaf t8f fionSBi ﬁSF Copggﬁépareno o %ransparent

surfaces, wherein the @g@@égégcggrgssﬁéqldmggwéaﬂﬁgkgybééﬂ Ppersodi gnd
surface- conflned nanotri angl es disposed in a small nashed hexagonal array,

and b) subsequent ggpos§&bgg én9'8e§69§@h%n It gractd dmterial on the
nanostructures as descrlp under 2. to give a sandw ch device for
interacting with organlnnberanbiganmetetaa@ebg t3e Thergdviwetwfeanasof the
precedi ng clains, wherein 10 the aald gn I aor,_non- placg ﬁyq§trate IS
made of stainless steefeSgiaRE, VEfiPTcon2or tHi GddiTpat iBiEHich devie

for interacting with organic or inorganic

targets.
3. The device of one of the preceding claims, wherein
16 the said planar or non-planar substrate is made of

stainless steel, glass, silicon or biocompatible
polymers and is transparent, conductive, or non-

conductive.

15 4. 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.

20
5. 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
25 receptor structured organic or inocrganic compounds

that specifically interact with targets.

6. A method for producing a Diagnostic-Nanosensor

according to claim 1 or 2 wherein the nanopatterned



polymers and is transparent, conductive, or non- conductive. 15 4. The

devi ce of one of the preceding clains, wherein the said netallic-islands
are made up of noble netals like gold, platinum and silver or

sem conductors |ike CdSe, CdTe and accordimgly Cobalt or Nickel. 20 5. The
device of one of the preceding clains, wherein the said bio-organic
interactive material could be antibodies or part of antibodies, peptides,
ol i goners nmade of nucleic acids, or in general 25 receptor structured
organi ¢ or inorganic conpounds that specifically interact with targets. 6.

A nethod for produci n nase rq m1l or
wherei n the nanopatternedq%gg 8@ %% g@agz H%taﬁﬁggﬁgy ng%gggﬁghg}

l'i t hography (NSL){NSL) .The nethod according to claim6, wherein the 5
nanosphere |ithography enable the creation of nonodisperse,
surface-confined netallic nanotriangles. 8. The nmethod according to one of
the clains 6 or 7, 10 wherein the said nanostructured device conprises an
array of nanegislapds ard:anged so;thakqt he é@gqma%r aYhehas 2 tthl@abl e

georetry. 9. The method according to one of the preceding clains
5 nanosphere lithography enable the creation of

nenodisperse, surface—confined metallic

nanotriangles.
8. The method according tc one of the claims & or 7,
10 wherein the said nanostructured device comprises an

array of nancislands arranged so that the said array

has a tunable geometry.

9. The method according to one of the preceding claims
15 6 to 8, wherein the bic-organic interactive material
is linked to the nanopatterned structures through
adhesion, electrostatic interaction, chémically

linkage, or covalent or non-covalent binding.

20 i0. The method according to one of the preceding claims
6 to 9, wherein the binding of target substance to
the bioconijugated metallic surface induces a
collective interaction with the surface electron

(plasmon resonance).

25

11. The method according to one c¢f the preceding claims
6 to 10, wherein the binding of target substance to

the bioceonjugated semiconductor surface creates an




15 6 to 8, wherein the bio-organic interactive material is linked to the
nanopat:t erned structures through adhesion, electrostatic interaction,
chemcally |inkage, or coval ent or non-cggalent bi ndi ng. 20 10. The net hod
according to one of the preceding clains to 9, wherein the binding of
target substance to the bioconjugated netallic surface induces a
collective interaction with the surface electron (plasnon resonance). 25
11. The method according to one of the preceding clains 6 to 10, wherein

t he binding of target, substance to _the .bioconj,ugated, sen conductor surface
creates an 30 exi%%ﬁt?ﬂtépggfﬁgklo i@ﬁléghfﬁ) ég 5t et 'ed by éasuring

| um nescence or flm@é@lﬁﬁ@ﬁ%eiuﬂaZney&%n@t had faceordighdo. one of the
preceding clains 5 6 to 11, wherein the binding of target substance to

t he bi oconjugated nmagnetic surface can be neasured by the interaction
bet ween ferro- and superparanmagnetic materials. 10 13. The nethod accordi ng

to one of the precgd nrgeH}gangccgrhgné.zgowa%%eloqf ec‘ﬁ%rﬁ;ﬁ%eaéﬂ M aims

non-netal | i ¢ “"nanol sT ands "act "as i ndi vi dual sensor. 14. e” net hod™ of

detectionsin claing 0,111, wA2reitbtiwhebenainke cassemar ddubargete to

substances to individual nanoislands is detected and quantitative

measur ed. the bioconjugated magnetic surface can be measured
by the interaction between ferro- and

superparamagnetic materials.

10 13. The method according to one of the preceding claims
6 to 12, wherein every metallic or non-metallic

nanoisiands act as individual sensor.

14. The method of detecticon in claims 106, 11, 12,
15 wherein the assembly of target substances to
individual nancislands is detected and guantitative

measured.

15. Use of a Diagnostic-Nanosensor according to one of
20 the claims 1 to 5 for diagnosis, in particular for
prenatal diagnesis, cancer diagnosis and/or

moniteoring cancer therapy.

16. Use o0of a Diagnostic-Nanosensor according to one of
25 the claims 1 to 5 for the safe production,

labelling and transfusion of blood components.

17. Use of a Diagnostic-Nanosensor according to one of

the c¢laims 1 to 5, wherein a resultant interaction




15. Use of a Diagnostic-Nanosensor according to one of 20 the clains 1 to
5 for diagnosis, in particular for prenatal diagnosis, cancer diagnosis
and/ or nonitoring cancer therapy. 16. Usgﬂof a Di agnosti c- Nanosensor
according to one of 25 the clains 1 to 5for the safe production,

| abel I i ng and transfusion of blood conponents. 17. Use of a

Di agnosti c- Nanosensor according to one of the clains 1 to 5 wherein a
resultant interaction 31 between the bio-organic interactive material and
the target substa ceéﬁl: asuring the collective .oscillations of the
conduct ion el ect r GHEGTER Ha 1= ridhor SFARALY &b LGBELEAl Sprbpertitts 176m 5

sem conductors pardiLles-ddun pesegnee) (H9r mtReu rSUReTRAIBGNE! | Fo
properties by magnetic particles are detected.
oscillations of the conduction electrons on the
nancisiands) or optical properties from
5 semiconductors particles (luminescence), or the

super-paramagnetic properties by magnetic particles

are detected.




