METHODS, SURFACE MODI FI ED PLATES AND COWVPCOSI TI ONS FOR
CELL ATTACHVENT, CULTI VATI ON AND DETACHVENT FI ELD OF
WA RBINOSENT] ON [ 0001] This application clai ns PCT/O81009034579
to provisional application serial nunber 61/030, 544,
filed February 2 1st 2008. [0002] The present
invention relates to the field of mammali an cel
cul ture, and provides nmethods and conpositions for
ceENERGYABERENMER Y ,SYSSTEMAND MESTHODZOH INGe WRERAME
froma solid substrate surface containing from at
| east about 0.5% N, a sumof O and N of greater than
or equal to 17.2% and a contact angle of at |east
about 13.9 degrees, lacking a feeder cell |ayer and
| acki ng an adl ayer. In one enbodi nent of the present
invention, the cells are treated with a conpound
capabl e of inhibiting Rho kinase activity. |In another
enbodi nent, the cells are treated with a conpound
capabl e of inhibiting Rho activity. BACKGROUND [ 0003]
Cultivation of mammalian cells is one of many
processes in the lifg dﬁﬁ@ir g§i ences. Vessels for
mammal i an cel | culture and anal ysi's invol ving
090 hpEae diepeainisihventive sorive; Sts @fcém 3lam3d¢esaﬁbegl l&&ﬁn edlate generally

.poly such as, for exanp yrene
to devices e@?g[ﬁq 3?0%‘?{998 KaetigenerEopRPoisied P w&?wm elpgfricity. More
partlculgljlgl %Wfl;oagn&ﬁé exXer éﬂarﬂg:dg&?rlg%@ P%ﬂgﬁmurg}eé'@; %&ﬁy@ﬁ grt:é;ﬁ'ery devices
capableaad{ Icaly@ntlmkmbtec em:rg)aassocizited withargak ﬂoWd;ntoaaiwni@ityi while preventing

raftin ner.i zati o echnl .

an undcfirghls ndiorPadk res ik M- fosta e fw.
chem cal nDdlflcatlon of the vessel surface itself,
whi ch can be achi eved g for exanpl e, atnospheric

corona, radi Bléfﬁf‘eaﬂgﬁ&l 'DI@\DQB"HHEQ&AW(@
R T e e (i —

apparen@WithGBRfEnea to G Attihel ArdvifgSianviiaele. The particul ar
chenmistry that results depends on the surface

(0083} KKnt] igetpeespectivgsehgmatigridew phan engsgxvacpvesy system according to
ion of the gasses used. [0004] For exanple,
a first e@é@%&&m di scl oses a substrate conprising a bul k
[BODSEIG.Q isatcpsssakctionabiviawtofiitie qnetgynrecovery sysedm sitoiwain FIG. 1,
is suitable far supgorting cell growth, conprising
taken algng Hp¢ dritshepaAn FIQ; Kt ant  pol yner conpri si ng

RoBSTBIPS K EHokE Vi of e BRI OB SR HovATh ¥0, 1;
[0806EIGS. de4€ ereschemafic views o€ expnaplarydocatione whyte the energy
formam e an ha formul a R1-CO N( R?2) R3
recoverk LT SHaRts B BT LRAY bk ARgpieg elptie tod Sag KO UEce
ETO@VPFI@.?@A -5€ U AEmARY viRRs @%ﬂlﬁl@ﬂiyl Muﬁkhl@i%g latrblb86hship between

al ogen atons or hydroxyl groups, and are
a Cross- mnnalmd@pzfmdént ¢nd diyachonduihinghe emergy regbvegy @miemah@wn in FIGS. 1-
3 and Ffdﬁel n.said thin polynmer |ayer pronotes attachment
andag ?)‘?'S?TEF%’ratl on of said cells. [0005] In another
SPFEG. 5RA34BPE8NE sohdiritiksesw gemdrillioshofaiig an upper portion of an
endot helialization of a polymeric surface conprising
energy reeOY eIy SYSm acqeadinede f second pmbedimenti a pl asma gener at ed
L9931 BisP YR rRBRle Bhm BRI oL} SN MNGLE Blrion of the
energyﬂaﬁbmygymshoxamdmam})byl ng to said nodified surface
sufficient endothelial cells to forma confluent |ayer
of cells on said am no groupcontaining surface w thout
a requirenent for cell proliferation. [0006] In
anot her exanpl e, EP0092302A2 di scl oses a nethod for
i nfluencing the growh of cell culture in a growh
medi a on a substrate, characterized in that the
surface chem stry of the substrate is nodified by
subj ecting the surface of the substrate to a plasng,




(HEK) 293 cells. [0012] G ahamet al., (J. Gen. Virol.
36:59-72, 1977) disclose the generation of the cel

WO pwe/16i858293. [ 0013] HEK293 cel | attachment neRCDES2009/034579
enhanced by meki ng an adl ayer on the solid substrate
surface, using, for exanple, extracellular matrix
proteins, polylysine, polyornithine, or
pol yet hyl enei m ne, before adding the HEK293 cells to
[0081@jul t ur BIG.&sis alperspeativarschegndtice/ievd bfglectrical ,geheraersethat may be

ti me-consumng, .and typically results in n-sterile
coupledp Arbiade sstrta Bt (i cherdy arioredisysimishorp i FIG #1d0
sol i d : . : ' Wa[aT A
T N L e
accordirgg toacthird embodinkdBK293 cells to solid substrates |acking

| 14] . Cur. t hods of cul turi .
B0APH, o orPi i ean Gevw DE bRy e Sive S bnstept ibemdn £1- 9
[0bBisjcel | SFIRAUiis & side Wiivesf e Eﬁéi%% rée8VEly sy Q8 ac&t8ig to a fourth

as, for exanple, culturing the enbryonic stemcells on
embodimentyl i d substrate surface with a feeder cell layer, or

B0PucCl | CPEVRUETIG GHGRER et S0t B4 S . 1

[POD15]y t heBKs.MBtiHedfsebdctionalstew 6£8eEnce@) teBowiy system according
extracel lular matri x proteins obtained froma

to a fiftiypmbediggat;speci es than that of the stemcells being
Lwat ed ' i al j ' .
(0001011 EIG 2AGEE O fip il ey LR SRIcR BRHE F1C. 13;
[990tH| | s OFIrl5tihaside vikivf darssrict @t rechviesy syatensaccording® a sixth
.used to culture the ES cells, and nedia nay be
embodiggnty| enent ed with ani mal serum [0015] For exanpl e,
0T T BiG, Al is § NH 4B oBURI EEIkcovR) 90t HburARE. 15:
@ggmhon”psgfr? 35 1%?%2 SClence 28571 c1"45{-%’1%%’47, 1998) ’
[00819]ose t FKG.ddlis perspesfivEShematic viemeaf o blada incorporated within the

bl ast ocysts usin Agmpuse enbryoni c fibroblast feeder
energyr@%‘?‘fer}'éxvﬁé‘?mﬂ[_‘%%‘] Bn g’not her exanple, Xu et al.
(oba2ojr e Bi piceqinRh@aves bR ol /sl Poterind Qﬁﬁleﬁkﬁtﬁii%lﬁﬁzﬁibﬁan energy

use of Matrigel (tm and l'am ni n for treating soli
recovery systam atay bemséhampdedroource ¢ theilitate bperptiereolcagasi floay sawmce; and

man Ll.s. . without differentjation. [00 In .
0aPHer " e e e ignele 3 o FicterBl blaienfillon bapabic ot Use with an
energy red&vety Smted®09, 2005) discloses the use of fetal bovine
serumfor treating solid substrate surfaces before
feeder-cell free cultivation of human ES cells w t hout
differentiation. | anpl e,
WO2005014799 di scllggﬂéghé%]?} 't olﬂlg 16rrl\éldi um for the
[08022]e nancBmbpdigdentsasfaiiventivaoshedpth fndll @aekanplatilyaescribed herein
. manmmal i an cel |l s. WO2005014799 state;. "The cul|ture . .
with refgrene6 19, tbq% BCFORPANYIAS JEaVIRgS SG\FI oc{qq)@niig AYe L“;wever, be realized in
; . . o : e . o
many GiERYGR AR ol 1A O BVOHed el LpRRFb e Meription se forth
herein. dihe ffeatenas ofithe dnveentivé comseptadesceitied hermimgeay be employed in varied and

numerop o Rog i R SosRHAgITEOr i epBie! BF Pissent (RUeALiPR
fB00251Cc hnol EmBadiihisRREmphRily destfiBdEnerdin Rafbe béHerdlyt aracterized

perm'ts survival of dissociated human enmbryonic stem
as an energyl retqvegnsysttancapsbleat sonediing:the Kinstio energy oha gauillew generated by

o s OGRSPUY i OB EF R A LAY gl sk presre o

being efedellaghiait tROIg@ffiguibel oni ng aftergene transfer, using
nmouse enbryonic fibroblasts as feeder cells, collagen
and Matrigel (tn) as extracellular matrix protein, and
Y-27632 or Fasudil for inhibition of ROCK.
Furt hernore, dissociated human ES cells treated wth
Y-27632 were protected from apoptosis in serumfree
suspensi on culture. [0020] In another exanple, Peerani
et al. (EMBO Journal 26:4744-4755, 2007) state
"Conplexity in the spatial organization of human

- . | ge—— ) e




fibronectin reveal ed that although ROCK Il was nore

abundant, its activity was always | ower than ROCK | .
wWEp@ei163586 r educti on of ROCK | by si RNA resul t eBICT/HS1005634579

of stress fibers and focal adhesions, despite

persistent ROCK Il and guani ne tri phosphate-bound

RhoA. In contrast, the mcrofilanment cytoskel eton was

enhanced by ROCK Il down-regul ati on. Phagocytic uptake

[00024]br oneElG. 1-is apesgedinadshenesic Stevo afjhryenergy recovery system

.down-requl ated in .I1-depleted. cells. put not those
accordipg,{03 figt mfﬂéelmem_- ﬁ'fggé i s ssetnay ey GAOE pneiey fecpY K pystem
shown iﬂ'ﬁ@ 1 Ghken! ddbri 1RIYUIP D FIRG € R840 AbwRPHE Qﬂ_eﬁ%’éi@%dgﬂlefy system

onol ogy domains. ROCK I bound phosphati dyli
shown i8 FAG5P and was sensitive to its |evels, properties not

db o d
OB, RFighinep SO 3T A enstey SBPeverh TR 0y be generall
charactétizedl 8§ Rifud ¢dhdGR TGS 4 iliblade ass@RBIF]120 &né@.ﬁtefé@f{igallgenerator

exanpl e, Harb et al (PloS ONE 3(8): e3001 . oi:
130. 371/journal. pone. 0003001, August 2008) discloses an

FABEY,, oS8 ol 37 AGHIRELH MBS R ARl 10e e
first end 1Nl 0aGhdy BESoREigaRM th te¥BIve BPobtRIn ¢ a Q8 flowogtndratsd By d fastfow
to advancewglsl C e%&@”ﬁd' cally corrgatl bl e_xeno-free

source (8ptshewmIrel it 1 0umayphs generally epnidgiredsto tragomifjthe

receive&rgﬁ ﬁb%?frgfn tﬁ@ﬁ?@%ﬁ@ﬁ FoBhard @k s&?ﬁﬁd Bfd ;1’![16’&' table for
certalin applircations utilizing pluripotent stemcells.
[BI002T|nat i vEheyedneuitdll 8 iswonfigered @ dompiess gasarqpbmitted from the first

St qj.kovi ¢ . | St [ 3:895-9 200
end 1103108 heceondui his Lo mbien e 28 Kb FoRGyiL ¢ [QHY gt example,be
configuR@lsheiP apthE %E&nﬁléﬁfi Q?%ﬂﬁg{o? [Chat@RREah B fifst &R1 110a thereof. As

cultivation of human ES c s wthout differentiation.
a result,[ga0 skivad atthe dirstend I @0z of the cendsitslt1Orvar bp ompressed as it is

.serumfreg nmedj suppl.epent ed, wi r Qut actors
wansmi G s R o S 1, Hol o npoclated that the
specificldB&Biors OF tR}@HRLE 11609 %@t deghndiﬁébfp BRRIAH oGt ion and
10. 1095/ bi ol reprod. 105.046870; 19 Qct 2005) di scl ose
requirergerfteefthe gaeflowispuee. beongranthodiment) hayweyes yha knst ¢nd LWifa ofithe

. cel s _are. maint al,ped i n u ndi ti.qn er .
conduit 710 iR 1l 8ialfedhsR 28 Skl B8 Xtobis 2BFH  BF G songin 10 may
have a di@fiéter 6f 18PRohes. Wlotebl @t ildGHES the bdndigd 10r(Re S the first end

h§$27] I n anot her exanple, Levenstein et al. (Stem
110a to thet seeorplenddd OB)rapay bodBynchescl ose net hods for the

#O%E%Jt erm ﬁi‘é ity ﬁlagé s@%ﬁﬁr 29 ;§ %dp?ed 13 tﬁé‘&@ﬁﬁ%ﬁe TR first blade

i'brdbl asts or “conar tioned red ume us| ng nedl a

assembl§URP |nmyfbg)btoc§;g]ﬁgilnbﬂ tcbh? movéd hebtheséceivedvdab flbadt aansmitted from the
. In_ano

fist endy] oS discconctisd R 168 RSt b Poreablyrizd TesY, do qxample, include a

. i . ! it . _

ot S5 B3 it 81 A BNk gdOCBIR 22 The pasity

of bladestl @4yl Hesonfigared ti beimeverkini aprededertraned digectibi (mg.nrotation in a
.am.no acids, vitapjns, mnerals,. af |east.qne .

clockvify GHFBRrAoshaNn £ HIfe BTN Ta aeivet g Toyy istERepitisddrom the first

end 110a/3% tel ddn@it 1 16 UWihen Bedtlalitt T bl4dRS 184 ove SheRsthtdble shaft 122
essentially free of mammal i"an fetal serum and

moves io di preddtenined diesetion.aboene endidiment eagh of the@turghifyfiblades 124

NI S e ——
AccordiitnEE't, eathibldde@dhasdtioh @amder 12y aiay fixnecoiRebondinpUgieasTitksblades 124

e proliferation of stemcells in an undifferentiated
state wi thout feeder cells or conditioned medi um
[0029] In another exanple, US20050233446 di scl oses a
defined nmedia useful in culturing stemcells,
including undifferentiated rinmate prinordi al stem
cells. In solution, the nmedia is substantially
isotonic as conpared to the stemcells being cultured.
In a given culture, the particular nediumconprises a
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118, 2007). [0036] In another exanple, US patent
appl i cation US2005 158852 di scl oses a nethod "for
WO pepa03seg growt h and survival of single humanPCT/US2009/034579

enbryonic stemcells. The nmethod includes the step of
obtaining a single undifferentiated hES cell; m xing
the single undifferentiated cell with an extracellul ar
matri x to enconpass the cell; and inoculating the

at a predsteridifie] mfvhamﬁhedbe,rmmhﬂed foind & dﬁedminrpemd'milﬂ'r toma jongitudinal

owt h_enyi onrrent [ 0037 not her a e, Sidh
axis of G 1 refptableshatil € ftavithbs apn@he?g b thesspsefic sabigiraion gfethe blades
t
25 S T 5 1 5 . .
embodiment, howgeaf, the phirality of blagescl24rmay cmsisbyf fivedvlades taodéhterpitch angle

01 S0P B SR G R R et

blade 12431%§%ﬁ£ve041éhgmtfas&n91@ﬁe§ure condi tions are inportant
i n the mai nt énance of pl urlgé)tency and genetic

[00829] i ty. Thkel@rtapalgenga@sé may bR goupleE® the first blade gssembly
h
120. TR S PP ol L SRR, RGP 0B 0 e

assemblY 1200wk, al. note the presence of karyotypi c changes
I nvol ving the gain of chronosone 17q in three

[0863Yendentn mrﬁmboeimrydmf eneygFRCOVTY systerad 0@ mayj fygher include a

second Elgg%?&&ﬁg&@%ﬁ%%gﬁg? Hle firstbl lyciel as?ér@lglgqap g.llcé tcgl%léi?’toﬁﬂe electrical

generat@'t 130e, The\secdmd\bﬁbachfr?bsenmllﬁﬂS(ﬂfstoenﬁgged) ttebéémbyﬂi v,ru]mm thﬁ gas received
ange, event the cul ture_ metho ave ha
at the ﬁ%ﬁ%ﬁ? bt it eandyitd 19 stansaitte; beand the dire Hladssteaahly 20,
gﬁ)% I St n§fnlu alr% &E%rﬁ'ﬂlad%%@%ﬁﬂ}é?@%‘iﬁ &chYd 9@3@ aég&ﬂﬁfy 150

s. Typica passage ter
may, forlexample, afplumhtycbfslﬂaﬁes i1 54y cd)dpdaecbwltbm;otafwhlb s]naifel 2 g"Eleqﬂulahty of

roke No enzymati ¢ or .C cal t hods
blades 134 a3 s LA 46 b5 P L PSeIP It CEeap & e aigien in 2
clockwi¥edisRgioH! AlsBotiad FIRI 1§ vﬂﬁ}i tﬁé(fékélbéﬂ éﬁ%dv@is&?dn‘!ﬁltted beyond the
cytogenetic resiliencé of S (hunman ES) cells in our

Frst blabQardombly 100k W bherpiho pisHiplof bladeSE5H. 107, LRoOaH@a] 122 moves

. I n anot her,. exa M t ovae " bul

in the psfe@aRBRHIRIRE, ¥ ond AR EeRl s Bt oflpdes 154 may be

offset friBRPHE Phirslts oabtaaés B4t o sl finipe #fagitount oL gHstflovwethabid hotéged to
be used for shorter periods (up to at |east 15

move a plade agfestplyni Inipa embegigreahicsstngt thaplurality of Plsdes 154 may be coupled
to the r&ﬁ%l?lg Shdi fﬁ Pla% btls?der{:%hﬂéc?ioﬂ In?erﬂ)%; 'T?JS k@&%&ﬂlﬁgﬁ {Heri)lili%%onnectlon
ce unde m nmanual propagati on co

memberf 136 raieflx lﬂ)e lbladﬁstléd abal biedetaﬁﬁﬁugd piich inghe @B meesukeal from a
requiring greater quantities Of@Pagg eI s than nma

I
directiop pepspdicwlar loulengigdingd axis of therrg yiPych angle %2 may be
0 I
the samghg)&e@m&hefrgﬁl e;%li%h%gglgt%%t g) wﬂL éﬁ%lﬁlﬁe@ %ﬁ% sp ?Céﬁce configuration
of the biaded limmaﬁ emgniépmdulg)mothe (confypsatorratd requininidntsyafithe gas flow
i petti chle ety cel [ ul ar

|
source. p 2p¢ ¢ 3319}?&15 Rowersrete g ?11%"35@8? YBRY SORsTRG gf four blades and
the pitch 51?%15 @5 Mhay e 37°34d1REE Wlﬂ‘ﬁlaspezhbsthé SlobiiBe Bird@ivh Aleshdiier

er ‘fréeeze-thaw survival rates. Sl i ot echnol ogy and
embodlmppﬂ candh HBadeckdmagt lnayvezﬂle@h 8f7abamp B imches.0043] I n

@ﬁ%@ﬁ ,r s ﬁ)e( %i%%g s?cgp 3b% may?*ﬁl&eg ﬁ%\,\?ﬁ%{]eaa\,/ shroud member

140. THH shesifd mémbét. 14DhRS bRl Fed% ic¥etord &iid 1neploathen®nduit 110. The
efficiency and al so high cloning efficiency and they

maintain their ability to differentiate into the three
germlayers."” (Stem Cells 24:2649-2660, 2006). [0044]
Therefore, there is a significant need for nethods and
conpositions for the cultiwation of mammal i an cells,
including cultivation of pluripotent stemcells in the
absence of feeder cells and an adl ayer, while
nalntalnlng the plurlpotency of t he ceIIs SUNNARY

~NN AT R o o e o, .



MEF condi tioned nedi um containing 10 mM Y-27632. Cells

were cultured for four days prior to taking the
WEbwvootsaphs. Cells cultured in the absence of PHFRFBBRN034579

were included as controls. [0054] Figure 3 shows a

schematic of the tine-course of treatnent of conpounds

on human ES cells cultured on the surface nodified

pl ates of the present invention. Cells of the human ES
first bladeas!seﬂnblyel ze| mmelpeadlgwsd\g@thlrf theshrondraember ¢4 sSimikrly ﬁih second

blade asgerpbly 1P spaacn ot Rish F SHEUE Mot Rboh s, he shroud

membert I@%h@)dsefr@é totﬂ?Stef:tl thé First Biade aysemdlyl E10 MAIE&§RoMd blade assembly
either 10 mMMof the Rho Kinase inhibitor, Y-27632, or

150 frorwmﬁeanrablerggﬁ fowsfn theanbient epvirasimest. Inepr@@lmbOQén%aaodlétance

vcwe] 4086 TR ERp o WAL PIOR TPl gl B .

exempla&ﬂy Ghdvhﬁ; rteadibericdl igendrawr 180 miah e dispssedtomtsidiagis skablid member
assage with Y-27632 on surface nodified plate i .
140. It mléw apRreqiatgd.thoweyer, that t e@&%cal generatel B3 Omaysbedispgsed within

e st 130266 AR WO RSR AOPLI B, Sk pn e

shroud MeﬁB&IS]ZlOcamdémrcbap:led tootdke ffirst dblqule assembly i 20 incf manred sindlan $o that
s'. Cells H;ﬁt were treated with the Rho inhibitor
dlscussqdo‘?’lﬂwﬁﬁp?féfz% & were then treated with the Rho Kinase
{0003&]' tor, AXegeZﬁp%qunuw&dOiﬁmsf f &4d EQH@SIQ@&PﬁGﬁb@PPhO may
hereafter treated for the first two days after
include pmsig angeke/\pqmlm &1ed themetbrpughend h@mrfﬁgsobdpb aeasive aarambient gas

| h
(o2 aipgayBidaife gl P Spi iR amBoniis o B Bt Plagd roembly
150, as $HOSvFROarkd i 252, | FotieRhrhple; antbidtt:ad n{a@'fbetdéﬂeﬁéd’ By etekterior

each passage and thereafter treated for the first two

surface gfthe canduit I |9-stothe ainiintakeypary 5422 Bhe aitintake porfdd? tiapgmits the
el BB SR A0l e R R s

154. TheMbv bf dmbient dagto e fhde dTuh@blals 16dlaes dnrtﬁablades 154, facilitating
accqrding to_the protocol outllned in Figure 6 as

movemes Of thej bhades B 94 irthe prgdeterminsd direstigiy e 5 shows t he
OS2 DGR PGB0 APl B sy
144 couptednaﬂmeonﬂ gnd4)10b pﬁﬁ&a:gﬁdlﬁt (kﬂ)and aasmdomgshrouchbody 146 coupled to

SS , or 12 2 [ 0057
the first A So8y Ui sepredepart meaned susttha i B kel agm 2 defined
betweerd t{ﬂ@ 8 'Eﬁfbuggoﬁflllm and '@ sbcof@sRrold Hody ?4’6 SEid st $hré& body 144
usters wth LI BERASE treat nent on surface
and the sexdind sldpdl hody 146 maylbe ndupledto each (BT e fidsttshiomd dody connection

o334 e S5BAE S5 AL BB 05 LA bt B BB e

connectASHEHBS 198a gﬁﬁdl@dd@ﬂfsi efPlard aaieeoﬁ’d elﬁ%ﬂfpﬁsmethé first end. The
treated with 10 mM Y-27632 for two gm¥ ter each

first endyefesely frst plgosdpody gmngctmngngmgert 148a thetsgcandengl Gfeach first
shroud l%%lyfc%nhg'ctl%g rrge%lgg q% ﬂ'c%ﬁ@ﬁ%gg gtﬁ %{1@)9{1 %%eﬁﬁéglhj% %cgﬂd shroud

body cohhétﬁxoiﬂmdﬂﬂfe@ 1p8is S’ngécdﬂd shrombbaty lelous tainscted tdone or more
BERASE treatnent on surface nodified

es 3,
regions £ heAch 9t seqond e RGN FORRESHER HAERNeE i Bin, Cputiados
exerpl{fiP o tioda g, B BRRRARA POy PoomtCricrPlnbhnber 4580 B, sccond
100 ng/n1 Activin A, and 20ng/m Wit 3a for two days
and then treated with DVEM F12 nedi a contai ning 2% FBS
and 100 ng/m Activin A for three nore days. The
y-axi s on the graph shows the percent positive CXCR4
cells obtained by flow cytonetry. See al so Table 5.
[0059] Figure 8 shows the ability for human ES cells
to form pancreati c endoderm after culture on surface
nodi fied plates. Cells of the human ES cell line H
ver e passaged elght tlnes as clusters mnth LIBERASE

o Y - .y ~ o




[0068] Figure 17 depicts the expression of markers
associated with pluripotency in cells fromthe human
WED00a03584 i ne HI, that were passaged as singl ePCEUB209/034579

for 5 passages, using TrypLE(tn) Express, and pl ated

onto surface nodified plates 3 and 4, with or with out

10 mM of Y-27632 (Y). The pluripotency narkers are

listed on the x-axis and the percentage of positive

shroud ealyl conhectioh onembsen 14 8tefiy tleexfirst shr@dGdyHi4d ané thsdsecmpi shtaud body

R AT T R A
mbﬁls ur f a@gtgg? 'bBHiﬁg:nP{:)?cﬁ'rﬁyaaﬁﬂy QB ribed dteCink ShloRA ni'eQ%ber 140

Y- 27 on ce er was exam hed on cel

is proviabkaagslidratity dftsepargtel comppnénisiwapled)tpgethet io enhannprthatadpfidies the
.. .10 times on.the surface dified plates (accli mated

i ntakigyportrJE cappyle PERISBLTIRE ABIRATY EOHOVaRLITE sesha Pie apgmbly 150.

In othertnoldinéis hbRevarliHehrodl ntcdhbed 180 ¥ad @R provid&ifissa H¥Nntegral

in the y-axis. [D070] Figure 19 depicts the rate o
compongnigthtdughwhieh ¢ne drmeore eirdntakerportsdd2gnay extende $imilarljand although

not sho%mﬁ,;q%g%?ﬁqar‘ Siq' l]%%.lf S| d1 ltrﬁ%pge%lt@ tﬁgou%:ag&%glj éf?té@naéf tﬁgh%q shroud
body 14434 hahfinid Aghbicnt fas teWatdthd/Bist GRde hiseMbBA1 J00@iga, toithd Fadd of the
with out 10 nM of Y-27632 on surface nodified plates

3
blades 124 The fiow of ambiest sasdadhe faee ol the blades 124aaqtsson-the bladew 124,
3 f ' i vided by 104) . [0071
facilitatfi o Rimgtht GEYS bPldbE I PRORL Plabdlib@linbiol )+ LDV
[000B6] ES cak mentioged#bové, ik fissebladpassemplyol 20amay bodisposed within

I'ls f 10 f difi t [
the shros g mepabe2 iy 1 o b1 ot Plpce s Aey bE i to the

i i . : iy _
s 04410 A0 A 4 e " VAU s
the bladg-asseimbl s bonmsctidremembérel60dficlodds|an ax il cemteetior?memhber 162 and a

. d t di di.vi d by. 104) .. [007 Ei 2.
pluralit) Y3l e RuBeRPeEd b The Bk anertioh e 67 (6 £ drive
shaft) i dupleB S rotRhKle RRSS R sh Pix el Kot 412e Sisaft %ﬁ%ﬁFﬂrﬂeﬂt%th a

surtface nodified plates 2-4 and 13 in a 96-wel

longitudinal msis. of Theecongtfit d b®dEachofabie pluthlity ofradial eenhegtionmembers 164
) Y-27632, | t aken., 4 f i NQ. o
nctudes S PR B BT R L BB RO e

connectibBEmbe? 168l cdupial tihe fifkbshrv®d Bodyalsigagd dhasecond gl deof each radial
cells, seeded on to surface nodified plates 3 and 4 to

connectifinfrhembert i64tie couplesl tadhe aniglicpanestign member 162 Ehe w@dial germection
f aroati f niLi ' - -

e T3 S0 P L A STl bR 3 omncon

membe€1622@hertthe 1dstBMd¥-agséaibly 020 nbees! or mati on of definitive

endoderm was i nvestjgated, Cell re treated with

093552 cuhe mynispstaionh, testopad bl ssrblankp0 may be disposed
within b GrBLE RlebfbeP P42 tn/YhE ehiBBliidl, HPIRatkblE S HASF e second blade

control. e y-axi s shows percent positive CXCR4 cells
assemblyhit58imayobedgoubledvto dyet axiad tcogmecfion Tnber Y6l eA&Drdihglysthe lhgial

ability of cells fromth n cell Ljn . Lhat, .
connectigtymephersL6gdires Srespitle et 123" agiens vt Ittt axis of
the cond®E 10 £ AL R8T cSnRRHoft mebrisk lf@raﬁéilh@hﬁ‘ﬁbiéh@% rigid to prevent

pancreatic endoderm Cells were plated onto the
undesirahle frmvememtdifftheakisll cannectian cnember L62whemthgsecond blade assembly 150

condi ti oned nedi um containing 10 mM Y-27632, and
S-passaged 8tinmes on the surface nodified plates prior
to differentiation. The y-axis shows the fold increase
of pancreatic differentiation marker expression (Ngn3,
Pdxl, Insulin) by g-PCR at the posterior foregut stage
(PF) and the hornone expressing endocrine cell stage
(EN). [0075] Figure 24 shows the attachnent of human
ES cells to surface nodified plates. Passage 50 H9
human ES cells were plated at a 1:2 dilution on
Surfaces 3 and 4, Cell BIND(tnm), and Primaria(tm.
Medi a was renoved fromthe plates 24 hours after

o, . o - o o o, " ~ r~nzs I 1

mov



[0081] Figure 30 shows the density of negative charges
on surface nodified plates neasured as reactivity of
W@ paews8s Wit h positively charged crystal vi ol BET/USI0®E34579
sanpl es of each surface were tested, and absorbance
measur enents on desorbed crystal violet from each
sanple were perfornmed in triplicate. Mean and standard
devi ati on of nine neasurenents are given. [0082]
[30938]6‘ 3 1Asheensiohddeabeié,ahd eledtrisdllgefleratob$80 ﬁia9 be coupled to the
urfaces and Y-27632 on_ attachment and grow h

first bladgresembbel Acand be cqpiipwed foeeasrate RIgetricisy Ve thsélrst blade assembly
120 mol?éso %ﬁ%gg g@%&lf‘ﬁe g@@nﬂ%@% ﬁ?‘ieééyg%g% Hot SeRi \/\}S’ﬁ@hﬁg blade
assembbfeléOe,{ﬂa a bel®éndipilleylysteras 704 {The Gelt hisl piﬂ(dyrs)ystserﬁanay, for

examplg RIS 01 EIRt M2RLPIER 3 e elrobisel nictatord 0nt sond ey 174

coupledftH'i’Hé fo@eﬁa‘tﬁé sidfl 1297 Gn SRS Einbb@Rena Rtk éé@&fd%ﬂflfe?tl W@ tha9fbe coupled to
Cells received either: (i) hour s of

the rotatabtcsqhafttl 22 vizert pullely connestibn meenber 176 thaQ T68En {s¥ixzdaa the rotatable

s 12358 e Rl Yo iop FnSE [P 88 eSS Bt bv o bl
178. and then 48 hours in culture w thout Y-27632 (Y-27632

48h on/ 48h off). HEK293 cells cultured w thout Y-27632
[0003%e medilthoyghohyelzvtical)genenator 13 d described abgieasgjng coupled

to the ﬁ b age ragseﬁ}%w i‘%ﬂe%' X\h%lgaé%d éﬁﬁﬁé&st&ﬁ%o it wﬂﬁ Eé a&; %{gﬁgd that the

electricalfgefi®diod 18 @ hia§ be4Bupledi tosthe Yirst Biade assehtbiy Bﬂ) h}t Iu@Cslmlitebllte means.

of HEK293 ceI s on Surface 4 and the thg E
For example; theeelegtasal aﬁfpﬂfﬁt@’dl%ﬁm&bh‘é entpled todhes fiest lzdgasaﬁabbf. 130 directly

5 _
I e
system t@0 isslefaribed Sbov¥ecasancluding a tsingleCaédtistdNigéneritos 13, #owill be

I 8 SIS E RS N L —

130 couglégsﬁ) K GrsBbbASLSSmB! ﬁq 2086k ﬁé%%add%l&ﬁetégge?nb\fy 186 6B#ch of the
H1 152 on growt HEK293 cells in EMEM nedi um

electrical\gepératoent Homay bdn cq;ﬁl?gaut@ktalgewenerthe saaneon a diffeR9Bpavedrioytput

ded i th

when th st laespsteaybly, 20 ndlnPthe SE6oRR blagB a Sl 30 mEiisns o
R0k6d) Poln/sieenssbiment @6 elecBlal deASffdr 150 @HySeTdupled to the
shows the effect of H- 1152 and Surface 4 on

shroud mgmbgel‘weﬂelg it ﬂwoﬁrmhml&lrhpdwdﬂﬁhw BGYPPeHER@O B3 % e removable
: | i
housmgs LSIPE e {dgdt'gﬁ tl&%%op ? eta bOVI nglrg%élrgg raﬁh &aﬂkgk\@/ﬁg‘% tial

generat@NB 0l ficry lﬂﬁt gabit@enbifolraerits In dne¢mbodimery 61, removable hous1ng 134
i n-incubator m croscope. G owh curves in

may be prytidsdi asiacybsipntially clear sl ioepegH drspectian @éhe %‘FCtPP%l generator
130. 152 on HEK293-cell| attachment and growth on surface 4,
" and the effect of a change of nedi um on HEK293-cel |
f00dthment Targonvent thé kinetiy emsrgy of 4 gasefletv imo tleetripity,sbe emergy

e R T Sibet o0 DO b S Al O e
pomon %95 %Qscﬁo&' §gﬂ%at@£¥ 'Bgl %ﬂ/ls BelisBiicE) ThEERRR] 'gﬂs hbw 1@@1@1@ fafsmitted

resen Y-27632. HEK293 cells in
from therﬁdst end $ 1Qadfehe coneldit\iil © tovaditliceseadndrend HOboE ﬂumonémé 110. When

w55 Bk BT o R 330 4 s R A o e

blade asbmBEIDONIAIGS, vifthithe RkeilO®gAbUABMW isaPddsittidaowhidth€ §dcbnd end
line H to surface modified plates 4, 18 and 19, and

Primaria(tm. Wells A& were control wells on all
surfaces. Wells C&D contained | OrM Y-27632. Wl ls E&F
contai ned 3mM H 152-glycyl. Wells G&H cont ai ned 10nM
H 1152-glycyl. [0087] Figure 36 shows the effect of
Rho kinase inhibition on the attachnent of cells of

t he human enbryonic stemcell line H to surface
rmdlfled plate 30 (--) :notreatrrent (RI) =3 mMMH
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substrate, by attaching nolecules to the surface by
ei ther covalent (also known as grafting) or
Wo00920358¢ ent (al so known as adsor pti on) bondsPCT/US2009/034579
Mol ecul es used in making an adl ayer can, for exanple,
be protei naceous nol ecul es, which may include, for
exanpl e, extracellular matri x proteins, am no acids
and the |ike, and nonbi ol ogi cal nol ecul es, such as,
110b offthe candaitill 8, the ghs/richmes campriessed bpGSSBThe sbeandlend 110b of the

conduit 356Gt it o Bt oot o SF R SRGRE LB g
the secotntien& QL b®Yf e cbﬁcﬁﬁ‘tsﬁ'ol iPhi éﬂ& thateh preSsurbloithe gadkttBe frst end 110a

I, NeuroD, Isl-1I, beta, MAFA, Pax4, and
of the cm@u@ 116 [Whencthp fiess bladg asﬁ&rrwer L (isaetad upen By the high-pressuse gas

within tﬁgﬁ?g“’é@ g%sqﬁ%vg,{{gi% ﬁfgx? éf tlfaﬁes I qgr{?(ﬁ\;lletlp\%red% qe?@?ﬂe%sd?fe@@on (e.g.,

rotate irl 4 €loglgRise aﬁedmﬁdbbmra@ axis thitds subsentigly parslxdd e thsthe gmgttudmal
| east one of the follow ng markers:; SOX-17, GATA-4

axis of thxconduitct19). Gagxwithisythe g is th@:r@eas @gh% @agnbient environment

s AR BT BASAS G R o SRS st

member(JAX2 . THig) gas trangmizted baypndethd firss blada assembly KX0iis reléasedmto the
def(nitive dader m i neage i ude primtive stre

ambient Y rgpReHt aegfqrgh gl of Digas fppsourredegy gahay source

400) vic- @k SRrofd thettfet ‘iuld ' Nf%v@rﬂglﬁ%?ﬂ@ I%lﬁllahgr of[ﬁ?é&g]l 24 Ealsk$corresponding

expressing markers characteri the pancreatic
movemei o d@rmtatabﬂﬂashgﬁ 123 swhighg din tuen,e:anses ebmesponding @idvement of the

second p@f@yelslﬁ ﬁr?;qxﬁg}egt gtﬁ;s?gsqcogg Bhiley Ht 0s lggn%zg}g%@o m@gpqngnt of the first

pulley 19% %Qﬁébélﬂlmf\ﬁﬁéﬁ;ﬂﬁ*}ﬁét%ll@y 193 oy, tHehBeddieMt beRrat6r 130
endoderm | i neargg i ncl ud pancr eati ¢ endoderm

generatesel¢otrigityl (Chus," blegtrlexlrgegs@tqng} 3pris domfigursd 40 genesate slerticity
ofe t ancr endocrine |ineage" as used herein
when thFé”‘f‘%tq’i cf&ssegﬁ %llg B’ngsl ng at | east one of the
[()ODJIZIVV' ng Bﬁnlﬂﬁfd&neﬂﬂ&hane tiNe ey reb6vedy system POXidcludes the
NKX6. 1, Pax- - or PTF-1. alpha, Cells expressing

second Wad«e%sgmbb{alﬁgcthe rga%tqcelved akthe fipsh ged bifiaof theeRncitmay alsd be
transmn:%é dfid ﬂ{é%rma&aﬁg r?@& 1§0 ?(PQ@Q %hbﬁ‘&e“s%dnﬁ blmrbgge%l& $50. Gas
ne expr essi
within the gatseﬂow'l & thel feiSeasaYudtmh lamb&fnt tlherolnmbﬁt é.nd/orrthagas flow channel of
h hOlOZ Deflnlt ve endo%&rn1 s used herein é %Prs to
e gas BRV|SeUGR (8- BIow FATE A0 Viahe shiond mertes {4 4S5 83y
transmnft%cpl;@g%ﬂg ﬂﬁ%bmrﬁs&lad@%sbé?ﬂol dé’ﬂeﬁ%é Nnf@He ¥bicht &riRirhment
ast roi nt esti nal trac erlvatlves
and/or thegasflaw vkanasldefdbe gasdbdw souwepﬁeg,gas flow solutce\diofyvia the shroud

membe%?{Q; %B% ng‘fb&d bg%ﬁ%ss%?%%é b&f” Jgﬁaf‘émllgf(?%( b}% El&ce]rtr%nsml%fed beyond
the first biadea8¢eaitly I 20, tﬁ%lﬁiﬂlt}%f’&lﬁdéﬁ 54 n€VRNi8 a pfedetermined d1rect10n
proteinaceous nol ecul €s nornally found between cel

which, mrtunnh eauserisorrsspandingeoysnaent of the retatablecshiaft 123 andrﬁmrspsond pulley

174 WHEPlE (1S R 22 SRl R bt BB R et ecn 6" Thus,

the elecfﬂw.} geeRItdY 13014 cé‘rﬂighﬁedc’cb geRGaiieldeaitityGlendh®first blade assembly
bacteria. [0104] "Extraenbryoni c endoderni as used

120 movgsrein refers to a popul ation of cells expressing at

one

BREY (0.5l MRty K PaRPUERE Bt oetbidy Mstpn e the
energy @eonrakyatend yhdwminsHIGIST a3 may bé dispased telatévead argas fieiv source.

human enbryoni ¢ ki dney cells as descri bed by G aham et

al. (J. Gen. Virol. 36:59-72, 1977), and any cells

derived fromthis parent cell line. [0106] "Markers"

as used herein, are nucleic acid or polypeptide

nol ecul es that are differemtially expressed in a cel

of interest. In this context, differential expression

means an increased |evel for a positive marker and a

decreased IeveI for a negatlve narker The det ect abl e

_____ Y " o R o o o




physi ol ogi cal system (for exanple, hematopoietic stem
cells (HSC) can produce progeny that include HSC
W@ s@bfiesssenewal ), bl ood cell restricted ol i gopPCBEHS2009/034579

progenitors and all cell types and elenents (e.g.,
pl atelets) that are normal conponents of the bl ood);
(iv) oligopotent, neaning able to give rise to a nore
restricted subset of cell lineages than nulti potent

FIGS. 5$I-5!ﬁ1afﬁich6maﬁm¢ie€vv ):xdmplaxﬁ)ltye'nﬁstratiﬁga relgtia@iship Heowepin\aecross-

rise to a single cell |j er ma en
sectional ageg0f eﬁr%t)eng [06 thezongyit méﬁ% %@qréx fedAvery syiem ﬁﬁ%‘g% -1-3and
agasﬂde&J}céF‘n unspeci alized ("uncommitted") or |ess
specialized cell acquires the features of a
[00044]al i z eGonxiﬂuk:tedlas hxmplaﬂikyrdemrﬂmﬂ labovea theemergygetdveryrsystem
a nuscl.e cel.l tiated

ere

100 cangboRy T (AT SRENEH a6e 605 DO e by areas SRN.Sopses dnfo setricity

while pf’év&ﬁfn% a%ﬁﬁlgbﬁ}a'bfeeegn((un@ efbAck pR&isure FROM béifp eﬂﬁeﬁ'a@aﬁlﬁﬁhe gas
l'ineage of a cell. The termcomm tted", when applied

flow. Rte&mn@gmemib@g FéGSd4Af4€r aigas Howsoyrce 40@mayy f@r exarelg, be provided

asa Ven%lgq%::;?fl %ﬁgﬁ ﬁl&gcﬁn%g &8 hoq{elr, fl%éﬂ?{] Egh@\;eln lon cente r\r(\’?%.) t8d fhelude a

air handlhﬁghhﬂ 4es taﬁh éxhhilist bRAMi 6 £blbwkOurdt $125ahd d@ct§$14 Dy ¢Peration
set of cell types, and cannot, under nor mal

of the geg flowi seuram el (e.gii durmgantation ef thablpveer anjtid 2h gas isgirawn through
s SR BB ST 5 DRSS EEbl p o
vertical @ftblvs) witkintthe dwcted 14esWith mlea:alﬁharﬁhdg Gnit 409,the pasefthw is directed to

position within the |ineage of a cel| us her ei n,
the bloweganjtiddd Ry evagrof ene o rnoa%srwegewle %%ﬁmﬁ? sy{got shown)
thereby %@ﬁératnf as' flow Wﬂdlﬁxhthg_ﬁirl Qﬁﬁfﬂto“sf P‘ﬁﬁhe Gl%We?umt
can give rise to. e |n ge of a cel pl aces the
412. Tlmeéalftem/lthdwblnwar et €1 pushys the lgesntewafd the eghapshans 4Hh'dhereby

differentiat,.o I ¢ narker ref rs to.
generato 24 AP ‘LEHE i HATERE R A0SO W e tefgower hic412,
SubseqﬂéBﬁ? Qhy peshell gaflslexhffsted ftdm s fow d@)hﬁfeeﬁ)b tl%@dgl?ﬁl% ekBaust area
to assess the differentiation of an uncomm t

410, themdﬂyl generatihg a igasmBany shrofigh theexb@lst arpa)ﬂ@pf Walaxrchasdlmertrmt 405,

outside fgiegd B etolre 05 REREFp 2n Maatietk e U R the air

handlmgl 06i€ 305 Qifitht ieRRust 404 41 A ehdH sfahe deas hlégl’tlﬁb\/\&lhhﬁfdﬂihg Knit 405 and
division that nay or may not result in a lar

the exhaysparead | Gmap pe gprerically eeferrqiio 95 8i“gep ﬂ@‘éﬁb%@leg throwgh which a gas

flow is R&%ﬁﬁﬁe;ﬁc O‘{‘]S ﬁs{%ﬁqx\éfeﬁ}g t%@%g%sgsn ﬁoﬁal'i ?@a%@g giééjg Wi %ﬁﬂ-ﬁf ?e%rs to the

cross- se@ﬁﬁldil s tltd% floac¢Hahhel tatongel dlregfwlv\pé‘rpatdiaﬂar to the d1rect10n along
di visjion, [0119] A specific opulatl n of cells, ﬁ

which the.gas flqwis tramgm ol the gas P eharneh Duag apvrafioneffhe blower

unit 41é°>(het r%? 3 %P?Er?}e S Fﬁap@% %tg fHla Pﬁgé 89560-5080,000 CFM

throughpmy sﬁgtechfd)mmehum gas Ylobvechamdeds. rBuiss the aaergy E&o@very system 100

ure, The i mar ure, that i.s
may be EFE! PSR IgonHE e e SHETgY ofaiges Py v ineedipay rte ina
range of §O(ﬂ§ 80060 @#NPfﬁto Eiettriedy.NH will®e hppretiated ikt hd drRrgyt le€overy

| s are described as a secondary culture (Pl or
system mﬂsmag elsd pe confignred aedesizedioc-onuért thetkimatic enprgy ©é|ggs flow having

o flow 1§ O s fpa 0B o ik i, OP RO EN T8 ke 2

that there may be many popul ati on doublings during the
peri od of passaging; therefore the nunber of

popul ati on doublings of a culture is greater than the
passage nunber. The expansion of cells (that is, the
nunber of popul ati on doublings) during the period

bet ween passagi ng depends on many factors, including
but not limted to the seeding density, substrate,

medi um growth conditions, and tinme between passagi ng.
[0120] In one enbodlnent the present |nvent|on

o o o, a o o oy o e . e o I B



| OrM [0130] In one enbodinment, the at |east one

conpound capabl e of inhibiting Rho activity is a Rho
w@Ieagessshhi bitor. [0131] I n one enbodi ment, tPEI/HS2009/034579

| east one conpound capable of inhibiting Rho activity

i s exoenzyme C3 Transferase. [0132] The at |east one

conpound capabl e of inhibiting Rho activity may be

used at a concentration fromabout O ng/m to about

[00045] . | nRefeerimyto ddGmeA] the ehergptredogarytsystera 106 muaylbeddisposed

outside apany o %g IB]E]}lh Ié& g }tﬁg?‘%am (S%?frtﬁeéus%%gatlplr%cglves a portion
of a gasHloR} @ﬁla[lgw tHrouty tﬁ@@ﬂléﬁﬁ%@d ffﬂ) nhahe §m§Hdiﬁ&B{ ehd QlergySBcovery

in the present Tnvention nay be vessels whosé surfaces
system h@f/mayp be noupdefl direstly to ae exteronoffarhousiag of thegas ﬁbmﬂou@em using

h
one or g BrsttElstno hANt). A fmaleR, M e BlenS RSy L may
coupledAb tafibthar stiiRhire (riof Shosadl) fadfaCertay tHegzad fldwhoiRe H00 S@g a wall).
matri x, such as, for exanple, a porous_ scaffol

Regardlgss afthe-giruciure iwhich dhe-enefgyirgagveryisystean ebisernpled, thQ fiest end

10m o4 T APl SO oA MO0 A B

410 of thé gay @y eourt$400 th&lqhabndrgy 1eovéfy 3ysiera 100 ﬂbémﬁot ga@rete an
at | east about 13. rees, In an aI ternate

of
undesirghie,ampwt of bagkressyrs ‘85]3:“1 gasiflay Eﬂ“ﬁ?ee fonpri ses a
whos Nk Ai r i
(oB61, iy oReBEIOTIGRTER sl s i BREhiapa il f: G
sectionad artaaf d:lmnﬁmtendaﬂ@h ef tdfe candllne 215 cqrtespmndiiiﬁo 9 ddtgce by wh1ch the first

end 1103 g copdl |y SEEHREE Gosy e SxBAisbATEs Lot the arsdio adiuee 400
Thus, ﬂﬁbﬂé&n&: ﬁo/ﬁeyaraﬁné He fﬁgt éRdQ'I@a Mﬁlfe c@ﬁddlﬁﬁﬁi arﬁQHé’Exh%ﬁst%{ea 410 is

a contact angle of at |east about 20.7 degrees,
dependem upcbn the rated, &, eﬂther@nmsweetmnsLmtm%thﬁﬁdstfenédilQﬂ efitbe gonduit 110 to
01 In o e surface nodifi,ed plate.
the crost 3Fpiapal Ao OnE FIMIRAEE: 41t A5 o0 SRRAEHS U s figpal aea
of the figdteHd 110a/00the cénduit10fis lshan teQrosdtsebt@mal arod6fithe 2RhA%¢ area
and acontact angle of at |east about 14.3 degrees,

410, so RHB &ass thanrlef As quae%rfrcag lesg trag de thewhistance & pansalso decrease. In
one emlgo%}tﬁ@t @ c?&g s&'{@)ﬁ%ﬁﬂ&%ﬁ thé B?st %H(ﬁ fl ﬂfae %éddﬁﬁ 1% ?st l%ss than 2/3
nprisés ains Trom at

the crosﬁ-b@dﬁon&l 484 d}f tha eshustodred3t 1)) d}lNemﬁ safficlently largdDyiit vﬁﬂ bZ%
and a contact angle of at |east _ about 18.4 degiree

appreciaied that the CF%SFéF@H’nH]e%f%# of tas fissiepdid é%%féh? pdug14p gambe equal to
or great[erolil%? Ihe! o rgg %hggﬂthe e%‘ﬁlsﬁéﬁé ¢ lrﬁ%q}f‘ﬁ higdnftt Sodlments it

conprises a p ose surface contains fromat |east
is estimated tiiat ﬂae]ﬁ»fsN:ndal 19a| of tife ene@ydeddvefy watit 108asill redeives 0Bl aZI%rtlon of

e g TR QP SR Db e ST W . BPLEER e s

has bee{l Bhd hbdve WitereSpRe e (KE Mtio BedpRestitht 8fRs-SREbhAIada Y faheéfirst end

onprises a plate whose surface contains fromat | east
110a ofahmqndmn 896 and thesmosssectionahatenobthe gxhaugbarea 4l it wiklghe2 %

.and _.a contact .angl e of. 8.8, degr.ees
sppreciffy (1t 18 & €esi St sy R oDl Yl e Ry sectiona
area of th@ Ft&lenti N 1006f BEROLIVIEINI0, ant lbehes OF fhRGEoreRfidrRE gAs Ab® channels.

conprises a plate whose surface contains from at | east

That is, sheotatio pf cl%qxpss:ﬁegtmabme@oathe fistend 44 07 ebtbe conswif 1 19710 g cross-

n o)
ssionfiftadb SRS 15 ik SR8 00 1SR lpaipporn
undesirgl€ an ot df ack preﬁdmee withinahegasftbw s@dcepd@l e conpri ses a

pl at e whose surface contains fromat |east about 10.2%

N, a sumof O and N of at |east about 23.0% and a
contact angle of at |east about 39.5 degrees, which is
sold under the trade nane PRI MARI A. Characterization
of the Surface Mddified Plabes [0142] In one

enbodi ment, the el enental conposition of the surface
of the surface nodified plates nmay be anal yzed by

X— Ray Phot oeI ectron Spectroscopy (XPS) XPS aI so.



hi gher density of negative charges than a surface wth
a low crystal violet reactivity, given that the
W@ 0b/aes86 have t he sanme roughness and thus ar eBCT/US2009/034579
Pluripotent Stem Cells Characterization of Pluripotent
Stem Cel | s[ 0146] Pluripotent stemcells nmay express
one or nore of the stage-specific enbryonic antigens
(SSEA) 3 and 4, and nmarkers detectabl e using
004 Hodi esAttbaighTdGe A THustintes Gthezginl a Fingleleng1gy(ree@ierosystem 100

. et al Science 282:1 145 1998). Differentiation of

s provifid Brtssia f PareroLLr e T ortaiseroatel e Bl Bl aeapio, o

single efR?EfrebovdrydystdmA@0 nichelgravidleBio R¥VES gd'n@iﬁn O tach gas flow
present) and increased expression of SSEA-I

exhausteshthreughracniuralitveef exhanst prspehtOaspssoiated mathapsiog marg aik hgudling

. | el ¢ filyt )
s o8, 5000 FFRIPUE, FAFOBAAA ol 9 08 VELGRETM
to as a sitg¥egasflovgchwinhél ofehd gas fiiedsascead (W bderedt the cambined cross-sectional

descr.i bed by the manufacturer (Vector Laboyatorjes
area of gagh of Figpebatshptens 410arermesnond e ﬁa%ﬁswmqna{ﬂ% of ich gas flow

ce| L0 : 5 : .
channlf 2308110 SPIESs SHALESSIEN P RCIE s Lo provies
to receivf a portipaghiéast gas flowpahanstedshrmgh elplwality of epletustereasi410a, a

.differentiate into cells of all, three germnal |ayergs:
pluralicg g SIEPHTFC HEDOUBIARS LT EORIBY P 1 GiGE Socepe AR gas flow
exhaust@ thed R aC@eSpdnthgthe 0P ld ploRfty SfiscBXERteds 4903, as shown in FIG.

Injecting cells into severe cornbi ned i munodefi ci ent
5C. (SCID) mice, fixing the teratomas that form using 4%

or nal de, exam ni ng the .
R o KR gp 30, il SRR BeP¥er) S5im 100 may e disposed
inside the a8 Flo9edolirdeat0O!ss thadltiiefirdBédviEloN of HeWohdt EITdcé®Ys Pportion of a
determ ned by the creation of enbryoid bodies and

gas flowagenseated oy the gasfpwsonige 400 bsthe Jiusirpied smbedimeat,dhe energy

SPGI s thre I Nl
ecoveREGH TSR LEA A B EEBEO MR bRUAL12, 1ot
embodilarity Réweee, thS entggyresdverd aysieri- DA Ry bg dispokedl wpwirmnfiom (i.e., in
conmpared to published karyotypes of the correspondi ng
front offhe plaver 3pi dil & In one smabogdimentathe gas Howispuicn 48R may begqiipled
are euploid, ereln al uman chronbsones are present
directly Q@Xr?nﬁer}d? Qo %&Hﬁﬁ% YOY %Fs ﬂow‘%b&%% ﬁ@@ﬁﬁnéfgﬁé ot 116reHFhdkSts (not
shown) somhaintdin thetfirsteemkd| 1yl 0Oa bf theedndBoLiicesuffitieftl distaqpetasvaly from the

blower Erhgﬁ %C%;L% gl\ 0 49]591{}&:6 ﬁé{i&i@lﬁl&&? Erlgqlﬁlé% Pq%})ﬁeg’% s?s%tc(?rrq1 188 Idloéc’s not
generat@AidRSTHN arhSldtDr 88K preshubd @ﬁhih!tﬁes%% ¥ SRecedddoer

gestation, including pre-enbryonic ssue (such as,
[0004%Yx anpl Befering tadiGc4CStthe emarpy yesnvery systernd 00 describedinbove

tissue.taken.an [ Li N eskation I cal t
may be B ok B8 M opler e dosing B BRRnElyotioe 147 Lt Bt end 1102
of the c&RR{tA10QEcei T8 A-Poktiir! ¢ H0p a8 fRMPE@Sradidebyetht ghd flGhburcé B6® In one
of human ES cells or human enbryonic germcells, such

embodiment, thergag fawsource 40 mayche cupled direet]yreanppterippof theducts 414
. HO(W I ' .
wing o8 RO E L8 Loy 3585 s op e
[805d]| i ShnEIG. 64k a peRpedtive athedintiofvien génegatly showiny ashipper portion
case the source cells would be primpary plurjipotent
of an engegy| recqaRLsY Stent accpTding foghiepord epbpdiment dded Is gipesspective

shons B SAIE 0L AN AL PSSR onin P

Int sence
6. cells, as well as a pluripotent stemcell popul ation
already cultured in the presence of feeder cells. Also
sui table are nutant human ES cell |ines, such as, for

exanpl e, BGv (BresaGen, Athens, GA). Also suitable
are cells derived fromadult human somatic cells, such
as, for exanples, cells didtlosed in Takahashi et al,
Cell 131: 1-12 (2007). [0150] In one enbodi ment, hunan
ES cells are prepared as described by Thonson et al.
(U.S. Pat. No. 5,843,780; Science 282:1 145, 1998;
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US20050233446. Anot her exanple of cell culture nmedium
suitable for use in the present invention may be found
WO p00$EB80480. Anot her exanpl e of cell cult ur ePEEUB2009/034579
suitable for use in the present invention may be found
i n US2005 0244962. Anot her exanple of cell culture
medi um sui table for use in the present invention may
be found in W2005065354. Anot her exanpl e of cell
[08051jr e neRefemisgiotFiGSe6 find 7 meenergytrieoveryesstem 600 may be

generally e e 3 DF BAEHERTAy O L SR Hasaiply Pk i lecrcal

generat&@'Gb@éNG@Gbﬁﬂdr@%ems such as, for exanple, Dul becco's
fi'’ed Eagle' s medi um (DI\/EI\/p G bco # 11965-092;

[00057410 ut DBinhidar ¢othe condiif 1 Ky tlEa@héﬂls 6 fﬂsnha}d mCQII(t@ amtﬂmnd 610a

and a sc5y Fp QLR a5 O3 SO o TRt f Bprion of &

gas flovApérepatébyla g4 fléw 8burcEhihis bad AGw@a6kce 400. Further, the conduit 610
b-mer capt oet hanol , Sigma # M/522; human reconbi nant

may be gengrallyf canfighredse trgnwmit fhefraesivad gab Alam) frorgithscfirskentanifs toward the
Igd9éllabffer entiation of Pluripotent Stem Cells [0156]
n one enbodi mrent of the present invention,

[00053]pot enAcsdrdiigee teseedid dpitvidagaitetie conduid 610rie configured to
whi l e mai ntaining_their pluri potenc%/6 Changes in

diffuse gas frangittedfyors the first end) G192 gf ths condv Tediffusethrieas dhe conduit
0 L, 1 I AU
first endchHlaghareofn Ad airesylgigas nepen/adt atthe fiostiehd 6 &0h dfithel edralnitiod § can be

cittuse a3 i ol 57 G DR BTVAEH PR 0Bi at ec

[éﬂ0b§ﬂan°t h§fmlﬁﬁ hd tHe )RS bli&]a@gémﬂl 120) thé b1ai&asEmbl g 62r(1) is coupled

I nent, [uri pot ent stemcells are prop agat e
to the camdmttﬁrlé Tihe btatde assembiy 620 may he penfigured tode movedothes the received

o o e SR 103 RSRFREEl, s ey 20y,

for exariple! incluaé h%&thﬁbréfshhﬂﬂ 622ladd leuka\lﬁy eblagayr 674l dotifie@® the rotatable
ternati vely, the cell type may be a cell expressing

shaft 622a rllbe piuralita mé@taéps €24 maypbe @mﬁaumdctp@stm@eénmemdmenmned
o285 ABKVHB D8 o bt HPLGTRY B Byt s o

is transrﬁﬂtéd(ffdnﬂﬂldﬂrmﬂﬂil 04\bf taerahduied 0. When thelplurhitpef Hﬁ}deb@% move,
ressing. markers characteristic of the b-

|
the rotaigblershef %ﬁgpvef otbg predeigrmised diectione dn et F@b@ctl@sme thejplurality
of SR GUTTRSA I T, s Bl S8 B PG W bices G

may be bmﬁﬁed toytharotatablie tshdft 622reit hedriespontimgdidde chiidetipbn Bmmber 626.

AccordiEfin it s OG5 ROTRDSR FRREIRY T TSP BRISHES B th bisdes 624

t | I
ata preﬁétérfx‘uﬁé?{)%ﬂcﬁ a‘igle 8 Qn%lﬁ{g:g fro?x?li hﬁectfb‘ﬁ }Qlé}%gﬁ%ﬁia} ﬁ) a longitudinal

ax1sofqhbmompbhshaﬁ§2ém ceI l's treat ed | n accor dance with the
ds of the ent |nve i on may, be |ff rentiat.ed
DSt e .- ot oie SRR, e otsi DR Padnac P g T the beck
of each bPtHeMad¥® 6D etSaddi stk RPA uppdriM6RROFIARIHA. Ha@liﬁalﬂfofdihg member

anot her exanpl e EI uripotent stemcells treated in
623 mapdenextanie inglude 2 st rrinfiatsing wembercd23e extending iwy @ Mangindinal

ot gL B30 0L BAITLFRHL88 05 B o

extendifiin £geneRille, tralﬁkwsmtothQuédi&miGﬁ kdlativerty thxelongitudinal direction.
differentiated into cells expressing markers
characteristic of the definitive endoderm|ineage
according to the nethods disclosed in D Amour et al.
Nat ure Bi otechnol . 23:1534-1541, 2005. [0163] For
exanple, pluripotent stemaells my be differentiated
into cells expressing nmarkers characteristic of the
definitive endoderm | i neage according to the nethods
di scl osed i n Shinozaki et aI Developnent

A PPN A A PSS A A PSSO NN A F NA ™~ a1 o o o L T e

second




| east one of the follow ng hornones: insulin,

gl ucagon, somatostatin, and pancreatic pol ypepti de.
w@E0wabdses f or use in the present invention i s BCTEE1009/034579

that expresses at |east one of the markers

characteristic of the pancreatic endocrine |lineage. In

one aspect of the present invention, a cell expressing

mar kers characteristic of the pancreatic endocrine

[00086j0e | SThe ¢ladific geheratondisn] 680beamld1630d hay paroumed tocthe blade

T T
electﬁcig)g\gﬁgrpﬁg%ﬁét%ﬁta%&m BRI fiovEL ThlohS grtnﬁséiih'xen{, QlABdt the eRBEical

ect of e present Invention, e pancreatic
generat@s 6804, i6A@b amd 630cds eonfigutedan geraratieragliffenchigpesver output when the

chayacteristic of the cell. |ineage., A cell
blade 2SR EED R rar ABroulRR A SiEh of i Tagel ererors 3P, 630b and 630c
may be L2288 t&XPOEPICE AN 633N héke PodRB %eri%?eﬁed)f)y {HRQlectrical generators
follow ng transcription factors: 3, Nkx2. 2,

630a, 63 0bedd 6300l ronibinddsintol 3 siklE pEWBEQWPUtVMAFA, Pax4, and

In e _aspect,. of .the present inventi a | .
0085 &1 oltrB RO sy S P &Y Feouged ¥ 100 pby Hither inctude

an additidnaPbld@e assebly, Sitlilar td $2¢dift bldderaspeBbIgNIS0] ddyRRhd tolthé blade
further illustrated, but not limted by, the foll O\Meg%'tional

1

assembly,62fand soumsdortheelesisingl senaratoss 6 3ge 63 0boandifi3A¢ o Rughcan
H [ I
o Y PSR RS R ot A bR BERbnd B e
conduit G0 i tedndtitted beybhidthe bldde Gssenbty 620t ed primary nouse
enbryonic fibroblasts (MEF). The human ES ce]ls were
0995 e f menorsy reeeissy systeam RBQ ey dyrtherynclude a shroud member
4. TSREAOH 980y BLR0 DRI BEBOY e conui 10. Th
blade askérhbly@2D (may) be dispmsedwithinitbe sliReudimehbkb640. gd €xtemplavdy shown in

0. . e e SR LR B B B e e s
membert68(€ Tn EHﬁgiﬁl%(ﬁiﬁﬁ:ﬁt, bl V\g?,ﬁﬁ'éjaﬁ g?%&atﬁ%@%Oﬁ,'@@b%é B36cZmBY be

or eac of a 6- p ( , and i ncubated
substantiallyreqaidistans frane eqeh othaz atang theipdrimeter afgheshrgedtimeinbi 640a

t d at_.4C to t ks. [O
il B° cBF bk BhePtn BUPIGK 71 B ekl ReclB6F Rt 608y further
include & BhATR BEMbdrANand Vadss 720e THE befflettherhbd?</3) i3\Eikosed between the
harvest ed from feeder |ayers by incubation in 1

first endc6liOa 2 Erecepnduiv6| Oo‘p.lgmhﬂ Blage iaggembly 620 andi is ,cor.pjz'[gumdotggd/efqﬂect gas
vans AR5 53 5 Y BP0 ARERP AR, ML et

710 inclatlesHtkexrignguldr baffle placH WIS 7 0] ahd @1 eadoupled db gefter $fatonnection
ently with a 2-m_pipette to break colonies_into

memberg 7P 9 farmct Bframisk lagne smbogigment, dag baftle membes7 {{bmay be fixed
e SEAFH A TOABE R oL Dl st sl BT g connction
memberf T80t ey exempidridyrilhistrakedy théy bidASeofu@ ctign membRRT3 (Bipstudessa plurality

. M nneapol i s, 0- 150 ¢plonies.per 6-cm_dish.i
of radialc Qe RVEFOPRIRY ¥ EARBCHTHR AG! COMCRAT BSTPS Topides a s
end and A sed8Hd dnd&Ippbile the fildEEREMREERTEN GHedh AHAth] BEHR RGP RBFber 732
when they occupied 70-80% of the surface area,

is couplegh o mxinnert wll ofthe cgnd3iitd 19pd theTdeeond endrofeacheradiad conmection

membet 15 SPABRLER BeFaite HbIFh 1 b hRRLAT o5 RbS A2
sufficieRt®y Agiditd ?ﬂ:v@ﬁ\‘, Un@edfbk hbvetng oftthe beffle Bémbéri A Dasheaahd Blade
repréesented | ess than 5% of total cells in culture.

[0178] For routine passage of cells in MEF-CM on
Matrigel (tm), cells were incubated in 1 ng/n

col l agenase IV in DMEM F12 for up to 60 m nutes and
renmoved fromthe dishes byisorceful streans of

DMVEM F12 with scraping. Cells were pelleted,

di spersed, and seeded at a 1:3 or 1:4 ratio. Exanple
2Passage of Human Enbryonic Stem Cells as Single Cells

NA N o o s o a1




plates 2, 3 and 4 took 7 days of culturing before they
were ready for passage. This was probably due to the
w0 edaaexdss at e of attachnent on the treated surPEEES2009/034579

since nore starting col onies were apparent on

Matrigel (tm-treated surfaces immedi ately after

plating than on Surfaces 2, 3 and 4. [0186] The

passage (p) 50 Cells were split at a 1 to 2 ratio and
assembly£2f) mdves.h Supporiynembgers 786 may besgupled betvaep ar interagdiagapoint of

and tested ex I
respect Pyl Siect Rl mRR M Ble Dullt BE ARG gy of the
baffle nieghtiet! 7{ B CEackRsfithe RmMep 720 BToupled ea ecihésbéﬁdllﬁg)éxli@@f thé blades 624
this passage (p51) also required 7 da%/h of culturin

and may)b¢ eqniigurrshto wegetverthe ags thet was defleetad by thehadifle membesy | % Upon
esiv b BRI Y150l G sl 5r AL L 54 B
predetemmhiasd diesttiokrS cel | col 6ny nor phol ogy. [0187] Cul tures

BO08013 b5 el aloniied 2G5 and T e tipybrgiBe: 640 i
providegg% Kgﬁl lebiﬁt%?g chi:fl? % blA‘?thg?J lﬁﬁ& sHb\fvﬁ IR Bk e i ’irﬁal@: ports may

Ive ate s at passage 4
be provided id a&ta&ﬁthmqghébesslmwdmhember 651|an $nansah1t pinbrenpgasenwyrd the blade

s 5% s e SRS ) R o e
624 in t%él\‘éﬁg&%fﬁuﬁ@d alrétﬁ’f%ﬂ EX RESTErR it dAndiR dhé si6hd MeMbBP640 may be

Activin A 20 ng/m Wt 3a, and
provided aga pluslity lSse(pum eongporientsicoupledtpgethar ing mannes thas defines an air

intake g R e ARt |75 e ot R nR TRBBAERS omiRE Blace

assembl§l620i pot ency of Human Enbryonic Stem Cells on Surface
dified Plates Lacking Extracellul ar

090611 Pr ot AF meatipRrsirbare thiblageassanblyb204naythe digposedwithin the
o EUp P o ARSI LB 0 AN Mo
membet 6¥0NIsFa Bl@ddastsemb@Cboﬂﬁaitmn (fmanlihm 66@nABek¢m161bﬁDy ijlsttagesl, the blade
treated with |Iut|ono rowh factar_.re

assemblyeORRFEPT IHATDSH Bpom s o gal copFioRaR IR $67 e pipality of
radial céh[r{%mi&{ﬁeﬁx%lfs%ﬁg. 12[8% aﬁ%ﬁ&ﬁﬂ@c&% th&Hbe668 ¢ L 29 ARIE Shatt) is

ssocl ati on. ese cells were then-$eeded onto
coupleditntrotemblecshaft 622 and fizes tha ceatabld ishafe G2inzaligamest wish b longitudinal

. or mat ).. I1ls re Is plat directly onto .
axis of R PR o el EF eiEi A R BE o asegen dasGiters 664igelugs a first
end and-a BEhd\MHAPBsitethe ﬁrs@ eﬂ@' Théfiat )i Sach Rdwdl| |cUﬁ1ectlon member 664
controls and plated onto wells treated with 30

is coupldd kasthe shroufl ngpmbver 046 ard e seeond sad ofeachi rg@akmeqtl@n member 664

s coun G RS o PRBRA B, e S bt PR

sufficiey figid|t6 pRivehtdesifdld hovethen? af thrgRial Sordddesh nember 662 when the
surface nodified plates 1 and 5-12 and to untreated or

blade aggemhblyi 20tpevgsed Nuncl on Delta(tm) plates and

r(tm '
(LR ) o8Bl i Lbapla SRR syl 0 may
be couptei® theblade absembllyt620fant e pbxﬁimed toegehexdtevdl¢édtridity3@hen the blade
di ]l ution of gr owt act or. uc Mat r i
assemblyy P cBeNeng It Ml TR PRATERY e RiseHBOURPGELAHS o8 P S 639 may be
couplec%g%fé’éejﬁl g@% et (%?ina % gél%a%d u}%\ﬁlggﬁgst&ﬁr%g\?\f E"h]t; ggﬁ athd®pulldy system
670 may,cfdteathpiétinglgdd fitstpulleys 63224 6@2lyand Wimwepled td the electncal
pl ated on surface nodified plates 2, 3 and 4 took 7
days of culturing before they were ready for passage.
This was probably due to the reduced rate of
attachnment on the surface nodified plates, since nore
starting col oni es were appasent on
Matrigel (tm-treated surfaces imredi ately after
plating than on surface nodified plates 2, 3 and 4.
[0192] The passage (p) 50 Cells were spllt at a 1 to 2

o o o



passage by 1 ng/m coll agenase di ssociation or by
manual scraping. [0198] These cells were then seeded
wW@ni09/16358¢ ace nodified plates 2, 3, 4 and 13 (RQFUEL009/034579

format) in the presence of increasing anmounts one of

the follow ng Rho Kinase inhibitors: Y-27632 (from

Sigma, St. Louis, MO or EMD, San Di ego, CA), Fasudil

(Sigma), or Hydroxyfasudil (Sigma), and maintained for
generat@s 639 636haind 630¢, respicticelygsechned paditlys 624de) 6Z4bnmpaléc cdbpled to the

rotatablg 6t @ 1 le KR GRS Soop DALY DS bt M e £apy De

couplethb WiotALH1E HaBB22S THe Gt ll% mﬁ%m%ﬁ @ﬁc Qi/d fﬁ@)ﬁecond pulleys

hree, surface nodified ates 2, 3,
674a, 6%ftbt adf6Idc BS mhect@bﬂomactegthamb)t bﬁéts;ﬁég,eﬁ?@b aod 678c respectlvely

JBGHATS e BBl Sl ot o1 Sid 4o 308 e cpporibed

above a§'Ming abifled@thé BlEEe ﬁgkmalye@mtd &1%@3&1@9 ¥{aferh 670, it will be

attach and grow with the Rho kinase inhibitors,
apprecigted that onecardnoesg of heyeleptrienl gex(emtgx;rﬁéoa,@%[agié@qe may be coupled to
tte t I 3
e SRR Bad B U SR, B SRS RREo ot 2k

generat&% 6B0A 163019 asdDE3 TR ThaEbd CWupledfito Yhebladbaskembly 1620 ﬁiréaty @ay,asa
of culture. After the first day in culture cells were

direct- dﬂ?"éﬁ%“@bﬁ%ﬁ?péﬁ&@ﬂl‘ €ays with a 10 nM concentration
27632 n t
ﬁfgo | mul a At %&go?%ﬂéﬁ? tg% g]ttrn%%t@é:‘a%%e ﬁga(m\/\a{&a{fs?l 61389 may be
coupledrtMt}(d-'shgmmhnéﬂ))emﬁ?m vidabuhtimgsbradety 632d, G32bsand 632¢ respectively,

difie 2,3, 4, 1 nd Cel | Bl NDT, Cor.ni
fxe togag HIFPRS mRERpeT 0495 Jn phetfer GRYinerd; heweost B O dferators
630a, 630Y htddr&@é' %aﬁ Bg"c‘bﬁpléd & e |sﬁroq9 $fenter 848 Zﬁ%@sﬁé@twe support trays
attachnent an rowth was al so tested. The cel
similar thompporiiran 182. 1, 4, or 10 nmM Y-27632 for 4 days Sorre
BOBRACE LSRR B AR AL e i, e oy
recover‘f‘ BO@M 8%etd‘i)sp‘é§édr§é|tﬂitflh@ﬁis@§ﬁli &1 offfick Enhauit Bl@fe051$es a

was 10 mM Y-27632 (Table 4) on surface nodified
portion pf ag@tsﬂw ggnerauted bpa gPQﬁQ\Z]SOISiCﬁc hetreceiedigas dawds theadransmitted

hi b| | fican ce I ' .
rom 34 Bkt G0rSi AR LABR Y 5OARIG o bRF b MR gy 1. When
transmltt&r ﬁrbhﬁ th@ﬁfse éﬁ(ﬁ@ll Oaedfltise &o‘ﬁd@iﬂ 680,%Bg recéi®ed gieflow acts upon the blade
determine if this was due to mai ntenance of

assemblyd20. Alsq ohes the rseeivesgasdlovnisteansmifted dpward thepsre?:gnd end 610b of
i

e conf 10, Bt Bkt RStk ORISR L 1 s

wider tltaheh?é: firdt end 611 04-of Te3cdnduio @1 Git Thuss & prdssure dtheighy atathe second end

6100 of theSarauit (41 st et ainaesavie RS S e Furtead 6504 phe condui
610. Wheh flﬁ%a&rhgs l%(?‘ﬁéO fsha%f@{ilzl gg??‘ﬁhé’\fow%g%as within 'I%lﬁ received gas

proliferation netics e 15
flow, thKiphaa;lety iofibladeg 624 mhowenntdwredptemtinedditiciionfe. g&omse irsa clockwise

directio ﬁgﬂgtagl oL R?t 1g§u Sﬁgﬁ E’l Ipagﬁrq(l) mqﬁ%ﬁ’%ﬂ‘ﬁé{g!%lt o;ﬁsrprg?ﬁeuéc}nﬁult 610).

Gas mtflfhrtH@Eésoﬂb\ﬂs BERFIQIseH RESine ambidn eVifdn@ieRPhdPér (A ispﬂow
germ | ineages is acconplished by culturin

channelcpef |thesgaSrﬂoav saveqre(ecdi gas flowrsoutsadiif) via the sheudgmen ré40 Thus, gas
transmlé?cf‘g Iﬂéﬁ{ bg?degaféﬁa}nﬁ? §25 1snr%f’e gé)drlmobthé gﬁlbfe?l.s%lq)ir%gment and/or the

gas flové tipmhalnifithd g4b fifves@uned (%tg ,cgas @lowt shﬁrdESfOOE{/lla tha$Hroudemember 640.
observed i n sanpl es where Rho ki nase inhibitor was

wi t hdrawn for 24 hours of culture and cells were

all owed to detach, grow in suspension for 24 hours and
Rho ki nase inhibitor was then reapplied. Exanple 6 H9
human ES cel |l s passaged wi tth TrypLE(tnm) Express on
Surface Modified Plates Show I nproved Adhesion with
Y-27632 [0203] Initial passaging of HO human ES cells
onto surface nmodi f i ed pI ates. AdheS| on |s | nproved
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exhi bited inproved growth rates with out the 10 mM of
Y-27632 (Figure 20). Exanple 9 Surface Mddified Plates
W@ 2a0v9hesseced to Screen Conpounds [ 0206] Sur f acRCT/US2009/034579

nodified plates in 96-wel|l configuration and in the

Soci ety for Bionol ecul ar Screening (SBS) standard

format can be used for grow ng single human ES cells

i nthe presence of 10 mM Y-27632. | mages of H9 single
Movemést df shepplaiaticl offbl&fes\eRH4 lcallfdeﬁtcﬁ're&pbﬂchnginﬁvahmf the rotatable shaft

622 th@Bnlgzggmdga%aq:s;r&%péﬂp% l dgggl)‘lgggtg\el]n]; gf ; ggcqﬂg n| n6g74a 674b and 674c.

Movem?;lﬁit tlgeleé'eb&gi Hlilels 694a, @?&W@%&?&Jﬁ&sﬁﬁemﬁﬁom& BPiHe first

asts ‘or trigel ( respectively anpl e
pulleys 6V2ey6@2tEarst §7aiby cStrespofdingonCubf the belt0sV 886 78haad 678c When the

first pulgp ﬁ#a(e g %}Fggzj%:ﬁ?\[aeg%-/e}ec@@ fé%{f? 5 %{3@ I(ﬁbg and 630c generate
electncﬁlj ftRiseiheiefichidal BaHRrdrors 804, $30P hid 630cf#2¢ é’dﬂﬁ%‘ﬁﬁéd' to generate

Ii'neagés. To detérmne if surface nodified ates can
electriciguppen thedilddeasssmtilpn62@movesiman ES cel I's were passaged

thcllaen nd38 Nes. Wi
WRbITS " ol S BEVERE BEEne iy tidn il A0 Pigfide Ve batr
membetp'}' @ MdIahSTI0adR g@l); rec@fve& df tha €iest @Rd i61 06k the aérRiuft may also be
urface 4). As (5)03| tive control, human ES cells

deﬂecte@l@yéh@bafﬂﬂ mamben? 19 tpeact ipgn the vanes'28; (Whanghe varss 7R are acted

o by ERCER B R TP Y BBy fment o

blades Gﬂklléh (tjﬁe)pr@detérhﬁnalllditddfiglﬁ whith| ?1|tt1ﬁ1 ﬁmSars dﬁfe:sptbﬁdmlgemovement of the
endoder m was eval uated. Brie , 70% confl uent

rotatable ghatt f22-AnddheSAcPRPWIEYSST#5: 536D ARt %f%Aéﬁlqn the e first pylleys 672a,

672wkl e SO SR NSRS ot
[0@065] Act | Comstriicted ds 2R6nkBarilyrdeRivibetl Bh@ve, (el dnsrgy recovery system
differentiated into definitive ndode m are i tified. .

600 maplye pseed BT b %ea L OULPBHFS: T1cE 3 BORIOY POMER PO o5 exeinplarly

descnbéd':\k'ﬁﬁ'fe% &<21o anfl 6T HIERCEALIAY MREeoRES 'tHe' c\f@ssfs%éthoﬁlal &ea of the first
I'ndi cated on the y-axis. Human ES’cells cultured as

end 610giofiieecopduit 61 may b 1dse thantthegeress-secdontd iveniof a\ges flow channel,

odermi.n the p ence, or .absence of Y327 on .

equal togf E0S% el g T 65 TW LA S AP DEerdis gectional are

of the g idéw CRarheStIe WilCBE h%r&ih&&ﬂfh@l if 60156 chsas,ahdisliify cfdhe energy
Plates are able to fferentiate into Pancreatic

recovergyftame FA9 fogepstategledricitnwhile pieyentisrg undesitpble generatian of back

i t f
o ESFRHSEEDE Tl O S Y ot
second érithé 10btofthe doAAIt 6Y0.| Dhas)iven @ 2ufficidvily Sargearodd-siectiond! area of the
and 2% FBS in DVEM F12 nedium At thi si650| nt, cells

second engt 6 k0poA thsceapdith 640, Ahe eBETg FeeaAYF e K1 FBH g s CARled to the
exterlortc{f glgﬁ a{elgﬁ%ﬁtﬁhé @ﬁ%égg g\.llcgl st AiRhER P rees the ISt &gldléa of conduit

uring expansi on, wereinc
610 andathe exidhust aveeed | f is effectvely zere.n FGF-7 (50 ng/ m ), KAAD

OGO AT urFich ¥ 3n@ekogains spiamateninye g ipfERggpargiors that may be

coupled(tB Qstatlaﬁfe'a%erﬂlﬂj} 8Lk eﬁ&@?%coegﬁy syéibinShotiii® FIGS®s arﬁlef I's
wer e | ncubated an additional “four da@ in Exendin

[09069g/ n ; R&Tegmg.tAlthﬁ ¢ledtyical [gAme]ra@rsm 636 and $3he ﬁl)own in FIGS.

and .1% 827 fe L
6 and 7 35,k e Biph a0 oL bo SR ity S B HlacgfShmoty
620 v1afaf%bﬁﬁk@i&hdbhﬁﬂts9§% 801 fl‘h cleat didi Bhdih Bystdni 89@ My include the
contai ning 50ng/ M, HGF, (R&D Systens), and

Exendin 4 (50ng/rr1) and 1% B27. RNA sanpl es were
taken at stages PF and EN fromone well of the surface
nodi fied plates 3 and 4. These sanples were then

anal yzed by real-tine PCR a6 this step for pancreatic
mar kers Pdxl, Nkxb.l, Nkx2.2, Pax4, NeuroD, HNF3b,
Ptfla, Insulin and AFP. Eval uation of the sane
pancreatl c endoderm rrarkers was repeat ed at th| S
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Colonies at Different Rates on Surface Mdified Plates
in the Presence of Y- 27632 [0212] H and H9 human ES
w@eiwaoyssevi ously plated to 1:30 Matrigel (tm - PCEHHS®A/034579

pl asti cware and grown in MEF conditioned nedi a

suppl enented with 8 ng/m of bFGF were LI BERASE

treated and plated to surface nodified plates in MEF

condi tioned nedia supplenmented with 8 ng/m of bFG-
aforememtidnexbfirsopulkeysic32a, 67 2naeib 12c is additienrendhaths\8i724 820b and 872¢ and

sprockef iR 4120 25 060 26 o SIS PBRF b R eropy B spepuieys 6722,

672b and'BIRL, B QeINAY THE SHrodREL YEMaYBE Bodpl&l t3RAL Atd@le shaft 622 and be
supplenented With 20 mcronolar Y-27632 (attachnent

configureddo engage wiftothawhaion 8 Tas 8 72hrandif78c f Therelestpiealigenerator630a, 630b
exper, nent Figure 27). H . human ES cel ls.also .

and 6305 $F ekpoplsd i ot FlsFvical epbater SUPHF BUTRerdl; A28 elestisal

generaté;@gb{?(l)qrﬂﬁﬁhﬂ)eﬁ SNPMEYBE FiRed VétivBer2he Fir&tlend Bl 04 of'the é6xfit 610 and
an

s was nore preval ent than the bindi ng observed
the bladgjassembdy 62hanthesferementioney sadialtannectionimembers ik Adgeerdingly, the
. IS - ev-all
ctecrclSe AR A RoRhi bl G  DPENS B Skl oy o e
710. surfaces. Exanple 14 Human ES Cell Attachnent to
Surface Mdified Plates Using Defined Media [0213]
89820ge 49FI® Ny asrosesectionplvig of an SREIEY ERGOYSRY S¥StPIA shown

o504 5 e 170 lon 8 L

FIG.9.pl ated onto the surface nodified plate Nunc4 in

t i a. ith | at ed i
FFRTL ™, BSOS Ao B i B0
generalltyrcﬁﬁxta@féri%(% {ksi}i?&gﬁi?% BhALE 16 albRlde A0seMbIOEParf Asrﬁéleétﬂcal

Seedi ng ce reatment, 0. 1% gel ati'n, 2% BSA,
generator®fy/ ml rat Col l agen |, 1:1000 Matrigel (tn), or

a7l or ot B cone Fio I B8t o AT R 3 251 cpa o100
and a sedbhdlerRl 910b! Mhetfirst-cAd 938a bl B tonfiired 0AeIREAtIQEt 4 Péttion of a

in the absence of Y-27632, human ES cells g':lat ed onto
gas flovagengratedly argel flowgowrasuchiag gaeflowsguiee 40 Hurtherghe conduit 910

aghev i e I |
ey v LR RS YRR L o v
second EXVENBI Simfl@to ke ¢ondaid M0 ahe Yondi@32 0Wesordigdrd tb @ompress gas
define nlreSR(t medi a, hunan_ ES cells adhered to

transmiteg fromdhanfirst and Hdhseomduit O0.s adher ence was

R o ThOlE SEGhGH 9964 Syl thq S BT Lial fifoud
memberT9¥e). eThecdade asseaetly 920 atag deeonfiguredranbeiBoesl when the received gas
s SR By BEL LS AR CANGSIL " A4L 15, S ot 920 ma o

camo S38,ORSAILE o 08 24 JRUELSE by AEEL SO0 o s

betweenr adjadentblddesii2dt IConstrudted asiexemplarify deseribasl above,ithe plocHity of

hi bi . Y-27632, human ES cells .can . be culture n
blades 2lnat e e e TS AT B R RRE o e SRS Tongem
wherein €26h 6RA6 924 [Rides &n HineMeddeio2eh biidin SiitePdipd1921b. 1DROpIRfality of

1: 5000 can inprove this adhesion. Exanple 15 Surface

blades %lcmem @jcolnlrf;latl@d t e alogv?@\'gka Pseieamisedh dw%i?p(ggmwrés a
counter SRy MRy P18, 0150 BBk BB fransmice

from thé firse end=l Guedflthe uruitouel y plated to 1:30
Matrigel (tm-treated plasticware and grown in MEF

condi ti oned nedia supplenmented with 8ng/m of bFGF
were LIBERASE treated and plated to T25, T75, T150,
and T175 flasks at a 1:2 or 1:3 seeding density onto
various size flasks with nodified surfaces. The cells
wer eseeded in MEF conditioned nedia supplenmented with
8ng/ mM of bFGF and 20 micronolar Y-27632. Human ES
cell colonies were then allowed to grow, with daily

o o R Op—— T



irradiated. [0217] Corona plasma treatnment was carried
out in a nmetal vacuum chanber with only one el ectrode
wo p@odessshe chanmber and el ectrically isol at ed PECDES1008034579
i nside of chanber (CLab Pl asma; Vetaphone AJS,
Denmark). The netal walls served as counter el ectrode
(ground). A self-tuning corona generator generated the
el ectrical field giving sufficient energy to generate
[00834)n | n Theeleaticilezentratob 980 mhy betconpled tdithe biadatassdmbly 920

and the goul psgsr 401 Bbgioeiti] BoReratop? S0 GBhNed i Serpas clectricity
when ﬂétb1§d3d3§ dﬁf%y@ BovBe valve to the vacuum punp was

cl ose e corona generator engaged. The generat or
00878kt t nge stepad memben%Qcmay bé cAp€l tovthelseeomd afdﬁalOb of the

conduit 3P, e aofd erise fudheliles § il sond P e ene

body 9462 ' THeTRS shizblﬁtuw Bag g &)ubﬁﬂ% the[s@@&ﬁl] endi98 OB LE tHRWBNM&uit 910. The
pl asma treatnment "was carried out in a quarts vacuum

first shrohcéhm W4 andthe swond shroed bedyr Y4grze n@mlcfd toctagh ethewsvig shrpud body

comesft e RPGRoH anretlh SR ERiahb R AR o4 oG perween e
first shrb@d BEDEIAL fdithe sqebad Shroidbod s dnﬁdmlé)(h@ast?spf%e G is defined by

m crowave generator outside the chanber. An itemto be
the Secot“ﬂéht"@éh%%%@aced on a glass plate inside the

[ORTRE . 1 2fc SRRERSEmTHoR RS bR BORLEfhe FpHtwoud body

944 andvhe secongd sipuddsd k@48, Mpmoyerathe Hidde ass@mﬁﬂyl p20 metatable about the

longltu<g§alm algg esﬁqrg.ydhl 1\%91?1 grlt d Val)gdl?ﬂgy, G%ng 3 n%@gla}ll 92 may be

o A0 it AR St e

perrmttlp mmveaien‘eahmalsthb hengitntinskakis efitte shreudimenibet 240 whilwpreventmg

was pn.order t bri ng, t he, pr re in .
movem i g ng sty er o Sectpur meTaR S5 Ascerdinapes ransmited
into the F&ﬁﬁ\ﬂﬁr trddsHRssidd %ﬁ@é@@a @fb@elg@& Bf ﬁlelb‘i&{é ds§entB1$ 026 hiPgas

surface modifl | at es corona plasma or m crowave

transmit¢dafom. thEﬁesnpmcb9ma ofitlner qméum:ﬁw fdo thei exhausd spase 9¢Plecan be
] dégf&tzl %ﬁdlflveld Pl afes of the Present Invention Wter
relcase é’ltgré foélglfﬂﬁ Surface nodified plates 1-4 and
foeormr e i nAk bed dBdWiy indFICK O¢ithe bldde aSdentblPOYFBis coupled to the second
sterilized, and stored at roomtenperature throughout

shroud basly 946stia pblade grackasserably %AgThe blade dragk pssemply-L0rrasy, for
cxamp USSRl L PO LUGRUTE e AURENSHU AR 08T sond

bearing Ahé1l ¥DNécapledan glcollAEFTSUNIEHI ih Surivey uglzdao Ui ingertedge 922a of each
static sessile drop nmethod_ _and a PG X nea '

urj hg Head
of the purglpy pf bladesidy ansa pliraliy,afiesaringy iy Greeeius Hehis a§pppfgdefined by
f f
e s 558 L GO S5/ Conlto) iy
describaiatiose tthabiglie trackDissgsblyg 7@ allows the! blade(asamnhiy 92 o rotate about the

onginif o e A BB Sp PR L SN 8 LRI e
feoygct angk %xaﬁplsﬁ@hnéﬁ%d/mmsm HﬁcPFb PRERrst s?luslﬁcpp&iy 944 is

_\ere api)lled to each sanple per time point). For each
provided iasre singlenintegralrromponens! dlthaughimei¢hpwnomger mase aiy intake ports may

e oG SRS T L RS T e B B

transmiti4A6ient $A6 tGadre tixpledd ashily 900 el taofhs fae ofMashladuI®nY ) thereby
on Surface 1-4 and 13, but the surface treatnent and

sterilization was done nore than 12 weeks before the
first neasurenent (Nunclon Delta(tm* was sterilized
one week before the first nmeasurenent). Figure 29
shows that surface nodifiedsplates 1-4 and 13 were of
simlar hydrophilicity and nore hydrophilic (| ower
wat er contact angles) than Nunclon Delta(tm and

CeI I BI ND(t n) surfaces The hydr oph| I | CI ty of surface

. - . o, oy A~




[0224] Surface nodified plates 1-4 and 13-15, and
plates with Nunclon Delta(tn), Costar(tn), Falcon(tn),
w@2ihBoINBK t ) and Primaria(tm surfaces were aPel/ygmao 034579

usi ng XPS. Sanple was presented to the x-ray source by

cutting sections fromthe plates and nounting them

Wth spring clips onto a stainless steel sanple

hol der. Sanples were irradiated with A karadi ation
facilitating48éveiént oflthe bhudes 934 & therprefeefminad dirsdtion. anarmulidrentodiment,

5 between the sanpl e _and anal yzer, The spectra were

4
the firstshropd body 94 may bFIPéO‘é‘éffdt AR Eyk%fgsspagatswal@enws ¢aypled

t
ouehd S EATEP il B0 g SRUEL B EUPELGORLAE pol 183 coppi o
transmldmgmrrhmMgssuon@rd thh dldde assembbn®20used for the anal ysis

Physi cal El ectr.gnics 5400 X- Ra
W7l orc s araspiaibofiiteiied Hesnergy aroren Wolsm W mapfurther
include Q%‘I\ﬁﬂﬁt&%&‘%aé foWeRHEctioRd rierhi@é 950 SikpRB@ A sidBRalls of the annular
l[imeter in dianmeter fromthe surface treated part

transmmsﬁont spacqpP4dadie.yors opgmsingsurfacas of dherfinst shrows! uidyt944 apd the second

o S5, ThEBA AT 50 AR B PRS- Bl

the armmdﬂrédsﬁﬁssw npase $40A Al ARG rundesiwgwmamhdm tHab@RRecond
hydrogen is not detected in XPS) in the surface,

shroud %éaraylexperigngefag gas is dragsmitied IﬁlOBl thedirsfend 31 Paefethe conduit 910.

[ ned €
R 150 EERasuesingh L W e LSRR e syl o
blade asseablyr920raad fbl comfguréd tongeheratet em)ctnéityt wlmrthe blade agsembly 920
t han the surfaces of Nunclon Delt St a&éegl)
moves. iy jopg gnbegimenh glquqtmqhg@%tob?g} @gy bgg ade assembly
) AT S B RS el
plmalltyho@ﬁnesstatbeadehmntsﬂ3bmtdupdﬁd tb s firseshromhbaiyfiddea phraitpefisecond

stator el?%lggtg gsgb % O S v $ g{;‘gén hrggégcggft | gg’ 9 uratllgg?) gegggotg elements
934a coﬁﬂgcri] o %rb?ad%'agﬁehﬁfl 550 ﬁi@ﬁﬁﬂhﬁ‘l hy 6048BGRI fokdelenviiftd %Scoupled to

13 were simlar In ement al conposition,
the bladensseniblk 826 Flicplemlity efiftrstrotdrglensuts Bde ate ¢qmp@|déor§mldade

st B8 W T s B SR AR e 8320w

the bladé mmwiwzml%obém (&ﬁ‘lﬁlaﬂf \thé PRy 6f e@bnCtdrenhéhts 95=1b are
sur f aces, usi n8 eak wi dt hs and energy | ocations
15€l

coupledte theshlads aéserablyﬁa a$ 10 heraperablyepraimate fordp phirgjty of pecond
r t
stator el%%@ﬁt% @gﬁg%hgﬂ ﬁle‘%’l?dg agget%l;lﬁ g%d) gnoléfgé ?’hgﬁfx )f/'l?strt] g&k]ﬁelements 934a and
the secolﬁﬂ rr@t@fl tlehnts @G4Eh&mp@rab9ﬂp}6ﬂﬁ1ﬁm toothe pﬁiﬂilftﬁ@éﬁrsi stdtorelbments
were simlar jn terns of the carbon_ baondi ng

932a anéﬁm plataibhelsecondestyphplements A5eh. respreibiely, fudng eoeﬁrecré'of the
e gl ower in Surfaces 2-4 and 13
bladeaétgﬁrgﬁllyir%o ﬂé&gt% er u&?%c'es anal yzed. The proportion of
[Mﬂ&ljn i n Irdne=eblbodirhemche ghmality oﬁﬁmnstammslemegtséBZh iand the

2-4 a han in the her s ces.
plurality,fgegoiatstates Homaps U7 L2 A ey viseH Ao 681 of Aecrigelbseaudcring
|
35, OISO s an, Syl o
second rquor@-lefm@m%“(a\m eadhqpravided aveyperoanentimagaatreA sexemplarily

ustatg 3 1ok SGRREY SR eSSy sttt REATe HspofBpafent o

each of @R B}des 94, Tg:g}ﬁramtp onfish StafR ¥lehRAEEIDa wRsdisHogétEfo Belbperably
Surfaces 2-4 urface 13, and Primaria(tnm surface

than in the other surfaces anal yzed. The proportion of
carbon in CO33 - bondi ng environnment was hi gher in
Surfaces 2-4, Surface 13, and Cel IBIND(tn) surface
than in the other surfacesi1anal yzed. The proportion of
carbon in C=0 bondi ng envi ronnent was higher in
Surfaces 1-4, Surface 13, and Cel IBIND(tn) surface
than in the other surfaces anal yzed. The proportion of

o ~ r ~ ~ . 1 o




and 13 were relatively snooth, and Ra and Rmax did not
correlate with surface treatnent tinme in either of the
WQ M998e¥Rs. Anal ysis of non-treated pol ystyr eneCEOB2009/034579

oxi di zed pol ystyrene surfaces intended for cel

culture, and Primaria(tnm) surface has been descri bed

by Shen and Horbett (J. Bioned. Mater. Res.

57: 336- 345, 2001): surface roughness approxinmately 4
proximdiend wer}&bihet buiecsf thelplugatiey of iﬁi&ﬁmubrealérﬂen&l%éaaﬁlnng movement of the

El enent al 05|t| n an Cont in, Rela é)l on to
blade assernbly $28. @@Flp aﬁ@re%nmgﬁ mqhévpsF to3q opgrably
proximaly Eg‘n%"ﬁ%’yaf"’hsé%o‘if?tﬁ%‘%%?ﬂ?%gf 2B 70 Yo Rl (ibog rement of
the blademssentbéy®20. sln additionyplaraliESoffirst statbt eleinmets O32mare offsetrfyom the

second QR A eTEnts 9 PD SRCLIERAIN O AL TS FOR A PBFiI o fgsecond rotor

element %@ﬁtdlsiéséaoid?&bﬁtsto R&¢h Jth@Bﬁd&lgﬁQ§ %er%ly Pr&@mbfd to one of the
substrate surface in the absence of a conpound capable

first statof elements|9t32aq gnd¥the seconRistatdei ehements\B32bo mmomfdymt agiftyne during

movemipt Bty s-osrely 826 DrRton B e Bl b ey lefencs 9322 and

the plurﬁlh’t&fo%&fbna%ta&)r?e!&lﬁ@l’ﬂss%ﬂb Kel doupRA0 @fcoﬁt@dlle‘fs Inot shown) that is
Surface nodified plates 2- and 3 supported cell

configueedite entimine geaerption of deqineite as isddopads iy arh by she electrical generator
Q r owh rate of human ES
930 durg}lglrﬁéve})ﬁr%ngﬁﬁ gz)za%rgfo%gsefnbgggp ates 2-4 and 13 declined

[00082]aneoush Yorver thie kinetid &eﬁ@seﬁwgasd‘[ovﬂmo elebtnbity Itkienenergy
and Rhg ki nase jnhibjition), although cell norphalo

recovery REHPRBEOIEN be ARSI BALA Broh Rt ShOe Chs AOPLR L0 robeives a
portion gf'ﬁ %t 1 ne gnerﬂleél‘ H' BYLEAGY SB%r Fer”[h%)f@ée?\rceﬁ O%%E' g%sis then transmitted

I'n celfs“passaged Tour tines rface
from thé:ﬁfslt Ehd\EX Gardf thd adndait SUH puowdre thetseomd ¢68 916b Iof thictcanduie$t0. When

e et ST o L L Bk M B
assemblcj"@Zb RPEANAL BRMe 9@3&5}53920‘39 SeteUpoEHY f’h@trE@el\F&i%ta@ flow, the

upported human ES cel’l attachnment and col ony
plura11t5f off bladds 924 muvehin atpr@iegmmumﬂ ditie¢ticar (ergt.iratatedin a(qoaetsaglonlgmse

dlrectloﬁcg.ﬁg}l g%f‘s?éag i iui)? ot ﬁﬂpyr#/a?ﬁgeé éVhY%rtP%F)agB%ﬁ.B?lgy({sfo %he conduit 910).

Gas withi! ti@pasH{dviils thex felaséPimitctht aifibien® Bk innieAt &fl/¢ tBé daslffow

versus Cel IBIND(tn)) content of surfaces had an effect

channel@f thergasdlow squycede.-g.teas Sawisqurss 400) wagheohroudimembea940. Thus, gas
transmi ciolge?y%h& g} W&tas%ﬁk&ﬁ gkg &yrefe%e@hﬂoq{f? hrﬂbfeﬁgfb s Sﬂgﬁt a?ld/or the

tron a I’ nase

gas flow\thidhneél ofithe S@eTove Siired(e. g(),fgaaﬂobv%&fce@boyﬁa@hé)%o@i aerfber 940.
of nitrogen and oxyan content of at |east about

Movement of dhe plRelity ofchlades 98 causes rakrfive mavement betweenyihg plurality of first

stator el%é)legts @%? 3 matthé %ﬂﬁgﬁt&?ﬁ ﬁpéf gfq cgigmgﬁt]s &agﬁ Itaﬁﬁ BELWQIE% ﬁ{ég)lurahty of

second §8tor k]lem&ﬁ’e 9304 auded thle(pituralﬁtQZiBSécohﬂ nstor E&nemb 193 4, ttharEbyecausing the
and col on ormation (at | easb%q%S col

generatiog,of 5’6’%‘5“0%%3 g plpeiriea] BEReraiE 1 TiiSethe ?%H@e[ﬁfé’g@ﬁ@ 30is
conﬁgufefd 18 g&%melere@trmameﬁ&ébh&m&e&bwzmﬁs Rho ki nase

bserved on Surface nodified plates 1-15, surface
moasslu ed pCatmruE@d as ex¢mplarilyoi¢sdribed apom, theaBergyuesayery system
i,fi ed

900 may BE isb SRR, Gt dorer ot SigheRsbe ol Bt 4T s exgptarity

descrlbélf with Hsb&dt So My SEFTGS) 4AVHC. NBlosbver) e GbdstsRE@dnalarda fthe first
and Primaria(tm) were better than surfaces 1, 19,

33 and 34 and Cel I BIND(tm, which again were better
than surfaces 5-12, 14 and 15, at pronoting human ES
cell attachnment and colony formation. On surface

nodi fied plates 3 and 4, anel in the presence of a Rho
ki nase inhibitor, human ES cells attached and forned
col oni es that expanded and coul d be passaged at | east
10 tines, glVlng rlse to plurlpotent ceIIs mnth norwm
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Bel gi un) containing 10% fetal bovine serum (FBS;
Lonza). The cells were adapted to Pro293a- CDM nmedi um
W@ b@naeysse a chem cal ly defined, serumfree nmedPCUS2009/034579
optim zed for cultivation of adherent HEK293, by
gradual |y and over several passages using the
sequential ratios of 3:1, 1:1, 1:3, 1.7, and finally
0:1 of serum suppl enented EMEM and Pro0293a- CDM nedi um
end 910GQf tH¥RdoRH &R amiﬁlaﬁfbé leasl eahahd &r0ss-$dctadhd aralof & gaefléw channel,
seeded at 2.0 x 104 cells/cn? in 75-cn2 flasks wth
equal toNhe, errogswsqsepn%l(afmoféhﬁr gasdlow qhvapelporgrsster thap the prossisgctional area

K
ot oA LR N B SAASH Be LICEOHE P i
recoveryssam aem\gmﬂiwﬂec(tﬂlﬁ@ while ptepﬂhtﬂfg&nﬂesirahiet dendtrafl@l 8Pback

Che I
pressuregw rrrlghe aasgllq%*? S%Cqm%aéy E? g‘iﬂ?ﬁé% ups'ar? fh%%ﬁgloqfr %n
transmissf V‘%'a!:e M@t(?é }‘Me éE beRef! theN'i’r@@éh%hd%ﬂd}'%h ¥hd the second
surface Cel'BIND(tm) surface. Another 100 m of
shroud Mdy%@iam thre avidtnofitherexhiEise Sface O¥0ls  Incmezdbodimentithe width of
the anniFh nstbiston spaer O4ER S i g1 Lot S EF S SieRErbre enerey

recover% Bystérh 90@fnay beoSfied &) the exl@flon( d)f' t)1e ﬂﬁ hBgding unftQoh @uEitthat a

y washi ng cultures once with Dul becco' s
dlstanceFla cbsmn ¢heplifst ends Ogf pmsiua[ﬁigséor lmwzq) the shrond meabey 940) and
theeh J 4&? 6% X g:DMmsdl um w t hout Y-27632, and
X qmi APt v RS 8?Yi’é €0 tures for another 48 hours.

[00884)] Thelnvheeiboaimetitahé Sordriitl H 0ia8 dEiiﬁb&@hlb(ﬁ/e\m@ be omitted.

then determ ned using a Iact ate dehydrogenase (LDH) .
In such ae embpdignert, shoud memahen 840 may fungtion ag thegionduyit §10 tgegiyving the gas

flow gefé%?t?csl\g%e eg?s\ﬂsoéﬂscﬂ'&zzg%w Gﬁﬁﬁﬁ‘ﬁ. ggﬂ \%ﬂ%% ﬁ% to blade

assembD¢-9200 I é‘mbﬁmnﬁh’srwhbﬂé theengrggt medolvgr}auﬂ@()ﬁum confipubesit tb (gﬁnerate
at 37C. Ly te and 100-m ca yst and eage
electriciy Jing & £4d ﬁ!ia;@amsg By ke ea PPWOPW%&CIW 4§ may:function as
fs The reacti on was stopped by adding 50 ni
theﬁrstoﬁ{%ﬁ% E}(Eﬁ and the absorbance at 490 nm was
[00683]r ed i FlGh litiisa side aiesv oftthe energGesvovery By ssem Recaading to a fourth

om0 L KRS8 s5Eky B b SRR

[f_)@ﬂﬁ@]' ni NgRkfHidg 18 rF‘IGS kﬂpéﬁ’ﬁi UBRGherdy récBvrg sy £t9r?1411b0 may be

he effect of the solid substrate surfaces and Y-2
generallyrchatattgrperbast 1ndndl1ng acanduibi 1 19crbbde gssembly h120 and an electncal
tPlr qﬁ@Sa-CDM mediumis shown in Figure 3la, where the
genera%l ur continuous exposure to Y-27632 is | abel ed

[0906871632 OSimitin'to REohMEt ), fRWondEin T 1 TOUBLE irekde aUlrst end 1110a
to Y-27632 fol |l owed biba change of nedi um and 48 hours

and a segend endubldObodhe firstigad copfigpred o regejvgigkleast a portion of a

gas ﬂovy_gfiégagg’c?%fg gasoﬂé ﬂ.lrgé Euch |gt‘l{1ﬁ?§'§8§%§ ?g@ 21;&11%? Qﬁg condult 1110

may be @éneiEllli ¢onfighiedrto 48ndnitithe recfelvddcgab &owafitorn elsa fitseehd H 10a toward
significantly fewer cel i.n the ¢ ijﬁ sur ed
the secoggpd 16 E0tmRiMlab o tun cosist DR: tog Sonbeol LI pRiEured to compress

93056F ths f1@ce 4 and
gaStrm%éEt%ng@?me%rS% vﬁ{an g at concentrations of

[0088nd 5. Therbladéessemblydl 120 igﬁﬁmledftb ¢hre cbBdiio Uit §) wif a shroud

i pcubati qn resu din ifj tdeta of lls
member [ Gy Siminodhe bils s @f%ieds B EA0aR g imple,
include Qg)tlurﬂfli\"/tz'w biadBs l‘l%aﬁ‘@éﬁ SIRICARAt GRS Issalleded @d"‘gass between

and EMEM suppl enented with % BS t hr oughout, was

performed. The effect of the solid substrate surfaces

and Y-27632 on attachnment and growth of HEK293 cells

in EMEM suppl enented with 10% FBS is shown in Figure

31b, where the 96-hour continuous exposure to Y-27632

is | abeled "Y-27632 96h on" and the 48-hour continuous

exposure to Y-27632 followed by a change of nedi um and

48 hours of |ncubat| on |n the absence of Y- 27632 'S

o o o N N NN PN Al o s s o o Y




[0246] HEK293 cells were maintained in EMEM (Lonza)
containing 10% FBS (Lonza). Cells were passaged at
wQ@ 208005580Nnf | uence using Trypsi n/ EDTA for di sSPCI/H$10091034579

and seeded at ¢ 2.0 x 104 cells/cnm in 75-cnR2 fl asks

with Nunclon Delta(tm surface (Therno Fisher

Scientific, Roskilde, Denmark). [0247] EMEM ( 1.0 nl)

suppl enented with 10 % FBS containing 0.4, 0.8, 1.2,
adjacenflblades2.104. Eodstarcted 88 exdplafilylde’cnibzes] ahoee) eimespldrality of blades 1124

ltidish 12-well plates with face 4. other .1.Q
may defife %eneNHN SBaPBT B PG OB A oF o, fhegemn each
blade 11325883458 ifindRMEe 2EERGNH AnoliRr VB £1208. Ph& pkPdlity of blades 1124
cell's/cn2) . The cultures were placed in an
may be k:qmiggy@cht(othv)m@redsin a@mﬂetmmubdtdfegctinn_ (382G rptatign in a counter-
clockwi?%J gc:gifglns\%rs E%ﬁf Eﬁ(ﬁg&?&p@?@h%ge#g ra.sf | efsl apl%glrtt%d from the
first end® M 110d o€ tH¥RSn &t 1BR). t hen renoved by pipetting, and 1.0

m EMEM suppl emented with 10% FBS cont ai ni ng 0.2, 0.4
[90089]0. 8, Thalectrigalsereraton 1130 may be soupledstoghelblade Fysembly 1120.

The ctoGHRE U 1015 Bk R TAE 8 188 By 1120

moves.fol | ow ng 25 hours. Inmages were collected at 9
E)gsitions intriplicate culture and culture

AP0 e nc eSirilar fxthe shiond anemaber a‘sﬂé’ﬁbe shieudpemben) 146 may be
coupledst? ftﬁev\@E&%d dlieE ﬁ? bF ﬁf@c()ﬁglﬁglglg%% (shitud Thehiber Q1 4G flchifdes a first
at specitic positions in 3 cell cultures grown In
shroud bdddy 144 and e secondshoad bedypi 146. ITHeSRs{ hrdididdy\id 44 is coupled to the

second 5} {1 oF irganih B Sl HERL NS |15 BPLIHE QS shinud body

1146 aré Q(I)W B%ath ePRh Bhdud Db LorRbctdhGHbabdoM 148 RON &I, an
42 h 1 h he

Just before nmedi um change ours), our after t
annular tradsoission spage 114G ik defisgd beawekn the fisst syroudbody 1 B dndthessecond

f. bation., [ 0248 h f H1.152 [

shroud gy 3R 3848 S spat | Db octiel By elssachd sheci B 9.
[00051]% of TheblagslasdemBliyt 1800 AeayHRUisposdd oGk FétisBfoud body 1144
resulted in a significant reduction in culture

and the seoondl skaud body b6 Narepver) the binde assembly b1 28¥is gotatahigrabout the

tongivle o e oS0 s WeBprPlneR by iade AN 176 gy be

coupledttb ehedfireshiieial BddyH-144 hbd/of thése&mhdishoud body 1 54t dngtk@own manner
surfaces nmore evenly than HEK293 cells grown on

permittigg moygment abqut the lengitudinal axis ef the slgoud megiberl By )Gas|transmitted
no e AERRERAsR o 1 ELETE S HOBI L 08 e g

transmitt&Pfrémthefirss efad 1 Hi0a of tetconduind 1 10 inthe exledukt space 1140b can be
density. Exanpl e 22 Treatnment with Y-27632 Enhances
releaseq_ggblg a@gi(qntn%vme@;,er Three Passages on Surface
(eddd ed PhRbes shited B EIEVEM tho BAdEbdseRRP] XTEOLGEHIM fofthe
0 0 mViY-27632 was

% FBS cont ai ni ng 5. i spensed i n
second shebudsbasly INMbtviaia blad@trackedssempblzitlé 30.wIhablade frackeassenably 1170 may,

for exarbiBo Pt ol 252 iR Bont sies A i, o second
bearing 4Rl Brdedupred k8 cotdr197€ FhithXinl@ifh BRbUSEE ttPthe irfieeleddeel 122a of

cultures were incubated at 3/Cin a humdified
each of therpdunghiyraf bbddes 4d 2%0and a pluralityof Bearings 11Uereceivogwithin a space

a 1

deinea B AFSPO B PPt B PSSR e
total cell nunber was determ ned using a Nucl eoCount
Cell Counter (Chenonetec AJS, Allerd, Denmark). For
successi ve passages, HEK293 cells were seeded at 2.0 X
104 cells/cn2. The grow h of HEK293 cells on Surface 4
and Nunclon Delta(tm surface was enhanced by the
presence of 2.5 nM Y-276322¢Fi gure 34). Exanple 23
Attachment, Cultivation and Mai ntenance of Human
Enbryonic Stem Cells Using Surface Mdified Plates 4,
18, and 19 that |ack Extracellular Mtrix

-~ o S~ . PN ~ ~NAAr o -~ A~



nodi fied plates 30, 3 1 or 32 (Figures 36-40
respectively). Exanple 25 Attachnent, Cultivation and
worhootiessdéhnce of Human Enbryonic Stem Cel |'s Usi PQGI/US2009/034579

Surface Modified Plates 22, 23, 24 or 29 that |ack

Extracel lul ar Matrix Protein/Conponents and Feeder

Cells [0254] Passage 46 H hES cells naintai ned on

1: 30 MATRI GEL coated plasticware in MEF conditioned
exemplariglidascaibpd heswenthe blatdettiack ageniblyol 1 70FaBbwastiechlhdd dseembly 1120 to

rotate ey 19 1oBE UM AR RE e AhroRa marabes 170 BRGRDITAl agses due fo friction.
[ﬁ?g%'clt i onegg %E&h@gﬁggﬁhﬁfmtiﬁlm in ﬁ{s%hrfhﬁd W 1144 is

ells were p to surface nodified plates”3, 4,
provide@ 3s a 2idgle? ihtegral @Mpohento Adhouglonaieshewnj ane or nwre hir égakegforts may

be provide o, pHeq iR e i sitguy P, 184 = riap Ry desgitped above to
transmitArABieR dab fdvirl e Blade é‘s@%ﬁl’)ly qybo '(:é?g.Pioel_h@ fdcBof aRbl&les Ti4),

medi a was changed with freSh MEF conditioned nedia
thereby Saqilitatng:mogementtof tigrhjades 1624 bRbF peadéterminet] directing. Bnenother

e W4 A0 R Al Bhoen

coupledtBgdthéieh a nfBnneOMbedbiidbaat Aif irtdde\Rik, AschGeAiriftake pdif €42, capable
pl at es were observed %dphase m croscopy 24 and 48

of transmijting ambicat g3 tawaidghe Padppssembbial ¥28at after 48 hours

i |t . B ' oot

(RO . o dF e QLT B0! 0 a0t hEERER: fekgvpry system
1100 may futihehiddlud&aphisaligf gasfiowideflectiontmdneberel 15 dispmisedlon sidewalls
of the apggr JEmETIREIOPSBRCEHIA0R i O HPRESIDH NEEATES SRR g body 1144
and the %}1@ Iglérg%')ﬁ)@f £1 .ap"ﬂg E%: G uk R ish rﬁe?x?oe%\fal%@ca%t fo compress the

at'es o esent I nvention Water Contact
gas tranfmijted SntButhd ammmlarvahémissiop bprce d 140dardrtd rddiicevenyeundesirable

i ndi vi.dual | acked | Lastic bags, sterilized d
movemest dhat dieconstalroust bady o B6 Bayieperattos s gvin tpsaitied pm the first
end 11108 6F 84 -cofk@it poitg. angl es were first measured one week

after surface treatnent and sterilization, and then

98951 at tAementiengsabove the eleetrical geheratoe 130 may A icoupled to the

con t ~anglke neasurenents r on scri,bed i
blade asg 11128 30 iSSP e-BireRinTeer nolierals BrugRgenBly 1120
moves. @& bh8EMNBbdifens Wid €6 cal@sndtof P1IEMay Bl esupldieto 3 Blade assembly
experinmental conditions as neasurenents on Surface 1-4

1120 byaing 2e3r 1 biR fixedetosnd exiending arpund the auer circumiferencgtof he blade

[ : '
s 12090  F b e 54 BB EIRUE SERL 152 pnd o
electricdlgkndratot ME3 0. | InSine REMSdIngNgEcth 1 F3gofehelplinaigweait NSy may
surface nodified plates_ 1-4 and 13 were of simlar

engage Wit testini | 32@ affheine e d 14 o Benehthe encagierecquarg system 1100 is

ceseriv iR kP RTR F AR RHARA R DI B anpreated ht e
energy reooNery eybtquh 41 @G may inchnie aljfuratity cfteddvirical geneadtoisdd30 cdupled to the
i o SRR A S AT P e 03 ek
shown iRIFA&EE2. SEdch of e Afotriédl gerPadidl 138 mayBLddnBLR IR g 4R Eate the

In plastic bags, sterillzed as described in Exanple
same orka]ifferedt paweraaitput whew thettdadecassembly 1120 moveeeks (except

)" 5o BRRletn i ke’ Freke 8L 0 o197 nld el ey

recovery Bysié 31 60V @elispodedrsoatiat dfirgOetddl 1 10h 6f e @bRduinDE1Olteceives a
used for neasurenents of contact angles. Surface

nodi fied plates 30 and 33 were in a mcrowl | plate
format, and contact angle neasurenents were perforned
on the backside of the plate and not inside wells.
Contact angles were neasuresl as described in Exanple
17 (for the highly hydrophilic surface nodified plate
29, a smaller drop of 225 M MI1I1iQ water was
applied), but triplicate sanples were anal ysed, with 7

o R A o .



the Primaria(tm surface (Figure 43). The negative
charge densities of surface nodified plates 19, 33 and
W@2000205886i gni fi cantly hi gher than the negati vRCTYH8209%034579

densities of surface nodified plates 18, 30 and 32,

the latter being the respective non-treated surfaces

in the sane polyner material. The negative charge

densities of surface nodified plates 22-24 and 29 were
portion b9 p& fléwe defiedated By Aggaflowsoaiar glﬂledectb‘iveﬁ}ga@ﬂot’vl‘ie then transmitted

Nuncl on Del t a(t surface, and Figure 44 shows_ t
from the s b ! DO ARCRopRNE &1 (opyipa Yog AShG a4 | hUER: th conduit 1110,

When tfapéth#ed % fh(e et eh301 G E AL OGIdAR lrixf? L fe@ew@él’ gésaﬂ:&w acts upon

wner eas negative charge density for surfac
the bladnftasbefnbdayi 1 m(HtWh%thtvaﬁadmagmﬁbl)c amo ip abtedmpon bpthetrbeeived gas flow,

the plurgiy o5 blades NP YSiBe Brjdeloqmigiy! Birgge ety e i & counter
clockw1§P@i?é&19r°1 aBHt aﬁ)ég@thz{tqg Q%taﬁﬁilgaﬁﬁal[@ Hifhi te lo%bﬁﬁcﬁﬁal axis of the

-12, 18, 19, , were anal yzed usi ng
conduit )IFPH))aﬁa.*.smdnn ﬂ@cgas rﬁloﬁxm ﬂmneeltasedi)ntpﬂlaﬂ:anbbmnamment and/or the

P I TR S T

Thus, g&¥ ti'e[r@ﬁlﬁfbd(ﬂ'b)’rgﬁ@ﬂﬁ Ibldde aBRmbiet EX @Qelbzﬁsed(ﬁ@ thehst8Xt environment
surface nodified plates 31 and 32 (not plasma

and/or the gast ftayy changnekof the gasrflaw swnes(ers. 1826 ﬂ@@ewuroslﬂ@ph&@ the shroud
f
membernplqlpag\ggve%lae%% & tgg Bﬂ&%lﬁg %i gifﬁa%l 2% ?lggtﬁl 1 anflfl%/ gear 1132
which, iQS, Caiéeemoldineht Gﬁﬁfe&ihébﬁinord:pllaﬁaﬁl@tgéhrs&ﬂd4ﬁhﬂeb¢Gausmg the
Del t a(t m _surfaces (shown in Table 7). Surface

generatiqp @f plegiaicisy By dhe ey maze elecisicalzangratasy 1 F3G r Dy e electrical
e SRR b LS B 0 Bt 30
[m097]| ed pCammCﬂaﬁ as Bﬁempidnli&lﬁ,escmfbed faboverr, ehepmerpyrecbvbyy system

1100 my biopSes FUREI(1A 4 655 B SOpfes Bich ah BRTIBEo e 400 A prpanplarily
descrlbéar@mfégc’éf@rtb I WIG@CQAM@' Mo%v@xl MeaFosk-shciil 4rdd of the first

contaln | evel s conpar abl @ to those of surface
end 1110wdf fhe@dnqhhtat léé) maﬂbahsls than tlslmcmfsectmnal dreadf pgast fiaw channel,

cont. ed | n tha surf i fied .
equal 1o Pros® Sechonlapst i FRAEY AR SHETBRET Lo e aieeriggel arca
of the g%ﬂ&ﬁ @hﬂineli Tk Qi be § afel et iR soMe tars, tH@@blﬁge&f the energy
pl atesl -4 and 13. Surface nodi f i ed pl at es 19, 33
recovery sbtean 1 @fhtocgeneratd elestricifyt Whidepreventingsudesitablergsemtianiof back

sy A0 B P I8R5 Y

transmis3idif space mlmaf(i @dthB distance Betovedh Herfast shir@id Bodgdnt4 indibesecond
nltro%en than the other surfaces anal ysed, includin

shroud pagly A hendarthavidsh of e byt sraged 0. e ale eHepAmeah e width

of the aﬁﬁlflar(tgﬁltn%s% sggt%airlﬁga ia }r)be ab Qmelq [ ifdcR. IJESHé érm{ocﬁﬂlgnt the
quantity the bonding envlronnents or carbon In

energy ed6¥eay systamlil 1 0Gchap batespledtp the extgripresfkhewidhivliagainit 405 such

energy .| ocati ons for cies as. f i,n the
that 2 Avpapes BbePE-cpr i et o) 11106 of okt Dipiteeveimabe shygpd igmber
1140) ah@flﬁ@xﬁ%s@ﬁre@h@@l&ffé@ﬁ@ﬁ?tzcroWh' ch were obtained by
tiplyrng the area percent by the atomc
H)@ﬂﬂ&]nt r at Imcme etiodjphensithe comdmiteld 1@@5 flesseibed abaye may be omitted.
wer.e

s S5 A0 R Ak s en e s

flow geﬁéfaiaa ByitRe gas[fﬁw SouEs4 00 aﬂﬂ'tfdn@xﬁﬁhh%tﬂélrgdé@kdlgﬁs Hotita bhsle
9, 33"and 34 than in surfaces 5 18, 30 and 32 and

surfaces 1-4 and 13 (shown in Table 8). The proportion
of carbon in 0-[C=C -0 bondi ng environnent was | ower
in surfaces 5-12, 19, 33 and 34 than in surfaces 1-4
and 13. The proportion of earbon in C-COCC was
significantly higher in surfaces 5-9, 11, 12, 19, 33
and 34 than in surfaces 1-4 and 13, but conparable to
Nuncl on DeI ta(tn) and Cel I BI ND(tn) surfaces The

.




4 and 13. The proportion of nitrogen in O=C N C=0
bondi ng environnent was conparable in surfaces 22-24
w@rwI2essshnd surfaces 1-4 and 13. [0262] Publ i ce€T/082909/034579

cited throughout this docunment are hereby incorporated
by reference in their entirety. Al though the various
aspects of the invention have been il |l ustratedabove by
reference to exanples and preferred enbodi nents, it

assembiyi 11120.btn epbodimients evhetdtht ehdrgy sevopery ahittll 60 isvoafigined té generate

. defined nof by the foqregoj ng, descripti but t he )
electricity, pipg? g5 2ed RBSTRITSE BY PIUEHE £ perionsdae gkt 42 ppg function as
the first o‘&ﬁtb%EHr 1144v. TABLES Tabl e 1: Expression of

uri potency Markers in Cells of the Human Enbryonic
B0a99]Cel | FiGhd3Hb a atosfPascsiaga vidy ofan energydreooveri eystem according

Surface Modified.Plates of .the Present |nventi onENE
toafi TR Y A e P L LT A TCRES
foob160)[ O0OREfeFHPOLIFIER! 53 &id 14)uR Bhér¥e ré?:@{?éi? RYystem 1300 may be
exenplarily described herein relate generally to_
generallyeharaetsri heluding esanduit 1 g, & pheality o bladggssemblies 1320, a

..assqciated with s flowinto elect.ri.city.. N
ploralic] AR e bR el Qi pEp RS btk b
[080£01 t O Sl Yo theeeN@iiy1deyihe@dndaPE0en®f include a first end
onverting kinetic energy associated with a gas flow

1310a aﬁm@e@né@pd i131Qb, Thei first gndeh?d Az may ba sonfigreed todseeive at least a

. t I ' i,Aat
prion DU 80 e PRERA i LS AT R0, Pl
conduit B0V magibe gendrally eontigutedan transhit tHearegrieiagas floawvomithafirst end
wi |l become nore apparent with reference to the .
1310a toward drretpcondighchbid Opn Sypilarto tl[emagﬁllt k] 18, the qogduyt 1310 is configured
' | ' f very
to comgRBk BACELINRUSFROMINL frsy LYY Moo BR g RMI TN L 2
[080802]r 0s sEsshdiladeresbermiblp 320 istdoepled & thg cordiot/ EYNY via a shroud

oS RGBS el S0, Bo SRS 2 R Bt
the secon8 €AY &5 Yobsohe B3 10N Thé ﬁlrg\%d n{e%@ﬁi 340l ifStud A At shroud

are schematic views of exenpl ocati ons where the

body 13é!4 andg sc@@d\sbrq)adbpdy &6 h’waﬁxishs){mm@S?ody-1§4Wq;leled to the second
ent 11 IRER 00 P SR AR 39 e bRy 154

are coupléd ff da@h dtteP viaghysdbody CofestiGremendei!13a8 eTh@hraud bodst
end of a conduit in the energy recovery Séstem shown

connectjon meraigrs 134&may e gorgigsted betwess thecfirst § ody| 1344 gandéor the

blade as%erﬁglriesspl%ﬁm and tﬁg geecgﬁa Sfrovd 88‘889 Pikr "%LJ dre 0P \%%ﬂn@lgr transmission
upper “poftion of "an energy recovery systerhaccordi ng

space 1340ads d&fired betvdeadhafinzt shrp@DBly BldG.and thessesorpieshsqeiciodyd 346 and

schemati c view generally showi ng a | ouwer portion of
an exhapy{ spassd B40b jsedebined by Qgﬁss@@ﬂdsqhm% hody #V@%- %?{ wensifted from the
' LY T j I Wey=18
s en 00318 S P9 B SEAAPI A lecaR04 1 b
blade assérablyrid20 und gastvarsinittgdsframtixhfinaneridnl 33066f the candui?]310 into the

[ 000 FIG. 9 is a.cross-sectional view of an energy
exhaust gD SR GARMRIEE BT RE SDORTERl 1 0 enbod! ment

000905]] F! Bachi¥ladeSasSerhlp 1326 Wa9Tbe ChRAARES BYbe BERIOKNen the

ystem shown in FIG 9;°[00013] FIG 11 is a side view

receivedgastflrev isrtengmitteddionne the firgiandni3d e of de wgnduit 1 10dnfotthe annular
wans G994k BG40 e BB S¥p Bk B21cpgricin

1322 didpdséBwahintRe Rowsted 132124 badne 132 pigbtalp es@led ®OBY Projection 1322

system according to a fifth enbodi nent; [00016] FIG

14 is a top view of the energy recovery system shown

in FIG 13; [00017] FIG 15 is a side view of an

energy recovery systemaccording to a sixth

enbodi nent; [00018] FIG 1@5is a top view of the

energy recovery systemshown in FIG 15; [00019] FIG

17 is perspective schematic view of a bl ade

i ncorporated within the energy recovery system shown

~ A - F A1 . s o .




110a to the second end 110b) nay be 10 i nches. [00028]
The first blade assenbly 120 is coupled to the conduit
WA 1®9/10%586 f i r st bl ade assenbly 120 nmay be confPQUDE2009/084579

be noved when the received gas flowis transmtted
fromthe first end 110a of the conduit 110. The first
bl ade assenbly 120 may, for exanple, include a
rotatable shaft 122 and a plurality of blades 124

and blade3UupR4glanidol 3248. Koplatatiby ef shafis 1325a2nd '[BESdetra Ip&bmd@d tofextend
bl ades. 124 may be confi gure to be nmoved in

throughyhe beusingnd 32d dindiareciotatahly eunled tocgrrgsnoging engs S of bladeil3eda and

1324b. $hBRETIAA and 350018 olB B gltgou 2610 bhSosiE EAds/TdhdBam 1323.
The shafte 18264 anti1I325Warerslithlsly pbupled idt the hbusimh@tﬁ% b]}@tleansvoé a low-friction

sealing FReRbE {10h STV SHED S B oG CRRE SIP SRS (D TER)- The
blade adRb@BESI 328 Furtkey iRGuded gpd A6w barridne 13’255%@*1’52’6 gfedlg the housing

via a correspondi ng bl ade connection nmenb
1321 andadincentrig blades bi4alahd d324ho nespedtively. néitb@ugthAI@Srré@ afd k4 illustrate

weriGRBIEF SRS P05 Bgh S ASBRLIRER) plyhage, i

apprecistbd 8fat 4tQBasP Sﬁepﬁﬁd@ &édérﬁblyt1(32@ ma9Hei dishdketPdn ¥ 'fﬁst%ﬁrohh ®ody 1346.
rotatable shaft 122. It w il be appreciated that the

[098104]i c conanstygiedtas oxeraplatilysleperihed abaves thedhjades r1924a and 1324b
are mov%glglg nrﬂo\%g% §ﬁtr‘%;f2“ gl%yntg%g%&egﬂn@ﬂﬁ \Aéérttgaggrﬂ[ %108 péclgel 340a.

When bllidH nak4d i dﬁh‘pob&d&dﬁl&n iidgasdlow; gaswithinahe fasvfiovd hétsl eﬁomﬂhé blade
e pitch a [ e 33 inclined wt

13242 coRRnib i R 268 focEoY WAL ibe HOvSiRg | o OUNFrLABE biAds dia4a moves
toward {?Jhglgg?lé% %?i?gliné@l\éﬁ 1%25@8%%%&&@?@%&&& tfuﬁqgg&s flow

gener at or coup
moves the batle mmmmemm tHﬂ?ﬁbusngel 3éI1 aatil the bladgd B’é‘teals cuffitR@tly

it o LI TR M b s

radlallytolﬂﬁzvﬁﬂ 9&19 ¥edrk § 9Z?fs%o§iéﬁtaﬁﬂht]t99 tht)ﬂ B9Ele.d ] n@doﬂ{jﬁl é{ls that is

second bl ade assenbly 150 ad] acent to the first bl ade
substanadlyampq,ndm@ramdmedomg;wmat @cls hEthelcenduii £H0) geaﬁetpaxudn the shaft

13250 ey ntRes PAREn S B 2705 Pabhecigaialy BEVA Ot Bl 246 conien

was pretid@sl§ @Hﬂlﬂeﬂ fﬂolaQtHe ab Ay %a& Qﬂwb&a\‘ﬁéldl 306B) i in{dved Bvag Grom the
assenbly 120. 0031] Simlar to the first blade

housingal32é and ynte 2183 gats Iﬂ@“stémmttftﬂ intdethe ey transmGsion gpacedB40a. When

blade lfza%g?gxsp%seg #)trlaﬁwfzg\é ﬁ{%wb%?s ?it%l;‘/r %a?s%k@%; Swgﬂﬁe blade 1324b

causmgbl@e bl@dé 13p4bad nicve b@wﬂ’d\ﬂ@hdu@mg 13Redad tHereviask 6fithepltolc68§
,.rotation in a clockw se direction, as shown in
descandp{govq_)s rgpRAted: he received gas flowis transmtted
t he f ﬁé’tla.g 0) 1 h
E@ur ity of I ad esa%glﬁén%ve ! gé&r%ntd\a/li?ggﬁ) Mglghecoup g%to eac
blade assembhy 1|3f201vha&shaﬁe di&ZiaramlﬂéﬁSbjlre@ettn@ty The aexdrical generators 1330a

each of t [ur bl ade
and 1333 aontBBirA i 675Pelp 81SE s oo S S SO ApTpes. For
exampl% he APQHRA #‘gﬁer%% {130Wah @4 305maPLacH $8duda HRSPeiRment 1332

| ade asse I'n one enbodi nent, each of the
coupledpb arsappdrt/ 1331 amidaademr tﬁammjﬁ H@mhby prpximate kethe stator element 132

e il 3 0 0 5 e B P AR SLARRL LBy i

include apfatirades 14 6dupMd @ the Afke EIﬁbﬁd B&g' P44chd 30gpoetind e stator element

nmeasured froma direction perpendicular to a

| ongi tudi nal axis of the rotatable shaft 122. Pitch
angle F2 may be the sane as or different frompitch
angle Fi. It wll be appreciated that the specific
configuration of the blade26154 may vary dependi ng on
the configuration and requirenments of the gas fl ow
source. In one enbodi nent, however, the plurality of
blades 154 - may conS|st of four blades and the pltch

- o ~eN o ~N— " o N a




[ 00036] As nentioned above, the first blade assenbly
120 may be di sposed within the shroud nenber 140. In
W@r@amsedi ment, the first bl ade assenbly 120 PEE/UR09/034579

fixed to the first shroud body 144 by a bl ade assenbly
connection nmenber 160. As exenplarily illustrated, the

bl ade assenbly connection nmenber 160 includes an axi al
connection nmenber 162 and a plurality of radial

1332, amda biackét amenntenti 83 B dotpled To theakriseshrawsiboelytl3d and thegplatform 1331a

o prevelf S S b S0 S erh b B Sncreyrecovery
system %009 THBRE eMibbfintent, WedtitbriBRkn2pshS of badhhechiial ngeﬂeraltépmoa and
of the plurality of radial connection nmenbers

1330b i$ pmhruhé @s a chil of eleetridalynepnduetingomateBalde.gp sopper avirehand the rotor

ctementy o of Sa e felcal sBRenion (3 Pn e 1708 S RRyHFA dyperiareghasnet
MovembRef HRCO0H efihien®ll 3 RPErdspolidslto GRNBBE 0T thd BARSN3264or B324b
coupl ed to the axial connection nenber 162. The radi al

into andcayt o€ thei gan flowrttrnswitied bythe arnuariteansmissipn spagied 3¢@a. Thus, when

oo R0 30 BRSSO
transmlisﬂﬁﬂs'ﬁﬂ:e 310aptht rstoeélenbity €334 bfthe ekottidalichciators $E3*ﬁal amd 1330b

may be dispgsed within the shroud nenber 140
relative &@eéfﬂ%cﬁl%?ﬂt 133% e When ghestas elemenis 1334 of the qleetrieal 8?Rf~rat°rs

I
1330a ami ?gﬁ%bflflgﬁé% ngov% 59%%‘%%%%?%& lg%ftﬂef ﬂg&ggﬁi %@herators 1330a and
1330bgemsrateceﬂecmmnyenber 162 fixes the rotatable shaft 122 in

[ he | ongi tudi nal axis of the nd|
Do fOTS " 1 Althoighiot s 44 Soravanbeyesy stens | SO0gnet further
include %Hé b ﬁbferga'smow &rdclich me&m&@tl 39@ %ﬁﬁilmb Ifsmm&%}r m@xfnbers

he axi al” connecti on nmenb when t he second bl ade
1150, dmp@edbhyone s0mopyside B S a}e Mulae tranmesiommel%%e For example,

0 AL S PLUT  Bo LB Bt
first shr&'.ld?&sdyl B44yoniiindre @ad flowldeNt@dn m&hkFOMAy b dispbiedon a surface

one enbodi nent, the electrical generator 130 may be
oftheseyomblsleroudboci)h@%rst bl ade assenmbly 120 via a belt and

system 17 e I

PIDLE, "SRR s P 5, S EAD e
recoverg bytdni i1 3(60 m@$ be dizpoded 53 that ﬂqeﬁﬁi@ﬁﬁﬁl 13ab4 efthe Eéndlﬁuliﬂ 1@deceives a

to the_ rotatabl e shaft 122. In one enbodi nent,
portion gba afcflQy BPRSyated by Agys Bew sevrseed hegeqanisd;ess ﬁpwﬁ éhen transmitted

i

o 5 b Al ALY SPOUGE BRI 1300 M it 310
When tqandrhietgd fr‘éﬁl the dirstlead 48 teanaf theiComeipit 1340, ahereceived gasefow acts upon

the bladE peerRIY L1205 N Br s lan gssebablies 112 s SR vRomEy terpsgived ses

flow, eagg :dF{lﬁq)lécﬁ:s 4 @?44 ain"dslt32@$ %@e@ﬁ%@&&e%&&ﬁir&h@ﬁ tet g adiflling in

ey system 170, it be appreciated that th
radially ®utwdrd iand inveped diradtions ﬂ&oanmybﬁmtmdu pexpgndiculahte the kmgltudlnal

HTETEA = PR T ol
and/or thé p& fld epneBSRaRb s ﬂ&@s&iré@(‘et d. Ygak €lo sourte 480) via the shroud

direct-drive system gears, or the |like. Further,

membery] 3400 (Jhis. 1298 trenumigyd b@@@déhg/blg%@%mhm 1320 rreloppagigto the
e 1y B Tl ST nd s e

400) vial{he shiyid nieenbed €340, tMoverhérit vf dfe phhatityrofddddes emmdrlsz% causes
130 coupled to the first bl ade assenbly 120 and/or the
second bl ade assenbly 150. Each of the electrica
generators 130 may be configured to generate the sane
or a different power output when the first bl ade
assenbly 120 and/or the seeond bl ade assenbly 150
noves. [00040] In one enbodinment, the electrica
generator 130 may be coupled to the shroud nenber 140
(e g. at the flrst shroud body 144) V|a a support

A NN o




a gas flow source. [00044] Constructed as exenplarily
descri bed above, the energy recovery system 100 can
W@ 009203586 he kinetic energy of a gas fl ow generP@r/Es2009/034579

a gas flow source into electricity while preventing an
undesi rabl e amount of back pressure from bei ng exerted
against the gas flow. Referring generally to FIGS
4A- 4C, a gas flow source 400 may, for exanple,

relative mayemgatbeiween the stafar gleneat $332 @wh th@rot@r demendi lﬁé4 eéeagh of the

s i oy, EFORSHS PSR B St 0h B0 L

generatiofiiof eltdiiciti Tbsi tKiEUéléétnéal 4endrhltots B 30@ @ﬁdiélleaﬁcﬂfgehhﬁtow& 30b.
fl ow source 4 during rotatigon of the bl ower

Thus, ﬂwmlqcmizgeneg%t@r& 1§394 aigh1 338b atrgendgiied to genesaln glesirisy pben the
N9 unit 405, thereby generating a gas
blade a%s%l-ﬁ r%(Sdlezotrl]ﬁu(f by vertical arrows) within the ducts
00108V t h Cbﬁstﬂuctedfaaeﬂémpilgnlyrdetscrftﬁﬂ abdveg tl@a&efgy(mcdvsw system

directed to the blower unit 412 way_ of one
1300 may be dienpsed relaidis 194 Ean{IaRCOREH; 5 a%gftsrﬂﬁw §%%§’60 as exemplarily

descnbémtﬁﬁégaﬁ%&@f SHGS. 0 s‘hél rethvE bR b8 BbtioddP Ak bifthe first
up- rom ower “uni t
end 1310aef thafcpadyit 1 Hld hhypbelessthan ﬂ&]cioqstssttemat dtrea gfis gasollew dhannel,

e S WO b A g
of the gi¥ ﬂ’(W? Chatiel. HHaU b§¥ipﬁr€élh’l%ﬂ' tHaY, in sbifie RARH GHe Slﬁﬁty' éf the energy

exhausted fromthe g | ow source 400 throug
recovery sysiens i 304 @egemgl@te Qlt@ngbng@]pnemntmg uadgsa@b]‘q gmpratlon of back

pressure@y%gl gﬁ? oev%( Ecgul%gt %ﬁ% gﬂ?ezlgérgglggﬁ han r 8 lg g assembhes

1320, tHel voidth 6F tE@ﬁlﬁfu@erﬁnymIsEhbﬁ spdte 19404 G.e4 Ik dlﬁthﬁce&jetween the first
handl i ng unit 405 and the exhaust area 410, each of

shroud basly 1344 end thesecendeshzgud Mﬁdﬁf‘@gﬂl@(ﬂrﬁhmwsiﬂaﬁﬂthﬁ gghaust space
13400 FERY S al B R 51 ORORHASAL YL SPE 510 Ay oo small

as 1 1nch r Bﬂ@rm' dniitsdliméyst, the @flerge Ii'&ionerytslyﬁemrldﬁe nsaydei dt)llpledm the exterior
gas flow channel refers to the, cr os%écf(fctl

of the a3 hantITE w20k o dianeD UsPyieh tae AR ead FEiga ol Bonduit 1310
(or bem&%ﬁ R kg AEmbG lt33§} %Mrtﬁg Eﬂ?ﬁ&ls@é:&ﬂgl o8 'eff@ﬁg{%ﬁfe%?&

l'ow1s transmtte roug e gas flow c .
000168] opehadrieembailirhére, the o«miumﬂmlf) addl&cnbtrba‘tg:ars nidydw omitted.

In such g gmBodiERsTb SEroe SR 1310 Sy Ptcton s fePain{] g eteivine the gas

flow geﬂéfﬁtea bQCHRATRRY Sourded Ui andRRNSARASY the %‘dé‘i’\%ﬂ)ga§ 18Wa8blade
0O may be configured as desired to convert the

assemb]kesriétZDc Ireerabegdiments avhgassthe lenengh amonqyamftl 1300 isgonfignred to generate
CEM |

cectricl5] Wi, gay S reprimion R st D7 » BoFhiy T bicr 4 fugion o

theﬁrst%hﬁﬁdlb@dgwu gured as desired to convert the kinetic
ener% a gas flow having a flow rate of |ess than
M orF

K©o01 rl§ is pside yiqyoof @pmergyNesqitery system according to a sixth

. CtdrirC ray .
embodlr% lgtovlgrbyhés is a{t%g] e%%oﬁfig %%&Qg ?%‘%g%‘g 3%&1?@'11%%19?%@1%1%. FIG. 17 is
perspecﬁ%lﬁﬂhbmatluWew ofDlade 1hbmpoﬂated withis theeendrgy I8covefy gyseem shown in

conduit 110 receives a portion of a gas flow exhausted
FIG. 15through t he exhaust area 410. In one enbodi nent, the

energy recovery system 100 nay be coupl ed di rectly to

an exterior of a housing of the gas flow source 400

usi ng one or nore brackets (not shown). Alternatively,

the energy recovery system 100 may be coupled to

anot her structure (not shown) adjacent to the gas flow

source 400 (e.g., a wall). Regardless of the structure

to which the energy recovery system 100 i s coupl ed,

the first end 110a of the e®nduit 110 shoul d be

mai nt ai ned a sufficient distance away fromthe exhaust

area 410 of the gas flow source 400 so that the energy

recovery system 100 does ‘not generate an undeS| rabl e

o o r



may be disposed in-line with ducts 414 feeding the gas

fl ow source 400 so that the first end 110a of the
w@wdaoIssd 10 recei ves a portion of a gas fl ow BERERADEB4579

by the gas flow source 400. In one enbodi nent, the gas

fl ow source 400 may be coupled directly to an interior

of the ducts 414 using one or nore brackets (not

shown) to fix the energy recovery system 100 therein.

[0000H(]] FI RefefringstodIG8r m:;el,tdn\eaengghecmbfymyvﬁem/\l 500 may be

eral l howi ng. an upper an, e
generallf gBarpeteyed S B deadargt 1Y blide frrelhise et « phelity of
electrlc% ﬁergtogef%g%ayg(ﬁ,chenatl c view generally show ng a
wer portion of the energy recovery system shown in

OO, | Oomﬁdgconéeftdﬁ 10 mgy tinclede@Sirstersini$ 192 anha ee;cengynd 1510b.

rhe i G0k W25 £ B 5 FORLGAARE 9% s o

source sSBLIRES fdsTRIw SRRES 4000 M&O #he adkit 3I5TH A3P6e 55&9&1@230nﬁgured to
Simlar to the conduit 110, the conduit 61

transmit the Fasdived ghs flow feamaithe Toat cadd S30mevsriihe secopdend 17Hb.
(0001317 "0 PO BB s Bp 430D B Efif)bita UECBRURL 1510 483 shbua

membeiS1540. The §houll nfetntsed U54EmAP Be cEmﬁlé&tbﬁhe tdrend emdlLs 10b@Ethe conduit
be generally configured to transmt the received

1510. mélade@wemhh'n | 5H meay pe configyrastitodemayed yvhendhesiseeiiied sasflow is
umsmléé@%Om[tQ%ﬁ%ﬂndAfﬂ dir g ng?ﬁlb €5 Gﬂ{h‘} REBRME 7556 mag geerlap with

'S con igured to d| fuse gas transmt
the gas flowrchaiel §0 4ssto receivetal fatiod of the gamﬂdmttanﬁihﬁted'ﬁg thk gdsi oo
the gas, the conduit 610 may, for exanple, be
Channelconflgured such that the second end 610b thereof is
pipyer t Tﬁ@blta!?@agsélﬁﬁl:y 1520 n%oﬁ)rte;lﬁﬁﬁ@f inciide & phiSlit tof
as received at the fi end 610a of the conduit 6
rotatable shaftsd 5224 andsE22hend & phgalttyaxﬁ bledes EiP4fqoupied hcetlieurotatable shafts

15220 o5 520 i S 1 0 SRR S Ve Y Wi 3 e Bl e 2 rim
1527a, 25 Q:dlﬁy sp:%k@éﬂlma%m Qb firsBdifdl cohfctéd RaRe ASSESHThYind a

may bé configured to be noved when the received

second galscmnmﬁﬁd to the mtgtn?lﬁﬁb%ﬁ 152a Similanly, ytheehtb26b araygncludea rim
10, T
270, SR B4R BRI PR g Bl T

second EldshRgedieditochie phtadble hdfh €520t RAdthisle shef 152028 2s cotliected between
plurality of blades 624 nay be conflgured to be noved
electrlcalrgeaerpﬁoééé%(@rqmﬁh@p@w@m wekesel 8a Emaaerly@fptatﬁbls shaft 1522b is

C eo
conn R4 o 53N LY M T Opse s
of each Gfifhe biddet ﬂ]&24:a:ra donrecteiQo théhréms 1 BTZé7apind r14274. yRothtablestiafts 1522a

4 noye, e rota | e shaft 62 ves, i n,t
and 152§§ srrcnbranially GopBh (O o S BRI ﬁ’ﬁ?ﬂ“beg Rkove, the rotatable
shafts 18234 &ld lt5g29 Rk 3ARA ﬂ%a&@yl 59@ vl Pénd én‘ﬂ?od%@xﬁeccach Iblhde 1524

one embodi nent, each of the plurality of blades 624
is rotatalybeyabloat @oan$ thdt isGubstantiably acrpbhdicghutota dizetion slong whlch gas flow is

eensmnif GSRIRE st e hE P IICt  on monber 626 may i

f00P13]€S POALEJHin! ?ﬁ@ séthe Ethocﬂh@ﬂ@Sa foAgitadindl shape of each blade 1524
predeterm ned pi angle, Fi, neasured from a

generallyicomesrionds trethe ehapeofin edgenfthe gasflaw ghanae! tansaitging theegas flow

bl e shaf n
atis i G ot Rk Aty b BB S Y dEfge of g g flow
channel@@élirved, théiethb laidradiaalshhpe 6ftkhch bradetlﬁlllais stiidabr ¢urt/etd In one
the bl ades 624. Each rei nforci ng nenber 623 may, for

exanpl e, include a first reinforcing nmenber 623a
extending in a longitudinal direction of a
correspondi ng bl ade 624 and a plurality of second
reinforci ng nenbers 623b exftending in a generally
transverse or oblique direction relative to the

| ongi tudi nal direction.[00056] The electrica
generators 630a 630b and 6300 nay be coupled to the

o o Y T e oSN — o . T ~ NN




assenbly 620. [00061] As nentioned above, the bl ade
assenbly 620 nmay be di sposed within the shroud nenber
wW@2®9/103380ne enbodi ment, the bl ade assenbly 62BCTrH§200%8034579

fixed to the shroud nenber 640 by a bl ade assenbly

connection nmenber 660. As exenplarily illustrated, the

bl ade assenbly connection nmenber 660 includes an axi al

connection nmenber 662 and a plurality of radia
embodimemntnat asdrestnshoivaris FEGAL7, Tavh tdadeal 526 omayetst providndaaﬁbm airfoil

o SESHHE i A i S VB B AP, ok

1524 maé) preaﬁe%rnﬁ Xy aehaﬁ Rk tgu @méﬁlth@%acﬁngéd 15242084 bladé 1924 is
of the plurality of radial connection nenbers 664

disposed mthunlbs ges flowend @nmeated aha pessletermingd anglp of pttackirpletive to the

fi.rst d. The .fir d of adi al
flow digsiBlfThes T B BimmB1P0 BE B b Aicmpl i of
the shaﬂ%elSQB&jal&ﬂﬂSZZb e Nift eldwed Ml"fﬁﬁhércﬂiblliﬁfélﬁbv&%t bSthe blade
led to the axial connection nenber 662. The radi al

assembly JA@ 8bows therengitidinab exis af theghinfs b122aeng 152301 d t o

A T

assemblf\d 50€ Ria shafsl1 $82awad 152@b, eéspedtrVel}alA@:eftmigiy ahe eledieal generators
630b_and 630c y, be cou led to tBs bl ade assenbly 62q .
1530a apgh 451D Tmen be ol to Shelids assembly d ED fed fieqhiEe miner. It will be
nt led to th
oo 808, G555t 48 AR iSSP e coupc o
blade assembllyd 320 by tahy suitahttemeans e ot gxafifife, wna onmioed of thedlectrical

goner 4 S AT, 509y oSl MR VST 3 Bt

pulley sgﬁé’rﬁl &dhé Aké.Nenelieqticdl ‘“g@h&%?sr 135305. and PO30b S @&f@%ﬂed to generate
respectively, second pulleys 674a, 674b and 674c

electnclqubéreﬂuetbéadte leserini 520 naomafln oBeembedimente canhinfdhmelpetrical

cO A 674 674h apd 674c C
gcneraqry T RE g 20 ObI ORRRPER o Ben e E O s Sp AT e YR St when
the blad® dssembiy1 ﬁzb%ﬁoae@d ThB eleseicangtnBtitdre ¥ S3(a/hd, 1 58THmag fdr example,

674c are connected to each other by belts 678a, 678b

be coupleddo grazas flowssouraei4P81(5-2.» isompbandling Heig 95 ) ie mounting supports
1532. el ectrical generators 630a, 630b and 630c are
descri bed above as being coupled to the bl ade assenbly
Po0117 a LEb toraeet thelkinetic ayesgyeof HFd3 flawt invs tlecttieity, the energy
appreci ated that,  one or nore of the ilec rica

recover)g@fﬁé%ﬂ%@%megbadisswé sq et thedfirstang 1nd 02 ot e sanduit 3@ receives a
a

porion 05 52 BERA 7B Bl AR SHEL HhE 8808 eyt & ki

from thafirkt &RDLS 10aYf e amdmt 251l & owahbthb sembad ad éftbyofBROconduit 1510,

W o0 kst e S R0 B Rl s on
the bladg %E’s%ﬁfb‘if[?l&%%ve@ﬁ@plaé&dl $930¢n IRy eiBodibRY, 81 r&&ntéa%as flow

hr oud ‘nmenber 640 via nounting brackets Qa 632b and
acts upO@Sﬂades 162pthat aregirgximpl toghe gas fldve clamnelaf th@gaseﬂows soired (§-8.,

isces B3R PP BBt DR R ey BRI b

pushlng'@ﬂi?@trsuéﬂ Brokirdal Z)GE)B&@& bMdeS1IPA01TH ohié eiBodim@h, &e re€eived gas flow
port tray 13 [ 00065] To convert the ki netic

acts up@rida@y 1624 @haga@ distalip thetas dlosechaned! of theigas flewesoygee (e.g., blades
r q ¢ I
1524 in tl? Spg)%f)%gﬁt%/cﬂ rant gptggﬁradg %&s@ e?@g) Slﬁgséggér%: 1nOFI'1‘n80¥ %) b%rtmovmg
around gﬁii dist4lly lgeated blades 1924adn glaSsyfnllmums manaer. to Tinduce difte IGasdmtlnn the
gas flowis then transmtted fromthe first end 610a
of the conduit 610 toward the second end 610b of the
conduit 610. Wien transmitted fromthe first end 610a
of the conduit 610, the received gas flow acts upon
the bl ade assenbly 620. Al 86, when the received gas
flowis transmtted toward the second end 610b of the
conduit 610, the gas becones diffused because the
second end 610b of the condU|t 610 |s mnder than t he

~ AN o ' o ~A N — o Y




configured to engage with the chains 872a, 872b and
872c. The electrical generators 630a, 630b and 630c
worespohesssoupl ed to an el ectrical generator SupPCF/US2009/034579
menber 810. The el ectrical generator support mnenber
810 may be fixed between the first end 610a of the
conduit 610 and the bl ade assenbly 620 by the
af orementi oned radi al connection nmenbers 732.
gas flovAlxabé¢rieleabed intothe ainbtetnt ém&ﬁongeneamlmrths gpftow chimmntleof the gas

810 shown in FIG e covered . b fle
flow sowst{rag-» gasflovy s 0y tge shrgud merpet | é‘g’ctﬁaﬁagas\ﬁaéwmed
sevon s ARSIy 1SE0NEEBOT LM R e o o
channelrof ttoevgas flosy siueen (Stgovgas flowsb@ce 400) e Geishravslfraemberg S80.

Mover i Bl 388 Bt S S S T oY Bl 15224
and 1 5295 %@ﬁclﬁ%?ﬁﬁ'@ | 4ufRS PherdlEbtAdhl gé&‘iitbfscl@BOQ SRET 590810 aftbrate
072] Simlar to the conduit 110, the conduit 910

electrlcmay |ncI ude a first end 910a and a second end 910b.

PR, PR SRR e b Bt vty v

1500 m&PHE EiSpSseé eladvedd dab AvwsoUfce SsudR s ghsfldvi edurcé 460, as exemplarily
conduit 910 may be % eneral ly configured to transmt

describednwith easpea é‘ua@a@f Kl Ar% ECOVPR, She Gpts-s9gitnnal aga pfithe first
end 15 lbg St &%%88%? Pﬁjl 09141%? be %Ll(? the c?osts@%ct?&ﬂpéﬂje% ofd gas ﬁ&? ahannel of
condurt I's confrgure O conpress ran tte

the gas flo@rsoinee 400.r twitlie appRaiacdd thitemmméwates%e abilidYof7thE energy
The bl ade assenbly 92Q is ﬁ]iéjpl ed fot dUI t 910
recovery, pystemn 4 AP IRRemamticrleduety Whide Blexeniing a§ SEEACTRHGN Bback

f,
e 48 B4 IR 5 0 o B85 e i
assemle]leO Oherldpsavith the genfidw cBamehn|thdugh F&G8nbI end 1midlusttase only one

enerey YA Bt 18, R B BRSNS OBR By syt
1500 m%Zﬂe dl‘s]@c;b%a rd18hRCo e gssqm Surdey FRSLAThPIEth ﬂhﬂa\h@y of é?ﬁrgy

plurality of blades 924 nay define a generally annul ar
recovery systanout ¥Oouhanbe, dispasdd faloaﬁwthdwrnmermf thsoexhewst ardacdl 8jof the air
handli each48%ade 924 includes an inner edge 922a and an
andling 4k 804ge 922b. The plurality of bl ades 924 may be
0iigur edFI®. 186113314&# ahdnasiRepedetifg ithplesheriialiGe in Wmch an energy
e.g., rotation in a counter-clockw se direction
recovery Ryfigin imeybie@sed g9 a nm?r SPW@C te Easilisatg operation ofp gas How source.

gffgi?(g'oggzﬁ ff:ﬁr?ﬂpetfo r | c’ negfg%grégas&f ?&Wﬁgg% flow generated

by a gacfiew lsédkcé 080 dapbadenvesse ithd yledZiditabyl ah hﬁerg?l revoslery system 1804.
menber 940. The electrlcaléﬂsnerator 9 O |s .conf ed
The energy reeprsrus¥stean 4804 may b pigy dt%ﬁ@XEmalae f§spect to one
o kb A, Ay Pl i e i
recoveryrsydnan 1984 miay bk mtestoaedfat a8 butpht matstr b8Ry 944 and a
shroud bod 46. The first shro 944
RBGER." o HhriaBatoribe envieXemotveay ststisn JBAERRY b8 Hansrifgd to en
1nverterf’do§1§511é°rhﬁ1ﬁul@0§0@Wo%n@dlﬂm&xﬂeﬂﬁ@iﬁ@ﬂfér/wtﬂﬂl@r tsiel Y8 03%ay convert
are coupled to each other via shroud body connection
power geperbteddyIn@enesgy recoessyiSysterarn 86h AT power)drtemosst sitable to operate

e efin S

the gos B By 802 TACTRYSER IS BBt Bt Ve HecfbNer unit 1508
may stobd e HoAép Eeﬂe%t&ﬁﬁy ﬂﬁ@n@&r&é@v&ﬁy@?ﬁﬂnﬁm YD esyer P for example,

[ 00076] e bl ade assenbly 920 may be di sposed bet ween

the first shroud body 944 and the second shroud body

946. Moreover, the bl ade assenbly 920 is rotatable

about the |ongitudinal axis of the shroud nmenber 940.

Accordingly, the blade asseénbly 920 may be coupled to

the first shroud body 944 and/or the second shroud

body 946 in any known manner permtting novenment about

the Iongltudlnal aX|s of the shroud nenber 940 whi |l e

o g o oy I Y "




932a and the plurality of second stator el enents 932b,
respectively, during novenent of the bl ade assenbly
wWO2®9/1eds8ctricity is generated. [00081] | n onePCT/US2009/034579

enbodi nent, the plurality of first stator elenents
932a and the plurality of second stator elenents 932b
are each provided as a coil of electrically conducting
material (e.g., copper wire) and the plurality of

a 12V bhitérgtbanlo1 810. eP@vee Biotediddhe H2M bhttery phnic 58 0t niaypbe ssedamdperate the
rotor elenents 934b are each provided as a pernmanent

gas flowgoyiees 1802t @ JadgrMme-i |y il lustrated, a first rotor

t 93
GO0TEL,,2feng T2 SRS 10061 PLETSIL 347 cono b, o
utility netery abuli-statidn, fand 8 uitiityatoorpasy,aaspettsvedd 28 ddivédrich ap aselved in
. .to be operabl yproxi mat o0 .every-ot ne of th .
deliveripg Bty BasHIapL3ou e LRO26 M BAYE 1o BiLk 3Py o9 De enpmited
from th@facllit@ cRERACONRDS BHPL 81298 Ghe JRTIIW $uide 180201AcES@RMY, when the

stator el enents 932b are diSposed to be operably
gas flowysax¢antR02 is being epsratsd using pawengenetatedibyuthg lehergy sgcovery system

second .r ot or enment s,.934b _dur i venent of .
1804, 57 e & Saires HEBe R i Iy ISR 1P apa sub-sasion
1814). stator elenents 932a are offset fromthe second stator

el ements 932b such that only one of the first rotor

[0813]t o3hHKG.dP illpdrates @dstimetstiog implementation sapablesfop ytegwith an
j each of the bl ades 924 is operably
cnerey %?%‘%?ﬁ%%séé}?'o one of the first stator elenents 932a and
[000124] c ondRefeqringy toHIGEI) tkinedid 2hergy @sgoeiatadweitlya gas flamgenerated

time during novepent of éhe bl ade, a%serrbl y 920.
by a gasdlew seuren | 2 mAR be penvarted {pt plestricily bY AR ERATSR FEREFY System 1904.

| ' ts
The encfel(Re&iiey byiferk 196 mnk be BlosRRAM BxShEfly GG RUERSRet 1o one
or moreaxfitiid gubatiments apdvernila enejemboditrient; thef postes ottputof the emsgy
IS knOMﬁ%£n the art, Ey t he electrifgi generator 930
recovery, Sys'eiy Al e RE monitPRE 9P OUPHSRERBIS %20. [ 00082] To
peoY|t U h?hé‘blﬁﬁﬁﬂ JF tRNGleyy REoerd §stdnt 2904 RbPbe trEa)l(lesmitted to an

electricity, the energy récovery system 900 may
inverterftioppolierdinggd 908.ain ereeenibademensnidie dn@steréontioderanitilA08 roayconvert

power gefciaied 55 h Serinurepatisy iS4 004t GBPRED HER AY pffi e dpgnomit
the conVer@Apbiier fo dnSdxisting pBweatrafsntififorc@ittictnine&iklg 4 Kibastalioh®16 to an

) ~second end 910b of the conduit 910. Wen transmtted _ |
incomingreleatridity metesi 9 kén g oa flow sonwed9A2 may bg pperatagdaipon receiving

' f . 1 .
poee 5 257 MBS B ATy 48 rom v
incomirgadedticity Weter 19 1o Intahethed enittddityntpthe g c&itrbllepusit 1908 may

a predeterm ned direction (e.g., rotate in a .
convert pgWet gancratestRihe enerey seaoveny systen 1984 (RbiRoweRkintq AC power and

: ' ral.l ' : it ydi '
vansi YO SL AR P g VR gl R G109 o 1912
off of theglosas erdnsnmission ped.altme h91 Sarefeirs torametility comipany inhelvedwith

. _.flow channel of the | ow,source .(e as flow -
deliverigg B 12085 Lot FOrho0g Thitiouh seon 1916, 4¥ Gaemih clecticiy
meter 19TAARIhE il powaduicgqopb.ade assenbly 920 is rel eased

Into the anblent environment and/or the gas flow
[00a126| of Thhforegoing isdlinstrative ef gxample embalimentoandismoto be

400)..via the roud .nmenber, 940. .Movepent .of. the. . . .
construcif i g Wi ARECREBAT G in e unpbiba B R\ falsifipe is ilusrative of
exampl®&h¥SAMehRRAnBlishictltd by catfstrhiéd & liited @rthe bRER! éintbdBaents

and the plurality of first rotor elenents 934a, and

between the plurality of second stator el enents 932a

and the plurality of second rotor elenents 934b,

t hereby causing the generation of electricity by the

el ectrical generator 930. Bhus, the electrica

generator 930 is configured to generate electricity

when the bl ade assenbly 920 noves. [00083] Constructed

as exenplarily described above, the energy recovery

Y. Y. Y. s o o o, oy o




1146 are coupled to each other via shroud body
connection nmenbers 1148. As a result, an annul ar
WO e@naeis8si on space 1140a is defined between tPEI/52089/034579

shroud body 1144 and the second shroud body 1146 and
an exhaust space 1140b is defined by the second shroud
body 1146. [00091] The bl ade assenbly 1120 may be
di sposed on the first shroud body 1144 and the second

discloseddrftlatanelifiddiths tdMbe d¢Rised éfBodineas, ASHETEY othédredtbodiments,

_rotatabl e about, the | ongitudinal axis of the shroud

are intendedhite pe inchpled xdthin Hieseene ofitheanpendrd damsnbl y 1120 may
be coupled to the first shroud body 1144 and/or the
second shroud body 1146 in any known manner permtting
novenment about the |ongitudinal axis of the shroud
menber 1140. Gas transmtted into the annul ar
transm ssion space 1140a is received by the bl ade
assenbly 1120 and gas transnmitted fromthe first end
1110a of the conduit 1110 into the exhaust space 1140b
can be released into the anbient environnent. [00092]
As best shown in FIG 11, the bl ade assenbly 1120 is
coupled to the second shroud body 1146 via a bl ade
track assenbly 1170. The bl ade track assenbly 1170
may, for exanple, include a first bearing shell 1172
coupled to the second shroud body 1146, a second
bearing shell 1174 coupled to a collar 1178 which, in
turn is coupled to the inner edge 1122a of each of the
plurality of blades 1124, and a plurality of bearings
1176 received within a space defined by the first
bearing shell 172 and the second bearing shell 1174.
Constructed asexenplarily descri bed above, the bl ade
track assenbly 1170 allows the bl ade assenbly 1120 to
rotate about the longitudinal axis of the shroud
menber 1140 with mnimal |osses due to friction.
[00093] As exenplarily illustrated in FIG 11, the
first shroud body 1144 is provided as a single,
i ntegral conponent. Although not shown, one or nore
air intake ports may be provided to extend through the
first shroud body 1144 as exenplarily described above
to transmt anbient gas toward the bl ade assenbly 1120
(e.g., to the face of the blades 1124), thereby
facilitating novenent of the blades 1124 in the
predeterm ned direction. In another enbodi nent, the
first shroud body 1144 nmay be provided as a plurality
of separate conponents coupled together in a manner
that defines an air intake port, such as air intake
port 142, capable of transmtting anbi ent gas toward
the bl ade assenbly 1120. [00094] Simlar to the energy
recovery system 900, the energy recovery system 1100
may further include a plurality of gas flow deflection
menbers 1150 di sposed on sidewal | s of the annul ar
transm ssi on space 1140a (i.e., on opposing surfaces
of the first shroud body 1144 and the second shroud
body 1146). The gas fl ow defl ecti on nenbers 1150 act
to conpress the gas transmtted into the annul ar
transm ssion space 1140a and to reduce any undesirable
novenent that the second shroud body 1146 nay
experience as gas is transmtted fromthe first end
111Ca of the conduit 1110. [00095] As nentioned above,
the electrical generator 130 nay be coupled to the
bl ade assenbly 1120 and be configured to generate
electricity when the bl ade assenbly 1120 noves. In one
enbodi nent, the electrical generator 1130 may be
coupled to the bl ade assent38y 1120 by ring gear 1132
fixed to and extendi ng around the outer circunference
of the bl ade assenbly 1120 and a planetary gear 1134
engaged with the ring gear 1132 and fixed to the
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to afifth enbodinent. FIG 14 is a top view of the
energy recovery systemshown in FIG 13. [000100]

waRedoenoiseg to FIGS. 13 and 14, an energy recovRCHUS2009/034579
system 1300 nay be generally characterized as
including a conduit 13 10, a plurality of bl ade
assenblies 1320, a plurality of electrical generators

. 1330a _and a plurality of electrical generators 1330b.

What is[clpymedif Simlar to the conduit 1110, the conduit 1310

y i Rpel LSt éﬁ&@%- d a second end 1310b.
gﬁe f5§§ﬂggﬁga%§%§€y%§@’ e eon ‘gured to receive at
4 earluithapidgta first ek add gascdndend gehereiatthelfitsy ed ofthe tomluwit is
source such as gas fl ow source 400. Further

t he
configugediRnzgeevedigss Ay Eraspeird by 4 gasdiav ehapelpiigas flawssepce and
. t is i
e RS SAR S LG B B, ORISR U e
toward thesekontl ehd tieréeas; confi gured to conpress gas transmtted

f fi d, 131 f th duit.1310. [000102
it oot aselrblycFiplre1a St dodiib Suieatin s GREDIBds DD 1
configured 0 b¥ hidvad WHef web rRESTRQT gab I is Rlafirhied Hidnt e B&eAd df the

_nmenber 1140, the shroud nenber 1340 may be coupled to
conduittand second end 1310b of the conduit 1310. The shroud

ne r. 1340 includes. a fiks [ oud dy,1344 .

SEaticd e SrraE siipteand BRLORHE & ulRO it Bedicn,
generat&:ay Borifibutkdll fohRneaeestitdi witehGhe afst biade asseablyt mdes).

The first shroud body 1344 and the second shroud body .

whereing @ossotestiensl arsa o4 the fystrad ofithe eonduités lgesdhan a cross-sectional

[ ers 1348. The shroud body connecti on

meaOf%Q%E§§§®%§ ggy be connected between the first shroud

body 1344 (and/or the bl ade assenblies 1320) and the

second shroud body 1346. As a result, an ann

; | a s
21 anshhesdeasy wpavEy 1y5ieya of claime{ i Weareipd esend pd ¢fthe ponduit is
narrowe? S R Vad St de FRAHS SAERRER LM OGS S Paiifiued from
the firstlead pf hid46ndias transmtted fromthe first end 1310a of
the conduit 1310 into the annul ar transni ssion space
1340a is received by each bl ade assenbly 1320 and gas
3r ansyhd &yl fe@BRer Systdrh Of clams! l,éugﬂé}é‘in‘lﬁe §deBnd el the conduit is

1310 into the exhaust space 1340b can be rel eased into

wider thah ¢heafiist ent ofshe consivitda diffifse dB1g8 Withire thetgas fewdeansmited from the
ﬁrstencécgtgtg?%uﬁe configured to be nmoved when the received

5 transmtted fromthe first end 1310a of
the conduit 1310 into the annular transm ssion space
1340a. The bl ade assenbly 1320 may include a housin%
4321, The eneagyerecovsny $3vem gf elpin éde{wrplﬁi the first blade assagbly

cmnmﬁ%'21’ a beam 1323 pivotally coupled to the projection
22and bl ades 1324a and 1324b. A plurality of shafts
ddHPaandd 1325b are provided to extend through the

housi ng 1321 and are_ rotatably coupled to )
& blede coimied Rghosadt Bhersine glaﬂs smeonfighred 3o e moxpd in &

: I [
predeterhfOPGRioN SRR ) Soq Vel A B oA AORATI, IR (BBRAT o e
conduitsl i dably coupled to the housing 1321 by neans of a

lowfriction sealing nmenber (not shown) such as an
Oring fornmed of poly(tetrafluoroethene) (PTFE). The
| ade éﬁ@%t YecdvitP systdrh BEElaind 4] WHESINARS eddr@eRavdry System
?326aTgﬁd 1326b gﬁgp ed to the housing 1321g%%d Y%y
further cippresesit t o bl ades 1324a and 1324b, respectively.
Al t hough FIGS. 13 and 14 illustrate wherein each bl ade
assenbly 1320 is disposed on the first shroud body
1344, it wll be appreciated that at | east one bl ade
assenbly 1320 may be di sposed on the first shroud body
1346. [000104] Constructed3as exenplarily described
above, the bl ades 1324a and 1324b are noveable into
and out of a gas flowtransmtted into the annul ar
transm ssi on space 1340a. \Wen bl ade 1324a is di sposed
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flow, each of the blades 1324a and 1324b noves in a
predeterm ned direction (e.g., sliding inradially
woeimwasdsand i nward directions that are subst aPr@T/E51099/034579
per pendi cul ar to the |ongitudinal axis of the conduit
1310). Gas within the gas flowis then released into
t he anbi ent environnment and/or the gas flow channel of
the gas flow source (e.g., gas flow source 400) via
i Eﬁﬂg llmﬁ@mlﬁbd r ﬂlaspbnﬁd beBrkéen tHfisst elgbafl "the ensiuittand ?&mngudde
t he ade asse 1es 1320 is released intq the anbien
assemblyy hersiibe bailednesmber h%ccav%wqddwdeﬁ% %@I gag flopifzangmitted trom the
e .0., gas flow source 400) via the shroud
ﬁmtmu%@ﬁ§%§&¥@@o. venent of the plurality of blades 1324a
anghelddgled tatheddade] wherem the vaneeis cotfegunetto re¢edvesthadeflected gas
| enent éS 2 and the rqtoy .el enpent .1334 of each of the
flow anirf@a'ﬁrﬁilec PAGERPDTEEBYIRE flectrdi 2a:fl9Wof the el ectri cal
generators 1330b, thereby causing the generation of

electricity by the electrical generators 1330a and
@l ect Theerergereeovery systend 80elainT Ay whereinghe:blede isirotatable about an

. enerators 1330a..and 1330b are configured o generate
ais thafiS S5t iRialy pEineRci g Grieeo Rt iR WS g0 F BRI from
the firstlcB801 8R8lcof@iigt r uct ed as exenplarily descri bed above,
the energy recovery system 1300 nay be di sposed

relative to a gas fl ow source, such as gas flow source

00, i [ i .

100 s SHHPLEY IS LDG YL W Reahel SRty
comprisks & plurslitg of SlkOicall gehbratozg racH of ViRitR ismyfiperet ¢s gerebaea different

the cross-sectional area of a gas flow channel, equal
power ougput der thectirstlads assemblymayest "t he gas f1 ow channel

or greater than the cross-sectional area of the gas

flow channel. It will be appreciated that, in sone

g.asesThd érergbrecoteyy systannof elaimm dyfurtbercoarprismgsa shmouti3@émber

to generatje electricity while eventi ng undesi.rabl s
coupled i it s Bhersho i sorgseeireming sk e Sabhi 5 BB uithin the
shroud A89beRY be dependent upon the nunber of bl ade

assenblies 1320, the width of the annular transm ssion

space 1340a (i.e., the distance between the first

hroud, body 1344 and t he cond shroud, bady .1346 .
o1 TREYe HERYARY YR ehiad o et oty herator i

dispose@ THRRR th® Siroud AembeAt h of the annul ar transm ssion
space 1340a nay be as small as 1 inch. In one

enbodi nent, the energy recovery system 1300 may be

Eeh Pl BB ol e PTEk bR o
disposeé 60didietthel shtbud membet ween the shroud nember 1340) and

t he exhaust area 410 is effectively zero. [000109] In
one enbodi nent, the conduit 13 10 as descri bed above

y b : .
[E%0 " Fhe Bl ooty SHichn BE R 8RR confiashit's SEGER ade
assemblyaljdckmtvio genfinstdeechdasserhblygwherkinohe sarond blad®@ssemdbly is configured
transmtting the received gas flow to _blade assenbl.ies

to be mausgh{he FREHE 8 LOWAAS TR LRI PRY e R ThRLS SRR
1300 is configured to generate electricity using a gas
flowtransmtted by a duct 414, a portion of the duct )
14 nEhe énengy reooveny system bf elgim ¢ hrwheteib dlg/seegudiblade assembly is
[,000110] .FI.G. 15 is a side view of an energy recovery
°°“P1edst§)g‘eee‘?]#‘%e%adrgaﬁ’?¥§t°f-o a sixth enbodinment. FIG 16 is a
top view of the energy recovery systemshown in FIG
15. FIG 17 is perspective schematic view of a bl ade
i ncorporated within the energy recovery system shown
in FIG 15.[000111] Referring to FIGS. 15-17, an
energy recovery system 1500 may be generally
characterized as including3a conduit 1510, a bl ade
assenbly 1520, and a plurality of electrical
generators 1530a and 1530b. [0001 12] The conduit 1510
may include a first end 1510a and a second end 1510b.
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t he bl ade assenbly 1520 noves. The el ectrica
generators 1530a and 1530b may, for exanple, be
wW@owphesdss o t he gas fl ow source 400 (e.g., theP@&I/DS2009/034579
handl i ng unit 405) via nounting supports 1532.
[000117] To convert the kinetic energy of a gas flow
into electricity, the energy recovery system 1500 may
be di sposed so that the first end 1510a of the conduit
1210 The@ieygpredovedy bysidin of claing &5, Wwhepsin glesscaidblatiyassembly is
. gas flow source. The received gas flow is then
disposed wathiihe shigud msmbeRe first end 1510a of the conduit
1510 toward the second end 1510b of the conduit 1510.
When transmitted fromthe first end 1510a of the
thinduThe difetg)y; retbnery systinv eficlgims 13 Ivdwreintt]& shpouwd mbmber includes an

bl ade, ass ly 1520 t.o nove the bl ades 1 i, one,
s ntakg ppbicle g BeroRgbar D P iR 20ReS e pLig eive an
ambientlg¥$ %ufst&tth@li&ldﬁft%ﬂ AfbctitRe Adibie kdvorvd P RARIne OF tHerTﬁst blade

gas flow source (e.g., blades 1524 in the |ower-right
assemblyaad tleensecorid blade dsserdblyassenbly 1520 illustrated in

FI G 15) by pushing agai nst such proximlly | ocated

bl ades 1524. |In one enbodi nent, the received gas fl ow

arts PH@&&%@Q@&V&? dvktdrh of claing 1 d\k/ﬁéréﬂn th®@crobese@aondl lafed of the
channel he gas fl ow source bl ades 1524 in
%ugl

first end ¢fethe, p@@utmogmpoqdemeadwtame b}fﬁéfhll?yh rseensraflthe amdgit is
i.n . Fl oDV nd such distally

Separatﬁdogé i gl hfgéaiouns}%eﬁﬁ% nfrlr(gtgfg%&&fjranner to induce
lift. Gas W|th| n t hegas fIOW|s then rel eased into the

arrbl ent environnment and/or the fl ow channel. of the
f TRaenssgi [0\ eaY gysterg a5 cleim %W@éhqe@fs gRctiopa) grea of the

o LTI 6 e el

envi ronnent and/or the gas flow channel of the gas

ro our ce as flow squrce 400) via the shroud
egnfﬁﬂﬁygﬁﬁgéﬂﬁngﬁﬁc?mmpiﬁ%raI|ty of bl ades 1524

@(’i@gxﬁ c@)ﬁﬁ 5&%@ fde&9e g%)f?ﬁ@\mtra%mftt@& b? R3fat HoWThdAnedBfla gas flow

R, In turn, Causes the electrical generators
source amﬁaiﬂﬁumthle 68ivkd gas @nw,er at e eI ectricity. [000118]

truct exe ari| above e en
Biag e e mone i i apindbe bR Sepbiiia Sged to be
moved by @ﬁé’%ﬁ@ﬂb@&hfﬁ%ﬁ% yahe Eduft! M source 400, as
exenpl arily descri bed wWith respect to_any of FIGS.

apelactricaligenereior courtled tortbe Bladeasseivhly, whersin G clastricp] geperator is
510 ss than the
conﬁguEe:agg §e‘éeé% | Leﬁércntg r“(%%go lél%géall%sgﬁ%l\x \Laegnel of the gas
fl ow source 400. It will be appreciated that, in sone
cases, the ability of the energy recovery systen11500
1% gehBIeREEY ScOV e TP, GPNPESIBEevent | ng” undesi r abl e

S50 PSSR BB ] S e

of the cordudltds a&ﬁ'gﬁnéwtoimméeds’appombn bf & lgas fias tfahsmitted by a gas flow
anneI Al t hough FIGS. 15 and 16 i rate on
channelg) 81235 TP USOUERRIA e HEGonayt iSgon lgtseé Bfughe fpeeived gas
flow frdgl B e Lq?é}s&f tesvamﬁe 8coh eRY fledeoBy St €S 1500 may be
spose tive to the gas flow source. For exanple,
aslprbund Hientby:r cdupatcto ghe seecmd/enrdyofshes candpit 15d defmipg be annular
osed.al ong the perineter of the exhaust area 410
tfansm‘%f@ WaCHFeiling| i ng unit 405. [000119] FIG 18
illustrates an on-site powering inplenmentation in
whi ch an energy recovery system nay be used as a power
source to facilitate operation of a gas flow source.
[000120] Referring to FIG 18, kinetic energy
associated with a gas flow generated by a gas fl ow
source 1802 may be convert@éd into electricity by an
energy recovery system 1804. The energy recovery
system 1804 nmay be provided as exenplarily described
mnth ‘respect to one or nore of the enbodlnents above
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toward the second end thereof; a first blade assenbly
coupled to the conduit, wherein the first bl ade
was®entdsge i s configured to be noved when the rBCEUS®A9/034579
gas flowis transmtted fromthe first end of the
conduit; and an electrical generator coupled to the
first bl ade assenbly, wherein the electrical generator
is configured to generate electricity when the first
bbhde assembiybdiyposed withinthe amulardransmsssionspadepwherenr tha blade
of, the first .end of the conduit. is less than.
assenbfis St eimhosed hon G @oued B E RtATaRIeg frop the st end
of the c6RRAYYnd €ecovery systemof claim1, wherein the second
end of the conduit is narrower than the first end of )
ahelectinaligenerator coupledetoshe hladeasshinhly, wherginsthe lelpgtrical generator is
f tr 3nsm’ ttted f om b@{e Iﬁlr@t enosl o&l t hevecondui t. 3. The
con lguﬁeﬁi P&ﬁnqr%&?%ﬁ? VBT SPET 4R Y WASPei n the second
end of the conduit is wider than the first end of the
conduit to diffuse the gas within the gas fl ow )
19-ansFhe eneagy resavary system of claing 1 8 whareindmblade assgmblyrgcludes a

. r N S f claim1, wherein the first
phuﬂH§P§Q%¥§ssen%%i*%%%%#ﬁ@%@: a shaft; and a bl ade coupl ed

to the shaft, wherein the blade is configured to be
noved in a predeterm ned ?irectiquﬁhen t he. recei ved )
hs 1 TBoenesey Fespvssy systam of elgim k8, furthercompaising 3 g flow deflection
membexs\ﬂggd%& on E'sid-guﬁll of me%ﬁl%ﬁm%ss‘?&rc‘%]ﬁ&, Y hefdiA tHE %‘Ls flow
rern the energy recovery systemturther conprises:a
deflectibrafembenisrrbafiguted mosmepresstgas svithirhthe fgas fowdradsmofitted fiwm the first
onduit and the first blade assenbly, wherein the
endOfdééﬂFﬁ@“nenber is configured to deflect the gas flow
transmtted fromthe first end of the conduit; and a
vane coupled to the bl ade, wherein the vane is
configured to receive the deflected gas flow and nove
t he bl ade upon receiving the deflected gas flow. 6.
The energy recovery systemof claim4, wherein the
bl ade is rotatable about an axis that is substantially
perpendi cular to a direction along which gas flowis
transmtted fromthe first end of the conduit. 7. The
energy recovery systemof claim1l, wherein the
el ectrical generator conprises a plurality of
el ectrical generators, each of which is configured to
generate a different power output when the first bl ade
assenbly noves. 8. The energy recovery systemof claim
1, further conprising a shroud nenber coupled to the
second end of the conduit, wherein the first bl ade
assenbly is disposed within the shroud nenber. 9. The
energy recovery systemof claim@8, wherein the
el ectrical generator is disposed inside the shroud
menber. 10. The energy recovery system of claim 8,
wherein the electrical generator is disposed outside
the shroud nenber. 11. The energy recovery system of
claim8, further conprising a second bl ade assenbly
adjacent to the first second assenbly, wherein the
second bl ade assenbly is configured to be noved when
the received gas flowis transmtted beyond the first
bl ade assenbly. 12. The energy recovery system of
claim11l, wherein the second bl ade assenbly is coupl ed
to the electrical generator.13. The energy recovery
system of claim 11, wherein the second bl ade assenbly
is disposed within the shroud nenber. 14. The energy
recovery system of claim 13, wherein the shroud nenber
i ncludes an air intake port defined therethrough,
wherein the air intake port is configured to receive
an anbi ent gas outside the3tonduit and direct the
anbi ent gas toward at | east one of the first blade
assenbly and the second bl ade assenbly. 15. The energy
recovery systemof claim1l1l, wherein the
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