MUTANT SOX PROTEI NS AND METHODS OF | NDUCI NG PLURI POTENCY

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s application clains
benefit of, and priority from U S. provisional patent application
No. 61/272,793, filed on Novenber 4, 2009, the contents of which are
hereby incorporated herein by reference. FIELD OF THE | NVENTI ON

[ 0002] The present invention relates to nmutant Sox proteins and

nmet hods and uses thereof for inducing pluripotency in a cell.
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Sox/Oct pairs that build the core of regulatory complexes in various cell types and for
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[ 0008] To understand these nechani stic differences, variant sox/oct
DNA notifs were identified, including a novel conpressed sox/oct
notif in nouse enbryonic stemcells. It was di scovered that Sox2 and
Sox17 exhibit inverse preferences to assenble with Cct4 on the
canoni cal versus the conpressed notif The present invention relates
to the discovery that the preferences of Sox2 and Sox17 can be
swapped %rﬂ%@%l@%@%&%f@@!lxﬁa{cﬁﬁbﬂﬂ@&oﬁﬁthl n the protein contact
interface that binds to Oct4. These results were al so extended to
Sox7. This nutagene5|s prevents the formation of an QOct4/ Sox17

conpl ex dA0PBk chiprasadd bt Pst) fmdlies sressiepeeadopasioit@ratit on
on the C%ﬂ&ﬂi&é}ﬂes hibdiy, Sk o iﬁtleﬁ‘gdtléynetf%i?ncraﬁ SR NR %te%@éelg%rﬂé}g Sox17
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observed wt ox2. Accordi.ngly ound that nutants
of - Soxz. i RiprleP RS B G e Rr e st R GBS domi n of
Sox2 t ogeichesditktitntibhelidetd céicha Hxsﬁﬁéti%mpﬂﬁmvab&h HSQMJat@iras $eg< 17
resulted in _an increased pl url/g)gtenc [ ndak%tl on efficiency of

Thus, t he°Basent crlilartirsPoat/Sstyar aredial goioreindFSbevie (§oxehdt R
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or Sox 17 increéases the piuripotency induction efficiency of

[ 0010] The>-dast ak éd?ztgcﬁbewr(é@@) A80:34731R8; Prx@dime Waﬁ\f@mﬂumnmrﬁ@y irtyeeuged ed
to induce I | i

di fferentdleg%lg grﬁ(tf(l??r}%us’ gfgai]C@SlCélr%rﬁl po'f' g%{%gﬂrh%?sgmf]ﬁéé I‘B}r{ glént

i nventi on-e@iistes glell aglBYKublbrel, m%alamﬂzdiﬁsrfzqt998b1e73MEe$ﬂ 75axd pedtiei ns
for indu ot enc eII 0011] Th n one ect he
pr esent %gﬁ% Sg‘ﬂw F%?Hoﬂg?tew %tﬁt ug 64“ %%eimf{?mbart@flégtﬁ aEBYifrrﬁt & ng
a mutati g joe/apy @0oRNigaosecifls 88 to 108 of a Sox7 or am no acids
111 to 131 of a Sox 17 protein wherein the mutant Sox7 or Sox 17
proteinis ¢ &able of conversion of a non-pluripotent cell to a

pl uri pot SN/MMARY 6D ATHE ENYENTI@Nect, the present invention
pI’OVI des a nutant Sox7 or Sox17 protein conprising a nutation in the
am no aC|[Qogéhueﬁﬁ@uetmwéﬁortgh@‘f@é)ﬂ@;@ﬂﬁl}ﬂ@dmeihn seroelt B teprogranfiage of a
Sox7 or 17 te| he nut ant 0.4

conver si o gr B AR 2eb G PR 2B PR NP S YO8  The
mut ant Sd¥wpratiak arelcspﬁlmﬁtaﬂatfeaS@ﬁﬂthaﬁcbtcehﬁnmﬂ itgiepdtb eahaignt , and is

a nmutant Sox 17 protein in_another enhodinent. [0014]1n the, nutant
Sox7 or Wipﬂa‘ﬁ}?‘gt 8T Framgg Sakt F ALY lfgg?qgu@ﬂ'sﬁx]tﬁée &a&gﬂe’@ fo

L SQKRPYVREAFRUR MRN8, LARKRPFVEEAERLRVOHMQD nay be subst it ut ed
with a different am no acid. In some enbodinents, the glutanic acid

| ocated at anmino acid 99 of the Sox7 or anmino acid 122 of the Sox17
prot ei n i[80B{k at ke Present Bventonpw@l vas mrated Rex piotsingthatihaveasawirgdtat ed

at .am no
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pr esent |nver§)g| on Etrﬁo Zdeﬁ ) nucl ei ¢ acid nol ecul e encodi ng a nut ant
Sox pr ot eF RS BB A n. [0017] I n another aspect, the present
i nvention provides a nutant Sox protein conprising an am no acid



[0018] The C-term nal activation domain nmay be the Cterm nal
activation domain of a Sox7 protein or may be the C-term nal
activation donmain of a Sox 17 protein. [0019]1n another aspect, the
present invention provides a cell expressing a nutant Sox protein as
descri bed herein. [0020]1n another aspect, the present invention
provides a cell conprising a nucleic acid encoding a nutant Sox

protein geoggpcr T@ﬁﬁ’deﬁ%{lﬁi tgese fl&@%ﬂtﬂc 4 BRHRE v aRER §&;§/@ct‘]ﬁ@A Rlogigent
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and Kl f 4 wedOtts ot oidiahbmiod vetsid @b kempressed hawdf h Thd presdar inoaitibnstlens o
cells. [0022]1n another aspect, the_present inyvention provides a,

met hod ofths ﬁ%%?éf@afgtg%mw FORCH 9% _awf %W?%P%Wépes@ Py fytaging amino

pl uri pot epld e@hles Witk e HRALL COMM: ifikiPe ¢Rn B85 B5SEAT Thike thBlts were
non-pluripotent cell i) a nmutant Sox protein as described herein; ii)

Qct 4;  andilgoigxjended tocies?. Thie moftagenepiscoraveatskhs Brinpiémn dima Qotd/herld

expr essi tor | ri t - bl uri-po . I% | :
cond &1 ongmbii e el Mol ARINDc bl BERERIHER op plchapepice
non- pl ur impaifedtikoelyl, theay-ehgineerdd RoxobhalsIoxd7 as avkste podiyoralepsdgeammiigl .
I n one enbqdi nent,. the non-pJuripotent cell is enmryoni.c ,
fi brobl asa_p%f PR eEtEllzieon CRERpe R il Py 3 e REaTET Ergd wit
adi pose- ti¢5 bE pReibbitee) dIBERREOYBts. Stneid 6@l chnbollBR44] JRE mutation of a
non-pl uripotent cell may be a hunman cell. #0025]The non- pl uri pot ent
cel | may sHeleacyde rasisup i Jax7ros Sent T medls ie achange imprpfeammon farghg yarious
di f f er enty I . pr esent
inventioAyﬁﬁﬁﬂﬁggggﬁgkgg%g#%%?%?gﬂﬁﬁégéﬁggﬂgwgﬁﬂ%%%ﬁgiﬁ%ﬁ&gﬁ the art
upon r evipdwipptenchen 4 cdlll thatiimpard@bcori fplly dififecdntistpéci fi ¢ enbodi nent s of
the invention in conjunction with the acconpanying figures. BRI EF
DESCRI PTI THE N 27 e f.iqgur . Lch illustrat y
way of k0BTt obfy SO Nl SR itk e b et TPk b
foll ows. tb@2Pploipguie ®NA nkMBAS tvas sissssd Boxihe nhox2dHSEs7 addos pasey
nucl eoti de
ex

ﬁfbit greater efficiency of inducing pluripotency than that observed with wildtype
Sox2. Accordingly, it was found that mutants of Sox2 that were created using the high
mobility group domain of Sox2 together with the C-terminal activation domain of Sox7
or Sox17 resulted in an increased pluripotency induction efficiency of Sox2. Thus, the
present invention also relates to the discovery that replacing the C-terminal activation
domain of Sox2 with that of Sox7 or Sox17 increases the pluripotency induction

efficiency of Sox2.

[0010] The mutated Sox proteins of the present invention may be used to induce
pluripotency in a cell that has partially or fully differentiated and thus has lost
pluriopotency. Thus, the present invention also relates to methods and uses of the mutant

Sox proteins for inducing pluripotency in a cell.

[0G11]  Thus, in one aspect, the present invention provides a mutant Sox7 or Sox17

protein comprising a mutation in any of amino acids 88 to 108 of a Sox7 or amino acids



[ 0029] Figure 2: Confirmation of retroviral transduction in i PS clones
derived by Sox2, Sox2KE, or Sox17EK. [0030]Figure 3: ldentification
of a threshold for the canonical Soxf Cbp_octf notif [0031] Figure 4:
Expanded search wi ndow used in search for true notifs. [0032] Fi gure
5: Insertion of unbiased bases into the notif does not significantly
affect the notifs ability to di scover sequences. [0033]Figure 6: The

full tablig1ed 1v26f 280 17BEdidis wheRMEE nRGRL B&t7 6r%x$¢§ﬁ%&e@?is4:aﬁb'lé°of5 €q
results. [0034]Figure 7: in silico discovery of sox/oct variant

nmotifs. [COUBBJoFpipman-guripytertteelbindg prippedgplly of Sox2HMG and Oct 4PQU
(A) and Sox17HMG and Cct4 (E) on a series of different notif

confi gur aphPRs. Fi : i rendhal

Sox2/ Octi an Sol&%g?[‘cﬁ)]élt dﬁg%&?l’q{l%%reg%}n%r@g%gogﬁ %%&caaﬁaﬁg%kygfg%gt S.
(B) nodelprgamamprising a nheatdinfif teantinaicidsgeask gnaidingok0Adtpdotaind
Sox17/ Cct4 _on .t he. canoni cal yer.sus ,the .co essed el enent.. )

£0037] Fi GAPECHBToROT AN o8 R REY | GPTTtRE VAR HD AT TE SqR R 6B ignoe
nouse SoxoRveddiei b5 {dB)pltipaiait velto amldepotatepdr ed usi ng pynol by using
the structural coordinates for Sox17 and the Sox2/ Cctl on DNA.

(O Poi nt tiops at t Sox/Oct4 interface swap the different].al
assenbl y [ Vi 0 ed’f"“%’&f@"é’ﬁ?fe@é%i‘?‘“&ﬂt RYREHP O8F © g‘?élﬂ?ﬁmtﬁéhsa

conpr ess eshtflt SR proleRPBGhEiheMolimerghar act eri zati on of i PS cl ones
reprogramed by Sox17EK. A. Conbined bright field and fl uorescent

phot ographs. are presented of isolated i PS colonies. B. Q RT-PCR was
per f or med0® Hldet 8rths mutaptSaxd ©5 Senl orrofsity pApyRBA dGid gevdis thibespaieBrones

e A R T P S

of i nducedbgituied woh eddierers iaminoGCKl. dh emme emboditnkntSoke glotanrivbadicaot
Sox4, S Sox 1 .. ~[.0040] Fi . Pluripot.ent i
Cnduced By R AER X elyapar e Rttty T SRR AR ERSH bt Sme

pl uri pot eftydiments, the glutamatic acid located at amino acid 99 of the Sox7 or amino acid 122

of the Sox17 protein is a substitution with lysine.
[0015] The mutant Sox7 or Sox17 protein may be a human Sox7 or Sox17 protein.

[0016] In another aspect, the present invention provides a nucleic acid molecule

encoding a mutant Sox protein as described herein.

[0017}  In another aspect, the present invention provides a mutant Sox protein
comprising an amino acid sequence encoding a high mobility group domain of a Sox2

protein and a C-terminal activation domain of a Sox7 protein or a Sox17 protein.

[0018] The C-terminal activation domain may be the C-terminal activation domain of

a Sox7 protein or may be the C-terminal activation domain of a Sox17 protein.

[0019] In another aspect, the present invention provides a cell expressing a mutant

Sox protein as described herein.

[0020]  In another aspect, the present invention provides a cell comprising a nucleic

acid encoding a mutant Sox protein as described herein.



[ 0042] Figure 15: Chineric Sox2 and Sox17 proteins and induction of

pl uri potency. [0043]Figure 16: An overview of the generation of human
i PS cells using human adi pose-ti ssue derived MSCs. [0044] Figure 17:
Human i PS col oni es i nduced using Cct4+c- Myc+Kl f 4+Sox17EK. DETAI LED
DESCRI PTI ON [ 0045] Her e, reconbi nant engi neered Sox2, Sox7 and Sox17
proteins are described that may be used induce a cell that is not

pl uri pot 0021 bECEBRIcPAUEdNBE BREent QAR Tevil@corbEhadst inggineer ed
protei ns possess features from Sox2 and from Sox7 or Sox17. A Sox2,
Sox7 or SeR1ersips ofjspaen-plyripeientissld o splyueeien cathdhe methed gerepraeng @liupag
adapted tq.Lhec f 3 L rfng ::
cequence 1M LEpIFo e cERLhE kAR PPN b RE Priiih o RRoRpAHr i g
sequence 0s4;3od Tii)mt 1e8ehobh@ pf cne4n{ BdiEhand in SoxiRionSex@Ebddr Sowtizofr ef er s
to a highlﬁ)cons%rve Ifarn'ly of proteins. Reference to a Sox2, Sox7
or Sox17 PrYE "' t'R&F"Ss used as the starting sequence mior to
effecting the nutations as described herein, includes reference to
any Sox2,[0622]7 Ol ahothtrasped] e Prekdhdinvegiiai pisvitiésen mkthbdd bfindingnt er act
with Cct4 and to girect t.he specific functio ﬁf thaé Sox2, Sox7 and
Sox17, fGPR¥SIEARPE BT PEFPQR Rl i A PIHERCIER! chiki Tt BRHAL gorgprising co-

pluri pot eRge<figs in$98<§oniﬂ[1riﬁ$}€nt@€1\l’ 8 ORABRIRK rALR ok BeRAFQOREAR i)
differentiation of Sox7 or Soxl1l7. 'The Sox2, Sox7 or Sox17 starting
sequence Paid; dnd 1) at draptvane of cwhicdng Baf4donne ongyxiorg exi8eseion, vegiorsey be
any frag . . t [ (NS, i L.vity of
the soxo. o BRI EBlen R ARt SRIBIR LU i it Y
Sox2, Soxéllor Sox17 prior to any mutations as described herein my
have one, two, three, four, five, ten or nore am no acid insertions,

substi t uty (1 ncl udi .conseryative 1N cid substitutions) .or

Gl ot i ond0B2R B AR R S Rbk b8 o BB PR PGl it S b iR BRt 1R

mai nt ai neghe eOdiBleht) theSDrdluridrcht 64l iSax hbploalceibiollsdn dte anbddmentNg
sequence may be any Sox2, Sox/ or Sox17 protein, for exanﬁle from any

eukar yot ithe BerypluiRdienticsl ipnadingpestissue gerved preseichypaltenaedn cel |, for
exanpl e an insect, plant or mammal i an Sox2, Sox7 or Sox17 protein,
InC|UdInququUS@h@ﬁﬂ@ﬁhﬁmﬁ&u@dhﬂﬁﬁﬁgQh@&%ﬁaﬂLThe_SOXZ, Sox7 or Sox17
may be the sane species as the cell in which pluripotency is to be

i nduced, or it may be froma different species_given the high degree
of honol d§929h ebegnaprplipeetey eoll may Ry a pargiaky differsotiged poll PR heeks,
providedjﬁﬁﬁgﬁﬁnﬁﬁ&gthgnt Sox protein is able to function as the
nati ve endogenous protein within that species of cell. [0049]1n sone
enbodi nents, the Sox2 sequence, used as the starting sequence prior
to ef f ectlPAE6k heOthst arreunenchsaees of isedeshrtriayantion Hifpbicoms apprseEitet s
essenti al I f ' . OF 1S
pr ot o) rioss it wfiach 0 i3 o8O Bl 116 LW QR RABHERGREIR"" o5,
or gr eat emtmdiueince thammeitioy imcdtiuenen efithttheacdcohpomimgigesguences:

[ 0050] From nouse:

MYNMVETE CPOOASCEECEGENAT AAAT GENOKNSP NI NAFM
EDENBEPIY FEEDRASPIRERR RAL v
DKYT

VWSRGQRR ikl
P LAP MASGYGVGAGL GAGVN i
gl embodiments of the

KEHPDYKY] TKTL
QRW DSYA&E/R%]SNC%
L QYNSMT SSEIXMNGRETY SMpY SQRETREVAL GSMESVWKSEASSSPPWTSS

SHSRAPCQAGDL RDM SMYLPGAEVPEPAAP SRLHVAQHYQSGPVPGTAI NGTL PLSHM [ SEQ I D
NO. : 38] [0051] From human: ]
MYNMVETELID TEsaEECENSPEAR ATEACING BORIKRACH - faiggr nucleotides.
SRGORRKMAQENP1 CVHNSE! SKRL GAEVKL L SETEKRPFI DEAKRL RAL HVKEH

PDYKYRPRASHET] MKIDIYT ) PRl ARGENSVESCY GYEAGLGAGYNORN clones derived by
DSYAHWNGABNGSYS GYPOHPGE. NAHGAAQVPVHRYDVSAL QY

NSMT SSQT YWNGSPRZ B YSEIRGTREMAL GSMGSVVKSEASSSPPVWTSSSHS



[ 0053] From nouse: MA SLLGAYPWEGLECPALEAELSDGLSP PAVPRP SGDKS

SESRI RRP MNAFW WAKDERKRL AVONPDL HNAEL SKM. GKSWKAL TL SQKRPYVDEAERL RL QHM
QYPNYKYRPRRI CKQGKRL CKRVDPGFLLSSL SRDONTLPEI CNG GRGEI CEDRG EYSP GATLP
GLHSCYREGAAAAP GSVDTYPYGA.PTPPEVSPLDALEPEQTFFS S SC

QEEHGHPHHL PHL PGPPY SPEFTPSPL HCSHPL GSL AL GQSPGVSMVBSVSGCPPS

PAYYSHAT YHPL HPNL QAHL GQL SPPPEHPGFDTL DQL SQVEL L GDVDRNEFDQ YLNTPGHPD
SAAGVGTL T B4IL SQS%EJ@IE&@E&%MM}%%WS%S&@ chieal Bo¥Qtp 48F mo8054]
From human: MASLLGAYPWPEGL ECPAL DAEL SDGQSPPAVPRPPCGDKGSESRI RRPM\IAFM/
WAKDERKRL AVONPDL HNAEL SKMLGKSW CAL TL SQKRPYVDEAERL RL QHM

QDYPNYKY lek dhigmyeckrappisied pesse! [UPEKRSEBRIY BRREmotifs.
DRGEYSPGTAL PSL RGCYHEGPAGGGEEGTPSSVDTYPYGL PTPPEMSPLDVLEP

EQT FFSSP QghPeF& RidRI0aRIE Ybrebdd el Bk AL SRRV R HME P SP
AYYSPATY P L SPPPEHP GFDALDQLSQVELLGD NMDRNEFDQYL
SATGANAL@MPMS@W@'F@TEEPSHCSWAWA@SWNSYSVS [ SEQ I D NO.: 41]

[ 0055] I n sone enbodi nents, the Sox17 sequence, used as the starting
sequence é@éssgr [Fig Gl @eitlengy fa]'iaﬁe %ﬁédtmf@eaﬁea%mﬁ%mx@m4
conprise nsi sts essent a or consists of one of

fol |l ow nFsRgeersds, or is a prot e| n having 80% or great er, 85% or
greater, 90% or greater, 95% or greater sequence identity with one of

L o Ohh SeRUACE ol R TRl B PRI RSERAETA SORQ

APAGT SGRAKAESRI RRPMNAFMVYWAKDERKRL AQONPDL HNAEL SKMLGKS
W CAL TL AHO CFSFVBERSER SR\HRASDHR MY TRBRRFEICQUVKAMEK RVECGSHEOU (A) and

ALVEPQA FPEPGYPAGPPLNSPH G

APAL mv%%ﬁ@%%ﬁﬁfﬁﬁﬁ _ %FW VEVEP
PAGPMVRVGPDPSGPAMPG LAPPSAL HL YYGAMGSPAASAGRGEHAQPQQPL QP
QAPPPPPQIOE EBYHGPEgR SRR R EADPTREX st SNzl df SoDREERnDELREVOct4 on the

YKPEMGEL PY QGHDCGVNL SDSHGAI SSVVSDASS, PDI 7]
Fr om hun&AMPRBSSs, é gw@mBﬁmglNéﬁeﬂ s@eﬂpﬁﬁm&eﬁ%@g
APAGAAGRAK G BIRE RRRNNR I MAAKI ERK Bl RNR M@-@%ﬁ{%ﬁﬁeﬁ glement.

W CALTLAEKRPFVEEAERL RVOHMODHPNYKYRPRRRI CQVI CRLKRVEGGELH

GLAEPQAAAL GPEGGRVAVDGL GL OFPEQGFPAGRPL L PPHVGGHYRDCOSLG
APPLDGYPURIHHTS @Gﬂjﬂbﬁ% ssepplpmouse Sox

B

MGLPYQGHESGHN PRSHEGAI SSSYZBDASSAMAY CUYRDN I{HSE@IJIS Bt HOSox/AB}4 NG0B As

moans. ¢ navep i Barebite LRl tsesand S0 Bb BB Tenh 1 2

starting cogguengieldhdndr to any mutations as described herein,
includes one or nore amino acids, including at one or both ends

pepti de, th t he, addi ti onal i ds do not te ffect
IO L5 s MR R e R A A T S S R SRS v o
have one Cctlﬂmneémg@@ﬁemga ﬂ%reideﬁﬁ:ho&%aaphé bfelp@@8nted of MEIBfe iBRdM6hies.
aci ds at one or both ends of escri bed sequences as descri bed

herein, g oQiRIEECR s nsifermed tgdirtepnise sxpressian af phsipetessegenenby Wit i ve

function , H;?ﬁ?@ REHEHN nt ai ni ng
pl uri pot e(r?é:nfgFegfg%%%@%%yg?%gpg%ﬁ%tofgn 0 %Fuﬁa engéodgr%hm%x? and
Sox17. [ G@p&ksitreoitBER-il\aed Got2lon iMSedaes.i on surface of Sox17 displ ays
a markedly different electrostatic interface when conpared to that of

oot ( Pol BEPWGant ek EF U PR Ghote Sopsg bl 0 1BHERS Sl

bi ndi ng tlﬁuta&{éof\sé){n 8658 8bk B dySdxhe sane characteristics as Sox2
Sox7 and Sox17 bring about findamentally different devel opnment al

ef fects. i S_requi for th devel,o nt. o he epi bl ast
(AVi | i on,Igﬁ.ﬁé eF‘géE? i@ﬂ’é@’%ﬁ\;c @Iﬁ%ﬁnd‘igfg%%g%égﬁ neulroal | i neages




cell is converted to a pluripotent cell under suitable growth
conditions. Such pluripotency conversion can be confirnmed using
standard techni ques to identify known pluripotency markers, for
exanpl e, Eras, Nanog, Oct4, Sox2, Zfp206 or Zic3. The Exanpl es bel ow
descri be techniques that nay be used to confirm conversion of a
nonpl uripotent cell to a pluripotent cell. [0062] The nutant protein
I's an enqooffr edrighfCRNBRARicyRT didation difuripeteaby. pProtein may be an
i sol ated protein or nay be introduced into a cell using nol ecul ar

cl oning and reconbi nant technol ogi es, including transfection,

CransductP@Aelor FIRHFRFR RIS oA So% bl Rrotwns Had indueliosial PREipgtency.

nol ecul e encoding the nmutant protein for expression in the cell. The
nut ant  Sqyg43]SoxKigfife P hiovRFEbNhEBYnRRioABY hAX2iP SIS udiy IRRXh/
protein, for ‘exanpl e insect, plant, mammlian Sox2, Sox7 or Sox17
prot ei n, adipobartissngderivedMECprotein or a human protein. [0063] The

mut ant protein nay be a nutant Sox7 or Sox1l7 protein that has been
altered i € Of: . W ' '

cont act {10020 EreRE £r: kP ESLANE R ATAE O s GRS
substitution to change the one or nore altered residues, or to change
a regi on DETALEREDESGRIPAHONI n, to the am no acid residue or
region of Sox2 that corresponds to or is analogous to the residues in
Sox7 or $0845)] t hHéreareohighany eagiheraiSoxThidx7i sl Sak i Eproglitseraddsathedt he
specific E@ggrg?e%ce in the Sox7 or Soxl7 Oct4 prot eiq contact interface
that has BE&MYAUSrEHIIAFH AR {10! SRERETREC FFCqHeP WA H i ¢
correspondi ng or anal ogous residues fromthe Sox2 Cct4 protein

contact i[0046]f aCehe le8Ridtharlt ofigifcremBteink PBssedbnORE @dmMBIxaRhd Fom/ may
be a hunman or nouse Sox7 altered at one or nore residues in the

sequence SOSORRBYABEAERPRE SpVEIy JosEQiSI uede the BET seucacannhih BRUGHEESe
Sox7 alt QH&dad@{a/teﬁ OFinBlif R EAEERLAURRTIASE AT EUESs Bk QeqhOfte iT850) or
mut ant Sox7 may have E99 changed to a basic residue, for exanple K or
R | n onéo ewbuldiarfeattre ftoneSenk (@ithe Sactifig hepiendeas for7acri Son I BO9K. [ 0065]
For exanple, the engi neered nmutant Sox17 may be a human or nouse

Sox17 alt at i i . - .
LAEI CRPF\I’EE%@RL %E%E*&QT Eﬁ%\%ga%%%géé QE@ e Ved family of profeins.

al t ered &Refanwceas aifok® JoaF bdbed 7iprote@shad iessed ddtht etattBib. seqivacapiicand
Sox7 may ve E122 changed, to.a basic.residue, for ex e.K.or R

0 one. S BHTIHE MR AT ite P cHa el AES RS h IR, SPI06] | n
one par tigeuth Aprodil Gt AR the RS MibraBVALLOR4 lafd BAKIEDBKspdcTicanot her
particul ar enpodi ment, the nutant protein is Soxl 7E122K

[ 0067] Al tiapgiigriod 81ay SoxZ Soxdtndnioxpy doesxamplicither e miveian TEH@MBRHERI n
t hat has : r i i ] \: t

Gt er m nalt PApPieneY &6 sfe 8P ey TRl frl b LR AT SR b 1807
del et i on aiSozlibsTlia Iox2 oPox7@r Shalibgantihg samencemaydrea mlivecredildigs Shxds,
or to ch a.s ence within the nutant protein,.to the sequence of
Sox7 or | SER1PE SRAL ELPFLEpERGL ST omElogHEp R b TrRES FESRHRS i n
Sox2 t hatacaviey h&18o:a, 8% Eek SokhAtasitite casd meybeal The kaltimkeqidice sfB&DRS i C
sequence in_the Sox2 C-term nal activatjon daomain_that has heen

al tered tI9874 ohagxkihuics &ypip@aiemsep dessphed horan auy hasdifa iy thyse, four,
anal ogou Sﬁ\reeb%}m AU RRrd LRb Ta@i@n%@ﬁ%n@, rsuB¥kionSihQLEh Y BbnsBOhiVAIniAN acid
domai n. [0088]I'n sone enbodi nents, the entire C-térmnal activation
domai n ofsubsi®idns) orajslctions pwivided tthed themativeaciivity ehthe Snx goein s of Sox7
or Sox17._For.exanple, amno acids 122 to 320 of npbuse Sox2 may be
repl aced Wlp{ﬁmgﬁ‘i no acid residues 147 to 420 of nobuse Sox1l7 or the
correspondi ng residues from nmouse Sox7. Simlar alterations based on
t he hunar0848luenTrsSary Sat’sa Joe | Tadezin (AGY b Sadgimeseq@encd mSpHLanySox 7

and Sox17, are_kno cl udi w | d e or unnut ated sequences
Sox2, Sox'7 or ’oxi prote?n, ?gr exampfeyf%m any eu[l}aryogc orgar?isrgltjhat evelops



protein as described herein. As indicated above, the protein
sequences of the nutant proteins may be readily identified using
know edge and skill in the art. Simlarly, using the genetic code and
know edge of the degeneracy of the code, nucleic acid nol ecul es that
encode a nmutant protein as described herein may be readily designed
and synt hesi zed using standard nol ecul ar cloning techniques. As wl|
be appr ediah egluripbentutieh etlt; f@acixampialaadisee, playt dr udnhiedliag GoR2,iISHR7 or

addi tion enents, far exanple a. pronoter regiop, operably |ink to
t he sequg‘l’é‘g BIHR T AR RIS ATO IS Plafl@rét%szaﬁh? SEheotH Bibear
bei ng a RA/MRLEBE sdoltddpetiss /YRS &ISEIHidch ;ﬂﬁ?&fo\f@fakr@s B L MESEd, Sr it may be_

[ 0072] Al so contenplated is a cell expressing the mutant Sox protein

as descr ifbneela Hifossnt spastes givien diediigh dasrad atbbeeloies ieersb @f hy SoudHoa7 and

mut ant S t e . ' (R ' . 0Q7 t
pr ot ei nsc§:§fﬁclizlh7 ?ﬁgénggaglr Igigslégglc‘:/{hgd ?}rloafgjg 6?18\2311‘1(;:5]%:% iohe%n gﬁ%%@ruﬁ“%é@%r%? ein
as descr ithgd: hebeemousppidie witkimdhdtapdcirdwé eelpl ur i pot ency by converting
a nonplutipotent cell to a pluripotent cell, including inin vitro

met hods. ] Met hods of i nducjn uri potency are known, for .
exanp o J00RICL B R di ot Yo St R aREY 106 R Bt paieRbe pror
126: 663- Gd 6ffedBink @iid Hutabréras PedcEBEYhdREIR! @nlprk&C E@sHisIVedtialcdfder and
one or both of c¢c-Myc and Kif4 are contacted wth or co- expresse&j

Wit hi n t rengds pf eneaf thesfollgwing spqgneescPrine Bt havinbtEner giseter §e%ws| |
s grown Jadero@eBAbLenIsiitatadld sebh@liitPhi B SMBL rloQMRE ©
grow h of” enbryoni céstem cel | gl EOS%] I'n tﬁlél%grgsent rretF]o S, S0x2 is
repl aced sbyueacasut ant protein as described herein. The cell in which
pluripotency is to be induced may al ready express one or nore of the
pl uri pot fac S i.de from Sox2, such as Cct4 and one or both of
c- Myc anga%q]4. %%lenrlﬁgsﬁ vely, the cell may be altered, for exanple
by tr ansfMENMWMEGELKPRGSLOYARIGOOGAEN AY ARSRG G QENAPDRIVIER BMNAGIN  of

fully o rraskarel e giR s R GARER o P P Bk bt Bk
of c¢- Myc WP KA R FRRRIDRITNMKIK VK W ITL P& rest s ook Schat v ORE 1A GO RE
of these factors may al reads§ be exgressed bé the cell. [0076] Thus,

there i s QrYRSTAHMNEVRYESOSM) LY RRAVEEBIAGH /A QYIQPMHRYDVSA
non- pl ur 'LQ?’&EIS§MTS@%M@P@%M%@@(2&FEGMAL(§W@W&WPW%

cul turing non- pl uri potent ce e presence of a nutant
pr ot ei n aBIMSREQHED LRI MISMY bf SARSPBEAAP SBItHNYASHTY QFGPEAST AGNETDf

cMWc and Kl f4, ndi.tions suitable for growth of enbryonic stem
cells. Tﬁés&ﬂvﬁ%@aﬁgﬁ@%erfor med as an in vitro nethod. [0077] The
cell may be any non-pluripotent cell, for exanple any cell that is
parti al | yOOSTY er Botilamed: or fully differentiated, including an in

ron- ot ur 1N SHEECErKEREY A BBk AT KR BT Raf g RELevel ™
or gani smyprBORARYEA QERPRMIINDE KIS KB WIS SESTE K RV THEHAR 10 1 IISRGEH

cell, a plant cell or a mamualian cell, includi n% for exagl € a nouse

cel 1 or PIRGKRPBEINTK TUKKAIY REBCEELARGAYPASH VSR EAGLOAGYNREM y
cel | or & KK ehal
cel 1+ suan R e O D e P TR S CPPURMMHERRA

mesenchy MeSMIE8QT TN GSRTEBMEY SQ QGIRGMAL GRMES VAR JHIsISSPPYSIE SSHS

et ers t QRO TR A A st CE oo LB A YRS

popul at i gmvigREQED IsOWhEr e context pernmits, unless otherw se
specified. Simlarly, reference to cells also includes reference to a

single ce[lh 1%::ere context permts, unless otherw se specified.
[0079] cullPBrthg Inemesmbotimantiethe o & stausnce; wad At the startag,eoquenesnricsy

Sox17 t oggLhesinditdmatifn SR G QB PherBAl bnBirises, MiGid\dsdikihdy b6 udes




pronoter activates the transcription of the codi ng sequence.

[ 0081] Once the cell has been contacted with the pluripotency protein
factors, or once the cell has been transfected or transduced with
nucl ei ¢ aci d nol ecul es encodi ng each of the pluripotency protein
factors and the cell has been exposed to conditions for
co-expression, the cells may be cultured under conditions suitable
for growdangbts 8fHey T 'ﬂlﬁ&foﬁb@ﬂi‘g%é‘(%deﬁees EéTtH ¥ Prdltin BAVENE SRk br gRekeR 88%:%r
known and are comercial |y avail abl e. sonme circunmstances, it may
be desi r aistater; ¥ opicaien &b Yaw|grantar ée%lﬁw@@t@t wiih ers o1 the SloRrinen

cul ture, &Kﬁgéplng w th standard enbryonic stemcell culture

t echni ques 82]1f preferred, individual colonies of induced
pluri potent cells nay be selected and then expanded in order to
obtai n a [6083kl Popukhatscon of an induced pluripotent cell, in

ﬁé?ﬁéﬁ2”Qﬁa%é@ﬁﬁﬁ?ﬁéﬂﬁﬁ&@%ﬁ&%éﬁ&%ﬁﬂ?@é’ﬁ%ﬁ%@ﬁ@%ﬁ%‘%’“
non- | i mi twmngMESLBm@KMﬁmMBDmm
t he Sox2/Cbt4N%@|r as_an inducer of plurl otency i s well establlﬁggd

(Ni chol s,9 Q@#@*@KRFE&?&%H% BSRPQNLPERNEFIY
(2005) 2@y%&ﬁnﬁ@m@éﬁ@@fm;@gWc&b@tppﬁa@féﬁ@ﬂﬂg@@%msgc

functionally cooperate during endodermal differentiation (Reim G
et al. D@E@GHPHQMHLP@@JYSI’(HTPSPbH@ﬁH\?L@SLSLC@SP&VSMMS@IVIS@HHS

(2009) 180 085 3 kp1AARAh Al PP LB LE TR RS AOPE L SPRIDRAD AN

Sox17 can‘conpete r rms e conp on-speci

genoni ¢ regiopPSHeDSAACTEGTE EAHVP LRI TRTE P THTSLISGLA BATATYTONEY SVS
[0087]T0&%§§ this, experinents were designed to identify variant
sox/ oct ﬂDggﬁfﬁahratlons in genom c regions occupi ed by Sox2 and
Cct4 in nmouse ES cells (Chen, X et al., Cell (2008) 133: 1106-1117),
t he resu”pes4ﬁ WRbsiexperi ments identified a novel conpressed
elenment. In vitro heterodinerization ag@%¥ however, reveal ed that

only SoMf?l/SbEQMB’lWPE@LE%%éP@&I@D@@S %7 YPREPCBKGSESRINREMBATNE K
whi l'e they I%Hﬁhﬁﬂ@ §mﬁﬂ?sc§w mﬁ?@ﬁ

deS|gn|ng nutatlons usi ng structu nmodel s, point nutations
gener at e@EHNYWm%MHMLSRD@MbRM%@SMAS@%nd

o e | RS Eot Arb Sl R AR A B oS BN T B TR R b e

[ 0088] Ex @0 TFESSPaiQEBHGCKERR BSI IAO8OY SPEYAPSPLLIOOSHPROSL %S GEISPTY S\l C h
for dlffer8ﬂ1 swdoct npotif conflgyrat ons the nmotif derived fromthe

Cct 4/ Sox PFCHIG e Aday 2P 4 ERERLHIRNLQARLGQLERr T EH DGR L. SQMIgd-(11 1 7)

was used WMWEN@PGF@IBNTGMAUSW SGeRPEHPTEPSL MRS AP Aed
to scan throu%h sets of FASTA sequences for the presence of this

motif. [COONPTEVEARERIDANNOdUT erent configurations of the sox/oct
notif, variants of the

[0055] In some embodiments, the Sox17 sequence, used as the starting sequence prior
to effecting the mutations as described herein, comprises, consists essentially of, or
consists of one of the following sequences, or is a protein having 80% or greater, 85% or
greater, 90% or greater, 95% or greater sequence identity with one of the following

sequences:

[0056] From mouse:
MSSPDAGYASDDQSQPRSAQPAVMAGLGPCPWAESLSPLGDVKVKGEVVASSG
APAGTSGRAKAESRIRRPMNAFMVWAKDERKRLAQOQNPDLHNAELSKMLGKS



notifs were generated by inserting unbiased base pairs within or

bet ween the sox/oct notif, or by making reverse conpl enent versions
of the respective notifs. This allowed for construction of nmany

di fferent hypothetical configurations of the sox/oct notif, fromthe
canoni cal (soxf Oobp_octf), order (octf Cbp_soxf), convergent (soxf
Qop_octr; f and r signify the strand of the notif el enent) and

di ver gentWKadtTLARIER ROWE S A ERIRY QHN QDA PSPAC R PRABE QOER MKRE GEHLHN

const ruct et PRARan iR PbaPaTEReRaYh A LPREAR B LR B o

bet ween WFAED@Y@!E@TPDTISPBDGS/EGDﬁmm}LﬁG]()CPMUMY&WSDY%M f
octf, soxf etc 0091 -odds base §OS| ti on wei g Bmatrl X

fi ndi ng fE’MBVGﬁﬂ MPH HleY ¥ fIANISEBA& S GREHT QQPLQP

i npl enent !

essenti al(ﬁy as Iﬁ%@% 83?}35% g‘ﬁ@?@?ﬁ)@fﬁﬁﬁ(ﬁ?f@?%iﬁ?g?{f@h ((:QSYL(PSXOS)
21: 2657- MWBWMD@MMHGAM@ASSAWW RIOESESDMENO.:
backgrou% correction. This type of algorithmis commonly referred to
as a |l og- dds rmodel and nore sophi sticated nodel s of transcription
factor binding and discovery are available (reviewed in van Loo, P.
and Mar yreos7]P. Bbhﬂ{ums in Bioinformatics (2009) 10: 509-524). The
advant age of the is its eas | enent ati on and
rapi d sc%ﬁ$W§b’é’e§%ﬁ%s%@é%f’é\a%ﬁﬁéﬁ?ﬁé%%%s IGREs Y Fed 41390

fr equencyAm@mmK@Emwmwmema Nmmmm@km@xsces

(pwm) using the followng fornmula: wm = 2 [( fmm + sqgrt(Np) * br,
) I ( Np %THMRBFVEMEME@{MQWWW@BBK&VI&%&RNM@
nucl eot i

s the. naiserPGRRRIH A RDARG L P rRBLarE ACHPLEREMGHEROAESIY | ¢
the tot aIAHHHMQYPD?TEDTSPEH@VEB’MFEAMME}BEGA]RGTIELCS‘E@QN(SW AGPREH S

o assurarrBaLCRrRAIRECL PRBEALHY S Shmellre RS RO P

r easonabl @ asEHmpEPAGHPEPITENOIE D GEDPONPAENE GEV INONSH ISy EMFeE K PEOKD
of transcrlgtlon start sites) which in human and nouse are roughly

25% each MELRY QGHISGENIBISHMM IS SYYSIHIS AoNY Y65 FROY [HE? i MGt ] to
pronoter regions which tend to become CGrich. No further corrections
vere nadgppsg] bagkgi-AwiY a&d:@gts%gémhgpo%ﬁhi QoA ARANPIP AfealNA
sequence, the follow ng formula was used to determ ne a score at each
possi bl e tbajshﬁtnebmalﬂ@oxmmemﬁoﬂ S@i”i’:or(SEE&m q@@d as m@taﬂmg Mauencewhierto s =
t he nhor ITH| I Seq tlsti)%ggls GSCI'IBA%%B n, 1110 e one 01‘ 1’1’101’8 amlno C{S moludmget gr?et uaI
nucl eot i d&¥ & posi (% ion p, M TS AT POSSI [ &8 eefol"t he
pwm and rBoilserids @epride Bﬂﬂlﬂialﬂﬂﬁfﬁki@lklenﬂ@ﬁﬁﬁ) foids doh®t pareriaityd et e dandoiyn
summing al |l of the mnl mum or. maxi hnum val ues for the p C

col urm i rPEFeSPPREL Fok FXanttn 48 SOXHTRSIERORAVE 48% %tﬁy d‘tﬁg \i{e}’ﬁy
tool (ni gkNaREn E’J\ﬁ/)ent\ﬁ%lhé’fﬁ’&@snﬁ%@gﬂﬁd%h BydsR@ el desdrible® Buedec®as<3- 0) .
[ 0095] Threshol d esti mation, and i p-seq sequence w ndow si ze:

Sear chi nglepgribgd helpmpm@idﬁéﬁla@wchhe?osewﬁmgn bosgsassay e nravefundioasifiol d

above whi r not i f
is di scartgpl&f%v%?t sEolxgjlll({?tnoi/vn bﬁa nd? ?11 ﬁg@%ﬁglﬁng %@ﬁ*} &%}ay}tg@% tzgj?S\/\dOct
Chl P- seq diffastntiatiomof (Beendodém ébr Salk7 and86417( 2008) 133: 1106-1117) so
that ChlP-seq list was used and, as a negative control, a

si ngl et ons i was. u : st of. si ed rea

rom an_ 4APP9 ?%ngvséﬁe?"éw?Ctlea%%fﬁacef?ga%Iﬂf’ R A
1106- 111 Z)ectrbhietiSintegfaed RerfFohpakdlito kgt bﬁ$¢;@vg&teﬁtmzp afft @Rk eseMiiat ove
of the proportlon of the genone, avail abl e for se enc}&gwand hence

al ready i Yl hieigtemst BihiQet delisvaenny hilad Mo) &/ (2008} %&% andom y
di stri butigd ﬁl@t;faaaott 9@@9&@&9&@%& aﬁﬁ%aa[ef}&%@m%zcgmga'

sndoct m)th (soxt p_octf) was sCanned agal nst I'tst of FASTA
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taken from Chen, X et al., Cell (2008) 133: 1106-1117 and was de
710V0 derived fromthe Oct4 Chip-seq experinent. The matrix is as
follows (represented in Python code): soxf Cbp_octf = matrixcsoxf
Qop_octf, [[4, 43,0,8],# ¢ -sox2 start [37, O, 0, 25], # a/t [0, O,
0, 79], #t [4, 11, 0, 64], #t [14, 2, 54,
Sox 17 bring about fundamentally different developmental effects. Sox?2 is required for
the development of the epiblast (Avilion, A.A. et al. Genes Dev (2003) 17:126-40),
neural lineages (Zappone, M.V. et al. Development (2000) 127: 2367-82), and many other
developmental processes (Que, J. Development (2009) 136:1899-1907; Que, J.
Development (2007) 134:2521-31; Okubo, T. Genes Dev (2006) 20:2654-59), while
Sox17 is found in the extraembryonic and definitive endoderm lineages of the embryo
(Kanai-Azuma, M. et al. Development (2002) 129:2367-79). Sox17, when forcibly
expressed in mouse and human ES cells pushes the cells towards an endodermal-like cell
fate (Seguin C.A., et al. Cell Stem Cell (2008) 3: 182-95; Shimoda, M. et al. J. Cell Sci.
(2007) 120:3859-69), and crucially Sox17 cannot replace Sox2 in converting fibroblast
cells into induced-pluripotent stem cells (1PS) (Nakagawa, M. et al. Nat Biotechnol
(2008) 26:01-6). This demonstrates that despite binding similar DNA-sequence motifs
Sox2 and Sox17 have highly divergent developmental capabilities. Sox7, like Sox17, is
involved in endoderm differentiation of mouse and human ES cells (Seguin C.A., et al.

Cell Stem Cell (2008) 3: 182-95).

[0060] Thus, in one aspect there is provided a mutant protein that comprises a Sox2
protein or a Sox7 or Sox17 protein that has one or more amino acids replaced with one or
more corresponding amine acids from a Sox7 or Sox17 protein or from a Sox2 protein,
which mutant protein is capable of inducing conversion of a non-pluripotent cell to a
pluripotent cell. Reference to replacing an amino acid with a corresponding amino acid
from another protein is reference to replacing a given amino acid with a given Sox2,
Sox7 or Sox17 protein with the amino acid or amino acids or a domain defined by a
sequence of amino acids from another Sox7, Sox17 or Sox2 protein, which replacing
amino acids are in the corresponding position based on sequence alignment and sequence
identity and homology, or which possess the corresponding function, for example the

activation domain.

[0061] The mutant Sox2, Sox7 or Sox17 protein is capable of inducing, or induces,
pluripotency, meaning that when the Sox2, Sox7 or Sox 17 mutant is expressed in (or is
added into) a non-pluripotent cell that has the additional protein factors involved in

inducing and maintaining pluripotency such as Oct4, KIf4 and c-Myec, the non-pluripotent

11



8], #9 [9, 3, 17, 62], #t -sox2 end [13, 58, 4, 24], # c/g g [99, O,
0O, 0], #a - oct4 start [0, 0, 0, 99], #t

cell is converted to a pluripotent cell under suitable growth conditions. Such
pluripotency conversion can be confirmed using standard techniques to identify known
pluripotency markers, for example, Eras, Nanog, Oct4, Sox2, Zfp206 or Zic3. The
Examples below describe techniques that may be used to confirm conversion of a non-

pluripotent cell to a pluripotent cell.

[0062] The mutant protein is an engineered, recombinant protein. The mutant protein
may be an isolated protein or may be introduced into a cell using molecular cloning and
recombinant technologies, including transfection, transduction or transformation of the
cell with a nucleic acid molecule encoding the mutant protein for expression in the cell.
The mutant Sox2, Sox7 or Sox17 protein may be any Sox2, Sox7 or Sox17 protein, for
example insect, plant, mammalian Sox2, Sox7 or Sox17 protein, including a mouse

protein or a human protein.

[0063] The mutant protein may be a mutant Sox7 or Sox17 protein that has been
altered in one or more of the residues forming the Oct4 protein contact interface. The
alteration includes insertion, deletion or substitution to change the one or more altered
residues, or to change a region within the mutant protein, to the amino acid residue or
region of Sox2 that corresponds to or is analogous to the residues in Sox7 or Sox17 that
are being altered. That is, after alteration, the specific sequence in the Sox7 or Sox17
Oct4 protein contact interface that has been altered then has the sequence of the specific

corresponding or analogous residues from the Sox2 Oct4 protein contact interface.

[0064] For example, the engineered mutant Sox7 may be a human or mouse Sox7
altered at one or more residues in the sequence LSQKRPYVDEAERLRLQHMQD [SEQ
ID NO.: 36] or a human or mouse Sox7 altered at one or more residues in residues 88 to
108. The mutant Sox7 may have E99 changed to a basic residue, for example K orR. In

one embodiment, the mutant Sox7 has the mutation E99K.

[0065]  Forexample, the engineered mutant Sox17 may be a human or mouse Sox17
altered at one or more residues in the sequence LAEKRPFVEEAERL.RVQHMQD [SEQ
ID NO.: 37] or a human or mouse Sox17 altered at one or more residues in residues 111

to 131. The mutant Sox7 may have E122 changed to a basic residue, for example K or R.
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In one embodiment, the mutant Sox7 has the mutation E122EK.

[0066] In one particular embodiment, the mutant protein is Sox7E99K. In another

particular embodiment, the mutant protein is Sox17E122K.

[0067]  Alternatively, the mutant protein may be a mutant Sox2 protein that has been
altered in one or more of the residues forming the C-terminal activation domain. The
alteration includes insertion, deletion or substitution to change the one or more altered
residues, or to change a sequence within the mutant protein, to the sequence of Sox7 or
Sox17 that corresponds to or is analogous to the residues in Sox2 that are being altered.
That is, after alteration, the specific sequence in the Sox2 C-terminal activation domain
that has been altered then has the sequence of the specific corresponding or analogous

residues from the Sox7 or Sox17 C-terminal activation domain.

[0068] In some embodiments, the entire C-terminal activation domain of Sox2 is
replaced with the entire activation domain of Sox7 or Sox17. For example, amino acids
122 to 320 of mouse Sox2 may be replaced with amino acid residues 147 to 420 of mouse
Sox17 or the corresponding residues from mouse Sox7. Similar alterations based on the

human sequences may also be made.

[0069] Sequences of Sox2, Sox7 and Sox17 are known, including wildtype or
unmutated sequences, including mouse and human Sox2, Sox7 and Sox17 proteins. As
well, the regions within Sox2 and Sox7 and Sox17 that function as the Oct4 protein
contact interface and the C-terminal activation domain are known. Thus, the sequences
of the mutant proteins as described herein may be readily designed using standard

knowledge in the art.

[0070] The mutant Sox2, Sox7 or Sox17 protein may be produced using standard
molecular engineering and cloning techniques. For example, techniques for producing a
mutant protein having a mutation at one or more amino acid residues are known,
including primer extension, PCR and cloning techniques that involve primers containing

suitable nucleic acid residue changes to encode the mutant protein.

[0071]  Thus, also contemplated is a nucleic acid molecule that encodes a mutant
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0, 1], # a [16, 0, 2, 29]]) # aft - end oct4 [0099]To insert

unbi ased base pairs into the matrix, a single unbiased nucl eotide was
inserted into the matrix: [1,1,1,1]. Converting this On to a pwmw ||
result in the followng pwmmatrix for that base pair: [0,0,0,0]. As

this does not affect the m ninmum or nmaxi mum scores for the particul ar
pwm this approach should have only a mnimal bias on the ability of

a matri x protefn asderipad hdreinl as isBe@iubovd, the greteanguerces B ehesoithnt
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25], # althe genetic code and knowledge of the degeneracy of the code, nucleic acid molecules
that encode a mutant protein as described herein may be readily designed and synthesized
using standard molecular cloning techniques. As will be appreciated, the nucleic acid
molecule may further comprise additional elements, for example a promoter region
operably linked to the sequence encoding the mutant protein, for example the promoter

being a promoter that is expressed in embryonic stem cells.

[0072]  Also contemplated is a cell expressing the mutant Sox protein as described
herein, or a nucleic acid molecule encoding such a mutant Sox protein, including a cell in

VItro.

[0073]  The mutant proteins and the nucleic acid molecules encoding such mutant
protein as described herein may be used to induce pluripotency by converting a non-

pluripotent cell to a pluripotent cell, including in in vitre methods.

[0074] Methods of inducing pluripotency are known, for example as described in
Takahashi and Yamanaka (2006) Cell 126:663-676. Briefly, pluripotency protein factors
Sox2, Oct4, and one or both of c-Myc and Klf4 are contacted with or co-expressed within
the cell that is to be induced to be pluripotent and the cell is grown under conditions that

are suitable for and that promote growth of embryonic stem cells.

[0075] Inthe present methods, Sox2 is replaced by a mutant protein as described
herein. The cell in which pluripotency is to be induced may already express one or more
of the pluripotency factors aside from Sox2, such as Oct4 and one or both of ¢c-Myc and
KIf4. Alternatively, the cell may be altered, for example by transfection or
transformation, to express Oct4 and one or both of c-Mye and KIf4. In the methods as
described below, the partially or fully differentiated cell requires addition of Oct4 and
one or both of ¢c-Myc and Kif4, although it will be appreciated that one or more of these

factors may already be expressed by the cell.

[0076]  Thus, there is provided a method of inducing conversion of a non-pluripotent
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cell to a pluripotent cell, the method comprising culturing the non-pluripotent cell in the
presence of a mutant protein as described herein together with Oct4, and at least one of c-
Myc and KIf4, under conditions suitable for growth of embryonic stem cells. The

method may be performed as an in vifro method.

[0077] The cell may be any non-pluripotent cell, for example any cell that is partially
differentiated or fully differentiated, including an ix vitro cell, a cell in culture, an
explanted cell from a subject. The non-pluripotent cell may be from any multi-cellular
eukaryotic organism that develops from pluripotent cells, including an insect cell, a plant
cell or a mammalian cell, including for example a mouse cell or a human cell. The cell
may be any type of partially or fully differentiated cell, including for example an
embryonic fibroblast cell, such as a human or mouse embryonic fibroblast, or for
example a mesenchymal stem cell, such as a human or mouse adipose-tissue derived

mesenchymal stem cell.

[0078]  Asused herein, the term cell refers to and includes a single cell, a plurality of
cells or a population of cells where context permits, unless otherwise specified.
Similarly, reference to cells also includes reference to a single cell where context permits,

unless otherwise specified.

[0079]  Culturing the cell in the context of the mutant Sox2, Sox7 or Sox17 together
with Oct4 and one or both of c-Myc and Klf4 includes contacting the cell with the
various pluripotency protein factors so that the pluripotency protein factors are taken up
by the cell, as well as transfecting or transducing the cell with nucleic acids encoding the
various pluripotency protein factors and co-expressing the pluripotency protein factors.
As used herein, reference to pluripotency protein factors is reference to the mutated Sox

protein as described herein, Oct4, and one or both ¢-Myc and K1f4.

[0080] As will be appreciated, co-expression of the pluripotency protein factors will
involve expression from a suitable promoter that is operably linked to the coding region
for the particular pluripotency protein factor. A first nucleic acid sequence is operably
linked with a second nucleic acid sequence when the sequences are placed in a functional

relationship. For example, a coding sequence is operably linked to a promoter if the
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promoter activates the transcription of the coding sequence.

[0081]  Once the cell has been contacted with the pluripotency protein factors, or once
the cell has been transfected or transduced with nucleic acid molecules encoding each of
the pluripotency protein factors and the cell has been exposed to conditions for co-
expression, the cells may be cultured under conditions suitable for growth of embryonic
stem cells. Embryonic stem cell media are known and are commercially available. In
some circumstances, it may be desirable to use feeder cells to promote stem cell growth

in culture, in keeping with standard embryonic stem cell culture techniques.

[0082]  If preferred, individual colonies of induced pluripotent cells may be selected
and then expanded in order to obtain a clonal population of an induced pluripotent cell, in

accordance with standard cell culture techniques.

[0083] The present methods and uses are further exemplified by way of the following

non-limiting examples.

EXAMPLES

[0084] EXAMPLE 1

[0085] The role of the Sox2/Oct4 pair as an inducer of pluripotency is well
established (Nichols, Cell (1998) 95:379-91; Rodda, D.J. et al. J Biol Chem (2005)
280:24731-7) and there 1s evidence that Sox17 and Oct4 functionally cooperate during
endodermal differentiation (Reim, G., et al. Dev Cell (2004) 6:91-101; Stefanovic, S. et
al. J Cell Biol (2009) 186: 665-73).

[0086] Itis therefore conceivable that Sox2 and Sox17 can compete for Oct4 and
form stable complexes on specific genomic regions characterized by distinet cis-

regulatory motifs.

[0087]  To test this, experiments were designed to identify variant sox/oct motif
configurations in genomic regions occupied by Sox2 and Oct4 in mouse ES cells (Chen,
X. et al., Cell (2008) 133: 1106-1117), the results of which experiments identified a novel

compressed element. /r vitro heterodimerization assays, however, revealed that only
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Sox17/0ct4 but not Sox2/0ct4 was able to co-bind this element while the Sox2/Oct4
complex predominates on the canonical site. By designing mutations using structural
models, point mutations were generated that swapped the heterodimerization preferences
of Sox2 and Sox17. Strikingly, this change in the capability of Sox17/Oct4 dimerization

now converted Sox17 into a potent reprogramming factor.
[0088] Experimental Procedures

[0089]  Computational Analysis: To search for different sox/oct motif configurations
the motif derived from the Oct4/Sox2 ChIP-seq data (Chen, X. et al., Cell (2008) 133:
1106-1117) was used and a position-weight matrix (pwm) search tool was applied to scan

through sets of FASTA sequences for the presence of this motif.

[0090] To construct different configurations of the sox/oct motif, variants of the
motifs were generated by inserting unbiased base pairs within or between the sox/oct
motif, or by making reverse complement versions of the respective motifs. This allowed
for construction of many different hypothetical configurations of the sox/oct motif, from
the canonical (soxf Obp octf), order (octf Obp_sox{), convergent (soxf Obp octr; fand r
signify the strand of the motif element) and divergent (octr Obp_soxf). Pwms with a
spacer base pair inserted in between (soxf Obp_octf, soxf 1bp octf ... soxf 10bp_octf)
were also constructed, as were 'compressed’ pwms, by eliminating a base pair between

the sox and oct parts of the motif (labelled: soxf -1bp octf, octf -1bp_soxf, etc).

[0091]  Log-odds base position weight matrix finding and the implementation: The
motif discovery tool was implemented as a simple position weight matrix scoring tool,
essentially as described in Ben-Gal, L et al., Bioinformatics (2005) 21:2657-2666 as a
Markov(0) model. The algorithm includes some background correction. This type of
algorithm is commonly referred to as a log-odds model and more sophisticated models of
transcription factor binding and discovery are available (reviewed in van Loo, P. and
Marynen, P. Briefings in Bioinformatics (2009) 10:509-524). The advantage of the log-
odds model is its ease of implementation and rapid scanning speed on modern computer

hardware.
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nouse Oct 4POU (TOPO) Forward: CACCCCCGAGGAGTCCCAGG Rever se:
TCATTCTCGTTGGGAATACTCAATA 3 4 nouse Sox2 full (BP) Forward:
GGGGACAAGT TTGTACAAAAAAGCAGECTTCacc ATGTATAACATGATGGAGACGGAG Rever se:
ggggaccact tt gt acaagaaagagggt TCACATGTGCGACAGGGEGCAG 5 6 nouse Sox17
full (BP) Forward: GGGGACAAGI TTGTACAAAA

AAGCAGCCTTCaccat gagcagcccggat gc

Rever se: ggdiga ChatMytlac vageedgad gyt ’HM CGhEEEEGTAGIRGCGFEP 18t dvhs usé]i |ag 0s

used to ivea f g) é}%&l&seq Qullt (%‘ﬁ'nﬂ eta

CATCGA
IS CETTE eeee ™ ton—GFP list is believed to be representative of
GCGCGT TCAGCACATGCAGGACCACCCGAATTATAAATACCGG 10
the proportion of the genome available for sequencing, and hence already includes

potential sequencing bias, yet is otherwise randomly distributed across the 'sequence-able

genome'.

[0096] The canonical sox/oct motif (soxf Obp octf) was scanned against a list of
FASTA sequences derived from the Sox/Oct ChIP-seq or a randomly sampled list of
10,000 singleton-GFP sites. The centre point of the coordinates was taken and the
window was expanded by 100 bp in each direction. To establish the optimal motif
discovery threshold, the threshold was varied from 0.8 to 1.0 and the Sox2/Oct4 and the
singleton-GFP lists were then scanned. At a motif threshold of 0.82, 5% of the motifs in
the singleton-GFP list were found as compared to in the same number of Sox2/Oct4

bound sequences (Figure 3).

[0097]  Next, the influence of the size of the FASTA window has on the discovery of
motifs was investigated. The peaks from the Sox2/Oct4 ChiP-seq do not have a
resolution that exactly pinpoints the bonafide binding site, a majority of likely sites seem
to fall very close (within the range of ~ 25bp) of the centre of the ChIP-seq site (Figure
4). To assess the effect of the size of the sequence window on the number of recovered
motifs, a very large window of 750 bp's either side of the centre of the ChIP-seq peak was
used. The size of the motif was then reduced and the motifs were scored as a percentage
of all the motifs within +750bps of the centre of the ChiP-seq (Figure 4). We settled on a
window size of =100 bps, as it includes over 50% of all the possible sox/oct motifs within

+1kb, but minimises the number of motifs discovered by chance alone.

[0098] Collection and modification of motifs: The motif used in this study was
taken from Chen, X. et al., Cel/ (2008) 133: 1106-1117 and was de novo derived from the

Oct4 Chip-seq experiment. The matrix is as follows (represented in Python code):

soxf Obp ocif= matrix(*soxf Obp octf,
([4, 43, 0, 8], # ¢ -sox2 start
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Sox| 7TEK GTGGAAGAGGCCAAGCGGCTGCGCGIGCAG 11 111, digos used to
validate retroviral inserts fromiPS cells plVIX-forward
GGGTGGACCATCCTCTAGACT 12 Sox 17-reverse TCAAATGTCGGGGTAGITGC 13
Sox2-reverse GOCCAGTGIGCCGTITAAT 14 Kif 4-reverse AAGGCCCTGTICACACTTCTG
15 Poub5fl -reverse CAGITTGAATGCATGGGAGA 16 c-nyc-reverse
TGITCTCGITCGITTCCTCAA 17

[37, 9, 0, 257, # alt

[0, o 0, 79], #1t

[4, 11, 0, 64], #t

(14, 2, s4, 8], #g

[9, 3, 17, 62], #t-sox2 end
[13, 58, 4, 24],  #colg#

[99, 0, 0, 0], #a - octd start
[0, 0, 0, 99, #t

4, O, 84, 12], #g

[42, 42, 4, 4], #alc

[40, 39, O, 4], #ak

[56, 3, 12, 2], #a

[62, O, 0, 1], #a

(16, O, 2, 207])  #a/t-end octd

[0099] To insert unbiased base pairs nto the matrix, a single unbiased nucleotide was
inserted into the matrix: [1,1,1,1]. Converting this pfim to a pwm will result in the
following pwm matrix for that base pair: {0,0,0,0]. As this does not affect the minimum or
maximum scores for the particular pwm, this approach should have only a minimal bias
on the ability of a matrix to find a particular sequence in the genome. The soxf 10bp_octf

matrix is represented in Python like this:

soxf 10bp_octf = matrix(soxf 10bp_octf,

[[4, 43, 0, 8], #c-sox2 start
[37, O, 0, 25], #alt

[0, ¢, 0, 791, #1t

4, 11, 0, 64], #t

[14, 2, 54, 8], #g

(5, 3, 17, 62], #1t-sox2 end
f13, 58, 4, 24], #cig
[1,1,1,1],

[L,1,L,1],

[1,1,1,1],

[1,1,1,1],

[1,1,1,1],

[1,1,1.1],

[1’13151]5

[1,1,1,1],

[1,1,1,1],

[1.1,L1],

[99, 0, 0, 0], #a-octd start
o, G 0, 99],  #t

[4, 0, 84, 12], H#eg

(42, 42, 4, 4], #alc

[40, 39, 0, 4], #alc

[36, 3, 12, 2], #a

[62, 0, a, 1], #a

[16, O, 2, 29]]) #a/t - end octd
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V. digos used for EMSA (only forward oligo shown) -1
CGGCGCGGCATTGTATGCAAATCGECEECG 18 0 GBCGCGGCATTGT CATGCAAATCGGCGECG 19
1 GGCGCGGCATTGTCGATGCAAATCGGECGEC 20 2 GCGCGECATTGTCGGATGCAAATCGGCGGEC
21 3 GCGCGGCATTGTCGGCATGCAAATCGCECGG 22 4
CGCGGCATTGTCGGGCATGCAAATCGECGG 23 5 CGCGECATTGT CGGGCGATGCAAATCGECG

[00100] Next, it was test whether insertion of these unbiased base pairs would
affect the frequency of matches against a random list (Figure 5), on the reasoning that a
random list (here generated from a random selection of 'singletons' from the anti-GFP
Immunoprecipitation) would be useful as no significant enrichment of the canonical
sox{ Obp_octf motif would be expected. Figure 5 shows that insertion of the unbiased
base pairs does not significantly affect the number of motifs discovered in the same
random list using either a canonical motif (soxf Obp_octf) compared to a Sbp or 10bp
spacer (soxf 5bp octf, soxf 10bp_octf, respectively). The full results of the pwm scan

agamst the Sox/Oct list is presented in Figure 6.

[00101] Demonstration the PWMs for the Canonical and Compressed Motifs
Retrieve Different Sequences: All the 15-mer and 14-mer sequences were retrieved that
the canonical and compressed pwm matches at the chosen threshold of 0.82. Common
sequences between the two pwm's and palindromic elements are contained in the data
were identified. The canonical motif matches 106,630 15-mers from 1,073,741,824
possible 15-mers while the compressed pwm matched 39,138 14-mer sequences from a
possible 268,435,456. When the two sets of sequences were overlapped, 9216 sequences
were found to be in common — ie. 9216 15-mer sequences can be detected by both the
canonical and compressed motifs. However, the number of 15-mer sequences that
matched either the compressed or canonical motif is considerably larger (97,414 and
29,922 sequences respectively). This underlines that although there is overlap between
the compressed and canonical motif where they can both identify the same DNA

sequence, in actuality they are distinct entities.

[00102] Recombinant Sox proteins: The HMG domains of mouse Sox2, Sox7 and
Sox17 were cloned and heterologously expressed and purified to homogeneity as
described elsewhere (Palasingam, P. et al. .J Mol Biol (2009) 388: 619-30). An extended
version of the Sox2HMG (denoted Sox2HMGI spanning amino acids 33-141 of the full
length protein, swissprot-id P48432) was cloned using the TOPQ technology followed by
a transfer into the pETG20A expression plasmid using the GATEWAY™ LR technology
and purified using established procedures (Ng et al., 2008).
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24 6 GCGCCATTGICCGGECGATGCAAATCGEECG 25 7

GCGGCATTGICCGEECGEGATGCAAATCGEC 26 8 CGGCATTGI CGCGEECGGATGCAAATCGEEC 27
9 CGGCATTGICGCGGECGEECATGCAAATCGG 28 10 GGCATTGI CCGCGEECEECATGCAAATCGG

29 Order

GGCCCCGATGCAAATCATTGTCCGECEECG 30 Conver gent

GGCGCGECATTGTCATTTGCATCGGECAEECG 31

[00103] Production of recombinant Oct4 protein: The POU domain of mouse
Oct4 (residues 126-289 of the full length protein, swissprot id P20263) was produced as
follows. Oct4-POU was introduced into the pENTR/TEV/D-TOPO vector by directional
TOPO cloning and transferred into the pETG40A expression plasmid. The fusion protein
containing an N-terminal MBP tag was expressed in BL21(DE3) cells by growing in
Luria Bertani (LB) medium supplemented with 0.2% Glucose and 100 pug/ml Ampicillin
at 37°C to ODgqp of ~0.6-0.8 before adding 0.5mM iso-propyl-beta-thio galactoside
(IPTG) for induction at 25°C for 5 hours. Cell pellet was resuspended in buffer A (20
mM HEPES pH 7.0; 200 mM NaCl; 1 mM EDTA; 10 mM (3-merceptoethanol) and
disrupted by sonification at 35ampitude with 2s-on/4s-off for 15min at 4°C. The MBP-
fusion proteins were first purified using Amylose beads then cleaved using tobacco etch
virus (TEV) protease at 4°C overnight to remove the MBP tag. Cleaved protein was
further purified using a Resource-S (GE Healtheare) column and eluted with a linear
NaCl gradient over 10 column volumes. Fractions containing only cleaved Oct4-POU
protein were pooled, exchanged into a storing buffer (10 mM HEPES pH7.0; 100 mM
NaCl) using PD-10 (GE Heathcare) and concentrated using VIVASPIN 3MWCO

columns (Sartorius).

[00104] Site-directed Mutagenesis: Amino acid substitutions were introduced
using the QuikChange-XL site-directed mutagenesis kit (Stratagene) and GATEWAY
entry clones with DNA oligos listed in Table 1. Sequencing was performed to verify the
successful change of amino acids. Recombinant mutant proteins were expressed and

purified as described for the wildtype constructs above.

Table 1: DNA Qlicomers

OLIGO NAME SEQUENCE SEQ
(CLONING D
TECHNOLOGY) NO.
1. Oligos used to generate GATEWAY entry clones
mouse Forward: CACCATGGGCGGCAACCAGAAGA 1
Sox2HMGlong
(TOPO) Reverse: TTACATGCTGTTCCCGCCGGGGGCCAGCAA 2
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Di ver gent GGCGCGGGACAATGATGCAAATCGEECGECG 32 Sox tandem
GCGGCATTGTCCATTGTCATGCAAATCGCEC 33 Nanog CATGGACATTGTAATGCAAAAGAAGCTG

34 Nanog'
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R, et al
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[ 00108] | munostai ning: To test for expression of pluripotency markers

SSEA-1 and Sox2,
wi t hout feeder cells in 48-well

i munost ai ni ng was conducted on i PS cl ones cul tured

plates. iPS ells were fixed with 4%

par af or mal dehyde and peineabilized with 0.5% Triton X-100. Prinmary
anti bodies (MI1lipore) against SSEA-1 (10 ug/m) and Sox2 (10 ug/m)

were incubated with fixed cells for

2 hours at roomtenperature, and

subsequently stained W i Y. £onj to Al exa

Fl uor 594 (Mol ecul ar p(%‘gté‘z?&%qﬂ!mé@@%%ag room terrperature 21

in the dayk. |nmages wer rvor

inverted Tl uorescence ﬁfc&(?(g@@'g&gﬂ'@#@g%gTé?éﬁ%@hg;%al ). 22

[ 00109] Ri gure Legends X7, Sox2HMGs

and space“&rJ nucl eot i des k@%@b&ﬁ?ﬁﬁ%&%ﬁéﬁ@%@haw been 23

Che i o enti al - assenbiL OrCOIa oo e SR A Aot G er med |2
e di ential asser rme

of ‘the S4x17 const ruet COHECAITLaLoRGar CALabA) TEPaSH 7 another £ |25

group Sdx protein wth strong_s nce to Sox17 was al so

tested. |Jox7 and Sox17 g § @QE@MMWH zation on |26

canoni cdl_elenents whereas coo&eratl ve bl ndin g was _observed on the

conpresy el enent. TH iq(%ﬂ}c} T EC%@CQG}CA% 281664 %e canoni cal 27

el ement [on the remaini thr ee OSSI bl e nucl eofldes was vari ed

(CATTGI(|@ A T/ § ATGCAAA%GCW%EG G%G@?Cgﬁqwgﬁéé&ﬁ%m eoti de was |28

found nqt. To have a pronounced I npact _on the overall dinerization

profile t he vari oug %QABTQ?QFF?%@(HC@&%TW&C%XZHNG& 29

Sox7HMG [and SOXI/7HMG Wer €| ncubat ed Wi th canoni cal el enments

cont ai ni|rfgfefi f f er ent HEAEEEFES A0 PHAATIET TH I CEHECESE not i 30

(C A2T3TA0STe( A TIT Q) 7; “A-D) and on _the conpressed elfement (E) in

t he abs¢g 2&8fres 1- 3 Cct 4PQU.

he absgfcEveisaH )G%QGSQ@%%?@T%‘HE@G@A@)C%C%@W 31

[00111] Rigure 2 Confifrmation of retroviral transduction in i PS

cl ones ddPve@eniby Sox2 GHMRORECAPASELREAGKCAMTRERIGEHBED! i cation of 32

Voot or| SpaeteTe pr i (rBICGHAAGERE CaeeT ¢ CABACAeRAT FofCe. myc, Kif4, |33

a vector e prin nyc, Kif4,

Cct 4, Sgx2Z, and SOX17 abt e - FEesSpectively. Specific

anpl i fi dd¥4neEs of the ébﬁf?@@ﬁc)ﬁrTgé}WT@?éés&%@ﬁ that there was |34

retrovir@—iTntegratio the transduced genes B The PCR primers

for Soxd Mavg@g'Sok17 did GT&G@C&TT@&@TQ{JM AdiAdrnative alleles of 35

t hese t genes, therefore, DNA sequencing of ~theanpt i fied fragments

from Sox17EK cl ones was perforned and confirnmed the presence of E to
K mutation. [00112]Figure 3: Justification for a threshold for the

canoni cal[o&pxd) Cpr?&Ino BYekit ::Jo@ﬁr%lﬁﬂ:ﬁ'aﬁs%@ i E@SR@%@&&& &B‘ﬁsmo
search w ndow does not greatly hel'p t'he di scovel true notifs. The

Chi P- seq doublgtstrendedr5é Corg debeled DN AdSismarteelian sasdie {lﬂals) (Janelr, @asdl- fr om
S0bp thr th 1A}p@ %Bg(g?yi Q§§ qg)ggmdmo bLer%}I m PSPt

expressed as a nurmer i Scover ﬁ%noéréot he

Wi ndow WM @inCils $O(Wnd43KC1 0% A?c&ﬂ?ZMM@Qﬁbl@éﬁﬂ@dﬂl@hﬁmI 0g mE/ehabiihety of
finding notifs by chance ‘al one al so increases. B. Generated by
per f or ni rigruthabeaingBSau ,qu 05% (v Izepab@ dor0l 25nM @m&@}crbﬁgwm mgixed

I nsertio nt t.
oot ontl ot SRR RS B dobl Bl bR o A3
the i nser4°Ccm dedk. Sannpledowasé@hdbaaﬁo P areerudildoaot/v)SIiZg mitif- g@amtal y aI ter

t he nunber  of |£§T18%i%§ﬁ:¢g r%éfshg*ﬂg%ﬁ?:{ &ggl%lln f FASTA

sequencedEE F fostiPASt i f s
scanned agféRstspbd® cPBESAEIAurEBhR 5:68ks! BRIt ctescbi¥e Wb hEk gt @sn?g al i

silica discovny of sox/oct variant notifs. (A) schematic of the

vari ant nohoen YefdtasmeringeiAsnesshamBioggigncesie conbi nati ons were

1'1% a1

24




Said 7HM5 and Cct4 (E) on a series of different notif configurations.
Motif configurations were systematically designed as outlined in
Figure | A using 30bp DNA el enents containing identical Sox (CATTGTIC)
and Cct4 (ATGCAAAT) consensus sequences flanked by GC rich sequences.
To mnimze binding anonmalies due to cryptic elenents at the

peri phery or within the spacer region we used idealized notifs

( CATTGTC [ood08Jox ar(iknélmw.ﬂ‘ dihe BT Jssanelas qame@idm(:esin@mcahcbsc S as

spacer and eotl xed with
Parvi dudnod PEnEan TR Rt YR 2ri Cal 18R - L MR S
and Cct 4 fRESadt(MPRP &8 RELrimeed SHPB I cemeEHt 1%fr¥v1tdllftr@ﬁ§a§&tlcﬁi®f 250nM
of every cy5-labelled DNA el enent was i ncubated with

onM
Sox2 me/twmmf@ms islommnacstabivehed praseceis(d akahaste aafhéfamﬁnaé% 084t i on
fol |l oned PAGest S r 44 NG
conpl ex. e posi tfﬁgﬂ ﬁ%ﬁﬁ%&f&%ﬁ%?éﬁéﬁﬁ%ﬁ% ‘%:(Igérgglg%éguér e rﬁgr ked
by arr O\A/sgnofEhle(GﬂHmtseinvem by PatdgrobaseJatksen Lebaratdive.aFede@adpomae and

bel ow t he - enofes the c an =Q, t a i cal

o enent o Pt DD Al B QR S b oPeeed SEERE " ¢ i n
genom ¢ regRBSoCSxReNdeR)YndordalBiehnietdd Wit PLUSRe @AHFAM faBdneM
cells are depicted in (B). The significance of the overlap as

conpar ed ®ecke)riaRddm gféﬁ@ép%%ns padlp (%kB&%bébqog@h@&néé'frhiqccaﬁammg

bi nom al i [

coor di nat e§ﬁ£ FS%%%@?%%% %ﬁ% 29%&% Iﬁ@?t élrs gﬁ% |ffatel'§hl¥I %n%h %tﬁﬂnl%ggl% Cct 4
and Sox. L@/@tpdylyand Werecarmigd egs@d an@lat@rsmdeda&hthe’ﬂﬁéiﬁéﬁ@tﬁi GFB M NS

dded M DNA di th
P e e o S
Cterm nadnkiy; Mx¢ eBeafixS iz edivGy 1o MBS0 xd oFwil 7, mwmexbxamdaese
experinents. As_a consequence,. both, the ?XZ/DNA an

Sox2/ Oct AYBREL € Ersh exedin gmidieing POREM High lvdese d i Fe%%’t‘fﬁh’i Rd Sox17
conpl exe Salut@ﬁﬁrf?:"(@ﬁﬂ:o}’@ﬁ 191 oVidﬁdl’ drZRo B0 Rhfe B0R;RAX Kéf C%léh%

conpl ex on the sane . Protein-DNA m xtures were incubated for 10

m nut es D&Y @ﬂﬂem@m@mmexhncwm exit- @Bﬁbd’@mom@y@mmtedmewad@ 8o 17
were kep t I

S o AR SO B, SO SRR vl pc
Sox17/ Octe@hﬁmng)yB& fgn@ecd lboa(ypsﬁmaam &d Spoimites,and ldish salgiedsd]l or | ow

abundance Sox2 (bl ue) or. Soxl17 r t er.nar e, mar ked
by dott gt BERAR)S BT ron‘f%@?g%mﬂv@%gg%@ ”ﬁéﬁw@iﬂ%{?%@om
(red: Cct 4piblddarSex R vbré 88the dded chBeddRAls cELURIBIDI fh MShdsRGder ES
differential assenbly of Sox2/Cct4 and Sox17/Cct4 on the canonical
versus t rellcsligeesadidonsl enent . Cooperative binding is concluded when
the formation of a ternary conplex is favored over the formati on of
bi nary CO[’(’!B'IG‘?‘]ES ( gzﬁmnhfnvgéafftﬁ@ﬁ@t PR PR - s%ﬁ%fﬁﬁ&elf &E'nleé’by
supershifted it a Sox protein is present). [00119]Fi gure .10:

Al i gnnenthSfcImlhsawmqnﬁnaedbler%'ﬁé’ﬂé?e Tofordsi ko mus@esglxonpp&m ns The
Sox subf am 39-5 are
Cnei cat ecorgrinefy SR ekl o2 PREah R0 AR et
sequence. wifth m@m&y eeskia(@agan). kﬁJNAAmahl sﬁaﬂmiieabaﬂith 1Thes fobdl mg&m@

i ndi cated, W an orange bar_ bel ow the alignnment and furfher DNA
interactit h@%&‘?%@@f %I%gAn%TFk’éfﬁL’é q&é@l&%yc%@%) &Py @CEQ PER geacijon,
conser ved;1a0A sghpled &ﬂutéﬁ%ﬁﬂ%r%&e shaded m hmagkpe 1HidYsal POR
position of glutamate and |ysine residues di St'r@i ui shing Sox17 and

Sox2 is ndestedVibyreagenatAnphied Binsysemghit aralnd WooTasingse TagMealrirgbedrat thgox 2
that were i p i | n Sox17
to const rfﬁ)g?\% %(iﬁgEt?f}éa?g?b@%% gﬁﬁ‘rﬁn% f%&%o%%r eiﬁg @bQ%%ﬁa{’ ruct ur al

nodel pr epgiredion Hisaay qaygmts Ay plisl Bigsyisteens} tor aftial velume @b 20 ph §-RT-HCER

Sox17 and the, Sox2/ ?NA[ The van-der-Wal s su of the DNA
analysis was con ucted n 9 | clear optlcgl reaction pfl te (App[iefﬁleosystems) on
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notifs is altered (Figures 7A, 82A, |anes 41-49) diner formation is
abrogated for a changed notif order (octf Qop_soxf), strongly

di m ni shed for the converging notif (soxf Cbp_octr) and reduced for
the diverging orientation (soxr Qop_octe. Unexpectedly, the newy
identified conpressed notif did not enable heterodiner formation

t hough the individual proteins bound with high affinity (Figure 8A,
| anes 2- 4he ABDOLRO [7F00 metrnaaanari os coul d expl ai n the abundance of a
conpressed notif in genom c regions co-targeted by Sox2 and Cct4

despite t pnability of the t rateins to erodi neri ze | hi, s
seqnence WIERC . Erbubpyiigs 158 H-EshBuith JREeireT metGn el ed
mot i f coulnd SBe2,GRumaestaNink Khe eTIeRE o Pelehdsi caltimen tvitbutPeoddr lis @Et 4
bound singly to this site and the averagi ng over a | arge popul ation

of cells ©realt platesHBS pldt wors faed with decparslerpad dwde prdpeppeabdized with
Secondl vy, € . f : 0.iqi ) i

canont cal R EERAR0 Phinay: £ A AR S SRR @ s nd S
t he | att di0 sgedpweme isobree 3t dxab té¢lsJormbduds Heowo tgmperdtiedanidn Chl P

experinments while fhe actual hindi vent ocecurs, at n )
Canon car RS sher St e ERleSERL Sish Flal S Melssmim,
of the cophss AN Fdif 1 hewr bnbbattedpdiytute if tigd dirt. dmbgas viede Edplured using
canonical notif [00127] To further explore the last two issues, the
rel at i onshiBISEeviRdserandhintateddhareeings BddeyonptGalahsdnigngieidd by
measuring the co-occurrences of both notifs in the Sox2/Cct4 bound
regions. [dbeo® ar e FARd 1eprlsCct 4 bound regions, and the canoni cal
notif is present at Teast once in 995 of these |ocations while the
conpressed notif occurs 548 tines. 425 regi ons contained both a

conpr essd804HY a cdietie dafMpetsite assRhSer WastiME&s 411l spqcenpysfectides. To
Sini Ti cafkn A0 AR RANEEHRTELAR chikd bFHBUEGPRIercC: Sshallheh that
the conpressed notif constitutes a genuine notif renote fromthe
canoni calSox@fSek bheameiuats thealifergpiial essamblyf of hedaben Soui 2N G dohweindéarmad cal
motif th I | ocat i.o f the notifs in the.nouse gen wa
recover e BARUGE "an Lt dedts S H BaRAH BriedBla s ATLS s o EH
(Fi gur e 8Ghstruk8The diffasiababanllgnf Sat7, adthdrE gelieSeh@abichgw e fitutigC
coordinates within | bp of each others coordi ngt es centreswéi ncl udi ng
sites on THEGHPBSREESLP PaRl) Vas N leded mpxioes PobVere apmparefiresc) .
Hovever, &henho@jolihdria®in l%Bﬁéﬁ%@n{@w&lg?ere(aé%ﬁape?a{tiﬁe BRRidweRal |y

di stinct fromthe canonical notif spggestl ng that the conpressed
moti f coribsérved estha copapighsed eleptent. Thadlyavie spafer miglpotdeot thecanhice]

possi bili i ny. i whe t ressed notif is
actual ly etzlaéﬁé%lté%{h\gggm% ggigllﬁgﬁ%)sggjll noﬁelraﬁﬁ?fn‘g y‘%ﬁgpof the pwr s and
t he sequeAaT GTHEYA/MAG AT GORAPIN Tirdd@eity of the shaasrdwtizotideswdsdound] ddoat

t he vast jority of sequences,retrieved by.the for t

Compr oosdh DT LRt EE gL e & wolf fEferiaNion ol Ber STkt Been
previ ouslpfoeiicwth OBat 568 o PESRINIGRTTok MIME S0 x PPN RIBREretiR@biedr OUP
Sox protein Sox17 to sox notifs are indistinguishable (Palasingam P.

et al. J W8l cmppicalchooyys @griniey diffgmnt bapgbais #hgsioneof the Sox motif
het er odi v i zat i _ ¢ "
nsenbl y GAZSTIQTQUERECH, RopRind ¥y Aol LenbMTpSindubilhte

conf i gur diposd -1)es pedereanLares 4@ 0f SaieM endtPOti.4 was assessed. The
overal |l pattern of heterodinerization on nost notif configurations

recapi tul bseryat i gn de for the Sox2/ Octd.pair.,qFigure 8D

| onan & BT D ooy B T PRt of st bt ip§ el ferBey
Cct4 to -GS LSRR EDbr ShHd 7ERNN. eBCR dmptifitdtion 56 ¥énbman DNA dedived Aok t ed
a cooper ai_li ve_ bi ndi nglgrmde on this, el ement (Figure 8D, | anes 2-4).

Thi s fi ndPhEdatr et eene warderioanid eitlhe NeftoTgPren e RiBACEd rng weciiic
Sox2/ Ot 4, MRS W clifife, ROMLALECE A NS LA TRitte PN 1aEST 5EQMcatRLy, DNA
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[ 00132] Generation of induced pluripotent stein cells using a
rationally engi neered Soxl 7 construct: Sox2 and Sox17 differ in
their ability to generate i PS cells (Nakagawa, M et al. Nat

Bi ot echnol (2008) 26:01-6). Although Sox2 in conbination with Cct4,
K1f4 and c-nyc can reprogram somatic cells, Sox17 cannot. iPS cell
generation was used to assess the capacity of the designed

r econmbi na@pecibioxmyhfitAiohsofitie barttaCRagohait sipatoenfiymed (@ 13 asifetroviral
co-transfected transcriptiaon facto required to e erat e nouse
i PS cel | dniggipgon tﬁ@@ﬂﬂSﬁvqe A 8epBCRy pide gd%@le(ff*r g iU Sod 7 Srithaka
(2006) O‘ﬂlétml‘%@h #831:6A%ve alll'EIeE BPthE&pchg %@mh@ﬁﬁﬁ'@ WA sédhcAMBE 8. Of
68 i PS cl oneS were gener at ed Sox2 and no col onfes

appear ed apdifie&Sor@nons fromi &OﬁéEEI(i Tlf]@theW@)Peerm(edpﬂnd@@‘éﬁﬂ thi¢ presroee of
gener at e | P%q%ﬁ' oni es as previously described (Nakagawa, M et

al . tecuno (2008) 26:01-6). It was next confirmed that

Sox| 7EK coul d replace Sox2 in the generation of iPS cells (Figure 11A
and Tabl §02)12]l n t Higee 3ndep@nabnt foeun peesindhfos theanunavienbSpef dibp 28% | PS
col oni es were generated per plate of MEFs. The norphol ogy of the

col oni es "##" | evel of Cct4-GFP expression in the reprogramed cells
by Sox| 7EK were i ndi stingui shable fromthose generated by Sox2

(Figure X08913][ 00134dnlbe: BupihRion oFithd Rar c@zobzﬁ&mesoegemeg@agdwy the
wi | dtype and nutant version of Sox2 and Sox17 in ﬁ at
exper i merftScoyask pf e matifsa e €)1 aﬁe@r%merehlsq%ﬂé ezsearﬁ SVIRGRYY WAt ed

versions 1ﬁ’<freatst9<?fr§9%0faﬁ%9ﬁc§1 M@O é}ﬂttﬁéﬂﬁﬂw}%@nﬁ}ifsﬁﬁésrtﬁéﬂ doRthte¥eCt Or' s
together with Gct4, c-nyc, 1f 4 é%nto MEF cells. Cct4- GFP+

col oni es eapysesediang p@nerémﬂpfphq;m@}bep@ Hoiilreiscoverd whe the atiedoraves e
S D )y 9.) nunﬁes? oA n}is tﬂ %ruyéﬁ%ke%( Qz?d%tﬂtlé e;%%@a%tﬂ%tﬁ Of { g«ﬂgo Mok I)Jchgt){c%ra?&% alsHO

F ORI es g nera ' experiments
| n the I aﬁmeaseé.lmn}.eneﬁtaﬂ)bgp&for&mgmeyamé cmﬁSbﬁDﬂn@rmmR)ndhﬂtl ved from
alternative forns of Sox Nunmber of i PS Colonies Sox factor Exp. A

Exp. B E>i801 ‘E!-]Avg' F%g(r)u)gg 5.5 thég.' ttSOEISI-Z ?m z%;ejagbases into the motif does not

significantly affect the motifs ability to discover sequences. At all thresholds the
insertion of an unbiased base pair did not significantly alter the number of motifs

discovered in the same random list of FASTA sequences (10,000).

[00115] Figure 6: The full table of variant motifs scanned against the Sox2/Octd
ChlP-seq results.

[00116] Figure 7: in silico discovery of sox/oct variant motifs. (A) schematic of
the variant motifs generated in this study. All the combinations were explored with 0 to
10 bp's of spacer between the sox and oct parts of the motif, also a 'compressed' motif
was created by deleting the base pair between the sox and oct motif. (B) Frequency of
returned number of hits for the canonical variant motifs with -1, 1 through 10 bp's of
spacer. The frequency of motif is expressed here percentage increase over a random list
of genomic coordinates. A second independently generated random list is included for
comparison. (C) The WebLogo's of the returned motifs discovered by the pwm matching

tool. (D) Percentage increase over background of motif against the different ChIP-seq
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68 Sox17 0 0 0 O Soxl 7EK 312+124 164124 410124 295 Sox210E 56+24
75+24 10424 78 Sox2cel7 0 0 0 0 OCK only

lists derived from Chen, X. et al., Ce/l/ (2008} 133: 1106-1117, 'Oct4/Sox2' is an overlap
list containing all of the overlapping Oct4/Sox2 bound sites. The 'Oct4' and 'Sox2' lists

contain all of the Oct4 and Sox2 binding sites respectively.

[060117] Figure 8: Differential assembly of Sox2HMG and Oct4POU (A) and
Sox17HMG and Oct4 (E) on a series of different motif configurations. Motif
configurations were systematically designed as outlined in Figure 1A using 30bp DNA
elements containing identical Sox (CATTGTC) and Oct4 (ATGCAAAT) consensus
sequences flanked by GC rich sequences. To minimize binding anomalies due to cryptic
elements at the periphery or within the spacer region we used idealized motifs
(CATTGTC for sox and ATGCAAAT for oct) and introduced G’s and C’s as spacer and
boundary nucleotides. Each DNA element was mixed with individual transcription factor
proteins as well as with both Sox2 and Oct4 DBDs in combination (See supplementary
information). 250nM of every cy5-labelled DNA element was incubated with 50nM
Sox2HMGI/Sox 1 7THMG and 250nM Oct4POU proteins alone and in combination
followed by PAGE to asses the formation of ternary Sox/Oct4/DNA complex. The
position of the various protein DNA complexes are marked by arrows. The number of
spacer basepairs is indicated above and below the gels. X=-1 denotes the compressed and
X=0 the canonical elements. The co-occurrence of canonical and compressed motifs
within genomic regions co-bound by Sox2 and Oct4 in mouse embryonic stem cells are
depicted in (B). The significance of the overlap as compared to a randomly generated list
was established using a binomial test. (C) shows the portion of motifs with shared

genomic coordinates.

[00118] Figure 9: (A) Differential assembly of Sox2/0ct4 and Sox17/0ct4 on the
compressed and canonical elements. Proteins were added to 250nM DNA elements in
the sequences indicated above the lanes. To distinguish shifts caused by Sox2 and Sox17
a N and C-terminally extended Sox2-HMG (Sox2HMGI) domain was used in these
experiments. As a consequence, both, the Sox2/DNA and the Sox2/0ct4/DNA complex,
migrate slower than the corresponding Sox17 complexes, allowing us to visualize a
Sox2/Oct4 and Sox17/0ct4 DNA complex on the same gel. Protein-DNA mixtures were

incubated for 10 minutes before the next protein component was added. Sox2 and Sox17
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O0'00O0 [00135]To confirmthat the i PS cells generated by Soxl 7EK
were bonafide i PS cells, a screen was perforned for a set of markers
expressed in reprogramred, pluripotent cells, but are not found in
MEFs. Several of the i PS col oni es generated were expanded and the
gene expression of a selection of marker genes was neasured by
guantitative RT-PCR (Figure 11B). All of the pluripotency markers
Eras, Nanogs kéatads0nddxzd OZHpO0Gat 260hM Tim3], coaxdnihiidre SocOpa/Bhe | evel s

to normal ES, cells and S i PS cells il e, ori gi nal MEFs had
| ow expr eOEPLTFEY i‘fie&tﬁ*n]éed%’lf@ﬁﬁﬁmélb% a?#&fﬂ?@%?@é@* PR 8BeRPO%-he
Sox| 7EK i B@ebibdBssid i bup@¥n@dtdod BEurAbitcl QD ER6Y) JIBEKET (eei edhalyFi gur e

11C). Al Sox| 7EK i PS cl ones exam ned uniformly expressed the cell
surface reempdxessEMatkesiyy dotied beres Silpaty peeipi cPEplEes a5¢ nerked Axt or

Sox2. W ' , | t . PS4 si ze
and nuel o ASERALIRE P ERSLEMLPE, 8L bl ANBIRRGAS il |

t hese dat@asdeiipafSSaai@ctl had SEHVIHKon the Ciaopiiaiersan thid dompiksiéed | nduces
pl uripotency. [0Q0136].The hi ochem cal, data indicate that the Sox2KE
and 30x2ae?#zﬁﬁh§9wsra$\é%k@ g Fﬁecqraelf@?do‘a SHelht O ot e PO XD 2
with Cct 4fa@:ﬂe@@\FHPﬂ‘;e%ﬁneﬁioﬁ@ﬁfrﬁlysdoﬁlﬂl@(%.et @ GctpdonRRsRE WO\ EfiplSQY17.
Sox2KE was tested in conbination with ; 1t was found that Sox2KE
ret ai ned apBukyiskprrghdedsbr Soyprdtgntypressni)t was able to generate i PS
cells (Table 2). However, the Sox2al7 with additional nutations at

the Cct4 ct | nk:erfage , [HyTel¥lo o i he
sane assa[g@?il'g;jbl e gi, %ﬁgq% 8*3?@’1’?@”&?3& ?’H%Ier pr(gsteg%%}ééﬁgﬁlﬁ? %ég%@oﬁ
resul t s imotefiat ThehSoxSokiatiliesi(Bowldak esalwDeh Rt @000 227a219-dhgre nor e
strongly .tha | CE ih an i.n vivo sett] relative 1o i e o]

e nous e hIEReRRNES e Dottt KR EB0id N SRt} YiudRe) Makh hlies
si mpl i st ide Mmatket] GRSl BhiaThoRshv@ldh ed hweiened hithpabenbt Bir Hetow the

het erodi neri ze w t t4_on. canonical_ elenents in vitro and the i PS
i nduci ng slattapégm ef DO i -tqﬁeféﬁng&SffBlﬁ%aﬁml%kﬁtdmyr%a%&ss grcleyp

cel lul ar fi@eRlcbgRt+e@hnd Bindlae sdusi@P hieish¥ded M bIROS b1 dri AL BbiORPHT
nodi fi cati ons are anongst the candi date processes that could be

di f f er entglethingteand bsmedesignes HstiSpyishke Yexil dgrd Bove isoprded byrprgawsThe

[ 00137] Thi: wgy i NV ' il g ' i.fi L: aqvel

conpr essgéégn rtrg i ,acﬁ%él(?h?@g%é%o?%lthag&%%%p fr&lg‘%dl %ﬁtﬁ%lﬁg?rpeisﬂ@lsdl not i f
can recr uWotin@iphftefemnt 1580 10ab cpatta thaS&QAt pastintbe: dol@edad o) cal
counterpart, and the reverse_engineering of the differential assenbly

behavi or WyeaHg yoehyegeredcetmedbmebier s Gestreer poordnaggador SoxI7
dermonst r a,eqnt Bat2/Bc3 'oﬂ%ﬁAP@ﬂemanméP-W d ag@ui'fﬁ'éer mﬁ@ﬁﬁ Aacfe_ri@e@fr&ﬁ hhat

drastically affects Oct4 interaction in vitro is sufficient to turn
Sox17 i nt¥xafOdtPSrucape sghanwmimeli guyo Sox] DL peExyRiEpesel 00FSox 7

1o, 2 k15 BARBONTR B RO b o

was abl e dnd thePIDUdoplctdmma e presem i€ hieNMRBtdetivedanad cd dodi serigtarxd

fornms of Sox4, .Jox5 and Sgx1 Fj gure. 12A, B). Col onj es re

vi si bl e ‘Sqr%eésﬁ’eaﬁimé@?‘i%g%ﬁéié@‘] ‘%353(#1}@3@?’@%%@% .""’eﬁsm\}&a"teﬁ a§\o,\§?"7{‘ as

Wi | dtype palahddiigksIRbic (AAUEEIYRRS EASE w1t PSconBdtinaBons i hMMSRMOr €
efficient than Sox2 (w | dtype) at produci ng pluripotent col onies

(Fi gur e 1m@del. X6 oint i0pmaokFetdig SoxxQctdipterfneasswap thadiffeeantipl apsémlly ency
USi ng l a X, . 7 € "SU 4 ¥ (4 b
Sox7- A YRBPF efSoadiehd STt o e b R Bl it oyt el DA

[ 00141] Fi diement d&ivel fumk p Girefibnat eb:dodt eRrienthuitiad tieyNSox 2ikanc&olaaued

duct | ororpiuF RN Ly ke Wipa 508 Lab s srtgR o Bl e o

i nduce pl gy pRVRNOR PMRBL BRS [98XK2 KEx Btk Mfalﬂtﬁ@ﬂﬂ@eﬂ&ﬁ PRl S0l As
W th Sox17EK, Sox7EK is nore efficient at inducing pluripotency when
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[00143]In an extension of the previous work where it was shown that
Soxl 7EK nutant can give higher i PS production when replacing Sox2
(the Yamanaka factor) used with the other 3 factors (Cct4, Kif4, cMWc),
it was shown that Sox7EK nutant works as well as Soxl 7EK in form ng

i PS col onies, both of which nutants are at |east 4X nore efficient

t han Sox2. [00144] As well, experinents indicated that it is the C
term nal résidueswabdlord' thaalifienfroh thSerirdspatdias Sgt Massiddes iftd ghedirSox17

efficiency of iPS generation.., A chiner nsi.sti of, .Sox2HMG. dongi n
(arm no acPBEpaSoRPytels pYery g T & R BB E0 B ety
(am no achds PéifiohOLoAR Ry SBAVRA AHEOHBONERGEH IR hS dGERRSYSkFDAIDNALG) .
[ 00145] Fi gure 15: Chineric Sox2 and Sox17 proteins and induction of
pl uri pot epEplexps arggrkeatadet s of Sox2 and Sox17. B. Pluri potent

col oni es induced using the various chinmeric Sox protein constructs.
[00146]E>fﬁM° 3 [ 4l Th Ao | : . 3
nouse transc%iﬁpti o(r%gégtzzf%r ?ﬁl‘l’dﬁza%ﬁ}l[;%d ﬁg?%}lgg%gg@g%}gﬁgg%g%&bet ween
the two spe€Combinef D0YaFetiaratylvardsceriphpltogrypoteenprestread dfiifeBjted A s

can be generated, by viral transduction. uman | posg-tissue

dor 1 ved Lz ghaYn SieaRire PV HRbsRet) o TR BTV G
Acad Sci thkdp&uc20a/h ALPO it 20K T glay S (A ahdB) drQBak ] 7E¥arBmd by ThaliBF s"
OCT4, 50X2, KLF4 and _c- MYC ( Takahashi and Yanmanaka (2006) Cell

126: 663- 69?35 confipedfet _F"é?aﬂf}'r%l"é’& o the 9§t4fR§PIPB% ! _‘{SO’@ §zg9]1¢f6t|1°1\/‘i"45us
product i QRereR E/xb(%era%éa%ﬂcé BF GYPGo8iSe B816niHS BthitiBuaMieNGERE 8 Mfonies
sequences of t4, c-Myc, K1f4, Sox2, Sox2KE, Sox7, Sox7EK, Sox17 and
Sox 17EK wwe sokladried pasg@sed onGefeerter \ayenad-ipactvaied Abroblog@@2lapeiftes ar e
plated in 1 di,sh. r.ansf. t he t usi ng. Fugeneb
transfectr o%wggg%nesﬁ Cﬁloﬁggo.a’f bp S%? Cfé(ﬁg%lhg' gjghrﬁcggéa%‘?ﬁm%gwpl of
DVEM f or datdiininit @pressibe of @dripoieh & gheOBNPS\AB1eO Fepadtaibinied by SgxDf a
VSV- G vect or e d drop by drop. 15 mi.nutes later . the mx is
transf er r¥éd! ’d’"tanﬁé‘Sg‘gs‘@iQd%‘ng& "iPFFéE}B‘ékeé’GlSS &’Fﬁi@ﬂ&‘?ahﬁie next
day (Fi gyl@ipbency Gralderd RQatRAb RosfandRBEPRIAIRY fr8mitBre€ RPNERE WA dte 20N

of fresh nedia, and 380 000 cells hAd-MSCs are plated in 3 different
6cm di shexesebiad atavgragh HnendferEsingerstlp f Fedompeiise) the BRpBistadpelicedhe i n

oncent r ARy LETRG A AR S OFL L REE At Ml SR

accor di ngiriforvhexcpreasiah at SSEA+I @1d Svst oudPh oleges Miréd jpdvelualiRd choaks s

are infec | st roun jth .. C , K1f 4 t he.correspondi ng
Sox f act OF TSt Fof bt et e & wetkE miiiah AR HeC sSSpsTRER
for a secgpgsiiouddhoblutipbesdy 9akéN8SRAXE (afaind diseks @Mhddgy the
hAdMSCs nedi a i s changed to hES nedia : mlESRL nedjia from Stem Cel |
Technol od?@4 GFPrarrespmior shasamg fickls seretisoavrasopted dhsle bk i vad Hayedle om 20
to 25 days.,.dJ r S; 1y oni es. Then the

col oni esy%}stedréll%qargé&gﬁ?@éﬁ?g?o? e(ggl 'ﬁ’rﬂl’ g’ga%ngg%y mar ker SSEA4 and
count ed under a fluorescent mcroscope. Positive colonies are then

pi cked i 108423H| | f Reselts pl ates for individual anplification and nore
characterization. Results are shown in Figure 17. [00150] Fi gure 16:

An over vi t he ' do i el j h 3

adi pose- t[leggg%] der ﬁ%@g @&wf%gﬁdg&f@?ﬁ ulr?‘?"%?:l)l Efg#%énﬁ?%sgco lcglr?fles

i nduced uséigig n@etix HWMWscanirfededoxds dEKsed ©QLER]TAke qeuinkéncadf diffsreand
pat ent appljcations_.cited,] his specification.are herein

Phcor por AbelEy PERefispa2/did R Pl ol B BP9 BA o8 gt ent
appl i cat i 9&HfEE sysRMGHEAIGE skass@N theivadigthel ik 3hditheine et @ebnta@ioRe(Figure

i ncorporated by reference. The citation of any publication is for its
di scl osur@prhicbmotibseaps 2P0 wipdens ef hamousfoimnama sierpiateagaded thebhaye an

adm ssi on,Lhatowds, @ﬁ@%g*a& okl RALY &Ax) SndBL14SRELbNBRIc SRAMISABL L, gUCh

publication by virtue of priof invention.
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[ 00153] As used in this specification and the appended cl ai ns, the

singular forns "a", "an" and "the" include plural reference unless
the context clearly dictates otherw se. As used in this specification
and the appended clains, the terns "conprise", "conprising",

"conprises” and other forns of these terns are intended in the
non-limting inclusive sense, that is, to include particular recited
el ement s epal,CCuAIROEN 33 V\'u'10&0ml7)emhﬂﬁi:q1gnaes/footlﬁﬁrenﬂye;macﬁ s®foct in
conponent, Unl ess defined otherw s t echni scientific

Cor e uodhe FBOERR eVl ThEOYane 'gﬁ”’%ﬁ’ﬁ EERE e Fary A prtsa AL B % o

one of ordidas Mmphdnhent bt 1 148 nﬁﬁlBelt(ﬁ' sﬁé’ﬂeﬁtﬁs& Bhifs) VRO BEh@TBsee

[00154] All lists or ranges provid rein are intended to include
any sub- [Higure §forpagommheie lwthrfgse‘exp@ﬁtqrd, g oanerigah sedect Mol wetimpptsirongly

range. e A din
sonme det aﬂgf ég%sl%w%adlpg‘?& Iblggi{ﬁr nt%? ﬂ% Qﬁéexgﬁél%mpﬁﬁnggf%gg@%%ob &
clarity dfsenaderstfamdi thde only medesdaehiriciiedpparent to those of ordinary
skill in the art in light of the teachings of this invention that

certain S ITDdI f catl .t heret i, I hout

Gonart i ndOBTEE o tuRRRend BRMRERE o PRR R h AR S B e o
Ben- Gal Inovéltadih pésse@ﬁdﬁﬁfl‘(het@la’tb@lléd asPEOKI\- 18p_oBHHip@¥17C a A% FRGERe S,
Grosse | (2005). 1 dentl fication of Transcription Factor Binding Sites

wi th Var ioBr kackpigund) BhRrecompressist mptifictiffersifionting panenicakmotit byxbsisetion g6 .

Chen X, ,
Chon g hiddle fiAite (RRAOR 7 RS oMoni e B 0P oo o PUlsOK obly -

Leong B, Mh@ﬂpeﬁﬁemm Gr&nomoairmmé‘ (Bgusuity. NKe sQuandesidemifiaddiy s, Ng

HR. Integration of extern nal in th th

ransr | AHEBRETe R REPEARR mAMPY Sk BT R AR P obobd 1 RSoifl e o
133(6): 13&6&ﬁﬁentﬁwﬂ&bﬁ:@mssedlﬁ1onfaw§ YpeTRBd KRgur®7C1.2006) . | nducti on of
pl uri potent stem cel I s from nouse enbryoni ¢ and adult fi brobl ast

cul tures fine a tors Cell 126, 663:676. Van nd rynen
P, (zoog)[Bé& Lt at 5B FSE GRS et dalattPeTbgRT V§°¥§afu?%/?ory

nmodul es. aﬁsﬂeeﬁdr@g&nlbaaeﬁm Ao Bb b6snd By050x209d TR (F&Qﬁi@’m) E&s & Wdom

J. What controls nuclesone positions? Trends Genet. 2009 A
25(8) : 335u4gpatgbyanoniqal and eampipssed EERROSKY BALE Y95 fesppagd lﬁﬁsgfmqa?rawt

circuitr ysﬂ'e@o&idﬁ@@lﬁﬁm%:x&%'l ?F§£sﬁ?nga%léd% FBblndld@s. 947-52 (2005).

Loh, Y.H et a and nog transcription network regul ates
pl uri potency in nouse enbryonic stemcells. Nat. Genetics 38, 431-40

(2006). FEQ(MI%%] 3. Pre@egei/ aumwﬁfemmmc@g"wewomemog
fam Y, O ey L ORTENNA o LR9SET b0 RhOLS. TBRGHARDEMTNE 2

Rosenf i el d@dnfijred sd20Adt dod in vitadreleytrottlotess mabllgx lsihﬁlasstays (BMSAhﬁmhl ps,
and devel o code; v 7- gner, M
From hea&“ggecﬁiﬁig‘ksmgtﬂﬁ‘@ lﬁﬁﬁrppﬁ’\?g‘%@@fné ﬁDéﬁﬁ ‘bf?%‘f‘é iécﬁug &ic Acid
Res 27, Q9% &Rkl boteBdiof sof2/08k BBD pré’\QésSécIe\éné%ﬂgl) £Loapl @xity in

DNA recognition by transcription factors Science (2009
324( 5935)syi7meticlly mdifzed spx/pet eompgpite meth Sienstdnal stepa PeareHHvef

nanog by (XT4:808 SE%nd OB 3 thERGBRE et Fhs Lbdef¥TA=0, Figure 84,

lanes 5-7). However, the dimerization potential was strongly diminished if a spacer of

one or two base pairs was introduced (Figure 8A, lanes 8-13). Heterodimerization was
enabled on elements with a spacer length between 3 and 10 nucleotides, albeit with
reduced efficiency as compared to the canonical element, suggesting an additive or

weakly competitive binding mode (Figure 8A, lanes 15-39). If the arrangement of the
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Tanaka, S. et al. Interplay of SOX and PQU factors in regul ati on of
the Nestin gene in neural prinordial cells. Ml Cell Biol 24, 8834-46
(2004). Kuhl brodt, K et al. Cooperative function of PQU proteins and
SOX proteins in glial cells. J Biol Chem 273, 16050-7 (1998).
Stefanovic, S. et al. Interplay of Oct4 with Sox2 and Sox17 : a

nol ecul ar switch fromstemcell pluripotency to specifying a cardiac
fate. J Gedtifs B aercii&Bigued 3A7 824,109 ¥ 1 -4Ppdiast figamtiois abbgateth forR. , Ng,

C.K & Kolalctar, PR T structure of ,Saoxl17 und to DNA reveal s a
RS S A K S R S A e R
pl at f or mysoxd Rl oddh)@hd F8eedddPihd AiverROdrenMtioh @Ry 0hp Actipt al .

Mul tipotent cell lineages in early nouse devel opnent depend on SOX2
f unct i on.Uneanesedbe vherrrwly Zgntilied RowsyssEappéited nayepable hetglodinggy 2
regul at or i SSi L) .t ra e )
et A EUINNER BTSSR ANt I FRRREE 08, 2,

reveal i ng regionalization of gene expression in CNS stem cells.
Devel opndA0128}7, 23bikesenaro0@ld Qudsin the aMuldangs o arcolnpsesfadm@EHiR i n

0 0 SRbAS i, AL LTINS LS AR PR BRI e TR LA

pat t er ni n@tepstimeiiid i@ g bdqathceRoRkxARTAN| Bk ol aregitterendo de tha

Devel opnent 134, 2521-31(2007). O cubo T. Sox2 i.s requjred faor

devel opmeERMPEFsaeE Bl hesassH Py djependentdridl epchment b4 o5 §ct006) .
Kanai - Azyzgng &b I?tto flis sif2GRY Ble! QBraPing 6 a'l'a%b?@ e orSrdedes Brddthe
Sox17-nul | mut a% m ce. Devel opnent "129, 236 -%9 (2002). Seqguin C A
Dr aper, m8tipn NagproccaregeRE bstarproteids. Secenily. icsmprsated ofotiéhehubitbatocated

progenitars hy SOX transcripti factor. expr i in n_en oni c
St em cel 18 et of SERF{AEh 08 4R ERlORER R I PR R T
M Hara Khe MiyescakirioSomigansdd notifMayndidrbeldb-phtifiad akThlP exFoioilehtsphlalesha
subst anti al {IO.I & in |ate-st age differentjat i.g f ,the, ext r.argnb{lg/oni C
endoder ma&cHa,pipgge eﬁe“@?qm%‘ﬁi e lﬁ_?a‘l‘%%i‘a mey _ 11%?5’5.5%1%356 att
Nakagawa, apfarefitenfibhm &R Bﬁflﬁtchﬁiﬂregg e]gl'nﬁtgif Qiﬁiﬂﬂﬁ)tle&' b ROk fariBt 18 MCBhbiSical

W t hout nyc from nouse and huiman fi brobl asts. t Biotechnol 26,
101-6 (2008if: Nichols, J. et al. Formation of pluripotent stern cells
in the manmal i an enbryo depends on the PQU transcription factor Cct4.

Cel | 95, 1 (1 i i TorSEaini .
Cuch, 8970, (g8 R et QS TSl By

essent i alanflepmeredtedenaniff wasneraingmediby rooeparzihe omovdutiendel of biNEnthoifsinn

skt endl Re Gy Sl Roni ghitialy 3 SR S ME sl o

bi ndi ng afnédieal Rt adaehiat Odast diee & BH dfehdse tovamse bk itlcobpedsesd
Nanog. J Mol _ Biol. 2008 Feb 22;376(3):758-70. Sun N. &t al . | i
Feeder - f rEffqsry af3 BReH 2P FREIRNS GOHRIBRT Poh asematestrdaf p sanoniss etk ¢

human adipQsewal £RGRchiSy siBlifGnes-beARRA: LS.E@?Q)]@%?&@)Z% édablish
(2009). Renenyi A, Lins K, N ssen LJ, Reinbold R, Schéler HR

W | manns that tigy gosratssed matif emetitotes a sPOUHME Diinotedrora the cowamptaé xersion

Genos ovi i 30BAERbEA PSS AR igfh s oR ol e By BN HS,
d ore, Gthibei e uloake @@snﬁ \ﬁeé recdyéred éﬁcﬁtﬂa’e mtérSﬂ:;ﬁSﬁ bf @hﬁMo01'&inates1

activation by Oct] and g x2 .revealed fromthe solution structure of
Lhe 42- kDHESARR 7S50 Tl TBRROTBFASEALF2bonsid Bof i YoR ShasRe GPamifp ex.
J Biol Chebidimdddvidan 18 7RCRdthiA40@hates Yevks (iBcielinb Med? dnShe opposite

strand), indicating motif overlap (Figure 8C). However, the majority of compressed
motifs (528) are positionally distinct from the canonical motif suggesting that the

compressed motif constitutes a genuine motif variant. To explore the third possibility, it
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1. A mutant Sox7 or Sox17 protein conprising a nutation in the am no
aci d sequence LSQKRPYVDEAERLRLQHMD of a Sox7 or the am no acid
sequence LAElI CRPFVEEAERLRVQHMD of a Sox17 protein, the nutant Sox7
or Sox17 protein being capable of inducing conversion of a
non-pluripotent cell to a pluripotent cell together with Cct4 and at
| east one of c-myc and KIf4. 2. A nutant Sox7 or Sox17 protein
conpri si nagasanvmt&@tddomhdthbrtme:omp'rsmedand)tﬁ is aquediyeesubdre ofiha gariohzalOct 4

protein contact nt er.f ace qof ox7 or Sox| rotein, the_mnut nt Sox
protein B&tHy A4 b PE B v @S%ﬁtfs% blﬁataﬁﬂ&%%“’ﬁfwf%ee@

cel | to a RhiohRPHANhe Q@t hla}oﬁ’@)@&m%uéﬁbésheﬁ%ﬁéli Rnde glvnl €R3kheone of
c-nyc and Kif4. 3. The nutant Sox7 or Sox17 protein of claiml or 2,
wher ei n #Ayreasiadend epapnicabigtis aradistinst sequence LSQKRPYVDEAERL RLQHMQD
or LAElI CRPFVEEAERLRVQHMD i s substituted with a different am no acid.
4. The Sox7 f 0

corpr i si o0 okt at { o op e g e B LT L BE S h PIHe of

t he Sox7 gnwupa3dxr1motami Sx128 S@tc nidids Sexidistipgaslebie (Palsingdve Prat ant Mbe?

or Sox17 wher ei tation of the ut tic
26 41 oo el 3 6 ST SEeR e el PP ARR Bond§ TSHEFR e
Sox17 pr ol T thesdidfeeHidd takdetiblyodt Stk Nahd/SLAOBDH0 tH@niBpandllof SOAdct OF
Sox17 proteij n of any one of clains 1 to 5 which is a _putant Sox7

pr ot ei n. Mot copfeegiionn tesicd galigy fosé&&%aqér%t‘énﬁs aresaet Thravenll patisrnel 1
to 5 whi ¢Riel Stifel2kiBHbn Mt]rzoﬂﬁf c%hﬁgﬂatlong 1ec-£f9ﬁ11mi|§ SUALrvadhé nHde Wl]rg

protein of any one of claims 1 to I's a human Sox7 or Sox17
prot ei n. Sox®Ock pairclFeguee 3124 lanasH 0 Ullewesiss oul stadk qoneaatrttttamna@ém’@fr otein
of any o t Sox
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Sequence Listing. ST25 SEQUENCE LI STI NG <110> AGENCY FOR SCI ENCE,
TECHNOLOGY AND RESEARCH Kol at kar, Prasanna R Aksoy, |rene 3auch,

Ral f Stanton, Lawence W <120> MJTANT SOX PROTEI NS AND METHODS OF

| NDUCI NG PLURI POTENCY <130> 93231-726 <150> US 61/272, 793 <151>

2009- 11- 04 <160> 43 <170> Patentln version 3.3 <210> 1 <211> 23 <212>
DNA <213> artificial <220> <223> synthetic prinmer <400> 1 caccat gggc
ggcaaccagax/agazagif <R IB)<kPand OcdekBibittNA cooperative binding mode on this

element as indicated by a complete supershift of the Oct4/DNA complex if Sox2 was
present (Lane 7-8). However, when Sox17 and Oct4 were incubated with the canonical
element, the supershift of the Oct4/DNA complex was incomplete, suggesting an additive
or only weakly cooperative binding mode. Furthermore, when the three factors were
incubated together the majority of supershifted Oct4 migrated in a Sox2/Oct4/DNA
complex while the Sox17/Octd4/DNA complex was of markedly lower abundance. The
bulk of the Sox17 protein remained singly bound to DNA. The sequence of addition of
the Sox proteins did not significantly affect the experimental outcome. These results
indicate that Sox2 exhibits biochemical properties at the Oct4 binding interface enabling
it to out-compete Sox17 on the canonical sox/oct element. Together, while Sox17/Oct4
binding was sterically possible on the canonical element (Lane 10-11) complex formation
was strongly enhanced on the compressed element for the Sox17/0Oct4 pair (3A lane
10/11). Conversely, Sox2/0Oct4 dimerization was occluded on the compressed motif

presumably due to steric hindrance (Figure 9C).

[00130] A series of control experiments were conducted to establish the
significance of these findings and tested another F-group Sox protein, Sox7, a shorter
version of the Sox2 protein restricted to the core of the HMG domain and altered the
spacer residue of the canonical motif (Figure 1). In summary, the preference to assemble
with Oct4 on compressed elements appears a robust property of the F-group Sox proteins
Sox7 and Sox17, whereas Sox2/0Oct4 dimerization is impaired on this motif. In addition,
the structural elements that equip the Sox proteins under study with the ability to
differentially assemble on subtly different motif variants must reside within the core of

the HMG domain.

[00131] Point Mutations at the Oct4 Interaction Surface Swap the DNA
Dependent Dimerization Potential of Sox2 and Sox17: Structural studies on Sox17
(Palasingam, P. et al. J Mo/ Biol (2009) 388: 619-30) and Sox2 (Remenyi, A., Genes
Dev. (2003) 17(16):2048-59; Williams, D.C., J. Biol. Chem. (2004) 279(2):1449-57)
revealed that DNA base contacts as well as the protein induced deformation of the DNA

are virtually identical for both proteins. However, a different electrostatic surface
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<213> artificial <220> <223> synthetic prinmer <400> 2 ttacatgctg
ttcccgececgg gggccagcaa30 <210> 3 <211> 20 <212> DNA <213> artificial
<220> <223> synthetic prinmer <400> 3 cacccccgag gagtcccagg20 <210> 4
<211> 25 <212> DNA <213> artificial <220> <223> synthetic primer
<400> 4 tcattctcgt tgggaatact caata25 <210> 5

potential was observed in a region centered at helix 3 (Palasingam, P. et al. J Mo! Biol
(2009) 388: 619-30) that constitutes the presumed Oct4 contact interface. Overall, Sox
B1 and F group proteins exhibit remarkable sequences conservation but residue 122
(Sox 17 numbering) at the Oct4 contact interface exhibit a subgroup specific pattern
(Figure 10A). B group Sox proteins contain a basic lysine at this position which is
replaced by an acidic glutamate in F group Sox proteins which appears to alter the
electrostatic properties of both proteins (Palasingam, P. et al. J Mo/ Biol (2009) 388: 619-
30). To test if this residue causes the differential assembly of Sox2 and Sox17 with Oct4
lysine 95 in Sox2 was mutated into a glutamate (Sox2KE) while glutamate 122 in Sox17
was converted to a lysine (Sox17EK, Figure 10B). In addition, a Sox2 construct was
generated in which all 8 helix-3 residues in proximity to the putative Oct4 contact
interface were converted into their corresponding counterparts found in Sox17 (denoted
Sox2al7, Figure 10B). Next the potentials of the mutated Sox proteins for co-assembly
with Oct4 on the canonical and compressed elements derived from the regulatory region
upstream of Nanog (Rodda, D.J. et al. J Biol Chem (2005) 280:24731-7) were assessed.
The wildtype Sox2 and Sox17 proteins bind the Nanog promoter derived element
identically to the idealized elements described earlier (Figure 10C, Lanes 3-6; 15-18).
Mutation of the Oct4 interface, however, swapped the binding profiles of Sox2 and
Sox17. The ability of the mutated Sox2 constructs Sox2KE and Sox2al17 to dimerize
with Oct4 on the canonical motif was substantially weakened (compare Figure 10 lanes 4,
8 and 12). Conversely, the Sox17EK cooperated more strongly with Oct4 than WT Sox17
on the canonical element (lanes 6 and 10). Consistently, testing binding of the mutated
Sox constructs to Oct4 on the compressed element displayed the reverse pattern.
Mutating the Sox2HMG to Sox2KE installed the ability of this construct to assemble with
Oct4 on the compressed element which was denied to the wildtype domain (lanes 16, 20,
24). Conversely, the Sox17EK mutation eliminated a key feature necessary for co-
assembling with Oct4 on the compressed element (lanes 18, 22). These results indicate
that a single amino acid at the Oct4 contact interface constitutes an important determinant
for a qualitative binding difference of the Sox2/Oct4 versus the Sox17/Oct4 transcription

factor pairs on motif variants.
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Sequence Listing. ST25 <211> 58 <212> DNA <213> artificial

<220> <223>

synthetic prinmer <400> 5 ggggacaagt ttgtacaaaa aagcaggctt caccat gtat
aacat gat gg agacggagb58 <210> 6 <211> 50 <212> DNA <213> artifici al
<220> <223> synthetic prinmer <400> 6 ggggaccact ttgtacaaga aagctgggtt

cacat gt gcg acaggggcagb0 <210> 7 <211> 51 <212> DNA <213> artificial

<220>

[00132] Generation of induced pluripotent stem cells using a rationally
engineered Sox17 construct: Sox2 and Sox17 differ in their ability to generate iPS cells
(Nakagawa, M. et al. Nat Biotechnol (2008) 26:01-6). Although Sox2 in combination
with Oct4, KIf4 and c-myc can reprogram somatic cells, Sox17 cannot. iPS cell
generation was used to assess the capacity of the designed recombinant Sox variants to

induce pluripotency.

[00133] Four co-transfected transcription factors are required to generate mouse
iPS cells Oct4, c-Myc, Kif4, (OCK) and Sox2 (Takahashi and Yamanaka (2006) Cell
126:663-676). In the reprogramming assay, an average of 68 iPS clones were generated
with OCK plus Sox2 and no colonies appeared when Sox2 was omitted (Table 2). OCK
plus Sox17 did not generate any iPS colonies as previously described (Nakagawa, M. et
al. Nat Biotechnol (2008) 26:01-6). 1t was next confirmed that SoxI7EK could replace
Sox2 in the generation of iPS cells (Figure 11A and Table 2). In three independent
experiments, an average of 295 iPS colonies were generated per plate of MEFs. The
morphology of the colonies and level of Oct4-GFP expression in the reprogrammed cells

by Sox17EK were indistinguishable from those generated by Sox2 (Figure 11A).

[00134] The numbers of iPS colonies generated by wildtype and mutant version of
Sox2 and Sox17 in 3 separate experiments (Exp. A, B, and C) are shown in Table 2. The
indicated versions of the Sox factors were cotransduced by retroviral vectors together
with Oct4, c-myc, and K1f4 (OCK)} into MEF cells. Oct4-GFP+ colonies appearing on
each plate, performed in triplicate (average £ S.D.), were counted 3 weeks post infection.
The overall average (Avg.) number of colonies generated in the three experiments is

shown in the last column.
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<223> synthetic prinmer <400> 7 ggggacaagt ttgtacaaaa aagcaggctt
caccat gagc agcccggatg c51 <210> 8 <211> 49 <212> DNA <213> artificial

<220> <223> synthetic priner

<400> 8 ggggaccact ttgtacaaga aagctgggtt

taaat gt cgg ggtagttgc49 <210> 9 <211> 31 <212> DNA <213> artifici al

<220> <223> synthetic priner

031 <210> 10 <211> 78 <212> DNA <213> artifici al

<400> 9 catcgacgag gccgagcggc tgcgcgctct
<220> <223>

synt het i (Tgbid ZreSummary of iPS colonies derived from alternative forms of Sox

Number of iPS Colonies

Sox factor Exp. A
Sox2 57£19
Sox17 0
Sox17EK 312+124
Sox2KE 5624
Sox2a17 0
OCK only 0
[00135]

Exp.B  Exp.C Avg.
56+19 0019 68
0 0 0

164£124  410£124 295
75424 104424 78
0 0 0
0 0 0

To confirm that the iPS cells generated by Sox17EK were bonafide iPS

cells, a screen was performed for a set of markers expressed in reprogrammed,

pluripotent cells, but are not found in MEFs. Several of the iPS colonies generated were

expanded and the gene expression of a selection of marker genes was measured by

quantitative RT-PCR (Figure 11B). All of the pluripotency markers Eras, Nanog, Oct4,
Sox2, Zfp206 and Zic3, exhibited comparable levels to normal ES cells and OCK Sox2

1P8S cells while the original MEFs had low expression (Figure 11B). We also

mmmunostained three of the Sox17EK iPS lines for Sox2 and the pluripotency marker

SSEA-1 (Figure 11C). All Sox17EK iPS clones examined uniformly expressed the cell

surface marker SSEA-1 and the nuclear localized transcription factor, Sox2. We also

confirmed transfection of the transgene's insert size and nucleotide sequence from iPS

clones (Figure 2). Collectively, these data demonstrate that Sox17EK, in cooperation

with OCK, induces pluripotency.

[00136]

The biochemical data indicate that the Sox2KE and Sox2al7 mutants

weaken the heterodimerization potential of Sox2 with Oct4 on canonical elements

similarly to that observed for Sox17. Sox2KE was tested in combination with OCK; it

was found that Sox2KE retained the wildtype Sox2 activity as it was able to generate iPS

cells (Table 2). However, the Sox2017 with additional mutations at the Oct4 contact

interface were unable to induce pluripotency in the same assay (Table 2 and Figure 11).

One interpretation of these results is that the Sox2ct17 interferes with Oct4 interactions
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<400> 10 Sequence Listing. ST25 gagaagcggc cgttcgtcga ggaggccgag
cggctgcgcg ttcagcacat gcaggaccac60 ccgaattata aataccgg78 <210> 11
<211> 30 <212> DNA <213> artificial <220> <223> synthetic prinmer
<400> 11 gtggaagagg ccaagcggct gcgcgtgcag30 <210> 12 <211> 21 <212>
DNA <213> artificial <220> <223> synthetic prinmer <400> 12 gggtggacca
tcctctagac t21 <210> 13 <211> 20 <212> DNA <213> artificial <220>
<223> synhiretsirengdy thae Sox2lB i dh3n tvoaaatigs edatygyd agtit-gorsuaidits. 14
<211> 18 <212> <213> artijficial <220> ., . | . .
Alternatively, it cannot be excluded that there is no simplistic one-to-one relationship
between the potential to heterodimerize with Oct4 on canonical elements in vitro and the
iPS inducing properties. If so, interactions with third factors, sub cellular localization,
protein stability and post-translational modifications are amongst the candidate processes

that could be differentially affected in the Sox2KE versus the Sox2a¢17 mutants.

[00137] This study involved in silico identification of a novel compressed motif,
the biochemical demonstration that this DNA motif can recruit different Sox/Oct pairs in
contrast to its canonical counterpart, and the reverse engineering of the differential
assembly behavior by analyzing structural models. Ultimately, it was demonstrated that a
single point mutation introduced at a site that drastically affects Oct4 interaction in vitro

is sufficient to turn Sox17 into an iPS reprogramming factor.
[00138] EXAMPLE 2

[00139] Sox7 was mutated at the corresponding Glu residue in a similar fashion to
Sox17 as described in Example 1 to produce a Sox7EK mutant. Sox7EK was able to
induce pluripotency, in contrast to analogous mutant forms of Sox4, Sox5 and Sox13
(Figure 12A, 12B). Colonies were visible at least as early as day 14 (Figure 13). As with
Sox17, wildtype Sox7 did not induce pluripotent colonies, but Sox7EK was more

efficient than Sox2 (wildtype) at producing pluripotent colonies (Figure 14A, 14B).

[00140] Figure 12: Results of induced pluripotency using OCK alone or with
Sox2 or mutants of Sox4, Sox35, Sox13 or Sox7. A. GFP fluroescence. B. Alkaline

phosphatase staining.

[00141] Figure 13: Pluripotent colonies induced by Sox7EK. Colonies were
visible as early as day 14.

[00142] Figure 14: Efficiency of induction of pluripotency. A. Wildtype Sox2
and Sox7EK were able to induce pluripotency whereas Sox2KE and Sox7 wildtype did
not. B. As with Sox17EK, Sox7EX is more efficient at inducing pluripotency when

compared to Sox2.
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<223> synthetic prinmer <400> 14 gggcagtgtg ccgttaat18 <210> 15 <211>
20 <212> DNA <213> artificial <220> <223> synthetic prinmer <400> 15
aaggccct gt cacacttctg20 <210> 16 <211> 20 <212> DNA <213> artificial
<220> <223> synthetic prinmer <400> 16 cagtttgaat gcatgggaga Sequence
Li sting. ST25 20 <210> 17 <211> 20 <212> DNA <213> artificial <220>

[00143] In an extension of the previous work where it was shown that Sox17EK
mutant can give higher iPS production when replacing Sox2 (the Yamanaka factor) used
with the other 3 factors (Oct4,K1f4,cMyc), it was shown that Sox7EK mutant works as
well as Sox17EK in forming iPS colonies, both of which mutants are at least 4X more

efficient than Sox2.

[00144] As well, experiments indicated that it 1s the C terminal “activation”
domain of Sox17 which gives the higher efficiency of iPS generation. A chimera
consisting of Sox2HMG domain (amino acids 1 to 121) with the Sox17 C-terminal

activation domain (amino acids 147 to 420) showed the increased efficiency (Figure 16).

[00145] Figure 15: Chimeric Sox2 and Sox17 proteins and induction of
pluripotency. A. Constructs of Sox2 and Sox17. B. Pluripotent colonies induced using

the various chimeric Sox protein constructs.
[00146] EXAMPLE 3

[00147] There is a high homology between human and mouse transcription factors.

The HMG domain is 100% conserved between the two species.

[00148] Human induced pluripotent stem (iPS) cells can be generated by viral
transduction of human adipose-tissue derived mesenchymal stem cells (hAd-MSCs) (Sun,
N. et al., Proc Natl Acad Sci USA (2009) 106:15720-725) with the four “Yamanaka
factors™ OCT4, SOX2, KLF4 and ¢-MYC (Takahashi and Yamanaka (2006) Cell
126:663-676). The detailed protocol is as follows.

[00149] For virus production, pMXs retroviral vectors are used in which the cDNA
sequences of Octd, c-Myc, KIf4, Sox2, Sox2KE, Sox7, Sox7EK, Sox17 and Sox17EK
were cloned. 20 x 10° of virus-producing 293GP2 cells are plated in a 15cm dish and
transfected the next day by using Fugene6 transfection reagent. 112.5 pl of Fugene are
mixed with 750 pl of DMEM for 5 minutes. Then 22.5 pg of pMXs vector and 22.5 pg of
a VSV-G vector are added drop by drop. 15 minutes later the mix is transferred onto the
293GP2 cells and incubated overnight. The next day (Figure 16, d-1) the media of
293GP2 cells is changed with 20ml of fresh media, and 380 000 cells hAd-MSCs are
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<223> synthetic prinmer <400> 17 tgttctcgtc gtttcctcaa20 <210> 18
<211> 30 <212> DNA <213> artificial <220> <223> synthetic priner
<400> 18 cggcgcggca ttgtatgcaa atcggcggcg30 <210> 19 <211> 30 <212>
DNA <213> artificial <220> <223> synthetic prinmer <400> 19 ggcgcggcat
t gt cat gcaa at cggcggcg30 <210> 20 <211> 30 <212> DNA <213> artifici al
<220> <223> synthetic prinmer <400> 20 ggcgcggcat tgtcgatgca
aatcggcggﬂﬁ&imﬁmﬁﬁazmt@ﬂﬂdkmﬁﬁomaiﬁﬁhDNAmsE$3pab@&hﬁﬂdgaKBBZ20> <223>
syntheti CBlggcllerLEcés) <1§1"(gtanda1é' hAd-MSCs media. The day after the virus is collected and

concentrated by using Amicon® Ultra Centrifugal Filter Units according to the

manufacturer’s instructions (Millipore) and cells are infected a 1% round with Oct4, ¢-

Myec, KIf4 and the corresponding Sox factor. 20ml of fresh media is added again in the

293GP2 cells for a second round of infection the next day. The following day the hAd-

MSCs media is changed to hES media : mTESR1 media from Stem Cell Technologies.

The media is then changed every consecutive day from 20 to 25 days till the appearance

of hES-like colonies. Then the colonies are stained alive for the pluripotency marker

SSEA4 and counted under a fluorescent microscope. Positive colonies are then picked in

24well format plates for individual amplification and more characterization. Results are

shown in Figure 17.

[00150] Figure 16: An overview of the generation of human iPS cells using

human adipose-tissue derived MSCs.

[00151] Figure 17: Human iPS colonies induced using Octd+c-
MyctKIlf4+Sox17EK.

[00152] All publications and patent applications cited in this specification are
herein incorporated by reference as if each individual publication or patent application
were specifically and individually indicated to be incorporated by reference. The citation
of any publication is for its disclosure prior to the filing date and should not be construed
as an admission that the present invention is not entitled to antedate such publication by

virtue of prior invention.

[00153] As used in this specification and the appended claims, the singular forms
“a”, “an” and “the” include plural reference unless the context clearly dictates otherwise.
As used in this specification and the appended claims, the terms “comprise”,

I3

“comprising”, “comprises” and other forms of these terms are intended in the non-
limiting inclusive sense, that is, to include particular recited elements or components
without excluding any other element or component. Unless defined otherwise all

technical and scientific terms used herein have the same meaning as commonly
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gcgcggcatt gtcggatgca aatcggcgge30 Sequence Listing. ST25 <210> 22
'<211> 30 <212> DNA <213> artificial <220> <223> synthetic priner
<400> 22 gcgcggcatt gtcggcatgc aaat cggcgg30 <210> 23 <211> 30 <212>
DNA <213> artificial <220> <223> synthetic priner <400> 23 cgcggcattg
t cgggcat gc aaat cggcgg30 <210> 24 <211> 30 <212> DNA <213> artifici al
<220> <223> synthetic prinmer <400> 24 cgcggcattg tcgggcgatg

caaat cggogderstwod GroizHhfoplidary SKill4R @ artDhvhacd kBl imveniidn milalgs<220> <223>
synthetic priner <400> 25

[00154] All lists or ranges provided herein are intended to include any sub-list or

narrower range falling within the recited list or range.

[00155] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this invention that
certain changes and modifications may be made thereto without departing from the spirit

or scope of the appended claims.
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artificial <220> <223> synthetic prinmer <400> 30 ggcgcggatg
caaatcattg tccggcggcg30 <210> 31 <211> 30 <212> DNA <213> artificial
<220> <223> synthetic prinmer <400> 31 ggcgcggcat tgtcatttgc

at cggcggceg30 <210> 32 <211> 30 <212> DNA <213> artificial <220> <223>
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gcggcattgt ccattgtcat gcaaatcggc30 <210> 34 <211> 28 <212> DNA <213>
artificial <220> <223> synthetic prinmer <400> 34 catggacatt

gt aat gcaaa agaagct g28 <210> 35 <211> 22 <212> DNA <213> artificial
<220> <223> synthetic priner <400> 35 ctggacattg tatgcaaaag aa22
<210> 36 <211> 21 <212> PRT <213> artificial <220> <223> synthetic

pepti de <SREAXT RSLAIMISCISEATURE <222> (1)..(21) <223> Cct4 contact
I nterface from Sox7 <400> 36 Leu Ser G n Lys Arg Pro Tyr Val Asp Gu
Ala du Arg Lumafagt $exd of Sephbprafei ¢gnapriviie aanyfatiggiyn the dmino acid

sequence LSQKRPYVDEAERLRLQHMQD of a Sox7 or the amino acid sequence
LAEKRPFVEEAERLRVQHMQD of a Sox17 protein, the mutant Sox7 or Sox17
protein being capable of inducing conversion of a non-pluripotent cell to a pluripotent

cell together with Oct4 and at least one of c-myc and KIf4,

2. A mutant Sox7 or Sox17 protein comprising a mutation in the amino acid
sequence encoding the Oct4 protein contact interface of a Sox7 or Sox17 protein, the
mutant Sox protein being capable of inducing conversion of a non-pluripotent cell to a

pluripotent cell together with Oct4 and at least one of c-myc and Kif4.

3. The mutant Sox7 or Sox17 protein of claim 1 or 2, wherein any amino acid
residue in the sequence LSQKRPYVDEAERLRLQHMQD or
LAEKRPFVEEAERLRVQHMOQD is substituted with a different amino acid.

4. The mutant Sox7 or Sox17 protein of any one of claims 1 to 3 comprising a
mutation of a glutamic acid located at amino acid 99 of the Sox7 or amino acid 122 of the

Sox17 protein.

5. The mutant Sox7 or Sox17 protein of claim 4 wherein the mutation of the
glutamatic acid located at amino acid 99 of the Sox7 or amino acid 122 of the Sox17

protein is a substitution with lysine.

6. The mutant Sox7 or Sox17 protein of any one of claims 1 to 5 which is a

mutant Sox7 protein.

7. The mutant Sox7 or Sox17 protein of any one of claims 1 to 5 which is a

mutant Sox17 protein.

8. The mutant Sox7 or Sox17 protein of any one of claims 1 to 7 that is a human

Sox7 or Sox17 protein.
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20 <210> 37 <211> 21 <212> PRT <213> artificial <220> <223> synthetic
pepti de <220> <221> M SC _FEATURE Sequence Listing. ST25 <222>
(1)..(21) <223> Cct4 contact interface from Sox17 <400> 37 Leu Al a
GQu Lys Arg Pro Phe Val Gu Gu Ala Gu Arg Leu Arg Val 151015 dn
Hs Mt Gn Asp 20 <210> 38 <211> 319 <212> PRT <213> Mus nuscul us

<220> <231> MSbudiGAlRE oftdRenSQa ﬁé%&@@o%ﬁot&ﬂfﬁﬁ@%n%fdﬁﬁ{s Qu
Thr Qu Leu Lys Pro Pro Ay Pro Gn dn 151015 Ala Ser Ay

Ay dy diddy Asn Al a Thr Ala Ala Ala Thr

10. A cell expressing the mutant Sox protein of any one of claims 1 to 8.
11. A cell comprising the nucleic acid molecule of claim 9.

12. A method of inducing conversion of a non-pluripotent cell to a pluripotent
cell, the method comprising culturing the non-pluripotent cell in the presence of 1) the
mutant Sox7 or Sox17 protein of any one of claims 1 to 8; i1) Oct4; and ii1) at least

one of ¢c-myc and Kif4 and in conditions suitable for growth of embryonic stem cells.

13. A method of inducing conversion of a non-pluripotent cell to a pluripotent
cell, the method comprising co-expressing in the non-pluripotent cell i) the mutant
Sox7 or Sox17 protein of any one of claims 1 to 8; i1) Oct4; and i11) at least one of ¢c-
myc and K1f4 from one or more expression vectors and culturing the non-pluripotent

cell in conditions suitable for growth of embryonic stem cells.

14.  The method of claim 12 or claim 13 wherein the non-pluripotent cell is a

fibroblast or a mesenchymal stem cell.

15.  The method of any one of claims 12 to 14 wherein the non-pluripotent cell is a
human cell.
16.  The method of any one of claims 12 to 15 wherein the non-pluripotent cell is a

partially differentiated cell.

17. The method of any one of claims 12 to 15 wherein the non-pluripotent cell is a
fully differentiated cell.

18.  The method of any one of claims 12 to 17 wherein the non-pluripotent cell is an

embryonic fibroblast.
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202530 Ay Gy Asn Gn Lys Asn ser Pro Asp Arg Val Lys Arg Pro Met
Asn 354045 Ala Phe Met Val Trp Ser Arg Ay A@n Arg Arg Lys Met Ala
A@n Au 505560 Asn Pro Lys Met His Asn Ser Qu Ile Ser Lys Arg Leu
Gy Ala Qu 65707580 Trp Lys Leu Leu Ser Au Thr Au Lys Arg Pro Phe
Ile Asp Gu Ala 859095 Lys Arg Leu Arg Ala Leu H's Met Lys Qu His
Pro Asp Ty Ly}sheﬁéth&@&%@?%ﬁ@oﬂlﬂn?rlg @li%aﬁé&ﬂ@ na-rhﬁluhié@teﬂ:tr&reﬂlrseu Met
LS Lys Asp Lys Tyr Thr 115120125 Leu Pro Gy Leu Leu Ala Pro Ay
Ay Asn Seradpese-pipsge Seived mesemhygshstonyvell dy VaI Ady Ala Gy Leu Ay
Ala Gy val Asn G n Arg Met Asp 145150155160 Ser Tyr Ala His Met Asn
Gy Trp Ser Asn Ay Ser Tyr Ser Met Met 165170175 Sequence
Listing.ST25 Gn GQu Gn Leu Ay Tyr Pro Gn Hs Pro Gy Leu Asn Al a
Hs Gy
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180185190 Ala Ala G n Met Gn Pro Met His Arg Tyr Asp Val Ser Ala Leu

Gn
Pro
Al a
Ser

Cys
dy A
Al a
Ay

195200205 Tyr Asn Ser Met Thr Ser Ser G n Thr Tyr Met Asn Qy Ser
Thr 210215220 Tyr Ser Met Ser Tyr Ser Gn Gn @y Thr Pro Ay Mt
Leu Ay 225230235240 Ser Mueftey LSetindabTalal Lys Ser A u Al a Ser
Ser Pro Pro Val 2452580®5NGRILIFhINGSer Ser Ser His Ser Arg Ala Pro
oA Acflor A5 SLENROOREHRIQA G RBsdlRky || @ Ser Net Tyr Leu Pro

a A woMalkaPr ®r&kahnBf . 275280285 Ala Ala Pro Ser Arg Leu His Met
Gn Hi Skm QremeSer @y Pro 290295300 Val Pro Ay Thr Ala Ile Asn
Thr Legd Reld Ser H,s Met 305 310 315 <210> 39

anton, awrence .

<120> MUTANT SOX PROTEINS AND METHODS OF INDUCING PLURIPOTENCY
<130> 93231-726

<150> Us 61/272,793
<151> 2009-11-04

<160> 43
<170> PatentIn version 3.3

<210> 1

<211> 23

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 1
caccatgggc ggcaaccaga aga 23

<210> 2

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 2
ttacatgetg ttcccgeccgg gggccagcaa 30

<210> 3

<211> 20

<Z212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 3
cacccccecgag gagtceccagg 20

<210> 4

<211> 25

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 4
tcattctcgt tgggaatact caata 25

<210> §
Page 1



<211> 317 <212> PRT <213> Hono sapi ens <220>
M SC_FEATURE

sequence Listing.ST25

<211> 58

<212> DNA

<213> artificial

<220>

<223> synthetic primer
<400> 5

<221>

ggggacaagt ttgtacaaaa aagcaggctt caccatgtat aacatgatgg agacggag

<210> 6

<211> 50

<212> DNA

<213> artificial

<220>

<223> synthetic primer
<400> 6

ggggaccact ttgtacaaga aagctgggtt cacatgtgcg acaggggcag

<210> 7

<211> 51

<212> DNA

<213> artificial

<220> _ )
<223> synthetic primer
<400> 7

ggggacaagt ttgtacaaaa aagcaggctt caccatgagc agcccggatg ¢

<210> 8

<211> 49

<212> DNA

<213> artificial

<220>

<223> synthetic primer
<400> 8

ggggaccact ttgtacaaga aagctgggtt taaatgtcgg ggtagttgc

<210> 9

<211> 31

<212> DNA

<213> artificial

<220>

<223> synthetic primer
<400> 9

catcgacgag gccgagcggce tgcgcgctct g

<210> 10

<211> 78

<21Z2> DNA

<213> artificial

<220>

<223> synthetic primer
<400> 10

Page 2
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<223> Sox2 <400> 39 Met Tyr Asn Met Met G u Thr Gu Leu Lys Pro

Pro
Al a
Lys
Arg
Ser
Leu

Gy Pro Gn Gn 151015 Thr Ser Gy Ay dy dy Ay Asn Ser Thr

Ala Ala Ala Ay @y 202530 Asn G n Lys Asn Ser Pro Asp Arg Val

Arg Pro Met Asn Al a Phe 33#04BcdvibtisValg. 73 Ser Arg Ay Gn Arg

g@gaqggggwcgtgggﬁcg; WIALYF ORe BYSEHEIR ’étcl%'éfa%’tsggﬂé’ga"s‘éﬁc dubPle

'cb.‘&aa%rtgta{—%'dtﬁdégN a @u Trp Lys 65707580 Sequence Listing;8T25
Leu Ser Qu Thi " Au Lys Arg Pro Phe Ile Asp Gu Ala Lys Arg

<210> 11

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 11
gtggaagagg ccaagcggct gcgcgtgcag 30

<210> 12

<211> 21

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 12
gggtggacca tcctctagac t 21

<210> 13

<211> 20

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 13
tcaaatgtcg gggtagttgce 20

<210> 14

<Z211> 18

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 14
gggcagtgtg ccgttaat 18

<210> 15

<Z211> 20

<212> DNA

<213> artificial

<220> ) )
<223> synthetic primer

<400> 15
aaggccctgt cacacttctg 20

<210> 16
<211> 20
<212> DNA
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859095 Leu Arg Ala Leu H's Met Lys GQu Hi's Pro Asp Tyr Lys Tyr Arg

Pro
Leu
Ay
Met
Tyr
Leu
Asp
Tyr
Ay
Lys
H s

100105110 Arg Arg Lys Thr Lys Thr Leu Met Lys Lys Asp Lys Tyr Thr

Pro 115120125 Gy Ay Leu Leu Ala Pro Ay Ay Asn Ser Met Ala Ser

Val dy 130135140 Val d yséuen@ yibeingay2Ala Ay Val Asn Gn Arg

A3 ser i c1ab150155160 Ala His Met Asn Ay Trp Ser Asn Ay Ser

SepoMet Met A n Asp 165170175 Gn Leu Gy Tyr Pro Gn H's Pro Gy

AZP3Al ayfiret@& orAhér Al a 180185190 G n Met Gn Pro Met His Arg Tyr

VaIOSerﬁGAI a Leu Gn Tyr Asn 195200205 Ser Met Thr Ser Ser G n Thr

a er Pro Thr Tyr Ser 210215220 Met Ser Tyr Ser G,n G n

Et%rsgéab%af%%gaﬂf‘a Leu Gy Ser Met 225230235240 Gy Ser VAl Val

Ser Qu Ala Ser Ser Ser Pro Pro Val Val Thr 245250255 Ser Ser Ser

Séioa&r%7Ala Pro Cys Gn Ala Gy Asp Leu Arg Asp

<211> 0

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 17
tgttctegte gtttcctcaa 20

<210> 18

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 18
cggcgcggea ttgtatgcaa atcggeggcg 30

<210> 19

<21i> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 19
ggcgcggcat tgtcatgcaa atcggcggceg 30

<210> 20

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 20
ggcgcggeat tgtcgatgca aatcggeggce 30

<210> 21

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 21
gcgeggeatt gtcggatgca aatcggceggc 30
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260265270 Met Ile Ser Met Tyr Leu Pro Gy Ala du Val

Pro du Pro Al a

Al a 275280285 Pro Ser Arg Leu His Met Ser Gn H's Tyr Gn Ser Ay Pro

Val
305

Pro 290295300 Gy Thr Ala lle Asn Ay Thr
310 315 <210> 40

<210>
<211>
<212>
<213>

<220>
<223>

<400>

22

30

DNA
artificial

synthetic primer

22

gcgcggcatt gtcggcatgc aaatcggcegg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

23

30

DNA
artificial

synthetic primer

23

cgcggeattg tcgggeatge aaatcggegg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

24

30

DNA
artificial

synthetic primer

24

cgcggcattg tcgggcgatg caaatcggeg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

25

30

DNA
artificial

synthetic primer

25

gcggcattgt ccgggcgatg caaatcggcg

<210>
<211>
<212>
<213>

<220
<223>

<400

26

30

DNA
artificial

synthetic primer

26

gcggcattgt ccgggecggat gcaaatcggce

<210>
<211>
<212>
<Z213>

<220>
<223>

27

30

DNA
artificial

synthetic primer

page 5
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<213> Mus nuscul us <220> <221> M SC _FEATURE <223> Sox7 <400> 40
Sequence Listing.ST25 Mt Ala Ser Leu Leu Ay Ala Tyr Pro Trp Thr
Gu @y Leu Gu Cys 151015 Pro Ala Leu Gu Ala Gu Leu Ser Asp Gy
Leu Ser Pro Pro Ala Val 20253%MPeocAlysPing-Setd Gy Asp Lys Ser Ser
Au §g(50:gtg7lle Arg Arg Pro 354045 Met Asln gla Phe Met Val Trp Al a
Lys + Al & Gehedkpha 505560 Va n Asn Pro Asp Leushi s
Asn ﬁféa)c Glg Lgug%%‘:?gLyg; Met C@(bau Ay

<210> 28

<211> 30

<212> DNA

<213> artifticial

<220>
<223> synthetic primer

<400> 28
cggcattgtc gcgggcggca tgcaaatcgg 30

<210> 29

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 29
ggcattgtcc gcgggcggca tgcaaatcgg 30

<210> 30

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 30
ggcgcggatg caaatcattg tccggeggeg 30

<210> 31

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 31
ggcgcggeat tgtcatttge atcggeggeg 30

<210> 32

<211> 30

<212> DNA

<213> artificial

<220>
<223> synthetic primer

<400> 32
ggcgcgggac aatgatgcaa atcggeggcg 30

<210> 33
<211> 30
<212> DNA

Page ©



65707580 Lys Ser Trp Lys Ala Leu Thr

Asp
Asn
Cys
Asp
Lys
Ay
Ser
Ser
Ser
Pro
H s

Leu Ser G n Lys Arg Pro Tyr Val

859095 Gu Ala Qu Arg Leu Arg Leu A n H's Met Gn Asp Tyr Pro
Tyr 100105110 Lys Tyr Arg Pro Arg Arg Lys Lys G n Ay Lys Arg Leu
Iégs Arg 115120125 Val Aspséquencd yiPtingl.8Tesleu Ser Ser Leu Ser Arg
hAsArEH€1380135140 Leu Pro Gu Lys Asn Gy Ile Ay Arg Gy G u
GhogAsp Arg Ay 145150155160 G u Tyr Ser Pro Ay Ala Thr Leu Pro
kep3-H syBtetQy priwer Arg 165170175 Au Gy Ala Ala Ala Ala Pro Ay

Val As

Gk

Thr Tyr Pro Tyr Gy 180185190 Leu Pro Thr
3 0 d u 195200205 A n Thr Phe Phe
S Pro Hs 210215220 H s Leu Pro

I e Y

o Pro Tyr Ser Pro d

u Phe Thr

Pro 225230235240 Ser

Gy Pr
4 -
%ézSegSHls Pro Leu Gy Ser Leu Ala Leu Gy dn

<212>
<213>

<220>
<223>

<400>
catggac

<210>
<211>
<212>
<213>

<220>
<223>

<400>
ctggaca

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<400>

1

Gin His

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>

DNA‘ L
artificial

synthetic primer

34
att gtaatgcaaa agaagctg

35

22

DNA
artificial

synthetic primer

35
ttg tatgcaaaag aa

36

21

PRT
artificial

synthetic peptide

MISC_FEATURE
(1)..21)

Oct4 contact interface from Sox7

36

Met Gln Asp
20

37

21

PRT
artificial

synthetic peptide

MISC_FEATURE

Page 7

Leu Ser GIn Lys Arg Pro Tyr val Asp Glu Ala Glu Arg Leu Arg Leu
5 10 15

Pro Pro A u Mt

r Ser
alﬁs Leu

Pro Leu

28
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245250255 Sequence Listing.5T25 Ser Pro Ay Val Ser Met Met Ser Ser

Val

Tyr
Ser
Ser
Asp
Val

Thr
Thr
388

Ser Ay Cys Pro Pro Ser 260265270 Pro Ala Tyr Tyr Ser His Ala Thr
Hs Pro Leu Hs Pro Asn Leu 275280285 G n Ala H's Leu Ay G n Leu
Pro Pro Pro_ Qu H s Pro Gosuuehee 29620838002Asp Thr Leu Asp A n Leu
G22§>va|ﬂq-dz%u Leu Gly Asp Met Qsp 305310315320 Arg Asn G u Phe
&A%y Pt G e ap S VOIS B 0 Asp Ser 325330335 Ala Ala Gy
@4gosThe7Leu Thr Ay Hs Val Pro Leu Ser G n Gy 340345350 Thr Pro
Gé Pro Thr Gu Thr Ser Leu lle_Ser. Val Leu Al a Asg 355360365 Al a
APY ARy STy LY TYTIARFP SBF VRJr BeL VA aselv 8793 P38 ¥2ho> 41 <211>
2212> PRT <213%> Homp Sapi ens <230> <221> M SC _FEATURE <223> Sox7

GIn His Met Gln Asp
20

<210> 38

<211> 319

<212> PRT

<213> Mus musculus

<220>

<221> MISC_FEATURE

<223> Sox2

<400> 38

Met Tyr Asn Met Met Glu Thr Glu Leu Lys Pro Pro Gly Pro Gln Gln
1 5 10 15

Ala ser Gly Gly Gly Gly Gly Gly g}y Asn Ala Thr Ala géa Ala Thr
20

Gly Gly Asn GlIn Lys Asn Ser Pro Asp Arg vVal Lys Arg Pro Met Asn

Ala gge Met val Trp Ser Arg Gly GIn Arg Arg Lys Met Ala Gln Glu
55 60

Ash Pro Lys Met His Asn Ser Glu Ile Ser Lys Arg Leu Gly Ala Glu
65 70 75 80

Trp Lys Leu Leu Ser Glu Thr Glu Lys Arg Pro Phe Ile Asp Glu Ala
85 90 95

Lys Arg lLeu Arg Ala Leu His Met Lys Glu His Pro Asp Tyr Lys Tyr
100 105 110

Arg Pro Arg Arg Lys Thr Lys Thr Leu Met Lys Lys Asp Lys Tyr Thr
115 120 125

Leu Pro Gly Gly Leu Leu Ala Pro Gly Gly Asn Ser Met Ala Ser Gly
130 135 140

val Gly val Gly Ala Gly Leu Gly Ala Gly val Asn GIn Arg Met Asp
145 150 155 160

Ser Tyr Ala His Met Asn Gly Trp Ser Asn Gly Ser Tyr Ser Met Met
165 170 175
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<400> 41 Met Ala Ser Leu Leu Ay Ala Tyr Pro Trp Pro Qu Gy Leu Qu

Cys
Al a
Arg
Lys
Ser
Lys
Leu
Pro
Pro
Pro

151015 Pro Ala Leu Asp Ala Qu Leu Ser Asp Gy Gn Ser Pro Pro
Val 202530 Pro Arg Pro Pro Ay Asp Lys Ay Ser Qu Ser Arg Ile
Arg Pro 354045 Met Asn Al dedieecd/btisValg.3r3b Ala Lys Asp Qu Arg

eu 505560 Val n n_Pro.Asp Leu His n a Gu Leu
&8 Gt PLieB Vb Fea R, APRers H Pk i BB AR et Ser G
Arg Pro Tyr Val Asp 859095 Sequence Listing.ST25 Qu Ala Gu Arg
Ar g AI;leu Gn Hs Mt Gn Asp Tyr Pro Asn Tyr 100105110 Lys Tyr Arg
Aﬁ@ @gﬁ%é"eEﬁ”d’W KeR HigsAT gYY di§PCYR) ggg Magleth 51%0125 Val Asp
Gy Phe Teu Leu Ser Ser 1Teu Ser Arg Asp h Asn Ala 130135140 Leu

GQu Lys Arg Ser Ay Ser Arg Ay Ala Leu dy GQu Lys Qu
Tyr Asn Ser Met Thr Ser Ser Gln Thr Tyr Met Asn Gly Ser Pro Thr
210 215 220

Tyr Ser Met Ser Tyr Ser Gln GIn Gly Thr Pro Gly Met Ala Leu Gly
225 230 235 240

ser Met Gly Ser val val Lys Ser Glu Ala Ser Ser Ser Pro Pro Vval
245 250 255

val Thr ser Ser Ser His Ser Arg Ala Pro Cys GIn Ala Gly Asp Leu
260 265 270

Arg Asp Met Ile Ser Met Tyr Leu Pro Gly Ala Glu val Pro Glu Pro
275 280 285

Ala Ala Pro Ser Arg Leu His Met Ala GIn His Tyr Gln Ser Gly Pro
290 295 300

val Pro Gly Thr Ala Ile Asn Gly Thr Leu Pro Leu Ser His Met

305 310 315
<210> 39

<211> 317

<212> PRT

<213> Homo sapiens

<220>

<221> MISC_FEATURE

<223> Sox2

<400> 39

Met Tyr Asn Met Met Glu Thr Glu Leu Lys Pro Pro Gly Pro Gln Gln
1 5 10 15

Thr ser Gly Gly Gly Gly Gly Asn Ser Thr Ala Ala Ala Ala Gly Gly
20 25 30

Asn GIn Lys Asn Ser Pro Asp Arg val Lys Arg Pro Met Asn Ala Phe
3

Met val Trp Ser Arg Gly GIn Arg Arg Lys Met Ala GIn Glu Asn Pro
50 55 60

LySs Met His Asn Ser Glu Ile Ser Lys Arg Leu Gly Ala Glu Trp Lys
65 70 75 80
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145150155160 Asp Arg Gy Gu Tyr Ser Pro Gy Thr Ala Leu Pro Ser Leu

Arg
Thr
Pro
Phe
Pro
Ser
Gn
Pro
Ser
H S
Leu

Gy 165170175 Cys Tyr Hs Gu Ay Pro Ala dy Gy Ay dy dy Qy
Pro Ser 180185190 Ser Val Asp Thr Tyr Pro Tyr Gy Leu Pro Thr Pro
A u Met Ser 195200205 ProSeaendspivaingL&8E5A u Pro G u G n Thr Phe

I r 2 ' u, Hi i Arg Arg Ile
:&é Ll?eus‘g §1&&FF€§?%§§%§8(2%3%2%¥5% AI{ar Eggﬁxﬁ@cﬁt&wr Ala Pro
Pro Leu H's Cys Ser H's Pro 245250255 Leu Ay Ser Leu Ala Leu Gy
Ser Pro Gy Val. Ser Mt t Ser 260265270 Pro Val Pro Ay Cys Pro
B0 AP0 R JeiytoTiR Sk ol &TaiPP2REoB02dg W S Pro Leu His
Asn Leu Gn Ala Hs Leu Ay Gn Leu Ser 290 gSOO Pro Pro Pro G u
Pro Ay Phe Asp Ala Leu Asp G n Leu Ser G n 305310315320 Vval du

Bew AcByLYEs PIRBYSAEE ARY "B LY PHEPASE &'h THrlauegro

Gly Gly Leu Leu Ala Pro Gly Gly Asn Ser Met Ala Ser Gly val Gly
130 135 140

val Gly Ala Gly Leu Gly Ala Gly val Asn GIn Arg Met Asp Ser Tyr
145 150 155 160

Ala His Met Asn Gly Trp Ser Asn Gly Ser Tyr Ser Met Met GIn Asp
165 170 175

GlIn Leu Gly Tyr Pro GIln His Pro Gly Leu Asn Ala His Gly Ala Ala
180 185 190

GIn Met Gln Pro Met His Arg Tyr Asp val Ser Ala Leu Glin Tyr Asn
195 200 205

Ser Met Thr Ser Ser Gin Thr Tyr Met Asn Gly Ser Pro Thr Tyr Ser
210 215 220

Met Ser Tyr Ser GIn Gln Gly Thr Pro Gly Met Ala Leu Gly Ser Met
225 230 235 240

Gly Ser val val Lys Ser Glu Ala Ser Ser Ser Pro Pro val val Thr
245 250 255

ser Ser Ser His Ser Arg Ala Pro Cys Gin Ala Gly Asp Leu Arg Asp
260 265 270

Met Ile Ser Met Tyr Leu Pro Gly Ala Glu val Pro Glu Pro Ala Ala
275 280 285

Pro Ser Arg Leu His Met Ser GlIn His Tyr GIn Ser Gly Pro val Pro
290 295 300

Gly Thr Ala Ile Asn Gly Thr Leu Pro Leu Ser His Met
305 310 315

<210> 40

<211> 380

<212> PRT

<213> Mus musculus

<220>
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325330335 Asn Thr Pro Gy His Pro Asp Ser Ala Thr Ay Ala Met Ala Leu
Ser 340345350 Ay His Val Pro Val Ser Gn Val Thr Pro Thr Ay Pro Thr
A u Thr 355360365 Sequence Listing.ST25 Ser Leu Ile Ser Val Leu Al a
Asp ALa Thr Ala_ Thr Tyr Tyr Asgfiugpee 3798938 25Tyr Ser Val Ser 385
<210355% <er>"AGRE210> PRT <213> Mus nuscul us <220> <221>

M SC_FEATURE <223> Sox17 <400> 42 Met Ser Ser Pro Asp Ala Ay Tyr Ala
Ser ASP-Asp0G n Ser G n Pro 151015 Arg Ser Ala G n Pro Ala Vval Mt

Al a eu.dy Pro Pro _Trp 20253Q Al a d er Leu _Ser Pro Leu
Gy b VA sty Lelitudl HS W iratriaro A aly 2 SR Gy Aa
Pro Ala Gy Thr Ser Ay Arg Ala Lys Al a 505560

Pro Ala Leu Glu Ala Glu Leu Ser Asp Gly Leu Ser Pro Pro Ala val
25 30

Pro Arg Pro Ser Gly Asp Lys Ser Ser Glu Ser Arg Ile Arg Arg Pro
35 40 45

Met Asn Ala Phe Met val Egp Ala Lys Asp Glu egg Lys Arg Leu Ala
50

val GIn Asn Pro Asp Leu His Asn Ala Glu Leu Ser Lys Met Leu Gly
65 70 75 80

Lys Ser Trp Lys g1a Leu Thr Leu Ser ggn Lys Arg Pro Tyr val Asp
5 95

Glu Ala Glu Arg Leu Arg Leu GIn His Met GIn Asp Tyr Pro Asn Tyr
100 105 110

Lys Tyr Arg Pro Arg Arg Lys Lys GIn Gly Lys Arg Leu Cys Lys Arg
115 120 125

val Asp Pro Gly Phe Leu Leu Ser Ser Leu Ser Arg Asp Gln Asn Thr
130 135 140

Leu Pro Glu Lys Asn Gly Ile Gly Arg Gly Glu Lys Glu Asp Arg Gly
145 150 155 160

Glu Tyr Ser Pro Gly Ala Thr Leu Pro Gly Leu His Ser Cys Tyr Arg
165 170 175

Glu Gly Ala Ala Ala Ala Pro Gly Ser val Asp Thr Tyr Pro Tyr Gly
180 185 190

Leu Pro Thr Pro Pro Glu Met Ser Pro Leu Asp Ala Leu Glu Pro Glu
195 200 205

Gln Thr Phe Phe Ser Ser Ser Cys Gln Glu Glu His Gly His Pro His
210 215 220

His Leu Pro His Leu Pro Gly Pro Pro Tyr Ser Pro Glu Phe Thr Pro
225 230 235 240

Ser Pro Leu His Cys Ser His Pro Leu Gly Ser Leu Ala Leu Gly Gln
245 250 255



Gu Ser Arg Ile Arg Arg Pro Met Asn Ala Phe Met Val Trp Ala Lys
65707580 Asp Gu Arg Lys Arg Leu Ala Gn G n Asn Pro Asp Leu H s Asn
Ala 859095 Gu Leu Ser Lys Met Leu Gy Lys Ser Trp Lys Ala Leu Thr
Leu Ala 100105110 Qu Lys Ar gswnméwmngeﬁtﬂn uAla u Arg Leu Arg

no arh Lol Reiatautabelatrish of REC B Bathovi & @Y ay pne

Leu Hs Ala Leu Val 145150155160 Glu Pro Gin Ala Gly Ala Leu Ay Pro

g y_Ar rg Al a 65170175 As { Pro Phe Pro
b Ay Bvirer s 45 TR oMb 184180 sligdtecth 56 ng. So5 pr o
Leu Met Ser Pro Hs Mt Gy Pro Hs Tyr Arg p Cys Gn dy 195200205

Leu Ay Ala Pro Ala Leu Asp Ay Tyr Pro Leu Pro Thr Pro Asp Thr
2102 £ %EOI His Leu Gly GlIn !igg Ser’Prg Pro Pro g_;'log His Pro Gly phe

Asp Thr Leu Asp GIn Leu Ser GIn val Glu Leu Leu Gly Asp Met Asp
305 310 315 320

Arg Asn Glu Phe Asp Gln Tyr Leu Asn Thr Pro Gly His Pro aAsp Ser
325 330 335

Ala Ala Gly val Gly Thr Leu Thr Gly His val Pro Leu Ser Gln Gly
340 345 350

Thr Pro Thr Gly Pro Thr Glu Thr Ser Leu Ile Ser val Leu Ala Asp

355 360 365
Ala Thr Ala Thr Tyr Tyr Asn Ser Tyr Ser val Ser
370 375 380
<210> 41
<211> 388
<212> PRT

<213> Homo Sapiens

<220>

<221> MISC_FEATURE
<223> Sox7

<400> 41

Met Ala Ser Leu Leu Gly Ala Tyr Pro Trp Pro Glu Gly Leu Glu Cys
1

Pro Ala Leu Asp Ala Glu Leu Ser Asp Gly Gin Ser Pro Pro Ala val
20 25 30

Pro Arg Pro Pro Gly Asp Lys Gly Ser Glu Ser Arg Ile Arg Arg Pro
35 40 45

Met Asn Ala Phe Met val Egp Ala Lys Asp Glu ggg Lys Arg Leu Ala
50

val GIn Asn Pro Asp Leu His Asn Ala Glu Leu Ser Lys Met Leu Gly
65 70 75 80

Lys Ser Trp Lys Ala Leu Thr Leu Ser gén Lys Arg Pro Tyr val Asp
85 95
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Ser Pro Leu Asp Ay Val Gu Gn Asp Pro Ala Phe Phe Ala Ala Pro

225230235240 Leu Pro Ay Asp Cys Pro Ala Ala Ay Thr Tyr Thr Tyr Al a
Pro Val 245250255 Ser Asp Tyr Ala Val Ser Val Qu Pro Pro Ala Ay Pro
met Arg Val 260265270 Gy ProSa@yenped-iSeingasy2Pro Ala Met Pro Ay Ile

Leu 7548 S yd. T Ala Met Ay
Ser r]g ’i{aae qoéeré%zggggfgocg rﬁk% 3 dj\rﬂgA%eL}yg I:rml—l)gn ﬂ/ >a{1 G@n Pro dn
Qn Pro Leu dn Pro Gn 305310315320 Ala Pro Pro Pro Pro Pro An dn

Gn I—dis_E/roAAIa Hs Ay Pro %25 30335 G n Pro Ser Pro Pro Pro Gu
A s G BrorEg R oafs &5 ﬁ? HMadesasdshosdd ol 6 pro Thr G u
Leu Leu Gy u Val Asp Arg 5

G u Phe 3553 65 Gu A@n Tyr Leu Pro
Phe Val Tyr Lys Pro Qu Met Ay Leu Pro Tyr 370375380 G n Ay H's Asp
Cys &y ﬁ\@ Psaesmue‘thesé?u Asp S@ér SH dew IErALED PR 85590395400

Leu Pro Glu Lys Arg Ser Gly Ser Arg Gly Ala Leu Gly Glu Lys Glu
145 150 155 160

Asp Arg Gly Glu Tyr Ser Pro Gly Thr Ala Leu Pro Ser Leu Arg Gly
165 170 i75

Cys Tyr His Glu Gly Pro Ala Gly Gly Gly Gly Gly Gly Thr Pro ser
180 185 190

Ser val Asp Thr Tyr Pro Tyr Gly Leu Pro Thr Pro Pro Glu Met Ser
195 200 205

Pro Leu Asp val Leu Glu Pro Glu GIn Thr Phe Phe Ser Ser Pro Cys
210 215 220

GIn Glu Glu His Gly His Pro Arg Arg Ile Pro His Leu Pro Gly His
225 230 235 240

Pro Tyr Ser Pro Glu Tyr Ala Pro Ser Pro Leu His Cys Ser His Pro
245 250 255

Leu Gly Ser Leu Ala Leu Gly Gln Ser Pro Gly val Ser Met Met Ser
260 265 270

Pro val Pro Gly Cys Pro Pro Ser Pro Ala Tyr Tyr Ser Pro Ala Thr
275 280 285

Tyr His Pro Leu His Ser Asn Leu Gln Ala His Leu Gly Gln Leu Ser
290 295 300

Pro Pro Pro Glu His Pro Gly Phe Asp Ala Leu Asp GIn Leu Ser Gln
305 310 315 320

val Glu Leu Leu Gly Asp Met Asp Arg Asn Glu Phe Asp GIn Tyr Leu
325 330 335

Asn Thr Pro Gly His Pro Asp Ser Ala Thr Gly Ala Met Ala Leu Ser
340 345 350

Gly His val Pro val Ser GIn val Thr Pro Thr Gly Pro Thr Glu Thr
355 360 365
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Ser Ser Val Val Ser Asp Ala Ser Ser Ala Val Tyr Tyr Cys Asn Tyr
405410415 Pro Asp lle <210> 43 <211> 414 <212> PRT <213> Honp sapi ens
<220> <221> M SC _FEATURE <223> Sox17 <400> 43 Sequence Listing.5T25
Met Ser Ser Pro Asp Ala Gy T§equahge SptikgpsS™sp G n Ser G n Thr

19108,0 % S A AATHLI AP Y P Bt gy BB O s

G u Ala 354045 Pro Ala Asn Ser Ay Ala Pro Ala Ay Ala Ala Ay Arg
Ala L E%ryv%ﬁ%w GQu Ser Arg Ile Arg Arg Pro Met Asn Al a Phe Met
a

Val 65707580 Asp Gu Arg Lys Arg Leu Ala G n G n Asn Pro
Asp Leu H's Asn Al a 859095

<210> 42

<211> 419

<212> PRT

<213> mMus musculus

<220>

<221> MISC_FEATURE
<223> Sox17

<400> 42

¥et Ser Ser Pro Asp Ala Gly Tyr Ala Ser Asp Asp Gln Ser GIn Pro

Arg Ser Ala ggn Pro Ala val Met Ala Gly Leu Gly Pro Cys Pro Trp
25 30

Ala Glu Ser Leu Ser Pro Leu Gly Asp val Lys val Lys Gly Glu val
35 40 45

val géa Ser Ser Gly Ala Pro Ala Gly Thr Ser Gly Arg Ala Lys Ala
55 60

Glu Ser Arg Ile Arg Arg Pro Met Asn Ala Phe Met val Trp Ala Lys
65 70 75 80

Asp Glu Arg Lys Arg Leu Ala GIn Gln Asn Pro Asp Leu His Asn Ala
85 90 95

Glu Leu Ser Lys Met Leu Gly Lys Ser Trp Lys Ala Leu Thr Leu Ala
100 105 110

Glu Lys Arg Pro Phe val Glu Glu Ala Glu Arg Leu Arg val Gln His
115 120 125

Met GIn Asp His Pro Asn Tyr Lys Tyr Arg Pro Arg Arg Arg Lys GIn
130 135 140

val Lys Arg Met Lys Arg val Glu Gly Gly Phe Leu His Ala Leu val
145 150 155 160

Glu Pro GIn Ala Gly Ala Leu Gly Pro Glu Gly Gly Arg val Ala Met
165 170 175

Asp Gly Leu Gly Leu Pro Phe Pro Glu Pro Gly Tyr Pro Ala Gly Pro
180 185 190
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Gu Leu Ser Lys Met Leu Gy Lys Ser Trp Lys Ala Leu Thr Leu Al a

100105110 Gu Lys Arg Pro Phe val GQu Gu Ala Qu Arg Leu Arg Val Gn
H's 115120125 Met A n Asp H's Pro Asn Tyr Lys Tyr Arg Pro Arg Arg Arg
Lys G n 130135140 Val Lys Ar gSfL(wanteyQAt‘qgvaTZfiG uGdy Ay Phe Leu His

Gy KPS kel 3O R ve L 1y R A g B e B pro o

Ay Phe Pro Al a Gly Pro 180185190 Pro Leu Leu Pro Pro Hs Met Ay dvy

Hi s ¥ ﬁ sl d n Ser 95200205 Leu G?’r Ala Pro Pro Leu Asp Ay
Tyr B &5% &Y 2pr %ﬁ Mﬂmammo" hpPSOLER Bp Ay Val Asp
Pro As ro Ala Phe Phe a Ala Pro 225230235240 Met Pro Gly Asp Cys

Pro Ala Ala Ay Thr Tyr Ser Tyr Ala A n Val 245250255 Sequence
Li St§§9 PypoEeu Asp Gly Vgé Glu GIn Asp Pro 3;? Phe Phe Ala Ala 528

Leu Pro Gly Asp Cys Pro Ala Ala Gly Thr Tyr Thr Tyr Ala Pro val
245 250 255

Ser Asp Tyr Ala val ser val Glu Pro Pro Ala Gly Pro Met Arg val
260 265 270

Gly Pro Asp Pro Ser Gly Pro Ala Met Pro Gly Ile Leu Ala Pro Pro
275 280 285

Ser Ala Leu His Leu Tyr Tyr Gly Ala Met Gly Ser Pro Ala Ala Ser
290 295 300

Ala Gly Arg Gly Phe His Ala Gln Pro Gln Gln Pro Leu GIn Pro Gln
305 310 315 320

Ala Pro Pro Pro Pro Pro GIn GIn GIn His Pro Ala His Gly Pro Gly
325 330 335

Gln Pro Ser Pro Pro Pro Giu Ala Leu Pro Cys Arg Asp Gly Thr Glu
340 345 350

Ser Asn Gln Pro Thr Glu Leu Leu Gly Glu val Asp Arg Thr Glu Phe
355 360 365

Glu GIn Tyr Leu Pro Phe val Tyr Lys Pro Glu Met Gly Leu Pro Tyr
370 375 380

Gln Gly His Asp Cys Gly val Asn Leu Ser Asp Ser His Gly Ala Ile
385 390 395 400

ser ser val val Sser Asp Ala Ser Ser Ala val Tyr Tyr Cys Asn Tyr
405 410 415

Pro Asp Ile

<210> 43

<211> 414

<212> PRT

<213> Homo sapiens

<220>
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Ser Asp Tyr Ala Ay Pro Pro Qu Pro Pro Ala Gy Pro Met H's Pro

260265270 Arg Leu Ay Pro Gu Pro Ala Gy Pro Ser Ile Pro Ay Leu Leu
Al a 275280285 Pro Pro Ser Ala Leu H's Val Tyr Tyr Gy Ala Met Gy Ser
Pro A.y. 290295300 Ala Ay dysauenpedickinPREZE n Mt G n Pro An His
Gn &5?%;3@% $40%f5320 Hs @n Hs A@n Hs Hs Pro Pro Gy Pro Ay
Gn Pro Ser Pro Pro 325330335 Pro Ju Ala Leu Pro Cys Arg Asp Ay Thr
Asp RA00Sed3d n Pro Ala 340345350 G u Leu Leu Gy Qu Val Asp Arg Thr
Gu Phe du dn Tyr Ley H.s 355360365 Phe Val _.Cys L Pro Gu Met Ay
Leu gsﬁ/rrsﬁr?'"@’é‘/swga@ﬁ oy A @g‘?ﬁ@o%ﬁﬁ\'/aﬁe%% E&U Pro Asp Ser
H s y Ala Ile Ser Ser Val Val Ser 385390395400 Asp Ala Ser Ser Al a

Val Te{r Tyr Cys Asn Tyr Pro Asp Val 405410
n sdér Ala Egu Pro Ala val Met éga Gly Leu Gly Pro g%s Pro Trp

Ala Glu Ser Leu Ser Pro ITe Gly Asp Met Lys val Lys Gly Glu Ala
40 45

Pro %a Asn Ser Gly Ala pro Ala Gly Ala Ala g1y Arg Ala Lys Gly
55 0

Glu Ser Arg Ile Arg Arg Pro Met Asn Ala Phe Met val Trp Ala Lys
65 70 75 80

Asp Glu Arg Lys grg Leu Ala GIn Gln Asn Pro Asp Leu His Asn Ala
5 90 95

Glu Leu Ser Lys Met Leu Gly Lys Ser Trp Lys Ala Leu Thr Leu Ala
100 105 110

Glu Lys Arg Pro Phe val Glu Glu Ala Glu Arg Leu Arg val GIn His
115 120 125

Met Gln Asp His Pro Asn Tyr Lys Tyr Arg Pro Arg Arg Arg Lys GIn
130 135 140

val Lys Arg Leu Lys Arg val Glu Gly Gly Phe Leu His Gly Leu Ala
145 150 155 160

Glu Pro Gln Ala Ala Ala Leu Gly Pro Glu Gly Gly Arg val Ala Met
165 170 175

Asp Gly Leu Gly Leu Gln Phe Pro Glu GIn Gly Phe Pro Ala Gly Pro
180 185 190

Pro Leu lLeu Pro Pro His Met Gly Gly His Tyr Arg Asp Cys Gln Ser
195 200 205

Leu Gly Ala Pro Pro Leu Asp Gly Tyr Pro Leu Pro Thr Pro Asp Thr
210 215 220

Ser Pro Leu Asp Gly val Asp Pro Asp Pro Ala Phe Phe Ala Ala Pro
225 230 235 240

Met Pro Gly Asp Cys Pro Ala Ala Gly Thr Tyr Ser Tyr Ala G1n val
245 250 255
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Ser

Arg

Pro

Ala

305

His

Pro

Glu

Phe

Gly

ASp

Asp

Leu

Pro

290

Gly

Glin

Glu

Leu

val

370

val

Ala

Gly

His

Ala

Leu

355

cys

Asn

ser

Ala

260

Pro

Ala

Gly

Gln

Leu

340

Gly

LysS

Leu

ser

Gly

Glu

Leu

Arg

His

325

Pro

Glu

Pro

Pro

Ala
405

Pro

Pro

His

Gly

310

His

Cys

val

Glu

Asp

390

val

Pro

Ala

val

295

Phe

Pro

Arg

Asp

Met

375

Ser

Tyr

Sequence Listing.ST25

Glu Pro Pro Ala Gly Pro

Gly

280

Tyr

Gln

Pro

Asp

Arg

360

Gly

His

Tyr

265

Pro

Tyr

Met

Gly

Leu

Gly

Cys

Ser

Gly

Gln

Pro

330

Thr

Glu

Pro

Ala

Asn
410
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Ile

Ala

Pro

315

Gly

Asp

Phe

Tyr

Ile

395

Tyr

Pro

Met

300

Gln

Gln

Pro

Glu

Gin

380

ser

Pro

Gly

285

Gly

His

Pro

Ser

GIn

365

Gly

Ser

Asp

Met

270

Leu

ser

Gln

Ser

Gln

350

Tyr

His

val

val

His

Leu

Pro

His

Pro

335

Pro

L.eu

ASp

val

Pro

Ala

Gly

Gin

320

Pro

Ala

His

Ser

ser
400



