| NORGANI C NANOW RES Thi s application clains benefit

under 35 U.S.C. 119(e) to provisional application no.
wOeM58476802 filed January 5, 2004 by Bel cher ePCBIIS2005/000075

which is hereby incorporated by reference inits

entirety. This work wa Nat i onal

Sci ence Foundati on thr%@i&%&gg{jﬁigm%s ; the Arny
Research O fice, grant no. ; and the Air Force
Scientific Research Ofice, grant no. . The governnent

rraﬂ_‘liisaa;wlicatgm@aima beedit iunderr3si 0.8.C. IMIQCQ)LU@"p’t@Nidﬁaé application no.
o 5 S0, SO 3B e b et

its ch@fty.cation of one-di mensi onal materials, including
nanow res and nanot ubes, has spurred intense and r

pr ddnisewerki wiast ﬂuppcatedd)ydhe Matienal rigneg/Fpundatien thrwgh NIET grant no.

exanpl e, ﬂ{%ﬂyﬁggﬁ&g teraﬂi&grhave been ¥ fiﬁléeAlrForce

Scientiflf Re§arcH Office X@aiml . eI ectrical transporThe(gbvernment may have
opti cal phenonena (2), and as functl onal units in

rightsdn s in¥entiony (3) . Pursuit of "bottom up" nethods for
the synthesis of sen condugitR@putefidN i ¢ and magnetic
‘nanowi res has yielded a vari ety of synt hetic
st Tk e¢liadse oNe viddi \mgﬁtyhifttedhnblogleﬂbh eldv&laplng/mlnbld_anqiﬁodnomlc
Solid (VLS). (4), chenj.cal so] yot her

metipiisder thg fbricaticy %ti Srlipersdnal mgirreleaine ntgel}ano rﬁmpgwmotubes

has ﬁggnt%ﬁ q@t@:ﬁk%dang? ?esg B tht REeaRIr Q&G al Oy nieshd aF@i’\é)faﬁﬁﬂe one-

sone b uccess in achieving high quality
dimerssiaamal mlatenalsﬁiah@tjsnteoﬂnhalaaldaay pursoed iqr ¢hediapplications in the study of,

nono ne nanow r es radi.ca
for AP EIFCUREHEBSI CRoPtoH TBRTATE b As SECHigt wpi in
nandt3RAIY (8). PPRIHIE bf ‘a6 M upd tnéthddifbfthe Synthéyes d)szainhdbnductmg, metallic
cumbersofre, and are not universal. See, for_ exanple

and piagnetRanapawirphasyicdesl a vaietnoisyinihetia sisategies including, but not limited to,

R

fabrit@i6i (8)e Althbegtdédch nethddydevelopedifbr g Ifrodumtmarods’ ahnowires has had some
approach. |t describes a VLS proces B r equi re ds
basig puqegssap achigving high qualityanaleniale anethordsip datshave ot yield

moﬂ%@[ﬁi}%\dgé,g St \ﬂu%?neﬁlnogﬁg BP{ ch&llb)?d rérﬁg?ﬁpﬁlmscmn B&eral, prior

0ogl Ca actors have
. methel Ifoenqmbwmb @dochstxsrycmhwmand; syatheticallyf cwmhezaoote; ad are not

s i Eb SRS BB 545 57008 R
sem‘c%mﬁ&‘;p?oé&ﬁ)m 1an'U11ﬁd hﬁadfﬁ%d&@fe'r’éﬂ@eﬂlﬁh heReH. ERefefence 4 to Lieber et

ani zation, ease of chem cal nodification and
al. descnbes the dlfﬁculty in finding a universal approach. It describes a VLS process that

requires use of lasers and high temperatures and produces a nanowire having a nanoparticle at
the end which may not be desirable.

Recently, biological factors have been exploited as synthesis directors for nanofibers (7,
8), virus-based particle cages (9), virus-particle assemblies (10, 11, 12), and non-specific peptide
templates (13). This is due to the high degree of organization, ease of chemical modification and

naturally occurring self-assembly motifs in these systems.



natural ly occurring self-assenbly notifs in these
systens. Bel cher et al. have prepared nanow res
wesesosmsed with and bound to genetically engi PEEUSENNS/000075
viral scaffolds (see, for exanple, U S. Patent
Publ i cati on, 2003/0068900 to Belcher et al.). The )
sc &elcheniet abdaye prepargd mangivisgsaassesistechwish and bpungd tggenetically
n ySt g i
eng PEHRE R sEuRol 0o 361 SR T S g BLEAEINER, 3005068900 o Belcher et
al.). aThethfelds serfe RES tbneplats bs ndmpaniples ve naRerystdls formron the scaffold.

exanple, it is desirable to nerate i nproved .
Althongh it teeghnolqgytis alractiys BRIOTISS BiPorantadunntaggs, a need exists to
imp 8BRS L oSl OLLRMY ) B By Ry ks mprovea
fusien betiveercthy ahmdcrystals and feductidnan gefectsy $ttishlso desichblesto ifase the

TN SN e R -
desipwnid rﬁﬁly%?wpﬁx?azﬁgﬁ & 8 hd dhdt s‘ilﬁst&ﬁtialql&teﬁﬁﬁﬁ;fté’ tHd- viral scaffold bound to

Mor eover, esirable to contro e size and size
or assbeitied withathe sliralt scafifoidi daredver, it isalesizatdemiorcontrphibe side and size

for. ex .e repare nonodi spersg materials and . .
satsigol PR B R o P B eg o S RPIschuBpei monpgperse materials
and AR IRGinEOHIrsl I QE ehStR b [ BpddkibRE the shanaWirékshbuldaRdishblE directly,

a si ze-based separation step before use. A need al so

withext raed forn gize-based serarasion:sisprbefare ustand WPedalsaexists & broble to connect
conpenen C .

the FRTRARE R B SofBoRnBERER HESUAR whicBioW e nanquwires to be

comfeeihlty useful pahedeldoanediions siwulds ifposkiblecsotdemnere thaes connections but

but be strategicall lgai rected and controll abl e.

be SR@F%‘P@H&@E"CWMFQE%{? blsted in this specification are
pr 3‘6?&@&@5 Hutﬁelliéaﬂ?"cﬁg%ﬁ{ thid$e&RbatRfn drdBrovRRAA b HEAALA the end of
and are 1 ncorporated by reference in the specificatlon
the $pecification andtare BicyrpositddIREfeFercepn teamptcificatontin dheid gntirety.
many of its enbodinents is summarized in this
non-limting sunmary section. In one enbodi nent, the
present invention provides agUMMRARaNI C nanow re
havi ng an organi c scaffold substantially renoved from |
t hdhe peasertrinentign dwnasy of feembrsligents és syaHBAtized in this non-limiting
consisﬁing essentially of fused inorganic
Smﬁ’a?%i)eﬁ PHcl es substanti al | y free of the organic
scah bad émbodifent, firrgeshrinnamioniprevidés ariharghtie akndwire having an
The present invention al so provides conpositions and ;
orgaginscakfald sybgsantially geraoynd from theingrganis #aROWIG, the,ippgganic nanowire

con{fﬁglg%%egﬁalg gt;/ @g&i%fgaﬁmgﬂé)mles §u|B?taﬁ’t’ia‘?1§/gYHae of the organic scaffold

a -conposition conprisi
(“the inorganid nanotvire v6embodimenahidwi r es, wherein the

in ani c nanowi res co i se fused inarganic . . . :
narl BB AFESFR BXETUR &R0 FFTVA14s,FOmPRR GRS BYENIcEs comprisipga plurality of
thesél fhr?g%%ﬂ%o QA Rdther EMBoMARAE Mie prode@iinvORidd (RYVideSa composition

, hod of formng an inorganic i ) . .
comprising a plurality of inorganic nanowires, wherein the inorganic nanowires comprise fused

inorganic nanoparticles substantially free of organic scaffold.
In another embodiment, the present invention provides a method of forming an inorganic

nanowire comprising the steps of: (1) providing one or more precursor materials for the



nanow re conprising the steps of: (1) providing one or
nore precursor materials for theinorgani c nanow re;

w@ 2)05ps@83 di ng an el ongat ed organi c scaffol d; 28¥US2005000075
reacting the one or nore precursor nmaterials in the
presence of the scaffold to form nanoparticl es,

inorghréc eanowites (2)gmoyidingianlebmgated odiagjrowetiold} () geactiag the one or more

I th of  t.h I t ffold
prequRiaF AR A PRGERE! L6 SIS e i e
nan nﬂhrﬁé?és"ﬁr& BRpbdRATataithe RAPBVII IR él&ngatbill d?Barfié sddf@1d; and (4) thermally
anoparticles. In sone_ enbodi nents, the organic

treatiugithe staffald andihe memnaetelclesStQ dornnthednorganjc nhrowirrebyrfilsion of the

nanggrfIFY o spre saPRl TRt IETR £ BaRt Rkl o8 Pt syep og during the
therfial h&imenht. T rprésgntaﬁvéﬂﬁ@h gﬁalpeomésmaﬁre@ﬁ@parsd B9 thififethod.
steps of: (1) providing one or nore, precursor
matAdsq poyided is a method of ERrmikg Huingganis:napoyirg r:@mpmlng thersteps of: (1)
oo BRREgFARE! i HarbFAEH S 8. b ABRE SRR priing ancrnic

scaffldieB) eacttig the bae dbombrer p’fectdm)r ineteripdninahe) presstice ef tHerscaffold under
sqome enbodi nents, the organi c scaffold can _be reno

conditips tadorsh IHeriEOTEHIC PEAYIF g SPRE SRIDRdIANTS HFTERYR g scaitold can be
rem@ve?lo sRhQY¥ adEs ﬁér}&i@tﬂhgs Tk ogfé@érﬁ e I P’R{j&g nardWires prepared

resent |nven Ion als I des for use o
bytmslnwnlmdt ous orgam c scaffold as a sacrificial organic

sC oldint duct i f an_,i i C nanow r
cor P RGO eRARG PR AR Ghe TOPUaPeS GBRR sfeold as
sacrﬁ’fb‘i’al P anRACHFSIGn BRYBECE0R 0P & [RBFanf hanb®ire €aipakiflg providing a
converting the inorgani c nanow re precursor to the

filamergousamganinisoabinld andvami inergarirponavgre precyrsoranethe @@é‘fold converting the
1norgea'g?a Belrnc Ngll%afrgc% r 4t eng %aﬁnr:] gaﬂd@ﬂfﬁqﬁﬂﬂe re%@?vgaﬁlg ﬁlé%]entous organic

RigE™provi er ei
scafR)1@ toyitdh@in@eganic m@aivire) d to control the Iength of an
i norgani ¢ nanow re _dj sposed thereﬁ?@ r| si ng %
st & qﬂdltm]eﬁedogq)\p?,edebgg«plﬁé%th%e elan elonga; qggqrgc sca old to control

o SRR8EP Yy R AL o oS it

engiaéaritigrthe sdaffoihtoaohtrol thé lenpth ofrtloe mffokd nanowi r e of

errbodl ment lor ot.h now re descri
O HBTOB AR brSHer i Ao B O e SCTPPIoUIE AEilectipii i SlsctiPal contact
with tﬁé‘ﬁ{oréa?ﬁb BIn8GAre %@@ﬁlb@&iﬁ{ént D ofARCothérGRhowRB UG YA hétein. In

he 1 norgani c nanowi re of enbodi'ment 1 or any ot her
anomarmquandéstbﬁ idewice pasy farther qemprist atleast tW@vlee@@dqs ig8¢huieelectrical

contg?ﬁ%@ t%;gﬁrfeofgga%{l%tg{ng)g@%esc} eg@%ﬂgmegxi?%ggn)r Cétlggli ere described herein.
ExampReof 8&hcel Ghclidl 11l @ ffectinslsisn br d sen@ér. élﬁ)bth& lRfibodiments, the
nanowi res descri bed herein, wherein the nanowi res are

devicgicomprisen Py lepst yve aﬁwaeﬁtaccqsdmgﬁo embediment!, or any other nanowires
desc@i‘oéc?ﬂ&gfﬂe %ere%e '1153)((%1} su ! aﬁ atsl%rzﬁ e‘P X}r%m%ntc' SAlieY El%gsed

nanow re’ conp cted
arrangement.

The invention also provides a segmented nanowire comprising a plurality of connected

segments of inorganic nanowires of embodiment 1 or any other nanowires described herein. In



segnents of inorgani c nanowi res of enbodi nent 1 or any
ot her nanow res descri bed herein. Insone enbodi nents,
wo b@ssemBs ol d was used to formthe nanow re anedDUS2005/000075
direct the placenent of the nanow re before being
removed. The invention also provides a conposition
some empedigients, thestaffald iwag usgd tofomy theinanewiise sid/ersdireghithe placement of
th the i nsrgan' cnnaenocwi res conprise fused inorganic
e RgRWHS PEROET Bedng FOVEr ¢ di sposed on an organic '
sc ght alvéntidals®pRVRIED @ CoRpbsition Editprisisy 4 pluelisy of@bAzanic nanowires,
used to formthe nanowires and/or djrect the placenent
whergin the dnaygariqunanevires Gempeise fised BQEgRnici ngngpagti¢les that were disposed on
subst r ' ' i .
an oGSy, BFIAREmEATMETR Sixttol 00 deht S84 Bitofh B ngpowires
and/andidcothg Pl REmengsithe nanafifes) sick anplacesnony it Heirquiteyudstedte, before
. (1) providing an el ongated organic scaffold which
being g¢pevedes a plurality of binding sites including

bi R4l i : £ Ql
oi 1 Mfveftiont s p@fhe} BrdcBltoRpiiguliBE ndfiited AR of gn clongated
orgadicspaifold gomprising ther stepsrofcl) providingoabngated argamig s¢afifold which

| th of th ffaold.t . . ffqgld
compRRia M PR OT pdnesstes iSdifg ot e Fotiba isedl ok 0f seatfold and
bindfr%??tﬁ?bﬁ h{0Bagk Bnd Sid0fithe s&%ﬁi@(ﬁ)@iisﬂo@in@%ﬁn@ﬂﬁ@ BreBRbScomposition

caffold is substantial rrenoved, such as durin i
along tthe lengshiof thg ssaffqld to formrrescaffolddd preqursor mnmsnwgawb(;)] treating the

ni c scaffold.has, hindi,ng site t both .ends af th .
scatQiGAB RO koRnd T odhBR HRchaRb S B soPf¥ udSiefHy bl Seatfold is
subsEAtTRlY feafovedeush &Pd@ingihié Boatingastdp. 16 ongembbdim@ht, thecelongated

end of the scaffold to bind to another structure. For

orgapieasffald hanindingsites at oth endg b thesaateld o Hpaneher embodiment, the
B S BB L R 0 el o tin
anotBersanctate; ot exgmnple} the anothenstraviuckechndergaothst elgngated organic scaffold.

nanow re with a thernodynam cal hi gh . ener e, .
o The PR A PO TPt Er SeHtpIE 1 P hbodimen, a nanowire
comﬁ%ﬂ?lgcgil lggmwdm%ﬁﬁmm henaRanRuiWitS REfnciyRshRaly gltgllg?énlerngy phase, or

erse in I'ength, width, or length and w dt’ )
a colidetion efibodwires accordieg trathisimeodimentbwherain the nagevites are substantially

nanow r.e such a for exampl e,,a,;nanow fe,.of .
mongispetis e oMty of feupth M 10 R b pofitienty fhgnanowire can be an
inor @RI ARNBWIE kbl as, FRERGhpI, ABARWIR! of seicdhdidtive taterial, metallic
hereof. The invention also provides an inorganic
materiah ovital @xidsrmaterial ngagnetie anaterel. gy ipixtuses tberaek i cl es, or
a i tiOoR.C I.S] I | [ .
TR RS b BB €0y AP A e
nanopaiielts BNt contposition ¢eimptising alcsleduivn ot tirsganit nanomdres according to this
now re conprising fused iporgani c nanoparticles

na . .
embedisht In s SBRpdieAL oY FR{ORASQ PIOYIEFSAN PEreaRic dangyvire comprising
ﬁweﬂé&%ﬁégmﬁ?ﬂaﬂ&%ﬁ&l?i&ﬁﬁpﬁ ngomﬁdh&of'ﬁfa%ﬂaﬁ Imetdific WikdriaBSnetal oxide

ctions ese nanow res. The invention also
matepiah)wr chagnetic materiag aasi welhasnalliectéons ofi tliest nangwamsent i al | y
of . fused . . . . . oy .
TI\e 1Snvent10n also provides an inorganic nanowire consisting essentially of fused

inorganic nanoparticles that were disposed on an organic scaffold.



I norgani ¢ nanoparticles that were di sposed on an

organi c scaffol d. A basic and novel feature for many
wepisdsTeent s of the present invention is the PCT/US2005/000075

substantial elimnation of the organi c scaffol d when

it is usedtogreparethe nangwire. |n
erfbbasiqand Bove] featusy for spany gmbedimenteofdhe arﬁsznt dpigntion is the

substiifial Bhiliraioft bt e DAL schE B it B RAPn &M B ¥8howire. Tn many
embodanerts; it pbefercad thdt te neahicyscafifélt bgoatdllyrelimihatde Moregver, a basic and
W t hout use of sl ze-based ar ati on
novel ad¥aRipgeL mwrﬁr&qég}lemﬁ tthechangpaes Pfahéq faBRtated diresly with good
ono‘all:gglqit? BAthSulse of h Qivk Baskd s@pzfrht'i&{ oftsoRfeGlanbwired fomder nanowires.
ex an i norgani c nanowi re having an organic
S adedditmtml smmmaind embbgimestsaweprolideth Bhirst mpegd(h) is, for example, an

nanow r e i nor anlc re cqonsistin
inorgE BASMFY GAVGTE FSEAF ot G AR e o Gom the inorganic
nano W& théiotgihlcnahb®fte @bnsidting Qﬁﬁﬁﬁéﬂ? Sfofasddihergaric ndhéparticles
i norgani ¢ nanowi re according to 1, wherein the
substamr@llgim@fﬂ@mm@sqaﬁfo@r ystal line. 3. The inorganic

nan OI\Jﬁe 189%&%8 gtlnon Ig é)cc rdxﬁgjts rleWi]le}eE}?tcljl% Xfrgﬁu RN %@R i crystalline.

axi s of e nanopar orien respec

t 3e "Eliéﬁﬁ@@@m@haﬁdﬁré&@éﬁdﬁﬂgdo 24 whékén thB@E)@&ihllograpﬁi&QWisréf the
according to_1, wherein the jnor nlc panowire is a

anopgrtigdesds @F‘?&tﬁ‘éwlﬁhﬁéﬂ’é%ﬂﬁ susfac ¢ feAftpddhi ¢ nanowire
agc Glrhg'lﬂ& 1Ac ill 'c5‘rd§r%eto ln%.%%ﬂi fhe 'ﬁ?&gm Wil ﬁar{?)%rqug single

nore c ysta I ne orml e i norg C nanow r
crysmlmmiaﬂmang to 1, wherein the fused nanoparticles are
st.alline. 7. The | ani c,nanow r.e

si_ngl.e.cr r
aéc g’{}‘& 8?180 Ranqyyre, @Fwd{qgeto 8’?’6‘3?” @e ABQIENE ganowne has one or

moreg@@ﬁu%sdomntl ally of sem conductor material,
I1ic mterial, nmetal oxide material, rragnetl c

n@t élﬂneanqrgmlc minaviresascotdingetofl, whereihide |fuﬁ9dgnamnartlcles are single
o anow re according to 1, wherein the nanow re consists
crystaiient i al | y of sem conductor material. 9. The

| 170 ITHe hér g NEld A dviresdecorditigt 1} Whdreinhe ifdrPartidRanowire consists
nanow re _consi sts essentially of netallic nmaterial.

essentjally ofisemiiGenditen matsromctadicanatsrial mytal oxide mgerial) tRagngtic material,

ﬁgg o fcon3| sts essentially of netal oxide material.
or mi %e |norgan| c nanowire according to 1, wherein the

n&n ik rigorganis natfosviresseotling tb \f, wherehgthe namwowied @misiats. essentially of

semiconductor material.

9. The inorganic nanowire according to 1, wherein the nanowire consists essentially of
metallic material.

10. The inorganic nanowire according to 1, wherein the nanowire consists essentially of
metal oxide material.

11. The inorganic nanowire according to 1, wherein the nanowire consists essentially of
magnetic material.

12. The inorganic nanowire according to 1, wherein the nanowire has a length of about

250 nm to about 5 microns and a width of about 5 nm to about 50 nm.



12. The inorganic nanowire according to 1, wherein the

nanowi re has a | ength of about 250 ran to about 5
wo@sosssand a wi dth of about 5 nmto about 50p@mUsB05/000075

The inorganic nanow re according to 1, wherein the

nanovm'p;i;e, has a |length of EipOUt 400 nmto about one

' QHYITEANYG RANAWEE aGER5HHNS 1 L nthereindhropanosdreriss a length of about
400 %0 LB $AL hic/OAARNE VAR ALAING nfiolaboliS fila ¢ e

now re consists essentially of sem conduc
rraﬂ 4r The moagmhd owarR (awqrémg &s 1 avhareigtthe mdnoalirewonfdstd essen’ually of

semig A B Aol 5 e GATPAE A oA BEP L FX0CR 9 #put e microns

and gmwgf%dﬁtgqﬁlmm $Enmonsi sts essentially of -V
sem conducting material and has a | ength of about 250

n ml §.oThdhimatgahiomanawire aecording tal vitkréin dlic memowire Songists essentially of

-V eape e Aol S 1 e AP T 0y RS B michoms and

mdtﬂ'Bﬁabdﬂl@S%ﬁﬂtoCabBﬁﬂSU\mhe according to 1, wherein the
nanow re consists essentially of sem conduct or

mal@r Tl ingragnicsnagowire aprording Yo Liwhergjnthe nagowitads substantially
qorganl c nanowire according to 1, wherein the
now re consi sts essentially of a thernodynamcally

hi gh EhReihgipanitastowikd accbiiding ROl gaitiréin b Ivire consists essentially of
according to 1, wherein Bhe i_nor ganl C nanowire is

semigoRAuCtor F}aﬁf‘élaé%i isisebstadialy sirdightanowi re consi sts
eSseN Jn&r/get e 5'%39 Q%?&lﬁ% t{"ﬁtv@{e'rélh the Bhndvire %01131sts essentially of

materi a e materTa nmagnetic mater
a theradymamscal lydvigtoéner@Ophadie | nor gani ¢ nanowi re accordi ng

0,19.. wherein the jnor icn re is single
1S T TARkzan RSt Acror diae e rrestin s inreis g wige is crystalline
and é@ 1no\9§1ﬁﬁcenén3%1felé%ﬁﬂst§‘ anenilly of sedicdh8uctdrFhterial, metalhc material,

cryst al I'i ne. . he i nor gani c nanowi re accor dl ng
metal gxideumatesiah mawewam@tmab of mixfutssthenedfal | y strai ght.

t2 E%O e O%Qfgé anl C%w1 %\:émcto?{ﬁ o? Foagj%he%é%&e]ir? rgamgogqovygre is single

crystﬁ]hﬁéons and a width of about 5 nmto about 50 nm 24.
The I nor gani c, nanowi re accordin 9g to 19, wherein the
vl hecinpeganis napowire agsording tor 1 % oberenthe 1556 ganopaisles are single
crystg.l'rl] Lon and a wdth of about 10 nmto about 30 nm 25.
e inorganic nanowire according to 23, wherein the
na2bw kesinbrasicmahewireé addoyding to 19, wherein the nanowire is substantially

strai

straight.

23. The inorganic nanowire according to 19, wherein the nanowire has a length of about
250 nm to about 5 microns and a width of about 5 nm to about 50 nm.

24. The inorganic nanowire according to 19, wherein the nanowire has a length of about
400 nm to about one micron and a width of about 10 nm to about 30 nm.

25. The inorganic nanowire according to 23, wherein the nanowire is substantially
straight.

26. The inorganic nanowire according to 24, wherein the nanowire is substantially

straight.



straight. 26. The inorganic nanowire according to 24,
wherein the nanowire is substantially straight.27. A
W@ 0005067683 on conprising a plurality of inorganpPCr/us2005/000075
nanow res according to 1, wherein the nanowires are
substanti ally nonodi sperse in average |length. 28. A
conpogi édnipbsitidonRbhPrisigga phirdlis dftix)(orgénii: AficdfYs @ccording to 1, wherein
nanow res according to 1, wherein the nanowires are
the nanpwirghere spbsfatisHy manedisperss i aygegadsaeth- dth. 29. A
coO oSl . . . . . o
B s RRARIplRed PRl dridorfinit BRI Gocording o 1, wherein
the inbwirasare ahbstamiaiip cianpdisperse in avemgagddthengt h, and are
al so substantjally nonodi ﬁ)re{,se i,n average w dth. 3,0. .
The9c SrissRRasition campasiae AP wralivef ingreanic panosvirsiaregding to 1, wherein
the (AR Rir R S B Rl horSt A ctaBt IenBIORAL B B Rbstanially
monbdispershimravePe wadth. The conposi ti on according to 29,

e e OB B O5 BRb Bhe BT REr ot varaon
for 16:th WE Rbdthah 10%sndlaltaBffiR¥nt 32varitieR TGS Fess than 10%.
conprising a plurality of inorganic nanow res

acddr dhegomposition agherdaigto2Rewheminanewirgs have a coefficient of variation

subst anti al | ¥, ,mnaodi .S kD e
ror SR B Yo RO AR o DB 8PP i 5
NanRWAr @ peition domgritiag A pluraligofiimoriditc nanodies ascordifig to 19, -
substanti al |y nonodi sperse in average width. 34. A
whereih{hs SRR WHeSASprrtstanHy hamgpedigperseyin gy eragiolength ¢

NaRQWi,I ' .1 ner @k ' .
oS RS USSP, ARG Bty o 19
. wherliis the Siahewingst arabubgtantiaibdine pedisperserin averagagwidth.dt h. A
thirtyfifth (35) aspect i .conposition conprising a
ol e SO 5P GE A SRR QL TR CROPHES according to 19,
wheteilPihd %%M&%E"sﬁlﬁ&nﬁﬂ%lbﬁ@dﬁﬁé%%qn hP&HhgRhth, and are also

nanoparticl es substanti‘al free of organic scaffold.
subs@@tiallhmovodipresietin gveragewidiii.ng t o 35, wherein the

o SRR3R I of iongaic sanowives
whe iy the ¥ drati @Rdtiotvire compfisd fugediabpanictiafibeticles subsantifl free of
wWth respect to the surface of the scaffold. 38. The

orgagigrspdf&eldi on according to 35, wherein individual
i NQEQ r i .
055670 A T R L 5L A o et
i n@7.vTHeedmpasitiomeastardingtod6) wherkiathe cnystallographic axis of the
nanoparticles is oriented with respect to the surface of the scaffold.

38. The composition according to 35, wherein individual inorganic nanowires comprise a

single crystalline domain.

39. The composition according to 35, wherein individual inorganic nanowires have one

or more crystalline domains.

40. The composition according to 35, wherein the fused nanoparticles are single

crystalline.



or nore crystalline domains. 40. The conposition
according to 35, wherein the fused nanoparticles are

wa@ ogloeress yst al | i ne. 41. The conposi ti on accor dp@yUS®05/000075
35, wherein the inorgani c nanowi res conprise
sem conductor material, netallic material, netal oxide
mathér The compepitian accaisking 10435, Wherein the inasganiteaneyiires gomprise

semlchgdl?c%mr?eﬁéﬁdl olﬂet%ﬁﬁ%zﬂéﬂeﬂ &Qm?’?xmg"gﬁ[eﬁgp rﬁagﬁetwg%ﬁle 3r mixtures

Se sem conductor mate Mpos|
theréUfCOfdl ng to 35, wherein the nanow res conprise
nmetallic material. 44, The conpposi |on according to
35 424/F B¢ EPRPOSHIOTAEREKHTEE o Iie§’e FBRRAWiESScgEPTise semiconductor
mat%ﬁa.e“ al . 45. The conposition according to 35, wherein
€ nanowi res conprise magnetic material. 46. The
corp.oThe campaesitbmr ai:icmglingxoa!s whkreinethe narvevires momipﬁeesmetallic material.
havg aver a e | ength o bo t 250 ran t.o about,
o Eapdion At digiheio dBn ety Dr PR Hifhs Comatist metghoxide
matddy. 47. The conposition according to 35, wherein the
nanow res have an average | ength of about 400 nmto
abéﬁu The eompasition aeadrding ta\38r wherein thie hansfwirgs somptige magnetic
o,about 30 nm 48. The conposition according to 35,
érel n the nanow res conprise sem conductor material,

ande! The banpWiticSachendengltd 33y whéergi the Agidwifk hatoat a\?e%ge length of
nmto about five mcrons and an average w dth of about

abows 2§Qnmato abewitS BiFreRH andan avwegfe;w}ib of @bqslﬁ > BB OradPHgPQ Bm.
oty 16 Eipp LRI 3 RE BN nflonETnERH RIS length of

aboud 400 hmf to\abotiti ohie Gisroandd an aamg@gglth\nﬂaﬂmuol 0 ainctutabutri® nm.

to about 50 nm 50. The c%gpogltj O‘B accor.di ng ta 35

whéf il he compasiinnacrerding t 32y Bherai the pagpvites SPRREIse chond““"f
mateH3E 268 %%BWF RACA DB el Rndih: oﬂ%@ﬁteisﬂ n‘ni‘ﬁ) z{b%{lf)i%é fifcrons and an

aré substantia Ty nonodi sperse In wdth
averagenwisith of aboutT nmrtdiahoutt5 8%, wherein t he nanovm res are

R URBEISTE o EREAE. TNty WY
semRURAICARS hatdrivl mbiﬁ%{/&ﬁgé Rnph@fAbair @50 @fdforabout five microns and
an average width of about 5 nm to about 50 nm. '

50. The composition according to 35, wherein the nanowires are substantially straight.

51. The composition according to 35, wherein the nanowires are substantially
monodisperse in width.

52. The composition according to 35, wherein the nanowires are substantially
monodisperse in length.

53. The composition according to 35, wherein the nanowires are substantially
monodisperse in width and length.

54. The composition according to 53, wherein nanowires have a coefficient of variation
for length of less than 10% and a coefficient of variation for width of less than 10%.

55. The composition according to 53, wherein nanowires have a coefficient of variation

for length of less than 5% and a coefficient of variation for width of less than 5%.



54. The conposition according to 53, wherein nanow res
have a coefficient of variation for Iength of |ess
w0 bas/0d@% and a coefficient of variation for wdct/smbs/000075
| ess than 10% 55. The conposition according to 53,
wherei n nanowi res have a coefficient of variation for
| erfyfiftysixth espsct (3@hissomethed ef fooming;apiinergawt nengwise ¢amprising the

fo fdth of less than 5% A fifty-sixth.aspect (56) i .
sep SF g1 Bt T b AR bl SorSh RS, © providing
an eldiRatell ORfanR scaffdid; (¥) @atcth the@ne of oM@ pRcESGHAEAALS in the presence of

materials for the I norgan_l c. nanowi re; (2) providing an

the ssaffpldde dormpaywpriclss avheseia:thg mnoparsisles Aty disnoseshalong the length of the
r u i ' - QL of. . :
elorfglel pBi {saREITRAEYS Blefpily b DRing 62 GEE| ind hPnanoparticles to form
the indfpaniemahowize bafissich efftbs aghophmiclest he | ength of the
el ongat ed organic scaffaold; and (4) thermally treati,
¢ h&7s dde mstiptbaTaoihg 1 SRoBATEINDE oraemCrRgAifald fpsubstantially removed
| BRMANGe Nanowi re by fusion of the nanoparticles. 57.
frordl’ﬂ]g net ho%{ according to 56, wherein the organic
scaBf dhed meshwldesomirtg talS7ywhemmthe sdaffoid is femowadaduiring the thermal
58. The nethod according to 57, wherein the scaffold
treatment #ived during the thermal treatment step. 59. The
metsh 0 g ha aic@icd dBordthg 56\ WREEINth RehopaiReald &Y &alliak.e
cryStalline. 60. The method according to 56, wherein
t hé0pTbe orethnd asaordinigdb $6ayvherainghepigeurser materials are a precursor to
sem conductor, material. .nmetallic.mterial tal poxide
sem i gRaERSt i), Bl e Al ek pril RaEeal mag BN ma e
t 0 696 ThvketIRIductbidingrte 58] whéreitithe& pieahrSorh SteHald AfC4 Predlirsor to
to sem conductor material. 62. The method according to
semsepdmr@atwahg precursor materials are a precursor to
Mel63! IThE pfRi o dcBbrdirido SBEWHEL AN BREGS Atelifls AR a precursor to
wherein {he precursor naterials are a precursor to
metallié Alatepinl.de material. 64. The nethod according to 56,

wherejpn th recur.sor terialg are a precursor to

e el Becmelipd prcarding kp SCriberss s refuEtsl AR A T84 precursor to metal
oxidheh&idl the el ongated organic scaffold is a viral

scaffold. 66. The method according to 56, wherein the

el 6Agahethethogaasterding46 £6/ whereinghe priecursorroatsrials peg a precursor to

scaffold.. 67. The nmethod according to 56, wherein the
magRetIBAFRY- or gani ¢ scaffol d conpri ses

65. The method according to 56, wherein the elongated organic scaffold is a viral

scaffold.

66. The method according to 56, wherein the elongated organic scaffold is a filamentous

viral scaffold.
67. The method according to 56, wherein the elongated organic scaffold comprises

surface peptides along the length of the scaffold which bind to the nanoparticles.

68. The method according to 56, wherein the thermally treating step is carried out at
about 100°C to about 1,000°C.

69. The method according to 56, wherein the thermally treating step is carried out at

about 300°C to about 500°C.



surface peptides along the Iength of the scaffold

which bind to the nanoparticles. 68. The nethod
waeasnaicsyy to 56, wherein the thermally treatiPQr/ss®ps/000075

is carried out at about 1000C to about 1, 0000C. 69.

The method according to 56, wherein the thermally )
t r d8t iThg methad aceordingrtp 86, whereimrthapanepartiolys bavemamixstage diameter of

9
0 7 thod according to 56, wherein the
aboxﬁ rgr? to ?tlao(l:.\%r 2§ nﬁg

nopar ve an average di aneter of about 2 nm

t 0 7ab@ht nkthodMccdrlling kb 6 whéreia the aafoPhrtigles Ba®dan average diameter of
wherei n the_nanoparticles have an average di aneter of

aboyfFJue tzabowt  Mahout 5 nm 72. The nethod according to
56 . o | _ e .
o Boq e felbad e HARRL'SE, hherbhht Rdobfe s (i€,
si 73] &he mestodldctordingaodbnwhetdin thhmanoetitedsia aingteraystglin®domain.
56 rein the nanowire has one or mpre crystalline i
GoAt LB TethodTReDRRA d6 -V BOF L A haAle & FotRGystallne
domAfQowi re conprises a thernodynam call'y high energy
phase. 76. The method according to 56, wherein the
t h@b nithe methwidiangordingo 66 r&hdrsinttheenaramingicomptisesna thermodynamically

. .polycrystalline state to a single crystalline state.
hlghf?‘?yg?zl‘féa%t hod according to 56, wherein the

Cr y6! Thé pRtR@MAcEordiigto 36, Whkeil AROMBSFhd] eﬂeeﬁndg' é?(g}%dv%ﬁ"s @b nanowire
with respect to the surface of the scaffold. 78. The

fromepolyerystieldioe glatrjorasingle ciypleliae statdae nanoparticles are
not~ f f1Qr r : ' . ' . .
1070 RERBELS G 9L TR 4 A0 Pl Bl raricts i
orieited ovith mégpadtity tisd surfaghdf th86caffbld: nmet hod according to
56, wherein the nefhod_is used to rgggre a plurali

Y
of 7BahBamethod 2aeordmg A ARoNPTEs thy flemareof Jused bfore the
' § in length. 81. The nethod according to
e 28855

in“"the nethod is used to prepare a plurality
of 79aibevnet®dancbriing to 46,0vhareis ther manswirstisisitbistantially straight.

nmogpdisperse .in width. 82.. The nmethod.according to 5 .
BT RE PROetrtnedd Secthetn SREpaPed B RA FpEpyS grptunlit of
- nandWARRWhA &f MNewirSare 3K rtaRy AloRodisperécaintiemtth.y
nmonodi sperse in width and | ength. 83. The nethod )
ac8br Fhemethgd 3ecordingte 56, wheseip thecmetbod isuged t9 preparg agplyrality of
r.e t ] f ter . I C
o ESUFE e o SFOLGEIMEL PRI SO TR Sy
t h82. The method according to 56, wherein the method is used to prepare a plurality of
nanowires and the nanowires are substantially monodisperse in width and length.

83. The method according to 56, wherein the precursor materials are a precursor to
semiconductor material, metallic material, metal oxide material, magnetic material, and the
nanowire is crystalline and substantially straight.

84. The method according to 83, wherein the method is used to prepare a plurality of
nanowires and the nanowires are substantially monodisperse in length. -

85. The method according to 83, wherein the method is used to prepare a plurality of

nanowires and the nanowires are substantially monodisperse in width.

10



nanowire is crystalline and substantially straight.

84. The nethod according to 83, wherein the nethod is
waois@d/otmsprepare a plurality of nanow res and P&EUS2005/000075

nanowi res are substantially nonodi sperse in | ength.

85. The net hod accordi n% to 83, wherein the nmethod is
us 8§ {Iheprathed accarding tofB; whersin the meHiadds usaddo prepare a plurality of

nandRE TR PlbuTieR e ibidiatty BRI BRE SPwldly Mol
t 0 891 dihe meethodrdadording ty 86f whereimmanes/irashavielucoefivdetit o€ $ariation for

are substantially nopodi sperse .in_w dt d Iengtrg.
lengtiyof lw%h%i%dma@&eﬁﬁscwgt 9f§va8@$lomrvg#ﬁ= s hanohay e

a %.efl'fhie %%p?lﬁﬁ)siﬁgn Y& f(ﬂﬁ% Rﬂlé, %e#eﬁ{'ﬂirﬁw@{?s h?@tfa &;@ﬁ iM% variation
and a coe cient of variratron for wdth o ess than
for 1808th oB8ss THaa 5¢eambscdefiicietod vadativp foowiBh ofiless tian 5%.

nanowi res have _.a coeffjcient of variatiaon fqr |ength .y
of 8o Lumeihen OB SGTAGE 20 GRERIC IABAVES FOPRRNAE fls P30T (1) providing

one B ol PkclrSemiBadls BPthSRordAni¥aiahowiref (2) gﬂf‘omd(i‘l% &organic scaffold;

I'norgani ¢ nanow re conprising the steps N
(3) paatingdhergneooremane presuesop matamatsan thespresena¢ of the scaffpdd under conditions
ani ¢ nanowi r.e; (2) providing an organic scaffold;

t°fw&3%6¥W§nW@@ne or nore precursor materials in

t h@PIThe exifoddccbiaengste R0f Wh&eiﬁﬁﬂ@br%ﬁi&@b&ﬁf(ﬂﬂss udstatidlly removed
the inorganic nanowire. 90. The nmethod according to

frongthe naheww¢.n the organic scaffold is substantially

5o 0ty br iR REQRRINES unchin A GreRE S G ting he

reactif@stepng step. 92. The nmethod according to 89, wherein
the precursor material s ar nagggarti cles or, form

naf8pdhe mated acoardingfe 89evWhgaindhe Breghiser Mateyals affangpyticles or

rticles are crystalline. 94. The net hod
f"“‘%"“g‘é’gg‘?%@to 92, wherein the crystallographic axis of

t h&3ndhe peathadcdcesrding to9Rewherdinthe hanopapielss areocrystelline.

surface of the scaff ol 95. The nmethad accordi ng.to Dy

36 94w br SisihadeciRinalp SBr Wi eriie Py AN asaPGF atls P gie hagopartiles i
orieREIWARNEHREOK the§iRfacabf theBéadld.c material , netal oxide . ,

material, magnetic material. 96. The nethod according

t 0 989 Themesthadaceerdingrte 88r whereimghe piegursornaterals agca presyrsor to

to sem condugt or ter.i 97 i o]
ol G T Lo U o AR ol

metygl The mBliaerdcadrding to 89, wherein the precursor materials are a precursor to

semiconductor material.

97. The method according to 89, wherein the precursor materials are a precursor to

metallic material.

98. The method according to 89, wherein the precursor materials are a precursor to metal

oxide material.

99. The method according to 89, wherein the precursor materials are a precursor to

magnetic material.

100. The method according to 89, wherein the organic scaffold is a viral scaffold.

11



98. The nethod according to 89, wherein the precursor

materials are a precursor to netal oxide material. 99.
wab@snetchod according to 89, wherein the precupGDUS2005/000075

materials are a precursor to nagnetic material. 100.

The nmet hod according to 89, wherein the organic

scadPt ollhe methed\aceesding da B9.oVierain the quganigse Beddamenigus viral
scdﬁﬁhsg wherein the organic scaffold is a filamentous

Vital scaffold. 102. The method according to 89,

whe02i Thé hetledasgatied to sg,anharemcbé élohghteloorpanis scaffold comprises

surface peptides al on the f the scaffold

surfggeineRtidssalpngshe Jeagthoi ch'g’éldﬁ%fh?d&“%%%r di ng
Lg 1§§) Tl‘x‘@ﬁl efiod af:&ﬁd%ng%&@ r\gh élﬁ Rhd 8&%@ s'té:f)q% Oéﬂ‘le%ﬁtt\wth use of

erature between about 1 to a
tem;ie,rﬁﬁ&(lﬁt\wanfabbm 1008C taabont 1 ,800°(D16. foith themmnbwite.

rd' t 9, whereip.the owire is.crystalline.
B4 7B method atcattiar i Ry, Wrala e popeins 5 O HLABw 1 o
' S 1@5 Smahl%ﬂﬁaxé&ﬁlhlhg@@sol QPRIréIn tHORmo Wi i9B5iASK crystalline domain.
according t 9, wherein the nanowi re has one or nore
cr y86.alTh¢ meth@d re¢anding 1039, Whezeinthenwraowire basioneprimorg grystalline
4 wherein the nanowire is substantially straight. 108.
OMHM et hod according to 89, wherein the nethod i s used

t 0197.ePR¢ RethoRabécrding Yo 89, viiRnitieafandWite iheubbaAIMy BRight.
are substantially nonodi sperse in length. 109. The

netl A& dThemethgr sgcarding ¢o 8%yveiessin th@d@ethe@ igsed o prepare @ plurality of
nanon RALE itk rFélan&ﬁJeé b s%stﬁﬁﬁﬁ}“%ﬂo&lﬁﬁ%@ﬁ&s 1#%8?{@%0\“ res are

st antially nonodi sperse e net hod
ac ¢09.dThgmetho8 Accondiag & 89, twierein theadethed isseed toprppap apburality of
plurality of nanow res apnd the nanow res are
nanom%aaﬁmeanamg)wrfsma .sglw&rg@ﬂy FARPAISPersiHE Wiyt h. 111,

The gemmeasg QE&MHQ 089, ]vaeré[’i@ eSrh SthBA RAREA eosprEaAfe alurality of

coe icient o varla i on for ngth of less than 10
nanqwidas and def fanowaeg amfsubs{aantlatly oronpdispesseiintwidth am;lslsngthan

bl Tesmtiod s6RRGRE fq B RFRBH bilfriRe Bave  FoLFtfigtht variation for
1eng@Jof1 1853 hdnAY, 2 Qe&fﬁc@@ﬁfffvlaﬁbt%ﬁ foR widtBIoff #sh ﬂﬁnfl()%
width of less than 5% 113. The nethod according t

89 1 12zhEhegampasiiopraseardingrto fiA, avhesgin napawireshaxe 4 P@fcfﬁcwet of
vm%ﬂ?&?ﬂéﬁ&ﬁt& fes agrSkVa%n cfe%éxé JFRLSEH G for {’W&tﬁl k)f ¥4 ffin 5%.

nag n t he "nanow r
cr y$3.aThd methad dccoudiag &)189 ,aVHeyeis thegpredursor hidenaTKn&re a precursor to

t hod to 113, wh th t hod
semlggrgbxg% ?rgact:%{au,lrrggtplthg mgtterial, mgtgleéque mgterrggl m%gnétlsc nlilgtgrqal and the

nanowire is crystalline and substantially straight.

114. The method according to 113, wherein the method is used to prepare a plurality of
nanowires and the nanowires are substantially monodisperse in length.

115. The method according to 113, wherein the method is used to prepare a plurality of
nanowires and the nanowires are substantially monodisperse in width.

116. The method according to 113, wherein the method is used to prepare a plurality of

nanowires and the nanowires are substantially monodisperse in width and length.
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nanowi res and the nanow res are substantially

nmonodi sperse in length. 115. The nethod according to

wdi®soetses ein the nethod is used to prepare a ptTUsion$/400075

of nanowires and the nanow res are substantially

monodi sperse in width. 116. The nmethod according to )

113 17whise of  filaneentasvirs asa sasaidictaborganisscaffeld i the produgtion of an
.__of .nanowi.res and.the nanow k.es subst anti.al Ly . . .
inorgie AR ioptifecR e Vi 4 (R Aoty B aftel And Sn inorganic nanowire
precldof bR HeQUSfMU! 4 réfoingakd filahtehtus irdatatforaalyied theliflorganic

the production of an inorganic nanowi re conprising
nangwid&i ding a filanentous virus scaffold and an

i nQrgai.c.n Wi u r he scaffold, and

r eV ﬁ‘l&ﬁ?‘ﬁ‘gggfei’gaf?}%%t(’gﬁes‘;‘\%?‘%g?ééaffo| dto yield the

I ngngaNagowiré prebired by 1 mbthodof 82 prepared by the

nmet hod of 56. 119. Nanowi.re prepared, by the net ho,(%, of .

Awectd gakis uge ol filamentous grgagicrscatiold 3¢ 8 gacrificial organic

89.
; ‘ _ CLEL o : .
oIS EAEAS) O A ahb G oA Bl Phfnionscrmic
scaffoldundlamimorgahicl ranmewire peecorsgaon thescaffdld) avneerting the inorganic nanowire

i norgani ¢ nanowi re precursor on the.scaffold, . .
precuiay 1 FR5TEHHEE SAGPAES T L TEMO e G BEGIOGS Otegnieifgatfold to yield he

inorbAlRE ARHdmGrenanowi re while renoving the filanmentous
rgani ¢ scaffold to yield the inorganic nanow re.

Andtriogher aspsetcfl 21)1i8 tye pfan slengatedmgasiiosagfioitospgaelithe length of an

. scaffold.to.control the |ength of an jnor iCo '
inorgaffo iR it UspRed DewapSomP Pt SPR gf Plstcitengjacering the scaffold
to c@ftFe tHeaahdtly oLhgistfRildng the scaffold to control the

th of the scaffold. 122, A device conpri,sing an,

| en
el dd2r bctisvic cemerising aalendciorclafian gomiEEh Vi ananowire according to
1 according to 1. 123. The device according to 122, _
" wherein the device conprises at | east two el ectrodes
eadp3. Theldedde dccaldinpontldl ) winrtin thédevieencomprisesaatdeastitwgelectrodes
124. The dtsvd'ace according.to 122, wherein the
f

to 1.
eac}’()‘é\?ile&g.“’lagcqué’lt WS PR RANONIEG RSP Y mg:to 25. The device
20 39&.d1rﬂé3dé\9ce1a%8@rdﬂtget6qa@, WhGeiaNé 8&ideSis FeREFRRI trankifor.

evice conprising at |east two nanow res according
t 0125. Bhedwsiice acherdmgrtoi2? cwhereia thrdevigsais alsensor.

arr.apg nt. 127.. .A devi conpri.sing at. |l east 1wo. .
o it comaisige B SR B FosEebing i T ouhdBin thy nanowires
are ift ac;{aghsrépg-r@{geﬁeﬂenent . 128. A segnented nanow re
conprising a plurality of connected segnents_of . )
nandhi Adlsvice comprising af least two nanowires according to 1, wherein the nanowires
are in a crossed arrangement.
128. A segmented nanowire comprising a plurality of connected segments of nanowires
according to 1.
Another aspect (129) is a process for producing nanowire with use of an elongated
organic scaffold comprising the steps of:
providing an elongated organic scaffold which comprises a plurality of binding sites

including binding sites along the length of the scaffold and binding sites on at least one end of

the scaffold;
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according to 1. Another aspect (129) is a process for
produci ng nanowire with use of an el ongated organic

wa ec@bhaioss conpri sing the steps of: providi hg aPCT/US2005/000075
el ongated organi c scaffold which conprises a plurality
of bi ndi ng sites including binding sites alon

t he
| o SEFPASIBE 2 AR PTEERSOLERT G IOR AN thclengh o4 the saeld to form o
scafﬁﬂl&@}gmﬁoﬂchﬁlgggﬁgﬁ;ol d; di sposi ng a nanow re precursor
S

conposition along the length of the scaffold to forma

s c afehtingithd seaffeddadgwecursomeomposition totfomm thenmanbivire.

sc olded precursqQr co si,tion.to formt ANOW I e.

15030 THhE BB beina R TRG Wsra i rgierspHEE SRR ally removed
frons @@ nhRdwirdss substantially renoved fromthe nanow res.

131. The process according to 129, wherein the organic

scaBt.ollhe processgocasding (o ﬂ&% wheeein theaarganic saasfold is 3emovRideduring the
trea rogess according to 129, wherein the el ongated

‘g‘}ggs?ﬁ'c scaffold has binding sites at both ends of the

scaB? ofTHe prbdess alteding @6 ¢3S vatredin terdorgated 2Pganficisdaffeld has binding
nprising the step of using the binding site at the

. co
sitesaa §ohrends af the 563l t o bind to another structure. 134.
Th r [ i. 0 . qe .
SUT3R BHEPDCAS 0L o Bod RipHREBHAnE B FR018Ing the binding site
at thd lead pf the ssaffodd cobidd rgartothet 2@uctudeer ei N t he anot her

structure is a circuit ement .or, an el ectrode, 136.

Thég%rjgﬁ%g@c%l% ABTUTHE 1 gﬁ%g‘g’,ﬂ%ﬂl"'ﬁéf’ bStpichue nga’loﬁl?f elongated
orgafiic@RaffdldPi nding the scaffold to a patterned structure

before its renoval. 137. A nanowi re conposition

coiPs.i Thaproaesn anwnding tavi 2% vhetdie thewadgthanstomhirg iy ¢jteuit element or

Ent(;:rc% phase. 138. A collection of nanow res according
an eEEI9%B7, wherein the nanowires are substantially

NDNY6li TREFBEess Acdordigl o 135 Purthdr Cohpasihg e s&fp JTHMRIhg B scaffold to
according to 137, wherein the nanowires are

a patarned struchuae peforroiffogmenel se in width. 140. A col | ection
g]; é?’? B,g\é\ftaﬁ&%ré‘?%ﬁ&'ltf& Jo%p]rﬁﬁig a%[)@irg V\t'lﬁlea ﬁ@ﬂﬂgﬂyﬁlgﬁlically high

antra
energy phase.

138. A collection of nanowires according to 137, wherein the nanowires are substantially
monodisperse in length.

139. A collection of nanowires according to 137, wherein the nanowires are substantially
monodisperse in width.

140. A collection of nanowires according to 137, wherein the nanowires are substantially
monodisperse in length and width.

141. The collection according to 140, wherein nanowires have a coefficient of variation
for length of less than 10% and a coefficient of variation for width of less than 10%.

142. The composition according to 140, wherein nanowires have a coefficient of
variation for length of less than 5% and a coefficient of variation for width of less than 5%.

143. A nanowire composition according to 137, wherein the nanowire is an inorganic

nanowire.
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nonodi sperse in length and width. 141. The coll ection
according to 140, wherein nanow res have a coefficient
w@btoos@sicat i on for |ength of | ess than 10% and BCT/US2005/000075
coefficient of variation for wwdth of |ess than 10%
142 The conposition according to 140, wherein
i4 BANCWTECOMPOSIKIoN jagfsding &9 13/ Mrherqin themenowiae is annanowire of
815 f [
i RngbiRS b B AR A e Ble Harok A, O, feria, or mixtures
thereaﬂzcordl ng to 137, wherein the nanowre is an inorganic
nanowi re. 144. A nanowire %ngmyo acc rding to, 137,
wHidPe iAhDAToITS £RBIIOSEIOR dccordi reif fhe RIS isvaanowre of
I allic material, netal oxide material,
Semlmﬁﬁ‘g%v?énar%a%rlal or mxtures thereof. 145. A
naM6WIA narmmnpamntposnnoaamdinglg) {3, 13iéreimthe manowirdis a nanowire of
nowi te is a nanowi re of sem conductive material .
metalitﬁénatﬁlaianovm re conposition according to 137, wherein
t h@7naDEMoMsrel OnipoSiABR WEdoRdiff tdTEI B hiefein e Hah@bire 1]sAa7nanowue of
A nanow re conposition accor di ng fo 137, wherein the
metalexidpinpteripls a nanow re of metal oxide material. 148. A

n e COorn 0Si ti Lon ageor

nagar B SR R oS SGRT NS 17 Whétei e kbt R gpanowire of
magnefi@m@tfial: nanowi re conprising fused inorganic

nangparticles. 150. A conpgsition, conprising

cdiP e ippreaic |W%%FWWW@%IHQES?BW3H@P¥BCIE&9
135, ﬁP SHRRH ac%nga{mfdéuct gaxﬁé*ﬁeﬁ%v&l ?%&%g@ﬁg to 149.

nanopar es conp ISI g sem con materi a
A lddmrz}(mnbngamc nan@wirs corgprasingpfusetinorganiefnanoparteles @omprising
owi res according to 151. 153. An inorganic nanow re

semlc@B ‘i’rs‘?’?fﬁ“?lused i nor gani ¢ nanoparticles conprising

maisal 1Al GniftsRioh@bmpisihg aRoAERADS iR Bark O MR Idwites Gedrding to 151.

col l ection of inorgani € nanowi res according to

1953. Am inorgaujamanowisnemnprisingivsed mprggnrcu@edpamdes}mmmlsmg

1ﬁano aﬁl cles conprising netal oxide material. 156. A
metalug ion conprising a collection of inorganic
NJBAMAr @mRERdhEof@riting h2dllectoR - of Mbridhid Gaiomired asdMing to 153.

con?r|5|ng fused inorgani ¢ nanoparticles conprising
An inorganic nanowire comprising fused inorganic nanoparticles comprising metal

oxide material.

156. A composition comprising a collection of inorganic nanowires according to 155.

157. An inorganic nanowire comprising fused inorganic nanoparticles comprising
magnetic material.

158. A composition comprising a collection of inorganic nanowires according to 157.

159. An inorganic nanowire comprising fused inorganic nanoparticles disposed on an
organic scaffold.

160. The inorganic nanowire according to 159, wherein the inorganic nanowire is
crystalline.

161. The inorganic nanowire according to 160, wherein the crystallographic axis of the

nanoparticles is oriented with respect to the surface of the scaffold.
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magnetic material. 158. A conposition conprising a
coll ection of inorganic nanowi res according to 157.
wA285/06883 NOr gani ¢ nanowi re conpri sing fused iPOT/Y8IVWE000075
nanoparticl es di sposed on an organic scaffold. 160.
The inorgani c nanow re according to 159, wherein the
i ndpFahhe inpsganid nanopwire @eqardiagte A9, wierein thednprigapigaanewire is a
. NanoW .- ding to 160, wherein the
sng ercyrgsﬁglpﬁ%g(?é%hi c axis of the nanoparticles is oriented
Wi 153.r ThPaeigdnic ddnewirerateatdingfto 1 5% varadih eletindi@anic hagowire has one
I norganji c nanowi re according to 159, wherein the
or moggoerystatline damdiisre is a single crystalline domain.

16%64.T*f'ﬁe id&?%a%m&om g.ﬁécfr&ingg& ?SQ R rdif tli'e%%s d}‘ ﬁyﬂ)ﬁrﬂcles are

the I'norganiT nanow re has ofie or ‘nore crystael I ne
singlérpstailine.164. The inorgani c nanowire according to 159,

wherein the fused nanoparticl es e single, ) ) )

or y&tathe HorgapgEnang e Rt AR | _ﬁ%mq:% thedpereanis gapgyvire consists
essentiall mg@ﬁﬁd&a& nRRFHAIA e AN QHAIE e Dk ik Snaterial, magnetic material,

esséntially of sem conductor material, netallic
or mituees ithrgofiret al oxi de material, magnetic material, or

m r thereof. 166. The..i nor ¢ nangwire .

LB R OGEREgianGRUF PTG hi bR 1 TP g b Bfensth of
aboi P90 hinPRAbbIS fferekiusd BSwidtCsfubSuLS Amao Whélit50qm . about

5 nmto about 50 nm 167. The inorgani ¢ nanow re

ac d67.dThejinoegannangpyire @peording th bifbwiheeeim the nanpwisg has plength of
400 i ' _
abondt O by B o B an A BB i 6 Bl 3D oM

ac ¢68.dTheirdotzahftShanwivire atcording ton B50) wihierein theianbdbwire consists essentially
essentially of semiconductor material, and the ) '
of semipRrluctor Hiaierial a8A daanagewirs das 2 bt o bGuA A 10 ghout five microns

andm&tﬁ%%a@aﬂswodmu%o&h@ut 5 nmto about 50 nm 169.
w . .

I norgani ¢ nanow re according to 159, wherein the
nané6i The morganicsemowire WEcogding tw hify stheregn thetranowire aomiprises 11-VI

has a.length. of about, 2 t out, five nicrons an :
sl S B PR o P3P o g G BRR RhFa vias o
about B N Uboul§0'AM. r € according to 159, wherein the

nanowi re is substantially straight. 171. The inorganic

nahdi The morganiti mgowire agprding ter b5% wheeeimtheqwanewire Is substantially
straiSETPr i ses
171. The inorganic nanowire according to 159, wherein the nanowire comprises
semiconductor material and is substantially straight.

172. The inorganic nanowire according to 159, wherein the nanowire comprises a
thermodynamically high energy phase.

173. The inorganic nanowire according to 159, wherein the inorganic nanowire is
crystalline and the inorganic nanowire comprises semiconductor material, metallic material,
metal oxide material, magnetic material, or mixtures thereof.

174. The inorganic nanowire according to 173, wherein the inorganic nanowire is single

crystalline.
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sem conductor material and is substantially straight.
172. The inorganic nanowi re according to 159, wherein
WO b@snemsni re conpri ses a thernodynam cal |y hipbr/esmogyooo7s
phase. 173. The inorganic nanowi re according to 159,
wherein the inorganic nanowire is crystalline and the
i nd7yahheinaegapisinagowaepedosding &ehd X shgrecthe fusad nanaparticles are single
tallic material, netal oxide material, nagnetic
crys%ﬁ{n&i al, or mxtures thereof. 174. The inorganic :

nanpey Tke dGHANKIMAgowie dcdrding & E13) whbeein them@adwige is substantiall
nanowire is single crystalline.175. The inorganic
straightnowi r e according to 173, where the fused

na i ales ar . . : .
R B REAR PRI SR s i o e o
about 35@ninrte absutSuhRr@mntand lalwidtt afabgints nifh 7o abotit 60 nmor gani ¢

nanowi re according to 173, whergin the nanow re has
| ehd8-h 1l ingteapic naBewieR¢OTLRY I T3] wbereisnde aapovire fasaength of

abou? 410G RAUb aBodtBnk Shi@x%ﬂ%hc{ ggviae&a\h of hB8ut mhffﬁn b UYRAB0 fim.

nanow re accordi ng t , wherein the nanow re has a
| ehdQ. hThoef inatganic nadOwireraccording tot 1 evheiedr e namaivize isisubstantially
.of about 10 nmto about 30 nm 179. The inorganic

stralgitnowi re according to 177, wherein the nanowire is

subgd. aPhd Rbighni inadb @it acchbffing 10\ @ain DTE) Whefei i AdhdWire is
according to claim 178, wherein the nanowire is
substanbigliystraight! y strai ght. 181. A composition conprising

a ralit . i nor gani c i r.di-ng. -

2T ARl S5 8AhEa ARRLLEE oRAR Wi Pasbiii o ciim
159 h&Bi@dhé AfioSbrel Arexubstagitallyan@iodispdBe in #vecagepasgthi.i on

cong}rl sing a 'El urality of jnqrganjc nanpow res ) )

ac &84 dhsgmpesitemeemargng JARFAIM of ETgRaIJIRnP WY espcgording to claim
159,%?&9[}{& rﬁhb%r@ﬁg%miﬁﬁ}' fddn i%@&qnwvgfagc widiR: A,

conposition conprising a plurality of inorganic

nabh8syi Aesmpositiontorgptivngd plunality 6f inalganii nanowiaes according to claim

nanowi r.es are. substanti al nonedi sperse i n average
159, EHFERR oo RIES alF SO LApDel oRET PR o F o OB it are also
subs%gﬁlﬁgﬁo%ﬂiﬂ%melﬁﬂyerlﬁbewﬁﬂﬂp03i tion according to claim

, Wwherein nanowi res have a coefficient of variation_
f ot 84. ¢Hagt ¢omyfosition acedrding 10 ki d8% vwheasin nanasyiresdrave a coefficient of

I TOINE AT I T ———
haygs. arlko@nipositidftac&rding to claim 183, wherein nanowires have a coefficient of

variation for length of less than 5% and a coefficient of variation for width of less than 5%.

186. A composition comprising a plurality of inorganic nanowires according to claim
173, wherein the nanowires are substantially monodisperse in average length.

187. A composition comprising a plurality of inorganic nanowires according to claim
173, wherein the nanowires are substantially monodisperse in average width.

188. A composition comprising a plurality of inorganic nanowires according to claim
173, wherein the nanowires are substantially monodisperse in average length, and are also

substantially monodisperse in average width.
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variation for length of |ess than 5% and a coefficient
of variation for wwdth of less than 5% 186. A
W@ 0005067683 on conprising a plurality of inorganpPCr/us2005/000075

nanow res according to claim 173, wherein the
nanow res are, substantially nonodi sperse in average, i )
| di$§t ¥ compositioncompsisingiaghurabfiinergenie npnayieas; wherein the inorganic
, . . : . : 5 .

nanoy & ilfee PRAN ECHERRA ks HRpEdl fH o Clearty Haftolt
ave0aJhe sonipbsitidBitcorinppl@9| Whemincthepiorgdnidnamowires are crystalline.
plurality of inorganig¢ nan%vvi rﬁs accordi nﬁ to claim
1781 ijhe cempositien sesAtstng 0s! 98y wWhergisthe Atystallpgraphic axis of the

aqli ; i | so

man B e o BRI, B 180,
c d9@o Tht icompaositigur acsoriingtopi8ay whertin inflividual inarganic nanowires
nanow r es, rein the inorganic nanow res conprise

COmWE%%Ei‘nchfr"&i’la\grlﬁ’&e d3Par ti cl es di sposed on an organic
SQBT qhe corkBkitidl ' cERIMODI 1180 ORh&enahgivitaf BorkdRic nanowires have
wherein the inorganic nanowires are crystalline. 191.

one o worceaystaling domamscor di ng to 190, wherein the

Bk The BR0RSI EoRuf g5 PAORReE hfeERanobsdhl S Cinge

crystdlp)osi tion according to 189, wherein individual
i norgani ¢ nanowi res conprise a single crystalline )
ddfai Ahe eormpositin acepising toil8h, whersindhe organicgmanowkves epmprise
s 11N [ o : . .
semnicg BRI Bt AL AR i3I MEAE SIIE KR - Ronl Mgterial, op mitures
theredf89, wherein the fused nanoparticles are single
crystalline. 195. The, co itjon, accordin o 189,
9B eiThe EHTBDRHRR PERP ARG N r EACTElBrIEr PO G betee length
of abdTR2SH hi to 2854t ﬁlrc?orfé%ﬁ lah @VeraBEhith BFA6HRL SR Bbut 50 nm.
magnetic material, or m xtureS thereof. 196. The
cdfpoThe compesitior atcongingto 189, whireinghenartoavirea have areaverage length
have an average | ength of about 250 nm.to out. 5
of abot 4 Am Q3o s gy andiemrerase AEh pFdopt Y Bm tg ahputay nm.
N8 19He cdhifosttinuReordingto 389 0Whkreia thOnadNirewosmptise deificonductor
nanowi res have an average | ength of about 400 nmto

materighand tharanewites haverid ayaragey fiabaut259rnm krahout Gvemicrons and an

averaé\eﬁwﬁﬂﬁ)gf%t%%tgmn b 3Bout g OMPOSI tion according to 189,
erein

€ nanow res conpri se sem conductor material,
andot fike eanpositicnacberdingao 189 ewkgeinltenginowides abrapiise2B0/1
.nmto about five mcrons and an average w dth _of about
semicgndiefing matesia mscbh%anfggtager?fég@&?@ggﬁﬂgﬁeﬁma@@&om fige mirons and
an averige wiiPbLiHdul 5 Em 8RBV P 0PI i S8 H- VI B

200. The composition according to 189, wherein the nanowires are substantially straight.

201. The composition according to 189, wherein the nanowires are substantially

monodisperse in width.

202. The composition according to 189, wherein the nanowires are substantially

monodisperse in length.

203. The composition according to 189, wherein the nanowires are substantially

monodisperse in width and length.
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sem conducting material and have an average | ength of
about 250 nmto about five mcrons and an average
wor@shemss about 5 nmto about 50 nm 200. The PCT/US2005/000075
conposition according to 189, wherein the nanow res
are substantial |y straight. 201. The conposition
ace¥t dThrcomposition agFrsdiag o 20% wherrinnaroyviees élave a coefficient of
Vam%g%rqglﬁ onkgécorg'g%%paf%d 5fhc ngtrogyar{?a[ fa‘ﬁlé‘w ?felgss than 10%.
ar EO.‘S URise @ndpoaitioy at‘mmdldg $P203; &vHereih ﬂﬁl@ivhres 2@V a doefficient of
03|t| on_accordipg to 18? V\herel n the nanow res
vana&% aergth pf l% than s agasticient Qf Yariation fprgwidth of less than 5%.
| engt h. 204. The conposition according to 203, wherein
nanow res have a coefficient of variation for |ength
of | ess than 10% aBEIEFDESCRiIETmN(WfDRAWM(BSm for

th th 10% di
s A BNy e R AT DS RR ralloy of
vamgaxtes OR.f Blowl RBhRCRizk RS ARG R A @seﬁ%g,agdt&%atml

variation for wd | ess than 5%
DESQRIGP?AEN)@VIMWHR@Z&IM @enowir3 mildeulftm@netlc material.
viruses which can be used as scaffolds. Figures 2A-F
provi de characterization of nanow res made of
sem conductor materi al DE@AgyEps;)@gﬁcﬁqugN' de
characteri zati on of nanow res made of nmgnetic
nelt dptreductioETAl LED DESCRI PTION I. Introduction The

r od
RGeS AN A Sne Sl 0HbIRRy nafvire having an

orgariitifxsffatd dubbtaytiallyremeded from thhmorgmroganowlra,ahemm@md Hehowire
' i (e consisting essentiall f fused

i norgani _c nanQw
consisting: "éﬁ‘“rﬂ“@ }’18?18’55‘5 {1OKga8YC RARBRATHEAIES %‘QSV“F‘? ﬁ'egﬁﬁ of; the organic scaffold.
fo Ol
The REGAT e ACA) o B 52581 LONAPH LA B B g
nanowam v{f hle mveMIsalsmpremdcs;mmlbcsmqms cvmdesng o mpuslntylodi fr®rganic
uralit anow r es,

nano¥REL WREFEERoERB pibuRees PPER Rl o RbienpRRtaclcs Substantially
free JTRRQARS dchfFfblds substantially free of organic scaffold.
The organic scaffold is generally renoved so that,
prideorganisscaffpldda gensral beremoved sethab praferablyait gennos be detected on the
I
a1 SRRl SRR 0 B4 AR BE AL v

For egdmplenthe almn@nt@lf ganaining ©agdnid std:aﬂﬁ)ldl‘wiltlem@p@t td the tdt&8l amount of
nanowi re and scaff n be |l ess than

| d
nano‘txgﬁt'ﬂ?n% n%ﬁl?*ecaa PEfess d1nyl Wi ésgl%mﬁ?e@@téi ssghanshel Wip-and more

preferably, less than 0.1 wt.%. A basic and novel feature of the invention is the substantial

removal of the scaffold in the production of high quality nanowires.

In another patent application, which is hereby incorporated by reference in its entirety,
[U.S. serial no. 10/665,721 filed September 22, 2003 to Belbher et al. (“Peptide Mediated
Synthesis of Metallic and Magnetic Materials™)}, additional description is provided for burning
off and elimination of a viral scaffold from materials to which the scaffold can selectively bind.
In this application, annealing temperatures of 500-1,000°C are described for burning off the
scaffold. In addition, Mao et al., Virus-based toolkit for the directed synthesis of magnetic and
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preferably, less than 0.1 wt.% A basic and novel
feature of the invention is the substantial renoval of
wo b@ssembi ol d in the production of high qualitpcT/us2005/000075
nanowi res. I n another patent application, which is
hereby incorporated by reference inits entirety,
semu{oud@tmgmanamrm Scieaeas¥: 21312 ¥, @Q%)swbxcbnbhe:re@mcmwted by

refereﬁ&: g}c:l ghﬁ)érﬁﬁ %{d {he %gb A %ﬁﬁ %%%a% @Qg%ﬁe %achmgs that may be

usefud ﬁﬁ}ﬁﬁ(btwiﬁg)l!he ipespritdivedtian S BairleyMeiterg(2008) @éghs That Build Circuits,
limnation of a viral scaffold frommaterials to

IEEE\methum Ré-4 ¢ which|ighersby Bepwperatedhx refirenree in jfs enfirsty including all
ﬁgur%gaglg 'ru§€ f agctr %Eg ?%llnﬁ&gd ﬁ)y q?ﬁcfv%éﬁé@? glu%?p te%%lggg Otgaﬁ{lgy be useful
in prdkz’ﬁangltheqbresent/imumd@ﬁsmﬂl dsfapblkaatloﬁmf ahewited. epridrity prov1s1onal

synthesis_of magnetic ands i Ng. Nanow r es,
apph@gxpgﬁeéqg@@ 12(123&25'}3“(‘@90517)2 Wé\ﬁgy&@vq r ﬁg\lea ereby incorporated by
referénﬁ&ﬂ{l&oxﬁ‘ﬁ- by reference including all f| gures and

the experinental section, includes sonme teachings that

rm”&lehﬂetausdaﬂedcnpnomoﬁtdne irviengon isergangzed mtcardingio iterfollowing sections:

(1) ints Pl 2B o ihieBit s BRI einaCtii S Tniy g5, (4 methiods of
maklﬁgeﬁﬁb%‘é§ (5 Yapplitatfiisifbethy naxwl%al 4 (8) {vof'klﬁl#l g)gainﬁé‘éj

se of electrodes connected by nanowi res
|ncI udes teachings that may be useful in practicing

tiﬁo@ﬁr ?@E‘Pt i nvention, such as applications of

Priority provisional application no.

6 1EhdhgH B2 skiaffsld ultianatalyyndy be2BstaiyalBakembesd frbmahe nalfowue the
her eby. |ncorporated by reference in its entirety

scaffol@ issan leuvoaté@td?artm fithmingentiage In Hiegeqtisa of thegrgsent lzwa_fentwn one skilled
in the &5% c1 tg k\ildr:(feaclz E{Pelrétﬂf@' fgg %128&1{0'8% }oﬁt%)deklgfn E?&i gﬁﬁhé&ﬁe the

sca I's su nti al renove
scaffom ihdigsthe (doratuet diedhedin amklistef atalovanchsjon(d)the specification. For

pl f h i. ..
examgﬁaﬂ%]%gtgl efpres%gtaxfny%}tﬁ%g?l\émwg%ghrg?ﬁg séa%}ﬁlfg\p qr.r@l 12 %ot limited only to

viral $afbBiely bfé@&espgco?h' batap8dafldsard £pRY&eed dnbBdiMent, In particular,an -

nanow r e, scaf is an inportant part of the
elongated erganisrrcaffoldichr bp usadtwh:eh @fa Yihss, grdetbe termi viwsreah dgelude both a

full v&{x]ste %tfdge{ lﬂ%:tg Sf,lhl];mgiﬂcg%%% g%}ga)srl]d h el{ltsrag}n ggﬁ‘sa {he preparation of viral
scaffsl¥gthRREh 2endthengiréfisd with AedoyAlitiog pfdj)@rtids tfer &dpliifatioh irtfaterials
herein and |listed at the conclusjon of the

synthegie cTHis ingludsmuserefivimsesp the praduqtion of inorganis waterials which have

S
techn B, BRI es B B AP i TSRS 1S phSefithention, one
skilled iirf thk aft@ah f1sd the lizsrature iprthd practéd of iieoptesern invehtion to prepare inorganic
parti cul

el.ongat e rga affo an, be .us
nanowgggs.it SFaftelde, aPhscein Ak popsTelde Bierleier Supeiopagy SIanimaEd Ho typt the
inorgéhid Mdowife'i¥! &lﬁ%t@ll}yfréé@f b BaHPiold. SWhBn @t s%aff@lﬂsié thtentBé to be

Iterature describes the preparation of viral
remogdathe staffold maallnghefgsnétq a aefsgmfk&allsn@fftwldf’h recognl tion

| t
PR Sk Srls8 gt sReny e, e o TP hE Rl B FRGAC Hptature for
selectidhQf Wlﬁxs[@érﬁﬁb 8hEnd¥¥iing diRYd, and for materials to be used with genetically

engineered viruses. Phage display libraries and experimental methods for using them in

20



technol ogically useful properties and nanoscopic
di nensions. In the present invention, one skilled in

WO b@sasctesxan use the literature in the practi cecDUS1008000075
present invention to prepare inorgani c nanowires on
scaffolds, wherein the scaffolds are |ater

biopanhing 4rg mhpyd@pmbﬁdn&r@uamslex inghe fallowingUdkamatent publications to

Belg{]ﬁpgtvgl ;?(11 ts%l%@?éa?péfﬁtﬂl d)\f arﬁf:l& cbeaﬁ al zﬁxgg aiaflV% ﬁ‘naystal Phase”;

2003'/096&9!)0r;ﬁbﬁﬂfe€ld&}irﬂ 1&,52(103 6236‘1\Haﬁd>5bhﬁ|0raéﬁﬁé ot IdybanOﬁtenals Using
skilled in the art an refe

Genﬁmlldvﬁ%gwﬁ%ﬁiéﬂﬁsowadeeyaw : a%powéwbleﬁhe@f«pmy 2003; (3)
“B@ibélgeﬁ c&.“t‘xg? R85 703/ HPL d 13ke T@tz%ga%% 4)
(0) e use Mﬂt enetica y engin ere Viruses age
“Mdd;]cmlﬂr&e;bgmnm ofel’sIaarldlsWﬁlOM%ﬁw puhslgkl’mdd?gu@r 7, LNOBl,gwmch are each
emil npl o ar e urt her escri pe or examnp
hereﬁ)ﬁ naq%mf%tp w 5repfesn t% Gt enttretyy mdeaqn@ﬂwéem apﬂ&a&lﬁ@% useful for one
( [ t
skﬂﬁflJ é@iggtalnodr]?lcnstﬁ a\)@xlgpﬁid'?é &@E’gc{agﬂxgﬁlg gtg'ai@? %%13 g Bg%eémggca]ly engineered
virugastfor mhtedalApymthes:l&)andZ(io@Bcat(oﬁ; 1rit:Naﬂm5 tﬂ’&l exai@plbe (1) S oferial no.

j er i ticallyE |neere
1016335 St Gl 4. BB 5SS P FBHRAE S, Methods, and Use of Bi-
Funéffal Blo®ateriill &Y, O(b? o) U, s&@dltnb0] 0/665 mnﬂlearstepte}n%& 22,2003 to Belcher et
2003/ 01 13714 i shed June 19, 2003; and (4)
al. (“Hmtlé%Medrat@e%@@msmqﬁ Mesallivand Maghetic Matoiglst) 28360 U.S. serial no.
10/6%% ?gtr) gzﬁdﬁégggxﬁé& géTZé)r%ggcg’ eBe%Q’ﬁ teﬂ eFa% Sﬁe{f%mef‘qpfn Storage Devxce”)
€Y IASdpﬁolvtmﬂial mtmm603ﬂdpl86<zaﬂed)06tobs:efs; QO(DZoanthhe Usk i dtilﬁyll application
art descrihe vira pepti de reco

ser. Np L0650 et CQHer Lr700 S Brighgney i S Viea Wbt ey (5} US.
prov'f@&ﬁ'i k! ﬁ? 5%@75 efd2SrIRg @)cﬁ'ﬂ)@} £ %ng gﬁ%g@ﬂ??ﬁéggy apfication ser. No.

ex arrp 8. “seri al
Se [ﬁledrﬁetobdl; 1322064 t@ﬂelharhéal €Mutifuncti@miBoematenals., . ”); each of

waf by BROmoTa b irotst TF oo apieantictinss vaisy of tpecifi
blndﬁ'%l rﬁb&ﬁcﬁion@ hwhidh' B8 Pk ica@iciRet ﬂ)tr%ﬂ'xdﬁ/g"lb%%@a@fstructures as well as

lic and Magnetic Materials"), U S. serial
fonmmg th1 OoEegate slpudtities th the prasenserof e ma;t@t)@l m@dlﬁeﬂ tirepeaific binding. In

abr.i tdBlo .St orage Device
partiBygy PelyBREdE 0 mitheSdia Bl R R AR AR G ddPlesied i e surfaces of
viralgfagtidldsgindludingoth aﬁthe a3l dnd aldn@fthékéﬁgﬂ}h)f ﬂ@él&@@t&ﬁﬁms particle such
il ed Qctober, 15, 2004 to Bel cher et aI“Né
as Miﬁ (hastsrigphage,dngludingpHI and pYIIL penressionsyas well asaﬂXmVH and pVI

o i RROR 5, SOREURI i e
engmﬁer&‘d to ekpiebd durfauerpéptidashlofy trderath af the viriy, at decdnde bf the virus, or
any PR of b iss Al BEMBBIRRN 5 A SBBIEHE TR Rigion can be
mod{TREAiWitHeRAbieARn YH ik fB%be@fﬁc%ﬁcﬁhg dF&LE,Ixa.E%[e RipVAiIREe toh be

conjugate structures, as wel orn1ng t he conjugate
modr_ftedm@ aregtwoi distiniatly prf&smﬁ bmdofg umts dmadditien, dmfﬁmmtu sads for

mod eCIbfglng?cf’ g%cfrgﬁ.ﬁ éh ga{%art L eur,‘a{r]fingg%gﬁjgx}cﬁg oeﬁ(ample the ends

of thé bﬁu§purﬁae¢sancﬁe bdifibd RAWihd € HRcificaley bidd raqarbz%iteaél Wwhie the body
ends and along the_ | ength of the elongated virus
of the xirys particleseqn be modified to bind a second material. Multiple binding sites can be
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as M 3 bacteriophage, including pill and pVIlI
expressions, as well as pl X, pVP, and pVI expressions,

w@ap@soemks nati ons thereof. Using these expressPOnuUS2005/000075
sites, the viruses may be engi neered to express

surface E)Efg;iples al on% the length of the virus, at the
used tgfgeatemuftifangtjongkscaiplds Hat pambsaisedto formeaangwiresswith gpecifically

. ' ' ' i.te for i fication
cnginEUPUAPYAR o5 e A SR il PO} o
desigﬂrt]ddmdit?g.nagmatr&ed@mlo&g_tfat phd Ibitldig:g tsi;gsl‘@rth@?itnﬂﬁ@lsftbﬁﬁntbé designed to

. aye i stjnc [ en nding _unjts. In . o
bind PJE%’PP? ﬂ?nomacéqseh%e sl ?aerber%a?tfqngh_zqdowﬂe airffipignt binding units to
achicfEl Ubifbd ohdbnltifior? AlERePlo Bih/el ot S T or bi ndi ng.

For exanple, the en e virus particles can be
mixladditeh, tthe friped‘“Sedectipe of Peptides withi Sethieorfductst Binding Specificity for

DirefF P S Rty B B AT AR, b s 3nnas o565,
hereirfi'r&]ﬁ:&@ofra@éa HYed fefbhcb QdeSEBk @ ridthéd St¥efdcling gépptﬁﬁf‘w‘iﬂlb?r;ding

_that can be used to formnanow res wth Specitical
specifiiiyiusingraeednzmuonatorial ibragy.c Spesafially othe artiobshomtstaemethod of selecting

. l.hgat l.ons, I i ndi.n ifes can,be.designed sa,,. .
pepticR Rt HdiBR Sec iy oh St B bcley T Bl Vi b iatS it ibrary with
about 1l D®dibferecht peptiies. eFheC@iinbifateealil of GartdoRthepti@ésO EdBR%ontaining 12

nanoparticles. The_scaffold can be functionalized with

aminoggids) Wererfusas ta dierf Tl Gont Brotein aiciMil d weliphage gad pxpaged to crystalline

i ' e ' L. :
e GEOERPS L. DERHRI T, MR o v s,
amplifSetyand rederqtosed i thelsengicGpiaciot nmitdrials widePnbacstafigent conditions. After

the itlgiing HhasTestiong b serbisedbc e Shesets, gke MRl Halbed Grdaaenced to
detem\?\d}kta Eﬁgﬂﬁﬂg ﬁeptﬁ'l%.s 5 tmaﬁleﬂpﬁegﬁges%er% gél@&&d I(lgtlhﬁﬁ@{ ﬁiqg‘rﬁg

. i nding 'specificity using a conbinator
specificith dependir@pacthe cryatallpgraphie stmetinel andshmpesitiomef the demfconductor

maer§E R ARG e oD GEP GTRE M Bl Ermesitay fornotust
semicdtidubtor batdrial) Butd fahgd Sfbotehidend ildigariOatealor i al

Iibra_r_Y of random pepti des, each containing 12 amno
aeneiskilloghindhe ag ean also rafer tp; for exasenlef.B: Elynnet alpAgta Materialia, vol

b ~BXR t . [ J sem_conduct o
13,2409 O8PPSR O SLaRANE B8 ey of
materialaf’eThiarefervnce aehallad all a¢fplehédsedted divtein far@ kiROFRMaté®herein by
m co,nduci or. mpterials under nore stringe

the se nt
referertcsrﬁraﬁtefra%.rew neadditiom, rafsreneer g el v {Mag ekl IFOHA S)if bereby
incorpél%fgdqam‘éfé%rf?:é g&pﬁpdff i{s%é?:ﬂgx%g ?nc\ﬁﬁfilgg fh%%@lggﬁoxf’%ﬁt structures shown in

sequenced to deternine t I ndi ng” pept |
Figurertanileo,, in perticilde gefemmnee $2(HHynreet ali, §.Mhteg lCHeinr)ds sigo incorporated by

e gBEbAY SERGRS R PR 3 R38R ostons ot

nanocryRthBWath aréReretted el @rys @l sthfctiife @hd beienth@orPBy BleTecognition sites.
peptides with a binding specificity for not j‘ust

In the presang rvgniders these negleai¢dnangenystalsrcan e cofivdnist fto singlervirystalline and

. ' ial s, i |l in th t
polyorflhd g, RS Y SaiGlSe Bslanfiny fmciRa e 3"
NEtfeascafibldds further de3cribelincladidg tHeXQR30f gonbtid ﬁﬁgrﬁﬁ@ﬁwf?&m

as v hé,cl es fqr growth, organization, and assenbly o
preferred embodiments. Although the viral scaffolds represent a preferred embodiment, the
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materials.” This reference, as well as all references

cited therein, are incorporated herein by reference in
wob@snemBt i rety. In addition, reference 12 bel pea/(8805/000075

et al., PNAS) is hereby incorporated by reference for

all of its teachi ngs including the nucleation and
pressmtrlnmnylpe SOERGas other typgs pénan-visplseafiolds asawell.cAlsgr although M13 virus
isa Pl;,? € regg:r ee&o%i? {)1{: is1 secgfg‘%@léth’e ?Ste}s},ﬁieln ntroghilﬁgtd E@ L g'us virus.

de gtk ispdffadd Saroéonh;ﬁisl @n aﬂwﬁcwlﬁls,sﬁhhoﬁ csrpa@l SubvAfs intluding capsids.
nucl eat e nanocrystals which are directed in their

Vira pybyngs inglyding preteinnperdides mueleicasidsy DNt RNA gdithe ke, in various
cornblnif8ns, Fhe)sLEFTEE BREHor kU A Bort fUBERe BUEAGRUE fleid be present. For
exarﬁpid \ﬁﬁisymwss ainl bensedamnmgineered, whenem the Bﬂze, shapd, bostehidtire mimics
substantial ly renoved., The, scaf is further
that ggg &%ivat tha drefRal gortalR Iuglex %ff“; @l&ﬂert ey petdyvehsiakyity to infect a
f e I [
host B replifaBh® Ut oo T oTR2h propftc i Pl bibdon purely synthetic
methaus drom the bottomnipsas svedl dsesingypers taflitional-methads whaérhohaisdals are
S 1, A's al t hou . us is a preferred
SuPpZ‘ﬁ‘nglnﬁE’ﬁ"t wftg?mé’rg‘eglpg&"gﬁlﬁf;ﬁéo%lrye@%t i nvention is
nofy h?f@fér@éﬂl dnfbddithéntVWhétsin tHOScaffoRd s @lvirus 3P a ¢RUPSIbHRIL, the scaffold
. an entire virus, a virion, or viral subunits |nclud|ng
is tatloned ianid designed in strnture end function by gepsitistpsegrammieganddergenetic

engiigitint 16 50 0Gtion e SR BMprll Fraldrtifh sl ARy, The genetic

prog@finirbecad e usetloahitorakd staffeldooe terpartidatur applivaribs, and applications are
virus mnc¢s can be used . or engi neered wherein the

descaibgd furthgpbrlowo T he referepersdn ReeHaRd depgitd ecaen%rlwrrparémnyes which is
furttf Eﬁes@&ﬁ?d GhisGORdR! Br ﬁ’ééQJﬁ graeug&b gfy SOt ifFoAtiBA! séba\é%
| st or |

ty to infect a cati on.
Genetkdally dginaercdd insses, Chnsqophmdhag amd BID. Haif (E)ds@stm&nbntlﬁc 2001,

n purel het C th dsframthe hottom u
for aerfpeiofe Of e Elop sl AP AR KRBT S5O BISES By a8 expressors of
gene%'b SnateHiD hdchelingy fmxﬁh%l%fdk@%tl@ Wirdbeshidct Vﬁ'ﬁldeg | Slaitivirses, animal
man. . In a preferred embodi'nent, wherein the
DNA; wﬂsegr @draglraal\RN:ﬁrylr@seSa Iy theipsessubinmention; genetie pfdgsmming can be

carr lﬁi ﬁg&at:olggélflgtaran d &elg ug ing the ¢ i gfé%]ern#l }sgfaxeda %Cg)élrdg Eea%#rgs‘, of¥virus such as,

for eRARPCA filimeptous bacterephapersuthiaofdl examisie, the MBUﬁfus &shich has a rod
nanow res. The genetjc programm ng capn he use
shape aGepetic pregraguting Fan beoused fecqmrol the peakiold ipr linefaflfﬂé gynthesis, the viral

B PR E08 Sy IRABERAS RS 8 BT e
nuchﬁ iacid suburfiLsfithevirade stlso,lthelsdaffoldiinay eemby oot fetain msf@tahnhty
practice_of the esent invention. , .
D AB(V e T iALED B 28 [ BB Een i FrOEiSmTuRE RpRgaclyig materials
engnlr:eelr-}n§ ahﬁﬁﬂltlﬁg@énﬁtenas%eéﬁb %ﬁrbish&ht;z @Othe pbRhtial to spec1fy viral
descriptions of devel opnents and applications in use
lengﬂm‘anmgeqme'gy anr\/q;hm(plee gn alndga;cq)or@gslg rsgafﬁzfld g@aehq genetically engineered

tocatobre TGt il °(niF R Fpe BRI ER G ATy bt 3&iemor

nanoWite§BF spadificy t béﬂiﬁ)ﬁl&d lengthishfor pxAssle! Hendts aivafiety of 12€Hods can be used
ranm ng. can
to corrJltro the scaffold length and geometry.
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carried out to engineer a scaffold using the different
di spl ayed peptide features of a virus such as, for
wezaspbmss a fil ament ous bacteri ophage such as, pé¢DUS2005/000075
exanple, the M 3 virus which has a rod shape. Genetic
0 contro] the scaffold for

b t
ﬁ;ﬁcgkggmgﬂs%ﬁa&f %#5 E@C\I}Fqua virdg 15rgenerally eplaied to the sigpef its
packdPed ré@ﬁ&lc\’ihfofiqnafgf’x{e Ldche eEH@b’égéﬂcsoa%E Bﬁ tWR¥n ﬁfe ﬂ] -dved core of the

Incl-ude the n Ic acid subunit e viru
virion hred the AINA| Seeymyg. AB. Kegaydt Winter i/ ri\/fnﬁﬁﬁnt)alﬁhhgd‘ Dlsplﬁy of Peptides

wnd ENETRL A SRTEECL e A0 02 0 S BENSHLE e cral,

Jourmflgf I\Io@é&ulaﬁa Bisbgy Iﬁﬁ 22331?2373( 1f992') @ﬂé@@ﬁs@ﬁ’eh' ?XAFM eflaﬁlly are seen

potential to spécify viral ngt geomefr
to be esughntyt 800 i and emgm ﬁﬂgmdepegdlagfoolwhemy tl‘me:omplete M13 genome

t. cal l t t o the |e
or s g i BT SR e eoh Syt st g 2y oo, C. E.
FlynrdG&SI}Hiyh@Fst maswaeﬁ@w adi, $ W alihms, G.Guvkgioh, B dvérsog A1 M. Belcher,
for exanp a vari etgi1 of nmet hods can be used

Proc.Natle MN cﬂﬂ t%?@3 slé)Qf $U6l Alsrghpngingia giasledysine focglutamine on the inner-
end o?é%gi? e retsGl? fxl aﬁﬂgél? ﬁ{pﬁ%léage ?%Q@e}/ﬂ{aﬁ zvﬂéﬁya Rha(gie See, e.g., J.

Greerivmtﬁcmr ﬁhtI Hliln&n(R N @eellant r Bl Biok 1921, am@ 228et ween t he
lala!idlggrrx,:é/)g%gg, ﬁr % g%{,plfq lglgf’én[d c%?)ﬁ%tgaftxtgga DJ\IAr%%aggcles can help

prodd@é ?cﬂlg@b’ vaeﬁ s?zﬁﬁﬂ&sd ﬁﬁd ﬁfﬁg lcﬁ’fg@? ﬁalrf&%vlreé\ {Fﬁpﬁ’iﬁgfpgft@f}é P@Q&fﬁﬁons can be

Academ c Press, ego , G eenwoo
contrglindrbyadngofeeivng bmdingrmcmfs indg ynem?usz Mﬂ@gﬁer( d&@oRyuraelyarpeognize

ob ed by AEM eral en to roughl y .8 .
bindif i 47 g0 osa T O BTl Qb B IP D PG EHER S the M3 virus
and c&?B@éﬁﬂ@itd&ﬂ to dis ﬁ@‘iﬂﬁn&f arﬁi"ﬁ%bieﬁf fubioAsIeAt the dtRr UREHS the virus, the

e preparation. e.g., reference 12, C. Mo,

I
pIX a@d rTE’II FPieins alse, cap@y h‘ulmg@t to Rlodg{yq@gﬁr@y Fog exa@ple,;ﬁao and coworkers

utilizeg@r/ ]!())I(B:d %Yl?ﬂ}ic 1§ @%Fl’ay ?BB@V@?%B% él&ﬂ él%tA&ea CU ag}]e reﬁlons [ See,

e.g., @ Gad)8| BlabyGi Maxﬁmmg,l RitWirsdhing) R. Ah & einen K. Q]ﬂda@da Pirﬂcl Natl Acad.
0,
s g S S5 EE FpLehy  mger, g
modlhgl bR of vitudds. TRED %H?i m]odlﬁ\@ho% be dskd ko liAk the VAR gal'tﬂ:les directly
I'tion, speC| | nkage, I ng, and concat enat | on
or the@hd\mcrdnﬁcapans nay epecd'mallh dirpl tpraddlkce ledgéner miay &k any suitable

mater@? fg‘%"%ﬁlgkgﬂg&thus I er naﬂ?\é\%r%ﬁﬂpﬁgﬁrq It| llchbc\/acxd

oligoi®X, bf & pblfn@r.OTKis werset&,mmh@ﬂ ehddRipaSRE dﬂﬂ%ﬁaﬁﬁl ¥isplay, either for
recogni zé binding sites on another virus. For exanp Y
generating q;mpﬂalﬁwm@qmcmb oicis cambinpgion withafVIi, praguging |end|-§hnctlonahzed
nano ape% can be exploited to display peptide and protein
W%l ons. At the other end of the vi rus, the plX and

PYA dddiier, duslsendldhrecticial higkagediible dr@atimdjffothbﬁint%stn{'_gcl{nd
exan‘g'I e, Gao and coworkers utilized, pl X and pVl I
commerrdaliyisefub smagiTiay Suh astingy. Yaarey andioiler FTErYs- P Thgbinding of one end

of a YRR & ¥ O cad oRBE i fivplt R of3 et wsed to form

rings, Rrimms, orlgldr virAckeded structures as well. By engineering recognition sites and the
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Sci. 2002, 99, 12612] See, also, for exanple, U S
Patent No. 6,472,147 for genetic nodification of
WO 200886383 These end nodi ficati ons may be used POT/UBIKS/000075

the virus particles directly or the end nodifications

may specifically bind to a |inker. The |inker may be
COTTeéH?ﬂldéfEﬂ %%Wétmp@ilp%ﬂmo ronglevap o mylHple vinirass thé &Rtitgesystem can be

am no acid oligoner, nucleic acid

geneﬁfﬁggtﬁ@ r a pol ynmer. This present invention

e nAnmpgeﬂzBB adventagerod thel inedntidh Spthaythe ergahierschfiold can be an active

‘ atin het erostructure r in conhination
Scaﬁgﬁ] WE‘B‘&P} c SEM‘SB?%’S%W?S&%&‘F‘BH% fgé&b"‘#&ﬁm thesinorggnic
nanodFl HutQlso a‘éﬂ%lﬁ easktdin @bl @k 1ﬁdrE§‘.’rﬁc9§a°no%\@ﬁ% %ther I strugtures. For

creation of er interesting and comrerci al
examydg e organg, scaffeld vatgch 1srd§sgns;iqaxaune sndtudbiod t(eano@hetr arscture can be

he bi ndi ng of .one end .of rec to,t.he ;
used 3 Foupl i M CRG1oP e et The Shpis o [ franensiges can be
coupRQ 8 $8¢h dtRerf O BxArhplESto Mok SSpmelis SHsiBTarr ddsinbif? @thterials. In this
structures as wel |, By engi neering recognition sites

embmenth@@@pmgﬁbm Df]@e aangwitaweuldoiant dsestunetian of lengthyl e

\éleég t10 n&sgg rRTE‘(IJng(ﬁndr tl#ptgrp n:#tvughg’/t}élﬁ%%m v nh%ﬁtébe designed
by géneiie ptdgmmmﬁugtfbﬁparhhﬂawpgamﬂbns Badell @hderfgﬂﬂcchﬁroa,rgeomeuy control,
active scaffold, wherein the scaffold not only serves

bindigg Camf‘én%déb‘*ehk%rT’%einflﬁéQ@f@léﬂs Reiparticylagainaitedapnsfqabinations of
v1rusQ§‘Eanadeslﬁe@8f dif} %}ee}’xt @r??éu il:n?relelé}af; ggﬂéés Gn b ﬁséd%gl?@z;.ncbe :

now re exanmpl e, an organi c
multffma:fnbndlrked\hlmgeneral dersis q;meidkatwlmdeare ﬂnhgt filalrientbus etructures can be

w2858 0 A b P, A Bk ) 980, 2001,

pagei] f‘leYV' AQaitioAfLyp %tHéPUﬁﬁleééoﬁn@tr%@%Gclpés%ﬂeca}l@&ra?ﬁiﬂqg s%.hedral can be
formsegments of simlar or dissimlar materia

multllﬁmcnhndlzedrbmbluwdm creplesonpagitssinaterals.oVimuh earrmaha@wln@m can function
n of .| t. onal

as ﬂe\é\‘@i%fc’dﬁ?ﬁr %“Hm%‘qﬁlr o‘i%%%lg‘“‘f & ?tﬁ%‘%%paém d¢ SEHCHYEPS, can be used.

stTh\pattituRs, pHage bisplayp librids digord ebylugen)ahd Gio ganmng are an important
programm ng far particular applications base
part ofgsaetic RegFRMBINg geyRises. pnd yitsesican be Hendhielohavedieen svhiected to

blope{n:ﬂ%gt 4 viral ges\f %Sth Al (fﬂh{pdrﬁclgﬂ e@ﬂircgll)g}:ﬂnalrel:%gm?e and bind to

and CO I na ons VI rus S can

materfalf vichnvert yi'reeﬂyect of the héopahningi The emteriais daa alssebé nubleated and
can errul ctlonllzed In _general, viru

synthgsizg BRIy oy e ugig napppastichiats fermd dn thethipseace.ofifhe specific
recog%ﬁldﬁsdﬁg buﬁﬁ%%sl?cs gUse gleﬁlpal:deﬁt%luk ¥1r§5nﬂl ?%ﬁfl&ﬂdl}@&é&s&%luuon or

ristopher (Ed.), Bios Scienti
biopahting 1s fustdher desdel ip theopatent hvaratate @dudmgr foesxampib Id§ Patent Nos.

5 223 80RA i Feon 3P Lot 20 bBisc €3 P fiion of Nowel Bipding Proteins”).

AdditidHaEfdféfoes ¥h thtSrebetniticil {optib L& iARed inblutié ONS.Fatent No. 5,403,484
flexible rods, formng liquid crystalline and

(phagstdnﬁ@iam lihsarigsi Wuogmemllyrae@laldeharﬁéh’ (3407844 1.
e .
evo IE'JO ﬁtf tWOQ% %g)?e glfﬁeﬁ%nﬁéldgrs g% gilix{hsl%%%x} {)% ﬁs:éh ifhxtures of virus
particles w1th non-virus materials can be used in forming materials which use the present

invention.
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part of genetic programm ng of viruses, and viruses
can be used which have been subjected to biopanning in
WO b@swsTead design so that the virus particl es PCT/US2005/000075
specifically can recognize and bind to materials which
were the object of the biopanning. The materials can
al Yorus @nd yirheparticle gan insjudethoth mturmvrpmmdmmrﬁ of 8 virus including

at legsﬁgl% u\ﬂHéQ:lagsa @oﬁﬁ? f Irrﬁ%gﬁta %gﬁ %{g?rr%& th‘t:Vgng g&%&s Enttl?e viruses can

inclddeladiRI¥iOatid Yeriose, aRapid,eal ney dﬁtxbﬁﬂtﬁﬂclﬁ&@h&lém@lbpér Viruses as
bi opanning is further described in the

descripecinghe, peeseri dnveating mat/cfpﬂ@zawéw@ both @tlvrea@pé hﬁtemdggous amino acid

Ty 801 B3 GO L AT o8 Pl ol VG v

gendnea‘ @r @rmgmeexredtghﬁomecam ipanicler forthertindadesfpovtionsof viruses
cl ude1 Patent No. 5, 403, 484 (phage di spl ay
ComPF%P%?ﬁEQ“ KFRPYidmmer ci al |y avail abl e) and WD 03/ 07845
bl ESviRls a1 Ohasd PhAivE 's{rﬁ&ﬁx%n%hé'ﬂeﬁﬂﬁe ?Eptiﬁeraﬂa fucleic acid
can e used. Mxtures of virus parfl cles w
portmnmef/ﬂhb virusrercariang sl iopartizalan geométries, ovhaghnare wenght tabespreserved

t he. ' ti .
whef if PO RaTa s o o s P EREs e S
of Varu¥ds' a8 prefisitdddiviieh Bavel &?ﬁéssédrt%pﬂﬂésuﬁlcﬁﬂi}ﬁg peptid&6ligomers and
termvirus can refer to vi ruses and phages.
amirgracid eligamen ge spesifie binding @réesaAmm eqid oligoracrg ewinsludg any sequence
o a3 g s AR b A R 8 Bpers may b an

lengfhitnkfigdy intlakiel den-amidd dvid tomtpanentsh Elligbolersgnn ingaabotns to about 100,
i i goners, such as cell adhesion fact '

acid oli . The
and PQEq WL&@% abaSrie aheyt 39amine Aud ugithay %PGQ%QZWS’A% %te can be used.
Non.—aaﬂ‘uﬁ@ gélﬁ %gﬁxﬁgn&?snl‘ﬂ de duY hietdt Rk & & Bfér ﬁﬁﬁg or inorganic
inc es poftions of Viruses conpr|3|n east ‘%%
molezalesi d. In general a virus particle has a native

structure, erein t tide .and nucl ei id ., . . .
> LIRS e St deaSiofs 10Be PERSpatlE i PoiSush oty farticte is anisotropic

and SI6RAFERL. | Géheralyl AR viruSesSRMOBY cHafachRizBd BF 8h wécmﬁs of ht least 25, at
is incorporatéd in solid state, self su pportir g forns

leastsS@cat least 75| arieasinkdOf pesten at lppst 258 or é%(lem@héq A8, 2A:1).
h
a 9»5 Snéts %?'v rr??e/r eadggﬂ) gﬂhﬁfée Ql%@é]ﬂgge%t ﬂl\)egt JHE " The

. comﬁéﬁtﬁﬁls aad &aﬁﬂaﬁﬁﬂf&h@n@&ﬁxdnﬁﬁémtﬂnw aqﬂﬂtuﬁtyccﬁ' vﬁxfus@mﬂ&(?slngle type
aci ds whether native to a virus or hetero ous. Ani no

or a pyrality P GjEseent typas oldruses, Fretemably. dhev §5 kpEnprising the present
mvegtgcghu%%ggc’af‘gfﬁ% goﬁyﬁﬂp]glgg 8fh gchl%fﬁ%%%n@lﬁ&%%t 2RqH hﬁxé%@ to, tobacco -

nor e rtrcularly, out to abou

mosgaviras @NY), lphthpﬁsplmge ddEiGT )b plm‘gengxdspltage OANS. b’Emesnserduses are
' not [ imt

- ami no one ts,.i n t.
senegya AR e ag BegIEd RoRGaE ORbiobatN gb hememay Select Viruse
depeﬁﬂiﬂg @h'ﬂﬁ‘é"ﬁtéﬁﬁ@d e énh‘i)rcYﬁe'h‘t’e% df %[et Vifils€ can be such t hat
particle is anisotropic
Preferably, the viruses of the present invention have been engineered to express one or
more peptide sequences including amino acid oligomers on the surface of the viruses. The
amino acid oligomers may be native to the virus or heterologous sequences derived from other

organisms or engineered to meet specific needs.
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and el ongated. Cenerally, the viruses may be
characterized by an aspect ratio of at |east 25, at
wo emsie®83 at | east 75, at |east 100, or even BCT/UBAB$/000075
250 or 500 (length to width, e.g, 25:1). A wde
variety of viruses nmay be used to practice the present :
i nA@mnhgn of refrsencshiseeh thesngingering it vdrused to eypressamino acid oligomers
and ipfy G"bdeflo s SOPREAGS: eBREA! bfauBh. Yof USERIEN 3. Patent No.

e or eren

5,403,48416¢ Eadﬂ%& ef aflrd?d@lQSes thB gelvétionsandaxpiession oﬂlﬁmrblogbmgbmdmg
t'he present i nvention are hel i cal_ viru

domaing e thie syrfaceseisvirupes: e, Pasent No- @, 106:90p; S&%eltfé al ESelses a display
vector%gﬂlg)f’lg ggﬁ@% %né’dc{{};x’gs%;(lgw B%ﬁllé??)s g@skd ?xg&gxgﬁoélpg}efi bg;-g)élomng site
for 1ﬂs@ﬂtoﬁh)ﬁ|ae"dre£gmd)NAyseQGenbe gThie compdsiticins |describaé axefuseful il producing a

in the art may sel ect lruses
virus; disRizRga DEeId QEPFRUGE @ ¥interesto 119 §ﬁ§atwm%§53§§ by Sipgoner et al
disclbdd§ alf 'aEléh%%ﬁ*u?&ncf 1AEthBA %?%Hlf&fﬂ%o%ﬁtaﬂ&fbvmy %ith@S&Hodified cell-binding
engl neered to express one or epti de sequences
moiety U 1Sd PatgneENo.rig2 ey d ol V@}ome etal @howsh@l engifegrad gene delevery vehicle
e .ani no .ac e.native,to

comRISTIEE e L CLPEM A0 4 b AP RSPy R g ipef of ¢ pecific

bmdi?iﬁ %ﬁﬁ' 75, RibliSA MRk APplicutidR 200 508 IFN0 by Ta8HSWE viruses engineered
nber of references teach the engineering of viruses

to expmsekgﬁr@sgnalrnlmufae@%fomhﬁ@&%v@i oleayles Sughsasgpolypeptides, cells,
SsSi st i ng the present invention. For
recepfQr3, Aiyd ch RLBRRL N | 5. 403, 484 by Ladner et al
di Tkd gaeticdllyengileaed viraseaean bx preparetd by méthddstaad ovbagmas described

in qué, gd Ign,g ggggg '5]n E\g}&& 4 eef L})&Iaac f@/\éolgfrfééggﬁv %deg’ﬁp;?/tls A Laboratory
ManSSAR4 eﬁﬁg?fe'ssc‘@%%%g@% h Belrtll:lﬁé‘lst:hﬁ)t&@r tVeQoRffor Phage

capsid protein oning Site
Dlsplaly’é end raﬁercnxfes aitédtheregm IDMAdkiequ&n @enetiThlby emgrmcserd Yiouses can be

prepspO LIS Bt aeetin: Pideerd e ch Eabasltiy phefial ) Biesds etal
(200D 1§§l§d§lg Q:Hapheﬁa OQhage Plsphly VHcEsih OsfiSreftferREE IR thet€ind Mhe type of -
fying an adénovirus with a nodified

vectarés notmanmuhglyrml@qdy Tableg.1 pﬁB@w@s RVidss pxemplary ogtors which can be
used\%}z];}r&qug cg%lll?%\a 1§$sot\é%roavgdee&g gtlc% g‘%n?sgk Y& éé(afnple type 3, type

ehe o eres
8+8, ﬁﬂ@ﬁhzﬁkeﬂﬁd Bipe p7p9eas 8é E:Mhb@le@. @Ebﬁﬁm an‘d typespem bé eombined along

bi nd |n8 8P|r U.S.. Publjshed Patent |ca
with pbageroé popd @s Bysiterl. Saskillod F’U@S?f‘éﬁ}g e bce&lﬁp%tws based on

paﬂlJ:dl%aa@gﬁcaQi%ng S,y ethods b c?evﬁ:f?) e& tbeelﬁﬁ' Qﬁf)l'a9ﬂ1 eptide on some or

as po ypept| receptors, an
substahtallyed]] qopizs of . coimoganetl cal ly engi neered viruses

oyt 3 v Rt S pretbrred exemplet s IAFPIOHS BRs ST, BB mher types of
ﬁlam%\l;tog> ePirh ARaEIE i 55 1§§e3 2s w@llLQ*B@ ’v@IdCtWe fhkiéatous M13 virus is

emc Press: San Diego, 1996, and in particular,
appretimpteby 6.3 nnt ivaliameter @ndr88Pmayin Iongsh e length ofche evlindexreflects the

lengtgi %ﬁgétg'lg aig%h glé'l lenstr%ﬁlc&ieldtbﬁx getngr%e {szre"Et | %%L' end Splgflg%%lgqhere are
approximately five molecules each of protein VII (pVII) and protein IX (pIX). The other end
has about five molecules each of protein III (pIII) and protein VI (pVI), totaling 10-16 nm in
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prepared by nethods as described in, Phage D splay, A
Laboratory Manual, by Barbas et al. (2001) including
wEbaphetes2, " Phage Di splay Vectors" and ref er ePCEES2005/000075
cited therein. The type of vector is not particularly
limted. Table 2.1 of Barbas provides exenplary
lengthe dthe maldtype W 13avirus goatde domppsed of tuwghly 800 capies aSthe major coat

oy A MG BRg, o, coomi e, (e
O 1rf JBE ePolatin bl fBstBate specte ﬂ’@ésﬂﬁﬁbugh PhsgediSplay technologies for

phagem d p7/p9 as desired. e skilled in the art can
the dgtected oucleatioarof sxptdsiaken be fanmeter walehas beenprayiously reported by

o SRR S SO B s s

basiscopthe Inféridl Bpecificity iptigd wirus. scAlfdd Dy sinepiate {1 @ of the present invention.
preferred_exanmple of a filanmentous vir f scaffold, but )
Scregning:phagy hibsarics far the,akiltyda augleats end exemBledaoreanicsysteme ipcluding,
| o . g . : .
or S o ZRSTCUL . 7REC BT S () NS Erp ity i
bactdriophide. libFardeslexpgidingitiene displphidberonstedihetheptapeptidecorgt linear

o AR 7 0 BN TR i
SLTWHL%E (&&Akd Plaopcas e Y LPSPMFLAWHFWQ;’F&P@, g?d

e other end has about five nolecul es each
ACNKGDHANC (ternigst CPF; CoPdt). gnearporation of these) peptidesantortle highly ordered,

10- un 1nl The .wi,l d type M3, vihus S 1.:
self isppRled ot SLaOM1 bheGECRRe LERER et ity BRblelwhich can
simuREuSHoﬁElP cihtrd] paiidld phasé hrCé®abdsitionNivhile Bfaifaihihgan ease of material
helical array. In sum _ evolution of substrate specific .
adapiabity theeughrgesatihtupingd thr basicayroleitbuilsingyplacks; diecayse the protein
direc ' i . s .
senn5F RS MEL Y Ao 5 Bk O RICARERGYwithin the capsd
of the &ired)esadt penetidegplesofisdeaffold ate riativelyarasily mpeodabed/by infection
. description) and seryes as the basis for the materi al
into &}aegq Wﬁ@?nioibﬁﬁ%m\}?ﬁf’ﬁfé' scaffold or tenplate (16) of

th | ' ICRATBM (AR std WhRAINES tHeUbili Iect
thgog{?????%n?wgﬂﬁsnﬂ%?ggg%tﬁg{%d&gssenbl e i rﬁor%ani c sys?te:rlstyto cotiee
0

nanoparticles beigg féroredaramdliegndilpeateh@m @uibe gqatfold for fusierrinto a nanowire.
and Pt systens (18) .using conmerciall ail abl e
In th Ry P bR B A et S-St b fonneR g hetatrold
substaRisly éindesl ReRitAPRBidadR Mhowirk] NoalvidbsERBRAN dBo be used
has yi el ded the consensus sequences CNNP

( g VHONC (terned
including, g)(z}mlggmarlpg[-mi:gghqrtcggmsc\;{fgb%s n@ag;lpg, for example, scaffolds

. KHLPST. : - .Ee
o] PSPl A LT Epsone. e
exarﬂ'\;/{l‘éé (ﬂ%d dtgarit Bﬁﬂrl](}ﬁoﬁﬂ ctartech sy&fHe_fic(:j pslgm'e‘lo _bedcboaq'qsiflﬂTlDireMEél known in
act eri ophage virus proqvides, a ljinear tenglate,
theamhfeﬁemlgimm%ﬁ@%ﬁgﬁwe Ftsed inskidin Oée’ﬁﬂaﬁ@e%‘bﬁed
polysggggggdbffupgt&rym ﬁylécﬁl efpre bR “ﬁ{i‘é‘rﬁargfflldéﬁbﬁél{:z@h with peptide

rough genetic tuning of the basi
unitsp rAafodtien examplel istraidhed pelyp&sias senudieic peids whichseemedified to have

reco éﬁ%&’r@%ﬁ%.?kﬁg g%%%#”ghg%&bﬁ?%%&%ﬂlyalgrlentch ge%tildie Qégcqures suchas a

line with nanoscale width. In general, DNA, proteins, and polypeptides can be modified with

recognition units, including peptide recognition units, to function as the organic scaffold.
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of the virus, exact genetic copies of this scaffold
are relatively easily reproduced by infection into a
wo arogeemespensi on of bacterial hosts. To prepapP@r/us2005/000075
nanow res, an ani sotropic scaffold can be used which
has the abl lity to collect nanoparticles being forned
Suitzhloraedgiitiomnuitd inclade buhatmnohlimited & aming arid oligamers.ancleic acid

olisqrary Braenrens PRIFeules 8 Rt Pierl SAERrign fctors, and
tropHib £t Ge}, laﬁdlidbr%m%nﬁlﬁom t he inorgani c nanow re
Non-viral scaffolds can al so be used i ncl udi ng,

ex armeeemlepdnamte@cyff@*ds end¥Huppatieles cancherysed aich are not directly
genegf:glkp%rigg&ﬁrerdg%g nl%?}) 612 g%ﬂ;é fée% rgtﬁe g’mp‘épueg %Xt?b@&%é\gﬁ when the
virudis genetivallperdingeed cﬁqenemamgmmhgis use@ aﬂdeslgmtg«he seaffold.

can be a synthetic polyner backbone, which are well

known in the art. For exanple, polyner scaffolds can

S quding for exanple nodified polystyrenes of
unlwoﬁghn%‘g?‘lzecul ar weight distribution which are
f uhhhgomahocbeﬁsmheﬂ ipthetpreldoussettions Aviatshe cancheagepetically engineered

so thab ey Patsting ot 8 st e ind ey feel maR T o an oGl ppogegs which

ultmi"até]?Qiélldsti‘ﬂ%@&ﬁh%ﬂdo\f%ﬁﬁd Hér@%fé@ REdoEding td e pdset ifivéilfion. For

as a'line with nanosca dth. In general,
example,taciod shapedcrims cgdipect dhessyothasip of nawptiticulatgs mﬁterlals along the

tng 288 e S e onsbficuf e oAy 45 F REPATS iy

I eGPG8 ipkdsert ibvintisn, the b@lﬁ&%at@mfate@lafs dafibe hndifgdr@cdmh&nals which form
am no aC|d ol i goners, cleic _acid oligoners,
nanqpaftigles rnsclum@m@r&anma@e@w@él% &rom thesp inogaticaanoparticles, inorganic

nanog\ﬁ%fs A6 Be £t ¢ &?sj?ﬁﬁg%gsehﬁﬂ}p&sthe ﬁ%cg)ccll ?Jo?%%&ngn%péngz%é upon

i'norgani ¢ mater n-one e , sca
subsantlaMemosalpdthd schffsldc Hihe loenjugstel mattdrials andaehedlorghnicaanbwires can

consy BpERAg.ST AHRPIBE R WirBe T0H1EhAls Ry E fample. Simiconducting

mat&ﬁ&e%&ﬂu doped gt ﬁﬁd‘ﬂb@&i (Rétale rx‘x%téri‘al@ helteRidetBateSals SR8 magnetic
I'n designi ng the scaffold . Nanow res Usi ng

matematsh disiodeexide aterials mtiedlpg exhce end elotinafad], wmn thgessope of the

e OE AR R TS e et BENHR SbBatos are
furthey 8dsetibedinOfoe e garple Ca) Wridersdring Nardrethnalogy, Ol agiet BBoks, 2002,
of |norgan| Cc nanowi res according to the present .

includingamatenals fqrgircuitasush es ngnoviees SRA parptybes desceibgd i the chapter “The
Incr%Jlgle ﬁ;}%}g? rcgit” r}B@Q & %’@%%l@ﬁer :)I cu?é 1o 191:&% W Materials

e rod, nanopa tes
for tﬁ@iIBt Cehtarys Bhllilp@a‘llu Bﬁdcdtdsrt Univarsityj (c@ &urrddactidretopVaemeachinology, C.P.

i nvent.i on, erjals can be ino ni c
Poolgdk. f -iTaP¥ephi Wﬂeﬁ 3{)@3 %ﬁﬁ?@%&bﬁe{ RANOWHEE: 18 ﬂ’@tqr\% rRyepfred on the
scaff'ﬂﬂf%‘ﬁﬁﬁf&%@cﬁ*xcxt‘? aS%h Eﬁ@ﬁ‘f&gf &?HQ&B% Grd \BRARALE R eQSvhether inherently or

organi ¢ nanow res can orned consi sti ng
via depmg);ttraakrhy light, afeandgretic) or possgsssomenzhapeshnploigislly peaful property.

Other properties include ferroelectric, piezoelectric, converse-piezoelectric, and thermoelectric).

Semiconductors are a particularly important type of inorganic nanowire material. The

semiconductor material can be, for example, any of the standard types including alloys thereof
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substanti al renoval of the scaffold. The conjugate
materials and the inorgani c nanowi res can consi st

wesesnticat | y of technol ogically useful materi abCT/E8BI05/000075
as, for exanple, sem conducting materials, whether

doped or undoped; netallic materials; netal oxide
including V-2V ﬁrotm . gra@h &¢i Sioralies), |IH+Y> Grozg bivary (o.gi, &N, GaP), III-V

Groglsar i+ B50aT at BVt Gl et e GhS. Caselare), 1v-

VI Grohebingaty (Y, PrReytRasineh fgial Qﬁlﬂm’:‘(fe(‘g BiTaOP! arfdedontbigations thereof.
are further described in, for_ exanple:

a)
Un dagaetimapisginksivan be s kagwn ingthe att imsbesiiag narpgtructured magnetic

il S5 BB ol SR 36 PLERRNE 8 2O, vt

20035/Thaptét Mepages C65-193 (“D@ﬂostﬁlﬂa&@BFannﬁgnémﬁb)efnd réfeyenbedidted therein
to Measure, New Materials for the 21st Century, Philip
(seesa8-) pagerlyd Aket on Uni ver si ty, (c) Introduction to

R ivelftion ifnotd {1 Ry i b
20D LAY B prrsoR vition o TR Sl B manovires can be
strugurepvhexdinothe mhmomua:ﬂésdbdn 0 darctwisgs @nd poldaptsy ims adused structure at

the q%:q% t;l{glr;frgépsg? gquéérgébf %ﬁe ﬁfr@gﬁ%ﬁ? {lilgtlt ;}a\éﬁc‘tu \Agrelém%ed but in general,
non~gr§xg>ﬂ§ hafowif m%ﬁﬁ@%ﬁa ﬁ@ﬁﬁe@tﬂ%ﬁicuqeﬁwp&&ﬁlhﬁﬂé applic&idik wherein

erty. Qther properties include ferroelectric,
p0r0|s1t3emvé¢1 aderfare M&ldwwct@néu@wdm ddternagivelynthe nanowire can be porous.

%%{?tec{e;ﬁk@ fcry(s?]%ﬁ egﬁf,’lgtr}%rgﬁ fte S Bglé%lrf%ﬁne domain or can

havescﬁﬁldf Rite GtyotalliRidRads. Qﬂﬁn@ﬁnbé(ﬁmeﬂt)(&mfusb,d rﬁﬂ&paﬁﬁcl&hﬂe single
standard t yg S i ncI ud| ng aI |l o s t her eof i ncl udi ng | V-1
cryseailingp The crystallgie phage theppodynepaelydryRipble crystallme state

ora :(:l%’;s(%l)% n)e,gﬁ& vﬁ%@i% ﬁ(k)t’?%l ok %&b?nl[:ﬁfm%yrgél% ?ggls l%@in by the relative

oriertakiim ofEhkl erystallivenatspartjcldsi befory fifstory. TheRiaBeparticles can be oriented in
transition netal, oxide

any DGR nERT GBSy SRRt it b P waBibiessan by gugated with

respgd't‘ W¥he 'sﬁrfﬁ&%f@ﬁé scaft6ldudORgc tHeURdrHia® festRidAEH! the method of
mat eri a for exanple, Introduction to

makixigr{seedehvol to gghieGrs desired erystallinefstrughureOpeiossovent pelycrystalline

BT s T L Y R—

orgaflicGcaffdld It sbd) casésfugien ahd brgadictsbafiad rétievab arRshieved at the same
invention is not Iimted by theory, the nanow res can

temnﬁeat%ﬂer inother saseanfipion san pecup hefopaemo¥tles forminto
I t r
RIS A AR L BTE ATy Mol Do, o
mor@p&maﬂmy abdbwtrd09 nim toi dbedt 1 midron.n gener al , non- por ous

nanow r e terials, are erred artlcularlyf
combewidty et thsprnewirs 63y %ﬁ%ﬁém%ﬁw Buatut 50 nm, or more
paml:ﬂh?%fa%& l‘Nﬁxﬂtdﬂﬁ?u’i 8¢lpmonductivity. Al t ernatively,

anow re can be porous. The nanow re can be
cr yrsomid émimdinitngs,ribalongthef deenanewire sambe,dorexasipié, labog 250 nm to

sbou SR ERBLAREALS £ PRUCTE ST asAPad ot g PR gt I ot

emb&didehe] the mgthmah@ hatsohwitel daf fbcpﬂaﬁSﬁnﬂ;ﬂﬁ dbButes Iulﬁ&b ab&\@ 50 nm, and
t her rmdynam cally favorable crystalline state
have a width, for example, of about 10 nm to about 30 nm.
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or a crystalline state which is not thernodynam cally

favorable but is |ocked in by the relative orientation
w@boosieress yst al | i ne nanoparticl es before fusi oPCT/TB®05/000075

nanoparticles can be oriented in any manner. For

exanpl e, the crystall ographic axis of the

nandigeard platatisy cfaranbwires lseplnésenk vhetlbngtmamdahdﬂrs chin be expressed as

surface of the scaffold. y the t
averpgeclsngtahand wwkﬂpﬁeuwlﬂwam&atﬁaﬁ% w%@één FRAGS Sﬂfnce For example,

the a%ﬁg@ﬁ aﬁﬁlﬁé hethvifdShdk! fop Exahpld c&aan@zsoo:ﬁ?wawvgrrﬁwmns or

cryst Ine structures to single crystalline
moré particilargsbo@vdOaen tedtent ¥ atigronhdhe heeragd widtleaf the nanavere can be,

renmove the_organic scaffold n es sion nd

for A5 ARl EOGUE & PE OO LD SF RO BT Y afocth L0 Barfg aBOGt 30 .
L enpgy, atheﬁ & plirflit9 o RhinFARRSs priebit,ARe ATbvARS ¢hn 9@§1ﬂfsﬁntlally
renoval . The length of the nanow re can be,

monedlaquseem letigty and/eowidtin Tlee rabmdlswchqao e accmmniﬁh@l because the

articul arl out
nandiigs s Semtien Foatacrois Wi £ Tenel BEM 08, kpgown sarstical
methods @b@uterialscivice 04n bHeised I&ﬁédld:lﬂatb alid polydibserditylfor and width. For
about 30 nm In sone enbodi nents, the length of t

examplpdwiages efhe banowirss ca bhphtained ped;foress sQQ-SQB@GSW'BeS can be
sl 8B R, it AR ey PRy hrcin

standdié devinwom is divided Bethe haane Thﬂﬁl\bcanaieofdr eﬁamphet kassaﬂhmm about 20%,

50 n and have t for bou
morg reBRSRALY: 195 (A W Oy pme’fea?rﬁfegﬁ% s HAPRR 1% and Tbre preferably,
lessﬁ{aﬁ%@ﬂt' ojhe lengths and w dths can be expressed as
aver age Iengt hs and wi dt hs usi ng known stati stical
meThe dandwiraseae be slbstaptialénstmighito Forsecamyle straigbtngssctandys estimated

th.of the na can he or _exa ut,.250
by (hrehsuiig e e Iet e BRBRe (HIboRRaREIE poRaEHiA 6 3o leneth,
calctilMetRe ABB WY trhe MnGiHA0 actiaPerRiME lefd fengti tHor @fpetfietly stralght nanowire,
nanow re can be, for exanple, about 5 nmto about 50

this ratip voH bewne. b’aﬂlﬁ |1mna®n,yanc§m iq oneennihs achissied mgluding, for
exa‘wgﬁ’gvﬁ ﬁ‘@ 1.8 1Rl Lﬁyan%flemq&"\d jes is present, the

& tan e substant ral y nonodi sperse in | ength

anhe inongaaid nanbtvirestofthe ipsaeritintention naibesabe forpied $theembination with
because the nanowires are asserrbl ed from

othepfypes efrfioniieate ra#gHas et H SUNGIATGS, uspg}go?maefxgrglpgsmultifunctional
scaffR! ERhLE, %ﬁ#@%qpﬁnat@nmg i ikt WrRGRiEPD RErgl i udtBials for

I spersity tor gth and w
thesebaegqn beuctumagmi;cmﬁbmttmm afivstariels canbesed Hnegen@dl dtrwfill be selected

0
for gLt BB Catingy [ 8p8 OF SetkerEd st BRPETELPEGGRs Sl b sublected to
blopiﬁ 5 Ogl é’/gaag‘nesg ﬁlg%hﬁl‘éh@tx@ﬂem eindlitRerd A€ cohjapaa bthtRy | isadele@ﬁvely or

mean. The CV can be, for exanpl e
speCif@sHy boemd tatrivirgsEatidkor &n pomes mp&wa@om; selectivp hindingogn be

sufﬁﬁxreg% (¥V|h§ §/Hl (?etge abhé/a;‘ﬁlo %Sr{lérggi?w%ﬁﬁpépea%c b‘?&ﬂngpa[nebe preferred.

Examples of general types of conjugate materials which can be used in larger structures include

inorganic, organic, particulate, nanoparticulate, single crystalline, polycrystalline, amorphous,
metallic, magnetic, semiconductor, polymeric, electronically conducting, optically active,

conducting polymeric, light-emitting, and fluorescent materials. Conjugate materials are
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The nanow res can be substantially straight. For
exanpl e, straightness can be estimated by (1)
worr@swsicsyy the true | ength of the nanowire, (2PCT/US2005/000075
measuring the actual end to end length, (3) calculate
the ratio of true length to actual end to end | ength.
descritsed farthert forekamplet inghgpatentaublications oy wchird¢al ditexptute toAngela

one. .In the invention, ratios close to one can be
Belchgs apd g qrisers ﬁ’(ﬁ‘?‘ﬂ@‘,’oufgh?utzﬁ‘éﬁﬁ?céécal%g's than 1.5, |ess
tN@Nudh, the ep;l'@Qn{ fventidiaBlates 1o thERnéral hﬁﬁf@fsﬁl(j%ﬁlﬁﬁs 0€3-D

of the present invention can also be forne ) )
nanostardihires; inadwding nimoovitesr basgdbers i prefergdiayahaslimentsra geneticadly modified

PRI R T ———
follo%% B8 hhealifig Bpihe%ﬁly[pﬁﬂic&rdsyenhﬁlfék 126 high dspevt gatv, erystalline

materials for these [arger structures and conbi nations .
nanowfresthrewghadrientesnagasegation-based cgesiad 2sowthi (@ 4,45) (FISe 2A). The synthesis
sgl ected for [t ' i
of angfBegia Tpobfecufiien o) AnRBnEithRens bRl B, e V1
semitchdattoRAIME Nl @gS hndsthe The feeonjdggeticeal gt €oPahnd Eeld, deneonstrates

the conjugate material s selectively or specifical.l

both ﬁmmaeltajbtn ofdhe virpsscatipldiand dhe abality dorpregisply, CeaFP‘ofﬁét,eHaly

chara%?elnl'gﬁéé t?x?m%h NALAE FMHERIoRY T LGhtRRE to.c}mﬁ.rs%et'i@m@&xeﬂ (6), this
applrcatiors,” a nore powerful specific binding can be

apprgickRfatlows for the genetie sondfol g€ prystalling ypmiroofudting] metatlis, oxide, and
ma,teriali whj ch can Fe ﬁsgﬂin | arger structures

magnete Maiera %Yﬂtb&ﬁ‘i"b‘fers& SpaHPld templats ¢yl at e, '
nanoparticul ate, single crystalline, polycrystalline,
anor phous, netallic, magnetic, sem conductor,

polVnfethod of Making>hmorganioNanomdiget i ng, optically

fa |C . e?,/ %g%e%lg?nql%{i%}n %%cf) g%&@% %nfjé\glglfiée gﬁ%legigp gl{lé.siﬂgrgaﬁfaqlanowires, which
are f@iIRg egshplpRd ih\hd betsw wopking xrdarpples. For exbmpleatierivention provides a

publications and technical literature to .Angel a. ..
methpg o€ framingan iwersapickiepewiss camPR RS g $tpe of (] kproviding one or more

preoff ik £ The Bl neh 3GinB P BRLidifl HUAEEFORARE scaffold; ()
reactfipths bhi¢ier moepredurclr uditarlsnatiopressice bithedcafild tnform

referred embodi nents,, a gepeti cal.l i fi.ed.yirus . |
nanogaskiFies) whergip thepangparhitles alggﬂwwa sl e desistt of th clohgated organic
scaffldy %ﬁ‘l‘% 'éﬂkgpgt RR&Ag the S&affold MdihOnaopanles itd fdraiae il ganic

annea e virus-particle assenblies into high
nanosdnedytfusian bHthe magenagtidlésn dn seme winbedimentso thgithermab ireatgpent is not

t] - d .yst al [ep . .
pert AR Br B3R AL B LD Bhol i s offoming o
nanolidEaABIRb BL h¥ediof fbeh & PlurdlRy OF halowires, 9., the I1-VI
sem conductors ZnS and CdS and the LlLo ferronmagnhetic

al Indheseanethodsnthe frqrganie BaravLes afcedespiabad ifithe peRERB$ectign including
of . the Vir ol d . | reci :
o Bl e AR e B A, o
straighisk.i Ao} nthedermétheds] thsteldngated beganiryscaffeltiis desetibatiabove including

6), this approach allows for the.genetic caontrol of .
e S Lo S s b 95 e R hr e sstions
involNRENEL LibsPRLET elboalWriit Goatit V@Al scaffold tenplate.
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V. Method of Making Inorganic Nanow res The present
i nvention al so provi des nethods of making the
WO pasgerssr nanowi res, which are further exenplpdT/@82005000075
t he bel ow wor ki ng exanpl es. For exanple, the invention
provides a nmethod of formng an inorganic nanow re
c offpe invientiprt i mospapenlaty linitsd py thei tipaof reastionrandithesprecursor
precursor.material s.for the i.ngrgani.c napowire: (2 .
mates e ol 1 gt 1o B TG SEhelG B (hE @i ngigrials should
be cdriiSatiBNEwRh tHENCEIfRIE Reb&RIns Abdefiperingred 6f Bl ROGEIAEDe ¥ed to form
the scaffold to form nanoparticles, wherein the

the nanompiacies. dnaprefereditmpedimgnt theiieating step sgmprisss arghemical reduction

ot PR PRSP B B LRt Skl

form! RAGHHIEIEs, Ton@hipge. by fusion of the nanoparticles. In
some enbodi nent s, the thermal treatpment is not

peht aprefaredambodivecniethe sapopartisies san havreansivapge diagiede of about 2 nm
to ab%ﬁhfda %rgt() d x%gx%\é%rt%c-gr%rfg/f M@qmpfo a{b%ﬁm P&h THIFAR Il%s can be

e us ma plurality o anow res.
crystalling ®efoeé hatisr afteh ehei thangh treatinga ritwinapspaatideies deifaeed before and/or

in the previous section including the crystallinjty, .
afterthqrmal BeatmgplelioseXamplp e ﬂﬁ@%ﬁ%&?@m%cam @Fﬁlﬁn@amcl@s’
whicmg gg@ﬁ%‘ﬁi eﬁrgcfr 1S tﬁéd'ﬁﬁl GBIRRAS - TH &?gpdrﬁcl%@@a%eqe oriented or not

ongat ed organic scaffo is described
oriemébve i ncluding the viral systemwith its potential

for, selective recognition. These nethods inclu -

o1 TSGR PO OiRG Che e SRR B A/ PR Cy ey imited but
can Wﬁ%&ldﬁ@@nﬁ% redi¥Sor MeA4lk QSed sndtBé mAtal 6fthé fih) nanowire. For

I'mted by the type of reaction and the precursor

exanmge,¢h¢ mielingdeniperatutesiand apecaling bahavior of sheyaaterials can bgconsidered in
reaction and ;th e ' I 0

e TR, R B APOERLE TogEUl bt 00 cn e s

TherhRIMB4taeHl i&ﬁa bbfusbcﬂodhséfch@ &&%}ﬁﬁ;dgfsdinmeedsingle ﬁmnamﬂe faad also to
nanoparticles. In a preferred _enbodinent,. the treati .

remosaeélpeptc@ﬁs}d, tpdlored fehégilreavlmf SRR VR PRGCRT w@egfss T principle,

the pz)g(%sg%'of B{eerfaHB\?/% aﬂ@%h%rdegﬂlee R Rushh GX'RE REAPRErticles can be affected by the

articles or materials that form nanoparticles,
templeeaturex dmp peeferred aniprdihent; the tierinobiireatment stdpecan be carried out at about

Janoparticl es. ca ye. an avera di aneter..of about,2

300 S 1o o HO0 oI B AT CERTI T U BTNy ver

tem;{g?‘aft@xQQ bin B WYY sddiEasNBR eR@hple CALRSt ZRUIChE abdut SVOAJ iif Afdre porous
efore and/or after the thermal treating. The

nanavdres pea desired with dess fesion, SEre thermal greatmenbster candhe qadgdyt at a
treat t...For .exanpl n
e B R a5 S e R B Ry e can
seledt@i foh@hiche h ABdiredce@talimt pha¥h@hivhmupele 4 oweaneegynptace or a high energy
oriented or not oriented. The t errpgr ate?ir e agq? t ii{le of
phaseh ¥ denisedraltempEAFRAPLISIEHNG SEP f8k DpHFedite tailer fhy fusion of the
nancp) &c‘eggﬁhg %géé%?g&%ﬁl%’%ﬂ?@ QNG G eRRVAINE (RS KGHBRIOIE desired. Higher

eri u e raterial of the final nanow re.
tempe@dtures of, for example, about 500°C to about 1,000°C can be used to ensure the scaffold is
completely removed and burned off. Lower temperatures, for example, about 50°C to 300°C,
can be used to avoid removing the scaffold. However, temperature and time can be selected so

as to not result in excessive oxidation of the nanowires. The time of the thermal treatment is not
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exanple, the nelting tenperatures and anneal i ng
behavi or of the materials can be considered in
W@ elsobioryy tenperature. I n general, tenperaturesr/uk2005/000075
about 1000C to about 1,0000C can be used. Thernal
treatnment can be used to fuse the nanoparticles into a
partisulagy dmsted ut cancbeafut eaqmplet 30 mamasksdotl B dowrsaPreferably, the temperature

an 05 B g B, L e b B Y pnoparice
fusic Whild YR 6888 661de Forfrasib andfmprbeinp @ROREility U e Gristaliructure.
affected by the tenperature. In a preferred

erboenerpmhodimen, the érveation pwaides APragessfor piedpeing aanqvages with use of

o kAR o B ) BP0 craic

scaffoﬁi@ﬁfcﬁfcblmgﬁs&&rplbﬁlit}&ﬁd)iﬁdiﬁ@ sigs indleding kindfigsiteablong the length of
2000C to about 3000C if nore porous Pfai]ovvi res are )
the sqeféold and hinding sitss op alleash onarerd efras fafiold: éakdinpping aggnowire
r
precfiZi AyRich 3fbrihe Bhef HIEPRABLIS (M Qe Ry
compasitidie asd(3) tteating the acdffodde] medesir cenpasition &l formehqurmowire. In one

whi ch be a | ow ener hase pr a, hi gh ene
embogiment, terelongafedageanic saateplet s inding §155 ahpnth gds hshe spaffold. In
anodt?& eitRdinéht 1A b@'cestﬁrfﬁrtﬁéﬁ'gg@tri@és thd§ep 6{'@%’%@ %hﬁ g)lirﬁﬁmg §ifeat the end of

argeted crystal phase, a he renova
the ssaffiflf ¢4 binditd antghdrrstructurd. ghherother sirueturenan degfor example, another

ctonEfraSin 3ot 2 areirbe ARSichie e oRE oSl an

elec®ithlly dondREtivie@nBENR A} &fABneticahatenid/'H £bioldBivdl mbledGle! The scaffold can
BOOJC, can be used to avoi d.rem)wngg t he scaffold.

be bewngkto @rpatterapd struatire csugh as @ cireuitaipstinie.s Ehetreatingstepquay be a thermal

’ [ .1 ' iflat f i :
e A g B o o U RN

| i Wi tAgspliostionsan be, for exanple, 30 minutes to 12

hours. Preferahly, the tenperature and ting,f.or .

£ hehe aamaryitss OhAPrEsRL BUCTHIRP$8b BrIoted 1 SHAr gttt commercial

g i ] i . . —

R L ) e
citedmefes¢rmbs attthaiendofahe specdivatienbh bl mronwires pan bawseds fooexample, in

rovides.a process for prqduci ng nanow.re ith us
oppla ot BTG S P DR ea R Bt hehgsii e large
Yol Ao f0adco atatays i s ol
| S¢ urality i ndi Sit I ncl udi ]
thin film daiteyies; and supgreangeitors. [nespperanplicatipns sxHingle nanqivge can be used. In
bi ngki it I . ;
oA 4R S U S 5B e e
In gdnerfitdrgafizedherangandmd of Hanotviresara adeaftdgebae dnpomeapplications, the
ngcqfr%osigtizo ; aan%lé?_% treating the scg%,f l.ded precursor
nancyaFeF38be swiaeanedififd.divmedh hgierse PRdiied in b BtHeHEgructure for the
| ' E ' . bindi : A ot et
op GBS AN AL MO 48! i
nanopirouitrg smiaro¢l betrongasnphidteedtaickssobar epllsy thamsicalgandbéological sensors,
.binding sit t the end of ,the scaffold to bind t
opticg Spahets G iting B ot ey eee GBOUTEER, Bigoryifhes, molecular
wire @XRERIr € bafidiRis ikl @ll@,%;’t’dlﬁ@s, QEARige REpddePlidplafd) tiny radio frequency

electrode, a circuit elenent, a sem conductor )
identifaeation devicesnsmart cards, phased array RF antennas, disposable computing and storage
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electrically conductive material, a magnetic material,
or a biological nolecule. The scaffold can be bound to
we2@abtmened structure, such as a circuit subsPeBUS2005/000075

The treating step may be a thermal treatnment step as

described in detail herein. The scaffold can be
electioRRViRfhosald Kircoddd! @6ss bay nakisBut@ads] Ki6Sendbraarngs) MigH @hsity data

of the present invention can be used in many different
storage fielst effest tramsitorscaniddheslikesagaeersescpative expmeplesefagplications for the

nano?vﬁgé/. iﬁb%&é‘gﬁ%ﬂ&? @E‘%rﬁ%ggse%i&ﬁﬁlggﬁega%?@rﬁg deg‘g%{:f.?’? ?%aé{i‘xlﬂg, nﬂ.-H diodes, p-

i-n dibhes, DEMRYArddsi plantrdigisuae dNaf@wire>canpt éncorporated into a number of
applications requiring electrical canductivity or

devicenrpueloatrleqtionia, prigeleerrningisioshanicatnand cleqronteghanieal devices. A

. _ I . ) . . .
s R ] By PR 5ty BAUEBLARE ol nanovives
can cbatdceelemsntsafidr euapmie afiedd effecs trahaistendayiceppdy conprise nanowires in
'H%Ie nanowi re can be used. In other applications,

a si
both 3 patial¢land cfosssd HEANGGHFYs can be used, whether in a

paAgéllcﬁiio&fof%R&%?& HBAERFibed , BRRYhADle, OIS pikeRCipplication
arrangenents of nanow res are advantageous. In sone

publiagtjnini a 206HEQ0898AR (miblichedrMay: &%, 2083 ktarlfiehes ehaldard iaelude, for

d d ot herwi se nodifi in its erial. structur
examplfl S s I Ao mRrPd (RS N PRER Rl 1€ heefy
incorpHRMBIYY re b POty intdeihg GatesefiftioMLdevives Bladé fiym

nanoci rcuitry, macroel ectronics, photoyoltaics, solar
nanowises. sAdditiendl epplicatiensnisiepgwires arg dascaibed ing fariexample, U.S. patent

.C onents. fie inf kA i i .
st TRRARen o DR Gl AP 803y i t . an
incluB@harkts crofspeints; ethich is daopporated by vefergnteninges ehtimty. Additional
panel displays, tjny.radio, frequen identification, .. .
appligatipng @5nanonics age ivedimderepl, U R aRpLcation publication no.
2002@11%6‘%3@61@9&"8% R8e21Y 2605189 fte L&) UM GFoludMQFR8 Wath chemical
ar ‘codes, cross bar nanostructures, biosensor arrays,
pattehiigghardichistatly deteites. stdslitiapa] arffilishigonsfof @anowiresrag¢ desoribed in, for

d [ ik . tati I .
examiio S etean RS e 1o D0 TR Trhighed At 2000 10
Lieb&t @PhIC ey BaRseMEBR for Eidhibslaind bivlogua telettion- | addition,
di odes, pi- n diodes, LEDs, and bipolar_transistors

applipativosiaraslated manerofisere degsribed in, ifor axampley Mo® Paggmt Nos. 6,190,634;

15858k i P L5900 54 B BRLAEHL ot
referéicBgle@c@plivations 0fnamavires ahd edlsiae ricknolog)yg sadvasoEhairet al., J. Power
oo i s SR P TR BB ERNDE Srre

270: @?&ﬁ%o ?Péésg,%{ﬁ fﬂo%ﬁnﬁ@@xﬁﬂ, USParicBd Mb?é}icﬁs P01 s1-p9%d (2002),

ossed darrdngement. Applications of nanow rees are
whichiel of ivhietl areheréinrinaxporpied by wefSrenpainetheir aptretyc at i on

publication no. 2003/ 0089899, (publ i 15, .2003

P O paeReteTam PRtk o PioRYon] P SEATADF ! Do o i direttthe
nano®irk 85 bthbr @A hu$dsoThe SAMSRT iS an A0V d RBff61dFathestha A gadsiieSscaffold.

publication is hereby incorporated by reference in its

For egarhpleeviyusehedn i aogjuigated avdthcoriepdimensieral ganqvdees/mepetabes, two

dime}clsric%gl nano electrodes, and microscale bulk devices. One-dimensional materials, such as

nanotubes or nanowires, when conjugated with the pIII end of M13 viruses, may form phase
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nanow res. Additional applications of nanowires are
described in, for exanple, U S. patent application
w@oddsioemss on no. 2003/ 0200521 (published Oct obeeT/282005/000075
2003) to Lieber et al. and include nanoscal e
crosspoints, which is incorporated by reference inits
sepaxam:dl laweWar stuidiurdsahet/haepipiorgaaici nanetubé onsanowiredsyess and phage building

toc 55, 155 B BB . vir:

semlg&gl%lt& @orhb@sh’@ Mmafdwiés cadhd ahﬁkﬂled @&o@@ﬁbﬁ?élewéd%s including noble
chem cal patterning and bistable devices. Additi onal

metahpipctrm sethsasolhelaesuides dhrghgh biadingisHegaticither end of the virus. The
t |
nanofyissp brigges St et 1 o MR AiRlraROuBY BichB0! o) t¥tispoped.n o

adjacdht todhélelebredded and eHed SR seaffoldican be mmlsoam the nanowire can be
bi ol ogi cal detection. In additjon gl icati ons for

d
intimatsly ineleqieien comactayish the slactrpdeiinafinal statee Jhethermai anpealing can be

B g 1O g e

the eldctredeat ayleng ef theannesiré ehm’rateﬂp flrictians asrasbrifgen These strstures can

ﬁmct%gggséga;lgt ed @f:heg %&%ﬁhmﬁg Pgxio Srgxpcahn%‘la ggc% @ﬁtbg c. aJS ml;ogxe axgleter of the
ik ! heRCWRE pRcen it nust be d

gate fegory 1%51995%%)‘2%?%d .S dgttmgfl e B ag ot must be done

stocHubtiendly athis apptcath dirsad singleavi(ea 00 te, comiapicthecatiode dfcatipnse hﬁlternatlve,

OO PO TR IR ——
b1ndfn?‘M BT Mrisd iR WEh HEGO-siZe dbjdces peridiic oigamivhtich éfahese micro-

] her structures so the scaffold 1s an active scaffold .
dlmmatphfdrobjdqtsns alspaessible Thardoeithe MoI3 vrusmyllde fb¢ #ResHie adhesive unit

n con - di AS] . e
o sef ety EBAHHE Aot PO T HaTTERERARA, The epalnseripg ity of he
M13ahridus ﬁ)&ﬁﬁﬂ canlthiel dkegeudtoeia. théevettipmens ofthede viral-inorganic hybrid-
mat eri al s, such_as nanotubes or nan V\d res,

based afipYsgdn é@dlﬁm’rf hepeordabnc likgpefyonig 9 VAT 8%‘1“@%%%%‘ with
§

specfitREPaEACA A NAACR orieris TSR LRI Uha LN M brures

induteaiytyrdral-Tival Wihdiegs imachlltmmthgsetmatclkalp fart lave Isagm,l prOpertles

electrode e, or ng ral sem.,c uct or,
imprEG SN RA A BVPRES aTong 08 LERLY Rds DU okl orsignaling
elemBhtgCt rodes, including noble netal electrodes such as

gol d el ectrodes, through binding sites at either end

of Aﬂdu@onalbu swltifhactionabiral basedarigys ernehaye Yorsrin Slsgigdepair where one

pr S B R 085G SR BB RO R b ot

struch@alteoyatetial) Additiondlly, cxalond ﬁ@o@s@ﬂﬂxcﬁ)ﬂesi dah ibegieedlypadby controlling
electrical contact with the el [9gu in.a.final.

elemgmak identity @and geqmeirical sHaRgSREYt eEHO ¢qtalytic motetissi or
| eqt
br THE A ioh O ufe S Aftty Molif SrloNAIBYNE 8167 bt drRfphage to
prodtuhsea lblahxgwlat eaffbld pravidbsyméthods mf@merasng\a oomglys, hlghb'mdered and
stru}itur an functlom!ﬁls nafn gE c{elv ces.w g . .
econgmipzhteaIgie {7 Shevarern! gYhests afisinele arystal napowingsye Py intpgducing
progféﬁﬁnﬂﬁé Berlefif k&ftrol YOks th@ c&hf)@s‘itlcﬂf 995&% %ﬂd B%ﬂrbf}ﬂé‘ff fnoparticles, a
evi ces, where wre placenent nust be

generic template for the universal synthesis of a variety of matenals can be realized. Further
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stochastically, this approach directs single wires to
the correct electrode |ocations. Alternative cathode
wepesacwede structures m ght be useful for nanoBC®ES2005/000075
bi of uel cells. Wien the specific binding M3 virus
conbined with mcro-size objects, periodic
advafég@an ittiafabicatioh of hasscate matialseandideviaes c:injbtecm:hlei/ei thraugh
possi bl e. Therol of the M%erus Wi | | ﬁ&
modifisaten 9the aTEAITIAG ToHTIRFOFES & fhe Vs iearmtie Piigg-assembly directors.
The i {})ecf &/ us b § héyﬁd @%’sta@%&oﬁﬁ@ﬁvh% Aizned B& ordered systems, based on
englneerlng abi S various proteins tan
theirlBhape dogsptibpy.tio anotlnertphmnntmgerboqo rfenthe gfsembbisef virus-based nanowires into

T T T e T e A
by tHeQRSSdudRbRBE Wbtsﬁ‘até @&%iﬂd Feptiies dﬁ@@n&%ﬁeﬂﬁ@@ Bamikéling well ordered

properties based he secondary and tertiary
nanoatamnaﬂuneascqshcﬂfﬂ;adeblydmahbl&mmr bi nding. In addition

h I h
t n‘E’r %ﬁa er i ﬁ‘? 6&%6%%\&7 g?, re e (r%gst%?tghglssflﬁf?% gt}%e expression of

the a}’rhﬁéJ 8488 oli lhéx@ thdyagRRtasnu@ibes bﬂftﬂhmeﬂlzﬂéllyeﬁeﬁll functions, including but
ditiona cﬁ; mul ti functional viral based grra ys .can,
not lhmml taseadl adhesipn fagtory, digphic Togiens cordindipg sitesder erganig O ngrgamc
ec
SN AL8 AR M TS o et
pplidaibrsi (mﬁlekample ahaﬁMs @ fibere esmprising eeginesaed fHleers may contain amino

acid gETRer Ak L HtF A GEHETA At ErBLLCG NS e Shgiering applications. In
' With fecttety 6t 4 spre AR Thbrgame mdlécul b
anmﬁ@ ? E% %rﬁfh% a%wl%ogg?t eri opeﬁzf{:;hgtyt 0 p?%guce aﬁé Wemaybe.
exprhused mgmndithesnergﬁmb thabecols tdércrease hlccd@fﬁglren@@fe& dlenhgal geaction. In
and onom cal

d d
still ﬂpgl[l)eégﬁ%rpgi g&? F%&%Si%é ggx?no aciy cb? 0&1937 ay blhg %\% n?(gecule such as

a bldd@f’eh%jé%éhf‘ OSuthdme BPABES coln Bk iiscogsurhted hntGﬂfercl(bthﬁlg of mlhtary
ion, phase and assenbly of nanoparticles, a

persgeggcﬂ farst @WI@?@ as part oh SYNSPL/BSEH- synt hesis of a
ety of
ey RUFT s TpeE B BE Wit orifths aRdELOSHAON AR S Engincered
viru@él,rhnb%tlw? Applicadonsure rplilyrappatént a0 dmnofskill inethe ertai ni ng
four proteins in the virus to incorporate
devi ce-assenbly directors. The ability of viruses to
formliquid crystal andyppRRINGEXAMEMNES and ordered
systens, based on their shape ani sotrop i s anot her )
pr @ht piesent nmmmaori rsrfmttlm chargetatized Wyf the nfcpl{oezvmas@@rhmltlng working

now red akra n.multihplecs an .
exandgley peipgIEGsS7 299 SR Tr) R GrooBHot e BRebed inthear
can S 3E §URIaRdE Ribfrel PI3riQGC r'a&[beQ)ff ﬂ%’{ﬁ'&id&lﬁhﬁeﬁtﬂﬁ‘ﬁwﬁmﬁ provide an

pepti'des presents a nmethod of achieving well ordered
mtrodmtmrﬂbéhqwbdﬂllgﬁxam@!ﬁt ef fecti ve and scal abl e manner.

InF artjcular, when amno acid oligoners are expressed

on face, the expression of the amno acid

ol FUBNEY ShidRitesSte vandwindsyndiesisisclommer the al¢lyationpérdering and

functions, including. but not |imted to, cel) adhes
anneplieg of Wrustnaginle assemblicsr F1GJB BlongithgSErheLy Pﬁﬁhe afra%mf@e symmetry
allowd fo'r BRiEAR lof the nucleated particles along the x,y, and z directions fulfilling

requirements for aggregation based annealing. FIG. 1C shows the highly ordered nature of the
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nol ecul es. Expression of am no acid oligoners all ows
the viruses to be engineered to specific applications.
wo-osososmepl e, the filns or fibers conprising epgi/ms®mo®0075
fibers may contain amno acid oligoners that initiate
or enhance cell growth for use in tissue engineering
M13apgptetiopitagen3he highbratéred natuenef] the selfrassembled M1 bagtamepkage
or asec:lflc ecuy

prompees b Peticiad ristitintis @k FAOPAE PRRHEF Bty g Bidfy MY packing of

the ek%’k@Es%@%@ plide8, Which & AaGYiz&d at209hRIRbEREatioRAEIG. QD shofvs the construct of
anot her exanpl e, the expressed am no acid

the M3 bastasiophage Wiusd Tan cms@yﬁq has geneticallp mogifighleeapsid and ends,

spec?ﬁglgx &%nrgi%ggggp[{ll ax?cﬁgﬁ){ “:&lnégé 8{)31&1‘3["'01?' n t%' Haeé%ﬁnd DITA enclosed

withidfthé vired capsidponders as part of a sensor system These

are only a few exanples of the utility of films and
flﬁwlvmde from engi neered viruses, and ot her

PP 050 BeSARSAR U JRO bbbtz an Cas

viral haidviess. HIGT 24 tskows Barkbffeld ﬂihfffanhbm-w.ont@snnmgmgmﬁthmgre -annealed

wor Ki | ] udi 2
ZnS Bsicen PIEE 1 D o Eeiob ST HIspE SRl Saspans RidfHiae of thepgleated
nano@:h/gtafsaﬂlhk‘x%ecoﬁ§a£ e 83 Edtﬁﬂr I?gsthé;g%O)rBrﬁ dibfr#%foh €6ndfion. The

fesent I nvention rovide an introduction to
msettolﬁEIGDlA( singvetha kD) wgtenFofgthe eolycm@llmemm-ammlqdaweesshomng the

AT G FORE Bl BBk A Bl g s

[OOI?M%xisrﬁeﬁMWBiléﬁtatﬁfn dffie Ndnous/staldh ﬂab‘ mren tesphitd. 0¥ electron
or ordering of the nucleated particles along the x

diffrastian fEB) pastsrs Gnest PEFIG-124) howe HBlerislsypepeavior, evéd though the

I at I
PSR P BMGOL B, TR PR oy o
the vcmsi %mjpreﬁtdmellpbnémal with thess exdsipechehtiidulatt the rvupllmgface FIG.

ronot es the referred ntajion seen nucl.e
2B igpBrgaeld {EMDipesafan m{awg}lﬂ? sewﬁ ngevifrdorined afier
anneft! ﬁ%{p?ﬂgﬁ'lgﬁ%f M. o8 sh@wgﬂ%ﬂb'péﬁéin%lor%%{é LOOIMone axis shows

I NCor po ron. FIG I'Dshows the construct of t
a sinplactystal epinage striaturs of Teanneried Zo nanvygreg dhelaweriright inset of FIG. 2B
eci

oo 1R TR0 S BER) TR SRR SRR HORRL Vel AR gt nanowives
FIG. @Mh@% laq@pRichl MR TEM dflReZn8 ditifle 668861 Handﬂlﬂ:lidhewﬂlgl:d l%ce image that
A-F shows el ectron m croscopy .of both the pre-

and
contlpodty exterdlathedemxis obhg vorrs confiraing thecinglerystal wturp /f the annealed
Dar k- f i
TR TR TDAEI 8 LA 5 Sl PRSURR ) s vt
ZnS E6YERRl A S0rerivhistibabf (@] 0pRktice plange withgespect thehammmboarteadis is
consistent with the (100) growth direction determined by ED. FIG. 2D HAADF-STEM image of

single crystal ZnS nanowires, which were annealed on a silicon wafer. FIG. 2E shows HAADF
STEM images of CdS single crystal nanowires. FIG. 2F is an HRTEM lattice image of an
individual CdS nanowire. The experimental lattice fringe spacing, 0.24 nm, is consistent with

the unique 0.24519 nm separation between two (102) planes in bulk wurtzite CdS crystals.
Figure 3
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nanocrystals, where contrast stens from satisfying the

(100) Bragg diffraction condition. The inset of FIG
wQ@200shows3 t he ED pattern of the pol ycrystalli nBCT/US2005/000075

pre-anneal ed wire show ng the wrtzite crystal

structure and the single crystal type [001] zone axis

paFI@riA stowgdesditiwigs as synthesizefl 09 1he modidied xirss template médre soluble

. orientatj.on t he_napnocrystals on the.viral tenpl,ate.
in watge R BEReA G T ROBRERicBlethe alfert S thet s Sifiiadhte
preci?yﬁ)ate§m% ifinfdiRel§ TB 6@ of sYIREoRERRD. 38 sho®% @ TENIMEpe of the
he sanple area i s conPosed of many nanocrystals. This
1Y

unaninedled CoPt sysgge skhe insea ot FKa Sbshowis wsYTHM image ofcungnpeaded CoPt wires.

we ref erenti.al | r,en ' o e .
The B3R bRt &1 00Bm, 16, 3¢ ShSdyIisbBlico TRl of crystalline Lig
CoPBkiréd \tabit&50nm RMbotE2Indf The térdéhsyi eflthé CEPfarsli Fefk @vires to not be
crystal nanowire formed after annealing. The up

straightfmay; stere frogf rpprgxgtic glge@ﬁ@w heﬁ@eegljwbegtapg@ﬁ ng.pqmgiec{lqﬁémot present in
e 0 B AR TINR P AR L MALEIE 10 nd 00, 10

lines{ arghthe cnsellinfy ofitks sy2fdni. SFI&. BDvis an$iR TEM af ilerCAfEMires with the (111)
I mge showi ng the nopodi spersge,. i solated. sjingle .

plang prpenicwainie e i pf the vate. ohiiEsel EP gy thedépeplafice structure

uniq@agt it 096 ﬁh&s@m@.' 3ERNOPENIS 3 PR IF thePurlafbdal GIEF dPIBERS. FIG. 3F

cont i nua extends the Fength of the wre,
shovwsarTEMmfiibe arimealsd FgPtewiresy Skihelinsea EDy pattefn qonérmas thed) 18chature of the

nanow re. The neasuted |attige spacing of 0.33 nm
FePt ygresand shoges '?‘8 cwéﬂerglr@furﬁpgﬁgén%{l%” zite ZnS

Cr gasiateringMBOBREkRGEIIARE on of (010) lattice planes
h respect to the nanowire axis is_cansistent with

W
t h&h¢ MIG)bagtetiopltage usascinitinwerking enamplests 2 bigh prodyctioprate virus

- STEM | i_ng! AR .
oo REFUATERS B0 AL g O i progus 011,
6, 7,185000, SMeMch FRPEG cafies@ithesgPRpretein faina thenapsidiof ds. wild type virus.

FIG 2F is an HRTEM | atti ce i mage of an iﬂdivi. ual CdS ..
The a%&axwr@wasra@e@wlyrmﬁ%ﬁﬁéﬁnq‘ e el psing, g ehagsryid system, resulting in
ion’ L ihl . Duri

s s SRATIS ke 4 B g i1, i
asseitlly, stagksngbdSthe EP§unie cdFte@ults3A adfivewiol dCymmetiy dawmthe length (c-axis)

synt hesjzed by .the nmodified_.virus t |.at e, wher.e .
of the S8l 1 e giTaip Of (e GIAEG o i Ak peRbR adfepigiension structure
(fig. 1BF COHRPEARSnA Endifiss ¥ peptidy bgredsbnl G e cﬁisﬁpd)ﬂlhé dir@Srevealed that
which immediately fell” out of solution. FIG 3B shows

the ngareivici ghbegepaptide bepatation stabilizad exomnd 3y atrand phave 2 dncorporation

| G 3B.sh .a STEM. | na ce
e 5 EofentuS 088 e FPOM TG R YpRte fiicpce s v
requir@\for e6@blétd iherdlivhiisibefth©irgy tpicadr iTrfunktiorad Rmplateesan be
(about 650nm x about 20nnm). The tendepg{i/ of the Co )
realizgdthronph Tugihes gencgic mndibiation of thraroxtmpl aldsmpofsotips of the virus

(speﬂﬂgﬂlg'gir\{ gféﬁf]érgf %?t ArBRIsPSS WREh \é‘ﬁé{ 5SusRB 94 Hlish the cyrrent system to

hano presént’ int H VI systens.
highémsspéct edtiok hfal indOdiice matefibls siodwdingymatesialstsackaas, &ori exainple, noble

ety g o R oS e B R bt @it 1. 1)
t NEtifekdlization of Scaffolds
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pl ane perpendicular to the c-axis of the wire. The
inset ED reveals the superlattice structure unique to
wo b@skb@sphase. FIG 3E is a TEMinagi ng of theCcT/US2005/000075
unanneal ed FePt wires. FIG 3F shows a TEM of the
anneal ed FePt wires. The inset ED pattern confirns the
LI Minatlizationbf thee/ nSeipd GdS systemsdhavbeen deberibed yeavadusiyn@ 1, 12, 17)

nature, of. the terial. i neeri 3 Bacter.i opha
and Vg ingongior of s Sfabterms v ShH e REOLAL AR emperatures
to prAmBtedhifRAGiehiabbn bAhE nthdcrPstd]2 ARRY hiclEoR Bias,eleacﬁﬁg to the

five genetically nodifiable proteins (19, 20, 21);

prefogred erystallgeapbic(qgientagion f nycleatedypanogrysigls Wikh tsspezt bthe long axis of
i f the gP8 j i i .
e 5B PN BE B T hORGHRRR ¢ Pl BBl e v

surfadf (e B6se @OntdSd and prefpfeadsliyi ettt with theg60l Jtdiregtidrnand the (100)
fusion of the substrate specific peptides to the

plangperpendigiiar to the wise lepgthliesction, whieh) is spppqricg byddegiomDiffraction

; . o _ ; fioo
R Bt PRI LR TS A s
Field MTniggrrmmfisﬁJYEElectﬁﬁf Mixgosdopy (HAXNDE8PEM)eand I_aark-ﬁeld
T DT A N S WY e YT —
ﬁomvﬂlgiﬁg ﬁ@f?ﬁkiﬁg%%ﬁﬁgis EORIAGRNBR]Y AR BPOYIMMCH thel c/king effects of

8lo
separation s l'1zed around 3 'nm at and above 20%
the nieighborig pepitides, @hd thetefre ravneal @fi dhettemplats was desired in order to form

. ncorporati.on the substrate specific fusio

singlg SpoH BTG Tort PR ApaLoes BF B ST Brefe B Towed gpmlet

remd¥hl $f\8e Vigahie rhAlerGEBY 350PCH (25)) Miidhodvatesponidnd & e nainbe
realized through further genetic nodification of the

temporagiuic whseregedfor gon phadieent pasticles by TENbwith apeealing performed in
. the roteins, 22) which can be used to
situ F%gﬁégﬁl@%fa%gi% systemto higher aspect ratios and

| NFswdition offflaswiaéss | ncl udi ng materials such as, for

exanpl e, ngble netals, sem conductors, and oxjdes .t .

s ABmaliae of hermBFal 2L YiBHES £ EPSTR BEeS Ry ﬂ*gﬁé&(a@@é?ds particle

i _§0d€ bl lied & fopl s@Hgld 1

mel@géoglr\%ﬂé%%éds?g%%dﬁg%gﬁgglfggdagggg rgiﬁﬁbﬂézgdl pr e\(/) [ ouss Igy a-%ta _
nanofvirks (fbf ZnS Apnawidesi length\déstributinmowsas about§00: 610 vy fgr CdS nanowires,

enpl.ate with. net |t precursors.a ed .
teng PR WS AU SRR OPESIET G CAS A GapS fapgwires were about
20 nfA§ER6USeRloFalb thd G g AME ked@ilate And Adhimik AR 0Tehd iateifacial energy (27)
preferred crystall ographic orientation of nucl eated
WRIEMirevealpd

(fig 2ByFoc B and the single erystpbpagurg of indiyidug) @anowires that

.o vinus. Prior t.0 anneal | j
inhef{ef 5 kel o NHEEeh B e MEhRor Botfss e Wists hrgugh emoval of
the grdin Bb@sRrieOSALY) (BIGS.RGARr BNt T [190pditreetibe dndv(00i) plage

. [001] direction and the (100) plane per Endi cul ali to, N
orientafionsiof the| oIV 4RT BAOVFS wmrecwnﬁlétegwﬁ FpmgogFlongation directions
or L bRl ARG RR s e LSy BRI 2 pey Rlgen (F10S. 28 and
C; 1430uB Br HRFEMFifeheaksifdea anistay Ca8 alascpﬁvijsesi revealddeclattiva spacing of 2.4 A
that &Aascéo%gg’%%}/mm%qsuE%S 19aX (sjep%?e{tll%hfblegl/ecel:n two (102) planes in bulk

wurtzite CdS crystals (JCPDS #41-1049). The 43.1° orientation of (102) lattice planes with
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Diffraction-contrast Imaging (FIG 2) (24). Particles
attached to the virus were likely prohibited from
wao pasogresnder initial synthesis conditions |iketpuses00007s
for exanple to the bl ocking effects of the neighboring
pepti des, and therefore renoval of the tenplate was
respelet$0 thechanowire dgis indicatest thatsthe ghreovareywasadlongatedvaloregsthe [001] direction

Thermal. anglysi s af the vi -particle system showed
and again, o] aﬁ%“v‘éﬂ‘%‘;" s&wsma?{%iﬁr Phator i al o by 3500C
(ZﬁbmHﬁHnCdTF%%ﬁﬁ%ﬂ;QQQ%OWCEhe m ni mum t enper at ur e
obServed for the fusion of adjacent particles by TEM
wi Enteadingahe viguspdirdctadravathiesis spproachisp thy farromegnatic Lslp 4@t and FePt

26). For.nati f _Napow r n i.s . 1h .
sysiiv s ERov P S BRad iy AR loplifible materigly and t
addrést2upent te€im@ldpdal issgespoganding A devodpiakntdf lowealimeiigonal magnetic
pol ycrystalline assenblies to formsingle crysta

|
matarigto J1ptenn alipyed s enefifompiedals of ieghemigally ordszad loly Rase have been
of e fhiefE3p 818 it gh Bocrity 155 oxlefiSh, Bnd inheyent magneti
anisetfdpydmpofiait foouniarahigh densityeeaivding niddia(3R). t Althaigh synthetic routes such

rempval of, the_organic tenplate and ,m ni m zati on_ of
as VLR I51A e5qtisti P SHurQRIuptEnE Supeiiges 30 DpsSpesiic s pnlpl effemes arc
appll;]cgtﬁ%% & targd %fﬁia!ﬂ&ia?s, B5thHadt R84 HiffcBiied il ProdulHR high-quality,

anow res that inherited the preferred orientation
crysgilline metaliibeng maguetizaranpwirgsinyistesstanding farm €33)t hr ough

reppval of the grai.n Hndaries (28, 29) (FIGS. 2C and

D) M@f—@%ﬁ@@@?@—% ERCHea 10 nd (001) plane orientations

of ThE®11B3sRIcYiephabe valancuifiéEby MiRpRithetht EPFToPdspétific or FP12
common el ongation directions for I'l-VI nanow res, even

FePt specifip peptidsantarthe vimes eapsigdn Mvicleation oftthe FoBhandfeRs partisles was
.(El : . f. ' .
B
virusés 418334} aAm\éuaﬁng ofthie aksehiblies athl s0p@ pwmmt)datl;ha &I of crystalline CoPt
separation between two (102) planes inh bu wurt zi
and F4i8 napgue ) (o0 BRORasey o el hifore o diamelsy LI SolofThe
cryséaillgx%)nahﬂé Bft%@ vmeg%%bavgéem@aﬁ%erec 8 abAETD PARM M hiBl biSo shows the
I'ndicated that the nanowre was el ongated al ong the
charjdéristic 0019 and Ohl 0dhdo pepkisanddyfhiighmesoltitien REM laitice imaging (fig 3C,

D). Thad i Hserangiiin s euriid S0t ot EohP U Witk atice spacing of
2.178RPwaemhgtRnichewitR &K&Q?&Y&Na@ue‘-df@. GerA, @ddgh@Ronfirmed the highly
ou

systenms was carried for denonstrating both the
cryswllinemeturg ofthe aptarial fig. SDAECRPS #143-13A8). t heagavigence of the L1, phase,

.curyrent. tec L.ogi ' I I .
i ORI ke P TT SAREAl ORed RE R RAT i
mairRdih @yeecorivagion idarii@ bgirk gdtidndasddwmnedlitigl cal |y or der ed

LI o phase_have been of recent interest due to their

hi ance to oxidation, and inherent

im
TRy ALY At ot RIS i e

simulation methods. For example, Monte Carlo simulations of the A7 constrained sequence

resulted in a 21% decrease in the standard deviation of backbone dihedral angles upon transfer of
the peptide from isolation into the capsid environment, demonstrating the rigidity imposed on the

fusion peptide (35). Ordering of the nucleated particles with regards to preferred
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as VLS yield exquisite 1-D sem conducting structures
and non-specific tenplate schenes are applicable to a
wo 20090683 mat eri al s, both have faced diffi cul t PEBUSIV05/000075

produci ng high-quality, crystalline netallic and

magnetic nanowires in free standing form (33).
crystdlpedphiedientdfioni atengrthelleBgthf df ohedeirubhedslite libwed: te ibe @ pbsdteof the

.was di fi,ed_by fusinhg either e CP7 CoRt .specific,or, .
sabill o5 Decoptid, Bi31am 00 GO NS SR RS Aopystal dering
promMéﬁ'tﬁféih@E c%{statl F{&n@&fm@&ﬁaeﬁﬁﬁ’haﬂ&m&ésqiy%ﬁmﬁagaﬁ@ bidRetion

via the tTheriical reduction of metal precursor salts in
requiteneenty aftbnaggredatigidasaldirystal growthuseshanis®, (14)4)Although particles

LAnneal i ng. of the assenhl i.e 35Q0C pronpted th L
exhxbétlxwrﬁnaafqlo& 9gtt CgﬂhFlieHTe‘Q:@& g{a% 8ﬁt&?e 'géafgerﬁx %eéa})or téesex&cgt{a% ethese minority
nanoérkﬁal@ RAGAA kiiade t¥aAEHt AN prefefed BrydialloBiaphic (Oriehtatiod andHerge with the

The crystalline nature of the wires can be seen in the
majostyl teqniatiniae bethie jnarfasiah andigraimboamdery shergiest(Bb 36, 37).

e R O gl

Pl LMuRR Mk £id Binghvaribhieerhbottimaits of de prévenGaéntionrags discussed
) wth a lattice spacing of 2.177 A was |p agreenent . .
in hexgin, it witlcber appesciatefl thal the pessent nvegtion proyifes giany applicable inventive

i t ' . ' . . .
concgioad G ifbodlTh f R4y OB iReRts, THE specific ebodiments
discubded hefein pleasearelyitlistiative okspeeific oedys yo mekess] weghainyention, and do
55Q0C (15), s.attributed to the propensity of
not delymitithg scepg IMERTOMt heir orientation during
aggr egat i on- based anneal i ng. Nanow re Design
Si mul ati ons The invention including the working
exanpl es can be further understood wth use of
si mul ati on nethods. For exanple, Monte Carlo
simul ati ons of the A7 constrai ned sequence resulted in
a 21% decrease in the standard devi ati on of backbone
di hedral angl es upon transfer of the peptide from _
isolation into the capsid environnent, denonstrating
the rigidity inposed on the fusion peptide (35).
Ordering of the nucleated particles with regards to
preferredcrystall ographic orientation along the I ength
of the virus was believed to be a result of the
stability of the peptide fusion and the symetry of
the virus coat. .This nanocrystal ordering pronoted the
single crystal nature of the anneal ed nanow res by
satisfying the orientation requirenents of the
aggregati on-based crystal growh mechani sm (14).
Al t hough particles exhibiting orientations not
coherent with that of the majority were to be
expected, these mnority nanocrystals should rotate to
adopt the preferred crystall ographic orientation and
merge with the majority to mnimze both the
interfacial and grain boundary energies (31, 36, 37).
Addi tional experinental details can be found in
several of the bel ow footnotes.
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Al t hough maki ng and using various enbodi nents of the

present invention are discussed in herein, it wll be
wap@secicat ed that the present invention provi dBSI/UBIVYS/000075

appl i cabl e i nventive concepts that can be enbodied in

a wde variety of specific contexts. The specific

e rfbdioltewing rdfesaness ard nbtadmitted psomat bhitycan bk usddrtatguide one skilled in

of. ecific s to nake and t he.invention, and d .
the aftip HG@FFotier of T PECOMtEReE AR AT HHFORREEte Porei g eterence in
their Eftifefyences are not admtted prior art but can be used

to guide one skilled in the art in the practice of the

present invention, and al so are incorporated herein by
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pepti des as a biol ogical tenplate for the room

tenperature synthesis of the LI O phase of FePt and
w@odds/0emsds HCP SnCo5 f erromagneti ¢ nanoparti cl eBCT/TB®05/000075

approach uses an aqueous, room tenperature approach
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(10 12 phage/nL) with 0.5mM Cod 2 and 0.5mM H2Pt Cl 6 i n

al:lratio. In the case of FePt 1m of phage (1012
webagesms) was mixed with 0.01 mM Fed 2 and 0. Bdr/oi2005/000075

H2Pt Cl 6. These mi xtures where vortexed for ten m nutes

to ensure mxin and 0.1 M NaBH t was added to reduce
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37-41. WHAT IS CLAIMED I'S: 1. An inorgani c nanow re
havi ng an organi c scaffold substantially renoved from
t he i norgani c nanowi re, the inorganic nanow re
consi sting essentially of fused inorganic
nanoparticles substantially free of the organic
scaffold. 2. The inorganic nanowi re according to claim
1, wherein the inorganic nanowi re has one or nore
crystalline domains. 3. The inorganic nanowre
according to claiml1, wherein the inorganic nanowre
consi sts essentially of sem conductor naterial,
metallic material, nmetal oxide material, magnetic
material, or mxtures thereof. 4. The inorganic
nanowi re according to claim1l, wherein the nanowire
has a | ength of about 250 ran to about 5 microns and a
wi dth of about 5 nmto about 50 run. 5. The inorganic
nanowi re according to claim1, wherein the inorganic
nanowire is crystalline and the inorganic nanow re
consi sts essentially of sem conductor naterial,
metallic
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material, nmetal oxide material, magnetic material, or
m xtures thereof. 6. The inorganic nanow re accordi ng
wo 000sloeicss 1, wherein the nanoparticl es are oripgt/es005000075

A conposition conprising a plurality of inorganic
nanow res according to claim1, wherein the nanow res
ar WEHABIS SMHAIMEL Ivonodi sperse in average length. 8. A
conmposition conprising a plurality of inorganic
nanowi res according to claim1, wherein the nanow res
ar g Aubsdaait ﬁhﬁdbvlfﬁlmﬂigsﬂﬁfrgﬁnt Scaffoltl apetaifidllyrremOved\from the
conposi tion conprising a _plurality of inorganic,

inorganicownewire dhe Hronganis Rapowirgcapsistingiesseatially BRIgaBic

average | ength, and
nanog?'rglCI%Fso g{ﬁbla&h% g?ﬁllg%%ﬂﬁrd& gfpdé ?se in average wi dth.
102. Themopgnic napowire mﬂd’dr&ng@p clajnh Uy whértin thé inorganipaminowire has one

nanow res according to claim5, wherein the nanow res
ormarieér%%&veamrn@my monodi sperse in average |ength. 11.

A §.oﬁ“ﬂé’fﬂo}% PRk %&cﬂﬂdlﬂF B 45k 1 WhQEin! tROMIATIN: nanowire consists
nanow res according to clarmb, wherein the nanow res
essem'taﬁy ofi banmnndtmtdrynatmvd),dn&pl@p smatérial auetabgradenindtehial, fifagngtic material,

ng n conprising a plurality of inorganic
ormﬁ‘gl‘{ ?/\Xﬁ’re according to claimb5, wherein the nanow res

ar £ $HOFoARhldnywire RS SRL kS Eaint 1 AVEdréifighd f@Wwire 1ABY length of
are al so substantially nonodi sger se in avera

abouV\Riﬁ hm1a abwtémwsw@n vidthof aboutg ram o ehoat 8ymof

comp T uOrGRR R ERy abEE Rk R 1O PRABR fie PERRH] fowire i

crystﬁlhﬂ@ afd tHRIiBGRhic a8RIWied ebnsith. ess‘éntfﬁll)h@ltkeﬁﬁccfrﬂﬁéﬂoﬂma&ﬁal metallic
I norgani c. nanowi re conprising the steps of: (1)
matefiplp el ngidsmeatenalbe nBe é@Eﬁ"@br"r mixargsdhereefor t he

| ngr ?ﬁ{g{&% %5@ re Qgeonﬁagvd diig1 Ah&LARRRh A PR lafe oriented.

scaf react I'ng theé“one or nore precurs
ey .eAi @itpositioh kemprisag a phurality bh nosgaaid mdngwires Acoonding to claim 1,
notﬁ articl es, erelaﬁ thert?ﬁano%artl cl es ;are di sposed
whergj 5 nanowires gkt fostentially RenadisREtss i YsRagedengilys £ of g
angl A@onﬁ%@i‘hgﬁ%fﬁ fisifgh Eﬁﬁaﬂt? f frforddn®t! KhndWake$ H&:ordmg to claim 1,

nanopartl cles to ormt e |norgan| C hanowire by usi on
whereifn thteanwarirss are subbtestiallysnorpidisperse ffbavezagsovidthag to 14,

i n_the..or anlc .scaf .
g B S S5 AsaE 2L bR SN i 1
wherl-ﬂm thhi&ioRiires aResubbangalyatodipsise i aakdg! léthHJ raadiaseslso
surface peptides along the Iength of the scaffold

substanfially mp &p@rsph@avﬁmmﬁ cles. 17. The nret hod

255 L gbBrEh e s Al Bk e i

wherein the nanowires are substantlally monodisperse in average length

11. A composition comprising a plurality of inorganic nanowires according to claim 5,
wherein the nanowires are substantially monodisperse in average width.

12. A composition comprising a plurality of inorganic nanowires according to claim 5,
wherein the nanowires are substantially monodisperse in average length, and are also

substantially monodisperse in average width.
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18. A nethod of form ng an inorgani c nanow re
conprising the steps of: (1) providing one or nore
wee@sns®es materials for the inorgani c nanow regT/(83005/000075
providing an organic scaffold; (3) reacting the one or
nore precursor materials in_the presence of the . . )
sdaf FPorempesifian commaisingsrRluralitys ofiRergaRIc nARIVGEes: wherein the inorganic
¥ (@) . . .
nano PSR M fFUAREE Al Giés SORIRay BB CRUGRMD sl
sddr iA methald of fgaring arsmafdaalcchanowirh eomprising theastepsfof:ai1) providing
i nor gani ¢ nanow,r.e cogrpri si ng provij g;,& a fj.l anment ous }
one oy mEfFsPreeuseTaneferall forthy 1MEFEgaN nanA e Vi) Broyiding Asglpngpied organic
3 o r
scalTBTSPRALE B oBPr ERIPR LMk Ml BSsp o seaffold to form
nanofarticlese mherein the gamipartindesfdrodidpesed alongthd kengthalf therajengated organic

scafTl R 4] WAl i U A Rliand Clsebp gy s @R ghegnorganic

nanowiitdb @ fusidiUfIRMhdnoparielesr € precursor on the scaffold,
converting the inorganic nanowi re precursor to the

i 16r Thainetiaavaprdingihilkewheraimthe graahis staffeldénsubstantially removed
& %rgglani c. scaffold to yield the inorganic nanow re. 21.
om Y L4BIVEEr el ongat ed organic scaffoid to control the
| @B9tThe @fetl®d dcoordgpto ¢laanayivheret the emagated 6fgania scaffold comprises
nprising the step of geneticaII% engi neering the

surfacs qePHdAcHlQn B ImEth of TheschEalk Whish Dinddo dke-Tmepaticlss. A
d $¥! The GRMR atbSind o glaﬁﬁtlﬁoaﬁfﬂeﬂl tﬁ,i %&r@hﬁ%eﬁ%gts?e?is carried out
with I'ng alrm 1. ) e vice -

a nanow re accor tb C
at aboa€ £@0°Citogbout 1000PE 22, wherein the device is field

effect transistor. 24. The., device accor.ding to claim .
238 \ﬁh@F@Pa of ?fgm&aﬁrt@owgma NERAWHF CORTISINg the i o4 1) providing

one oP@B&?rE&rQ&W&ﬁdl@ﬂ)r %eoilangahi'c,tn\An%ir@Qﬁﬁﬁ%bﬁﬁ’ngsﬁ%%ﬁlﬁi@ scaffold;
of n 26." A nt e

now res according to claim1l. segne
(3) reacaimg\the enecwrmore pravyrsar mlaterialsiin yhegiressoonefthe dcaftolgramdes conditions
of . nanow res, the nanow,res. risi fu | nor,gani c .
to forf. it FBREANS mote 4RA B BirgnuBgPiar e gt b HhhSwie.
Whor es8 of i ElheAERvads B¢ & sdekificRe @%faﬁic@ciﬂ?&d o {1 ipAcuction of an

. sites at both ends of the scaffold which are used to | ]
inorgdsiiqyernowirgreenpsising poeniding @ fdamentpes Weusrseafifeld apd an morganic nanowire

f i i i f . . .
e BT 5 L AL D8RR 850 g e o

nanowifQVi di ng an el ongat ed organic scaffold which
conprises a plurality of bjnding sites includin )
bPAdUsg ok famentois gréane scatipidrps aragrieial caganig 3Faifald in the

produbliSib ) ifibigiSic Andbird EmprisAEpBP iy a filamentous organic scaffold and an
inorganic nanowire precursor on the scaffold, converting the inorganic nanowire precursor to the
inorganic nanowire while removing the filamentous organic scaffold to yield the inorganic
nanowire.

21. Use of an elongated organic scaffold to control the length of an inorganic nanowire
disposed thereon, comprising the step of genetically engineering the scaffold to control the

length of the scaffold.
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the scaffold; disposing a nanow re precursor

conposition along the length of the scaffold to forma
waeaksfelcded precursor conposition; treating theCT/US2005/000075

scaf fol ded precursor conposition to renove the

scaffold and formthe panowi re. 28. The pracess . )

acedr &i dryicesompasing an eleghadein electiacal copiard Math anagawite according to
claim§affol d has binding sites at both ends of the

scaffold. 29. The process according to claim 27,

f u28.h®he devipr acsoniing toelane?, oheresi thg deviee isi fiedd offect ittaasistor.

t o, bi nd,t g anot her

t _th d.of the, ffol
St P _ﬁ]‘? ¢VI§m%°cq%§g§t3&§3@S22aw&6ﬁﬂm (hg e ish Sener.
whes .e}'\rbegllﬂ‘é‘n@@ AbRFirSdontiHstHgS ﬁlﬁraﬁﬂ%%@dtéﬂ"&%lﬁﬁﬂts of nanowires

organi c Scaffold. 31. The method according to Claim
accofiing whaaigi h. t he el ongated organic scaffold conprises

fgéé‘ta%esggggatigg ggrg?vsaxaco | egg}%faoq ﬁ%ﬁi{}g&? c%xl)gingct&{ soerg]glehg%f nanowifes,
the AAGWREY ddnSprRng fOBRT iBbMBaAhi0 %aﬂ@ﬁ?ﬂidl@ﬁo@drﬁeléﬁ%&lﬂd&ﬁgﬁﬁ@&affold,
some copies of the coat protein along the ena;ﬁ of )
whereneth elomated Orgamic STl Bes bt e sUETHtRgth ends of the seaffold which are
wher ei.n el,ongat,e L. | caffol d conpri ses
usedéﬁﬁngct a}ﬁgtg‘?ri %g%g%gerﬁl 03%*‘8“.“8%% ldzoat protein along the

| ep@t A prbcesiifor pecfutidigthandivieds Wit dset of dnfedorgaedaigdntd saffold
wherein the Eepti des are displayed on substantially
comprising WsistePs 6 t he coat protein along the length of the

S CBlroffoiﬁjg an elongated organic scaffold which comprises a plurality of binding sites
including binding sites along the length of the scaffold and binding sites on at least one end of
the scaffold; _

disposing a nanowire precursor composition along the length of the scaffold to form a
scaffolded precursor composition;

treating the scaffolded precursor composition to remove the scaffold and form the
nanowire.

28. The process according to claim 27, wherein the elongated organic scaffold has
binding sites at both ends of the scaffold.

29. The process according to claim 27, further comprising the step of using the binding
site at the end of the scaffold to bind to another structure.

30. The process according to claim 27, wherein the another structure is another elongated
organic scaffold.

31. The method according to claim 14, wherein the elongated organic scaffold comprises
surface peptides on copies of coat protein along the length of the scaffold which bind to the
nanoparticles, wherein the peptides are displayed on some copies of the coat protein along the
length of the scaffold.

32. The method according to claim 14, wherein the elongated organic scaffold comprises

surface peptides on copies of coat protein along the length of the scaffold which bind to the
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nanoparticles, wherein the peptides are displayed on substantially all copies of the coat protein
along the length of the scaffold.
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