PEPTI DE- PRESENTI NG SURFACES FOR LONG TERM CULTURE OF PLURI POTENT CELLS
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clainms the
benefit oWoOUBIOREBeM2ESi onal Patent Application No. 61/ 098pc0askidas778ept enber
19, 2008, incorporated herein by reference as if set forth inits entirety.
STATEMENT REGARDI N@HPEDERARESESRONS GREP ARFSHAORCHONG-DERM OPMVENT [ 0002] Thi s

i nvention was made with Uni t at support awarded by the
Nati onal Institutes of Hé%’ﬁ%ﬁ&%r%&sﬁ‘m@% 055258 and 144PRJ21CZ.
The United States governnent has certain ri ghts in this invention.

BACKGROUND [ 0003] The invention rel ates genera I o cuI turing pluripotent
cells, and nore par tGRAYSEREFERBNEREJQ RELAVER LR, NS | synthetic)

surfacesigogf] | ONg-ThETBH GI2OYA Haidlidhd BenBhFURAGokibiofkl patéﬁu{pﬂh@ﬁr%\a@to) of
pl uri pot ent cel | s. Pl urligot ent cells, such as enbryonic stemcells

(ESCs) afld09&9d dded %mmbsbl%ﬁﬂo inspapemtaddierciry referqngg as if g dorfy nfiteast t wo
char act egj; egt%,cs that distinguish themfromother types of cells. The first
characterl stic is that they are self-renewi ng, and thus are capabl e of
growing indefinitely vvithout differentiating. The second characteristic is

that they can diff ey lﬁﬁ%}' %Qlayers (i.e.,
endodepn, nesoder m and ect og‘ﬁb% GSF]%EI@ALLEI%% auf man
"Establishment in culture BESEABCH@R@HVF&JOMN’E from m)use errbryos, "

Nat ure 292-154- 15 1981).. i ncorn i refer set forth
. . @ﬁ?l:]e ty. [q"a,gd%\jen nw%s 1*1? | Cuﬁ}ﬁmtegpsta?eslﬁov mmex%t sSu vs%? e fb

inits e n Wor ur| nt cells is
devel opi thg Natiernadl Bistiuze df Hedlﬂlmméercgmm nﬁmbmsAI(lSrSZiSfmﬂéM:l@lUlzi;CEA TH’QO ut

requiri i1 use of ani roducts such as serum which tend
to varyn‘g?‘ﬁ%ﬁﬁfsﬁ?v‘fﬂmﬁ ttq%ﬁcg{a ’ﬁéﬁtsrfflgl?‘?\&tffg %Characteristics noted above.
| mportant aspects of culturing these cells, therefore, are not only the

mediumin which they are grown, but alsq the surface upon which they are
cultured. [0006] O particular ﬂ%g@ [ﬂﬁpei n are surfaces for culturing

pl uri pot podsjcel | s ThasvehiRnelaRs bénefali§lw é&uﬁ%ﬁhﬁﬁérﬁlkélﬁcmret 0 a surface
to maintain the characteristics noted above ough nmuch information is

avai | abl @rtigylaskydorherically defined; (g, WRbCED ﬁ‘é‘f*}cﬁﬁ@ﬁloélgﬁfiﬁr’o%?‘f’@ra@ medi um f or
these cehhifienfiRB#idRERRNYWhISSSplinAiowdBeIsON s available on chemically

[0004] Pluripotent cells, such as embryonic stem cells (ESCs) and induced pluripotent
stem cells (iPS cells), have at least two characteristics that distinguish them from other types
of cells. The first characteristic is that they are self-renewing, and thus are capable of
growing indefinitely without differentiating. The second characteristic is that they can
differentiate into cells of all three germ layers (i.e., endoderm, mesoderm, and ectoderm).
See, e.g., Evans M & Kaufman M, "Establishment in culture of pluripotential cells from
mouse embryos," Nature 292:154-156 (1981), incorporated herein by reference as if set forth
in its entirety.

[0005] One difficulty in working with pluripotent cells is developing standardized
culture conditions for these cells without requiring the use of animal products or products
such as serum, which tend to vary from batch to batch, to maintain the characteristics noted
above. Important aspects of culturing these cells, therefore, are not only the medium in
which they are grown, but also the surface upon which they are cultured.

[0006] Of particular interest herein are surfaces for culturing pluripotent cells, as
these cells require adhesion/attachment to a surface to maintain the characteristics noted

above. Although much information is available on chemically defining the constituents for
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defining the constituents of the surfaces and cell-substrate attachnent for
their survival and growh. [0007] Initially, pluripotent cells were
cul t ur ed wo 2g8/&8928- coat ed surfaces contai ni ng nouse enpcyarse@ofnstndbl ast s

(MEFS) or other feeder cells. See, e.g., Amit M et al, "Human feeder

| ayers fwmtmumlmm@& @:ns toeﬁsld:si’aiﬁlﬁle iBfonhanoaapmdablesSn eHenflealy56 (2003) ;
Lee J, "Est abl i sh and nai e of hu ryonic stem cel l
lines on dr?%ﬁ’&ﬁ ﬂ?"é’é’ﬂ%’rme(‘,‘gl feran ‘?‘e r?PaﬂsttréYel q’é‘ﬁag@é%}r ShRviRLand

serum fregow@ndi tion," Biol. Repr od. 72:42-49 (2005); and Thomson J, et al,
"Enbryonic stemcell |ines derived from human b] astocysts," Science

282: 1145-1990F ( 190byitialky pipsipnient pells wwerg Quiltuprdgegeiptin-gept FSFPYHEEp of

feeder cehbige ellﬁHltyohle H ﬁ)ﬁﬂ}ﬁs{s Fb)Qr 0k R¥ddr B8l sp0 $9d Aafik M ki ulG OB6Bsh
surface. As the Cells proliferate, thea]grovm ng col o pushes the MEFs away.

See, e. g.feederdestrs far hemalaPmbryeuP stameels Bk Renod of: %ifSthﬂéﬁ ﬁgﬁﬁnL%Fﬂlom c
stem cel | I '%Sa&y@m% %%Qoflﬁu&n%%wo&c%%p&u%ﬁeé Sifhumat el | s Dev.

13: 337- 34" e art recognil Zed t hat urllpotent cells can be
cul tured o@Hs deriyed ébmnumatemnammwier Wmmérepp@@etme" Bipl. Reprpdt7@ef2t4ct or s

fromfee ell f

f eeder Ct??()sﬁaangf%l OI?L(%HSJW?&?'ee%g?&?ArIe%{E&Egﬁn%? gltl%i'd%n# g%‘%%reol%laﬁsgfi:ygr S can
be avoi deitidnbe b&i’gﬁ4ﬁhé4b(§é98jf Hmipn@htdeﬂﬂéldwmmgmbt gl@MOH togoicteedes medi um i n
whi Ch. f eed% gcel étg el d%o B¢ occu Vi %%xp{@&‘%é’l?o -co%{’éd H@&FT A m&: é}éﬁfg} ecel I's on

gel atin-c§ aces I'n can rap d ent1ation o ‘t he
cells. Seake glewglg,comnyﬁushei thaIMEFsléemgzleSeet egehgneb\M let @ff, "Cnldliré bt ent | at ed

Vo oS o e ThEE Ryt S iy RGN, o %%1%354 HERds . ot Ohe)

avoi ded hyyster]"rSgen2 ColeDaw 28:87-843f 2o@y). cul ture rredl um{i.e., a conplete
medi um, 1n which ch constituent af the mls full sclos d and
char act er[P908Y SeeTﬁl argrecognizgd; tﬂlunlé‘fterﬁlce ﬁé‘flt“ﬁ‘lld’éﬁf)e/&‘? ACOUET t ure of

human enmygyaniis tlﬁtp?&b&%|ok%creté%ctoﬂmﬁoﬂpﬁ&egc@ﬁ731@4}6@(@99@])5 to B @hlthtedW g T
et al, "Derivation of human enbryonic stemcells in _defined condi {)I ons,

Nat. Bi otid&risencoof fegtst qaiidayer(e) feedardteeh fFofmraampl, feeder sl bayemsicarbter ei n by
ref er enceygfled fhroﬁl%fn tHeQist Bf icBndifiche® B{eﬂfuﬁ{"XCNi) OPRdPEs ntdagims homlich Reder however,

overl ook the rol surface attachment for successful pluripotent cell
mai nt enarfeBs werd cglrnm Howeyer, pplgire efpiwpotang eadls pn gelptin-popiedsyrfacen ifeMay oi ded

through the 1ed3 % afndmeénq%&i @f*thé/ceﬂg ogléécg %U 8 vleadr- AR EJwWih 6ECM

mat erl al, such as Matri 1\? ) OV\BVGI’ contai Nns 1 ndeterm nate
{i.e., unméfffer@dyte@]hmq qnpl@‘gongjf stem cel s," Nat. Biotechnol. 19:971-974 (2001).

[0009] More recently, the art recognized that feeder cell layers also can be avoided by
using a chemically defined culture medium (i.e., a complete medium), in which each
constituent of the medium is fully disclosed and characterized. See, e.g., Ludwig T, et al.,
"Feeder-independent culture of human embryonic stem cells,” Nat. Methods 3:637-646
(2006); and Ludwig T, et al., "Derivation of human embryonic stem cells in defined
conditions," Nat. Biotechnol. 24:185-187 (2006), each of which is incorporated herein by
reference as if set forth in its entirety.

[060010] One should not, however, overlook the role of surface attachment for
successful pluripotent cell maintenance and growth. In this regard, feeder cell layers can be
avoided through the use of a commercially produced extracellular matrix (ECM) material,
such as Matrigel®. Matrigel®, however, contains indeterminate (i.e., undefined) quantities of
murine extracellular matrix proteins, such as laminin, collagen and entactin. Additionally,

there is batch to batch variation within Matrigel® and other unknown components such as,
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murine extracellular matrix proteins, such as lamnin, collagen and
entactin. Additionally, there is batch to batch variation within

Mat ri gel (WP 2aroch3s2ier unknown conponents such as, gr owt hpraaseew/osher ECM
materials that can be used for pluripotent cell culture include

Vi t r onect grfwhf fadi618N Oftfer BCBNatedls thatcan b0 Q8H Fbr shingpvitenatdlNcutiafeiindaties ur f aces
for pluripotent cells have been described (see, e.g., Derda R et al,
"Def i ned GueEEtindbEnee a8d RMEnbr yoni ¢ stem cel | growth identified from

surface apo@s, " A@ﬁe&iaﬁl:rsl ddBined sure4dr piadpotetl0 Ol ha BehBELEId (e, €1 al ,

"Hyal uronic acid hydrogel for controlled self-renewal and differentiation
of ~human %siP§ienReets. e fRediapd wbstratgs Jor hugganjembpyogig stegyeell grayath i@pptified) 593 1

1303 (200¢gm sitlce 5#9@@,@ Y ERGEBiO2Y8471945 (12667)%&\(?&?@&{ $.8ki ,vﬁ[ymefonicong- term
growt h and mal nt enarice of (PI uri potent cells. "Specifically, cells grown on

t hese surdcidhysirdgel foseantroli¢d sgifahuswabing dilderentistjeneldwanan embryjesis steat ¢edhs of
undi ffer ' d [ ¢ { RIgE [ 08 .6hal biag to
separ at ¢ TEaSRABEseh URRIBRIAAT0PL06, WLt SRR Bab i EIRORE,
est abl i sheffebéverfogiohgtermygresth and mhintenpmsk of pluripdtenticglist Specifieattsceiel |s in
vitro." Nature (2007).448:1015-102 7 it . e surfaces
typi call ygr?‘g? 9n gjﬁs %ers o?reslg‘ﬁ%alf“%(e)n%%ﬁlﬁjg%t%mgérn@ﬂ%gcgir%&)g%?@égsﬁ See, e.g.,
Amit M aindifferentibied ded diffargatiatedanetls, sdnahmah be ehallahging te seffardieifram oserbr yoni ¢

stemcells,” Biol. Reprqg 70, - 845 (.2004) . .Br aam t.al, = onbi nant
vi t r onectdRHLE Igenfiﬂﬁf‘ftail'oﬂ@l: i @?foﬁgﬁmé‘ﬁe‘%’sﬁ%%l SS’ &%ﬁéig%sah"g’b%t? S elhlt?%rr%en
e][mryoni Cofpliipozal huntalctllyie v Natine (200054481108 G+102] (2087)edn aidition, fhEgub ahead
of print, July 17, 2008]; u. et al, . sypra. [00012 such, .the art
desires isﬂfgtuﬁ‘f%ﬁfpécagﬁbeg¥ &%F@&PW Ws%rﬁ@rﬁnbr’é#il(’{/ﬁ%%q Sr?&f’fegsu@?’ ec%’s’k‘]’gﬁéaceﬂl ture
condi t i ong, fided@!layet-RaE SHhmIRelcalnirh 3f hikaRGbryonttaitdm LR Bislr Reg@édwt h and

mai nt enance, [0001Q?§’] Further, there is a great need for LJ] ds. for

di f f er ent 10:837rf§> $EQ9A): Rsaen, et el ga?ﬂ?“ﬁ%ﬁ“?ﬂ@ﬁ““é’%&*’r%@é’“&ﬁ' egiéf)‘%\r ating the

di ff er entdupliRg 6&!slspokt Qimatcht{ & @ fibh 3be b1l Gl V5 Gbdrin," $3h EF SUMVARY
[00014] In a first ‘aspect, the present invention is summarized as an

i nsol ubl eCalls hEpybabead o arint Fuly EH 2808 FRESEY el LS bi nds to a |
gl yoosam gy Can (AR, ik QBGE TR TS ki RSHEA Gcha stsher cal |y

defined surface that presents a GAG binding peptide thaft includes

posi t i velandchlturgeehditiong for abirigotentsieds st suppdstiseic lopg-tam grewydraséhi | i c) ami no
acid residues separated by one or two hydrophobic am no acid residues,
where the peptide occupies an area between about 0.5%to about 100% about
0.5% to dB6ei3] 50% Fattenttherodstagrentoerd foemethods for differentiating pluripotent cells

on defined substrates and separating the differentiated cells from undifferentiated pluripotent

cells.

BRIEF SUMMARY
[00014] In a first aspect, the present invention is summarized as an insoluble substrate
that presents a peptide that binds to a glycosaminoglycan (GAG). In one embodiment, the
substrate has a chemically defined surface that presents a GAG-binding peptide that includes
positively charged amino acid residues or basic (i.e., hydrophilic) amino acid residues
separated by one or two hydrophobic amino acid residues, where the peptide occupies an area
between about 0.5% to about 100%, about 0.5% to about 50%, about 1% to about 5% or
about 1% of the peptide-presenting surface. In one embodiment, the peptide occupies an area
that is at least 30% of the surface. The peptide can contain a GAG-binding motif and can be
a synthetic peptide or a GAG-binding peptide portion of a longer polypeptide. A suitable
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about 1% of the peptide-presenting surface. In one enbodi nent, the peptide
occupies an area that is at |east 30% of the surface. The peptide can

cont ai n aw@a@oi3stsng notif and can be a synthetic pept Pd®/use00/ o0& bi ndi ng
pepti de portion of a |onger polypeptide. A suitabl epeptide, wthout

l'i mitati QRptideawithéud Gghitatior, 4t0rakgedh 1dngthSit dag bemesn s4vau3 amdl ook Hhaiio 35 ani no

acids. A preferred peptide can range jn |ength het n out 7 d ,about 18
ami no acidqys APF‘EfﬁlFedd?FPﬂ% %F@g&ﬁé%ﬁt%g?w& [ ﬁ‘g‘\gieago‘ﬁggéf“i“l?@ﬁﬁ{gn’xt he
paper by f5i:Qho hdid GAG-Til@ing Féiﬁfﬂé atdsdibed BGhd ppeLhieitomd, kfrd®hd ned surface
is suitable for long-termcu

[ ) ture of pluri| ent cells. [00015] In a second
aspect, tsHesticdewng hephemcplbndstiged sfeas isf%‘ga%ifsfg’él‘%%' qu‘c,cﬂ‘{“f‘ﬁro vessel that
i ncl udes gem &kl y defined surface that presents a peptide that includes
positivel'y charged am no acid residues or basic {i.e., hydrophilic) amno
aci d resilBOMS] sepaka seongyaspash therpresgps ipyeaterpls Swnmansedas 2 Sell epliuessyesicks
where th ' j i % ; % about
1%to abgﬁ#%%%%srea g%%@l?%g%dﬁ E‘?Egﬁ p%g?l[t)res_ Eﬁ?f?trlllgt sﬂﬁ%ggﬁﬁ"’l’eﬁ}g culture
vessel cahagbdaningetiddesidnesdrdatic fld \nydrophiieddmimadcidnesidugs sepamted bysongn
effective_apoun f,a ki IL.ARLRI ; . j t he
pr esent ioﬁ\%%#*%?ﬁllogwé ﬁlﬁﬂr):ar%?dzﬂgg%g’ ‘;é@e(r{%ﬁhF gglgfdtg %Jxr:dél Blerrg? I&]%]gg tg%tgg &?a(r?%?tudes t he
step of du% tr abogt 3% rabpuotl &t abeit|S$o arabeutd U éftbepepsideipferentidg sisfave. [ 00017]

In a fourth aspect, .the present inventd an.is . summanize hod for
separ at i r;%‘e&lu}?ﬁfr@?' eelicay %lgo W@ TEsRealy 85 lllegtnée? lu(%{hlaécog ﬁgﬁss a?ﬁg?‘itﬁ‘ﬁgs t he
step of cmountrofadkimbainhipitbent cells on a surface as defined above, inducing

di fferentjat.ion, d separat.i differentiated fromundi fferentiated cells.
H00056] " 1INGHESP T . AR BERAEH B piosded et Frumer Y el g igfog
conposi t itk4l ikdddethe Step Uf Eud@fnPplatpottit 0ellsCAG saifidtiasdefirplabskes as defi ned
above and (ﬁhuri potent_ stemcells adhering to the s,uriace,%ﬁln {ei n the cells
di spl ay d00drhal khHrafSpsihaspet e PrSRRnbIveRion is SHERATEELas AR ?‘g,"r and an

abi ity tsepdthn@ientdiaicd flobf @dtererntilicd SelBekaidchies the 8kp 6f cullfif t han three
nont hs of culture on the surface. [00019] In sonme enbodi nents, the

cheni cal IPjuripeteniesds opa pirfage agdetinehabong indweing differgyiiations paReraradng f - assenbl ed

monol ayery;fiattiated HotPESlihenfed@BIe | ong-chai n al kanet hi ol (AT) havi ng,

e.g., a structure of X(CH2)nSH, where n is between about 3 and about 50. In

a pref er (8P18hbodi Inemfifth #5pecs, theprareahiny¢niign isisumaszetns GeomRosifigyiBIBE | n sone

enbodi nment i : : endi i h as the

hepari n- &Sﬁ ?ér?gﬁ%sgﬁaﬂlfgrg r%%{a\llr%&regtrll%% %@%&@ggﬂ%&@%&%ﬂ c?)H§NO 1), from
adhering to the surface, wherein the cells display a normal karyotype, pluripotent cell-specific

markers, and an ability to differentiate into all three germ layers after more than three months
of culture on the surface.

[00019] In some embodiments, the chemically defined, peptide-presenting surface can
include a self-assembled monolayer that includes one or more long-chain alkanethiol (AT)
having, e.g., a structure of X(CH;),SH, where n is between about 3 and about 50. In a
preferred embodiment, n is between about 11 and about 18.

[00020] In some embodiments, the peptide can be a GAG-binding peptide (GBP), such
as the heparin-binding domain from vitronectin (GKKQRFRHRNRKG; SEQ ID NO:1), from
fibronectin (GWQPPRARI; SEQ ID NO:2) or from bone sialoprotein (FHRRIKA; SEQ ID
NO:3).

[00021] In some embodiments, the kinase inhibitor can be a Rho-associated kinase
(ROCK) inhibitor, such as Y-27632 [(+)-(R)-trans-4-(1-aminoethyl)-N-(4-pyridyl)



fibronectin (GMPPRARI; SEQ ID NO 2) or from bone sial oprotein (FHRRI KA;
SEQ ID NG 3). [00021] In sonme enbodi nents, the kinase inhibitor can be a
Rho- assocweatet/ddsarase ( ROCK) inhibitor, such as Y-27632PCT/US2009/057705
[(+)-(R)-trans-4-(l-am noethyl)-N-(4-pyridyl)cycl ohexanecar boxam de

di hydr ocfychtgiabcarbdxdmide AitlydSrhibride](R-10E] [{§)-C+5<(2-aiyil-Badoqaiyiblinyl)

sul f onyl hopopi per azi ne], and - 100 _[.1 - (5-i.soqui ngl.i nesul f on i perazi ne
hydr ochl %Hlﬁoalélimm?m%}ehﬂﬁg f%"lr?@?ﬂlk!a(P11§Pqé'€f"i“}?é‘3kj°§%ﬁﬁlaifé§n%‘é§f‘i‘f%b?"E‘Qgld f or
growt h apgosRi nt enae eRentitalR! défihdiuiRdes 68 BeSusedFoR Brodfth &1d h4if@ndnes 6 (i . e., >3
nont hs) culture on these surfaces, pluripotent cells retain nor mal

kar yot ypeluripatent cglls: &iven afier longierg (f-F-@ﬁr.ﬁ’PR@F)s"u}erérO&é}Eeé?F e, BRIPARI pot ent
cel I's ang;i@Retthh hbinal kﬁ'y&’?qfwf ‘ﬁfuﬁi?&tbﬁ’t%@lﬂsﬁ@cﬁie%&rk&@El?a?acﬂ:@irsﬁ@ bEN@IpDLae: 9.
endoderm nesoderm and ectoderny. In addition, these surfaces can display
conbi nat ¢edls ndn abilkie &1 differentipiginty dlihres gere layerh (erpndedermaesofsryiand/ epi t ope
densi ty, . h ' _ il ok ket he
exposur eeé(g p ju??ﬁ%}g(ﬁf cei ﬁé‘%eg Ia%%gﬂ%%%daﬁg%%gﬁflv?g%%&%%&s and/ or
ani mal pwithicotto] oyed bgad]epiltpssisnsitydlocativaand empasision. Bhygse surfacegplsoadvant ages
of the present .i | O ] - descri ption
that fol 'ini‘)nvxugl.zgﬁ}ﬁ%\ég(%éterc%}Smdghtegt%%ggg)fﬂé?eﬁléﬁfyeﬁrég%g(?%g@%n%%%&)ﬁnt ended to
limt thaimaheoducn or to cover all nodifications, equivalents and

al ternat] Ref erence,shoul d therefore b e the cl.ai ein for
i nt er pr e‘ol}sﬁ%qt he ?@81?@“8?9‘%%%‘%\5/’@?? GeBpmd %ﬁaﬁgﬁggﬁlpﬁf%@&gﬁ Oll{j)gl W NGS
[ 00024] Bdeemp bersee nhdersielfidndthe \dedckiptien thatfoldowsu Mhe descapibnanfprdfeatdur es,
aspects and advant ages ot her .t han those set forth abqgve.wi || becone

appar ent e‘a;??élﬁn%ﬁfé ingtéPtS?‘segr‘io fi qgl?‘v@ﬁe 181 P8 P P 6&058%8%%“31 eiqtgga%gtgcri ption
t her eof . andugBrnd@les] RefredlesshbilatiheddTorrak agde 6f é Ela® Heteid o idi@pieti thy

drawi ngs, wherein: [00025] FIG 1 shows the effects on pluripotent cell
growt h atfaPyRfiths WHEMYOB of vari ous peptides spotted onto a peptide-AT array
in a mxed sel f-assenblgr@rpeydrEreioN SAMHE PRG&wWINGShows a representative
array presenting bioactive peptides and surface densities, which are

r epor t edl08€24d he ~ pdhe preseng ivertiogayitl bg betier undegstepd ang fggtueom ASPREiHN ESCs

(hESCs) ORunihds ttel@ias ol ALk aBoRGR e mRRPHALA G/ IRA HoRRREHSR isd@Ral t Y
dependent mannher. Over 6 days, cells proliferated to fill the array
el emrent sto(ti glowing delailed dgmertptinm therepf. ciuich dptail ededgecription miakes refgrepepdoar r ay

st ai ned &9?01%?4&%9@5533}%'&1&”‘1 counterstained with DAPI). FIG I|B shows

hESCs grown on & S ée presenting a GBP derived from
[00025] FIG. 1 shows the effects on pluripotent cell growth and maintenance of

various peptides spotted onto a peptide-AT array in a mixed self-assembling monolayer
(SAM). FIG. 1A shows a representative array presenting bioactive peptides and surface
densities, which are reported as the percentage of peptide-ATs in a mixed SAM. Human
ESCs (hESCs) bound to the surface in a peptide-specific and peptide-density dependent
manner. Over 6 days, cells proliferated to fill the array elements (FIGS. 1B-G; higher
magnification image of cells on the array stained for Oct-4 and SSEA-4 and counterstained
with DAPI). FIG. 1B shows hESCs grown on a surface presenting a GBP derived from
vitronectin (GKKQRFRHRNRKG; SEQ ID NO:1). FIG. 1C shows hESCs grown on a
surface presenting a GBP derived from fibronectin (GWQPPRARI; SEQ ID NO:2). FIG. 1D
shows hESCs grown on a surface presenting a GBP derived from bone sialoprotein
(FHRRIKA; SEQ ID NO:3). FIG. 1E shows hESCs grown on a surface presenting a FGF
receptor binding peptide (GGGEVYVVAENQQGKSKA; SEQ ID NO:4) and an integrin-
binding peptide (KGRGDS; SEQ ID NO:5). FIG. 1F shows hESCs grown on a surface
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vitronectin (GKKQRFRHRNRKG SEQ ID NO 1). FIG 1C shows hESCs grown on a
surface presenting a GBP derived fromfibronectin (GMPPRARI; SEQ I D NO 2).
FIG | D swowsionB82S grown on a surface presenting a GBPPd@rise@d/of1705n bone
sialoprotein (FHRRIKA; SEQ ID NO 3). FIG |E shows hESCs grown on a surface

present Ip}&eﬂudi;%e InGERbaididyl pRpiide KRGS SE(QBZEMW\AWS&AM@EQ | D NO. 4)

and an |nte i ng. pept] hows hESCs
grown orPeat &@E&% PRPGHE (gﬁmgpllﬁ%% ﬁg ﬁg E‘)éﬁlP S@%ﬁ@g‘ SEQ I D
NO 5) ang aas%ﬁh&eﬂredahﬁagcamme@we@elodarvweald&r(gsnpﬁmﬁwm@m KBHGRN; SEQ
ID NO6). FIG 1'Gshows hESCs rovvn on a surface prese 3

| ani ni n-[0M2%6)ed HFERASHOES hatiFPRrsuppsshPurpteskeelkye %TFIES“NB"??M F¥9026] FIG 2

shows t%%r a%a%é:ip@ﬁﬁ 12 ApAHA G 9{3& Mbl§ﬁépkn§@infabfc%9@\hﬁbc%ﬁﬁlﬁngab shrgRsd several
passages. shows that sol uble arin can abr ogat e hESC b| nd| ng to

sur f ac esﬁoé‘@@l%‘é thel heparithingiag nentide Eﬁlﬂ%@ tarkoRmiIRR@edstith not to
surface iRGRGE ty cel I binding
repres em}[&? ‘g%?é’ﬁog&m%(a%ﬂg%néegaeﬁf)f éljé“ﬁll nescenf():rgsegfﬁ%: ga% O:Kggz?éeatsl prepared from
cells pI lamigsdencet dfgelplysyesrepacdd fraapentls plajadris the praserce QH#@ENelﬁ‘@par in. The
error se'v&q o&taﬁe ar}nh %’h%te?r@q%ésdmgﬁ%le ﬁ‘fe' s%ﬂdaégglati%ﬁ }hB@E HFSCs

cul ture a es on resentin a co I nat1on of the
vitr onethSﬁ)s @méﬁﬁKQﬁEﬁﬁNﬂ(&Al\@E@me@Blis)oraNmbh@thnrﬂfélgﬂr\rlm@ctﬁd| ng

Crcpr osei GR (e QRPRAENRIS! sHo, IEND, 08 eyl R GRE p Rt LRBRGDS! €, o e

di f f er ersHQID BIO}5) nizéhthisedplbitipttad calhspBéils nprles expressign (Oa-4, 88B4+3, medoi ndi ng

RGD peptide, (. . SEQ I D NO 5 flcaII | ower
| evel s ﬁ%%ﬁ%ﬁ ﬁ‘f‘“‘g'eQﬁsla-n%"Bg’f i°¥ fl‘?}e r‘%’?‘g\’@%‘ﬁ8P1“§e‘g%%§‘g§fé§“‘s‘i‘}e‘|“?>s/ al so
grew nmuche ﬁiEHgﬁGrAl\-‘birﬂYﬂdgyR@]D pEidlde gxemm%sé gngereraﬁyesloiF]d; aﬂwﬁﬁr ,4ed f aces
presenting i ndj ng pepti de 4 3 .shows that hetic
surfaces“%‘ﬂéé‘%’ilﬁf%%r fepids QA RIvrenQeet § eﬂl S(EE"P}? @ﬂ%@?ﬁﬁ?ﬁ?ﬁﬁ?@ge%ﬁmﬁgﬂb 1)
support Rt iuBRERRCHovAR @n IRTUTY. PleYddEing bihabés thih &if subtECpressting 8 GG hs  of
culture. FIG 3A_shows that hESCs cultured on chem cally defined surfaces
for 3 nowadiag peRlids: ai ned hi gh levels of markers of pluripotency. Error bar®
represer[hom aver@ﬁ@ 3fs59m RaGORBeEuHYI s PRIGAME hedfik@ectipGBRge 17. FIG 3C
shows t hat h SCs hESCs) cultured on vitronectin GBP ( GKKQRERHRNRKG SEQ
ID NO  AFKEQ GmSﬁQHB N psupnery pluyipetensy|apd kyyoiupe Babil¥Er ni ned by
st andar eptide
%E@LF gg%zﬂ? %@&Qéﬁhﬁ Fifg. 34 sﬁg‘ﬁy\ﬁlﬁﬂlﬂg(ﬁtcumrech&pﬁfeﬂkaggﬁ%ﬂég pep

sequences rowt aracteristics of Cs cultured on
nat ur al sarfeces for 3 months maintained h1gh evels of markers of pluripotency. Error bars represent

an average from 3 consecutive passages after passage 17. FIG. 3C shows that hESCs (H9
hESCs) cultured on vitronectin GBP (GKKQRFRHRNRKG; SEQ ID NO:1) for about 3
months were karyotypically normal as determined by standard G banding.

[00028] FIG. 4 shows a list of heparin-binding peptide sequences.

[00029] FIG. 5 shows growth characteristics of hESCs cultured on natural and
synthetic substrates.

[00030] While the present invention is susceptible to various modifications and
alternative forms, exemplary embodiments thereof are shown by way of example in the
drawings and are herein described in detail. It should be understood, however, that the
description of exemplary embodiments is not intended to limit the invention to the particular
forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents
and alternatives falling within the spirit and scope of the invention as defined by the

appended claims.



synthetic substrates. [00030] Wile the present invention is susceptible to
various nodifications and alternative forns, exenplary enbodi nents thereof
are showwbyowap3oes exanple in the drawi ngs and are her @ecCm/use@onstyes i n
detail. It should be understood, however, that the description of exenplary
enbodi ments i s not i DESCRERIION OF BKEMPIARNERBODIMENTS he particul ar forns
di scl osed, hut on_the contrar), he intention,is to.coyer .all

modi fi caPPEHE, ail?/%ﬂe%fﬁf ’é“’ néélﬁtésrtﬂglﬁ W@tqf%lf’%eﬁ‘@n% %ﬂhﬂ“’i‘ﬂ?@en&fﬁuﬂ t and
scope tha%"@ell M&H:’e@bﬂt&ﬁth@k&f:dd%ﬂi@ e B ddere 3POBPS RECHds A FrephiSiktiRg | ON OF
EXEMPLARY ENMBODI MENTS [ 00031] resent invention relates to the

i nvent orkeptidsfEan V%PWK*F&tGEpKQRF GSHQIINNPe) c dhe IEHPSce receptors

that re ide from
GRGBfo @Bﬁle GKKQRFRHRNRKG Sﬁ%@a @§a§1?@ac@§§§-§y‘nfheﬁé et iV Rt

vitronectin (i . The jnventors' therefore
hypot heshoz‘édGKWH@PBat@&nfotfénSdﬂ@bla&gaé%PRSPPeat@MW& -as a synthetic

al ter nat 0 a fisdicdir@Sst hose

pr esent P%% tri gyei?ﬁgsc%eae&iﬁva%uggisegﬁ%?ggWgﬁ&ﬁl%g’?ﬁ:dbl e subgt rates with
cheni calprgsentisfe GIBRS suppdried bethplusipetent osl) atmhmesiapd self-emewak #5 assassed®¥t ent cel |
attach r t nd

SStA 4 apt oS oa T Rha. AaRF BRASE Rulle. ARREERERTRGRL: EEkodu? oot e
cel | adhe;;i'anmtamﬂ aslbcsamchmdgpreadingythwhevermt béza grevuslyishewn ip syppwin t o support

pl uri pot ﬁﬁﬂ@kf@llssgﬁfefggﬁﬁvgae ?%aﬂhga’r%oxy éﬁ%d‘gn%ﬁnﬁ%nt%lzll adhesion

"RGD- i ndk e’G erm i ndi ng
f ragnmentto Q’He chtﬂakpminahh m:\nﬁbimémg fiapaentof fejoacutia mVomdhepanddpmth

activitie 77 7 Vi , et al, "A
novel iri’E‘aglPii‘?Peg‘E?é‘E‘i‘%"E‘Ff vyl é;l?é%}?lz -c?ﬁg%]@?% glgf’ge? a‘fEi OV et a 5
&It FQFBI rllnt%glriﬁz Zl%l?ﬁ{l %{g iigég(gbfﬁmd hoﬂ"ﬂhé/alimd\;] BtOS ﬁité’gnamﬁithélbhsﬁ@ﬂ@ﬁztmn o J.
io eac c or rein by
referendg%{NngéfOt?lﬁﬂqu‘Fﬂnqc% érﬁ‘ﬁ?lr%%/’f; 21[‘&3 ]Qfglgﬁg %v@é‘ﬁﬂ@ def i ned,
pepti de- lﬁé&&ﬂmdH&elﬁtﬁpfraaeﬁcecaeﬁrsuﬂaﬁﬂmﬁhfaﬁre useful in a variety of
contexts and applications. For exanP t he surfaces can be used for
A

mai nt ai AOMP3p1 ur i Bt dismicelly defined, neptidaeresepEngTfaces dgscabed hereip Aeaqdi t i on,

the sur f@&ﬁﬁm%ana@ oygﬁﬂex&s%d Eﬁlﬁ:@ﬁ'&rﬁgFQr RaRpledtht QifAfs dahBE LRQAtENt , et
undi fferenti ated, | s. The chem cal defi ned, peptide-presenting

surfac esna;ntemaigq@mpg@pmenﬁ mmcutﬂtf&rqnﬁgte@ statei Foadditionctap purfaceran ke e
subsequejiL] ¥, Eﬂ}!ﬂ gt 5t 3 tr{?il%gr@mg&&f i }Q}’un(flﬂércrﬁ ée‘ﬁf PRAIRGIA mor e

differentrati erentl at | s derive from
pluri potcbﬁnecbg«i:pttsle@maerbmg serfasedre eldo mfulﬁacgh@mgqéuﬂpytedémﬂﬁﬁw @ar f aces.

subsequently induced to differentiate by, for example, adding one or more differentiation

agent to the media. Differentiated cells derived from pluripotent cells can be maintained on
the chemically defined surfaces.

[00034] Cell types pass through various levels of potency during differentiation, such
as totipotency, pluripotency and multipotency. Of particular interest herein are pluripotent
cells. As used herein, a "pluripotent cell" or "pluripotent cells" means a cell or population of
cells that can differentiate into all three germ layers (e.g., endoderm, mesoderm, and
ectoderm). Pluripotent cells express a variety of pluripotent cell-specific markers (e.g., Oct-
4, SSEA-3, SSEA-4, Tra-1-60, or Tra-1-81, but not SSEA-1), have a cell morphology
characteristic of undifferentiated cells (e.g., compact colony, high nucleus to cytoplasm ratio
and prominent nucleolus) and form teratomas when introduced into an immunocompromised
animal, such as a SCID mouse. See, e.g., Evans & Kaufman, supra. The teratomas typically

contain cells or tissues characteristic of all three germ layers. One can assess these
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[ 00034] Cell types pass through various |evels of potency during
differentiation, such as totipotency, pluripotency and nultipotency. O
parti cul awoi2ntoer3ees herein are pluripotent cells. As usedThSe@o057785
"pluripotent cell"” or "pluripotent cells"” means a cell or popul ati on of

cell 3 tt@hrastgﬂstﬁh tw}d eglegltsk@ltseommbmyatkéd i lieatt. geé mg ,pefsor § egal,, endodepn,
nmesoder and ect oder Pl uripotent c¢ s ex ari et uri potent
cel | - spgémwnﬁa?‘%f’@ s geriveghfrom hpmag %ySt nﬁe 2§|/2r£114§ léﬂ)?hﬁ%l)

but not i§c%%r£&dh&@%%y@et€@h&ed§@ﬁs@h@hﬁﬁl%t§éﬁ%f@ﬁt eristic of undiffer ent| at ed
cells (e.g., conpact colon hi gh nucl eus to cytoplasmratjio and. prom nent

nucl eol U8§035hd f OPWP@P%RCS ¢ V\%Péhleloﬁﬁ’liobff%’é& 1} ¢pllgubipre ppdtiffseeBtiingni sed
ani mal , SHehs Q%al?etysg ﬂe@%ﬁnct&@eﬂ fopBlatiors 130 extibilAUkiFBRat pRoREtRs. The

teratomas typicall’'y contain cells or tissues characteristic of all three
ger m | ayRvrépotans eelbétnveaasleelseg p@qqeyéquemdep@@me@liwhwy arpsrrgtieesdiahat #¥8monl y

used in I%l&‘g dﬁﬁ&entlgég relz?tlvg toy% tIE}SH(&%@cH]s biff tareaxmt 1t ye @%‘iﬁéﬁg Hfffe?énﬁg?e@ ell lines

derived from human ast oc Ccl ence 28
i ncor por[80@36] her eBvitdble plerfrotashesdls for us¢ hevein ufcmdeESCﬁ apd @Senltla, rwetop [ 00035]

Pl uri pot egfteﬁagﬁ,l (%frgm% ﬁ%ﬂ%b!as ecq%lypar I?J aﬁlﬁhﬂ}akeng“llﬂe‘?@r‘l’ G'lé H%popuﬂiatl ons

differerft' owards a va eage-restricte
t hat exhielis"tor HBS@S“anae latphmpopmrctell @5 porRllation pHpleripotent kélls dhav@ feonnamher

pot ency .t han o nt ce e so lls tha re
Rt f oy b et B E b Rbe it “%urTh°8t58 ¢y fiefe & &5 6’%’”‘8?@?253 Ot nal 1 y
di fferent, SSEAG, SBE@%&RASuﬁm a:bI‘IEAﬂI-Slr hipbdppedr aeerbdqmcf @loniksehatieg e highi ncl ude

ESCs d iPS cel| whi ch f bI peci al | h
or et 6. MR S EaoRlsPB YD R ABYRAY Il EEF u BriniRafiyREEE fom Y "

pl uri pot@ticessh aOWiCIRIsadréOMs@itegMadiso™emt cel I's derived from an inner
cel | mass of a bl astoc st. See, Ihom;on et ah, supr hese cel | s express

at | eastl09] 4 Aspseddereigindyce ﬂ’?ﬂp‘ite%t@te&tceyﬁAorl'lp celly, faeadpear as
conpact pmtpawneeeuh%bﬂgatﬁmwgmnpbtextteeﬁs tha xﬁd%,waal \ﬁﬁm?eﬁﬁct o tdad prom nent
r

nucl eol us. "ESCs are conmerci al | %: avai | abl om sources such as W Cel l
at

Resear c Hiifferantiatedisemptigieilod atigipy that mayopwyyithesprstig anascaicset of ek

Pl ur i POt RRm HiMG6rs aid thgtmay \Pa% %ﬁt keipeciRARIAreRbAil RS to ¢Rlate @bm,
popul ati on of uripotent cells that hay vary with respect to their

di f f er erfu a@r@alebewc B@s@emallyeﬁnqswlbi identicplde theiryespegtiye differentiaispect to a
speci fi Vi th respect
o oul t o he At o HERGHEGFRP L Afbrt A5\ A heh BhicloNE Sty

subst antESéJsl 3s dgearibed bfa‘blhy Sealent, Yod| ettad, 'thubtcpd rlegpsont stem agll fibesrdgrivédat ed

S0t | ¢ (651 bl Bl QgL aP B oPIMAOAE) SIS SRBLIR L o) Setlogler

potency ce escr el n
" | nduceds jff sat foptb ireitt ensitetyn cel | | i nes derived from human somatic cells,

Sci ence [3&(&8]19 17- &’% 115( 2)819)71) morpﬂcﬁoglpa? pl(%tt)glstj’lesh (eergelrgun shape, Elrge "N58leoli
and scant cytoplasm) and growth properties (e.g., doubling time of about seventeen to

eighteen hours) akin to ESCs. In addition, iPS cells express pluripotent cell-specific markers
(e.g., Oct-4, SSEA-3, SSEA-4, Tra-1-60 or Tra-1-81, but not SSEA-1). iPS cells, however,
are not immediately derived from embryos. As used herein, "not immediately derived from
embryos" means that the starting cell type for producing iPS cells is a non-pluripotent cell,
such as a multipotent cell or terminally differentiated cell, such as somatic cells obtained
from a post-natal individual.

[00039] Other types of pluripotent cells suitable for use herein include, but are not
limited to, cells from somatic cell nuclear transfer (see, e.g., Wilmut I, et al., "Viable

offspring derived from fetal and adult mammalian cells," Nature 385:810-813(1997)) or cells
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as if set forthinits entirety. [00038] iPS cells exhibit norphol ogi cal
properties (e.g., round shape, |arge nucleoli and scant cytoplasn) and
growt h prwpentwmsszfe. g., doubling tine of about sevent e@eoTius2@9gb17eEn
hours) akin to ESCs. In addition, iPS cells express pluripotent

cel | - speabini fasivsiksematid &llg with BSCs ¢see, 3FEACBVan&SE w4 'Nildlear tepbdpranmibga- 1- 81,

but not S EA- cells, vvever are IL.medi at el v i from
enbryos. ° Eé‘de héﬁ‘éﬁ Sion Hg ‘E?“i/a‘éfﬁl‘;? CfCPB‘fr#‘?nﬁs%g neans t hat
the star (zoog) & Yu ENd@?”H@ﬁar{Hmﬂﬁy&ﬂMem Pﬁls&ﬁirb@mh&n;&ld‘ﬁ)premrwm flibemg cel |,

such as mul ti potent cell y differentiated cell, such as
somati c E"éll“feélf%?‘hfﬁé’ﬂqel“é?r? %i%qnazﬁggt)b i ndi vi dual . [00039] O her types of

pl uri pot pbsgie! | S reighdard & thOPlukisRer? 681BksRd, Itﬁ@dh@ﬂﬁ)aupaéfu@a@mmés limted to,

cel | s fromsomatic cell nuclear transfer (see Wlmut |, et ah,
"Vi abl e é¢seRbedibgrginganiby é‘éflsf‘?‘@?ﬁ 4esprgdingdn &noamfpﬁthﬂ@mm Pxapplee PRecan Uigat yr e

385: 810- %M%Zé&g ?E)e;ﬁﬁ g%tm'mtﬁﬁa@e&@agsm&l(&é H‘étﬁls%?@set{ see,

e.g., Cowan C, reprogranmm ng of sonmatic ce fter fusion

with hurraln "Bemlyem %Sniéltteﬁﬁ@éﬂ nigroarrgy: fos high @egghpm@ﬁmgn(azééslﬁwr& d Yu et
al , foll
ceI | - celn?sg? 5i 6%&Bju t(?él% ?’Iej% ng?%f(ﬁ%’? 2%}% r@)ngo %g%ﬁ%ﬁEROZga?dl Ce)\émsngf t he
EI uri poz aarylamilelcoatsé glasstshides brshspetting yoxu@hatwe@lofsmpﬁ @vtocegless slided her ei nt ca{l
e cons C se contac
apot t1 ng PV EEp Rk ALk SARNR. T AltiRon £0, SEARG SenRIRR OO0 COT' O
Fal sey Jarrsyed hiomafeﬂeksmndj@pdmdlosm@.hmmm;zdn@ steng pdhrNanyomchlmlg?@ 8Rr oughput
cont act | EPPH ROt a R dte S BV Rierormisnp s Eup LR pblngtRpeis (50
splot ti ngoﬁ?ﬁtvsﬂ?telvﬁﬂﬁ)lﬁlfcrymAﬂg giiscrositlinkad @l ayseptidd dfdﬁelfeﬁtl ISeaved., Bitein N S| ]Eu
pol yneri zat i ee, nde r-sca is o
arrayed ﬂl“éhﬁ%}é?‘ﬁ‘ﬁ?‘%‘l éiﬁ]g‘l%fﬁ 1°83"r“§<9ﬁﬁf¥5’?‘?1‘iﬂ9g§l &?ﬂ’rg s&gﬁgng) Nat .

Bi ot echnolaternsoRBR s¢@8)or nhtdrad Belirbdel bre MABEconBMplaed a&t}i@v@(hﬁg/b sliiableoat ed
plates treated with a biotinylated peptide of interest or even

pol yacryp%ﬁ‘fi‘%réreg@lt@gé‘}f%%* linked to a peptide of interest. See, e.g., Klein

et al, badhesiQhsefRrditl] 21y 8RR IRy AGREH isGolyRadeRiide@ompdéeti .
Enzyrml O[Iﬂg2616}155 (205%) rV\é\t erg-ylknso lgﬁyec sgnt e)tlgy[(ﬁ))r}@natur al h)I;dr ogel s are

al 50 conefrRpaingdisacshaside ynigh ang aRINO UL | @yg@ammalmwwﬂqgﬁg’e ur f ace.

[ 00041] é}ag L3 GHd BRI IBkedro gétaﬁ%%mnnﬁg{exg%ns(ﬁ&@plem a pol ysaccharide
conposed of” repeating di saccharl de units and am no sugars.

d ycos arrglwgw;lmagls'cams incindg ghandedifn sihiaiegdamaian sWite, Bepanhdieperan eligicot ei ns to
form pr of GAgLYEARS k' RIER. Of

[00042] Preferably, one spots ATs onto an inert background to form self-assembling
monolayers (SAMs). See, e.g., Derda et al., supra; Derda R, et al., "Solid-phase synthesis of
alkanethiols for the preparation of self-assembled monolayers,"” Langmuir 23:11164-11167
(2007); and Houseman B & Mrksich M, "Efficient solid-phase synthesis of peptide-
substituted alkanethiols for the preparation of substrates that support the adhesion of cells," J.
Org. Chem. 63:7552-7555 (1998), each of which is incorporated herein by reference as if set
forth in its entirety. For example, a background can be formed of perfluoro-AT, which can
be both cytophobic (i.e., repel cells) and solvophobic (i.e., repel solvents). First, a gold-
coated surface can be coated with a perfluoro-AT monolayer, either leaving areas (i.e., holes)
in the monolayer for the elements of an array or creating areas in the monolayer for the
elements of the array in a subsequent step. Then, ATs coupled to a peptide, such as an GBP

as described herein, can be attached to the substrate in the holes to complete the monolayer
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gl ycosam nogl ycans i nclude chondroitin sulfate, depnatan sulfate, heparin,
heparan sul fate, hyal uronate, and keratan sulfate. [00042] Preferably, one
spots ATswormbwm/@so2snert background to form sel f - assenbl iPOE/USRVOI0SKTOF S
(SAMB). See, e.g., Derda et al, supra; Derda R et al, "Solid-phase

synt hesi andfo padsk@nighids dbrpliripotentielipiegnient toake suffase | Surfassdakityad the

nonol ayers, " Langmuir 23:11164- 1{}37 200%%"é an Houaggenan & Mksich M
"Effici eMBTS 61 bf GO ed ising ks Sﬁé&fﬂl =3 TH T 1op2dBeseIBIARo s for the
prepar at iAge. Mettddsr kpiiesizingake AV BRRIcs fdrbothaefiesy dithOfhendall§ definkd. O g.
Chem 63: 7552-7555 (1998), each of which _is incorpojated herein by

r ef er enc 8Urkge prrayase Proyidedhin the pxamples below f?r]PBﬁ'teé%é’H{““é,‘mﬁogéFeﬁtﬁﬁiound can be
formed ofowRalibs (49 bppcRdd to‘%&lhf Blemadis)PE mbel i dnpla9a v BbRidt iAand ghe@inece! | S)

and sol VO%hOPI c (i.e., repel solvents). First, a goldcoated surface can be
coat ed wATH>% psetide-44b)} was Bfter 2 hougs; the swrfacesyers graghed yathgthagol andg| es) i n
t he mnok&%%eréﬂﬁte&ﬁﬁﬂfc's&%@é.s of an array or creating areas in the

monol ayer for the elenments of the array in a subsequent step. Then, ATs
coupl ed {@9043]pept iEpeh AdusperiessnayrbedBrRghofde bavingibree irmpaertant regigns ¢fe at t ached
to the s rate jn.. | ﬁ”% nt

| i gands F}é?gﬂ%ﬁu@?gp%%%%t% ageei%ﬁszg% ?nélg mn}ll'(t?slat%oattéf2 e sﬂl(rﬁk) %@Bé@%rd ?ggtgicggﬁesi ty of
t he GBPsmoavlayre speoies totht ewfagsi Hliy attedteenStstyo typajplly déigiBsoupndhiobn- adhesi ve
gl ucam ne-_ Als. .Net for t i ZI J Cl th regions on
t he chemat(t:agﬁ?syo H‘é’f ir]ldgs E%Ul?? a@éé}aagfgc}?%{i{rqéoﬁg%%nﬁaofteagg?ondt?%esa%irgt?}%I es bel ow.
For | ongAhethenregibt isrtke interigeadide cganeehichwersphicpmoiets saghmo sedlkare dr r ay

bent 1 de. iy EALOR HRGSR ST sp e Bink e apaSRitpH eS0T B {latilons

gt haRoI ﬁmehr?cﬁjslhslﬁmg_h,easmbﬁﬁeéﬂ ésewhbe if tiif SppHsatioh.000BdimpRaiigaALk gpepsi s may
etougto a ving three | ortant reqions or, nojet)es. e region iIs

at the bSflfeus ,°r€9ﬁiSEa%°’i as long athee SP?F%%@W@?W%H%%BJ@% %3éh the

nmonol ay emofidl@fdr Bastl9, thbctive bfoap &t thd Bl cHithanbitidyer §pREied ¥ theighddimdadhl Y a

thiol group, which attaches to the gold substrate, Oher attachnent groups
can att aé¥ b sseundptendndde bagxdaphobis oF muprhilicy (ortonhaicligands spiabler Wice regi on,

whi ch i Sh&einRRGSle, BR bRt mﬁusdkoaaspe%adé}lelﬁﬁ&@llp; QRYBRAInAhe# amdncAlfl about 50
carbons in length, and preferably between aboug 11 and about 18 carbons in
| engt h, Esiduesseparpiedibyoncanine bydrophobic aminprcidratiduss, likerhrevitranegin €B8r gani c
groups Car@h N8eO, £idbndciE GBRRSES IBNG8)5hddnd Q@lofth%?eﬂi GBPESEPRS! es are
capabl e of self-assenbly in a nonolayer. Lastly, the active group at the
end of t N@:hodsisherar indjiguee agnof all GBE spqugeged posapss bhsicaminp acid regidyedp i nt ended
to be cy I R : j | i 1 her ei n
i ncl ude, gcggl{a{%grb Oﬁ%?%?#@g O?)(l)c ‘%‘}‘gg%? #éég?égég%%g;&’a ﬁggp%gg{e?{ﬁteﬂiﬁt:vi ng
basi ¢ anifageptidedinds a gycosaminoglycan, it is capable of self renewing pluripotent stem cells.

[00044] Basic (i.e., hydrophilic) amino acids are polar and positively charged at pH
values below their pKa's. Examples of basic amino acids include lysine, histidine and
arginine,

[00045] The hydropathy index of an amino acid is a number representing the

hydrophobic or hydrophilic properties of its side-chain. See, Kyte J & Doolittle R, "A simple
method for displaying the hydropathic character of a protein," J. Mol. Biol. 157:105-132
(1982). The larger the number is, the more hydrophobic the amino acid. The most
hydrophobic amino acids are isoleucine (4.5) and valine (4.2); whereas the most hydrophilic
ones are arginine (-4.5) and lysine (-3.9). Hydropathy is important in protein structure, as

hydrophobic amino acids tend to be internal (with regard to the protein's three-dimensional
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resi dues separated by one or two hydrophobic am no acid residues, like the
vitronectin GBP (SEQ ID NO 1), fibronectin GBP (SEQ ID NO 2) and bone

si al opr otwPrRO@BB32SEQ | D NO. 3). As shown in Figure 5, n@®CTalSR00@BFI782quences
possess basic amino acid residues separated by one or two hydrophobic am no
acidr esisldi;;eﬁ whilaldﬁﬂ@bhmmihw@dma@é BoRIcefinhlyt foadd tbiards peprdtela's bi nds a
gycosam nogl ycan, is capable of self renewi ng pluripotent stemcells.

[ 00044] € (i.e., hydrophilic) anmino acids are polar and positively

char ged Fﬁoom val umleblellmy&réﬂaﬂiyrmduﬁ“m&he Eeatiilagfal aikakids (e aci ds

i ncl ude S|ne hi stidi ne and argi ni ne. [00045] The hydropathy index of an
ami no acPgok )a nunber representing the hydrophobic or hydrophilic
propertieg ot i i 5 deciiging See, fyte § &Dual it Ry " Shwple npthod

for displaying the hydropathic character of a protein * BLal 157:
105-132 (4983).3 9 h?s'z’% o5 Bl gThers § 3.8 Be1BLe MdepW'—mth@ a91 no
acid. The_mst hydrophobic amno acids are 1soleucine (4 5) and valine
(4.2); whereas t he nost hydrophilic ones are argl ni ne ( 4.5) and |ysine

(-3.9). W{,@pat h¥rabf J: B ; séd?te@'i) %EQSLE% ind¥X. hydr ophobi ¢ am no

acids te be interna regar e| n's

t hr ee- di mMBnhsilonaNsh&e)Q V\En I H hyRiIr o¥hi W c Smi 'ﬁo &ci 4s Mr & nBrd c¥mbnl y
found t owards—the—proternm-—s—sSurface— 00046 Tabte—t—Hydropaty T1dex for
t he twent4s5 nAPuBdl -BIi-ho Adi eﬁsZ(Kﬁté 38-03Hol.Bt-017e30.4 ASRLA 2D 8@ -E4C@ 451 L K
MF P S =375 -3 5 -04-3724538-39 1.9
2.8 -1.6 -0.8 -0. 7 0 9 1 3 4, 2 [00047] Table 2: Am no acids sorted by

i ncreasi M9048]dr opaAmadvamtegexef uink ANIs i3 tiatEhesy fPmyrepyogudiblieSAMA@®dF L V | -4.5

-3.9 -3.5-3,5-3.5-35-32-1,.6,-1,3 - - - . .9 2.52.8
2o 4. 5 SheteayARaRed g STis e heahs I he siriiteq ealedlle Shekuchng

r epr oducdéfined ﬁ&mesathat vall easyaaly becslat bihel pqmdé ar:z&tahtlo]ihij ligamd(t)rprdsatited means

that the syrfaces c ed ar aII urfa sth wll vary
oy boogt i e el Sahberas &Rt iy E Brmkreor pAT B SRR msen ¢ he

sur f Ftc e Aﬂ%h&@ﬁvhﬁ&gglé&? asifd ATS ?Qﬂiat ite! ﬂe%tmea:p eudm@ﬁl Eéhanﬂda)':‘caﬁllh’efeﬁg‘lﬁeer&alp h as |

t opol ogy not her ~advant age o Si S |s e peptide itiona

| i gand(s¥° l%f’é’ﬁesﬁ’éte‘%ﬁ’gfpﬁ%l@?%‘ﬂe”ctﬁe B%'&gﬁ{eéﬁo ‘g "W%“b*f”&r 3;588’@‘?1?“?? s in
defined ak@agacelid acksindafadten bbaigitRe o RESEHIoIVERS afdiedliace (i.e.,
background areas) can be engineered to resist both solvents and cell

pr esencePrefeRee olcpaEst chShecSh‘éfa%eﬁPfeéﬂ%§ ly spstrreed foy celBme ok sUs-dR¢ for cul ture of

celI's, tBSnponents of the chemically defined surfaces described herein are fully characterized with

known quantities of all ingredients.

[00049] Long-term culture of pluripotent cells on the chemically defined surfaces
described herein typically will begin by chemically, enzymatically or mechanically
dissociating confluent pluripotent cells from a surface, such as Matrigel® or MEFs, into
clumps/aggregates or even single cells. In some cases, the surface will be one of the
chemically defined surfaces described herein, e.g. when plating confluent cells onto a fresh
chemically defined surface.

[00050] The clumps or aggregates or single cells then can be plated onto a chemically
defined surface as described herein in a protein-free basal medium such as Dulbecco's
Modified Eagle's Medium (DMEM)/F12 or mTeSR or even phosphate-buffered saline (PBS)
or Hank's Balanced Salt Solution (HBSS) to minimize any non-specific adsorption of proteins
from the medium. After about 1 hour, the medium can be replaced with a defined culture

medium such as, e.g., mTeSR™1] supplemented with a kinase inhibitor.
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conponents of the chem cally defined surfaces described herein are fully
characterized with known quantities of all ingredients. [00049] Long-term
cul ture ovopbuwradpesent cells on the chem cally defined arfisec@s/oswstri bed
herein typically will begin by chem cally, enzymatically or nmechanically
ﬁ/:a SsOCi ?i@) .Gn]com‘E ::Mﬁihkd Bérbﬁh: @‘Qh&ﬁicalq?}ecldfﬁecf mediu@,"Susfira eultlﬁ'élﬁllédlaﬁl“ oT
trige or s, into clunps gates or, ev sin n somne
figgd mgdinmy mepns;jbat feanes g‘%’ koqwpapaptitigs %‘giﬂlll?% ieni %écé‘uﬂescrl bed

cases,

herein, GerGm M%rhoahﬁw dadecRRhnue Medi fof cAlNbuftuR 15 fepRbeddydmbwal | y defined
surface [ 00050] The clunps or aggregates or single cells then can be

pl at ed oA¥astiHeH SRREACMPORRRES, FIEH 2% ¢ AwmiR ippulin, apHerrigepd pessivly o

prot ei n- {regi-hasah riRdl 4D BAEdFiRohIEY LROAK Bickr, YRHithingHs ERGkEtastoMadi UM
(DNEM/F?LIKZC‘éor mTeSRJEE? gven ph (1)sphate buffgréd sal i ne %I?’BS) aoro Hank' s

Bal ancedpStelet-dgitedierayrih faqpis) DefipedimeinmAP M)y theesfore paamfiies. Ad48idpt i on of
prot ei ns h%rE:i?l Exﬁl& ﬁtged'nus%s ﬂttaqﬁed%ﬁxq Ugesjnop&)'ﬁ{am §eﬁﬁn ?Ps@‘dfﬁr} E@Trgﬁxt I’o?pl aced

with a defined ture mediums e.g., meSR(tm! s emantedvmtha
ki nase i thatigmmms[ @@@sﬁal}y Mssenseor shemerenlacqnemhéms;élhbxymd'éerssm@dlyrred| um "

“defi nedm%urllstau e min ?Fi“edt%ed a%l%ﬁﬁtraze a‘ﬂ@"/r)@@ h&%ﬁ‘l E\.P:ﬁ aggg'brﬂm has

known quantities o I ngredr éent cal is normally
added tonmybepﬂﬂmmedlun1for cel | culture i's replaced by knomm quantltles of

serum _COE@B nt S “%(Iﬁgl% ofglﬁ/lglé?bgeﬁ%slp Bliegl P'T”SRMaIn {COHSI ents possi bl y

specific rowt b F ransform ng
growt h f aﬁdlﬁéth@ds dflusd e TeSR Bedre desdribedaniind &gt ok )See I]ler@’ﬂ, emelli"BeadéDM) i s

t herefore ser mfree. used, herein ef, a nedi um does
not cont BIFPR ?Iﬁﬁ\ﬂB’Fe FEBPRRS TS fﬂceﬁ %M (a?“tds %2?34(%1@%@3 ially no
serum or Lﬁ@ovlg(rjn, léﬂg.', ap&Ribn ofARimds eﬂlbfyﬁﬁlﬁlsf&m;eﬁ§ﬁﬂi&ﬁhéﬂ doyiditiRgINISata ﬂe

m ni nus or reduced anpun es an a conponent, gsuch as
serum nﬁipt??énﬁr%%%lw[(&?gkffcwm%mﬁwé%@ %mea}mra Fce &Y §ie herein

i s TeSR( tdhh-in K9 entirétly! ORRPOM fowaihGorRRGitdbR BPELS heeilisClu@y, « ke SRlebRI™ ar e

described in Ludw g et al. See, Ludw Feeder | ndependent culture

of hunan(ﬁé%@%lb"ﬁ‘?cén@?@ﬁﬁa Yangogyer, Rpish (%é‘ifh@ﬂ’sca!W@v?X ¥ae Broikftakeand Ludwi g

T, et al HQgsrvméaMU;g @éteﬁﬁﬁmhﬁzmg)éﬁ%aﬂsﬁde@kym I's in defined conditions,
Nat . Bi ot echnol 24:7185-187 (2006), each of which is incorporated herein by

ref erenc0883)i f sdkindsginhibitors, fuch aéRﬂCﬂ%mblblt@Hé@ kiowinf te prattca singlasellsui t abl e

for use &l 19 See. 16%8’!' atpgi es; Vancouver,
British %ﬁ ur?giag,&%gna 5? ' >‘§E<f| }g%(:% %“ﬁ’ er b\’kgé ersvi I l e, MD) and
St enPr o( 2008(017V3 85 mgernerad hersinchy, reflerenee as if set forth in its entirety; and Watanabe

K, et al., "A ROCK inhibitor permits survival of dissociated human embryonic stem cells,"

Nat. Biotechnol. 25:681-686 (2007). ROCK inhibitors are shown below to significantly

increase pluripotent cell survival on chemically defined surfaces. ROCK inhibitors suitable

for use herein include, but are not limited to, (S)-(+)-2-methyl-1-[(4-methyl-5-
isoquinolinyl)sulfonylJhomopiperazine dihydrochloride (informal name: H-1152), 1-(5-
isoquinolinesulfonyl)piperazine hydrochloride (informal name: HA-100), 1-(5-
isoquinolinesulfonyl)-2-methylpiperazine (informal name: H-7), 1-(5-isoquinolinesulfonyl)-
3-methylpiperazine (informal name: iso H-7), N-2-(methylamino) ethyl-5-isoquinoline-
sulfonamide dihydrochloride (informal name: H-8), N-(2-aminoethyl)-5-
isoquinolinesulphonamide dihydrochloride (informal name: H-9), N-[2-p-bromo-
cinnamylamino)ethyl]-5-isoquinolinesulfonamide dihydrochloride (informal name: H-89),
N-(2-guanidinoethyl)-5-isoquinolinesulfonamide hydrochloride (informal name: HA-1004),
1-(5-isoquinolinesulfonyl) homopiperazine dihydrochloride (informal name: HA-1077), (S)-
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[ 00053] Kinase inhibitors, such as ROCK inhibitors, are known to protect
single cells and snmall aggregates of cells. See, e.g., US Patent

Appl i cat iwo 2PwiI3Beat i on No. 2008/ 0171385, incorporated reraisnodopsr7es er ence
as if set forthinits entirety; and Watanabe K, et al, "A ROCK inhibitor

perm ts synvinedkl-fElydyisis@chah@tofuinEnyE il omsdpireraaiel dihydrodhloride
Bi ot echngl . 25:681-686 (200 mc@(ﬁ( i nhi bi Itlors are sI\E%E/n bel ow to
si gni fi capfermal F‘ﬁ‘é‘?e%}é’%ylg‘ h]r%zi) Al-(Rdransdifl pmpngetiyh)- m cal |y defined

surfaces ddh@szk&a@E&caﬁxiﬂe chlRFide! oﬂﬁﬁl Qhrfie:| VO768H. Thelkinadkee not
limted 1o ()2 methyl 1[4 et by
i soqui nolnil’r‘?}‘Pl)@H Bfﬂ)’ﬂeﬁétrﬁﬁﬂn Ih%lfﬁﬁl?i’g}lé] ighithas theelly fRviys diremaife: H 1

152), | - {iBichdd0 e sfhdeN auhilioi cdiicRediRa 'b@l%ve@ry 5‘609?? Lor b dBodtiloL8r gl nane:
HA- 100), [-(5- isoquinolinesulfonyl)-2- mst(}ﬁl perazine (informal nane:

H7), |-bme@quAhprhemmmmsyor@enepm erlﬁerom ormal name: iso
H7), %&%&ME@@% ?tgf}ydefaéﬁ,' lagméﬂuaea WbifsQBash dRacilbdipdrochl ori de
) ' -a y

(i nformal nane: m noet - I'soqui nol'i nesul phonamni de
di hydr octidfmed slefa¢e.nf or mal nane: H9), N-[2-p- br onoci nnanyl ami no)

ethyl] - 5“i0§§lﬁg;[‘ﬁ'“f{‘h§%§)e&8&%%edswf&£é{ ﬁff%%&lr& o drogﬁr&ﬂm Al H89)

N- ( 2- guani I'sogul nohnesul T onam ori ormal name:
HA- 1004) differcBatedsclis ragoire ROSHKI ihlnibipdr) fohatatipngne toethe ctend¢ally dcﬁnﬂdlsmfacsie

forma 7 S) 5. - 2- Met hyl =4- gl | . .
o PR e RAGd fah il Gr SRS ok staslX sopingiont erampispstent
(1 nf or matells asrebe Mhiytained bhfhe]:ﬁal)lcaﬂydleﬁméd- uRpeds limths prbsdrice afROOKL hyl ) - N- (4-
pyri dyl) | ohexanecar boxani de . di h chl.ari i.nf opnal Y-27632).
The ki na@éﬁ’f%l‘{}lat piredimg, eﬁF](')s\ﬁaﬂé ced 1 ée%P?tSf’gr&l}? CélFH‘FFZ:‘/ ently high
that thedgmkd surfdésbyV for amhpl@ Aeding aid @eﬁtﬂddﬂf@rehhaloaugémaeme A1l duldiebi t or
concentration between_about nmnvi.t o apout 10 lEsr %aggte swt ble. At |ower

concent rBedipns Aligmairily Phﬁlpmnfi AAR-Blurigptentse l?HH)i ferentiated

cells tymeﬁaéahy daeieaeﬁfacwaﬁ&ﬂgl T4 eperatd dtf@ehtReld! font @iifdetaicachiagd to the
defined surface. [00054] The inventors have_exploited the observation that

undi f f er BREKpkibiteyis reﬁ@t’“ﬁﬁ?‘ﬂé‘@éﬁiﬁ“ﬁt‘@é‘%@’&hg‘af walifferantiatsdiOyt 8% bit or f or
att achneai%f fefidile caﬂ%%e@hbﬁ tﬁ&%ﬁ@&qemgf&ﬁ%a alpBpRSRA AaBadibd,f erenti at ed
from undi ?erentl ated cells. For exanple, pluri potent or nultipotent cells
can be ndiffmeniiatediceln t he chem cally defined surfaces in the presence of

ROCK i nhj r. A L
differ en 0?%5[52 on H}ﬁngﬁﬁh‘ﬁggﬂ 'fhbqgé?l%%%éﬁg{lﬁdfssaces gﬁl ?Qki&lgcgg%%mée addi ng
one or nemditighs ¢aerbe msqdatFpocxaaglmthett@nnemurc ch va@athwp@ abeuli 36R¢ to about

Al h
ter nat% lel Sur;&% gtré;l% CRJI%%]% oy %&a’?fg&egﬁ o%PZ‘%‘%ogll)o%rt?(?’/onto the

chem cal | rectly erent| ated from
undi ffer dﬁpbm(hmm the lledium and bicarbonate concentratlon For example, the cell culture

conditions can be 37°C and 5% CO; in a humidified chamber. The pluripotent cells can be
cultured to confluence (typically about 5 days to about 6 days), at which time, they can be
passaged by methods known in the art (i.e., by chemical, enzymatic or mechanical means).
[060056] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which the
invention pertains. Although any methods and materials similar to or equivalent to those
described herein can be used in the practice or testing of the present invention, the preferred
methods and materials are described herein.

[00057] In describing the embodiments and claiming the invention, the following

terminology will be used in accordance with the definitions set out below.
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ROCK inhibitor is renoved fromthe culture nedia, such that

undi fferentiated, but not differentiated, cells detach fromthe surface

| eavi ng bwbiznt/@3pepul ati on of attached, differenti atedPC&usg009[080055]
During culture on the chem cally defined surface, conventional cell culture
condi ti ojpg0s8an be Asseell helri, "abcatheuns witkint5&hpfer sidtet @ncantraiar ingeet ween about
36C to about 37.5C. Likewi se, the CO2 concentration can, and will, vary

bet ween te?“}%efa&“‘éf%&fne%@%edependi ng on the medium and bi carbonate
concentr t)i)sy]!d. f FO(rgxs@rg]arernb &n, "h{}ﬁomfﬁiuls" fefdrd o pb%ép’ﬁde@ﬂf;ﬁﬁgml least ﬁzﬁ and 5%
COin a humdified chanber. The ur i potent_ce n cultured to

conf | uen¥et [east9p Caryenshigentityto ‘éel’t(gg%iﬁﬁﬂ“& hétﬁ@% ?l’ﬁ)ttﬁW?th“fi nme, they
can be passagsephypdreitRaEls/ikiheva drfatd) EFcrekanle, @ polyB¥ptidd @itk ak leagnzymat i c
or nmechani ca nea{‘p?g@id[ 00056] Unl ess defined aotherw se, all technical and

sci ent i 94 peatiens mtical 1 the7BPs HecusssirBerpigdnermgeted o drromttiethfer st ood

by one of ; Qf Al iweedhd deptidl 4ndG r1Eculebnié Glleriod Surkddy 8N4 ?lﬁﬂ{)di@{tbéﬁ. ns.
Al t hough any nmethods and materials simlar to or equivale to those

n
descri be@nefrosdinany skilltie the seamderstensds that medificetions tor the polyppptde ¢ardnghidss ent
inventio r: . (=13 i erein.
100057 sty iEieRdE e AT Do Hfe Hah Ghlafht i A oE R & on e
f ol | ow ndplétimg mb moirotyn tenlamitvacigse dThiese modibeatianteanhe irrodieeddetp ihei t i ons set
out bel ow,] 000 . As ed..herej " ’ .1 h 0 a stated
concent r%‘l‘%&ﬁ“‘?eglﬁﬁé‘,‘“ger?s?‘?@}tﬁ‘%@%%"e@g’@g%@q%‘?g’ﬁ ﬁ%&?ﬂ? i;hélé %?4610059] As used
her ei n, Pdigpoplidgcustiiningfsechsmodifstiopoday e psddde thesiralidds desatibdddmstin. 00% or  at

| east 959 uence identity tq ,a give P(e.gqg. ., SEO.ID . 1-3) that
resul t i’r@@(ﬁ)ﬂdi ng%b?f%gtfoﬁ‘ri%so?‘ghlfno Il?gleﬁéha{tﬁ%’g’@é’fnﬁsgﬁtr 162 Eor exanpl e, a
pol ypept ¢cigeridtiat gioup ain fypiasily a68nme fatont exdslier 95toiutdettantally dffectinpeth€BPs

di scussed herei_.n is_expec ed to be.a constituent og a conpl ex between the
pept i de ZATHOR o3 PRGN I 5 rihg PHEPQSS PEIhE Bresel FvaRion Juch COISEIVRUNGEIPS 881 | . One
of ordi nat forthka IThblé B ahid e Bided b El@iral fRBEstdshat nodi fications to the

pol ypeptide can include substit (tﬁ?igons,, insertions (e.g., adding no nore
than t enl08%8tho acilabledndoype AridSoasqreatiye Subsbiong, o no nore than ten amino
acids). These nodifi ppfciiiResiafle e i Nt r odsizeElatiné SubsGeutival ypept i des

di scussed herein without abolishing structure and ultinpately. function.

Pol ypepti des contai njpgaguch nodificati opgy cannee used in the methods
descri bed herein. [0 ) In addition, ifyd &mmlsh known in the art that

am no acids within tRe game conservativegQl@iPLFaArd YPi cal ly substitute for
one anot her w t hout gylp antially affectgpg the function of a protein. For
t he purpose of the pe%%ﬁ invention, sugh conservative groups are

Gln (Q) Asn

Glu (E) Asp

His (H) Asn, Gln, Lys, Arg

Ile () Leu, Val, Met, Ala, Phe
Leu (L) Ile, Val, Met, Ala, Phe
Lys (K) Arg, Gln, Asn

Met (M) Leu, Phe, Ile

Phe (F) Leu, Val, Ile, Ala

Pro (P) Gly

Ser (S) Thr

Thr (T) Ser .

Trp (W) Tyr, Phe

Tyr (Y) Trp, Phe, Thr, Ser

Val (V) Ile, Leu, Met, Phe, Ala
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set forth in Table 3 and are based on shared properties. [00061] Table 3.
Am no Acid Conservative Substitutions. Oiginal Residue Conservative
Substi t utworro@3q28) Val, Leu, Ue Arg (R) Lys, G n, AsnPASUSEp/HO&EN Hi s,
Lys, Arg Asp (D) Gu Cys (O Ser Gn(Q Asn Gu (E) Asp His (H Asn, dn,
Lys, Argob#s2{!) LaHe gdfidland Mdtein Aq@encEdor LiGonectip, fileonedMid andMehe Al a, Phe Lys

(K) Arg, @n, Asn Met (M Leu, Phe, He Phe (F) Leu, , , Pro (P)
Gy Ser siagpratgin argknowpandgharagterizedyseerc.g., %H@IJFS‘I‘P%E‘?)%%’ 635§’ﬁ5ﬂ%r Ser Val
(V) He, le§detidBl AIPHEhe qaddQ0RBhedThiEhe Bhve DR d RIcAEBI MinfRfueNCes for
vitronectin, fi'bronectin and bone sialoprotein are _known and _%har acteri zed,

see, e. gncorpsnied by rrigrense ferpamtheir snigty. Ay, pdgmationaligutqther&iA0 WANEof t he
sequenceg,dafidstifl ciybd fi8d ﬁ%ﬂﬁ)ﬂ}ﬁ tde B6rh eI SHDBHSW A sSFohUC Ry POT at ed by

reference here in their entirety. so, information about other GAG binding

ol ecul exxamhlst indsemivel Bis eiils BattsimpprerIpaging pd Prsicempingrsidsdr fhe Heppin r enewal s
found,  Tha 3N frc Biobh M Bophys 543,01 1987), Wbk RlifkoffifarPRCiREe Basi ¢

Am no Acrds T _ parin ng Sites, "Arch. Bi ochem Bi ophys. 343:92
(1997) ; hekd iohtsiestitetycor porated by reference here in its entirety. [00063]
Each nmengj d publj,cation j St o r - ' . forth
her ei n ﬁhbﬁi ent IB?% tgﬁ/‘%ntl%ned psubh&?lgﬁ By &&Eﬁ&at@é’ by RESERBGSirR thith Blin

in its entirety.

[00064] The invention will be more fully understood upon consideration of the

following non-limiting Examples.

EXAMPLES
[00065] Example 1: Culture and Self-Renewal of hESCs and iPS cells on Chemically
Defined Surfaces Presenting GBPs.
[00066] Methods:
[60067] Cell culture: H1, H7, H9, H13, or H14 hESCs (WiCell Research Institute) and

iPS cells (DF19-9 and IMR90-derived iPS cells) were maintained on Matrigel®-coated plates
(Matrigel® obtained from BD Biosciences; Franklin Lakes, NJ) using mTeSR™1 medium.
The cells were maintained at 37°C and 5% CO; and manually passaged every 5-6 days after
treating with 2 mg/ml Dispase® (Gibco; Rockville, MD) for 5-6 minutes.

[00068] hESCs were passaged to SAMs of peptide-AT conjugates on gold in
mTeSR™] optionally supplemented with 10 ng/ml heregulin-81 (Peprotech; Rocky Hill, NJ)
and 5 uM Y-27632 (Calbiochem; San Diego, CA). The heregulin evidenced modest
improvement of initial cell survival. Some surfaces presented peptide-AT conjugates of only
vitronectin GBP (SEQ ID NO:1), fibronectin GBP (SEQ ID NO:2) or bone sialoprotein GBP
(SEQ ID NO:3) Alternatively, some surfaces presented peptide-AT conjugates of only the
integrin-binding peptide (SEQ ID NO:5), another bioactive peptide derived from fibronectin
(SEQ ID NO:6), the FGF receptor binding peptide (SEQ ID NO:4), the laminin-derived
bioactive peptide (SEQ ID NO:7), ADSQLIHGGLRS or MHRMPSFLPTTL. Furthermore,
some surfaces presented separate peptide-AT conjugates of the integrin-binding peptide (SEQ
ID NO:5) and FGF receptor binding peptide (SEQ ID NO:4); the integrin-binding peptide
(SEQ ID NO:5) and vitronectin GBP (SEQ ID NO:1); the integrin-binding peptide (SEQ ID
NO:5) and bioactive peptide derived from fibronectin (SEQ ID NO:6); and the vitronectin

-15-



[ 00064] The invention will be nore fully understood upon consi deration of
the following non-limting Exanples. EXAMPLES [ 00065] Exanple 1: Culture
and Sel f -\Wenzewal332f hESCs and i PS cells on Chemi cal |y DeCirnsdoososiates
Presenting GBPs. [00066] Methods: [00067] Cell culture: H , H7, H9, H13,
or Hl4 hEBEsSENNIETSIO: 1)Rad aaRGMPEREPTTIUt Be desltyl FPtheqrblides oDHEIufacend

| MROO-derived i PS cells) were maintained on Matrigel (r)-coated plates

( Mat ri geYarey fromta a2y b 6¢ B Bosci ences: Franklin Lakes, NJ) using

nTeSR( t Njobod9pdi UMMGES ef SbrhShET S dFB batbAlel B tRbtavidiz-RdBRd lidsaatad manual |y
passaged every 5-6 days after treat W th /m Dispase(r). (G bco;

in 2
Rockvi | | with kipjinylased witrgnegfi GPBé?s(.SE@d@Gﬁéﬁgql) orEpSh@c degelscressdinked AN of
pept i de- Ao slfh G@@R%Q‘i’ﬁl\ﬁﬂ'lﬁ in mfeSR(tm | optionally supplenented with 10
ng/ M heregul i n-bl (Peprotech; Rocky Hill, NJ) and 5 nmM Y-27632
( Cal bi ocl9800] San Biegaydless@hthe mvee ¢fcheehemically defined swdpcaerrdtide(®pr ovenent  of

initial LV f ( ird8- | f
onl y. vi 1§ Bbled Tt Bon: SO SSRGS mBh B0 S See BATR R o MBS hone
sial o gr oﬁu?w GBI X-BHays I(?' NOc@lughayp rlteatieataient Wlﬁmewmﬁ&é@qugr esent ﬁldo

epti de- conl u 0 . (Mt EQID 1 5),
ot her Brisinby BE st ol hont SRR IR ARBEIEBEE: L 578 |7 he'
r ecept orethylemtidiamineaptbdaceic @SACQEDDANDOZY,, witviod forakd- i mindtes.i kéer thieeact i ve

pepti de (SEQ | SQLJ HGELRS . or RVPSELPTTL, Furt hermor sone
DUr T acesramavdAva 2Ll TEeehthee s Re b el S b PRERRLS, 5 ai ng
pepti de fiéEQQtbhetNO 5) and FGF receptor binding peptide (SEQ 1D NO 4); the

integrin-binding peptide.(S D NO. d vitropect| EQID NO 1);
the int e@{%ﬂ?bi nd{&ﬁg A&Bﬁ&é"dﬁ%@f?@“\“ﬁ%@?’%ﬁ °5ﬁd°%&8§&@9‘§§%‘é§1n§é’g 2ri ved
from fi bgRPEEESOs W EERIatdd NS Mhtrigalndated Surfictd, OnaEdIABRed SicfcdsDoMNO. 1) and
MRHVPSFLPTTL. The density of the peptides on the s(q,r,f ce varied fromO0.5%
to 25% {yeaces presgntipg therhsparmhindipg BRids CRKQRFHHESEE OB o8 PEREYESEd t o

st r ept avjpdidds 6Pk Kébﬁ&&@).irh%/ﬁiL@ﬂA%ﬁ DhdtirOhé QiHa88sarkrdy Whihe@aed he GBP ( SEQ
I D NO 1) or polyacrylamde gels cross-linked to vitronectin GBP (SEQ ID
NO 1) . [Glolsyd Rédgarilivaaes wire prd thdeterincompioprimainesti wabey ugee Gild surface
or pepti-fgl &o ?ir&ﬂggas% O 18hSShe AP EmmeXceh@ore defl/ifihtc¥Bf @1TBRKA
passaged to a fresh chem cally defined surface every 5-7 daﬁ/s_ i.e., at
conf | uentby presdnceef heperat veegus these witkowt Bepayipmarexpsesgysl 4s percent cell binding

for each surface.

[00072] To determine if glycosaminoglycans (GAGs) are required for GBP binding,
human ESCs (H9) cultured on Matrigel were dissociated using an enzyme-free, Hanks’-based
cell dissociation buffer (Sigma) for 10-15 minutes. Cells were resuspended in DMEM/F12
(Gibco), or DMEM/F12 supplemented with 2 units/mL chondroitinase ABC (Sigma), or 500
ug/mL heparin (Sigma). Cells treated with the GAG-degrading enzymes were incubated for
1 hour in suspension at 37 °C. Cell suspensions were seeded onto Matrigel-coated surfaces,
recombinant vitronectin-coated surfaces (10 pg/mL, R&D Systems), or SAMs presenting the
peptide GKKQRFRHRNRKG at a 5% surface density. After 1 hour, surfaces were washed 3
times with PBS and the cells were lysed with M-PER buffer (Thermo Fisher Scientific, Inc.,
Rockford, IL). The cell lysate was mixed with CellTiter-Glo (Promega) to determine the
number of viable cells in culture based on the presence of ATP. The luminescence was

measured on 20/20” luminometer (Turner Biosystems, Inc., Sunnyvale CA).
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Di ssociation Buffer (Sigma; St. Louis, MO a phosphate-buffered saline
(PBS) + ethylenediam ne tetraacetic acid (EDTA) 0.02% w/vol) for 10-15

m nut es. wbtero/wb928e passages (about 2 1 days), the cel PsTRSe@9IByHDTIAL ed
for pluripotent cell-specific markers by flow cytonetry. [00071] Cell
Adhesi onppodma] det eigEl tRok ke hest:ew)@&erecxﬁmfddtmhmﬁe@l Ofitrdie8a, bbnytysmg, to GBPs,
hESCs were pl ated ontqo Mat r(ﬁﬁﬁﬁ coated surfaces ronectin-coated

sur f acesCKERRERHRNRE G ordd YTy PRRsRST 1o ‘i’%ﬂnﬁ ﬁﬂ’é’fei“%f@te FHRNRKG

in the psgsRORK Rhibfbs N oRkts VeteWhlchlalRe RA R tikn® pintrikingl Qell Guneiig 1 hour,
the surfaces were washed and the cells |lysed. The cell |ysates were used to

det er mi nTéltﬁp(BPb%ioth’]éC@@Iﬂechﬂ?ﬂﬁg@rssln&sl{%"@éi MD¥i ter G o (Promega). The
ratio of ob@ﬂf]]neanhhsemﬁéee%en OR At NBER ebr thits MaBS nisehEscHVa@t ed in the

presence o0 eparin versus those wthout heparin was expressed as percent
cel | bi rallomgd taoforme smhrysis todies (EBL) Gro7 sispepsion evlérerivhich werg farmsd ini nogl ycans

(GAGs) a}goqy(ﬁ ?Hxlggcgeqmrl %eth%jﬁ?la@é) '}gét?cggaesﬂy@@ﬁg%;% dﬂégMoﬁH)let NC?Qn(Pn Matri gel

wer e di ssoCi a si'ng a nzyme- ased cel |l dissociation
buf f er (CSIIW)m & oredibOr of Jscn e Medified Bhlbsconis Mediuzs (fsibemidedo fatal baeng F12

(G bco), wppl £

(Sigm), Semm ’ug?cn{%r{ggar%g&i@dm%(§ &l%éﬁwggf}{rnggt P@%vf hﬁk&hﬁ@%%(qf degr adi ng
enzymes (\&abc@)l ncubat ed for 1 hour in suspension at 37 0C. Cell suspensions
were see nt o - coat ed surfac reconmbin - coat ed
ur { acesIpUH o) R oS i e SRR RO it h EBRRGAE
{165 w Lh PaS s“‘anm’??%m‘m e i 0l B b o vsshes
Sci ont | 14EboqiRuiRe R O Dys e Bl S e e A

Cel I Ti t ef1: ﬁbosdnar@fﬁeee)tedhﬁoldg Shiith Geuz OR), rmumxalsulmf(moab [R&B 8Ydtamd)n cul ture
based on the presence of The | um nesc& g;ifa@@g)ied on_ 20/ 20

| umi nomettestin (1130Rk P“fBPB@%[t @r?sso Tigna), Fexfiivi9 Smeetly G owt h:
hESCs ( H%)xscwcﬁn @Nidder Si9m8)) alPdaft) gﬁh bmmntg rpﬁﬂﬁﬁ ul(pzs(p RS B§dtéiRs). Cells

GKKQRPRH KRGDS over two pas ges in R nedia _suppl enmented with
5nm ROCKWPTFI IﬁP‘?fi WB‘F PB&éP‘Ftalé’é‘Eﬁf/*sfwléebd ‘F%‘lﬁll(h}cSe/Eiplﬁ’Elc gad fore) minggsi att  usi ng
Cel | €244 eh pBmickiilidadad mﬁ'&%anﬂ@sdﬁm& % Trit@&X»lOBQﬁJW'I% e, MD).
[00074] ESC fogrentlatlon After culture for nore than nont hs, hESCs

were al | v S@l@rﬂdblmuel%‘-ﬁ&bl@l mp@@s Wessr)cuba’setbm@l@}segepﬁw qvermight & whi ch
wer e fOfﬁ%de,&c@%m% amn)\sgleg tur A Hﬁhfﬁ?fﬁé%in%&h =shR8tSHustleasis “(hehel ner

Bi o- One; Nbnro In a medi um of |scove' s Nbdif
Dul beccowere liedbaied fol bow)af robsiemperatureh Gecandary staining was performed Wlth

Alexa Fluor® 488- and/or 594-conjugated antibodies (1:1000; Invitrogen) diluted in blocking
buffer and incubated for 1 hour at room temperature. Cells were counterstained with 4',6-
diamidino-2-phenylindole, dilactate (DAPI; Invitrogen). Image overlays were generated
using ImageJ (ImageJ is a public domain Java image processing program available on the
World Wide Web). Peptide array mosaics were generated using the AnalySIS Acquisition
Software (Olympus).

[00076] Flow Cytometry: hESCs were dissociated with 0.05% trypsin-EDTA with 2%
chicken serum (Gibco). Cell surface marker staining was performed in PBS containing 2%
BSA (wt/vol) at 4°C for 30 minutes with directly conjugated antibodies against alkaline
phosphatase (R&D Systems), Tra 1-60 (BD Biosciences), Tra 1-81 (BD Biosciences), SSEA-
4 (BD Biosciences), SSEA-3 (BD Biosciences), SSEA-1 (R&D Systems) followed by a 30

minute fixation with 2% formaldehyde/PBS at room temperature.
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serum (FBS; G bco), 1% non-essential amno acids (G bco) and 0.1 nM

b- mer capt oet hanol (G bco). [00075] M croscopy and | mmunost ai ni ng: | nages
wer e col Iwotzeth/0s8428 a Hanmanat su (Bridgewater, NJ) D gi t 2CTTseevasT0RNt ed
onto an A ynpus 1X81 M croscope. Primary antibodi es used were as foll ows:
Cct-4 (1lpd0fr) R&DFoymtressBilaMnakesstaihing, hE¥Ss welIoad 4ih 2% 00; Santa Cruz

Bi ot echnol oqy; nta Cruz, CA), b-l1]1 tubuli - 3000;, R&D Systens), nestin
(1: 3000) fortaggﬁygg%ﬁ &t WOPI?IQE%‘,‘m’Sif%‘r?é’)‘PmF‘S% A!n?rb}?'% Gﬁ}n“ﬁ&ﬁfqéﬂﬂff‘ens) )
a- smoot h%émsmlezea%ﬂn@aﬁ&hﬂméabﬁizgﬁabbuf@ﬂ@phgon Y saporin, i 196/BBA varvel ei n 4

(1:250; R&D Systens). Cells were fixed with PBS contajning 4% formal dehyde
and 0. 15WPRS) ard0 suipgfes & roopp tempaatuss follpwed /by ingebationswith anQEhFFi zed and

bl ocked Wiy RBen@RRY 8dthiBt. GelldhdiitdRyatheiP iR dyith SPB Bi¥eRgalggd. um al bumi n
(BSA) . AUantI bodi es were Incubated in bl ocking buffer over n[aght at 4C,

except f900T8he antpvBen-2eainmai sells wereinermesbibizehwith 8% ige-coibmebatobot h nuscl e
actin, Wolhg Weh SpBI %8%%%);.% QkH-Flﬁ%r‘Dch%H%ét@d@ﬁ;)@&r}%Pl hGRGPPEar Y
th r)y 488- or 5

stai ning was perforimed w | exa uor and 94- conj ugat ed

ant i bodi asl theh W30S 2 timed witloBRh) dil uted in bl ocki ng buffer and incubated
for 1 ho roo . ™1 i ' 0-

di am di n@h gﬁheny |°$1’§§F‘gn5&éﬁu({a§cvfl§§ya?%ﬁﬁ%;ﬁg?%\%@{s?%g%ﬁ) . nglé%é’l%régs | ays were
gener at exhdusalpzedlusing #low(b iBaffedrei(Erea Spudhé. cAshiamdj OR)) dlte perragteggrfocessi ng

rogram avai |l abl e on the rld Wde Web). Pepthde aryr ; i wer e
Cenar at et A Sy Rethis ool PR G R Y A BBRAUEE076) 1 o
Cyt oret r \ES(RESfasing\etr podfivveand nagatide popiulationObdd estaplizhedbyEmb N zingtthe 2% chi cken
serum ( G.bcq). 1. surfa mar ker ining was perforned in PBS containin
2% BSA( %W?%@F%prﬂ%qydﬁﬁﬁrﬁnt}ﬁtm Swi t hgdi recfl y conj ugated anti bodi es )
agai nst @bésu]i ne hRMABEK ag6typiR&DHOMSH BEB s Weréhdvétd aBRIBwes Bitedieas) , Tra
1-81 (BD Biosciences), SSEA- 4 (BD Bigsciences), SSEA-3 (BD Bi osciences),
SSEA- | (remidey@ PRl finglsonesiisetiony Thermatishes seientlicxat  on with 2%
f or mal defwdaPRhehofideridnt WahahULe) Wi 8ddeh dkedilyl b héteRIditbiag nar ker

staining, hESCs were fixed with 2% f or mal dehyde/ PBS at roomtenperature for
30 mi nut @dturesgay Bror 44ftex pessagpighat sverq heseybated fordQuminntse adth saponi n

per meabi {ldatd QnBvf £65. dotbdhid onb%g?@ﬁﬁﬁl &nc@zﬂ%ﬁ@t@%ﬂ%deﬂmvasi AdkBs) for 30
m nutes at roomtenperature followed by incubation with an Cct-4
PECon] ugie eeltuagst Mggﬁ;b' were rairged to tigaippubatpe fos ap piditiongk Howingtes Gells wire h SPB
S B LO9L i SO A el BRI 121 1
conj ugat &e75M KiGb bypyotdnay (Idvitiegen), and ioubated in a 37°C waterbath for 18-25 minutes.

Cell suspensions were pre-fixed for five minutes at room temperature with 20 drops of 3:1

methanol to acetic acid fixative (low water methanol, certified ACS plus acetic acid;

ThermoFisher Scientific). Following centrifugation (200 x g for 5 min), the pre-fixation

solution was removed, replaced with fixative, and incubated at room temperature for 30 min.

Fixative was replaced at least 2 more times. Fixed cell suspensions were dropped onto glass

slides under controlled temperature and humidity conditions (25°C/33% humidity) in a CDS-

5 Cytogenetics Drying Chamber (Thermotron, Holland, MI, http://www.thermotron.com).

These preparations were heated for 1 hour at 90°C on a ThermoBrite StatSpin (Abbott) to

"age" the metaphase spreads for G-banding and allowed to cool to room temperature. Slides

were dipped in 1X trypsin-EDTA (0.05%, diluted in HBSS (Invitrogen)) for 25-30 seconds

followed by brief washes in a FBS solution (2% (v/v), Invitrogen, diluted in HBSS) and

MilliQ water (Millipore). Chromosomes were stained for 90 seconds with Leishman’s stain

(0.2% (w/v), Sigma, dissolved in methano!l (Fisher)) diluted 1:4 in Gurr buffer (Invitrogen),
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and then washed 2 tinmes with SPB. [00079] Flow cytonetry data was obtai ned
using a FACSCal i bur(tm (BD Biosciences) and anal yzed using Fl owdJo Software
(Tree St awo 2brn33928shl and, OR). The percentage of posit iPCE/USI0HSTTS

establ i shed by conparing experinmental cells to partially differentiated
hESCs. Gallbwen byotworbeief whshes rMilli@ gater (Milkiope)| Tlid shides wars deal @l 5688ed by

anal yzi ng t he binodal peaks of partjall |fferent| [00080]

G bandedhqii%l?%wgo an ghverslipRed e é QastlzoUhmgupsiag g Z‘Q’FE?? Et hi di um
brom de §Qerdifid, Y% dlhridoo QAN GEPT /v AllansdiRilyD BLBdW@randgdiewhs Ifemfmed by

http:// www, t her nof i sher.com Wl t ha MA) was added directly to st?gctlvely

di vi di ngraadam salecsion ataf 1east 30 metaphases. %%ﬂél}est“h‘éﬁc welped metAPhastslat ed for
40 M NUt @5 lcBlurRedd AstatbIRE HRRAIRhroMdsEine Yo, a ARIREALAS (RRMnAL %éaaﬂ final
concentration; Invitrogen) was added to the cultures, and they were

r et ur nedmiceosedricalliicand at lspst fof thave erel kwqmnms@ Mrtphase mages Verener e

di sassoc} f

resuspend'lgglg ‘ﬂ'gtaﬁ?l%eg %Phg@ymoa §Q§d§g¥ onic ‘?gfé%?uégg%ﬁda}%g@?ﬁgubat ed in
a 37C masoéuwbm(wxﬁecAlettﬁawmwm@@I-nmm @m)eethsan&ixmm Prwicrqse@g for five

m nut es e Iynet hanol to acetic acid
fixati ve@ﬁo%%nb%n‘%waﬁ%g% cert I ?1?158‘952‘8%& aT us)acetl ¢ acid; ThernoFi sher
Sci ent i fi00()81] Fol | ®wiingl Slefaw demgatqnoﬂh('czmﬁmxlgmb@md themgaly (25trhve) vare- f i xat i on
B WS OBY S SBhASESelle Debl AP AP I Rl
cel | suspsipd théerimalvevapordtod (IPpeebndVeicours) Mesrestbwniéﬂ) uBubstratesowereol | ed

e Aty T S G oM P bR BTt Yhade?. RS
gg E) pC //vww_rrgh ElﬁfsﬁitBésf\?ﬁe g??fzughﬂjhﬁ?ﬁlb \ﬁﬂlﬁtﬂe{nal ardnBicdafider b@ﬁéaﬁdoffni)ﬂi'og]:n hou (r]I a]E
on a ernopbrite a | N 0 eaas or
G bandi ngPsRiPaYithferovyl eoM wers “F"(Sléﬂﬁd% glgSF@ krbgl' :ﬁ%%p F@r ‘%ﬁed in X
trypsin- ﬁﬁ%sﬁ&u@%meh Stht@d, T hﬁs%ﬂeiguamz E)Haexﬂisk (hody 2508 0mSegemds
SOl utl on

fol |l oned bri ef washes |naF 2%(v/v) lnvitrogen, diluted
in HBSS)mawamsm@@ arErhromiyn mas @hoto Sriears s mBRoGEAY 16F LY for 90
seconds el G an@eré n§§éa'tﬁbr§l%hg'/ﬁsm<@/s¥‘)eral$eﬁﬁﬁve ﬂésﬁ@&’vi‘ﬂ?é’osblﬂmmt hanol
(Fisher)) diluted 1:4 I nvi trogen), followed by two brief
washes |ﬁhavpl4nd@1$ﬁp@watequldnp@mqerawnscrﬁneiwemere dried on a 500C
hot pl at 15 FORAAt di a
(Ri chargl iﬁ <]:\n Sci g tﬁfl‘?oﬁ&l”%lﬁtgd#gggt‘gtﬂ!ﬁa?e %{& %wasq)gral I ar}*g{gll%%rgn) G Band
anal ysi shqwessofrblmﬂlmwiud@gmyhy asmamwswfwmdman@auywemgta P2ePipatmaphases.
Chr onpso %8 i sh nodal
o i ifor: ReiBeldn 3 Rl SRRARE gﬁdﬂ{ed YRR b8 i Be ESAARY !

chamber for 12 hours and thoroughly washed using repeated washes with ethanol and water.

Rapid flow during washing was used to prevent cross-contamination of array spots.

[00083] Alternatively, glass slides coated with 250 A Gold and 10A Chromium, 22
mm square, 0.16 mm thick) were purchased from EMF Corporation. Arrays were prepared
as previously described. Derda, R. ef al., "Defined substrates for human embryonic stem cell
growth identified from surface arrays,” ACS Chem. Biol. 2, 347-355 (2007), incorporated
herein by reference as if set forth in its entirety. When larger areas of peptide-AT SAMs
were needed, whole chips presenting the same SAM were fabricated by sandwiching
solutions of peptide-AT/glucamine-AT between two gold coated slides. SAMs were allowed
to form in humidity chambers for 24 h before use.

[00084] Peptide-ATs: Peptides were synthesized on a Pioneer ™ Peptide Synthesis
System (Applied Biosystems; Foster City, CA) using standard Fmoc chemistry on Rink
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m croscopically, and at |east 4 of these were karyogramed. Metaphase

i mages were captured and anal yzed with the Applied Spectral |naging (ASl)
acqui si tiwo 2and3BandVi ew sof tware (Vista, CA PCT/US2009/057705
http://ww. spectral -i magi ng.com) with an A ynpus BX41 m croscope (Qd ynpus,

Cent er V@Jni&m%smmb@bldcw 16ddyiEP U S8 RBRGLEH . B@tﬂle ATQORBEIteBeére ned Surf ace
Fabrication: Chrom um ( and then go d 25 n wer e evdg ated onto

pi r anha ReNaRd sypilalvdy ﬁ‘@asegfaas% Melsiichy 94org; P ’Fﬂs’ﬁgfoﬂﬁmﬂf’g\?mte mm squar es)

using a ﬂe:ﬂﬁ&en@ﬁh %«amrta&rﬁﬁus(d%%men\{aqm NDRIEKEQWOL cddll bf thSUbst r at es wer e
i mmedi ately imersed into a 1mM sol ution of fluoro-AT in absol ute ethanol.

After 24compgrad 1.3lMatapd d SsliisenrepylonshadiiaioyfD W)n‘g?é‘d‘d%dttﬁ the Mol and dried

under 2 [;eﬁﬁmz o THE tman WO MBhtakddSr mﬁohrsfahugﬁ&ne&\’s' £SAN&E 6f DIt adi at ed
wi th UV-T1ght - Xe Research Arc Lanp; Spectra-Physics; Stratford,

CT) t hr oangﬂi(éthwaraﬂ«iedp chteoﬁhgws (the Tegiy Wap te5G0 wrh%ﬂmKaz% Tﬁﬁﬁ(%qdéar@gli 0. 067
quartz- Cgr Pmd'&ﬂ}r%ﬂ%{ &Eg&toﬂ fy!eeet@ﬁl?iﬁal aIHﬁJ%P&ﬁ in gt‘ﬁl)d) hfaQ:rs I rradiat ed

sanpl es were rinsed orough usi ng sever repeti t| ve vvas es WI th
absol ut epeptifivayi dAnah Bioclierst 34: 59éd59\8/eﬂ%7ﬂ))amshd¢ wish DMidend dictderomathausfandi t r ogen.

[ 00082] trin AT sol [ or med
i thi ) 2R B e R B e 1 B Do o Rk T
using a d?l?erlﬁ'rqoi;ﬁtm édﬁ)d@mnwefdndldﬁed by]prewatmem(hbﬁmdﬁlemylscmanber Spot ted

st t.he huni 2 yghl
Anshed BPRGTEsE Skl b AL T % AREHE %0 Bin bF < POV pltlled ARG Y
washi ng rerstidistite ﬁx@urﬂYH\Aﬁﬁhteﬁweﬁé&oﬂmtﬁdarﬂadﬁpurﬂhd@dmpie Wazyaxmmedsby [ 00083]

Al t er nat Yy, coat ed A Col d oLym 22 mm
squar e, ljﬁﬁ\fé Hﬁir?‘im;\} eﬁ’ﬁ?ﬁ‘??ﬁ?ﬁnﬂmﬁl‘?(?ﬁ? é@ﬁ“ﬁ%?%g{lg{&gﬂ% ays were

prepar edHAY, R 18VHHUS k—IVNKhRSdHA! tiddsah d®,0B.is BHicative of Beé tlﬁtﬂdur&ub@mt es for
human enbryonl C stem cell growth identified from surfaz rays " ACS Chem

Bi ol . 2,1t 34k dgwl pbmehyleng lﬁ(é&gﬁ‘&rn&{‘@@ thedfesithiobiynstionaline FENZeeouplinedat f or t h

inits eRfdnb6ling mMhREnd @'}E%I\?fn%@éd&fterﬁﬁpédﬁ'&tﬁ'& )SAMs wer e needed, whol e
chi ps presenting the sanme SAM were fabricated by sandw ching sol uti ons of

pept i de-09985) ucanRe8MAT bet ween two gol d coated slides. SAMs were al | oned
to form jggodgym di :I‘Eee n @ﬂ[g;@'é)?alﬁlﬁéd \gﬁetﬁkrl@ﬁP@rs’ﬁdﬁJ%@SEd ﬁ@ﬂ@q aloRPbt fle- ATs:

Pepti des were syn on a Pioneer(tm Pepti nt hesi s System
(Appl i edcombg@ysm vmh othsb@ﬂwo@qpydes@m)ld SeiPet p@ma@am IpHeshmene gosthy on

R nAM Agaidiffeah DO AR t?dc@%gbﬂg&ntagoéqm ﬁ)ﬂ‘)ﬁl B8Rl 96

conj ugat es Were pa simlar to Houseman & M Kksi c supra. Briefly,

resin catesenbnd hgeprsmweetdelbemﬁadanw,tShlf—wnkweleand—qomnmsmsdlmbutsvvoI len in
dry THF, requlre a cet‘%algg g%e f cﬁé}ﬁlcal%g(p r&é% to produce.

[00087] hESCs (H1 and H9) propagated in mTeSR media supplemented with Y-
27632, an inhibitor of Rho-associated coiled-coiled kinase (ROCK), on surfaces presenting
GBPs for 6 days maintained high levels of Oct-4 and SSEA-4 expression (FIG. 1). Cells
treated with a glycosaminoglycan-degrading chondroitinase ABC enzyme maintained their
ability to adhere to Matrigel and vitronectin but exhibited decreased adhesion to the synthetic
surfaces presenting GKKQRFRHRNKG. Soluble heparin, which competed with cell surface
GAG:s for binding to the surface, also inhibited adhesion (FIG. 2A).

[00088] A variety of peptidic surfaces supported hESC attachment, growth, and
maintenance. Interestingly, peptide surfaces presenting GBP, like vitronectin GBP, best
supported both cell attachment and self-renewal, as determined by the presence of Oct-4 and
SSEA-4 after 6 days. Notably, while a combination of RGD peptides and vitronectin GBP
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conpound 1, HOBt and 1, 3-diisopropyl carbodiimde (DI C) was added to the
resin suspension in THF. The resin was incubated for 12 hours and anot her
3-fold exwoe100B33P5C and HOBt was added. After 3 hours, PCAISR@Qi0H7 708 S
tested with the Kaiser Test (see, Kaiser E et al, "Color test for

det ect i OgypBrtdd'cRR sélLfeibwial] in@RBHABinging 4RSudh'RCD bb;ﬁrdﬁmﬁﬁncﬁ yédekasi for of
peptides,” Anal. Biochem 34:595-598 (1970)), washed with DWVF and

di chl or ofekimasTe] 6ke FGiDd in vacuo. After ci eavage wth

TFA DI C [geiddi2 Q' phei9brebetfiing durfacds ake inff@or sub3Rath forphfipichestenptdCi pi t ati on,

conjugates were purified bqﬁ%reparatlve HPLC. Gradient used (percentage of
nobi | e pprapagatign. Call culturedOmRPs Gsplayedahighguglounte 3yieplasm gadio, mainfagedy

retenti Ee&h anpl e was
il vz B B B (o B B o R e 1 bl o
d 2.49 (¢o[l¢me1s|cb;xractmnc@ﬁundlffmnuamw@en& )In icontrastrgl pEPUlANOTSEMWHEE | N CD3CD

is indic C net hyl ene
hydrogenghn fS%%td%ﬁ%?fa#egé%%'&% fokﬁﬁﬁﬁt&gﬁ eln%(%uﬁ ‘?ﬁ’%&%g"ﬂc%%ﬁ ng to

nei ghbor indiyidwet deil$, enéd fewkr é¢ls drotp popidatioo diselayet markers nf pindpoterdey ¢Fi. [ 00085]
Resul ts: 0 36 he ipavent ors mned V\/net SEQ I D NO 1,
al one orZI%)n ogﬂ%w]ﬁtgt’ Ceﬂr% %nr %Ifﬁer B egtérll n %%GSFF’Q‘BEE‘* coﬁﬁgyguppo%

pl uri potﬁﬁfphcleglles aidtcﬁfféraﬁmte,d @b@mﬂhce anlgtyormd gdrmriayece Thes,agjacbinteet toat | ve

met hods é pres t| on. tﬁ cal Igﬂfiefi ned surfaces described herein
showed e DiReBh esﬁ P%’ﬁ%‘é‘ﬁﬂ tcignt e SUPRRIGRITTEO¥H col ony spreading, but

r equi red[oaomr t ai m\ftielmﬁt}@fof é‘diﬁﬁ‘ilcﬁﬁlpaﬁxgiﬁdﬂ defintdsupfacaypeeaentngBEEY] hESCs

H and SR red d with Yy
i b £ ol SR RSB el oot i o R el A 0564 26 SeTASe
present i pgeLIPRSS fm) NANBGSandSOR 2 WhEH Wirdiain@tRl St igEh oéls. 41@@%@@& 4

expression (FIG . Cells treated with a gl ycosam nogl ycan- degr adi ng

chondr oi @qﬂﬁa'sl@rm @RE-prasenying surfaceeigrmeddiomoggous pypuationtitfer e to Matri gel
and vit rm&éxﬁlake thﬁ?mem Jeﬁy C:f&)%ﬁﬁ%re%dﬂ%hs‘éfy ﬁa@kéd%lo%ié@t hedohkassur f aces
presentin I e heparin, which n%et ed with cell surface
GAGs fore n@lmj qnMatrigelS mrfnaé éeteraggt@wmilmppléwoaah hilp generEKesesspoR) . [ 00088]
A vari et alpe and

ol nt enaedt ofiffikhShfodiibl SR PLBHARRY 1Rt Nnerl RENR I O AOT,

Vi t r onecMatrigelBmd cmomplpﬁBPedeSbmrm sudades,aellsgrhwe ar l\@mgeéblsﬁccﬂenewal as

determn bly, while
a conbi n%?%%%,%%@%@%%ﬁ%ﬁg@%p gﬁgcyéﬁﬁ?%?lgﬁ tin Cgﬁgﬁﬁtr&g)t r ?% ‘,ﬁ)(;na
sel f - r en@RBipreseming gnifavepmainiamgd cbll-surflee REDEspiep bf tess mvalkers olfurthem@ar y for

self-re N&NE lculiu%é%e on (I}:Igl%pre%gﬁting surfaces remained karyotypically normal over the course of

the experiment (see, FIG. 3B).

[00091] GBP-presenting surfaces are superior to polylysine-coated surfaces in
promoting cell divisions. The growth characteristics of pluripotent stem cells cultured on
standard substrata were compared to those of cells cultured on surfaces presenting synthetic
peptides. Growth curves were generated for hES cells (H9 and H13) and vector-free iPS cells
(DF19-9) cultured on various surfaces over two passages. Matrigel-coated surfaces exhibited
a slightly higher plating efficiency after 24 hours compared to vitronectin- and
GKKQRFRHRNKG-coated surfaces, which were equivalent. Surfaces presenting the
synthetic peptide KRGDS had the lowest plating efficiency (FIG. 5). Increased cell numbers
were observed after each passage for cells cultured on Matrigel-coated, vitronectin-coated,

and GKKQRFRHRNKG-presenting surfaces (FIG. 5).
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[ 00089] RGD-presenting surfaces are inferior substrata for pluripotent stem
cell propagation. Cells cultured on GBPs displayed a high nucleus to

cyt opl asmvoabion33emai nt ai ned hi gh | evels of nmarkers of plpariysetensyrof Fl G
2B), and grew in the formof tightly packed col onies characteristic of

undi f f er pod9At ed [Uefs ettukel. onlsinth@ittsiFfsdes psdnting tp bkpdrincsisdify gupridon

RAD- presenting surfaces grew in t er S m xtures of

col oni esCEKR W%QFaEW?lﬁtlogﬁngwg iﬂgmﬂ‘fﬁ%ﬁnﬁﬁ di spl ayed
mar Kers gl didbePd RRR Yivisid as €dBk culeReborsMaRighly as i6@iated Bilddiéseeht 0¢l1

RCGD- presenting surfaces _exhibited a vari et% of _nor phol ogi es and

di f f er entt#iamngdIn Goniask cells prltared ORiTARRGtR-cakdsyraresand s 10 syl hment to
RGD pept | ; DYASdd &l R UiviSors U rane KK GRERBRNKIF0090] After
3 nont hsﬁlgf&ﬁglgén??ﬁuousdgg’gga%‘%vﬁl&ogl defi nmur%ces presenting SEQ ID

NO 1, cebrbssntips sirfaces(atrefuperior & pQdylysingrenatedsurdaces ingsermotmgcehdvisiMms: such as
Cct-4 an @%lfA 4 ,]]Hgg\égc-? : i kjpt ai ned at
hi gh Iev@f)s. Inpor(%tgeg? P?@k%ﬁzqeg%du ture ?gﬁ@ggégg%%?ﬂé@iﬁ?ﬁgs f ormed
hormogenoudtupo phaippeniscels. Komdkdnime, steitamidin-cpated plptos eentedowitt Wotilaged 34) t hat
grew in i 0 ' I trigel(r)
Pormed her s pion L BHESHef uaBhERn b8 UM aRluen BEb il B L ALYE " ¢

mar ker s SBQ 82 NQ: & dvawprekenpidioni Sadie(detp naeshewo) ripreatingly, belomespreadiiglveasgr own on
Mat ri gel, and,cel | P-.present i ng _sur | 1. [ n

Mat ri gel PSSPt ?Alg%?’w;%@&é% télgog f%nngeo ml%eeiwgflcﬁﬁ §?SSP§§18€’§"6%§9%6 Eer s (FIG
3A). | n dath supgtsting eat stheprpeptidecpresehignrcaffedd mipyt 811 néa@lRQCKenhiltitir e d
cell-surface expression of t urt.hernpre,. cells.cultured on
GBP- pr es ﬁfﬁ%ﬁ‘ée ’g’ﬁ&“&c eymﬁﬁggqﬁgmggmuygqli%ftprgplyg%ﬂan%% €eSlrse of

t he expeglhd¥RbVerdHe Suppbiéd cel Blihesiod QB8 glowBEdntagHRth ISAQIS THeaesultar € superi or
to pol ylysine-coated surfaces in @ro(gg)ﬁi QGq cell. divisions. The growth

char act efamonpigate that ayyaety b sehiiratey Bt esplay CaGbIdngpegides CamssPR subst r at a

wer e Corfﬁl%c'f@eﬁteeltélﬂaéﬁorpénd%%wtﬁ. cul tured on surfaces presenting synthetic
pepti des. owt h curves were generated for hES cells (H9 and H13) and

vect or - 0894l pS ¢ Bluripoepopls oyltuged|on theschemicallyn defuigd, rentidespressniifger  t wo

passagesg, Hfdsh ik G0 BhG e bl RSsefBhdd, bR R Ml Yo dikORefatPIndf | NY
efficiency after 24 hours conpared to vitronectin- and CGKKQRFRHRNKG coat ed
sur f acesgellpfiomithedires serpulayersenficr Glipreassbepedbdefipedsurfaespyaseniagi ¢ pepti de
KRGDS ha@hcgmﬁd?mts Rirfdhsl caisfsmf;gegmn fvfﬁ@a Bl in d RspAGSRIRRL | AfipDET S
wer e observed after each passage fo ceY s cultured on Matri gel - coat ed,

Vi t r onec? weeks drathe duspemsibn@MK@RRRIRIMEEnpIus Peprlatiog of oellsawre staford &r 5) . [ 00092]
Cel I's cultyreds ais YRLBEL bemPHILR GRS sRREPSRMVITor it AERR ddRIAd na pept i de

indicating derivatives of the ectoderm. In addition, some cells stained positive for fatty acid

binding protein 4 and a-smooth muscle actin, indicating derivatives of the mesoderm.
Finally, some cells stained positive for a-fetoprotein and FoxA2, indicating derivatives of the
endoderm. Similar results were obtained using several hESC lines (e.g., H1, H7, H9, and

H13) cultured on the synthetic substrate for 1 month (6 passages).

[00095] Example 2: Separation of Pluripotent from Nonpluripotent Cells Cultured on
Chemically Defined Surfaces Presenting GBPs

[00096] Methods:

[00097] GBP-presenting surfaces were produced essentially as described in Example 1.

Pluripotent cells were cultured essentially as described in Example 1.
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GKKQRFRHRNKG or a conbi nati on of GKKQRFRHRNKG and KRGDS underwent a sim | ar
nunmber of cell divisions as cells cultured on Matrigel, as indicated by

fl uor escewb 20eVd33mtai ning. In contrast, cells cultured ®QT/US2009/057705
vitronectin-coated surfaces and synthetic surfaces presenting KRGDS

und]t;r wenfoohesper cqéffectcbmcmonlﬁublﬂoﬁmfdnam gdhesﬁfmgamuewﬁmﬁaamamﬂgl |
surfaces are superior to ySi ne te urfaces ng ce

di vi si on%Equd@GgéPO@Wé?nd@ﬁgy?ﬁe%tqdfe@% “HE‘H é‘h?%l&)eéggotf‘{ on to SAMs
vere al sge éﬁﬁ'@’ o) 3RS SeellQ orfid el flisEentledhétioldyert sf&ﬁ’aceﬁi Hs&ntmg(ﬂie &Rl e,

streptavi di n-coated plates treated W|th b| otin %f ated SEQ ID NO. 1 supported

cel | adh€ki (itand the intRgrininding pepgide K& oe&q%ffxpa%mmn SEQ I D
NO. 1 was gk %%&Qd%ﬂto%%cr@ﬁ%@e %@stor DRYversli %&f&é&ﬁﬁﬂgﬂﬂé y, colony

spr eadi ng was | ower than on” SAMs i nhi bitor can be onmitted w thout

observab @KWRKGG@PW%IE&? Rellssyrgeerewn ey 24hebrsde mdeSR apdivge- present i ng

scaffol d ﬁq%lﬁﬂw [ EniBdihUWihoki kew se,
CCKKQRFRI G cgﬁljhaggte to po J;i/aa3?:ra§/1 glﬁlhgvé,&ég}%dg&g{rrb%l Igllss coverosl i ps

suppor t eBOEK! inhibitéreen mddmdnaj 24 wotrs.c Shgeetlabyers fixgd srdiainerHesQctrdand) t s
denonstrat e, t hat t dj epti des
tamed w1 ﬁ&X]lnl and ?%H’ZI %nﬁstogﬁ dﬁs%%es {;}319 [La%}é Oagﬁfa @ltﬁhdé Wi €P

can sust aluﬁterﬁ ari po r owt uripotent cells
cul turedwtﬂmmmaﬁlmmmaﬂ |y defined, pepti de presenting surfaces retained
not only&)gﬁr abl to self-renew but also their ability to

di f f er enf d i nt % s fromthe three germlayers. After culture on

chem cal [0p01h®] i ned\ssiesdribed i xamplerit, plugpGEp cbll diured of surfigenmatechtng t he cel |'s

subseque . fornmed EBs uspensi on cul fure ft ks, in the
suspensi gh%ﬁ‘ltgﬁ’%?en&e &&QSMB@ SoRipReq Bygh {‘ff'éﬁ ﬁfhén%ﬁ ?ﬁal ned for
nar kers ecifit madke@ (PIG.QB) C HY @& Vr] sipreficant @wdh@ermonemlﬁaemﬁateaeenmasb 111
tubulin and nestin, indicati ng der vatives of Té&e ect ode ddi tion,

some cel Pesevedafips empyal of theRPEK ‘E‘if BN L e e BT l%reﬂlaﬁ’ﬁ a- snoot h

nuscl e aglalhbd dnf9iabRGHBIOLE Rinlovall df WERCI0 nhiber. "EROdembVal bf haROCK sonme cel |'s
stai ned positive for a-fetoprotein and FoxA2, i ndi cating derivatives of the

endoder mnhibites frem theemadia selogiively dtachehendifessigted ipisnipllnertona-fogainge o H |
H7, H9, ?éﬂg J'ggg)a]ps,élxﬁt%%@ dﬁﬁrénhae& Yl N Qitleh cQWRAEE AldRd {Phe durBEE h (6

passages {)ar ation of Pluripotent from Nonpluri potent
Cel I's thmmme&O@zﬁmm@r,|symwl rndberaltoftewsfags buifwiofh heapmplls FeB096]

Met hods: i surfaces were produced essentially as
descri be 9%@%%5@(&% él}fr(%eg%t ent cells were cultured essentially as
descri bewODIOIEx arrﬂil eudmrP e efpefifbrts tlesofibeddercin demidpistrase therchemidally ar
adhesi OndetAeg,]pept%'d’e-presfentﬂl%%hltfgc%E ﬁ%gagsq(gﬂe as a single type of peptide can be used for

routine culture and self-renewal of pluripotent cells. In particular, SAMs presenting the

c-bl)

peptides described herein provided attachment, self-renewal, and colony spreading.

[000102] The invention has been described in connection with what are presently
considered to be the most practical and preferred embodiments. However, the present
invention has been presented by way of illustration and is not intended to be limited to the
disclosed embodiments. Accordingly, those skilled in the art will realize that the invention is
intended to encompass all modifications and alternative arrangements within the spirit and

scope of the invention as set forth in the appended claims.

23-



hESCs (Cct-4 positive) and differentiated cells derived fromenbryoid

bodi es (Cct-4 negative) was seeded onto sel f-assenbl ed nonol ayer surfaces
pr esent i nyotzhw/BBR5 CKKQRFRHRNRKG and the integrin bindi rgTaspaoas77BRCDS.
For some experinents, cells were seeded onto polyacrylam de gels or glass
coverslips presenting the COKKQRFRIMRMEKAS peptide. The cells were grown for
24 hours_in mlreSR nmedi.um containing 5 mM ROCK i nhi bitor Y-27632 and then
swi t ched tednyRrEQRCIABFAd™ wi t hout ROCK i nhibitor for an additional 24 hours.
The cells were fixed and stained for Oct-4 and counterstained with

phal I oi din and DAPI.. In sone instances, cells were added to the surfaces

wi t hout ROCKAHW%#?‘EPW“{WG’QQ’}WR%@EQC mefhes ¢RaPrisge Pi%ed in Exanpl e

1, pluri pot enbtfgld phurgdtdntiEetid of Bn SH6IHBIE SSosREE BAAAd HerfaBPthat pleseft€ apr esence
of the ROCK inhibitor 'maintained high |evels of pluripotent cellspecific

mar ker s GAGeindimy peptidainacghemisplindefined pyltuaemedingeAmprasiog H Bhe-pepdsed at ed
cells \/\/aﬁ]%pg]g@&gﬁn@jbtﬁg{ renoval of the ROCK inhibitor. In contrast,
cells

differenti at remai ned attached and viable after the renoval of ROCK
i nhibitor. Thus, renoval of the ROCK inhibitor fromthe nedia selectively

det ached, undiff L t1ally. = ] | eaving a
popul at ?%)'n offhgﬁe?g)rd ea%%ei%af%%%cle fé@%@%\tﬁ%e g@ %géelmgéigre%%%%&t he surfaces
w t hout the ROCK i nhibitor, sone cells adhered to the surfaces but few of

t hese cells re ct-4 pgsitive undiffer & ]S, n
sunmmary, i ‘th e\ﬁﬁ?ﬁ%e%ol%’ At és%ﬁﬁdelélc(\f{?%]gg “f]?grregr} tﬁg heé)?rrlgg g?sfng% & ﬁ?lﬁ{é)?a Q@ﬂrgs}éug gl ly

def i ned, scpapted He oty @@ hiydropibicfaadesadidnesidgesas | ittle as a single type of
pepti de can be used for routine culture and self-renewal of pluripotent
cells. In particular, SAMs presenting the peptides described herein

provi d_ed4.aL t amigrﬁwmog as @dcfted '?rqami 1, aerexnthe pliripgestaelisge sdl@aadfa] | The

i nvention has been descrihed. in connection wt t are presently

consi dereé’épri’?i“‘[)%elf‘ﬁ%lﬁr@§?s ﬁf“é&%l“%eglpl'ﬁ??&teﬂ? %?%Fgg\cgﬁ)grfﬁﬁﬂi ments. However, the
present invention has been presented by way of illustration and is not
intended to be limted to the disclgsed enbodi ments, Accordingly, those
skilled ¥n t Heapathagias recpipdmiGlam I sehereethe plpgpeten elisarg h‘f"éﬂ’i’d‘égs‘t 0 enconpass
all nodifications and alternative arrangenents within the spirit and scope
of the invention as set forth in the appended clains. CLAIM5S The i nvention
cl ai med 6-s: fThemathadie eecitest inHaimyl, iwhgrep! the pebide-nteseniing surfach eomprisab d

conpri si NG EREmRN GBRRY a structure of X(CH,).SH.
7. The method as recited in Claim 6, wherein "n" is between about 3 and about 50.

8. The method as recited in Claim 1, wherein the peptide is selected from the group
consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, and any of the peptides defined in
Figure 4.

9. The method as recited in Claim 1, wherein the peptide occupies an area between
about 0.5% to about 100% of the surface, between about 0.5% to about 50% of the surface, or
preferably at least 30% of the surface.

10.  The method as recited in Claim 1, wherein the ROCK inhibitor is (+)-(R)-trans-4-(1-
aminoethyl)-N-(4-pyridyl)cyclohexanecarboxamide dihydrochloride (Y27632).
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cul turing pluripotent cells on an insoluble substrate having a surface that
presents a GAG bi nding peptide in a chemcally defined culture nmedi um
conpri si yoaoRs3associ at ed ki nase (ROCK) i nhibitor. 2. PChaSa@hstions
recited in Claim1l, wherein the surface is chemcally defined. 3. The

met hod ag. r e\ kedlod for Sdpatafingd pluvipaerticellst fiven papplutdpotéa selbatie mediidno aci d

resi dues separated by _one or two hydrophobic am no acid residues. 4. The
met hod £8™PE¥NE B SIEROE) ai m 1, wherein the pluripotent cells are sel ected
from enbryonicgnging Preblest deESi)noapuripdthicads ph sl inpaliide tubsir@tehotdd s (i PS

cells). 5. The nethod as recited in Caim]l, erein the pluripotent cells
ar e hunetriecs|thas pregentsih@AGhindiae Beptifle iy "tcé’ﬂmi‘cﬁu%‘?ij}‘ﬁﬁi i‘,‘lt‘%’é‘Fé‘F’f‘f t he

pept i de-(g&%ﬁgﬁérgggcﬁ@mR&;conpri ses an al kanethiol having a structure of
X(CEK)NnSH. 7. The nethod as recited in Claim§6, wherein "n" is _between

. n .
about 3 and yeringgbe ROCKTiRbibier frase) the suliere mediym yntibthg phripotenlelisi n t he
pepti de 4 sbachednliem the group consisting of SEQ 1D NO 1, SEQ ID NO 2,
SEQ I D I\(?f)alg1§ gng any oa? the peptides defined in Figure 4. 9. The nethod as
recited in Claim1, wherein the peptide occupies an area between about 0.5%
to about,,100% of ce. . between about 0.5%to about 50% of the
surface,lzbr f)xr%ofné)ﬁogigf@%r{'&%gfé'st 30% of the surface. 10. The nethod as
recited in Ceaimvliblewilsstrate hatihga REMBKe thatpridentsa GAG-binding peptide; and

(H)- (R -trans;4-(l am noet hyl ) - N (4-pyri ) i de

di hydr ochl or Pglélp%r\?gt%@%é_hﬁgg) tﬂt}?esélﬁ%%y (E:)I%Xiélé%%%g? ?ﬁ%ﬁ%ﬁ@?ﬁ%g%&g%ﬁ% cells from
non- pl urspgaifiembrkeslahd an dtility mediffetntaerinta 4l thepe igben kyap afdr:magel thaw threvg

pl uripotent. cells an? on-pluripotent cells on an insoluble substrate

havi ng a{“%‘ﬁl?sfogégh@ﬂﬁ 0%? @gaﬁ?'s a GAG binding peptide in a chemically
defined culture nmedium conprising a ROCK inhibitor; renoving the ROCK
inhibitor fromthe cul {)ure mediumuntil the pluripotent cells detach from
the subsifr at & cHBre VESELHTRESIE N conpri sing: an insol ubl e substrate having
a surface thah i R6RERRLSstrae ENIPh NHHT08 ARt 2 GAG-bRldiigi gepfi®nandel | s
adhering to the surface, wherein the cells display pluripotent cellspecific
mar ker s ahemigallndgtined qultuge Peding camprisnga RACK kipgse Hlilfpté Lgerm | ayers after
nore than three nonths of adhering to the surface.

14.  The culture vessel as recited in Claim 13, wherein the surface is chemically defined.

15.  The culture vessel as recited in Claim 13, wherein the peptide has basic amino acid

residues separated by one or two hydrophobic amino acid residues.

16.  The culture vessel as recited in Claim 13, wherein the peptide occupies an area

between about 0.5% to about 25% of the surface.

17.  The culture vessel as recited in Claim 13, wherein the surface comprises an

alkanethiol having a structure of X(CH;),SH.

18. The culture vessel as recited in Claim 17, wherein "n" is between about 3 and about

50.
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13. A culture vessel conprising: an insoluble substrate having a surface
that presents a GAG binding peptide; and a chemcally defined culture

medi um cowprzbevesgr2a ROCK ki nase i nhibitor. 14. The cul t Ce/Use@9®57785
recited in Claim13, wherein the surface is chemcally defined. 15. The

cul t ur e 19essahe adltuiewdsiet 8s tetitedliaCairh 33, wivecie the pbjmie;iem&cdad ﬂ'masthbasi c am no
acid resi dues separ ne resi dues. 16.
The cul t&W® cgrEY éﬁgéﬁﬁcg& $Pﬁd&5ﬁ§§§?&%ﬁ5@ﬁn g’ﬁ té‘feé)ccupi es an
area betdeped ialpgute §. 5% t o about 25% of the surface. 17. The culture vessel
as recited in Caim13, wherein the surface conprises an al kanet hi ol having
a structure of X(CH2)nSH. 18. The culture vessel as recited in Uaim17,
wherein "n" is between about 3 and about 50.19. The culture vessel as
recited in Claim13, wherein the peptide is selected fromthe group
consisting of SEQID NO 1, SEQID NGO 2, SEQ ID NGO 3, and any of the
peptides defined in Figure 4.
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