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APPLI CA Thi.s. application clainms priority to provisional patent

appl i ca;q'(g\l‘%s? ptisg? 60/ 541, 757 filed February 5, 2B6FUS @54’?383 spl ay
Li braries” to Belcher, Peele, et al. which is hereby incorporated by

reference and relied upon in its entirety. STATEMENT OF GOVERNMENT SUPPORT
The i nventions described herein were devel oped with funding fromthe

federal governnment incl udi b@w@% Nat i onal Sci ence Foundation
Nanoscal e I nterdiscipli naréﬁﬂe ). The federal governnent
retains certain rights to the inventions. BACKGROUND Conbi natori al

| ibraries and "panni ng" nethods are inportant tools in biotechnol ogy.

Despite advances i n conbi nR.EbAlTEDAPHLK}Aé‘SONtSd "panni ng" nethods, however,

further advan are needed Bal‘tl cul ar | g]rances V\QI ch r vi de for
conmer ci al i zatPERPRAGALND(alns PHEtte pravjSiopal patsnt agp catleg é‘f’ori al

| ibrarieg )ﬁm%7%fduwg%mwcmﬂgﬁéfmfmie%s%@Beizhemeaepétl cations in

bi ot echno ogy, Inc nrunol ogy an oteln chemstry, may not be
consi der el vayigh is hateby inarpoxated byteferamgel draditdlied sipoh in jimentiretyl ar, t he
fabrication and comercializati.-on of inorganic materials such as, for
exanpl e, sem conductor, nmagnetic, or netallic materials are not generally

associated with bi OtﬁﬂTEWTOFG vgnmﬁsmmral , use of biol ogical

sel f-assenbly, specific recognition, and other biomnmnetic type processes
has been I i m' fThd inventibes dea¢réhed heimwers. debveleped | witle findingsfromhdhe exanpl e, U. S.

Pat. No 6, 922 to Br purports to descri ods | dentifying
and expré@ée %F’&PH?"@&@EEEF He—and—aéfiqlﬁﬁ%ﬁgﬁ%‘@ﬁgf”f $t obes. See,
al so, Br T‘Wﬂndaﬁon NenBScaldYaterdisciflifhry RedearctBPeart FRIR TS, PR federhll® WOT K,

however, focused on gramnegative bacterial surface display. Qher efforts
by Bel chgovmntrememmghbddmvmmge di splay systens for selective
recogni tion against crystalline inorganic surfaces and, nore generally,
surfaces of technol ogi cal useful ness. Despite the advant ages of phage
systenms, 1. WO 2005/ 100590 PCTBWSHHRODRIDH24 however, cell systens can

provi de advant ages over phage systens |nclud|ng for
Combinatorial libraries and “panning” maethods are important tools in

biotechnology. Despite advances in combinatorial libraries and “panning”
methods, however, further advances are needed., particularly advances which
provide for commercialization and better versatility. For example, combinatorial
libraries which are generated for purposes of re search and applications in
biotechnology, including immunology and protein chemistry, may not be
considered applicable to materials applications. In particular, the fabrication and
commercialization of inorganic materials such as, for example, semiconductor,
magnetic, or metallic materials are not generally associated with biotechnology or
immunology. In general, use of biological self—-assembly, specific recognition,
and other biomimetic type processes has been limited in the materials arts.

In early efforts, for example, U.S. Pat. No. 5,316,922 to Brown purports to
describe methods for identifying and expressing proteins that recognize and
adhere to specific probes. See, also, Brown, S.. Proc. Nat'l Acad. Sci., 89, 8651
(1992). The work, however, focused on gram-megative bacterial surface display.
Other efforts by Belcher et al. have described use of phage display systems for

' selective recognition against crystalline inorgariic surfaces and, more generally,

surfaces of technological usefulness. Despite the advantages of phage systems,



exanple, the display of relatively |large, conplex bionolecules at relatively
hi gh co . In addition, growth and expression generally can be
better R&Q&@E&?@%? and cell growth can be nore versati.[PET 324 | n this
section, ,the inyention is nerel U rized dn unber , of. | fferent
erbod mePSes HER by sing Gelio Vi« SURRRN R e Ty RHBR et Sine b crbod men
t he preserampRy thetdisplaysfréiatioely farge)lco ibiorﬁ@lbbulgs?@tffaﬁﬁifélyfhi%ll?omri sing a
plurality of eukaryotic cells which selectively bind to a solid materi al
havi ng acepy puwbers| in addition grewihaad expressiomgengially can be bewstt i on provi des a
eukaryoti L4 Hﬁ!§ |.pgaessentially of eukaryotic cells
whi ch spé%gﬁﬁég’lﬁng%gﬁ@%%gnggo |d%nr1§ é?'i al having a surf.ace and eukaryotic
cells which do not specifically bind to the solid material having a
surface. The percentage of cells which specifically bind can be
sufficiently high, and the per ceBUMMARY cel|s which do not specifically
bi nd can be suyf.fj€l | WV, oTelyzgls ' anﬁﬁR ft. t g SﬁgEo ition for a
gi ven applicg%i%%%%%%ké°ggﬁ?g%gggﬂcase%kﬁLg percgg éﬁépo eu éﬁ;otic cells
whi ch spelifféredmbyodiments ivithputlahitingtthastopé of the imventiage of cells which do not
specifically _bind. For,K exanple, the percentage which bind _can be nore than
60% or nore IPWAR eMImwt,gﬁ%Pmm Hsaiomprayides f gulgargaticgell nvent i on
provi des 4 ' : LS . . [ cul es which
Cel ect 1 varpinRigR USRI iRy oF SR G IR Ui cclRiGl HIRGREY
enbodi nenblid rfaterial haeing aisaxfaset i on provides a eukaryotic cell which secrets
one or nore bionnleculeg vhi ch sel ectively, bind with solid material

4

havi ng a surf JB&NOkET ¢m Ris the prefent inyerfiongroviflesa otigseln expressed

bi onol ecyl.e | s | ' ' [ terial

surface, %\%)v%ngpglﬁémgﬁgéhﬁéo%ngglyg%@g#égl?e‘gﬂ?lrlgﬁﬁcgﬁ%@ A)?I;/o i% cell. The

i nvent i orsolid materiad hawing lalsuffacet dndreukaryotidienlls aviticiodornott specificallyind sed  pepti de

conposition whigh selectively bjnds_to a solid erj, surface, wherein
the pept tolthe sgﬁlémté%ﬁ Ving @ ihEags, k Geatage of gﬁ% Waﬁmﬂ%@ﬁsgo
PCT/ Uszow@mufﬁcienﬂy high, and the percentage of cells which do not specifically

bind can be sufficiently low, to commercially exploit the composition for a given

application. In a preferred case, the percentage of eukaryotic cells which
specifically bind is greater than the percentage of cells which do not specifically
bind. For example, the percentage which bind can be more than 60%, or more
than 80%.

In another embodiment, the present invention provides a host eukaryotic
cell comprising one or more biomolecules which selectively bind with a solid
material having a surface.

In another embodiment, the present invention provides a eukaryotic cell
which secrets one or more biomolecules which selectively bind with a solid
material having a surface.

Still further, the invention also provides -an expressed biomolecule
composition which selectively binds to a solid material surface, wherein the
biomolecule is expressed from a eukaryotic cell.

The invention comprises still further in other embodiments an expressed
peptide composition which selectively binds to a solid material surface, wherein

the peptide is expressed from a eukaryotic cell.



I n anot her enbodi nent, the invention provides a cell covered materi al
conprising one or nore eukaryotic cells which are selectively bound to a
solid r’?ﬁgezp?séll“ff?ﬁvi ng a surface. Also provided is an RCATUS200500388¢i si ng a
sol i d substrat g, afih&§nHdineHt the BNERIMBrbridess béll &RlefidimMehiyn bound thereto
t hrough proteins or peptides on the euKaryotic cell surfaces. Another
enmbodi nencomprising ane prmerecawkpryoti¢ eallsavhich ard selaetivel wboursMoragolid sur f ace and
expressed b_'ﬁgl:éﬂlecul es _f.rom a conbi natorial eukaryotic cell display Ilibrary
erial paing 6 Sy to the surface.

whi ch ar e _ e sl I n anot her enbodinent is
provided a net m&dﬁx@ﬁd%@!ise@imﬂaebmﬂgﬁﬁﬂgQ_fsol_idasmateﬁuaeﬁe bf mbtea cell display
library to a solid material surface conprising the steps of: providing a
eukar yot i eukaoyiicrrglls s¢legtivels hound $heretg throughaprpteingarmsptidestan the i br ary

conpri ses | yr al it f expressed bionol ecules, providing a solid materi al
havi ng a g@?a%é ;celldsﬁ{t‘é%ets' ng the cell display library with the solid

nmaterial havi ngnathey emd6&imedtidan afflsitdrsidinghiclid hagHAl havihgse! ecti ve
bi ndi ng of the plurality of expressed bionolecules fromthe eukaryotic cell

di spl ay | sufageyand gxprigesed bidraeleculesifram o compinatasial eukaryndici agllalisplayn provi des a

met hod of ..gr ow par ti,cul af i erial conprising the steps of:

m xi ng onggrgfy W@%& %? é%gﬁ@Sb%rogiggon@g%‘cet he solid particulate materi al
with one or noLE afbthef ¥aibolintet lis GRodetEhOombbd dof RERYtiVE Birding BENMDEr s
selected for specific binding to the solid particulate material, under

condi t i onbioptelecules from a ol |displayditrary ip atselidmatgriad sunfacefcompsigingithe he presence
of the onﬁﬁgsr tggre eukaryotic conbinatorial display library nmenbers. In
anot her efpt 4t nt, the invention provides a nmethod of growing particulate
solid material pfRidihg Sd Rakdriétics teBbinaforial @eMtdisplaydibrarh] wWhekeif the whi ch

sel ectively binds to a soljd material from a eukaryotic cell display

library, libsarnecraprésese phwrlitynf expresssd bicsagleqiles, f or the solid material with
t he bi onol ecubﬁvgmﬁggsgﬁ&%&gimmkea{mc&he solid material is forned as a

particulate s erira
contacting the cell display library with the solid material having a surface

under conditions which result in selective binding of the plurality of expressed
biomolecules from the eukaryotic cell display library to the surface.

In another aspect, the invention provides a method of growing particulate
solid material comprising the steps of:

mixing one or more precursor reagents for the solid particulate material
with one or more eukaryotic cell combinatorial display library members selected
for specific binding to the solid particulate material, under conditions wherein the
solid particulate material is formed in the presence of the one or more eukaryotic
combinatorial display library members.

In another embodiment, the invention provides a method of growing

" particulate solid material comprising the steps of:

identifying a biomolecule which selectively binds to a solid material from
a eukaryotic cell display library,

mixing one or more precursor reagents for the solid material with the
biomolecule under con&itions wherein the solid material is formed as a particulate

solid material.



WO 2005/ 100590 PCT/ US2005/ 003824 The invention also provides a bi onol ecul e

whi ch selectively binds to a solid material having a surface and is

i denti fi¥8 ZBQﬁ/WQ%WOf a eukaryotic cell display |ibrar POIAER2005003824 yeast

l'i brary. The bi _ t nd novel

feature of themg\img% {uﬂc’)’ﬁ&l.s‘gg‘{b"ﬁﬁe g%(fdlago@%&vﬁc sgle@% &%pglélk gpegbl onol ecul es

whi ch cansdlid mmbhaleﬂawntg asirfaze dnd i3 identified by @se sﬁuamla‘arytﬂiclcgll display, to the

solid sur{ ace. e. bi onol ecul es ,@1% selectively bind.to one,structure over
t

anot her sHPTBY | EFF %ywbb@ew iprapleeyle FEPUe erprgieit-er i n
conposi tion, | | ared in which
mp f%'tsﬁ% e{ddrHoR/ fth‘bIebGFtﬂe g@%ﬁ?ﬁﬁgk td BOab1E F’(E l??fg%& p

the bionolecu ave a eS| red | eve urity w pect to other
bi onol ecuprewvidetiombledules vhichanisélectistel ybind rad iff bemb casep bpecificalycan be free

from or .t che tg..,a eukaryotic cel| scaffold st ,which, in a preferred
embodi nenbmd; 'g%é‘gid “"%ﬁ&t {g‘é?ﬁ "(ﬁ“ksi"%n salegtiv PG&%B&?@é“&‘E nces are
gener al | yoﬁ%%ﬁﬂéf &n%xr@rv&liefl gt@ﬁ% ré?hﬁéi‘ﬁ‘e?ﬂ)ﬁ:‘ﬁt ﬁ-gﬁwn not natural. The

following are series of nu Iments: 1. A eukaryotic cell
conposi ti cnmpmnqwn srystallinify, or hd)tht ﬁouipoembasgemtbecpre}mrbdsm which khesel ecti vel y

bind to sol d rial, havi.ng. a_.surf ac, The 0Si n according to
1, wher e| @EIB%MB? destyedy lp\gel Sf ugiy ya resgqqg@&tﬁergg) fec'g[Fs mammal | ag
cells. M&%Higgééiﬁ@ﬂlg%ﬁ&rﬁh@m gle%ulesnfeﬁfseﬁeéﬁsmedf ﬁ%&ﬂéﬁ't& cells are

yeast ceIIs. 4. The conposition according to 1, wherein the eukaryotic
cel | s conpeikaryotin eelinicaffolddwstuvhich, inal prefeired embodinunt,ds yeastol i d nmat eri al

havi ng a sur ace The tion accordi ere| he eukaryotic
cells con%l“f’é‘@ ?fﬁgagéﬁggﬁtd@?eﬂ?ﬁnﬁw @%g@ﬁﬁlbeﬁy?w Ao id mterial
having a M{o&ﬁ@ext@ntﬁ{wwﬁ%ﬁ?a‘iﬁ&l on according to 1, wher el n the solid

material having a surface is a crystalline solid materl al having a surface.

7. The conposi ﬁ‘hgiﬂolhnmngdxemgsmsmfnﬂmbemdcmbmmsmsl d material having a

f I d rf 8. .Th
according 1o 11 aneReriptEel SoRPhShar bomarengs Phpkliy o Bpamioncigug o' 1 "

sem condughth seRCEVE] blﬂiﬂﬁla%harﬁewéﬁaﬁlﬁﬁvmga sitfceconmposi tion according to 1,
wherein the solid nmaterial havi n(? surface is a netallic material having a
surf ace. 2. The composition according to 1, wherein the eukaryotic cells are yeast,

insect, plant, or mammalian cells.

3. The composition according to 1, wherein the eukaryotic cells are yeast
cells.

4. The composition according to 1, wherein the eukaryotic cells comprise
biomolecules which selectively bind to a solid material having a surface.

5. The composition according to 1, wherein the eukaryotic cells comprise
peptide sequences which selectively bind to a solid material having a surface. |

6. The composition according to 1, wherein the solid material having a
surface is a crystalline solid material having a surface.

7. The composition according to 1, wherein the solid material having a
surface is an inorganic solid material having a surface.

8. The composition according to 1, wherein the solid material having a
surface is a semiconductor material having a surface.

9. The composition according to 1, wherein the solid material having a
surface is a metallic material having a surface. | |

10. The composition according to 1, wherein the solid material having a

surface is a magnetic material having a surface.



10. The conposition according to 1, wherein the solid material having a
surface %é a?)sg'@ netic material having a surface. 4 WO 2005/ 100590

PCT/ US20%8/%8 9 11. The conposition according to 1, R&AAFS200§/0038a4 sol i d
mat eri al havi ngia ] i ) : i : . 12. The
conposi tion acgcl)'r | E&B.&%%%lbl\?\ﬁg?%&%g{{hg’%%ﬁ arréatet i&ﬁﬂa gﬁg\ﬁ%‘;@ggsurface is
an or gani sunfateds a@brandv materiel bavihge surfa®. The conposition according to 1,
wherein the solid material, having.,a surface.is a polyner, npterial having a
Surface. 14, THE TR sompOran actite s 1y orieteit, sl $RralRPe A, o1 o
having a sﬁt'fééeal§ﬁnb§gﬁi&lh¥t%ﬁél|ﬁaivﬁ'%d"ﬁﬁﬁ&é.a' , an inorganic material, a

sem conductor material, a netallic material, a magnetic material, a ceramc
materi al , an orldafhe compesiticn accordingitodo Mherein theiselid adatdrial haxinga sur f ace.  15.
The conposi tion according to.l, wherein the eukaryotic cells are yeast,

i nsect , pls‘é‘i%?c,e 138 |1ﬁaatﬁpaéi\a}n§,g aaSH'fJfQ‘f/ﬁ‘lerei n the solid material having a
surface is a quyth@bdhpesitich ficbAling BN, Whefeiithe GoR® hidkdral having&Mm conduct or
material, a netallic naterial, a magnetic material, a ceram<c material, an
or gani ¢ maudfadedb a coystalingmiatenial, anénozganit matevial) g semivonfuater maerialTae
corrpositiont‘qﬂﬁcor inag, to 1 t.v\,herei. t he eukar O&li c cells are.qxeast cells,
and wher eft3liE materigl 3, magretic;m rfyCeLanig material; an argaplg matenal, U hpi o g |
an i nor gaRiofym&MateALl ha¥ingS Quefaggluct or material, a netallic material, a
magneti c terial, a ceramc material, an organic material, or a polyner
mat eri al havi nd SaThe aerhpesitioni accortling todymdetein e eukaryotic eellstave geastpher ei n t he

eukaryotic_cel | re yeast.. cells, ;and wherein,the solid materd al having a
U e | S0k R O AACEDion e e Vhertin el BT PR pE BB e g et |

mat eri al oy tRGtaflinkUhateAS), ad fhorgdhf MRS h bdmidoRdilcrdhateridlca 1, Wherein the
eukaryotic cells are yeast cells, and wherein the solid naterial havi ng a

surface i snefallie materied icmagnetiginesteral, a ¢eagtniegnaterialy gmerganiegnateariad, aronposi ti on
according to, 1. wherein the e ryotic cells are yeast «cells, and wherein
the soli dar?xgiye[?ffrarf""ﬁrc‘\i/lir}f’? @%Wﬁ%e is a metallic material having a

surface. 16. The composition according to 1, wherein the eukaryotic cells are yeast

cells, and wherein the solid material having a surface is a crystalline material, an
inorganic material, a semiconductor material, a metallic material, a magnetic
material, a ceramic material, an organic material, or a polymer material having a
surface.

17. The composition according to 1, wherein the eukaryotic cells are yeast
cells, and wherein the solid material having a surface is a semiconductor material,
a metallic material, or a magnetic material having a surface.

18. The composition according to 1, wherein the eukaryotic cells are yeast
cells, and wherein the solid material having a surface is a semiconductor material
having a surface.

19. The composition according to 1, wherein the eukaryotic cells are yeast
cells, and wherein the solid material having a surface is a metallic material having
a surface.

20. The composition according to 1, wherein the eukaryotic cells are yeast
cells, and wherein the solid material having a surface is a magnetic material

having a surface.



20. The conposition according to 1, wherein the eukaryotlc cells are yeast
cells, and wherein the solid materlal having a surface_is gj
mat er i aWO MLY% surface. 5 WO 2005/ 100590 PCTI Uszoo%‘FTfH%‘Qﬂ °3§2f A

eukaryotlc cel 21.cargRaybiie belt OorEp&sitidiicansistng esdbntiallgfofeukayotad i ¢ cel I's which
speci fical bind to a solid material having a surface and eukaryotic cells

whi ch do vépelusmeriisally bindde aselid material having o sytfene andenleryatisur f ace. 22,

The co [ | I's which
speci 11 carty GRS Rl pagob A Bing by HeSolla bbCerY RAMER ey 75" e
conposi ti on acghr Thé\gbrhaposition w&efcmugtome“mlem theteukarg6ti¢ Sellgiwitith
specifically bind are yeast cells, 24. The conp05|t|on according to 21,

wher ei n t specidically hindiaze yeast.dnseet, olant %W@WW $i nd conpri se bionol ecul es
whi ch ecificajl I 5. The
o e on! oA ThPbfgt 1 bl BBl B Ao IR

speci fi caspeyifically bindrape yeast aa[:st | de sequences which specifically bind to a
solid materi al haV|ng a surface. 26. The conpgsitjon accqording to 21,
wher ei n the so?‘?fd he.cempegitionascarling todls wherein the gukaryatiaeelisghigh| i d nat eri al

havi ng a EQE "fdlv: ein the solid
material HAV nﬁﬂ%bﬁxﬁco sg%;mgﬂk%dr%%@%ﬁ soﬁ%&%a eri gﬁﬁ aving a surface.
28. The Cmﬁmalha\&imgacmﬁdél ng o 21, wherein the solid material having a
surface is a sem conductor, material having a,surface. 29. The conposition

accordi ng to 2325 hRAerNRositien aceording o &, W wwamerwkmogwl&d&lnpk a metallic
mat eri al r d wherein the
solid mat g%l}éeﬂ} g'lng\t/)lﬁ}r‘;l Joﬂﬁﬁlseig 1:(lzaegﬁ's’fae %Qngﬁﬁfecp %@eﬁﬁ?ﬂflydd lﬁ@haé\zlcﬁéd a surface.
31. The vaﬁmﬁlha\mﬁgﬁm&l ng to 21, wher ein the solid material having a

surface is a cerapgc materji.al havin ace. he copposition
accor di ng to 256 Icemwlﬁenée?qremgé? 8?1‘3 erﬁ’f!t‘\/"hﬁ§°]t§t‘-lr “@ng%"m%aan or gani c
mat eri al Pgsh C&Wlﬁfeesoha:f‘natéﬁ]ﬁhﬁﬂﬁ?g%hffé&n according to 21, wherein the

solid materia
27. The compos1t10n according to 21, wherein the solid material having a

(@)= ]

surface is an inorganic solid material having a surface.

28. The composition according to 21, wherein the solid material having a
surface is a semiconductor material having a surface.

29. The composition according to 21, wherein the solid material having a
surface is a metallic material having a surface.

30. The composition according to 21, wherein the solid material having a
surface is a magnetic material having a surface.

31. The composition according to 21, wherein the solid material having a
surface is a ceramic material having a surface.

32. The composition according to 21, wherein the solid material having a
surface is an organic material having a surface.

33. The composition according to 21, wherein the solid material having a
surface is a polymer material having a surface.

34. The composition according to 21, wherein the solid material having a
surface is a crystalline material, an inorganic material, a semiconductor material, a
metallic material, a magnetic material, a ceramic materiai, an organic material, or

a polymer material having a surface.



surface is a polynmer material having a surface. 34. The conposition
according to 21, wherein the solid material having a surface is a
cryst al | WO20H108590a| = an inorganic material, a sem cond€IVEs2008MaRial , a
netallic material,, a magnetic material,, a ceramc . materia n,organic
Tt or a1, or 35 FeEReaAc oS ol ShEBRER SutBis S akios0o

PCTI US200¢e #2818+ bindure }@&t,fiﬁgme?m,% nReRAlEN@115, tnd Ivhepbig i n t he
--eukaryotic cells which Specifically bind are yeast, insect, plant, or
marmal i ansoidimateriaifavitges sirface isca crystalline materialan inexganiy matetialf ace is a
crystalline.materjal, an.inorganic material . @& sem conduct.or material, a
metal lic sr?g{uéqr}c@ﬁor ?Weﬂ’f %@F':eg i agla(ggptéwg{aenﬁglaé;refagpf: an organic
mat eri al , maferidl, BR loydHic fateptal, dk aPRKini niatéril haviflg a3Grfaddle conposi tion
according to 21, wherein the eukaryotic cells which specifically bind are

yeast cells, adl Themompesition aceordingtads whereindhe pekagyosierdells which ~ o
crystalline terial, _an inaorgani tertal .a sem conductor .material, a
metal i c HRatepfis bibceeg et S Aud whibietl e solidmaferalhvipg airfaegic . (o ¢
mat eri al , a efys@llineGhateRal, MR ifirgdlic Maierial) ademitohdgdtor Mdteridl) @ nfe@dlROSI ti on
according to 21, wherein the eukaryotic cells which specifically bind are

yeast cel mgterigh@ magnetic material soeqramieemaetetial) amengprig matetiglfere is  a

sem conduct,or terd .a_ne ic material, or a magnetic material having a
surface. g@mﬂ%{mﬁh@wﬁggﬁﬁﬁ&%r ding to 21, wherein the eukaryotic cells
which specifically bind are yeast cells, and wherein the solid materi al
having a surface is a semconductor nmaterial having a surface. 39. The

corrppfsi ti Fln ac8brihernpmpesition mﬁ%rﬂmgthﬂewt%mmtp@pukﬁrz%t_iq eellgmbich o
SOrface | PRy pldart SERY o e pARCBE fd bR b ARIBICER 1011 9

accor di nga kémiddndudicraterial) @ ntstlHe yokdrial, 02 binsagtbiic hateHabBavingal | y bind are

yeast cells, and wherein the solid material having a surface is a nagnetic
mat eri al Mt&cﬁg a surface. 41. A host eukaryotic cell conprising one or nore

biomol ecul s g ofh 3Gl ERldflolo B W UndeBilt Y EBGH] A Bina @ sur ace.

42. The cell acco i nthe one or onol ecu
specifically bind are yeast cells, and wherein the solid material having a surface is

a semiconductor material having a surface.

39. The composition according to 21, wherein the eukaryotic cells which
specifically bind are yeast cells, and wherein the solid material having a surface is
a metallic material having a surface.

40. The composition according to 21, wherein the eukaryotic cells which
specifically bind are yeast cells, and wherein the solid material having a surface is
a magnetic material having a surface.

41. A host eukaryotic cell comprising one or more biomolecules which
selectively bind with a solid material having a surface.

42. The cell according to 41, whereiri the one or more biomolecules
comprise peptide or protein.

43. The cell according to 41, wherein the one or more biomolecules
comprise human single chain variable fragment antibody displayed as a fusion to
Aga2 on yeast.

44. The cell according to 41, wherein the one or more biomolecules

comprise peptides displayed as a fusion to Aga2 on yeast.



conprise peptide or protein. 43. The cell according to 41, wherein the one
or nore bionol ecules conprise human single chain varlable fragnent anti body

di spl ay &0 3WSH0ESHL| on to Aga2 on yeast. 44. The cel | BEEHFHOY 3?%‘ 41,

el on't o agastn ERFatbAlRy %&%ﬁ%%&&?ﬁﬂi@%%@%ﬁ%ﬁﬁi cel |

accor di ngmtmorghmmhmﬁah t he soli d mat eri al havi ng a surface is

i norgani ¢ mat er The ceII rdl rein the solid nateri al
havi ng a surfa%é-aJi”é gl-,a t fean | AP?’?‘d C%E‘PV‘&S@GPG‘FWQ‘%O 41,

wher ei n tRerephic fdtBiAr 1 al haV| ng a surface is a crystalline material. 48.
The cell according to 41, wherein the cell is a manmalian or yeast' cell.
49. The cel | a#4Tolbe oell savonding whél,evherdih thecsolid material heving asatfhce iS0. The cel |
accordi ng totg.ﬂl wherein the cell is a yeast cell and the solid nmaterial
havi ng a %SfVfalinematetial hor ganic material. 51. The cell according to 41,
wherein the cedg. ihefoeyCAbrdiAl to AN whireinsel il ol MbinMal o Yadt surface is
an organic material . The ce? according to 41, erelnt ceII is a
yeast celdell. t he soli d rrat erial having a surface is an inorganic material,

and wherein the,o e 0 uIe ri se I de or protein. 53.
The cel | accor%?'ngﬁ? 861h3°°°€6}13$ié?‘ﬂf) ?1} € Ge. lﬁayy gli:el |, the solid
material having a surface is an inorganic material, and wherein the one or
nmore bionol ecul es conprise human single chain varlable fragnent anti body
di spl ayed as 30.f ib¢ onlltagcoagmg tod1lywhetein e cell ig olyeast celbandthersolid cel | s

conpri si rallt host.cells ac ing to 41. 55. A collection of
host cel Irgat%%# |“Fﬁga aff IS%é‘foégar?“fwg{:eﬁ‘Bgt cells are together with a

col l'ection of Bps trhe@mramruﬁgqe |41 5 wibrefithd @ell Q8 a YBAse el Whd thelolid Wi th the
solid material having a surface.
material having a surface is an organic material.

52. The cell according to 41, wherein the cell is a yeast cell, the solid
material having a surface is an inorganic material, and wherein the one or more
biomolecules comprise peptide or protein.

53. The cell according to 41, wherein the cell is a yeast cell, the solid
material having a surface is an inorganic material, and wherein the one or more
biomolecules comprise human single chain variable fragment antibody displayed
as a fusion to Aga2 on yeast. _

54. A collection of host cells comprising a plurality of host cells according
to 41, '

55. A collection of host cells according to 54, wherein the host cells are
together with a collection of host eukaryotic cells which do not selectively bind
with the solid material having a surface.

56. A eukaryotic cell which secrets one or more biomolecules which
selectively bind with a solid material having a surface.

57. The cell according to 56, wherein the cell is a yeast, insect, plant, or
mammalian cell.

58. The cell according to 56, wherein the one or more biomolecules are
peptide or protein. |

59. The cell according to 56, wherein the cell is a yeast cell and the one or

more biomolecules are peptide or protein.



56. A eukaryotic cell which secrets one or nore bionol ecul es which
sel ecti vel % bind with a solid material having a surface. 57. The cell
accor di TP2Y8895%herein the cell is a yeast, insect, BFENS2008003824 g i an

cel . 58. The geltheAsdPicdbifing & S8 whehad fie'telli€a 9841 €411 f4 © bi ol ecul es are
peptide or protein. 59. The cell according to 56; wherein the cell is a

yeast celmammdliateelbard the onewnare biasneleades specificallybipditoe coystatlingt ei n. 8 WO
-~ 2005/ 10059 Eg/ giﬁOOS/ 00%%%4 60. The cell according to 56, wherein the
cell is §°8g CTRAPAVEIE &5UWRffral i an cel | and the one nore bionol ecul es
speci fically kgindy tellaoféred hinkdrial GompAsingl oi@bembRl edkayyond cellsur f ace. 61. A
cell covered material conprising one or nore eukaryotic cells which are

sel ect i vevhiclhaugrselectivelyhound tora selid maternial havinga surfdcgace. 62. The nmateri al
according to 6 erein the Kk ti el l.s ast i nsect, plant, or
mamal i an cel I'¥” mft‘? la‘fw%“tcgﬁj'%g{% cé@’&f"ﬁﬁhteoe%%%’% &P Efﬁ""‘?’?@g’eukaryot ic
cells ar qnge@g?,lant,@lﬂlamnﬁﬁmlag, mat eri al according to 61, wherein the
eukaryotic cells conprise bionolecules which are selectively bound to a

sol i d” mat er i al63nakhenmaterighagearding tosBl, wheeeinthequkaryotic seMsiaragyeash 61, wherein
t he eukar%ﬁgi c cells conprise peptide sequences which are sel ectively bound
to a solid material having a surface. 66. The material according to 61,

wher ei n the sa4. dTherinaterial advevdingta61, siietds ¢he cukaryotiv $thd ¢dnfjiseol i d materi al

havi ng a surface. 67. The material accordi n_g to 61, wherein the solid
mat eri al tiemplegules which areselestivaly bewnda s solid saterishberingsisurfass. ng a surf ace.

68. The materi r el =TI o I ' ving a
surface is a s@fﬁ'@{(;ér:l &ge?@?aér?g{cglgfgEﬁ’%‘ﬁg@*e%ﬁ@%ﬁ%%gﬁ%@{é%ﬁﬁmeri al
accor di ngpeptidbdequediesseihich e setdctidelydoand &l a $ulid matefial Ivirdgace is a netallic

materi al having a surface. 70. The material according to 61, wherein the
sol i d matWFags having a

66. The material according to 61, wherein the solid material having a

surface is a crystalline solid material having a surface.

67. The material according to 61, wherein the solid material having a
surface is an inorganic solid material having a surface.

68. The material according to 61, wherein the solid material having a
surface is a semiconductor material having a surface.

69. The material according to 61, wherein the solid material having a
surface is a metallic material having a surface.

70. The material according to 61, wherein the solid material having a
surface is a magnetic material having a surface.

71. The material according to 61, wherein the solid material having a
surface is a ceramic material having a surface.

72. The material according to 61, wherein the solid material having a
surface is an organic material having a surface.

73. The material according to 61, wherein the solid material having a
sﬁrface is a polymer material having a surface.

74. The material according to 61, wherein the solid material having a
surface is a crystalline material, an inorganic. material, a semiconductor material, a
metallic material, a magnetic material, a ceramic material, an organic material, or

a polymer material having a surface.



surface is a magnetic material having a surface. 71. The material according
to 61, wherein the solid material having a surface is a ceramc nateri al
havi ng wowesmes®0 72. The material according to 61, wWRETAIS3005HB3836] i d

mat eri al havi surf.ace is..an organi c .mterial havipg a surface. 73. The
mat eri al acco?}giﬂﬁe?‘_ﬁ{eﬁ‘ﬁ, agmg@ggpp@ﬂévr}%@ggﬁq%xogccﬁ VRGeSt surface is a
pol ymer ’Iﬁ&nﬁl% pRht, R Yiahfn AliAH B Cohd WhereihiBe S8lEhaRHaPEGHM fRfEe 61, wherein

the solid erial having a surface is a crystalline material, an inorganic
mat er i al jis acrystallinermohateriad; amirnorganid matgriaheisamli¢onduetoematerial,a nagneti c

mat eri al , eramc.material, an.qrganic.materdal . or .a pol.ynmer materi al
havi ng a e materislidnaigacti mgdus) BEsPCBRterah a8 SReaniCmBoRAL B oy i o
accor di n@ dobyrkér my¥Be MaPird esifilcar yotic cells .are yeast, insect, plant, or
manmal i an cells, and wherein the solid material having a surface is a

crystal | i ne nebeTheimatezial peaordingite 6 ewhereinthe eukeryaticoelsiategeastat eri al , a
netallic terval, a net.i c material , a ceram c Lrial,..an _organic

mat or i ol <o 5hd Wreh B S0% il R s e} R ySBRE wherialinr 3

accor di Ngndrfarfid matétil, @i sermibenduietor mdéridl, £RlktafliciateyigB atmagnglid S, and wherein
the solid material having a surface is a crystalline material, an inorganic
mat er i al materipdng easaricanateriah aa organic materiak or p polymtes mas¢rial havinghet i c

mat eri al , ceramic material, an organic nmaterial, or "a polynmer material

havi ng as"“gﬁ ‘% ace. 77. The material accordi ng to 61, wherein the eukaryotic

cells are yeas, Tﬁeinhferia&aebdmgF@cb 61 twigeréialthélewliwiticdellfa¢iyegsta surface is a
sem conductor material, a netallic material, or a magnetic material having

a sur f ac&ellszgnd whereimthe solid material hamiggasustace iffcsemisondyetormateriabt i ¢ cel | s

are yeast d Wq.ﬁ ' [ { '| gl having a surface is a

sem condt?cr?%fgllhﬁg?aéﬁbg’l g‘@ﬁ%&cgﬁ%%ﬁ%lah%gﬁég & material accordi ng to 61,
wher ei n t he eulBaTheinateria atcording ty 6B SwWhereial ths euldangbtivhwellgbre yehs sol i d

mat eri al havi na a surface is a netal]ic material having a surface. 80. The

mat er i al cgi% @pdwhgreinthg solidimasterial havinga sustage 15 aseadrondugios matesial
having a surface. _

79. The material according to 61, wherein the eukaryotic cells are yeast
cells, and wherein the solid material having a surface is a metallic material having
a surface.

80. The material according to 61, wherein the eukaryotic cells are yeast
cells, and wherein the solid material having a surface is a magnetic material .
having a surface.

81. The material according to 61, wherein the solid material having a
surface is a nanoparticulate material.

82. The material according to 61, wherein the solid material having a
surface is a nanoparticulate material and is also a crystalline material, an inorganic
material, a semiconductor material, a metallic material, a magnetic material, a
ceramic material, an organic material, or a polymer material having a surface.

83. The material according to 61, wherein the solid material having a
surface is a nanoparticulate material and is also a semiconductor material, a
metallic material, or a magnetic material having a su‘rfaqe.

84. The material according to 61, wherein the solid material having a
surface is a nanoparticulate material and is also a semiconductor material having a
surface. ‘
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cells, and wherein the solid material having a surface is a magnetic
material having a surface. 81. The material accordi ng%ti,{o gl m rein the
solid m¥YQPI0H00RA,; ng a surface is a nanoparticul ate fg 7004/ . The
materi al accokgi tegﬁ[rfg h ard surface is a
nanoparti cul at e 'frr%t%lrg?e% ﬁild%&g%légtéagaﬁlﬁr%&h% eri a an- I norgani c
mat er i al sudacedsra namspact culatermbieriahbnd & alst ainetatliombteriabhaving aragnet iC
‘mat eri al ceramic material, an organic material, or a polynmer material
havi ng aS¥#face. 83. The material according to 61, wherein the solid
mat eri al havi ﬁ]r%fp@p Is also a
sem conduct or %ga?%erl gfehﬁg&clr)m I C Qn%egélﬁg%ggr%éﬁn%%ﬁgvl mat eri al havi ng
a surf aceurf@t.is @ nenoymrtioulz¢és mateninbandyis hisoGlimagietic aatetidlchasingiad nat eri al
having a surface is a nanoparticulate material and is also a sem conduct or
mat eri al SH& ¥ng a surface. 10 WD 2005/ 100590 PCT/ US2005/ 003824 85. The
mat eri al accorgi \egﬁ{ | gSurface is a
nanoparti cul atZ Tng?fgrg'fgl%}ac rt;glﬁ%@%&%@%{@éﬁ%ﬁgﬁg@gﬁng a surface.
86. The melf<healilg cetlecmvelied gnateriabl, wher ei n the solid rrat erial having a
surface is a%gnggartlculates mate IS also a etlc mat eri al

c

having a sur aﬁttclet?tﬁpftﬁé‘tgeﬁsal é't‘,l?:‘ Iat?l °E‘8°61n°r9\ﬁ 3éY‘?P°t he
cel |- COV%Eﬁsdset@ctﬁévy%uh&ﬂﬁret@etrBu rotdifls 6Epeptidey 1 Bk TR Eﬁb‘ué‘heu 88. An

article conprising a solid substrg?e and one or nore eukaryotic cells
sel ect i velisfadesund t heret o t hrough proteins or peptides on the eukaryotlc

cell surface arti.cle cordin eln t I|d substrate
is an el ect ro?g éﬁ‘?ﬂl—lf’ﬁa CEOTRINE Gt cwcl,’ﬁt ﬂtﬁrsgigﬁﬁﬁl\é%%tslage el'he article
accordi ngn&gle%ka%ﬁ[\,@él[g &@m&{llcglﬁubst rate is an inorganic nmaterial and
the eukaryotic cel'ls are manmalian cells. 91. An article conprising a solid

mat eri al havi 19§. Eh%ammmc@rdmgdwtﬁseﬁ@emm thesolil substeate fsraprinerganiebi nat ori al
eukaryot|c ceII gthepeuiny ic & syar\émnlla%]m ian cells.

91. An article comprising a solid material having a surface and expressed

biomolecules from a combinatorial eukaryotic cell display library which are
selectively bound to the surface.

92. The article of 91, wherein the cell display library is a yeast, insect,
plant, or mammalian cell display library.

93. The article of 91, wherein the cell display library is a yeast cell display
library or a mammalian cell display library.

94. The article of 91, wherein the cell display library is a yeast cell display
library.

95. The article of 91, wherein the cell display library is a human cell
display library.

96. The article of 91, wherein the cell display library is a mammalian cell
display library.

97. The article of 91, wherein the expressed biomolecules are secreted.

98. The article of 91, wherein the expressed biomolecules are surface
displayed on the eukaryotic cell.

99. The article according to 91, wherein the combinatorial cell display
library is a human single chain variable fragment antibody library displayed as a

fusion on yeast.
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selectively bound to the surface. 92. The article of 91, wherein the cel |

display library is a yeast, insect, plant, or mammalian cell display
li brar yWOHSAWErticl e of 91, wherein the cell di s pl ByT/V339P344048 s a yeast

cel | display {gobreyey, aeaceamgkd ) 9, aﬁedelmmleﬁioiebaleg%%rgfkamysﬂ?e. article

of 91, wherein the ce di spl ay rary is a yeast ce library.
95. The opeptidése of 91, wherein the cell display library is a human cell

display lib 96,, Th t f 91, wh h salav 1ib ,
B e Sl i Rl o8 o BiaPeR Bl choShiil |he
eXPr esseCogty By Gt AR ufhels cotibrisHi® eRbiesfed® biémlbcultiedfe n the

expressed bi‘omol ecul es are surface displayed on the eukaryotic cell. 99.
The arti cpadypaptide UmdglgtsﬁeQWhIOMTMmthheelcﬁmmhmdmgl al cell display library

is a human sin aln bIe ment an od Ilbrar di spl ayed as a
f usi on on yeasﬁi2 W‘%ngﬁ ?’Eﬁﬁfﬁéhﬂﬂé ?%X “ﬁ‘?epar%/l cle
accor di ng].laél e%delﬁﬁﬁﬁ@'d"teé %éﬂ'r@dﬁl’éfﬁ%é@éle&{\% Hiﬁdlh?' ns or peptides. 101.

The articleaccording to 91, wherein the cell display library conprises
menbers havi ngl(Bur fﬂwwtldorﬁgwndmggtmﬁﬂrerdseeinHh@rsolldduatssabsubsp@ﬂeypept i de

bi ndi ng S|tes tesul t e sel ective blnd 102. The article of 91,
wherein t Py ‘Egaé’gbs By hé‘&ﬁ ?ﬂf”" P{fngept i de bi ndi ng sites which
result in the F(ﬂl eofthe Vitible itk Adingl €3 91T%e?&ﬁltﬁé%oﬁaq9atehagsﬁ&u% wher ei n
the solid material substrate haV| ng a surface is a crystalline solid

mat er i al hewngwsurfase i anciaorgunic solith enateridl havingacwirfdeerg to 91, wherein the
having a sur kB 158 rarls FvIthED 16 e PAEFEn (B Sold HaPHA SERE o1 0
materi al §3Hco B HsenfitdrdacOr natctaPRAVIARARUALGS. material having a surface.
106. The article according to 91, wherein the solid material having a
06. The article according to 91, wherein the solid material having a
surface is a.metallic material having a surface.
107. The article according to 91, wherein the solid material having a
surface is a magnetic material having. a surface.
108. The article according to 91, wherein the solid material having a
surface is a ceramic material having a surface.
109. The article according to 91, wherein the solid material having a
surface is an organic material having a surface.
110. The article according to 91, wherein the solid material havmg a
surface is a single crystalline, non-particulate solid material. _
111. The article according to 91, wherein the solid material having a
surface is a particulate, crystalline solid material. ’
112, The article according to 91, wherein the solid material having a
surface is a microparticulate material.
113. The article according to 91, wherein the solid material having a
surface is a nanoparticulate material.
114, The article according to 91, wherein the solid material having a
surface is surface treated to limit non-specific interactions between the expressed
biomolecules and the surface. | -
115. The article accordirig to 91, wherein the biomolecules are genetically

engineered for specific binding to a different surface.
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surface is a netallic material having a surface. 107. The article according
to 91, wherein the solid material having a surface is a magnetic materi al

havi ng. W8 200108398 108. The article according to 91, R&&AE2HSOIS240) i d

mat eri al havi a : l.g: ' lafl ﬂﬁ%; . 109. The
article accorg%ﬁgwe;&g&&%&ﬁ%@g%rfs?ﬁﬂgﬁesﬁgﬁgk gl’dil h@g‘. gﬁg{ }f'eggtref ace is an
or gani c cedlt display lfbmariynandh wherdimdlee sdliiOmatérial davingl # saface @i mgingte 91, wherein

the solid erial hayi a .surface is a single crystalline,
non- par t {¥%H ’%%P%ﬂﬁlag‘sr*?%ﬁ?m@ * The article according to 91, wherein

the solid mat g1 abhd@tbRGceordig'th 34 Swheretn MRIcell B LlbALY RlAydabine sol i d
Le SOl 1

material. 112. The article according to 91, whereint mat eri al

havi ng acelkdisplay tibiagy,andivdrergin the solitl anagerialt substrdte havifg aTsuefaee isianl e accor di ng
to 91, wherein stpﬂg sol i'aﬂ material, having a surface is a nanoparticul ate

mat er i al MOEBHHC material having @ SEEfRSEy t o' 91, wherein the solid material

having a  Sur { AEeThoutelelaestlrigB'ot twhereld telcellAlsAP bk is et | ons

bet ween t he expresse i onol ecul es” and the surfa he” article

accor di neelk display litivanrye iwherdie the solid meterid snbstrptedavingl 4 yurfasegisremer ed f or
specific,binding to a dilfferent 1;saurface. 12 WO 2005/ 100590 PCT/ US2005/ 003824
116. ThelPQrganq Or argamis splidymeptsrighhavine 2 SIfiChe cel| display library is a

yeast cel | di $pd.aynd bieRiakoordiifh 18] herckdeSRlliclsY Rbladd iseyage @ surface

is a single crystalline, non-particulate solid nmaterial. The article
accor di neglk disglay libtaey,eind whesein ghd solid sypeitariall substsaty having aysuafate iscaml | di spl ay

library,. and wherein.the sqlid terial. substrate having a surface is an
i nor gani BORSHCTEBERS ‘é‘iysﬁ'ﬁlﬂeﬁﬁﬁg@iﬁnﬁi@@‘fm&fgméﬁ%_ article according to 91,
wherein the cepd gipSqkian do&@rﬁmgﬁolﬁi ¥eidlal Habldg £5ERARYadd Siedby. wherein

the solid material substrat aving a surface is an 1norganic or organic
sol i d natnerd hionmeleduies selentiveElycbound1!. thiehsurface; wherein dbe dinagort mo®l, wher ei n

Sol i d mab SRt FRredSofiied ot profdins HiOE Ve o'sRhTknke Hlime e ! 1 1NE

from a combinatorial eukaryotic cell display library.

121. A method for selective binding of biomolecules from a cell display -
library to a solid material surface comprising the steps of:

providing a eukaryotic combinatorial cell display library, wherein the
library comprises a plurality of expressed biomolecules,

providing a solid material having a surface;

contacting the cell display library with the solid material having a surface
under conditions which result in selective binding of the plurality of expressed
biomolecules from the eukaryotic cell display library to the surface. ‘

122. The method of 121, wherein the combinatorial cell display library is
a yeast, insect, plant, or mammalian cell display library.

123. The method according to 121, wherein the combinatorial cell display
library is a yeast library.

124. The method according to 121, wherein the combinatorial cell display
library is a human single chain variable fragment antibody library displayed as a
fusion on yeast.

125. The method according to 121, wherein the combinatorial cell display
library is a peptide library displayed as a fusion on yeast.
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I norganic or organic crystalline solid material having a surface. 120. An
article @ﬁh’g‘lj’l sing a solid material having a surface and one or nore

bi onol ecHPLLIYPRE i vel y bound to the surface, wherei n PCRAIS3MNS/083824r0r e

bi ool ecul es 3pe. THRIGhOE aRBRILERS12Y, vﬂ{eﬁiﬁltﬁ@pMmgM BlesgRyeENCe
obtained froma conbinatorial eukaryotic cell "display |ibrary. 121. A

met hod f tera platality pf/probsincionpeptiflesoi onol ecul es froma cell display library to

a solid materi syrface, c rising,t steps.of : providi eukaryotic
conbi nat ori al lgjé'l I ﬂl? %9@98@:59@1% t%ﬂg}’ei‘vﬁg’ﬁ% thFi?ﬁ?]aﬂFPg”g'ngm%s a
pluralit 1608P nfehitis aq;ﬂgl , 0l N I G hal opaving a
surface; &():lg ?gec?ti ng thet}%:el I g%ﬁycﬁﬁdg% %ﬁﬁgﬂeﬁgﬁlﬁlﬂnﬁ g?i al having
a sur f acpolypeptide indidg siteswhich iresilt ire thel selectives bindirtg. ve  bi ndi ng of the

plurality of ressed .bi.onol ecul es fromthe eukaryotic.cell  display
library to thgégur c@?thfgﬁccelfﬁ@gnt@t e re’i’?ltﬁe \ﬁﬁé‘h‘?%@ﬁg’m&’%f‘ nat ori al
cel I di sghgcelil ReAfstallirte solidifaetial haVing alsurfidednt , or manmmal i an cell display
library. 123. The "'nethod according to 121, wherein the conbinatorial cell
di splay i brd29. iBheamgthadtactondingr tp. 1212 Avheféline thesolbd neatexalchaving @ 121,
wherein the canbi patori.al .cell i brary is a human single chain

digplay |
vari abl e$ %ﬂ%ﬂ?“&’ﬁgﬁﬁwlqemﬁtFE ISR MAEC-as a fusion on yeast. 125. The
met hod accor dijpg, t Lih k6 e100Rk Ghé 3b1i8 ShateFiIS library is
a peptide |i brg.rgy ﬁ?%%ﬂ afg?agdghgﬁdgs}%ﬁ%r?{%ast . iB% eg%lol%%%%
PCT/ US206trfa238 2 4emikdfductorematetibidavimgaxudiaogy t o 121, wherein the plurality

ccording Lo 131 Thparehod peaotdiae i 2L ool RS Pold e deticher s havi ng

surfaces M'E%inﬁéialﬁéma%éﬁﬁﬂaﬁh gg{,ﬁgdé[ es of polypeptide binding sites
whi ch regu t iln the selective binding. 128. The nethod according to 121,
wher ei n the sdBR2dThetmsthed atcavding ta 123 wherein ithe solid ysateriadli havingpdi d mat eri al
having a surface. 129. Th ﬁhod accqording to 121, wherein the solid

et ferial

mat eri al SWARSEHS 2anacngfie ma A W E&Ri ¢ solid material having a surface.
133. The method according to 121, wherein the solid material having a

surface is a ceramic material having a surface.

134. The method according to 121, wherein the solid material having a
surface is an organic material having a surface.

135. The method according to 121, wherein the solid material having a
surface is a polymer material having a surface. .

136. The method according to 121, wherein the solid material having a
surface is surface treated before the contacting step to limit non-specific
interactions between the plurality of expressed biomolecules and the surface.

137. The method according to 121, wherein the solid material having a
surface is a single crystalline, non-particulate solid material.

138. The method according to 121, wherein the solid material having a
surface is a particulate solid material.

139. The method according to 121, further comprising the step of
regulating the expression of the library.

140. The method according to 121, further comprising the step of isolating
expressed biomolecules which selectively bind to the solid material having a
surface.
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130. The nethod according to 121, wherein the solid material having a
surface is a sem conductor material having a surface. 131. The net hod
accor di ijORes1I9asM0wherein the solid material having a PETAIS2008/003824 netal | i c

mat eri al having a rface. 132., The t hod ,agcor di wherein the
sol i dI mat er:/al %ﬂa\ﬂ%gfn 0@&9@5@@8& gleﬁ\gl?fﬁé? I ﬂtﬁ‘?]” ﬁ’épléyshrface
133. Theppridod aa%&ﬁf ﬁb{lﬂ;;,i éa}}dlﬁ'gereYWﬁfeesoﬁdtrﬂﬁeﬁeﬂ'%é%ﬂgt e§dr?dcﬁo g ang a

surface |s a“cera ving a surface ccording to
121, wheimirgatibgoBd hiaterimhhevingh shifadeng a surface is an organic materi al

having a surface. ,135. met hod ,accordi n er he solid

mat eri al havi ?bgj‘%a ﬁ?tff‘?'geg apcording 4o ;ﬁg wq}?ﬁ"’tq% }Peaﬂ "#%\’6‘? ag"&hé?ﬁ@@ 136. The
method agerly R0a ! fbadt fibrabfiC Whkhtin e SGHd IndlElAl HAink A sffade ;4! ace 1 s
surface treated before t ‘contacting step to limt non- spean|c

i nt er act imwrgatiet sofidnmuteeiabhavingia yurfice.capt vhewih Hieowelledispley limaryt he

surface. 137., The nethod acgording,.to 121, .wherein telég solid terial having
2 surf aEemRises m@rrenﬂm Hing R facks FOBHITAE R ssopp Mol BRial 138 The
nmet hod a 5@;15@ W@;ﬁﬁ havi ng a surface is a
parti cul gt ngil d mat I’Itg . @9. ‘%ﬂﬁtﬁnéé%érl\%gqgg@gr ng to 121, further

conpri sing t hel4st €fheahethndgedcrdingdo 1RE wshqmnslm cmbinatdrizal celbdsplay 140. The
met hod aggcording to 12 further, co i sol atin expressed
bi onol ecﬁf”é%"yv\ﬁl Bhyeasy @bf P‘E‘e{?ﬂ%dhr%p @‘1@9 q?cp%ﬁ-gérq AMrfacs, i, surf ace.
14 WO 20 9&%9901%’%&%%8 flﬁﬂg Asi éﬁl AéteinTRe OCk12 Gf 1{1) b 121,

al ce

wher ei n the~conbi nat or1i rary IS a yeas brary, and
wher ei n tompsises geashembeks lmnnglgurz&lcsmccbmplesmg expresseatobigarlecubssiafd nat eri al

hav. 10 osi: i g "ﬁacgrra R EITRCE T CYRTC N
REREi i A e e
surf aces betunqzm the phyrality rof sxp:ﬁssiedblmhcdwﬂ&ssandfthe surface.
.144. The method according to 121, wherein the com binatorial cell display
library is a yeast library, wherein the solid material having a surface is an organic
solid material having a surface, wherein the cell display library comprises
members having surfaces comprising expressed biomolecules of polypeptide
binding sites which result in the selective binding, and wherein the solid material
having a surface is surface treated to limit non-specific interactions between the
pluarality of expressed biomolecules and the surface.
145. A method of growing particulate solid material comprising the steps
of:  mixing one or more precursor reagents for the solid particulate
material with one or more eukaryotic cell combinatorial display library
members selected for specific binding to the solid particulate material,
under conditions wherein the solid particulate material is formed in the
presence of the one or more eukaryotic combinatorial display library
members.
146. The method according to 145, wherein the solid particulate material
is nanoparticulate material.
147. The method according to 145, wherein the solid particulate material

is inorganic particulate material.
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pol ypeptide binding sites which result in the selective binding. 143. The
nmet hod according to 121, wherein the conbinatorial cell displa library is
a yeast WO 19pH109590herein the solid material having a REHERE0Y3IRY

i norgani c sol i terial having a surface, .wherej.n the |1 display |ibrary

conpri ses yeal&' P@l‘?ﬁg?ﬂcﬂﬁﬁ’%?"f @e?ﬁﬁﬁm\?ﬁﬂeﬁhgp@‘ﬁl’%%s@&%&agml ecul es of
pol ypept ﬁsd@i.ggﬁ@ﬁlgrﬁgulﬁ&t&méﬂm.ch result in the selective binding, and wherein
the solid material having a surface is surface treated to linmt

non- speci fi ¢ 148.eFlametd adserdirgto 145¢ whersimthesglid panticplatesmaterisl onol ecul es
and the surfacg. ?‘%f‘]l\ﬁ@ Thetm%ﬁhod according to 121, wherein the

combi nat bsrrpglg.ne &P ﬁ&?m"brary is a yeast library, wherein the solid
mat erial havi 00 aTRdLERES] dRoRlin@toORSS hee the sBRA PhrtRhlaAialgiaR surface,
wherein the cell display library conprises nmenbers having surfaces

conpri si mgmetalbic padtisulats wmateriaul es of pol ypeptide binding sites which result
i nthe selecti | ndi and wherejn the sol.id teri hayi ng .a surface

i s surface trigﬁeﬁ‘et@e&%m fecnsfing eic‘ﬁfiw fe h}ﬁggﬁ&ga@cﬁ%{q,@@#n@ﬂe plurality
of expresspMotvstaling siak&fapnd the surface. 145. A nethod of grow ng
particulate solid material conprising the steps of: mXxing one or nore

precur sor read&ht The methddbacrording teal4s, sihereinthesalid paziculate matarial or nor e
eukaryoti.c cel Lgxgﬁntb' r}ahoaﬁi al display library nmenbers selected for specific
bi ndi ng H? FHFEEL AP f‘cul ate-material, under conditions wherein the

sol i d particulsy eTh@metthdd adcordifg fET4S, Wheken the'sBEE paRichlatd Hifteae or nore
eukaryotic conbinatorial display library nenbers. 146. The net hod accordi ng

to 145, wheseslieonduetospiatdriglarticul ate material is nanoparticul ate naterial .
147. The neth ordhng,to 145 ehn the soli articyulate material is
I nor gani c par ?g‘bﬁ?@e@ﬁ?‘icﬁfmq?\,\% y&ﬁ?f‘lﬁﬁﬁﬁ% ’3@515%5/ 003824 148.
The et heghpeaRedfABoltB AT ovBsy; el n the solid particulate material is
organic particulate material. 149. The nethod according to 145, wherein the

sol i d particul&.eThemetthed accordingiyHis:, wherein thewonditionsricldeal . 150. The
met hod a‘i&&ﬁe%uﬁ‘x%otf%b&éﬁod“te&%s"s;the solid particulate materi-al

156. The method according to 145, wherein the conditions include
temperature of about O°C to about 40°C.

=

157. The method according to 145, wherein the conditions include
temperature of about 20°C to about 40°C.

158. A method of growing particulate solid material comprising the steps
of: '

identifying a biomolecule which selectively binds to a solid material from
a eukaryotic cell display library, _

mixing one or more precursor reagents for the solid material with the
biomolecule under conditions wherein the solid material is formed as a particulate
solid material.

159. The method according to 158, wherein the eukaryotic cell display
library is a yeast or m ammalian cell display library.

160. The method according to 158, wherein the eukaryotic cell display
library is a yeast cell display library.

161. The method according to 158, wherein the biomolecule is a peptide
or protein, :

162. The method according to 158, wherein the biomolecule is an
antibody. .
163. The method according to 158, wherein the solid material is a
crystalline material. :
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is metallic particulate material. 151. The nmethod according to 145, wherein
the solid particulate material 1is nanocrystalline material. 152. The net hod
accor di NP ¢WSAWE0 wherein the solid particul ate materiBFTUS0050¢8240t um dot

material . 153.164hghehindd as6rdiizRg158) wifthoin YHeaioHH Mdtéieal $9dd d particul ate

mat eri al irhdrgarﬁc foeqnduct or material. 154. The nmethod according to 145,
|

wherei n the cq@?‘% og%ﬁgﬁ’g%%%i@?ﬁ%%ﬂé.@% s%ﬂﬁ a&%rgaq%g | ess. 155. The

met hod a%%%g}l& 1 m'fg%-ial erern ons 1 nc enperature of
about 10 "The net hod cqrdi.ng to 145, erein the conditions
i ncl ude _tenpédf t%‘% rgyﬂma%@gﬁo%g %lgigd'a{er%%ewu?%\é\gfé@ﬁﬁmgccordi ng to
145, whed®? panoparticulade spidhmeatsiiglude  tenperature of about 20C to about 40C.
158. A net hod 167. Fheunethod aeqardingde 58 syhereinthecqukaryotionelt display t he st eps

of : i denlibfary ks yeast oelbdisplaydibrirycwhereinstbe biosioledulenids peptide ool i d nmat eri al
from a euiteihyaid whexedih tidi sofidayatéridlisa yrystailine ngateried. or nore precur sor

reagents for t1gg. TRE irdethBd atdcdllingitd M58, Reherdih G REHOEC Yall@isplendi t i ons
wherein g f‘aﬁmaﬁae%a'ia&glalyaiﬁrﬂfywﬁe@ﬁnﬁeeﬁﬁdledméfs% glid & material . 159,
The ot g Bl il .g%ﬁ@ﬁ@%@%@@ﬁgimﬁe@ golay lbrary is
wher ei n Pﬁ'&“’&lﬁﬁ”;}&‘?’é&é@? B amﬁiggitiw ﬁ%bsségqualegl ' yeast cell display ,
library. 161. The nethod according to 158, wherein the bionplecule is a

peptide or prl&Pelhe @@?Pdvgé6wmﬂnmpﬁ§°‘ﬂlétef9 d maiabbas ame
bi omol ecyl & i Snaicle TRINRAY B atER 1 nk o Bkl pqgﬁlgcordi ng to 158, wherein the
solid materlgfpls a fﬁ

crystallrne material.
170. An expressed biomolecule composition which selectively binds to a

)]~ m]

solid material surface, wherein the biomolecule is expressed from a eukaryotic
cell.

171. The biomolecule of 170, wherein the eukaryotic cell is a yeast,
insect, plant, or mammalian cell, and the biomolecule is a peptide or protein.

172. The biomolecule of 170, wherein the eukaryotic cell is a yeast,
insect, plant, or mammalian cell, and the biomolecule is an antibody.

173. The biomolecule of 170, wherein the eukaryotic cell is a yeast cell
and the biomolecules is a peptide or protein.

174. The biomolecule according to 170, wherein the eukaryotic cell
surface displays the biomolecule.

175. The biomolecule according to 170, wherein the eukaryotic cell
secretes the biom olecule.

176. An expressed peptide composition which selectively binds to a solid
material surface, wherein the peptide is expressed from a eukaryotic cell.

177. The peptide of 176, wherein the eukaryotic cell is a yeast cell.

178. The peptide according to 176, wherein the eukaryotic cell surface
displays the peptide.

179. The peptide according to 176, wherein the eukaryotic cell surface
secretes the peptide.

180. A biomolecule which selectively binds to a solid material having a

surface and is identified by use of a eukaryotic cell display library,
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WO 2005/ 100590 PCT/ US20051003824 164. The nethod according to 158, wherein
t he SOlig@Pﬁﬁﬁﬁig; is an inorganic material. 165. The method according to
158, whe %001 id material is a seniconductor natRSA/ES20051088824 The

nanopar (1 cul at B 5 SR AREERLBe LD, W OB VAL Tee 'Rty ci n
t he eukadﬁphg bﬁﬂ?hsﬂ agﬁﬁ@qulbrary is a yeast cell display library,

wherein the ecu e is peptide or protein, and wherein the solid
material is ald?yShabiomaleansasereding tobB0, vheraip thedomelesilgiing to 158,
wherein baﬁl %Eﬁ(¥ﬁblc cell display Ilibrary is a yeast cell display
library, erel € bionolecule is a peptide or protein, wherein the solid
materi al is an83.nThebivblevatecactatdingittd] 8#) evherein thechiomaleculeus at e sol i d
material is,a nanoparticulate solid material. 169. The nethod of 168,
wher ei n PRRBIASOEBERIFM: cul ate solid material has an average particle diameter
of about 1 nmto about 10 nm 170. An expressed bi onol ecul e conposition

whi ch selectively binds to a solid material surface, wherein the

bi onol ecul e is expressed froma eukaryotic «cell. 171. The bionvol ecul e of
170, wherein the eukaryotic cell is a yeast, insect, plant, or manmalian
cell, and the bionolecule is a peptide or protein. 172. The bionol ecul e of
170, wherein the eukaryotic cell is a yeast, insect, plant, or mamal i an
cell, and the bionolecule is an anti body. 173. The bionol ecul e of 170,
wherein the eukaryotic cell is a yeast cell and the bionolecules is a
peptide or protein. 174. The bi onol ecul e according to 170, wherein the
eukaryotic cell surface displays the bionolecule. 175. The bionol ecul e
according to 170, wherein the eukaryotic cell secretes the biorn.olecule.
176. An expressed peptide conposition which selectively binds to a solid
material surface, wherein the peptide is expressed froma eukaryotic cell
177. The peptide of 176, wherein the eukaryotic cell is a yeast cell. 178.
The peptide according to 176, wherein the eukaryotic cell surface
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di spl ays the peptide. 179. The peptide according to 176, wherein the
eukaryotic cell surface secretes the peptide. 180. A_bionol ecul e which

sel ecti WRIHOHMPHL to0 a solid material having a surfafETARASQ038Aent i fied by
use of a eukaryotic cell display library. 17 WD 2005/ 100590

PCTI US2005/ 003824 181. The bi onol ecul e according to 180, wherein the
eukaryotic cell display library is a yeast |library. 182. The bionol ecul e
according to 180, wherein the bionolecule is a peptide or protein. 183. The
bi onol ecul e according to 181, wherein the bionolecule is a peptide or

protein. 18 WD 2005/ @_q % DESCRI PTI ON OF THE
DRAW NGS Fig. 1. Yegﬁlﬁi%gﬁg ﬁm]g%% §1st |i brary expressing
surface- displayed scFv anti bodi es bound to single crystal CdS [ A-pl ate]

after panning _round d3. (Bz A yeast_control clone expressing CD20
ect odonaiFig.iln Yiastdibrary bonad - (A)¥easy libremsexpaessimgsria¢engl e crystal CdS.

Transm ssign lJd ght _m.cr.os I NnRges I in si.ze. Insets show a
St ngre caRry SEL afERR RN 1 TRRRCHSACCAS 1A SR Hhet BpRUAS,, 1"t 1 or "t he
cor r espofghd @3 .Q@ﬁAgremto@hﬁolv&bae eRprefedD20Rcfo@ombindin place@fdtitt i fi cation of
Cel | Bi ndi ng to CdS. (A) Percent surface area covered by cells was

cal cul at gV iboary deesqnes buxd singde Lrystal din dsanspdssipaslight aricreseapyt s (Table 1)
bound to. CdS. P | .shown .as, dar k. t ant li ght
bor . ( BPAE MERR e B A 58 et Sl vral e Folndi or Jo O
col | ect | 0#s,Qind yeat Eﬁlhﬁéssﬂlf Phiigk theCdarRbpdnditbCdSerydiapineRtifcibarRdo gl ass, thin

filmFePt, single crystal A1203, and epitaxially grown GaN, were normalized
to CdS. iwfies |isted are geonetric averages frominmages taken from

mul tiple experinents std. deviation. Fig. 3. Exanples of binding clones

| sol ated by panning against diverse materials. Sequences identified from

panni ng FiglPQeshtifietnDITABRUiIAG t0/CIS (4) PécedtHifacarea covered by

cells was calculated from images of isolated clones and designed mutants (Table

I) bound to CdS. Parent clones shown as dark grey bars, mutants as light grey
bars. (B) Results from CdS clone E01 tested for binding to a diverse collection of
materials: Single crystal CdS, Alu evaporated onto glass, thin film FePt, single
crystal Al;O3, and epitaxially grown GaN, were normalized to CdS. Values listed
are geometric averages from im ages taken from multiple experiments = std.

deviation.

Fig. 3. Examples of binding clones isolated by panning against diverse materials.
Sequences identified from panning round e3 were expressed in yeast. (4) 4HO01, a
full-length scFv antibody, selectively bound to Al,O; over GaN. (B) 4H09, a full-
length scFv antibody, selectively bound to GaN over Al,O;. (C) A02, a scFv

. fragment (Table II), selectively bound to Au over CdS. (D) G02, a scFv fragment
(Table II), bound FePt when displayed (ON), but not when expression was
repressed by glucose (OFF). Li ght microscopy images were ca. 340 um x 260 pm.

Fig. 4. Applications of yeast expressing novel material interacting proteins. (4)
Biofilm coating Au surface was created by growing yeast clone A02 overa2d
period. (B) A selected portion of bound cells expressing CdS clone D01 were
cleared from the surface of CdS att=0. After 24 h growth, cells were observed
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full-length scFv anti body, selectively bound to A12G3 over GaN. (B) 4H09, a
full- length scEv antibody, selectively bound to GaN over A1203. (C) A02, a
sckFv f ﬁ@ﬁ’tm“(s?‘hbl e |Il), selectively bound to Au ove?cwgoof/ﬁﬁz’s 2, a sckv
fragment to(blmbioethd tlpareb aruasl IBe B hikie bicfibp enplitelYObOIf-hédléd. () when

expr essi sed. by glucose (OFF). Light m c¢croscopy. inages were ca.

S epre [
340 m x %gﬁ?\gﬁ*g Of:? gl_etai-_ms,qu; glerostructyre with matezia Fl?,fé‘rhﬁcr'@eaﬁ‘oé@?nenat eri al
i nteracti 105 L af | tds eat ed by grow ng
yeast cl Odggz%g& gé\}getﬁwgﬁyébgeﬁgg&yo : %@)Slgg'sgﬂeez%% por |oﬁ&(i)nf bound cells
expressi nga@dS clone DO were cleared fromthe surface of CdS at t = 0.
After 24 It growh, cells were observed 19 WO 2005/ 100590 PCTI US2005/ 003824
to bind to the cleared areas. By 48 h, the biofil mconpletely self-heal ed.

(C Labefisn pﬁrﬂ~ -at | ' specific
yeast. O ol#ég' %ﬂgl e g %@%@g.yﬁﬁﬁ@ﬂ%%&@%@% g%%%édt@dsc al e bars
shown on eapdnningeegainst €EdY single Gaystal erer growhan ghicosef mbdingi, (4) The d7

popul ati op..of yeast  cl.ones selected b anni | nst. CdS single crystal
were gr omﬂ’ I&H“é"ﬂi‘gB@éLm SXRTEESgN, Colls %?)B‘thg’ﬁgg‘gé single sryptado (B essi on,
cells do | : XSy switched into
gal act os efpﬁr;éeﬁjéng{lggﬁ‘ tﬁ%&n‘@“@%@?"@%’?fﬁgﬁﬁg bioiglﬁgpgg?% (S) n V\%Eaedependent on

| i brary enfaradionovas dépardent ars ilibrary expressiore Toasanssion liglgeniemseopya. 540 m x
540 pmin, size.” Fig 6. Relative hinding of isolated clones vs. nutants to An
or FePt. IMAREdereed. SHA gk edOdiB i 8l2énd desi gned nutants (see Table 1)
bound to Au (A) or FePt (B) were used to calculate the nunber of cells
bound on the An surface. Cell binding nunbers for nutant clones (light grey
bars) werEigerRelativecsindiag of isdated clones vs. nitanets Aver PaPeInagéssfes (dark grey
bars). Values |isted are geqnetric averages .fromi rr,?T?es taken fromnmultiple

exper i meniselatedcipngs gnddesigned pmytants (s¢q Table ) bawnd torAw{h SFPEE@) e t enpl at ed
nanof@é%'u%%cgt% ca.\é%%?e ﬁ%ﬁéﬁﬁ%l?b d dngtﬂé Aﬁg#%fgg?.i ggﬁ Bikdfngf | UOr escence

was obse m's es e synthesize

(bi ot - SGGnvidrfarintAditAlines (Dight greyl bars) Whreldvematized refative so (heiznt er ) , but not
from peptide DO7 al on‘_j or &ag_g( nmetal salts | one (left), The control peptide
FP-1 (n- HeRpachwsrppent donesi(dark grey Raseht Yplues isted are,gegpeiric 6TageRd i n nar gi nal

fluorescegsd G Wket o mhuldfple Sfberiments + std deviation.

Fig. 7. Fluorescence from biomolecule templated CdS nanoparticles. Upon
exposure to a UV light source, intense fluorescence was observed from samples
with the synthesized D07peptide (biot-SGGGDVHHHGRHGAEHADI-c,) mixed
with the metal salts (center), but not from peptide D07 alone or the metal salts
alone (leff). The control peptide FP-1 (n-HNKHLPSTQPLA-c ) mixed with metal
salts (right) resulted in marginal fluorescence when mixed 1:1 and no

fluorescence when mixed 1:10 with the metal salts, Cbncentrationé of peptides
and metal salts are shown in the figure. All reactions were performed at room

temperature, standard atmospheric pressure in water.

Fig. 8. Absorbance and photoluminescence spectra of CdS nanoparticles grown
in the presence of DO7peptide or control peptideF P-1. DO7peptide grown
particles show absorption fronts between 400-450 nm and corresponding
fluorescence peaks (maximum ~500nm), characteristic of nanoparticles exhibiting

quantum confinement effects. Alternatively, particles grown with control peptide
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fluorescence when mxed 1:10 with the nmetal salts. Concentrations of
peptides and netal salts are shown in the figure. Al reactions were

per f or nedv@r005000590 t enper at ure, standard atnospheric prpgspicsosgosdat er- Fi g.
8. Absorbance and photol unm nescence spectra of CdS nanoparticles grown in

the presefitd SbOWIBOW?kplethansc fropheloser tothe § Humpof bulk@iSead displgy own

particl es how on fronts bet n 4 nd correspondi ng

f1 uoresce 8‘@@ n@%PWﬁ‘FFP"% t\f\%,?g?s cgeggﬁi?%fllagr OS5 IBi cles

exhi bi ti mw@u@&myﬁg hoeftect s. Alternatively, particles growmn with
control peptide 20.. WD 2005/100590 PCT/ US2005/003824 FP-1 show a weak

absor bance front cl oser to the 515nm of bul k CdS and di splay only weak, if
any, fluorescence. Concentrations designated as ratios range from 325uM

(ratio=l 0) to 32uM(ratio lll_ﬁ.% Iﬁ}ﬁ}%@ﬂwlc\l . Introduction and

Technical Literature In descC e 1nhventron, the applicants refer to
technical literature which can be used in the practice of the invention,
but no adm ssion is nade that the cited technical literature is prior art.
In addition to the literature noted in this introduction, a list of

referenceﬁ S I%hk:rﬁau fo%vahﬂ%cl%ﬁca;lg o Hﬂ of the specification. These

references are ere y i ncor pora y Feference in their entirety.
Provi si onal patent appllcatlon serial no. 60/541, 757 filed February 5, 2004
"Cell Display Libraries" to Belcher, Peele, et al. is hereby incorporated by

ref erence and Iddeseibingthe inventiosn, tbmpnl@eyts«rﬁ@mtqqgmalglmr@wt abl es, cl ai s,
d k
N T P

conbi nat or| a raries orral yeast cell
di spl ay |thbrcited eehnical litdraturesie ipribr dror In gdidonto e livcratueé foe@arcthis c affinity

reagents for therapeutics, and drug disc (1 These i braries can
conpri se Wty ﬁfimtm%yst@rfrefﬁssfleegedsepw&ﬁeﬁmtb%en&wﬁheagw ficaliep. advances have

been madoriich fortAaks L ROEY nRUBLAIR UderkBBk by, 1 Drari es have not

been screened agal nst having a surtace i cludlng, for

exanpl e, i nor glwavisional pdtexﬁlappIMdomkémﬂ nbeS(MSQIl G@Vfﬂéd Febroges, 2004, mat eri al s
as descri bed I n_the present_ invention. Rec t here have been usef ul

ntly.. :
devel oprerfeddl] }Sﬁlaé{é-\}@aﬁﬁﬁ”rf@ Bejchen Pael §s;f&?rlf'|sj’Ffe)byf%‘|‘°rP%F"§ DY c materials with
the idea Qb BfeNdd relied upon in its entirety including figures, tables, claims, and

working examples.

In the present invention, screening of eukaryotic combinatorial cell display
libraries, including combinatorial yeast cell display libraries, can be useful for
generating protein-specific affinity reagents for therapeutics and drug discovery
(1). These libraries can comprise a plurality of expressed biomolecules. Although
many advances have been made with yeast display systems (2), yeast display
libraries have not been screened against solid materials having a surface including,
for example, inorganic materials and other technologically important materials as

. described in the present invention. Recently, there have been useful developments
in developing protein specificity for inorganic materials with the idea of being
able to select or evolve proteins to bind to arad or direct the synthesis of various
types of inorganic materials (3). Examples include phage displayed peptide
libraries (4-8), bacterial surface displayed polypeptides (9-11) and monoclonal
antibody libraries (12). Although these systems have been useful, eukaryotic and
yeast displayed libraries present certain advantages, described further herein.

In the present invention, combinatorial protein diversity displayed on

eukaryotic cells can be utilized to combine both the recognition capabilities of
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able to select or evolve proteins to bind to and or direct the synthesis of
various types of inorganic materials (3). Exanples include phage displayed
pept i deWO 2007/ HWP598s (4-8), bacterial surface displ ayed B§3YY83 "Pg’é% (9-11)
and nonocl ona Snti bod%/ i braries (,12). ‘f\lthou h [ hese sysiens have been
usef ul , REoleir-hased eysigres foy inprganis Waterpls a1di the RPVES o gcastiet WHBHE, n .

advant a : ks t i : lﬂ%%ﬁ I ayent i on,

conbi natg%ﬁfg?ﬁgﬁ%%lgﬁ%%%é% %é&% s?g‘i’aé’ygﬂe%ﬁfﬂeu aryoct({éy' cells can be

ut i | i zedEukanyoticleehesuthab yedseareablegn iefficdantty gplalyi postramslatioadlli’dO 2005/ 100590

PCT/ US2005/,003824 rotein-based systens.for in ani.c materjals and the
power ofma‘ygé P COmplex PROtRIns f}l?ﬁé? F%“s‘}og Jiragmes ?];738\%1 Receriogs tslgksory

capabi | itq ; ' R \ . S yeast ‘are able
to effi cédéﬁgfééaﬁ?ggﬁ%a&?tgﬁare%hg05? #gﬁpﬁglﬁﬁeﬁié orelgorrpl ex proteins
such as aivanthget\offusing el for §dr8ynimgare tieecppteatial fot Ajgh copytnuatber eadi | y achi eved
usi ng bagterial or. phage di ay, systens. _Further, advantages of using
cells fo‘ﬁs B &8t Qféle_ ﬂol} ﬂ}éﬁgb‘t‘é‘ﬁf SCOPYr ot ﬂH?rﬁFFeBS?)‘ﬁcﬁﬁYﬁ%g?e?l di spl ay, ease of
det ect i %‘g% (FiaY), ERBIRBEOR WiBoud et £ 3ERRY AR ¥tk 86k Afldy 10507 L1 N9

(FACS), cation W thout using a secondary hdst, and the ability to
genet i cagengticatlyregtate displaly(¥5,(165, Théelatively maissive eell in coasparisentel | i n
conmparisqn to h al l aws, for. the application of ‘chani ¢ orces to the
par 11 ol ek By o ischprhe ot et et cfofes S e RArEC G R SFLLORY - rmt e ol

I nteracty, t&Zﬁvelﬁﬁg@B@@iéﬁi@ﬁ@leculﬁﬂﬁﬁf&ﬁﬂ%t@facﬂéh ng}’%éddﬁ‘i'cﬁfal other cell or

protein based syst for potential production o | onol ecul ar tenpl at ed
mat er i al slvastagdef using yebstl dvey othenkcetlog tproeefift based systems fgrepadentiahhi ch has been

expl ored and util.ized for centuri.es (18). new net hod, for identifying
protein HTPQH‘HS‘IOB@_G w@wﬂﬂﬁwwﬁéfﬂ%ﬁ@ 1 ﬁaﬁﬁfﬁﬁ : d¢est s i s described
her ei n, dffigfenéyedf yRastOWhich'ha$ BEGR RPRIEA ABA ifilized fo LOuNEARB).CEI | S tO express
and display on thHeir surface a conbinatorial |ibrary of " proteins or

peptides, whiAmewmethédfor pdentifidng priteins biemolecuales tat intemdctwitkequent |y  t he
bound cells are Lifigd. . For exanple,..a hugan single,chain anti body
library mﬂﬁg%‘%’gf%%;%%lséﬁg}}?ﬁaéﬁ?&g%&ﬂ?ﬁ ‘g}’é%sc(@%f%aﬂmﬁgtspanned agai nst a
di ver se 1Rk V&t ¢ tOExpreGunaldRiaan! the iriFfat &8 bolBifdrial Bbraryf udi ng -

sem conductor, nmagnetic, and netallic materials. Material-specific

ant i bodiprsteinscr peptydsspvhidk are thempdimed agsainst & puterihdndenbseghenslyar act eri sti cs
o A, HE S S, PR, o R 5, BP0 110

displayed on Saccharomyces cerevisiae (13) c an be panned against a diverse

collection of technologically important materi als, including semiconductor, .
magnetic, and metallic materials. Material-specific antibodies and polypeptides
can be identified, and general characteristics of the system are described. In
particular, peptide sequences resulting from frame-shifts and truncations can be
preferentially isolated over full-length single chain antibodies, despite their
minority representation in the starting population. This new system provides a
route for finding medically or industrially applicable cell or protéin-based reagents
that mediate interactions with technologically important materials,
microelectronics, or hybrid devices. In addition, because organisms have evolved
intricate systems to control inorganic material s as evident in biomineralization
(19-21), being able to do selections at a cellular level with an engineered system
can provide insights into molecular mechanisims of natural biomineralization

systems.
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preferentially isolated over full-length single chain antibodies, despite

their mnority representation in the starting popul at ew system
provi d&¥03005A8EPR for finding nedically or industrial F{}T/Elﬁf)q-gglh@ﬁ e cell or

Pr ot ef - basec A theinobl 3¢ nFBfbse il hiSh ik OB s o bERASHRg! 2l | v

| nportant materi m cr oe tronics VI ces. I'n addition,
because frogamllslmpldyd!keamsowlueidarelaapablcaf bmél;ng,tgmmng, aseerhblirig, amdr gani ¢
mat eri al s as, evident .in.bio

\ ' I i zati bei abI to do
sel ect i offgALZINg matenials gfteplgg)lcpgl fersst- gﬁ'ﬁ ‘ﬁf@gﬁ‘é#‘%g?% ciréi‘ﬁ provi de
i nsi ght s anipid systens. 22
WO 2005/ 100%(&0 PCT%%EZOOS/ 003824%063{ ng tﬂgﬁkléa?'ePrEaﬂ%’eq-E%e prgrs]ent
i nvent i ooontasitesiwitle selidematesialshevind ersuifhdep and those litatdry diesybesisy whichr ar i es whi ch

are capabl e .of, bin Wi assenbl i n n organi zing materials of

t echnol offieive lyg’t“@f@ és‘%fﬂ-ff aﬁéﬂ’f?ﬂc?%‘é Yl?ﬁgé"éﬁmg? ﬁ&ea&rer € by screening
pr ocesseghichtag it Bmtiqg ﬂ@‘s‘%ﬁﬁl}@witﬁ?%ﬂehﬁ{'%dr&hd‘ganl‘ﬁ'?@serrﬁ&%dstf ely contacted
with solid materials having a surfdce, and those |ibrary rre ers which

sel ect i vedlsctive nmalmdnheamheéﬂlcdpanmng)on'gopammgel y isolated and enriched over
those which do not bind to the surface with repetitive screening. These

nmet hods for |l ectiye enri.chme t can cal | ed panni ng .or bi opanni ng. For
exanpl e, scre fefgening me QF&@Isglgctéqungﬁﬁ% &%el%m: phage
di spl ay 5@@@@5@1@@@%@&&%@&@% leebds agandt S6lid Quifdcssialabesn have been

described in and can be ref erredH?o in the practice of the present. i nvention
i ncl udi ndgscribed ipandshrebe tef@gredtatin the mmcﬁ©ﬁthecm®etm iBgintiber et al .: (1)

Bi ol Nucl ” tal Ph "
2003/ 0068SBEE HsicFeRBly. M3T FRCpbp i S BuRE 03 ) PRoERof 1yor d
Materi al EOWIMNaEGﬁQﬁbl@ENdcYeaEBﬂ'Slﬁ Qﬂd Wepstd Phkee’™i 2003/006866183/ 0073104
publ i shed Apri | 2003; Bi ol ogi cal Control of Nanoparticles"

2003/ onawblnh«?QI&pnlsHbaOQ&r(a) “M@os@@@rdm of H}ybnﬂ)Mza&na&Uﬂegogm tion of

Mat eri al 3£014 ubl | ich are
ncor por GERICRYY FRREPaRQ MRl Fos Ao 10gRP Btk agia L o et

appl i cat pgoss (32 B?ﬁbgllamrcmtroabf w@tﬁesf’@O()‘Sﬂnlla’Vqu:ubha&/d%ﬁe 623 filed
Sept enber 00 osition, t hod, and Use of = Bi Functi onal

Bi omat er ﬂ%@ob an(ie( ) Qép eghlanBecopnitiwmi Materigls'; 200844838 pubilished 003
("Pepti dg Mdv23 A, Y OF BRfh @ incMipotlidd By ARdedBIBGhES chBRypPar LI cles™); (7)

Additional U.S. patent applications to Belcher et al. imclude (5) Serial No.
10/654,623 filed September 4, 2003 (“Composition, Method , and Use of
BiFunctional Biomaterials™); (6) Serial No. 10/665,721, filed September 22, 2003
(“Peptide Mediated Synthesis of Metallic and Magnetic Nan oparticles™); (7)
Serial No. 10/668,600 filed September 24, 2003'(“Fabricated Biofilm Storage
Device™); (8) U.S. Provisional Serial No. 60/510,862 (“Viral Fibers”) filed Oct.
15, 2003 and US regular application serial no. 10/965,665 filed October 15, 2004;
(9) U.S. Provisional Serial No. 60/511,102 (“Multifunctional Biomaterials...”)
filed Oct. 15, 2003 and US regular application serial no. 10/965,227 filed October
15, 2004; and (10) U.S. Provisional Serial No. 60/534,102 (* “Inorganic
Nanowires”) filed January 5, 2004 and US regular application serial no. (currently
unassigned) filed October 29, 2004.

Additional technical literature to Belcher et al whuich can be useful for
practice of the present invention including identification of biomolecules and

binding with different types of materials include:
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Serial No. 10/668,600 filed Septenber 24, 2003 ("Fabricated Bi ofil m Storage
Devi ce' %5" %’@Q U.S. Provisional Serial No. 60/510,862 ("Viral Fibers") filed
oct. 1 3005?04 US regul ar application serial no. IRCHESR068®38%4| ed

Oct ober 15 0Q4 11 102

("Ml ti fﬁnc a%oﬁ’aft ﬂ ?‘rﬁ?@ %’I%s}p& 8})1&?‘?& ﬂlﬁg&@ P?ng_ng%ﬁg, ang ]lvﬁlregul ar
applIcatlomace.smaﬁsm.ozoombﬁ@ﬁ 198(12:6948645 10c t ober 15, 2004; and (10) U.S.

- Provisional Serial No. 60/534,102 ("Inorganic Nanowi res") filed January 5,

2004 and® UEe? 8Yilehal. {pndetingof @wngém fets using genaticaldy tenginegredsdrugesed) fil ed

Oct ober 29 aI literature to Belcher et al which can
be useful 1’5 ?9‘03 ?%%&3%@6@2? I nvention including identification of
bi onol ecdll gymand e tbalnSyﬁtﬂemaﬁuaf eatﬁiﬁtoﬂﬁaaeﬁammle{ehﬁ&&du%kude 23 WO
20051100590 "PCTI1'US20057 003824 oC et al. Viral assenbly of oriented

quant um domatexialanusiog. evelved peptidesspecifisity anSAvueﬂocapsidnassemmyomz) 6946- 51.

Lee SW et ant u ng genetically engi neered

Vi ruses. é&t@n?é 2%8% i/éu(fg‘g &‘5’@ @n@g‘é Flynn C, et. al. Synthesis
and or gagi e ng evol ved
pepti de Spggéll?l city ang \F/?%Il %Ig%lg?%gsg@sdggb%ﬁ&lﬁé n@%@é%eﬁr@m% 13
(Advance Athei ottenQup. iAre¢ NaBetend SciNCS B&Oﬁhé{pré&j%ESuppitZ 6p1bs.ol ogy: buil ding

nanostructures from _the bottomyp. ,Proc Natl 002 Apr 30;99
Suppl 2:%43%haley ety Belgction of) pep@@%é@fh wiegndyetor g@atgnwsmlﬁ@m Bnduct or

bi ndi ng sp | flature. 2000 Jun 8;
405(6787): g@gﬁ@fﬁ%ﬁ)éggd?ﬁ%ﬁﬁﬁ@gggpégﬂﬁgﬁgé§ﬁp§$§?ﬁ§s aré described in, for
exanple, U S. Patent Nos. 6,300,065 to Kieke et al. (Cbt 9, 2001);
6,331,391 to Wttrup et al wi t hdrawn) ; 423, 538;

6, 300, 065; arlaaﬁﬁti@ﬁtyqqﬁwlﬂziax FEWHCWBF‘ZO%F%W’ 5%0%9691518:2@39 to Kranz et al.
(May 16,p 860 66?&3%1&@8{51 9, 00! 6881 99{’%0?(1 eﬁt al . can be
prac Tce I ng,

used in t e present i hvention inclu r exanpl e:
Bhati a efDeal 18, 2001;iwithddalme)s 6323 S3856)200,065; ahd Fatastt Alﬁpgcatmfr ed To Express

o B AP Kbt p AN o i 2

literature by Wittrup et al. can be used in the practice of the present invention

\

including, for example:

e Bhatia et al. Rolling Adhesion Kinematics of Yeast Engineered To Express
Selectins. Biotechnol Prog. 2003 Jun 6;19(3):1033-1037.

¢ Feldhaus et al. Flow-cytometric isolation of human antibodies from a '
nonimmune Saccharomyces cerevisiae surface display library. Nat Biotechnol.
2003 Feb;21(2):163-70. '

e Yeung YA, Wittrup KD. Quantitative screening of yeast surface-displayed
polypeptide libraries by magnetic bead capture. Biotechnol Prog. 2002 Mar-
Apr;18(2):212-20.

e Wittrup KD. Protein engineering by cell-surface display. Curr Opin
Biotechnol. 2001 Aug;12(4):395-9.

¢ Boder ET, Wittrup KD. Yeast surface display for directed evolution of protein
expression, affinity, and stability. Merthods Enzymol. 2000;328:430-44.

o Wittrup KD. The single cell as a microplate well. Nat Biotechnol. 2000
Oct;18(10):1039-40.

¢ Boder ET, Midelfort KS, Wittrup KD. Directed evolution of antibody
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noni nmune Saccharonyces cerevi siae surface display library. Nat Bi otechnol.
2003 Feb; 21(2):163-70. Yeung YA, Wttrup KD. Quantitative screening of
yeast sWOHOEIWFYp| ayed pol ypeptide libraries by magretiiusoesadssapt ur e.

Bi ot echnol . Prog. 2002 Mar - A&re; 18 é):212-2 . JWttrup KD. Protein

engi neeri nfj Vith menoyalen ar anfigen-oyiding ¥chhet Natbo1 Aug;
12(4) : 395- 9eqd BURY, {56 R ast surface display for directed

evol ution o?a pro?@ﬁh%%&%xr%sémwaqu?ﬁty, and stability. Methods EnrynoL
2000; 328: 4Bodet£T, Wittrtiy KiD. Kiptimbh scredniigg 6f suefate-disphayed polopepliée el | . Nat

Bi ot echnol ., 2000 _COct; 18(10): -40. _Boder ET, Mdelfort KS, Wttrup KD.
Directed elftAues: %Oﬁﬁh@{tﬂr%dégg3@-8@;%8}3%66590 PCTI US20051003824

ncad o B FTE0? UL K Dl S E10R 86 g2 Beeich it R i Kok 7 O Ty
screeni ng pdptide/MHCe -Fos Nativdedd 36 I/ Sep 200e Mdy 1397108538789t echnol Prog. 1998

Jan- Feb; 1%1) :55-62. Holler PD, et al. In vitro evolution of a T cell
recept or* wBaHisterg¥, A ittrep K. Ghwtathipas exeretionHo respasse thdterokogbusci USA. 2000

May 9; 97(10). 7-92. . i.ster ytLr KL ut at hj excretion in
response tgl)oﬁcil?gercﬁﬁqéﬁdﬁ?%Q%'?%i@fcﬁgséeerg%%'oﬁpolterfggﬁﬁlﬁﬁ'?g) ?}bg@g\dﬁ%r evi si ae.

Bi ot echnol 20368@n389-8600 May 20; 68(4):389-95. VanAntwerp JJ, Wttrup KD

Fine affinity discrimnation by yeast surface display and flow cytonetry.

Bi ot echrrol Vendntwepndl) WismrKD; Fisy(affiniy discrimigatien byiyeast suraface Sel ecti on of
Proc Nai Siniy s BERESGe vileio &rag 28R in PO @RILT L B Y ot ol T

| ncr easiNgKide MECHEI. VA Vi S for

pr ot on e M 3L elecRBR 0F ikt e PRSll Mo iRantf 0B 78 008 AL

16( 8) : 773- surfacBdibplaytibraigi tRrociNadcad/ Saidy Ss111992 Mayi H#&(Y0):565kcr eeni ng
conbi nat orgal pol ypeptide libraries. Nat Biotechnol. 1997 Jun; 15(6):553-7.

o ShustaEV, et al. Increasing the secretory capacity of Saccharomyces
cerevisiae for production of single-chain antibody fragments. Nat Biozech.
1998 Aug;16(8):773-7.

e Boder ET, Wittrup KD. Yeast surface display for screening combinatorial
polypeptide libraries. Nat Biotechnol. 1997 Jun;15(6):553-7.

- See also: Wittrup KD. Disulfide bond formation and eukaryotic secretory”
productivity. Curr Opin Biotechnol. 1995 Apr;6(2):203-8. Wittrup KD. Disulfide
bond formation and eukaryotic secretory productivity. Curr Opin BiotecFanol.

1995 Apr;6(2):203-8.
Additional references which can be used in the practice of the present

invention can be found in the list of references at the end of the specification.

In practicing the present invention, molecular biology, genetic
engineering, microbiology, and recombinant DNA techniques within the skill of
the art can be used, and such techniques are fully explained in the literatuxe (e.g.,
see, for example, U.S. Patent Nos. 6,423,538; 6,331,391 (withdrawn); and
6,300,065 and references cited in U.S. Patent No. 6,331,391 to Wittrup et al. at
col. 9, line 60 through col. 10, line 6; and references cited at end of this
specification). See also U.S. Patent Nos. 5,866,344 to Georgiou; 5,935,823 to
Fowlkes et al; and 6,214,613 to Higuchi et al.
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See also: Wttrup KD. D sulfide bond formation and eukaryotic secretory
productivity. Curr Opin Biotechnol. 1995 Apr; 6(2):203-8. thruy KD.
Di squrW@ZOQﬁﬁW@Wornatlon and eukaryotic secretory pr SGTAI2WSOP82Eyr r Opi n

Bi ot ecFanol . ?&%ren%o%imgxﬁ%f \éﬁﬂhﬂn@@&iong@fa oung |r1ﬁvg'h {Hcan be used

in the practrce o) e present t1on can i st of
r ef er enc dallewing rﬂfenencbscmhn beeseside prdvndmg yenst systemspacaotding toghd he present

‘i nvention, nplec r bi 0 ic.en neerr ng, nicrobiol ogy, and
r econbi nAHEIEREW Hﬂ@&&t@ﬂaﬁ?]ﬁ‘f aferjal S:of the art can be used, and

xanpl o, *U BHE M Enbilicr C, EAGaGCE, C@?%%%@Wé%?& (o8 3% 50 o6
and r ef er enSesharbingdes derdvistae. PAtmobios D866 SBE8U-B&A): 1169- M ttrup et al. at col.

9, line 60 through col. 10, line_ 6; and references cited at end of this
speci fi cat .Bmxerosé‘éf,ane@%Pepa@eem@dm fornnativg @M@DGeorgr ou; 5,935,823

to_ Fou kes gh dlsu ﬁ%a‘s“mﬁﬂei“hﬁ dogieigsla.gl . 25 WO 2005/ 100590

PCTI US2005/ one e le present invention is a

yeast syst eDameénidE sfnﬁltﬂ BRI WingeTDR! GlaQthicricdatediaghnig-silfidei di ng yeast
systens accordin to the invention which interact with solid material

surfaces: oystallitgs ivSendidr glabratayf Bigh fhem. lwc%mdﬂﬁiﬁr By

Sacch b 184-185) : 169- 7 Da CT,
Wi DR B ot ALY RO RmnE o SR S R or 5. Tr ends
Bi ot echnol . yraBRQos3hth8dide cadysiin sﬂaneﬁcﬁﬁmﬁifbm&m gl feptles. Wodhém DR

@ ut at hi one- coat ed” cadm unt Sul e/stal | tes in Candi da gl abrata. JBi ol

Chem 1989 BiophwsRexdZqmrayn. 119855'6'5@9 151(4uB29. N, Hayashi Y. |sol ation of

t ant f hi h hle t th dyst [
Cadm um 81 RV Lo RrgE v by ) MO ArigiaSeaGriiiis on Copatin, o!
151(1) : 32- 9pe ridey @lked ' AR e SeHooMERSUHY o podBetlBmiRiOPEr LT s of

Cd- bi ndi ng pept | des 1 nduced i ssi on yeast, Schi zosaccharonyces pombe.
Envi ron MBQIMMBMWSGL%&SM?GS 13-9. Barbas J, Santhanagopal an V,

5 o202 3 s £l MG R VA Wi 0o cont

Conversion in the peptides coating cadmium:sulfide crystallites in Candida
glabrata. J Inorg Biochem. 1992 Nov 1;48(2):95-105.

¢ Mehra RK, Mulchandani P, Hunter TC. Role of CdS quantum cfystallites in
cadmium resistance in Candida glabrata. Biochem Biophys Res Commun. 1994
May 16;200(3):1193-200.

¢ Holmes JD, Smith PR, Evans-Gowing R, Richardson DJ, Russell DA, Sodeau
JR. Energ}dispersive X-ray analysis of the extracellular cadmium sulfide
crystallites of Kiebsiella aerogenes. Arch Microbiol. 1995 Feb;163(2):143-7.

e Reese RN, Winge DR. Sulfide stabilization of the cadmium-gamma-glutamyl

peptide complex of Schizosaccharomyces pombe. J Biol Chem.1988 Sep
15;263(26):12832-5

e Holmes JD, Richardson DJ, Saed S, Evans-Gowing R, Russell DA, Sodeau
JR. Cadmium-specific formation of metal sulfide 'Q-particles' by Klebsiella
pneumoniae. Microbiology. 1997 Aug;143 ( Pt 8):2521-30.

e Mehra RK, Tran K, Scott GW, Mulchandani P, Saini SS. Ag(I)-binding to
phytochelatins. J Inorg Biochem. 1996 Feb;61(2):125-42.

o Coblenz A, Wolf K. The role of glutathione biosynthesis in heavy metal
resistance in the fission yeast Schizosaccharomyces pombe. FEMS Microbiol
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glabrata. J Inorg Biochem 1992 Nov 1;48(2):95-105. Mehra RK, Ml chandani
P, Hunter TC. Role of CdS quantumcrystallites in cadm umresistance in
Candi daveRe5M16e50 Bi ochem Bi ophys Res Commun. 1994 MBGTAS20960Q3834 1193- 200.
Hol mes JD, ,Smi &g i)gﬁ)éGowl ng R, Richardson DJ, Russell DA, Sodeau JR
Ener gy- di sP&FdPve AR r]a%c Fysis of the extracellular cadmi um sul fide

crystallg t%ﬁ%@ﬂg&ﬁh%&@eﬁnmﬁ?@ R&leGt dsC (ﬂﬁh crystafiftesif0; 163(2) : 143-7.

Reese RN, W nge $ta | zat 1 on of e cadn’um ganma- gl ut anyl
pepti de conqﬂmnmbsﬁahcammiihrgMymeSszMBzop@mRes@Wuﬁgsm Sep 15;

263(26):12 Ri chardson DJ, Saed S, Evans-Gowi ng R, Russell
DA, Sodeau J'F\lﬁ @%ﬁ%&&gm fic formation of netal sulfide 'Qparticles' by
Kl ebsiel] a . : 1-30. Mehra
Rk Tran KBRERT R Aehap TR AL 10, RORM ool Bvedlinensy

phyt ochel acédmlumlrlesueuagcﬁncﬁﬂmdrdaglﬂﬁﬁa%bclﬁb( BilophSResComba 1864 A, VWl f K
The role o&ggl t hi OQ@ I"i.p'%synt hesis in heavy nmetal resistance. in the
fission ye Oﬁfgs 3 orryces ponmbe. FEMS M crobiol 26 WD 2005/ 100590
PCT/ US2005 ani P, Hunter
TC. Rol e oi\ﬂg‘g%zéqifja m crys "eﬁg""g’é@é‘%‘%&% m um re@ggtcg/%g%ﬁ?%g%ndl da

gl abrata. Bifferdie cadhivahyencBatsations Mierobifo4983ya(16%):32084.3) : 1193-200. Mehra
RK, Muil chandani P, Hunter TC. Role of CdS quantumcrystallites in cadm um
resi stance in Candi da gl abrata. Bi ochem Bi ophys Res Comrun. 1994 May 16;
200(3):1193-200. Mnney SF, Quirk AV. G owth and adaptation of }
Saccharonyces cerevisiae at different cadm um concentrations. M crobi os.
1985; 42(11.67) :Cell PibplayILibfaey | Di spl ay Library Cell display conbinatorial
libraries are known in the art (see, for exanple, section | above; see
reference 2 bel ow and references cited therein; see also, for exanple, US.
Pat. No. 6, Zjéelﬁéxﬁplgfcéﬂnbﬂﬂh&ﬁﬁl 'hbr%txesaalrf Fn@fﬂr?ﬁaé lafYseeC for e RiMgle, VECtOr™) . For
exanpl e, the displfay” of proterns on cell surfaces can provide a

section I above; see reference 2 below and references cited therein; see also, for

example, U.S. Pat. No. 6,214,613 to K. Higuchi et al. “Expression Screening

Vector”). For example, the display of proteins on cell surfaces can provide a
support, similar to the immobilization of a protein on, for example, sepharose.
Rather than covalently link a soluble protein to an inert support matrix, an
expressed protein can be displayed on a cell surface. Then, the cells can be
handled as if they were micron-sized beads of support media. Hence, cell surface
display can be used to circumvent separate expression, purification, and ‘
immobilization of binding proteins and enzymes. In addition, the biomolecules
can be secreted from the cell rather than displayed on the surface.

Eukaryotic combinatorial cell display libraries can be used in the practice
of the present invention, including yeast libraries, wherein the library comprises a
plurality of expressed biomolecules. Eukaryotic cell display libraries include, for
example, yeast, insect, plant, and mammalian libraries. Cells can be in a cell line
or can be a primary culture cell type.

Mammalian cells are known including their genetic engineering and cell
surface display procedures. See, for example, U.S. Patent Nos. 6,255,071 to
Beach et al. (July 3, 2001); 6,207,371 to Zambrowicz et al. (March 27, 2001); and
6,136,566 to Sands et al. (Oct. 24, 2000). See also, for example, Holmes et al., J.
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support, simlar to the inmmobilization of a protein on, for exanple,
- sepharose. Rather than covalently link a soluble protejn t&) &n 8i nert
supportwﬁe?mq/%??ygn expressed protein can be displ ayea'cawsﬁ PP iy f ace.

cuppor t Tt EARS 0ot 23 .08 e IET IR MENER, ot

separ at e1996p19R17DT; Choul &t bk BioRoknod BioergTO99] 65:4%011®9, of bi ndi ng proteins
“and enzynes. In addition, the bionolecules can be secreted fromthe cell
rather than dingariguas, yeest Hwaresarepreferrediin thisinventigmbiThesdedtian cel | di spl ay

rat her rasplar, st izestyore haslren cel | di s
yeast. | 100 esabis REPaukiuiblf HRE. FOPoxalioid B SRR SRGHIBI " o cssed

bi onol ecser@ssiad; (B adeylisige)eah be dsedpl ay |ibraries include, for exanple,
yeast, insect, plant, and mralian libraries. Cells can be i.n a cell line

or can be a prhsesngral geliulsrehameteristcsof yeashami knawnaad can be useddBun i ncl udi ng

their g o ' | : el di YR O res. See, for
exarpl o, Se ettt AE HosBit {FASIER, See 2 Siflc, WA G FRRFS S 1)

6, 207, 37RhyisivldgrindBiorechmilogh, JolinWiley) 1298. EOOKampls)Jeasts 336, 566 to Sands et
al. (Cct. 24, 200Q). See also, for exargoln,]‘t(i1 Hol nes et al ., 27 WO

J.
2005/ 100tBereptaall si2% ghansoarmbeplor canbe yse the physiqaland cheypicali 41- 147: Chesnut

et al. J . 1;11%3 7 . Bi ot echnol
Bi oeng, cfgg'gimggkmf%g#g&%r?ﬁ%af | cu?lgeydtéeaiatg&g&g%#é%sug&e preferred in
this i nvenekanple bfigessetallstis providel in the Werking Eganisles belowi gul arly limted. For

exanpl e, the yeast, Sacchargmyces . cerevisiae, cerevi siae) can be used.

S.
The geneferevisiaq san be genprlly ellmspidal in shape ronging ﬁ&%”e fore¥amplen abQUWA be used in
th | ' | , GM Y t
piys! of Gaiefisdo aboR IRERFH of BTt BBt Gnd pfbu SR WLEn bRy, O 1 Yoas

di f f er enhiceeslat thezstmalksdiageter. aflik medrocelloaurhe catsley] foreaxdmiplecapdw si cal and
chem cal __ conditions %L t he y%ast, envi ronpent, ca ti_g altered to alter the
yeast as? G erronsa aboutds| b micgonsifory 4@01F1§e€-r emeancell i ne working

Exanp| esvo‘i’i%hé’)éﬁq b, foxﬁe%{aﬁl‘f:ge? hﬁ&t%@%uﬁ%}ﬂi@ﬁﬁlg % %B(ou? bbb th5ig 'nﬂ?ljonlélf'ors hape rangi ng
from. for exanpl e, about mcrons to about 10 mcrons at the | arge

di anet era diplbidbellit Thoaneellnsizer can inoveasb ovith age. fThe yeass cat cdnlgrissnal | di aneter. The
mean cel |l vol uge can be, for, ‘gx&nnglfe aboyt 25, cuhic mcrons to about 35
cubi ¢ niBAGRRolesplar conshitusnts inglpding,fake e, EQtFInS, glycoproteins,

polysaccharides, polyphosphates, lipids, and nucleic acids. Known cytology

3-!

methods can be used including microscopy, phase-contrast microscopy, staining
methods, fluorochromic dyes, fluorescence microscopy, green fluorescent proteins
(GFP), and flow cytometry.

The expressed biomolecules can be genetically encoded biomolecules that
provide interactions upon which specific and selective binding can be achieved in
surface interactions with solid materials. For example, the biomolecules can be
encoded in a plasmid, and the library produced in or on the surface of, or secreted
from yeast cells. In another example, the biomolecules can be genetically
encoded in a retroviral construct, and the library can be produced in or on the
surface of cells such as, for example, mammalian or human cells.

Biomolecules are not particularly limited but generally can be the subect
of cellular expression processes. Biomolecules can include peptides,
oligopeptides, and polypeptides. They can be proteins. They can be antibodies or

~ fragments of antibodies. Modifications of biomolecules can include biotinylation,
glycosylation, disulfide formation, glycosylation, proteolysis, myristylation,
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vol une can be, for exanple, about 50 cubic. mcrons to about 60 cubic

m cronrsny{,ﬁ?r a dié)l oid cell. The cell size can increase with age. The yeast
can co WS ool ecul ar constituents incl udi ng, fBETAS200pDEL24pr Ot €i NS,
gl ycopr ot o] ysacchar.i des, polyphosphates, .|ipids, and nucl eic acids.

eins, p .
Known cyPIGPgﬁt}on’ ation, farpesylation. ligatipn,dnepsperation eEapnymatiithse- cont r ast
M Cr 0SCOQY; < N t 1 ¢ dyes, fluorescence m croscopy,
green fI%sz‘%?ﬁ#%?g%@hgg@mo@gﬁgmﬁg‘w cytonmetry. The expressed
bi onol ecul-es Thebiomojenidsican comprseqregtidestzind podteins and dedivdtivepr ovi de _
mteractﬁlhgns upon ,V\A‘ll(ﬁ’l{‘lqlfppemflc and S,§| ctive binding can be achieved in
surface thereaf.alhs bigm SSAN cHMARIeANiIgPdes FANLQQ gmenthe bj onol ecul es can
be enco : ] 4 : - e surface of,
or secr e%ggldh{ér%ﬁpﬁggfqgé% &Pﬁo%%%?ﬁ%%n@&%ﬁgl?e IMEI% ?cgir‘]rzoa}hgcul es can be
gengt i cgﬂhbyurfmadedteﬁpdrﬁctﬂaﬂiﬁlinm' ?s«alolnlgmbmdiﬁrgtcana::cadchjaeed inlttr ary canI be
roduced, in or o e, surface cells suc : :
hurman celni<gactions kppws if the asr o et cl§erasiatic: 1gpicy Ry drApiabic,Hab dgner al 1y can be
t he sub : [ processes. Bionol ecul es can incl ude
peptidegﬁsalg’ﬁ{ogglglé{bg%ls@%#gﬁ%é e'peptides. They can be proteins. They can
be anti bodi esThe biotrolepubestican bé peodutdabwitkia.celldoli dri thatsifae offcells.onol ecul es can
i nclude biotinylation, . glycesylation, djsulfide formtion, glycosylation,
i H dinplayds
pr ot eol ydyane exhadimentatheSall disp 1y & Beymapsipgle chaingesrble 3524
prenel at} ' th AN Gikh ‘*'fﬁ{g‘ | L on, incorporation of
non- nat ufr‘rg#n%%%hgb%%{@g cy?:éllegégtl-onégan eioﬁég?é@;(k)'r ation of ions. The
bi onol ecul es Irponecemiodimentpthetplutelity af diomol¢culesds apthralétyiof ptotsias t her eaf .
The bi onol ecul.es can conprise antipodies or antibody fragpents, including
scFv f r agfrRéptides. TRParyiarg eonll Bwa@ﬂ%mmmn&qénmmgiw & and ' the
surface | j: .i'@n{. o : i N an be achi eved but
i nt eract%%%ggi%omﬁ%&rg%ﬂ%é%ﬁbl nc u£9$@%@%§?%§P@8%i c, hydrophobic, van
der waapalypeptidebamnding sités esiicinresutinh thé selédtive bindingg. bi onol ecul es can be

produced within cells or on the surface of cells. In one odi ment, the
cel | display mnonegmbqdiment, OQ&ﬁE%Q@Hé’FﬂeQWH)SFBng?‘%S%m ant i body

| Fbrary legﬁca&[x‘?ﬂngribépgﬁfse?&{stfsﬁ&&‘ﬁe%a UERRS the SOl PRGFAPRMAAELSL - the

pluralit br onof ecu a plurality of protelns
surface. The biomolecule can, for example, have two or more sites which provide

for selective or specific binding, functioning as a linker moiety. For example, the
biomolecule can be bound to the solid material having a surface and then bound to
an additional surface at the second binding site.

The library diversity is not particularly limited but can be, for example,
greater than 10%, greater than 10°, greater than 105, greater than 107, or greater
than 10° clones. Screening with a single library can be carried out. Alternatively,
screening with a series of smaller libraries can be also carried out.

An important aspect of the invention is further control of the process by
regulatable systems including temporal or spatial controls. For example, the
display of the biomolecule can be regulated by control of transcription or
translation of the biomolecule. External cues can be used which provide many
options for additional control including temporal control over cell growth, signal
transduction, transcription, translation, and protein function. In one embodiment,
for example, a biomolecule such as a peptide can be encoded downstream of a
nutritionally regulatable genetic element, such as galactose regulatablé promoter.

In this embodiment, switching the host cell into growth media containing either
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or peptides. In particular, the cell display |ibrary can conprise nenbers
~having surfaces conprising expressed bionolecules with binding sites such
“as  polWPepeyeesdi ndi ng sites which result in the sel ET[US2005/0082hg. I n one
enbodi ment, the bionol ecul es can be genetically engineered for specific

bi ndi ng glerose ar galagtess cantrolscizanserniptiond@if thegpeptide.t Henegp pititiencar bal  having a

surface. ' . .5l tes which
provi de us %?o ‘%%‘?‘%@’F@%‘&f@% g@%?ﬂgiﬁ%%{l&?o\éﬁoé%%&%{%éﬁgé i nker noi ety.
For exargfitke péptide chh efidt]e tampora p spetiabootitdl beertrhdtedsll degogidieifi al having a

surface and then bound tq, an additional surface at the second binding site.
The | i brtBe gnceded peptide Gag orassamble nanqcrystalling arpthermaterialpe, for exanpl e,
greater 0 t i ] t han 107, or
greater ﬂ%ﬁéfg@ug[ g%e@”%@?@e‘%‘%ﬁ& y\?\ﬁ{1 tGé %{egﬁasl %ﬁé’s e&%}'gﬁhé?ﬁciggﬁtsbe carried

out. Al tedipwdl ivefisdaction patheay ) @anstription, Gaslatidonpér intrambReulat br ari es can be
al so carried out._ An inportant aspect of the invention is further control of

t he prodatezactipns.  Regnlationtan becontolled byca varietyot diffsenkiypss okpati al control s.
F o Wi | b trol of
tr ansor rapiepiefectihaRler rse 8chall AR SHied Aol el MGG, ¥ S0MLCC ca

whi ch preeatistéonploidingtability, drrocdsing bptelbismslecudes, ioniducs the .t enpor al
control over cell growh, signal transduction, transcription, translation,

and pr ot¥itehmaerhanism thropghasignah sansduetion patlyvaye oitehing meehagisdisecul e such as

R L

Swi t chi ngxtdrhsl dues inchsding, ibat Aotdinvivddto)esihdll olvcalepa diffigibldigandd WO
2005/ 100590 PCT/ US2005/ 003824 gl ucose .or gal actose controls transcription
of the paghpsidor ¢xample, agrowth fagtorcagytokine, gphgrompnes g hpmmane; he expression of

t he | ibrr?e'iﬁotraﬁ?x%ﬂgﬁf Ac %%af’gﬁﬂ%ﬁ% gér@%’%{m?c?“[%&@é’:o%@mﬁ Q%B&P{ﬂigde can enabl e

t enpor al”or spati over eria 'on € encoded pepti de

can bi ndight, ragiotiejhencypmechianstraisdi¢tionpmagihdirRrfield) tedecirid field, clerpnr al contr ol
can be acconplished by an external cue or stinulus that affects .a signal
t r ansdudempprapyeanghthe lik&nscr | ption, translation, or intranolecular

interactions,.E @H’-Wle{%s%mtiﬁa{]&eed by a variety of different types

of sw tching nmechanrs echani siis can directly affect the
t ranscriptGossen, MraxdBujaidoH. (F99RYiTight cohtadli dfigee expregsiondassi ng of the
bi onol ecul es, or induce the ) )
mammalian cells by tetracycline-responsive promoters. Proc Natl Acad Sci U S A
89, 5547-51.
2. Gari E, Piedrafita L, Aldea M, Herrero E. A set of vectors with a tetracycline-
regulatable promoter system for modulated gene expression in Saccharomyces
cerevisiae. Yeast. 1997 Jul;13(9):837-48.
3. No, D., Yao, T. P. and Evans, R. M. (1996) Proc Natl Acad Sci U S 4

93(8):3346-51. (the insect hormone ecdysone or its analog ponasterone A (ponA)

=

can activate transcription in mammalian cells harboring both the gene for the
Drosophila melanogaster ecdysone receptor and a promoter containing a binding
site for the ecdysone receptor.)

In addition, different promoters can be used in yeast expression. For
example, the Gal 1,10 promoter is inducible by galactose. The regulatory region
containing the UAS sequences can be placed upstream of any other gene to confer
galactose inducible expression and glucose repression. The ADH2 promoter is
glucose repressible and it is strongly transcribed on non-fermentable carbon

sources (similar to GAL 1,10 except not inducible by galactose.) The CUP1
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swi tch mechani smthrough a signal transduction pathway. Sw tchi ng nechani sns
are known in the art. The display of bionolecules can be tenporally

cont r ol WORBY1008Rt er nal cues including, but not |init®EHES2005/09334 |

ol ecul € A da Bl € WhRAN theSHE N AfioniR efis HtRlfer. % GGt Factor, a

cyt oki ne; "a pheronone, a hornone, a neurotransmittefr, a sugar, an am no

acid, a sutivhrdtbytdppeidr silverions addednpethedsediurhi JThe PHOS hromots ¢amcy,
mechanot r ansduction, magnetic field, electrjc field, current t enper at ur e,

and t he g mducedinponditions of log ernophogphafesindhe mediym, oSteroid indyéiblen M and

Buj ar d, , et f LOD: l'ian cells by
ot r acychimnesitifcen bhod wba fohliaf o pRIRoR SPERRALA Bokibigdl®HE0 ' S5a7 51" 2
Gari E, Piedr i prieerhbodiinéioi cdieplacerthe fat ghicoedrtiodid veueptok gend t h a

tetracyc|ine- regul atabl e pronoter system for nodul ated gene expression in
Sacchar obghirds the copgtitny e P D\prgmoter toyéxpress theirat ghuceeortionsd regeptfpll D | vYao, T.
P. and , : ' X 6-51. (the

i nsect h %ﬁ%n‘%%%%?s‘%%%?g%‘n |€§ g‘%%%&%@%&?ﬁi&%%%%gﬁg%can activate

transcri pbst@ami of thaaYdl geytechrdifie Bpgdne miftind) pidmébtecariie géwwoft he  Drosophi | a
mel anogast er ecdysone receptor and a pronoter containing a binding site for
t he ecdyingiestiebegenrfrolled; stemopan werk ellowith deserdsperdsntan be used in
yeast ex | 0, . ‘ . DL O Fod Sl E j bl e by

gal act osse)’gpﬁ%ie&ﬁg%% %frgrd;ﬁé@é)? Srllg JI@Sn a?%?‘%%‘%e%%%@%@@dcan be pl aced

upst r eanwith tBRO I BiingenLhidraddition of horgfinac Heaeshookl ittfubéd expr essi on and
gl ucose repression. The ADH2 pronoter |s | ucose repressible and it is
st rongl yeXpressianGape ageomphished byrplacig the Haﬁ%o@ﬂm ashegt shosk genednl ar to GAL 1, 10

t ' | ) 0Q5/.100590
IGD)C(Jg'/e ILOJSZ8%@7"]0(8%2@&%@#D@Z%rggéegag%&ﬂgs%ﬁ’ @h’?g&erﬁ?ﬁt eﬁ'hg %ot hi onei n gene
pronot er 1988, Arigrl %3 (4868):968-2.02p Wrigh ptedl., 0 Biol:|Ciein. | 1996, Sepded to the medi um

The PHOb Erom)ter can be induced in conditions of |ow or no phosphate in the
medi um E282@PY¥ 147838 bl e expression can be also used to regul ate

expressi on of ' q;r{(ﬁg can pl ace t he r at
gl ucocorti coi gﬁé‘g@ggfggfr%&%gﬁéggig%)het:ﬁ%tc}h{'hlgﬂiél)eﬁs |9t u vgucég cpl)rom)t er to
express gisplayed atgichedmwothe iceld nkmbegeptell wally or cellular appendages such as, ‘

for example, flagella, cilia, fimbria, or pilli.

Display can also occur in the cell cytosol, intracellular components, or
organelles. In addition, biomolecules can be secreted or released from the host

cell.
III. Solid Surface

The solid material having a surface is not particularly limited so long as
the expressed biomolecules can be selectively bound to the surface. For example,
it can be a crystalline solid material having a surface, or an amorphous solid
material having a surface. It can be single crystalline, microcrystalline,
nanocrystalline, or polycrystalline. It can be an inorganic or an organic cluster.
Or it can be an inorganic solid material having a surface, or it can be an organic
solid material having a surface. In addition, it can be a semiconductor material, a
metallic material, or a ceramic or glass material having a surface. It canbe a
polymer material having a surface. Quantum dot solid materials can be used.

Composite materials such as fiberglass, wood, and concrete can be used. In
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yeast. A second vector can be nade with 3 glucocorticoid response el enents
upstream of the CYCL (cytochrome c) gene mninmal pronoter and the gene of
i nt er esWO29050038nt rol | ed. This system can work wel | WAIWRHHOHRbendent

expressi on en_steroi.d hornopne is added to _the nmedium Response tine is
r api d vﬁq‘ﬁmISPi‘ddFat?ﬂﬂs kaving bard surfagesaaeprefredavensalidunaterialsat  shock

I nduced ha?ﬁ%rs%ﬁs#lﬂﬁcgé ggm%h&lagd by placing the UAS from a heat shock
ront o

gene in a mnimal pronoter. See, additionally, (1) Schena M et

al ., Sci ence, The 8@ ofthg sdlfd RétetidBlERingddburface (ot Partipalarlgtlingited, J. Bi ol :
Chem , 90, Sep .5:265(25): 14763-9. The cell display can be such that the
bi onol e r&“&?&’b?%ﬁ’@édn%ﬂm‘&}’@ﬁﬂ Sﬂ‘édnaé?fﬂaééﬂéba% foriexample; 2 nenbrane, cel |
wal |, or s a la, cilia,

finbri a,ﬁ%gdéﬁﬁefﬁgpgggggg@% gagessi?(lzlgd{r?&?ﬁmt @kggﬁf%éegc)q}ﬁlgéol , Intracellular
conponendubstantial Iy siyeoth| plesar, drrcuavidi. tRasticuldte eolid materiaks cambe be secreted or

rel eased fromthe_ host, cell. JII. %il jd Surface The solid materi al having a
sur f ace MaCTARsOPicAlYinartichlate, having lataral dimensipng on theerdess of essed bi onol ecul es
can be ' t ' n be a

crystal fﬁggﬁgﬁ&‘?g&éﬁigﬂ%l@%%%fﬁaéﬂg@Ecr??%%g{iul%%gﬁ a agdﬁklgﬁei solid materi al
havi ng a sur f@enerally, thesolitbmaterigl leavixigys Suaface oan compriseciny gleklient iie,

nanocrystallin é&ﬁ pgl ycrystalline. It can be an inorganic or an organic

cl ust er . theggrigdic table., & singlf prystahmolyceystalline wateriabor naroemistab, surface, or it
can be ' | pal . ' t1lan, it can be a
sem con?&’@?@g‘fnﬁ’&aﬁ’i ‘i’%ﬂ,lé’rg'5?%%‘1%12.%?@3%@8?1?%%%%@8%@%?g%qgl'u:t)érdqg,l ass materi al
havi ng aCs,Akd,3ce, Fd, Fe3@4, F203, PhFePt) o, CoPtSngISnios, Ad, Alsyr f ace. Quantum
dot solid terials can be used._ Conposite terials. such as fiberglass,
wood, _anlEhTe dc HOZ% St Sn02edn, 208, ZnSectntn o 695 dedsElenns/ 003824
gener al , \ Il Vi refer ver solid

mat er i algﬁg\klgﬁgﬁg—gé’tﬁs%?’@ées. ’bqi}gﬁ?g{sé%ggﬁ’blgpggﬁe}gf E:“i’h(%ﬁ‘f‘t())jr)’m of the solid
mat er i al Cik04, agdahe liké.aAa ansorplatus peatérial chmbé ysdd, cormpabed oEdut axtanpl e, it can

vt or o e top b tcalseecrbet abaves Y thelhoade o eHs. ST ace o be

material can be a metal, an alloy of metals, or metal ions or soluble metal salts,

composed of an element or combination of elements including but not limited to,
Cu, Ag, Ay, Fe, Pt, Co, Sm, Al, Ti, Sn, Zn, Cd, Pb and Ca.

The substrate can be a single crystal, mineral, or wafer. It can be an
uncoated nanoparticle or powder. ' |

Metals and magnetic materials can be used including those described in,
for example, Belcher et al., patent application Serial No. 10/665,721, filed
September 22, 2003 (“Peptide Mediated Synthesis of Metallic and Magnetic
Nanoparticles”).

The polymer surface can be, for example, hydrocarbon chain polymers,
organic polymers, inorganic polymers, electronic polymers, semiconductor
polymers, metallic polymers, polypyrrole, or garment polymers such as, for
example, polypropylene or polyester.

The solid material having a surface can be, in addition, a biological
polymer such as, for example, spider silk, silkworm silk, collagen, lignin, chitin,

‘cellulose, and derivatives thereof.
Before selective binding, the surface can be treated. Preferably, for

example, the solid material having a surface can be treated to limit non-specific
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substantially snmooth, planar, or curved. Particulate solid materials can be
macr oscopi cal ly particul ate, having | ateral dinmensions on the orders of
m || i mY@RUSAMSOExanpl e. O they can be nicroparticul BEEUSOHYRar ticul ate.

General |y, the solid nmaterial having a surface _can conprise apy el enent in
the per 3‘%@?‘&“‘%“5 F‘é".’eeﬂr{gﬁ" HEH‘@“X P?E’EHP?seﬁg}Qﬂ‘ﬁ%{leél and the surfage iﬂe or

nanocry ~ : ' Walel ts, including
bt ot R matcARTAGRE, Sirfucd bl bE Habnoli SOk Dl by S ™ b, i

SnCo5, Mixturdl dfmaterbdlSardudiiig, fol eXenpl&rblerfdspalloyEconpoSites/radid ZnTe, Cd, CdS,

CdSe, CdTe,. Pb, . PbS,  PhSe, PbTe, .S, Ce, @GN . Al GN, In&GN, In, InP,

| nAs, C&‘,ate@égtf?{’ haye poa %!@H{?“Fﬁé@%lé.dlsmcgﬁlwmcmﬂm can be used,

Comoseﬂoﬁémaﬁffals’b%&ﬁ]be'd'u@aﬁ@ngﬂ dthe materials described above, and their
The

oxi de derivatives. material can be a nmetal, an alloy of netals, or
met al i ons oSokdmaterialsednce madified to invhplesroietiés whick havelatowar conbi nati on of

elements including but not I|m.ted to, ., Qu, Ag. Au, Fe, Pt, Co, Sm A, Ti,
Sn, | Zn, SeTPIeTIERYFSQENITRR U Sariie &1 feleri bisting igitke Biojesiéal, i ner al , ' or
waf er. l&ﬁﬁsbﬁoﬁékadﬂﬂﬁpfinﬁﬁax‘ﬁ@l?: Ba bé Glrface Vtreﬁ@%@fnc%d\ﬁ%ﬁdi&i&”d magnetic

e use ncl u

materials can b ng those described 1n, or exanpl e, Bel cher et
al ., pawahidh exgndioffiof the n8eoparticlblinto 1y GEfoundihg mMedigednd Sapt enber 22, 2003
("Peptide Mediatged %ynt hesis of Metallic and Magnetic Nanoparticles"). The
pol yner I€QRHIAE an 1@ CORIPIemEntary SHUCHIESy ocar bon chain pol ymers, organic
Pol ymer's, | nAGBARIE uRObHNBRY SurfRle 54 & BRECTRA B RentS BT sERBEWEL O pol yrer s,
metallic polyners, polypyrrole, or garnment polyners such as, for exanple,
pol ypr omtérectioncan pddo/eestarried dinsiganist shbstaates incdolutioni sach as, forr f ace can be, in

addi tion, a biological ,polymer such as,, for ex |l e,..spider silk, silkworm

si | k, cExample metpl i?ﬁgs,{ndg?ﬁcﬁyﬁprecggpysdy@glgeagh@aiggp W‘é‘f&\?@‘a’@ﬁ%r eof . Before

sel ecti %ﬁé&ﬁeﬂ&m@%rﬁyl@&?gég can be treated. Preferably, for exanple, the
rea

solid mat aving a surface can be treated to limt non-specific 32 WO
2005/ 100590 PCT/ US2005/ 003824 interactions between the plurality of

expressed bi ecul and the.surface.. The_.solid material having a surface
Can be: Vo GPRERIRE SIep A0 SronAU a1 Selpotia Pipgog 'al having a sur

The contacting step is not particularly limited so long as conditions are

provided which allow for selective binding. Methods known in the art can be
used to adjust the stringency of the binding including pH adjustment and salt -
concentration variation. The time of the binding can be adjusted as needed.
Generally aqueous conditions can be used, including aqueous buffer conditions.
The temperature is not particularly limited but a temperature of less than about
100°C, and more particularly, less than about 50°C can be used. A typically good
temperature range can be, for example, about 0°C to about 40°C, and more

~ particularly, about 15°C to about 40°C. Thermophilic organisms can be used
which allow for temperatures to about 100°C.

V. Other steps and elements
Once selective binding is carried out, further steps can be carried out
comprising the step of isolating expressed biomolecules which selectively bind to

the solid material having a surface. Methods known in the art can be used for this
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m xture of materials including, for exanple, blends, alloys, conposites.
Solid nmaterials can have a bulk structure which is distinct froma surface
st ruct uve 208el100390mat eri al s can be surface oxidi zed. SoP€CTUSZNH0G3834s can be
nodi fied to include noieties which have known conpl enentary recognition
uni ts f orisalstéorn inckidingg farexamipted ussyoft eptichl nisignétinyielestricalywr physicad. For

ot ona of PP IR BpREHaR: ASbthcRCond SRk oo tan £ il can

recogni zergpReampledisbRticR bR BEPErfermeddn 4 Flo CREmetdk WidLPMapsRiceEl ol i d
surfaces is a pre?erred enbodi nent, the selective interacCtion can also be

carri ed ceparatieri apparatush sAlternativily, isalation can bagamriedoutiwith a denwsityl e, net al

salts and _reactive ptecursors which react, to formsplid materials in the

presence %?Sf%%%%‘fl@%ﬁ%@ _%.°f&6%§&&f*‘iﬁ@*§"é’&r3§me@ndi tions for

Sel ective Bi ndRfesHiem iR binding shpalatidnk §ar{‘E\=|5 s éﬁdeatﬂngémoag Howad so long as
ec

conditions are provided which al'low for selective bi'nding. Methods known in
the art dathdat inghwling direstiseqguencing by RGRigebyisalatiorhef DNAdfro thenc| udi ng pH

adj ust nent,_and,.sal congentrati riggion. The.tinme .of the binding can be
2d) Ust eq e ionied by EREREHIGH inh (AL ABHERREAS daouideal e fncl udi ng
aqueous biihfafify SRiMide' sefenced b bedRgrfihed.e is not particularly limted but
a tenperature“of |ess than about 100C, and nore particularly, less than

about 50C can Rreferahdyi.a high ppioentagy ofjthedtlones spauenced fomahe pomdations, f or

l e, about .0C to about .40C . and i cul arly, about, 15C to about
20c " Ther B B9 CoRPBRDR 0 A Bdiost BT sl Prserably hisihsrcRRBEpisaly ur o5 ro
about 1006ast Y0% ht1esist SDEDf1GY8 PreftABE) hlehfl 7095 ;ah@aidrygr&é@ﬂy?ﬁ is carried

out, further steps can be carried out conprising the step 0f isolating
expr essedetst 86Y, andimore preferablyat leasti%W8by bind to the solid material having

a surface. Methqds. knho i N rt n _be used fqr, this 3 WO 2005/ 100590
PCT/ US2005/ ooa‘gaﬁs"?%s?)’i‘c tnger‘ft“@"ﬁlcY Rnd Bonelseulis s flate ,%’Sd’o‘?‘“Spt i cal ,
magnet i ¢, bimBletiiles 3dn bddlsddy&d for FabrichaéR6f @blefihlsCPartiblafy tel solid ar |

fl uorescent and nagnetic properties can be used. For exanple, isolation can
be per f ormatgrialrhasing asugfpcondtich was subjectedtigribe seletive bindingaFert i on appar at us.

Al ternat Ie\éc%}rﬁ)ie, 'pg.%c%fa{eos%liﬁ%at%ﬁalcc%rﬂeeggo% in etpr}es%ngee (r)]tsllai%?ﬁolecules,

wherein the selective binding controls factors such as crystal structure, particle

size; and temperature of reaction. The solid particulate material can be
microparticulate material or nanoparticulate material. Average particle sizes can
be, for example, about 2 nm to about 100 nm, about 5 nm to about 50 nm, or about
10 nm to about 25 nm. Additional average particles sized can be, for example,
about 100 nm to about one micron, or about one micron to about 500 microns.
The particulate materials are not particularly limited but can be, for example,
inorganic, organic, magnetic, metallic, electronic, ceramic, oxide, nanocrystalline,
quantum dots, semiconductors, and other materials noted above in the description
of the solid material having a surface.

Generally, particulate materials can be prepared at relatively low
temperatures including, for example, about 300°C or less, about 100°C or less, or
about 0°C to about 40°C, or more particularly about 20°C to about 40°C.
Temperatures which are ambient and about room temperature in particular are

preferred.
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gradient, or in a fluidic chanber, or using a centrifugation device. C ones
fromthe bindin opul ati ons can be sequenced by nethods known in the art

i ncl udi YL 050 9‘gequenci ng by PCR or by isolation of POMBSI00%0N38He cl one
fol | oned hy anpl.i {Yi cation in E. Coll. After grouping identical sequences, a
pl urality'of %& & sequences can be determined. Preferably, a high
percentage of the clones sequenced fromthe populations are able to confer
binding in a naYve host cell, and preferably this percentage is at | east
50% at | east Astivles oan be fabdtatedibdmprisinglasalid nrderal bavinger surfacednst abl y, at

| east 80% _and f t 90%, .| f. desjr ed | ecti vel
bound bi SBRBEH na R Bt ote oGt O A e COeE Shdfbe a1 so used for
fabri cat iggRetphallyehginbabdto d@&rclﬁbayl BiAd ¥o thB QuFadel The'Bihdink MoléGitdsng @ surface

whi ch was subjected to the selective binding. For exanple, particulate

sol i d natcenba prepareditiregidy by genetic lemgineedng formatian afhitireries, e wherein t he
sel ective.binding controls factos such as.crystal structure, particle

Sz, andiokpiBRCer A8 b Pronand Bl ety beed gmifs foull e mmr er [al can be

mi cropar tws;saha;ng h&th&ds! Athe QikpRARAMGIbMoIChRE al'Bé Bxpratsed Ay g age particle
sizes can 'be, Tor exanple, about 2 nmto about 100 nm about 5 urn to about
50 nm oreukinyotic cdbdisplay libragppout 25 nm Addi ti onal average particles sized
can be, for e | e, out. 100 nrn.to. abaut on I Cr or .about one m cron
o about 800" iR beTHed o e Surtapink bcine g T Aias iy cul arty |
limted hpferfiis,Ofd rhdHolAEATHIEN thicRRs Aot paticaRFlyimARPRR chf be,7et 2l | i C,

el ectroni ¢, ceramc, oxide, nanocrystalline, quanfum dots, sem conductors,
and ot herfonexaple;labowtdt m tabloont 100 microndcarabiopt 1nm tofaboltsS0sol.i d nat eri al

having a surface. ,Ge al | arti.cul ate materials can be prepared at

rel ati velSFU OIt@HﬂQﬁg)tWX%a?%Eﬁdeﬁbo,nsfor exanpl e, about 300C or |ess,
about 100C or [F@édiredhigh aatpératies ican de@sdd bBmifhte i Matdrialslor | y about
20C to about 40C. T’errperatures whi ch are anbi ent and about room tenperature

i n parti dhe¢ siurfage @nd Jnaue residugl materials. 2005/ 100590 PCT/. US2005/ 003824 VI .
Articles Articles can be fabricated conprising a solid material having a
surface and expressed bionol ecul es which are selectively bound to the -

surface ayg, andethods of making, articles, and methods of using

Applications of particular interest including using the methods and
compositions described herein to bridge inorganic and organic materials, or bridge .
inorganic and living materials,

Applications include brew materials with well defined properties and low

* defect materials; magnetic materials for high-density storage; self-healing
coatings; bio-sponge-environmental applications, localizatidn or attachment to
specific materials or regions on the materials (e.g., cell-electrode, cell-
semiconductor); cell binding to a biological material and a material for
transplantation interfaces, image contrast agents, drug delivery, biosensors, cell-
based sensors, localizaiton of cells to material surfaces, connecting nerve cells to
electrodes, growing quantum dots or other material markers directly on cells,
medical implants.

Additional applications of the eukaryotic cell display can be applications
of phage virus displays. In particular, applicationé can be carried out which take
the additional properties of yeasts and other eukaryotic cells into account such as,

for example:
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genetically engineered to selectively bind to the surface.

The bi ndi ng

nol ecul es can be prepared directly by genetic engi neering, fornmation of
i brari ¥9 208440599 opanni ng, or can be prepared synt hetRGTAS200509382d on t he

results of th bi opanni net hods, . The expressed bi | ecyl es ,can be
expressed in i)}’gﬁg fg‘ﬁpgpﬁoélluFemomg‘Wq‘ég?'ﬁfil?‘t‘fgﬂ_ﬁ‘g’c}ﬁ%ﬁ%@nﬁorrred on the
surface ?{(kﬁéx%iﬂ%& s?:'alh@le%s'e;%i&htﬁ' fo?lﬁ)lcfnﬁ?lé 'theﬁré%ﬁ{g ifnkl{lﬁy; and ronol ayers.

Filmthi ess 1s not particulariy

ed but can be, Tfor exanple, about 1

nmto about 1@)celswanpsoduge laxgerumoreomples, cripost-tragslationally modified about 100

nmto about 10 microns. |f desi,red, high tenperatures can
el i ni nat l%‘?‘éﬁﬂﬁ%%&f%&?@wbef’he surface and | eave resi

be used to
dual nmterials.

Vi1 Nethods o ceiird tivindlohll ghSiing B (iR AgSIIcHiokS relstedeptidiapd,ons of

particular intérest including using the net

ods and conpositions described

her ei n t ¢hdyrdatderm Hvingzoatings od agicles whichareselfshealingr bri dge i norgani ¢ and

living materi ude, br ew nat

. licati i.ncl I al A
properties an 5?g}%ﬁﬁa&gk%%p}yﬁ%igﬁnﬂﬁ?%gnmfgfqo&dﬁé{egyﬁaﬂgeq

wel | defined
hi gh-density

storage; sagli/cdRakibRE THR bRSsoPispesRUNIR- RMbiInWRALAY aARR, | cati ons,
| ocal i zation or attachnent to specific materials or regions on the

mat er i al Fof exaple,cedell aahproducel e respende upmrbinding 4o & orateriaedra delindi ng to a

bi ol ogi cal nmat erj

| and terial f t, lantation interf .
L

I ocal i zaigF@pRly. cells to material surfaces, connecting nerve cells to
el ectrodes, growi ng quantum dots or other material markers directly on

cells, medi c&itscapbampreparedducluding sormbindtonal libsary kits. Floeexampleyotic cel |

di spl be, appl i cati ons . of phage .virus di spl |
appl | oat FORSAT B PR deR o B wink mBRRALR i shiifof kA luds oo

articul ar,

ObMSFerti es of

yeasts apgmpbhdits mukﬂ%)a& bioRhdiSculd¥PasBEMBI A mateFiRl #6m pré@irsdpganpl e: 35 WO

2005/ 100590 PCT/ US200

824 1) yeast are cheap, produce protein

bi ool ec (2)xtbe precursprs whigh reacttoderm anassembleinto theghstegala(Bbl e as evi dent in,
for exanple, the brew industry; 2).cells n,Qroduce. | arger, nore
ot ox. eSS ittt Rl ekBRIR) (5, iR and B8 1ike16 4ifin

process.

Kits can be provided for growing materials on or in cells in, for example,

cell labeling. Components can include, for example, (1) DNA encoding a

biomolecule to assemble a material from precursors; the DNA can be delivered to

a cell which then expresses the biomolecule as a tag (2) the precursors which

assemble into the material, and (3) accessories such as, for example, tubes and

columns to aid in the process.

Kits can be provided for binding cells to particular materials such as, for

example, electrodes. These can include DNA encoding the biomolecule which

can mediate binding to the material of interest.

Kits can be provided for detection of particular material surfaces including

identification of defects through binding. These can include (1) cells expressing

biomolecules, or the biomolecules themselves, which would bind to specific

materials; if desired, one can provide an assortment of material-specific clones,

(2) instructions on how to bind the cell to materials, and methods of differentiating

between materials,

VII. Further Description of the Invention and Working Examples
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bi onol ecul es at hi gher copy number; 3) cells are living and growi ng and thus
in applications related to coatings, they can formliving coatings or
articl eVRRIEHORPL sel f-healing; 4) cells have sensoryP‘é’HyémWQf*Bkis and can

respond to envid onnen a b| 0S sor aspect can
be combi ned wi gﬁgglenémvegﬁgnlrg’ﬁggﬁeréﬂgme@%% A, esponse
upon bi nd§isghstion theredfan it fon@w;@ﬁ $eelidn, vﬂﬁﬁhd&&@ﬁﬁlﬁtés&h@t antibodies's and then
bind a material as in, for exanple, regulation of display. Kits can be

pr epar ed andpeptifescandetisolated .ﬁom a pembmatpnklu Yibrary that swhendisplayed ans can be

ded
Componont L4 ek BBl Biek s sPuaFiot b Ral sfching i 8 & o ©
precur sorgI-V (((&N)tsbmldbhaﬁetbﬁsoa mem i(Ah), aeghetio afloy (FePt), angafbl e | nt o the
material, (3) accessories such for exanpl e, tubes colums, and the like

to aid i nlnﬁlﬂiétor()l?tb@e)sﬁs qu%awm tb@se;ﬁlagsqw@dnatsn esbeegming erial s on or in

cells in I ude, for exanple,
(1) DNA elrlllg% lﬁé@mp‘é +1§F@gh@\gé@%ﬁ%éﬁ%@§,%plﬁ%% precursors; the
DNA can bﬁld@dlmﬁfseﬁiamwst bd, anmhgm entittingedipders Metholislopies 1! ecul e as a
tag (2) the precursors which assenpble into the material, and

accessor i miegsate these and etherteshnlegicallyjmporart materiglewith biclogy Wﬂl( gide process.
Ki t h f
RELIC VR R Cne TRy A e

can nedi aiedicalndilRg A ekdigplowf whefd these mmrﬁﬂeate ali@atly impactlg provi ded for
detection of particular_material surfaces in I dentification of

def ect s t biolngys these ag11-Yh serpicenrducios gnanamy 9ts e%vmcaémbég frng
bi onol i fi
marort ar scatar dad sOSuRUAE R EAHE B0y, TREBSHMER IO nichdiOL) dUsbitdd D007 T ©

cl ones, (Roreinrudlomwsone WSngiﬂediQmﬁcﬂlalbletlﬁbebiﬁc adHesivedntebdciohsbeatweand net hods

of dlfferentlatlng et ween materlg VIII. Further Description of the
| nvent i onPIRIREIcAkT andRieatsonif, pRtcal; PCT/ US2005/ 003824 " The

present i nvent irfybf ofit b Bhnding ebigset B ghbf MR E¥aP! e and

identified as well as full-length scFvs, and were material specific as in the

case of CdS clone E0Q1. Peptides were sufficient to mediate interaction
with a flat material surface, as has been shown using peptides selected by
phage display for a variety of materials (3, 4). Although the present
invention is not limited by theory, it has been postulated that since
peptides have greater conformational freedom than the more structured
scFv antibodies, there is a greater probability that a peptide will assume a
configuration that results in an energetically favorable interaction with the
flat crystalline surface than the probability of a scF'v, with perfect or near
perfect structure to match a crystalline surface, exists in the library.
Furthermore, smaller peptides may express at higher levels than full
proteins, and thus contribute through avidity to enhance cell binding.
Although represented as only a fraction of the library (less than one-third)
(13), fragments with frameshift C-terminal polypeptidés were
predominantly isolated. Thus, panning a large random peptide library
displayed on the cell surface serves to produce material 'speciﬁc peptides
as well, complementary to phage panning, yet with ability to directly

visualize binding.
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di scussion thereof in the foll ow ng section, which denonstrates that

anti bodies and Eept | des can be isolated froma conbinatorial |ibrary that,
when di%QReAFEAOEN yeast, mediate interaction with a PQTUSEAPSE8Ht eri al s,

including I'l-VI S and  I]])-V em conducgt or s, tal (Au), a
Imatgml;t : cgal | oy* 4 Ca{‘%‘ ,W%alS%r#e_nPﬁé%mﬁe? WPQS%;J’ P%“Slﬁé?‘?,fgﬁ%%@'é, u% hese
classes gletdlit i@{ysﬁahl&@rhﬁntgfllﬁl?%?ﬁlzdg n&fd@aﬂ.”ﬂltﬁoh@ﬂ?ﬁ%ﬁﬁﬁig&&‘ fsﬁevv el opi ng new

types of transistors, a iers, "~ photovoltalcs, nmagne storage, and
| i ght -enfitagmentsdiondpated Methesedhotesgs asswell) this shegs tat falhdagtiasuFve feer

S AR ot DBl LT
val ue.. A : ts e badds ' in bi ol o S
FeBRERIoRe Secti il iy ifotadlion GA(E rAatcRabir bITRRAY | 1O o

the. use of I1-VI s or qu as optical for cellular
and subcéblded by redueiigrthe ¢@egpic ddseoLbindingaltds expectet thatirifingmentasfcr i bed

herein all.ows qne tq engi neer cqntroll ab speci fi ¢ adhesi ve interactions
bet ween ﬁBFBP’HBP%&F@’% TeXample i‘{?}ngggtd:é%ﬂ?mﬁihg Esretiyat eri al s.
Through i ibeled FMMEHITELARTL SYr nddhBGUBE AR1CHBRAL (AASwalpre T dent T ed
as well as tull-Tength sctvs, ané were material speci |£ 5'I'n the case of
CdS cl onendile bettdraletection ofiigh affirfify, matenial-specifiecamtibodiestfor waioven with a fl at
mat eri al sugface, _as, has been sh usin eptides selected b hage

di spl ay \aBIglhc&“Q%- iFg‘FtFe’é’i“’rﬁa‘g@rq“‘éﬁéﬂ]@SY "ﬁg‘.‘) edraV ysing HBSPSP%Q%y?f IOi ngent i on
Is not | it ' b, : 74l ti des have
gr eat er C%‘%’%‘?%E%‘?‘%%@W‘F‘g%Hgﬁiﬁaﬁh‘gﬁﬁgﬁﬁﬁﬁﬁgﬁw& \7@2& i bodi es,

t her e i s and gereatting fqrroddrres iwhichyintelnact withwe gtowisuch partiaskatenmaterialsdyf i gur ati on
that resuylts in an energetically favorable interaction with the flat
crystall %ﬁ’ﬁ%lﬁ‘?”f@&@c Ei&% 5t e‘bﬁ“él?&ﬁ??ﬂ"‘f%“"&fpr%" - SPFR FETERIIRG ct or near
perfect t ' ace | - he |ibrary.
Furt hernﬁée#ag&mg’l utégag’g%t@{sd@gﬁr%@xgdgg?gg%@gabgﬁbﬁrgfdi evellgﬂ? an full

pr ot ei ns jmpossitlé tosperfortr orbphiage dhe touthé small dize und velativelydew aabeboindi ng.

Al.t hough repr,esent as only a fraction of the l.ihrar | ess than one-third)
(13) 7 agBEDag duDresrer Raskel oozt oyl RERIRE 81 pr edom nant |y
| sol at edejfius, panning a | arge random peptide library displayed on the

cel | surlpace serves to produce material specific peptides as well,

conpl enent ar y The ceH aganipg mrethogl wasstblerotiflerdify iatgrialepecifieprdtgins vi sual i ze
bi ndi ng. through relatively simple experimental procedures. Furthermore, direct

application of the selected scFv and fragment yeast clones as self-healing biofilms
and material discrimination reagents was demonstrated, However, the utility of
these selected biomolecules is not limited to display on yeast cells. It is of interest
to display such material binding proteins on other eukaryotic cell types to mediate
cell-material interaction. For example, current methods used to attach neurons or
engineered cells to electrodes can require exogenous adhesion molecules and
results in imprecise cell localization (33, 34). The selected proteins provided by
the present invention, displayed by human neurons, can enable direct attachment
to an Au electrode, or other device, resulting in a direct interface between cell and
device. These and similar biomolecular bridges can be used in implants, tissue
engineering scaffolds, and medical diagnostics and therapeutics.

Furthermore, cell-based systems are dynamic and have built-in sensory,
logic, and response machinery, shown here by the ability of the cells to respond to

environmental cues, regulate display, and replicate. Thus, development of
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37 WD 2005/ 100590 PCTI US2005/ 003824 Antibodies were also identified after
three rounds of panning for the non netallic crystalline materials CdS,
A1203, V200580 t hough frameshifted scFv fragments BOMUS2008/0038% t hese
screens as well, this shows that full-length scEvs are_ capabl e of

i nt er act SeRsitiXe brosensars and binmechanieal devisesran; beaefitfomeatfostiveict ur es may

medi at e %ﬁﬁéeg%gﬁ”o ecfﬁc%ﬁ]oﬂﬂwk‘? t&évic@t %1&@{: wth materials if

properly reauci ng Opl C COS nding. It is expected

that refi neneF\inamfy eﬁgqh@erww]sp@peamy)fdeasf Qin futetion &s b;bmab‘ﬁgaﬂ:ACS to enrich
for fluorescently imuno] abeled full-1ength ¢clones (15) or netlc bead

enri chrrefﬂc"oé"zﬁfor proteins andhpaptidestlBedd )d&nécctapéﬁalﬁfﬂ“h pynthgsis iPFﬂeP
mat er i aI gltg (fﬁ%ijagy h %}g{/alﬁgﬁl'a%?ﬁls Lﬁﬁ%th&t@ﬁ%l%}?ec urt her m)r e, this

met hod suspensi ons et Al such as quantum
dots (30bmn@lecﬁbé$lbﬁre@fﬂh%ssemhbypﬁﬂxblm'dtaﬁls(5 7, 31, 32) "and scr eeni ng for
clones which interact with or grow such particulate materials by FACS,
magnetic (9, 26), or density cell separation procedures. Such screening
procedurgs, such as FACS sorting or magnetic separation, are difficult if
not inmpossible to performon phage due to the small size and relatively | ow
nunber of potential bound fmmmnﬁgnetic units, yet are routinely
performed on _cells. The cell panni met hod was able to identify materi al
specific prot @hﬁgnvqnﬁpaasgﬁnﬂvér dkusw%?bx mepneofcthe flloyking nondimitiagur es.
Furthernwﬂmlléjé appl I cation of the selected scFv and fragnent yeast

cl ones as ‘se ’ﬁea | ng biofilms and material discrimnation reagents was
denonstrated. However, the utility of these selected bionolecules is not
limted to display on yeast cells. It is of interest to display such

mat er i al [hividtersials ankl Methody, her eukaryotic cell types.to nediate
cell-material interaction. For exanple, current nethods used to attach

neur ons Unastétmrlem(bﬂlmrysmahlmimbpmsmglec}aimanﬁbmiw(geh)us adhesi on

nol ecul es, and esul t n reci,se Il .]o ' 3,.,34). The selected
pr ot e:JnsF lgféd’?%ﬁ%f‘#énebrr%%ﬂlf‘g?sm&W?%#&é 2‘3’1‘3 EH ﬁiF q1| neur'g_ns, can
enabl e dlefmings LRAPAR At ¢ &gﬁ&oﬂ-nﬁbﬁﬁtﬂl&ﬂﬁds Héwﬁkruké%hl gk, resulting in

a direct interface bet ween c and device. These and SI m | ar bi onol ecul ar
bri dges baaedpmmstm,andmuptaumdspyeasssmmnwi@l%e@hlcmyasé@l ghder, and nedi cal

a0 T B T IRRSH e MR IR G e Shb (B55°0 ovstems are dynani c
Materials. Materials were obtained from the following sources: Polished single :
crystal CdS [A-plate] (Cleveland Crystal), Evaporated Au coated glass slides
(Evaporated Metal Films Corporation), FePt thin film on SiN wafer (T. Thomson,

IBM, Almaden, CA), Epitaxially grown GaN and Al,0; template (A. Stonas and
E. Hu, UCSB, CA). Materials were cleaned after experiments by brief aqueous

sonication in a bath sonicator (Fisher Scientific), rinsed in etharzol and stored dry.
GaN and Al,O; were also subjected to a weak acid wash in 4 mM HCI. Materials
* were blocked for 1 hr in appropriate panning media prior to use.
Panning Procedure. In general, selection was carried out by exposing the
material to a culture of induced yeast cells in synthetic dropout media
supplemented with galactose (SG) (22), washing the material in fresh media, then
rescuing the bound cells by trypsinization/ triteration in round d 1 6r growing off
in synthetic dropout media supplemented with glucose (SD) (22). Panning rounds
d1-d7 were performed under the following conditions at 22°C. Round d1: 150 OD
cells in 75 mL SG + 5 mg/mL Bovine serum albumin (SG-BSA.), 24 hrs
incubationn; d2: 8 OD cells in 8 mL SG-BSA, 24 hrs incubation; d3: 2 OD cells in

39



| ogi c, and response nmachi nery, shown here by the ability of the cells to
respond to environnental cues, regulate display, and replicate. Thus,
devel opH@A005800588 WO 2005/ 100590 PCTI US2005/ 003824 sBREIUSRAPEE B ensor s and

poci 11 WS PEh S FAGHORBYR AY: 2TRFAIBA die SEBSA DAV R neer oa cel 15,
especi aly b&fﬁﬁsag 0IODURAL kP 1. 5L BhOWPRAR bubfRfed shitfd 215! £5/mO RS O! € NS and

peptides (18, 3 e can adapt this synthesis -potentia cells to the
product 'chﬂnl%ftwmngEO\/(RBSeBﬁafIb,rZ htlsanmbam@ dat @i IO eslissiai T ind. PBS-onol ecul es to

Fur t hor BSATad MR8 oRalTs B GODI RS o] MRy SN AT RGO mg

exanpl e?amﬁng P&lhayaLés @Eﬂtﬂ%fogﬂgém&@?ﬁ%ﬁoﬁ%ﬁvgiﬁo?ﬁ%oh\%%ﬁ{ wihe human

repertoire s e chain an (sckv) i ntai ned as
previ ousﬂ'yesbaeeﬁemealcl(mﬁ)ld Roundsd F250 Olsenllstim 125 mL $GtB8A| 2LS e Aga2 are

encoded,. on m ct o sm.ds go r 0 Gal - r er, and

mai nt ai H@b‘b%tf‘f’ y & Esp Jl)ﬁeﬂnh EB@’E@%W@&*HL@A&&W&HZ@&%%&&% of a

Gal - basﬁ?&xﬂéﬁiﬁé@r e3:" OF &lIRGn il Ml SG—ESRT@hfs%ﬁ&ubaNBﬁe“ als. Materials were
obtained fromthe foll ow ng sources: Polished single crystal CdS [A-plate]

(C evel ﬂlmlﬁgpﬁseﬁ‘yMEtmqts;ﬂ‘aum&hAmnnMﬁsamgIcanmtsﬂtedimg( Evapor at ed Met al

Fi l FePt fil | BM Al mad
oy EprehheBines Thumaenesin Sipesne 3 S0P Sp A Ui SRS latons. b UG o5
CA) Natﬁfgbﬁﬁc‘{ed’tﬁié gﬁrﬁgmﬁtg’ experinents by brief aqueous sonication

I n a bath soni cator I sher Scientific), rinsed in et hanol and stored dry.
GaN and GGMTM@%@G@M@TAA@GM@AWG@GQGW% and - M HCI . Materials

b o AEO o B I B AL AR GBI, e Pomrer
to a culdrrGAGTCREEIRSGETINAGATTACEGEHTATACA - MAc. media  suppl enent ed

with gal actose (SG (22), washing the material in fresh nedia, then
r escui n@‘G’IF@T%G@GGQAATGTTAA@GC’EGEQAG)WAAGG-QF)aDD&SN(ﬁ’r-r round dl or

g oW NG (Ol S AT AL CABEEA CTAREATCRECACHBOLEAR s Pand's " 9! ueose (SD) (22).

Panni ng
GTCGGCCGTGGTGATGTTAGTCCCTGGTCATGGTG-3’), DO7R(5’-

GGCTTGAGTGGATGGGATAGATCAACCCTAGCAGTGG-3’ and 5°-
CCACTGCTAGGGTTGATCTATCCCATCCACTCAAGCC-3"), E01V(5’-
CACCATGACCAGGGACTAACATCACCACGGCCGAC-3’ and 5°-
GTCGGCCGTGGTGATGTTAGTCCCTGGTCATGGTG-3"), and EOIR (5°-
GGCTTGAGTGGATGGGATAGATCAACCCTAACAGTGGTG-3" and 5°-
CACCACTGTTAGGGTTGATCTATCCCATCCACTCAAGCC-3") were used
with plasmid IDNA isolated from clones D01, D07, and EO1 as template. Mutants
corresponding to distal peptide fragments lacking the Vy regions were cloned by

generating dsIDNA inserts from oligonucleotides for DO1pep (5~
CCCGGGGCTAGCGGTGGCGGCCATGATTACAGAGGTCATATTCATGGT
CATTCTCAACATGGTACTGAACAACCAGATTAGGATCCGATCAG-3),
DO07pep (5°-
CCCGGGGCTAGCGGTGGCGGCGATGTTCATCATCATGGTAGACATGGT
GCTGAACATGCTGATATTTAGGATCCGATCAG-3’), and EO1 pep (5°-
CCCGGGGCTAGCGGTGGCGGCGATGTTCATCATCATGGTAGACATGGT
GCTGAACAAGCTGAAATTTAGGATCCGATCAG -3°) annealed to a primer
(5’- ATCCCGGGGCTAGCGGTGGCGGC-3%) and extended using Expand
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dl -d7 were perfornmed under the follow ng conditions at 22C. Round dl: 1'50
O cells in 75 n SG+ 5 ng/nL Bovine serumal bumn (SG BSA), 24 hrs
i ncubat Mh200§3905% oD cells in 8 nL SGBSA, 24 hrs | ncub@T/U&WOSIQIBSMZ QD cells

39 20051 0590, PCT/ US2005/ 003824,, 4 S 6 .h bat d4: 2
0D ool s e D nositoohRees Weis digatidyiied famty spd Honad BT O oF
phosphat NhMJrﬁHFcﬁﬁés?éﬂ 'ib@TCG_Nnﬁélﬂhng BrfisibnOf Hé ﬁéﬁﬁﬁéh #hd ERSoBPAT), 2 hrs
i ncubati on s in 1 nL” PBS- BSAT, hrs incubation; d7: 0.1 OD

cell's i n(QsShaflaxiiste Bsker uzl@e same contert-as |thmscFvPaﬁ¢qu¢rged plasmécd DNA3 were

per f or med_under the f ol I ng_condi t.i,ons W|th W, sgue.after each
round: qufh'@ ﬁfsg’é’lt‘ ‘?'HP éd?ﬁ_ §'&.‘7§§ idgl?%i:@ﬁ TCHOM® | on; e2:
1.5 OD C%I(&l&maﬁsﬁhn%ﬁﬁﬁéfegdﬁﬁ@tmen 20 (SG BSAT), 2 his incubation;
e3: | ODcells in 1l nlL SG 2 hrs incubation. Coning of scFv Miutants.

Truncat i GhnﬂlN&nfsahmanddbbtmﬂtSmclﬁ'mm@mdjngmamgfellsrut agenesi s
(Stratag to ad to s at the desi,rred ] ocat ° onucl eot i de
b ror o Fatospd vt PlashiE PR ot iReiebeR e Eatre S el g g |

GACGI?CGB@E&HE@G%GTW@I@@T 2 @ﬁa?o units @@éél(sﬁvere resu sPended in
CCTTGAGT GGCAGCGT TAAGA CA- and 5

GGTAATCT rAszmmm mic;toceﬁﬁmgstubes Pre-blocked 0.5 cm® CdS was

“WW@ % Vghed i SC-BSAT in new tubes

GGCTTGAGHES86 PSRN plafTer ﬁ%ht mlcroscopy inmaging.
CCACTGCTAGGGTTGATCTATCCCATCCACTCAAGCC ),

CACCAT GABabaeAd] sreriifiviyensocatiaetedils ware piaced in a culture flask

O AL S A9 A St

CACCACTCQ‘HMWJWTCCCATCCACTCAAGCC 3') were used with plasnm d DNA
i solated fromcl ones , D07, and EO1 as tenplate. Mutants corresponding

to dist aOppepltMmosqowfmd EellQuantifation. Mgltaletgiaaeﬁswmrcellmwderdﬂby

gener at i ng % @sertg frgm ol. '%e%%elss H;Sercent
CATTCTCAReAN S¥eldie MM GRREEREDT W Ti{dgedV A develdped by Wayne Rasband,
NIH. Briefly, images were converted to binary by adjusting the threshold to

differentiate between cell and background areas. The particle analyzer function
(particle size range 10-10° pixels) was used to calculate the fraction of total area
covered by cells. V alues for each clone were derived from 675 pm x 535 pm total
area and averaged from 3 images taken from each of 2-4 independent
experiments.
Biofilms. On Au: A 4.cm® Au coated slide was incubated in SG-BSAT with 0.1
ODgoo / mL uninduced clone A02 (Table II) in a 6-well plate and rocked for 12 h

- atRT. The Au slide was then transferred to fresh SG-BSAT and placed on the
rocker. 32X images were taken at various time points during biofilm growth: Pre-
binding (t=0) and at 12 (time of transfer), 24, 36, and 48 h. On CdS: A 0.5 cm?
polished CdS single crystal was incubated with 1 ODggo / mL pre-induced clone
D07 for 1 hat RT on a rocker. The CdS was then placed into a 6-well plate with
fresh SG-BSAT. A pattern of cells was cleared from the surface of CdS using a
pipette tip and 5X images taken at this point (t =0 h) and after 24 and 48 h
growth. '
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DO7pep (5' CCCGRGGCTAGCGGTGACGRCGATGTTCATCATCATGGTAGACATGGT
GCTGAACATGCTGATATTTAGGATCCGATCAGS ), and EQ pep (5' -
CCOGEEAN P P80 GEOGAT GT TCAT CATCATGGTAGACATGGT PCT/US2005/003824

?&%ﬂ%&%@‘w gﬁ‘?&“@??‘eﬁd@ ‘Z‘g#ﬁ% f%?ﬁa?ﬁg&?g‘%}b (250;3/ 100590

PCT1US2 %ﬁaewes@wm %ﬁ% dileRoflastbdcei) phb@ﬁﬁﬁcf&\fc\eﬁf e digested

- NhelJ/ Ba nd cloned into el /BanH di gested resulting in fusion
of the pegmoparticlezassanthdy.chbe syntheetiq ppEies fested nwrethel @dR:bindimgt he sane cont ext

Dept i deDRaeR T BRGSO PR R G AR A e v BERReS PERER S o ot on ki
(Tetr al i 1hg))-anSFPORpepa (d- PMHPJPSQ’QPLWJCGMWMWHS%B&M&W% gy Assays.

Cells transformed with plasm d DNA were grown to m d-1og phase in SD at 30C
then i nekgetive ¢ont®E for 18 to 24 hrs at' RT. 2 OD600 units of cells were
resuspended in 1.5 nL SGBSAT in 2 nL mcrocentrifuge tubes. Pre-bl ocked

0.5 cn2 CdS cloeculturead tocked for washed in
SG BSAT in n\ggfc@ ’g“mr‘%ﬁ @%&ﬁ? R ?@38%%‘1‘ ture plate
for ||9h§mﬁ§l)‘36f)ﬁﬁﬁﬁgalsél8&édlﬁept1cﬁoderﬁbﬂ FRnE616né PATHép Mithmaasals. al |
materials were placed in a culture flask containing 20 OD600 units of cells

in 20 i lsEfpbagyithesized ﬁldsw@dpﬁdqaudta negative ¢ Eeﬁsblmboge Opt i cal

M d d h
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Rasband, "NIH Briefly, imges were converted to binar y adj usting the
t hr eshol splationsaini} equimelaneancentraiens of&id and % Weretege 2%u%gach)rhe particle

anal yzer tio er S sed to cal cul ate
t he ﬁa ]gq.rﬁﬁlceﬁ)'grotvg} l&p {"ésamg%gﬁéfﬂmgﬁg f’?‘?%?&"e ’%’8%33! Ecl one vverg
derived Mﬂm UV K, 153&mmgbres@dn@evﬁﬁﬂlz%ﬁeﬁ@@dré7)orwﬁhuws taken from
each of 2-4 |ndepen ent experinents. Biofihn On Au: A 4 cnR Au coated

slide vva@f grawtibeanditionp, co@relgne T SizerAnd. @Ofm@mwﬂle&mf sweluced cl one A02
(Table | 1})moi]eculeQer\ﬁ%fa{edQ1a%pearﬁ8ﬁs af i§§ gor(t?d’llegl.z Aqasorbance spectra were

taken on as prepared particles using a DU800 spectrophotometer from Beckman

Coulter (Figure 8). Photolumines cence emission spectra were taken on a PTI

fluorometer with excitation at 360 nm (Figure 8).

II. RESULTS

Panning. A non-immune library of 10° human scFv antibodies displayed
onS. cerevisfae (13) was first panined against single crystal cadmium sulfide
(CdS), a II-VI semiconductor. Sequential rounds of screening (d1-d7), were
performed on a 1.0 cm? polished CdS single crystal [A-plate] to identify material
specific clones. “The surface of the CdS was first blocked in SG (23) containing 5
mg/mL BSA to limit non-specific interactions before each round. The CdS was
then exposed to the yeast library in an aqueous buffered environment for 1-24 h,
washed in media, and visualized by light microscopy (Fig. 14). The bound yeast
were then permitted to “grow off™ the surface by placing the CdS in glucose-based
SD (23j, which turns off expression of the scFvs fused to Aga2, and cultured for
24 h (Fig. 14 inset). The “grow off” method ensures rescue of all clones bound to
the material. Rounds d1-d4 were screened in SG-BSA while rounds d5-d7 were
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at RT. The Au slide was then transferred to fresh SG BSAT and pl aced on the
rocker. 32X i mages were taken at various tinme points during biofilmgrowh:
Pre- bi M #5059 0) and at 12 (time of transfer), 24 PGBUSAMI004R4h. On CdS:

A 0.5 cn ol.i.shed S single cr S.J.ncubat.ed. wi t oD600 / L
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i nto a 6intedabe the3trihgéhdyof sel&dionSG BSAT. A. pattern of cells was cleared
fromthe surface of CdS using a pipette tip and 5X i mages taken at this

poi nt (t = 0 Hcomparisen,&rconara) yeast glone eypissiing a fragmentxfale €D2890

PCT/ US20 ' A ¢cl.one, as a
col ubl o Batiian CTCORTTE hcodrbilie i s WkbRuetlan oohdinsda

phot ol unthediteaRtin Fipa ndpyet e ihabksertind (Fid NiB) sEven ufter aiteia ﬂgtas tested were
the CdS bi ndiﬁg nDtg;pe’gﬁél one (biot- S(B(gil)g/HlelG?HGAEHADI -c,pﬁ wEngl and

Pept i de, grovnefl pny heurdreells by 24 lélél SR, thricpitnres tymained clear(Fig. dBol yner s
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derived withoutBSA eestRedininsdabed@dlbdoverigh of thel hatbrialehrfatdversusnt hesi zed CdS
D07 peptide and a neggtive control FePt binding sequence FP-1 were

di ssol vebuifer willsB8A (data nploshewn) indieating BArindependen) bindingofdleus cdc12.
o ! NoStirri e
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Parti cl ealg@; bindingrio W hatiSa TEOWa obseried 3h bothrSD aid SERIAcHEH iMdicedexposed to
|l ong wavel ength UV |ight for quick fluorescence visualization (Figure 7).

W t h t unFwipre 9es gsedvahowieg dnatithesugar melecyles thespselyes didmpat affector escent
ti f ' | le t i troll ed.
Abeor banbidt, Fifler BB 540 LBIRVE! SRR RN RatiAe D00 | ©

spect r ophedsonititional compieatstduta hotshoon).( Fogatliee thidse ekperinidritsi nescence
em ssion spectra were taken on a PTI _fl uororgeter wiith excitation at 360 nm

(Fi gur e ggmonstrated gt bindmg vias gnedium dndependand but denendensrupenthenypan scFv

ant i bodi LS on S. cerevisiae (13) vias first panned agai nst single
crystal g%ﬁ%?%l@éﬁ?l de (CdS), a 11-VI sem conductor. Sequential rounds of

screeni ng (dl THeabilityetoaegulate the binding of the cells to the material through

control of gene expression was then explored. Importantly, media with glucose

(SD) repressed expression of the scFvs, while a switch to galactose (SG) induced
expression roughly 1000 fold over the repressed state as shown previously (23).
Clones grown in SD exhibited no binding in comparison to identical cultures.
grown in SG (Fig. 5). Thus, interactions with the surface of CdS were mediated

- through the displayed antibody fragments, and were nutritionally regulatable.

After round d7, a total of 36 yeast clones from the selected binding

population were sequenced. DNA was isolated from each yeast clone, amplified in
Escherichia coli, isolated and sequenced by common methods. Three unique CdS
clones, D01, D07, and E01, were identified after grouping identical DNA
sequences, and were represented 26, 6, and 4 times, respectively. The sequences
were translated and aligned with consensus IgG Fv domain sequences using IgG
BLAST (http://www.ncbi.nlm.nih.gov/igblast/ ), and residues differing from the
consensus were identified (Table I). The DNAs corresponding to these groups
were then transformed back into naive EBY100 yéast aﬁd clones were tested again
for binding to CdS, to elimimate false positives due to host chromosomal

mutations, All three CdS-binding sequences reconfirmed their original phenotype
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performed on a 1.0 cn? polished CdS single crystal [A-plate] to identify
material s ecific cl ones. The surface of the CdS was first bl ocked in SG
(23) coPAVIE%  ny/nL BSA to linmit non-specific i nPETAR05/8383¢f or e each
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sur f ace tMéUr@tib%l mﬁ#ﬁﬁtﬁﬁ fouthrintBoferh gkore luded tosdbownA 1% r'ﬂilﬁa(hb ng BSA-independent
binding of the clones to the CdS surface and the usef ul ness of a

non- spe@pwrggmhsmedéoxa@@?nhkelymmsentﬂ amangnym surfaceeaveragaby anas observed in
both SD a n_ind ure was used, showi ng that the sugar
nol ecul géng?eh ‘\élh ﬁ&ﬁ‘%ﬁb &fefeécfjc[elsbl ndi ng. Further, binding was also
observed in %Ssebﬁmmyifa@lrtﬁrdem dfiéWerefPaientd b fullll conponent s

(data not_shown). Toget her these experinments denonstrated that binding was

nedi um |Snﬁﬁpmonmﬂywpém%63qumﬁe apmared|tg|b|aa§'¢engmmdzﬁo;m The ability

to regul te ndi of .th 1] control of
gene exptf e55|1()hﬁm noxesn&ﬁse&(&@e ﬁ@@@l};@%ﬁﬁ"@h@ﬁgﬁ*gxﬁdﬁﬁ gl ucose (SD)

r epr ess efirifg PORSSIn8udtion dTehS Hbrdsy. Pefldhfus@t BMep6iied 68%%Vfdled Wsigry( SG) i nduced
expressi on roughly 1000 fold over the repressed state as _shown preV|oust

(23). @p@mssgh@dntal a-nays epitepd (133¢hws apnaxdmym ofphoyhpag-thirdrofithe | dent i cal
cul ture ibrary niay expres§‘§%r«(v truncatiSns. 'The Selfitihg B011'Db7, T face of CdS were

medi at e
polypeptides are comprised of 47, 70, and 70 amino acids with 100, 91, and 90%

=0

homology to class Vy6-1, Vy1-2, and Vyl-2 variable heavy chain domains,
followed by 33, 13, and 13 amino acids, respectively, with no resemblance to the
natural contiguous Vy sequences. The composition of the “frameshift” amino
acids was predominantly polar and charged residues, significantly enriched in
histidine.

Truncation mutants derived from each CdS clone were created (Table I)
and tested for binding to CdS (Fig. 24) in order to determine regions necessary for
binding. D011, which removed only half of the C-terminal “frameshift” amino
acids from D01, bound to CdS. Removal of the entire frameshift region (clone
DO01H) abolished binding, which suggested that the frameshift region is necessary
for mediating the yeast-material interactiora. Similarly, D07V and E01V, which
removed all C-terminal frameshift amino a.cids from clones D07 and EO1,
respectively, did not show any ability to m ediate CdS binding. As expected,
further truncations that removed the CDR2 and C-terminal peptide region (DO7R
and E01R) did not show any binding. Thus we hypothesized that the short

44



t hrough the di splayed anti body fragnents, and were nutritionally

regul atable. After round d7, a total of 36 yeast clones fromthe sel ected
bi ndi ng WHEPIHIM?PGn were sequenced. DNA was i sol ated fPCHUS2005003824st cl one,
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i.n the natural repertojre or introduced during

mut ati ons presen ) ant i bod
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to expre - O , ' t ok H@lﬁ ut one-third
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Based on a rigid smooth spherical cell with 2 pm radius sitting on a flat
material surface, we estimate that about 2.25% of the surface area of a single cell
lies within 5 nm of that material. Assuming approximately 10%- 10° evenly -
distributed peptides per cell (15, 24), and a necessary < 5 nm distance for

~ interaction between a displayed peptide and the material, there are on order of
200- 2000 potentially surface-interacting polypeptides. Thus differences in
relative binding strength may be amplified or m asked by avidit}" effects resulting
" from multiple peptide-material interactions.

- Material Specificity of CdS Clone. Other technologically important materials |
were chosen to test specificity of the selected clones for the CdS single crystal.
Single crystal sapphire (AL;03), epitaxially grown gailium nitride (GaN),
polycrystalline gold (Au) sputter coated onto glass, iron platinum (FePt) thin film
on Si/SiN, and the CdS were exposed to the Cd'S clones under identical conditions
(Materials and Methods). Clone E01 exhibited exceptional specificity for CdS
over Al;O3, GaN, and Au, as seen by the lack of cells on these materials (Fig. 2B).

Clone E01 also showed marked preferenée for CdS over FePt, even though some
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denonstrat ed t hat pep was a
350 DNA sequences from round e3, which grouped into 2 full-length clones for
Al O3, 3 clones for GaN, 1 clone for CdS, and zero clones for both Au and FePt.

The remaining groups with representations ranging from. 2 to 26 sequences were

predominantly scFv fragments as seen for the original CdS screen. The
enrichment of truncated scFvs in 3 rounds of selection to over 96% from an initial
representation in the non-selected library of about 30% suggests a bias against
full-length clones in our panning for material surfaces. Xdentification of full-
length scFvs from this library in the future could be enhanced by combining the
panning procedure with alternating rounds of FACS, a powerful tool used
extensively to screen this and other cell based libraries ( 13, 25), or magnetic bead
enrichment (26), for the presence of the C-terminal c-my/c epitope tag.
Additionally, Au and FePt were panned in an identical manner as CdS

rounds d1-d7 to show reproducibility. From 36 and 23 sequenced clones, there
were no full-length antibodies identified for Au or FePt, respectively. A total of 3
Au clones (sequence representation 13, 5, and 2) and 4 FePt clones (sequence

~ representation 16, 1, 1, and 1) conferred binding after is olation and

retransformation of the expression plasmid. Thus, 100, 56, and 87% of the
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Thus, thj ' | Ik Vi i Lfic protein
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FePt, an rwsth%iqaérte frapershi ep‘éﬁ%m€%ﬁm&ﬁé@h¥%@m&>@n al's and
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mat eri al s, S0 shown 1|
clones, C-terminal peptides derived from the frameshift sequernces were

insufficient to bind yeast to the materials. Thus, the scFv antibody framework .
appeared important for either direct contribution to binding or for presenting the
C-terminal peptides in a favorable conformation.

Application of Material Specific Display. Yeast displaying scFvs and fragments
were used to demonstrate potential application of cell-material specific
interactions (Fig. 4). Clone A02, a gold binding fragment, was -gfown in SD and
contacted with an Au-coated slide (Materials and Methods). Att=0, no cells
bound, as expected. However, over the course of 48 h at RT, cells bound to Au,
and continued to grow, bind, and spread, eventually completely covering the slide.
(Fig. 44). This living coating, or biofilm, was able to adhere and grow into
regions cleared by disturbance, thus was self-healing. CdS clome D07 was used to
illustrate the ability of such biofilm coatings to grow and self-hheal (Fig. 4B). Even
after over three weeks in SG, the biofilm remained attached to CdS and able to
regenerate. Such self-healing biofilms can be useful for corrosion prevention,

bioremediation, medical (27), or other applications (28).

47

These yeast clones were



material specificity of clone 41101 for A1203 over GaN (Fig. 3A), clone
41109 for GaN over A1203 (Fig. 3B), and clone A02 for Au over CdS (Fig.
3C), anWo 200%/t00§90onal regul ation of binding of O one @SIT¥BOEAOPBAFi g. 3D).
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reproduci bility. From 36 and 23 sequenced clones, there were no full-length
anti bodies identified for Au or respecti vel y. Atotal of 3 Au clones

( sequencd enatingThe $"d¢9t%bl°’9°1eﬁﬂﬂs werealsp %eql:gpttergp]@pfé@e EEeHibaice

represen r sol ati on and
retr ansf g%%?ﬂ%@%f@ﬁémg%geéﬁ g%&%éﬁgﬁér&}ﬁdﬂe(ﬁ%ﬁa , and 87% of the 46
WO 2005/ Mﬁ&&uﬂﬁﬁlakjﬁa&ﬁ%ﬁdlﬂ%?s%mpmmm 4 syarchetie péptide dérivednd FePt d7.

popul ati gns e_able to confer binding in a,naive host cell. The ability of
the fal s@%mﬁw PO7per, Wb splytions qfimetalisalty Rasti éles rgemmn BATIGUSIBRIAT ng was

likely d t her
mat er iyal g.smk&ﬁlgﬁs sﬁﬁﬁmg%?ég’é‘?d}gd Eﬂ%’h %ﬁ@?‘g@ﬁr e pr e%"g i 2 edge
sur f aces w@ﬂﬁzd%ﬁtof\ﬂharescmt:ea?@med) aTIic NOWpdptide godmtﬂaemdésashwpr esented Si N

and i ke S, Q2 _as t he ot her hand, ~was used t he panni ng as
unat @g{‘ﬁﬁ %ﬁ'ﬁ@tﬁ §§§$ 48 dé’PFﬁ?R?& g QB?r@ﬁ‘iqnﬁP t ami nati on of

the true mﬁﬁ ch"?:aﬁ T (ﬁﬁg e material of

i nt er est (n@é SO comgﬂggh%&%ﬁ% 0 ?Pe Au%s?%%gs tgt) &%ﬁlﬁ]e crystal Au
and the pohfimenyatt affects igive, 8)aAdteh1at1Velwqmt1dimgrd:wnWhthenpntrbl nunbers of. cells
per unit ar ecfle: FP-1 show a weak absorbance front closer to the S15 nm of bulk CdS and

dlsplay only weak, if any, fluorescence (Figure 8). With tuning of growth

conditions, better control over size and fluorescent properties of such biomolecule

templated nanoparticles can be achieved.

Competitive Binding. Figure 2 shows the CdS peptide sequences fused to Aga2
to be necessary and sufficient for mediating CdS-specific yeast binding.
Additionally, similar CdS binding studies were performed with these yeast clones
in the presence of free D07 peptide. In brief, yeast clones displaying D07 or
DO07pep as Aga2 fusions (Table 1) were incubated in med ia (1.50D/ml) with
single crystal CdS =+ 37 uM free D07 peptide, washed in media, and imaged by
light microscopy. In both cases, free peptide blocked binding of the yeast to CdS,

providing further information on the mechanism of binding.:
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Three Au cl ones, A01, A02, and Al2 and two FePt clones, (02 and Q04
confirnmed b Rhenotype transfer as true binders to Au and FeP't,
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® fused directly to a -(G4S);ASGGG- linker at the C-terminus of Aga2.
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that certain changes and nodifications may be made thereto w thout departing
fromthe spirit or scope of the appended clains. 51 WO 2005/ 100590

PCT/ USZW@S’BW@Q@Q Table |. Isolated CdS binding sequd¢d@eS280503R24i gned

mut ants. C one FV\RI Kk CDR/ FV\R2 CDR2 FV\R3 1301

SNSWTW‘R@PS‘RGE‘EV@ * wlpep —HDYRGHI HL:HbQ—lbII:Q—’U DO7

- QVQaMOSGARMKICRGASYIKIBEIAPE ¥ sRehT GYHoiebdcRGARPGOAE NS Rl NPSSGATNYAQRFQG

RVT MIRDV HielERI RSO DI L+ CAT SEIGVR \PNsA@R/ LAY BSSARY KIKPESVKVSCKAPGYTFT GYDLH
VW/RQREQGRYWRIS RIKNPSSTATFMTECRFQG RVTMIRD* DO7R

- QVEZRBEGAEVKKPGASVKVSCKAPGYTFT GYDLH W/RQAPESHRWMG * DO7pep’

- DVHHHGRHGAEHADI *  EQ1 - (g_V GAEVKKPGSSVKVSCKASGDTFS SPAI N W/RQAPGQGEL EWMG

Rl NPREGAT BT HICRHIGREREe e R
. Q\/%% GRS RSO B RS Pa™ JORTFR WRAAP RI NPNSGATNYAQRFQG
EOLR - QVQLVQSGAEVKKPGSSVKVSCKASGDTFS  HYMN WRQAPGQGLEWVG * EO01pep

- DVHEHGRHGRERWE, kesoi SR chsR s Grdeaibienie | drRkRiv @kt he C-term nus of Aga2. b

resi ghies lovndosbahxebbfdihistsRnivaantin@itaSwyYHr&RREENSUS sequences usi ng

| gBhASE: 'fused directly to a -((AS) 3ASCOGyrskiintiherinsat t he C-term nus of

Aga2. 52 WD 2005/100590 PCT/ US2005/003824 Table Il. Selected An and FePt

bi ndrery sequences and designed nutants. Clone FWRP b CDRI FWR2 CDR2 b FWR3

Au AGR - QPCEOESEPCEYRPSCTIS| FaA JGRSYSEBN SREATIAY RSP BRGHE [ BRAzrAs T

RTY YRS\ SN EFFREYRE ECAIY SCKASEAT (FISGIEEATREESET | MSIPTTsAfSERSYS  SNSAGAT

W RGEEW%‘WWWGYAWSHWQW@@NKPSQTLSLTCN SGDSVS SN¢ A02pepc
SR YDbi QYL+ Al12 - QVQLQQSGPGLVKPSQTLSLTCAl SGDSVS TERFARTR" W RQ5PSRGLEW.G

RTVIRSRIGYDVRYL+  A12G - QVQL QQSGPGLVKPSQTLSIFTEAT BEEVS  SNRAAWN

W RQRESRA Ml R kRt N o foVh 2RERG vinodt IRV YR inravec osmovroomuenstzonzoes:s

G04Q  -QVQLQQSGPGLVKPSQTLSLTCAISGDSVS THRSAWH WIRQSPSRGLEWLG NTYYTSRWYNEKLRTEVPG *
G04N  -QVQLQQSGPGLVKPSQTLSLTCAISGDSVS THRSAWH WIRQSPSRGLEWLG *
G04pepl® -YTSRWYNECLRTEVPG *

ko

* fused to a -(G4S);AS- flexible linker at the C-terminus of Aga2.
® residues in bold differ from contiguous Vi consensus sequences using IgBLAST.

® fused directly to a -(G4S);:ASGGG- linker at the C-terminus of A. ga2.
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AO1 < QVQLQQSGPGLVKPSQTLSLTCAI SGDSVS GNTAAWN W RQSPSRGLEW.G RTYYRSKWHYDVRHL +
AGLH - QVQLQRSGPGLVKPSQTLSLTCAI SGDSVS GNTAAWN W RQEPSRGLEW.G RTYYRSKW

AQ pepc - YYRSKWHYDVRHL+ FePt (02 - QVQLVKSEAEVKEPGASVKVSCKASGYTFT GEYMH
W.RHAPGQGLEWMG RFNPYSDKLCTEVSDQG HHDRGKVHQNSLHGAEKAEI +  GO2H

- QVQLVKSEAEVKEPGASVEVSCKASGYTFf  GHYNH W.RHAPGQGLEWVG RFNPYSDKLCTEVSGQG +
2R - QVQLVESEAEVKEPGASVKVSCKASGYTFT GHYMN W.RHAPGQGLEWMG * G02pepl ¢

- RHDRGHVHONSLR+  G02pep2c - RFNPYSDKLCTEVSG+ G04

- QVQLQQSGPGLVKPSQTL SLTCAI SGDSVS THRSAWH W RQSPSRGLEW.G NTYYTSRWYNECLRTEVPG
QSHDY L@ﬂﬁ?éﬁ# (040 - QVQLQQSGPGLVKPSQTLSLTCAI SGDSVS THRSAVWH

W RQSPSRGLEW.G NTYYTSRWYNL<LRTEVPG+ GO4N - QVQLQQSGPGLVKPSQTLSLTCAI SGDSVS

TNRSAWH W RQSPSRE M tid c@é&ﬁﬁ&sﬁwﬁ@nﬁ%ﬁ%ﬁ[@(ﬁ%f edkdBRflc E&lsavhiéHHAS) 3AS-

flexible linker at the Cterm nus of Aga2. b residues in bold differ from
cont i gelsasvelybiod tsesalidgomaienal daviog a gwifasg. | gBLAST. fused directly to a
-(G45) 3ASGEG linker at the C-termnus of kga2. 53 WHAT IS CLAIMED IS |. A

eukaryoti o el | 1HQURARLIGAMEIRNES b 3, RhitEAhd duhoRykalARt yscel | s whi ch

selectively bin 0 a so mat e vin sur conposi tion
accor dnsegt, plant loamaminalialme¢lsi n t he eukaryotlc cells are yeast, insect,
pl ant, or mammalian cells. 3. The conposition according to claim1l, mherein

t he eukaryatic |1s are.yeast cells iC cul es i ch

el ect | vel yb bi nd i SomPETFA R S Lottt FEFrEidUs Tukge o CEUAtEs YERHSSLT ¢ f on
accor dikigh tdingriseibBrdoledBviHich Je@ti@dlk BInMab b SoliPhbh@ridtRvingasurfs®l | s whi ch
conpri se peptide sequences which selectively bind to a solid material having

a surface. 5. The conposition according to claiml1, wherein the SOlhﬁ
mat eri al hdvi ng The spmpegiion 4C§0r§1rtgrt9§laam i wherpitths sukpryolip celis oy e ygdstce terl al

a sem \Qﬁl@lgU&ltlﬂ"fse 'f)@]gtﬁfe's@ uenfes ki @ﬂ éél&uvag%l’dd% a sBlid FaQRat Ha@m’é%tsﬁffh@

ceram c nmaterial, an organic nateri al a polyner material” having a
surface. 6. A eukaryoth.cell conposi tion consisting essentlally of
eukaryotic xel | § hwnbmhosnsfpemcolidml tb ylabm ddwhereia thosalid maiereal havingasirfage a

surface_and ukar otic cel cifically dt e solid
mat er i S cwg@ﬁwa it esrm],fag é%orgamc maﬁerlafi a SemICOHdSLP &7 materlah m&alﬂc ma%nar'
magnetic material, a ceramic material, an organic material, or a polymer material having a

surface.

6. A eukaryotic cell composition consisting essentially of eukaryotic cells which
specifically bind to a solid material having a surface and eukaryotic cells which do not

specifically bind to the solid material having a surface.

7. The composition according to claim 6, wherein the eukaryotic cells which

specifically bind are yeast, insect, plant, or mammalian cells.

8. The composition according to claim 6, wherein the eukaryotic cells which
specifically bind consist essentially of biomolecules which specifically bind to a solid material

having a surface.

9. The composition according to claim 6, wherein the eukaryotic cells are yeast cells
and the solid material having a surface is a crystalline material, an inorganic material, a
semiconductor material, a metallic material, a magnetic material, a ceramic material, an organic

material, or a polymer material having a surface.
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7. The conposition according to claim®6, wherein the eukaryotic cells which
specifically bind are yeast, insect, plant, or manmalian cells. 8. The
cdnposition according to claim®6, wherein the eukaryotic cells which
specifically bind consist essentially of bionolecules which specifically
bind to a solid material having a surface. 9. The conposition according to
claim®6, wherein the eukaryotic cells are yeast cells and the solid
material having a surface is a crystalline material, an inorganic nmaterial,
a sem conddct OrA haat ewkagotic @eliredraprising: digtoe friodd biomobtagles vhichrraleativedl , a
ceram G terial, an.organic terial, or a polyner material having a
surfacké’?ygﬁhi‘éa‘qﬂfn%gi‘l VlP&raySH?f?%e'cel | conprising one or nore bionol ecul es
whi ch selectively bind with a solid nmaterial having a surface. 11. The cell
accordi ng t1q. cl gihgcdiPaccoRRiLiot]1dine 00WRerein th6R & nddte bR Q%18 QPR prike _
peptide or protein. 12. The cell according to claim 10, wherein the solid
mat er i REPtidfaipEQfeid. surface is an inorganic or organic material. 13. The cell
according to claim 10, wherein the cell is a nmanmalian or yeast cell, and
the sol id mater gk DRUIBRNR BUIAAIP, biieinihy SHR hdilial RBLIRE b hfacBh d10T gani C
material, a sem conductor teriral, a netallic material, a magnetic
mat er iiabrgardc oeorganic magdrial.i al , an organic nmaterial, or a polynmer materi al
having a surface. 14. A cell covered naterial conprising one or nore
eukaryotic gell s ,which ar sel ectively bound to a solid materjal, having a.
sur e, 19 Thaiip EReeRiding BEAPS, FhberahicllsS» fskus i el B 981 | ¢
cel I's B¢ solMaR&@érial hBARE b surfdtedNd cryStallife fatriah an Q@)'r%ﬁic rhfteriding materi al
according to claim 14, wherein t[}{e eukaryotic cells are yeast cells which
conpr i SEIgsnduaieraraierea, ampiaHicanateriad) adpagnglic Passiahd cergmic materiagl amereamial havi ng
a surfrg%g ial. o @ poliSer &f&lﬂ&vi%&%r@c@g to claim14, wherein the solid
materi a %a\/l ngf surface is a crystalline material, an inorganic material,
a sem conductor nmaterial, a netallic material, a magnetic material, a
ceram c matldri alA cdincovergd materimbtmnprasing ane oanpod sukeryotratelsivdlicthaei ng a
surface 18] g’he qat er anl acclg{ di ngvto claim 14, wherein the cell-covered
mat er i eI RPURARC I PAGIRldIaY g Sy B mat erial . 19. A method for
sel ective binding of bionolecules froma cell display library to a

15.  The material according to claim 14, wherein the eukaryotic cells are yeast; insect,

plant, or mammalian cells.

16.  The material according to claim 14, wherein the eukaryotic cells are yeast cells

which comprise biomolecules which are selectively bound to a solid material having a surface.

17.  The material according to claim 14, wherein the solid material having a surface is
a crystalline material, an inorganic material, a semiconductor material, a metallic material, a
magnetic material, a ceramic material, an organic material, or a polymer material having a

surface.

18.  The material according to claim 14, wherein the cell-covered material is a self-

healing cell-covered material.

19. A method for selective binding of biomolecules from a cell display library to a
solid material surface comprising the steps of:
providing a eukaryotic combinatorial cell display library, wherein the library comprises a

of expressed biomolecules,
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solid material surface conprising the steps of. providing a eukaryotic
conbinatorial cell display library, wherein the library conprises a of
expressed bi onol ecul es, 55 providing a solid material having a surface;
contacting the cell display library with the solid material having a surface
under conditions which result in selective binding of the plurality of
expressed bionol ecules fromthe eukaryotic cell display library to the
surface. 20. The nethod of claim 19, wherein the conbinatorial cell display
library is proyidigta solifl msgasial hplizgw surgee;mammal i an cel | display library. 21.
The nmet hod i1 nDIecuIes is a
plurality o? pro? ?%gggpmgﬁﬁgkﬁﬁéwwgg{S?Edhn?rﬁlﬁgﬁk% Mllngg?o claim 19,

wher ei goriditns Ghict resattdf élbctiva binighgeofshe plamtityl of expresseyt Hiomhdléontes S e
mat eri al |nor%an|c solid material, sem conductor material, netallic
mat er i &¥Karyons gelbdisplaylibrary Withe susfaséri ¢ naterial, organic material, or a

pol ymer material having a surface. 23. The nethod according to claim 19,

further compyi sing rﬁaﬁo&smalﬁif 19, Q@ktef ﬂh@goﬁlbiﬁatoﬁmeﬁ%%pm@ mary he, )Ife'aQr ary.
24. The nmethod according to claim 19, further conmprising the step o

|solatumgnIé&ﬁm@gwﬁmn@ﬁmmnﬂé69h5§bWMYch selectively bind to the SO|Id
mat eri al having a surface. 25. A nethod for selectively binding bionolecules

to a solid teerfé' étH&f Qc“c&du%?tm%ﬁdnﬁ'1@9whé}éﬂ‘{héjf>lpﬁaﬂ?y &‘{J?&{lé’l%dle% is a

conbi nat orial wher e nprises
pIuraJmeMMonM@mesgeﬂquGﬂnlecules providing a SO|Id naterlal haV|ng a
surface; contacting the cell display library -with the solid materi al

havi ng a surfac unde onditions, .whi.ch, result in selective binding of at
st Ca porth o e Reho g fPting § S pim oo PabERdhd sl b e bR SRR, ane.
26. ThgcRBlahid s@ﬂd mh@HAN forgahkrsbRE MmatPial séricOitucfoP nidkdriag nﬁ%d)ﬁ@ﬁﬁ@ﬂal

bi ornol ecul es whi ch sefectlvely bind to the solid material having a

sur f ac @agefic masiaceraotc ohategiphorgaps material s e pebmiar imataitg! havdrg 9 $ufaggy one or
nore expressed bionol ecul es which selectively bind to the solid materi al

having a susf ac oS Malof i terial
conpri si ng: ﬁjc|' demqeﬁﬁftﬁgd ?dr%gltna%aﬂ% ceébi‘grlﬁoﬁ“@%dé’ r@!@gﬁ‘%%‘f %@%@@kdg%m
bi onol expréssiontoif die libedrgct i vel y binds to a solid nmaterial; isolating or

synt hesi zi ng the bi onol ecul e; contacting the solid nmaterial with the
bi ool ecul e24Hndefhe method according to claim 19, further comprising the step of isolating

expressed biomolecules which selectively bind to the solid material having a surface.

25. A method for selectively binding biomolecules to a solid material surface
comprising: providing a eukaryotic combinatorial cell display library, wherein the library
comprises a plurality of expressed biomolecules; providing a solid material having a surface;
contacting the cell display library -with the solid material having a surface under conditions
which result in selective binding of at least a portion of the plurality of expressed biomolecules

to the surface.

26. The method of claim 25, further comprising isolating expressed biomolecules

which selectively bind to the solid material having a surface.

27.  The method of claim 25, further comprising identifying one ot more expressed

biomolecules which selectively bind to the solid material having a surface.
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conditions wherein the bionolecule is bound to the solid material. 29. A
conposition nmade according to the nmethod of claim28. 30. A conposition
conprising a biornolecule (a) identified froma eukaryotic cell display

l'i brary and which (h) selectively binds to a solid material. 31. The
conposition according to claim 30, wherein the solid material is nucleated.
57

28. A method for selective binding to a solid material comprising: identifying from a
eukaryotic cell display library a biomolecule which selectively binds to a solid material; isolating
or synthesizing the biomolecule; contacting the solid material with the biomolecule under

conditions wherein the biomolecule is bound to the solid material.
29. A composition made according to the method of claim 28.

30. A composition comprising a biomolecule (a) identified from a eukaryotic cell

display library and which (b) selectively binds to a solid material.

31.  The composition according to claim 30, wherein the solid material is nucleated.
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