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5 Reconbi nant Production of Heparin Binding Proteins
RELATED APPLI CATI ON This application clains priority

. to and the benefit of United States Provisional o
wploramisson Serial No. 60/ 753,615, filed Decembyes20&262320
2005, and United States Provisional Application
Serial No. 60/807,432, filed July 14, 2006, the
speci fications of which are incorporated herein in
their entirety. FIELD OF THE | NVENTI ON 15Thi s
invention relates to nmethods for obtaining
hepari n- bi ndi ng proteins produced in cell culture.
The invention includes nethods for recovering and
puri f yRegombinantBrodpetion offithefiarin Biodéag Probeins have
been produced in prokaryotic host cells and are
present in these cells, typically in the periplasmc
or intracellular QQEEQTEﬁhgppERggTﬂ)ﬁlndlng proteins
produced in prokaryotic host cells can al so be found
as This lapicetiqyy Gaimis pgooty taamd the benefibpl Iil@ﬁzﬂl Stmtsef’rawalonal

B o

Apphmtlml Seiid Il\&)pé@fﬁﬁ)w Bled duﬂsrdﬁal(]Oﬁ thSmlmﬁcaﬁons of which are

n- bi ndi ol ypeptides include cytokines, such
incog SR it B b e 5B and 1 L8 (Barber et Al
(1972) Biochim Biophys. Acta, 286:312-329; Handin et

al ., (1976) J. Biol. Chem, 251:4273-422; Loscal zo et
al .. (1985) Arch. FIEIRAETIEINYINIIOMO: 446- 455

ZU“I’K@'E v%ﬁo’ﬁ' tate§ I8 Iho R BLobiNgthb 1 d,
56 S InyBhid roltct foiEthodd 6Fobtliiing helEibind profifiproduced in

col e, THO - Bib8 albGosveibdsorabor o ABU IR TR heparin

bmdﬁg ?’?Ot?lgg '(hﬁut}%%g%e%%T%&%d %k@@aplf.bglgg g}t%ﬁi@ eﬂﬂ H%Jrggeg% tEheqe

cellsB@BlcmldmmrthlGSI&n@]bﬁﬁm& mtiﬂcdgﬂztrrspme The B@aﬂﬁbﬁ@mg@rﬂmﬁ]ﬁ
er mal ro

prodhi i prok e st s dtipay T By Sl e P ¢ ey of

solubl@shCinfdlpioplotsits. growt h factor (bFGF); acidic
fibroblast gromh factor (aFG-); vascul ar endot heli al

growt h factor (VEGF); and hepatocyte growth factor

(HGF) (Liu et al., (1g3k&RE@hNtest. Liver

Physi ol . 26: G642- G549); and sel ectins, such as

L- & & loowinhat Elaret etehrofantiralysspetiog iologically active polypeptides

bind heparin. Such heparin-binding polypeptides include cytokines, such as platelet factor 4
and IL-8 (Barber et al., (1972) Biochim. Biophys. Acta, 286:312-329; Handin et al., (1976) I,
Biol. Chem., 251:4273-422; Loscalzo ¢t al., (1985) Arch. Biochem. Biophys. 24(0:446-455,
Zucker et al., (1989) Proc. Natl. Acad. Sci. USA, 86:7571-7574, Talpas et al‘., (1991)
Biochim. Biophys. Acta, 1078:208-218; Webb et al., (1993) Proc. Natl. Acad. Sci. USA,
90:7158-7162) hepann-binding growth factors (Burgess and Maciag, (1989) Annu. Rev.
Biochem.., 58:576-600; Klagsbrun, (1989) Prog. Growth Factor Res.. 1:207-235), such as
epidermal growth factor (EGF); platelet-derived growth factor (PDGF); basic fibroblast
growth factor (bFGF); acidic fibroblast growth factor (aFGF); vascular endothelial growth
factor (VEGFY); and hepatocyte growth factor (HGF) (Liu et al., (1992) Gastrointest. Liver
Physiol. 26:(3642-G649); and selectins, such as L-selecﬁn, E-selectin and P-selectin
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WO 2007/ 130154PCT/ 1JS2006/ 062320 ( Nor gar d- Sumrmi cht

etal., (1993) Science, 261:480-483). See al so, Minoz

and Linhardt., (2004) Arterioscler Thronb Vasc Biol.,

W 2549013557 . I nternational Publicati on pda/usY@s/062320
95/ 07097 descrlbes fornmul ati ons of heparln bi ndi ng

Bl LRFAREH) B8 SeBoE BoPHICHY B S5 Lo

(2000 |AYRFbQIHr ThEMPVERAS o f 04 ﬁshgngpﬁutl C use. Heparin
deri ved oligosaccharides and vari ous ot her

potampetiat Fetdicpiaumie WS/ (TR hdeskabes f@m&wm ¢fi heparin binding
dj
prottexlﬂ?u@ﬁﬁ:ﬁn %e?ég'gf ]Sel{lﬂg% g{b% ga!'gté)%%@ﬁ %%YPG@ PRy P%Fi?éﬁtdaﬁve heparin

factors .
or Oﬂﬂpﬁmmcomwfomhem{peutiC(@@%ﬂEpajhl dBiiedd olighswetharides and

o A R TR B TR o
for I(e@am sedieg @fdv@th fdofdre (Buachi @nh) (19’89)|J | Célt. iPhsiti01 40M¥B8-548; Dabora

e alof 1 R il e 056, 23 oo iy o Baeroniinbas been

emplSed npdra@ws Bfih &hiMbC@dd pentalteAREaliMAD! Pabl@mon No. WO
Linhardt, (2004) Arterioscler Thromb Vase Bi ol

96/03362549- 1557; Favard et al. (1996) Diabetes and

Me |

51 SERg of PP iARHE prEin W RHERER B sl 0k brobivced by
recoRbgeat te¢hndB@9 efd jucslin@dl)y. reléormt@eﬁmm gd NREEFE, €084) Arterioscler

a0 GR% dILE 096345955 ar%%' A 10 90hNSLRS 8 MFmelitm b54y268-

73; Bewsudalat ar gk 9%) JaBioched. 998(3).648-9; R otRaxt Bl ., (1995) Brain Research

6990 e S St B Skl . 1

also ¥ASHMhPladEiBar RAGANH) PARRESPSE). Seb DRIACKSE, @égs‘)%mmathot
new bl ood vessels from pre- existing ones. See,

146:H% 3 aY ECD obaymperirad Faleien Rl vaopslopsnas)s; @J@ﬁf@%iqpmén? of the

embr agﬁg}agctula?&r% 5 é‘)agfl%lgé&)eﬁlp%%e %ﬁk&g ot&%ﬁﬁ%@%@&%ﬁ_& vessels from pre-
ex1sm cﬁmﬁ OSek1d4,; Reguiae(20046)t _r@lgc_r,m_mg_ BASEB1b11; Risau et al.,

(1988PD&;. Bl el 2@6? 1%9%& Wl i 8 10433011%53’174

Neufb8t &t -aR519%)iRASEH J. amguzg Héﬂl‘?ﬁ‘ﬂ] 6190y J. WEE Mied) ‘MECH:MIedilCﬂ?tﬂie subose,

Ferrid 2nq Bpvig e 0 hEBRo R o e e pnlyp g e?g@F

inchR% &WRE FheteMELEHOREH ENRY oﬁgﬂh e Rnd¥acd MR %%é
and, 25 Aitonmey Docket 358R1, entitled

promqeiag wegnd healiag L Joueempg, 112@%)011&1 Publiesiontio @f\@ |9é/§@|@§8 and,

B

prometiog tiSwe gaivgb andepriaresg., (20049, e@qd@@fzmﬁéo REY3 Byisone (see, e.g.,
t hergpeuticall
WO%?@%&%% ecés “h&n ena?{f{%ﬁ)ﬁi Qﬁﬂj %8 1-611.
v aTy;ﬁcta)VIyplﬁlcﬂapait1cﬁ)ll}gl&IHv8ﬂfB‘ecom1anpprefeﬁjs Rge ﬁr@ﬂhd@@ m a Varlcty of
expressed in their nat ive form.in eukapyotic

host GEREPISRY MOSHRIOHS FHL Do FRaeddR Fhelré@r%@émg%ﬁléiﬂaaopy hosts such

as CHOQEILY, e&mﬁfa%e‘l’l"kﬁhﬁgregjeﬁ%lﬁgreﬁhﬁ‘é%spr(gl@nﬁg@r&%ﬁg @fﬁfé& HHFhieve
cell density and ultimtely achieves | ower cel

maxigws el hdepsigang ulkeatgis eriicves lawargrl densty then @rcésﬁrdrong cell
Le di

cultu(’\%i%%aﬁ@qs &@Qvgfgﬁls ?Flg§1§egﬁ£5n%6§ g < glolgi?lg 11 "ivo bl In

Vitropddhericom@hdmgical docienl). Adllitionallyt emimsl @ﬂtcaltmﬁeqﬁmnrreqlme
WO 2007/ 130154PCTPUS2006/ 062320 expensi ve nedi a
contai ni ng growth conponent% that may interfere wth
the recovery of the desired protein. Bacterial host
expression systens provide a cost-effective
alternative to the manufacturing scal e production of
reconbi nant proteins. Nunmerous U.S. patents on
general bacterial expression of reconmbi nant proteins
eX| st, includi ng U S. Pat. No. 4, 565, 785; 54,673, 641;




10

15

20

25

30

ability to easily isolate the product fromthe

cel lul ar conponents by centrifugation or

mcrofiltration. See, e.g., Kipriyanov and Little,

wa289)3dal ecul ar Bi ot echnol ogy, 12: 173- 201pcaos006/662320

Skerra and Plucicthun, (1988) Science, 240:

1038-1040. Reconbi nant he aripn bindi n rawmth factors
PR TR 1%81“8%“@%5%‘?@&“’%? &&i AP JREGF vy g pegovery of the

desifedpratih 2 Hac@riAMB: FHxpedsfibn @@f&ﬂé@&ﬁhﬁe&{ aﬁﬂ@@éclﬂeé hl@mative to the
grom h factor have been recovered and purified froma

manﬁ@ﬁ%ﬁg trrlegpefustian phisearehingt pretainsy | Numpaaps S patents gp general
bactBiial ’exf(rgsg%ﬁ)of %Qﬁ%maﬁt{b‘f@éﬁls eX1Zt4 ﬁlgﬂldﬁé@‘ 8§35, (1\\‘/@@'_5)65 ,7185;

Si enel ster et al Bi ochem phys. ResS.
4.678%dm 4. 115, 7062@@(427)102&@ WQJQE@yntag{’;axf t]@[pracﬂuctlo(l mgg@)i is the

o T AL S e W Bl

mlcraﬁitratl()ﬂ.g%,)e 4. Kiphiyomatangittl4) (1999} Mdldculbp BidtaGn _()_Egsqz 173-

an FGF ndr j 994 Physi ol
201'%3(%3“1)& ‘%‘L{f‘ 9§8§e§$—?ﬂ§é %‘H%d&é‘gzlg%)
Bl RE&ﬁ’Ebma-ﬁﬁﬁdiyaml Q{UBH %ﬁ‘facﬁ&gﬁ'—o‘h s bR Tk 6bl Bt prdkvih factor,
1995é§tFASEB J. 3) A (bFGF)). However, bacteri al

basigfibjiol .w@ﬁ%@@d éfe&sﬁlaa%ndethe%.growthéﬂa&twb@%@ep tgegrered and
punm&ﬂ & ¥mb&@ dr %drl:éstlﬁélﬁdlﬁé PhRfckria r(ﬁl@l‘ B Gt Qf (i @%2 Labor. Invest.

proteins and generally not resu in the secfetion
TA(2p546-85 e/ ¥t %ﬂﬁmglstengt(ﬁltﬁ@% Bibchen 5. RescGort

2L PRI BB 1AL, DRI P18 B e

al., (9% Gaojishu Tantpiual 4 SZSBGJI(HEGFﬁnthpachfeodtld €those il Gheaatogr. A

7 @RI P S By AT LAT Hap SEf D) -9 or

Est zlﬂd\/lﬁi N0 Bidl&G Th&. (TR PBBFGF); MEDcL@RFet aITI (N5
stape o 69 1es VEGF- 1(62 , Igr?qtbhl s) structuree e(ach)

I
&E&&u%@o y@%&m@ PEEVES b%‘ftf’f?ahF’FIﬁ%‘iﬁlaPﬁY&ﬂ‘?T%wW&%E coli lack
cteﬂﬁlgxsm%ﬂmw f@&lﬁﬂa{e'p? ré?@lﬂﬁé oYk EJPO'E&B._I} atd e'h@r%lly do not result

coval ent li'nkage of 't 25two subunits Fer ara ‘et

- in thg pecretion 99 eyge protSk into Bue@uh@mnedm Blsiorzlltaynt PTMennenprasecd in
- bact%?aﬁ] B@e n@fs c of{eﬂ%lﬂ%ea% ér?ﬁlésgqgl%g % c(pn%i';éhﬁg g SQ m\c[f@e{ (ﬁ‘ ‘ﬁamaﬂy

ensovvnto rea parin erraa
folde(d]zﬁhﬁh)m%lﬂlpdl E)iuceﬁqualemn fin thlmrm,zthdi reommblhaﬁiEﬁeﬂnSs general]iy

mactévce“ \9? ?){;%{pﬁggihg o\é‘tem r tf\)zE: r bl%&%}s& ol o%f%wo 165-

amm%@%d%%%gptﬁﬁg %EGQ]%)‘ Gﬁ 18§ stﬁictwre ééﬁ%ﬁ)uﬁt @ﬁltﬁllﬁ] 7 @irs of
Bi op Acta 1246: . The bacterijal prod

mtraal@efeﬁﬁulﬁm ‘gpné%mdawdé@@w@%% whick eldeci iy Cé’ﬁéem linkage of the
two Sivanikd Qt?ar§ 9?&@“@'9@9) 1. ekeriBdi-at 99211-218). The native conformation

Addi tional fol'ding often produces 'm sfol ded and
includiessa sifongdly- blasm Pl@dalduwimlshas ﬂ)pfrrrﬁémwn teareaidibyuibing hepagin (Ferrara et al

(199 Jo\é'%rg'nhb ?gx;alle% dl(rfé%%tfo%)&j; | OC dfor%?t%gt%%g’?(?e%gg binding and

bioloBfdabaciisspHogtchoer ghh@0MEnBivli Gheve Bml | Ghewe 2§9: 32871993288&@1&@6}* etal,

o CERN T T .

severAPREF el ulfRlelsBvebId /asSRiaadsi on t hrough
hydr ophobi c interaction of partiall

fol ded
A e e i o RIodie MRt 1S JoN e diskehfipers rimers,
and ﬁ&nﬁé@ %M%{lx%@)ﬂ Mot dishinBg. PCisId3 %08 NESred B &l N@ 98§ Anal.

duri ng fermantatl on OF during the isolation
Biochem., 169:287-299). This association phenomenon is very common during protein
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S5procedure. Proteins recovered from periplasmc or
intracel l ul ar space nust be solubilized and the

soluble protein refolded into the native state. In

wo ta13metshods for refol ding the proteins intBCtAIg006/062320
correct, biologically active confornmation are

essentlal obt ai ni ng functj.onal protei T
refol Bl BEDE g Rl oG B cnaBp By o YRS
assobiBGdiBlRBh B?cﬂbﬁﬁ)bld’lﬁ{e%ﬁ& bhRurtehls FoIbet infPmedfiatth@ leland and
i nclusi on body at high concentration of a denaturant

VWHgﬂgﬂgﬁﬁaglﬁﬁéﬁﬁﬁ%ﬁﬂ dl18Y8)di | uti on of the denaturant

to (
WISl ek 10058 gty iy i
procRdeﬁl lﬂlhteamded_owbdeé fromw@)asmalﬁageﬂui@ sp&re BiBist wlﬂblhzed
and % chl rot?m refbld%% %303% n&% sn?a .rh%lvq%}Imgtﬂo ctisnfgla%foé(rhgg the

Fecovery e
protéiggarotiel C(asecb @idl@l(tﬂﬂly\ﬁéﬁiﬁﬁiohﬁbﬂﬁﬂb}hﬂ atadssantialfot bbtainingr

nodi, fi catl the recovery of biologically active
Funcg b STt TB1ct S Ao e ! BT ey rod fiaBangiSon
bodiBEh A8 tRa¥issoRRRA of BR!ih@kidOodae raam% R odicBeliaign BF Qﬁﬁiaﬁlrant
such as VEG- (Sieneister et al. supra)

suchypg pres delloyecdibytdituBen o the fenapussiy meémﬁ a?fpldaf@ tﬁ R ﬁsge» US. Pat
Nos. 9{3 9r92§°%§ﬂaﬁﬁ2“9n&$‘§1 1§ %332 RN e gf Rh@d]ﬁh hz{lfﬁhb t(§996) FASEB

acti ve conf rnatlon hroug |ts ot
1 10sft9aiﬁ lan(lemghefr@t de,e{l%%at atgchnotogy @ng ,oﬁje}llgl Such

recowbeajﬁ H}eg}od%stlrgrr%%rdp 1r1§ Kf?r\éalgr aglﬁﬁ)(étu W%E%ﬁéc{}‘ enrlodlﬁ ations, to

the rédo@etylof $iodsgidatl aaxxmamﬁam proatsdreapiyghubian dodiee rThese

used to assi st refoldi of denat ur ed
et s DA SPPLH N TSP DR RISHE Pt S Stgheisie t al. (1996
supré?s qihade HAhdRQBAKAB cBmifiRSd fAndinel disiEBe bEHAMS filr t@axing the
enaturant (Hagen et al., (1990) Bi otechnol. Bioen

reconbing@Er e, intoie bigtesirnlly PoBe) copfimprinadhipugh 1y ethersgabilizing
oo G S s B s
pombﬂepsq%mﬁmﬂbﬁhwpdendnﬁlng proteln 25aggregati on and

];)6(1 é\%eltrsateg %ﬁﬂgf’%ﬁ rﬁ%xgh%fg%r (garr(?rng%to%' rphalha% %egl%F e‘ftB%SdS%t refolding
of ddnasrddgeoteineby emdmgm i1t pryaainl withndhiaclic bobleting temie &

o3, S USRS RLOLSL (SN a0 5506675,

Creif$n Q1995b iR P&t &R Strudiaw PYﬂ’&lhg a ﬁ%%l'_(@%e@éﬁ@te]id .) pp.249-251,
- creati ne kinase was refo in the resence of
Newa¥frkidlgp BsLisy I Hiese V’@th@ti% e e I{SR;@P i pgevepting protein

5
agerighE bnaORMGRY, prbpofdibidiie o1 it @A LLAR  Keojding,
confmmaann@pace"twadﬂdq% hapthesepartirmcd veh ligmgls dndentibodies to the native

struc:tul(gg ﬁé t rooté A laana VHI {\7/\}%‘,[1% g%gé%?,lﬁxq '@éﬂe%ﬂgg% ?R?{%}é By ., and Reed

G. Ef©) sp 308- Equwa bfdrk.l,m’ Clou| Kbrbeariigle,icvaatific kioask ivens mefblidedin the

st at or ex the rate of ref [ .0
presqng pf %’S‘}‘FB‘@FFHB tvcaéﬂ%%waﬁlkﬂeﬂlsb@ak E@gigﬁjﬁ%ﬁﬂé 248:53-57).
In addit@AnS adiModich, NEafdd AU cBﬁ&ﬂoI‘sl Iﬁﬂe Bdentubet B %ﬂmucé Rffolding. These
(Brems and St'el | wagon (19 .. Biol

molepuigs wgw/d be g%qslkel @r@hmtb F]%?tf@ dipg mrefeia 3&1@%@%@% of the
natn}d fflcih O ﬁ‘)t M thilidY QubitRuiUofidg <dPREy &8 native state. For
Baneyx, Current Opinion in Biotechnol ogy,
exaniplk, ﬂmami refoldmg of fmpsémvhsorae peesicrhencod btk tinsicdigand for
ef fective nethods of folding and/or recovering
heparin binding proteins froma host cell culture,
e.g., for the efficient and econom cal production of
heparin binding proteins in bacterial cell culture
that provides for elimnation or reduction of
bi ol ogi cally inactive internedi ates and i nproved
recovery of a highly purified biologically active
properly refolded protein and that is generally



SUMVARY The di scl osure provides a nethod for
recovering and purifying refol ded heparin binding
proteins fromcell culture. In particular the

di scl osure provides a nethod of recovering a heparin
bi ndi ng protein fronrprokaryotic host cells, e.g.,

G AN LTI L S

Cpr W@ NChdpernb PRI HaPé §l§67bé‘enQered tetarsas@dhﬂllpk@émwaﬁg See, e. &
of said bacterial cells; (b) solubilizing said

i sBangyedl99s ShuentOrzon 'mOfnn;mm%ﬁﬁﬂ .in a first

buffered sol ution conpr|S|ng chaotropi c agent and a _

r educi nfheaginmechivgney amhmemﬁeﬁgveémﬂ@pdé of ¢ presor recovering
elﬁ%ﬁhﬁ'biﬂhﬂg bH%elﬁsf RbfaRoli LRt aﬁﬁ&@ % Bt @Eﬁgleﬁpinﬁteh&{bnmal

conpri si ng aotropi c agent and &’su

p oprypduritiom bﬁh@grembmﬂmg psuats ia wctmeal acidctﬂmdfeﬂha@mhdes for elimination

condi r|n brnd

ot ol i 8be ily P i Fict SRy ongp BfaRidy of o highty pusifid

hefialopidalbi aetivepropérbit efolded W@ tiaiand thaeis @enegalby appli@bklo manufacturing

fol d i ncrease |n protein concentr&%lon recovered by

i RIS RGN ¢ fiferaigios at BypeItpaRtGRes hgend e@ﬁ’b%ﬁeé%l as will be

t Oap%al%ﬁtrﬁpbﬁlrewew of the foMo@ ASRRGL, there is provided

a process for recovering a heparin binding protein

froma prokaryotic cell culture, wherein said heparin

bi nding protein is vascul ar endothelial growth factor

(VEGF) that binds heparin, t&@evREQRESS conprising the

steps of (a) isolating said heparin binding protein

fromt

(b) de %ﬁﬁ%ﬁé@%@ﬁ%é?ﬁ%ﬂ@ﬁ%ﬁ%@ mg@d“fﬁﬂé teffied heparin

f itisdinpprofegrsébns edlisvitore. doppticwintye disdéract propiles agethod of
and a r.educin n

e efiSH sty BRiBkaroicin for GUBTE IR e i L dpcier et For

C Gixpinplel angleﬂuod: banprisepihe segeot (aﬁ:@da@g&ﬁioﬂlﬂﬂ@hbpann binding protein from

ani oni ¢ a ent , erein sul.f at j onic,
agtE¥Perr SRS acellfpace ?ts %@%ﬂﬁﬁ?@‘&r % %gﬁlzg@éﬁld isolated
a ihdolb]EMspati BiRbing Pedicih D& Fikst @erﬁerédbauur)ﬁfc@;hﬁ!mmg @I:haotmpzc agent
said heparin binding protein occurs; and (d)
r €84 papquRgEsErs a08f ol ded heparin brndrng protein,
wherein there is about a 2 to 5- fold increase in
r 9 Gicybalingspd solubibizadchengripbipdiag arotele thateeenddmtiistadaglution
t |
I Q:o ﬁgm%%o ﬁ: Iagé}ﬁ gﬁcga!é %‘gﬁ %%t?%g}fa%ir%gl %gétﬁ 5(?‘?;%32} a time and under such
f ux)nrﬂltaonsabatmfplsiag cdithi heparen bihding p@t@mrb@drsr;rmd (d) tehevering said
solutron furt st ei ne

ff
o rretgp(frj%d g%)a%‘u:lg)e mrgd) %telélh}wherem tﬂere s O?ﬁ% d“a&%ﬁ m %rf)tem

t henckint ol @StcReret g ireubging, with zgsu,lfaﬁd @olﬁr@rhldmb Agdne aGiBpared toa control.

in protein concentration of recovered biologically

acti ve Ih ehoisped, théreisirovided a probesk ﬂirdedoﬁ@it%&ﬁﬁ?)hﬂm binding protein
protein concentratron of recovered bi ol ogi cal

acffqn;},@prfog%ptéce@ Loplre whergp sad Sepagndmding prgls i ﬁascular endothelial
Pra@deth Tac k@M OR0HES BHal BRI ephiSiE QN r@&s@éc%ﬁﬁin%@hé eps of:

active refol ded protein, or a i ncrease in
pr ot ei R, GANGRRIhAH nqlndx%ﬁ%%ﬁr?ﬁorg 'tlfé' (28ib G&h oY sa,ld rokaryotic cell
active refolded prote I n"anot her enbodi nent of P

dicsbwesure, there is a e.g., greater than a 2.0
fold, a 2.5 fold, a 2.8 foId,'a 3.0 fold, a 5-fold,
a6 foId, a 7.0 fold, an 8 fold, a 9 fold, etc.,
increase in protein concentration recovered of
biologically active refolded pretein. In one
enbodi nent of the disclosure, thereis a 3 to 5-fold
increase in protein concentration of biologically
active refol ded VEG-. The processes of the
di scl osure are broadly applicable to heparin binding
proteins and especially to heparin binding growh
factors and in particular, vascul ar endotheli al
gromh factor (VEGF). In certain enbodi nents of the



(b) denaturing said isolated heparin binding protein
ina first buffered solution conprising a chaotropic
agent and a reduci ng agent; (c) incubating said
denatured heparin binding protein in a second

buf fered solution conprising a chaotropic agent and a

sul fate ol yani oni.c agent, wherein the sulfated . .
pol yani & ﬁ@aﬁa@ﬁﬁalﬁi%ﬂg%%wf@wml@ ot B folution comprising a
SUtHastéhic ARkt MG eduddd®eand under such conditions

that refolding of the said-heparin binding protein .

occurs, ﬁcy\ﬁ@ﬁ’faitiﬁg ENEh&rakin b préte ih @ soh@bSbr AELRARE comprising a
in refolded heparin binding protein recovered o _
c othealrerde agsni snduratihtad polythome aganl. dereth el spifated pplyanionic agent is
a _ . _ e . y _
7 Bl e or sodtupgRE R B o7 BT oAbt retoding of
hystrdhepapabindieg phmomatags; aphi ¢ support, a first
hydr ophobi ¢ i nteracti on chromat ographi ¢ support, a
cat i oni @) chownnap egd agfhided Bepapio bindingmabteinSelaeid there is about a 2 to 5-
hy hobi ¢ i nteraction chromat agr aphi c, support, .and . .
o PLOBRG R el e RABE PR AT SYBBBIOAS Eppting with no
eamlfate8 YPIR@Tibnic Bent.i 1 ) a cation exchange support; a
hydrophobi c interaction chromatographic support, and
an i on @x%&banesdimBAOIRLQDhA BRGed SR furt@ domprises arginine. In one
sel ectively eluting the heparin binding protein from

€ SCCOIN LLC, 0 ] V| Or a mila reducing
earPodimppbrike second buffeppdzgolysipn futippgompserdivateing or a mild reduc
pufLfd cation nmethods include contacting said refol ded
heparin binding protein with a hydroxyapatite N :
¢ hro mt]ﬁ%ﬁ@@lﬁh&&ﬁﬂ%@%@%e c}qi&lehfe%ex'%XQé, %%I'],Cﬁbg fold increase in protein
i nteraction chromatographic support, a€ationic
¢ hooemtregpmaghe@venap paldgiaily aciseciohigd pyotkinpn 36 fold increase in protein

[ i. h hi d. sel ' . . .
B e L T R

- Suppaintratidnbfasol tred bﬁﬂﬁg)ﬁiﬂyﬁfﬁme ééfgmgﬂ 'pfdte'_ﬁ@tdg _ﬁll‘-jmd"ﬁﬁ&ease in
conprjses contacting saig. refolded heparin binding .
D ORI Fo g Ration e rgieTe g’ﬁ’éﬂ%%h¥ AghG Fitoldsd projesg. 10 mother
hyiepheRt 6f thOiREB&IE, PerS RI0PBL PRLBPMLE 2 SYRABRI 4 2.530d, 2 2.8 fold, a
an i on exchange or m xed-nedi a chromat ogr aphi c :
support and sel ectively eluting the heparin binding
protein fromeach support. It is contenpl ated that
the steps for recovery steps can be performed in any
order, e.g., sequentially or altering the order of

t he chromat ogr aphi ¢ supports. In certain

enbodi nents of the disclosure, nethods are provided
for recovering and purifying refol ded heparin binding
proteins from manufacturing or industrial scale cel
cul ture. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 illustrates a chromatograph from VEG-
produced by bacterial strain WB110 | oaded on a PORCS
HE2/ M col umm (4.6 x 100 nm Per Septive Bi oResearch
Products, Canbridge, MA). For exanple, the PORCS

H E/ 2M col um is.equilibrated in 10 m VI .sodi um
phosphate, pH 7 containing 0.15 M sodi um chl ori de.
The colum is eluted using a |inear gradient from
0.15-2 Msodiumchloride in, 10 mM sodi um phosphat e,
pH 7 over 10 m nutes. The eluant is nonitored at 280
nm The protein recovered in each peak corresponds to
VEG- however only peak 3 corresponds to a

bi ol-ogically active properly refolded VEGF. WO

2007/ 130154PCT/ U52006/ 062320 ., Figure 2
illustrates a graph depicting the stabilization of
native properly folded VEG-F by heparin. The VEGF is
suspended in 50mM HEPES, pH 8, containing 5 nmM EDTA,
0.2 M NaCl and 10 mM cysteine. Figures 3A - 3D '

il lustrates chromatographs from VEGF produced by
bacterial strain 5 WB110 and i ncubated with 12 pg/ ml
dextran sul fate 5,000 daltons (Figure 3A); 12 jig/nl



Figure 6 illustrates the effect of sodiumsulfate on
VEG- refol ding. Peak 3 corresponds to a biologically
active properly refolded VEG-. 20, Figure 7
illustrates the effect of heparin, |ow nolecular

wei ght (MN and high MV and dextran sul fate, 5,000

da : 0 tons, . and 0 | tons, on VEGE .

r e%b 3@%&0%8 3 @1‘1@69?)&8@0%%8’3‘8 3 fgﬁpfﬂagrnegﬂawn protein

aCEdnentRGPRESYerddeff ‘Bidﬁ%aﬂﬁ%ive_refolde&b%jﬁ B one embodiment of the

illustrates the effect of heparin and dextran sulfate -

ondieesare Begsiign Ado Sbeldkncaeasp irragisieraaceptatipn of biologically active

bi 1%:&9&!'(16@(51?( active properly refolded VEG-. 25Figure
IllTustrates an effect of urea and DIT on the

extract- ) hi i ncl:-usi anwhodi ) .

i gure T BTSSRI AEE LE Al BELUBIAN ni Hinding protens

c onglesspacatly tmheparit biedne froivdh fagtap$ andi@particular, vascular endothelial

Fi qur i rates the amno aci.d seguence of ..
Vet VTP et S e e B EREe Riengg polvanionic

1) agent is betwe@labeutlR000 dnd 90060 aésltdnk.elnaink @fibodimeht) he sulfated

presence of char.ged am no_ _acids. At Q.75M . :
c owi@.%% g “i‘lh_%{dh‘@ %gfézfe%ﬁm%?sg%‘f b flEp G Hodium sulfute o
ar R aRd i ¥ bR aReddxerhbul RSE 8as eM(3,000 daltons and

12007/ 130154PCl YUS2006/ 062320 hi stidine has little
addh-400\deltesrsf ect as conpared to the buffered sol ution

wi thout it. Additional I%(' argi ni ne has been shown to
have si'Hieldasclosuieadditionally prsedes perceopsangfm@hadsifer pumfication of

r e e iSRS A B8 R i e op iddhd RPou ot Bparin
c Onoding prateiroas describodbBercias t he dil ution i ncreases, the

%refold efficiency is 5 higher with nore dilution. 7
DETAI L BDobESGERItRhEEN efided & vethed forkepaeding'a fephsobinding protein

referred.to as heparini¢c acid),.isS a. heferogenous .

g rf%% a BfOkFﬁy&Wf gﬁfﬁs‘%ﬁf“gt ‘é’ﬁi’re‘&s?l)gihﬁ ¥ ing Q{g}e&ﬁs Yascular endothelial

MUG ORI SR VIET) 825 bindahdpadn, Ghy HOBaATARSHNIHARS steps of:

Al'though io others may be present, the main sugars in

hepar i Rapk@atird-shid HPEQTHiEdIAE ptedn HbnftBE SaripBsMeP%¥id frokaryotic

sul f am no- a- gl ucose 6-sul fate, 0-D-glucuronic acid,

2-486v#He:do- 2- deoxy-a- D- gl ucose, and L-iduronic acid.

These and optionally other sugars are joined by )

g | ycosi (Hi @nﬁﬂlﬂk&@a@% isolpted ﬁpp@n&@@m@r@teg} m\aaﬁryi_b!qgered solution

Sl risil?%g 81§a%u% € a%rﬁ%&&‘&f‘egﬁ&n%ﬁ%nﬁova' ently linked

sultate and carboxylic acid groups, heparinis

\S/ ta£ iogg ! (%/)rig(ﬁnjba %ﬁ&@&ﬂ%&:ﬁ%&ﬁrﬂ ﬁ@fdjlgg]ﬁro%fin Bedps%Ednla buftered solution
comprising a chaotropic agent and a sulfated polyanionic agent, wherein the sulfated

polyanionic agent is dextran sulfate or sodium sulfate, for such a time and under such
conditions that refolding of the said heparin binding protein occurs, wherein there is about
a 2 to 5-fold increase in refolded heparin binding protein recovered compared to incubating
with no sulfated‘polyanionic‘ agent; .a;nd

(d) sequentially contacting said refolded heparin binding protein with (i) a
hydroxyapatite chromatographic support, a first hydrophobic interaction chromatographic

support, a cationic chromatographic support, and a second hydrophobic interaction

chromatographic support, and selectively eluting the heparin binding protein from each

6



15 3,000 to about 20,000 daltons dependi ng on the
source and the nethod of determ nation. Native
heparin is a constituent of various tissues,
especially liver and lung, and nast cells in severa
manmmal i an species. Heparin and heparin salts (heparin

sodi u are commercially avail able and are prinari
us%’P‘g& O W) CGHGT PRSI SHPRPAK 7 JYidrordiad biigtsfaction chromatdgraphic

Si fupbit QRS ap 1d3%EERBe Shtbinafofraphis sﬁbp%H:l &ﬂts@le&{veﬂ%ﬁtfréﬁhe heparin
whose principal structure is a polyner
20bindies peteinfigpoweh gwEodpt i onal |y ot her sugars are

joined by a-D(1-6) glycosidic |inkages, formng
oI yner i marway iemgodimeais pubipatippme edqunelg@wetagﬁng said refolded

| f
S VBnER b tink gRAH R R AR AR AR o o g hdophobi
| em&retclnam c]:izﬁﬁzfﬁtogndhﬁ:ymp@ai, h yat@bm%rohﬁ%gapﬁﬁ%uppdrfnndm second

rou cose | e he ave e .
o ditah 2 Ao e S G rl i Elefrvelk SuSiitheHibarin
1, §Q@ng proaéa@ ﬁbm@cmﬁ@p&@ Olnckbthengmbddicadhp| i@t atda method
dextran sulfate er Io able in the invention include

t HOTESFHoBlaGHNg ¢ qdéﬁ@ﬂf&%(&%%eromrbvﬁth a cation exchange support;

”1&ﬁﬁ@&ﬂ@ﬁh%ﬁ%n%&%&m%ﬁmhﬁﬁﬁ Fﬁﬁ%%ﬁ&@ﬁRﬁ@%&mﬁQﬂnrmxab
L. dextranicutn. Polyanlonlc agen as used with

t heedie eiyemetogtanbicispivperitand nelpdivalyahiting éhechepari hyading protein from
co I ri
0 r%lgg ?lg{p?llé n%‘[ 1§n k. [mitgd Blg{ &&ﬁt@ﬁmﬂﬁec&%ﬁ&%ﬁe aﬂlpe performed in any
b| ardéeme gt srqhapmﬂy nr :ldtemig g cpdartoétheshnomkqgchphg SOpRets.

" pol yani oni ¢ agents" such as 30 sodium sul fate,
hepar i rﬁnsa#tilabmbodmpam aﬁt}suﬂhsﬁzmlme, mﬁhﬁdssmrpr(mdd:cyﬁ)r recovering and

sul fat.e t ran sulf r.oni-c.
NG tole R BER Pedphafun mpdk Red RS ripRiedt scae cel

anghltger at an sulfate Particularly useful within the
context of the invention is a "sulfated pol yanionic

agent, " such aspRIEF DENIRIPTIONOFBIE DIEAWYREGKSVE Of

a pol ysaccharide, such as heparin sulfate, WO

2007/ 1303eARGTILRRAR0hRARKRSRaghend h W@lﬂr&ﬁk@d b¥ PRtcrial strain
sul f at es of the é cl odextrin produced

mi WP bt geded one HE%A@W%&%M@@M@W@W Biglesearch
[ 3

rpré{%lﬁésr g?g‘tr)% 2 u]\/%x)a é“érB (%(aﬁxp"l’es 8"}@9&%@% Jf‘ﬂg\{I g('islﬁﬁm EJ equilibrated in 10
B- ml,\@ogiumszﬁstm gHﬁrQOdtﬂDBng bY5 M sxdoor gaersiend he column is eluted

e R e ST 2 S Ry & B P pr 7

f revgEningutes. The cliie iahoMeraEnBo ﬁ@d“[‘ﬁ\lﬁﬂteﬁl rd¢d@ered in each peak

enerallg | e and .recogni zed b skllled
arPrsERm SﬁB%ﬁﬁW*‘é"’r Wy PR ORETLR Snto ijpratly aptyp properly
becRhtcarvmsk froma library of heparin- derived
~oligosaccharides that have been fracti onated by

gel - perneati on chromat ography. The preparation of
affinity-fractionated, heparin-derived

ol i gosacchari des was reported by 10lshi hara et al.
(1993) J. Biol. Chem, 268:4675-4683. These

ol i gosacchari des were prepared from conmerci a

porci ne heparin follow ng partial depolynerization
Wth nitrous acid, reduction wth sodi um borohydri de,
and fractionation by gel perneation chronatography.
The resulting pools of di-, tetra-, hexa-, octa-, and
decasacchari des were sequentially applied to an
affinity colum of human reconbi nant bFGF coval ently
attached to SEPHARCSEr m 6a
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15 4B, and were further fractionated into subpools
based on their .elution fromthis colum in response
to gradients of sodiumchloride. This resulted in
W YR7/2nedss, designated Hexa-1 to Hexa-5, thepct/us2o06/062320
structures and bi ol ogical activities of which were
furt_ her eval uated. The structure of Hexa-5C and its
508igue2 NMB%%@BMW@%ﬁlﬁ/ﬁﬁahﬂﬂ?atr?rgaﬂr@ﬁxe popsy ©lged VEGE
I I
by R RN e RRE R (e iR Ry ARG s A £0TA. 02
M NoS08idall)- midlayMsds( 6- 0803) al -411 doA( 2-0S03) al - 4Al\/anR( 6-

abg\/‘%' res’:%i véi‘l; ﬁﬁwﬁ&eg m%gﬁg b | ke o|¢r§‘§%§‘g% ari %%?Stmm

W3HOans irictidddewittot2 agrchl da:ﬂraheu]lﬁﬁe d 00t ddwne (KigmesS A, 1 hug/ml

dextyi ot SD Feloss DAY S LAY ferden oY e NP A rigure

3C) Bt ShgE/mYRédarif (iguke3 ), 3 08P HAtons 86d Baded ¥ANPOROS HE2/M column
decasaccharldes are used. Furthernore

(4.6 ﬁéﬁamrﬁi’&éﬁepv J@Remﬁaﬁ?ﬂwmkﬁa@eﬂtﬂm Yé3aFerrarmalesthe

| colu%fntlpe 1I tgcﬁ np@:?}%ﬁﬂﬂhﬁﬁ/ ﬁho%gl@aﬁg ‘f)H 'ﬁccﬂtaug}fg 0419 M sdUi®h chloride.

are us advant age.
The trﬁerrmewhxfehemg 4 Hindair gmdwgt @cpratOeLSnZ Mmodmnmﬂorab yslégdnM

SOdlﬁtIel {gar Ipherltgf&:vs ot 19 ut%? e e(ilt? él;: %Q% ;65T ﬁfaf %m N$he protein

er el napove nition

. recovdied ndach pdar comdspoRls tp N@Gmqummni;amlk proorréspongs t0fa

ve and reconhbi na roduced hepari n-bi ndi ng
blol‘fﬁ“ii‘h&aﬁé"epgﬁ’e%/’g%e@ij@ﬁ%l es of heparin-bi nding
Pr PloRk & il RisRate W8P BffbdR oPédAR dAGh SFcMiRg HAVEGES, '
|nclud|ng1 but not limted to epidermal growth_ factor
I

( EEigpre Hillistertes thejeffey e@hwﬁwlﬁw&&w}ar W@@FW“B 484 bigh MW,
and BdxBLR E.l]%a 18 b&y\ﬁﬁ()il?%h%élb!‘: %:Ilim apLAl ?CJHGQ&B@; s biologically

gr owt ¢t or vascul ar

‘dcﬁ‘@@@meﬂlSM@dﬁWEGBZO%/ 062320 endot helial growh

f aﬁt QF é\ﬂz%%u% ﬁ‘ tc? C}l go%g% glﬂ%altje donagltielt*‘ ré Ki‘gh (F?zlalg'

knot nerve
corrc(sf)ﬁﬁ)s fo 4 hto&gmeﬂy: actﬁzﬁ puq-,eﬂy hfﬁ"bleled]VEGFas c uI ar

afirs BiRsrBtehe ritd BF Mepatiny T glek ey Bhn Shigh MW,

and 8QYrhf Sulftd, slot)@ﬂaatoﬁ@ls 00U aRbnss 8hd B M\eangnsl; b VB@F roflding.
aci d sequence di scl ‘osed in Castor, et al.

 Peak 3 gureypaves wockiolpaictihiz3re Proporly méold AEGF s oget her

W A9 8RR ‘[hé.j EfrdoY Qf ﬁéé)gﬁn LeA&ahn famtdish ‘H’E‘GF refolding. -

qualii tative bi ol ogi cal tivity of a corresponding
PeaknatarespovBGe, 2 hiploRigallynayive propertyt rofoldddt eGY o, t he human

(166 E% ARk RS R TR0 BB Sty B oy
bactalal m(c]lt@i%ﬁ):;odies ence 246 1306 and Robi nson &

St 2001 Sci ence,
EH %{ @é%traéeé?@ne ? cogceggénw the-pefolding of
VEGH edom nant form of VEGF |s a 165 am no

Figure 11 illustrates the amino acid sequence of VEGF1ss with disulfide bonds

indicated (SEQ ID NO.:1).

Figure 12 illustrates the effect of the presence of charged amino acids. At 0.75M

concentration in the second buffered solution both arginine and lysine are beneficial whercas
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aci d honodi nmer havi ng si xteen cysteine residues that

form 7 intranol ecul ar disul fide bonds and two

i nternol ecul ar disul fide bonds. Alternative splicing

W@ soohesnsd nplicated in the formati on of nul t pEl/es2006/062320

human VEGF pol ypeptides consisting of 121, 145, 165,
189 and 206 _am no acids, however the VEGF zi var] ant
histidigg lbas iHe adritversfircrsrampgred éhthe Rulbired spdutipnmgthoysit. _
Add¥RhLRPLSinfR%al BELSRANE1ARSS sitBar EBdcl atbhdthBatdddS of 0.1 to 1M.

defiritron of heparin binding protein set forth :

heFigune 1llustrates the affccd bt GEEPD dhihe & widdpfisiency, where, although

oot er i - domai fter i e _ _

the t?%le {}%th*‘%omeﬂ_ Iiltloql 1%\{& apﬂﬂ% .dﬂﬁtﬁonﬁﬁ(ir%%esltﬁg}%e% S{*gl%ﬂ?ﬁéelency 18

car boxy erm nal portion o

“highpr eftle moeddimgbn.ve form of VEGF, VEGFros, has disul fide

conte e LSRR,

- Defiiohd0- Cys137; Cys139- Cys; 158; Cys146- Cys160 in each

ononer. See Figure 11, See also, e.g., Keck et
al 'Hepangbajso sgfempd, s hepasmiscashiis hajeragriows Spes/fi ighly
1103 . i f
e T
othethonagi Ire freseintnthe awdinlsugarsin derdicis gl ndeidlurqm«e@ld%ﬁdgitméfdﬁoxyd-

rboxyl.~t er,m I rj = hi J s d '
R B R 8 B s,
L—idﬁiﬁgic. acldh diiese a?d bgﬂ.éﬁally 68:8r @Qﬁ.afqd jnineEdsbl_tr giyma:.édic li?](agesa forming
enbodi ments.o e ipvention, .the IS [ at.e )
POlYZRE ShaPEReF sPHO P eRgT At iEePoxt e%@éf@fﬁisu}f%%(aﬂgﬁﬂboxﬂw

acid DRRwps, Sefharin 1Y AR GheBl acidic., THLABIul Okt ghd b Bépafh 94rids fism about
perinmental Therapeutics, 284:103-110. In certain

3,008 fohinthR Y deftonstiepenshingan top sourpreand tigmerBod Qigletaragpation.
Zgﬁlzldgw 1}3%, s aSotHRShAS bhé’tisléffﬂééieeﬁgé&ﬁf;ﬂﬂre?&ndﬁﬁ?% gﬁ'@mast

. . certain enbodi ments of I nvention,
cellsVEGNEEH magmlatinespearest Heparin aad heparia splishepapn gpdium) are
deam dat ed. (at .resi due. Asnl nd wndeam dated .. . . .
com R RN A e Wt oF b G NRGR T it stutions.
bei'Dexttan delfird ak abechte & dieranlabst Ghndisal atrivame ki apslymer of D-
deanjnatio

: can qQccur on one ofr, th I tide ..
oo RO Bl s SesPeie Rty - SRR trakages,

formird¥ I1RHES Bf Varyia€ bikdse 'Duéktth cPreseh RIF clBRnaR tinkddesul fhde Edextran
refers to a nolecule with a biologicall¥ active

sulfaioin pEPReat padc Thresuder ponsent drgengralhy yatiless thgn 10%, and typically
abouf P/ bAOLodiT (U006 DG g3 %Qr g&@g@&%@m&h Bhe MeadoRlntifular

_and di sul fide scranbl ed 'nternedi ates ma ave
weight ofl deyiramdulfatetis frpmyboutrl,\0¢h aboue 48 800,009 dattonse Fxpmples of

f ol m bi ol,00i cal | cti.v H CQLL
dextief) e Anpo PPt IRt e e R R PRAGed rom
micr&hlgmﬁ%]mﬂmcfﬁ hd’l&ﬁzcbﬁ%tocl%ﬁgefﬁmmlalfr and hbrdeperdiounf. ol ded

VE! as the ahove not. i sul fi airs, in addition

o Rt ot gred o i S ob g Bvatans et do beshive
com@bRRMly GviTRbRGMliSeNOWRY Qéllad?ﬁnhﬁépa'tdﬁbﬁsf AR EompSsndIBhi ddeare

roduced by bacterial cell culture (Figure 1 and
capabja 08 bipding&p hepagp bdinerrspigiag ingludmerqilést { HRlyanionic agents™ such as

soditd QAR WG A0 4L Stdhdhfl Sulfate, pentosan (poly) sulfate, dextran, dextran
sulfate, hyaluronic acid, chondroitin, chondroitin sulfate, dermatan sulfate, and keratan
sulfate. Particularly useful within the context of the invention is a "sulfated polyanionic

agent," such as for example, a sulfate derivative of a polysaccharide, such as heparin sulfate,

8
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bonds occur between the sane residues, Cys51 and

Cys60, of each nononer. See, e.g., W98/ 16551 patent.

Bi ol ogi cal activities of VEGF include, but are not
wo fot/ef1d440, e.g., pronoting vascul ar per neabpti/iy2006/062320
pronmoting grow h of vascul ar endothelial cells,

binding to a 0 VEGF receptor, binding and. si nallng

dextrapspifgger the swHaes pblbe ﬂcgwee{g@d)ro@cgd by m@@org@mgps such as Bacillus
mac%%%?%% r}l%g éxg_@ls% %f) Rio05 994 g7 as%l'ﬂs%ﬁlrféfes of other glucans such as B-

i nduci ng angi ogenesi s, etc

1,3 thln:antsdfadl@ thp Gr 1,3 gladin fping padued muamtgmm belenginsfte the
genug (:4 é%z nge {? grgha ! % i Jngd %Elnd %ﬁl n?‘oﬁg Ig %ﬁ Q}{Iellrbgl @%a%%ci ﬁ/elgl)aﬁn
ﬁagﬁadbespe0|ally in prokaryotlc or bacterlal cel.

culture. Thus the terns ref r econbi nan

whi Bpahoge FP%%ODGE 2 URETHSH {er’ﬁaﬁa%’ e SePRREP by the skafled
artisB]. AR eREmME, spiched hé_'lﬁéhﬁ G bR Enta &0 6k abelcdVirbih o HtSark B heparin-

situ environnent. The terns refer to a degree of

deriygdofiggpaeqhatidgsshasbayecdese fragimated @%gelanerm@aé@tl chigg\3tography.
The E((b?: %rfl %%}?girﬁhﬁ#ﬂhnﬁéf/ Linl R&SLd & E’atccl%Qléés @Eb Te ngﬁ%d by

ast t 98% or re.
IshiHaraneg lalig(il 898 ) Bofiok hewmy, 268 é6?®é@83| éfhb@dnhggsacvﬂ@ﬁé% Wweye prepared

fromgc%%%geéi%}%}]lt p(rﬁ)gc%gef hcljl)a a (re Fog@)ts e opatiial %%% %?&fzg?&ne%th nitrous acid,

redustic@niith sdiim Pobhydide, m‘ndtﬁl‘aendmhanh by gdl lpemicatien chromatography.
incl.uding al| cell conponent sone, cases, but. not .

The iy i o oo ot dGFegReies? qslfdeﬁﬁﬁefﬁé%ﬁ $rs gty applicd

to aﬂzﬁﬁﬁﬁ%&ﬁ% 850 M AnGBdontRINS bNGE b afenWy biltddied RESEPHAROSE™
encl osure of the cells under a phase-contrast

4B, ardovese Bwther ctinaaed nfcabpetsbushan their tlugiop fpey this cplymn in

respAtREth g&sﬁty £ Jodfunt a{wﬁdemwgﬁs%gﬁ@ iPE Ko, B&fRh8d HRxa-1 to

pr eci ‘{5t ed or aggr egat e ypeptldes that are-
Hexs.: @,rthabtnedmvu antlibfplogéal agivities of @dhll@swerﬂﬁlrﬁhswah@ieéi Ahe

s PRPLEPL ol B0 A AT AR R PP G .

(199\39 X, gl (Clil@n.pmsi:crﬂsasmsmrTmlnhéﬁsaﬂchaﬁdamasqhamwﬁre [ldoA(2-

SRR s LRRl ok ten - SB RL AKOSS G BEP Al e

deriveAdAEdMEhERMs Qlﬁsﬁﬁésb@ibd%td@ wallSHRHENREbaih-1kB bR dﬁ&&handes are
di sul'fide bonds. The jnsoluble FIBP is general |y,

suitahleder Fgtcanbs uBddbcardaaes with thefpvgation. dnBey frkodifes o e

invehtionibkaScc MR SXécﬁa 8 of ﬂ%ﬁﬁu 3f PBRSYnRIBLYAS thepta—
m cf oscope. use erei chaotropi c agent'

octay, efrer snd dﬁcasacdmpd@sh dretused. | Fuﬂheamgm, heplgtie-derived or heparin-like

oligOéﬁ%? c#ra %{1’[;1;.1 élrlargg P?t%%g%[gﬁ Iﬁgr td OgHe Jg)f’a h‘i%@%eee o(} sulfation, are

ugﬁ&ﬁﬂﬁﬁ&&ﬁ&ﬁAPCTlU820061062320 confornatlon of

o] | des .t h alterat S e sur .
P hebEiehn bisoger-Pidnmuarnf b Sy aed e BT R e pavpeptide
capané%f ﬁﬂlﬁﬁi%lh%pﬂlqhyli@relﬁﬂﬁw@ bRt ORsSdfBiol GEdiid ebthe mature, pre,
i ng, the state of hydration, the_ sol vent

Pfe"lgﬂa\?qr;lg @m@ﬁps o%rraﬂvﬁ andsispembipanyrredused epariabind@g pratrigs.
Typ18§i %9%15@61} lf% i blﬁﬁlﬂgh{éﬁ%‘?a@ g‘ﬁéyanﬂ”blnldm% gﬁ"&?ﬁ'ilfé[ctors including

fect 1ts S rengt ectl veness stron
but rave haited tomgubhmitgr@pth dacsal (FGFoplad et derimed gowﬁaf@@tpb%\QGF)

basig?ﬁi%fyglgétfngél‘ﬁﬁ cltor t ! a&llc% ob\Myt %\%&f‘cﬂ fop a'f'fE}'F?,nnv*a%%ulear

a'a pol'ypeptide pres
sol ution effectlvely elimnating the proteins
secondary structure. The unfolding will be relatively

extensive, but reversible. A noderately denat uri ng
chaotropic solution contains a chaotropic agent

whi ch, in sufficient concentrations in solution,
permts partial folding of a polypeptide fromO
what ever contorted conformati on the pol ypepti de has
assumed through internedi ates soluble in the
solution, into the spatial conformation in which it
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As used herein, "reducing agent" refers to a conmpound
that, in a suitable concentration in aqueous

solution, maintains free sulfhydryl groups so that
wheohdeiga- or internol ecul ar disul fi de bondspatr/gs2006/062320
chemcally disrupted. Representative exanples of

sui tabl e reduci agents include dithiothreitol
endelstie) growt KFBEECHD bikoncemmen i (SCEplodi e e

0. . W N et t hi ogl ycol at e,
facn?r %t at qngg%esgtr res & Ct&rcar xyet I’?yC ] phosphl ne ( TCEP),
an d.s godli hemidh dV@thdIr gndethelial growtidéacts's @r WeEelh refers to a
ut on", refers .
ma alflan ijgaﬁgo é:lemhed 0ﬁg61>a}fl¥ L Ry ﬁ)ﬂltnf 9? {0%&11?%} g?%saléagmg the

Sl S actio
anum&jd@qﬁ@cemﬁ(ﬂmdmi Gastdih €. Wba[}tle(IJQQI) Mothodiun mgﬁ_ﬁ 198:391-

herei n i ncl ude bact.eri arc teria
405, ety F DR T Be R ng D e sy aloBibph agtiviy of a
corrésp&hdist R8ive VEGHD ﬁéluﬁjngebﬁfiﬂt AR 0 888 hinish VEGFekifo acid

are used in the nethods and processes descri bed

sequigeess ieported rdousksbali M) Mpl.Badogriny &gk 14. See also, Leung et
al. (FO134 g%@tiz;\é%ﬁé%éfr{&u?sﬁﬁ gﬁﬁigggege(zgol Journal of Cell Science,

teri ace€ae acteria belonging o
144(En8 B Yifa th ® Perucde 5|,m161¢1e TEs plederin it doroEef CEGDH ot BG5S, amino
a01d§ﬂ¥o%h}agg¥+1§gb§%§%nl CrySfteglr‘eg'éS?o 5 tsh%?{ Eg'%% a%iq@%i %%shﬁ?de bonds
and ﬁmlhtd:dﬁoﬁﬁﬂa‘kmm%ﬁds Asendioansiamg HRhbaabinglicated in the

formyieh FDHple BHmARE VR TONTE PG Ol SE| 8- E1S dBp 150 and 206

amnﬁ)od%{cﬁ o daBe TEGE 92'1 ka3 Ok thd” E%aﬁﬂ biadmb.domairCithe other
94 (ATCC 31, 446), E. coil B, coi | X1776 (ATCC

vm@is 9 herefpreeioes @t&ﬁbw@néheedqfw@gtof 'h%nav& bingingaroteReagt forth

: hereln' 'Rﬁ ];ﬁ&t% Iy§11 g'}paré 2 cifio tgrrme td@ﬂﬁmcﬁltld%f&fm the

e above- - nentione acterla may al so
g*émflthwcedaoxylt Hefmgipalglorteoun die; meleods sHreyreforrebiative f(lfme)f VEGF,
ria takin a
VEC%p %, I?ag ? 4seo eeeP g rllogaghcp e Sldl%ﬁ% Q%rs?ﬁf—{?g%é f 8555 7-Cys104;
CystlaCvs102; L(Eslsl F”:OCyﬂ)SWSQZO Eys130l Cys1Se«Qlyaill 5%, C}@t46 Cys160 in each

Sal nopel | a speC|es an be_suit bI d. as ost
monaﬁs% e V2w S5 aliicus ke y s
5@1471(1) 105- 1@30\!#14@\/30916%@;&&1@ 1§d®ﬂﬁioyedtd’f@w5 a&ﬁhmmnammo-
ee urt her bel ow regar [ ngs exarrp es of suit

termpygtresenterrbipding d@garm &mino acids Jnd l@@@@ﬁ%lp@qeﬁ homﬁglmer) and a
l a a
carbGRUPRERR| P Aparifi Bliging dofih (4idIRs | i i-$89\a50, ¢ aRdyi 8l (1996) 1

I'nterc ngea
Ml&mn@lﬁkﬁﬂﬂ%ﬂ%d dn. pcrrc;agewybocﬁ‘rh@ms oftthfelmwrtm the VEGFss

e RS EER b AR R AIRL L AL Mo

Jouridi o Phiirmt &ORMparifnedtalt Timawﬁﬂm 284f108¥1&ﬂshﬁ¢‘e$taml dmtiogiments of the

e e (0 5 e TR GO BGSPolde s a0

Tn cePfain HHHABRIRIYF tRAKh AritiBAShe MG isBla@deny pluifidd b avxture of
t he sane function or blologlcal act|V|té'as screened

deanfiggted (5t reidue ApeyiOh and yodepmidated prasein.cgpirallyvath majohiye the

p_roté{%? Blifs Eltuﬁ:gfn fead85i:0 @%Eﬁ;‘% Qﬁ&n%dqﬁﬁn g@a%métfon%lll bccjﬂ? on one

ear on1t e cont ext used herern, "polypeptid

orhMbb@@pq@@ndﬁamly to peptides and proteins from any

C el | use% h?::%tlu ;‘fg calv Ifcr)]lge que‘blopq% bgé;frvgt %ﬁGgergr Wher HIBP and the
like t&ﬁérywephbldaﬂe ﬁvﬁh a Ibgj‘]lo glcallgrhetimfmhﬁonb dihagkilitd hritizachyill

such as a human protein produced by E. colt. Wile

t he heterol ogous pol ypepti d@ may be prokaryotic or

eukaryotic, preferably it is eukaryotic, nore

preferably mammal i an, and nost preferably human. In

certain enbodi nents of the invention, it is a

reconbi nantly produced, or r ecombi nant pol ypepti de.

20 Heparin Binding Proteins |solating Heparin

Bi ndi ng Protein
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of aggrreaie plypeDt

I nsol ubl e, m sfol ded heparin binding protein (HBP) is

i sol ated from prokaryotic host cells expressing the

protein by any of a nunber of art standard

wEshwas. For exanpl e, the 25i nsol ubl e HBPpt8ws2006/062320

isolated in a suitable isolation buffer by exposing

the cells to a buffer of suitable ionic strength to . .
recogig e thet mistoldggdand ﬁ@g{ﬁdﬁ perpabled intgriediages Wy drve Pielogical activity.

JX=Toas [

s R DB Ok B IRI Rl b VIRE B Bl o e
nativeddidew mrtennhaé ther GEGF fdehaibed abeveper othérdiBR. cFayexample, properly

I 203 n ke t. vail |l abl .
fold?dgégég ‘%1 Inoge)%:i éla nsblﬂ' ¢ PRds,; tlJr? g%%a a'tI 6‘%‘9 m?%rlfn?l'ecular disulfide
bonds&@ ﬂf&ldﬁnla‘ld Iaol\ﬁallé hdﬂnﬁmﬁotaﬁdnteﬁnetﬁﬁafr miebk proguckd by bacterial cell

el QP B ebEpemop eREd M 5 &51&9%0‘11’&1" disulfide

boncta%a%ewe@ﬁ R kdspNBE (RY5 LRt sboldRbADINdithRE.dSRt e g,
1984) in Developnents in Industria

WORH/ L%é.péﬂe@ yBiplgsiepleactvifiey of| \eld frcfude, bk ateant niggito, c.g.,
pronﬁrﬁlg Q'gstcg%igé@ge %ﬁtgzé%ﬁl%ﬁ?% 81'0%@? o8 Qlar®nbothelfal SR Sinding to a

y and Bi oengi neeri ng
VEGFIre@pi@, bindiae 20054304 B4REH 26200 6/0p280ee, e.g., Keytktsl, (1996)

Jouglgpag tgg gi\okfgig %]'%Sa’l glﬁ O%%%%HG’ ?ﬁ@%:‘jﬁﬁia‘%éﬁfﬁ}%{%@g eags{E&a)E%%Slg 2.

S umlmrehﬁﬁ‘%uaﬁecﬂ obr “pue. HAMeand ek dicerofer & c@hiedaldree from

R g S e S A R

espe@hlLPRIAEIERY AT 0P bhQerPil cAl cudRUITIRS tHR t&nBReteAtoSdtiombiiat HBP

suitable salt, including NaCl, is useful to 5nmaintain
which is{ieq pfeonisminapting DAY, bagcpll protaimseorogier Brolsguispisseqiagpd with
[ t 0
its in Oyy e?igilr%é’ﬁp ?@’%ﬁnp%%ggﬁat &Eﬁggectfe}' li}ﬁny tﬂ)at éc l%ﬁgagg{ﬁt g %%, at
leastiaboutt§i0%s, bUlkdst nboua B & odit deagipbet QQ%,W@M dbgut 19§% or at least about
98(ytechniques commonl y enpl oyed such as, for exanple,
*PLCI¥&%i cal net hods, e.g., Honogeni zer (Manton-Gaulin
pressterd Ghdiidion 1GUdZe.eY or ’&éfrdﬂhtedaoﬂiba’(/icfcr t@ddrseintiacellular masses
press, a bea gﬁ , Oor a sonic oscillator,

Py R W S RO BBL o it cel

protd, iRIMURBLI SellNBRhREStOTInGehE 8§ Mupidtan chas, |t11&@ aggregates of
spheroplastlng, whi ch entails _the use of |y me to

polypspside migg bp secpettized as\}gglg ht sppfs vigehle aithig the eIF@B@P the cells under
ﬁﬁm& olugn )N i @@ﬁﬂdand osnotic
apmghgg , mﬂ?%égl volvgﬁﬁfgeatnéﬁ?%%f8V|able cells with
a A@hmiih@rehoﬁhdtﬁlgmh"mmfnldﬂdf yroami rafprs bp preopitafedmetaggregated

polyw?}g%sttgat are Cﬂf%gtlée I %»érltl geiﬁa %3(%6§ %Z%dl g;&ﬁ%%@,é"u%é%ﬁ&ﬁm

“misfddddC aVEGRH olr 6thgeHBP ad bty tdﬁred@&ﬁkeﬁ or agirexnte MEGF thﬁt is contained
.. bacterja contained in analytical s aIe1 olune .
withindhorpatiP ISP BiFasei awacf%f BB B8 i orp IR mfl%e
prokRQBRIEIRL ZAL dsQkidis, M@és@@iésyrl wisedically i 1nact1ve\fcbﬁ6rrﬁdi\1@n with -
cells are disrup ted, the suspen5|on IS typic

mlsr@éf‘rhteﬁ of ulyfean@td%ﬁ\ﬁeslp@éﬁ Thydpsiehle ({BR r%%ﬁ*i’él’ﬂ%d’“tt geed not be,
el

contat ecﬂg er_%ﬂ g e b%dﬂ:s 1IeS nturg oﬁﬂ%‘;ﬂﬂgﬁg@g{ﬁ gé;udfdglg% ?ﬁh‘é@ﬁ%ﬂg‘aﬁ

numﬁ%mp@.tlne suff|C|ent to pellet substantially all of

th sol u rotel t] c b 1

deg%P%¥ﬁ%rlﬁncagﬂ ﬁé;véfmﬁﬁgﬁgﬁﬁ% %enbﬁﬁguged
conc@gratyeh in a@emtse;onmnﬁ m; éapgﬂe dé shagping Tyeipatdd] leynfaduoation HO

mnutes to 0.5 hours is sufficient to pellet the

i nsoluble protein. In one ddbodi ment the suspension

is centrifuged at 12,000 x g for 10 m nutes. The

resulting pellet contains substantially all of the

i nsol uble protein fraction. If the
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25cel | disruption process is not conplete, the pellet
may al so contain intact cells or broken cel

fragnents. Conpl et eness of cell disruption can be

WG SAYeshifly resuspending the pellet in a snal beaupiondos2szo
of the same buffer solution and exam ning the

suspensi on with a phase contrast m ¢croscope.

COH%H@%"@ﬁ@@ POPIBFRTTasah pltergtiggialitie StsfacoSTRT %0e48| fg render the

' poiygaﬂide%lﬁﬁlehh@% éﬁ%ﬁ?ﬁ&mﬁ&mﬁ% t&an% ?r%%&m%?%ﬂ&g%g, e.g., the

I'sruption I's necessary to renmove the fragnents or
statepnd] hlyéraam:l therre\30bewoohmtredr tlsrsobvehirsueiapd @teractlon The

0 ep Af
conc%n!ré’t%n og lgri%ﬁropw aégr{é Hvzl:lj gi?]eclftlg tffh§ tr% g‘ﬂé‘ ct :% ¥ g egtlnfene S ﬁe

ﬁnmgwH&mmmﬁgOMQﬁeﬁmsbbﬁusammMahcmwubmmmgmmmnmgecﬁheﬁmnmm
.process. i s ate t|| v] sual exan1na

whidhy B Eam ol G B Rt e oS RSOt AT 115 S0tuliry Shvely

eliniFRHEE 1hdprA¢ind¥bhdatyiitubte. t"lflﬁaﬂhﬂﬂdlhg Hall bsrclBivElgdieasive, but

the size of the result%@% pel | et..
revegitiy/ A 3D TsuisbTIUsRE0E FAsigpi sofution CWWWW%%%*‘VMI
I
A8 AEoRTRRANAE BRBEp s BRI G 0L )L o
wha@ntro‘unmnd capfforfagon thegnivpenide hiwass thiaygh inf¢rpediates soluble

|

i S0 590 SR LB RS LB 8, RLRLPIA ffne
activedoinplualnticlog@aae ooliomdldgoas ph;l'sldl(agim patiticn dEmh;aiaseof

particularly.to VEG. ver,, the 5 processes _and
chadfopE eatADRC MRy @qﬁymﬁw&d%ﬂm YETPRAI Sjicdy 4o odivm of
potalinB h P&t Ehddsropid a8&EINBdN EdinbThitdh oMedhd tee@int:DNEh as a

as noted throughout the followng text. In certain
mxwauhaéwgie it yen orrapaniding Ayd Tﬁ?ﬁortﬂeocesses and
gg ﬁgeldrh%ﬁnrﬁ r’%dﬁcﬂﬁ% h &P EretsQo TRAM @%ﬁ%d‘[ Nd aQlitable
ustrial Scale production, refolding, and

conqgmraﬂfon maaqusmscﬂbhttlhe, IHBﬂamRéfeg Bldﬂwgn’ﬂ-@mp» ¥9 tBatribs mga— or
mtergm?e&u élﬁulg‘ 8 A nndis 211%: cﬁ% cally %gmﬁgl e}%ﬁé?s ﬁ‘ngatlgg g’?ae o Quitable
remmmngugaxnnuﬂoﬁﬁdmﬁmmh@uumnixnﬁmunmuoaﬁmhrnoﬁ@ﬂi&ﬁ;hmwcnumgqﬁbe&mnol

d a reduci ng. a ntial .
BME e g 2o p e R e Rl oo TR cecapiivihosphine
(TCEING sipdoliRimh BaiegiiRb.ace under condltlons of
concentratlon i ncubation ti and. i ncubati.on

t efpascstharean { haffered sofutign] %ﬁﬁ?r%tﬂ 39fgtion sendreysts ghppgesgp pH by
the agﬁa%ﬁgtabg' [daYe @Adjugateecoﬁgeﬁénw bi nding protein, and

or un t o™ I'sOCCU Measur ement of the
detheagtris dbwﬂbmspahq:r@n iphudervabintdrfaand drcdadbactcnm logartain
embo&g%nt?gi'%ﬁgnve Ii(g]?l g d&c%gg,tlféélrln n%%‘n%#ln]yoscffye ahc? gl’ &uﬁeéaﬂ;\% )
bactérraaﬂ:ﬁe uedtah IthHTnﬂhb&mﬂ ptdmesssgquemt&tlaamra d opeéth’mdlment of the

after centrifugati.on, on, red d .SDS-.PAGE
inveit G bkt Haiegs ScoReh BRadr GO PEHtEAt Hapapls Rl bacteris
belo%&g‘l Y Kiftor@bactcliadas ércldle GxbiReic Bl CENdrob8ier? Brbiid Ridbsiella,
first buffered solution conprises a bufferin
Proteysedpimergliaabareatiaopnddlignligi Qhagypeseo! syitablitpstegp Ht-:ﬂ@
AzofHtS) rPs@deJnﬁﬂzﬁE f@%yﬂz Firfosotid Bnd ﬁ@ra&c)’c}ahﬁ ) oﬁ@éﬁ%gc:ilment of

eing 7 . "I'n one enbodi nent, the pH
the ipwdngor0 . Ex’aﬁpts@b Switabl k. tcakilhestbirclude § tQiaW3\MQ (ATCC 27,325), E.

o SRS S B DB L L) 5 M S g

illusifd¥ve rather than hmmng, and W3110 is one example. Mutant cells of any of the above-

12
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2

5[ 2- Hydr oxyet hyl ] pi per azi ne- N-[ 3- pr opane- sul f oni cHEPE

S (N-[2- Hydroxyet hyl ] pi perazi ne-N 42-et hanesul foni c

W0 26 X30154CAPSO (34Cycl ohexyl ami no] - 2- PCT/US2006/062320
hydr oxy- I - propanesul foni ¢ acid), AW

no-2- met hyl - - propanal ), CAPS (3
eré’egﬁ@f R3RERy maw}ﬁe]be fmpmﬁ%féemf LOHPS n%&?ﬁ%yy toepleq the appropriate
baCtg%% &!Ié% G416 RS0 AfR Al haRe Do Bl oR R tﬂ% ccﬁﬁloY G bA&erium. For

i umacetate. I'n one”enbodi ment of
exaplgehtcpbnSernaie dbiefremmelie susicies ran BouidEbPasedias Higdwgst yhen well-
r [ A
kol BB hudy s bBR R STRAOOSTM YL, DGR o BB e
replon.tSab hiethkbobel@r a@gardmgﬂ@;ahiples of suiebleibacterizidbstdells. e. g. ,

urea an salt of - guanidi,ne qr t,hi ocyanate,..e.g.,,
o 63 w5 hehtn B ShysarBimieot det s AT nr b al G firer are used
1ntel%hﬁ1geémﬁa1ﬂeﬁill MEh QAR ERARE b4 0 066, Gtﬁé’h'&@rc@ Mitormants”
of chaotropic agent necessary to be resent in the

and pfstopmedeclly’ Bayda thedgppreidiset ¢ aﬂﬁ%lwe& %evmbelieﬁom
withdH 4@ Por thd el BF RarRPOR 15@196 ﬁnd%’fbtdola%itrcll{ %mgeeym%mt be

aotrope is present at about between about

precrmlyadentlpﬁ ip & Aeedntadit.rren to ddlibetate drnadmericohmutaiens. Mutant
pro H}?ﬁfa{ 19&% ﬁlgtasgl%rtﬁéﬂ)?gory 191%0@% ba% y?ag%lcllggne% fO]taISJ tﬁeb(%%nally
trang"marmdﬂbbﬂl Erehiycﬂllichﬂhmmectbstﬁltt @bxgﬂitmﬁs SreMltended it'will be clear from
b n?l es of suitable reducing agents include, but are’
t e“f?&{ex imted to, dithiotlareitol (DTT),

di ARQeImAtdM, Eb&l!ypf(ﬂa&g) refdrSgdiea 0 jt gptidanall ptdadi from any cell

cy stel ne, etc. The anmpunt of reducing agent to
sourae HIELoTe thaﬁ aboig teFRIBe agils| Hetepdeseuirenohinypifies ersehose
pon{oé[]Rﬁeé)ifor&Q%Cth{:ﬁosggﬁmeu?g\ﬂﬂﬁaﬁ QhdhORIaGuRAR BI'otelﬁ BRdLYRSY E.

and pH of "the

uffer enpl oyed, the anount oxygen o

coli. aifhilethe beteiotpgops paiyreptidemdy b@pmhey@m QJteubwota:npre anbly it is

once n rati f t r .. For . .
euka) Ogl% re pre rﬁblgr I%anf%%lp % m{)st {etg?r%bl}b %b EI? ?%{alen dernbodlments
of the d)]huehn@n itat a feoribinadiby @odumtl a:nr mécoonbibalt pdlypepidde. and

reducing agent is, e.g., DIT with a concentration at
about 1-15 mM or BME with a concentration at about

Hengﬁaﬁzn%pwtemst eine wwth a concentration at about
2-10 rn I n. one enbodi nent, the reducing agent is
Isolatimg Heparipy3inding Protig

Isol Peoteld about 4 mM or 2-4 rriM 15

Fi E:H;Blﬁbl% thlsFHEd b &% $iRGing &I‘O@&ltl g@lﬁP)‘{E 2312840 da] B_roﬁﬁl'yotlc host

the extraction of VEGF Pea refers to properly
cellsfeasprgesingotho progrie by by elct tupebey/EGE, standamirtechemgﬁu Fegerample, the
iIlSOﬁlB% ﬁfﬁﬂﬁ%o‘fagecfﬁeansﬁmﬁlﬁe %ﬂu@%?@?& g% oa{]ng:tlﬁeg\:egs X th fuffer of
su1ta<bm’101he smlgdl tb Bolabibiaé foekt Hoer jebieins, Hue incwlncle tiersalijea Ipr(ﬂém 18
rot t he .buffered sol uti st . be
substof Gy BT, PR e s Bt O P BEn BT Fie
proté@s faetths p@ﬂjbﬁién@yoﬂﬁﬁidéﬁhlaﬂ@ﬁ& A makB @heX a@ualﬂ@rwm&cotz&y by,
enpl oy wi | I depend on t he concentrations and

for ekgrpple, centrifaspn. Higp ieahuifveis Wﬁ’lltkﬁ@‘% ang sdsyribed iy fop gxample,
U.S.9af. 'NOCM oy 5(}3 tIh%dFéft Qf ‘%11&%1&,9 ?&@ﬁl@aﬁ@ﬁ bORFra & BN RSy

agent, and the pH of I'n one enbodi nent of
homogﬁemamﬂ@ﬂpwd by h@h@f@g@mt(mci ol ofl 9&@@@%@@%

o0 B LR R ARG PRI B8 nPis 21720

See Dt egt, Fasblartet 4-, (2B 34 Btedhnolapputd BiGenbCering 4 BbAat
23-37C, or about 25-37C, or about 25C for at | east
about one to 24 hours. In dde enbodinent, the
solubilization is carried out for at |east about two
hours at roomtenperature. Typically, the tenperature
is not apparently affected by salt, reduci ng agent
and chaotropic agent |levels. After the polypeptide is
solubilized, it is placed or diluted into a second
buf fered '
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30 solution containing the chaotropic agent and a

sul fated pol yani oni ¢ agent as descri bed above however

at a concentration of chaotropic agent which allows
wonooafnbdi ng of the heparin binding protei npcTS2066/062320
2007/ 130154PCT1l TS2006/ 062320 The conditions of this

se |ncub f t.he sol.uble sfolded pr ot ei
‘i?gg’ YRy ;]/b §€6 FERbS ﬁeﬁ’l’l%ag %YGS%‘{VSHW 1%1‘10“8? ffom
1nclﬁéi’(5fpﬂ3cﬁl‘ie% ah&{sQlshhag-af astfﬁﬁovpsr oty 3?01&13’0'00 E:@ﬂ"sE‘arfepsl11@196‘%1dec|1q ina

The exact conditions will de for exanple
suitghle bffer hdymealiydhe budfer consist @slméfﬁ@ng:%ﬁ@@fewﬁlat foshyfging at
| S - .
b 4 0L 60BN A0, 0RO it
mamtematﬁicmnelong stremeth &l tlhy bafioed sdutt®C TyprcallDani@ficatrangth of

R R N PR R R O L
disresriDeti ly@ﬂ tusing teh&mfl@a’s Qbmmmgsenﬁ;ﬂweu edcmast for €xdaple, aechanical
about -37C, at 20-30C, for flI st about 6

methsiir s » %FO%P‘ZP%%%“‘%@ﬁlilmllﬁeﬁﬁoMFéo 1745 e PR E Sapydl ¢ French

presg- Q. RAgnB ohe H(;Iﬁ(!: Oééﬂldaﬁt Mﬁrbh@lﬁfégﬁ orkR icEbthtRr S, or

bet ween 6 and hours, orf between 12 and 24 hours

1 ofmm_@ﬂé%g@féée@icak esfegrxmatty mefhadsiof sl disrepiicsyinglndaisphgroplasting,
whi% i £ 'tl{eqﬁyg ygosz?g% %ﬁs@lbetbla&gﬁ% Qfa IEEGEHE B (1'@}5@%8511em

or mance omat ogra anal
Biophys.MpseCamm., 47 Qmwld-dﬁﬁiohb shdcknwhlélPewa?pﬂ irgagment of viable cells

BIO sear h Product ate.heparin
wittgh PR 0T B e b R Rt PRb R foyf (i B e the
polyﬁa%tdl@ﬂ([—HBFéu&EﬂK 19628 fBid)lr eﬁél:h ylsz)“slﬂgam&)w Slbhlcatlonl 1|s generally
|ncrea5|ng mounts of correct o| de ogi cal ly
usedfe f hegermeontaingdia a%ﬁfé% scalpryo ﬁ&yﬁgmﬁ%qﬁl broth.

At ld r%é‘dléélﬁ {suteth, bAtkZRnt feafly e@f - correctly
rge ded HP %1?@51&] sf ol ded HP%lgr]gggve}:reg as determ ned

byAlﬁ;t\r e celbjags disrupted, the suspensomtiotPivaly cenfrifagegis llaw speed,
gene?ﬂgr MQ%'OE) Yo P_‘I 0@ D % n%ylg é)g%a glﬁg(gf{ﬁ:l% olfﬁle%iée%ﬁél? gaout }]2 000 x

usi'ng a heparin es contal ni ng
gis uheldutledtahée;rd ceutrifvige ﬁurmg:lqw &nrtfﬁmnt &r pallleowelﬂntmﬂiy alt @f ghe

mn P Sept i
insofyS Rkl OB ER L St ER s gpume being
centﬁﬂjgbcakd @el??ﬂm d:dﬁtlﬁﬁiéd ddisigy. q@bﬂamy %blaaﬂognaﬂms & 0.5 heurs is
eparin_affini col um s equ rated in 10
suffigisay (0 RelhH Ssgneluble l'ffﬂte%’“ SR ﬁ%msntlt%e FsRGEIon A i contrifuged at

1209@k%rfbldﬁ).mﬁhte§ £ owrate.of 1 mmn or 2 nmn, the
colum is eluted using a |inear gradient fron10 15-2

M ShelicsHiegipdiet epatains subganiiells ol pLike pekplearelicingfqction. If the
cell iﬂgﬁg%%lpprﬁ%égyfs%%t %OHE?{Q ! tH@E&%He’t tha '3(5 Lot i dpt Lct 28R é)[i] Boken cell

enbodi men el n s recovere
fragmémig| @mpiaﬂen@S oﬁ@ﬂlr@smpimm cag bt assayed bmrcﬂus@ndmg fthe pellet ina

' tI

smaf gy B R Burk Qb it B R PRI BRE g Phasecontrast

micrb&opd. ARk ﬁﬂﬁemte&)fBRiﬂBh Cell Phgtidritd stevHolddetlg @flicifs that further
optionally be confirnmed by peptide map, Circular

Som%ﬁ“&‘ﬁ PoPLaFHRSAS ol dgupinjs aaceﬁ%émf @F@I&%Yeéhﬁﬁﬁ%@t@f&egwnd the
asso§ﬁt%&‘ RbiFc/abinb gblﬁ‘ﬂepnﬁgse Prrtseh fiftheddi@umRmOfeLd laﬁ&i ehed

sol ution can be any of those Iisted above for t he
suspgBianyis egaueentifegededil the neHet recqycred HERPEENGR, agd geexemiged. The

proc@sts Lsarcﬁ&%%tufﬁgﬁa? @Xa%m%(ﬁ%vc%% FMHsce of broken cell fragments in

the pelleted material or until further treatment fails to reduce the size of the resulting pellet.

14



10

is

20

25

30

refol ding VEG-. The pol ypeptide may be diluted with

the refolding buffer, e.g., at least five fold, or at

| east about ten fold, about 20 fold, or about 40

wobas1fisernati vel y, the pol ypepti de may be draluge6062320

agai nst the refolding buffer. WO

gg?éé: %lggf:!c' g)nggg:vcgé gg%g]gégcf gb&;t@er&]@eeiﬁfo?@ee gr%?e% glilrflti"a%gl?uqar or in
the IS%‘PLBIA%M PhdcO rIn SHEC A bd¥thert OF HleGh e, tHe@ndiBBh QG 6 [Rrein for

General ly a chaotrope is present at about between
isolatigs repagindingdirp protei are dirgqiedda dndusapdiogien presivitated in the

peﬂ]glgeﬁgﬁg t&%ﬁg 05 Fn%?ce%l%%? gﬁa’v? hrgdr r%%?@féabrl!gxgﬂa‘ﬁfqh'\ﬁiﬁg g“%oev@éver, the
processhoglidmeateduteh erealmcaxghr tofbe epplipeble té bepame hindingabaerns . gBneral

M concen not her. e
wity SRS S et FRRRASE yBTPASKE Bty hflin embodiments of
the iRy&hitios hh@ﬁﬂod@se%tana pmbdlﬁed\dre frgidsige blndrufdesirngloemdisidal

ef fect. of f re u0|n ent. DTT on the
SG*?@P@W&Pﬁdﬁgﬂl H ers to properly

Refdl@hd edp A0 AgInG @’Hté‘in@a ' ve VEG-. As noted, the
solutron optionalTy al so contains a redu0|ng agent .

Thelheashlat¢chigsagfapitmisiplded h@pﬁrtndmcim&@fp@m is incipaied midie
bt ET LR BE, MElmd P ob P OE b e fling Byt guffcint
to mﬂnylsntmlllye,plumhte thelwﬁarml\blﬁchng Piofein. afldé mecubagies takbayplace under

ne,enbodi ment of the. .. -
condhighsat PaiemianeR ncranon Rug ate SHECHPT Tppeaiyuls by wal ow
solubilikatlon odBemesRditiRiAlly afl thdtRphivieindihg protdifl@nd &duafoldng to
agent is DIT at about 0.5 mM Exanples of suitable
0c-educi ng agents include; but are not linmted to,

€. Yfeasiférhdti 8F the %b%@«lz of 8Tubllizafién th3hdBIFRRE RaLHBARA be simply

(BMVE), cysteine, etc. Whereas DIT and BME can be
detenpainet and it SHiablytdaatedwut. Forerampleckeuindy deiamingden, by analyzing

r -
fractgogx nﬁ&{]bét&%er?qo? Qfé}gfs}lta%}lﬁ%d}?llagg{l}f&g&fh%htlgg%glur@&uca@w PAGE
gels drychratomuassa. (4.1 thedivedibrdire@gentpriEin asayde G Pidred BiveR&d ¢ic.)), or
b E@?é?n exanpl e for the recovery of VEG-. The refolding

y p inctudes a sulfated pol yani onic agent at a
C OMBEefist Biffeps liftfoh cb@Piisc2@ bluffeihi cerriesuttaiip f(ﬁh&untammg the

ref ol di f the solubilized praq
pH rg%ﬁet%mf‘gwﬁgér JafAshhout ?a&e‘ﬁ'lﬂ%%ﬁ @ggaes? E%esnﬁér@r% In one -
emb&RMLE:, th% pm for ¥ESH if sl ¢l eEyka&&ﬁJlés\éﬁ s@fabR RPeHIRA SRR piRRIe a pH
as noted above w th sul fated pol yani oni c agents such

withingthisdgster Famge inchude dRIBHEGL (has[Bydregmecthyhlapaganethage) BEEPS (N-

12 R R I B PRV iR AT bt

Hydxmﬁ(ytthﬁ]plpmmma—ﬁh[Z dthamesnbfoetiacal]) WEARS® (RIGy cpbueylating]-2-

rya gD RGO R 6 00 Wl Pate > et RS g, RPN
[Cyoﬁiﬂéﬁﬂhﬂiﬁf@!l 1g¥ropahesul fonie atidy CHRERCH [ll\aﬁydbihé@laﬁuﬂcﬁeﬂlanesu}fomc
| oyed in the context of the- |nvgnt|on

wdhglo veG A sqlingrcetate- dhenesgrhodinagnt g 'ihegweaﬁiﬂne tef@ﬂﬂﬂ@f?ﬂ&iwm is

HEPRY@NiboRtp 835 1S HIRD b iRk, BIRMLAYE L & Nk & HEPPS, are
i nvention depends upon the size of the particular

sulfagpdipar i n bi ndi ng protein being recovered. Generally,
t 0 -
oy PAsRRoR Rt Sl AREH Rl RS B s and s of
guanidivemt thionyandiexs.g. amea,lguﬁmﬂme Iedraetdoride sadiurd ﬂﬂmanate etc. The
daltons and 10,000 daltons is used, e.g., for the
recovery of VEGF. |n anothel® enbodlnent "a dextran
sul fate between about 5,000 and 8, 000 daltons is used
for recovery of the HBP. Figure 3A-30 shows the
recovery of VEGF wth various concentrations of and
nmol ecul ar WD 2007/ 130154PCT/ US20061062320
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wei ghts of dextran sulfate (Figures 3A-C) and heparin
(Figure 3D) as anal yzed by heparin affinity ,

chr omat ogr aphy. Peak 3 corresponds to properly fol ded
wESn713ie concentration of the pol yani oni ¢ ceoposidsa6z3zo
enpl oyed depends upon the protein being recovered and
its concentration and conditions sych, as tenperatysre

amogpipl ,gppc&pppﬁger}t@ﬁqﬂs%@ hsprésgnt n W&u@fgq 1s an amount sufficient to
unf(ﬁ@g&ﬁﬁlf Al Pfﬁﬂén afn%eﬁﬁh‘éﬁl%ﬁdﬁﬁﬁﬂébf R iARdieana cHMnfo%E is present

um sul fate,” between -about 10 and 200 ug/mil
at alicobatwbecibbeird andi I§hnolre ﬁapnm@n@sﬁ@rhemgf Behoonide, ﬁmphaotromc

S8R 5P B8 150 ) UGBS ARl

guaﬂlﬁlhéhﬁﬁohﬁcﬂﬁielaﬂaﬂouﬁé-@&igﬁa Chemi cal Co) and bet ween

o Etmis SeRarrIodns saeals i on er o e B 5@0@5%01

(DTRiRRBNHA DT, B-BetdhitbDRsto] EOERY, Sysidid) DAE, 8ty TaE aount
variety of non-ionic detergents such as TRl TONTm

of reguging aZquetql ORETesANPL 415, buffew e Frakandhe e of frducing agent
and ﬁgﬁl{)g&gﬁ% o WE e 13;5@ gad 1Mot B0 bEFARLHIGRA amfil? §?6§yg@ﬁ

01%and 1.0% In one exanpl e,
entr@mmm rrmodmé td the selohot, ond the denasnigation odthe m@pm@ the buffer.
abou ry t .
For %x(%r}p ¢ \\/Vé r\]rggétgl gl’%nt/ er]noﬁac ?@}gd sBrufadb rp]k? %—nl g%lnjtélyrfmg 4-8
M uteaﬁrnglréﬂuaﬂllglﬂgéﬂt is, bysiDg, with € conc@ﬁtmhbe apfﬂ:@a’ehﬂS M tdyé8ME

refoldln buf rtai n.enbodi ments
it o PR Ron R DA ANk CHIEiEe Wi iy tongt ghout 2-10 mM.
In oﬁéoahltod%&@ Qfk fé%mﬂ%ag%ﬁpﬂd D125attaBout BG tivbo@u QLT 2- mﬂ\a
or about 50-250 nlM or about 100 mM fina

’ Flgl@'@ﬁé@wl‘@ﬁﬁ thestfeesiof urep gné BT Anthe el aionef \CEGY- ?ﬁé 3 VEGF

refe@%ﬁ%b%%l&eﬁ BioS el '?101.11‘% VJE]GI'J1 1RYhE %b&ﬁﬂn@ﬁt' @0 r&uciblagent is

cont ai ni ng, M urea, O- /L dextran
DT Raflabexitd 0 nOMO AXjagte reﬂmmn%@@t)or cQernrrﬂvD@ 9%16@%@5 aggntp.can be
mmdﬂya% ?1: qﬂg 750 mM arginine, final concentration. In
3 o0f fiEnt, 50 mM HEPPS is used. In one
e rrtFﬁd cmaitratlt)m ef thi paiicit antbe bffatd ertutih rilse be afcbitidit thg protein
1 Mure 50.rn LIEP

ot Bk BB g S R R LA S Pne

empiQviledndion] 1, the tbibeRtrations MMEypET dﬂﬁﬁﬁltgredteh% ih I:Hbaiuifcred
concentration of the refolding huffer soléﬁlon 25

solutiom paptiglathy ths prainn I%W@Iat@nﬁ’ polpgpigepts Ak the pHiof the Puffer. In
one angoﬁﬁ@ngﬁt of Bf2 ﬁ%eﬁggn tife RnBMLGHST 8 HaBariDbindi BTIE ishRhe range

M-arginine, pH 8. ‘0. Recovery. and” Purificahonin
of 0 l§f5c.)i wigpsr m§ or 1.5-5.0 migihlo (I selsbibivatiop 1311m;|1cpld,nr carigdpat @habout 0-

45° (9 ];?r %lgoﬁ;p?& BBJd 9&50%9%‘?#25 %{' %0 t Eg g?ad %Fal?old Ei’ﬂ’@fo?ﬁqéa@t about

vari ous . fie procedur es
one tol e Inepalabhodmlafdiset the Ecﬂii‘tﬁh:ﬂﬁoﬁ G)ssamiedamt fofr ot least about two

exanpl e, salt and soJvent fractionat]
houis o FOBGFTBTHANE. P BAALAITE, ‘BRI Pt By Poffeted B st
redu€ihg REAE end oM@ O8eaPhyels.af f i nity chromat ography,

i munoaf finity chromatogra electrophore5|s an

hi giitepiée polypeavee i Splr}(@ﬂt;e@n? mlcerderiipd (npip@@ycong.k;uffered
solu Sfcon agnengé eﬁ CﬁMO Qnt%ﬁ& QURERA ﬁ)‘?;halnfbnﬂf ReRdY rd@schﬁed above

I ses contacti ng
however at a ooncentratlon of chaotropw agent which allows for refolding of the heparin

binding protein.
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said refol ded heparin binding protein wth. a.
- hydroxyapatite chronat ographi c support; -a first
hydr ophobi ¢ i nteracti on chromat ographi ¢ support, a
@ bdo®Mdogsachr omat ogr aphi ¢ support and a Seconfcr/us2006/662320
hydr ophobi ¢ i nteracti on chromat ographi ¢ support and
sel ectively eluting the hepari-n binding protein from

eadhe supions of thisisesondinapbrion of A Rebles i dodebrypigphivel
gene%g%dsu £ hmssgﬁﬁ%%&wsmﬁg oMb &P RIBRIdisEst tﬁ%éﬁlt WMake place.

- said eparin binding protein wth a cation
The exash amglalosw pfgibdttpenfhom}fdr ophplsi die pHtadtigedifisnand the types and
nat ogr u . :
conciirER S5 HRK: Bo JHRRE beerR el fhoB SAERARingasen ramy
presbi@paht mctibatidh rgmperade in géﬁemnyelamltt Oschcipasrt 10-40eCiasd the

ontenpl ated, that t eps, of either progcedure can
incufghop e pilipset it Y Srber o iegr ot Lo AR Ko afe o cerain

. embbdiMRR| BB reabii § LAASI SbtCe.RETaf MoNETE-SPAUSt ZV- WC foat Jeast

suitable first steg()ln the further recover

aboub ghiopis iRt PTdPﬁquiboulh Brasa OF Reteprrbegt Wr%iéﬁryhows or between
abouf Eg%ﬁ&é@ﬁdlﬁ L¥orPS W HPRubObr ﬁéﬁ@ecglqacdﬁ@ b abien of

arin b|n ing protein and uction in sanple
v olThwéegrE%mf refrlling ie suitably determimed by cadivatmiownasisegy (RIA) titer of

Cri d above [ [
e R B a2 Bl B0 WIBLSERG A
PORDIHEDM cotoinh @PdrSaptil ¢ BioRes@frctt Iredypts) beother apptolpe ate hepann
refol ding buffer, Suitable fjrst rrato
affingly ﬁB}HFT‘s gwwmaéﬂé }%roqa&f’ﬁf%calmfﬂldefﬁ% @F gyrelates

withRER@dsing 2Bonals B8 cf i Ffld N BiolRicaBF¥@RE W@Aeﬁt in the buffer.
provi de sonme purification of the protein fro

The tswkation i @aindaav ieappgizs e Biingt cmpﬂﬁa@ﬂ@dfﬂl’%io misfolded
mﬁ@gmﬁo&ﬁ%ﬁ&er%?@g&gf]m eg}? chr omat ogr aphl C

supports can and | oaded directly onto
a n orstenthpdineph disi qualitytasd qoaritignoigherentatfolded WRIGE is assessed

r exa chromat orts. from.
wsing §REEEh il Bl SRRl S U ATRLRANERRC RUBRPOhTnl h8Min are
loaded &l g81g$ROROSOMER N cfcﬂﬁmm(n Gm |1t)01bine PeSeptiaaibRescarch Products,
' /dr o bic .inter r i c support, are .
Carnitgiys ) o SeE R Py P ot o B B b affinity
columﬁqé, stflibried malroqupgodimrrpﬁo@gha&@ prW&fn@EﬂdﬁgJ@tlS Msodlum chloride.
C romatog?rap | C supports ceram.c t

At a Slaqw raig9é T ml{mig ofg |m19nmn@mola@nﬂﬁa%1vf6¢>ﬂ%g ¢ B’f“’é*ﬁﬁ@)heﬂt from
| I . t ;
0.15 % 4 sﬁﬁ%m}ﬂ;h rﬁg?ﬂl E]fg nz:l\rb,][';ggdnlautﬁ b h| s 8%;\)1%?% Osr%uteg The eluant is

momt@md p1s280mgp. ol can cmhwmen@ﬁlemr@ﬁmumcmdzed smglegicak
corr g?insdgls %hh Siczlg R Ql? detide éro%eﬂy etfoqded 95p Oone %ﬁ}bodlgne%ﬁhof the

AN ALt N one enbo
mvemtmnem 4semy; fot bﬁen‘;mmﬁg paipedyeifoldebHBP ds BPHETO@t Biditfidetlinkages

can BB PARIE RABBOS 2. S HOF SO R o 1 Tor

deterh{]ﬁngQ\@BUs&ﬁctufehBldﬁigrSt chronat ogr aphi ¢ supports for
the purification and recovery of VEG- are cation

exEhrdigler Sodhpiseendsutisred. Soluae% 6311 iserity B thee listedabpe for the
first B8k solution, e E! lﬁ P JH ¥, Lhe ai b EceRonBE %n@ﬁw for

support Is ac sthied aécording to art standard
refolpmgME(@e sThe&milmpih@ eisubd Ghitaslonidh the ofeldmgduffer, £ar, ot least five

role Sty o BT DBL B B Pl A bt e garaemice

- may bl eiafyized fgaimsdihe pefolding tufifeer act i on chr omat ogr aph| c

support as descri bed bel ow. Hydr ophobi ¢

i nteraction chromat ography 7s well known in the art
and is predicated on the interaction of hydrophobic
portions of the nolecule interacting with hydrophobic
I'igands 5 attached to "chronmat ographi c supports.” A
hydr ophobi c Iigand coupled to a matrix is variously
referred to as an H C chromat ogr aphi ¢ support, HILC
gel, or HLC columm and the like. It is further
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OA nunber of matrices may be enployed in the

preparation of H C colums. The nost extensively used

i s agarose,. although silica and organic polyner

weEsohsommy be used. Useful hydrophobi c |i gangsras2o06/062320

i ncl ude but are not limted to al kyl groups having

from about to about 10 carbon atons, such as butyl,

pr 3%5;60015}131@@{6% solugpn gqn}qmbq, 6@19?0%191 @gf:négt wégﬁppanon such that
refolgﬂi?\f)? el PR e HC @éﬂ@r@ﬁ? b $hdoBb Qﬁlp%esaﬂqlt Gl H&%eé%boﬁﬁo 5 and

al ned conmmer ci al rom suppliers such as

2 makgaln preceqrehodivngs of te H&m’@liﬁh thgredieetropiveagpnidutnin lsnlafrm about

o5 21 SRR T SRR et o

1.3 Meopen@itionn In draklyo ,em.ﬂaqhmﬂnﬂﬂf cﬂhaer invdndopyrthel debtro@megent 1s

T Yﬁéﬁb?{)ﬁﬁlg Ht %19‘7\? ISW %Fr 2 ltlﬁfﬁ%g B#{%tl of 6u§e(a)1)an8 E‘educing

agenPBTITTInGRY te@iding 8f VEGEY @3k pVEt/EGEfemo @répeﬂ«ﬁ folidld®iologically
chr omat ogr aphi ¢ support that is butyl-agarose and a
activgY B{@t. ond  hydr ophobi ¢ chromat ogr aphi ¢ support that is

a RORRM, tROSTRRE: op{u_r)haﬁf? AsH ebniSDS gédﬁﬁﬂé apdofeThd fe@lcing agent
BI C chr onmat ogr aphi ¢ support is phenyl agarose.

is suititga prdectialfadm fhops deseribiodpbeteaint thoaelabiziae siep in thaongentration

t
rangnL, nf %qlélel{]{? $ ?) %}I%?]t fgﬂtﬂ(/{ tt(])l? 8ys§éngeg th uy E%g:@ (]:jo dl%@&t & han about
0.2 mMI fbr Bme Th bgaardbadimnsnit toy ﬂxeflmtelneom omevedwigd dggnt is DTT at about

o5l B BN S, 05L UL BRSO 015 L5, O S BASs .

Exalﬁpie@&ﬂ saﬂawé reﬂﬁkﬁn@ég'ehtsqﬁﬂlﬁ{e BiitQk Shd? linfited 4QSld, Qiﬁthiﬂ;&reﬂol (DTT),
nperature _and salt concentration but

-meg@@@e&opyl @Mﬁ)b‘@fs@%}?egff Eqiete o Wharges PA Trand BMI gan Rerused in
con %ct?oglet o i RQ)@J:% es prowame%@f&%eﬁnnﬁﬂ&ﬁg:%%ﬁmgﬁkerfe?sﬂ a,

y the skilled artisan. |In genera
combtm@mgxf kystfing ﬁ@bomwelrfa@bwrl OpfiMtand abm@ﬂell tn abevd lﬂmM DTT as

(kﬁ£¥$ and i.n s%ﬁﬁ?ﬁrﬂwfe ¥¥S¥§E§ n length of the

I gan avi ng ron1about 4 to
ab"ﬁhﬁ reiding ktemmatud%a aulfated lpbtyahnlomcfagﬂfnt 30a awstntration sufficient

o s G BRI Bt B el PRt ST Sogle polyanioni

agen%@i'r@@ésbﬂbetd)hefeﬁﬂaﬂ%@e A d fadeat dowtageboa p.!mgs@mu@ bd hdtyd

&Ié i nteraction V\/Ith aronmati c %
abovsm pi{ated polyanionigagegis sushs lﬁpali%ﬂtgﬁeo @fTRn F‘B alg, hpparin

sulfa&® hﬁH@hrbrﬁk&ﬁﬂ Qﬂpd@e R dtl GRugakd héfahk %Eﬂh@ﬁtb Ofr hgﬂénnt Rfates

actual concentration can vary over a w de range

usedde the editesgt of thetivecntion, ahfem@lﬁculwew@glﬁtaeﬂ gengmally pefmveen about 3,000

and RAJd0 GHOR! o Heferdd %%6‘19[3CE ‘%{&66 ral salt

concentration be WEEN ~a are useful
5Hnuink embfmlmﬁntajf thdl ﬁvﬁlﬁpp,atektramhéﬁatms emplepw inaheoronient of the

th f lished i
e, B L RS R bR o e
sulfafe%h@lﬁ@}eﬂ@ﬁ {te AnvelfiordepeRBAGLA thel s off ﬁie@fai’tic)dla@ hepahig binding

sol vent or c¢) by adding detergents. ecre

proteiybeing waeeHd: idneRdy. é’&%%%léfaﬁﬁrt@f‘%ﬁeﬁ §%’/%’Fé 08p a%%‘?ﬁ)qp daltons

18 eﬂ%ﬁtﬁ@fl mcoﬂe%ﬁ{bgglﬁieﬁgoﬁﬂgfnggﬁﬁtﬂ' Gt smmeénﬁbout 5,000
arity may be effected by additions of solvents

daltogsiatsl Hs008tdaliorerie uipdyeol foo theirseyenpdnBiCIo Inieptbpyembodiment, a
dext;:gl g 1%‘?(‘6%{) r‘%wgeenm% 1§ttSr (ﬁﬁ% 8 Otdg 1133{965%8 ?ﬁkﬂew%vc of the HBP.
I oNns. tér en unc ron as di ACEr's
Flcum MSndoan dlehmﬂ@eﬂyeﬁ Wﬁiﬁéﬂltkn i AiRus lcbI}cennnatmm némtdlmniecular
with the purification of nmenbrane proteins.
Various anionic constituent!§ may be attached to
matrices in order to formcationic supports for
chr omat ogr aphy. Anionic constituents include
car boxynet hyl, sul fethyl groups, 15sul f opropyl
groups, phosphate and sulfonate (S). Cellulosic ion
exchange resins such as



SE52 SE53, SE92, CMB2, CMb2, CMB2, P11, DE23, DE32,
DE52, EXPRESS | ONTM S and EXPRESS | ONTM C are

avai | abl e from What man LTD, Mai dstone Kent U. K :
vk RHADRXS M and SEPHAROSETm based and cross | pokestobars2320
exchangers are al so known under the product nanes CM

.SEPHADEXTM C- 25. . CM SEP Tm C-50 an P 20 X
WmMB@éﬂﬁ“g@tééF@@M%ﬁP@% l%rﬁagﬁgtﬁﬁ&ﬁe%@rwpaﬂn

' kN FasidedVOWF.
afﬁ%%%%gn%ﬂwxféakﬁg%ﬁ% Trrlfglrzggis %I ow,WFan d )
CMIBEPIsrEsiparT te pelanianie compgund isriploypdasreds upon the protein
s AT B O Ot
refoldmg teifigr. , Typisal exchatragiensara heteeert 4o upflood GO0 maviés sodium

REPTM such for. ex | e, MACROPREPTM 25 S
sulfft B TeE R BRI L S VERISCHE e TR SIS A 000
daltéaMepudpigmd CEéﬁlﬂBthRaﬁ bettlegcatloes10 @A.ZGElpghﬂlll(ﬂlﬁr‘lﬁngﬂiblecular

.cafi1onlc cpromatographjc s or IS er
Welééﬁfa%ﬁm Sres BYCinReF il-r{g@ %Egﬁﬂ%@%f%q%&ﬁém about 10 and
400 @%‘gﬂ}tﬁ%eﬁ%%n gbdik 108nd SEUMIAANIE dS@H RSNVl ves

a

i'tion of salt and because, as nmentioned, HICis ]
enhantséelding balencag optenstly aentan additonahegentnbel wrnppef a variety
_ont f ] F QR b PO TM g
ornd} SyULRLEAAL) TGRS 904 s oG b i
and theBRIF Moariesa Thamooiemc dotehan geprefeniorabag bepleec0.8t Bpnd 1.0%.

recede the H C step. Exanples_ of nethods for o .
In ot (KR o 1 ORI KPP D S 1 BE BSIPGYG o put 00306 and
0.05Exangtoat y/0osead VI. After refolding, insoluble material

in the pool js renoved by depth WO, . ..

206?&%31529@@??1@@%83 9 26141254 GFH (¢ grperarginine/HCL),

lysitlel @€ EdnR pRQGHt ih ShelBRMiAORHRE BbeftBin 3nbBARENS of the invention,
hydr oxyapatite (Bi o Rad, Hercules, CA) equilibrated

the dopcaBiratig HERIENG 110596 BDRITEAIN RY00T 3pAuERS TS0 mM, or about 50-

, i ndi N, ' i.t.h :
o0 R, MBSO RSO T T M e
embodimentabf the stveptiod, tEQrotinHERRS G0 SSMatioRI 4T GNTI-9.0 containing,

0/0. M sogdi um phat.e/ pH 8. 5..The pogl of. V
050 05 BHESELHM RIRRDO 28, Fhlok s Pga i 0T mu
DTTFAnGWf(%Me@gihﬁﬁ?ﬁ@l céippaadtion. Hedembodigitht, 50 KM ETEPPS is
mei&@%ﬁ@ﬁ%@%ﬁq@ﬁgﬁ ggﬁ%ﬁﬁ%ﬁ%@ﬁé@%&s ’tﬁ%@y g:])lution is 1 M urea,
50 nB4 WHPPR! PdrhD dBktbAnesul R . 9396 THMERX 900, 7L heflcyshiden €00 mM
colum effluent. The Butyl SEPHARCSETm pool is |oaded
argingig, pHaS.& ol caboditnen’o therfgl sangentretiopigheaitefoldiag bufifergolution
. i e : oz RES { :
L e R R P R T DO cvseine
0.5 islIRT T,1é) M ergoinegmi 8.6. washed with two col um '
vu 5%, 9 a§ ' fﬂ%Séi(I)lngPMtéodi um chl ori de/ pH 8.
e AEGHIHEE YRS HEEY . 8- col um- vol une
gr gﬁh@i/gh rédo®8fy Gnd pulfichfioMbBiae meiﬁﬁ Ibhﬂtﬂggﬁoﬂﬁiﬁ fhfn fliMc%lture
I TEPES/ pH 8. Fractions are collecte nd t hose [ .
medi2 GAt §PRSY VBTV ERGeds sribeorncodyes i %‘?P%%P"cf%ﬁ&l proteins
suchRE B &Pl SUiNh A8 RN frAR iSRS d8shrption Whigh MNGIdRl RhteRals, gel
High S pool is conditioned with an equal vol une_of 50
filtragivi. HiEPEShones closeinaimbyi aifintesisematographsh Enesriinigned
* chro e o AR i oo SRk STy SO R Y, an
exangpiio 4 fonagtepochmbinitog@phic procedure is described which comprises contacting
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nv HEPES/ 0.4 M sodiumcitrate/ pH 7.5. After washi ng
non-bi ndi ng protein through the colum wth
equilibration buffer, the VEGF is eluted fromthe
wohermzoasd ng a 10-colum- 2 0 vol une gr adi entecfrrgsmos/o62320
0.4-0 Msodiumcitrate in 50 mM HEPES, pH 7.5.
. Fractions are assayed b ol yacryl am de gel
Saldéﬁfgﬁﬂﬁi gﬁ?ﬁ%‘ﬁ é@@%ﬁ%@%ﬁéﬁ Emﬁ‘)’aa ﬁ% thogﬁghw support; a first
hyd@phdtiSineRictBh EhlodhaRRLIpER. sugﬁ%ﬁ’{ gesidnet dHeRALbHaFHi D6t and a
Protein in Host Cells rie expressi on vectors
Seccwd pedorhablc @m@ﬁ@mgm@m@h@ﬁumﬁmé sglp@tvelyreluting the heparin
[ r Y
r&%ﬁlaf&r’%hl Ig%thrsg i, dﬁtﬁ’%ﬁt %ost i ﬁ%&%hﬁ pfebiure is
demfbniwhmhtmnmmmﬁcapgnmgmﬁdt@bb&@hqssnbnmuQQMOmsrwﬁhacﬂmm

[l K in.t i ncl th
exeliEi SHRUE b SR EoHE fr A R SR REH 488 pn g grchanee
chrdﬁﬁt@k@hm%ﬁporﬁar@l saleaasm%ra Qﬁﬁngethfégfpgr%MBid&%Lﬂr&Em from each - -
tor n rin
Supm)atb 6?%@%%5?*@3 ghat @&lysla?%af FiRgT PIRFSSFE CoRd D ?Iva)ed in any order.
In oﬁg%g&diméﬂﬂﬁp@i@ linRhtic, the s%f;@a;e fﬁ@ﬁ@&@@éﬁ& | ecul ar

Bi ol ogy, Current Protocols John 30 Wley and Sons
( Név@ulﬁé'ﬂ% &y} stepoohy ﬁlrdmﬁreo@m%d pupﬁgmp afgirerheperin binding
oSS0 SO 08 oS e 05D o v
redumcmt mlssmp\lle @oBvRi IFabhfemmbmﬂErseu(aidl igcubhticougp, deboibed above, may

ric e Col l.ec
resufl SR D indr i AR R R S b B BBl gt T 2
°°“‘%o‘1@‘“o7/‘*11%%2“3?1‘%%5?332 heie “8?5 eI eg‘m"%e?ﬁf‘""‘%“"m“" graphic
er| ce cult u re
suppgte PIREIde apliRkoR W YOE@%?EW%’&W?%@%@% fpgrroteshangm

advéﬁ%a%godsﬂz frbEdE b ENtrh Rt s thé"[l)ﬂ'@féid Pén unwanted E&ﬁammaﬁng
exaqgg@bbprokaryotlc host cells are transfected with

prot@Rg i e hremetigrphicataps i lélﬁ@b@irrr@gngmrpéwrﬁ@pmﬁsnvhwh can
v R BEEHRLT, B g A0 A Ll gricpgoon
For &ampian dromaggppbinstgrosts fiwel ebich dg ktepamsljmdmgptomm odn be eluted

i BRR L rEr el BBRR R bR e iy bR PREBF i Braiponic

suppo®t asdhisedbl y RNA, cDNA, or genonic DNA from any
sour ce, prOV| ed it encodes the p pepti de(
i nEzeEdpy iR ogeh “IPP‘PJFFdRH“ﬁ?% Pligls pei] ﬂe%edtf?pe
hydrdRPHPIRE b%ﬁlafa)g&lpﬁiccsu [ CETRERSEE BRc Phnd type I(formally
het er ol ogous po des |nclud|n vari ants

knowihesy MMagrypPrcp C%’ﬁ@r kﬁlaquiéﬁli 10- @eNdEPeB@T@Eb HerqwbiseChl @e; metal

T B R VRS 5B SR 4 BB o

such\AEGhpries nickel, atceds aall asmuéamfedzedsﬁ@a gelbylnmamglbodment of the |

inve@tlﬂ')oié}g&]g%gl epLl dg £&H:> I?cgsilﬁtgcp nf8r eR 1 1 nan reccl)u?:%lf (I;]igVEGF are
hydrbgyphtit ogonstogtiphii sap@iisd I enofher emamm@ﬁt dF oV entibNA)e first
is suitably inserted into a replicable vector for

chrogiginerRp RIC SHPROR'S f N P EHIEBHBIISRIV A W @8 et exghange
supp@rt§lé g{ﬁf@&.&bé@b&f)@q@hﬁafe dd¥any vectors are available
for this purpose, and selection of the appropriate
veElgen {ipm| th@ﬁﬁ*eﬁaomﬁoatayhlé HURpeE is posemphishe acqeuding focart
e r
stan%g(# ﬂlla%tﬁﬁ g Syi %gtfe etcl:tgﬁ)ln Bhe Eé&t%glg ﬁgﬁ% @g ?avc\%lnﬁt E&ﬁeloadmg of the
vector. Each vector contalns vari ous conponents
depending on the particular _host cell with which it
i s conpatible. Depending orfdt he particul ar type of
host, the vector conponents generally include, but
are not limted to, 20 one or nore of the follow ng:
‘a signal sequence, an origin of replication, one or
nore marker genes, a pronoter, and a transcription
term nati on sequence. In general, plasmd
vectors containing replicon and control sequences
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30 can be used by the host for expression of the

sel ect abl e marker genes. (i) Signal Sequence

Pol ypepti des of the invention nay be produced

woeohinant |y not only directly, but al so asperiEsoen2320

pol ypepti de with a heterol ogous pol ypeptide, which is

typically a signal WD 2007/.130154PClI TUS2006/ 062320
elut%cﬁgﬁ% Aerectiyronisy tﬁ% firsh By drplisicd BRI G romalpE@aplis support as
dﬁﬂﬁbggMggg site at the N-term nus of the mature protein

olygeptlde The heterol ogous signal sequence
s e dropdohiy pitesadtion chromgtegraphnis Wl knepodm theae aadd predicated on -

e FRERREE SO PP Y P OB 3Rl s

attaghed ag‘fmhmamgnhpp[mgmtst ha hydtophebipband epuplekbtosai gatak 1s

.5sequenc t he a nce is tu a
varighR SR RISH Ioutsdf ¢RI e g cupeit B C ot B gt and he
like f TtQRuthE a@ﬁﬂé&@teﬂfthe& AR sabiah bMBe PROSRBAbASRen the protein and the

pen |C|II|nase or heat-stable enterotoxin |

HICice Berais not(qnfy) ‘@npfgcrnrpfdhe IREPTHehe i oA PeBH LRI Surfaces on the

protm'::ﬁi Bﬁﬁ?f%@&lbﬁ’iﬁﬁ&{cﬁ 5O ioar Qurbdéed fiselACi d sequence
hat enables the vector to replicate 10 in one or

mﬁel@éieegﬁre@tnh@gnam dmploysd ethths prpenatesofdilE. godyrnns. The most

f )
R
hydmphiblcﬁl@ndmgaﬂe e alxanett &mitad suadkyl geouls hodngd frorhiabayt 2 to about

Sel ecti on n onent Expression vectprs generally ..
10 G AP S OO ORIt Spb PRt SR b wRRRE | Brvdtional
HICBHREE forl &ls Bl So MBS nRH 6O dﬁtﬁm@d PIRh &Rl G RSH plyer§ Qich as GE
t he survival or growth of transfaormed_host ce

Healgcgign Uppsaly, §E’F‘§‘@ﬂn{?@ thepiogycd naraes Ryl Sﬁé’&%ﬁ H‘&ﬂﬂyl"
sephigRsdraFmad i Joh KReMe GrmGenha bﬁé@ﬂsﬁﬁmﬁ@s@@m FPAnd

gene Wl not sdrvive in the culture di um

Tosahelaperatvre Tk dapan ynde pharaedict Rages tTl@eY@léEr%RLE“ butyl 650M
el OSR 8400 LRG0 ARbLOOALDN S SubERL g%%mﬁcauon

and woofeey of €BGEB ianiist HIC eindbinbiogtapiis S@potlttl’[w is Huwéliag&pse and a

t
secopd PRl o e i T O i Rab PR e ot Dot oo
emb@dihRft, tﬂa&ﬂstt[h@&mﬁmwge@wsubbﬁt fsrpﬁs@m egurede. t he

enetlc mar ker (s), or (c) supp ical nutrients
noLieaud ey & aﬂﬂ]@ﬁ?@&ﬁﬁ%@%@%&ﬁ%ﬁt itgnifpencesipgt gply the strength of

the lﬁt@fﬁ@\%rﬂ&‘ th bR AR thAGH g@tﬁ%f fRIcoRami dshell. The l1gaﬁk%n51ty of the

exanpl e of a selection ene utilizes a 8
comaluerc@éluf agpitpbletphonylar herst pheayligelslinon thi Qrd@“ag%S 49 hmelml gel bed.

Gel %a + 'ér i h%ncg&??fs ggf? glgl?lj ;!rgteltnrlfri‘ HﬁJSSSﬂTES%Mﬁ ésrbﬁ,l?&nperature and

 salt concentration but generally can be expected to fall in the range of 3-20 mg/ml gel.

The choice of particular gel can be determined by the skilled artisan. In general the
strength of the interaction of the protein and the HIC ligand increases with the chain length of

the alkyl ligands but ligands having from about 4 to about 8 carbon atoms are suitable for

* most separations. A phenyl group has about the same hydrophobicity as a pentyl group,

although the selectivity can be different owing to the possibility of pi-pi interaction with

aromatic groups of the protein.
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25 produce a pol ypeptide conferring drug resistance

and thus survive the selection regi nen. Exanpl es of

such dom nant sel ection use the drugs neonycin
weoerhanss et al ., (1982) J. Ml ec. Appl. CeneCTiUs2006/062320
1 327) , nycophenolic acid (Milligan et al., (1980)

é%gg?rpw of t&%f)lxi%g HBTOCﬁ l[ﬁ/é; cr:cg{%ﬁ Iisg“ %ﬁ%‘?ﬁ o0 sa(ltnq.oggentratlon but

the mm@an@wﬁ BarPRey ev@aRkiay r2€ iQchd@hg BEIME fatdRURhe protein
eukaryotlc control to convey resistance to the

and Hispagisulan HEC Sewnd hossnl dn sencrd st eanaentgior betwpem abowtgiand 4 M
are td@ygophenolic acid), or hygronycin, respectively.

(1v) Pronoter Conponent The expression vector

f oElyhon desi mgﬂlﬂwphetpavhqmeb stapivisg opmdheionmef a igrident san be
accq) rl]ltslﬁedr}ﬁ agf?rsi% Pwa 83 rcl(l) frirso 88 rg gl}agéngl f(a?t oggent%rﬁgon %) by

changu@ thé polalttﬂyd)f ﬂt&csoli’bﬂg)ﬂchby amhg/gac&}ﬂdrgeiﬁ Hy ddteasiag balt
e for,use w rokaryotic hosts

) ter Lt a
conqe R HE - PRI BPRRS T R an SHer PR sfesbapicty. Changes

& HeChRaed B adid O A BIntNALN b Lsth &% o16cbdi 1
mp@%ﬁﬂ? et al. B)‘;‘ig%gnsl\lature 281: 55[4% %ﬁb or isopropano

therehyalsprisadng the ofdhihyshionbebis futeragtions| Detergegtyfyncgion as

, dlspﬁ@&E gf erQ{ems ai]r(? ﬁave%%&@useﬁ?aer angl #3bi @tlcﬂf‘@ﬁ?ﬁ%?)?ﬁg%%tﬁn of

t rypt ophan 5 prono system Gbedde
nwnmﬁvmemﬁ@Aslds Res 8: 4057 and EP 36, 776) and hybrld

( 18“%’ e ?%)Z#CC én%i a%)gﬁ?g&{ ﬁr‘%éﬁm%%slg gﬁ(%gir to <%‘01:'[11 cationic

supploituvnt @ hronatdpedphi nﬁmﬂh:amhartuaits intloaotebsyaicthyl, sulfethyl groups,
nces. have, been .

suitable. T e| nuc i de se
sulfapreny ?%*‘ﬁ’@as phgrah et 6 SRR B IPRSEIaDES BiSs ptyes
SE52 9Eb3, Gabe @Msm@ms@w% ®qdlj mE23, mE3pobY PE IR SFTON™ S and
i nt er est &éFebenllst et_al, (1980 Cel I, '20: 269 )
EXPRESSJONT ketre 2w lablg Ao Paiatogen Lod? b JsteneyKens G r ed
SEPLIBPISit,Q @E?Hh%sﬁﬁ%af’éd%ﬁd Cﬁ)rsghnke§%}péxgﬁflﬁl glf s aft dlso known
supr a; and Ausubel et a supr a. Pronot ers or us
undelr thetpaedust mmeSQéSERHAQE&Mg@ﬁér@M SEPERPBEK R 6-50 and SP

serEARSHORL 038 SR n-e8URRG S QPR SAKST A Beliiance

SP-SEPEIAR @SER' st Flow, S SERHBREEH XDJEM@IH—B@RGSEW Fast Flow, and

om SRUBRRAT R ek 18 e el PR R T HiRG (RamaBspF i

exchiRrs fo¥ dhe PRIMEES dFahd PR ifdhad Yl §re@1f)t MaREOoSe g, ion
Construction of suitable vectors contalnlng one or:

exchpggers yrdet the PREBY @ampes M ROPRBARTush esfpr exaspie M @PREP™
S MR OBERRMGYER £} e
SuI%lz’oagmant s are cl e Soislu Igdal Irgig\é[%t%@pé&?e I .@g@é’&“ from BioRad,
Hercuilge, Grm desired to generate the plasnids reqU|red_
2 y fir rrect .seque
2B P A E R R Bl
mcrehﬂng s@irt&ﬁcﬂnn’atﬁimsc Mdcalkd Zhesdla@innr@d %n(o%'ﬁﬁ(ﬁuﬁlmﬁﬂ&)s aOdition of
er strains ssf transfornant »
salt oG BBty b ORI 1 COPDp P ) e 88 P cton of HIC
step WNBHEARPTAR steploR othRl a8iBr&fSis bp@RaliP Bsch ! MNSH QAT Sent of the -
are prepared, analyzed by restriction endonucl ease

invendog e satiORIC caFhIPET CleenteaaBkic Sigp Precdedhn b éﬁep San g er
et
E)éllmé) le6S %)%%r%%gg?%mémé VE(,E%?1981 Nﬁc ei ¢ AC |Cags see
EXHHI%@V ang VI3 @dicr @folwpgxlmhﬂm heteriakin Keqmol Btremdved by depth
(1980) Methods in Enzynologé 65: 499. See al so,
e.g., Sanbrook et al., supra;, and Ausubel et al.
supra. The nucleic acid encoding the heparin binding
protein of interest is inserted into the
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host cells. Typically, this is acconplished. by
transform ng the host cells with the above- 3
Odescri bed expression vectors and culturing in
wobeashenal nutrient nmedia nodified as appr eprwsio8s/062320
for inducing ‘the various pronoters. Culturing the
ll's_ WD 2007/130154PCT/ US2006/ 062320
ﬁltr@zwt éﬂBF elapfigrkpapbtsithendagded op bp 2 prramicdydsegydalite(Bip Rad,
HerQfRACAN @ﬂ%@&a iPd- %M'HEPP@;E’O b4Y, aREPONGE R 18GbH KA hon-
In the"aft. -Host cells that express the reconbi nant
bindyryrefcn iabummyadby yashing wigh ¢qikhreton néevariddhe BB edutest using
h ] @8,
an 1.Jlocra}1 § eﬁ f %HS@%{THEE /0 ?é '%?lé@ﬁﬂ;gil O%fb?iﬁ‘él}/[u é(%um phosphate/pH 8.
The @aﬁtcﬁnﬂ}ﬁF R lguded emb acblanrma)f Baitid SERH ARCSTE™ Ega ttlove ((&:IE

sl DSl 5 B e 5 EVR e RS

M s@filiH @hopiae/pSa. nme%bluamt 1y ﬁ!@sm ﬁmthmqumbraaaﬁ b@i_&"ér&nd the VEGF
Nzar cescens. e ex of |

collgetadin sigs mmf,ﬂgqn AT Bk AR S ispogh priosdsd pnogpfumn of
Mac?; P@Pﬁ@i & EB%J)K -[1% L ﬁﬁg 1)5 eqﬁﬁ@at%d £ o0 h}M"\ﬁjﬂ’ES/pH 8.

are al so suitable. These exanp es are
After Waghing tt ietfaientabhabanch a2 80iom. to hagelingtthafelumg isr@ashed with two

col Rfo?u%es I?)?% n{ﬂf %ﬁg’d %uﬂ(/:[tssoggﬁl%?)ﬁo & "ﬁ{ r\?ﬁ@F E Uluted using

reconbi ha
a lmﬁ&p&teblumfn \Iohﬂnd gw@attlfrmm 0. 1251-@ Hod sodieh Ich]s»hdejindS OsrBMHEEES/pH

. T SR S o P i BN PP e

by aRdpBinl BIRdih P adsE aftgRBRdeNcodi ng proteins, wth
d exg | es o? such hosts including E. coil WB110

st Fh@ Neacrodyep High® popfissondifioned 7ot deguslivoltng of S0 ngv
HEF@@?@@F\/I Mmémﬁ%@ﬁ)ﬁz’% | 59 eGndiRSrel pdot-is theR ﬁ)adgcpén to o2 column of

exa a strain for the productlon of VEGF i

Phergl éBW TSK TasoBiosoieteg\il{g Maonsgaeanotilep & A dranss qgt-lﬂf@rated with 50

Y R T R

coluain vMECiﬁullﬂ)retthﬁ bEffetothle \E(H?aism:h(tﬁmjl thieavolumgn dsives a 10-column-

Volu%k?n%g%@rg grﬁ i\@t OcF IIU'E} éirt tegg é%%ﬁtg J—h:al’gssb}l%ogrgg gctions are
assa?&ﬂfﬁﬁ]ﬁ&p@@&ﬁ‘ﬂaﬁ%e%ﬁl abct\PREEGS HRIABE3S wﬁ&ﬁ@l’VEGF of sufficient

celI's used to produce the heparin binding protein of
purifyfosledst are grown in 20 media known in the art and

Expl%kglﬁ@é{!:&nhgmﬁ% Pﬂd{e‘?n fAfadshecsel ected host cells,
I'ncluding a generally described by Sanbrook

et Iralbrlef duptession mctoa ciblg of Avtommiymus raphigatinmod protad pxpression

rela g;%rl{j?t ? ﬂ%% %%}2%&9{ XFPr eﬁlgr(r)(éugg% %té@]r 'hB?ﬁ e’ Egﬂs’tructlon of

apprbﬁ@ette etpacskiog eders isondl! Iafommmthel drnihtleding the n&%o‘mmaequmces of
nutrient. broth, Luria- Bert

the hagargupds ggromu?ﬁ ‘Pﬂbﬁébiﬂ’ﬁ’ﬁx %ég%lb}:ﬂo eﬁ% Molecular Cloning,

A LMo Nariield CHIa Spdiag Platbor E@lﬁiﬂﬁt&@f BreIWEHIdESpEing Harbor, New
enents. InceHauweMmmans thenmﬂaal

|
YOﬂ‘é)dgg Hivsusibel 6f #le Sherk Praipee ar Big] ,gﬁnf:ﬁé}rotocols John
Wﬂeg%atswwme&feﬁ (ﬁ@()ﬁxﬁideﬁﬂ.e%Q e(]\i %4) Qifurreh@o&ﬁioﬁqﬁ BYfdFnology,

prokaryotic cell's’contarni ng the

- 10:4ékp? bsSbpmpniese prokary flesr ccdxianlpfiag bagtpiee PritPiongeefatae

ava1fagler£d {glfﬁié( tgfou% I}orogxa& l the %&r&ﬁ\z?{gﬁ% éﬁ[@.{ég béiééscﬂon (ATCC),

nece séry su
Roclc.a]ieb (Marylﬂnd ridethods mnﬂhe large galei gro\pth@@ phittrosocalis emdrespecially
al so be included 30 at appropriate concentrations
i ntroduced alone or as a nm3ture with another
suppl enent or medi um such as a conpl ex nitrogen
source. Optionally the culture medi um nmay contain one
or nore reducing agents selected fromthe group
consi sting of glutathione, cysteinc, cystamn ne,
thi oglycollate, dithioerythritol, and dithiothreitol
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WD 2007/ 130154PCT/ US2006/ 062320 Exanpl es of

suitable nedia are given in U S. Pat. Nos. 5,304,472

and 5,342,763. C.R A P. phosphate-limting nedia

woRR/sdoss40f 3.57 g (N114)2(SO4), 0.71 g Na  pCT/US2006/062320

citrate-2H20, 1.07 g KCl1, 5.36 g Yeast Extract

(certified), 5.36 g HycaseSFTm Sheffjeld, adjusted pH
bactgial polkantfupiory wall kaewn/ & therart e thsteapethesiscan hwsemm we@wﬂext

of thdGiRpiiged H20 and autocl aved; cooled to 5 55C. and
suppl enented with 110 mM 1 M MOPS pH 7.3, 11 m 50%
gl Berosemplz, priokarivbiiiecriells xgrttpasiedtd With expgssionen clyaing vectors

encoggg%ge ﬁe%aﬁ#eﬁd&g%g@%gfn%&# fa Al R %8&!&5&%%1 aﬂrda& puedia

s afe culture
modﬂimﬂtaablbleo;trmmr atducieg pEfMoteEs sekactinggr&[mﬁ)hnanftw pr amplifying the

exa eratur .qQ., about, 20C
een G AB G TR SRyt o gl ot st
is suﬁ&bl?RNBI cﬁm ov\gefoen@ D@u@ﬁk@lahga Sobr) pRRAkAsienpsdeEker
coll cells used to produce the

polylp%ﬁ;g@mf\ﬁa@reé# Maihads ar S knopndoT SelFeritg G pmrapriate micleic acid
for eﬁ egs &5F hls {ércﬁéﬁch@?l)l?p?ﬂh ihdludify @ali"laﬁ@, ﬁle@éolfﬁh'nﬂ@roblal hosts.

osp at ase pronote e partially or conple
NuChemcﬁadeﬂola@ﬂ@@swdm&the gelyeerdide pre recngred tyrp Qaiatyrod @wﬂe’ds known

n th%I FoMg é aar[]_]gl %a’{ Q‘FE%E’Q{S&%%?&W%#CF%;&Q’%Y using

rin g ress
ollgdrlablb@tldc pﬁ@Ws Yot ke o@@@ﬂ@f birktigg spatificuliyrtg th’e@de aevding VEGF.

e ace in the. abs |no ani
ﬁ&%ﬁ@s@wﬁ {Fact %{ Ofmcc%ﬁAS) ﬁ&gﬂﬁe@aﬁﬂaﬁﬁed into
are 1@%1@%&%)rlf&(ﬁx9ﬂ:@h§n M’cﬁéﬁﬁk@&& il On AN @HIQV € stibole

| evel of induction o roteln synt hesi s, and
prong%ﬁrfMeméVﬁctqrwetaﬁela@leotﬁx Hhisgrupase agd s¢lestionsf thagpprariate vector

will f}%e{u?mg 2 stk bk ing %uﬂ@ﬁsc@i!a%) Be 1&&%& i hERSHr biftbihe
ve (0]

) osphate I'n the medium thereby causing
particulah hosi ol t@be Rasforticd 3iith the vecke. lfwhyp@gt qogans various | f

com]%oglee%tg :%lgﬁend?l% oln a;?artﬁ ugar(flloal 1] %1@%1@]:{ 1% 1s C glpht%qéj ‘Beggrﬂimg on

e ceI areculture
the pagictiat type pf hc&ﬂlthcdmﬁjr tympencasiyeraraty; inelude, ,bu‘aaré‘ﬁdﬁﬂmfed to,

about 0 cell densit Cess,
one gt of i fulevORE A S i OO LG Ptorapors frarker
gench,iP#6@bter, YA 6 aRhRtibedh @fmidatiRegitne@npPonent , et c.).

to .i nduce expression of the gene encoding th

251cacyprab plagaidoreciont epiiting Rjicancad seRFs) S%%Weé Fhehgrg derived

fromrsggmés' c%salpe 1k RGthUaethsAleI PROLOR %ﬁe&%%ﬁf&ﬁ?db@ﬁﬁom The
e known to those skilled in the art,

vcctcvrrwdlumly edrlad; omplicttionsite axiwetl as markingrscawecesghat arc capable of

prov?frfﬁ?ph%ﬁ&%m Qelﬁ%% 1? nsis%o Ie@%ei?s ﬁ&rg?( 1% Ie,nE H ?Qﬁéhj %1 Iyt

um nay be
transborfhed dﬁﬁ@pﬂRBﬁ@Z mqjla?.hlyd dmlvteﬂl ﬁohamtE m’b@ apuc&n(segoarg Bohvar etal.,

9730l b5 R e e P o BB ARe i cbna
thus PFoRtdel By niafs £ kdéﬁﬁ@iﬂgdfanﬁﬁﬁﬁéﬂi‘éeﬁﬁi The pBR322 §la§!ﬁ1d§ &eother
net hods descri bed herein, may be fornulated In

bactqsighplaseid oF phagel Ysuecaeilly spRasoF isePodiien ﬁ0§oaf§@dmoa\0ters that
can Béq{sécpyysthg a4 rf@zséxbf‘essmn of the selectable marker genes.

(i) Signal Sequence
* Polypeptides of the invention may be produced recombinantly not only directly, but
also as a fusion polypeptide with a heterologous polypeptide, which is typically a signal
24
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WO 2007/ 130154PCT/ US20061062320 t her apeutic, or other
uses known for such nol ecul es. For exanple, VEG-F

descri bed herein can be used in i Mmunoassays, such as
WO2ZyTAsd1MUNOassays. Therapeutic uses for thechkapadokns2zzo
bi ndi ng proteins obtained using the nmethods descri bed
herein are al so cgntenplated For exaaneHwF growt h

seqyenes oty PAYPTRGNE hawngy? spegiigeleayags sieal e r-teEiaRfiemature
pro@iMBlyBSHtide. d?ﬁé l'ie%gfolog&fs sﬁg‘ﬁ@fgéhﬁencé/ Eidciapp lg"i§8§e 1heX is
pronot e wound heal i ng or, g., an acute vvoun

recdggized angh pregessar (mmvedrb»r weiEnaoan s by the host erll For
t |
prol%@é Slb :hgsl}\g@l gaetgd% ngt 1\'}%{;@3% atl wcgs%rt e l{%:[igé ?8’15/%&1(18 %ghala

sequieacy, ﬂgrstgmmequemcqarscsmmhmtdzd *SS&II&T Ig;errmvtdm@mﬁsaqe@me kelected, for
Ther.

exape i AR gwnstt Giibetif obt s, RRGIORRE. oo beatmsabley
entek@bxiB (IQERIGR. by m xi ng a nolecule, e.g., a

pol ypept.i. de, .havi ng the desired degree of purity with
opt i ona{“) %’%PWIQP table carriers,

ex @kﬁ'e%ﬁﬂnsve%rsséoﬁﬁhﬂ i ARlde &&@mqﬁ%@ rha% eIPalr,?er, @weceeror &ﬁlephcate
Sci ences 18th edition, Gennaro, A 95)),

in oncyer Rase plestted Bpsiptells. | Suek sqqoeRas @rwmﬂskngwn &Q{Lﬁe@usty of microbes.
The%ﬁgxgt F?ﬁ%ﬁcaﬂ%ﬁ% @Bl Basthf ]% I@Z% 1S %1%131{8 'f&r}{’réﬁt rC]fggna—ne atwe

ers are nontoxic to reciplen
bactemrdsuch acEntofiat i ons enployed and include buffers such
as phos and 5 ot her organi c aci ds;
ant|OX|@gﬁ%§kPW%b' GrBLEBE bi ¢ acid and net hi oni ne:
pr espesalnl %%rs(g&ﬁ@rﬁllﬁ&or@ﬁﬁ adeeatiorigemd, Ab BemeY b selectable marker.

amoni um chl orj de; hexanet honi.um chl or de;
Thisgeps spcRdFHaRTRIERINSFesesy Tasdhe Rrvivm ion sop e ransforperd hest cells

grovRtih ¥l sclRftiRenEY: ndldred ‘ﬁost QUK ¥ibt t%ﬁﬁﬁﬁélﬁwﬁﬁ]ﬁlla V@@tor coniaining

nmet hyl or propyl paraben; catechol; resorcinol
the selgetiqngsnamdl not Suryaretia ths| cultarsanadiven. ddies electably marker is separate

ﬂon{r;'lg]l—: g&}é{zgﬁrgﬂé@ﬁ% tutl(&e%lsaidtd Sl def)g%ﬂ"s u%/gntl %S 'Tgﬁ?aﬁ selﬁa;mn genes

pept | proteins, s Serum a
encoge paotdims, thatr{a) confon msgtaubmﬂol anSbiotigsdn ofifet toxmspog.yampisillin, -

R T A ey e R TR S
thos@EaubadstiynBe pREMOS aCHE aéretie marmr@)aeﬁdwm@gs@rmﬁlﬂnﬁﬁdaﬁnot

ohydrat es includi ng gl ucosge, nmannose,
availjile drop} RomRlgien 1o 1fe-d R B CRERCAELR aﬂBﬁiﬁ\fﬂC@B’@ﬁ%’f Saghi

asORGLAHR of BBRIEES] schih &Rt L8 8 4R 1S &t El%lwth of a host cell. In
salt-form ng counter-ions such as sodi unT net

this @a@mﬁm@g @cgls(tbat gre specepifolieiransteompd with e nuglsdy m;rd of interest

prodd@k plr(rig@r §%%5eneﬁ%@gre§ggg§rmﬁﬁh@@ﬁﬁw ¢ Saredohk oAl

Exanmﬁbnmfmninmsnumﬁﬁedémnonw&enbemuugsMeodmmnuSkmhthWeuah{HQ&Q}J

a trat re sterile. sre
wo ARl SEAE | R iepb i Mot 8 11220 Selenss 207 1422
or hyFesH) o (SsieddrBP alc.anodse Ml ar € Bidl., by01phd13) zred ke Bradiples given
as an aqueous solution or gel form The pH of the HBP

abov Ry DEFIETIR e UBEET e@kf@votwfqoawléﬂ BRVER resistagee to the appropriate
drug 41 B AR AR BNBEnRitin, QBT (nBib @}’orq{yﬁr%ngﬁm respectively.

30appropriate in certain ins nces
under st{vo&rantpder Cayeposenicertai n of the excipients,

o SR SRS b0 PR B
suitabls pfapmoten tbutt egretagnizi bg Jclserimsﬁ drpanishe hndvie bperabdinked to the

applied topically, the HBP is suitably conbined wth
ot her ingredients, such as2éarriers
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WO 2007/ 130154PCT/ 1JS2006/ 062320 and/ or adj uvants.

There are no limtations on the nature of such other

i ngredi ents, except that they nust be

wbaoovasesi i cal |y acceptabl e and efficaci ous frarrusheicie232o
i ntended adm ni stration, and cannot significantly

e the acti f the active ingredi nts of the
HUC@ &E?I’FP‘E}Hg a@&#@r&%@p o llgifFﬁta‘HP’ém‘i?é"rﬁ“E?tg% T ¥eq Wt prokaryotic

hos@ hmlménﬁe%bet&ra%ﬁ&ﬁse aR) 1§otos%@ﬁé‘}ﬁ§ter sﬁﬁteﬁlﬂ AORAS LONS (zsmemam
5 without purified coll agen. e conpositions al’so

275n@1)5 @@edd%e@én@%’%)m Stlep#4)ethy ﬁl@é@pmomoter system (Guzman
t
et al r@g;gzg 'term Pﬁéﬁ? dg*;@ge%né}mﬁg%éﬁ@&géqmmpm ()

. B0 F7amndUidPa66ty 6) amdehybrid

prog bR B %aq‘iﬂog%ﬁﬁ%ﬁ'?oerso%f Bt PR s oo 21

25). amvwelr oieEhnoas mteyiemyﬂnsm @élg Mﬁl@bletmefrﬁilhﬁﬂe&l@%leq&%ces have
p I SC ty pl i t opi ca 1
beerbB %‘/@{‘féjc ﬁque]\ég &n3 g aﬁ.&yl ggoacgggpelr N @dgg‘ce thgp to DNA encoding

“the %ﬁ‘@h@e ofGiflckddl @EDeAIRk bﬁfcﬂt(ﬂ yﬁﬁ C%Hcﬂ) Q@)%ﬁg Hinkdr88r adaptors to -

| ose derivatives, including alkyl ul oses,
supily amoseqrirseEstaenan sites e See alfnd el %whsmk e%alabuya; and Ausubel et
al., Eiiruloses for exanpl e, nethylcellul ose,

%@ oxyet hyl cellul ose, carboxynethyl cell ul ose,

hy @fmqlgﬁ drydse ﬂefbmbiymﬂmﬁhﬁ gmlh'wdmwwﬁlﬂmfmlgmo (SD)
t f ti ds
N F—

be rag@,rledsmm t:h;é ;baftér&ﬂ @@ﬁlémDNetew tfe%blSUOnCEﬁixﬁiﬁd: figestibh Whd ABGted into
inulin; nmulljons ans; arabi nans; chitosans;
theﬁ*&%&@&ﬁgmg@mu%aﬁﬁfﬁ ¥Ad synthetic biopol yners; as
vel | aSxg@%ﬁmﬁﬂﬁbn@&i%ﬁﬂ&i&%fﬂ%%&hsguaf gum | ocust
bean gum, gum arabic; tragacanth gum and karaya gum
an§ongricten phaadatdndeqyr cortesing lvae eioghore of derabayadlisted
i
comBRAR HHINR shard BebASHkAfler 1ol GIRA fagments arc
cleasfyis tadne:d, mim:{hgawd Hsuhcrﬁirel cteequmkte pemcgsic treglaamidsatquied.
F an%[ ﬁl% Vcc?n Tm correg{ s%qugg?etsgr? ﬁla%?d Faﬁt abi %cgd tc}{]eﬁg'_!c%;l
mlxt}DfHS ysased artrahefon® A voe K2 kirdih et eT¢TB Qa%)d@ bth\éﬂdttaﬁﬁ, and
er enbodi nent. one that is well defjned
Succsﬁfﬁﬁ' @%? & s sqlestpd by appeillin o tetrapycfing Fesistanc wasae

approptéhtd. h@aslamrm #nsorhind 28 ﬁre‘a%ﬁ \ﬁaaw@soy RHERIAS

hydr oxypropyl cellul ose, hydroxyeth | ul ose, and

endapeleasg Jrasptepy Pndv{@tsmue@ecrd byl the methpd o ﬁ@gems 6Hi (ABHD Proc. Natl.
Acad %{(}E WAﬁgl #46'3 0387 '0? I\Ilt%lgmg g#. oS ?I@%Z)al('ﬁﬁcgc Acfds Res. . 9:309, or by

ose Is e
the mgtiicel] Myxaooetpt. @é&ﬂ) 65:14989(Secalsabgut

bout SW t nd the HBP is present in
Sam rr?ogﬁ% Alneunss 238 A bfgﬁta? per mM of gel. The

p 011"15(@1111&}{61@&'@ ghc,y)a%g rﬁhtslﬂzfpulhrll Bmﬂmg @rdtdin gf in&réslyﬁl 1@3211}3(1/ inéd the
ur e ow and hi ecul ar. wei ght pol yet hyl ene
host (j‘f’li}c Smw% Biis @Ww@glﬁd% ﬁﬁjpgr%g rltegwstws} s with fi§|aBove-
descAbdd e?S( Hs8018 Oecirs BnP@lEhEM @0 feriibd AbtrRht Mﬁ%hﬁ%d as

wei 400- 600 with one of ol ecular weight
apprvmlﬂi%%fob@d@ﬁlﬂééﬁWoﬁﬁﬁmﬁlﬁﬁe@ purpose when mixed in the
CuMBH&&@% mhaldfst 0 obtain a paste. The teml "water
— sold pplied to the pol ysaccharides and
pol yet hyl ene glycols is neant to include col[oida
sol utions and di spersions. In general, the solubility
of the 26
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WO 2007/ 130154PCT/ U52006/ 062320 cel | ul ose derivati ves

is determ ned by the degree of substitution of ether
groups, and the stabilizing derivatives useful herein
woasdsfisve a sufficient quantity of such et hefuso06/62320
groups per anhydroglucose unit in the ceIIquse chain

to render the derivatives water sol uble. degr ee of
et rafabigpokaobe cell fof usgito payes thy hygarg lﬁaﬁimg PEL§ES Qfapterest are

wel BRI R S UR0 SR UMk tHa?e@?él@ B rbdbnmEht fn%te%f‘ﬁbundantiy in the form
Addi ti onal | t he [ ulFose derivatives nmay In"the

of ifchrsipndiodigh klalmlthmmﬂhsrma lot gitragediulag sznep i tymbfélymsed Neuitable

prolbagfo%s 119%11(?& t%l‘la X eulgacrt]& a&}g’h\ég’ Glrﬂlg-r ?%ﬁ@g éf?' (r}e e—g@ét%v%

tra pe I'n’'m<rocapsutes, or sus
orggpisapafoatiamde, FSedl;, Baciyi sucRamBngib@ﬁs PsEiamongeptticaduch as P.

aem%?rlg)gg gSe o hgfg %%Jrl%gmﬁe%%%mrg&% 199@%@%%? an E. coh
host\{élguﬁdﬁq 208 T( amed.3 114485, . OthdPsrhink2ddir 22 30X BIBoli XOMT6EATCC
Bi o/ Technol o 755-758 (1990); d el and,

31 53%@;@% GV MI@&@&Q%’/‘ ) sieridposurtahig; rThess sxpmples are illustrative
rathé{acﬁcﬁf lﬂﬁﬁmgs Sﬁ]gﬂ Redbacs iygﬁzaﬂ%sﬁ/@cyﬁ‘sg il i€ MR 39&%&511 for

Systens, ""in Vaccine De The Subunit and Adj uvant
recopbprao NA TPodust ferlaematmemnﬁmne@dwc‘i fPheimyentemeths hoteoll should

S@Cfé%ﬂﬁ@ﬁé?%%@mfﬁ@ré%aﬁgw 2%41%8%89’1 3y gy be

modm)aitte ieffec@ta pahetic nfil&®n)in BregeneNatdbdingyorattinsSeith exidples of such

hostﬁ\&lgbl f@f fbﬁ%%@7“%%3%322375%9@%3%%7&&%8@“@@ Sgpatent

No. 8&1@6@6 is&Rd W3l 99 999EPFIdZak ﬂe, asl:amﬁe&ﬁ: @du%ﬁbn of VEGF is
l'i cation 118008 U. S Nos.

E. colu %“@4 50 h?am:g thpeewpy s Sanda prr3 phopidg 1§ éﬂ@rgﬁrlﬁ«al 69 deq)Pﬂ ilvg
de&%ﬂ%"f’éﬁm Qnoﬂiefr %J&gﬂpi@é Stah f@lf thk g%ddﬁ&ﬁdﬁtdf%@ﬂg ROE coli strain

|mtat|

(62A:?é (h@wbg ﬂ@@nmmm@‘h%@oe&)pme% &wé“ [l &Sonedi MhinaCdenh) AdegP
llvGRegﬁem?%un ?g;m%ié”ﬁg%\%%ag‘é‘?% 8X 815 e %6’4/[)&35%0 heri chi a

n-was secreted into
th Equewbﬁ& ediziusedstp peeluasthe aepmmﬂuah@pra$ur afintessi dregrown in

medlidfip B4 Bkiran FUbIEr PURG Ui Ny e OB g Gt Sfuding the medis

gene}ztl@s(ﬁsc&twéd lb?SaﬁlBﬁb@Rk:ﬁzﬂ Molécaazstczé’naﬁgogqm@sr@éry\xﬁ%az Cold
gure_ 1) were isal ated usin stan ard_recove

Smmblm%h@@mww (& 9ld Sarieg Hadar oewaY 6) (2R Media that arc

7 sulta% %{ paciirid Fh@ifieWhidt Rrd V3t ik fte Y &EA S hQWREn, t]ﬂlﬁ{enp%ﬁ{ Ulna—

dition iIncr eased resi st ance tO chaot rope- and )
Bertahi(bh) bmith Neidhate fieminiatl meiih agd GoR 2) P. thmirael i commplste medium,

if .G i n a he.apount ..o .
s RO S SARLY AS AR R TR v
selecﬁmpegﬂ:m&fhb&n basedadad cdnlirsctioa eiithe ekpresidnareger, 36 adlectively
f'_mﬁroc})@ d|t|on]f wer e . dlﬁcovered whi chFaIIovve for. i
‘#@’T Betic Sl o3l e SXRIPSSHEYErGh FOLagiple, afppicillin
is addBd RGHdda fob ErbGih bAdIY Rt adsB@ Qi dilin RERIt @eneAﬂ(ﬂ¥r hb&@sary
of dextran sulfate inproved yields of properly tol ded

suppsngiiceidey sprbpat niregepapd iorganis pHosPEtE sPuFeesery also be included

_at ap%%hﬁ@lc%nceﬁﬂ'aﬁons introduced alone or as a mixture with another supplement or

medium such as a complex nitrogen source. Optionally the culture medium may contain one
or more reducing agents sclected from the group consisting of glutathione, cysteing,
cystamine, thioglycollate, dithioerythritol, and dithiothreitol.
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WO 2007/ 130154PCT/ US2006/ 062320 Met hods

Plasm d for VEGF ns expression-The plasm d pVEGF171

was designed for the expression of human VEGF1"55

weaR g Leung et al ., (1989) Science, PCT/OS2006/062320
246: 1306-1309) in the E. coli periplasm

Transcription of the VEGF codi ng sequence was

unBesmplegisuiit mefia or Br UG ERSObRoLHHED ag@s,@m@

| CR g{ﬁ’ gj% at%%ﬁrﬁnﬁfmgmg 8%1%%3 ﬁt% @}H@ g(dﬁ 811 MG e Blate211,0,

esearc uences r equi red .
1. 07fgd{Cl‘, saﬁgimastcﬂmam (bértifiecdns. deg ElypasoSti dethehield, ladjusted pH with

B SRR GET AR 258 My 9030 b lsqoit o

s5°ccasld gt@pmﬁea @6thviae nfld@ﬂMdBS\@Ht?riﬁam:ﬂfSO%@udma@ﬁenli 1

heat - st abl e 10ent er ot OXI n I na eque
MeSCSECarnigiinn gy Sheaive sdgorGa e Bt CuIT A cORmBRIprinf SO
g/n@nd Picken et al., (1983) Infect. Immun. 42:269-75)

for subsequent secretion into the E. coli periplasm °
Codbaprotsativeticchost esHs aterpultpied aujtate tepwpraliRiu Epicle coli growth,

for e%ﬁgged[ﬁgte era@le aﬂ%@@@eév b AP ARVES9°CYH iR about 25°C

res ’[ed I'n an opt | VEG- accumulation in
toaHohES]S@[orpﬂtaM(S&"é‘e e.g., Si rmons and Yansura, (1996)

0 B TR o o T g
the 1:%'[5@)6 Rss¥enteresk 98 his MNueltdh arsAailtdsd Ressable h’neiﬂﬂ_ i 1~815c)’1 the

ocat ed downstream of the V| r.ansl
alkav pHORRHEHORPOBRER ¢ mr‘?f’epﬁr'écﬂfﬂ% é‘r?liﬂ%’fe@ e as Cfbtszirfﬁmmﬂy’

e.g., méﬁbﬂobﬂ{ Qt a@nﬁloie%ﬁfa%%ﬁjﬂ ng Haﬁ&‘aﬁ) M@ﬁu&ﬁﬂﬁ@ S{n\i@' Harb(t)r
I var e

I
Labqlgtgg 1’(‘1@97( ldémeg ﬁagwr,ﬂiev Yeéi)l(ﬂ}%)r&ge ﬁ‘i%%lﬂlig dfcdpyer take
f
placg{ﬁi tfngglﬁ?e%cgel qtf (i)lg%f\%#gceﬁﬁ 0@'{3 Ot Ws dﬁ&vﬁﬁﬁh@\relscﬂ:t lﬁrsst, the

n and st at -70
mcdmmt eonhamsviesigade plyosBTAR(IN ameymauint aj:gee thallgval ¢fav@c}10n of protein

o R B 50 R ASAAR BRI GRE e,
phospiAtEIRRESI tR@sa vt et @hﬂﬂ}z‘h&@]’lﬁthp hediu, (]:E:I:dbbtgay[sﬁig iedlyction of

and honogeni zed in a nodel 15 M| aboratory
synthestoy dhie DObPePds i n 15M (smal | scale) or M3 (Il arge

SC8d profFdid: k&n@&&%l@f)ﬂo%ter E‘é?fn@ﬁdtmn chur-[hﬁn&ﬁ& lthe cells are
suspenS| on was uted with 25 an equal

ol u

cultused wnid asariain pptidebdengitisrehieyed; tEe2 BodPED %%QQ using a high cell
T n

senHERLES ML AL LA As . PIECARD A bty

dcpietem afiafrogium barmmnmt;l etat)etogdbice expeession Plide genreehogting the -
tively, cells can be honpbgeni zed and the

'POIYB‘?:W 81"?@5?’{ *Pe harvested directly without ‘freezing in
~ AnyBebEarangplattdrady dﬁ@be&ﬁclﬁi@@ll‘d?h@r@ﬂate&)ohemnm tenebould be

Refol d| ng of Reconbi nant hunman VEGF .ex re sed
%}Ugd Fpihe agt, 1 gcaglone or as a Ty ?ﬂ?ﬂg‘ﬁ aupplement or

medRef 1209 co Jl@ﬁnfn%gé@ﬁmdee I 8f th@@ﬁdﬁ:ﬂﬁrﬂ%ﬂ%?ﬂl}ﬂ fH from
extraction buffer containing M Ur ea/ 50 mVl HEPPS/ pH

abowd 5¢%, depeindipe iy pathiediopt eugamssny. For £yiofis be /Pklgls e 4@111 about 6.8

toab%%”q éjrlag)gluto,td;r eitol was then added at 3.7 g/kg

t for a'final concentratlon of 4 MM See, 5

ormul igns leil ginBihdin ipf f ect of urea and DTT on
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Ocysteine to native VEGF resulted in a larg
otheyy @fcgﬁ@a@@ds antigredapisgpapdipg wﬂé@a%m@émtbioemﬁm@nz}wes (such
as od M2y A ﬁﬂéﬂ%ﬂél%}n\(&ﬁﬁuﬂ%ﬁl‘éﬁﬁé A et it UL 60 Beati@nium

epari n at’ concentrations as

- chlogde, b@nzﬂﬂomumhmmzt ;11&@@5 HEETR 18260 6]c0bil 34y haBbens| sach as

metl&i?&%g{)ﬁ é)ara en catp a{oll r}e&)rtlgmcae cyclio gxasﬁlc'la{ fSaI;e%ta%& }141 m-cresol); low
molecular weight (Iess than about 10 residues) po_lypeptides; proteins, such as serum albumin,
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino
acids such as glycine, glutamine, asparagine, histidine, .arginihe, or lysine; monosaccharides,
disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating
agents such as EDTA' sugars such as sucrose, mannitol, frehalose or sorbitol; salt—fofnling
counter-ions such as sodium; metal complexes (e.g. Zn-protein complcxcs) and/or non-ionic
surfactants such as TWEEN™, PLURONICS™ gor polyethylene glycol (PEG).

In certain embodiments, the formulations to be used for in vivo administration are
sterile. This is readily accomplished By filtration through sterile filtration membranes. HBP
can be stored in lyophilized form or as an aqueous solution or gel form. The pH of the HBP
freparations can be, e.g., from about 5 to 8, although higher or lower pH values may also be
appropriate in certain instances. It will be understood that use of certain of the excipients,
carriers, ot stabilizers can result in the formation of salts of the HBP.

Typically for wound healing, HBP is formulated for site-specific delivery. When
applied topically, the HBP is suitably combined with other ingredients, such as carriers
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and/or adjuvants. There are no limitations on the nature of such other ingredients, except that
they must be pharmaceutically acceptable and efficacious for their intended admimstration,
and cannot significantly degrade the activity of the active ingredients of the composition.
Examples of suitable vehicles include ointments, creams, géls, sprays, or suspensions, with or
without purified collagen. The compositions also may be impregnated into sterile dressings,
transdermal pafches, plasters, and bandages, optionally in liquid or semi-liquid form.

For obtaining a gel formulétion, the HBP formulated in a liquid composition may be

mixed with an effective amount of a water-soluble polysaccharide or synthetic polymer such

as polyethylene glycol to form a gel of the proper viscosity to be applied topically. The

polysaccharide that may be used includes, for example, cellulose derivatives such as
etherified cellulose derivatives, including alkyl celluloses, hydroxyalkyl celluloses, and
a]kylhydrd:iyalkyi celluloses, for example, methylcellulose, hydroxyethyl cellulose,
carboxymethyl cellulose, hydroxypropy! methylcellulose, and hydroxypropyl cellulose;
starch and fractionated starch; agar; alginic acid and alginates; gum arabic; pullullan; agarose;
carrageenan; déxtrans; dextrins; fructans; inulin; mannans; xylans; arabinans; chitosans;
glycogeﬁs; glucans; and synthetic biopolymers; as well as gums such as xanthan gum; guar
gum; locust bean gum; gum arabic; tragacanth gum; and karaya gum; and derivatives and
mixtures thereof. In certain embodiments of the invention, the gelling agent herein is one
that is, ¢.g., inert to biological systems, nontoxic, simple to prepare, and/or not too runny or
viscous, and will not destabilize the HBP held within it.

In certain embodiments, the polysaccharide is an etherified cellulose derivative, in
another embodiment one that is well defined, purified, and listed m USP, ¢.g.,
methylcellulose and the hydroxya]kyl cellulose derivatives, such as hydroxypropyl cellulose,
hydroxyethyl cellulose, and hydroxypropyl methyleellulose. In one embodiment,

‘methylcellulose is the polysaccharide. If methylcellulose is employed in the gel, e.g., it

typically comprises about 2-5%, or about 3%, or about 4% or about 5%, of the gel, and the
HBP is present in an amount of about 300-1000 mg per ml of gel.

The i)olyethylene glycol useful for gelling is typically a mixture of low and high
molecular weight polyethylene glycols to obtain the proper viscosity. For example, a mixture
of a polyethylene glycol of molecular weight 400-600 with one of molecular weight 1500
would be effective for this purpose when miixed in the proper rafio to obtain a paste.

The term "Water-soluble" as.applied to the polysaccharides and polyethylene glycols

is meant to inchude colloidal solutions and dispersions. In general, the solubility of the
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cellulose derivatives is determined by the degree of substitution of ether groups, and the
stabilizing derivatives useful herein should have a sufficient quantity of such ether groups per
anhydroglucose unit in the cellulose chain to render the derivatives water soluble. A degree
of ether substitution of at least 0.35 ether. groups per anhydroglucose unit is generally
sufficient. Additionally, the cellulose derivatives may be in the form of alkali metal salts, for
example, the Li, Na, K, or Cs salts. '

The active ingredients may also be entrapped in microcapsules, or sustained-release
preparations. See, e.g., Remington’s Phannaceutibal Sciences 18th edition, Gennaro, A. Ed.
(1995). See also Johnson et al., Nat. Med., 2:795-799 (1996); Yasuda, Biomed. Ther.,
27:1221-1223 (1993); Hora ct al., Bio/Technelogy, 8:755-758 (1990); Cleland, "Design and

Production of Single Immunization Vaccines Using Polylactide Polyglycolide Microsphere

Systems," in Vaccine Design: The Subunit and Adjuvant Approach, Powell and Newman, eds,
(Plenum Press: New Yorlk, 1995), pp. 439-462; WO 97/03692, WO 96/40072, WO 96/07399;
U.S. Pat. No. 5,654,010; DE 3,218,121; Epstein ct al., (1985) Proc. Natl. Acad. Sci. USA, 82:
3688-3692; Hwang et al., {(1980) Proc. Natl, Acad. Sci. USA, 77: 40304034; EP 52,322; EP
36,676; EP 88,046; EP 143,949, EP 142,641; Japancse patent application 83-118008; U.S.
Pat. Nos. 4,485,045 and 4,544,545; and EP 102,324.

The following examples are offered by way of illustration and not by way of

limitation.

EXAMPLES
EXAMPLE 1: Recombinant human VEGFEF éxpressed m Escherichia coli
Recombinant human VEGF was ekpressed in Escherichia coli. During synthesis, the -
protein was secreted into the periplasmic space and accumuiated as refractile bodies. Studics

were therefore conducted to achieve extraction and refolding of the protein. These studies

. revealed at least 3 species of VEGF (Figure 1) were isolated using standard recovery

techniques without the addition of a polyanionic agent. Studies with native VEGFE showed
that heparin addition increased resistance to chaotrope- and thiol-induced denaturation
(Figure 2). In addition, heparin significantly increased the amount of properly refolded
VEGEF in small scale refolding experiments. To adapt this result to a large-scale process,
conditions were discovered which allowed for refolding VEGF in the presence of dexiran
sulfate, a molecule structurally analagous to heparin. Addition of dextran sulfate improved

yields of properly folded biologically active VEGF 3-5-fold relative to controls.
' 31
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Methods
Plasmid for VEGF ;55 expression-The plasmid pVEGF171 was designed for the
expression of human VEGF 165 (see, e.g., Leung et al., (1989) Science, 246:1306-1309) in the

E. coli periplasm. Transcription of the VEGF coding sequente was placed under tight control
of the alkaline phosphatase (AP) promoter (see, e.g., Kikuchi et al., (1981) Nucleic Acids
Research, 9:5 671—8), while sequences required for translation initiation were provided by the

trp Shine-Dalgarno region (see, e.g., Yanofsky et al., (1981) Nucleic Acids Research, 9:6647-

68). The VEGF coding sequence was fused downstream of the bacterial heat-stable
enterotoxin IT (STII) signal sequence (see, e.g.,Lee et al., (1983) Infect. Immun. 42:264-8;
and, Picken et al., (1983) Infect. Immun. 42:269-75) for subsequent secretion into the E. coli
periplasm. Codon modifications in the STII signal sequence provided for an adjusted
transtation level, which resulted in an optimal level of VEGF accumulation in the periplasm

(see, e.g., Simmons and Yansura, (1996) Nature Biotechnoloy, 14:629-34). The lambda to

transcriptional terminator (see, e.g., Scholtissek and Grosse, (1987) Nucleic Acids Research
15:3185) was located downstream of the VEGF translational termination codon. The
replication origin, and both ampicillin and tetracycline resistance genes, were provided by the -
plasmid pBR322. See, e.g., Bolivar et al., (1977) Gene 2:95-113.

Cell Homogcenization and Refractile bodv preparation- Harvested Escherichia coli

cells were frozen and stored at -70C°. Cells were harvested by BTUX (centrifuge, Alfa
laval) centrifugation and freezing using BEPEX (freezer at large scale). Cells were
suspended in 5 voiumes of 50 mM HEPES/150 mM NaCl/5 mM EDTA pH 7.5 (5L/kg pellet)
and homogenized in a model 15 M laboratory homogenizer Gaulin 15M (small scale) or M3
(large scale) (Gaulin Coxporﬁtion, Eﬁerett, MA). The cell suspension was then diluted with -
an equal volume of the same buffer and refractile bodies were harvested by centrifugation in
a BTPX 205 (Alfa Laval Separation AB(Tumba, Sweden) continuous feed cen‘m'ﬁlge.
Intermediate scale centrifuge used SAl. Alternatively, cells can be homogenized and the

pellet can be harvested directly without freezing in BEPEX and rehydrating.

EXAMPLE II: Extracting and Refolding of Recombinant human VEGF expressed in

Escherichia coli-I
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The Effect of Sodium Sulfate on VEGF Refol ding 20

Addi tion Concentration(itg/ nml) 050 98195293 455 %
Methedsr ease or Fol d I ncrease None5. 3 sodi um

SUlEE 8L 68m 90 KR IANDTRe APraftild BOIR whs suspended in extraction buffer
containing 7 M Urea/50 mM HEPPS/pH 8 (final concentration) at 5 L of buffer/kg pellet.
Solid dithiothreito]l was then added at 3.7 g/kg pellet for a final concentration of 4 mM. See,

e.g., Figure 9 for the effect of urca and DTT on extracﬁon of VEGF. The suspension was

_thoroughly mixed for 1-2 h at 20°C. The pH may be adjusted with 50% sodium hydroxide

(w/w) to pH 8.0. Refolding was initiated by addition of 19 volumes of refolding buffer per
volume of extraction buffer. The refolding buffer contained 50 mM HEPPS/1 M- 2M '
Urea/2-5 mM cysteine/0.05%-0.2% TRITON™ X100/pH 8, final Concéntration. See, e.g.,
Figure 10 for the effect of urea and DTT concentration present during refolding. Dextran
sulfate, héparin or sodium sulfate was added as indicated. Refold incubation was conducted
at room temperature for 4-24 hours. Optionally, the incubation can be conducted at room
temperature for up to about 48 hours. The folding was monitored by SDS-PAGE and/or
Heparin HPLC. The product was clarified by depth filtration with a Cuno 90SP filter
followed by 0.45 um filtration., | |

i

Heparin-binding HPLC Assav- The quality and quantity of properly refolded VEGF
was deterﬁlined using a column oontaihjng immobilized heparin. The column POROS
HE2/M (4.6 x 100 mum, HE2/M by PerSeptive BioResearch Products, Cambridge, MA) was
equilibrated in 10 mM sodium phosphate, pH 7 containing 0.15 M sodium chloride. Ata
flow rate of 1 mL/min or 2 ml/min, the columns were cluted using a linear gradient from

0.15 M to 2 M sodium chloride in equilibration buffer over 10 min. In some assays, ¢lution

- was done in 16 min. The eluant was monitored at 280 nm. Typically, the majority of protein

was eluted in the void volume and 3 classes of VEGF could be identified. The highest
affinity, latest-eluting species was identified as correctly folded VEGF and was subsequently

identified as “Peak 3 VEGF”.

Results
Heparin protects VEGF against cvsteine-mediated denaturation-Addition of 10 mM

cysteine to native VEGF resulted in a large decrease in the properly-folded molecule (Figure

.2). This denaturation was prevented by the addition of 2 different forms of heparin at

- concentrations as low as 20 mM.
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Concentration of sodiumsulfate is as indicated TABLE
wd2099130pa Ef fect of Heparins and Dextran sul p@i/gs06d062320
VEGF Refol ding AdditionConcentrati on(ngirnl) 02.512.5
50100% I ncrease or Fold | ncrease None2.2 dextran

sul fate (51(d)10.113.7 1BABLEfa2 52306, 2

The BEYR2P PRE6238 DR trdh duftae ohdy BG ReRiding

Addition Concentration (pg/mlj

0 10 55 100 200 400 _ % Increase orFold
Increase
None ‘ 5.3% _ - -
Low (3 kd) MW heparin 122 142 148 = 141 : 179% 28
High MW (6 kD) heparin 153 166 139 153 213% 31
Bextran sulfate (10 Kd} 159 154 136 74 83 191% 29

Values in the table are the amount of Peak 3 VEGY formed (in mg) per g of refractile pellet. Concentration of
each addition s as indicated. * Average control (5.6+5.0=5.3)

TABLE Ib
The Effect of Sodium Sulfate on VEGF Refolding
Addition Concentration (ng/ml)
0 50 98 195 203 455 % Increase or Fold
None 5.3 " - -
sodium sulfate 69 91 104 169 104 106% 21

Values in the table are the amount of Peak 3 VEGF formed (in mg) per g of refractile pellet. Concentration of

sodium sulfate is as indicated

TABLE 1
The Effect of Heparins and Dextran sulfates on VEGEF Refolding'
Addition - Concentration (ng/ml)
0 .25 125 50 100 % Increase or Fold Increase
None o 22 ' - -
dextran sulfate (5Kd) 101 137 134 112 523% 6.2
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dextran sulfate (8Kd) 99 172 140 129 682% 7.8
 dextran sulfate (10Kd) 138 192 146 101 773% 87
Low MW (3Kd) Heparin 104 169 14.7 668% 7.7
High MW (6Kd) Heparin 141 188 202 818% 9.2

Values in the table are the amount of Peak 3 VEGF formed (in mg) per g of refractile pellet.

Summary
Heparin and dextran sulfate increase refolding vields-Due to the protective properties

against denaturation described above, the effect of several different forms of sulfated
polymers on refolding VEGF was investigated. As scen in TABLE Ia (and in Fig. 5), both
low and high molecular weight forms of heparin increased the yield of refolded VEGF
approximately 3-fold.- As secen in TABLE Ib (and inFigure 6), sodium sulfate increased the °
yield of refolded VEGF by approximately 2-fold. The 10 Kd form of dextran sulfate was

also effective at increasing refold yields; however, the higher conc:entrgition range
investigated lead to substrate inhibition. Further mvestigation demonstrated that 5 Kd, 8 Kd
and 10 Kd forms of dextran sulfate all significantly increased the yield of VEGF on refolding
(TABLE II). See Figure 7. See also Figure 8.

EXAMPLE III: Effect of different buffers and TRITON™ X-100 on the recovery of VEGF

Results

Buffer ' VEGF (mg/g pellet)
HEPES, pH 8 133
HEPES, pH 8 with TRITON™ 14.3
HEPPS, pH & 16.6
TrisHCI, pH 8 o 12.8

Buffer VEGF (mg/g pellet)
HEPES,pH 7.2 9.1
HEPPS,pH 7.2 ) 10.7
HEPES, pH 8 ‘ 10.3
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EXAMPLE IV: Extracting and Refolding of Recombirtant human VEGF expressed in
Escherichia coli-Il '
Methods _

Extraction and Refolding The refractile pellet was suspended in extraction buffer
where the final concentration was 7 M Urea, 2-30 mM DTT (e.g., 10 mM DTT), 50 mM
HEPPS/pH 7-9 (e.g., pH 8) at 5 L of buffer/kg pellet. The suspension was thoroughly mixed

for 1-2 h at room temperature. Refolding was initiated by addition of 19 volumes of
refolding buffer per volume of extraction buffer. The refolding buffer contained as the final
conceniration 1 M or 1.3 M urea, 2-15 mM cysteine (e.g., 7.5 mM cysteine), 0.5 mM DTT, 0-
0.75 M arginine (e.g., 100 mM arginine), 15 mg/L dextran sulfate, 50 mM HEPPS, 0.05%
TRITONT X100/pH 8. See, e.g., Figare 12 for the effect on refolding in the presence of
charged amino acids, where the addition of histidine produced the same effect as without
amino acid additives. Refold incubation was conducted at room temperature for 12-24 hours.
Optionally, the incubation can be conducted at room temperature for up to about 48 hours.
Optionally, air or oxygen can be added during the refolding process (0.3-1cc/min/L). The
folding was monitored by SDS-PAGE and/or Heparin HPLC. The product was clarified by
depth filtration with a Cuno 90SP filter followed by 0.45 um filtration.

The overall dilution of the extraction and refoldihg steps was 1:100. Increasing the
overall dilution of the extraction and r’efblding steps, €.g., to 1:100 to 1:200, increased the

total amount of active VEGF although the concentration is lower. See Figure 13.
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pm BiatigM DTT, 00. 75M argi nine (e.g., 100 .mM argini ne),

15 ng/L dextran sul fate, 50 mM HEPPS, 0.05% TRI TONTm

XlOO/pH 8. See, e.qg., Figure 12 for the effect on

Eﬁh%jaguhgd@(ut glgf ai%er%ﬁ) §har ged anino aci ds,

ere I on |st| I ne produced the sane
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wasﬁmgswﬂ@ E’cﬁlﬁl%r%nmhf@p&%ﬁﬁ@ EEIM@Ed fn2dd BodihtleGtep H180 mM
HEP%S/O 05% TRWIQI%}%!Ma)rCII({OI/(? 15 Mysodmm phosphate/pH 8. The flow rate was 120
cm/hr, Pooling fractions were determined by Heparin HPLC analysis of fractions.

Butyl SEPHAROSE™ Fast Flow Chromatography-The pool of VEGF was loaded
onto a column of Butyl SEPHHAROSE™ Fast Flow (35 D x 26 H=25L) (GE Healthcare,
Uppsala, Sweden) equilibrated in 50 mM HEPPS/0.05% TRITON™ X100/0.15 M sodium

phosphate/pH 8. The flow rate was 100 co/hr. The column was washed with equilibration

~ buffer and the VEGF collected in the column effluent. Fractions were collected and protein

contéining fractions were pooled, by méasuring A280nm.

Macro Prep High § Chromatography-The Butyl SEPHAROSE™ pool was loaded
onto a column of Macro Prep High S (30D x 39 =27 L) (BioRad, Hercules, CA) that was
equilibrated.) in 50 mM HEPES/pH &. After washing the effluent absorbance at 280 nm to
baseline, the column was washed with two column volumes of 50 mM HEPES/0.25 M

sodium chloride/pH 8. The VEGF was eluted using a linear, 8-column-volume gradient from
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HPLEhe@ﬂI AP T8KI d’hddmm‘bgrﬁzpky”—rﬂhb oucedtepHighes odriwae dorfditioned

w1‘[]]e nepar #&qu%ﬁ%trg%%&ég g\g§odo !gm %%&%Eq\ffvﬁg 3t ! lghrl: conditioned pool

was hg6adeg 8h & 4 &ﬂ&lnﬂ bNBhenyl SPWVTS*PJ aeb S, ItlﬁﬁﬁL)t (8sohaas,
I n conditi ons,

| abi | ft pt
Morggpen pllinEA) Yt ag e tbretsd ORI HS A M sastna, sitatelpl
I
7.5. G0 ol B6n BFRInG rrfei) drbpsil B SO x A obitibkaiof Bifrer, the

VEGE was euigd ﬁ‘obﬂdhk trlemnesingh 10ebbhd-rgurag gﬂaémgﬁrm &l4ed Msodium

eSS A BT e O STRbY Sr35R 5 M o

electrdi}ﬂt)ﬁiéfsedd thﬁbe&mtaiﬁhgvm}r{lxs&hff‘atee}] Pty sesl ;&J@lejdl ity of
extran su The product  wa

R e R T R SR

regeﬁ&&@d Eéﬂd\l/{%!é nfeBlbr-218e 630199 Iﬂﬁ_it Eéﬂlédnl béAtHaM7 i §/m1n The

Purification’l VEGF after Refol ding

menpbﬁ@,eow @@@@}ﬂ@ﬁﬁ@%g@@ﬁ:@&t ﬂ"ﬂng pooled VEGF was ultrafiltered at a
concigrn?t'}ﬂlﬁgto@g gﬁ;p{iYF ) Afﬂl@ Eanh %&jagﬁlgﬁlﬁra e %ﬁi!hup fDWfNoﬂme) with 5

Wwas ‘r enove |Itrat|on
mM ch@umf Sledmgt@@VS wed 'Itrdfieiosb/pﬁcﬁeﬁj Bre finel fermelation was 5 mM Sodium

Suc d?eé%ﬁmﬁa%ﬁglﬁoseﬁj (:JJIWBP %oneﬁ% §@BH%YP/I %%Qﬁgée@&%tgga%s mg/ml.

TR1LTONTmM X100/ pH 8. The non-bi ndi ng protein was

- xR G eraton Do o e e Ing: o of 50 MM

HEBRSDrdhdhst Rlzm}%@&grgp%ﬁﬂweﬁ%lﬂﬁgﬂhQﬁlﬂﬁ@ﬁﬁ{eﬂﬁ in the

8. The flowrate was 120 cnih .Poomg racti ons

pool g pe yawsehpndaptivjitrgpnr The refldrephin opadisiondd to pH 5.0-7.5 and

.abouft bafk s AFem. Bﬁf é(ﬂ_FheglF_t}; dir %é@ﬁtcoﬁh to pH 6.5 and 5 mS/cm.

Chr omat ogra onto
The tebild mol@fan Buthyn lmmwpﬁagyl eﬁtrcmr: (oaa cﬁlungSPXL) and

B e WA N -
byHMamdﬂRIm? prladsiaEtiecidhsS . The fl ow rate was 100 cnt hr.

Th h | i brat buf f and

{ Wl B g esactian SR EE o Pt S ook EVEDB e be
ot e B 80

Montpishat Isg br@raqtms Btﬁcyﬂleemﬂm@ﬁenmm@mmnpwemoled

R e

' exchmge HE@EStngip&y (I/HX)elr miashinnde ¢hinemebdghpion tFrabmns analiected

and tﬁo y%ﬁchvcgp ned p ag%%lg%%%%gé% as @%? Beeﬁgys\l\ée}sgﬂl}ed erein
arcpcdslbd)rl de/ pH 8. The VEGF was el ut ed using a linear,
8- col um-vol unme gradient from 0.25-0.75 M sodi um
chloride in 50 mM HEPES/ pH 8. The fl ow rate was
75-200 cm hr. Fractions weng collected and those
whi ch cont ai ned properly- fg ded VEGF, as determ ned
by a heparin-bindi ng assay, e.g., Heparin HPLC, were
pool ed.
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Phenyl 5PW TSK Chr omat ogr aphy- The Macro Prep Hi gh S

pool was conditioned 5 with an equal volunme of 50 mM

HEPES/ 0. 8 M sodium citrate/ pH 7.5. The conditioned

YE3PINHa% 5t hen | oaded on to a col utm of PhenyPOIRROPSKE2320

(18D x 43 1-1= 11L) (Tosohaas, Montgoneryville, PA)

th dry i

ci 11 e A T b B O T e P F L 9
regttrllerra@isﬂghllmlhe regrhlrame (\(\}31061%qUn1]t PHitiedn; OpcdR e é7. ] Ltthm. For

luted fr

exa%p:thr: Hicpibraiie l].ﬁ'l%)na 138? e?ﬂﬂg 18%% i(ggmespé)a eﬂl}{ FaGF is
ultrefiltcraitae a Icﬁl1c5ﬁkraﬁﬁdh HERS. (Tjﬂ'l) 7T5&: salﬁfp&i:itg IdQllﬁﬂitrM@T with 7-14 DV

O RERS SR SR e S e Y Ders © o™

Poah efdtholsd ilfd%fré)ée'éffe@ﬁés‘éﬁt)eg ]ﬁ;fréIﬁ trat hefly aﬂla?@r a@ﬁ@iltﬁgm be assessed

VEGF was ultrafiltered on a 5kD regenerated cel’l ul ose

by neeidrarpineadowfidy mapping, BX-PAGE(botR sxlicrping npp-reduced), circular

T, RS IR, SO PR M YRR 5.

Hepeom Hé’hCrcan bonsedfto Betgririing VEGY . dinitrecosaamphigonpasverse phase (1p)
iltrate ith 7- DV. (D avol une i 5 nmv
et Brpnb G ek TR o P st TR O s
conedirBfitndthepaintEsdibg, ﬂ‘Meﬁ@d blndin@URe exvmieé HF VAW c.g., KDR receptor
Trehal ose/ 0. 01% p orbate _O/pl—?. 0, at a.
bindiBoAra G %%Do?ndg) ?FE?I gcep VEL: Amsliysiss pelbassays, HUVEC
potchby &aysMEGH s afithevE e htinbang, ﬁ%@@ﬁéa%ﬁd@@i@%&nge Li qui d

Chrormtograph --After refolding, insolubl’e materi al
i nltipangssdgo thpedepasitsyedniples dederbddiments d¢serbediipesin are for

ﬂiush%&&é' ;gm[ﬁ%?é orlt Ifdotﬂgt'v‘aw ochﬂca?m é%r%hzl%%ﬁ ﬁplggh@%yéof%qll be

nonee I-ment

_ sug@gtndi id pensoasl sltlld)eqahl tig: &5t ardchrétoﬁﬁllmdmdeﬁfhﬂthmeﬂie lminpami pumew of

. can. be th d on to sul f extrene

this 8Qﬁrhﬁ n(aga ﬁgae élp]a?néiad glg @P@f%g§?tgﬁf cygtions, pd?ents and

pateht¥ppBasiongeitd htreGoRe ﬁﬂ%’lﬁ}aﬁlb&@ofa@d Ol iréfreh E i@ tthdnsntieay for all
be determ ned 25 by Heparin HPLC anal ysis of

PUIROFEct i ons. Hydr ophobi ¢ I nteraction Col um
(H Q) :-The SPXL elution pool of VEGF can be
conditioned to 50nS/em for | oading onto a Phenyl TSK
chr omat ogr aphy col unm (Tosohaas, Montgoneryvill e,
PA). Fractions are collected and protein containing
fractions are pooled. |IEX or m xed node: -The Phenyl
TSK pool can be | oaded onto a columm of ion 30
exchange chromat ography (I EX) or m xed- node
chr omat ography. Fractions are coll ected and those
whi ch cont ai ned properly-folded VEG, as determ ned
by assays described herein are pooled. WO
2007/ 130154PCT/ US2006/ 062320
iltration/Diafiltration- The pool ed VEG- can be
ultrafiltered on a 5kD regenerated cel |l ul ose nenbrane
(G30619); Unit Pellicon; Feed Rate 17.1 L/mn. For
exanpl e, the nenbrane is conditioned with pol ysorbate
20. The pooled VEGF is ultrafiltered at a
concentration of 6 g/L (UF1l). The sanple is
diafiltrated with 7-14 DV 5 (D avolunme) with 5 n
Sodi um Succi nat e/ 275 mM Tr ehal ose/ pH 5. 0.
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I n methods and processes described herein, final
purity and/or activity can be assessed by peptide
mappi ng, disulfide mappi ng, SDS-PAGE (both reduced
and non-reduced), circular dichroism.|inmnulus
anmobocyte |ysate (LAL), heparin chromatography,

: heparin HPLC (e.g., Heparin HPLC can be used to

CLAIMSiet er mi ne VEGF di nmer concentration), reverse phase
(rp) 110 HPLC chromat ography (e.g., rpHPLC can be
used to determ ne VEGF nononmer concentration),

1. A prsgss fonrasomeringg hepariadinsingopreteimjory facprokaryelist eelifcolture,

wherein EiF o PG (865 3500 AO0A LA kol OB it o
heparingbe atpsesrormuising basierasbays, ELI SAs with VEGF
@Rispiiif &5 nBEr SRGHq At R inE pErptadm of sHEDRIGHARE cei
culture; herein are for 15illustrative purposes only-and that
. . £ - _ . Y ot - .
Ui Gaald hepBlh BiRirel orGiaRH T byt ¥ soluiEh Binprsing o
chaotropi¢ agernt ane aireducingeagemtt hin the spirit and purvi ew of
PSRl L8P B 4 e EEALAE e fomoring o
chaotropipagent aod essifated pdlyarionic agantewheneirtsaid sidfateabpalyaibriyagent
s soxrshERET Eodlip e PG FL ke AberY 355 el groano
~ of said hgparirebindifig protein pcokraramet i ¢ cel | cul ture, wherein said
_ ' iodi teln LS.y ar dot.hel i.al '
R R BB bR R R B Spteua o 5
fold increzsanin fefélded hépariatbinmingprotein recovered admpsreddo incgbatirigdvith no
10 Rindi tein fr th i pl f id
sutated BRRIL BhA 00 Pl Cure: e "(b) denaturing sai d
heparin binding protein in a first buffered solution

- J.si C t I opi.C t. a reduci ng agent;
2 @%?Pc{cﬁgiggﬁlg%ﬂgg}e&& ﬁéhpea\??ﬁpt') gggﬁﬁs'pr oteinina
second buffered solution conprising a chaotropic
' t . t ol i.onj nt. wher ej [
S o T T RS S
and 10,08@daltdmssul fate, for such a time and under such
_ conditions that refolding of said heparin binding
~protein occurs; and (d) recovering said
4, The pricdssiofrobgimri, wherein thegdgxtrah sulfgte ishteteeen sl 8,609 and
10000:’%‘%&“ az2to 5- fold increase in refol pled hep_arin _
' Ing protein recovered conpared to incubating wth
no sul fated pol yani oni c agent. 2. The process of claim

‘ wherei.,n, the VEGE.is .VEGE165. 3. The . process. of .
5. Tiis piRELSIRAmS, Wnetein S AL ARG st Bl iidion® smmtise
HEPPS g3 800 dal tons and 10,000 daltons. 4. The process of :

claim11l, wherein the dextran sulfate is between about
8, 000 and. 10, 000 dal t ons.

B. The process of claim 1, wherein the concentration of sodium sulfate is between about
50 and 500 mM. o
7. The process of claim 1, wherein said second buffered solution fur:her comprises

- (i) a reducing agent;
(i) a nonionic detergent; or
(iii) arginine and/or lysine.
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5. The process of claim1, wherein said first and
second buffered solutions conprise HEPPS pH 8.0. 6.
The process of claim1l, wherein the concentration of
sodium sul fate i s between about 50 and 500 mM 7. The
process of claim1, wherein said second buffered
solution further conprises (i) a reduci ng agent;
(ii) a nonionic detergent; or (iii) arginine and/or

8. T} pRstess 8f didith DIAResA tied re@h&h@a?ent\m tHetddtohd Buffered solution
reduci ng agent of the second buffered sol ution

' wmpr‘%r?p?qr%té!@atﬁ’"dﬁﬁ‘tﬁ?tﬁ'é?lad?ﬁQS'fT cysteine and DTI. The
process of claiml, V\/nerel n said recovery step (d)

_ conpri ses - (1) %uentl ally contacting said

9. ree sragess alshaim h "615\5?11’ ﬁa’ SEEAVENHSIER (R CRTRFSSS apati t e

GPEYIBhdIly RBRiaBLITY S Féfoldéd ﬁépéﬁn BINGHHP P €0 2 hydroxyapatite

I nteracti on CthI’THtO raplcs port; a catiaonic

chromalagr &t SKAPAPA frSs HYABPRODIGHLETBLIOB CHIRMAtgaTABIA BMRROT a cationic

chromatd@m:rrﬁ&éup%rtC&H@ﬁ@éaﬂﬁagem“phsypmqéﬁaa;mrmbr@giapnplsmpport
utlgthe heparin bin rotein from each
and Se'%QH‘p’ﬁ'& uting the hepann bﬂadmg P@&j i Epmieach ?UM 8tting said

GiRbEhUenRaLy d&n@cﬂﬁ% B&id R fiparik BirkirgHrbtein tSéQﬁﬁ&g@xchange

port; a obic 1 nteraction chromatographic

supportsogma'ppho%o eaﬂdloawh@aﬁaar@@h@rﬁuam G FproTestipngs ¢ |
chromas@%pﬁ?d Sfphobi SAnd &éué&.vag emﬁg PRSI *B'ir{aﬂ-ld}ﬁoi%fr?'r'o)‘?h Bach

_ from each support . The“process of cllaim?9
supportyherein said first and second hydr ophobi ¢ i nteraction
' chr omat ogr aphi c support IS seI ected fromthe group
consi sting of buty propyl -, octyl- and

10, Hheyprogegs A siaim &), rvshermm sa rfﬁstrﬂf@@ssncbmydm@omogrctﬁyacﬂon
: chroma ,edr ﬁ%:trbggPap éeﬂ&ﬁe&ﬂ‘%qmﬁmugut f @ﬁrggf'bgglf proByI— octyl- and

ic support iIs ar os
\aw+aga§ﬁ@r§ana second hydrophobic interaction
chromat ogr aphi ¢ support is a phenyl -agarose support
resin. -12. A nethod for recovering a heparin binding

, - Thearresessiaf laima 960, oxhersioseid firetinydtaphelbie énteraplianeghromatpgraphic
support Eeeggwutkf‘? h ét't?%'r&% RisBid sc¥Ad h r@ﬁh&ﬁﬁﬂ@?ﬁ!ﬂbﬁ hromgtographlc

that binds” heparin
support MBW&M—&@GFP%S%F? egin: (a) isolating said
heparin binding protein fromthe perl pl asrn of said

prokaryotic cell culture; -
12. A method for recovering a heparin blndlng protein from a prokaryotic cell culture,

wherein said heparin binding protein is vascular endothelial growth factor (VEGF) that binds
‘heparin, the method comprising the stéps of: -

(a) isolating said heparin binding protein from the periplasm of said prokaryotic cell
culture; ' ' . |

{b) denaturing said isolated héparin binding protein in a first buffered solution
comprising a chaotropic agent and a reducing agent;

(¢) incubating said denatured heparin binding protein in a second buffered solution
comprising a chaotropic agent and a sulfated polyanionic agent, wherein the sulfated
polyanionic agent is dextran sulfate or sodium sulfate, for such a time and under such
conditions that refolding of the said heparin binding protein occurs, wherein there is about a
2 to 5-fold increase in refolded heparin binding protein recovered compared to incubating

with no suffated polyanionic agent; and
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(b) denaturing said isolated heparin binding protein
in a first buffered solution conprising a chaotropic
agent and a reduci ng agent; (c) incubating
sai d denatured heparin binding protein in a second
buf fered sol ution conprising a chaotropic agent and a
sul f at ed Folyanlonlc agent, wherein the sulfated

(5B Isoayang AlYCORRSHNg said gefeldedhepann binding pratgigiwiin (D a
hydroxy%E!aﬁt@'bﬁﬁorﬁa‘?égéHﬁiB s@pﬁdrﬂg R Gy brPREDIS Hﬁ?a@t%‘ﬂh%rﬁﬂ%graphm

refol ding of the said héparin binding protein
supportog éaﬂ@ic dmenatographicsippart. LA seeond t"Mdfeph%?*%i intqractiolse
chroma{ogra{ &fﬁ?grt : ﬁ'f?ﬁééiébtl@éf? @Iu‘ﬂﬁg PR eplabin bRRIMGSr8&in from each
are o incubating'wth no sulfated pol yani onic
-SUPPOT’fa@'e(h)ta catign exchange supayrtsekivdserhopic Ipteeasﬁpaghmﬁ@ttmamc
supportr&g%rgiﬁﬁ egla%@brbhmn‘?ﬁb@%pﬁlﬁ%hswh Whii Befebtivedl; eluting the heparin
roxyapatite chronatographic support, a first
binding ﬁmﬁ@fm@’maﬁhﬁﬂ%@%ot i on chromat ographi c support, a ‘
cationi c chromat ographi ¢ support, -and a second
hydr ophobi ¢ interacti on chromat ographi c support, and-
sel ectively eluting the heparin binding protein from
each support, or (ii) a cation exchange support; a
hydr ophobi ¢ i nteracti on chromat ogr aphi ¢ support, and
an i on exchange chromat ographi ¢ support, and
- selectively eluting the heparin binding protein from
each support.
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