SENSOR FOR DETECTI ON OF NUCLEI C ACI D Technical Field The present invention
relates to a sensor for the detection of nucleic acid, such as DNA and RNA
The i nvernwoDanioalssner el ates to a nmet hod of detecting nuclpeirsGaaisgo@ad to a
system and kit for detecting nucleic aci 4. Background DNA m croarrays used
as gene chi ps are hi ght hroughput devices used to determ ne the expression
profiles of many genesERFPRI FaReBESEGTIONACK NUEAEILY &CIDe used in the
fields of nolecular biology and nedicine for basic research, disease

di agnostics and drug di scovery. The basis of microarray detection is the
ability of a given nucleic acidTextgeicabl®idl® to bind specifically to, or

hybri di ze with, a nucl ear, acjd prope having a conplenentary nucleic acid
via Watson/ Cri CRCpaBESpalFi v Ihti‘r‘i”%rd%?rlragiﬁs? fGcl @i S pEebestheach

bei ng gomaleanmitiaky be anparéicul &k dar gefonuckei gyaci 4, eneqdi ng particul ar
information, are imobilized in an arrayed nmanner to a specific designated
posi tion GRVENdUES ratec TRl yirasehce af mathadgetf ndetteict iagi hidledsanpl e

will result..i ridization of the_target nucleic acid with the
i nmobi 1§ z6 lﬁﬂéﬁ%?gnggiéggroltfﬂﬁﬁi%%thggrag% Fph ehent iy SnGcPEFE - aci d
sequence to the target nucleic acid. A s the specificity of nucleic acid

hybri di zation is highly dependent on the | evel of conplenentary bases
bet ween the probes and target nucl BREXGEPYBA detection of a specific target

nucl ei;¢ acid r@@%irQ§iéf@é£fgygiIhﬁggiona f_%ﬂgm§peg££§% prggp,_ﬁg%ﬁilis
optimal for the capture of the target nuclei ¢ acids. ri di zation
condi ti onghggetghepsit devices wused to determine the expression
profiles of many genes simultaneously. DNA microarrays are
used in the fields of molecular biology and medicine for
basic research, disease diagnostics and drug discovery.
15 The basis of microarray detection is the ability of a
given nucleic acid target molecule to bind specifically
to, or hybridize with, a nuclear acid probe having a
complementary nucleic acid via Watson/Crick base pairing.
In microarrays, " nucleic acid probes, each being
20 complementary to a particular target nucleic acid encoding
particular information, are immobilized in an arrayed
manner to a specific designated position on a substrate.
The presence of a target nucleic acid in a sample will
result in the hybridization of the target nucleic acid
25 with the immobilized nucleic acid probe, which has a
complementary nucleic acid sequence to the target nucleic
acid. As the specificity of nucleic acid hybridization is
highly dependent on the level of complementary bases
between the probes and target nucleic acids, detection of
30 a specific target nucleic acid requires the immobilization
of the specific probe, which is optimal for the capture of
the target nucleic acids. Hybridization conditions such as
buffer, temperature and incubation time can also affect

the specificity of the hybridization. Hence, depending on



buffer, tenperature and incubation tine can also affect the specificity of
the hybridization. Hence, dependi ng onstringency of the hybridizing

condi t i onsQ 2proaiseR6can bind to target nucleic acids thatrcase2mggodtshan 100%
conpl ementary. Thus to ensure optinmal hylyridization, hybridization

condi tion e tailored, to j.ndividual sets of DNA probes. |In known
i croarra;%t%g""t?1 éa%l%}; Oségﬁlé?mgy?ﬁédd@tl@@ticiﬂp%"ftjap%?ycc€§§¥3ﬁls B iRdingat i on

i s usual |l youndestgken aptieald y hyihhe detmctigpeof jfduoresgence fy@mthe
sanpl e nucl ei ¢ acids, which have been pre-labeled with a fluorophore bound

to the i mMOBPLeFERtaGY-ei Thies d Brobesnsioveveppt ampat héryloorml =k iaser

optical detgchiQn emd.s;snequired for detection of the fluorescence,
which is a%%ajlor 3?%\?\%%?1(0? Oolr#l{é(’:r%%“?&a%/oc%fap%aé?8r§gngroal31 Torfader ed as
a singbe s sprodd iR, pHowexser, some DNA microarray chips have been be

re-used although their stability does decrease with reuse. To reuse a
m croarray, the arf@ BARChRaFFayt SFtATH HeatyDtehaselpl dasmatemn t o

denature tffe dupl excbetveen therariohe and,t ar get BHEE%& ag| 4y the stripped
array can then be reused for another rehybridization wth sarrpﬁe nuct ei ¢

aci ds. UnP&tiGRdtlel by déseriirrciohon heft fpeookssantacé ratt athmentmdised to
i mobi 17 zg the ;prohe,. the sjgc general ly reduces hy about 30% 50% after
three or nore rl%ungd‘seﬂo#g."strllwggi%hg g}l%v? e- ﬁ?ﬁpi ditZdti .ejc‘ﬁﬁze Ph&EDpr Ghes
have beenfSpotioptiotre tweurad ray cfti, ithenk nfecmmtiem dhat sean be-geri ved
fromthe glh:yg% islimted only to the information that the i nmobilized
probes ar EWEARE 't & chptiFE. IR Sanpraesr DR tEGedy sdasedtion system

is required for detection of the fluorescence, which is a
major drawback.

DNA microarray chips are generally considered as a

15 'single use product. However, some DNA microarray chips
have been be re-used although their stability does
decrease with reuse. To reuse a microarray, the arrays can
be treated with heat or base-pH treatment to denature the
duplex between the probe and target nucleic acid. The

20 stripped array can then be reused for another re-
hybridization‘ with sample nucleic acids. Unfortunately,
depending on the type of surface attachment used to
immobilize the probe, the signal generally reduces by
about 30%-50% after three or more rounds of stripping and

25 re-hybridization.

Once the probes have been spotted to the array chip,
the information that can be derived from the chip 1is
limited only to the information that the immobilized
probes are meant to capture. For example, DNA arrays used

30 for detection of insulin expression cannot be used for
detection of actin expression. This limited reusability of
the DNA microarray chip, inflexibility of probe spotted
array chips and expensive detection equipment gives rise

to high costs for using microarrays, especially in the



for detection of insulin expression cannot be used for detection of actin
expression. This limted reusability of the DNA m croarray chip,

i nfl exi biwotzgioaisoppsobe spotted array chi ps and expensi veCuSGeasiooni41

equi pnent gives rise to high costs for using mcroarrays, especially in

t hedi agnost.ic sector where a | arge nunber of sanples need_to be tested.
Wth the dEVETSpHet DFCHPEr BBPEEt PonttE Y2 chHBPBgy Oft fempd@sofmeed to

sem condugd®rtdecdnol ogy in DNA m croarrays has been utilized. Instead of
measuring fluoresence intensity, changes in electrical current may be used
to detect or "rEddbuthesdeessirmenybrdidi patirorledse oot cseme cluombugy or

LNl 0% {or, DV F1 SLARLE MR EEAULLER LS b 23l on of - Lhe et ef

acid probe to SrlTcon'surface o

Hybri diszatibesm oft 1Bt ged. nueheésdacitd maiaidnra Myl BiErasd thProbe-glicits a
change in resistance, and in turn the current flow ng through the ,
whi ch consti3nA®s the HERFSTHF21 heuresdout Mal thre HiSEFoare ajicassay. or

However, becaussyof Lhecbebabi Vel aenlcdonal] ngsand i Lhdraving, sfiects of
ybridi za 52t ween

smal | charged nucleic acids, a sufficient anmount of hybr ion
sanpl e nucietlnakials &ond PXBbBSCreareqyisr etkdd nardudes ai meatsiY Bbh€ion

resi stance gh e._The use of, silicon nanowire (SINW as the surface for
nucl ei c accf% i%%%fobliullcl:"‘za%%?oﬁcﬁgﬁspgrﬂgﬁat%ot R fé?hré?oﬁr oBHERCSi AW af e
silicom wifiesldi tdf ficametes scersty ai(red)t.o Hepsiak -nanepet §¢s o4 bess and

whi ch exhi bit unique properties such as super conductance. SiNWare ultra
sensi ti ve "BEF 910 rélEhat BRFORLE SFald Drsdw ieddtdids of dhenge io

become a signidigand, gahg to, thefl aw of current ffb&f@gF§£rough the
FET, which constitutes the basis of the readout of the
microarray assay. However, because of the relatively weak
15 donating and withdrawing effects of small charged nucleic
acids, a sufficient amount of hybridization between sample
nucleic acids and probes is required to induce a
measurable resistance change. The use of silicon nanowire
(SINW) as the surface for nucleic acid immobilization

20 helps negate this former problem.

SiNW are silicon wires with diameters constrained to
tens of nanometers or less and which exhibit wunique
properties such as super conductance. SiNW are ultra-
sensitive FET biosensors that allow a small localization

25 of charge to become a significant gate to the flow of
current in the FET.

DNA has been used in nucleic acid probes for capture
of target nucleic acids in microarrays. However, DNA,
being negatively charged, does suffer from drawbacks when

30 used 1in nucleic acid probes for SiNW arrays. This is
because the natural negative charges of the DNA probes
results in the formation of a densely charged layer at the
surface of the silicon substrate which in turn induces a

strong electrical field at the SiNW surface. This in turn



DNA has been used in nucleic acid probes for capture of target nucleic
acids in mcroarrays. However, DNA being negatively charged, does suffer
from dr awveckm/oshes used in nucleic acid probes for Si NWCASGaYEB/O0HALS i S
because the natural negative charges of 4he DNA probes results in the

formation of densely charged | ayer at the surface of the silicon
substrate WhichH Th-t uil)'llﬁei ﬁ%%?‘é%r%}/rg{r&?glseq eétri gﬁ;e f PEFaLlapet hé_lSPRNf\(
surface. Tddserdicédr Wyncerasesifine paekarewad nol sernef;lhes baseki pensi gnal

generated by the SiNW Therefore, to induce significant charge variation in
the Si NW FERTEE sVgRipéant landne BENW aF§6t Aucliaind faciads ameowequbfed to

be bound t r.qhes i.n,.or r.co t.he high . noi se base| | ne.
Thi s mkes@?%%@%%g?ieg% (S)afélsrhnsaﬁ‘df%n%gﬁgé%gg ?%r g%? Eangi %Oactr}b% SM%

di fficul t.pDWes behngraleratiy abveotymer thes halggo easid yoaegrasded byienzynes
found in the sanples or the environnent. This in turn reduces the
reusabi | i t§576%5 t H&Ssi NAFECGdeRs Rt PHENST oRBOURREr 0F s ta1HEEd RBCHESYI de a

sensor, WY EHVeriGonEs;190r aknl easd; ld o 0 re,qf

di sadvant ages descri bed above. Su?n%a%ﬁcéco[r%i%ﬁga%or%o rés?' asl%'ec ) fhere

i s provi detRal Senssgrastedebectdrmymsts t dogerd nicl ¢he asamdpTesprdsi hhge a
sem conduc - uctur.e; .and a nucleic acjd detection,probe

i mobi | i ze%r?xg)lrl]pcglgr?(%ﬁéém&gl&ﬁdu% oguﬁ%ngset MUt ur h%a]pwﬁﬁlsébbq‘lﬁybr‘?fdi PRg with
said targetiNuchecseacbd, said detection probe conprising a polynmer with a
substantial ly nﬁ{l-i oni ¢ backbone. Accordi n%ﬁ%o a second aspect, there is
provi ded a sensore¥orCdet ebfFER of far§ed IR G P cOPpFPSi nghich

overcomes, or at least ameliorates, one or more of the

disadvantages described above.

15 Summary
According to a first aspect, there is provided a
sensor for detection of target nucleic acid comprising:
a semiconductor nancstructure;. and
a nucleic acid detection probe immobilized on said
20 semiconductor nanostructure capable of hybridizing with
. said target nucleic gcid, said detection probe comprising
a polymer with a subétantially non-ionic backbone.
According to a second aspect, there is provided a
sensor for detection of target nucleic acid comprising:
25 a semiconductor nanostructure; and
a nucleic acid detection probe immcbilized on said
semiconductor nanostructure capable of hybridizing with
said target nucleic acid, said detection probe comprising
a polymer with a substantially non-ionic backbone with the
30 proviso that peptide nucleic acid (PNA) is excluded.
Advantageously, the semiconductor nanostructure may
be configured to form a gate insulator of an electric
field transistor to induce changes in an electric field

when the target nucleic acid hybridizes with the polymer.



a sem conductor nanostructure; and a nucleic acid detection probe

i mmobi li zed on said sem conduct or nanostructure capable of hybridizing with
sai d tar g&0 20w0i5ei26 aci d, said detection probe conprisi RgT&GR@ISNEIKIW th a
substantially non-ionic backbone with the proviso that peptide nucleic acid
(PNA) is excluded. Advantageously, the sem conductor nanostructure may be
configured to FoenmPalyaes ivsurhBomuiladt epeelr idetgadlidn ranebst 8Vt 0

i nduce ch S_i I ' ield. n e . nucl ej ci ridizes
W th the BaTondr ROl SREIours chetReg are SbPHPRbA TR SO o Robe iy have a
target sequeneecnoaeiy.for hybridezgeg tecautarget mouelei c magi dbelhe t ar get
sequence noi ety may be a sequence of defined nucleic acid bases that are

y
conpl enenf&AYeREet hePSeq@Sicd st t RECl&riGet AGePei P2RFH. Addnt agébusl y,

due to,the goMeheRealar Lbase Pab&ho8-9of otheHarget ;SEqUERE. : DI Ly Wi th
the target nucleic acid, the sensor may have a high affinity and

sel ecti vi Byveoragheusarvgetdunictei ¢haci domFhengutbeyc kacial detethgomipr obe
may be coval ent| tt ed onto the_ seniconductqr. nanostructure. .
Sty s e By e T B Ry et W R HE AR o aci o

Advant ageousl vy, e strong ¢ ondi ng

det ecti ontpeoheraud theysemweonduetion nanoshitgt Wie, $8Be8ENSOEyCabDE
re-used w t hout an¥ substantial loss in the ability of the nucleic acid
det ect i on thPobETEETr BURYBEFdREei th a target nucleic acid after denaturing

from target nuelgi G, acidh - Adyapt a@@@é’ﬁuont he-dise R%ya 0Ol WIRS 5 W

substantially non-ionic backbone as the nucleic acid detection probe may
resul t inamitaicheld background ndise duséngctadgetonucl| enaradtdwdtest.i on due
to the noﬂh%%%%%geously, due to the strong covalent bonding between
the nucleic acid detection probe and the semiconductor
nanostructure, the sensor can be re-used without any
15 substantial loss 1n the ability of the nucleic acid
detection probe to re-hybridize with a target nucleic acid
after denaturing from target nucleic acid.
Advantageously, ﬁhe use of a polymer with a
substantially non-ionic backbone as the nucleic acid
20 detection probe may result in minimal background noise
during target nucleic acid detection due to the non-ionic
charge of the polymer. |
According to a third aspect, there is provided a
sensor for detection of target nucleic acid comprising:
25 a semiconductor nanostructure; and
a nucleic acid detection probe immobilized on said
semiconductor nanostructure capable of hybridizing with
said target nucleic acid, said detection probe comprising
a first polymer having a substantially non-ionic backbone
30 and a binding moiety that binds to a binding moiety of a
second polymer, said second polymer having a substantially
non-ionic backbone and having a target seguence moiety
that is capable of hybridizing with said target nucleic

acid.



charge of the polyner. According to a third aspect, there is provided a
sensor for detection of target nucleic acid conprising: a sem conductor
nanost r ucworelo/@atéa nucl ei ¢ aci d detecti on probe i mobiPCirsedomsnosai d

sem conduct or nanostructure capable of Rybridizing with said target nucleic
acid, said detection probe conprising a first polynmer having a
substanti al | y déverergecbatkbonthandtaraehdi seawdiedy nhbetbhi mfs tthea

bi ndi ng i o] o pel , C I i.ng.a
Subst ant | ST oRe SRS Atk e reti B8 P aP et SEauane oY ¢ hat
i s capabl auolebybrddidzi ng THidh saildwisarge: poelsaibdlddivd. Advantiageauws) y, the

target sequence noiety, of the second polyner may be selected to target a
speci fic FaPgefPRGEFeFe tdci T ThiEeal ISGWSChe BSYSEIHT | i £9 ofatdflFor iing t he

specifjci%Xrggcgmgrsggg@gtpgugmgig(égﬁgget a particular target nucleic
acid. Furthernore, the Second pol yner can be replaced with another type of

second pol yner Fehblheigospecitfiec $oronddipbflement amuc|lee c repildcsdquertde. | n
one enbodine the sec I r is.not i bili.zed to the sen conductor
nanost r uc GPEESﬁd ﬁ%e%&ﬁegggégﬁh BOLyREF W%é%tdéﬁbtﬁpgﬁlg%8n1g%5'ﬁ rst

pol ymer canrfbereepl aceteby amathergegad pol ymer having a different target
sequence noiety. Hence, due to the possibility of replacing or changing the

target sequence™npio@fy oFPAEISEESNd PolymePSCARE erkmtYRSHes 1ef eic
2610 W hudkibenenbseanuences b A, ol e ghespe e seagud pler
di f f erent thgpeseagind polymer when denatured from the first polymer
can be replaced by another second polymer having a
different target seguence moiety. Hence, due to the
possibility of replacing or changing the target sequence

15 moiety of the second polymer, different types of nucleic
acid with different sequences can bind to the respective
second polymers. This 1leads to an increase in the
flex}bility of the sensor such that different types of
nucleic acids can bind to the sensor.

20 According to a fourth aspect, there is provided a
nucleic acid microarray sensor for detection of plural
target nucleic acid sequences comprising:

a semiconductor nanostructure; and
an array of nucleic acid detection probes immobilized

25 on said semiconductor nanostructure capable of hybridizing
with said target nucleic acid sequences, each detection
probe comprising:

a first polymer having a substantially non-ionic
backbone and a binding moiety that binds to a binding

30 moiety of a second polymer, said second polymer having a
substantially non-ionic backbone and having a target
sequence moiety that is capable of hybridizing with said

nucleic acid;



nucleic acids can bind to the sensor. According to a fourth aspect, there
is provided a nucleic acid mcroarray sensor for detection of plural target
nucl ei c awodopagaERACces conpri sing: a semnm conduct or nano®CTsGReNsMpo4and an
array of nucleic acid detection probes iPmobilized on said sem conduct or

nanostructure abl.e of,.hybridizin ith said target nucleic acid
sequences, eacﬁﬁ%é:teel&i 8%%?568%0%%?&?%9@%1% sﬁ%eﬁa%rpﬁapﬁﬁg ot
substanti adid nerd0ni aeackhone anka biading ity thaty binds 16 a

bi nding moi ety of a second polymer, said second polynmer having a
subst ant i AYGLSHGh- REAFC PREkPBARS arfP halierghy t di§Eerephlehee mietynt hat

i's capabl g_0fy *Bdt?ffba% zi é’!%%éﬂ%@#&éﬁég aci d;wherein different nucleic

acid detection"probes of said array are con?igured to hybridize with
speci fsc nucl eircvacittigzemqedncesthe widrahy didf eneferane ibewesn said

plural nuclei¢ acid sequences. Advantageously, the abjility to differentiate
bet ween sasladlcgl é)ﬁ raﬁ'ucpéllc 46 dase e%@@gei‘@eﬁecéﬁseb%FaPﬁ@ dPff elemt

target sequeTree-dm ethegeof dhmsreondopatyrer £f the awray of Qﬁ%ﬁ&fi on
probes. More advantageously, nucleic acids having different se%ue Ces can
be det ect &F byrEhemizd ePé atsiteatii@arrapesensoMorAccotdimggeowsIyfth

ot i 51 no e Gan SoRduc E NAhoRTF LOFENE: SE WD GoY A Bet CETHBr obe

i Mobizbi zéd drhesaiubIsein condiich DEr cnosy r sishsse. capabl e of hybridizing with

said target nu%'c%loq: :L%Igd’ t%al g dfe:'tu(fa*gltll Oansgercgtb,e gcc})]rgirel Sligg provided a
system for detection of target nucleic acid comprising:

a semiconductor nanostructure;

~a nucleic acid detection probe immobilized on said
15 semiconductor nanostructure capable of hybridizing with
said target nucleic acid, said detection probe comprising
a first polymer having a substantially non-ionic backbone
and a binding moiety; »

a second polymer with a substantially non-ionic

20 backbone, a binding moiety selected to bind to said

binding moiety of said first polymer and a target sequence

" moiety that is capable of hybridizing with said target
nucleic acid; and

means for detecting the hybridization between said

25 target nucleic acid and said detection probe.

According to a sixth aépect, there 1s provided a
methéd for detection of target nucleic acid comprising the
steps of:

(a) providing a semiconductor nanostructure and a

30 nucleic acid detection probe immobilized on said
semiconductor nanostructure, said nucleic acid detection
probe comprising a first polymer having a substantially

non-ionic backbone and a binding moiety;



a first polyner having a substantially non-ionic backbone and a bindi

noi ety; a second polyner with a substantially non-ionic backbone,

ng

a binding

noi ety sewechwdsbrzebi nd to said binding noiety of said PCcrsiG2uslogier - and a

target sequence noi ety that

is capable o8 hybridizing-with said target

nucl ei ¢ aci d; a .Qr_detecting the hybridization between said target
nucleic acid a %qsﬁfqée%lél& iaohsepcroc{b%.p%§%¥5i h@vllBQaasi%P?)r?%ﬁéﬁl,l&i her e
i's provi dednaimetikodbbexbeies ecti opi0fiihar @i dtuec! eheracid €9pRphsi g the
(a),,providing a seniconductor nanostructure and a nucleic acid
det ect i onPPpFREEEY HioH [5aeH Windigid Behetvndiicesidndnsstr potlymer saidd

ect i on’ 4 Sed ek tanatoratdndnost: pollursr: s
Cubstant i 51 17 nORc1 G e Eae BT Bha "B i ng WAL 05) BFOM g %

steps of:

seconds pobvyimar shavi rigrayesubsicdrtiicalalas dyon- i oni ¢ backbone,

a binding noiety

that i s capabl f bi ndi, with said binding noiety of said first polyner
dgtenceBooe g 4

and a target s

yPhat2+S chphBre oPURYBEFdIFFHY W2 h SedicH

target nuebeetadicdud®De MHALLE;zi ng said target nucleic acid to said

target sequence noie

noi eti es

tﬁ; (d) allTowing said first and second polyner b
to bi nd)t c2baetileg heeibef 6estr aiid esesaind hybtimezi ngrstiep

and (e) debectiing ancel pehpongnellsc, i eldchange in sald sam conduct

nanostructure that is in

acid and

15

20

25

30

Icative o0
bgbdiddrdety segpence ;mainet y.

(e) detecting an electromagnetic field change in said

ybr idi zi

semiconductor nanostructure that is indicative of
hybridizing between said target nucleic acid and said
target sequence moiety.

Advantageously, the first polymer can be covalently
attached to the semiconductor nanostructure. In one
embodiment, the semiconductor is a silicon nanostructure
thaﬁ has been functionalized with an amine to confer amine
functionality to the surface of the silicon nanostructure.
A cross-linker may then be used to bind the amine group
attached to the silicon nanostructure to the first
polymer. Accordingly, because the first polymer is not
coupled to the silicon nanostructure by an oxygen atom
(hereafter “oxide-free” coupling), the sensor may have
improved detection sensitivity when the target nucleic
acid binds to the nucleic acid detection probe.

The method may further comprise the step of blocking
the unreacted or exposed surface of the semiconductor
nanostructure that does not have a detection probe
attached thereon. Advantageously, this may prevent non-
specific hybridizing between the target nucleic acid and
the semiconductor nanostructure.

According to a seventh aspect, there is provided a

kit for detection of target nucleic acid comprising:

ndi ng
(c) ;

or

ucl ei c



Advant ageously, the first polyner can be covalently attached to the

sem conduct or nanostructure. In one enbodi nent, the seni conductor is a

si |l i con naoastwaser2ar e t hat has been functionalized w t hram/Saavas®oadal conf er
am ne functionality to the surface of the silicon nanostructure. A

cross-linker may then be used to bind t m ne group attached to the
silicon nanost?u%?%?%o?gu?ﬁgrfP?E?SgngﬁgFg’Accordingly, because the first

pol ynmer is notzcewrplied d oathe sddi€omn arangsiobect Ukoby1 8peaxygensat.am
(hereafter "oxide-free" coupling) , the sensor may have inproved detection
sensi ti vi B§MiAeRdRHBOL ar BRECFHLEREF X aci CRRAMER 1 t RybFddieiiddacrdth

detect | onsPrane, e MRINAM SRy {41 tREE COTIISRE gD 2060 abablackhag ! he

unr eact ed” or exposed surface e Sem conduct or ‘nanostructure that does
not have a gelemtironiphobesabkaahedalligr eom-iAdianfagedusles, artd s may
prevent non specific hybridizing between the target. nuclei.c acid and the
seni conduct or R3ABSt r uydﬁ.te gé’lgdi \ﬁget ohgbgjegje%i%l%%pé)c%wet%r éailgl

provi ded azkitifaucdetectican ahdt asaet uel@iiemgdmeonprising:a

sem conduct of nanostructure; a nucleic acid detection probe i mobilized on
sai d sem conductor nanostructure capable of hybridizing with said target
nucl ei ¢ acid, said detection prob ARELSLRY a polymer with a
substantially non-ionic backbone;ﬁgﬁ n%%%?gfor detecting the hybridization

bet ween sai d t @ahgetfallcheine acdthiandndaitd rdet ectddrmerobe. sPefilniaivens The

follow ng words and ternms used herein shall have the neaning indicated: The
term "tar GBE RGEFEFE 4&93C3€Ysed herein neans

The term “target nucleic acid” as used herein means
and includes any nucleic acid or gene the guantification,
quantitative determination, gualitative detection, or mere

15 detection of which is intended, irrespective whether it is
in a purified form or not and further irrespective of its
concentration. Nucleic acids other than the target nucleic
acid may also coexist with the target nuclgic acid. An
assay system may contain one or more types of target

20 nucleic acids. The target nucleic acid may be, for
example, at least one specific nucleic acid to be
determined in a co-cultivation system of microorganisms (a
mixed system containing RNAs or genetic DNAs of plural
microorganisms) or in a symbiotic cultivation system of

25 microorganisms (a mixed system containing RNAs or genetic
DNAs of plural animals or plants and/or of plural
microorganisms). The target nucleic acid can be purified,
if needed, according to a conventionally known method. For
example, it can be purified using a commercially available

30 purification kit. Examples of the nucleic acids include
DNAs, RNAs and chemically modified products of these
nucleic acids. Target nucleic acids can range from as few

as about 20-30 nt to as many as millions of nucleotides



and includes any nucleic acid or gene the quantification, quantitative
determ nation, qualitative detection, or nere detection of which is

i nt ended,wonosgpersi ve whether it is in a purified formpom/Scaeosanai4f urt her
irrespective of its concentration. Nuclejg¢ acids other than the target
nucleic acid may al so coexist with the target nucleic acid. An assay system
may containtgne or re t%Pes of .target nucleic aci.ds. The target nucleic

acid may BETf oPTexBREFEPEET eddP)ane EHRENHFNE niPt ei P ciRPE ot Petar

deternine@_gﬁigﬁggbgultivation system of m croorgani sns (a m xed system
cont ai ni ng or genetic DNAs of plural mcroorganisns) or in a synbiotic
cul tivation sy§hem oferi®r odigardissrs (achilxedrsyst'sm cOntigilpilng RNASI or
genetic DNAs of. .plural iwral r plants,and/or of plural m croorgani sns).
The tar get" Nucl i€ a Fﬁﬁgén b%n%uri Fehs ifaﬁ%edg . &Scor ‘%ﬁ t%Pé%r_
conventi oraldngdanawn artihatk fdor texanplempotuneanhheipyr i {1 ed casitngode
commercially avail able purification kit. Exanples of the nucleic acids

i ncl ude DNIELSTRNAS "EAEFchem c ARSI f9fed Tproditizl e these? nued&d<t aci ds.

Target nuclgiGacids £a¥ rapge-d4om as few as about 20-30 nt to as many as
mllions of nucleotides(nt) or base-pairs (bp) , depending on the -

particul ar applTheat temm THaotetys "nscl de€iaedd pesobe", pvmutbsi cofcia

detection probe" and "probe" are to_be used j.nterchangeably_and refer to a
Conpound U E TeRErCORE M oty POGTER | P EapdBra bR hybENar ST t o a
tar getzonuct @i ach Afr idd etesét Bbedter meshBLeky tHax defd negeasn| portion

of a conplete structure of a polymer that includes functional groups and/or
di screet DoHieBaFESTAURS L RatClar @ BT § nFor example, a “bHinding

moiety” refers to those parts of the polymer which have
the function of “binding” to other polymers such as, for
example, .a combination of nucleic acid Dbases that
15 respectively form the side chains of the polymer, these
nucleic acid bases being specifically arranged to promote
binding ‘between two polymers via ~complementary base
pairing. A “target. sequence moiety” refers to that part
of the polymer, which combrises nucleic acid bases that
20 respectively form the side chains of the polymer, these
nucleic acid bases being specifically arranged to thereby
hybridize to a target nucleic acid having complementary
base pairs thereon.
The term “non-ionic backbone”, when referring to a
25 polymer, 1s to be interpreted broadly to include any
polymer that does not have any substantially charged
moieties along the polymer backbone. In embodiments where
the polymer refers to Morpholino, the non-ionic backbone
comprises repeating morpholine rings linked by
30 phosphorodiamidate bonds. In other embodiments where the
polymer refers to PNA, the non-ionic backbone comprises
repeating N—(2—aminoethyl)—glycine units linked by peptide
bonds.



t he macronol ecul e of a polymer. For exanple, a "binding noiety" refers to
those parts of the polyner which have the function of "binding" to other
pol ynmer s wochieas9i2zbor exanpl e, .a conbi nati on of nucl ei ecasiGdodsasedlt hat
respectively formthe side chains of thejgolyner, these nucleic acid bases
bei ng specifically arranged to pronote binding between two polyners via

conpl enent ary Lria equence iety" refers to that part
of the pol ymr%ﬁi%%%on%??@é%ﬁ%%ﬁ%&c gﬁ%genosggce% ?%%thEEbEEtPQEFngorm
the side ch@ipsrohet bedpglymieriditesieapesl eetwaeind hasesi hglagsspeaiki cal |y
arranged to_thereby hybridize to a target nucleic acid having conplenentary
base pairs°t hét8on. 2fHe FEPRTLAGH- i ONfe badkoré", KDRER rif ettiengats a

POVLTEr, (oheLbed bl EF preke] i oatly hRrde Ul RAK Rolwaml| Bakydegs not

have any substantially charged noieties along t one.

enbodi mentzdeinere (he potlyrbymieker(§ )t ol dvbriphediho(Ut heinohhiéonkeebagkbone
conpri ses eatin pholine rings |inked phosphor odi am date bonds. In
ot her enbow ntss eerjé The ol yikr SFePers t(%XPﬁR,d W& FoiS divi’'c backbone
conprises repeats ngshd (Reasinpetind ) teghyciringounit sat i Bked Ly pept ide
bonds . The term "conpl enentary” refers to the precise paring of purine and
pyri ni di netbasBEOrEtReet t WH-1sHingh €0 stSiaeds oit Dmedingosonerilmes iRNA. A s
i's known iwithe abt.-5oaPLeeptary b airin rs he _bi ndi.n

bet ween ade:hi ne (A gnd t hym ge (T) (or ragf:i IQE%]?ES iﬁggﬁ%ecﬁggaﬁjegl\m ,
as wel10 aspheyneeregubdéne (G andheytosimesiOlingA s dsedlbeseirAndehe term

pg?/srnlug: ég%c%%uéfégéfdé 0 itsheapr'oﬁﬁgEi&?"Mi %@btrvjs%isziar’]cQJoer{ S'E:roggg%gons
will typically include salt concentrations of less than
about 1M, more wusually less than about 500 mM and less
than about 200 mM. Hybridization temperatures can be as

15 low as 5°C, but are typically greater than 22°C, more
typically greater than about 30°C, and preferably in
excess of about 37°C. Hybridizations are usually
performed under stringent conditions, i.e. conditions
under thch a probe will  Thybridize to its target

20 subsequence. Stringent conditions are sequence-dependent
and are different under different circumstances. Longer
fragments may re@uire higher hybridization temperatures

for specific hybridization. As other factors may affect

the stringency of‘ hybridization, including base

25 composition and length of the complémentary strands,
presence of organic solvents and extent of Dbase
mismatching, the combination of parameters is more
important than the absolute measure of any one alone.
Generally, stringent conditions are selected to be about

30 5°C lower than the thermal melting point (Tm) for the
specific sequence at a defined ionic strength and pH. The

Tm is the temperature (under defined ionic strength, pH

and nucleic acid composition) at which 50% of the probes

complementary to the target sequence hybridize to the



bi nd non-covalently to forma stabl e doubl e-stranded pol ynucl eoti de. The
resul ti ng doubl e-stranded pol ynucleotide is a "hybrid. " Hybridization
condi t i onsownidospapi cal |y i nclude salt concentrations ofCrssgoashan4about

IM nore usually |ess than about 500 nM &ad | ess than about 200 nM

Hybri di zati on tenperatures can be as low as 5C, but are typically greater
than 22C, teogett ypseahbycer eater ddail #beutm300@ypiand 1pr ef erablysd . excess
of about 37 0C... bridizations_are usually perfornmed under stringent

condi t i on§CHNELR d?‘??éﬂ@euﬁééF \ﬁrﬁf&%%’twgb@nv\m Hybteasze OLOLi thé

target subsequenssre SEhhAgENl a@Ndidd 08s Jence-dependent_and are
different under different ci rcum;tances.n?%ﬁggrgg?rgggggqﬁt SO%W rseag]u'?)e
hi gher hyBiti di 24t i br0 tleorpraitan@sa f bemppeeaitiire hybritdilzatgtoms & s iher

factors fiect t t.r.ingency. of. hybridizatjon, including base

conposi tr%%agr%}dl%'eng%d}%% n% corpl eSr%QntsrasrpyE st ba'?fﬂs,n%ré\?éﬁoe of0 or@hni ¢

sol vent s dadhexinttef base EDIHEL GIH NY. 41 he GONDi pahlon, of; -par; £rs is
y

nor e inpo&@a,%t than the absol ute neasure of any one al one. Cenerallyy,
stringent “condi ti hs® are $etet R t o Berabourl3€lecowpectiifar t he ghwreal
mel ting pakbti@iMatind he spegific at_a defined ionic strength
and pH. The Tmis ther}terrperat ure (%ﬁgg#{sgg% necc?r}oglgfilco%ﬁ’renaFﬁ, fand
nucl ei ¢ aBK@medposi $ampdoal, whFcht5e¥eof 4@ pMehesteenpl ementatry 4,0 the

St1 U ngent CRORarE e IRERGHS a1 COREonlA | - ot | BBS1PG. GEAE no
nor e t hanPreMsNa li9mP c oo Ml h (oRuel Ber 3akhs kab-18y1RH 4. o 3 and
a tenperature of_ at |east 25C. For exanple, conditions ofl 5% §%PE 0 mv
NaCl . 50 . BIOS Scientific Publishers Limited (1999), which are
hereby incorporated by reference in their entireties for
all purposes above.

15 The terms “sensor” and “biosensor” are to be used
interchangeably and are to be interpreted broadly to refer
to an analytical device that is capable of converting a
biological response into an electrical signal. The sensor
or bilosensor is capable of registering a change in an

20 electrical property when a target nucléic acid binds or
hybridizes to a nucleic acid detection probe immobilized
on the surface of a semiconductor nanostructure making up
the sensor or biosensor.

The terms “gene chip” and related term “microarray”,

25 are to be interpreted broadly to refer to a device that
comprises the sensor disclosed herein together with
auxiliary components such as electrical source and
electrodes for conducting electricity through the gene
chip such that a change in the electric field 1is

30 indicative of hybridization between target nucleic acid
and the nucleic acid detection probe. The gene chip may
further require a wuse of an electrical detector for
detecting this change in the electric field. This “change

in the electric field” can be seen as the presence of an



NaPhosphate, 5 mM EDTA, pH 7.4) and a tenperature of 25- 300C are suitable
for allele-specif ic probe hybridizations. For stringent conditions, see
for exanpwe,20fbasbreeok, Fritsche and Mani atis. "Ml ecul aPCTISGRONSPOG41

| aborat ory Manual " 2nd Ed. Col d Spring bor Press (1989) and Anderson
"Nucl eic Acid Hybridization" 1st Ed., Bl Scientific Publishers Limted
(1999), which are hereby incorporated by reference in their entireties for
al | pur posescabbve. TTRéd: EPppohsddsorgemdchbPogenddre taxgelo heclsid

| nter changeabh ypandsane Lo, beni ol grprelad biaadly; Lo peter to an analytical
device that is capable of converting acblologlca response i oéﬁh

el ectricalsstgnas. aThlecsenpser ior thosebsotris Gaﬁﬂdfﬁmﬂ iﬁg%ﬁégéaﬁgda
change in electrical property n a target nucleic acjd binds or

hybrigdi 2o 135 Htt of E5aET Aot & %ono%?%% Frfrolid i e b 23iel @ur phce of
a sem gondted orta'ka%wcst mueherne MBkipg 4 the SERRAl Q'c9%6”88£%cg98nt erms
“gene chip" and related term"mcroarray”, are to be interprete roadly to
refer to &%eRFce that conprises the sensor disclosed herein together with

conduct | g ol eopTT it TR ough” CHECBBREERTp such That & GhangE Phidhe
el ectric ?Temmplatéhﬁfcaikye ef dyhwdslizabhonthietweer taggettanel gigyaci d
and the nucleig¢ acid detection grobe. The gene chip may further require a
use of an éﬁ%%tri BPldetecl8y fOF decERliatglthi Sxdfanger?n the ellbereic

field.Thigseds | e gkactidyh J ko cam beageed. ag e By esenge of

anelectric field though the gene chip as t rget nucleic acid s to
t he nucl eitthaciel det et onf ptlobeinvenhnobe

Unless specified otherwise, the terms "comprising™"

and "comprise", and grammatical variants thereof, are

.intended to represent "open" or "inclusive" language such

15 that they include recited elements but also permit
inclusion of additional, unrecited elements.

As used herein, the term "about", in the context of
concentrations of components of the formulations,
typically means +/- 5% of the stated value, more typically

20 +/- 4% of the stated value, more typically +/- 3% of the
stated value, more typically, +/- 2% of the stated value,
even more typically +/- 1% of the stated value, and even
more typically +/- 0.5% of the stated value.

Throughout this disclosure, certain embodiments may

25 be disclosed in a range format. It should be understood
that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be

30 considered to have specifically disclosed all the possible
sub-ranges as well as individual numerical values within
that range. For example, description of a range such as
from 1 to 6 should be considered to have specifically

disclosed sub-ranges such as from 1 to 3, from 1 to 4,



seen as a decrease in the electric field due to increased el ectrical

resi stance that occurs due to hybridization of the target nucleic acid to

t he nucl ewvo 2anvid9ket ecti on probe. The word "subst anti al Pg'T/Sdees/on®i41 excl ude
"conpletely” e.g. a conposition which is "substantially free" fromY nmay be
conpletely free fromY . Were necessaryl4the word "substantially" may be
omtted fromthe definition of the invention. Unless specified otherw se,
the terns frompli sbn@’, anebm cONMPLI 9", £ahd gr@gn@tiqumnghgﬂtf g?greof,
are intended to represent "open" or "inclusive" |"anguage suc hat “f hey

i ncl ude re@ft et erfeint 3 5LtV i wl pevunitteiciwigitdm ofthaddi tihanal,, Bereci t ed
el enent s. herekn, sthe, tegm "about ", .i.n the context of
concentrat?%%@ﬁgg'cghpghe%k;%ﬁ heapgr%ﬁlgﬁ%ﬁnﬁpﬁ%&ﬁ%aF?Qaﬁﬁé%§s+Pf 5% of
t he st at edthal oecadron eof ypheakbygs/- 4% of the stated value, nore typically
+/ - 39@9f the stated value, nore typically, +/- 2% of the stated val ue,
even nore typically +/- 1% of the stated value, and even nore typically +/-
0.5% of the stated val ue. Throughout this disclosure, certain enbodinments

may be disclosed in a paseddser@icr IdptSitgild Mg, didelstood that the
description in g lggrnat IS nenq&y forpgagvenience and brevity and
€

AN TR e t4EP6A O t Re IR of othe

shoul d not be construed as an i

di scl osed daagestidecerdi AgkyeittheadescriPli onRf Bl angs-shousd be .
considered to have specifically disclosed all the possible sub-ranges as

wel | as i ndFV?dbal © }Peal fal FeRhGariurtdrat nameet rFortuexanghe, a
descripti omu®fcfcrange $Uchy@Scction probe immobilized on the

nanostructure that is capable of hybridizing with target

nucleic acid, the detection probe comprising a polymer
with a substantially non-ionic backbone.

In one embodiment, the polymer comprises a non-ionic

15 backbone with the proviso that peptide nucleic acid (PNA)

is excluded. The polymer of the nucleic acid detection

probe excludes DNA and RNA. The polymer of the nucleic

acid detection probe may exclude non-ionic analogs of

nucleic acid. In another embodiment, the polymer of the

20 nucleic acid detection probe may be peptide nucleic acid

(PNA). The PNA may have the structure as shown below.
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from1l to 6 should be considered to have specifically disclosed sub-ranges
such as from1 to 3, fromlto 4 ,fromlto5, from2to 4, from2to 6
from 3 t owe 2etons912as wel | as individual nunbers within rhatsceensgeq44f or
exanple, 1, 2, 3, 4, 5, and 6 . Thiis applies regardl ess of the breadth
of the range. Disclosure of Optional Enbodi nents Exenplary, non-limting

embodi ments_of ;g sensop.f aloddet getdian of gucl el g, acid Wild sew beye
di scl osed. The sensor conprises a sem conduct or nanostructure ahd a nucl eic
aci d det ebttcghopeobe inmadi lpzed arepdw: namoStrBetminothatyl) sgdapdhblee of
hybri di zi i t.h target.nucleic acid, the detection probe conprising a

pol yner mﬁgﬂﬂ%dsB%ngﬁ%Fgﬁlboﬂ n-ioni ¢ backbone. In one enbodi nent, the

pol ymer conpri $8S a2 A@AHONi @mb@@m@ﬂ%,wﬂrtbt?&}gﬁeyisﬁ_tbﬁlé PeRllide
nucleic acid (PNA) is excluded. The polymer of the nucleic acid detection
probe exch@dds dONRENPTRNAL OFhe 531 yer sofmerehalithei @ lddaheadet ectlihen probe

may exclu L [ g f | e, C id. .l n _ano r emhodi nent, the
pol ymer ogggﬁgg%%g e?glggﬁggdéﬁgbpgg% %ng%%%%fﬁﬁiﬁiﬁﬁ!%h?%ﬁﬁﬁég%Wacid
(PNA) . The PNA may have the struygiure as shown below. O PNAA s can b e
seen in the above structure of_ﬁﬁA{;}he backbone is made up o f repeating N
- (2-am noethyl) -glycine |inked\lyy peptide bond. In a further enbodinent,
the polyner o f the nucleic acid detection probe may b e a norpholino

ol i gomer. The norpholino oligomB#FwaN:ﬁave the structure a s shown bel ow. |
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Morpholino

The morpholino backbone is made up of repeating
ribonucleoside derived morpholine subunits linked by
10 phosphorodiamidate bond. Morpholino oligomers may be
short chains of about 25 morpholine subunits. Each
morpholine subunit i1s made up of a nucleic acid base, a
morpholine ring and a non-ionic phosphodiamidate
intersubunit linkage. Morpholinos and its subunits used
15 in their assembly are covered by United States Patent
Numbers 5,142,047 and 5,185,444, herein incorporated by
reference in its entirety, which alsc disclose methods for
imparting specific target sequence moieties (“base pairing

moieties”) to the Morpholino.
20 ' The polymer of the nucleic acid detection probe may
have a target sequence moiety for hybridizing to a target

nucleic acid. The target sequence moiety may be a
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ave

e u

aci d. The semgoonductarc reaniost ruct ure may be a sem conductor selected from

Goup II'lA
sem conduct or

10

semiconductor

be

| V VA or VI A of  the Periodic Table of El enents
nanostructure

semiconductor selected from Group IIIA,

the Periodic Table of Elements.

selected from the group consisting of silicon,

tin,

selenium,

tellurium,

and phosphorous.

15

Group

semiconductor,

semiconductor,

a Group

boron,

a

IIB-Group VIA

The
be

may a
IVA, VA or VIA of
The semiconductor may be
germandium,

carbon, diamond carbon

The semiconductor nanostructure may be a Group IVA-

IVA

Group ITTA-Group VA

semiconductor, a

a Group IVA-Group VIA

20

25

30

Group . IIA-Group VIA semiconductor,

semiconductor, a Group IB-VIIA semiconductor, alloys or

combinations thereof. The semiconductor may be selected
BN, BP, AlN,
"InN, InAs,

CdTe,

from the group consisting of SiC,
AlAs, AlSb, GaN,
ZnsS, 7ZnSe,
BeSe,

PbO,

Bas,

IinP,

AlP,

GaP, GaAs, InSb,
cds,
MgSe,

PbTe,

GaSb,

zZno, inTe, CdSe, HgS, HgSe, HgTe,

BeS5, BeTe,

Pbs,

Mgs,
PbSe,

GeS,
CufF,

GeSe,
CuCl,

GeTe, 85nS,

Cul,

SnSe,

snTe, CuBr, AgF,

AgCl, AgBr, AgI, alloys or combinations thereof.

The semiconductor may be suitably doped to form a p-
type semiconductor or a n-type semiconductor. It is to be
appreciated that a person skilled in the art would know
the type of dopants to use in order to form the p-type or

n-type semiconductor.

The semiconductor nanostructure may be a
semiconductor nanowire, a semiconductor nanotube or a
semiconductor nanorod. In embodiment, the

one



selected fromthe group consisting of silicon, germanium tin, seleni3n1
telluriu boron, carbon, dianond carbon and phosphorous. The sem conduct or
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to use in order to formthe p-type or n-type sem conduct or
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gggé%f%e 1s a od@ 50 nm to 60 nm.

The length of the nanowire may be selected from the
group consisting of about 1 um to about 250 pm, about 1 pm
to about 200 pm, about 1 pm to about 150 um, about 1 um to
about 100 pm, about 1 pm to about 50 pm, about 50 um to
about 250 pm, about 50 pum to about 200 pm, about 50 um to
about 150 pm, about 50 pm to about 100 pm, about 100 pm to
about 250 pm, about 150 pm to about 250 um, about 200 um
to about 250 pm, about 100 pm to about 150 um, about 150
pum to about 200 um. In one embodiment, the length of the
nanowire is about 100 pm to about 200 um. The sensor may
comprise an array of more than one semiconductor
nanostructure. The sensor may have at least 100 nanowires
positioned in an array format.

The nucleic acid detection probe may be attached or
immobilized onto the semiconductor nanostructure via a
cross—-linker. The nucleic acid detection probe may be
covalently attached to the semiconductor nanostructure.
The cross-linker may be an organic compound that may be
capable of covalently Jbinding the polymer to the
semiconductor nanostructure. The cross-linker may be an

organic compound whereby both of the terminal ends are of



nmto about 90 nm about 50 nmto about 70 nm and about 60 nmto about 70
nm In one enbodi nent, the dianeter of the nanowire is about 50 nmto 60
nm The |wogbtv/wsdizbhe nanowi re nay be sel ected from t he PgrsGRoBONGHKSst | Ng of
about 1 mmto about 250 nm, about 1 nmto about 200 mm, about 1 mmto
about 150 nm, about 1 mnmto about 100 n%8 about 1 mmto about 50 mm,
about 50 mmto about 250 mm, about 50 mmto about 200 nm, about 50 nmto
about 150 mm ,oxbo(th&0 %t 0-@bout gtdpnm Thaboubst6Q imbetro mdboube220 nm ,

bout 150 baut 250 .. about 200 nmmto abhout 250 mm , about 100 mm
?oogbout 1 6atrlr%egy§80uotr 180 TCHBHULE 286°Hh . ofiE°ERbOARFBAL Mathe

length of bkegnanewkleehydebart HGymaHo BhMscZQtan . The sensor may
conprise an arrgﬁ of npbre than one sem conductor nanostructure . The sensor

may have at |ea e10®erﬂ'hﬁ6ﬁﬂiﬂ€§0§osﬂ@n@ﬁ_ééuilh}lﬁ_ﬁ afpdy Pernarcatiwe rucl eic
aci d detect)op pLOls JBy, be  at t%&egrggsl_?’gggélrl ztgaddwcé)?lgo de sem canduct or

nanostructure via a cross-linker. The nuclelic aci eéct1on probe ! be
coval ent | y nanbathedtuoet.he sEmisomhict are nanbseract ube. Mheredwssnd i rker

may be an ani,c_conpound that nmay be capable of coval ently binding the
po?/yrrer to%{uﬁgtégﬁﬁgggéﬁ& of IRHFosT YTt Grfe. FHheP TR HRTI TP AR 1 TR 16 T

or gani ¢ corpagddnsher ebye bl rf-dhed eeshPal n 8AgS RS RN AXP LLhal, is,

-C=0 group. The _cross-linker may be a di al dehyde or a diisocyanate group.

The cross- PiRer Liapehbd 3 trar draehydetor 1pheryltene afi oBocyarfateap [Eey
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i nt roduci ngmanbenbtnenal i amigoagentensych asiawbaridio: gr oupuiGIHa tHmg
aminohexene, aminoheptene,  aminooctene, aminononene,
aminodecene, aminoundecene, aminododecene, aminotridecene,
aminotetradecene and aminopentadecene. In one embodiment,

15 the functionalizing agent may be l1l0-aminodec-l-ene. The
functionalizing agent may be protected with a protecting
group so as to prevent undesired reaction of the amino
group. Accordingly, the functionalizing agent may be 10-
N-Boc-aminodec-l-ene. The amino-group containing compound

20 may be aminopropylethoxysilane or polylysine.

The nucleic acid detection probe may be attached or
immobilized onto the semiconductor nanostructure via
affinity binding. In affinity binding, compounds are
linked to each other or to a surface of an article through

25 specific biological binding (e.g. biotin/streptavidin or
glutathione/glutathione-S-transfersase). - In one
embodiment, this is achie%ed by chemically modifying the
nucleic acid detection probe to contain biotin and the
semiconductor nanostructure surface to contain

30 streptavidin. Application of the biotin-modified nucleic
acid probe to the streptavidin-modified surface will
result in specific affinity immobilization of the nucleic

acid probe to the semiconductor surface.



conpound. The am no-group contai ni ng conpound may be an am noal kene havi ng
from2 to 15 carbon atons. Exenplary am noal kene may be selected fromthe
group comnspimgort am noet hene, am noprop ne, am nobut enE/SGamsmwop@nt ene,
am nohexene, am noheptene, am nooctene, am nononene, am nodecene,

am noundecene, am nododecene, am notridédcene, am notetradecene and

am nopent adecene . I n one enbodi nent, the functionalizing agent nay be

10- am nodec- | - efieer Thehtunatictrdki zarg dagert: cory ohe protect edswi brea
protectin& roui,so as to prevent undesired reaction of the am no group.
Accor di ng V%O helEGACOPGRal i MR ertdnaloheaBO S 2EBEECani-h§dECH ™ ene

The ani No=gHeURC ALAIFING, £0FRAURATRY hE: A NORL OpyE eL boxysT hage yyr
pol yl ysine. "The nucleic acid detection probe may be attached or Fmrobilized

onto the $wickeddudtor omdraost tact aedugiea abhi-sipeg1filndi igybrinl igfkftimit y
bindin%, on%ounds e Iinkg%vgp each _other or, to ﬁ surface of ntgrticle
t hr oug s%gEiFFE bi §8gi cal™ it ng (849, bPBHi n/ §fFept AFHSPRGHCECr

gl ut at hi orehglsttt-atchivere- FHd aisdciensaseyent | Hsebeismbedi MR dhias1iys

achi eved by chemically nodifying the nucleic acid detection probe to
contai n bilefitAeand &he &M coRBuctér nghostaRRRtf e Sbir f RéE KA NEonttEic

streptavi diy iARRLGALT 080T fhe hiotd n: mdisti edonuglei ¢ agid proheto the
streptavi dirn-no |F i ed surface w result 1Tn specific affinity

i Mmobi | i zatinostafucttherenucl 8nc easin Igrmbebl ockhegs ewiecdandury obes weframe. Af t er
the nucleic acid _detection Q{Obe has been immobilized onto the

seni cofduttor’ Nanos trdcfure " YHe' nonexposed surface of the seni conduct or

hanostructure mag ke oskeguble@Edakito HRAUCEaMOBe SBEELELE RN idigat i on
bet ween the nucleic acid and the sem conduct or
disclosed sensor may be single stranded DNA and/or single
stranded RNA. Optionally, the target nucleic acid may be
labeled with a fluorescent marker or a radiocactive marker
15 such that any nucleic acid that has been bound to the
nucleic acid detection probe can -be detected using
fluorescence imaging or radiation, respectively.

In one embodiment, the nucleic acid detection probe
may comprise a first polymer and a second polymer. The

.20 first and second polymer may have respective ' binding
moieties with respective substantially non-ionic
backbones. The binding moieties of the first and second
polymer may bind to each other as a result of
complementary base-pairing based on the specific sequence

25 of the nucleic acild bases present in the respective
binding moieties.

The second polymer may have a binding moiety as
described above at one end and a target seguence molety
for hybridization to a target nucleic acid at the other

30 end. Similar to that described above, the target sequence
moiety of the second polymer may comprise a sequence of
defined nucleic acid bases that are complementary to the

sequence of the target nucleic acid.



nanostructure. The bl ocki ng agent used is not particularly limted as |ong
as it is capable of blocking the hybridization of the nucleic acid to the
sem conduwwoaniwvaast r uct ure. An exenpl ary bl ocki ng agentCrsg2ts/08@dum or
bovi ne serum al bum n. The type of nUC|eE§thid that can be detected by the
di scl osed sensor may be single stranded and/ or single stranded RNA
Optionally, the target nucleic acid may be | abeled with a fl ugQrescent

marker or a rargl}il%ap%ei%%PRéW%cH“%%athaé’rﬁl Auctef e 5t tr’rﬁ)éf_fb%sogeen
bound to fhe.pue! gihgracid deteet ion @EQ@eoEa@FQ %iﬁ%%e%kﬁﬂgﬂ§iﬂg The
y e enbodi nent, the

fl uorescence 1 magi ng or radiation, respective I'n on
nucl ei ¢ aseédodét ectlivorrpmule haye cowpre seororier stnpobymérarantdhassedond

pol ymer. The first and second. pol yne have respective bindin ieties
Rt h T spbhET 66 T8l HTIeh 15 Hor i En 6 baGRRORES orHE S niF ng“HaPUR! o5 o
the figstoangisroonf ol yah naye birAdsto ©aCOt hehdasporesité Qfith

conpl enmentary base-pairing based on the specific sequence of the nucleic
aci d base&hpr eswrget n Misd ei€speeifve biTHd ngepronet iRILYTRHE JEON®S yner

may have Lpdi ' yigﬁz e I.b ove_ at.,ane. r
sequence %%PE?% ?gﬁ&ﬁaﬁifllzé?igﬁé?o%gmgg?g%? %B%IEF%Qgéﬁgg%?m%Eegg%%er
end. Simbiar tepthat deScrbhbetimpove; tdwect ardget degquenceaininetry aind he

second PoLYTeL ey COTRLise2 seguense, of defned el ei o ocl d bacs
pol ymey npyibhave amg_kff}%fx%’t thenbebm@f ABRBERN A tfod@hat | MghA10s t hat of
the first polyner e second pol yner may have nore nononer units than
t hose in compared to that of the first polymer. The second polymer
may at least bind to a portion of the first polymer. The
second polymer may at least bind to a portion of the
target nucleic acid.

15 The length of the first polymer may be selected from
the group consisting of about 10 to about 30 nucleotides,
about 15 to about 25 nucleotides, about 17 to about 25
nucleotides, about 20 to about 25 npcleotides, about 23 to
about 25 nucleotides, about 15 to about 23 nucleotides,

20 about 15 to about 20 nucleotides, about 15 to about 17
nucleotides, about 18 to about 23 nucleotides and about 20
to about 23 nucleotides. The length of thé second polymer
may be selected from the group consisting of about 25 to
about 55 nucleotides, about 30 to about 50 nucleotides,

25 about 35 to about 50 nucleotides, about 40 to about 50
nucleotides, about 45 to about 50 nucleotides, about 30 to
about 45 nucleotides, about 30 to about 40 nucleotides,
about 30 to about 35 nucleotides, about 35 to about 40
nucleotides and about 35 to about 45 nucleotides.

30 In one embodiment, there 1s provided a system for
detection of target nucleic acid wusing the sensor as
described in the embodiment above and which further
comprises means for detecting the hybridization between

said target nucleic acid and said detection probe. The



the first polymer such that the second polyner is capable of binding to
both the first polyner and hybridize with the target nucleic acid. The
second powvgrmro/see6have | esser nmonomer units than thosepcm/SGhesfonodgat

pol ymer and is capable of binding to both the first polynmer and hybridize
with the target nucleic acid. The secondpol yner may have the sanme nunber
of nmononmer units as conpared to that of the first polynmer. The second

pol yrer W%%éﬁs|f%§td§%% t%ﬁgatH@wﬂ§ﬁEf§i%%€‘fir%tF&°| ner.. The second

pol yner may at | east 0~ a portion o . %rgg i Iﬁ%%%ﬂ%%fg%%e

| engt h of rivkd efiic stcipdl ymer sany betselectredfdmhde peoupyCcors i ng of
about 10 h&labou 30 nucl eotides, about 15 to about 25 nucl eotides, about
17 to abodt*P® Mifi¥otiYesSYabyut T2 F6ta6EHR R I Tt e kdbUeeR3 to

about 25 nuel eptigles, nabout <15 4i¢; aboyt 23 %@é@@éi%ﬁﬁpr%@?é %Lﬁcﬁ 0, gbout

20 nucl eoti des, about 15 to about 17 nucl eoti des, a out 23
nucl eofi désrarmkatiog, 20 fbuabeite?3enuekdetri, des anfites drengt hvat tihdiee second

pol ymer e selected fromthe._group consisting of abqut 25 to about 55
nucleotigg%¥Pa5%%t 3 tomgggﬁf 5¢ nuéﬁﬁ%tiﬁ@é?dé%SG%’BSlpo abtit s

nucl eot i desssialioitced0 dfo abeut sBAsbucl get i lessuabaut p¢5 tHcaboutmd0s1
nucl eoti des, about 30 to about 45 nucl eotides, about 30 to about 40
nucl eot i déS,SAPSHE B0 4% HdURUBEShtcREsti deggcabunBs 1t Hhoutanget

nucl eot i d%ﬁrﬁﬂqugawe%;; d#€ @p@%of QECl(gﬂt ide mﬂorzi:l_%dtem?gfgeﬁléyt here

is provided a systemfor detection target nuclelc aci using sensor
as deseri lsexe i poiheeenbedivent) above @ndhehitehr fair t hendtogpricsies yweads f or
deteCtingTﬁﬂf Q¥95£ i%%hb%%rbeEﬁﬁegm. embodiment where both a first
polymer and second polymer are used), the presence of the
negatively-charged nucleic acid molecule results in an
increase 1in the resistance between the +two terminal
15 electrodes. Hence, the means for detection 1s the
measurement of this resistance change before and after
hybridization, which is indicative of hybridization

between the nucleic acid target and the polymer.

20 Brief Description of Drawings

The accompanying drawings illustrate a disclosed
embodiment and serve to explain the principles of the
disclosed embodiment. It 1is to be understood, however,
that the drawings are designed for purposes of

25 illustration only, and not as a definition of the limits
of the invention.

Fig. 1 is a schematic diagram of the process involved
in dimmobilizing a polymer, such as morpholino, onto the
surface of a semiconductor nanostructure.

30 Fig. 2 is a schematic diagram of a first and second
polymer immobilized on a semiconductor nanostructure, the
second polymer being attached to the first polymer and

hybridized to the target nucleic acid.



said target nucleic acid and said detection probe. Theneans for detecting
the hybridization between said target nucleic acid and sai d detection probe
may be arwoanm/dH12a known det ecti on system for detecti ngCmpiorimdion@tsi on

bet ween the target nucleic acid and thezflet ection probe, such as for
exanple, a fluorescence reader, a ameter, a voltneter and an ohmneter. In
one enbodi nent, in use, the resistance of the sensor is .neasured_by two

termnal el ecfrédes32 A@%dtH@4hyc?€icaﬁﬁicf%%ﬁ{ﬁﬁc%?%ﬂslﬂﬁgﬁﬁe Phr et
bi ndi ng nRirglbRfudhg Hgéﬂagﬁr&wu@@ ﬁ%@%ﬁ%@&adﬁwﬁzé&llmmma@r is

used) or to the target binding noiety of the second polynmer (in an
enbodi nerthessers botFia. fi3ast ipol Yher &lebsesoprcpolyrage apétasedihe the

presence of the .negatiyvely-charged.nucleic, acid nolecule results in an

i ncrease r‘}OriCp?W‘eaLlrne stlé?fé% bg?&g%ﬁlﬁ t\WéLtt%er Mal @ ecrfl?%%est.gf—%%ce, t he
means sf ormdatedcd | oaciast hanmasuigirenbeeh t higsos st apeehchangecpesore and
after hybridization, which is indicative of hybridization between the

nucl ei ¢ iPRAFHT afG e pol yiret- BRI e S DES i pHIOF SGCDCEW HE3IThe
accompany] fg. dr auios dlddist hata A i seliosed cembadigrent Jandager veeta

expl ain the principles of the disclosed enbodi nent. is to be understood,
however., ddratuted drrani ngscar eedeseégnédohothpumpopéslafhoisl-l ustrati on only,

and not as a finition of the limts.of .the invention.- -Fi.g. 1.is
schematic dia %ﬁn(ﬁdtiﬁ§ prcégép%Fvgpyg&nﬁh i bFFP%F &tg p8FynE$? such

as Moy Phahd Ao PR Os themsbi fagedokiaisenl GRRGURIOra MBSO Ueydles. oFi g. 2
is a schematic diagramof a first and second pol ymer immmobilized on a
seni condUtrl dibdst puckbfledeppguration.

Fig 5 4is a graph showing the PNA modified SiNW
biosensor response to complementary, one-base pair
mismatch and non-complementary PNA-DNA hybridization.

15
Detailed Description of Invention

Referring to Fig. 1, there 1s shown a schematic
diagram of the process involved in immobilizing a polymer
such as morpholino into the surface of a semiconductor

20 nanostructure. This process is carried out in the absence
of an oxide film on the surface of the semiconductor
nanostructure. Hence, this process can be termed as an
“oxide-free” process. In this process, morpholino is
immobilized onto the surface of a silicon nanostructure.

25 The process involves the steps of functionalizing the
silicon surface with a functionalizing agent such as an
amine-containing compound; covalently attaching one
terminal end of a cross-linker to the exposed amine group
of the functionalizing agent; and covalently attaching the

30 morpholino to the exposed terminal end of the cross-
linker.

In +the functionalizing step, the silicon oxide
coating of the silicon nanostructure is etched away by

exposing the silicon nanostructure to BOE (a solution



second pol ynmer being attached to the first polyner and hybridized to the
target nucleic acid.Fig. 3a and Fig. 3b are fluorescence inmages of a

sem conduwwoOapiwaast r uct ure havi ng i nmobi | i zed nor phol | ROS/SGhes®oni41 Fi g. 3a
is the fluorescence image after the norgholinos have hybridized with one or
nore target nucleic acids that had been | abelled with a Cy-3 fluorescent
mar ker. Koptalliing t heghl uaseseence-ismge faf HBr ddiel)t anggt hhekeitthaci ds of
Fig. 3a have been denatured and hence renoved fiomthe norpholinos. Fig. 4

is a graphlSiKeR ng? EHBS st &F9SHY of OF he TG phdt+ho%2i nuBitECEed 94 H con
surface af qué%_%nﬁ%ge@ybggqgéghi_on angnhdenatyiddon-+ S ddsga graph

show ng the F? nmodi fied SI NWbi osensor response to conpl enmentary, one-base
pai r m srEticiccand isonsobmpicemerntiar yaPNA- DNACEY br iTingedl #6aly Det eédeeld

Description.of.lnvention Referring to Fig. 1 her e | ho chematic
0 agr dm OF el b SRALe RO EaE | T rbBRRF SEAEYA ST e P Teueh S

nor phol i nond it pitbgesutbagenatea semiconductir sanashr ddiur eof THEBOPr ocess
is carried out in the absence of an oxide film.on the surface of the

sem conduRiVre Heatbst P verirederehcenet ANg FHICEY dfbe $ermd Bs AR

" oxi de-fr e;;i%ggsﬁ&pu& e‘dhizseﬂ&PeféﬁcE%Hh@éﬂQ i s Thmoi | hzgde 090 the
surface of a si con nanostructure. The process involves the steps of
functi onatézi hgthhe siliomn sanbateuwnttines famet idhahirehgdagerith sUéh as an

o ne;£om i 1o, comouy, cqvalenilyat (aehi o cnef Lmnal ne gle
coval ent | yrat tachiog t Bednokpkelidno to e expesadider maé esdlotohhe
CrOSS|Im?gﬁostructure was treated to remove the protecting group
from the functionalizing agent and to expose the amine
group. Due to the presence of the exposed amine group, a
15 cross-linker such as glutaraldehyde can bind to the
functionalizing agent. The other end of the cross-linker
is exposed to bind to the first polymer such as a
morpholino.
Referring to Fig. 2, there 1is shown a schematic
20 diagram of a first polymer such as morpholino 12 and a
second polymer such as morpholino 14 immobilized on a
semiconductor nanostructure such as silicon nanowire 18.
Morpholino 14 is attached to the morpholino 12 and
hybridized to a target nucleic acid 16. As seen in Fig.
25 2, morpholino 12 is capable of binding to morpholino 14
due to the presence of binding moieties on both morpholino
12 and morpholino 14. The binding moieties of morpholino
12 and morpholino 14 are depicted in Fig. 2 by dotted
rectangles and represented by 12a and 1l4a, respectively.
30 The binding moieties (12a, 1l4a) have defined nucleic acid
sequences that are complementary to each other such that
morpholino 12 and morpholino 14 bind to each other via
complemetary base pairing. In morpholino 14, the target

sequence moiety 14b has a specific nucleic acid sequence



In the functionalizing step, the silicon oxide coating of the silicon
nanostructure is etched away by exposing the silicon nanostructure to BCE
(a sol ut iwocom@brzong hi gh concentrati on of HF aci d) su®lTiSEae0stob@4si | i con
atons present on the silicon surface fordfA hydrogen-term nated silicon. The
hydrogen-term nated silicon is subsequently and al nost i medi ately treated
w t h 10- arhatdets| -comp feammttiamal itzi nghagentichbgicoveciag sdmpuence of

hydr ogen-t erm nat ed si.l i con, w a thin filmof t-BOC protecte
e nOdEE P obn e S Y +F aRSFEr Ay TSTRRSLIRG | bheAipurgad SFef | on
reaction gelkheikn theigeactson ww@btidiBessi |y LORN NS r UL ES arg 5

illTumnated with UV light. After UV illum nation, the silicon
nanost r uc CQFes-cHEE tarYs 88 senPwadsREd. After washing, the silicon

nanostfucture ygs freated o remye the protecting, gr up Liamahe, o,
functional i zi ng ‘agént and to expose the ani e group. € to the presence of
t he exposethecaninnepphodiipp al4£ry 0ss- kchiekere suah ase glaltarat dehydewarerdy nd to

the functionalizing.agent. The her end of the cross-linker i s exposed to
bind to tb?@tfﬁeﬁék g&?g%ﬁfx%ﬁ_ch(gbaa nngP\_ol FAB . PRef&rengeto @i’g.thf_,
there is shewrdrschemat] %&ﬁ@géx%%@imémf:bf_SEhBOh[Y/B'%ric@i%Qi%% e phelino 12
and a second pol yner such as norpholino 14 imobilized on a sem conduct or

nanost r uctt@r@educhuase s¢| iasoi® ndhowiv eths. morpholime 14 i slaseacHds to the
R el
presence efn bilnstitngl aocetrest opahottl cwriphioleeo tReard emmirphiels n@dA. The
B;/ng'o[‘?eg%'o%)'.es ofqorpholing 12 and forpholino 14 are depicted infig. 2
nucleic acild, which closes the electrical circuit between
the electrodes (20a, 20b). The presence of an electric
15 current can be detected using a detector 22 which may be
in the form of a voltmeter or an ammeter. In other
embodiments,” an electrical current is generated between
electrodes (20a, 20b) before introduction of the .target.
nucleic acid 16. Once the target nucleic acid 16 binds to
20 morpholino 14, the negatively charged nucleic acid 16 acts
as a resistance to the electrical flow Dbetween the
electrodes (20a, 20b). Hence, the electrical current
between the electrodes (20a, 20Db) before and after
hybridization of the target nucleic acid 16 to the
25 morpholino 14 can be detected by the detector 22, such as
an ammeter or an ohm meter. The magnitude of the change in
the -electrical current before and after hybridization can
be related to the amount of hybridized nucleic acid 16 to
morpholino 14.
30 The target nucleic acid 16 can be labelled with a.
fluorescent marker (not shown in Fig. 2) such that the

hybridized nucleic acid can be detected via fluorescent

imaging.



rectangl es and represented by 12a and 14a, respectively. The binding

noi eties (12a, 1l4a) have defined nucleic acid sequences that are

conpl emrernwaryiwsorach ot her such that norpholino 12 andpeosphaisiona4l4 bi nd
to each other via conplenetary base pai EPng. I n norpholino 14, the target
sequence noi ety 14b has a specific nucleic acid sequencethat is

conpl enentary to the nucleic acid $gueies of target nucleic acid 16 such

t hat norpholing 14 and target nucleic acid 16 hybridizes wth, each other
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enbodi menspect héchfbrindlieat i vhich theouldl guat el edrsberdd18St o0t hay
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such that"an % ect i Urrent-can fl ow between the el ectrodes (20a, 20b)

This is attributed to the negatively charged nucleic acid, which closes the
el ectrical circuit between the el ectrodes (20a, 20b) . The presence of an
electric current can be detected uEFAGPASdétector 22 which may be in the

formof a voltmgt ep, QLN LBMBLEHL N AL et ebodiment 8, an elsgatidgal
current is generated between el ectrodes (20a, 20b) before introduction of
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nmor phol i n 4, the negatively charg nucl ei id 16 acts as a.resistance
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hybri di zati on of the target nucleic acid 16 to the norpholino 14 can be
det ect ed Bﬁm@ﬁ@l@@tégﬁﬁx¥gﬁ Eieplls 6:1 Merck Electron. Chem. Ltd)

for 1 min. The H-terminated silicon nanostructures were
immediately covered with a thin film of t-BOC protected
15 amine (AstaTech Inc. (Bristol, PA)) and quickly
transferred to a Np-purged Teflon reaction cell where the
nanostructures were illuminated with UV light (254 nm) for
3 hours through a quartz window. The nanostructures were

then rinsed in chloroform (Sigma-Aldrich) for 15 minutes
20 at 50°C and then in methanol (Sigma-Aldrich) twice at room

temperature (such as 25°C) for 5 minutes each. The
deprotection of t-BOC protected amine was carried out by
immersing the nanostructuré surface in 25% trifluorocacetic
acid (TFA) (Sigma-Aldrich) in methylene chloride (Sigma-
25 Aldrich) for 2 hours and subsequently treating the
nanostructure surface with 10% agueous ammonium hydroxide
(Sigma-Aldrich) for 5 minutes followed by a rinse in pure
H,O. The nanostructures were treated with 1% glutaraldehyde
(Sigma-Aldrich) in H,O for 1 hour and rinsed with pure H0

30 thereafter. 10 pM morpholino (each having a base sequence
of 5'-NH,-AACCACACAACCTACTACCTCA-3') {Gene Tools, LLC

(Philomath, Oregon, USA)) in 1x Saline-Sodium Citrate

(SSC) buffer was incubated with the surface in a humid



an ammeter or an ohmneter. The magni tude of the change in the -electrical
current before and after hybridization can be related to the anount of
hybri di zeslorrolsprzeaci d 16 to norpholino 14. The target PousiGeins/oaei4d 16 can
be labelled with a fluorescent marker (A6t shown in Fig. 2 ) such that the
hybri di zed nucleic acid can be detected via fluorescent inmaging. Exanpl es
Non- | i m tatg exesyd es at the:ddfrvent‘tempm:htube furctvrwnictﬂrstcri bediftargr eat er

detail by, ref ere,nce to specific Exa whi c houl d not be construed as
in any wayreRttifREIoRe Sdopelof mtOFFgBI i oﬁ ? VoA o‘f’?i%ﬁ

i rmobi | i p o] o] 1{;@'&5 t hig Hi T, ol gi es
(Si ngapo?@?n% @Rhg &%kga %\é/%@o% e on Fﬁg léﬂl’ T%%;Cégu acgﬁ/\aggggched
away by axao@lsl ng g h@oS*tthCO@eﬂarnoﬁerJMirEe (B 2BOE (CAmmaARRlmrElchor i da
Etchant 6:1 Merck El ectron. Chem Ltd) for 1 mn. The Hterm nated silicon

nanost’r uc@%‘?%@ We? e OURERSH atel i Covdted Weh £IMiET | iPofP4eBOCtBFot ect ed
am ne (Asfajegdqln @é’cé&%urfé\%é andsquickhy %%%foqurn%d sdtd N2- pur ged

Tefl on reaction ceéﬁ:t£ where the nanostructures were lum natéd with W

light (254 nm for 3 hours through a quartz w ndow. The nanostructures
were then rinsed in chlorof orm(Sl éﬁgr ch) for 15 mnutes at 50C and
then in nethanol (Sigma-Aldrich) twc roomtenperature (such as 25C)

for 5 mnutes eachssERe deps okeelivp ff tmBLEhpLOhECERd ANt wagcear i ed
out by imrersing the nanostructure surface in 25%trif |uoroaceti %cid
S

(TFA) { Si aﬁﬁeﬁra@ﬂcﬁyobﬁ mEUAYYe FETEM B HS (5 ghve- molecules  labe

with Cy 3 (each having base seguence 5'"-Cy3-
TGAGGTAGTAGGTTGTGTGGTT-3") (1°* BASE Oligos (Singapore))
were hybridized to the spotted morpholino of Example 1,
and the hybridization event was imaged by fluorescence
15 microscope. Fig. 3a 1s the fluorescence image of the
silicon nanostructure after the morpholinos have
hybridized with the target DNA molecules that had been
labeled with a Cy-3 .fluorescent marker. As observed in
Fig. 3a, a strong fluorescence spot 1s visible as
20 indicated by arrow 30, indicating that DNA was hybridized
only to the spotted area, which 1s covered with
morpholino. Denaturation was then performed by placing
the silicon nanostructure surface in an 8.3 M urea (Sigma-
Aldrich) solution at room temperature for 5 minutes
25 followed Dby a rinse with water. Fig. 3b is the
fluorescence image after the target DNA molecules of Fig.
3a have Dbeen denatured and hence removed from the
morpholinos. Fig. 3b shows that there are hardly any
fluorescence spots in the image, demonstrating the
30 efficient removal of the target DNA molecules from the
silicon nanostructure and hence, the possibility of re-

using the silicon nanostructure for further hybridization



Aldrich) for 2 hours and subsequently treating the nanostructure surface
wi th 10% aqueous anmoni um hydroxi de (Sigma-Aldrich) for 5 mnutes foll owed
by a rinswoizniopise6H20 . The nanostructures were treat e®@CRSGROBHN441

gl ut aral dehyde (Sigma-Aldrich) in HO férf 1 hour and rinsed with pure HO
t hereafter. 10 nM nor phol i no (each having a base sequence of 5 -NH

2- AACCACANGCTAERACCTGN IS Ji (e net donés, bLClERlki | armitds ragonpeldBSA)) in
| x Sal i ne- Sodi um Citrate (SSC) buffer was incubated with the surface in a
huni dat moSphefe~at room tenperature overnight. After immobilization of the

nor phol i no, the,&hhpsrygheavashedst kmee mNAEso Wt X SSE bHET ek 1fiebnS
m nutes during each wash. 1% bovi ne serum al bum n (BSA) (Sigma-Aldrich) in

phosphat enbud$eruchiirae EPBR) @As eapleged tenpréek t HE1HIdehyde- a®ki vat ed

surface o i he_.nor phal_i p Exanpl g 2;]Jo ; il of

nor phoﬁ i n%ég%gﬁﬁél Sfilca a@ﬁ%s (E,\‘l ggt io%}}le pr or%,q% qu%Ey JV‘(;a@oérrlp er#eér%tea?gtgﬁ%

nol ecul estivabetedmiwnth Cel2dteackshawing base seftience bhanGgBructure
TGAGGTAGTAGGTTGTGTGGTT- 3 ') (1 st BASE digos (Sjngapore)) were hybridized
to the spBetede mBRPhGITETE Ty Bxdhmas1on - a%‘gr?heth§bﬁgm’qz§)?is&ﬁt was

i maged by, tbugrascence MLhRIGOPEne Figyo 3addithe J,| ughgseencesj magey of the
silicon nanostructure after the norpholinos have hybridized wth the target
DNA nol ecdrasnt hdt) hadelsdapdesbeldh wirtlle 510y RBL-PLUOr azeedvrt maekeaon A s

observed i\0:ELgue 33 B aliang FLuskessenceesnotuls ¥isible,as iadicated by

arrow'30, ‘TRdreati ng Tn 3 Fi'di zed o e Spo area,

whi ch i s peyeredawdt i Amyrpholsmali Aeniadruraf | BhewasAt hetepel ter red dne

pl acing the silicon nanostructure surface in an 8.3 Murea (Si %ma
morpholino probes 1s caused by the introductidn of
negatively charged DNA since the morpholino probe has a

substantially non-ionic backbone and is hence, neutral.
15 Hybridization was done in 1xSSC buffer and the electrical

measurement was carried out in 0.01xSSC buffer. An acrylic
reservoir 1s used to allow for fluid exchange for
hybridization and measurement experiments. Fluid supply
and return were carried out by Tygon tubes. A different
20 Si1INW chip was used for each individual measurement. At
least 15 wires were measured each time and the mean of the

resistance is utilized for data analysis.

Example 3
25 To investigate the stability of Morpholinos-modified
silicon surface, the spotted area of Fig. 3a was used for
repeated hybridization by denaturing fully complementary
Morpholinos-DNA duplex and re-hybridizing the same Cy 3
labeled DNA to the Morpholinos-modified surface. Referring
50 to Fig. 4, there is shown a graph of the stability of the
morpholinos—-immobilized silicon surface after 20 cycles of
hybridization and denaturation. Fig. 4 demonstrates that

repeated hybridization—-denaturation cycles do not



Al drich) solution at roomtenperature for 5 mnutes followed by a rinse
with water. Fig. 3b is the fluorescence inmage after the target DNA

nol ecul eswof20f/i§9128a have been denatured and hence renpeeu/siGeansiondial

mor phol i nos. Fig. 3b shows that there &% hardly any fluorescence spots in
the i mage, denonstrating the efficient renoval of the target DNA nol ecul es
from t hessbkiteaninangst afiftat e el emed,tithid ypossi bihé t ymyfoldd irsichg t he

silicon nanostruycture for further bridi zationafter the hybgidiz t ar get
ucl o1 0 BCPaBoRAcheBROPERDVe IS THE RYBFF AEDGET o BF™t heY DI Tl o

DNA 7ot ecul es to
the silicQoniBANOSY rushyr & SUEReas SidiLONvAANGW I K% WYn&ang beodet ect ed
via measuring the change in resistance between two term nal el ectrodes of
the silidomssnamdsOrBét uper betverle antindiceEiRgbrind zBiFbn. Tt L4 Her Si Nw

resi stances are _neasured het the ermnaks, soupce{Soanddrain
(D) efec?P%&@glﬂqfhoil e%s?ﬁeoﬁ\é%%gf%% |ok%‘—j\cl)%eeCE s%lgltciﬂ%r% (Cascade M crot ec}ﬂ,
Beavert orer@)-.. The resi stance change before and after hybridization of

the DNA nol ecul es to the norpholino probes is caused by the introduction of
negatively charged DNA since the norpholino probe has a substantially

non-ioni ¢ backbone and is hence, nawdksle 4lybridi zation was done in |xSSC
buf fer and the electrical neasurenent was carried out in O A xSSC buffer.

An acrylic reservoir is used to allow for fluid exchange for hybridization
an TERSUT o SXRSLLIERLS, o ELuL 0, SupPliuond LAl IR g Sanctodeout by
measur emeife Aledteast Hargeeb were aieasuaced edeheticienandrbbe, meBRAof t he
resistance is utilized for data anal ysis.

probe having a base seguence of 57 —=NHo~-

AACCACACAACCTACTACCTCA-3’ (Eurogentec (Seraing, Belgium))

is immobilized to SiNW using the method of Example 1. The

15 hybridization of either fully matched target DNA (with
base seqguence 5/ —TGAGGTAGTAGGTTGTGTGGTT-3') or one-base
mismatch target DNA (with base seguence 5" -
TGAGGTAGTAGGATGTGTGGTT-37) (1°F BASE Oligos (Singapore)) or
non-complementary DNA (with base sequence 57 -

20 ATGCATGCATGCATGCATGCAA-3’) to PNA probe is detected using
electrical measurements. Similar to  the electrical
measurement performed with Morpholino probe, the SiNW
resistances upon binding of target DNA to probe PNA are
measured between the two terminals, source (S) and drain

25 (D) electrodes with Alessi REL-6100 probe station (Cascade
Microtech, Beaverton, OR). The resistance change before
and after hybridization of the DNA molecules to the FPNA
probes is caused by the introduction of negatively charged

DNA since the PNA probe has a substantially non-ionic

30 backbone and is hence, neutral. Hybridization was done in
1xSSC buffer and the electrical measurement was carried

out in 0.01xSSC buffer. An acrylic reservoir is used to

allow for fluid exchange for hybridization and measurement



Exanple 3 To investigate the stability of Mrpholinos-nodif ied silicon
surface, the spotted area of Fig. 3a was used for repeated hybridi zati on by
denat ur i nyofaoldogorzenpl enent ary Mor phol i nos- DNA dupl ex amdTiSe26ngonésdi zi ng
the sanme Cy 3 | abeled DNA to the MrphokPnos-nodif ied surface. Referring
to Fig. 4, there is shown a graph of the stability of the

mor phol i nased mimdidd zedlsibi campsyr f aneé akttern2veye| esrafieby imitdilzat i on
and denaturation. Fig. 4 denpnstrates_that repeated h

hybri di zat Y& déniedrat PondéyEFEERH0 ﬁb’f“gub%*%%n "4 y "S5 %cfOfhe®ac

sensitl V'M?P&icﬁm | pEnki L ized d1or ghol i o Pr obesyi dde fier eregpseed
intensity after 20 cycles is -90% of the initial value, corresponding to a
| oss of (e&6h peimeyehd, thmlivashngft Hehsi ghsteusapel iitsy potbhtsdl foFf a

Mor phol i ng- based fucl eic acid mcroarray sensor . Exanple 4 To assess the
abi |i 'y of2PRNARE Aot her candidate for the neutral charged nucleic acid
det ection probesfENA pf obe hayl ng,athase sequense of Sraph2depicting
AACCACACAACCTACTACCTCA- 3 ' (Eurogentec (Seraing, Bel %:%21‘6% irsL i mobi |i zed
to Si NW ushfg dfaafet Rod BESERRAPFE 1°f Gad 2 EPHePYf ul |y

mat ched tapget . DNA, (WA _hase Senuesce ' up beAGETABEAGGH GIETEGET +8e) of

one-base m smatch target DNA (with base sequence 5 -
TGAGGTAGTAGEATGTGISE He8, ) ©Fr st BaSha4dos (i Simgapbed)) orF non-

non- conpl enent ar ENA( it h se_.sequence_5’ - AE% %@gl’%l’ %EC@A S) to

PNA ptobe“PgP %IP%% %ﬁyugi‘[\]%g ré%fk?a?%a D ehs GPEmen sjg/ I aréstqé‘g he"

el ectri catheeasynensat rpedf osaew WiddsWarphaln noa probe, therSeM& in

resi stances upon binding of target DNA to probe PNA are
resistance change while incubation of non-complementary or
one-base mismatched DNA results in negligible change in
resistance. The results indicating the strong potential of

25 PNA to be used as neutral charge nucleic acid probe for

SiNW biosensor applications.

Applications
The disclosed sensor can be used in a DNA microarray

20 or in a gene chip such as a “lab-on-a chip” to determine
the expression profiies of many genes at the same time.
The disclosed sensor can be used in the fields of
molecular biology and medicine for basic research, disease
diagnostics and drug discovery.

25 The disclosed sensor can detect the hybridization of
target nucleic acids using a fluorescence detection method
and/or an electrical detection method that does’ not
include optical detection (thereby saving on complex
optical detection systems). Accordingly, the disclosed

30 sensor may be more versatile than conventional sensors,
which use fluorescence detection methods because the
disclosed sensor can employ more than one detection method

to determine hybridization of target nucleic acids.



measured between the two termnals, source (S) and drain (D) el ectrodes
with Al essi REL-6100 probe station (Cascade M crotech, Beaverton, OR) . The
resi st ancwochevigel2bef ore and after hybridi zati on of thePDNAGawis@ou4es to
the PNA probes is caused by the introduéfion of negatively charged DNA
since the PNA probe has a substantially non-ionic backbone and is hence,
neutral . HybriThzatisolvasddonenidr | xSSGunifdier aaddt hel etectrd catan
measurenent was carried out in O Q xSSC buffer, An acryljc,reservoir is
used to é@?oﬁﬁfé?eﬁl@ﬁ@'é%@ﬁaﬁ&e*ﬁ%wmﬁ¥br?dpfgp 6n‘5%d%y£rldlzatlon'

measur emegL eXper s egt S N\Ath@sd WU a0dshBEUERLWERE Lird Ak out ByeTygon
tubes. A different Si chip was used for each individual neasurenent. At

| east 15 sénestiveiey neAsbhed nagdk i reishdlatectiesn pfokbde. reEhitanée i s

utilized for dat sis. Referring-.to Fi t here i s _shown raph
depi cti ng“tHe? Eﬁgn %ln reglgtgﬁglon'leleﬁ?gc%o?rcu¥rent oW ng ge ween

t he PNA- Wﬂﬂdu&régaeﬁbm gpQmalncubat i @ReW tHiyraiitdiered ul hiychrat chedciae
one-based m smat ched or nonco Ienentar DNA. | ncubati on of the fuI
mat ched DRRACEB2ERE PRARSHYS et Si MV |5@sulatf§e|rn HLIPR, PhcPeiS e TPRRAS

resi st ancesc ﬂg%uwi%henl %‘&%@-@gﬁ&d&%&%@' eneat 8Ly neshasen

m smat che results 1 n negli | e change 1 n resistance. The results
|ndlcatlngheheessmbmglpgteﬁttab ofetRPNA it Iperolpsed as neutral charge nucleic

aci d probe for_Si NW.bi gsensor | i cations i_cat | ans The di s¢cl gsed
sensor’ can be G88d 4O ﬁ%éﬁﬁ g%%frﬁﬁnoP% %eﬁg c |p ¥ Such asH% %éb on-a

chip" to detesmne d hecexpresghencpeofihLs @fren'&diyfgéﬂeﬁtatfltm sa tine.
The di scl osed sensor can be used in the fields of

other. The target sequence moiety of the second polymer

can be changed as required in order to hybridize target

nucleic acids having different nucleic acid seguences.

15  Hence, the sensor can be used for a number of

applications. This permits the development of a universal

hybridization assay, which can be used for testing samples

under similar experimental conditions. Therefore, this

may permit the comparison of data from different

20 experimental sets, leading to increased reliability

because the different experimental sets are carried out
under similar experimental conditions.

The disclosed sensor does not require the use of DNA

analogs as the detection probe. Instead, a polymer having

" 25 a substantially non-ionic Dbackbone is used as the

detection probe in the sensor. When morpholino is used as

the polymer, the morpholino imparts certain properties

such as stability, nuclease-resistance, high efficacy,

long-term activity, low-toxicity and high level of

30 specificity to the sensor. Morpholinos are also cost-

effective, which will reduce the <cost involved with

producing the disclosed sensor, particularly compared to

sensors, which employ PNA. In addition, rigid backbone of

morpholino allows easy access of target molecules compared



nmol ecul ar bi ol ogy and nedi ci ne for basic research, disease diagnostics and
drug di scovery. The disclosed sensor can detect the hybridization of target
nucl ei c awoas1usdreg a fl uorescence detecti on nmet hod andPom/saaomsioeetis i cal

det ecti on nethod that does not include ®ptical detection (thereby saving on
conpl ex optical detection systens) . Accordingly, the disclosed sensor may
be nore werdat ifllextibde cba@bh@henatfséh&brspdth%h,ugéﬁﬁﬂuoﬁ@§@en@@t

det ecti on et hods bec t he dlsclosed nsor__can e nor e th one
detectiofﬁﬁﬁ%&%ﬁ?i&%%yi¥n?ﬁe h§BFF8l?ét| S A% Ye %he PRE] %QhThe

l'ei C
di scl osedh sensgkq@i NUgbBEEuBSEd NMittQaIHAY @éﬂlub@n@e usgilr aadzganogo

t hrough a nunber of hybri di zati ondenat uration cycles wthout a substanti al
decr ease @ffl¢mﬁ@%h5|t|V|ty of the nucleic acid detection probes. This is
conpared to conven n e flugresc f the
hybrlélzed nuc elcigglgs g%%{ggggg §¥grg§nég 8%)to 5 ﬁ?ggﬁggbgﬁggggor nor e
rounds ofamk¢natupatiabnanc i ety binsienatiioon,windi bat iapgpaerdrosst® nthie
sensitivity of the et ecti,on obes The_di scl osed sen %% can_be used to

detect a PERPeP ofk i ¢PacFBSseqtences -t hat" A% f f ofrem84ch

ot her. Thg; taf gt rsequeneat MilartQind hersgcend peliwmer £an beogharged as
required in order to hybridize target nucleic acids having different

nucl ei ¢ athd sdquendesn Heasd, the séﬁ%orléﬁﬁn@@duseﬁhﬁér éﬂﬁunb§PQﬂ
appllcatlon Thi I V. a rici i on
e ey e Ean biBES eh For e B T Ml e (RS cbYR b R O

condi ti ongppdheeef oleimkhis may permt the conparison of data from
different experinental sets, leading to increased reliability




because the different experinental sets are carried out under simlar
experinmental conditions . The disclosed sensor does not require the use of
DNA anal oge 200/t5h26det ect i on probe. | nstead, a pol yner RaVISGZ0E/000441
substantial ly non-ionic backbone is usedés the detection probe in the
sensor. Wen norpholino is used as the polyner, the norpholino inparts
certain properties such as stabilityCLAIMEease-resi stance, high efficacy,
| ong-termactivity, lowtoxicity and high | evel of specificity to the
sensor. Morpholinos are also costeffective, which will reduce the cost

invol ved with produgi ngride- dirse! ogedesensar , oParkirguar hycconpargd 4 o
sensors, which enploy PNA. In addition, rigid backbone of norpholino allows
easy accesompirisanget nol ecul es conparedwith flexi bl e backbone of DNA and

PIA, i ch does, not _stand vertiaall o an.a suface: Lfws hamering the

i
approach of target nDIecuIes,R% ereby reduci ng hybridization efficiency. It
wi || be apparent) t hat natieis oidied ndiddtciadn opsoard agapbaliess afnt he
invention wi.l| be apparent to the person skilled %gethe art after reading

t he foreg&?ﬁ&-q??@FSgH?ECRPFhoﬁ?na EﬁPFFH&eerﬁPf spﬁ?ith¥ﬁﬁﬁé%%k%gof t he
invention,ang itsdig | ntangded thatiall syehgnodishicat iQns andhadaptatd ons
come within the scope of the appended clainms .CLAIMS 1 . A sensor for
det ect i on cemprdrsgeal nuel epeldoed conprhi si ag: sabptansdmildonductorionic
nanostructure; - nd b ) a nucleic acid detection probe imobilized on said

- e, . . . . . .
sem conductor nanostructure capable of hybridizing with said target nucleic
acid, said detection probe '

2.. The sensor of claim 1, wherein the polymer is at

least one of peptide nucleic acid and morpholino.

15 3. The sensor of claim 1, wherein the polymer
comprises a target sequence moiety that is selected to
hybridize with said target nucleic acid via complementary

base pairing.

20 4. The sensor of claim 1, wherein said
semiconductor nanostructure 1s selected from the group
consisting of a Group IIIA-Group VA semiconductor, a Group
IIB-Group VIA semiconductor, a Group IIA-Group VIA
semiconductor, a Group IVA-Group VIA semiconductor, a

25 Group IB-VIIA semiconductor, alloys and . combinations

thereof.

5. The sensor of claim 1, wherein said
semiconductor nanostructure 1s selected from the group
30 consisting of a semiconductor nanowire, a semiconductor

nanotube and a semiconductor nanorod.



conprising a polynmer with a substantially non-ionic backbone. 2.- The
sensor of claiml1l , wherein the polyner is at |east one of peptide nucleic
aci d and worptwisprze. 3 . The sensor of claim1 , wherei RCTISG2@asl090at
conprises a target sequence noiety that 33 selected to hybridize with said
target nucleic acid via conplenentary .base pairing. 4 . The sensor of
claim1l , wherdi.n s@iel sesecswnduct ovf nanodtincturle i s seéeeird fisamdt he

roup consisting . of . a Goup ||| A-Goup VA sem conductor, a G o I.I| B- G ou
U A Dem CORRUEPORCCES ] GUTR P A GPEHACY! A SrTUONTRRT oro? a o G5 SIVALG oup

VI A semi cgRadet g, rack QUP1EBsY bAesei canductoland@ldsoand conbi nati ons
thereof. 5 . The sensor of claim1l , wherein said sem conduct or

nanostructure is selected fromthe group consisting of a sem conductor

nanow e, a S.e"?'.coﬂf'%t U lanot gkfe and; a sem %RQQE%OVSQf‘c@ord%%e%t-ioﬁh.e
sensor of claim’l , erein sai d sem conductor nanostructure i's conprised
of a nat epirabesebeptedekr amfdir dtegsdl aner odndi &i senocadd pedrnben., EachlThe

sensor of claiml ,- wherein said detection probe(%onprises a first polyner
n

and a sec8hd PUHYnErISEadhCbfTehI AT r SE1fol SR And CdaTE S efdRe Boldy ner

having a gubstantiahhy nen-Lemiic Rackbons, 8 . The sensor of claim7 ,
wherein said second polyner has a binding noiety that binds to a binding

noiety of said first polynmer and a target sequence noiety that is capable
of hy?gidizing g@thTﬁgidsgggg%t %%Cl%h%i%FiQ} wherein said second
polymer has a binding moiety that binds to a binding
moiety of said first polymer and a target sequence moiety
that is capable of hybridizing with said target nucleic
acid.
15
9. The sensor of claim 1, wherein said target
nucleic acid 1is a single stranded DNA molecule or RNA

molecule.

20 10. The sensor of claim 9, where said DNA molecule
or said RNA molecule i1is 1labeled with a fluorescence

marker.

11. A sensor for detection of target nucleic acid
25 comprising:
a) a semiconductor nanostructure; and
b) a nucleic acid detection probé immobilized on
‘said semiconductor nanostructure capable of hybridizing
with said target nucleic acid, said detection probe
30 comprising a polymer with a substaﬁtially non-ionic
backbone with the proviso that peptide nucleic acid (PNA)

is excluded.



9 . The sensor of claim1l , wherein said target nucleic acid is a single
stranded DNA nol ecul e or RNA nol ecul e. 10. The sensor of claim9 , where
sai d DNA wol2eoulse12ér sai d RNA nol ecul e is | abel ed with &CTISGaesso@rce
marker . 11. A sensor for detection of ﬁérget nucleic acid conprising: a)
a sem conductor nanostructure; and b ) a nucleic acid detection probe

i mobi | i zed on1§ald\séﬁm§@ﬁdu§@§rdﬁﬁﬂﬁﬁ#qmtgﬁé'E@b@@tenﬁclgﬁﬂlépzﬁng\Mth

sai d targg% y££§ﬁ§ acid, said detection probe conprising a polymer with a
substantia ?@ non-7 oni c backbone with the provi so that peptide nucleic acid

(PNA) is excluded. 12. sémsepsductor deheetrantafret;arget nucl eic acid
conprising:. a a sem conduct or nanostructure; and b ) a nucleic acid

det ection prob )i bt SRt on 3 g%ﬁ?EBHBBctWO?%ndé‘%HFQR:]{J&rZ@ChaﬁébI e of
hybri dj zi gg; Wi t&ﬁ%&&%@@% MG 8 e @ e e waqséiﬂteectdfonhgw@aﬁg rising

a first polynmer having a substantially nonionic backbone a bi ndi"ng
moi ety thatthi ndgido aabgﬁdln@uﬂﬁaﬂq/cﬁcxﬁsec@addpoﬂyHECtlsaldpsebend

pol ymer havin bsta |aIIy nqn-ioni.c backbone and haV|n a tar
oL ?§s%ﬁ§ 3 q;ébéblgogymﬁybr %V%P%g Wi th %ﬁ%?q &éi Ad Ielc

sequence nol

aci d. 13. iAnbucliehckioshd nmdioaasraylms@r e ttet egidion windy ural tar get
nucl ei ¢ aci d _sequences conprising: a ) a sem conductor nanostructure; and b
) an arrafiBEiREcFEIC Tt 8 det eEEFBRIpRIbeEST, sald second polymer

10 having a substantially non-ionic backbone and having a
target sequence moiety that is capable of hybridizing with

said target nucleic acid.

13. A nucleic acid microarray sensor for detection
15 of plural target nucleic acid sequences comprising:
a) a semiconductor nanostructure; and
b) an array of nucleic acid detection probes
immobilized on said semiconductor nanostructure capable of
hybridizing with said target nucleic acid seguences, each
20 detection pfobe comprising:
a first polymer having a substantially non-
ionic backboﬁe and a binding moiety that binds to
a binding moiety of a second polymer, saild second
polymer having a substantially non-ionic backbone
25 and having a target sequencé moiety that 1is
capable of hybridizing with said nucleic acid;
wherein different nucleic acid detection probes of
sald array are configured to hybridize with specific
nucleic acid sequences to thereby differentiate between

30 sald plural nucleic acid sequences.



i rmobi | i zed on said sem conductor nanostructure capable of hybridizing with
said target nucleic acid sequences, each detection probe conprising: a
first polwyoepidayizag a substantially noni oni c backbone anu/Se2wisrdismy noi ety
that binds to a binding noiety of a secé® pol yner, said second pol ymer
having a substantially non-ionic backbone and having a target sequence

noi ety that isldapabl esyftdybiodi zdemgeeiidnsaifid hacpekc racilkimhercdidn
different nucleic_acid detection probes of said array are configured to
hybri di ze“%*Ph*SpBEific nucleic acid sequences to thereby differentiate

bet ween sai d playr al andeh@iceonacict cseauences-ukdurk ;system for detecti on of
target nucleic acid conprising: a f a sem conductor nanostructure; b ) a
nucl ei ¢ acid détect Bonpebbeci | B2&6 CEr CSai BYSBRI coMthidibrzed on

nanost puctys g CQQ&P£8n8Lc9¥9riHA%%§9r LLh gal dfarget Juuc %E%fayéln aid
detection probe conprising a first polyner having a substantially nonionic
backbone andha biaddi ngamiet y;nackecondapdily mresandt hdatsahstant ipaldbe

non-ioni ¢ backbone, a binding noiety selected to bind to said binding
Tor ety of CRPALPFEL Pol DTS ant 5 gbE SBGucho P TR AL Tt | S CHnab! ¢

of hybridiizhng Wathpealed 421 et MG Gidtdi; and ¢ ') means for detecting
the hybridi zati on between said target nucleic acid and said detection
probe. 15. A net hodaf grecamr@cppbrinef wartdeta ngebetrentérdlyomemri—siatg-a he

steps ;9f: a ) Rrovhdifg a ST ARGl NANQSLUGLIr € ANt Ay +6 said
binding moiety of said first polymer and a target
sequence moiety that is capable of hybridizing with
saild target nucleic acid; and
c) means for detecting the hybridization between

15 said target nucleic acid and said detection probe.

15. A method for detection of target nucleic acid
comprising the steps of:
a) providing a semiconductor nanostructure and a
20 nucleic acid detection probe immobilized on said
semiconductor nanostructure, said nucleic acid detection
probe comprising a first polymer ﬁaving a substantially
non-ionic backbone and a binding moiety;
b) providing a second polymer having a
25 substantially non-ionic backbone, a binding moiety that is
capable of binding with said binding moiety of said first
polymer and a target sequence moiety that is capable of
hybridizing with said target nucleic acid;
c) hybridizing said target nucleic acid to said
30 target sequence moiety;
d) allowing said first and second polymer binding
moieties to bind to each other before or after said

hybridizing step (c); and



nucl eic acid detection probe imobilized on said sem conduct or
nanostructure, said nucleic acid detection probe conprising a first polyner
havi ng a wohketozspi2al | y non-ioni ¢ backbone and a bi ndi ngPemiS&2¢08/0b0441

provi ding a second pol ymer having a substantially non-ionic backbone, a

bi nding noiety that is capable of binding with said binding noiety of said
first polymer &id adeirgétingeqaencelroicebpaghatiics ¢dpdlsl e abfariggbr ildi zi ng
with said_target nuclei.c acid; ¢ hybrj di zi ng sai d tar.get. nucleic idto
sai d targ%?lgeqﬁ%%%%oﬁ%F8?9F dnﬁn%ﬁ?%ﬂfkﬁrgai%h ?fs saﬁ%“%%%% ‘%ofﬁier

bi ndi ng nmapBtiasztaghi priecpacha oihefabgéor enwil@id erasid d dbr igdiizi ng
step (c) ; ande ) detecting an el ectromagnetic field change in said

sem conduéB&EcRaf6SEFREEUF@1ERat is indicative of hybridizing between said
target nucleic acid and said target sequence noiety. 16. The nethod of
claim115, further conprising, before said providing step (a) , the steps
of: f ) functidmaliZhag saictdodenbfondletior A&nostfrudtere suumfraciesimdh am ne

groups; and ) covalently attaching said detection probe to the am ne
functiona F§gﬁes§ﬁ? oﬁﬁﬁ@%@ﬁ“ﬁéﬁ%@?%u %urég§hF%§¥§3‘§éi The met hod of claim

16, wherein sai@ furehic@nahniz2iiRd ngt ik {d ) seAMBPhagstbhe relresfudtsing an
am no- group containing conpound as a functionalizing agent . 18. The nethod
of cl ai m PRri@er @il hs g nemigFeUgssu@iebnt ai ni ng conpound i s

10- anmi,podec- | -epe. 19..The et had .of, G| fi 0 18, qubeLel B,sgidrat taching

amine functionalized semiconductor nanostructure surface.

17. The method of claim 16, wherein said
functionalizing step (f) comprises the step of using an
15 amino-group containing compound as a functionalizing

agent.

18. The method of claim 17, wherein said amino-group
containing compound is l0-aminodec-l-ene.
20
19. The method of claim 16, wherein said attaching
step (g) comprises the step of using a cross-linker to
covalently attach said detection probe to said
nanostructure surface.
25
20. The method of claim 19, wherein said cross-
linker 1s an organic compound having an oxo group at both

terminal ends.

30 21. The method of claim 20, wherein said organic
compound having an oxo group is glutaraldehyde or

phenylene diisocyanate.



step (g) conprises the step of using a cross-linker to covalently attach
sai d detection probe to said nanostructure surface. 20. The nethod of claim
19, wher eWo 28eVd9260ssl i nker is an organ%z conpound haviPag/S&2008%0004¢1 oup at
both termnal ends . 21. The nethod of cfaim 20, wherein said organic
conmpound havi ng_an oxo group_is glutaral dehyde or phenyl ene_diisocyanate. 22
. A kit for det®etién it arfgst mRIKGEIRI CEonprFefhg: NEC}ehc acid

sem conductQr,.nanggf ructure; b ) a nucleic acid detection probe i mobilized
on said sem conductor nanostructure capable of hybridizing with said target
nucl ei ¢ acid, said detsmiomgeguober coapossingtarpel yner with a
substantially nonp-ionic backbone; ,and.c ans for, detecting the

hybri di zati on b%?meé% §&S eFé?g@Flauc?%F%cgg?ﬂ PR LSS pPBbe.

23. The kit ofigl abmiZdndhelsi nsab st detectingmRans i srsalpetad-frgm the
group consisting of a fluorescence reader, an ameter, a voltneter and an
ohm nmeter. Wwith said target nucleic acid, said detection probe

comprising a polymer with a substantially non-ionic
backbone; and
c) means for detecting the hybridization between

10 sald target nucleic acid and said detection probe.

23. The kit of claim 22, wherein said detecting
means 1s selected from the group consisting of a
fluorescence reader, an ammeter, a voltmeter and an ohm

15 meter.



