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cmc?ﬁ?tﬁz QJNY @E&@Q@Q&ﬂk TRHRSEEON R\t‘%t‘}\k@‘f*ﬁ PARTICLE BEAM

recte ds to dif erentlate pluripotent stem

cells. In particul ar gt BerRLERGHENTIdVeENntion is
directed to nethods and conmpositions to differentiate

[001]PITWE LRRhBHE r&t@ge@t@tat@ 16 Ble@trie @lrk SitLaRr HSRI ﬁmnémartse F[CSan electric
characteristic the definitive endodermlineage
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03] Advances in cell-replacenent therapy

for Type | d| abet e AmIJriduns [anskan 15H0Qr t age of
transpl antabl e i sl ets of Langerhans have focused

[002]1 Qbetreisdd RRiodeyekogimesawillepeofhcidastid dbupdodusd Olgan energy
cells, or b cells, appropriate for engraftmnent.
SOUTC%th‘éé@hC has atiecterbyianisicas essrch GHetts ondk Lbntéelsra:tesmnértbe world.
The reg)ﬁﬁ?cli ot%@trgep i) s: %‘n% lf%dyslfaﬁffg%] nv’erSéolnt%tgf?l%?}éeléé n%¥ o thermal energy
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[003] n‘ﬁs&:dzﬂfdﬁitatﬁe dpprioded@ssogibddnind PPacRSo. M 8 the '106 patent),
astrul ation. Tissues such as, for example, thyroid,
entitledifengollqshiveioadn a figls reverps! qanjigpratign pnd gieces BREY fe{ersion,”

Wthh 1!:] ncoﬁggaqgc[ ﬁgrel b r@ﬂrén?% oggglle% fisihd ag%ﬁ% 1ed t%y char%cfi particle

process iIs
beamsotafthenfotﬂn\(ﬂ n@ﬂﬂ&ﬂ@hman%fdoﬂv&te‘dﬁhﬁﬂﬁpdﬁdﬂéﬁtﬁaw 5y @XPr@S8iHy the
a nunber of markers, such as, for exanple, HNF-3beta,
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[004] papB&fiéiaghf aivsuld be devablepo peyadich pdi'l@erfe(l)arctfahtuﬁrc@tﬁ used to
ventral and dorsal buds. Thus, PDXl expression marks a
decelegqte thegdsmar rapticlenp axieace thei coergy fetip ferdeselsratipn actifk e@revert the
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endoderm [0006] Cells bearl—ng‘T he features of islet
[005] Cﬁté é(e% eﬁ%%%gﬁitrﬁéi‘lltsyottbeﬁﬁog %ﬁér\gﬁgxtt&men@mywm device
e nouse. For exanpl e, Lunel sky et .
descrlt(eﬁche&mt eepZ&Enﬂ:BﬁQa f@%ﬂ@mplespmﬁthe diah§ @osmle ahplememthtlons of the
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m ce. [0007] In one exanple, ri et al. (P

compoh& @5y 1ppRREntlicsdhppbsset llaggmg pasenemniniiyfporsu @etor grld -tied
ﬁg{lc stemcells with inhibitors of
Conve“fﬁ’iﬁg‘% feﬁi‘)%ﬂ}tuﬂ%?ée% k| nase (LY294002) produced cells
007 KSR S 58k 0PGBS0 PRI rer acan
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ulse Vfc(yefwl]n MhedCICeis pegferably qospawred viithdivo e e pedudiepolapiates that
]9 B oD BeF AL R o F il A B D e o e
IS rmst effectlve at i nducing PDXI expression when
added to cultures at day 4 of enbryoni c stem cel |
differentiation during a period corresponding to the
end of gastrul ation in the enbryo (Di abet es 54: 301,
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(self- renewal ), blood cell restricted ol igopotent
progenitors, and all cell types and elenents (e.qg.,
WEb@vasssee) that are normal conponents of the RBCDUS009/049108
prefereBly AleIRRAUEH arcFRABIQISRRLE 8rthifk YifelbhSfe Lithifar™lifdrical
restricted subset of cell Iineages than
chambparvtiihprodi @ ht estiaahi npedl bigzateagaghs (@nedrbepoteanbe plaeani ng abl e
to give rise to a single cell lineage (e.g. ,
[008] s prrmatsogen d tbt EhECelklisy, enpQYaR wOIrdh éhewtilitagiidmia the grid-tied

.,. the process by which an unspecialized_("unc 1tted"
bidireg o LSS ERTiHINCREY 1O AU B8 e T GPDG ot arebonance
and exgo@t%gﬂ@lq'uéﬁ‘af)@@|ehec§h‘:°f'ibl@§oml_fea Lo RXQMRIBps BetREEY e pBlds. Phuring

a nuscle ce A differentiated or
powengeht@fiembi atcrgneitraducedhargbd pirsclonef thaate frasclt bkams oom, e.g., a
. . anmore specialized ("conmtted") position within the
fusion prieegyarcaie Ceferglef by tfﬁa dugdgynple gls?%ﬁ*ﬁt &6%&8, tﬂﬁm@ﬂdg&ﬁﬁ% favel
th Oht Pec PA9GERR i poNel & LInldsCh IS Elefred Bl lihe
IDu%%athﬁas proceg%ég angﬁé é%f¥greﬁ#§§§ﬁon pa?ﬁﬁayyté:a
quadrpailaiplawh erf ehe [Tadanthaformealf agiimegnatrenc ddhe imbgardrtent will then flow
continue to differentiate into a specific cell type or .
througdy jBg ggsopygnt g%rp\[ertf:ry%@st’he SHertgd RHBEeC UG 89N YgHERHFIMponent to the utility
ot ci rcunstances, differentiate into a different cel
'type.or revert to a less differentiated cell type.
[009] Dendbid-GE 8 RE RHECRINEGSR S ah /P B RHRLES T arRh gghe%nd as a dc/ac
cell "reverts to a I ess specialized (or commtte
grid-tipd giveitanduningipiowvet penckdtivaalpebool casesehd gridsedis@detterwillhgperate

.. the lineage of a cell defines the heredity of the )
with ugity power é?t,or,ﬁffﬂderg Mqrgéqt?r» 5 HBCIRE AR o & PRSIdegctive pover
andre&gﬁrqugﬁpygﬁj Qdeéﬁﬁajl neage of a cell places the
cel I "wi

_ In a hereditary schene of devel opnent and
[010] 9T tQN8OL k&t Mid AclhiGPARr SRES! dxbiG RS KR reSRhAI FeduPnd and
characteristic specifically associated with the
voltagphéthotryypeawfcooedries anfprafetdbhepgeisaf contr@tedsThafdqeany bethis case

s el 3P heby BRSSPl ey s o b GRS | Sfhe conto
can be!caigﬂi%é‘&lel;y §6REHSy piefEhbiuMishaRPREABXE rQRNRI0R X PYE SR d@Mhtion

r the transcription factor PDXI and at” | east one of
methoth@hdselshdivmodulbti@an@SN paridgrulfeaeidor siodNGNZy (INKXD, &¢ capable of

. NKX6. 1, NEU I SLI, HNF-3 bet a, FA, PAX4, or PAXG.
providing \rosl,ta%wrég? hep R ST b torgparinigalipscaaiq resonant
VOltag%ra Wﬁﬁqgfek %E,L\gl’ﬁleg.tsc&tdrgis 1#516981(2 ﬁﬂ]a)éllyg?é the pﬁgfsgrogz}ga' eélghse—width of the

rkers characteristic o Initrve en
switchbd ingAge'sona coibteage Withehik sigdubition Stuageatic' hidasctisaeld:nergy flow
herein, refers to cells expressing at |east one of the
according] tp SR PRFFHANKBPLS: Is SERAMCCASATAL, HNF- 3 beta, GSC,
R, dal., FGF8, Bra r M x-1i ke hongobox .
[0T1] EEBPE ?ﬁ?mﬁéff , e%&ﬁ%é@&%@%% {oEeRIES OndyRIR) carFialgment
multipﬁ&%@e iR condidd inGPREs oWptiliX2the PRIECSISXRI $RBIBH. The
mar kers characteristic of the definitive endoderm
series-¢dnneagérdasoicdnt deluptornivavie vevesdlradadnt pres ouersosingle idsenant inductor.
primtive streak cells, nesendodermcells and
[012] detdbuck regnlativdosieshieved by SoppoGag tHeGehded resopagsoitage with a

e PSSR LEH Byle DIAREUEDSSLE SIRTES M s o

switch@lin iRagborRRecAfveirdte fol | owing markers: PDXI, HNF-I
beta, PTF-1 al pha, FINF6, or HB9. Cells expressing

[013] MREK&h& SBahaet embsdihenQh fédiBagantiealdod of dadesaht converter
| i neage include pancreatic endodermcells, primtive .
can be yigkized p dacgleplesutogpicoditastiped poveegary. dékifecdbpdosgrol loop is
"Cel | s expressing nmarkers characteristic of the
pancreati c endocrine |ineage", or "Stage 5 cells", or
"Stage 5", as used herein, refers to cells expressing
at | east one of the follow ng markers: NGN3, NEUROD,
I SLI, PDXl, NKX6.1, PAX4, orf PTF-1 alpha. Cells
expressing markers characteristic of the pancreatic
endocrine |ineage include pancreatic endocrine cells,
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tissue culture substrate is coated with MATRI GEL(tm)
at a 1:10 dilution. In an alternate enbodi nent, the
W0 p@eass7eul t ure substrate is coated wi th MATRI BEL{S20P9/049108
ddf !
comp el AR P OB e M Bl LB PRl B RO h TR P o P
pulse @tnematdr.30 dilution. In an alternate enbodi nent, the
tissue culture substrate is coated with MATRI GEL(t m
[014]atOther By 80meli rhethodmn fe[aOItdseqndl advarteges b dai imenittiontvhb be or will
extracel | ul ar . X Is growth factor-redu :
beconiganRRtsaL (e, Wit gl%ﬂ% LR EBPRB AR PEOY Pﬁ@a ﬁﬁng% pigures and
detaxl%@é&{%ﬁ& 'I?lsqgl%E@gi t%ttehl %‘éf?%&]tlg@cﬁt&{terﬁf%ﬁ&s features and
at a 1:10 dilution. I'n an alternate
advanergbo bk mehtdﬁd thidirt uh&sdfequuiomubcewahmm adope o theoaweldon and be
W I h %rovvth factor-reduced MATRI GEL( tn% at a 1:
protecid byt he Accqmppagiing|claimparie nespbigas haior e 1t Helo lg@a%ed that the
: - t act or-reduced
invenG&l ﬁ&@ljljtﬁ% tb %eedéiacig Oqgﬁﬁeu am liéje B(Qd%@ntﬁ

MATRI tl n an alternate

enbodi nent, the BlRﬁgpqﬁng{Ptr%eors,%ﬁé@gEg i's coated
with grovvth factor-reduced MATRIGEL(tm at a 1:60

[015] dirh&ttéais of Bd 2Rkntd e iR WHih® ekt sEat hid atki)(ﬁl, may be
treated with nmedium containing a peptide of t

gleanqgirleg)@ﬂtbwsmdermﬂt}amacphlapar‘rya@ bgens.pu whfqhdd(efrﬁkgmntheumerals refer to

pernat ant of th ell that ex ress edthe

ike pR, dURAPT PRI e BEiE? o shie SeRRTC R a gy istead being

placed dR@ti BektMihD (TEBHIPIGUIHRL BB, PARbAS. AT i1kl ations are intended
present invention that has been not purifi ed fromthe

to congeypemaeptanvhaé rddeecelek, shiysts aps pthes detdil¢dhetribeptsingey. be illustrated

h % %p’] r% he ca vvhere he pluripotent stemcells

schemgpieally rathpiiga 1{e|r|a ‘Hlﬂfi?ﬁlie taining a peptide of the
prese |nv ntion t. has been n . fromthe

[016] El,%fre e i el B ERphRba Bt hITRO! (e,

[017] 1%u rans%l&%g%] nﬁ?’al rge ustecd ng%%tearfulibl w1tﬁ%agle\/§fen? fn%a%@ current

Source,errbodl ment super nat ant rmy be used at a fi nal
concent rati on of about 1:10 dilution to about 1:50. In

[018] origuerfbiedi diesi shosues Badapibt oftyic Peralsiadsoatn@aiit. nal
concentration of about 1:10 dilution to about 1:40. In

[019] dfnieuenbiodi grarit shosugePulst dhdthidyddatiaseethad ilausfriaval.
concentration of about 1:20 dilution to about 1:50.

[020] [Og22]5 ism coaeh Sobodi menehanginuef Pdseidibidoddeidnszearmtion.
treated with nmedi um containing the follow ng peptide:

[021] dlipapadym mmm@@ww M@y HANYOEGRTPSH AGTSGS

S LSFHSTVI NHYRVRGHSPF
[022] A&@WS@@@?@{WW%MIﬁWWM%@EMWL@&23] I'n
odi fﬁfgj% nt st ceI |s are treated

[023] \?ﬁqgwe SRS e@%{c&fﬁl lopp P ﬁoxbg?ﬁrg)ﬁ@(tractlon circuit.
; E KONFVYSFKDI GANDW | APSGYHANECT GKCPSHI AGTSGS
[024] g‘@‘félrgfv éﬁ%ﬁ%ﬂ%%dgw %%%EREN/%WWBDGQ\H | KKDI QNM
[025] FYgllx gcl:%a %pag t%]g%]cp n nglmu ?0% rWEUI{fEI % udran o e\?’%\f E)r\%m%tgthe
power A8@tred®nding to the particle been 1nject10n.
GLECDGKVNL CCKKQDFVSFKDI GANDW | APSGYHANRCSGKCPSHI AGTSGS
[026] $I.L@E'H$T\él MWW%@THSR@MW@MWbM@BIa@M
VEECCCS. I n one enbodi nent, pluripotent stem
Capac“@"e@@%ﬂ”é t?? é‘éztdé%l’l@\fP{aI‘FSPredl um cont ai ni ng the foll ow ng

pepti de: . !
GLECDGKVNL CCKKQLFVSH SEPHANHCSGL CPSHI AGTSGS

[027] %gﬁwmwﬁ@@%mﬁwﬁéwm RRRB BN

extraci¥EECGCS. [ 0126] In one enbodi ment, pluripotent stem
cells are treated w th medi um contai ni ng the foll ow ng
pepti de:
GLECDGKVNYCCKKQNFVSFKDI GKRDUY | APSGYHANECSGKCPSHI AGTSGS
SLSFHSTVI NHYRVRGHSPFSNL GACCI PTKLRPMSML
YYDDGQ\II I KKDI Q\IM VEECGCS [0127] I n one enbodi nent,
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LSFHSTVI NHYRMRGHSPNANL KSCCSPTKL RPMSIVL
YYDDGONI | KKDI QNWMK VEECGCT. [ 0183] I n one enbodi nent,
Wehwpligsseent stemcells are treated with medi URCT/US2009/049108

1CQNG ) i,
[028] ‘W@ iR J"cgo$m&%é1‘%ql &\Mdﬂl(%%\%%\%%ggd cmbodlmenté)é‘é}ﬁ)e foSlon 1 energy

extra(ﬁon circuit (FEEC) device 100. FEEC device 100 is composed of a gr]d tied

. 1. LSFHSTVI NHYRVRGHSP KSCCSPTKLRPMSMYY I 1 KKDI ONW
bidiregiggrapgap: @1@&}@@\1’\&4? e GEORBMCONBIT it plt %P@?ﬁ‘é‘%}
embo%glpelnﬁo%@ FEEeal&teWobhn PRSI UM LARRE! LA ohb& AbhBYhBg1 10
impleBeACHENNpEGKKOBHSQIAKDY GWNDD | m%vaemlﬁe@ﬁbm AGTHES

... SLSFHSTvi NHYRMRGHSPFANLKSCCSPTKLRI
bidireqyaatea)v FRROICGImDVER e Implomgsy dlffﬁreéh@c@ﬁﬁb%ﬁe@é‘ﬁt“ed

conveﬂ%ﬁ%ﬂﬂ?f@%ﬁ Eﬁel%&e]g e bb?eﬁ&%é%{aﬁsa{é?g pl‘(‘ﬁs& Ién'c‘{q@d EWhverter (not shown)

cont ai ni ng 1 ow n

can bGnETRRAN GEKKQETGITKER)BANRMIS| APSGYHGEGCSGECPSHI AGTSGS
S

[029] LBFHETYY NUK&GKEPHM&PI\M\/&WW doKE! QHEAY
VEECGCT. [0186] In one e di nent ur| pot.ent st
COmpIses AR lravreéset%lalr@acweﬁe "53&&%%6%4 APAFHYY Ch8VHSIcH gwsﬁg IcC

122, B IEcerbast i essper e I8 MBS ABISA Fielisdnsgseg s bersin by

referex&eb,SEblSTéthWRMﬁiﬁrﬁPﬁltl&lhllpﬂﬁﬁ%%'ﬂﬁ%l\/ﬂmshown in this instance in a
DDGONI | KKDI QAWK VEE £ I n one enbodi nent,

quadrlmfm FPOIRELIOBt dhf eéfrdrgpo,i@ gla %éaﬁ @é the IR FRedfiupgtion as a capacitor

and B AP iR PP SaRER AR et dspi ke et

detail BHSFHSTM NEYRVRGHSWINKSGISRR RRVBMa Y EIDGRING 15 KI0h @NMing an
VVEECGCT. [0188] In one enbodi ment, pluripotent stem
clongasepnngilag cylingrecat entict Witheeialihestene wigislgigateriaps Blrmedibpigyeen the

pltes R R R RN AR SR S A e o
betwed the plates.
LSFHSTVI NHYRVRGHSPWANLKSCCSPTKLRPMSMLYYDDGONI | KKDI QNVK
[030] VBEGEdevifOst@89]ip,| ahe el miendtlitplotid il pétventhe gtidoed
. cells are treated with medi um containi n<]:1 the follow ng
bidiregiiopglj @averter component 110 to the resonant converter T20 to establish the résonance

and ex g RO R SR O A RSV D AP

gcnerawmul Kkt i QeMf aMEEBE QT ds BB o, Qieh @U@gdlaffﬁsﬁ@n process,
luripotent stemcells are treated with nmediu

travel ohithe HeC 1R apcbﬂq:qgﬁreﬁ@d Pefei qyadrupole electric ﬁeld formed across the

oo AR SRR 1 R IR AT

will beYODREENDY I} QMY o MEHAIECT22 QRS Idrml oT imiage @I!’ﬁ@ﬁiﬁ IMElRY image

pluripotent stemcells are treated with nediu
curren@@mﬂém@pﬁ@w theoued| theowisernpegitvicgter 120 and the grid- tled b1d1rect1onc11

convergf E@Cég.‘éﬂy%:t m&gﬁ&%@i Sﬁgm L AR GWF%%# ons as an ac/dc

rectifieY YREREMh KK DI Mﬁmrldh@elﬁﬁlfeddﬂ dange eeediomBite. In both

pluripotent stemcells are treated with nmedi um
cases. dogtiditisidrgnyditer f1 69 Molvopgatgepth ety power factor, leading power factor, or

e RN R R B AR RS
1) SRR YRR L3Pk R R s o

extractmnit&?d prefegatil éhat dlelrosvinag fpepthdeind voltage be precisely controlled. The
GLECDGKVNI CCKKQLFGQAKDI GANDW | APSGYHGGSCTGECPSHI AGTSGS
frequengy |Igppsgage hegetspranrpsiuency of the resonant tank 130

to ensu Mlt é%Q{chXEWthc[v%tgﬂ cdolnvli\%io ﬁﬁaﬁ%ﬁ%ﬁ%‘v@@ B)t7 switching

G i potent stemcefls are trea
contal ning the foll ow ng peptide:
GLECDGKVNI CCKKQSFGQAKDI GANDW | APSGYHGGEGECSGECPSHI AGTSGS
S LSFHSTVI NHYRVRGHSPF ANLKSCCSPTKLRPNMSM.
YYDDGQ\II I KKDI QGM/ VEECGCT [0195] I n one enbodi nent,
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[0242] In one aspect of the present invention, cells
expressi ng markers characteristic of the pancreatic
wenwodss7eo | i neage are further differentiated i PCDUSH0Y/649108
patterff ARJdGRFLAY @?Jeh@a[c‘ft rEA AL ?Wo%bcﬁ)lﬁfontrﬂah&?spBﬁe%@_tshi?t modulation
endocri ne Plneage, by treating the cells expressing
(PSMimaikerl se-ehlh asidelratist (RWHM) drbexqained babivcBethdodexpable of the task
. lineage according to the t hods djsclosed in US ,
of volgige éﬁ@tr‘éplb‘wféféf’itg%l’%metkﬂng yBtIsgotidspeperalypaaneq Igr dygmic
f Y t - h ! ] ith -
e S L P K it B B R o b S it o
referen®;, kails itassocisakatitowhbddulith ehepanss eatht pulearskadthiofehe switches S1-S4
| i neage conprisiqgftreating cells expressin? mar ker s
t chy

in the gepapad ceRyester £20W thdhipandblaber aushuse it chppiagaey low
accorc\%%tb 4{@%&%&9 {1% §s|£ugra%te%8.f ficient amount of a TGF-b
recepto 0

rragoni's ause an increase in expression of

) ' e 1 . .
0521 PSR BRI A AL BOPEIAALL S BURECI s onan
conveAgeMo, aap@hhedofolgnging ptavidedid tac piid-atd bglitebwonkGreyerter 110

_receptor. I n _one enbodinment, the TG~ b _receptor )

(Vac is glygaflusiraled g g @chelierer Binretsagironpres st sidlys aplurality of

- V. , Vv : n, G
switeBEBLYGSS 2ty T FRESTAZ Sttt BP ekl chops he e
voltaghe&,ao pgRise deavefrmant acfosaaBi atiaswiichingdrgghesy df, whikdhis much

~ peptide variants are disclosed in US patent
higherghg the dtcrpencsex thengpwes £rid 164 88ocapag iy §nisares gt agadipole

plates Eﬁ‘? of éhtg"iCC[ %4(?615](1%1:%&%(1 g%(wegg}%!cggacﬂg% gearna the inductor Iﬁg())/rm the

aracterrstic'o e pancr icen ermlineage
resona@€tahk 830 ednW thb f@tdaheast oONE vatllaks e édsbhai @nkf 130t @here it gains
that may enhance the formation of cells expressing
H(s). andrkilragpetiactes deiqgedrepolf pldes Pansreatuseidahdowiomeys. The
ineage. Alternativel .the at | east one,other .. -
current Y AFRAE eaop B OB iR SrnenE R B PR EPES Birishes e
decelefdd, Sn@URMESSbNR, ARFKENS tehREeGIdahdistibClogdestH#ven the charged
~ pancreatic endocrine |ineage forned by the nethods of
particlehe present invention. Further, the at |east one other
addi tional factor may enhance the ability of the cells
[033] ekipr gadws Hitty oftlrdcispenashiaplaist eri stic of the pancreatic
endocrine |ineage fornmed by the nethods of the present
i nvention to form ot her &ehl types or inprove the
efficiency of any other addi'tional differentiation
steps. [0247] Thelsdt= teastone—addi ti onal factor may
be, for exanple, nicog[qanidngnenbers of TGF-Db
fam |y, including TGF-b1, s, and 3, serum al bunin,
menbers of the fibrobl ast growth factor famly,
pl atel et-derived gra -AA, and - BB, ¢pl at el et
rich plasma, insulin growﬁh‘ﬂactpr (1G=-1, 1I), growt h
differentiation facto?iééﬁdﬁ“§§f for exanple, GDF-5,
-6, - 8, -10, - 11), glucagon«like peptide-I and I
(GLP-1 and 1), G.P-1 and GLP-2 M METOBODY(tm),
[034] Berdpig- the mpaamithds ¢vodegwgaipasat hyr oi d hor mone,
i nsulin, progesterone, aprotinin, hydrocortisone,

et hanol am ne, beta nercaptget hanol, epidermal growth
factor (EﬁFQ&ﬁg §1LLD_L_3D3_LL+_QQpper chelatjors such
as, for exanple, triethylene pepyjam ne, forskolin,
Na- But yr at e, activfhl—béﬂdééb+&kkm; I TS, noggi n,
neurite growth facLor, nodal , vﬂ(proic aci d,
trichostatin A, sodium butyrate, hepatocyte growh
f- . i i - :
1033 5%3%%%¥£§E§%w%§§%{§&?%? cgﬁhﬁ%§§%§}er |§”&ﬁggkgﬁﬁ%§b hhaSthe
maxime®,vahwer exanpl e, cycl opam ne (EMD, CA), keratinocyte
grom h factor (KGF), D ckkopf protein famly, bovine
pituitary extract, islet nepgenesi sassoci ated protein
(I NGAP), Indi an hedgehog, sonic hedgehog, proteasone
i nhi bitors, notch pathway inhibitors, sonic hedgehog
inhibitors, or conbinations thereof. [0248] The at

oy r .




centrifuging for approximately 10 m nutes at 3,750 x
g.[ 0282] Concentrated and unconcentrated supernatants
waowree/1sdtecked for activin A activity in a cel | POEES09/049108
assay, neasuring the ability of the peptides of the
present invention to d}ﬁrer?ntuatq human enbryonic
stemcells into cgl l-s jexpresging yrarkers (3
characteristic of the\definZtive. endoderm|ineage (see
Exanpl e 6) with SOX17 intensity as the readout. Both
the concentrated and unconcentrated supernatants from
[036]¢ fer theif&difedaiistPp Becongtcalic venydargmibps: gr eat er
activity (SOXI 7 intensity) than the concentrated
supernatant fromthe ACTN 1 construct (Figure 6). This
result led to the dé&i?f%n=f§:§ﬁange t he ACT%’l
construct fromthe pcDNA3.1(\§ ‘expression vector to

the Centocor manmmal i an expression vector:fLMder, whi ch
[037)h &40 chimsatents pgdadet dfrtheRggplbel spsonartiakabile A he plaggnum gain

sopss EHAaAHE R APRLIBEN A8, BOTBLES JLULRER amerer for

resondikirclieR@SURIACTNtd @r ecur sor gene was subcl oned from
pcDNA3. 1(-) into pUnder using EcCoRI and Hndlll sites
(in bold grey, Figure 7A ang 7B). Both this new ACTN 1
wild type activin A congfruct al ong with theé3Ori Gene
construct were separately t/ansfected into CHO S or
HEK293-F cel |l s. Supernatants were prepared as above
and tested for activin A activity. Supernatants from
the ACTN 1 pUnder construct were found to have greater

[038] avhprgiRGisithe ehpeactesistic bapalineseldhe reagngnytigld 38y cel |
nunber and SOXI 7 intensity increases, than
supernatants fromthe O i Genlg wil dtype construct
(Figure 8A and 8B). [0284F As—the expressioftbf ACTN 1
fromthe pUnder construct r &ulted in supernat ants
with higher levels of activity than fromthe

UB9]C$$?€§ﬁ6nding PcDNA3. 1(-) construct, full-length
precursor expression constrycts were then generated
for the entire library _aétivin A variant g=jn

pUnder. The DNA fragnents oﬁthe variants spanni ng
only the mature protein regjlén were each subcl oned
into pUnder using the SgrAIY&and Notl cloning sites (in
bol d underscore and italics, Figure 7A and 7B)
[040] r Bphaajuagot (B, AGTtAd timt alaegap Retresults ¢od hiphes@quérceeper slope
while still leaving the pro-region intact. [0285]
of changeiRgrHegs i o CISHMCA Vari ants: Variants were
[041] %gg%gt?q?% %gg(s I, qﬁggca%?lgg;v%éél%Oli)zlgasu?&paﬁ%eg@%{zrglgnqan be achieved
by swif@g{g';lﬁéltte oG@htich MRY Redlab bt &d1aki8n 1B A phdQEh B oEuRESN (PSM)
m. "Total DNA (25 ng) was diluted in 1.0 mM of Opti-
and puReevidihwmbdulegen(P Wit) ate &30 of thendsk2d woltagd cdatee St yl e

~_Max transfection reagent(lnvitrogen; Cat # 16447) was
[042] dfulset Werdth Madudativin (W Nt WitPPoY MTHe mdildeutidths Dthewargtehes S1, S2.

I8 S S sonen g b cd 0
whose BWYaMRx%1af O6RpSenVBRdpdAeR tyant Eﬁls@ Wagk. of cells and

pl aced in an incubator for 96 hours shaking at 125

[043] RPNl 4 3HOG madri8%r iR wWa0286h Méat e rwhtRls ANgbysi, sndv8s
) carried out on supernatants generated using the pUnder
illustragedgp &8Qi dnlhearsitme ef de svitehs iapd > w@wt@gwwqm (®50%. The
copvadl s. (A to. A 8).... The. Ori,Gene and ACTN -1
switehde BT ol T e Rar ST M e 5 BTG 4 aiso
apparent nol ecul ar mass of these two control proteins
were simlar and were consistent with a cal cul at ed
nol ecul ar mass of 26 kD. Expression from several of
the variants was observed, glthough expression |levels
wer e i nconsi stent between variants (Figure 9). This
i ndi cated overall that the amino acid substitutions in
sonme of the variants did not inpact expression and

T 1 o I Y " g, o "




1: 20 or 1:40). A standard curve for human enbryonic
stemcell differentiation using commercial reconbinant
woeeanssiet i vin A (Peprotech) in this assay is BEDUA2009049108
illustriied H{eevoitg@e pUTERAR MW dreh RWhe AGXPF £33 Q) bEYRIcH &S uﬂbodlmcm
mar ker of definitive endodermdifferentiation. Results
illustreledpaFith@. Ori Gene activin A and ACTN 1 in the various
expression systens used in this assay are shown in
[044] Fil e fendagBntapgTe bridgpraege oms Waslusirgiil it EBA) ys expressed as
foll i mproved using the pUnder expression vector and
OUOWIEK293F cel I's; ACTN 1 expression in CHOS cells showed
weak or negli gi bé results, 5, even after concentrating
t he supernatgnt. _Exaimb)eb of( ,he;zAIm lity ob<blse
Peptides of the Present Invéntion to Differentiate
Human Enbryonic Stem Cells into Cells Expressing
[045] Mihk epsoinae agiger sigtdlcfoohlltshétcbefdanibt iraudizE&hbp demmple and
Li neage [0313] Alteration of specific amno acid
frequeﬁlégluas?e%er the activin A sequence may have profound

10461 gria iy eleF Ry B o Uik BAEREr 01468 8an Bl Tohgeh eauals 12

are colrpaftd SR HRY sarﬁ@ EoRXARNEL v oG iy REE RS Quali (M b&glon of time
i
finity or dinmer stability, either in a positive or

when Negatgreagr tigamribe maphitwksf Ithmm @nth. ffoe nsakedt ®vo pulses are used to
. f I.Qn t t d t
e JEATEL S o exprEsesd war ante 1 &'
S5 are 'EIH%J b}pgxte Bh @Jméft’ fg‘fjxgls o?ﬁieds%t%h? rlad, eepWiihR1y. It is noted
enhance ecreased unct 1 on ative £o & wldt ype

that ths datydatia D c[a(ii?oh&l},] béSearied rbetvgeen Oed 1% c s prefestedaipttaidimecht, resonant
fromthe hunman enb&%/om c stemcell line H were El at ed

conveRgd 28%5@)&@% WS MOVl apches S-S dhisiaBBrosidigigheg, resonant
I I I
come BB L5 Ol AR S ke Gl ST o s

resultt | ssue culture plastic. Cells were passaged using
col | agenase treatnent and gentle scraping, washed to

[047] r Ry Shif“eModulatiomffﬂﬂja In 88 plettoddthatouput atliage of the:résonant
surface are rovvthfact r-reduced MARIGELt

convel oD aresaloie v G188 e TSFag°s P RER e Tgee 2URes to the

sw1tch@ssoi€tlhé'§&1§[ saﬂg} %Pﬁﬁ's tlafes ‘?IYee{y |caBp PNAS K A VO t}%vs%'ﬁtcﬂ network,

3 day perio eedi ng dal yW|th VEF condi t1 oned

where nedthemhs&epsmh:[ﬂa betmteed lagi A AndBBnlybrd thinkplR&BidHy st drswitches does
Cat # 233-FB). [0315] The assay was initiafed by

not chipesi\hg chmgendt Bulss Wik RT Predrider wplkigeino ShEers] { Beauentl.

the fur%ﬁgl\ﬁlg 1 asa,"H éhqgg S aglgli?lgevx:gls(%nélgcfeval@%a ?%@P%Lg%}%@osz fundamcntal

of the Badde wdthpe v ash foandhbi ans were performed in
triplicate, feeding on alternating days by aspirating
and repl aci n theﬁa@edl frdm ach VVI th test
sanpl es over Bt‘o‘téz_alcofs ssay ﬁoéf On the
first and second ay of assay test sanples added to

s PP B R S RN B 12 1, 0.2
o) P LS B M B L s

adjusta\bﬁzr;ﬂlagb $Hift %dthén BVEM 1. 211\ dppradYatéOhat Mlhlﬁ)h@tlhﬁr @fyit embodiments

Wit 3a. Positive control sanples consisted of i )
can achigedhp PHRHEOPU FENS@ETIS VAT QUsaH 86 cHEUIE @Phsened By ithsppurpose of
1mplengafnt1f':£ %1 Q%{ E%bl% %ég a%?\%t %gﬂ ?tQJi Wer ﬂ\&;tﬁg sévg Q&)gﬂ wa)ve P70 is used
as a caftriee &t ¢omimparsviaith tbOtUC a@ltag\ism&n&ndlg\ﬂbt Q&nd[ﬁ)@:ﬂlﬁ]C signal viy.

Supernat ants of each expressed vari ant peptide were
When Ih% S (Radh Havpbal is Cfmpdrcérmsabee@%@m&naf By g gyggrison results in

Test supernatants were diluted 1:4 or 1:8 in DVEM F 12

to create internedi ate diluzions and then further

diluted 1:5 into each well containing cells and assay

medi um (final dilution range 1:20 or 1:40).

Supernatants fronIthe CIIGEne or ACTN 1 (each

a . o



listed in Table 13, were generated and inserted into
the pUnder vector according to the nethods descri bed
WO pooBsaTRl e 2. HEK 293F cells were transi ent| yPCT/US2009/049108
r t
a phald sﬂ\[}?@zﬁ%@g gg]vhgﬁégﬂégs#wfg%%d@ leg%% &frﬁ;%%\ﬁ(r?vghgl:ﬁb ARAASO Signal vy,
the coin;ﬁrmorﬂ.ﬁ@ul&&hla&lcpﬁrmgﬂal forr iabrthe mgttalamsfpentms)m thocomrol circuit.
transfection volune, On the day of transfecti

The frqucw@f Bersarogh i PerselBE PWHCAS Ianyaeea i it deyiqd by 2 after

T (I'nvitrogen; Cat # 12309) and 1.25 m of
pwm”%ﬁhg?rgﬁﬁ$%btlon reagent was diluted in 1.0 m of

[049] ORHCP B Ind o%l@rﬁgntm th'i anst&erld \@r&n{b%@gﬁéhtt oYMBFEEC device
added together to forma |ipid conplex and 1 ncubated
100, rénardt@omilunudrel? Oatin froplmtcenpeltgpl wfcente Titkictarpe@hneangireseries to

was t hen %dded to the cells and placed in the
optim ZﬁélePoPalf%? Fyre A%a%a“% alierigrigt Corpscipbpgsonnh dygigrgave
Iy
severd o e R e R PR, FRTEPhSEr lpstap b reduced
becau&0h sgrigs;coansttdd lhﬁﬁﬂ@d:&(]@)ﬂ&:éﬂﬁhdpﬁﬁa rRevabissadaehigh frequency ferrite
Cbrnlng) The rel ative anount of specifjc protein was

core vy lePrRore ks hindEmali s TG L RECaRst K ouROSHECPINbkg epgh resonant
|
mduct?éﬁ/gfg re]ltesrr%le %@%@%@ﬁg@u}sﬁ{nﬁﬁﬁﬁﬁQMe%lcﬁoﬂﬂgﬁRQﬁgig%qg(ﬁat‘{&rt?etween

layers COnaR#I0as, Qlic @ifadifid &dph@ﬂfnee akdtoupliblr CRINORAEY) between layers is also
centrifuging for approximtely 40 m nutes at 3,500
climingep;, TAAw ReFBEKeIPRY lapestaad sowp e 19@?%@”&%4“&@6? pypmauskffect on

the res%%ﬂt%?rg%f)lrt ﬁﬁ‘ t %ﬁ%s 00, o %%%ézﬁh% T%ges ay% T[IJU&JUPG é%n provide

an eft&@b@ 66419 soRtiod Yot the fsoMat Bdivanels ATREE oseneaiiy @t @ther layers.
anpl es were saved wi thout further purification at
Fmall}t Hhasepigb-penifested rgspaat anductys agn belmlmtwhby sialédize derrite cores,

which BN EEREL LRGP RRD S BN ARPRERONT "
[050] Sgece%ﬁ%czzr%(\%nrnteom gtogé oAdse QI%%%%H %ngezm%ng&a{t ﬁ/glt%%eygogirgt of resonant

convelttdfrarlecaﬁ) bt achievad!ByswighidhgPalterihetlodudatibnCind fdddbagkelel Slation. The

per m in mediumin separate shake flasks. Total DNA
two mm&atenq me@gds wergptepariped in detail Fb@@StFVP@»%kegulauon is achieved by

compat, dm?'?lf’e s%%%lﬁ% Vovglgxgta éta%é/\?vztht rlefgr d%\)}hxerg)égs ‘ésnlta% mé)dulate the
phase binGe paksesvifi@ror 16k SWinhtes1-aY in micﬁﬁﬁﬁdo@tzem@ 126n

al i quot of DNA Max conpl ex was added to the flask of
[051] ciEld. 8 1Hmﬂramsame@lempla@neﬂqmmmaﬁmf af fe¢dback baires l@paltiongd the

at 125 RP Nb 370C and 8% C2. [0345] Cell supernatants.
resonapiesivetarsP edhe yeedpagksoatp BigopiR oBthE resopprl ogaygster 120 is a
e f 0
cruual:;fa"{l{]n;{ i %}Sgigtfﬁ%g]ﬁ ?%5@ ?Jd @6%6%% n;)?l?eftés ep’tc]p%%t B 5 r&?lb)k;@ power

flow. RradPi dvandr Rog, 18mcrunqg>)sed a"ffwre@@{aat VM&lgaMMg @fcuit 182, an
specific protein was determ ned by ELI SA using the

error C%ipwa@r desapdpddV Mom%e@en%@r 48¢rpPagngiieetart up mode, the
t L.

esonaFIGRRV LA AL CURC BT 00D VDKL
error aﬁmhiigh aatpuy fromAhanbmpayitot R&D&uﬁyﬁﬁe PVBM &ASME palk8 @:né)ﬁtor 186

ti activin A precursor antibody (R&D Systens; Cat
will thweél}cefadvglm dvaniionr sl phase shotl, SFPRETHS. @HAMACPHE: resonant
concentrated sanples was saved w thout further
pdrlflcatlon at this point for live cell assay. The
(052] SPEENRS g&%&ﬂa@wﬂ?'&&aeﬁ% &nd e@-xa‘ij%e!dg}aﬁ%l%é}‘nsl\g?ﬂ ERR1 thPough

oncentration o P agai n 0.

the ICH 122 ardede dBidlarbted as tpe rraslateahioslghvdfeeqdada@etd: ebartrac Aeld formed

scross AP L PP PO b Tt P PR f the quadrupot

concentration of approximatgly 10 ng protein per m of
resin. After |oading, the colum was washed and
protein eluted with a linear gradient of imdazole

(O 50Ch“® over 20 colunn vol unes. Peak fractlons wer e

L, e N T e ) o o, AN N

voltage



>ACTN6: SEQ ID 7
GLECDGKVNL CCKKQWFVSFKDI GANDW | APSGYHANRCSGKCPSHI AGTSGS
WGLBBHBTU NI—IYRI\/RGI—lSPFADI\/EACCI PTKLRPNVSM.YYDDGONPCKKER 009108

P‘a‘“ﬁ%@%ﬁf’y&é&w B &ﬂ?\rfﬁ)ﬁ‘é%\lfﬁplﬁ%c%the S Y erc

Simildly, the feedback loop 180 of the grid-tied bidirectional converter 1 10 W111 force the

LSFHSTVI NHYRVRGHSPFS CCl PTKLRPI\/BI\/LYYDDCQ\II | KKDI Q\NM
energy/catiscisdgt digernys 18ED oy back to the power grid. &
NYCCKKQDF
[053] %_g 1 ustratesanexem\é lg(grln 1memo r%%YnI;Iﬁ\tl\l \}/<0 agé(s:egghnlg'%%lc-act; 182.
The inpuPh RYRGESRES Rl i BIRMEN e RSN st EMYhat v
e”’% é@ﬁ SACTNG® SeEQ D10 wY

whoseﬁsﬁ%@@cﬂ%@ﬂﬂ@ﬁ\é@lﬂ@bmﬂé ARSEGEY HANKCTIGKCHSHE AGTBGEvoltage
SLSFHSTVI NHYRI\/RGHSPFADLGACCI PTKLRPI\/ISM_YYDDGSJ\II [ KKDI
sensing oYEEECS [SulbTrig 0 1s coEplef ty g error compen%ator of the P\{/(NPor ’S

CO“"OgEWEﬁW W%%KKDI qﬁ%e can

be opticaMiz e EG e dsThg fekdbakQidnial flo? the control oop 180.
GLECDGKVNL CCKKQLFVSFKDI GANDW | APSGYHANHCSALCPSHI AGT SGS

[054] SBenefits of this method include low cost, high voltage isolation, and simple
LSFHSTVI NHYRIVWIS CCl PTKLRPNMS YYDE)GQ\I | KKDI
implenyeptpitgrd BEALEE) th ipppityphotocoupler x%h high voltage éR/ %Mder

reswtoéa ng':)-:()se ngggﬁ% é@i@%%@%@%@ﬂ@@@@ave very

high r&YIRGENI | KKDI QNM V' EECGCS >ACTN13: SEQ I D
14GLECDGKVNL CCKKQDFVSFKDI GANDW | APSGYHANKCSGKCPSHI AGTS
[055] Cﬁmulatlon and Experiments: FIG. 10 illustrates simulation results for various partlcle

streng F T IN @%GZEPFS V]c®q§ép-lrl|§sLtrRaFt)l\éSMT% rectFmon nergy

current IDVEZEEG@BuDﬂ@H&]sﬁm BEQnE Bnd e generation time are illustrated correspondmg

ECDGKVYNL CCKKQDFVSFKDI GANDW | APSGYHANRCSG_CPSHI Al
to the mtensity of particle b(ga:l)rlr:l mjectll%n which is modeled by the image currergt;l;gtcl;rsc'e L In

FIG. 1@%@@@5{%?@%@%@%@%@%%@%&@@%

particl L ECRGNL CERIK ChEMSE KIR, N ARSEY HANHESGhBRBHHREHSESal to the
S .
image CRrHETV NS RVRGHSPREOUEN Aed Pt RmNBIMEY Hsmdel 4 ROPeRmistor Re

whieh & E R RO BB R B U BSEP S ArAS ™
that re@le&ﬂr!ﬁﬁchbMRMgﬁdsmﬁﬁyPEMﬂﬁliﬂﬁ%mblu&ldabr@%’k due to

VEECGCS >ACTN18: SEQ I D
the mSl@&IEMHNY@@KK@WSﬁk@D@NMqWSMP@S@@%WA@T%mA

when B i TS RN BRESUBNT AR i) Dpeeon
case. FroWEEOITS, R ACHNESed BRaQwhEh 22 fusion energy is between 15W and 20W, the
GLECDGK\/NLCCKKQDFVSFKDI GANDW | APSGYHANKCGGKCPSHI AGTSGS

averagsmhmwwvm@@wmw@w PERL REMBRR BYEHEoNte Kikmeepine value
(powellge %%@i?}u >ACTN20: SEQ ID 2 1
p c&ﬁ‘% L CCKKQNFVSFKDI GANDW | APSGYHANKCGGL CPSHI AGTSGS

[056] %@%NWE@W%T&%MQWMG%QBWMG plates

124 of MWK{W%&@H@WdSAmFMW@%H iA@E@&d at the

SLSFHSTVI NHYRMRGHSPFANMGSCCl PTKLRPVSM_YY L(lé
quadrupolgmiatescd 4 freTaustey vg@@q senbbsck to the power grid via the bidirecti onal grid-
tied CO%%EB@%NLCCKK@FVSFKDI GANDW | APSGYHANRCDGLCPSHI AGT SGS

I NHYRVRGHSPFALMGACCI PTKLRPNVSMLYYDDGONI | KKDI Q\NM

| VEECGCS >ACTN23: SEQ I D

24 ECDGKVNYCCKKQDFVSFKDI GANDW | APSGYHANKCDGKCPSHI AGT'S

GS

SLSFHSTVI NHYRMRGHSPFSDMGSCC]|, PTKLRPNVSMLYYDDGONI | KKDI Q\NM

| VEECGCS >ACTN24: SEQ ID 2

GLECDGKVNL CCKKQDFVSFKDI GANDW | APSGYHANRCSGRCPSHI AGTSGS

S
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>ACTN89: SEQ I D 90
GLECDGKVNI CCKKQLFGQTKDI GANDW | APSGYHGGGCSGECPSHI AGTSGS
W(82009/158720 PCT/US2009/049108

0571 ST YA SRS RSHRRLEMGYRARRM SR MM acior

(illus St ECREUND COKKRSk G R BARNDWs b ARBGIHIAGECSGEGRSH AGTSGHRH and
S
the enpdpedranagiyRAREHSPEARI adeaeT RiPVENL Y DOGORS IR cNwger Re of

the el RS R IS RS R e A g i o

the safe as the switching frequency of the resonant converter. With the closed loop control
LSFHSTVI NHYRVRGHSPWANLKSCCSPTKL RPVSMYYDDGONI | KKDI %\II\N
180, IggFdacTink Acitng2Y nSEWh ms@mnt converter can generate 3 kV, 1 MHz resonant

Voltag§ a%g%)gg@él\ét C%FKK%FG%‘PV(QLIH 1I APSGYHGGECSGECPSHI AGTSGS

058) Vggggagm%%@@g@w@%m@mwmawu%s ony

with ngaQi GRSV NI s (kIR QR K EN VIR d VAP S sIBECTHIREREH Al &adily
apprewpﬂgﬁh%mm@l@mmdxsmgwmﬁpmwmw KKDHQRIMKEY Of

char g R i BRSSP | AR L b 891 eslaraors. As

one ofdrdinary skill in the art is well aware, hléh power ion beams from high current ion
LSFHSTVI NHYRVRGHSPWANL KSCCS TKLRPVMSMLYYDDGONI | KKDI QRW
accelep@@@@;msaé ievaiqNsopaiaslcad aertsodd mycarhle sqf@pga ldé@e@q‘e and

engln%nt d&ﬁ@&s% ﬁ}I)p VE%EI%S%?@%EG?&}[ mgenswe fOC}Ny I‘DOS& XP&G energy lS Slmply

waste%%ﬁ%ﬁJWf{g@ﬁ Tﬁﬁ%&ﬂ@g&ﬁ?& W&@mh

energYCOBMOUTRETBOGETECE0CO00T GUAWEENTHRAQCCAAGTOTBABGCAG cxtraction

e e e
o N S

provideAMEAE AR USEEHOEHB A E AN S MGG A E
AGATTTCCAAGGAAGGCAGT GACCTGT CAGT GGT GGAGCGT GCAGAAGT CT G

extrac BETUTEREEVARAAGHRODBENATEOCRACAGENECAGEATEANATEAT e lectric

o S S O o

recognT@@@@@@mmm@@@@@b@A@aﬂmnmmecovew
AA GAGGAGGEGGEAA GAA! GA

and xS oR AT A CCANAACEA A A AR R TOCT

[060] %Irlﬁ-r 1%&%%@?% &eﬁﬁla}iprecllzge % am}%%{%éyl%g the

ei n regions’ ype Activin

kineticng} Qf%ﬁar ed particles could be used for efficiency enhancements in neutral beam
GGAGT (%OGACGGCAAGGT GAACATCTGCTGCAAGAAGCAGITCTTCG

accelem@mmwm@me@@mwwm@mmes are
et 1 L

settlngm JMW @mﬁﬁ@gﬁ nstraints
GCCCATGAGCA GCTGTACTACGACGACGGCCAGAACATCAT
that arisTEOMEAAGATGATAGT BEACSANETIERGEOTGEABITARC BWPUTSEQHHDamm

beams 4 oo S R P R A AT IR ARPAR B RERAB TS C crerey
1s usua-ﬂ-@ﬁm&r &»G@&T@%A CGAR HFFFd A help to
é‘g’;@é@ GCCCCAGCCACAT CGCCGGCACCAGC P

reCOVGKM&M@WWMBQAGAMMGATOAACOACTAOAGBATGA%
GCCACAGCCCCT TCAGCGACCT GGGCAGCTGCTGCATCCCCACCAAGCTGAG
GCCCATGAGCATGCTGTACTACGACGACGGCCAGAACAT CATCAAGAAGGAC

ATCCAGAACATGATCGTGGAGGAGTCI:%‘GCTGCAGCTAA >ACTN3: SEQ I D

99 1

GGCCTGGAGT GCGACGGCAAGGT GAACCT GT GCTGCAAGAAGCAGGACTTCG

TGAGCTTCAAGGACATCGGCTGGAACGACT GGATCATCGCCCCCAGCGRCTA

NN PN A N N I NLNT" "N N SN\ N N NI NN N NN A NN T SNV N NN NSNS\




CCACGCCAACAGGT GCAGCGGCAAGT GCCCCAGCCACAT CGCCGECACCAGCGG
CAGCAGCCTGAGCTTCCACAGCACCGT GATCAACCACTACAGGATGAGEG
W TCGCCAACAT GEECAECCT GCTGCGT GCCCACCARMITSIN®/049108
[061] G@@%F@%gﬁ%%gﬁ &%ﬁ%ﬁ%m%%%ﬁ%%ﬁ&e to
ATCCAGAA GCGECTGCAGCTAA >ACTN37: SEQ
specifiderii@8liments thereof. It w111 however be evident that various modifications and

GI, GAACCT GT GCTGCAAGAAGCAGGACT TCG
Changw%@@&?m% CRCAFCATESOaRBEACEeRTAl the

oo A A i

of proGSEAGAGSCECT GARCPACATARECACETHGT REATROCCAGTAAGETGABsrati ve,
GOCCATGAGCAT GCTGTACT ACGACGACGGOCAGAACAT CATCAAGAAGGAC
unlessOotigsarss ACATEATOHF CEAOtATT b Ermed AR sNterRpigr adgional

Proce e et B R S P AR BAE ™ e

each fI4ENSOT DOAAGAGAER IR TKEGAACHALT (v heA n in other
CCACGCCAACAAGT GCGGECGGRCAAGT GCCCCAGCCACAT CGCCGGECACCAGT
embodyneasCACHErSABE PRCCHRCACENCTGTITATARCATY AKAGAT Satady be
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desireAT GCASANGHT GRTIAHHGA AT LB THSAETAR inAhNSQhe §llhed claims
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and the 3 5@ATATESAGT GCGACGECAAGGT GAACCT GTGCTGCAAGAAGCAGAACTTC
G TGAGCTTCAAGGACAT CGGCT GGAACGACT GGATCATCGCCCCCAGCGRCTA
CCACGCCAACGAGT GCAGCGGCCT GTGCCCCAGCCACAT CGCCGRCACCAGC
GGCAGCAGCCTGAGCT TCCACAGCACCGT GATCAACCACTACAGGAT GAGGEG
GCCACAGCCCCT TCAGCGACAT GEGCAGCT GCT GCGT GCCCACCAAGCTGAG
GCCCATGAGCATGCTGTACTACGACGACGGCCAGAACAT CATCAAGAAGGAC
ATCCAGAACATGATCGT GGAGGAGTGCGGCTGCAGCTAA >ACTN4O:  SEQ
I D 136
GGCCTGGAGT GCGACGGCAAGGT GAACCT GTGCTGCAAGAAGCAGCTGTTCG
TGAGCT TCAAGGACAT CGGCT GGAACGACT GGAT CATCGCCCCCAGCGGCTA
CCACGCCAACCACT GCGCCGRCCT GTGCCCCAGCCACAT CGCCGECACCAGC
GGCAGCAGCCTGAGCT TCCACAGCACCGT GATCAACCACTACAGGAT GAGGEG
GCCACAGCCCCT TCAGCAACAT GEGCAGCT GCT GCGT GCCCACCAAGCTGAG
GCCCATGAGCATGCTGTACTACGACGACGGCCAGAACAT CATCAAGAAGGAC
ATCCAGAACATGATCGT GGAGGAGTGCGGCTGCAGCTAA >ACTN4L: SEQ
| D 137
GGCCTGGAGT GCGACGGCAAGGT GAACCT GT GCTGCAAGAAGCAGGACTTCG
TGAGCT TCAAGGACAT CGGCT GGAACGACT GGAT CATCGCCCCCAGCGGCTA
CCACGCCAACAGCT GCAGCGGCCT GTGCCCCAGCCACAT CGCCGRCACCAGC
GGCAGCAGCCTGAGCT TCCACAGCACCGT GATCAACCACTACAGGAT GAGGEG
GCCACAGCCCCT TCAGCGACAGGEGEGECGCCT GCT GCATCCCCACCAAGCTGAG
GCCCATGAGCATGCTGT ACTACGACGACGGCCAGAACAT CATCAAGAAGGAC
ATCCAGAACATGATCGT GGAGGAGTGCGGCTGCAGCTAA>ACTNA2: SEQ | D
138
GGCCTGGAGT GCGACGGCAAGGT GAACT ACT GCTGCAAGAAGCAGGACT TCG
TGAGCT TCAAGGACAT CGGCT GGAACGACT GGAT CATCGCCCCCAGCGGCTA
CCACGCCAACAAGT GCAGCGGCAAGT GCCCCAGCCACAT CGCCGRCACCAGC
GGCAGCAGCCTGAGCT TCCACAGCACCGT GATCAACCACTACAGGAT GAGGEG
GCCACAGCCCCT TCAGCGACAT GEGCAGCT GCT GCATCCCCACCAAGCTGAG
GCCCATGAGCATGCTGT ACTACGACGACGGCCAGAACAT CATCAAGAAGGAC
ATCCAGAACATGATCGT GGAGGAGTGCGGCTGCAGCTAA >ACTN43:  SEQ
| D 139
GGCCTGGAGT GCGACGGCAAGGT GAACT ACT GCTGCAAGAAGCAGGACTTCG
TGAGCT TCAAGGACAT CGGCT GGAACGACT GGAT CATCGCCCCCAGCGGCTA
CCACGCCAACAGGT GCGACGRCAAGT GCCCCAGCCACAT CGCCGRCACCAGC
GGCAGCAGCCTGAGCT TCCACAGCACCGT GATCAACCACTACAGGAT GAGGEG
GCCACAGCCCCT TCAGCGACAT GEGCGCCT GCT GCGT GCCCACCAAGCTGAG
GCCCATGAGCATGCTGT ACTACGACGACGGCCAGAACAT CATCAAGAAGGAC
ATCCAGAACATGATCGT GGAGGAGTGCGGCTGCAGCTAA >ACTN44:  SEQ
| D 140
GGCCT GGAGT GCGACGGCAAGET GAACET GT GCT GCAAGAAGCAGAACTTCG
TGAGCT TCAAGGACAT CGGCT GGAACGACT GGAT CATCGCCCCCAGCGGCTA
CCACGCCAACGAGT GCAGCGGCAAGT GCCCCAGCCACAT CGCCGRCACCAGC
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GGCAGCAGCCT GAGCT TCCACAGCACCGT GATCAACCACT ACAGGAT GAGGG
GOCACAGCCCCT GGGCCAACCT GAAGAGCT GCT GCAGCCCCACCAAGCT GAGGC
WEBATEEBAT GCT GTACT ACGACGACGGCCAGAACAT CAT CAAGARCIZHE2009/049108
ATCCAGAACAT GGT GGT GGAGGAGT GIGGGTGCACCTAA >ACTN78:  SEQ

ID 174
What GGICTEGAGT GOGACGGCAAGGT GAACAT CTGCTGCAAGAAGCAGCTGTTCG
GCCAGGCCAAGGACAT CGGCT GGAACGACT GGAT CATCGCCCCCAGCGGCTA
CCACCEEGHck s T rAH S ANGE RPRGABGCCACAT CGCCGECACCAGC
GGCAGCAGCCT GAGCT TCCACAGCACCGT GATCAACCACT ACAGGAT GAGGG
CRGATABICREGT CRRTANGGTEAAGAGCT GCT GCAGCCCCACCAAGCTGAG
GOCCATGAGCATGCTGTACT ACGACGACGGCCAGAACAT CATCAAGAAGGAC

AT GRAGACATGETCETEEAGGACTOICRAEGRACETAA cHAGENT S:rteSED inductor.,
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plural %@@%T%%%%@%%Wm@%%&ﬁ@ voltage to

a pul sEPECIEHAGT GCGACGGECAAGGT GAACAT CTGCT GCAAGAAGCAGAGCTTCG
GCCAGACCAAGGACAT CGGCT GGAACGACT GGATCATCGCCCCCAGCGGECTA
CCACGOIESEEEI T BCAGGAGERAGTGROCEAGECACH T OREACAEACEAGE S figured

_ CAGCAGCCTGAGCTTCCACAGCACCGT GATCAACCACT ACAGGAT GAGGG
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CﬁGCATGCT ACTACGA TC‘ATC‘AAGAA
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CCACGBCGGCGECT GCACCGEOGAGT GCOCCAGCCACAT CGCOGGCA
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and anGHSKAEIRO G CHON LMKl GAACAT CTGCT CCAAGAAGCAGAGCTTCG
GCCAGACCAAGGACAT CGGCT GGAACGACT GGAT CATCGCCCCCAGCGRCTA

QLA GEGGRAGE BRCHCAGREACATORTEGEEACRAGRth
GGCAGCAGCCTGAGCT TCCACAGCACCGTGATCAACCACTACAGATGAGCEG
modul gmAEAGRECCT GGGCCAACCT GAAGAGCT GCTGCAGCCCCACCAAGCTGAG
CCCCATGAGCATCCTGIACTACGACGACGGECCAGAACATCATCAAGAAGGAC
ANFCCA TP RGSRAERE SRy ACACT TR A TR Bhasgshy 1

modul tB

O & 5 GT GOGACGECAAGGT GAACAT CTGCT GCAAGAAGCAGAGCTTC

Cé GOAW%W%&M 3 @Q%I&mt
CGEOGCOCECT GLACCEECCAGT GOCOCAGUCACAT

convermmw TCCACAGCACCGT GATCAACCACT ACAGGATGAGGG
GCCACAGCCCCTTCGCCAACCT GAAGAGCT GCT GCAGCCCCACCAAGCT GAG

] TGAAGGTGGAGGAGTGCGGCTGCACCTAA >ACTN84: SEQ
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GGCAGCAGCCTGAGCTTCCACAGCACCGTGATCAACCACTACAGGATGAGGG
capacit g ENCAGRONETY O @A AAGAGCT GCT GCAGCCCCACCAAGCTGAG
GCCCAT GAGCAT GCTGT ACT ACGACGACGGCCAGAACATCATCAAGAAGGAC
ATCCAGAACAT GGT GGT GGAGGAGT GCGRCTGCACCTAA >ACTN85:  SEQ
I D 181

GGCCT GGAGT GCGACGGCAAGGT GAACAT CTGCTGCAAGAAGCAGCTGTTCG
GCCAGGCCAAGGACAT CGGCT GGAACGACT GGATCATCGCCCCCAGCGGECTA
CCACGGCGECGECT GCACCGGECGAGT GCCCCAGCCACAT CGCCGGRCACCAGT
GGCAGCAGCCTGAGCT TCCACAGCACCGT GATCAACCACTACAGGAT GAGSG
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[012] Feedback regulation is achieved by conparing the
sensed resonant voltage with a reference, while its
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ustration. [020] Figure 5is a
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generati on. Figure 6 is a graph providing a

mechﬁgaﬁmnﬁmeﬁwnWbdulatlon illustration. [022] Figure 7 is
a schematic of a Phase Shift Mbdul ati on generation
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[QR27] THemsysd eMsladnds M@iHee G&nﬁﬁﬁﬁg trﬁe@kﬂa oF @érfdhrﬂg’lﬁe extracted
directed to a direct fusion energy extraction.[028]
electriggr@rgylbick ta thsl Wiy ditdgr am depicting a preferred
enbodi nent of the fusion energy extraction circuit
(FEEC) device 100. FEEC device 100 is conposed of a
grid-tied bidirectional converter conponent 110 and a
resonant converter 120. In a preferred enbodi nent of
the FEEC device 100 in FIG 1, the bidirectiona
converter conponent 110 inplenents a three-phase
grid-tied converter 112. However, it is appreciated
that the bidirectional converter conponent 110 can
i npl ement different factor E;ase grid-tied converters
for different purposes. For‘-exanple, a single-phase
grid-tied converter (not shown) can be inplenmented for
| ower power appllcatlons [029] In a preferred
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