CELL DI SPLAY LI BRARI ES RELATED APPLI CATI ONS Thi s

application clains priority to provisional patent
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2004, "Cell Display Libraries" to Belcher, Peele, et

al . which is hereby incorporated by reference and

relied upon in its entirety. STATEMENT OF GOVERNMENT

SUPPCRT The inventions descri bed herein were devel oped

wi th fundi ng frorGRlieDISRIeXALIBRARK®ENt i ncl udi ng

grant no. fromthe National Science Foundation

Nanoscal e I nterdisciplinary Research Team (NI RT). The
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i nventions. BACKGROUND Conbi natorial |ibraries and
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provide for  conmercialization and better versatility.
For exanple, conbinatorial l|ibraries which are

generated f i cations
i n biot echnﬁ%EEW§E§%gﬁFm§Wan protein
cheniTht hiyventlBlys desdriveg heriiswererdes byl iveidbfumding from the

materials applications. In particular,_ the fabri c?éi,on
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gbivahmehnetaigyceaninirightsrio legyventiompgener al , use of

bi ol ogi cal self-assenbly, specific recognition, and
ot her biom nmetic type processes has been limted in
the materials arts. |Igaexdwoengprts, for exanple,
U.S. Pat. No. 5,316,922 to Brown purports to describe
met h&xmnbinatorialdiprariey amd)“panding pnethsilhereimporthrigoels in

bigfeRoIoEy - DeppBeedtiuie’ B SRRT O ef 1888 aif afh;
midiEodsORdwe e iaNMEdT ad e eisad nealedr, partiagaly adyahees tvitictal
surface display. Qther efforts hy Bel cher e& al . have
e

powsdde fosegmamsecisizafiomend brtispyaryetdlis: Jift cramplepumbingiorial
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bitseshublvgy sincdingiimenimbgs dud ptaigascleiniptinggeay not be

syst ens, however, cell. systens ca rovi de adyant ages
CONHT eSS R er SRR OnT ot BRI, BF FEHGRLs
cr8e ;t?t%i{i/‘f(ie afid ?6f Lrﬁ)?ggﬁic ARBRAIS ¥udl ATbESHNBSIe Aemiconductor,
magnetic, or n}/etallig 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 inorganiic surfaces and, more generally,

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



copy nunbers. In addition, growth and expression
generally can be better regulated, and cell growth can
wheosnoesver satile. SUMARY I n this section, tPer/us2005003824
invention is nerely summarized in a nunber of .
holwévezs etk systehs danpravideadyagages|oves phage sysiemsinglydings for

the .invention. .l on odj . . :
cxetaRlee Yo o e AR R SRk bignitieRIESE Rarively high
c&BPRirhBérS. I rPadditidnd tdwth @hd extessiontdenerally ban bhbetter
sélectively bind to a solid material having a surface.
ragylated ahd celb giovdh gEhbe merevessaliléant i nvention provi des
a eukaryotic cell conposition consisting essentially
of eukaryotic cells which specifically bind to a solid
materi al having a surf a8léMMARFukaryotic cells which

do not specifically.bind tq the solid materi,al havin
a sunkdhes seoieny g dyenen 4 RYPs SHRmAHZh & % F‘Bﬁ‘llee of

dgﬂgf}gxg%mégﬁnggé ithb@Tinhifink e bcopNGE the fRAfGE ntage of

not specifrcally bind can .
suf f ilniore tmpodiment, the mesentinyeutidnyprevigesod eukangotic cell

conpasition f.ar a given lication. ln.a preferte
cEmPBstiph OpeRBRA ZHEEY LB ya e thRL Rl bl o e
ﬁﬂfﬁi&é&@h&m hBgfice, greater than the percentage of
cells which do not specifically bind. For exanple, the

per cdntngbenimbidimentgthe resprt inpansion pEeyidoo cukaryrtie gell

t han .80% 1 n_anaot her. i . ' i
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materi al having a surface. |In another quOd}i}i% - E{ﬁ
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onprises st further i n other enbodi nents an
ben r Bersexdmplsp thedwresntage sihi¢hobindairt be weresthan 6@Yoy oinares
téo %§§olid material surface, wherein the peptide is
Zbredsed froma eukaryotic cell.ln another

enbodinmbiher tMBodifieat) theqitesenoinveittionaproeides £host pekhryotic
c?laltc%;p?ilsing 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.



conprising one or nore eukaryotic cells which are
sel ectively bound to a solid nmaterial having a
WG(mBammo AI so provided is an article conpri si PQI/ES2005/003824

sol i tra e .or. nmre r

sel eglﬂ B@Ef@m}eﬂ GiBVP 8@@%‘%}{%‘%0 c%lhr?gv%?h hﬁat?nal
privnEoterdnmbre euksdticiells adih ardsdédtieclycrvhadtoesslid s
an article conprising a solid material having a

matefialckavingh sxmeessed bi onol ecul es from a

combi nfst Oré)‘%d cf“lls”éﬂ %‘ie‘t &mﬁﬁ Sgcjé fbg das\(lb%tfa% Q{W%Mr‘}ﬂore

are s IVG boun n anot

QikaBdtaR Bl saedawelylbdemﬂ thereed thoshighqroteirisec beptidebiondhang
of bionmolecules froma cell display library to a solid
srkemiotigicel syaaees conprising the steps of: providing a

eukar Xabiner GRERGMBAL b brifeR éopfﬁrﬁﬁlgaaysdhﬁtfﬁﬁéﬂal HaGREa! N

the li'brary conprises a plura expr essed
dirface hﬁcbevk;&esseqb biwwicdktcntps drosod cotnhmta@nahetukhmmn gelh display

surface;  cont ct| t he, c di.splay library with the
LbyRryw @F‘?%ﬂ ﬁﬁu‘éd@lﬂl?ﬁ Ender condi ti ons whi ch

resul iy biohel %ﬁﬂ)b&iﬁleﬁt 'i‘éjbﬂﬁ/ldéfd & NRetRbdIrfat isél¥ctdfe binding of
expressed bionol ecules fromthe eukaryotic cell

tibsyolleopldsiftrmaryell disph Libtary ae 8 solidmatrsiah s fags sewprising ghe
inve '| on provides a nethod of growi ng particul ate
‘material conprising the steps of: m xing one or

nor e Bfo@f?diﬁ%car chle@gaiet sorhbihatotial sell idispiay libearyatvherein the
mat eri al h one or nore eukaryotic cell

onaty ecmpriseak phiraliy 8f expreysad i %> sel ected for
Speci {afo%ughggs&gd tehgﬂla%ﬂ# piiculate material,

under I ons ere n id particul ate
mat er cedtadtigf the oelil display hibrayy emﬁmthe sblid menteried hovingwy surface

A 1AORCEioBS QTR FeSul 16 SPIRVBIR PIgHInS S b LA e PRl
gl 19&111&%%%% g%@l &ﬁcsr ﬁé béh M@ﬁlﬁfr thary?ﬁm% sgifag. t he

bi onol 'ecul e whi ch selectlvely
bi nds m ancahexcasp@t rthﬁ mlvemionfprowdes amkthoded igrowiap particulate

For Al e Rel SETE R the bl omol cotl o under
condi hh%? ofB F Riofe preCurSeH resheiit for thalsoli@ phiculatt msterial
Ev?trhtcln(;uolr ?nore 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 conditions wherein the solid material is formed as a particulate

solid material.



solid material.The invention also provides a
bi onol ecul e which selectively binds to a solid
wOoResno@bo havi ng a surface and i s [ dent i fied bycnﬂszﬂo5/003824

a eukaryotic, cetl di J b
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388 Infat he gla shEaddil @idehﬁﬁed By gddtdfareukarybc bl @bblay

to purity an prOV|de bi onol ecul es whi ch can
litrhrydneluding alyienst libsarl. The bmlm@w@, be peptideair pyotpinng,

to the.salid,surf The bi I
bi nd RS AP arEe 0 G aAarias o B oy iR Lk Y
[RSPIRE Bfbrh SleABELWRISh CatE Sdlctiv eMibind) afld irf ®¥md uses specifically
conposition, crystallinit bot h. .Conposjtions can
tind,gp élmcéml surfagehi Bhe hipmo p@lﬁw@wle@mﬂg@@@o @88 siragure

| | h

et oty Fehty alibt PulRRP R ert Bty ShERAR 0
dnpdshidnf E68talinig] s dCbmpasﬂmSaua;a(bb Ipcepaﬁddl in sxtddi thied
host which, in _a preferred enbqdi nent,

pmokesnles hayes desited doysl of pratty @ﬁ& fe@es“efal&’ z?éof%?l%mﬂes
%ﬁﬂﬁrd%uo}' Pq g'bfnc%;l" Iﬁr&?rﬁbﬁbﬂhs Sithel fReel fiGin S higdthed to

nown e followmng are a series of
aﬂélﬂht@}’(ﬂd: cetiisoafifote hbst: which,An e pkeferyert ¢rubadimeents trysasti t i on
ng a allt of eukaryotic lls ich ...
Sarber oy Bubarihe nenghe Sroanaels rererf v AgUL Slwificis
dkgf}ﬁeg)&gﬂqéfowno%%ﬁﬁmdl ng to 1, wherein the
aryotic cells are yeast, |nsect | ant, or

mnzmThafor:bwngarea semh@oﬁmmfpd ¢mbodimenisdi ng to 1,

ere eukaryotic c

conpodi A %ﬁcaglggfj r%ll? ﬁ&mpgsel on %%efrﬁl?g‘% hlélfagu gtr' elg(tary-gli]i% cells

wRldhSsefeedly $ihdtb arolie enheatal h‘i\\hﬁ@asﬁfmt ively bind to

a solid material having a surface. cqnp i on

ac cor di Age P@m]POSIMF@PﬁhF&@ bd’a’ﬁ‘i}’étﬂiece okic G%iﬁﬂ’? ygast,
eﬂg%w’ﬁgﬁgﬂ&ﬁﬁaﬂgéﬁy selectively bind to a solid

aving a surface. 6. The conposition
aC cor dj Mecompositibeaciondinieo kotvheteinshecsukatyotiaeelispre yeast
surface is a crystalline solid material having a
ace. 7. The conposition according to 1, wherein

the sal bliftbn Q@c\()'rdﬁﬁg?o B Uie&if theerkaryolie cidddoprise
solid materi a aving a surface. 8. The conposition

bionerletiubg witiclh selvdtmels'l bind keea sdid matgtieldieving aeviagy a o
surf a%.e ’llh% cgm%%s 188 ggc%%l tomla,t\g}rle'rgil tffeaé/dlﬁgyo?lc%gﬁg @cﬁﬁprise

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.



9. The conposition according to 1, wherein the solid
material having a surface is a netallic materi al
whanisngosao sur f ace. 10. The conposition accor di POT/US2005/003824

wherein the solid materigl haying a surfa IS a .
magnet | 1 eRIRPRRtLRFCAEIRE E‘h?(f %’g‘ér.e‘i’lt.%e 'Fﬂﬁgé’&‘?‘fﬁr&)@i}ialvﬂ’ﬁ a
ﬁﬁ&?é% DerhRicmattRsl Bivihet I \Grfiet.] d material having a
surface Is a ceramc material having a surface. 12.
The copbss tompositaoaationtng to 1, wheremethg splid nsageiia] having a
mat.er i, al havi.ng%aa% sagrhf ace i s an organic materi al

CRE ap Qgpriglpaterids haviie a SR S%i ti on according to 1,
wher e 8, TEoxYPdsHionmkEdrtiml t6aywheteid thelsdlRCAatefialbhaving a
pol ymer material having a surface. 14. The conposition
awbseds agolymet majhial baving psurdasei d material having a

surfa is a crystallinsg. rj . ' Ls .

oo 258, e AuBip ATl ol LORLARNS hving o
gRtREISh crydtalld@neitetaliad Bbi@hic Matedslpabemicaidicialmatenil, a
organic material, or a polymer material having a
mwtalie materl, aTprEneH BRIl GrFCERIRIS ﬂ%ﬁtﬁ&l’ta& of ganjp, matarial, or

th : i I yeast, insect, plant, or
%W%é{%%lﬁ%?ﬁgﬁ%%%ei n the solid material having
a sur flacEhd compasiticataebdiding todt whemin thesukanpetiyasells are yeast,
materi al, a sem ¢condugt or terial, netalljc.

ke r P, ORRIHAIRR ol e el D st Tteual hfing 2 supface
%ro'g?rggtgllfﬁ%gﬁe&é 1; arPinofaRR! Y &TBfial TR EMit M dubRY nierfal, a

sur The conposition according to 1, wherein
trietal e kmteriad,iacmegiekis nzateria).cecsranisimaieriadan qugaie mptaripd or

sol jd material, havin surface is a crystalline
ﬁé’?bﬁeéllflatﬁ‘ﬁﬁihr%%ﬁrﬁ%ﬁ%t erial, a sem conductor

mat er i1gl ThécsBpitidrCacibidaig t8l1, whershothe bukaryatietdiilare yeast
ceramc material, an organic material, or a_polyner

gelise andiwheeein the salid matertabhaving a syidace dyp s9istailoe material, an
according. t , ' ukar T Sonegast
SR g%t rf\%}féa rséa’%&{lﬁgag %)Fﬁf%%gt% eﬂf{‘?&al i av%r%ag’ aE’?llthsf%rf ace
nfat@ig et aanttuahtetialyan ergaaic, materid] o d podymrer matesih] hayinga
magneti c material having a surface. 18. The

S ition according to 1, wherein the eukaryotic
cell's 3l gpy @@‘ﬁgos‘ﬂ%ﬂ socofdich e fteeint 1HR cBRAryEtiEBAIR drédteast
having a surfacte Is a sem co_nductor material having a,
seild, ané wheeein Tessolid mpderial having e sorferierig a semicondyrseransgferial,

tahrr?etaelllllil((:‘rj}lg:}/tc(a)rtielllf:orcae ﬁqggne?{cernz}{eer?ﬁ thaving 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.



cells, and wherein the solid material having a surface
is anmetallic material having a surface. 20. The
W@ eomsa8isbé on according to 1, wherein the eukary@tlilszoos/003sz4

cel | SHfr ast nd..wher erial
havi ng?ags fua/gtlg gglll Z?om %Sﬁtl?n con, %'aﬁ eé Fl%tgaéf r? gufé otic
sellsfvattdeh Skecifibaliy bidyota solid ehdtertd ipviag hisarfaceemndi eakarfgtic
essentially of eukaryotic cells which specifically

esllsavitieh do aef spgcifigaley biad to ik sod aadsrial feving aguriace.
eukar Z%ta *trfei? ?@:{pbisﬂm &J&opd?rllg‘g} 213 %gfzeﬁﬂ %g'ehka\ﬁgﬁgc@% wiiEh

solid aving a s acé
specificdlly Yirdar® yeasutingeet, lpletnhe)rmﬂnangdm eellsel I s which

marm @ AG MBOS G SopHE b i PR tecalkiAle eells avhich
yé}ﬁg{fﬁ;laﬁygﬁﬁ #g?@arsygéusc cells which specifically bind

yeast he conposition according to 21,
wher e2é Theceukesitiat accouding to 2h Mdihreslpémmkmabhq cdiisnehich

ST E PR PR ety SRR spesTeak vl sttt on

AeERalhfind 8 sfacewher éi n t he eukaryotl c cells which
specificalTy bind conprise peﬂai de sequences which
2

s peC| 25.cahe 9omp¢ﬂ§t1@ma<a>0§bng wderean thespukaryotic cells which
5 el Rfty 851% %sié pﬁngt(i)é;e §eq8£hc%§§rﬂfcﬂ' &iké alfylbé{li?qea{ sl ik

eso erla ving "a surrace sac

ﬁﬁtdrﬁlnaﬁ@gaahrf&@yl ng a surface 27. The conposition
according. to 21, wherein_the solid nmateri al haV|n? a.
surf ade iThe SAMPASHGRAPordiaeite 2fmivherei the 50lidgaggrial having a

?ﬁﬁ’f‘:@q a %&éallﬂ'éesoflﬁ %&ﬁatl h%n%ﬁ%&rfgdeng to 21, wherein

e solid materia In ace 1 s a sem conduct or
mat er R4l Thavomposition raﬁmémg2@21 ;Twheremnthe solid oraterial having a
according. to 21, erein the solid nmaterial having a

Sifacg dgart worpanic slidipatprigl dyaving A4SURSRy a surface. 30.

The cogpPasikichbRPpodien ra@éd?@m%% 31, whbretrehe sbiie nfa%riaﬁhavmg a
mat eri al haw}a%@a surface Is a magnetlc mat eri al

ﬁmﬁacngs aseuich toranatefrﬂélamm:sslrfaceun accor di ng to 21,
whe re he solid.nmate

onet 28, TS egifhastdbhecblding BEYL WheloB the R6% hdiclal havine o
é\i‘rf&éds mgletamlaﬁa,ateﬂlaen@lﬂgab@fml id material having a

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 épolymer 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 materiél, an organic material, or

a polymer material having a surface.



surface is an organic material having a surface. 33.
The conposition according to 21, wherein the solid
worasnd@bo havi ng a surface is a polymer materi BCT/D82005003824

a surface. 34. The conp S|t|on cor 21, .
hor d5n T RheorsBYHOHHEERIIAE Lol PGHSP 16 A kg ofiG bels which
sﬁéec\rfnﬁ%aglkj(}idfgcf alréB}Ie%t' ﬁi!seﬁt 3NahtNOf ﬁﬁxﬁhﬁhﬁi@&é‘lfs‘ 8hd wherein the
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I nsect, ant, or ian cells, and wherein the
sol i oBﬁnrﬁhe composition aepordisgitd 2k avljezein thergpkemofip gells which
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eri al haV|ng a surface. 36. The conpgsition

matetalda nglgn@immatemb BECRIE MAGTIakrARATEanI¢ Bafesialyor ah
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e HEFHP VRS SR surface is a crystalline
material, an inorganic material, a sem conductor
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cer ard % ThgcemPRpition goeardl t%hra‘?léq"? th T’J’ﬁ(a{a}'%’ﬁl ﬁ?swh ch
s&?&lﬁ%ﬁdﬁ'} bltﬂa\ékéqgeaét Isf ffPwheéin HOSOIROAREAAL N hg a surface is

cor , erein the eukaryotic cells ich
esmucdindmtdryndjemui ametajléamatetial, by 2 magdetithopierial haying a
id mterial having a surface is a sem conduct or
fial, a nmetallic material, or a magnetic materi al

havi ngg ar h%%frﬁﬁ)@ttloﬁ BccokBRigad EID oshéreianhaegaiybtiegetlowhich
wherei n the eukaryotic cells which specifically bin

specifigelis bindeire yeasheallswprd whereinhe seli @aﬁﬁf‘]e‘?%‘lg %%‘Vgaﬁﬁj 15
asurfaels material having a
%ﬂ??ﬁg%lmggrnaﬁggg%%p %ﬁ%% ‘according to 21, wherein
the egg aIHéQidrﬂpcﬁRidnSicMrﬂﬁfg t6 Récwhéreal thy eiﬂ(anybtwcellym

cells, and wherein the I er|%£ haV| a surf ?
mcaicﬁur Bind e iy 1 b fgoihe s materD S Wi e i
Qﬁw R%@mf‘ﬁ&\% {1& 21, wherein the eukaryotic
I ch

specl y blnd are yeast cells, and
vvher el Tﬁwcmmdsdlamrmemndaig | Wgelalrshhp eukayotic eglls which

IRIIELE oIS D 00051545 8651 i e s

Ma‘éﬁeuc material having a surface.
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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, wherein 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 AgaZ2 on yeast.



selectively bind with a solid material having a
surface. 42. The cell according to 41, wherein the one
WO R00SD0ESIDI om)l ecul es conprise peptide or prot ECTYUSZDBS/003824

The ¢ ding.to 41, wherein the one, or
o oSS bt et ghesolR avHerA g & sutucs i
fclﬁﬁltehQde di spl ayed as a fusion to Aga2 on
yeast 44. The cell according to 41, wherein the one
or mo#@ TBhoea! awotdisg totiy rwlrmeemdpﬁsoﬁdsnedetm haviag adarface is
|on to Q%QZ on yeast.45. The cell according to 41,
oy olid material having a surface is an
| n or gﬁﬂl Thé@il?édc@fdm%lﬁ) 41T Réhefcth theaoGiamehtEihi 'hﬁwﬁéa surface is
wherein the solid erial havi ng a surface I
ofryHallinemateialal . 47 The ceII according to 41,

wh lid f
orvsraf 118 G Aol B REREAER RHGS 3 Rty or veast

odfierein the cell is a manmalian or yeast cell. 49. The
cell accordln to 41, wherein the cell is a yeast
cel I . erprdl aceprding tod ld vrgrain thercellima yeashcdlhe cel |

is a yeast cell and the solid material having a

surface is an inorganic material. 51. The cell

accor 80.nghe oeld dccordiag ad #1§ Whereinl the icsll ds ¥ gemt celbhid @Bdolid

t he id material having a surface is an organic
Al b g g i 81 noRgARl BRREAk 0 41, wherein the

cell 56 ny @@1?5%%?(‘115 t6 be, v%ﬁéljeﬂﬂ t'ﬁ@tc@f 1% g@%i’bélgﬁl?d the solid

surface is anlnorga C nateria rern the one

m&temlrl@Vingﬁmlrﬁicalisa&lmgamclm&mmiptl de or protei n. 53.

The c ccordi n 0 41, reln t he

o | 54 ndBERNCAidif 19 4haphris i e b en et Sl 68 sotia
mdt&ﬁzﬂlaﬁdv@ng'fﬁtsaffaéé is &Nthorkiehiatdrag éi’x’dewﬁgrelmh@ one or more
bi onpl ecul es conpri se hunman single chain variable

bieragleshies spmpHeRIpeRtids s ayaieinas a fusion to Aga2 on
yeastss sﬂf‘he%eﬁloéclcgﬁitx o gffl Dvﬂglt ﬁ{ l éeﬁ%"@%é&k%&l %he solid

plurali'ty of host ce s accor
matdiaichivime afsulfasd iscal irfbr@himnﬁtdﬁgl tandSvberviehe iofe bR @nore
b?(?ﬂ?(t)le%%lels %orarllrp?lse 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.



together with a collection of host eukaryotic cells
whi ch do not selectively bind with the solid materi al
woansngsao surface. 56. A eukaryotic cell whi chPEBESENS003824

one o i onol .ecul i ch ele tivel d wth a
sol | érongf?’s& aca%rémggw%s bibeguhosgll ipgeasepall or a
RARALEANGELT SnPie orb ﬁ{o@é Blotnﬂﬁe&ﬂ%s spbcﬁﬁ@al}fﬂﬁﬁa to h @ﬁ/@ﬁﬁhne

plant, or mamralian cel 58. The cell according"t

s6id mateziabhavinge surfaceor nDr e bi onol ecul es are pepti de
or prqte e cell according to 56, erein the
cel |6l &85 Evered Pubinlc FiEMRE O bimpe oot ellscs
vHiéh ﬁ%@&lleéﬁvary HehAd &5 sl mztlaﬁamévhnga@ﬁﬁfa@b ng to 56,
wherein the céll is a yeast cell or mamal i an cel

and t63e Theemaisriel dsicordingiofle svheprin threu epliatyptip cells are yeast,

|ne sal i rial having a surface. 61. A
i35t bgb oF e ieleT R, ompr 1 21 g one-or rore
eukargaotlihe metekisl Adabetingoss 1S ehefdin el nkgatiel célfs e yeast

solid material having a surface. 62. The materi al
cglgor di ng to 61, wherein the eukaryotic cells are

yeast64 "Irh%eﬁltctter &Qbrdngéltor%%e%ﬁﬁ‘ﬂﬁeéuh(ﬁ?oﬁg c%lﬂl%m T se

mat er | accor erein the eukaryotic ¢
lﬁdsrﬁolxtaasd wiedh ae séiéctw'éltuebqsmidetb iagslolid acaperdtil hgving a@ih;face

wher ej e euk cel ompri.se bi oml ec Ies
whi ¢ ar@es’é‘ﬁ@ E?né)l t"‘g’ ? AYOUF celfs qomprisy
ﬁ&g &Sﬁalce@ﬁvhlm srergete%ﬁva& b@ﬁﬁ‘&(odd mldtreat@ﬁal HORELE! N

aryotic cells conprise peptl e sequences which
sarfecesel ectively bound to a soI id material having a
surf teri | 61,. . wher ei
ol | ol BF; mAHAL PHE RGP 10 ™hedha' B big FRREH Qv o
SUPFR & is dlcrystdlling s@h@ﬂfafeﬁhﬁha\ﬁﬂg a Sia€ademt eri al according
to 61, wherein the solid material- having a _surface is

an | it gAMecmaisrinll appording 4p ﬂa\M’hﬁgelH the rsphd gnatggal hgying a
SHav s%n‘ril&%?ﬁl 'sBﬁd&r?at&galhmﬁg shrfhlle solid material

'S a sem con or material having a
sur f a68e. TR maiteeiahat@rdiap tacdlQ rwllndfngnt the Gblidwheategalnhdvives a

s%?flaclzedls rartastegllcgrlldug’?o\{r Irr{]a%erlal 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
surface 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 netallic material having a surface. 70.
The material according to 61, wherein the solid
worasnd@bo havi ng a surface i s a nmagneti c nat er Pat/UsS2005/003824

havi n surface. 71.. The material according to 61,
wher e?%alfl}?én%qlar cheuding tg161nwbereén thesykaryedc pallsgre yeast,

: ol . . ol
EREAT B Ahpalaf (LI g DAL fho <Chd mH T AL L Bhurtuce
Bardrgstdling materiol, gawinergamic endtedial ha vémigondis tor gt erial 73.
The,hateri.al according, to. 61, wherein. the solid .
AU o, ¢ Aels, PR-BL Ao g oaitial ih GigPae malsrishpT
@ﬁ&lyfnfeﬂﬁﬁterﬁﬂhav_-ﬁﬁga@ﬁltfﬁé’e'. al according to 61, wherein
the solid material having a surface is a crystalline
mat er T@lTheampteriadrageendingtattd s whereimtheenkaryoiie cdlisrare yeast

el talidic terial. a netic terial, a
ST R PR RO RlBPAER Bl  SuFREREL Bl B o
imBtganhicahatbaal] gemicduliacemeriall BendtaIlie adriACLah e
to 61, wherein the eukaryotic cells are yeast, insect,
weigral, 2 Gerapagmarstial, anggreanic magerigheras polymer waterial having a

gial having a surface is a crystalline material,
an Inorganic material, a sem conductor material, a
met al 77. Theataericdl accerdimpgo @il | whemirethe @ukargoi@Ecli¥iage yeast

terial, an _organjc material, or a polymer material
frilss g V&hegﬂpft%&%o%@fﬂemﬁlehwge% Pufacgd  pefnisgndustas material,
A’\Hx‘é{aﬁi&nhﬂéﬁal?&:(é'iﬂ bfsc ﬁl%’térﬁl R5Any §3Gifadee! | s, and

wherein the solid teria aving a surface is a-

cr yst &. [Thaenateriad acadrdingrtoion pwhemeircthewukaryatic cells are yeast

G R HGRR e TR syt puufacls & voigbrfitor materil
Wi d @lrfac@r a pol ymer material having a surface. 77.

The material according to 61, wherein the eukaryotic
cel | s7%&e pmatesial @eeordingdn @ lwibergimthe sakarpoticicaliatany yeabt

01 8 P B TRERY Sl T 51l g v

eri
ssnfaaee. 78. The material according to 61, wherein the
euka(r]é/o jc cells are yeast cells, and wherein _the
sol | matria 2georging te o ¢ whereinsthy eykaryelmenlls e yeast

t{sgg,g%lha@bh&aﬂ kR0 ik a&ﬁlav@ a ;g\pfacg% &Maghet&%gﬁéﬁgﬁg

61, wherein the eukaryoti s are ygast C
lawthgvehertscer t he solid material having a surface is a

met al éli. cl"hréar}laetcrali'igi ac%g%/ciigggto 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 surface.

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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a surface. 80. The material according to 61, wherein

the eukaryotic cells are yeast cells, and wherein the
waoedosdoosat eri al having a surface is a magneti cCPOBUSINORD03824

havi n% a surface. 8 1. The material according to 61,

wher 8°n Theymatesial apcarding tod1.1vehareig the snlidimaterinkhaying a

i x . . or' . g )

PR A S TRl and e I P UL LB ERIRL Y
sarfaenoparti cul ate material and is also a crystalline
mat erj a an i norganic material, a senjconductor

mat er&%hﬂe PR RIS 1»avf}er%1nﬁlaegw£di patgEakhaving a a

. y Lo . h I :

SR RSBl PRI B e i R
sida®l, wherein the solid material having a surface is

a nangparticul ate terial,and i.s al sQ, a senj conduct or
et oo e ateBL o R 25 afiereih the SallHered Rateeh) e
sBEheAithPeedlUddvafed mdddial The material according to 61,

wherein the solid material having a surface is a
nano$&r Angaticle eomprising alsold gubstratel and anesemiare sukaryatic

<P SRR AP e e B Bas e R B B R Ralg P gon

sarfag@goparti cul ate material and is also a netallic
materi al having a surface. 86. The material according

to 689 Fhepwicls acperding toB8yarherain therpalif sgbsirate isfanetecirede
HQHRQ?FF" ri and is also a magnetic

a?[rgterl a hg\g:dlﬁllggagégﬂ?%gggﬁé'Sr The material according

t o 6D10. Thearicle dcberdingl do-88) wéhesdn thrtsetid alibst@ateis an inorganic

sel f-healing. cell-covered material. 88. An article

%?rgﬂliagﬁ'ﬂ& kglapmceimrfﬁ%ﬁr%ma - or nore

eukarotALaiglel SmPabiBs!d st YmMeHMha R @&ﬁlfécg raﬁ?' @hbressed

proteins or peptides on the eukaryotic cell surfaces.

bgnolghidesfromal endimtrdalaykeryotie 8ell displayilibrayevisich awt

substrate i el ectrode and the eukaryotic cells are

Sﬁ%ﬁ%wl%é?‘f@togfgfsufﬁ%e_'arti cle according t o 88, wherein

the g0l iThewwidé 689 wheersin the @élgé‘i@jﬁllﬁy MBERY P4 yeRe insaer,
S.

eukaryotic cells are mammal i an ce
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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91. An article conprising a solid material having a
surface and expressed bi onol ecules froma

waeobitn@bor i al eukaryotic cell display |ibraryrehiustnos/003s24

are ctivel.y, bound. tg the rface.,.92. The article
of o110 Ehe¥ie e dins Yo ol bghais fechigimleculep g protetns or
bépsiRied., plant, or mammalian cell display library. 93.

he article of 91, wherein the cell display library is
a yead@l.cellhe cirdge agecpidingarty Oi. avhesginmibieanelt edibplay library

.spl [ r 4 The article.of 91 _wherei.n the
SRR B8R b S0s8) Searisie o] Himplifyles of
PSlypepiide dirdigd gtedwhith reslieireihe stloetivechihdisbspl ay
library is a human cel| display library. 96. The
artic ﬂ‘i?- ofhaprticlg b P b whereia the expigsssgibigmelepulas gomprise

1iam. Yol ' . _— rticle of 91,
gﬂgr |t1rc1191B h@%%%geg@ke%yr %dcl)?r{) e%:éﬁ?lggmgerlggglgg'r eted. 98.
The ai@3.clTheodrtile, acobnelirg 1o td1e vehepeiasthe dolid ompleeial keisstrate

re surface . displayed on the eukaryotic cell. 99. The
FHRE 8 emf&@taﬁ@egql}d R RaYig 2cYHBFhat or | al

cel | digsplag i@l'éaerq\f%fdﬁgat@%%ﬁér gl tﬁe%?kinm}a{é b P QtSitrate
fragnment antibody library displayed as a fusion on

havasg a a0 hce Than iaptgavicesohd quateliial havimgRilsurfaber ei n t he

bi ono ul.es ar.e proteins, or. peptides, 101l.. The )
arti ck@‘%aﬁ,’(‘frﬂ{lﬁﬁ eEeHe meglleivﬂwmﬁ t@%lspﬁﬁi@ﬁqe_ﬂﬁl_ having a
birbicaiya SaiTpéridee®r FRbRRl ﬁaﬁﬁF lan@rfaey. f aces conpri sing
expressed bi onol ecul es of polypeptide binding sites

whi ch1Q&sthe aftigle pecosding doi 96 whegimghe sotdd mterial having a
icle 1, i.n: the ressed bi onol ecul es
%‘%ﬁ’{g? %ssae&%tgﬁgcprg%vgﬁ%g{a&n%% %“Sfﬁ@ﬁ es which result in the

sel eclOMeTln adichgacchdng Tioe9oBr whetetn ake 6Kd BattMal9Baving a
in the solid maﬁ_leri al supstrate having a surface

wher e .
?“g?aﬁeésray@ﬁéﬂquicﬁ‘@t%r_éﬂl aViRE @Y @Fe-havi ng a surface. 104.
The ardd ot aAfR! dhdfiih® Blol MBERID SRl hélerial having a

1
materi al substrate havihg a surface i's an I norgan
swfacd ismtean@l mitenalhgviag susurfece. 105. The article

accor %J‘ gTﬁeoa 1:cL:1e \é\@c%{‘(ﬁ}lgn ttthI,S\(z)v Ier%inm%lgee rsé)l?cll rrrllgc\clll‘ieﬂghgling a

surface is an organic material having a surface.

110. The article according to 91, wherein the solid material having a
surface is a single crystalline, non-particulate solid material. A

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 according to 91, wherein the biomolecules are genetically

engineered for specific binding to a different surface.
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surface is a sem conductor material having a surface.
106. The article according t o 91, wherein the solid
worasnd@bo havi ng a surface is a netallic naterpPel/US2005/003824

havi urface. 107. The article according t o 91,

wher o (H B acciding ra ey e Solf AisplaYltbrary is a yeast
RHATISHLAE i8R drdl whérdinhe B0l thakfial AMng BNQurlct i€ la8single
according t o 91, wherein the solid material having a
csyptglae nog-particataigmsdidmateritlal havi ng a surface. 109.

The a1r1t7i G]Lh% a ?(gg égéogcgpé EoiQﬁiﬁlhe\%@gtgé gclali H}%,Bfagzlrlibg?ry is a yeast

mat eri-al avi n sur

cbH\displnyelitsryl agdwhdrkth thiRelidmhitaiad salostitethaVng 8 sSkace is an
Wherein the solid material having a surface is a

igorgamia sekid matgria] bavingyepurfaget i cul ate solid material . 1

1 1. e (S [ . ' .1So0l i.d

ot ek S AEaSTARER00 i YOEBF R 0Y i v
cellydisplhy llibearg,owhereimathersolid. mdtérial Fitstratet holigg acaefade 19 an
.o 91, wherejn Ii,ge solig mat er i having a surface is
IDOTgARIF Op QFeeRIC fOHE Material ARYRS 2 g¥acerhe articl e

accordiongrieQrifce a%?&iﬁ% t 9ﬂ%v}%}kfn4hg|@$1? Elﬂlsgiay;lﬁ)\éé&% 4 yeast

surface is a nanoparticul ate materi al.

cel display lilwreny; aichyhemiothe solidemeiteridl lvebstatd kbhvimg @ sindace is an

.havi ng a surface ilg sur{@%e treated to |l.imt

YRR OE PFEAR1 RY LA HRE PP HER Y R S s Fes sed

bi omoi2ec UA R Srtfll cbiaBrisiHg aaeld théfriallhsyiAs bl ®lrfice and one or

accopdln? to 91, wherein the bionobleculesS are

ra@a hipmalacyles sgieptdvale bored ta laeistifacdi whgraip ths ene or more
' n u .+ Th I ording tao 91 .

OMBbEFES) ' bRReeiag F BhD PR G Seypce obtained

febns plcambldaburi yukaaysticdetirdispiuyt ibragwl i d materi al havi ng

a surface is a single ¢rystall igfel,ai@non-parti cul ate

sol i d%hat@method forseleshiye hinding moleules fremaycell display -
' g 11 d i fies | east cell

I% ﬁg?/ Sf)ﬂlikglrngfel)r}? : g%%%ﬁé?@ﬁﬁ%%e %tg?aﬁocfy mat eri al

substpravidingaw i aufjaryoticirdoadenaterialn celhatigpday dibsarly] dvherein the
terial havi surface. 118. The.article according

HEEATS SoRpFRe] TFHE Lol ity | s a yeast

cel I fbviRind¥ dolidmtdrial MAGLE R BukfAGe;SOl i d material

substrate having a surface is an |norgan| C Oor organic

sol i ccontrcting the dell\disndaralibuaryf wath 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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119. The article according to 91, wherein the cell
display library is a yeast cell display library, and
wob@sanesos he solid nmaterial substrate havi ng aPCT/IURA0®003824

is an.in ani,c ,or or,gani tall '

o - e Rl Yos SRR 12 ¥abR, RSP of Bl i8tutes
1sr£ﬁ51€1rahﬂjoff1ﬁ&eﬁﬁ o peptideace and one or rmre bi orml ecul es
sel ecti'vely bound to trie surface, wherein the one

mor e137.onbhe cudther aceordipattrei?l phireinidhe sell pdlépléynlsbrary

%ﬂwm oBBey D b 1S Arfastl ahfpiglics of
Id'e\bﬁld%g‘@itefsg;v}ﬁéh iwsamai ®e lséleetlvferbmdmgcel | di SpI ay

rar to a solid materi al. _surface co i
st epéZ%f Therracthed secoadiag i rigd: whereihe, lgf eraaﬁqavmg a

s%kaﬁregﬁf fnys% lﬁ{eysohm%iaghﬁ\tlﬁ éc ey conprises a

eXpresse e]110) es, providing a solid
mat enpal Thevinejod aseorlimgeo 1ddnmé1e1teimghet belid elateritil daving a
library with the solid.materi al VI ng a surface under
swrdargils M ROTEAMCIPliddagtpralihaving asuy F‘?f"e bi ndi ng of the

pl ur t f Bi SR 85dink! t8NP1€ (kRSN fth@Bblid haterial having a
euka?l)g'/gt m&crg% di S&ﬁ 1n§ |ibrary to the surface. 122. s

stiferiet bericofiducdr, mwhmléamnghesucfeml natorial cell

di Spl S¥alﬁh?k:)ré‘?a€]rt (%}‘ %b Ila gel g—l %Ieﬁ%lid attaial having a

sﬁ‘fé‘&rlghﬂ%tﬁﬁc in?alerla‘l\ﬂ&hﬁgﬁlsﬁﬂﬁﬁbeconbl natorial cell
di spl ay brary is east Library, 124,

The d .
accorlaznahe ncitiod acdoeding 0 (18b, VOB AR5l Mgl having 2

dIS i br | e chain variable

‘% ﬁlmaﬁ?ﬁ{xy%;e% ?%Eri aﬁr% %lﬁg%g'ayed as a fusion on
yeast13312he nlétBodreédopdingae dRd) nberen 112d solih enagental thaving 2
conbi natorial cell d| splay library is a peptide

spuifagedis p carasyp mpsdishBaving agudareon yeast. 126. The net hod
accor]]%4n §ht Indfidd 2WdERE Mo 11RE, Ribfedth ithy s6fid material having a

ecu es i's a plurafity of proteins or peptides.
stddce i§laa ongnion akdeldavingp swiatel, wherein the cell

di spl br ar ri.se ers. havj

oD, ket B8 0 BT Bl AR T AGER having o
sﬁﬁﬁs’é R I3RS MhYeAR Hamiglalsuifacd.he sel ective bi ndl ng.

128. The nethod according to 121, wherein the sQ

mat eridgl Hawmethod sgprdingetd 52k wheyainaibeiselid sraalt@aal fiaving o

acer 1{sjl suq a\cl:e NBedted W ff&g Cthe 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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129. The nethod according to 121, wherein the solid

material having a surface is an inorganic solid
worasnd@bo havi ng a surface. 130. The net hod aceOT/USI0g5/003824

to 121, wherein the solid material having a surface is

a serdordesneshodegcerding thbadi mehereins thefcqrbinatgnial coledisplay
STt ' t ) ' li d. i )
D95 525G Pl e G bl b el i s an

insy zirgeeolidlﬁlatellﬁﬂl&tv@@ hedfmecording to 121, wherein the
solid materia aving_a surface is magneti c materi.a
havi f¢2a Thgmeghed accerding: FfblzrﬂeFﬁ’GEPl%ﬁ’@@ Batpﬁgﬁ%il, display
: q.n, t SH.i ' haui 1,868, | :
8] st s ibnafl, TBhétklnt thel QU haferb iy | sffape is an
inaeganidisotjd tmatédl, havieg @i surfabg @w| wWhensit thei aéll asglayg Lihrary
surface is an organi ¢ materi al having a surf.ace. iL35
COPRBTIAGS YRSt BERIETh Y S SUTECS SRTSITE PrpaS e hiomolectles of
p(ﬁgéﬁf)ﬂié’é bihéﬂlg@ﬁeéwﬁiéhfr@éiﬁ ih $hePscRRLiVEBIndRRL., er | al  havi ng
a“surface. 136. The nethod accordhn%ito 21, wherein
t he dldBi dheanesthodhcdoadingtp H21s wheraie thecombinatosial eadbdisplay
.before the contacting step to.lim -speci fic .
P Bt RS BRRbeontrRi peusald Aol BB o sliface is an
inBirgAmt esoHde maAaRthl t Revis!rd aaMace] Swherdiietheetdeld display library

according to 121, wherein the solid material having a
cmpriseseyast membat kaving/Sirtaces FRIMPTHENE PETEsed) tiowolsspleg of
PATERBRL il R SEh RO SRNE L0l W8 Phdin e
saddl inchterid] daviag .a sldfce Tharfaed treatedtochimitinom-smecifRlinteractions

furthey conprising the step.of reqguylating the
betyyreadas n§¥WPﬁ€XRrP§§F‘$?’§RHP°ﬁF®‘.ICS'Pg§ Rigt¥eaccor di ng
to 12Ly firti&hod ARkdik A1 jh n %@&m&fomha@fagcen display

expressed bi onol ecul es selectively bind to the =
liicAry ds agyeant ilibrarpavhergingthe solidimetetisthavitgea sutfherlis an organic

sFEORAGR BRuPS b o Ea et T el BPe By sogmprises
mehbads Mivald alrfhayi dangrisink felfRsded BidmolJeNiof et pebtide
materi al having a surface. 142. The method, according .

bingling sites,whichiresutina the spipstivedinding, cafwhersis thy splig mptgrial
h:ia\;iglgr%/ %%Za[clelsik ggﬁé&é’ wIR& & Hmﬁt%ng’s‘f)&iﬁc TRicthdtfins WRWAR the
plurality 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.

15



inorganic solid material having a surface, and wherein
the cell display library conprises yeast nenbers
whansngpssur f aces conpri si ng expressed bi onol eceCEESTING/003824

polypegtide bi nding sites which result in the )
sel edtfv dhpmethrad accpiding 1o b4 hevheerin dhcowolidinagicquipta paaterial

i%x%‘éﬁicﬁia{gﬂﬁla‘fe &?&lori al cell display library is a
yeast Frbrary, W

Pl

herein the solid material having a

sur f dd8. The athhodagrndiag sl 43] whrtanitlad sobid\paftitutate mmaterial
.surface, wherein the cell display library conprises
lﬁﬁg?etlﬁé?ﬁﬁé’i“gtqﬁé%t?@alsurf aces conprising expressed

bi omglsgc i [WeToll ' |

't R s aPEmefo@ B RRENSFAS\IREIR 1) o P ciled Ebdirta
isrmetatlicaartiaNdte gnatesal f ace is surface treated to limt

non- ci.fic i.nteracti.ons en.the plural ity of .
oo 5CednbisiipSaette fo P avietsi Aol partopfue materia
68 sAlaRHHtegial. 0 121, wherein the conbinatori al

cell display library is a yeast |ibrary, wherein the

sol i d5Aatlbe methodecergdiag sl 4aceeren sl solidparticuiast ingpterial
iﬁés‘!ﬂ“ﬂl‘ dgﬁ%lia{é%'a‘ﬁi‘. surface, wherein the cell display
|

rary conprises’ menmbers having surfaces conprising
expr $3eThbheiabé acdoedingto P43, Witepdih tiee SdlidPangukitd SSaterial
Wwhich result in the selective binding, and wherein the
ig 3 pempicopdustor matgssl ng a surface is surface treated to
['imtjgho LER G0k j e [ty
of eriprodLERERnGd S RUBE B 18 Nhehih MRty i
tempdratdreodf ahpatvB 00 Par kescul at e solid materi al

conpr,i_si the steps af: m xing one or [e precursor
" eandbs Fomeigd E6ordng i¢ 143 Thereln e o ionR el
t&hpdFRLR STUHBEY PO 6€lebs. COMDI natorial display library
nmenbers sel ected for specific binding to the solid

part 166/ dhemetined redording tie 45 oviirein thresconditions mcluwde

sol i art i cul at teri,al~is formed in the presence
t%r?p?r%oor#ealbgﬁ go‘?égglfﬂ?%go ic conbinatorial display
|'i br asy. TheheiBod 46krdihh & 13, Radrels €% cbndHions inkhRde
wherein the solid particulate nmaterial is

terapRspare of el 20%mtoabiont 40°€47. The met hod according to
145, | ' | e | iy
hor JES AShAnbfo b hellAtho it Qyfs ARHBh Slmbiising the steps

oficcording to 145, wherein the solid particul ate
mat er i al. .i terial. 149. The

l..i.S_organi rti.cul ate,
met hatFP40RE aigmelroblesvhighaestivebHandolo asoidmatetipkem
aBakaYb@d 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 mammalian 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 magnetic particulate material. 150. The net hod
according to 145, wherein the solid particul ate
wOoRd0snombo i s et aI lic particulate material. 15BCT/TR®05/003824

met h a ord| tol ei,n t.h i,d Lcul ate

e %}f}g% 152 el j6e 8 T S bt Sl i
145, wherein the solid part.icul ate

mat erloal The Iaetaeélﬁ@%hasﬁo A28 ayhegin ﬂsmi d-mpderiad it d

seroivonduatey materidb, wherein the solid particul ate

mat erlib&l The methedncwnding tol S8yarherdinthe peBlicularh eolidemnhteial

i9g aatopenigulate $dkd makeziaki N t he conditions include

t enpacdl The MéthodatdordB td C&rwheess theldharybtie celbtisplcry

1BEEPISH st 8ell ARplavphBrSiyNwhéeinCiBe Bidn cdeuld RG pepfde or

o AEReL A h e @&%ﬁlﬁ& leqqs @erygﬁﬁfm i S o hod

aCC°'f1 bt”%é ‘}n%: ﬁl:yr ®display

hﬁ?,g gﬁgs(rjaa(ya%éte p aa/ lib Wﬁexéﬁlot%%a ocfec fde or

PYiER aer@%a W}?ﬁaats g fose aagg%;gg% Wies g

P)@@t% AW IGIGIEIRE g %PP?‘E‘GFIQY%S terial

conprising the steps of: identifying a bionplecule

whi cH69e(Tbe tmvtélw obil 68isvhesein thepangparticulaiesiolifl mpierigl has an

eukar I g one or nore

oSSR PO BBiliel o RVt R iy TO BT PV 71 T

bi 0”[1|70|C!Aln%ifdpl€§b”eg @ﬁniﬂdﬂéa(lammb@il @cbmwhil&h selettivbly b1|nds toa

material is forned as a partjcul ate soli materl a

sehdmatesial sistiAesy WACEDR &rerﬁomeieisls IS HEFSPHITPRE eukaryotic

Ljgkaryotic cell display library is a yeast or

“Fermmmal i an cel | di splay library. 160. The met hod

accorldiinghe dmd:ﬁﬁlecmherfelﬁﬁ wheremtha eylotryaicoelllis eiyegst,ay

library is l.a |bar

iRieh DT CE BR e b Calk gnc biaie sl Thi Bt REFE: o

peptiige, qhe pél@ﬁl%leréule of 170, wherein the eukaryotic cell is a yeast,

insect, plant, or mammalian cell, and the biomolecule is an antibody.

(a¥)

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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162. The nethod according to 158, wherein the
bi onol ecule is a n antibody. 163. The nethod accordi ng
wo e00ka8059mherein the solid material is a crysteCT/UR®05/003824
material.164. The nethod according to 158, mhereiﬁ t he
sol i 8 1mthe bietholeenlapeciqiding4ail 80.wbapinghe eylgayotipife
d.mft d accordiqg%%?y158, wherein the solid material is
PR GOFRY erial. 166. The method according to
158, 1 gohenRibiohflecylaidd ardinatte 186) whieraimt the bimimadlecude is a
nanoparticulate solid material. 167. The met hod
peatidoetpalfin.o 158, wherein the eukaryotic cell display
l'i br ' o8 ' ¢ bidesIedule {she
bi onﬁ%oﬁlﬁeﬁ?@%&g‘égﬁ%‘ﬁﬁ Qplf%gi{gihﬁ,%ﬁgynld wherein the
pepllié Or ptedni al is a crystalline material. 168. The
nmet hod according to 158, wherein the eukaryotic cel
display library is a yeast cell display library,
wherein the bionolecule is a peptide or protein,
wherein the solid material is an inorganic material,
and wherein the particulate solid nmaterial is a
nanoparticulate solid nmaterial. 169. The method of
168, wherein the nanoparticulate solid material has an
average particle dianeter of about 1 run to about 10
nm 170. An expressed bi onol ecul e conposition which
selectively binds to a solid material surface, wherein
the bionol ecule is expressed froma eukaryotic cell
171. The bionol 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
bi onol ecul e of 170, wherein the eukaryotic cell is a
yeast, insect, plant, or mammalian cell, and the
bi onol ecul e is an antibody. 173. The bi onol ecul e of
170, wherein the eukaryotic cell is a yeast cell and
the bionolecxiles is a peptide or protein. 174. The
bi onol ecul e according to 170, wherein the eukaryotic
cell surface displays the bionolecule. 175. The
bi onol ecul e according to 170, wherein the eukaryotic
cel |
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secretes the bionolecule. 176. An expressed peptide
conposition which selectively binds to a solid
worasnd@bo sur f ace, wherein the peptide is expreeEFE82005/003824
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 cel
surface displays the peptide. 179. The peptide
according to 176, wherein the eukaryotic cell surface
secretes the peptide. 180. A bionpblecul e which
sel ecti vel y BRIFHDESSCRIBHON OFetdE RRARAINGY a surface
and is identified by use of a eukaryotic cell display
library.181. The bi onol ecul e according to 180, wherein
Fige1.eWkast Vibiarg bewld to dC4P. (@) Yeabtrldnyryiexpressing sirface-
lLibrary. 182, The, bi opol ecul e ac ing to.180, ,
dspla AT GRE PR B Tt ca@&ﬁ.%g (G¥rlsieaativipansing
T D oA o Bl DY BBl By ploes L
sCFv libiarDivehdsn& siggled cryymh €dS| Thmsmissivodight tnicrGat8py
.(A) Yeast |jbrary expressing surfacedi spl ayed sc
iHABSDYEIF 68 20T P2 el Yt %Pg‘eggaﬁlﬂgéﬁﬁﬁt eﬂfé?wirto
B B B s 2 AU Sk Ry D orp A Fn: B
ibBPhd single crystal CdS. Transni ssion |ight mcroscopy
i mges were ca. 260 mMm®2 in size. Insets show a single
buddi ng yeast cell bound to CdS, and yeast cultures 24
Fig &, (Rlanfif\@tioR 0F ESP BIGdRE to@RIS: (N PPébént Wit ol ASLRAERM by
in SD. Fig. 2. Quantification of Cell Binding to CdS
celhy W%@&i@gate@ fromaiages o ilated elgnegandddepignodmutants (Table

| cul.a rom i,nnge f 1s 0 i gned
15 B GBS b B R B o AsRHE LS vk MR 5 L0
baay. KBYOR&)ItHAROM, CdBiElane L HStested fr tindiyg bvd divefsBlollection of
Results from CdS clone EAQ tested for bi.nd

. : .nding to a
repias Single rvstel GAS.ohuRYeBRatgdontaselass, Ehip %}@tg%ﬁ’t cHsle A
R SR SRy B Sl G, R TR 30 TS ValjipLifha
afgeoméaticeserades fioch ian aggyaalnmt from raviépkgaperiments trstdjes

taken fromnultiple experinents + std. deviation.
deviation.

Fig. 3. Examples of binding clones isolated by panning against diverse materials.
Sequences identified from panning round e3 were expressed in yeast. (4) 4HO1, a
full-length scFv antibody, selectively bound to Al,O; over GaN. (B) 4HO09, a full-
length scFv antibody, selectively bound to GaN over Al,Os. (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 pum 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 overa 2 d
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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Fig. 3. Exanples of binding clones isolated by panning
agai nst diverse materials. Sequences identified from
W@003i106590 ound e3 were expressed in yeast. (A)PdFr032005003824

N L e e

IsaHeting b2 ¢ tdddnsuthtérohéatdstuetureAviZiDhateria) spdtic geastc Efone

b Bl st eheio ek B SRk et Sealeiotmshcupon bt

itiappl ayed (QN), but not vvhen expression was repressed
by "gl ucose (OFF). Light mcroscopy i mnages were ca. 340
nm x 260 mm Fig. 4. Applications of yeast expressing

{3551 GG eBlaialeTIESORRONRLY By s g Oy sl e

lﬁogarﬁﬁ%ra indt @Ja@ﬁhgmcry@ﬁ) wéresg%eﬁtlﬁgheegé ﬂneeﬁu& EA  om

bound s expressing CdS clone DA were cleare
%@ogmmboéy bbraguspressions; cells ¢ neirbipdithe CiSsingle costdls(B)

re obs t.0 -bind t.0 the cl.ear rea
SR NP R e Bt RUBRL GO SR £ s vaee tpe
metraitrohws |ldep&idefiedr® 1i®sdry dLbrdgsonMTrdhsHHEsed Eéhtﬁ)ﬁl@ﬁisédlﬁr
yeast. Clone (02 binds selectively to FePt over SiN
iarage SieE ca. S48 e HAtO wndwkizon each i mage. Fig. 5.
Cenetic regulation of binding. The d7 popul ati on of
yeast clones sel ected by panni ng agai nst CdS single

Eig)6; tRélatie indih @ ¥Aisdlatgd umsevmmtm td Al ov\Fémo qtnages of
anti body library expression, cells do not bind

isplated eloney anchdesigngyl mptants{pee Fabile H) bopnd-ieedu (ADth FePt (B)
\gélje%%cf)ﬁ)l afﬁ%ﬁjdtéj{ﬂg(lé@lbe}%f%gllscﬁoﬁ%dmot% NG, dbfice. Cell binding

nteracti on was dependent on rary expression
munalressfos st el ayles (hghtr sy biry) wangmmmhmd:mlatﬁé@o thwirx

BB R e W) Bt Pl e
fggr@riglr%g%ggtk&?%rg ARfl P BAnlchRe: FAbkGatib. bound to Au

were used to cal cu ate t he nunber of
cells bound on the Au surface. Cell binding nunbers
for nmutant clones (light grey bars) were nornmalized

Fig| Al Fu6rebent® Glom bimpsieduly engdited Cdslmanepsarticlas. KUgsey
bars). Val ues listed are geonetric averages from
?%@‘@é tq & kBhightsanmng. intpnss Thiomsesnee yas obseryed Bomasamples

Wit the' n{ﬂe %@B@Wﬁé mt@ét?@bgﬁ%ﬁ] |I&%| FE0D1E Pmixed

nanopa sure to source,
with dmsraeth] satts ésameeny, cowamt frbmepepede DOGmlwwmlthesnmILaﬂ balts
t.he

d .D07
B R SRR T (VK HLSTRR A e it mal
s%ﬁk t(ﬁgmye@meéd) in nRi#biMAIubFRERMRE RfHed eniked 18l MAgeOr the

ﬂuorescence When mixed 1:10 with the metal salts, Concentratlons 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 peptideFP-1. D07peptide grown
particles show absorption fronts between 400-450 nm and corresponding
fluorescence peaks (maximuim ~500nm), characteristic of nanoparticles exhibiting

quantum confinement effects. Alternatively, particles grown with control peptide
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alone (left). The control peptide FP-I
(n- HNKHLPSTQPLA-¢c ) m xed with netal salts (right)
W0 e®@dl106sdo i n mar gi nal fl uorescence when m xed RCT/US2005/003824

fl wh i d 1: 10 with | ts.
FIGS mhe;tz:\;;aliggéibancg%r@m ot hodbaral 3 hbulk Colarerisaley
in the fi t
ox{lg ng? d{- I eﬂug{eg??agef, é& e o‘ﬁ@es%%ﬁfeﬁ 2988 Rlraf m

nnsp eric pressure in water.

3598 (Btio-09 & BRAM @rafibel)phot ol uni nescence spectra of
CdS nanoparticles grown in the presence of DO7peptide
or control peptideFP-1. DO7peptide grown particles
show absorption fronts between 400-450 nm and

correspondi ng fl UgieARENS HENERIPTION mum ~500nn) ,
characteristic of nanoparticles exhibiting quantum

confinenent effects. Alternatively, particles grown
with control peptideFP-1 show a weak absorbance front
closer to the 515nm of bul k CdS and di splay only weak,

L T afrodh bRl SRCERES cal RR2EAIET at i ons desi gnated as
rati os range trom 325uM (rati 0=10) to 32uM (ratio=l).

DETAI LED DESCRI PTION I. Introduction and Techni cal

N e R A
D L e D e o Lo P Lot ot
tsldfedteshnica] RtResturs iSchrior aFte Thasatom o thy Loty g @t‘f‘g'?fs
u?cﬁoéuité%rg Tafl g at?e?e@&%%}fs 21sd Ip?(?\uareﬁ\ét #R¢nalof &K@spféﬂﬂic@ﬁon

ese erences are here
TheScReERES Srehigrdbe fistogpurated by teirencenin thedt gntlrety

fP |r F\é&?&@g‘gl ,p;%eg'p atlpggegc;ncsgtg%ﬂio n%l @z %77{70 fglegg/egr%]ar}z 3 72004
l{ gﬁl%ye Bﬁ)? ?es” % Btgk:her' BeelteeehY i Raebphicatiatdd by

rel1ed upon in its entirety_ including
réﬂ‘egambe 8nd teabd epon il its entiretningluging figyresxiahiss cdainsy, al%dn e
pr i nyention, screening of eukaryotic
ﬁ%@@?kﬁl cell display libraries, including

Cco rrb | 1R Opresdnt URBSorG Sdrbertihe of aykdryMcammlsmatoaal ¢z display
useful for generatlng protelg CIfIC affln{)}i/ ful £
1rbeag®nmluﬁmgq0m By £¢8, O BeIwt for
ese |ibrarie btids £d BupURSERSY
wPoire O aL B fEAaRT o 82*&%2%@ TR T
h.t These &Gtaridh 8o eommise herurali@) of q}quase@b@plqigcules Although
i brari es have not been_scr tncEed a%al nst

maceaneE SIS PR RO g o s ey
hlg}gﬁ&?%kg nangl%eg?'sgijegnegg%m%ﬁ%hd ﬁﬁﬁﬁ@isQﬂVﬁ@ d 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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described in the present invention. Recently, there

have been useful devel opments in devel oping protein
waep@sithiseoty for inorganic materials with the POPESIN5/003824

bei ng able to select or evolve proteins to bind to and
pmtelaﬁxﬂeth syptg@s §9mnh@§m§ negfteniedy 4 0d thet pqyess of igenetivs gethi the

g%%tpt)lt rr%@lzft Oéf%r [ es’% g‘fso{}g&i’? eIE ]ftfa)?lrs]ag gjﬁ%& @%(g%} ayed

Epkaryppédlid gael £-ykagt apdgbleryefatienaly cﬁﬁﬁlaybp@ét-&ahaﬁﬁéﬁa?@
(12).. Al'though these systens have been useful
modkied R CPRPER Protems sugh aspntibedy ifiagmgnisdd3 hanskrepaptors (14),
h
RSB ANBOL PES: ARSI LEARLITANE SNEGEL Ty e
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| i fied
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td é\fﬁhﬁtaﬁ%ly Ppeobe@Bélbioyh Aeiaeieferysl infrRAeh ]I TR AR Edcﬁﬂéigaq

Pl ay systens. Further, advantages of using cell
\§hiage PERTINGIELASE @ver REhepy exlbennratein Hasad sylsteospr mtmml

B D RO AR Py R i

effiicfent§ bE pdaisto whidh Hae bEeruedpﬂtgediaﬁa egiiged forltesturiea 1)t he
regul.ate display (15, 16). The

abi lit e
rel afh %ﬁé‘f %}e'%a gr\} e lé%’lllng PFOtein Qmoé*?ﬁ‘il@cs FHaigeachithus
1nfo§§an¥cr}ﬁat@1‘?ﬁb E%f%dqgréﬂ‘? Gha '}éfl@é ohGh %Sﬁle eg}l}g@gne{xﬁsé

particle-l1ke ce quantitative
living yease cellsao express dnd dlsplrtysnahb iogurfatd h. coﬂwbimrﬂ@hatl libreay of
advant a B% %r?;aSt ov r other cell protein
oS s VRish Sl R e T pedtme e oot sy
the SFRhEEAN aFR4BPIifIdS Hop ek:hﬁp@ Cﬁhﬁﬁiab' slﬁgléla@alﬁ Qﬁt’ibody library
ef ficiency of yeast, which been expl ored
digplpysd-@auSacekargamessiderayisiac) 3) %alm bavpaenddoagainst a dwerse
t t
RSB LHEORGRLRN Sl PR LR S5, RO SR

magnenbmmloﬂﬂamﬁtmdeﬁmm MlatekiaMipigrifie anfibaiitd dhdipdlepti@ss
on thelr surface a _conbinatorial |ibrary

d
C@f%%g?ﬂt e sanérgeaéra hpsacterighicspf ﬁ?eeSYlsﬁgharﬁé‘ﬁﬁ@dﬁég&mnst
petiORkEh ee;'g\ide s@c@n@é&%ﬁfﬂw&gﬂ f-ageRaund, %h%ﬁa@é

anmplifi exanpl e uman si ng al'n an
pﬂefemmnally itiobat dagreed ﬁdhl&ﬁgﬂxﬁm@l@chamsamﬁbéms,sdeamte( th&} c an
nst, a diverse coll ection of

d
R P B 8 PORUAion s LS PeyR FYsiem grovides a

roSRFof AREHE hitbicaliRSNBIduGriaBN b B M d & béll SBbBleiRbased reagents
Mat eri al - speci fic antibodies and pol ypepti des
that mediate interactions with technologically important materlals,

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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can be identified, and general characteristics o f the
system are described. In particular, peptide sequences

wo e®dl1vispg from frame-shifts and truncati ons cROT/DE2005/003824
ed over fuII-Iength single chain

f ti.ally. isol
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@drftrop bONRRSRHIES NubleMcH, SHaRD Qn@cfysfahpﬂlas@e Qoéﬁ@é@woo

whi ch do not bind to the surface With repefitive

blighediAngil 19) 2003 (%Nﬁ@d@afec@rdQQIl@@f Hylridivlatetinlsiisinan

el AN SRR oD BBl g 7,
zmav@) “Bm@ecaai Ics)ntrayommmm@? A003/01 EEAL N GubiBshB® Fne
@g% ‘?&bl d surfaces have been described in and can

“MolegplarRecpgnition ebMaferialsé me #8380 published
I
AR, 2805 B o RIS s REAER v

Control of Nanoparticle Nucl eation, Shape, and Crystal
Phas etddithgeB U0 68 e00agplishiicrisda BAbheﬂ et 2D im2RA8 (5) Sarial No.

1A% g%?d Qﬁﬁ %, 2ok louero erM%@wd 566950653104

Bmuﬂdtlbﬁ&lq;ioﬁafelnblsi)? (6286341 No3)10/685 Fb pdile s&@&%&'zz%om
Nanoparticles”; 2003/0113714 ubllshed June 19

(Rrptide MedigsedoBynthesireiddetallici a0 Mteneti Nﬁn@pwwles”) (7)
KHMO %‘b%%*%%o@‘ejgle%y ) g?ﬁ&giﬁs 50(73 ¢ %?I%?date% b{ﬁ%ﬁlg{m@ orage

are i ncor pof at erence 1n:
Diarictiet); ¢8)l. Swﬁwsﬁ)@’tae Beri N, i6044 05863 (‘t\i‘irdleFlthfsf’) ﬁIedéIbct
[ d I 10/ 6 62 I d._Sept
158%%)%(&% x@gp Irgpp {}:b%?lh%m B‘PTd IJl 48 ﬁle% Oc%ober 15, 2004

(9) U.S. Provisional Serial No. 60/511,102 (“Multlfunctlona,l 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 which 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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Bi Functional Biomaterials"); (6) Serial No.
10/ 665, 721, filed Septenber 22, 2003 ("Peptide
woera@savesdo Synt hesi s of Metallic and Magneti c NeCT/US2005/003824

oparticles"):. (7) Serial No. 10/668,6 filed

* sdhae kbt alziv,lrai@w ly8b PP@&?% quastm CP“%%FWQE@ Proc Natl
Deyi. Gl drra h 8 . [V B sperial No. 60/510, 862
('%F??Fpglséé%%d%ﬁflilpé@b@ {6941’65,513:2003 and US regul ar

o A[IRkiSVtdtah Ofderiak ofiquaniith 466, ushiy genétedllPcenghmrerdbyiruses.
2004; (9) U.S. Provisj Serial No. 60/511, 102
('W?q-fz%}ﬁ%M%yrﬁa?9%€¢?§{@%‘u5a| s...") filed Oct. 15,
2 and _Us r ' i: ' _ -

o T Gy ol STt g Rkt oP GGl B9 Poctcondifror
SefidtedialNaisifp0 boddedl @2ptidd spacifeuiiycandarviral cegpsid hssesdbly. J.

o SRS 3R B GTBRL, °56, “Bose <! "
oAdéje'e%fagrl@é B@S‘@ | SR, thwﬁﬁg gbﬁcgﬂgeﬁ RelsRehafdstRkuty £bm

can e useéfu or pr actice pr esent 1 nvention
i i bietioig up BNl Aatd Sen USE AbR@Rohpcif;e% Spgl Bi6As] g

with different types of, materials include: .Mao C,._ et

« I Whejey & ala SielestiPy ObPeRSIPE NI S TRGARY ol ity for
Pr | ' Flﬂ%h ; 51.
Le@&g&?%g?@%?gégss eri 'g]a%fg’?ed %gt?]ot ﬁ)?‘n %g%éﬁ%f]ﬁg@m
genetically engi neered viruses. Science. 2002 May 3;

296(5569).:.892-5. . F C, et.,al. int hesi.s._and
G s TR sdelig vatet dishlsd dibytes e dediribeiflof S Us.
Pﬁﬁhﬁ%@@d@?g@% @j&ieve@ql. peBt b oS pes3 F1i3g1t Yo Widrupi etal.

capsi d asse y. J. Mater. Chem 2003, 13 (Advance
(Ded. i18) 2000n withdlawnSebAh5S e 6388106 hcand AatentrApplisatign

bj ol : NNl X SLr :
Papati 200200 ST RN SHEHLTE. AT ALTIAA RehifRal
lider@fRelbpWitt\bak aly cat bahsed Sethe practioe of theqpesehe snwentibn
_senm conductor binding specificity for directed
inpwrding.\for e¥ampdenbl y. Nature. 2000 Jun 8;
405(6787):665-8. In addition, yeast display libraries

2 S R oy e,

6, 300, 065; and Patent Appljcati Publ i cat i.on
«20bedys gbals Hlewieyimetey ISQ’a.“O‘e 5‘“’1‘%‘} ”E&?A‘?S from a

Qgﬁ'&ﬁﬁ@{l@h Staﬁ@rﬁf@rﬁ?des ok fe6isRb Wingadd)isdst iR SN Biof@hnol.

S
use e practice of the present invention
i n2003dFebeR1(2pr63e*anpl e: Bhatia et al. Rolling

.Ad Qgﬁlilgo{}A}f%%rn&apt f(ﬁs Q%gntﬁgt?vset scEere]: in?geo%ryggst I%rt%éé’-ﬁ?s%?ayed
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.

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

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

e Boder ET, Midelfort KS, Wittrup KD. Directed evolution of antibody
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Sel ectins. Biotechnol Prog. 2003 Jun 6;19(3): 1033-1
037. Feldhaus et al. Flowcytonetric isolation of
whomno@nd | bodi es from a noni mmune Sacchar onmy CBGT/US2005/003824
cerevisiae surface display library. Nat Biqtechnol
2 (e gmpis withiponovaless fepfomolas aniigeprbinding afiptykgroc Natl
ot atd I | . st sxirface-di spl ayed
Sgﬁe%g%??%}é%lolﬁgrsgﬁlagfs@gg}?s'rlrggﬂe?i c bead capture.
e e et ina by eb i et ace dropl T GirT
). Protein engineering by cell-su ce display. Curr
Opibrarep.o Bindeahep! P@@01L99%1}@1}-f2b4)4.(1§£:@- Boder ET,
It tr ugKD. . Yeas e 4] A0 b
+ oGt Pontat Brbe SO CLP BuPech fr BhbBhPfimmicy for
SB@pdidé/Nﬂ’{C.l\/.Eﬁdw%l HepyehSdi U Q0T824 ay 9(97410): 538792 up
KD. The si n\%l_e cell as a mcroplate well. Naﬁl
* Bilsnaisten 87, Wittmp K tGlutegiony excigiipg in gespopssde heterol ogous
M del f or . W ' =t edp: [ f
TS e Ak btP ks AR B AR 2000 May
argotaped):3gnel.ng affinity. Proc Natl Acad Sd USA. 2000
Sep 26;97(20):10701-5.  Boder, ET, W_ttrup KD. %“trl nal
o s cYandwitwerpd, Wittpdd)-dFing bty Gearipieptionby Yeast Sirifes
Bi chnol 8 : i \(Ph: . ! PD,
o P R i Bon B g/ ARG ) PR I IET,
« hitgilkeha, ok kY SEREtigEER funieiohbCT célt nceplat mutmidirGd al)Beokt

2000 May 9; 97( 10):5387-92. annj st (tir
o uraeispley Sl Pons Vel AeatSLLS o hos May 10 95105831
protein secretion in Saccharomnyces cerevisiae.

Bi 6t echnol Bi oeng. 2000 May 20; 68(4): 389-95.
o VaSAREVEY [t All , In¥ehsingl thelBcrefoiry eapmbity nf $3ccharomyces

R N Y s R G

Ki ﬁj@@ . .ah3 7Sel ection of functional T cell
recept'%{%’lrfﬁtk%ints froma yeast surface-display library.

oPrBedeharT, Wittanp K. Yesa surfaedliday fot sgenigy capbinatcgial

Shust a , et al._lngreasing S t capacity of
S ety Bl A BRI SRS
S5t BEbE WAL BN BoradoRititon dbaluRirgbitecrel @9
ug; 16(8):773-7 ) .
productivity. Curr Opin Biotechnol. 1995 Apr;6(2):203-8. Wittrup KD. Disulfide
bond formation and eukaryotic secretory productivity. Curr Opin Bioteckanol.
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 literature (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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nygnt i stem thefollovm

o HEDRR d: Noaeab B BRESE A0 Patel§ rydaeeb g Stinaing
ac poptities gnduded Hleﬁgsiﬂm%bétOS‘cHMUsmthc@é? obé. [ExS9bsk d
mat eri al_ surfaces: Joho Yamanaka C, rayama T.

Cdﬁ?aé(éé)éh%’é@alf?%ﬂ\’lbﬁﬁ%b%'@har omyces cerevi si ae.

SRR et RRgtnleb Vil SR EER WO RSk o,

se nﬁomndmatxmt}& peﬁﬁﬁsdﬁaﬁhg)éeﬁﬁﬂﬁﬁ sulfiRWystallited i Cardtia
Daner on d ut at h1 one- coat ed

c a8lFbTAte SIJF’PT&j@OE’f%tIQW F‘g’é@ 4%2:3%d0%a gl abr at a. J

! )

Faletpi R, MSihnliil 2 Bt rfRolg SR it Gt los n
pochdminnetzktahce myCundési gebratadpichem Bsopllys Res Commun. 1994
cadm um bi ndi peptides. Bi ochem Bi ophys Res Conmun.

g@kﬁﬁ@%@%@rﬂsz 9. Hayashi Y, Nakagawa CW

ERBHEN I8, Srbdl ﬁﬂ%ﬁn@ﬁ%ﬁé@ﬁ( @éc}f;ﬁasﬁhw RYsRA @A  ARcau

|nduce I'n fIssion yeast I’zosacchar ofyces
EnvRr &netgyalisgersber Xﬂ'&}b tnalga86f thh exBicelliBs eadmmm sulﬁde

crystallites of Klebsiella 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.

e Coblenz A, WolfK. The role of glutathione biosynthesis in heavy metal

resistance in the fission yeast Schizosaccharomyces pombe. FEMS Microbiol
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I norg Biochem 1992 Nov |;48(2):95-105. Mehra RK,
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ScMa¥d§@%9@rld§§‘@\99 porrbe J Biol Chem 1988 Sep 15;

Ev a nﬁ‘%&oﬁl @é’é S 9 e %bigdag?alégﬁrf%sﬁc&ammyces cgrevsmae at

Cadififietemt sqidgiul contaftrmibhonMiofobi! M85341(16DS7-44.
"Quparticles' by Klebsiella pneunoni ae. M crobi ol ogy.
1997 Aug; 143 ( Pt 8):2521-30. Mehra RK, Tran K, Scott

GWN Ml chandani P, Saini SS. Ag(l)-binding to

phyt ochel atins. J Inorg Biochem 1996 Feb;6 1(2):

I 25- 4211 Digplby &ilrak, WoI f K. The rol e of gl utathione

bi osynthesis in heavy netal resistance in the fission
yeast Schi zosaccharonyces ponbe. FEMSM cr obi ol Rev.

1994 Q%Mgilékﬁz{y‘laonﬁgﬁatorﬂﬁmrﬁle@ﬁre Mﬂvﬁhﬁr}fi@% 2e, fobBiiple,

TC. Role of "CdS quantumcrystallites in cadm um
seasiond ahaves seqweferemriiePabedo \abncht@iereme@ chtedrthBraimtsge ale,sfor

KOTERaraRtt PO BAT: 8?9%@ Highetk SBdEegliamog frcening

wbm’t)alﬂor teanpls, thadizpla ??of Bfitehaoe eell surfaaeiaddrovide a
gl abr at a Bi ochem Bi ophys Res Commun., 1994 May 16;

m(ts'flml igthe spygnobil Wﬂ%?f agproteiyy pRyfopgxantle sephasess.

RGP S0yBky RACHEAN RS M BRRl IR EIAT.
ekpress€d ptotEnsph by displmyed yn ﬁ:ed:ll sm”fe&pl H}nem,amemtcan bal

lihraries are known in the art, (see
b 17 Poeioerse mcioefoer Dbl sHP withan Beneh shbedice
dfspla9@ah BELSIdYo cHB8mMPM QepdiME 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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exanple, U S. Pat. No. 6,214,613 to K Higuchi et al.
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are known and can be used in the practice of the
msthosle gan pe vs;thln@indms@@crompymlmmcentraﬁAmx@oscow,Mtalmng

e, BSOS R B AR onne 2Ry foofifeont Bt
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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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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 downstrgam ofa
nutritionally regulatable genetic element, such as galactose regulatable promoter.

In this embodiment, switching the host cell into growth media containing either
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fragnment antibody library displayed on the surface of
a yeast. In one enbodinent, the plurality of
wohr@sabseul es is a plurality of proteins or peptT/U8%05/003824
In particular, the cell display library can conprise
gh@ntﬂam&gdlmtd)seg:oa‘uol& aeesriptop of ﬁieq@p&&qo ridswegnutrition can be
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ingerggtionge Regylptioncan be corrallsd by aaaeiety of silfersnt typeseofat
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parti I'mted but can or exan'p gre
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aROERAH 1&3%%& h The & AEIa?%f‘BfoﬁJ[@édl@srcah'bQ &?ﬁ#ﬁ%ﬂf 85hRfled by

al so carried I nportant aspect nvent1 on
ektsrifaly pu¢$encludmgr it nof limiited o, ecsesdl thylecded diffakible ligand

i ncl d|n ral or,spatial contrals. For
SiEaipr rnpicar i Thion AeVikifor BRGIPEORST HsBiond a
néﬁ@ﬁbﬁdn@i@teb)é s68#t, hhmiHo dcidB B9wEleBtidd) Rulitiohh Pébihptuh8d)
“of the bionol eCule. External cues can be used which

ligh' yaddefresigncs procharotragsdugtignmagngtic Sieles elsrtricdield; glument,
over cell growth, signal

t#@&g@éfﬁgn ?Jranscrl ption, translation, and protein
L yncﬂﬂlxammdsmf@@ﬂaamwymms mcfude egarrpl e, dad

ionol e uc pt.j de can encode
ldﬁmflfl&g %éu&r%?ﬁ tn i‘ﬂgidi Cqritkpl PEEAS| S PEFEHER it

|

RGO &E%?PE”S‘S{VE%“%%E?@CZ R ERUE S 4
89{1365@7—65‘!;mt ai ning eitherglucose or galactose controls

2, GRA T SRR I QMR E0% SRy ot v b

rmme pEdin&tbr Siisted At nﬂfduiieﬁé‘d Edrie@RpRbsibh & PRBhAERYEAN
enabl e tenporal or s at| control over materi al

cerspisifiet Y%f|119917ﬂlé1 B §3ept| de can bind or assenble
3 nﬁgo%r Wedoalr! b nﬁdﬁévgﬂ%ﬁ? rM"@b?@r % NaYEXRSY L@cjf Lf:.??t rol

can’’bé ‘acconplis y an cue or s
98(83346-H5ec (thednsebginamohe acdydomd ordes diﬁldg\m)hasterone A (ponA)

transcri ption, translatlon | ar
cmcélrva@ttr%ﬁenptng'glm%mraﬁ ihge lﬁé‘a’g’@ﬁt’ii pingge genefor the

DFosdpiig n¥lakigab el EQysbne8Seidr 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 tchi ng nechani sns. These nechani sns can directly

affect the transcription, translation, folding,
wat@bilbisby, or processing of the bi onol ecul es, POT/US2005/003824

i nduce the switch nmechanis hrough a si gnal
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tetracycline-responsive pronoters. Proc Nat|l Acad Sd
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racyclineregul a e pronoter systemfo
wignel /2 s p7-O3nimesiafieSadditiar afhormene eHeatishockeindieedst .

%g%;%lgg lﬁal%ﬁ‘g g%@ggilsgg%@?m%%g ﬂg&gAégf?d%gkegfshg&dgene in
120t BF 2 3afBnal brohblRe JeBSARIHMANFRNESEedd 3ONE ak Scidree,

anal og ponasterone A (ponA) can activate transcription
lj%smngﬂPiZ&r(4&@8)t9§5h7al(£megt dal-hJ.thiel: Géemw.,1890,1Sep

%@g%l I4,2%£§I anogast er ecdysone receptor and a

A Waining a binding site for the ecdysone
r ecepripy cell displayleid bedsuch hdi iRy @omoRt@eD bR pRodiREd Bed

used i n yeast expression. For_exanple, the Gal_ 1,10

dasrdansdentiapled tdhe sall memhraged Bl or qeillaragnendeggs,such as,
%g%a?@%%%g%a%,mr}%& guences can be pl aced

her géne " to confer gal actose
i nduchipryexpabssicour iarik gilytssel, irtmcelslhocompinentAH2
prompter_is glucose repressible and.it iis stron
Sreailer: Boaidiom bimdroisaan e Sedrss ot wigettbSpdhd hos,
(%B GAL 1,10 except not inducible by gal actose.) The
Pl pronot er can be used which is the netall othionein
gene pronoter. It can be activated by copper or silver

L.ons d o the nmedium The PHO5 pronoter can be
Imduc%glqeﬁur%ad’ﬁditi ons of |low or no phosphate in the

medi um Steroid induci bl e expression can be al so used

to requl ate expressi on of encoded bi onpl e?,ul es.
he solid material having a surface is not particularly

imited 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. Itcanbea
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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In one enbodi nent, one can place the rat

gl ucocorticoid receptor gene behind the constitutive
WEBDspoasewt er to express the rat gl ucocorti coi BCT/US2005/003824

receptor in yeast. A second vector can be nade with 3
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be secreted or released fromthé host cte :
CapAgdA8.IFe 8O Ec2(03,il, et eCo dloftaSmndm&os AL, &dAs,i s

AP ade "B g 2o 4 ZlE G ReSE e o,
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CQRIPISEEeD! : alan HREALOF Gombingtien B‘émﬁn‘%?ﬁ e be&w limited to,
dgkg%ﬂ FeptM@h ki &1 T, i cd0Pbangeham c or glass
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mat el subaratmgarabeswsxﬁglc@rys@lamuﬁmldmtwgfot i Jd cambeean al s

can, he used osite materials such as fiberglass,
UReRsEFe %’r?gocgltp Wéé?ﬁ be used. |ngeneral, solid

mat eMédaI% and hapsheiemdteidls aad® REQ inehiligy 1heek déeribed ; in,
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forssampinBeldhereiorl. prentapligatien Serial Nwdi063,21sfileflace
S'egteljﬁgér Eé‘,rz‘do‘é Lﬁl‘lﬁerplti}{le 48 Synthesis of Metallic and Magnetic
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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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For exanple, it can be a non-particulate solid
materi al such as, for exanple, a filns or wafers, or
WO oosamsbe a particulate solid material. The sPeT/aSE05/003824

can be substantially snmooth, planar, or curved.
internetiansibatvesanche glursliteof skpressed bismoteoesandphe sirfage. The

s&fdy ﬁlhféﬁ at%'é?é] g VI l gﬂ‘g’r glmﬁoqﬁﬂgil?i)oggﬁ)% er}l%l or ga%rﬁe a
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sgﬁé MJaEe)faIsaéaJrf By %Eeeéf?ﬂ ,e§f nanocrystal, conposed of,
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AL GAs, Ti, Ti 02

CRRpleingERtY ROEHaN MBS Uan yescleave birging iodhe biolpeiea
nPolPecufé? SFOIP @:‘éﬁnpl@ %%g;@twle@%an ﬂﬁlsurﬁ%gléreéﬁI %%Mﬁ%wtles

Wé\lmdnrmnmd@ffraf theinahopzaticlb énto slstsurmonpingexedid, and ¢an not

|s described ab d th
reshprieS et Pt SeBPlcFab sEiRiiescan be & retal, an

al | on1bugiehid o sofll sHEhcws id @Bfeféifecﬁé?ﬁlb%nﬁeﬁ’fef}ﬁlseﬁé‘wé

conposed of an el enent or conbination of el enent s
interatin aan abip bawseried wtta@dlmtsubematesagl sopwiionmych &, fago,

P bst r |
cilinlé e ol Rpd Pt et o WRR o Bl in
th&nﬁmhmbmhecbnaﬁdsleaﬂ& or powder. Metals and nagnetic

mat eri al s can be used including those described in,
for exanple, Belcher et al., patent application Seri al

S, SR S SRSt R O

Nanoparticles"). The polymer surface can be for

b h [
or L FEH gL Ref BagiPeine Ul e etk Surrltiaetor
pmidemﬁeh ABSwIfbd eldeaby Hﬁxrdﬁlg rml:msai h%v@n inthe 9ACAEBL
pol ymers such as, for exanp g}d propyl ene or
i

uq@dltg adjpetrthe Fhingentyi of thabmdm ing nggﬂ-ba@wstnmteambaaltbe
b h
cdbe ARy B S B o U8 Bt s

Geiiﬂrhlilmqueehh Ud)lﬁﬁﬁonsafad lﬂ&rséd/ (dhdludiag hhesome buffBiedoatRions.

el ective hinding Ic,urfa e can be treated.
@pmegvgpry is pg‘gpart’lcular y 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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exanpl e, the solid material having a surface can be
treated to limt non-specificinteractions between the

w@bkasabisvy of expressed bi onol ecul es and t he sPCT/ASEN5/003824
The solid material having a surface can be a
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reac ?‘% r%% r%ll%cath]@’op SreEHPES Of @’5 flllOﬂ(eB S‘?Od’reﬁ?@gﬁlr?ra the populations
i@ bile k@bsnferbihdifg Ph @ HANVe o8 cdllN BndpRIGHSIG 4hi8 HerckMage is at
Contacting St ep and Conditions for Sel ective Binding

lqast S@%Bnetdeast AB7osmese peeterablypat least U0%: eyd miong prsderelly, at
S |t inded which allow for

lé%:gg%%f %lgp@?fr]eoér%gg?a%t% B%éés)c\glgr@vm in the art can be

used If desictfdpsice sélectvely bgemd pionioléduteshird détegnined,| théke N

H adj ust nent and sa| ncentration variatiaon, The
‘ﬁ‘?fﬁ‘gﬂslf %% 78 5 itk %@e%cf[ahfa_g@ca&% rggferialsastearly the solid
REEAI Bl o AGUBRUSWEAM S @ibFecttolife Wiktive biMdinll g

aqueous buffer conditions. The tenperature I s not
epampleg particlpte solid meatetialtcan be enpen it the prestndecstbiomalecules,

bout ..L000C,. and ticularly, | th bout,
3uh 41 el AT cortichs faelors nsly s GRIA STt BRGEle
stARNaktBtenipefat @ affd R tioRADTHE sER pdrfc @R Yhatéd@H Candpd NoOI e

particularly, about 15C to about 400C. Thernophilic
BicpaTticwate Batepal @seanopAiticHlatg meterinbr Averagepatticlesizes ean

b d
LR ey f% o 2 S 8 oA P, AEK O By SRREE 50 map, e gt
10am tegbonti25 amypydditiogaltaveragt eprtiefesisivel @hn be, fox prapgsied
i onp] ecul e% whi ch sel ecti\{%IE%/ bind to the solid,
ehG0Am f3REORE BHETOR Y 20REt PRFIBIEPRIRADOHT pYhmigrens.
TR aRfeuliiethafchils et P RrAELIRLTY 1ifiled Hhufl Gan B oIS
use of optical, magnetic, electrical, or physica
indrgamictargard¢e.imagnetin, patatlice aleatronit) eeparecexitle,anadocrystalline,

qr&a n%t cio‘%s, RES CeOIrlélilC %rs? &l gt%eru %g%ﬁa]s 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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For exanple, isolation can b e perfornmed on a Flo

Cytoneter with a magnetic cell separation apparatus.
wa@\kaosno@Ebo vel y, isolation can be carried out weetus2005/003824

density gradient, or in a fluidic chanber, or using a

ent rAftiglest i on device. Cones fromthe binding

popul ati ons can be sequenced by nethods known in the

art including direct sequencing by PCR, or by

i sol atftieles@hn BiNAbEicawd tompeisimge dodidnoaterdalhaving a surface and
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fabrigcation of .materials arti .ar | ' .
rac erfis e PR e i BRe MILEE hglediy k. myl
B8l idsY Snd A ENErs. Fdiim ENRARAES is Py particullalyelimited But can be,
naterial can be grown in the presence of bioml ec (hes,
fo exanplet shout bnadteiabeutihmiggorse AY rbAus 1P 25 Epr%boghg as
crystal str , [ .shze, and tenperature of
Iiné%gl?sl’ 85&%@6(20 itaagg&rttlﬁjcﬁf%%sgrmt erial can be

m cr offaletir@l) hiphaempéretirad can be wsad opelimimitd argenic materials on
materjal. Average parti CLe1 sizes can be, for exanple,
s surface andleavs I MAERI13 %, about 5 nmto about 50
nm or about 10 nmto about 25 nm Additional average
particles sized can be, for exanple, about 100 nmto
¥Whiout Metleodsiof nakingpartiglessiandmetheds pbHwsieg about 500 -

m crons. The particulate materials are not

particularly limted but can be, for exanple,

| nor gaRbeatRh8NpdicilRdAeéres indladial usiag thd Arthodsknd
ceram C, oxide, nanocrystalline, guantumdots, . )
sempostiahseteseribed Aanintorheidgednereapicand orean aBghials of pridge .
description . . solid material having a surface.
t%’ﬁ%ainéﬁo?wwﬁgé Pllta%gllagsf e materials can be prepared at
r el at iApplivatlopwirchrdedraw unasrials stithdvelly defimed mrpertibsegnd low
about 30QC or |ess, about .100QC or .l ess, or out 0C
deloataiernaleToostohe ot e ear APy e ebetting
204 ;489%01@5%%6&&{&%1 Whiiifhiens 1aRkATn Gagtadiie: to
room ferrpe ature 1n particular are preferred. Vl.
#pdcifid msterials 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 c¢11 display can be applications
of phage virus displays. In particular, applications 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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Articles can be fabricated conprising a solid materi al

havi ng a surface and expressed bi onol ecul es which are
waedsavisvel y bound to the surface and are genepPCT/aB1095/003824
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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.

VIII. Further Description of the Invention and Working Examples
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i@fe@ﬁ:@ﬁﬁalu&I Af eﬁﬁﬁpléﬂ)f ISMQVd thest rﬁﬂérlafscane Ellgeam'tlﬁrpaaﬂnﬁg on

incells in,_ fo [ bI
bml\ogywé thecese of &Vérﬁ%rg%gggu%%q%e %fgalﬁ Egﬂ%??%n& or
P B i RA0RE 25, The B0hBlnd bRARLRCANISEY described
aupircakes driedo Iahgmed:r&mutrellai}ie apdciic @Qr;eswesnmrm@ns betgveen
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he
S8R JEUURHELAR By LR ARAGHBh PladpiRLRlon 1
th PAKSABGAILIAEE, a8l B be‘eh@H&b\M@ﬁmeg pépfidatseldctuddygh

bi ndi ng. These can i ncl ude ) .cells expressin
phegrodiselay & 2 varicthel BrigHYS é%lfh) oAlhough QRIESenhh ch

\{\ﬁ%lnﬁ 9 ﬁﬂgottl?nltcbla%thb&ggﬁhgs{ hedh zost'd‘latg@ #Hak Slce ONe can

rOVI an assort erial -specific clones, (2)
Ipepﬂidas diave praten cofrhatidiiahfieddom theh|the monmsteudtaried, and
sC \P gr(ljtsbo?hes, tlhgeelg gngtréa?t | n(g’bablhty that a peptide will assume a
configuration that results in an energetically favorable interaction with the
flat crystalline surface than the probability of a scFv, 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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ellserials (3, 4). Although the present invention is
not t heor as been_postu] ated. that .
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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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(26),. will enahl etter detection of hi affinity,..

e hemuRiomas forthet (GOAMES 57 51305 BT e hsgineckr niine
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suspensions of materials, such as quantum dots (30),

or solutes grown into particles (5-7, 31, 32) and-

screening for clones which interact with or grow such
IpMintenids amdhiMethods.by FACS, nmagnetic (9, 26), or

density_cell separation procedur.es. Such.screenin
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* vid¥e 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 or 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
incubation; d2: 8 OD cells in 8 mL SG-BSA, 24 hrs incubation; d3: 2 OD cells in
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fromthe | om ng sources: Pol1she rystal
GTESGRCOTBGEIGAT @TEFALIC CLVEGAIOA TEGA 3 '3 RA7R(5 -

BT AR R0 B AR A SRR AT IPE S and Sirson,
CCRMTAHC TR GG TR A TERATRC @A TE CHOMIA Sait @B d, B2 -
tenplate (A Stonas and E. Hu, UCSB, CA). Materials
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IR LB A PO AR CE O ICA BRI AR (R (-
GECGITGAGT BGGAT GOGA TG A TEA ACGETA ACAGTHATEI3’ and 5’-
AL B R REB LA AT A Hodc Rrd A BRBARRLEYS) Raruse

with plasmid IDNA isolated from clones D01, D07, and E0Q1 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%),
DO7pep (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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Panni ng Procedure. In general, selection was carried
out by exposing the material to a culture of induced
wQe@stiorsed | s i n synthetic dropout nedi a suppl eP€nUSZNOS/003824
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EECHEAGEORaAGRaTT A Trias ol sAddrdayrelopad b "V ayne Rasband,
=

L S T R g PR

j 6 e G Hatketehad 4T e BarticlelDidigeE’ function
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mmg@eﬁmﬁ CARGCEIAAGAH G Gpeadicht 5' -
CACCACTGT TAGGGT TGATCTATCCCATCCACTCAAGCC- S') were used

experiments.

Biofilms. On Au: A 4 cm? Au coated slide was incubated in SG-BSAT with 0.1
OD¢go / mL uninduced clone A02 (Table II) in a 6-well plate and rocked for 12 h
at RT. 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 ODego / mL pre-induced clone
DO7 for 1 h at 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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with plasmd DNA isolated fromclones DA, D07, and
EA as tenplate. Miutants corresponding to distal
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by generating dsDNA i nserts from oligonucl eotides for
DA pdpiopi®lecule templated gquantum dots. A CdS clone, as a soluble
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Fapictey iy RO AR Beplideifort RRed to long
Wallelenpth @V dighfok gick fluckestencedhedizatiorBEiB8AT). Withetuning
tubes for 30 min., and transferred to 6-well %ul thure
QSiesmathicondifipg oMol PUSE 555 APHGPRSCCIEBFOPETIRY 45

A bAdontVBES Ab3sBandepéctra were
b@ﬁ‘ﬁ&ﬁ?%?‘f‘%@%@%@&?‘lﬂ‘ﬁg@%ﬁf OD600 units of cel Ig in 20
talten BGsHBéFErddopartidies wsimp e YN0 spectraphptomeige fomsBeckman

bqve. .Opti M.crosco and I ' ]

it i g ol R PRSP Bl tp ANl B fn 2 T
AN ORbRPwWARek&BkioAbC3 60 aaPEigsan). Zeiss Inc.), and
percent area coverage was quantified by using | nmaged
vl .3 devel oped by Wayne Rasband, NIH Briefly, images
were converted to binary by adjusting the threshold to
differentiate between cell and background areas. The
NaRESUETSNal yzer function (particle size range 10-105

i xel s) was used,to cal gul at fraction of .total
gr ea Pa)mning. A non-immune lﬁ)rary o? lbhﬁuman scFv antibodies dlsplayed

on S. cerevisiae (13) was first panined against single crystal cadmium sulfide

(CdS), a I-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 (235, 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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covered by cells. Values for each clone were derived
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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.n1m.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 yeast and clones were tested again
for binding to CdS, to elimimnate false positives due to host chromosomal

mutations. All three CdS-binding sequences reconfirmed their original phenotype
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of the cells to the material th
Truncation mutants derived %rom each (ESS cﬂ)ne 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, DO7V and EO1V, which
removed all C-terminal frameshift amino acids from clones D07 and E01,
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 EO1R) did not show any binding. Thus we hypothesized that the short
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control of gene expression was then expl ored.
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. 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 (A1§O3), epitaxially grovwn gallium nitride (GaN),
polycrystalline gold (Au) sputter coated onto glass, iron platinum (FePt) thin film
on Si/SiN, and the CdS were exposed to the CdS clones under identical conditions
(Materials and Methods). Clone E01 exhibited exceptional specificity for CdS
over Al,O;, GaN, and Au, as seen by the lack of cells on these materials (Fig. 2B).

Clone EO1 also showed marked preferenée for CdS over FePt, even though some
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extensively to screen this and other cell based libraries ( 13, 25), or magnetic bead
enrichment (26), for the presence of the C-terminal c-mx¥/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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and continued to grow, bind, and spread, eventually completel s 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 clone D07 was used to
illustrate the ability of such biofilm coatings to grow and self-haeal (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).
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in the presence of free D07 peptide. In brief, yeast clones displaying D07 or
D07pep as Aga2 fusions (Table 1) were incubated in media (1.50D/ml) with
single crystal CdS + 37 pM free D07 peptide, washed in nﬂedia, 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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clone V2, a FePt binder, was used to detect FePt over
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wWheasnowsho uct ure contai ning of Fe and Pt, and POI/USI005/003824

the Si containing region (Fig. 4C). Simlarly, as

thownPeelleF B g LogBs, k.Ha, B BaogdenhergbplinBayan] . Go&QiGiefsen,

CdS, Au d Al pl aced in the sane culture
fl askﬁ' ?h@%}‘ﬁ%%ﬁ?élgeﬂg“pr ot ei n bi onol ecul es ca i

funct Beatiad8. RESWetl. $PEshbhAse, ROTS WRSuY8t D38 Hammer,
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het erB- Aut2088)kBioteshipa/dtrogd9, M38-%el ect ed bi ool ecul es

1 o GRS RO T, L3P0 EF Ol I
e npeMatnyrS: (20008gueon CHeMTHi Ki Eﬁ%ﬂ ﬁgemgozs%g)g Vru :<ihng a

Z%nt %Légeﬁ)ti de derived fromclc
| ut {20049 Biongigenalizatou 1arénciplesging\aaneeptsiar i ous

I : i1 . 0f ' . t
wevel AREBRET) hASRiaR chR Rl RER T LA B ke DetR, New
fl uor¥emk@nce (Figure 7). The DO7pepti de grown

tigl h it i front t e 400- 450

Ha dadgantn A0Pienberuketonohre fatas iminaelsaeios
500 rum;ﬁaﬁm%ﬁmaﬁmmfe@m(iﬁpwemheix@ FY G | ng

zggant um confi nenent effec Figure 8 ternatively,

br t iBBodes, By ;mw Bohx (ZQOOngtﬁodeEE@m;ol§B&,\ﬁ43@-4€akd
. 1 S
A o oM. I iR B O obRE ppueemn Bt i 60y

24t h Badet, /By Tof MiletiobthK e ORI Witens K. IR (2 600) #35E Mok fl@afcrafSci

size and fluorescent properties of such bionol ecule
t enpl @8etPhdRddLpti cl es can be achieved. Conpetitive

B o el dy’ 8 Halals. 118 GHRehElt: QBodEAtpgs
i ki s o g
s PEnLe & WiEup K B00S SoRekopdron i ad o, o
. . € ¢
N1 i efKuRAEBS M. RS, b, m@%%g% ggﬁl, ﬁ%&%ﬁﬂﬁl\@%ﬁ%@)&)

fusions (Table 1) were incu
wi t h fefeergimenuer 70 838-88dS 37 nM free DO7 pepti de,

280 n eyt sE e Rl BORER0T) s malffRORC TR et

200 Cdu, X0r Diti, 1. giuf Ly Hikley, K NGQ TRalivey IOA. hesaie s hpnicyn
e

of bi ndi n?. Ref erences: Finall K the T'nvention can b

pr actY-catlantt & ParchseMd. (03 daf Bioteshnal@1s dtni cal
3b! t eghdifes MREE EARIGER: M., Gin, P., Weiss, S. & Alivisatos, A_. P.

(1998) Science 281, 2013-2016.

31.  Mann, S., Shenton, W., Li, M., Connolly, S. & Fitzmaurice, D. (2000)
Adv. Mater. 12, 147-150.

32.  Flynn, C. E., Mao, C., Hayhurst, A., Williams, J. L., Georgiou, G-,
Iverson, B. & Belcher, A. M. (2003) J. Mater. Chem. 13,2414-2421.

33.  Straub, B., Meyer, E. & Fromherz, P. (2001) Nat Biotechnol 19,1.21-4.

34.  Chiappalone, M., Vato, A., Tedesco, M. B., Marcoli, M., Davide, F. &
Martinoia, S. (2003) Biosens Bioelectron 18, 627-34.

35.  Romanos, M. A, Scorer, C. A. & Clare, J. J. (1992) Yeast 8, 423—88.

50



1. CGeorgiou, G, Stathopoulos, C, Daugherty, P. S.,
Nayak, A. R, lverson, B. L. & Curtiss, R, 3rd (1997)
woladosBowsvechnol 15, 29-34. 2. Wttrup, K D. (RPODUF2005/003824

S WA Eirpncereginufieran U Poteny Doy hap hat 61
E@tﬁ rw}hchv@in belded gﬁ‘ $§e ﬁéﬁé‘d 141299@ to ﬂractWéaih@ }hver?tiorB

L., Barbara, P. F.& Belcher,
A M A(lﬂ@ﬁ@l) thudbmgemgosvenﬁesh%l&enslesqr@ed nasonw detaiddy C

sigyofdfiNgating it SamBiE 17 ghpionty gf Ry gt lgERGRGE il be
réémﬁ%gpa%enﬁo offe %ﬂe& in thk affin ﬁgﬁQﬁXh&‘i@hclﬁ@é sfo tHe inv-ention

ynn, C. E., Hayhur st
twweriady changes @d mdlﬁc@e@rsgn@ube made ﬂl@@tcswﬁhog departing

Bel,cher 3 Acad Sci USA 100,
%@ﬁéh ngit ésc%né‘%es%p? e%c%ls E. S., Chung, S V.,

Del duco, D. F., Lustig, V\&ng, H., Par ker, K
N., Rizzo, N W, Subrarmney, S., Chiiang, Y.M &
Jagota, A (2003) Nat Mater 2, 196-200. 9. Brown, S.
(1992) Proc. Natl. Acad. Sci. 89, 8651. 10. Brown, S.
(1997) Nature Biotechnol. 15, 269-72. 11. Brown, S.,
Sari kaya, M & Johnson, E. (2000) JMdl Biol 299,
725-35. 12. Braden, B. C, Goldbaum F. A, Chen, B.
X., Kirschner, AL N, Wlson, S. R & Erlanger, B. F.
(2000) Proc Natl Acad Sci USA 97, | 2193-7. 13.

Fel dhaus, M J., Siegel, R W, Opresko, L. K,

Col eman, J. R, Feldhaus, J. M, Yeung, Y. A,
Cochran, J . R, Heinzelman, P., Colby, D., Swers, J.,
Gaff, C, Wley, H S & Wttrup, K D (2003) Nat
Bi ot echnol 21, 163- 70. 14. Kieke, M C , Shusta, E.
V., Boder, E. T., Teyton, L., Wttrup, K D. & Kranz,
D.M (1999) Proc Natl Acad Sci USA 96, 5651-6. 15.
Boder, E. T.& Wttrup, K D. ( 1997) Nat Bi otechnol
15, 553-7.16. Peelle, B., Lorens, J., Li, W,
Bogenberger, J., Payan, D. G & Anderson, D. C (2001)
Chem Bi ol 8, 521-34.

51



17. Bhatia, S. K., Swers, J . S., Canphausen, R T.,
Wttrup, K D. & Haomer, D. A. (2003) Biotechnol Prog

wQa2054088 7. 18. Cereghino, G P. & Cregg, J. MCT/US8985/003824

Curr Opin Biotechnol 10, 422-7. 19. Mann, S. (2000)
Angew Chem Int Ed Engl 39 3392-3406. 20. Mann S

Table L. ISOF@@@) Qisliblnmnlg@qmms andh degignedcinptands.and concepts in

bi oi norganic materials chem stry (Oxford University

Clone

Press, ®RISr<i : New ¥ik). ZFWR2Baeuer| efi®2° E. (2000) FWR3®

D01
DOlI
DO1H

DOlpep®

DO7
D07V
DO7R
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can be used by one skilled in the art to practice the
invention. Although the foregoing invention has been

Table IfieSelectod i and ekt bintliig sek;yenmy and desiguedmautants. and

Clone
Au
AQ2
AQ2Y
A02S
A02pep®

Al12
Al2G
Al2pep®

AQ1
AO1H
AD0lpep®

FePt
G02
GO02H
GO2R
G02pepl®
G02pep2°

c04
G04Q
G04N

G04pepl®

.-..= i?'v SAS, CD ) .wv v, -‘-_.'-’-A-‘G ‘? 3h

|—dv&bdsc991fvmﬁdﬂﬁmt:p&&6§% HgSr0 frrdsheerivbiy @ﬂtw@ﬁth’w}ﬁrt certain
changesvanthsedschive atdcen srrgyBrycrives radtewt heret o wi t hout
depamstermgsdmsomitches spirit or scope of the appended
clains. Table |I. Isolated CdS bi ndi ﬁg‘s‘@@&w‘mes and
desi gned nmutants. Clone FWR ab CDRI " FWR2 CDR2" FWR3

.+vasepg%%%@@fv SIS FEAT W§GE5”§§}; wa* NSEAVWN
mmwﬁ “@%E%E%L L CERCN*

DA | - QVQLQUSGPGLVKPSQTLSLTCAI SCDSVE
VM%%E&R@SQEL\A@@ SRV RGP R obXahy Bhars

§M A 6XIREAAMERSREITL ol hRY S SHSAMMN W RQSPSRGLEWQG
* DO1pep C - HDYRGH HGHSQHGTEQP D Bmrommus
- QVQLVQSGAEVKKPGASVKVSCKAPGYTFT GYDLH W/RQAPGQGL EWWG
RI NPSSGATNYAQRFQG R\ 7 TMTRDVHHHGRHGAEHAD! * D07V
VOV EBCAENKRPEIORY K Y SEK PG TG Y AIPRCPP CEXE IR A=
WVWWH?WW FWWRW%WWMG RFNPYSDKLCTI'EVSGQG *
- R VEEEREVKRPGASVKVEEKRPEFTFT GYDLH WRQAPGOAL EVWG
DO7pep ¢ - DVHHHGRHGAEHADI * EQ N y
- QVQLVQSGAEVKKPGSSVKVSCKASGDTFS SYAI N WRQAPGQGL EWW/G
R!VME&@%-\[ MA%F%VR\TZRIM MHW&%&RT&Q QVHDYRGQIHEHSLHGAEQPE I*
- EM QM AN C3S0Y KM Aer K CRLERSs SN AbINRQARCQE. EWMG
RivNMENSGATMNYAGRE Qv RYETMI RRsr kit +
- QVQLVQSGAEVKKPGSSVKVSCKASGDTFS SYAKARGARPGGL EWVG *

EOlpepc - DVHHHGRHGAEQAEI * a fused to a - (G S) 3AS-

* fused \!C?: dﬂffG!IS)?ASI &bl 1fkE A4 OfterfGA% ofiga@si dues in bold

rom conti guous VH consensus sequences using

o STy B RS s PSR i
®fused %%&Qg@%i%év&gg%Séljoﬂlgigg:nn%n%gto?A a Lne FWR a b

- QVQLQQSGPGLVKPSQTLSLTCAl SGDSVS SNSAGAM W RQSPSRGLEW.G
RTYYKSKWYYDMQYL* A02Y - QVQLQQUSGPGLVKPSQTLSLTCAI SGDSVS
SNSAGAT W RQSPSRGLEW.G RTYYKSKW A02S

- QVQLQQSGPGLVKPSQTLSLTCAI SGDSVS SN* A02pep

- YYKSKWYYDMOYL* A12 - QVQLQQSGPGLVKPSQTLSLTCAI SGDSVS
SNRAAWN W RQSPSRGLEW.G RTYHRSKWGYDVRYL *
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Al2G - QVQLQRSGPGLVKPSQTLSLTCAI SGDSVS SNRAAVWN
W RQSPSRGLEW.G RTYHRSKW Al 2pep ¢ - YHRSKWGYDVRYL* AQ
WO MU GRBGEPGVKPSQTLSLTCAI SGDSVS GNTAAVWN W RQSRSRCGR1H0¥/(53824
RTYYRSKWHYDMVRHL* AQ H - QVQLQQSGPGLVKPSQTLSLTCAI SGDSVS
GNTAAVNAN BRCERSRABPNSS RTYYRSKW AOlpep c
- YYRSKWHYDVRHL* FePf 02
- QUQLVKSEAEVKEPGASVKVSCKASGYTFT GHYMH W.RHAPGQGLEWVG
RENPYSDKL Gk o?%ll"&dw&n KARra B2 Bf eukaryotic cells
- QVQLVKSEA EPGASVKVSCKASGYTFT GHYMA W.RHAPGQGLEVWMG
ivelgtindtagsolidapatrrial having a surface.
- QUQLVKSEAEVKEPGASVKVSCKASGYTFT GHYMH W.RHAPGQGLEWMG *
&02pepl - HHDRGHVHONSLH* (02pep2 - RFNPYSDKLC ?EVSG
Q04 2OHe NKRSETH Blg TEAlaGEDSWEeBHRBA bukaryotic cells are
W RQSPSRGL G
yRASHYmSRMplRILFrEeenelipy el HEHSLHGAEQPE! * (04Q
- QVQLQRSGPGLVKPSQTLSLTCAI SGDSVS THRSAVWH W RQSPSRALEW.G
NTYYTSRWYNKLRTEVPG * GD4N
QJQ_?QQE}GRGM{%EM laStor@itie SEEIBIG 1T WRERWHY RGBPERE @k are
* 04 EVPG
3518 Sy Stich cPBEFY WOmIQRELIes ST P e Va0 Grsolig gterial
lﬂvf% FHEse i n bold d| ffer fromcontiguous VH consensus
seqtiences -using | gBLAST. Ofused directly to a
-(AS)3ASCEG | inker at the C-term nus of Aga2. WHAT | S
CLAI A eukaryotic cell, ¢ o1 .
con‘prvf_ %‘lwgcoglpasmo& ACErimE 1 u% )}O%V%n}%glithre gl\ahar%%lc cells are
y%@ét %eng ¥aick cetnfwlsé PepideGbidno@Which selbetit ¢lg bindtr £ sutiel
. The conposi tion according to claim1, wherein th_e
neajkmlmvmg acerfage.are yeast, insect, plant, or
manmal i an cells. 3. The conposition accor di ng to claim
1, wherein th e eukaryotic cells are yeast cells which
conpr, See bbaposiion hawvrdih ahclsied &cwhereinythéisotid neaterial having
solid material, having. a surface. he conposition . .
BERPRIS ALY H2 P MR %HE‘PTSF‘W"%C‘@I% idopdpgipy aterial,
Fhftal Rk G4 4 # \@ﬁétfc'}n&@ﬂm b é&aﬁﬁ@ma%aﬁ OAHISRARR MhtbAA,
tlveF bi nél solid material having a surface.
cﬁ.apﬁﬂmncmmptenalthawmgaxmmfad@ ng to claim11, wherein the
solid material having a surface is a crystalline
material, an inorganic material, a sem conduct or

mat erd, al 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 thee 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
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a netallic material, a magnetic material, a ceramc

material, an organic material, or a polyner materi al
whansngpsao surface. 6. A eukaryotic cell conposPCT/082005/003824

consi sting essentially of eukaryotic cells which |
inspanic matatihl alsemitonducosmateralyameatallit materinly aanagiehéce

gl Bler i AL S r R s RSl i i
srfiposi tion according to claim6, wherein thie

eukaryotic cells which specifically bind are yeast,
insect, plant, or mammalian cells. 8. The conposition

accordi t | ai m 6 rein t I ' ;

i o0 aeeF PERaFY etel ORisRs e R Br B hbikes vhich
sdlbcevelyasitd Qathwhiotid haedalhacimglaysubface] to a solid

material having a surface. 9. The conposition

according to claim6, wherein the eukaryotic cells are
yeash; ¢ %llhlfe Tefl Qgcotrgﬁﬁg%ﬁ kiafhn TO! GhbRin BRVoAMormSHY bidffdldchles
a crystalfTiné materfal, aninorganic material, a
cafptisopgtide of prosdinri al , a nmetallic material, a

magnetic nmaterial, a ceramc material, an organic
material, or a polynmer material having a surface. 10.

A ho ' | rioS iviiarédh €hersolf8  faterial having a
b1 onaFect gt ‘%"%ﬁ“f%f%ﬁ?ﬁeﬂ‘? bind with a solid ®
sunfidceris ah invaganigomorgemit awgerial.1. The cel | according to
claim 10, wherein the one or nore bionol ecul es

conprise peptide or protein. 12. The cell according to
cl ai M310ThaMAr 8éddrdihf o Shirh d OyBitRtdialhbaellng aamammiaiza or
is an inorganic or organic material. 13. The cell .
yeast oelli aud e s0lid mateial lawingi o seufeeecis| p qrastalling fRaterigl, an
.0Or _yeast I, L [ [ Vi syr i
et Hyapl o, BtchfhoRt e 8 bkl hiblr P U e
@it Of derainde naedrRl,i al organiowiasdrial commtpelyraér, material having a
magnetic material, a ceramc material, an organic
SWi#%¥ i al , or a polyner material having a surface. 14.

A cell covered material conprising one or nore
eukaryotic cells which are selectively bound to a

sol i d4oeA eell edvermhatgrial comprisingeone b mgreceugryaticgells

ccording Lo.claim 14, erein.th k ic cells
siieh peasheiiEbewa B TR R E A SRR T 6. The
mat eri al according to claim 14, wherein the eukaryotic
cells are .
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.
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yeast cells which conprise bionol ecules which are

sel ectively bound to a solid nmaterial having a
w@saes90 17. The materi al according to cl ai m BAT/US2005/003824

wher the solid terla a surfa IS a .

B e AL T A, BB PP bt materia
isTEIRN ORABKE EQT-coHPlr€d ndteriaR Netallic material, a

magnetic material, a ceramc material, an organic

material, or a polynmer material having a surface. 18.

The teri cor I

col 1 TZoapBhof eaelfit bigigdrPloyhoetR it b 481 displpy

mat efibty toldsolid Iﬁ@t’eﬂ@l@ui@m mxh;ﬁistmgehé)stepb ofy of
bi onol ecul es froma cell display ljbrary to a sol.i

mat ePToxiding & gelaryefify crEbHgtarek cqlb gisniay: libray; d'ﬂwgela the
t I library, wherein
hﬁ%&é}a éﬁgérgs%?/ﬁ c@r%fr]@sogs glles grbgﬁnqél%glcl)l expressed
bi onplogiiihges solpd mmtemlnahba\angmkurﬂacmt erial having a

surface; contact cel | br ar th tri
ol | SRR ar ATy A1 e Tl Mo i i A free
under lé'ohdl'tlﬁni @Jh%ﬂ irééﬁlt bh rk@le@ﬁ’vé’fnnﬁhﬁ%( RIf4hé& |p|11§r)ihﬂif of expressed

expressed bi onol ecul es fromthe eukaryotic cel

bivirsycales fion theyeukeryotie cellidispley libzary torthe ﬁtmed of
claim 19, wherein the conbinatorial cell display
library is a yeast, insect, plant, or mammalian cell
di sphb@yThé Rlefiod: of2laim THe vxﬂi@ieh@tﬂlea@(ﬁﬂblﬁhﬁﬁlal eltdigpiy 19rary
wherein the plurality of bionplecules is a plurality

isgf yqastoineedisplant, pepemaalian goll displa Shibeed according to
claim19, wherein the solid material having a surface

is a crystalline solid material, inorganic solid
mat epi.al Tlﬁefﬁeﬂm&i uctandingaterdain 09} abiereinmeiee rpladlity of
magnetic materia ceramc rmtsrlal, organic materi al,

b@gnoéecblgﬂs})%pqqﬁftgpfg{otﬂgwr@epg €Brface. 23. The nethod
according to claim19, further conprising the step of
regul ating the expression of the library. 24. The

rret h22 %be medingacbordhigiiomiaim 19§ whdrein thosglid matﬂgiat having a

ep .of |so tin ssed. bi omol ec Ies .
HER o8 1, bRtelling ottt RIS R ingehiiRe ol Ratifiaf "sgmicondutor
mattrfaf GRotalfie mAerid! Masndtc rﬁit@t\Maneiihi‘:ﬁblrﬁéﬂeﬂ&le ofnidmaterial,
materi al conpri si ng the steps of . m Xi ng one or nore

ops pelymepmatesiabaing f svrfade solid particul ate materi al

23. The method according to claim 19, further comprising the step of

regulating the expression of the library.

24. The 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 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
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with one or nore eukaryotic cell conbinatorial display
library menbers selected for specific binding to the
waodosdogsar t i cul at e rrat erial, under conditions MPUSIN5/003824

L t f d t h
st rhatraal g Emra i Pacneey GRS e Mdeskapotic
cEthBidaft¥ial HRPRYYI Shere6. The method according to

claim 25 wherein the solid particulate material is
nanoparticul ate material. 27. The nethod accordlng to

claim?2 vvher th Li a
i nor §ani “beftg%“g‘f‘ 09%13%{9 ‘ﬁa@ai iﬂj &SS d PSFICUFate
nd#edriall ﬁs@n@pmlk:ﬁweah@teﬁmen al . 28 A met hod of gr owi ng

particul ate solid material conprising the steps of:
identifying a bionol ecul e which selectively binds to a

SOl 1 97MgiEh dhod £c%€kﬁ‘n£é6kc"1‘£1}ﬁ°2§ Cofileln ﬁlessB{ ﬁéa}t Pfa y:

m xi Ng° one or nore ursor reagents
nagdrial isinowdahit, bfgania; mapheticydeenictodductonnd nidtaliis pahienkztan
the solid material is formed as a particulate solid
ial. 29. The nethod according to claim?28.,
wherein the eukaryotic cell display library is a yeast
or mammal i an cell display library, and the bionvol ecul e
i s aZ2gept indthodrof gravieg part@0lateThwlidatabaythl acmpridingghd seps
|l aim 28 wherein the solid material is an inorganic
terial.

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.

29. The method according to claim 28 , wherein the eukaryotic cell display
library is a yeast or mammalian cell display library, and the biomolecule is a
peptide or protein.

30. The method according to claim 28_ wherein the solid material is an
inorganic material.
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