3 MAR 2006 WD 03/029431 PCT/ US02/ 31655 NANOSCALI NG ORDERI NG OF HYBRI D

MATERI ALS USI NG GENETI CALLY ENG NEERED MESOSCALE VI RUS TECHNI CAL FlEHF%HEh?%E
THE | NVENTI ON The present invention is directed to organic materials

capabl e of wwionmiorgssio i norganic materials and specifically, pCewsugi31655
bact eri ophage that can bind sem conductor materials and formwell-ordered
structures. 5 BACKGROUND OF THE | NVENTI ON The research carried out in the

subj ect application was supported in part by grants fromthe National

Sci ence Foundation, the government rmay own certain rights. In biological
systens, organic nol ecul es exert a remarkable 10 |evel of control over the

nucl eati on and m ner al NBNRSEASE NG ORGERINGRFe HY BRI Ds MATEFLAIAS ci um
carbonate and silicalSENG GBWERICRALYs EVFBNEESE DO MESHISSRALE SEIRUS nt o conpl ex
structures required for biological function. Materials produced by

bi ol ogi cal e t ifﬁ%l ﬁﬁ& t, and consist of a surprisingly
e :%fﬁﬁbéﬁfar lﬁwvlng

si npl e col'lecti’on "of "nole l ocks (i.e., lipids, peptides, and
nucleic acids) arranged in astoundingly conplex architectures. Unlike the

sem conduct or injdustr ich relies on a serial . lithographic, processing
approach for conkt ﬁﬁ%ﬁ#t%‘_’%ﬁ%s’ts 2%?%%?%? ek® o?ﬂ'-g%ni‘gt EﬁFEFé&EEi rcuit,
living or gaijayle SCBARIindets Pichgderd U@ter DA UEPEhAL SpebSiERBamRG, | Y
non-coval ent forces acting sinmultaneously upon nmany nol ecul ar conponents.
Fur t her nort@vwansk dw aeicariage cdinlof¢ah Rirgasgnicerdechngemaberigds end or

nor e usabl r Wi ' of the 25 nolecular constituents. 1
31MAR2006 &%@%%eé%%%BS The use of "biological" materials
to process the next generation of mcroel ectronic devices provides a
possibée solution to resol vi ¢$P [ 'é)t' S ,;tional processing
met hodSs. The critical factors |r# |éﬁ§L ?6%%% %ﬁiﬁ#%gﬂﬁifying

The research carried out in the subject application was

supported in part by grants from the National Science

Foundation, the government may own certain rights.

In biological systems, organic molecules exert a remarkable
10 level of control over the nucleation and mineral phase of
inorganic materials such as calcium carbonate and silica, and
over the assembly of building blocks into complex structures

required for biological function.

Materials produced by biological processes are typically
15 soft, and consist of a surprisingly simple collection of
.molecular building blocks (i.e., 1i§ids, peptides, and nucleic
acids) arranged in astoundingly complex architectures. Unlike
" the semiconductor industry, which relies on a serial
lithographic processing approach for constructing the smallest
20 features on an integrated circuif, living organisms execute
their architectural "blueprintsﬁ using mostly non-covalent
forces acting simultaneously upon many molecular components.
Furthermore, these structures can often elegantly rearrange
between two or more usable forms without changing any of the

25 molecular constituents.



5 the appropriate conpatibilities and conbi nati ons of bi ol ogical - inorganic
materials, and the synthesis of the appropriate buitding blocks. SUMMRYHF
THE | NVENTI ON The present inventors have designed constructs and produced
10 bi ol ogi WA03RM3} i al s that direct and control the assenbl PCEUSOHEI6SENI c

materials intg controlled and sophisticated, structures. The use of
bi ol ogi cal mat&& ¥5& ©F S (i?Q%ﬁP EkﬂﬁEﬁFh%.%r?%]gr?ﬂﬁ?shgyé PREEr est i ng

el ectri cglon@ra@RnC e mAARAI I &S SR e+'§@é‘s tordeca€8ss pBestbig of

features an% 15 inprove the control of, e.g., the opto-electical properties
of the setlatiiain tSemessridugtprtheatbimbtat bors tghi tasdyt hndelf porcesising

sul fide, gallium arsenide,_.indi hosphat e,, cadmi um _sul fi de, ,al um_num

ar seni de"%tﬁ'ﬁdﬁ’um ?’i%i%%ﬁd%&%’b A0 THEER LRRFRBRBUBLS ELﬁlﬁf"grlFé’llé"gare
of ter; cl asel fHppf opHi@ 1@ At il {F Dol dh@NEor® P88t L bnsCoeUBiN¥l ogical -

sem conductor nmaterials. Organic-inorganic hybrid nmaterials offer new routes
to novelntag@niisl madred idehd,.cand THee pryritme sisveht bhe ARpsopsipkei ted t he
organic-%porgpnic ybrids to select for peptides that can bind to

sem condTedF % &85 si ze control I ed 25 nanostructures give optically
and electrically tunable properties of sem conductor materials. Using the

present invention, organic addit,lVves. .ha b o nodify the
i norgani ¢ nor phol ogy, phase, gﬂghhﬁglggiﬁgﬁ g&&@@@ﬁgﬂiof sem conduct or
materi al s. The nonodi spersed nature of biological 30 naterials nmakes the

system conpat ifipee ffr@séﬂtgmwemﬂﬁf@d;aﬁmé Wédlecbngt shedet HhE. p2oduleld
2006 WD 03/029431 PCT/ US02131655 Buil ding well -ordered and wel |l -controll ed

t wo-1Gind bliedesi ciilmmediasria l sthhat Wiseat amd eerbrehgthesaasembdyt BE maj or
goal of .huil di t it | % I ronj G g etic
mat eri al %l?l;érfj eq\%:l g“ga?.e‘%gr}? ?ledstgd;r‘%ﬁgérlg@ ’Eﬁ/‘g ﬁ%us%ﬁﬁgﬁg cgglg'pdi ng such
struct ur ex rusitngrels.aditheonsde roff d5i @l ¢ghppl aastesialédstdi sgckasedahdrein, the
present inventors have dempnstrated ,that soft erials can act as
self-orgQﬁS&Q@sWﬁ%&r%ﬁ%ﬁuﬁ have interesting electrical or optical
properties may be used to decrease the size of features and
15 improve the control of, e.g., the opto-electical properties of
the material. Semiconductor materials are typically made from
zinc sulfide, gallium arsenide, indium phosphate, cadmium
sulfide, aluminum arsenide aluminum stibinide and silicon.
These semiconductor materials are often classified into Group

20 .II-Group V and Group II -Group VI semiconductor materials.

Organic-inorganic hybrid materials offer new routes to
novel materials and devices. The present inventors have
exploited the organic-inorganic hybrids to select for peptides
that can bind to semiconductor materials. Size controlled

25 nanostructures give optically and electrically tunable
properties of semiconductor materials. Using the present
invention, organic additives have been used to modify the
inorganic morphology, phase, and nucleation direction of
semiconductor materials. The monodispersed nature of biological

30 materials makes the system compatible for highly ordered

smectic-ordering structure.



I norganic materials at the nanoscale level. Alivisators and Mrkin have
exploited a DNA recognition linker to formspecific .10 nanoparticles 3*MAR 2008
conbi nation structures. Stupp and Coworkers nucleated ZnS and CdS in

| yotropi c M@us/ekeestystal line media to make nanow res and naaIFUSNaciIésses.
Bot h nmet hods, however, are Ilimted in length scale and offer limted types
of inorganic Buﬁkﬁingsweﬂl+pnﬁﬁr¢dtamdmw&llﬁhembroléedatwernandvehmeehods

of 15 creati wel | -ordered structures at noscale Iev are. needed.
The pr oo AR orF § I CRLEeE oA HEE  StaeeRdbh SRALS ifnctieopeigs goal
bi omat er i soufiadi e o %ﬁé@@@i@nsbﬁﬂﬁcﬁﬁﬂ 8Bedt rvAYct @nBUMaEnetic
wel | -ordered structures. present invention 20 includes nethods for

bU|Id|ngm&ﬂ&nkﬂkﬁnanﬂrﬁﬁﬂﬁﬁﬁ¥icI%amhyé¢%eab9h@§$n@aﬂﬁoﬁ@gp§§ﬂ Qélect|V|ty
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i nvent i olad sdisdRSdedl Koreits) Nthe 2brésehit asseshtong haokodetidhstebeed es,
e.g., bacteriophage, that are genetically engineered to bind to

seni - condiltdtorsoftt cratesiaksdci® BFhahf 72 BT PreRALEEESsENAst GresNiTRese
S””Ct?”%h anfe: maet@ri?fé‘né’écﬁilxg ﬁ‘é%ﬁa% b Q?artfxiggisa%lrgg
phag

bacterio as an exa sel asse o I ca naterlan can be

sel ect ed Miarkigpeacavé Ce:kphﬁliﬂgd p& OPRAt resogmtpant iLd:ukelr senfoendypeaific
surfaces, and thus,_the nodified bacterlopha ge and the nethods taught

her efR niAIRPAREH 195 %9%%%%aﬁk?P BrHRFEYE €S r ucPLHER SPthQWﬁﬁﬁéFﬁals
sel ect ed. nx?tféété\@‘%x?@oénmc@@ Pr9%9d ¢ | 55&&89253195{%%51:&&9&% me@id @ the

pr esent invention is a nethod of creati ng nano artic have Specl fic
al i gnrrentmépke)pmrhcmesres Tand hanastouptiusésd b?otheaethgs:lse hovexerhlare

bact eri ophage hat ecif'c bi ndi r t he .5
bacterio&%ﬁi?? gﬂ eﬁ??g?iﬁﬂg ﬁg?ﬁg ?g %Sﬁyﬁgpggeoéhépﬁrgﬁ%ﬂﬁlon
and r esusRepél e & mlm%ﬁlcimé #8PR. "TeThefe fBYehealisednke iteeie® hods of
bacterlophage that have three liquid crystalline phases, a directional
ordeiSi n g¥eating well-ordered structures at the nanoscale level are

needed.

The present invention is based on the recognition that
monodisperse biomaterials that have anisotrophic shape can be a
way to build well-ordered structures. The present invention

20 includes methods for building well-ordered nanoparticle layers
by using bioclogical selectivity and self-assembly. The
nanoparticle layers can be made of Group II-VI semiconductor

materials such as CdS, FeS, and ZnsS.

One form of the present invention is a method for using
25 self-assembling biological molecules, e.g., bacteriophage, that
are genetically engineered to bind to semi-conductor materials
and to organize well-ordered structures. These structures may
be, e.g., nanoscale arrays of nanoparticles. Using
bacteriophage as an example, self-assembling biological
30 materials can be selected for specific binding properties to
particular semiconductor surfaces, and thus, the modified
bacteriophage and the methods taught herein may be used to
create well-ordered structures of the materials selected.
3



nemetic phase, a twi sted nenetic structure in the cholesteric 10 phase, and
both directional and positional order in smectic phase. In one asp&ctMARhEGD
present invention is a nmethod of making a polyner, e.g., a film conprising

the steps Gfoo3aeRyi fying a self-assenbling biological nolegd@usRRpdksSi Ng a
portion that binds a specific sem conductor surfaces to high 1

concentrati ongnaffe 0Rbamt OFY tORE pie SENE IFRAEMOIBHICE Hra Naé€hbal of precursors
with the self-assenbling biological nolecule to form or direct the

f or mat i oRreRtingr panapariasles: thetmheve wpasidsichtaligrmenbnprepatthed. f or

creatin oparti ; h i f.f.ar] chol e Fy) | . sin
oo anTRE B paRLL SR BY et £ T B A EPER LB BYe T o
surfacesthad hesuspeadifig biedimgericpemardsguammnceydnat thas. Anot her form

of the present invention _i.s a nethod of preparing a casting filmwith,
al i grred PAGRBBAPPNEEES LBy NdgPhFOoNCERtrafdians LRIRP dif ket ¥Rexasechain

bacteriogggggignd 5ﬁds¥§@%@§%9%§5‘ gﬁﬁfhgﬁggghage. BRI EF DESCRI PTI ON OF THE

FI GURES a nofe conpléte under the features and advantages of
the present invention, reference is now made to the detail ed description of

nuneral s i n (R Sabpiey BERpa AL SRTRARY A%, MG pieyltiopRogRaERRE” 0

nunerals int refer 1o correspon

whi ch: 3h4vhARh26061VGuad 2943k 1IRCHUSIYsEHR5% HlfRB8RH dndepbeierseheehed
random am no aci d sequences in accordance with the present invention; FlIGURE
2 depi ct BeRPEispEbAEE, of $MLFEEG demat i SrcEre wir hithfechptasheric

I nv I Op; FI ey § | L4140 stru I n
accggéanggaaffh EgbgFgé@%?%?ﬁggﬁgﬁbﬁ?ﬁgﬁgﬁﬁé%nﬂﬂ%lH%%@%? %%e%%€§§§gnino
aci d seqgphnees i in aaeordpect WwHeh pirfesgrtesententmantiona keghodso¥(a) and
9(b) depic&a;chenatic di agranms of &q§ﬁllo snectic alignnment of 3 phages in
accor danBa@kdPPhat RELYFELan e - F-nvénthitdm MRS HME e S8¢PF SFe i nages of

the A7-ZpRp3¥spensi @8NSelf-assembling biological molecule comprising a
portion that binds a specific semiconductor surfaces to high
15 concentrations and contacting one or more semiconductor material
precursors with the self-assembling bioleogical molecule to form

or direct the formation of a crystal.

Another form of the present invention is method for
creating nanoparticles that have differing cholesteric pitches
20 by using, e.g., an M13 bacteriophage that has been selected to
bind to semiconductor surfaces and resuspending the phage to
various concentrations. Another form of the present invention
is a method of preparing a casting film with aligned
nanoparticles by using, e.g., genetically engineered M13

25 bacteriophage and re suspending the bacteriophage.

BRIEF DESCRIPTION OF THE FIGURES

For a more complete understanding of the features and
advantages of the present invention, reference is now made to
the detailed description of the invention along with the

30 accompanying figures in which corresponding numerals in the

different figures refer to corresponding parts and in which:



(a) and (b) POMinmages, (c) AFMimage, (d) SEMinmage, (e) TEM inage and

(f) TEMinmage (with electron diffraction insert); and 15 Figures 11(4)! MAR 2008
11(f) are inages of the ML3 bacteri ophage nanoparticle biofilm (a)

phot ogr aptwobsddasfi Il m (b) schematic diagramof the fil mp¢tusizaigss (C)
AFM i mage, (d) SEMinmage, (e) and (f) TEMinages along the x-z and z-y

pl anes. DETAIRIEDREESCRIdeH iGN OF sElile citidENTa bR 0 addittrougk inbksaguences in
usi ng vari ous, enbodi nents of the resent invention are discussed in

detai | tﬁQQRﬁdﬁQC%Hﬂiﬁaiﬁhf Eﬁﬁﬁ%&€a}%ﬂe?ﬁé?“fhe present invention

provi des many applicable inventive concepts that can be enbodied in a

w de variety of specific contexts. The specific enbodi nents, di scussed

herein 25 ar & JE1RH y2i I99RG%S i & Sof SRPEETRi CTnafEriGtHERS obf @scorRance
i nventiqp, Q%é? f - el 4 scope of the invention. 5 3 1 MAR 2006
WO 03/0%§£§§ %bsuzfggé%g&%%%fﬁ%ventors have previously shown that

peptides can bind to sem conductor materials. These peptides have been

thei P sel f- aduirs, Ik {onpdR g IR TEE B P RhEFGLEY in

abi l'i ty decomigrd 28 @nc e npieé eehvoingesalioy; i nportant materials with
face specificity, to nucleate size-constrained crystalline sem conductor
materials, and to control the crystallographic phase of nucleated

nanoparti cl erIJIREPEPLs dbSpi€aNspeEOf CONGRDhot Heiaspeguendldiso igf t he
peptides and therefore, 10 the optical properties. Briefly, the facility
Wi th whidecpidaneg ddlthyehenpreagsenbneenkhensel y conplicated structure
on an exceedingly mnute scale has notivated a great deal of interest in
the desire to identify non-biological systens that can behave in a 15
simlar fashiliguds pgfal camndr Vbl udepbat dsbeemet hoddimgaamsc ofl dhse

bt et BB IS $BUTLE Rh0aS; B SORbEndheeoRe tEE L RRES e

bi onol ecihwsntgigh such materials. The present invention is based on
recognition that 20 biological systens efficiently and accurately
assenbl e nanoscal e

Figures 10(a) - 10(f) are images of the A7-ZnS suspensions:
(a} and (b) POM images, (c) AFM image, (d) SEM image, (e) TEM

image and (f) TEM image (with electron diffraction insert); and

15 Figures 1l{(a) - 11(f) are images of the M13 bacteriophage
nanoparticle biofilm, (a) photograph of the film, (b) schematic
diagram of the film structure, (c) AFM image, (d) SEM image, (e)

and (f) TEM images along the x-z and z-y planes.

DETAILED DESCRIPTION OF THE INVENTION

20 Although making and using various embodiments of the
present invention are discussed in detail below, it should be
appreciated that the present inveption provides many applicable
inventive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed herein

25 are merely illustrative of specific ways to make and use the

invention, and do not delimit the scope of the invention.



bui | di ng bl ocks into conplex and functionally sophisticated structures with
hi gh perfection, controlled size and conpositional -uniformty. One fatMQANG-
of providing a random organi c pol yner pool is 25 using a Phage-display

l'i brary, bwead/iopssa .conbinatorial library of random pepti despERos@3M6539
between 7 and 12 am no acids fused to the plll coat protein of M3

col i phage, priw deniventéresechavepppeivdesstllyatshasre therctrebwi déscegstbihdne

sem conductor . structures. Five_capies.of the pl.l] cqat protein_are | ocated
on 30 ot GHPTOTHEE FRE R PEFEPLRE. « SEESGPERT 147 TRYE BheBf ELREnes
parti cl ejevdropdgenth S8l adyapgr aaeh eptavigdedrogimsiclids dhdkageebetingen
the peptide substrate interaction and the DNA6 3 ' ; MART 2 WO

03/ 0294 3h&QT/ 3450P1 39688 1 hat TERc BEdH tfw@tturrﬁ%rca‘ct‘dm.pamiéqanpres

desccti b here .used_ as_ex I fily i.fferent, si,ngl.e-crystal

seni %onﬁ'ﬂﬁ’o’f' AP hhEY ?306%%%&?@‘3( ﬂ‘%} %,lnééﬁmlé%*%ﬂﬁboimﬁﬂﬁtﬁf100).
These subsdrpdes @i tewedckogpeysfedatiyc @valnidledtofs1ie-PeRbt d8ihed
substrate interactions and confirmation of the general utility of the

met hodol @%ystAllhee ppeseaenfugsati sateddadish f @énghtto cromtrdli hkestruct ures.

ol ut od (SEM Ther S pBhsS BRERR Me hyP At el bRt TR ShabFideeca

agai nst ¢de SLdstEcaherohdenenaspectt rakdeniofcantt tpepisiddsi Sn@r EEedUE8raas
repeated five tinmes to select the phage in the library with the nost -
spedf i cthe epRical pprepersigs: the third, fourth and fifth rounds of phage
sel ection, crystal -specific phage were isolated and their DNA 15 sequenced.
Pepti de binding has been identified that is selective for the crystal
conposi tion (Boiefkunpthe BrpAdila§yt vitbaadieh hictlazis) swstemgstal line

face (fo | e L ndi , ot to (111)B GaAs). Twenty
cl ones séefgc e ef%r(r)uﬁqeg%?lgéﬁp&égg}:ae%i@}{é%ﬁ%fe 708 ané e‘?}r{r%%%ggBQ%Spe
bi ndi ng i@t @Sste@lehraGaAstivatede a Greapaddadl qEptriterssguenceseof the
nodified pill or pVIII protein are shown in Figure 1, revealing simlar
anino-ad@%s%ﬁﬁuﬁﬂcégentlfy non-bioclogical systems that can behave in a
15  similar fashion. Of particular value would be methods that
could be applied to materials with interesting electronic or
optical properties, but natural evolution has not selected for

interactions between biomolecules and such materials.

The present invention is based on recognition that
20 biological systems efficiently and accurately assemble nanoscale
building blocks into complex and functionally sophisticated
structures with high perfection, controlled size and

compositional uniformity.

One method of providing a random organic polymer pool is
25 using a Phage-display library, based on a combinatorial library
of random peptides containing betyeen 7 and 12 amino acids fused
to the pIII coat protein of M13 coliphage, provided different
peptides that were reacted with crystalline semiconductor
structures. Five copies of the pIII coat protein are located on
30 one end of the phage particle, accounting for 10-16 nm of the
particle. The phage-display approach provided a physical
linkage between the peptide substrate interaction and the DNA

6



anong peptides exposed to GaAs. Wth increasing nunber of exposures to a
GaAs surface, the nunber of uncharged polar and 25 Lew s-base functiqn@MAgzwﬁ
groups increased. Phage clones fromthird, fourth and fifth round

sequenci ng w@ebaioasd on average 30% 40% and 44% pol ar funcpdppgdzAERUPS,
respectively, while the fraction of Lew s-base functional groups Increased

at the samt tdntdesomiEkYoir ehfot D05 % THE ce oSl ¥SddeBEEED8E hBrkewsed30
bases, which should constitute only 34% of the functional groups in_random
12- mer p&$t icd@dresm duve ibrifsretugyRg ket haystakt semiEpBAYCherfeeRalew s

bases on ¢t peptides e | Lh v/ 31 6 / 31
PCT/ USOZ/%;@EZB I%tsal dses( %lnqqtph'e%(ﬁfﬂsﬁlr)f%bg'l}nﬁglgnggi %%{%) %ﬁé@ég ect F\})Ssgi ndi ng
exhi bi t ecubstihess dldesed Ter expeodealt 5¢ recd lnet bbnt b€ thdi pepdidid- ners

selected fromthe |ibrary may be an ex ended,confgrnation, which seens 5
[T kel 3 f SRBSHAAL S REIAST YRNG S HeoRbhET ekl FCPE | BRgeSCNREAL BhaLafnt

cell (5. &% '@hé)fme%c:lm &fPrhe Oﬁé/séﬁ"@G;iA%@éH@i&H faegﬁmewﬂkd be

necessary for the pepti 0 recognl ze a crystal. ese short peptide

domai ns, duygtalghired strdyaturels. contain serine- and threonine-rich regions

in addition to the 10 presence of am ne Lewi s bases, such as asparagi ne and

glutamne. To determ ne the exact binding sequence, the surfaces have been

screened with mhwydier dedueridess, tha| sncogs FEukly abdutddstbpbhde speed$t cai ned
7-mer libraries. Using these shorter libraries that,K reduce the size and

erxiniQSN%ﬁékrﬂ?QﬁrﬁﬂqEFQKFEQTLth%mﬁ?ri%cﬁep?mﬂﬁigﬁ?9a9¥'!ﬁtérac?ions are
al | oygd, i@l iNOrdNE NG Skt dDCIGEE8sE {‘télggesﬁ%ﬁﬁg{:a Qhakpt gib"i‘%t I ons

bet ween generations of selection. age, ed wth streptavidin-1abel ed
20- nm coldtoiidajentyoiahgigr toms esThds npirocedhee phagereheatigd diveotimgsated 20

antibody taq the 3 goat_protein, re_used fo uantjtative_,assessnent of
specif!qﬁﬁiﬁ#ﬁuﬁggbéhﬁﬁ?ﬁﬂﬁcﬁ%%c%rﬁﬁagﬁeﬁngséggym°f§P§?egﬁgﬁ§ngépglng'
conposi t izt elet as /g nati i vesrPper £06FEH, and0Ri ORI PGuhB8 BlEapRagubstrate
interaction through the intensity of the gold 4f-electron signal (Figures
2a-c). WsHRftide crystal-specific phage were isolated and their DN
15 sequenced. Peptide binding has been identified that is
selective for the crystal composition (for example, binding to
GaAs but not to Si) and crystalline face (for example, binding

to (100) GaAs, but not to (111)B GaAs).

Twenty clones selected from GalAs(100) were analyzed to
20 determine epitope binding domains to the GaAs surface. The
partial peptide sequences of the modified pIII or pVIII protein
are shown in Figure 1, revealing similar amino-acid sequences
among peptides exposed to GaAs. With increasing number of
exposures to a GaAs surface, the number of uncharged polar and
25 Lewis-base functional groups increased. Phage clones from third,
| fourth and fifth round sequencing contained on average 30%, 40%
and 44% polar functional groups, respectively, while the
fraction of Lewis-base functional groups increased at the same
time from 41% to 48% to 55%. The observed increase in Lewis
30 Dbases, which should constitute only 34% of the functional groups
in random 12-mer peptides from our library, suggests that

interactions between Lewis bases on the peptides and Lewis-acid



25 presence of the Gl-3 phage, the antibody and the gold streptavidin did

not bind to the GaAs(100)substrate. The gol d- streptavidin binding was,: MAR 2508
therefore, specific to the phage and an indicator of the phage binding to

t he subst re¢pap3rollsizang XPS it was al so found that the Gl-3 clpeAfudesaidaked
from GaAs(100) 30 bound specifically to GaAs(100) but not to Si(100)(see

Fi gure siales lon compl Gakant suyféashinen tbdiSikectbre sedecteined kaigedirtsg t he
(100) Si surface, showed poor binding to the (100) GaAs surface. 8 3 It MAR
21) 96 mﬁ&ﬁiﬁ%ﬁﬁém?¥x#€ 2¥89BS8- Some GaAs clones al so bound the surface

of InP (100), another zinc-blende structure. The basis of the selective

bi ndi ng, whether it is chemcal, structural or electronic,, is still under

i nvesti gati orfhe eXRRIFEednStEHELBFEseRcEhef mpadifieds lakimes oreqlrctabst rat e

surface r I I MLty O lyd lendi ng.. e r '

bi ndi ng % ﬂéeﬁ%l ]-'%Q%%ﬁerﬁ%% éﬁé?lgﬁigﬁegge?°?hf§%%b°@( ﬁﬁtﬁﬁé@rﬁ@

ter nbnatledeloy £ddl3malhrseptideser makahgdrhkapepafi deastcoinsl siryeansihaai ed
(Fig. 2b, c). The GL 10 3 clone surface concentration was greater on the
(100) stfecmit vgekh (Rs6dsBY foF Gaks scTheredaret hanlynsmad lgkinddmari ch

(111)A o arsenic-r'ghﬂélllgB surfaces. _These di.fferent surfaces e known
Lo exhi BRI f et d RRIREGFSPRLY( FOT1 FBS, BORRGAS 00 HRSOHUIER 181 G7PS hat
there i ¢ salwctl vr&asdegmﬁr%éFaiaé HBm&'ﬂﬁsPhﬁ&%hlliiﬁ%it% tiq, teagy vay | ous

u

crystal faces. Although the k term nation of "both 111 surfaces give the

sane gesntdin serimeurandthbregpnisecnéed beoweas Haviaddithian t&s theons

cur Fce Washiked & RE%e TheTLE, RREETTaUEh R0 M5 n el i LU Pine

GaAs surfeachst é smbhsotkxpegaetd bonbeéngdsbiaease, and HurFided WHavemedd f ect
the nature of the peptide binding. The intensity of Ga 2p electrons agai nst
the bi ndiSiEeneRryithrehostpst LaPEariggy hBFeLSiFGsdamer and @Lssﬂmmgge

clone 25450l oi4ed ¥0nde-105-5¥PEE! ePsERgMEDS S| SRS N G A dilifk

reduce the size and flexibility of the binding domain, fewer
15 peptide-surface interactions are allowed, yielding the expected
increase in the strength of interactions between generations of

selection.

Phage, tagged with streptavidin-labeled 20-nm colloidal

gold particles bound to the phage through a bioctinylated

20 antibody to the M13 coat protein, were used for guantitative
assessment of specific binding. X-ray photoelectron spectroscopy
{(XPS) elemental composition determination was performed,
monitoring the phage substrate interaction through the intensity
of the gold 4f-electron signal (Figures 2a-c). Without the

25 presence of the Gl1-3 phage, the antibody and the gold
streptavidin did not bind to the GaAs(100)substrate. The gold-
streptavidin binding was, therefore, specific to the phage and
an indicator of the phage binding to the substrate. Using XPS
it was also found that the G1-3 clone isolated from GaAs (100)

30 bound specifically to GaAs(100) but not to S5i(100) (see Figure
2a). In complementary fashion the 51 clone, screened against
the (100) Si surface, showed poor binding to the (100) GaAs

surface.



Ga 2p intensities observed on the GaAs (100), (111)A and (111)B surfaces

are inversely proportional to the gold concentrations. The decrease in GamaR 2908
2p intensity on surfaces with higher gold- streptavidin concentrations was

due to the mwoomeeessi n surface 30 coverage by the phage. XPPdpuBidssace
technique with a sanpling depth of approximately 30 angstrons; therefore, as
the / thicknessmef GhAe cidgaeisc alapeboundt edsegutifercesighdn®? r (IR0 he

i norgani ¢ substrate decreases. .This obseryation was used to 9, 31 MAR 2006
VO 03/ 02938 EPEF/ ERDST S1655 5. SRRt (e %ﬂs_e’r?sicl-@ ‘3?6 FFESEHEDt avi din
was indeed;du@ngt OwhBenBre3I®NGs heai2ga ,CAHAINIUKER &F Yoiabt BRRELS | £5

bondi ng sequence on the surface of GaAs. Binding studies were perforned
t hat correkaflé wntert hoveRSidg@tdonwhedd @fighHlt inmwberhe afreseperi ¢f cnphige

cl ones. wer e .exposed,to _variqus sem _conduct.or ubstrates wth. equal surface
areas.> W Pﬁ}ﬁﬁggnc?:gﬁeéu i sca?nd%lrﬁ%%gﬁ e’ iar@-'e?]i i ds‘?#fc%"’r%gtl’ o°€5aAs (no
pl aques wgeptidet 8ghedhg.For the Gl-3 clone, the el uted phage popul ation was

12 times greater from GaAs(100) than fromthe GaAs(lI1)A 10 surface. The
Gl-3, Gl2-3 and G7-4 clones bound to GaAs(100) and [InP(100) were inmged

usi ng atonic f?h%eggle‘fE%?%l( AiMainth &1 W Wy a1dies B Z6diks bl §ofe

structure, isostructural wth GAs, although the In-P bond has -greateéer
i oni ¢ chapaetretthehdl 115 A hegyaldAsinb dredmiTred ed)- row wi It ) Binth99&nhen | engt h of

th b d .ph i AFM rmat t he di ' f th 3 ph b d
byt ¢ aner BEMIRAERELL 5o oE Gty o SATOERT bR U S - (o Bbs TR Ghr
ML3 ang i bgdicasneelse rgRser Whdmitihtion e phpasatddade vid s100) sudhgcé NP

surface has a high concentration of 20 phage. These'data suggest that nany
factors aw&iichyvulasessied faibsitsatselesddgm ¢ itdmn ioitithe ngabtownsrieh charge,

polarity ga rystal LUCt LAl g%- ﬁéﬁﬁg (n lye Lhed) is seen
bound to 3& ;A§ %§}3§F§%P¥ﬁéHﬁ§%éﬁhﬁﬂ ﬁgl |%mge d%% é%%ﬁn .Hﬁhe data 25
confirns khatfakiesdiare Yawh rectethibit i sk dntedcipgrhicdl oteactivit{ds 3,
not through naon-specific interactions wth the majoy L
and it is not surprising that there is selectivity demonstrated
15 in the phage binding to the various crystal faces. Although the
bulk termination of both 111 surfaces give the same geometric
structure, the differences between having Ga or As atoms
outermost in the surface bilayer become more apparent when
comparing surface reconstructions. The composition of the
20 oxides of the various GaBs surfaces is also expected to be
different, and this in turn may affect the nature of the peptide

binding.

The intensity of Ga 2p electrons against the binding
energy from substrates that were exposed to the G1-3 phage clone
25 is plotted in 2¢c. As expected from the results in Fig. 2b, the
Ga ép intensities observed on the GaAs.(loo), (111)A and {111)B
surfaces are inversely proportional to the gold concentrations.
The decrease in Ga 2p intensity on surfaces with higher gold-
streptavidin concentrations was due to the increase in surface
30 coverage by the phage. XPS is a surface technique with a
sampling depth of approximately 30 angstroms; therefore, as the /
thickness of the organic layer increases, the signal from the
inorganic substrate decreases. This observation was used to
9



coat protein. Therefore, peptides of the present invention may be used to

di rect specific peptide-sem conductor interactions in assenbling 31 MAR 2006
nanostructures and heterostructures (Fig. 4e). 30 X-ray fluorescence

m cr oscopyW@3/02%8t t o denonstrate the preferential attachPerUsse3plsage to
a zinc-blende surface in 'close_Eroxinit to a surface of differing chemca
and 10 3dnfdiamn 2ot \ithe3inpeusit pPCPLUso2A3sbs5ptagtidict wag ouigrdiduen. A

nest ed e e ' S .+t .S fer,n _cont ai ned
1 1 o o Fesike Sl 05 ARG Eoh PRI R B3, YRRty MriediE 1R 35
The GlZeguerit®nes wiee esunfecacdbdGunsh t BenGadAy Sitddiieal twid fe b etstied e,
5 washed to reduce non-specific binding, and tagged with an
Ro

i mmuno- fikek cceErRlptopelthethandPRyHaF RodWheke EAVRL naRbexsiffed phage
f i t : i1, Fi
Cor r Buporks GE+S R 95E gL e HERp MHEbREACER' Farilily ddhiathadtror

pattern &St ratedowhth byqpbbgeuabdcar aré@sdar Wiila-agipe .cldnss rasl t was

not observed on a control that was not exposed to phage, but was exposed to
the pri me@Rdommpenbige abusSTIR (#i§. N85 PitReteafdASedild RARIWUT HER usi ng

non- pha y@g? 2 p I de_aT, As o] - v.ad;
substrag%%Q%eC| f% F%ﬁ ?gr %gAg g%gﬁEAIEQESE?E?%a gg%&&%l éﬁﬁgﬁgﬁgﬂﬁ%ve
essenti dl2ytimesntgreatént from GaRst{iladht shah faom tdEpa@=aRsufEILR 66 A and
5.65 A, resPectiver, and thus ternary alloys of Al xGal-xAs can be

epi taxi SFPFE3FBun on GaAs substrates. GaAs and Al GaAs have zi nc- bl ende
crystal structures, but the GL2-3 clone exhibited 20 selectivity in binding
only to GaAs. A nultilayer substrate was used, consisting of alternating

| ayers of GasBhan@lo?. AlérdpeRd. 62a4. cIRBesUbOUNG danfiahs 6l 0Qasard eaved
d b i t = - |
"bel ed i F8GY weEErLdoth NsihE, SteniceBite MITWtahy PN oo the

scanni ngiep ectyonabi basseopyn¢ SElMpndeons rubeualkt, erimatstndtayes s witizaAs and

Al 0.e9Ga0.0zAs _within t ehagmﬁrutme Fig. 3c¢).. X-ray el enental
analysiésaAsr although the In-P bond has greateér idnic chdracter than

15 the GaAs bond. The 10-nm width and 900-nm length of the

observed phage in AFM matches the dimensions of the M13 phage
observed by transmission electron microscopy (TEM), and the gold
spheres bound to M13 antibodies were observed bound to the phage
(data not shown). The InP surface has a high concentration of
20 phage. These data suggest that many factors are involved in
substrate recognition, including atom size, charge, polarity and

crystal structure.

The Gl-3 clone (negatively stained) is seen bound to a GaAs
crystalline wafer in the TEM image {(not shown). The data
25 confirms that binding was directed by the modified pIII protein
of G1l-3, not through non-specific interactions with the major
coat protein. Therefore, peptides of the present invention may
be used to direct specific peptide-semiconductor interactions in

assembling nanostructures and heterostructures (Fig. de).

30 X-ray fluorescence microscopy was used to demonstrate the
preferential attachment of phage to a zinc-blende surface in

close proximity to a surface of differing chemical and

10



of gallium and al um num was used to map the gol d-streptavidin partlcles

exclusively to the GaAs | ayers of the heterostructure, 30 denonstratingi MR 7015

hi gh degree of binding specificity for chem cal conposition. In Fig. 3d, a
nodel is OEQIdOEM3Ifor the 11 31 MAR 2006 WD 03/ 029431 PCT/ UBQRNUBABESSS

di scrimnation of phage for sem conductor heterostructures, as seen in the
fIuores@@ﬁ@@hﬂﬁﬁEﬂQﬂMRﬁﬁﬁ%ﬂQ¢HgsA3%?%§edTﬁ@uﬁrésﬁﬁttﬁﬁﬂewﬁﬁoﬁtﬁéﬁﬁnsnﬁ@tes

t he power e 0 hag IS I|brar es_t dent deyel op and lify
bi G % SRR O LS bt Y0 eanEReatd ahaifnbr BaR! FeARoondOct Brkn
subst r atgy, Jﬁéélﬁ«?pihdSeE%@ﬁ”bbbﬂnl&% S(@a@sf . cza)atya%f) | g L prystal s
has been extended To other substrates I ncl udi ng GaN, 'ZnS,” CdS,” Fe304,

Fe203, @&&ned&ﬂﬁxeuuhtﬁﬁiﬁkeﬁ|mgt@ephed@ahsbSa@EepatBevabdn&ubwmtbeeL
peptides wi.th two 10 component recognition.(Fig.  4e) are currently being
b1 Bnedta SHEGh DR ten RAveeRRSLhoE ch RH100 ARAote SREOBRL BFes o
SpeC'f'Qdm%HHJfﬁﬁbf&bé@ﬁﬁ”@ﬁ@ﬁéucﬁéfrﬁﬁéﬂﬁgﬂrEhoaﬁﬁiﬁeoﬂgﬁ@bc aRd

i norgani ¢ pairs shoul d provide powerf di ng bl ocks for

f abri cattiaggast phagsyvwererfound a$ theptkreesopdi diheat sdd Lbeelce@ttecm c

structur | e | lde Creation, t o el ecti
Characté&ﬁfaﬁfbﬁp pt?%ﬁf%ﬁf%%??%ﬁélQﬂet%h £2" 'QBP§§n8r°BgHi%8eGPﬁ8rary
was contmafd e oy trldglilep sSF a0 ytdtaferorraidied , utsysid! Sy i phafe and are
Tris-buffered saline (TBS) containing 0.1% TWEEN-20, to reduce pha e- phage

i nt éPactdagris igh enkoBur fBekS Peseit r%ﬂl notfebserNedapnr gomondred |te

the surf r& S | 8 e

7.5, an |n2}§§S|ﬁwﬁ%%£%ﬁ$ggq %nce %gngxkggégo Wbﬁg @%g$%§%b The
phage\ManxxﬂduyxhndEEMRonri@e 3mrfacwhbysame ﬂddultOﬂaGfo@kﬁdhﬁﬂ-ﬂ@ln@pH
2.2) 10 mnuyte, transferbfd to a fresh tube and then neutralized with
Tris- P«IPQQﬂPh?QB 2d PRBEEY%ere titered and binding efficiency

was conpared. The phage eluted after third-round substrate exposure were
30 m xed with their_ Escherichia coli ER2537 host and plated on LB |
The GaAs clone Gl2-3 was observed to be substrate~specific

15 for GaAs over AlGaAs (Fig. 3¢). AlAs and GaAs have essentially
identical lattice constraints at room temperature, 5.66 A° and

5.65 A®°, respectively, and thus ternary alloys of AlxGal-xAs can
be epitaxially grown on GaAs substrates. GalAs and AlGaAs have
zinc-blende crystal structures, but the Gl12-3 clone exhibited

20 selectivity in binding only to GaAs. A multilayer substrate was
used, consisting of alternating layers of GaAs and of
Alg.9eGap,.p2As. The substrate material was cleaved and subsequently

reacted with the G12-~3 clone.

The Gl12-3 clones were labeled with 20-nm gold-streptavidin
25 nanoparticles. Examination by scanning electron microscopy
(SEM) shows the alternating layers of GaAs and Alg.9sGao.02AS
within the heterostructure (Fig. 3c). X-ray elemental analysis
of gallium and aluminum was used to map the gold-streptavidin
particles exclusively to the GaAs layers of the heterostructure,
30 demonstrating the high degree of binding specificity for

chemical composition. 1In Fig. 3d, a model is depicted for the

11



12 31 MAR 2006 WO 03/029431 PCT/ US02/ 31655 XGal/IPTG plates. Since the
| i brary phage were derived fromthe vector ML3npl9, which carries the H Eﬁ%ﬁ
I

gene, phagecﬁlagues were blue in color when plated on nedia containin
( 5- br omo- AWK %G 3- i ndoyl - (3- D- gal act osi de) and | PTG (i sopy$2314555

t hi ogal act osi de). Bl ue/ whi te_screeni ng_was ed to,sel ect phage | aques
with the§+%ﬁﬁ&9# %ﬁﬁ?%eg?ngsﬁgg gPéqﬁg?lﬁgpg%ﬁ e&%%ﬁfoﬁﬁéyggﬁﬁgﬁteﬁsfrom
these plades. idubedr 8l @opespanaki aRd SeRSt kR sOr(iFEations) were confirnmed

by X-ray diffraction, and native oxides were renoved 10 by appropriate
chem cal specific etching. The followng etches were tested on GaAs and | nP

surfaces: NHAfEE BRELAn0ineAt AR dbmblstiAREE tHDDodO Fsd: of ﬁﬁa%%-

m nute and 10 mnute etch tines. The best elenent ratio and | east oxl
formati oni$pkaygliPsries GaAsdentifyl cevieddpsarfceasp Wiaby aeinadimeg usi ng
HC1: H2CL15 for 1 mnute fthamed bé a deionized water. rinse,for 1 mnute.
However , PEFHRR™ AAF SRRDAI BRPHYEFoRPHESBFER ﬁ&é|ﬁﬂﬂf9%ﬂl?}ﬁ@m??9nqﬂ%t?ﬁitiar
screeni ngupittheesi brehys pBpeiakCRevRYNITadH Andldpe®f hEsipASrSubstrate
exanples. Si(100) wafers were etched in a solution of HF: H20 1:40 for one

m nut e, intrgaeicbyrystialenheaedbeenwgxsendessdo Atheursulesbrakes, t aken
directly.fromthe rinse ol ut,,on_an ignﬁgia i gt r.oduce he phage
Iibrary.lngﬁ??%%%séaﬁ’céﬁ ro#E§0b§FP§Pe 2 dtE%&%HSEESFOaﬁﬁgé%&x&epggng
char act epégetd@nti prapedsf or pefheehivepashedfi d hemiicdd 910s1i 0K oeess and

mor phol ogy of surfaces by AFM and XPS. 25 Miltilayer substrates of GaAs and
of Allo. os@aponennsreepanigionn (BygnoldeduRae saurRaspilvnde bng cd¢gadapedaAs.

The epitaxjal e i.~daop - e) Y f x 1017
om -5 AeETBoRtrERRe O oE el B et E S e Pt i dos F LBl R 8

substr at esepef cexposetone phage skeaicbnlivictolr ist Bixthufd er ethesé | aeghhed
introduced to an anti-fd bactgriopha e- .biotin conjugate, an anti body to the

pl 1l pro?%?ni%?rﬂﬁnﬁﬁagé?rs(f 8849 B ﬁﬂ&gﬁhﬁﬂ¥Q£ﬁq¥H,“¥i§&@§ bbpckd EPRUt e
and thentﬁé”f&ﬁriéation of a new generation of complex, sophisticated

15 electronic structures.
Example I
Peptide Creation, Iscolation, Selection and Characterization

Peptide selection. The phage display or peptide library

was contacted with the semiconductor, or other, crystals in

20 Tris-buffered saline (TBS) containing 0.1% TWEEN-20, to reduce
phage-phage interactions on the surface. After rocking for 1 h
at room temperature, the surfaces were washed with 10 exposures
to Tris-buffered saline, pH 7.5, and increasing TWEEN-20
concentrations from 0.1% to 0.5%(v/v). The phage were eluted

25 from the surface by the addition of glycine-HCl (pH 2.2) 10
minute, transferred to a fresh tube and then neutralized with
Tris-HCl (pH 9.1}). The eluted phage were titered and binding

efficiency was compared.

The phage eluted after third-round substrate exposure were

30 mixed with their Escherichia coli ER2537 host and plated on LB

12



3 1 MAR 2000 WO 03/029431 PCT/ US02/ 31655 I n phosphate buffer. A
streptavi din/20-nm col | oi dal gold | abel (1:200 in phosphate buffered sakimg Uil
(PBS), Sigma) was attached to the biotin-conjugated phage through a

bi otin-strepyayp@dysy interaction; the surfaces were exposed el for
30 5 mnutes and then rinsed several tines with PBS. X-ray ﬂf\‘gﬁlﬁgﬁgé?on

Spect r os ey /C¥RS) plﬁft%sf.0|§i%é1g:hé3qrﬂﬁx€€:§y waﬁ%aemré Odle £ N@e XPEr 6t afRe €S
wa

to ensure that the gold signal seen in XP rom gol d bound to the phage
and not mertospdidmpd Sanwihdedy darraresctiton Waddn tgen&GaAshsgef ptaquabhewdbe

prepared (100), GaAs surface s exposed to (1) antipody and the

st r ept aviPdius- ¢& &Aq%-é’n’r’el"",heﬁhtp tteﬁgl?cn ; Y%t@f*@%hﬁ%@l a,(]g-bromo—a—

strept avi di.n-gol-d .l W t. it bjﬁéjIy R

st rept avicg‘ll%-r %ol3d 1@3@)31, va'lbt r‘%‘It}‘ttab%%tshlegr13 e)G%{}gd p agGe gl:gjoaéﬁs%%%%iyﬁ q’he XPS
i nst rswerthilbgaqa\@&s;sa_d%wsimaie/ﬂrﬁw @b Eferiinig BRA uddd SYH0svi Bt aphage
al um num anode produci ng nonochromatic 1,487-eV X rays. All sarrEI es were

i 'nt r oduc @3 aayeshaidhare nandal fentidefingerel Riageergvere phaljed (ard
descri be‘ﬂ)Ni{)%‘é@J tn%eld rg'rto c,z.gf,lie tiéﬁ%toésthe GaAs surfaces, and then punped
t a geh uce

over ni gh vacuumto re sanpl e outgassing in the XPS chanber. 20
Atom ¢ Force M croscopy (AFM. The AFM used was a Digital Instrunents

Bi oscope mounte n Zei ss _Axi.aqvert s-, 2tv,operating.in tip_scanning
node with a Gtsé’g’a"%ﬁé"‘r%e ﬂ?@plarﬁfd: _n'vveasgu Sh&HCS n&ﬁ?nﬁgeﬁﬁn§aﬁgfﬁg node. The
AFM pr obeen#arthe?dt HEXK - 1Sy IEFE ridti o, 5-4HE Gt i Ve VeX Bd@§ 0w PE | PEmEPEGL ant s
of 20100 25 Nm -1 driven near their resonant frequency of 200400 kHz. Scan

‘rat ebOveby @bpriepdede cemnizal,mpect fiqwicthing e The cfellowing etches
first-order. pl t e I [ Tr.ans g s s4aQan ect rhan r.asgopy
(TEM . Tg' riefré:%%g:e\ﬁﬁrogl ’q&‘ﬁse%ﬁﬁilﬁagﬁ aé Lfiﬁa}%é;% Wé‘q atl-E OE\A}%ThyC élgéaphage
(diluted13Q0}: 1300, n HRG) ¥ede3ihciibadedl wnihutaAandi @femifn@@ emjehf or 30

2006 W0 GaMsEos THapERAIOTBRSRSTS T 4111 ki 197 SBSA L TeebbAdedn HheBs
Sanpl es weie8 (3, AIdME and InP etched surfaces was achieved using HCl: Hp0
15 for 1 minute followed by a deionized water rinse for 1 minute.
However, since an ammonium hydroxide etch was used for GaAs in
the initial screening of the library, this etch was used for all
other GaAs substrate examples. Si(100) wafers were etched in a
solution of HF:H,0 1:40 for one minute, fo;lowed by a deionized
20 water rinse. All surfaces were taken directly from the rinse
solution and immediately introduced to the phage library.
Surfaces of control substrates, not exposed to phage, were
characterized and mapped for effectiveness of the etching

process and morphology of surfaces by AFM and XPS.

25 Multiléyer substrates of GaRs and of Alg.¢sGag.0o2z As were
grown by molecular beam epitaxy onto (100) GaAs. The epitaxially
grown layers were Si-doped (n-type) at a level of 5 x 10*7 em .

Antibody and Gold Labeling. For the XPS, SEM and AFM
examples, substrates were exposed to phage for 1 h in Tris-

30 buffered saline then introduced to an anti-fd bacteriophage-
biotin conjugate, an antibody to the pIII protein of fd phage,

(1:500 in phosphate buffer, Sigma) for 30 minute and then rinsed
13



with 2% uranyl acetate. Scanning El ectron Mcroscopy (SEM. The Gl2-3 phage
(diluted 1:100 in TBS) were incubated with a freshly cleaved 5 .
het ero-structure surface for 30 mnute and rinsed wwth TBS. The Gﬁ2¢ﬂRdﬂﬁge
were tagged with 20-nm col | oi dal gold. SEM and el enental mappi ng i mages
vere col | e¥PI8/03¥Bhg the Norian detection system nounted orPCI/6$manss 4700
field em ssion scannlng el ectron mcroscope at 5 W 1.0 EXAMPLE || BI OFI LMS

The presehtPhaRrRM 'y Phhberr eﬁo@ﬁFS@Haf’Hgﬂ-M?SaﬁWc-quﬁ(ﬁlgﬁﬂ cImrlabel
mat eri al & offeer; g g8 fBGfE%?E@B ga&%ba'@?s?n SIHLESa 8 26 £OM GO | ed

nanostructures gi p el ectrical e properties
sem conduxttire rhi@t1m+csoamdga5edrghage atdotighes fdodekitfiyn - dwer ¢ o gbdi ¢

nor phol o, se, an nucl eation direction. The odlspersed nature of
b of 0gi Tt er s hakEST EAGeSy EaR EoRPARRDRE e mah &

Smecki Cpf fl&fd £%arsd rﬂ%Hr?inBJéangebE%a'lﬁUﬂﬁQ% Qi thh ey, esent 'nvention
hi ghly ordered nanoneter scale as well as multi 20 I'ength scale allgnnent of

['1-WV sen1conductor mat eri al using genetlcally engi neered, self-assenbling,

bi ol ogi cal £44 SPnotSefect Mid BRCLELLARARGS (pal hag;%%sf&'fﬂgg'ﬁéon

noi ety of speC| c S2RT conductor aces re créeate
conposi teamnsrahsl wetdodsnef fobetheeXest examplkisono 2msiar®- tl@&l@l thie tgol@ngt h
scal e alignnment of sem conductor. materials was achi eved using the

recogni 1N &hdSeeR 110r YBFi 18 SySFeAPdes PPREd thetdieh PhAGS rard givt i enand
sel f-or d b e (o] o f i cation of
electroﬁﬁ%&g%%?%e%§€£5 gugggggéggﬁ§gn?lgﬁoggklFﬁggfa (%% céggéllities.
App[LDcatpmpaufed hek@0 heGahsabarifackudas eapbsekedtor ofli)c adetvi sagedh lse

| ht tti | t 531 R 2006 WD O 02943 PCT/U802/31655
dggectgg% %ﬁ&fﬁ @f%gg?ﬁg ?h?grcéﬁﬁe¥ﬂ§ oLk d PR2GE net%er

conponendtsrih PL @ 094684 $8B&Q! Shubt hekhbses tak tamlﬁadyl lsﬁdcrﬁﬁt ed USI ng
t he present ‘i nvention™incl ude vel | -
streptavidin-gold label, without either G1-3 phage or antibody.

The-XPS instrument used was a Physical Electronics Phi ESCA
15 5700 with an aluminum anode producing monochromatic 1,487-eV X-
rays. All samples were introduced to the chamber immediately
after gold-tagging the phage (as described above) to limit
oxidation of the GaAs surfaces, and then pumped overnight at

high vacuum to reduce sample outgassing in the XPS chamber.

20 Atomic Force Microscopy (AFM). The AFM used was a Digital
Instruments Bioscope mounted on a Zeiss Axiovert 100s-
2tv,operating in tip scanning mode with a G scanner. The images
were taken in air using tapping mode. The AFM probes were etched
silicon with 125-mm cantilevers and spring constants of 201100

25 Nm -1 driven near their resonant frequency of 200+400 kHz. Scan
rates were of the order of 1i5 mms -1. Images were leveled using

a first-order plane to remove sample tilt.

Transmission Electron Microscopy (TEM}). TEM images were
taken using a Philips EM208 at 60 kV. The G1-3 phage (diluted
30 1:100 in TBS) were incubated with GaAs pieces (500 mm) for 30

minute, centrifuged to separate particles from unbound phage,

14



ordered liquid crystal displays and organic-inorganic display 5 technol ogy.
The filns, fibers and other structures may even include high density 31 mar 906§
sensors for detection of small nol ecul es including biological toxins. Qher

uses incl uq,@o?_!g;rmgﬁl coatings and - optical swtches. @tlonaﬂr@m%ém“s

scaf f ol di ngs medi cal inplants 10 or even bone inplants; _

construct-edsudi RYtANPRY!, HRLE rakusbindi 8 es disghosed féi&ajfﬂlﬁi ngl e

or multiple layers or even in striations or conbinations of any o0 ese,

as will wethappaneanyloarktsdeof skill in the art. OQther uses for the

present invention include electrical and magnetic interfaces, or 15 even the

organi zati on of 3D el ectronic nanostructures for high density storage,

e.g., for useScanquagt 8lectrpunt Migrosildper nN@EMjel y,THe gbl 2Zledhspliygand st abl e

st orage of,;irusei_aﬁb ,nedi% | appli.cation that, can be reconstjtuted, e.g.
trblFe i

bi ol ogi cAFfyUtEitpat 19adEre ¥ e TEd AN Stha Mt 3 ner SN E¥nEbeAWS may be
creatsd Wettlérbh%tfrhl:gﬁrﬁngu@fa%t 'l ChBafifi%e Md rkfﬁ?edcgrt@fﬁfﬂzg%élyemé on.

| nfformation storage based on quantum dot patterns for ntl ion, e.g.,
depart neffl 208 pitefenwerkr tegdgecs: widd iZfemm faaldtaicdtal ngdadbr i 8EMfamd nor or

ding. T t tib d, to code and 25 identif
roney. BRLEIERG Sho P PBAAS: SRoSR e BRI ISAE e WP Sl 48 ST iens| onal

struct ur gedlectR®nnagakenrgibustale ons & e vy OaR) £ 081Uk gk dgomext
generation optical, "electronic and magnetic nmaterials and devices. Current

met hods &fcamaikingg edgetirbine 3G restop® tdtclekVare linmited in terms of both
| ength scale and the types of materials. The present invention exploits the
properties of self-assenbling organic or biological nolecules or particles,
e. .10 M3 bacEEAMEpRadd BAOEXPMSI the alignment, 16 3 1 MAR 20Gn WO
03/029431 PCTI US02/ 31655 size, and scale of the nanoparticles as well as the
range of sem conductor material's that can be used. The present inventors
have recogni z&thet paesennodnyeatses haveatrerdcggrsl 2eal i tigptardsgpanbphi ¢ shapes
r n al.ternati,v .
are a ai%%rg%%iceh$%¥id materials offer new routes for novel materials
and devices. Size controlled nanostructures give optically and
electrically tunable properties of semiconductor materials and
15 organic additives modify the inorganic morphology, phase, and
nucleation direction. The monodispersed nature of biological
materials makes the system compatible for highly ordered
smectic-ordering structure. Using the methods of the present
invention, highly ordered nanometer scale as well as multi-
20 length scale alignment of II-VI semiconductor material using
genetically engineered, self-assembling, biological molecules,
e.g., M13 bacteriophage that have a recognition moiety of

specific semiconductor surfaces were created.

Using the compositions and methods of the present invention
25 nano- and multi-length scale alignment of semiconductor
materials was achieved using the iecognition and self-ordering
system described herein. The recognition and self-ordering of
semiconductors may be used to enhance micro fabrication of
electronic devices that surpass current photolithographic
30 capabilities. Application of these materials include:

optoelectronic devices such as light emitting displays, optical

15



5 to build well-ordered structures. Nano and nulti-length scale alignnment
of I'l1-VI sem conductor naterial was acconplished using geneticallyg1mar 2005
engi neered ML3 bact eri ophage that possess a recognition noiety (a peptide
or ani no V¥@P#029u3lgoner) for specific sem conductor surfacBET/US/B65H and
cowor kers have characterized Fd virus snectic ordering structures that have
bot h adp&§ctrEsarnand ahetdct ifFHl Infrfronneet SheRbfcRINPORELRE SERE vi rus

has po i i ' ' t |+ S, dn a rder i of
e r ot EBpuEer, SRAGGRIC i 10d) JRl AT M S0 B07 POPREETUESY BY i
nanopabtiiicdlidms BaekerddplsEgsy Mg wasessed beeenstont inadukbe wgddetically
nodi fi ed, has ﬁeen,successf | 1y. sel ected to have,a ,shape identical to the
Fd vi r G560 AAGUSeh GRSt B (SRS Y 137 (PESSRbe - ROVBaBAR Edm@leNor

snngacggchgqu%f re, N13 is an ideal source for smectic structure that can

serve in mlti 20 scal e and nanoscal e ordering of nanoparticles. The present

I nventors have used conbinatorial screening nethods to find M3

bact eri ophage _cagnt.ajni [ FASTTRS a of; hi.ndi_ng to
seniconductgﬁesggegggsgg$ﬁ§§%iﬂ?%nlcoh%d%%%ﬁﬁéﬁgégcéggiE%gﬁdeag%gggrials
such anighndendiftiydaserdoeadiotidetaddt tton aofl smahl subledaledsinglikdng
techni ques of nol ecul ar bi ol ogy, bacteri ophage conbinatorial |ibrary clones
that bPA@logé&Gad éoé‘é-lﬂs--corgﬁ}'éﬁ%rusrﬁﬁ et ude nePhifati gratingpadasd were

cl oned |, Fi t qﬁﬁﬁt ti L ghs o] |Lquis . I

f or mat P%ﬁqc%gjp ﬁ‘fel t | E%’;%Orr'\en;b gf’? actieyra'i op ag%g@}f&ﬁaggg fngﬁgljlcrhgd ls gﬁé%tsa
(1kengt br &8@nnigonei dmgtlemit 5. Gnaymbancbmomnods spdrseingl eael atr hérd DVAR 2' u
WO 031029431 PCT/ US02/{ 31655 i ght, (o) ecu) ar_weight: 1. 64x1Q"). These

ot opor EMEs TPEeEie 1o G4 3 Eare] S pbgart yoitBrhe TRAGIRLE Jabarm o2
behavi genn 1 phisGHiVe (oML Hr adith St oo ThHey a9ESPhESRNI asShane ek
bact eri ophage was exploited as a nethod to build well-ordered 5 nanoparticle
| ayer sappageatofthitdlams ol Seildetivithe ant sel fOthesensey. IMnsdesper se

baCterb%%g%%%\¥%#%H¥fg§”fﬁéfdﬁéngﬂhctrical and magnetic interfaces, or

15 even the organization of 3D electronic nanostructures for high
density storage, e.g., for use in guantum computing.
Alternatively, high density and stable storage of viruses for
medical application that can be reconstituted, e.g.,
biologically compatible vaccines, adjuvants and.vaccine

20 containers may be created with the films and or matrices created
with the present invention. . Information storage based on
quantum dot patterns for identification, e.g., department of
defense friend or foe identification in fabric of armor or
coding. The present nanofibers may even be used to code and

25 identify money.

Building well-ordered, well-controlled, two and three
dimensional structure at the nanolength scale is the major goal
of building next generation optical, electronic and magnetic
materials and devices. Current methods of making specific

30 nanoparticles are limited in terms of both length scale and the
types of materials. The present invention exploits the
properties of self-assembling organic or biclogical molecules or
particles, e.g., M13 bacteriophage to expand the alignment,

16



standard anplification nmethods. In the present invention, M3, a simlar
filament ous bacteriophage, was genetically nodified to brnd nanoparti cl es
such as zinc sulfide, cadm um sulfide and 10 iron sul fide. NbsoscalegIMARZMD

ordering @f &g&# i ophage has been denonstrated to forntn rays of
nanoparti cles ese nanoparticles are further organized i 'Rﬁ®&§P§¥%%
domai nssand i gha GeAtMRel hd %gtcg: I @%s W wef CONMUGLOF, hglopart | cl es

shom/quantun115 confi nenment effect synt hesi ze ahd- or der ed

wi t hi n sehécbinguicd ogr y@ttalrlaaactte-ramp:hagé:d\/m&eﬂtspensr on containing specific
peptide inserts were made and characterized using Atom c Force M croscopy
(ATM, Transm ssion Electron Mcroscopy (TEM and 20 Scanni ng El ectron

M croscopy (‘BEK) prelsiem‘.r 2/ revet <3 B aoredl erd digyn D e d AtOPB hoBbEEs p@ps @bser ved
throughout t he sanmp At omi c Force M crqgscopy (AFM. The AFM used was a

Digital P PﬂéFPﬁﬁéﬁPs%@%@@péWﬁr&PW ShAaReS %@ Aferaliepeatye, Wperating
in tgp %Bagﬂhﬁg %QQ—Wrrdér%cps%‘ﬁiE}ﬁ{r sTheN ﬁ-sn}‘(]‘ft[lg iéﬁff'h'%‘ ? g using
he 5 can

t appl ng no AFM probes were etched sr evers
and spr edggomesttants IG-VI2GEXC ddndulctdra \mn:enaaarl twees racesiophhshéd egumgy of

200400 KkHz. .Sc rates were of t order, of 15 nmms : es were |eveled
ising aSFRRLESady: SHEaREerFd Mok PR RN Age eaae.w%ege(a) and 9(b)
are scheg&gbngh@Qrﬁgqéq@ the ide A iR aOf §§ﬁ§§ éerved usi ng
AFM (data not shown). 187311 MAR 20Gu WO 03/029431 PCTI S02/ 3165

Tr ansni spech fEice semdicomidsradseo@ufEEgs. TEM i nages were taken using a
Philips EM208 at 60 kV. The Gl-3 phage (diluted 1:100 in TBS) were

i ncubated with sem conductor naterial for 30 mnute, centrifuged to

sepkd at e par Sethe snidr aowWwentkeErsd tmuaaga;hdi'ardumeblzad tlhd Tﬁ&uanstneesits pended in

TBS. Sanpl.es ., were stained 0 r acetate ni n | ectron
M cr osc8§§le(:§l§ﬁ) Stﬁ?gltb'ﬁfg"’e t(hcﬁq:l 3’[ g YR |5?PSI'JE%§° eé”i1 getrardh a

fT [es gayeeheeved ThHR! Qifectsld léﬁ:tﬂifcﬁ:tﬁlg foaf.cesci OFi s nrterwtﬁoe@ﬁtiwsed with TBS.
application in both multi-scale and nanoscale ordering of
structufes to build 2-dimensional and 3-dimensional alignment of
15 nanoparticles. Bacteriophage M13 was used because it can be

genetically modified, has been successfully selected to have a
shape identical to the Fd virus, and has specific binding
affinities for II-VI semiconductor surfaces. Therefore, M13 is

an ideal source for smectic structure that can serve in multi-

20 scale and nanoscale ordering of nanoparticles.

The present inventors have used combinatorial screening
methods to find M13 bacteriophage containing peptide inserts
that are capable of binding to semiconductor surfaces. These
semiconductor surfaces included materials such as zinc sulfide,

25 cadmium sulfide and iron sulfide. Using the techniques of
molecular bioclogy, bacteriophage combinatorial library clones
that bind specific semi-conductor‘materials and material
surfaces were cloned and amplified up to concentrations high

enough for liquid crystal formation.

30 The filamentous bacteriophage, Fd, has a long rod shape

(length: 880 nm; diameter: 6.6 nm) and monodisperse molecular

17



10 phage were tagged wth 20-nm col | oi dal gold. SEM and el enent al ngPEng
i mges were collected using the Norian detection system nounted ofldAR &uo
Hitachi 4700 field em ssion scanning electron mcroscope at 5 kW

Genet i caW@ 0xmdidzteered ML3 bacteri ophage that had specifi cpct/osegsng
properties to sem conductor surfaces was anplified and purified using

st andaveigbtedumpaechilairogiedahtedhfidpidt) 3. These girdpetiéophegelt in

suspensjon, (concen i gn: ,-1Q7 phages/ul),and 4 . of overnight ,culture
ver b abBBaPeGea5E SR e’ e dih s e 2 Yy katl it BFREPLERLART | cat i on,
- 30 nohoghpg! behcwns rd@ o eUlitiaired. TR UsPessEensi ¥esRapeepar ed by
addi ng Na2S solutions to ZnCl2 doped A7 phage suspensions at room

t enper hegEerigpbageghest egediadatdsor Fettndhaydsibderel dnordesegr epar ed

by .addj | _of d | utj ively i h

> e BAfoRAEsicar daTErRN By B AR SRR e dEPPRE L RRd BB RSt o

coeffi gksaibol . 3. &éﬁ@ﬁrﬂsp@trs%G%amﬂen%ogmgwmépﬁép@geaf thR8ubBoOt ropi ¢
|

suspension is increased, nenetic phase that has rectional order,
chol esfbpndarghasplificapdeon Westedsnendl the rReesert inveshdeni cMplase

that 3 .diregti L er, S o] : . hese
phasess naghiah optanensels Batreridbh e e ric B RRRI TRy ™°Ts
3 1 MARIRQ0AaMEpaBLA2343]1 sBChH ESOZ/inESulildy, zetdmpim cahl Fideoaaapy: ML3
phage suspensions were characterized by polarized optical mcroscope. Each
sd€pens¥en sWhSiferl ed to glass capillary tube of 0.7 nmdianeter. The
hi ghly concentrated suspension (127 ng/m ) exhibited iridescent 5 color (5]
under the paralleled polarized |ight and showed snectic texture under the
cross- pol ar¥esasrEpdpt cxderigy P@(%Ppteﬂﬂ9ﬂﬂﬂﬂﬁﬁh%§ike%nt@ﬁﬁgﬁstrgteQO(b)
can be_co I ryl t t | of NSl 1.
The pi%§h9§éﬁgbﬁgogé§!%e§§3%gg gﬁhggﬁgﬁﬁéﬁﬁéﬁgg%hs @ﬁ?ggtﬁégﬁpg?Fg??ég hour s
| ater d4Pef fopthbe prepaiaedodntdo sdmes.domains and into centimeter
length scales. The semiconductor nanoparticles show quantum
15 confinement effects, and can be synthesized and ordered within é

the liguid crystal.

Bacteriophage M13 suspension containing specific peptide
inserts were made and characterized using Atomic Force
" Microscopy {(ATM), Transmission Electron Microscopy (TEM) and
20 Scanning Electron Microscopy (SEM). Uniform 2D and 3D ordering

of nanoparticles was observed throughout the samples.

Atomic Force Microscopy (AFM). The AFM used was a Digital
Instruments Bioscope mounted on a Zeiss Axiovert 100s-
2tv,operating in tip scanning mode with a G scanner. The images

25 were taken in air using tapping mede. The AFM probes were
etched silicon with 125-mm cantilevers and spring constants of
20+100 Nm -1 driven near their resonant frequency of 2001400
kHz. Scan rates were of the order of 115 mms -1. images were
leveled using a first-order plane to remove sample tilt.

30 Figures 9(a) and 9(b} are schematic diagrams of the smetic

alignment of M13 phages observed using AFM (data not shown}.
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Table 1. Cholesteric pitch and concentration relationship )
Concentration(mg/m)Pitch length (un) 76.3031.9 71.2251.6 56.3884.8 31 MAR 100o
50.52101.9 43.16163.7 37.04176.1 27.54259.7 Atonmi c Force M croscope (AFM
obser vat i WO 03/029431AFM 15 observation, 5 ul of ML3 suspensi orRCY/USI2E6HES at i on
30mg/ M) of ML3 bacteriophage suspension was dried for 24 hours on the 8 nmm
X 8 nm ni ca SFBNSNESES 1omal hest min Micrasc@wunt M br opJEM impgehywese! ane

Sol 1 - asSBRre R 0e 1 20 Tl ALY b 3 e R0 Sl PR b oA RRERR i

Sel f - asse or der’i ng ructures were observ ropic
shape ofl:ND® ibmaqBs)i eeragdndfhted iwidle gt emtkdbcbonmmatewidihfokn3fi g. 10
" (c) ML3 phage lie in the plane of the photo and formsnectic alignnment.
Scanni n@‘lé‘l‘-‘g@tfr (‘Eﬁ"ﬁirérfb’&?tapé:c( SN2 <R RAE T ot e ot T YEMDBOBRd ePPaBRON, t he

critecaly plf ey E’l%ss,a@wld?sréguﬂ?efcﬁ d ophages | agigh Pés”@@?gaéﬁégkgﬁ
smecti c suspension (concentration o act erl ophage suspensi on ng/ m )
were prepaheds luraryd a2@tatle MAR 2006 WO 03/ 029431 PCT/ US02/ 31655 10(d),
nanoparticles rich areas and bacteri ophage rich areas were observed. The

| ength of the separation between nanoparticles and bacteri ophage correspond

to the | engtsinnibacBldapmoedidives oSy MSEN Y & CTN6t phager yai bneedas
confirmed 5 by electron diffraction pattern using. dilution sanEIe of the
smect i ¢ SdO0eridt FRS e TEEMDPIRFEDY B ? FrRshivf FlaprvedcheErEpNage

pel I el o st S RENARR I AdY Hag-putLeseq; spl a8, (152 gRbL 3. 5)

and 200 u c?f 1 nCl2 to ﬁc‘ﬁirﬁ% N%Hé% was a%de'.('i? A?tger ?@gkﬁgg 0 for

24 hour phatger omne argepyest wisth t 1 v spehko Dde WhgebdwaSEM and elemental
mapping images were collected using the Norian detection system
mounted on a Hitachi 4700 field emission scanning electron

microscope at 5 kV.

Genetically engineered M13 bacteriophage that had specific

15 binding properties to semiconductor surfaces was amplified and
purified using standard molecular biological techniques. 3.2 ml
of bacteriophage suspension (concentration: ~10? phages/ul) and 4
ml of overnight culture were added to 400 ml LB medium for mass
damplification. After amplification, ~30 mg of pellet was

20 precipitated. The suspensions were prepared by adding Na3S
solutions to ZnCl; doped A7 phage suspensions at room
temperature. The highest concentration of A7-phage suspension
was prepared by adding 20 ul of 1 mM ZnCl; and NazS solutions,
respectively into the ~30mg of phage pellet. The concentration

25 was measured using extinction coefficient of 3.84mg/ml at 269

nm.

As the concentration of the isotropic suspepsion is
increased, nemetic phase that has directional order, cholesteric
phase that has twisted nemetic structure, and smectic phase that

30 has directional and positional orders as well, are observed. '
These phases had been observed in Fd viruses that did not have

nanoparticles.
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contained in a 1 m eppendorff tube, was slowy dried in a dessicator for
one week. A sem -transparent film-15 umthick was forned on the i Aditthe ko
the tube. This film Fig. 11(a), was carefully taken using a tweezers. 15
SEM obserWt036829431 bi of i I m Nanoscal e bacteri ophage al i gnPemuset/istebe A7- ZnS
filmwere observed using SEM In order to carry out SEM analysis the film
was cut thenPRbafberdi aPtigebumigspssreyonMiidt Phagemsofsrensidnenierean ar gon
at nosp | SE: S : es. .Ei d) ohserved. 20

b oughale 2He Ehedd 9 8o PAEKELaTopLILHL B e bR A AR R
reasonad e gdblegots gbasbataplipbagetuB80ofimD . Thewm fdildmetomed tHe smectic
like Aor Clike lanmellar norphologies that exhibited periodicity between

the nandhEhly FRNGRREPALEEr FBPRERELPRYLS7 MREMLIn gk idTi tra i niddagent

cor gesp, f rj 1) er i f
nangpar(??gffei |Ess)] @g%éh?na%rrllgl %gggé?téggtahggwgglggte)ge?ggﬁéoﬁq’gf e?ﬁ{noé‘lﬁa‘vﬁ?dual

parti cl ssecid todseuvat undenf theotrbss~gofardnedaltiigtite 8 | RIYEMO WS,

i nvestigated using TEM The fil mwas edded in epoxy resin (LR white) for
one dajﬂ§ﬁ$%§ﬂ%§£%¥&%dpb chadr nf190 iH?B? SBNabeeicOiSL led thyt AR the
resin t b ' [ hRas bl LCROt ORE. -
sectiow?%aégg ?ﬁgﬁ%ﬁﬂgﬁ ggiggfﬁfgggagtgy,&gggbpﬁékegqﬁbEgﬁﬁgiéﬁﬁgggrh
grids. WRes ahé¢adurdd 3ard MiRe 203 CogWEpH8/ 92943t aRET R B BS halrgiater

naz pa;#icleéhin a |OMlchiCh correigonded to x-z plane in the schematic

di gra TR P ORESRATELEPY. ©2188FP18Pnce each bacteri ophage had 5 copi es
of the A7 noieties, each A7 recognize one nanoparticle(2-3 nmsize) and

al i gned ggﬁroxinatelﬁ 20 nmin 5 a width and extended to nore than two

mi cr omet @S- | R teStehect ROLAN cRBAeFERSCRY Lot inm BEIRL ¥MSTEP i n
paral l el each band__separated by -700 nm This _discrepancy may cone fromthe
tilted snectic aligfmeeensirationdmagml)ayers wPtittahespect {to observation in
the TEM which is feported by Marvin group. Yewngtl®{ampxi s|{li ke nanoparticle

| ayer plane was al $0 observeé.B80ke Fig 8 (f). Inhea SAED pﬁtterns of the
al igned particles showed thai, zphe ZnS plarticl esy hgve thejwrzite hexagonal
structure. 56.38 84.8 :
‘ 50.52 101.5
43.16 163.7
37.04 176.1
27.54 259.7

Atomic Force Microscope (AFM) observation: For AFM

15 observation, 5 ul of M13 suspension (concentration: 30mg/ml) of
M13 bacteriophage suspension was dried for 24 hours on the 8 mm
%2 8 mm mica substrate that was silated by 3-amino propyl
triethyl silane for 4 hours in the dessicator. Images were
taken in air using tapping mode. Self-assembled ordering

20 structures were observed due to the anisotropic shape of M13
bacteriophage, 880 nm in length and 6.6 nm in width. In Fig.10
{c) M13 phage lie in the plane of the photo and form smectic

alignment.

Scanning electron microscope (SEM) observation: For SEM
25 observation, the critical point drying samples of bacteriophage
and ZnS nanoparticles smectic suspension (concentration of

bacteriophage suspension 127mg/ml) were prepared. 1In Fig.
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AFM observation of biofilm The surface orientation of the viral filmwas )
i nvestigated using AFM In Fig 11. (c), the 15 phage were shown to have3 | MAR 2055
formed an parallel aligned herringbone pattern that have al nost right angle
between t hevarglyeat di rector nornal (bacteri ophage axis) opcfAsdeSfessur face
that is named as snectic 0. The filmshowed | ong range ordering o nor mal
directoriohay, i sapepsisiebést pitheateas ahdnbacesetiephagd) ditismaqf areas

where two domai n Ia%ers neet each other, two or three nulti-length scale of
bact eri opfEGeCRSEHRR- phRal Leneinand ther SPEREALLICH DREWSRSctic C orderi ng

Struct ur ganblanpr 88ge SUbLE - ﬂ:see&blégﬁlageal:b%gggbnaf ge?yrgeggfn%@:gg offTal & lals

using the recognition and as wel el f-or I ng ces the
future nbecoénbophageon DheelnBt wonedtedevystsl Shesetdad cess heoref itrneed

potential to. sur current, photolithographic gbilities

Dot ort | aPY aPEFTELRN RCE EF St HeBePHarEFNans Lc AdL aprod Rl mt T ces
such as gmgggicegﬁgﬁéﬁglghsgthsTEgpt|cal detectors, and | asers, fast 30

i nterconnects, nano-neter scal e conputer conponent and b|olog|cal sensors.

22 31 MAR 2006 WO 03/029431 PCT/ US02/ 31655 Al t hough maki ng and usi ng
vari ous embodpPEsh 2o Bl oh Noe PEAS CBLOEAYRR! baBiBEe ShsGus SR Tt loiald bel ow

it wll be apprecrated that the present 1nventio nany appllcable
I nvent i veusperdéed switht 4@@nubecénodseduf feaed dal\mle etNBHf ;ﬂ-l shegi fard

contexts he, specific e dlnents I scussed herein illustrative
of spem??g £ L ‘Hlak%ggﬁ %‘ 'ﬁ\’/eﬁ?ﬁsorwasarﬁii%ﬁnotlag‘é%n?‘?c kiR
SCon® Of £5he2 ) NSRS 8 zéoﬁlt%se%gz@@rg abHE LusPehQIRAPIHIAN YD i Si ng

(i) one or nore self-assenbling blologlcal nol ecules or 5 partic and
(ii) OneCOmtﬂDmedsynthellmlbﬁDDQDQQUﬁértngecWESeSﬂDWdWhghSKKUGUUEES whi ch

cCompost bR Lop C05 B0 dhaf oVt Bne Borabir EFBRSPEYERY B Y vt SPOh

fThe conpesst formegcondtng LAstHai slrhwhenben thﬁl(sOEﬁ.QsﬂtlEqn; i snl(ra)fl I m
orm

was carefully taken using a tweezers.

15 SEM observation of biofilm: Nanoscale bacteriophage
alignment of the A7-ZnS film were observed using SEM. In order
to carry out SEM analysis the film was cut then coated via
vacuum deposition with 2 nm of chromium in an argon atmosphere.
Highly close-packed structures, Fig 11(d) were observed

20 throughout the sample. The average length of individual phage,
895 nm is reasonable analogous to that of phage, 880 nm. The
film showed the smectic like A or C like lamellar morphologies
that exhibited periodicity between the nanopérticle and
bacteriophage layers. The length of periodicity corresponded to

25 that of the bacteriophage. The average size of nanoparticle is

~20nm analogous to the TEM observation of individual particles.

TEM observation of biofilm: Zns nanoparticle alignment was
investigated using TEM. The film was embedded in epoxy resin
(LR white) for one day and polymerized by adding 10 ul of
30 accelerator. After curing, the resin was thin sectioned using a
Leica Ultramicrotome. These ~ 50 nm sections were floated on

distilled water, and picked up on blank gold grids. Parallel-
21



10 3. The conposition according to claim1, wherein the binding structures
are part of the self-assenbling biological nolecule or particle. 4. 3Th®&R 200
conposition according to claim 1, wherein the structures can further
nucl eate WO ®3%431nd nanocrystals, and the structures ar ebRGRIUS0Z/31458
nanocrystajigﬁg.PThe co oiition according to claiml1, wherein the

r

structyw%%ﬁ §§°Bﬁ€t FLRSr&" Bepfide I FPIERRRANGRS bp ¥z Thiane
conposi t1,0n: ReCOERbRGL L e ahag%ﬂm WaekLighddi&redl, " 'th.r%ﬂ%ﬁ_ PaginOf each
viruses. 7. The conposition according to claim1, ereln e target crystal

is a sirppeteryspbage BadThecopapssicfi diea@domdiired ites claach 1A7 whecegnitde
target crystal is_ap.inorgagic_25.crystal .. _Ihe. conposition according, to
Clatm 1 NP R BB B GO JcrYoRAr e o Rk AR ARNE CEITRT ST Y 40 B 1%
conpesi td O §PRPaAE] 89t Ehie@N@oOMOTR! @ K@l frwds SRrdY dnfit i 9! 091 F@hgf®! ecul es
or particles, the self-assenbling biological nolecules or partlc?es further

conpri sitee twe wichometeyat byt RO papbiadess doamed el ihipali bl st reechirieandhi ch
are selecéive %or targ?b singl e g& stal | i ne surface structyres m$th

di ffer et “RBRPEEFt P¥n of PPal8: af %i icﬁscgﬁqaﬁ&ygﬂﬁ% PR L £GPPI ng the
target coNpesHt kRBctYBEhRE BnhBa tCOFPeiel iphadeS lidyerdd Jitnn pespébercdborm 24
3 1 MAR 2006 11. The copnposition according to claim 10, wherein the
conpositQQﬁﬁrgathoniinwggﬁnEEM2.whughnmﬁnnﬁngruﬁﬂnhys#axyxmegnmumnren y-

Vi ruses coppr LSk hng._ syn ¢ . hi I | ar. 5 | ective .bi ndi tructures
whi gﬁ ar"g g%‘%c ilg %(%bg?é%g%?igmi@&%ﬁ %r%‘eans r"'ﬁagst %ﬁesso vﬁ]?%e]g‘lr?‘?ef%%? {qyg
conposi t3opepr f@he, SAEDr pantelkasc@ipesid iadidned pdidieles fshewed oghaand
further conprises an inorganic phase. 13. A _conposition conprising one or
nmore sel ¥b@s3BFHPRAGIBLBF0HPYE thSI ddRZddoher@IRnal Ftesuebw#®i si ng one or
nore synthetic bionol ecul ar sel ective binding structures which are
selective for target crystalline surface structures with different
conmposi ti on BFMfabseaMatimncricBiofdiladt e putfaeater enfoetien a0E bhet he
target c | £+ it i N Si t4 s {Nn fi o] i ber
form 156{%?Af%gﬁpn§§|§t ?‘gﬁggg rgftgdnéltsgglgcomor efrge #faisg'en‘tﬂnhé%%ol ogi cal
mol aGul eshate perei ehesn whi bhveofprireel @I pairalirel s3Inidvedd chédt oimdiecté ar
sel ective bindin structurgs whi ch can sel ectively nucl eat e, nanocrystal s at

t he Mruﬁﬂbt§¥PngGFe§?Vewﬁ Pesh FHENComIged REFWEeR nFhe 137 5C#0ber form
20 15. Aq£popestt hBPma2TBEL LRI cPRE Y A IdiMdkrystall Faee bipheoi sal
nol ecul es or particles and one or more synthetic bionol ecul ar selective
bi ndi ng samedt asesmehicékk 0. The film showed long range ordering of
normal director that is persistent to the tens of micrometers.
20 In some of areas where two domain layers meet each other, two or
three multi-length scale of bacteriophage aligned paralleled and

persistent to the smectic C ordering structure.

Nano and multi-length scale alignment of semiconductor

materials using the recognition and as well as self-ordering

25 system enhances the future microfabrication of electronic
devices. These devices have the potential to surpass current
photolithographic capabilities. Other potential applications of
these materials include optoelectronic devices such as light-
emitting displays, optical detectors, and lasers, fast

30 interconnects, nano-meter scale computer component and

biological sensors.
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are selective for target crystalline surface structures with different
conposition or face, wherein the conposition is in liquid crystallire! fist Mo
25 16. A conposition conprising (1) one or nore synthetic bionolecul ar

sel ective pindi structures which are selective for targe staILLne
surface st‘glf?r}gﬁdr}gg’lw th different conposition or face, and (9"?'3( 05] 1655

| norgani ¢ phaﬁftp&@@ﬁ%&g&ﬁs EBHF’B@' hioy r%ou% %Eﬂb il 3P A et hod
for formng aTrimor ti1ber“conprisi 8 F I'ng a conposi

conpri sipge4ent obrvent ioneasel tiiasseskk rigl lahecrdaugJ ¢aallowrplzet:uhmsl QISe
particles, one or nore synthetic Qi onol ecul ar sel ective bindjng

b
structLW%EPéﬁﬁbﬁt%?etEEFeEthBr?EPnFaﬂ@quﬁ%ﬁ&aﬂqQWﬁg%ﬁMW%Rﬁe%ﬁ?l&ﬁ%ﬁ%&
wth dlff a I I from
the conpty £1EL FETRORLERRR ShataCn Be Cpbollfuil o dade Pty 0!
conpti sisyeci{f)cpecepbexng.a @h&pspbtuducc@m@udmmqpﬂsodxsmussedmheme1n
sel f - assenbllagﬁglol i cal nDIec es or, particles, one

synt het iZF$i 8 ut U§EF§&"|"9e biSR&i l&ﬁaéf%rté% THR eu§%lé'b?|ve f or
target cfysdatibAe SHAT Apenstr HelYReE Bhd WWedfid i atle COMPOsL{don or face,
(c) one or nore nanopartlcles (ii) producing a filmor fiber fromthe
conposition, wherein the nanop articles form layers in the filmor fiber.
19. Afilmor fiber conposition prepared by the nethod according to claim
17. 10 20. Use of the conposition according to claiml in an optoetectronic
device, a display, a light emtting display, a detector, an opti cal
detector, a laser, a fast interconnect, a nanoneter scal e conputer
conponent, a vaccine, an adjuvant, a vaccine container, a storage device, a
hi gh density storage device, an optical coating, an optical switch, a 15
liquid crystalline display, a nmedical inplant, a bone inplant, a scaffolding
for nedical inplant, a scaffolding for bone inplant, a sensor, s high
density sensor, a biological sensor, a sensor for small nolecule, a sensor
for biological toxin, a quantum conputing device, an electrical interface,
a magnetic interface, a virus for nedical application that can be
reconstituted, information storage based on quantum 20 dot patterns,
identification of friend or foe, identification of fabric, identification in
fabric of armor or coding, or coding and identifying noney. 26 27053132 31
STAR 2CC6
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SEQUENCE LI STI NG <110> BOARD OF REGENTS - THE UNI VERSI TY OF TEXAS SYSTEM
<120> NANGOSCALI NG ORDERI NG OF HYBRI D MATERI ALS USI NG GENETI CALL Yégmﬁal\ig@RED

MESOSCALE VI RUS <130> 027053/ 0132 <150> PCT/ US02/ 31655

<151> 20

<150> US 60/ 326,583 <151> 2001-10-02 <160> 158 <170> Patent In version 3.2
<210> 1 <211> 12 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic peptide <400> 1 Ala Met Al a
Gy Thr Thr Ser Asp Pro Ser Thr Val 1 5 10 <210> 2 <211> 12 <212> PRT
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:

Synthetic peptide <400> 2 Pro Ala A n Ser Met Ser @ n Thr

Pro Ser Ala Ala 1

5 10 <210> 3 <211> 12 <212> PRT <213> Artificial Sequence <220> Page 1

27053132

Claims

1. A composition comprising (i} one or more self-assembling biological molecules or
5 particles, and (i1) one or more synthetic biomolecular selective binding structures
which are selective for target crystalline surface structures with different composition

or face, wherein the composition is in film or fiber formn.

2.  The composition according to claim 1, wherein the compasition is in film form.

10
3.  The composition according to claim 1, wherein the binding structures are part of the
self-assembling biological molecule or particle.
4.  The composition accézdmg to claim 1, wheremn the structures can further nucleate
15 and bind nanocrystals, and the structures are bound to the nanocrystals.

S.  The composition according to claim 1, wherein the structures comprise one or mare

peptide binding sequences.

20 6. Thecomposition according to claim 1, wherein the structures are part of viruses.

7.  The composition according to claim 1, wherein the target crystal is a single crystal.

8.  The composition according to claim 1, wherein the target crystal is an inorganic

25 orystal.

9.  The composition according to claim 1, wherein the target crystal is a semiconductor

crystal,

30 10. A composition comprising (i) one or more self-assembling biclogical molecules or
particles, the self-assemnbling biological molecules or particles further comprising
one or more synthetic peptide selective binding structures which are selective for
target single crystalline surface structures with different composition or face, and (ii)

* an inorganic phase comprising the target composition, wherein the composition is in

35 film or fiber form.
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<223> Description of Artificial Sequence: Synthetic peptide <400> 3 H's Thr
H's Thr Asn Asn Asp Ser Pro Asn G n Ala 1 5 10 <210> 4 <211> 12 <212> PRT
<213> Artificial Sequence <220> <223> Description of Artificiall 13gquetice:
Synt hetic peptide <400> 4 Asp Thr A n Gy Phe H's Ser Arg Ser Ser Ser Ala 1
5 10 <210> 5 <211> 12 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic peptide <400> 5 Thr Ser Ser
Ser Ala Leu G n Pro Ala Hs Ala Trp 1 5 10 <210> 6 <211> 12 <212> PRT
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:

Synt hetic peptide <400> 6 Ser d.u. er.Pro lle r.Le Tyr Arg Ala 1
510 <218 e Sopaeiyes ssofiis topifolh yBiR bF PP ISR L ELE L0031 MR
200b
12. A composition comprising one or more viruses comprising syntheti¢ biomolecular
5 selective hinding structures which are selective for target crystalline structures with
different composition or face, wherzin the composition is in film ot fiber form and
further compriscs an inorganic phase.

13. A composition comprising one or more self-assembling biological molecules or
10 particles comprising one or more synthetic biomolecular selective binding structures
which are selective for target crystalline surface structures with differcnt composition
or face and which can selcctiv zlj; nucleate nanocrystals of the target crystal
composition, wherein the composition is in film or fiber form.

15 14. A composition comprising onc or more self-assernbling biclogical molecules or
particles, which comprise cac or more synthetic biomolecular selective binding
structures which can selectively nucleate nanocrystals at the binding structures,
wherein the composition is in film or fiber form.

20 15. A composition comprising one or more liquid crystalline biological molecules or
particles and one or ronore synthetic biomolecular selective binding structures which
are selective for target crystalline surface structures with different composition or
face, wherein the composition is in liquid crystalline form.

25 16. A composition comprising (i} one or more synthetic biomolecular selective binding
structures which are selective for target crystalline surface structures with different
composition or face, and (ii) an inorganic phase, whercin the composition is in dried
form,

30 17. A method for forming a film or fiber comprising:

(i) preparing a compasition comprising (a) one ot more self-assembling biological
molecules or particles, (b} one or more synthetic biomolecular selective
binding structures which are selective for target crystafline surface structures
with different composition or face,

35 {(ii) producing a film or fiber from the composition.
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Page 2 27053132 <223> Description of Artificial Sequence: Synthetic peptide
<400> 7 Ser Thr H's Asn Tyr An Ile Pro Arg Pro Pro Thr 1 5 10 <21
<211> 12

Artificial

<212> PRT <213> Artificial Sequence <220> <223> Descri ptlonﬁ%‘?f 206
Sequence: Synthetic peptide <400> 8 H's Pro Phe Ser Asn G u Pro

Leu A n Leu Ser Ser 1 5 10 <210> 9 <211> 12 <212> PRT <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide

<400> 9 Ser

Ser Leu Phe Ile @n @n Asn Ala Leu Thr Ay 1 5 10 <210> 10

<211> 128, <2ﬂ&kﬂ:EB'Ifoz<ﬁﬂ:3ingArﬂljufoirﬁb&lcoﬁpﬂmce <220> <223> Description of

Artificial
Leu Pro Asn

Sequence

10

15

20

19.

) Hphingy E&?ﬁ“*‘@fggﬁﬁﬁﬁﬁ% s Sl ebaBE Rl 17 2 °

J molecules or particles, (b) one or more synthetic biomolecular selective
binding structures which are selective for target crystalline surface structures
with different composition or face, (¢) one or more nanoparticles,

(ii) producing a film or fiber from the composition, wherein the nanoparticles form
layers in the film or fiber.

A film or fiber composition prepared by the method éccording to claim 17.

Use of the composition according to claim 1 in an optoelectronic device, a display, a
light emitting display, 2 detector, an optical detector, a laser, a fast intcrconnect, a
nanometer scale computer component, a vaccine, an adjuvant, a vaccine container, 2
storage device, 2 high density storage device, an optical coating, an optical switch, 2
liquid crystalline display, a medical implant, a bone implant, a scaffolding for
medical implant, a scaffolding for bone implant, a sensor, 2 high density sensor, a
biclogical sensor, a sendor for small molecule, a sensor for biological toxin, 2
quantum computing device, an clectrical interface, a magnetic interface, a virus for
medical spplication that can bo reconstituted, informarion storage based on quantum
dot patterns, identification of fricnd or foe, identification of fabric, identification in
fabric of armor or coding, or coding and identifying money.
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<220> 3 1 MAR 20G5 Page 3 27053132 <223> Description of Artificial Sequence:
Synthetic peptide <400> 11 Ay Sep76byi143 n Leu Pro Ile Ala Leu G UgbrWRﬁlfm
15 10 <210> 12 <211> 9 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic peptide <400> 12 Cys His Al a
Ser Asn Arg Leu Ser Cys 1 5 <210> 13 <211> 9 <212> PRT <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide
<400> 13 Cys His Ala Ser Asn Arg Leu é%gzéggg drdrrgd0> 14 <211> 9 <212>
PRT <213> Artificial Sequence <220> 3> Descrlptlon of Artificial

Sequeraa0>SyoinRet oy ReRiAMe <40k M QERdISy AR PRtaAdSEyHfgyleu Ser Cys 1
5 <210> 15 <211> 9

<120> NANOSCALING ORDERING OF HYBRID MATERIALS USING GENETICALL
Y
ENGINEERED MESOSCALE VIRUS

<130> 027053/0132

<150> PCT/US02/31655
<151> 2002-10-02

<150> US 60/326,583
<151> 2001-10-02

<160> 158"
<170> PatentIn version 3.2

<210> 1

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 1
Ala Met Ala Gly Thr Thr Ser Asp Pro Ser Thr Val
1 5 10

<210> 2

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 2
Pro Ala Gln Ser Met Ser Gln Thr Pro Ser Ala Ala
1 5 10

<210> 3

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

Page 1



<212> PRT <213> Artificial Sequence <220> 3 1 MAR 7066 Page 4 270531%? <%%ﬁﬁ
Description of Artificial Sequencgjgsynbhetic peptide <400> 15 Cys Hi A
Ser Asn Arg Leu Ser Cys 1 5 <210> 16 <211> 9 <212> PRT <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide
<400> 16 Cys His Ala Ser Asn Arg Leu Ser Cys 1 5 <210> 17 <211> 9 <212>
PRT <213> Artificial Sequence <220> <223> Description of Artificial

Seque 555 LG s pept > ] I . Ser Cys 1
5 22105013 bgg’ti}%b%lg’i‘z% ﬁﬁéﬁgchg %rét%i |“§é§| % equheé?l%lg: 3‘%%5&%22&
Descripgpanzof Artificial Sequence: Synthetic peptide <400> 18 Cys His Ala

Ser AgDsArBrLeY sS85 O¥Sn ks Asp ser Pro Asn Gln Ala
1 5 10

<210> 4

<211> 12

<212> PRT

<213> Artificial Seqguence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 4
Asp Thr Gln Gly Phe His Ser Arg Ser Ser Ser Ala
1 5 10

- <210> 5

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 5
Thr Ser Ser Ser Ala Leu Gln Pro Ala His Ala Trp
1 5 10

<210> 6

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 6
Ser Glu Ser Ser Pro Ile Ser Leu Asp Tyr Arg Ala
1 5 10

<210> 7

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

Page 2



<210> 19 <211> 9 <212> PRT <213> Artificial Sequence <220> 3 1 MAR 2006
Page 5 27053132 <223> Descri ption of Artificial Sequence: Synthetic peptide
<400> 19 Cys His Ala Ser Asn Arg %%H5§§%§ 15 <210> 20 <211> 9 <RiPxn 2006
PRT <213> Artificial Sequence <22 > Description of Artificial

Sequence: Synthetic peptide <400> 20 Cys His Ala Ser Asn Arg Leu Ser Cys 1
5 <210> 21 <211> 9 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic peptide <400> 21 Cys Hi s Al a

S As S 211 212> PRT <213> Artif |
Soquo2d B R 3 3R of PeTHCIAT oedionce) SRaLRRELC BOREREE ¢ pent | de
400> 225 4

Ser Thr His Asn Tyr Gln Ile Pro Arg Pro Pro Thr
1 5 10

<210> 8

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 8
His Pro Phe Ser Asn Glu Pro Leu Gln Leu Ser Ser
1 5 10

<210> 9

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 9
Ser Ser Leu Phe Ile Gln Gln Asn Ala Leu Thr Gly
1 5 ) 10

<210> 10

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 10
Gly Pro Phe Pro Thr Met Pro Leu Pro Asn Gly His
1 5 10

<210> 11

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

Page 3



Cys H's Ala Ser Asn Arg Leu Ser Cys 1 5 <210> 23 <211> 12 <212> PRT <213>
Artificial Sequence <220> 3 1 MAR 20Q63Page 6 27053132 3 1 MAR 2"So <2233pHAR 2066
Description of Artificial Sequence: Synthetic peptide <400> 23 Ser Met Asp

Arg Ser Asp Met Thr Met Arg Leu Pro 1 5 10 <210> 24 <211> 12 <212> PRT
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic peptide <400> 24 Gy Thr Phe Thr Pro Arg Pro Thr Pro Ile Tyr Pro

1 5 10 s> Riscailrod Zof RL2Pe PRI, F2433u b1 I SUALnSEgUCRERETRR0>  <223>

Description of Artificial Sequence: Syntheétic peptide <4 Met Ser
A u Asrcgeriy, Hhr Ser Gn lle u Ser 1 5 10 <210> 26 <211> 12 <212> PRT
<213> /(’éflty fdetd %l)se@liﬁ?nﬁgu <P0”I1e Ala Leu Glu Leu Arg

10

<210> 12

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 12
Cys His Ala Ser Asn Arg Leu Ser Cys
1 5

<210> 13

<211> 9

<212> PRT

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 13
Cys His Ala Ser Asn Arg Leu Ser Cys
1 5

<210> 14

<211> 8

<212> PRT

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 14
Cys His Ala Ser Asn Arg Leu Ser Cys
1 5

<210> 15

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

Page 4



<223> Description of Artificial Sequence: Synthetic peptide <400> 26 Asp Met
Leu Ala Arg Leu Arg Ala Thr Ala Ay, Rg,i:3 5 10 <210> 27 <211> 12 E%ﬁfﬁ 006
PRT <213> Artificial Sequence <220> Page 7 27053132 <223> Descriptio
Artificial Sequence: Synthetic peptide <400> 27 Ser G n Thr Trp Leu Leu Met
Ser Pro Val Ala Thr 1 5 10 <210> 28 <211> 12 <212> PRT <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide

211 192293, S pR B0, OF Al e g e 8 e ekt T OF

ArtificiahsSeqdence: Synthetic peptide <400> 29 Leu Thr Trp Ser Pro Leu Gn

ggqugﬁLf H@%gAEQeSe% §S£0Ar%1% u3%er<%§%> 12 <212> PRT <213> Artificial

<210> 16

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 16
Cys His Ala Ser Asn Arg Leu Ser Cys
1 ‘ 5

<210> 17

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 17
Cys His Ala Ser Asn Arg Leu Ser Cys
1 5 )

<210> 18

<211> S

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 18
Cys His Ala Ser Asn Arg Leu Ser Cys
1 5

<210> 19

<211> S

<212> PRT

<213> Artificial Sequence

<220>

Page 5



<220> <223> Description of Artificial Sequence: Synthetic peptide <400> 30
Gnlle Ser Ala Hs @n Met Pro Sernsfsgi5o Ile 1 5 10 <210> 31 <§%¥RRQ%B
<212> PRT <213> Artificial Sequence <220> 3 1 MAR 2006 Page 8 27053 <223>
Description of Artificial Sequence: Synthetic peptide <400> 31 Ser Net Lys
Tyr Asn Leu Ile Val Asp Ser Pro Tyr 1 5 10 <210> 32 <211> 12 <212> PRT
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:

Synt hetd ' As Pro Met
15 10 3(22%@9?3%2 o %ﬁ%ﬁ@%‘%&‘iﬁ%@é}??‘?n%?ff“%‘é%ﬁeﬁ%gt@%w <223>

Descri pligen qfg Artificial Sequence: Synthetic peptide <400> 33 Thr G n Asn
Leu G eyld @A A 1Q LY AU NI BE Osed Eyd0 <210> 34 <211> 12
1 5

<210> 20

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 20
Cys His Ala Ser Asn Arg Leu Ser Cys
1 5

<210> 21

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 21
Cys His Ala Ser Asn Arg Leu Ser Cys
1 5

<210> 22

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 22
Cys His Ala Ser Asn Arg Leu Ser Cys
1 5

<210> 23

<211> 12

<212> PRT

<213> Artificial Sedguence

<220>

Page ©



<212> PRT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic peptide <400> 34 An Ile Ser Ala Hs Gn Met Pro Ser Arg .
Prolle 15 10 <210> 35 <211> 1227631232 PRT <213> Artificial Sequence! MAR 700
<220> 3 1 MAR 2GG6 Page 9 27053132 <223> Description of Artificial Sequence:
Synthetic peptide <400> 35 Tyr Pro Met Ser Pro Ser Pro Tyr Pro Tyr A n Leu
15 10 <210> 36 <211> 12 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic peptide <400> 36 Ser Phe Met
Il e A xR Tusdripten RO Brol Secial Sedler@dD>SPitheR1d>pdptig’dl2> PRT
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synt hetd4® (pe@d de <400> 37 Gy Leu Ala Pro His Ile H's Ser Leu Asn Qu Al a
1 5 10Ser Met Asp Arg Ser Asp Met Thr Met Arg Leu Pro

1 5 10

<210> 24

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 24
Gly Thr Phe Thr Pro Arg Pro Thr Pro Ile Tyr Pro
1 5 10

<210> 25

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 25
Gln Met Ser Glu Asn Leu Thr Ser Gln Ile Glu Ser
1 5 10

<210> 26

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 26
Asp Met Leu Ala Arg Leu Arg Ala Thr Ala Gly Pro
1 5 10

<210> 27

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

Page 7



<210> 38 <211> 12 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence278gBthetic peptide <400> 38 Met Gyn ¥irelnls
Pro Val Thr Pro Tyr Leu Asn Ala Ser 1 5 10 <210> 39 <211> 12 <212> PRT
<213> Artificial Sequence <220> 3 1 MAR 2006 Page 10 27053132 3 11 MAR 2950
<223> Description of Artificial Sequence: Synthetic peptide <400> 39 Ser Pro
Gy Asp Ser Leu Lys Lys Leu Ala Ala Ser 1 5 10 <210> 40 <211> 12 <212>
PRT <2%k32 Ar thdd et fht SoeuenCcRr 220212 X¥283qubBs6t i piheneeh cApkbkiigieal
Sequence: Synthetic peptide <400> 40 Ser Pro Ay Asp Ser Leu Lys Lys Leu Ala
Al a Serxa0lp:d 7t0 <210> 41 <211> 12 <212> PRT <213> Artificial Sequence
<220> sex¥Dener iPip e @f LA tiét cial Seguencenl Symhbetic peptide <400> 41
1 5 10

<210> 28

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 28
Ala Ser Pro Asp Gln Gln Val Gly Pro Leu Tyr Val
1 5 10

<210> 29

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 29
Leu Thr Trp Ser Pro Leu Gln Thr Val Ala Arg Phe
1 5 10

<210> 30

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 30
Gln Ile Ser Ala His Gln Met Pro Ser Arg Pro Ile
1 5 10

<210> 31

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

Page 8



Anille Ser Ala Hs A n Met Pro Ser Arg Pro Ile 1 5 10 <210> 42 <211> 12
<212> PRT <213> Artificial Sequence7g83032 <223> Descri ption of Arthﬁtﬁqug%
Sequence: Synthetic peptide <400> 42 Ser Pro Ay Asp Ser Leu Lys Lys Leu Ala
Ala Ser 1 5 10 <210> 43 <211> 12 <212> PRT <213> Artificial Sequence
<220> Page 11 27053132 <223> Description of Artificial Sequence: Synthetic
peptide <400> 43 Ser Pro Ay Asp Ser Leu Lys Lys Leu Ala Ala Ser 1 5 10
<210> 42232 s dRiptRd2 > PRIr 24321 Al t $é4eéate Segyptnet£22Papt$4283>
Description of Artificial Sequence: Synthetic peptide <400> 44 Ser Pro Gy
Asp Sercdomipr Lys Lys Leu Ala Ala Ser 1 5 10 <210> 45 <211> 12 <212> PRT
<213> Aydd e aly Sermpieren R0>115223> RDesCeépt bos efrArtificial Sequence:
Synt hetii ¢ pepti de 5 10

<210> 32

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 32
Gln Met Pro Ile Arg Asn Gln Leu Ala Trp Pro Met
1 5 10

<210> 33

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 33
Thr Gln Asn Leu Glu Ile Arg Glu Pro Leu Thr Pro
1 5 10

<210> 34

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 34
Gln Ile Ser Ala His Gln Met Pro Ser Arg Pro Ile
1 5 10

<210> 35

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

Page 9



<400> 45 Ser Pro Gy Asp Ser Leu Lys Lys Leu Ala Ala Ser 1 5 10 <210> 46
<211> 12 <212> PRT <213> Artifici at7¢Sequence <220> <223> DescriptionngARzmﬁ
Artificial Sequence: Synthetic peptide <400> 46 Ser Pro Ay Asp Ser Lell Lys
Lys Leu Ala Ala Ser 1 5 10 <210> 47 <211> 12 <212> PRT <213> Artificial
Sequence <220> 3 1 MAR 2Q05 Page 12 27053132 <223> Description of Artificial
Sequence: Synthetic peptide <400> 47 Ser Pro Gy Asp Ser Leu Lys Lys Leu Ala
Al a Ser<2135 B8ss21PPib8 of2iiri¥2cisdldzqiRhce2l R rAHdHicigdpSamience
<220> <223> Description of Artificial Sequence: Synthetic peptide <400> 48
Ay Tyr<éhs>Mes A n Thr Leu Pro Ay Pro Val Ala 1 5 10 <210> 49 <211> 12
<212> PRJr<€#3>Métt btikCh2b SeqUeReETyr Pro Tyr Gln Leu

1 5 10

<210> 36
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 36
Ser Phe Met Ile Gln Pro Thr Pro Leu Pro Pro Ser
1 5 10

<210> 37

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 37
Gly Leu Ala Pro His Ile His Ser Leu Asn Glu Ala
1 5 10

<210> 38

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 38
Met Gln Phe Pro Val Thr Pro Tyr Leu Asn Ala Ser
1 5 10

<210> 39

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
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<220>

Ser Leu Thr

<212> PRT <213> Artificial
Synt hetic peptide <400> 50 Ser
15 10 <210> 51

Sequence:
Arg Ser

Ser

<211> 12

<210>
<211>
<212>
<213>

<220>
<223>

<400>

<223> Description of Artificial

Pro Lau Thr Thr Ser

<211> 12

15 10 <210> 52

40
iz
PRT
Artificial Sequence

Description of Artificial

40

Ser Pro Gly Asp Ser Leu Lys Lys

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

41

12

PRT

Artificial Sequence

Description of Artificial

41

Gln Ile Ser Ala His Gln Met Pro

1

<210>
<211>
<212>
<213>

<220>
<223>

<400>

5

42

12

PRT

Artificial Sequence

Description of Artificial

42

Ser Pro Gly Asp Ser Leu Lys Lys

1

<210>
<211>
<212>
<213>

<220>

5

43

12

PRT

Artificial Sequence

H 8708103 g Ser
Sequence <220>

<212> PRT <213> Artificial
<220> 3 1 MAR 2006 Page 13 27053132 3 1 MAR 2006 <223> Descri ption of
Artifi epaB>Seqgsendet isymtdreta o ipripdi e
H's Leu Arg Ser
SequeneeQe22@® <223> Description of Artificial
<400> 5arThprroLe;1mispAssfexGnelPrIq/sLeuysmgexPrﬁoldDhelaTPSeﬁ y 15 10 <210> 53

<211> 12

Sequence:
15 10 <210> 50

Leu Thr Pro Lau Thr Thr

Sedlen&d: Seyntieet Torp&poideu Thr Thr
<212> PRT <213> Artificial
Synt hetic peptide

Sequence:

10

Sequence: Synthetic peptide

Leu Ala Ala Ser
10

Sequence: Synthetic peptide

Ser Arg Pro Ile
10

Sequence: Synthetic peptide

Leu Ala Ala Ser
10

Page 11

Synt hetic peptide <400> 49
<2181 MR 7006
<223> Description of Artificial

Ser His Leu

Sequence



<212> PRT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic peptide <400> 33o&er3deu Thr Pro Leu Thr Thr Ser H's Leu
Arg Ser 1 5 10 <210> 54 <211> 12 <212> PRT <213> Artificial Sequencgi MAR 2006
<220> <223> Description of Artificial Sequence: Synthetic peptide <400> 54
Ser Pro Ay Asp Ser Leu Lys Lys Leu Ala Ala Ser 1 5 10 <210> 55 <211> 12
<212> PRT <213> Artificial Sequence <220> Page 14 27053132 <223> Descri ption
of Art kRepalDeSemqigrciein Symtdweti £i el | stegqrede: 55y oerePie FeptAgp Ser Leu

Lys Lys Leu Ala Ala Ser 1 5 10 <210> 56 <211> 12 <212> PRT <213>

Artifi edalo>Sdguence <220> <223> Description of Artificial Sequence:

Synt hebiee pept idde snfﬁiﬁse‘imsﬁr o Gy thsp zS_edi Apy &y5 Lys Leu Ala Ala Ser
15 101<210> 57

<210> 44

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 44
Ser Pro Gly Asp Ser Leu Lys Lys Leu Ala Ala Ser
1 5 10

<210> 45

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 45
Ser Pro Gly Asp Ser Leu Lys Lys Leu Ala Ala Ser
1 5 10

<210> 46

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 46
Ser Pro Gly Asp Ser Leu Lys Lys Leu Ala Ala Ser
1 5 10

<210> 47

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

Page 12



<211> 12 <212> PRT <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic pepbhge3rxd00> 57 Ser Pro Gy Asp Ser 4 LﬁH%W?%E
Lys Leu Ala Ala Ser 1 5 10 <210> 58 <211> 12 <212> PRT <213> Artificia
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide
<400> 58 Ser Pro Gy Asp Ser Leu Lys Lys Leu Ala Ala Ser 1 5 10 <210> 59
<211> 12 <212> PRT <213> Artificial Sequence <220> 31 MAR 200 Page 15

2705313259223 8Sdd 84 Q¥ A - Ar£ 5 REGUED i Lde <400>
59 Ser Leu Thr SPr o%lr_eu Thr ThrrﬁsfelréiHaﬂsaéLeeu Arg Sery%ﬁ%@%% ﬁz%ga%o <211>

12 <2%k3poBRR7<213> Artificial Sequence <220> <223> Description of

pLi sl sSenuaeaehalde @il A0 P Sprsfro Gy Asp Ser Leu Lys
Lys Ley Ala Ala

<210> 48

<211> 12

<212> PRT

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 48
Gly Tyr His Met Gln Thr Leu Pro Gly Pro Val Ala
1 5 10

<210> 49

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 49
Ser Leu Thr Pro Leu Thr Thr Ser His Leu Arg Ser
1 5 10

<210> 50

<211> 12

<212> PRT

<213> Artificial Seqguence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 50
Ser Leu Thr Pro Leu Thr Thr Ser His Leu Arg Ser
1 5 10

<210> 51

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
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15 10 <210> 61 <211> 12 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequencez7&@ymtdretic peptide <400> 61 Ser Pr @ 1@AR 7105
Asp Ser Leu Lys Lys Leu Ala Ala Ser 1 5 10 <210> 62 <211> 12 <212> PRT
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic peptide <400> 62 Ser Pro Asp Gy Ser Leu Lys Lys Leu Ala Ala Ser
15 10 <210> 63 <211> 12 <212> PRT <213> Artificial Sequence <220> 3 1 MAR
2006 Page 36 REQG3IEIA o2 2T ZD&SiCﬂﬂdﬁailorBétfPéHéé-f | Syt h Segd ﬁé%tl§¥nt hetic
pepti de <400> 63 Ser Leu Thr Pro Leu Thr Thr Ser |s Leu Arg 1510
<210> G@400s251> 12 <212> PRT <213> Artificial Sequence <220> <223>
Descri peirone@f ThAr ibdcitalu Seguense:sey et ReRy i sier

1 ‘ 5 10

<210> 52
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 52
Thr Leu Thr Asn Gly Pro Leu Arg Pro Phe Thr Gly
1 5 10

<210> 53
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 53
Ser Leu Thr Pro Leu Thr Thr Ser His Leu Arg Ser
1 . 5 i0

<210> 54

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 54
Ser Pro Gly Asp Ser Leu Lys Lys Leu Ala Ala Ser
1 5 10

<210> 55

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

Page 14



<400> 64 Ser Leu Thr Pro Leu Thr Thr Ser His Leu Arg Ser 1 5 10 <210> 65
<211> 12 <212> PRT <213> Artificia7038qaence <220> <223> Descri ption ?1MAR2%5
Artificial Sequence: Synthetic peptide <400> 65 Ser Leu Thr Pro Leu Thr“Th
Ser H's Leu Arg Ser 1 5 10 <210> 66 <211> 12 <212> PRT <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide
<400> 66 Ser Leu Thr Pro Leu Thr Thr Ser His Leu Arg Ser 1 5 10 <210> 67
<211> 1<222xﬁlﬁesERiTpszéﬁ>oﬁrh‘kt'whaha§egega@ﬁc522@§m%hétw pptadage 17
27053132 <223> Description of Artificial Sequence: SyntheticC peptide <400>
67 Thr 4mpIhg5Asn Gy Pro Leu Arg Pro Phe Thr Ay 1 5 10 <210> 68 <211>
12 <21der RRlo <@lg>néptbekciali £9guePsereu Ala Ala Ser

1 5 10

<210> 56

<211> 12

<212> PRT .

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 56
Ser Pro Gly Asp Ser Leu Lys Lys Leu Ala Ala Ser
1 5 10

<210> 57

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 57
Ser Pro Gly Asp Ser Leu lys Lys Leu Ala Ala Ser
1 5 10

<210> 58

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 58
Ser Pro Gly Asp Ser Leu Lys Lys Leu Ala Ala Ser
1 5 10

<210> 59

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

Page 15



<220> <223> Description of Artificial Sequence: Synthetic peptide <400> 68
Leu Asn Thr Pro Lys Pro Phe Thr Lee7@G5¢1&n Asn 1 5 10 <210> 69 <211> ﬁ R 00
<212> PRT <213> Artificial Sequence <220> <223> Description of Artifiék N' ‘
Sequence: Synthetic peptide <400> 69 Cys Asp Leu G n Asn Tyr Lys Ala Cys 1
5 <210> 70 <211> 9 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic peptide <400> 70 Cys Arg H s
Pro H 2> Aasdeiptysn df SAxR102c74l S2didende: <@FAhBRIc<REPr iMctifi ci al
Sequence <220> 2,30 Page 18 27053132 <223> Description of Artificial
Sequenc&0®Byritheti c peptide <400> 71 Cys Ala Asn Leu Lys Pro Lys Ala Cys 1
5 <210%8ef2 Lei?IMtrr 9Pro Leu Thr Thr Ser His Leu Arg Ser

1 5 10

<210> 60

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 60
Ser Pro Gly Asp Ser Leu Lys Lys Leu Ala Ala Ser
1 5 10

<210> 61l

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 61
Ser Pro Gly Asp Ser Leu Lys Lys Leu Ala Ala Ser
1 5 10

<210> 62

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 62
Ser Pro Asp Gly Ser Leu Lys Lys Leu Ala Ala Ser
1 5 10

<210> 63

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

Page 16



<212> PRT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic peptide <400> 72 Cys Tyr Ile Asn Pro Pro Lys Val Cys 1
5 <210> 73 <211> 9 <212> PRT <21327®r1333 ci al Sequence <220> <223pt MAR 0%
Description of Artificial Sequence: Synthetic peptide <400> 73 Cys Asn Asn
Lys Val Pro Val Leu Cys 1 5 <210> 74 <211> 9 <212> PRT <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide
<400> 74 Cys His Ala Ser Lys Thr Pro Leu Cys 1 5 <210> 75 <211> 9 <212>
PRT <21382Apt DEiseirdiptSequarfc @ 2200cc i3 1l AR08 Rage: HOE 270583 82d«223>
Description of Artificial Sequence: Synthetic peptide <400> 75 Cys Al a Ser
A n Leu<?PP>PPd Ala Cys 1 5

Ser Leu Thr Pro Leu Thr Thr Ser His Leu Arg Ser

1 5 10

<210> 64

<211> 12

<212> PRT

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> &4
Ser Leu Thr Pro Leu Thr Thr Ser His Leu Arg Ser
1 5 10

<210> 65

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Seqguence: Synthetic peptide

<400> 65
Ser Leu Thr Pro Leu Thr Thr Ser His Leu Arg Ser
1 5 10

<210> 66

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 66
Ser Leu Thr Pro Leu Thr Thr Ser His Leu Arg Ser
1 5 10

<210> 67

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

Page 17



<210> 76 <211> 9 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic peptide <400> 76 Cys Asn Met
Thr G n Tyr Pro Ala Cys 1 5 <210>27p53%¥241> 9 <212> PRT <213> Artifixialy 115
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide
<400> 77 Cys Phe Ala Pro Ser Ay Pro Ala Cys 1 5 <210> 78 <211> 9 <212>
PRT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic peptide <400> 78 Cys Pro Val Trp Ile G@n Ala Pro Cys 1
5 <210x2i:B> <2dder fpt KA 25f PRIt £2132a v Befjiehak : Segreneeis22@pt3ide MAR 2006
Page 20 27053132 <223> Description of Artificial Sequence: Synthetic peptide
<400> #200> 67

Thr Leu Thr Asn Gly Pro Leu Arg Pro Phe Thr Gly

1 5 10

<210> 68

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 68
Leu Asn Thr Pro Lys Pro Phe Thr Leu Gly Gln Asn
1 5 10

<210> 69

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 69
Cys Asp Leu Gln Asn Tyr Lys Ala Cys
1 5

<210> 70

<211> 9

<212> PRT

<213> Artificial Sequence

-

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 70
Cys Arg His Pro His Thr Arg Leu Cys
1 5

<210> 71

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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Cys A n Val Ala Val Asn Pro Leu Cys 1 5 <210> 80 <211> 9 <212> PRT <213>
Artificial Sequence <220> <223> Degsgsspid on of Artificial Sequence: 31MAR 2960
Synthetic peptide <400> 80 Cys A n Pro Gu Ala Met Pro Ala Cys 1 5 <210> 81
<211> 9 <212> PRT <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic peptide <400> 81 Cys His Pro Thr Met Pro Leu
Ala Cys 1 5 <210> 82 <211> 9 <212> PRT <213> Artificial Sequence <220>
<223> ResGsi Peseit iqft A id4 Glad 1 Sesences gyt det son et i depgfPPae82 Cys Pro
Pro Phe Ala Ala Pro Ile Cys 1 5 <210> 83 <211> 9 <212> PRT <213>
Artifi elsalp>Sequence <220> 3 1 MAR 2006 Page 21 27053132

Cys Ala Asn Leu Lys Pro Lys Ala Cys

1 5

<210> 72

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 72
Cys Tyr Ile Asn Pro Pro Lys Val Cys
1 5

<210> 73

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 73
Cys Asn Asn Lys Val Pro Val Leu Cys
1 5

<210> 74

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 74
Cys His Ala Ser Lys Thr Pro Leu Cys
1 5

<210> 75

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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<223> Description of Artificial Sequence: Synthetic peptide <400> 83 Cys Asn
Lys His G@n Pro Met His Cys 1 5 <2%@3384 <211> 9 <212> PRT <213> 11 MAR 2005
Artificial Sequence <220> <223> Description of Artificial Sequence: !
Synt hetic peptide <400> 84 Cys Phe Pro Met Arg Ser Asn A n Cys 1 5 <210> 85
<211> 9 <212> PRT <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic peptide <400> 85 Cys A n Ser Met Pro His Asn
Arg Cysc2d3d pedddi $6iorr 234 >a Bt i £2d 221 PRIgaedde: Asyhthetak §%gu&a%e <220>
<223> Description of Artificial Sequence: Synthetic peptide <400> 86 Cys Asn
Asn Pra4di>Hs Gn Asn Cys 1 5 <210> 87 <211> 9 <212> PRT <213>
Artifieal Segueneesr?20e, 3ty MR-808Pa cys

1 5

<210> 76

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 76
Cys Asn Met Thr Gln Tyr Pro Ala Cys
1 5

<210> 77

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 77
Cys Phe Ala Pro Ser Gly Pro Ala Cys
1 5

<210> 78

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Segquence: Synthetic peptide

<400> 78
Cys Pro Val Trp Ile Gln Ala Pro Cys
1 5

<210> 79

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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Page 22 27053132 <223> Description of Artificial Sequence: Synthetic peptide
<400> 87 Cys A n Ser Met Pro Hs AivoAng3gys 1 5 <210> 88 <211> 9  <212>
PRT <213> Artificial Sequence <220> <223> Description of Artificiall MAR 2036
Sequence: Synthetic peptide <400> 88 Cys His Met Ala Pro Arg Trp G n Cys 1
5 <210> 89 <211> 9 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic peptide <400> 89 Cys A n Ser

Met ProcZi® Asesérfptyen d£5A%2182c981 Sddhznle:<81AxhRRI <Pkt ML i ficial
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide

<400> S0i(Hi>s Mal H s Ile Hs Ser Arg Pro Met 1 5 <210> 91 <211> 9 <212>
PRT <213ps AElnfvglahlSeydengen Pro Leu Cys
1 5

<210> 80

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 80
Cys Gln Pro Glu Ala Met Pro Ala Cys
1 5

<210> 81

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 81
Cys His Pro Thr Met Pro Leu Ala Cys
1 5

<210> 82

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 82
Cys Pro Pro Phe Ala Ala Pro Ile Cys
1 5

<210> 83

<211> ¢

<212> PRT

<213> Artificial Segquence

<220>
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<220> 3 1 MAR 2006 Page 23 27053132 <223> Description of Artificial
Sequence: Synthetic peptide <400> 91 His Val Hs Ile Hs Ser Arg Pro Met 1
5 <210> 92 <211> 9 <212> PRT <21250ABLB%icial Sequence <220> <223>
Description of Artificial Sequence: Synthetic peptide <400> 92 Leu Prbi K&h 2005
Met Hs Pro Leu Pro Leu 1 5 <210> 93 <211> 9 <212> PRT <213> Artificial
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide
<400> 93 Leu Pro Leu Arg Leu Pro Pro Met Pro 1 5 <210> 94 <211> 9 <212>
PRT <2182 #rtPésciapt Begquehckre2gdsiat238gubeseri fynshesfi cApeipftiicieal
Sequence: Synthetic peptide <400> 94 His Ser Met Ile Ay Thr Pro Thr Thr 1
5 <210<49H0><®@31> 9

Cys Asn Lys His Gln Pro Met His Cys

1 5

<210> B84

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> B4
Cys Phe Pro Met Arg Ser Asn Gln Cys
1 5

<210> 85

<211> 9

<212> PRT

<213> Artificial Sequence

<220> ‘
<223> Description of Artificial Sequence: Synthetic peptide

<400> 85
Cys Gln Ser Met Pro His Asn Arg Cys
1 5

<210> Bé6

<211> S

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 86
Cys Asn Asn Pro Met His Gln Asn Cys
1 5

<210> 87

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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<212> PRT <213> Artificial Sequence <220> 3 1 MAR 2000 Page 24 27053132
<223> Description of Artificial Seguegsgei> Synthetic peptide <400> 95 Ser Val
Ser Val Gy Met Lys Pro Ser 1 5 <210> 96 <211> 9 <212> PRT <213> J I MAR 2006
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synt hetic peptide <400> 96 Leu Asp Ala Ser Phe Met A n Asp Trp 1 5 <210> 97
<211> 9 <212> PRT <213> Artificial Sequence <220> <223> Description of
Arti i eizal3>Serisencgt idMtdreta o Peptd de sdQfnm & T8nFhor PropSer i ¥r G n Met
Ala Met 1 5 <210> 98 <211> 9 <212> PRT <213> Artifici al %equence <220>
<223> DRagesi gt on of Artificial Sequence: Synthetic peptide <400> 98 Tyr Pro
A n Legalgigersd¥eivereprifuid A&n arg cys

1 5

<210> 88

<211> S

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 88
Cys His Met Ala Pro Arg Trp Gln Cys
1 5

<210> 89

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Synthetic peptide

<400> 89
Cys Gln Ser Met Pro His Asn Arg Cys
1 5

<210> 920

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 90
His Val His Ile His Ser Arg Pro Met
1 5

<210> 91

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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<210> 99 <211> 9 <212> PRT <213> Artificial Sequence <220> 3 1 MAR 19, 36
Page 25 27053132 <223> Descriptionsohsgrisficial Sequence: Synthetic peptide
<400> 99 Ay Tyr Ser Thr Ile Asn Met Tyr Ser 1 5 <210> 100 <211> 93 1 ¥2R 28
PRT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic peptide <400> 100 Ser Val Ser Val Qy Net Lys Pro Ser 1
5 <210> 101 <211> 9 <212> PRT <213> Artificial Sequence <220> <223>
Descri pioay Qe Atiidd il o Setrences 1 DY é &k b gc s H@héé99>pé§%ié‘§p Arg Met
Leu Leu Pro Phe Asn Leu 1 5 <210> 102 <211> 9 12> PRT <213> Artificial
Sequengqg oe22@p <223> Description of Artificial Sequence: Synthetic peptide
<400> 10% val His Ile His Ser Arg Pro Met

1 5

<210> 92

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 92
Leu Pro Asn Met His Pro Leu Pro Leu
1 5

<210> 93

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 93
Leu Pro Leu Arg Leu Prc Pro Met Pro
1 5

<210> 94

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 94
His Ser Met Ile Gly Thr Pro Thr Thr
1 5

<210> 95

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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Ile Pro Met Thr Pro Ser Tyr Asp Ser 1 5 <210> 103 <211> 9 <212> PRT <213>
Artificial Sequence <220> 3 1 MAR 2U@33Rage 26 27053132 <223> Descrlfé gn
Artificial Sequence: Synthetic peptide <400> 103 Met Tyr Ser Pro Arg ! ﬁ%@
Ala Leu 1 5 <210> 104 <211> 9 <212> PRT <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Synthetic peptide <400> 104 G n
Pro Thr Thr Asp Leu Met Ala Hs 1 5 <210> 105 <211> 9 <212> PRT <213>
Artificizd3-Seppieneept23f>of<B282fDesali pbhoBnet: A'SE(hfth%'t@Jc PREHENLE:
Synthetic peptide <400> 105 Ala Thr Hs Val Gn Met Ala Trp Ala 1 5 <210>
106 <2309 95212> PRT <213> Artificial Sequence <220>

Ser Val Ser Val Gly Met Lys Pro Ser

1 5

<210> 96

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> %6
Leu Asp Ala Ser Phe Met Gln Asp Trp
1 5

<210> 97

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 97
Thr Pro Pro Ser Tyr Gln Met Ala Met
1 5

<210> 98

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 98
Tyr Pro Gln Leu Val Ser Met Ser Thr
1 5

<210> 99

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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<223> Description of Artificial Sequence: Synthetic peptide <400> 106 Ser
Met His Ala Thr Leu Thr Pro Met 1230&21%2> 107 <211> 9 <212> PRT §433 g
Artificial Sequence <220> 3 1 MAR 2036 Page 27 27053132 <223> Descrlptl %
Artificial Sequence: Synthetic peptide <400> 107 Ser Ay Pro Ala Hs Gy th
Phe Ala 1 5 <210> 108 <211> 9 <212> PRT <213> Artificial Sequence <220>
<223> Description of Artificial Sequence: Synthetic peptide <400> 108 Ile
Al a AsrZ223y PreschyiptSern Alfa 28N f leHa K 298qudid®e : <pithdtie2pd@ptPBE <213>
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synt heid®@Ope®9 de <400> 109 Val Met Thr An Pro Thr Arg 1 5 <210> 110
<211> BlyW<ZhA> FRT Thr Ile Asn Met Tyr Ser

1 5

<210> 100

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 100
Ser Val Ser Val Gly Met Lys Pro Ser
1 5

<210> 101

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 101.
Asp Arg Met Leu Leu Pro Phe Asn Leu
1 5

<210> 102

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 102
Ile Pro Met Thr Pro Ser Tyr Asp Ser
1 5

<210> 103

<211> 9

<212> PRT

<213> Artificial Seqguence

<220>
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<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic peptide <400> 110 Hi s Metz7Bsg1f¥0 Leu Ser Ile 5 <210> é?ﬂ R 7003
<211> 12 <212> PRT <213> Artificial Sequence <220> 3 1 NAR 2030 Pa yé
27053132 <223> Description of Artificial Sequence: Synthetic peptide <400>
111 Leu Thr Arg Ser Pro Leu His Val Asp Adn Arg Arg 1 5 10 <210> 112 <211>
12 <212> PRT <213> Artificial Sequence <220> <223> Description of
Artifi cioal3-Sempiencest SymthetAec peptide s480endd? ’s!ghthle@ls.e beftidd s Ala Gu
Ser Ser Arg Arg Leu 1 5 10 <210> 113 <211> 12 12> PRT <213> Artificial
Sequencel (22003 <223> Description of Artificial Sequence: Synthetic peptide
<400> Me¥ Seyr Gor Freo Mg HbBo @y¥oMelaPheuAla Arg Pro Leu 1 5 10 <210> 114
1 5

<210> 104

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 104
Gln Pro Thr Thr Asp Leu Met Ala His
1 5

<210> 105

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 105
Ala Thr His Val Gln Met Ala Trp Ala
1 . 5

<210> 106

<21i> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 106
Ser Met His Ala Thr Leu Thr Pro Met
1 5

<210> 107

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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<211> 12 <212> PRT <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic pepti7de3xd90> 114 Ser Val Ser Val Nﬁ% @
Pro Ser Pro Arg Pro 1 5 10 <210> 115 <211> 12 <212> PRT <213> Artlf
Sequence <220> 3 1 1AR 2".30 Page 29 27053132 <223> Descri ption of

Artificial Sequence: Synthetic peptide <400> 115 Ser Val Ser Val Ay Net Lys
Pro Ser Pro Arg Pro 1 5 10 <210> 116 <211> 12 <212> PRT <213> Artificial
Sequence 222 W s cRP3ei desss | pit OniefaPr sefhehat : SegHeneeicSpapletiec pepti de
<400> 116 Ser Val Ser Vval Gy Met Lys Pro Ser Pro Arg Pro 1 5 10 <210> 117
<211> X40eM 20 PRT <213> Artificial Sequence <220> <223> Description of
Artifi e cﬁgquangeg1£Wmi§e¢ly pept pele 490> 117 Cys His Ala Ser Asn Arg Leu
Ser Cyg

<210> 108

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 108
Ile Ala Asn Arg Pro Tyr Ser Ala Gln
1 5

<210> 109

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 109
Val Met Thr Gln Pro Thr Arg
1 5

<210> 110

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 110
His Met Arg Pro Leu Ser Ille
1 5

<210> 111

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
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1 5 <210> 118 <211> 7 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic peptide <400> 118 His Thr H s
Ile Pro Asn A n 1 5 <210> 119 <2321653132<212> PRT <213> Artifi ci alj iSeguhce
<220> 3 1 MAR 2000 Page 30 27053132 <223> Description of Artificial
Sequence: Synthetic peptide <400> 119 His Thr Hs Ile Pro Asn @n 1 5 <210>
120 <211> 7 <212> PRT <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic peptide <400> 120 Leu Ala Pro Val Ser Pro
Pro 1<823210est2iipt<idhl» 7 A2125cIRRT Se2ilndt iJyciladt Sequeptbd«220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 111

Leu Thr Arg Ser Pro Leu His Val Asp Gln Arg Arg
1 5 10

<210> 112
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 112
Val Ile Ser Asn His Ala Glu Ser Ser Arg Arg Leu
1 5 10

<210> 113

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 113
Ser Gly Pro Ala His Gly Met Phe Ala Arg Pro Leu
1 . 5 10

<210> 114
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 114
Ser Val Ser Val Gly Met Lys Pro Ser Pro Arg Pro
1 5 10

<210> 115

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
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<400> 121 Leu Ala Pro Val Ser Pro Pro 1 5 <210> 122 <211> 9 <212> PRT
<213> Artificial Sequence <220> <228s3Deacription of Artificial Segppgge:ma
Synthetic peptide <400> 122 Cys G n Ser Met Pro His Asn Arg Cys 1 < 'b;”
123 <211> 9 <212> PRT <213> Artificial Sequence <220> 3 1 MAR 2090 Page 31
27053132 <223> Description of Artificial Sequence: Synthetic peptide <400>
123 Cys G n Ser Met Pro Hs Asn Arg Cys 1 5 <210> 124 <211> 9 <212> PRT
<213> A233x ddedcSepueogeo K220t f£223> Dequenpet o8yathAttcl pebalidsequence:
Synthetic peptide <400> 124 Cys G n Ser Met Pro Hs Asn Arg Cys 1 5 <210>
125 <ZBDH9 1KR12> PRT <213> Artificial Sequence

Ser Val Ser Val Gly Met Lys Pro Ser Pro Arg Pro

1 5 10

<210> 116
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 116
Ser Val Ser Val Gly Met Lys Pro Ser Pro Arg Pro
1 5 10

<210> 117

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 117
Cys His Ala Ser Asn Arg Leu Ser Cys
1 5

<210> 118

<211> 7

<212> PRT

<213> Artificial Seqguence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 118
His Thr His Ile Pro Asn Gln
1 5

<210> 119

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
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<220> <223> Description of Artificial Sequence: Synthetic peptide <400> 125
Cys Met Thr Ala Ay Lys Asn Thr Cyg70d43132<210> 126 <211> 9 <212> EFFMﬁ?%@E
Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic peptide <400> 126 Cys G n Thr Leu Trp Arg Asn Ser Cys 1 5 <210>
127 <211> 9 <212> PRT <213> Artificial Sequence <220> 31 MAR 2896 Page 32
27053132 <223> Description of Artificial Sequence: Synthetic peptide <400>
127 Cys27Bp Serscvalption BY AAs fiti Ay Seduénc@]l Byrd28et k21gepid«212> PRT
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synt heki4oopeptliocde <400> 128 Cys Thr Ser Val His Thr Asn Thr Cys 1 5 <210>
129 <B1%>TBr His Ile Pro Asn Gln

1 5

<210> 120

<211> 7

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 120
Leu Ala Pro Val Ser Pro Pro
1 5

<210> 121

<211> 7

<212> PRT

<213> Artificial Sequernce

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 121
Leu Ala Pro Val Ser Pro Pro
1 5

<210> 122

<211> 9

<212> PRT

<213> Artificial Seguence

<220>
<223> Description of BArtificial Sequence: Synthetic peptide

<400> 122
Cys Gln Ser Met Pro His Asn Arg Cys
1 5

<210> 123

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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<212> PRT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic peptide <400> 22958y3%2 Pro Ser Leu Ala Met Asn Ser Cy%n,l
5 <210> 130 <211> 9 <212> PRT <213> Artificial Sequence <220> <ZZBMAR 12U
Description of Artificial Sequence: Synthetic peptide <400> 130 Cys Pro Ser
Leu Ala Met Asn Ser Cys 1 5 <210> 131 <211> 9 <212> PRT <213> Artificial
Sequence <220> 3 1 MAR 290 Page 33 27053132 <223> Description of Artificial
Sequence:2 38y idwt r iptpemt | ot KAODH1 dB41 (YsqSencAsnSyshhdhicVpkphkiisieAl a Cys 1
5 <210> 132 <211> 9 <212> PRT <213> Artificial Sequence <220> <223>
Descri pt4i0f» df23Arti ficial Sequence: Synthetic peptide <400> 132 Cys Ser Asn
Asn ThCWalGlt sei aMdlysPrd Bbis Asn Arg Cys

1 5

<210> 124

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 124

Cys Gln Ser Met Pro His Asn Arg Cys
1 5

<210> 125

<211> 9

<212> PRT

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 125
Cys Met Thr Ala Gly Lys Asn Thr Cys
1 5

<210> 126

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 126
Cys Gln Thr Leu Trp Arg Asn Ser Cys
1 5

<210> 127

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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<210> 133 <211> 9 <212> PRT <213> Artificial Sequence <220> <223>
Description of Artificial Sequence: Synthetic peptide <400> 133 Cys Leu Pro
Ala Gn dy Hs Val Cys 1 5 <210>2188313211> 9 <212> PRT <213> Art'thg@g%ﬂ
Sequence <220> <223> Description of Artificial Sequence: Synthetic éB i de'v
<400> 134 Cys Leu Pro Ala Gn Val Hs Val Cys 1 5 <210> 135 <211> 9 <212>
PRT <213> Artificial Sequence <220> 3 1 MAR 2000 Page 34 27053132 <223>
Description of Artificial Sequence: Synthetic peptide <400> 135 Cys Leu Pro

Al a d r2d3p HesdfalptGyan df RxRi0pcil30 Se@idacd: sPALrePRE gp8rdartifici al
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide
<400> xA®O0> 127

Cys Thr Ser Val His Thr Asn Thr Cys
1 5

<210> 128

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 128
Cys Thr Ser Val His Thr Asn Thr Cys
1 5

<210> 129

<211> 9

<212> PRT

<213> Artificial Seguence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 129
Cys Pro Ser Leu Ala Met Asn Ser Cys
1 5

<210> 130

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 130
Cys Pro Ser Leu Ala Met Asn Ser Cys
1 5

<210> 131

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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Cys Pro Pro Lys Asn Val Arg Leu Cys 1 5 <210> 137 <211> 9 <212> PRT <213>
Artificial Sequence <220> <223> DegoeBpston of Artificial Sequence; .
Synthetic peptide <400> 137 Cys Pro Hs Ile Asn Ala Hs Ala Cys 1 &1 MAR g%
138 <211> 9 <212> PRT <213> Artificial Sequence <220> <223> Description
of Artificial Sequence: Synthetic peptide <400> 138 Cys Ile Val Asn Leu Al a
Arg Ala Cys 1 5 <210> 139 <211> 12 <212> PRT <213> Artificial Sequence
<220> IFZ2 I3 Pagen 36f 286631821 aP23eqlescet pBiynbhet i Ar piebitdidal
Sequence: Synthetic peptide <400> 139 Thr Met Gy Phe Thr Ala Pro Arg Phe
Pro Hi s4Dyr> 135 10 <210> 140 <211> 12 <212> PRT <213> Artificial Sequence
<220> Cys Ser Asn Asn Thr Val His Ala Cys

1 5

<210> 132

<211> 9

<212> PRT

<213> Artificial Segquence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 132
Cys Ser Asn Asn Thr Val His Ala Cys
1 5

<210> 133

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 133
Cys Leu Pro Ala Gln Gly His Val Cys
1 5

<210> 134

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 134
Cys Leu Pro Ala Gln Val His Val Cys
1 5

<210> 135

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
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<223> Description of Artificial Sequence: Synthetic peptide <400> 140 Al a
Thr A n Ser Tyr Val Arg His Pro Serz7pbeg16y 1 5 10 <210> 141 <213> Wb 2908
<212> PRT <213> Artificial Sequence <220> <223> Description of Artificial
Sequence: Synthetic peptide <400> 141 Thr Ser Thr Thr A n Ay Ala Leu Al a
Tyr Leu Phe 1 5 10 <210> 142 <211> 12 <212> PRT <213> Artificial Sequence
<220> <223> Description of Artificial Sequence: Synthetic peptide <400> 142
Asp Prad2n DesSeip@anlbe NatiAfgikll SsdgGeRse: éyﬁtﬂ;@tiélgé 43 <211> 12
<212> PRT <213> Artificial Sequence <220> 31 MAR 27190 Page BE 27053132
<223> Reguri gi3®n of Artificial Sequence: Synthetic peptide <400> 143 Phe

Asp AsmTyy 9.t pRhenleucBiogcVal Hbavserceghu 1 5 10 <210> 144 <211> 12
<212> BRT 5

<210> 136

<211> S

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 136
Cys Pro Pro Lys Asn Val Arg Leu Cys
1 5

<210> 137

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 137
Cys Pro His Jle Asn Ala His Ala Cys
1 5

<210> 138

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 138
Cys Ile Val Asn Leu Ala Arg Ala Cys
1 5

<210> 139
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
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<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synthetic peptide <400> 144 H s G rre78eéslbks Thr Gn A n Asn Lys Arg Hi s Leu
15 10 <210> 145 <211> 12 <212> PRT <213> Artificial Sequence <220% | M3
Description of Artificial Sequence: Synthetic peptide <400> 145 Thr Ser Thr
Thr An Ay Ala Leu Ala Tyr Leu Phe 1 5 10 <210> 146 <211> 12 <212> PRT
<213> Artificial Sequence <220> <223> Description of Artificial Sequence:
Synt hetd22 Pedé sler Kd00on 146 AysiFbeiRLoskhaehks: TBynSaetAbappr ideu Phe G n
15 10 <210> 147 <211> 12 <212> PRT <213> Artificial Sequence <220> 3 1
MAR 2D3A (Ragel 37 27053132 <223> Description of Artificial Sequence

Synt hetTrer pépt | Gley <d@RO>THA7A RsppPooAPgorPReppSer HAkaTkke Val Arg H's Arg Asp
15 10 k210> 148 5 10

<210> 140
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 140
Ala Thr Gln Ser Tyr Val Arg His Pro Ser Leu Gly
1 5 10

<210> 141

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 141
Thr Ser Thr Thr Gln Gly Ala Leu Ala Tyr Leu Phe
1 5 10

<210> 142

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 142
Asp Pro Pro Trp Ser Ala Ile Val Arg His Arg Asp
1 5 10

<210> 143

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
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<211> 12 <212> PRT <213> Artificial Sequence <220> <223> Description of
Artificial Sequence: Synthetic pepti7de3x490> 148 Thr Met Ay Phe Thr fla Pro
Arg Phe Arg H's Tyr 1 5 10 <210> 149 <211> 12 <212> PRT <213> Artd f M&f &1%
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide
<400> 149 Thr Met Ay Phe Thr Ala Pro Arg Phe Pro Hs Tyr 1 5 10 <210> 150
<211> 12 <212> PRT <213> Artificial Sequence <220> <223> Description of
Artificizd3Seppeneest Symtbet het peptide s4QQendbd Ihntietid peBhadihr Ala Pro
Arg Phe Pro His Tyr 1 5 10 <210> 151 <211> 12 <212> PRT <213> Artificial
Sequencea 32204 81 MAR 206 Page 38 27053132 <223> Description of Artificial

Sequena®ie s tm&m%@@ppr@epﬁéoﬂéulﬁig%mLRMaPB@rH;iuLeu Lys Pro Val Ser
Asn G u Lys 10

<210> 144

<211> 12

<212> PRT

<213> Artificial Seqguence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 144
His Gln Ser His Thr Gln Gln Asn Lys Arg His Leu
1 5 10

<210> 145

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 145
Thr Ser Thr Thr Gln Gly Ala Leu Ala Tyr Leu Phe
1 5 .10

<210> 146

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 146
Lys Thr Pro Ile His Thr Ser Ala Trp Glu Phe Gln
1 5 10

<210> 147

<211> 12

<212> PRT

<213> Artificial Segquence

<220>
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15 10 <210> 152 <211> 12
Description of Artificial

Phe Thr Ala Pro Arg Phe Pro His Tyr
<213> Artificial Sequence <220>

15 10 <210> 154 <211> 12

<212> PRT <213> Artificial
Sequence:278gBRi beti ¢ pepti de <400> 152 Thr
15 10 <210> 153
<223> Description of Artificial
Synthetic peptide <400> 153 Asp Pro Pro Trp Ser Ala |le Val
<212> PRT <213> Artificial

Sequence <220> <223>
Met G

<2 132bM i
Sequence:
Arg H's Arg Asp
Sequence <220> <223>

<211> 12

Descri pta2a» dedtidt toml o Seguenteci Synsbghencpepbivdens400>ptb4ikdgs Pro Phe

Trp Thr Ser Ser Pro Asp Val Met Thr

15 10 <210> 155

<211> 12 <212> PRT

<213> Ao ci4¢l Sequence <220> 3 1 MAR LJJU Page 39 27053132 <223>
Descri pisporpxed #xd iTisi sér SErwente: veynhhgt HEsprpYi Hep
1 5

<210>
<211>
<212>
<213>

148
12
PRT
Artificial Sequence

<220>
<223> Description of Artificial
<400> 148
Thr Met Gly Phe Thr Ala Pro Arg
' 1 5 '

<210>
<211>
<212>
<213>

149
12
PRT
Artificial Sequence

<220>
<223> Description of Artificial
<400> 149

Thr Met Gly Phe Thr Ala Pro Arg
1 5

<210>
_ <211>
i <212>
<213>

150

12

PRT

Artificial Sequence

<220>
<223> Description of Artificial
<400> 150

Thr Met Gly Phe Thr Ala Pro Arg
1 5

<210> 151
<211> 12
<212> PRT
<213> Artificial Sequence

<220>

10

Sequence: Synthetic peptide
Phe Arg His Tyr

10
Sequence: Synthetic peptide

Phe Pro His Tyr
10
Sequence: Synthetic peptide

Phe Pro His Tyr
10
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<400> 155 Asp Pro Pro Trp Ser Ala Ile vVal Arg Hs Arg Asp 1 5 10 <210> 156
<211> 12 <212> PRT <213> ArtificiaboSemence <220> <223> Descri ption of
Artificial Sequence: Synthetic peptide <400> 156 Pro Trp Ala Al a ThY1Bgr 215§s
Pro Pro Tyr Ser Ser 1 5 10 <210> 157 <211> 12 <212> PRT <213> Artifici al
Sequence <220> <223> Description of Artificial Sequence: Synthetic peptide
<400> 157 Thr Met Gy Phe Thr Ala Pro Arg Phe Pro H's Tyr 1 5 10 <210> 158
<211> kZZ3§2b%%c&€b1§£d;8%ﬁr}tﬁiEi@iaﬁeﬂél%M&éQZ nt FE€8S Qe%ﬁriheti on of
Artificial Sequence: Synthetic peptide <400> 158 r Mt Ay Phe Thr Ala Pro
Arg PhesBmoo Hisst Tyr 1 5 10 3 1 MAR 23Jo Page 40

Asp Leu Phe His Leu Lys Pro Val Ser Asn Glu Lys

1 5 10

<210> 152
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 152
Thr Met Gly Phe Thr Ala Pro Arg Phe Pro His Tyr
1 5 10

<210> 153
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 153
Asp Pro Pro Trp Ser Ala Ile Val Arg His Arg Asp
1 5 10

<210> 154
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Seguence: Synthetic peptide

<400> 154
Lys Pro Phe Trp Thr Ser Ser Pro Asp Val Met Thr
1 5 10

<210> 155
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
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27053132 1

<223> Description of Artificial Sequence: Synthetic peptide

<400> 155

Asp Pro Pro Trp Ser Ala Ile Val Arg His Arg Asp
1 5 10

<210> 156
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 156
Pro Trp Ala Ala Thr Ser Lys Pro Pro Tyr Ser Ser
1 5 10

<210> 157

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic peptide

<400> 157
Thr Met Gly Phe Thr Ala Pro Arg Phe Pro His Tyr
1 5 10

<210> 158

<211> 12

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic peptide
<400> 158

Thr Met Gly Phe Thr Ala Pro Arg Phe Pro His Tyr

1 5 10
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