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Reconbi nant Production of Heparin Binding Proteins
RELATED APPLI CATI ON This application clains priority
wo oooansbishe benefit of United States Provisi oneCT/US2006/062320
Application Serial No. 60/753,615, filed Decenber 22,
2005, and United States Provisional Application Seri al
No. 60/807,432, filed July 14, 2006, the
speci fications of which are incorporated herein in
their entirety. FIELD OF THE | NVENTI ON Thi s i nvention
rel ates to nethods for obtaining heparin-binding
proteins produced in cell culture. The invention
i ncl ugesofRbiiRdft PPédiea6K T Hepabth Binding Peot&hs! ded
heparin binding proteins that have been produced in
prokaryotic host cells and are present in these cells,

typically in the perj m r_intracellular space.
The heparin bindiﬁﬁé%gbﬁﬁ?ﬁipgggéﬁbgﬁ$in prokaryotic
hasgis a%‘ﬁliéa?tioﬁ%[hiﬁk %ﬁoﬁ% th AHAD thedsn SR SRR R4t PiDvRIondl
m xture of soluble and insol uble proteins. BACKGROUND

AppliggtionsSckinbMp. GUAAT3,@l S|, ftegddacamibert 32, @0 hamnd Maliteg States Provisional

) i. bi ' t] I ti bi nd, .
Arot R e P CELET Ak 6 L SaBRRSR G RR  an re
hwoqﬁymggha@ﬁ“n$mﬁpmﬂ§dpjatelet factor 4 and I L-8 (Barber
et al, (1972) Biochim Biophys. Acta . 286: 312-329;

Handin et al, (1976) Biol. Chem . 251 :4273-422;

Loscal zo et al ., ' Bi ophys.

240: 446- 455; Zuckéﬁ%bﬁ%&gmﬁgc. Nat| . Acad.

STihis ikkatktioB 6¢ldied do- hbthdds Thabpamint harin-biddRd profiechiotduced in

Bioph¥s.-Acta .. 1078: 208-218; Webb. et al., (1993) .
cell cgpge. Thgnventpgnggcludgs methpds fog@c?‘i@g‘lg-,aj_]éwnfymg refolded heparin
i G O 8 UA S B L1 A s
cells, (po@4y iPthegeritasmidorkatcdcetiulRe space. 1 TROTe286 bindsng protesns

epj dermal graowt h factor GE); plate -derived growh
produf G gtk oS E6 P b rorist® SRbR EIGIS Y ¢ BRERSC oF
solubRGhEiigsof by BBlcast growth factor (aFGF); vascul ar

endothelial growmh factor (VEGF); and hepatocyte

grow h factor (HG-) (Liu et al., (1992) Gastrointest.

Li ver Physiol. 26: G542; (849, sel ectins, such as

L-sel ectin, E-selecti ﬁg‘éﬁgﬁaﬁggﬁﬂ%t i n( Nor gar d- Sumi cht

etit igknowd 8R8) 1a‘5§¢ 4GBy of @fedrallg 8|@cu4&3% bickegcalystivdegpeptides

_ and Linhardt., (2004) Arterioscler Thronb Vase Biol .
bind hppariis 48uchgdwparin-pindingaaleatidpune lndaeytelangi suoh@s platelet factor 4

s 198 OSSR 0,0, 170
Biol. @heWECH] :490 3-H2 Widstdladetradt (1985 hamhr BiochemoBioghys. 240:446-455;
Zack B YETH0) ocoTpaURS, Lor | INeTARYL T isg, KD | o
Biochim. Biophys. Acta, 1078:208-218; Webb et al., (1993) Proc. Natl. Acad. Sci. USA,
90:7158-7162) heparin-binding growth factors (Burgess and Maciag, (1989) Annu. Rev.
Biochem., 58:576-606; 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 (VEGF); and hepatocyte growth factor (HGF) (Liu et al., (1992) Gastrointest. Liver

Physiol. 26:G642-G649); and selectins, such as L-selectin, E-selectin and P-selectin
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vari ous ot her polyani oni c conpounds have been shown to

stabilize the active conformation for heparin binding
wQ@e@miboifact ors (Barzu et al., (1989) J . Cel | PCT/US2006/062320

Physi ol . 140:538-548; Dabora et al., (1991) J . Biol.

(Norgé:{]ﬁ? g]lﬁﬁ%lg }%gﬁf/(?lﬁg 6@@?&%&h@a@33 géﬁfaeli,lgqla unoz and Linhardt.,
(20044l fib&: Do RENAIEBidI 308 genesal | v, I nt ernat i onal

Publrcation No. WD 96/ 02562). Many of the heparin
bﬂmtdmagorpid BnblucnlgomiN onﬁ\fﬁ)rﬁ540§ﬁ9bd¢sgnbcsifaveulb@@m of heparin binding

protelﬁ% 5@{? §mgbﬁll§n£$t ; gh?sos(uggéa%%ﬁar etihgaéléllrfugﬁ natlxye heparin

or oth@hﬁ&?ﬁn&ﬁ& @o b&Inds 28k th&4Peutiobe. ARl edbligdsi&BMides and
D abetes and tabolism 22(4):268- 73; Matsuda et al.

varioysjoglgg poly aniogjchmnenndsisyvs )be@nrglogm tR@@@rltzg tleg acgive conformation

for h%ﬁ@%ﬁp@@%ﬁ&%ﬁ%&%ﬁ K (39§9f)1r Eell, FI%S{S]%E 31'18'558 548; Dabora

et al.,¢E9913 J. Bibl.iChenl. 366: Rmzmoya&tmpafm Bﬁhﬁ@&ihrdrndtygraphy has been
factor (VPF). .See, Dvorak et al (.11995)
emplqyge Hbvarloya@uﬂfﬂ@ﬁz@n§9hemﬁﬁéﬁfepﬂea9rallﬁ68%nonalcﬁl@§cfrtwn No. WO
96/029@53“ vascul ogenesi s, the devel opment of the enbryonic
cul ature, and angi ogenesi s, the process of formng
nManlyI o tlek hapsse bmdﬁrg;pmmms of xiagtralganamesn h8edeer ppduced by

oS i 00 SO PN, ) SR bt

Throrkd 928 Blont 24 15149 1@70 PB@&M celll (1399) 1§Qbéte31§&r Methbdlism 22(4):268-
Neufeld et al (1 FASEB J . 2, Ferrara

73; Matsogoat al., (19%]_|Mh_eim 15&(3) 6439, &nbﬁrts}%é k.4l 20 Mtain Research

ooty Foshamply v e Tl ohe P B i el Gt 1

also k@bwhauwgrplat béecabigigysfactor (VHF ) a3e@ dDa6rak %pzﬂ , €XIplAen. Ji Pathol.
onot i ng wound heal | n {see, for exanp

146: 18%& -89 n¥ RY PoRATTAEAE] %mn Keth w@qmz@sshe dgieglopment of the

et RERL B P U R o

existi@nonasefad, re ,g..eFgrara) (R0@4) HigleerineR gviewYTRAN3E BA0BIEIgu, et al.,

(1988?9,@°n,v_eaéj§ﬁe 25540 74%"%@8&%2?@7@55 C@gh;seg;gj_ﬁ' Bi9'30:1169-1174;

Neufeld B aqap'%9 FR@EBQ?% Dol ¥kl RN Y. IBE VIR, HRBD7-543; and,

proteins are produced i n a varlety_of_mt_organlsrrs
Ferratyagt DavotSinty, (i@ﬁﬂamwﬁdﬁ 4 PO .t aigal npnhcvmrtsdpmf EQF
) aryotic hosts ch as
inctudh iR e ¥ o ey B iy BBt Freade. iy
prom@ iy YR MRS INELE §ht exdfR3d, tite@BfotHl PhBMaﬁbMWW@‘@@ﬁEOSS and,
| ower cell density than &{S;kar otic cell cultures

Attorifeg] mc&nuNoszssslig%lylﬂ rling "Seled en Jwm6l6, PHRMeinn
prom Fol 1sts groxtc%/é Y reﬁaﬁ? le;gn lg(rlneltr f oe CQ”W (bfq'b?ﬁo?@gg% 13,?%0&6 (see, e.g.,
Woza)(ema%ee)( BRNSkY a/sPErbr furs, QDO (BY) EnﬂMfeMvﬁbv@Z’ﬂQ@)’\ﬂt& 1.

that may interfere with the recovery of the desired
erP’éF‘]rle thpranctically 1elpyantagennalingng ﬂ?r%tsdgﬁ aieeProfusgd fea ¥ariety of

host o(f?a% dsn?sf fl\ﬁ8§t' }l(?tel‘ﬂg E%L&a&l{)\fgsséd)l ttﬁ&r H?[Wéff@ﬁltl ol é%gg%%@lhgsts such

ction reconnbl nant proteilns ner ous
as CHﬁite&ht Andmalgetientthre generally requires prolonged growing times to achieve

maximum cell density and ultimately achieves lower cell density than prokaryotic cell

cultures (Cleland, J. (1993) ACS Symposium Series 526, Protein Folding: In Vivo and In

Vitro, American Chemical Society). Additionally, animal cell cultures often require
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bacterial expression of reconbi nant proteins exist,
including U S. Pat. No. 4,565,785; 5 4,673, 641,
W@ 20095830486; and 4, 710, 473. A maj or advant age 0OPCT/82006/062320
production nethod is the ability to eaS|Iy i solate the
product fromthe ce|lul ar con{%onents b tﬁ? h ation
expengive medfcRafA pIAE I sgpopengs thatangy }rgf/%{ G Vahdhg FEpYaaY Of the
desne(i})%acg])n “’Bﬁc@&’tﬂl ﬁBst%kBﬁe@&&p %)S%IYS provide a bdst-cfRBve ﬁfbgnatlve to the
Kerra and Pl uckt hun, Sci ence. 240: 1038-
manuﬁewmtrg iserd@ prodegtaom of rmthlmglt graenh MNamaess Gidc patams on general

aci di c f.ibr bl ast. growt h. fact 0,.basi
bactorflsibisy oy SR Rbin PRttty NGBS S Pob A Pl grs:
4,673 l0aYe4,heEM06; @60 g 0A73NA RYfbi Advadtabe oMha pmmiaﬁén fethod is the
sources i ncl udi ng bacteria (Salter D.H. et al, (1996)

ability tatsorily isphatssihe P U G5B fvETRpongisdEtestrifhgadion or

rmcrogg%lﬁgilg' 6) §g' I?l@g%ov%ea&h%% (a@@é) %‘%%@ glo.tegénollo.gy, 12: 173-

201; dodeSikerthd Plucktiind ¢ 1088 Stésck; 2MaNQ3%81040.. , ( 1994)

Gaoshu, Tongxun. . 4:28-31 (VEGF); Anspach et al

( Reomybiant hepprihbindige crowth fyctefssysh gy Brqblasepronipy factor,
basic hﬁlgaazgt %ﬁ%@;h?fdr 2%1&61 %ags%gpﬁa éncﬁﬁtgésl’la %’\g%v%t; Bltog éhg&iﬂ@e% érg%overed and
purifiddf@in: amamabcbsafsdaﬁmpncmmﬁ)ghadtmae@saher D.H, 19851 FHSEBbYr. Invest.

74(2)§§§%gﬁ§ééé%ﬁ(§gm§)ﬂ)eﬁgq'_lqwfla??@gbaﬁt er; al 152 exEr eszl on

222(2 EEFProRest al &t 8iff ch 1 1835- EFY
(2):299 55 (FEGTRIORR ol 1956 DBI] Chiife WIS 183-AIIEGE): Yang et

al., (1p9btledopishu hewgxuhed: @813t (VEGHBOABSPaFie etob( 19201 _,ﬁmmu

71028 BB B S B ERE BUL By P sFr,

Estap@aﬂid Rﬁiahl{/lq%) Bﬁﬁeo@nm‘edﬂ 300 de t.48& (BITER); McDioahldl. et ki, (1995)
econbi nant protein is generall

ﬁa&b@ﬁ)\/ﬁ‘”oﬁbFGE»a%W@V% rbécts%lcrémeﬁ%m Sﬁ&mwcg 8% fn ot/ lack
the ce ygfeagl%lﬁ d&qg?%él@e pT%%%\PQPIJd@f%I ] s éuér:hed geggrghly do not result

in the sud:wmnﬂ ofdengk pratsing ipathescuttiire médlacRactdﬂntdnam Ipfotcias bprased in

two_addi tional pairs which effect the oval ent
bacterll’«ﬁ%&%@@ lipprerohien soyngois dumuen Bodipsonaipungee! donse massgye) partially

foldedand &%Hldecﬁ'e@&&ﬁ'ﬂrot@gl 41 i ?dlrﬁl) the HR&MGhint roteln 1s %T;]nerally

conformation 1 ncludes a strongly basic do
inactih@askdresampleotin pralonesdait kytivei fodn bé N@Gmls(aﬁmmoailraemf tab 165-

t  di t VEGE | 1. .
aming R adly TRt RGPy B5F dbafb SFoesfar g sShwbrastaidy Layies of
intracB&ih diutnde(U3haeas ®lo &'ﬁ'dltlonﬁﬂf%?ﬁ)wtﬂch cfBicPlhe RSBt linkage of the

269: 32879- 32885; Cl affey et , (1995? Bi ochim et

two s@u@ph@rrap@aﬁaﬂ 1@1@81)11 Gell. B}mhﬁnﬂﬁe}] la? 18§9r Bleueative conformation
1nclucfségt Z n%lil%& lb%{sr%cgé]rtrr}% N 1&1 BSS ng:r 4 ltsllloaxﬁna{ orleag(? ﬁye ? ggpla%lﬂgFI r(ljaera et al
(1991 pssialc €ovaicat &hﬁ&dat&ﬁﬁow BQOFfd sieded fﬂf%ﬁedﬁ%&éé&ptor blndlng and

biologiraseReviy (Potecne 308 Bbb itk pameR e 870 2Bk Clnfar ot L.

(1995: BRENG et Blé}%}% Zé&a%ggép } S 2:.1%? b c%?rgdl ﬁiddﬁ ﬁ%@%@%?&am

severasltrmlslﬁogiedranﬁ douHide scanddeat ingfrmodistes.and appears often to

| gddltlonally, refolding often produces misfolded and disulfide-linked dimers, trimers,
and multimers. (Morris et al., (1990) Biochem. J., 268:803-806; Toren et al., (1988) Anal.

Biochem., 169:287-299). This association phenomenon is very common during protein
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associ ation through hydrophobic interaction of
partially fol ded internedi ates (C el and and Wang,
W@ 1®90301Bi ochemi stry . 29:1 1072-1 1078). M sfpd™USP06/062320
occurs either in the cell during fernentatlon or
duri ng i sol ation ﬁ{ocedure Pr ot ei ns covered

th
refoldfng, paiy lﬁﬁv akhighergyroteiy eoaeentiagpny 28 a&r@a teng involve
assocﬁﬁl)ﬁ'ﬁir&d%qgld?d'ﬂﬂo&*ﬁnﬁfycﬁ@ﬂ §f Ipd'rﬁﬁlﬁl ﬂ%ld’eﬁflﬁ’ﬂegﬁ&hét% @lélgﬁd and

native state. In vitro nethods for refolding t
Wangp (1998} Brochemistry h29: EIdY72eld078)bi ol ogi cal |y acti ve

o0 SRS o RSy P By R SR

procet@6 OPRItEiHs fdcovartd frbihSepipldamed &‘intrﬁ&'llﬁﬁﬁ dcBenust be solubilized
di ssolution of the inclusion body at hig

and thesalvd pramimwqudedamabﬁhameﬁimtatg udthviire mateedstior reildiaglye

o o 0 PR G T S WPl

functiénd pidteﬁ@ 3Typ18ﬁ&10&|n81@eane p@cesshigddippdteian decblvél‘e& froili@Okyion
FASEB J . 10:49-56; and, Fischer et a

bodlessm@h@esw%d&@gﬂuaﬁla Oéths SRIgTHIEP Yt hlgillcogcq@rat@a @ha denaturant

such a{s“?ﬁ‘%\’ﬁﬂg\r\/@@%gﬂﬁﬁﬁn(ﬁ{ &t th&€a&. qﬁgnt‘ﬁ pﬁﬁlf‘&f&iﬂi &b 9&urYsee, U.S. Pat.
applicabl e, th mnor nodificatt ons, to the recovery

Nos. 45 12923; dcfild 0P yarsict, 5 Vg5 G3.c Sedbilvaretg. rikmioéph]mdflmhm (1 996) FASEB

110 ISKSRHORAGHES, The5e, TeLhode, TS bech 2Bl FS1S. s

recovéy mdA&RGke &%Qfd@l as béﬁﬁg ﬁﬁw@i%ﬁlll‘}@%h%@ﬁlé \I/ﬁ’h ﬁhﬁdprﬁkﬁflﬁcatlons to

random di sul 1 de bondi hg prior to coaxing the
the reeacondi malegicplpetive reemebinang pmt@h@@rpmhﬂysm@ bpdies. These

mern i PP Ricdp 3Pl i Fhsai! p T EER GRERRF . 1996)

supral rme@@lﬁleﬂ@ap gRRaY slipaaw @hi@n ﬂls@fﬁ&%ﬁaﬁ@pnﬁ)@ td@dxing the
product. Reversed m.celles or ion exchang

recon@maahmoefgm Hpmis hiplegiedlymeiiseepniermpsion éhrov@? 6t efhergptaiilizing
i:

forces (HATHAY £l ARAEL BB AT e L OO HBEAL Bbflopsnous
pomnmﬁﬁmwﬁﬁgnkﬂgﬁddﬂapmdant (Hagen et al. ] (1990)

Bi_ot ec Bi oen 5:966-975; Cr ton (1985

PB&Y@P??P fccligx Qlrian e PERyC R ieaEP }ﬁ%m@ﬁé ased ')9 apsist refolding
of delg@{lr%]d gﬁtfﬁﬁsgavb 105“%‘;ﬁef u%lg Pﬁi%plrﬁgl\/lglﬁ? %drlge?lgsr g{ﬁg?lﬁtmg #1888 a
resin @gigheganiomgthd deztudnt (éiagc[getmio P00y Biatdatinelg Bickog. 35:966-975;

crefh i1, 5, LBt 0o LU Mo e 205

New Yibikh AlldroRndiss, 3d). arddsopdiRds h@vetﬁb%n 'ﬂ@éﬂﬂ\/ﬁ ppé&VeHBA p R
the protein (deland and Wang, (1993),

segregiioneotfetgyns poRerTafdifing. Toalr o Bte @ et of refplding,
conforv\r%egu ?250f1§e aefopd’lrtl%léasgr_%% %rgorerm(e? anlﬁ} %an slir, 2212 %tmtl%toﬁles ?0 t%e native

structih@tof Viee bfetctleland M Wasg g1993), in BidR8Hnol&ig C(Relih HJ J., and Reed
- 57 In_addition to antibodies, |igands and

G. Edéépaég%nﬁég e Yiosle rY Gl b oF ar s xaimlenersatine kinase s rqtRlsisd in the
preser?%: gQM1&%1é@q3 lich o ct!n'elfﬂo\fn§ & al.nt]l%‘?fﬁlo%érﬁ £ h8s:53- 57).

ng protein a ter Tormation of the
In addition to antibodies, ligands and cofactors have been used to enhance refolding. These

molecules would be more likely to interact with the folding protein after formation of the
native protein. Therefore, the folding equilibrium could be “driven” to the native state. For

example, the rate of refolding of ferricytochrome ¢ was enhanced by the extrinsic ligand for
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native protein. Therefore, the folding equilibrium
could be "driven" to the native state. For exanpl e,

wao b@7nzmes of refol ding of ferricytochrone ¢ waBCT/US2006/062320
enhanced by the extrinsic ligand forthe axial position

the axgyl gpS o ahThe36RE #6840 %@%@ Siefs mgﬁggaiﬁg@ﬁﬁMS 3635-

3661)a|@ﬁp96§@ 1o8ghk ﬁaQie ARSiIbatn Wclifo RERL Qlifh Frolefl BinSCSe, e.g.,
e.g., Baneyx, (1999) CUrrent Qpi ni on in Bi ot echnol ogy
A (1 B ,

BaneyX (921 C ok : 1e0 I gy, Fotl InéN.and nore
d/
SR BB R8 50 o S A DEBRYR P coverng

hepar®. nding pfotdihefréinfd Kdseedll @milre e @Navi hidlefRii@Hluad tahoftical
heparin binding proteins in bacterial cell culture
produgtiest offrepyiin bdmgrpreteingiimbadternl epll peltie thapprogfdes for elimination
|
or red?&et% ch{rb%al é%aﬂ;ﬂ%ﬁ%ﬁ% 1nfe%$ | 156%9% %%xl v gl IJFEB%&’ (?fgaehlghly purified

blologidfaib@eefchye p@bé’ﬂlj{z‘iﬁﬁfolﬂéd)pﬁ)ltd’in aﬁtﬁthfahﬁtgehaagﬁ m@lﬁhlbly to rnanufacturmg
Ilcable to manufacturing scale production of th
scale b‘ioétl%t}%‘so theyrofesire rﬁhedﬁve&&alﬂ é@%réssse% thesceandpihemseds, as will be

upon revi ew of the
apparg%?ém rﬁe%g&e g@b%ﬁg ARl B 1T e | NVENTI ON- The

|nv§Pt!on pr?v:des a method for recovering and
Cul ture. 1 par Sy SOARY, b PHIGNYER TIPS, Gee o ot hoe

OfThe ifvRRONEPloR Rlca B?dﬁﬁfd' for FHCBQérﬁl% a%ﬁ‘f)ﬁlﬁfﬁn% fe%"[ﬁed heparln

prokaryotic host ce bacterial ce
bindn_@@n?@nsl fraan pelt fdtire ohmaﬁs@gartth@ms’metpm mﬁzl(ieé) a msthloétouf ng
s t
recov g ihaf SRR Mol Bo B BEPSlho L) (8 PR B For

exam§l6] d4kthbd bﬁl@pﬁ%sdhd sepsaifes) 1|scslsmhg1m|s@uhle mapar[h l’ﬁhﬂhﬂg MEbtein from
protein in a first buffered solution conpris

the peélﬁ&éwcb?ﬁ 1§trg\(‘g:élﬁkar 8pRgC a)fﬁé@lthgpﬁga]a@gm (b) gﬂ@blbzmg); sald isolated
[ f b I r

1nsolu|b[k IH%? %B% f‘r%l e&e%ﬂlslglbd fltitjlst(z)‘tﬁggeg%%hg[l{bﬁlgdogr% lﬁglg% c%tdgfr@pl& Qgent
anda&gmntga@duamﬁwlfated pol yani oni ¢ agent for such atine

. and. under ch nditigons that refoldin t he
©) incRabiagispdisp 3 Eﬁ&r@. Hindjpg prodein ng Sice)lg Plé{f Fepplgon
comp&h&a cﬁiﬁllo%ﬁdaféaﬁtpﬁfd' ansul?liafé@p%%raﬁfo%cedgant WPSES! dYirhD&f Bunder

IS increase In protein concentration
such croeadrbwes tdt tpyolidmgut did epamn bindengsrbeat @uohyd(l) osviogering said
nbodi nent , the

refoldgESrire ot Bie' S uRereh theid et N BV S TRE B el
concehﬁ‘at%‘lefem%di' Wlﬁ&ubahﬁ? wﬁﬁ%@fa&dfp%%faﬁﬂ)nﬁoigéhﬂ &Mpared to a

further co Jri ses cysteirne or a m | reduci ng agent
contrqln Iperee pietnthe gecond duftaredrsplugien fmlﬂeqr eompriges aggigine. In one

Pk Ot concentration of
[ o 5jic 1
embocglg%:eg Vereesd—:c% u ered 159 1)1/t106111C Irt\ﬁeelr GOLPLY sgsec steIng ot anrmld redﬂmgg
agentf ol d i ncrease |n proteln 0 concentratlon of recovered

blologlcally active refolded protein, or 3-5 fold
i hepreaab qq‘}lnlﬁlpt(ﬁ ghe invention, there is a, e.g., 2-8 fold increase in protein
concentration of recovered biologically active refolded protein, or 2-5 fold increase in protein
concentration of recovered biologically active refolded protein, or 3-5 fold increase in protein
concentration of recovered biologically active refolded protein, or a 2-3 fold increase in

protein concentration of recovered biologically active refolded protein. In another

embodiment of the invention, there is a, ¢.g., greater than a 2.0 fold, a 2.5 fold, a 2.8 fold, a
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concentration of recovered biologically active

refolded protein, or a 2-3 fold increase in protein
w@oemcasitsat i on of recovered biol ogically acti VRCT/US2006/062320

refol ded protein. In another enbodi nent of the

3.0 ol 3ol i 5 T fufan S 8160 PP, . 8 ot o 0

concefitrdtidh L Wred®dT RolbGkally &t Qe fr%ﬁ’led ?F(Reln &R EaRBodiMent of the
proteln concentratron recovere bi ol Oglcally active

inventigsf, thade o ¥ tot eiiald inancaseran potsodconsatragfontoh didleweallyi astiye

th Is a 3 to 5-fold increase in protein
rdbmggﬁgﬁﬂ%ratlon of biologically active refolded VEG-. 5

Thee prRe&es 86thefinvchBon MéanddddnamiRatle enkldparia Bl diseflotins and
to heparin binding proteins and especially to heparin

espectgilyid @)agnémdﬁng glowth ctorgandingartiquiagl esculgendathghal growth

e I
fctor YRS P iR BF s el e SERAE! Rlyonis apentis
betweag a@bdut I3§l)0b@hdﬂ9!®06fd@lﬂd}n53 1000 anbodithe) thedalfhied polykfiionic agent

one enbodi nent, the sulfated pal yani onic
utilizaghip theRrgdpahiop meogspisa i fowrap sbigust sednmsulieariheapyin sulfate. In

one asyé!:tf ﬁlte%»exﬁ&}%&ﬂméﬁ lbfel‘ri”&e% 800 %Qﬁ%ﬁsrhnﬁqlof(ﬁ)b%alt&gkao one

extran sul afe is between 3, 000 | t ons
aﬁﬁe ilﬁ/eﬁﬁtﬁh ai‘bjltllcmaﬁy pldhveddsprverssies and ddilttods fialpfuyification of heparin
rovj des. esses and net hods for purifjcation.aof. ..
bindifie el SReHo b ot eeren DHBAAiesREr Pl R heoHindundio

proteﬁ’i"a& Be&ﬁﬁed E&@i\ﬁe Y a‘lib frticORr BﬁB@dllhﬁﬁp 'pﬁﬁﬁ@egloﬁrrﬁ’étﬁd)d@ iARfude
describ her ei n. n a partlcu ar enbodi nent

contaqiingi smddafqldmi hepaiiobindingiretdin with e Axdiongepstitecthreshabgiaghic

suppogtﬁ R g’ grogg%tfl érgl%tg%lgﬁ%&l hto grapg%rsoé(‘%ofp sﬁgﬁ?t}‘;c chromatographic
suppohrtrblnﬁraaéﬁbdtﬂlrhy@imphﬂﬁicQ@t%ﬁi@ﬁbﬁi cl‘irblﬁﬁﬂfgtaéah& fpbbi®BhEselectively
chronatographlc support and a secon dr ophabi c

cluting rlteelr@ﬁéltllil S derrsnEtioGeasAttswappom r@@lbeétrwélaypuﬂﬁcaﬂon
rnethol%i & [P](ig%st &%t%gﬁg 5&18 %}bﬁgh Epl%@a?#o%tggpﬂ%ﬁf&%%% CAiRR %%hange

er e i men conprises

SUPPOELD Ilfmthlymg)phwld inteholideshrivepagiaphicisoppary apd et &nrexehddge or
cati on exchange support; a first hydrophobic

mixed e QS BRIBROR AR FrRpgFapHise cetisbositting he aperiihinding protein

from @a?éﬁlg Ft. Ot 1s‘%omeﬁﬁ1‘flat5'€ﬁ@ﬂaﬁth€ Ig{e?g?&g?%crﬁggﬂ SR WRRBE bedhithed in

sel ec ver el ut hepar otein from
any oelacle. s uepaomtially or aﬂ@rmg mh@miblamfehe tlltramatdgeapéltcequém In certain

£Cco er sIe S. can erfor n an or der
embod G o B PP R e ey GV i puftftng refolded
heparﬁmﬁmg BEAROFEmSHARGL drring dF iR @Iskrfil ReLOBRA0dIRRL s Of
the invention, nmethods are provided for recovering and

pur i fyl ng rERbEEéE&(éBH?TIO%QﬁHﬂE BRAWINGS r om

rin industri G
e e b Bl REBrafitieBh) el spingvar o
loade@oﬂ B IPOROD S G2 cfohﬁlﬁﬁ MEGE 100 el aRESdpyive m(tleafsba’ch Btddabn@
| oaded on OROS HE2/ M col um (4.

10
Cambpégsé\éAD onrmXém@kfe %&OW@&F&?M CObyRp i wélb)l(fm§ in ﬁme
sodluWHEBh%te, bﬁe7 & Mngﬁ BNGBLAMINcHISH &I U 3F e e'hﬂecil'gsmg a

linear gradient from 0.15-2 M sodium chloride in, 10 mM sodium phosphate, pH 7 over 10
minutes. The eluant is monitored at 280 nm. The protein recovered in each peak corresponds

to VEGF however only peak 3 corresponds to a biologically active properly refolded VEGF.
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sodi um phosphate, pH 7 containing 0.15 M sodi um

chloride. The colum is eluted using a o |inear
w@e@ditans4 from 0. 15-2 M sodi um chl ori de in, 10PeIVIUS2006/062320

sodi um phosphate pH 7 over 10 m nutes. The eluant is

2 S i RS 75 oS bR olded VEGE

by he%ﬁ‘fnr eﬁmm@@FﬁsosﬁF&ideh o5 GARM HEPES i e 8105&1@5&5? srgfotged, 0.2

ure 2 illTustrates a graph depicting
MNa§1abilOszmelo¢ native properly fol ded VEGF by

auzr{: a?‘ﬁg I}g) MW I S hig %Eﬁ%ﬂgﬁ‘g% HFI%‘E S%F\glp%déerlal strain

W3l 16! AU RS bSd withD 2 ug/m ué@fa@%urfhe GBS FigreBA \fEﬁ:u%/rnl
produced by bacterial strain WB1 10 and incubated wt

dextranzsuigien, 0 (ededtoan(FgureatBy; 52 gyml&amrwlf@ra K009 Ripns (Figure
5 b8 T REO TS o0BS aH RETRFLAY IR HER g cotum

(4.6 xm@b ﬂilth@SéptWe(EﬁbEbHeeroﬁlP}odL&tsQQ@m@ﬁﬂg@ NEARNEDLr cxaciptt, tia
a PORQS HE2/ M col um (4.6 x 100 rrFIr/}& Per Sept i ve
p

colump; ig pgBlataq iprl §apdd;se 1“@%%?@%}% OntﬁwﬂngeQ arpf sodiymghloride.
The csl%fﬁ'fﬁ‘ elufed el%ﬂ‘l%d 1*?66;3} gf’adieﬂt ﬁr{? mtM 9% mlﬁﬁ%ﬁﬂﬂk% RNt

cont al ni ng odi um chl ori ecourmls
SOdluIBthqudlatfs pHY avdr |lﬁaanutg$ atheeitarft nsmmofmtdrﬁd 2t MOsouli Uhe protein

chloride in, 10 m\/l hos hat over 1
recov ik HED PYRcaRMATS VESHL ROrSa Sy 286K 40 repends o a
blOlO%Eé@B’eﬂ!CﬂVé ﬁl%ﬁ&qur ?&Lolkié‘d ¢@elr. peak corresponds to VEGH

owever only peak 3 corresponds to a biologically

aEllgwfe 4pﬂmﬁﬁ@tdsyh¢ effestt dbsraler@rthe Fifglding of YEQGHst r at es

g}g’fﬁ%g éstpatteﬁsfﬁe ffeecg Pf %%]peaﬁlé fg}orv: rﬁole lg%c Y& g:(tl}flgll) el Elg% MW,
and d&k@ta@@hlfétwo G0UCkiao4) OMVE@R %fdﬁmgr Hrak l3|06ﬁ%§)ona§)toQQ|§lologlcally

dal t ons, on VEGF ref ol di ng. Peak 3 corresponds to a
activegropcstyi eflded ¥BGFve properly refol ded VEGF. Figure 6

r

DR s LR br G ARl SH R e 3
correspbadab layvislegiokhitkesttivE@ropeHiy gefolled VEGEISt rat es t he

ef f ect _of hepar | ow_pol ecul ar wei h

MR d 1 %%’Eaﬁ%?ﬁh%?ﬁf Cépeﬂop@ﬂeol@wapkeeﬁ%r W@%\Y |afl%ﬁsgh MW,
and dé}&%njsglf%gs o6 &a%)ﬁs, mchﬁ%ng &he'1 61008 dalRGRK 1{’>VEGF refoldjng.

corresponds to a biologically active proper?y ref ol é)
Peak S/E!iﬁespﬁn@up@ bBolpgicalbt achive prapedy e¢fblled VdfGlhepari n and

t | f V f.ol_di Peak. 3
B RS SR P BB RO Bl g N loiding
Peak Ft@EsBotsi th |alb$611é%:ﬁﬁr %V@E)f(ff)%?ly@éfold%ﬁwmld DTT on the

extracti on of from bacterial inclusion bodies.
FIFWG 91bustratessnresficetsofamcaednidddT T of thy exdragien GTYEGE from

bacte G SR, on the refolding of

Figure 10 illustrates an effect of urea and DTT concentration on the refolding of
VEGF.

Figure 11 illustrates the amino acid sequence of VEGF 65 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 whereas
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VEGF. Figure 11 illustrates the am no acid sequence of

VEGFi with disulfide bonds indicated (SEQ ID NO. :1).
wo-r@anso1iL illustrates the effect of the presePCEUS006/062320

charged am no acids. At 0.75M concentration in the

. ...secon uffered_solution both arginine and |ysine are
nistidGg ey s 0T EFEESHT comareg hie h%#?fqgé?%apt 1(PeuElf ect
AdditRha @GP IRAEAndsDebh ShdRMf fola98 si2lar EieQ apbddieitatidhs of 0.1 to 1M.

Additional Iy arginine has been shown to have simlar

effigire 13tillcontethe fdcondibftion i thed/s rdfoldffaicacyl 3vhere, although
the tol&ﬁ M]ljﬁl:g agzggnté%higp gsf lfogzl%% ?1%{518 ?ﬁll{lﬁ%ﬂ ﬁlg{elg{;]es{)lé%:/"g/%erfoelfd%lfﬁiciency is
highcERRE @iiré aflith. i S | ower as the dilution increases, the

%refold efficiency is 5 higher with nore dilution.

DETAI LED DESCRI PTDHTAHER DESGRIPHEMN, i n" (al so

eferred to as heparinic acid) is a heterogenous group
DgﬂﬂEot'EI—n!Srighly sul fated, straight-chain anionic

midepeiny $aes Felrtdies as bapdrmit @lig)des aslerpghydaltsup of highly

Althqugh o.others may be present, the main sugars in
sulfatef sipiER-¢liagn aronic PyGPRATY WCehargen calird gy eosaminggoseyng - Although
R AR O e
sulfarifineseglacabe dptul fatea 13- gbichenicsacgh 2sacatamid @2 aledx py-D-glucose, and

., glycosidic |inkages, formn ol ymer s, of varyj.n .
Liduiaid offest 5nd g s BEb SR R uRe ST Hietges. forming
polyntW éata8yiAf dizEAIHRXY| the pRGddc BF RYBSvaldMER Mnk8d §ilfate and carboxylic

 strongl’y acidic. The nol ecul ar wei ght 0of heparin
acid gyeupsdephrin in divogly &idic. 00ite molcablouweizbt @U@ pdrn vangs from about

ependi he source and the net hod of o
3.0003ERENR 0Pt IRaB PR AL MR B L e pagfggmination.
V &atiO8l Befarin S $1 € SonsBERACH B drdpusb tiveEs, 3Bykclallf Givedatdl I0BS tand mast

cells in several mamual i an species. Heparin and
cells inspyaralimagamakian hepigs.i Herw apgyhensén whimtkanarinspdium) are

. : . ¥ : ‘
comnfILARLBpATIERE PRy bick 3R ARUARG i PR ARl Srustions.
stiDbatiran i fadexd 4 suifarholdexpan nbbpaprireipal stwt@ciisa polymer of D-
pol ymer of Do .glucose. G ucose and optionally other
glucoty faligoss aad patistally Yok Segars By J%‘PV@B& pd(d-Qighieagidis Imkages,
formih@pET A o i2%s. ' ' Qed Rk c
o R T hce it Pt Gt ¢ v s N RLEARRSBoxtran
sulfats tsrstnoggly aatiiai Ehe sTitfer sardténinis ganmatadlytnot ksgytaed 8Yd, yndypically
l.es n.10%. and pi cal | out 15% - 20% with u
about 1% 217 Pt Su S G e SRR e P Mgy dfdcutr
weightBl 8Gitad kuMat W rorffab8@XIL 6(No 2BbE1f0L0 000D AN RAD BMamples of
1,000 to about 40, 000, 000 dal tons. Exanples of 5
dextragesatipremploekicen drpinggrtisnan¢lnde the silfate at therdekmasygeduced from
mi the squaHF the dextrans rodugﬁq from.
crooreanisms suchas Leuconastoc mesenterdides an i dextra{zzcum.
m<r 6organi sns sUch as Leuconostoc nesenteroides and

L <Polg%iib@BiageHYY as used within the scope of the invention is meant to describe

commercially available purified native heparin preparations and compounds which are
capable of binding to heparin binding proteins including other “polyanionic agents” such as
sodium sulfate, heparin sulfate, heparan 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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"Pol yani oni c agent"” as used within the scope of the
invention is neant to describe commercially avail able

w@eorfisEasd nat i ve heparin preparati ons and conpPCrtiS2006/062320
whi ch are capable of binding to heparln bi ndi ng

dextran @L@:enﬁﬁe %z:xtg%d %tn tgﬁ gbcgg({qutrghpr%a{%go QWC Y néaimrx?s;{:ugh as Bacillus

maceREOHARABCA AAVX) PRUNDAL 814 JeXLy Q0! asdﬁﬁfafe@%féﬂﬂef ghians such s -
hyal uronic acid, chondroitin, chondroitin sulf

1,3 gld@nrmtfams,sthn B-dt3eglueancb ey mdmedddyﬁammormmmﬁlm% to the
f.ul th t ti
sonus B ep s g st “apeeraro B h e 5T al e hogeri

fragméntkf at e derivative of a polysaccharide, such as

heparin sul fate,dextran sulfate, the sulfates of the
Q‘BP abrseteniioped agrnisrpgenardlhoviag able and resogizegsby the skilled

artisatggﬁé\t}e e{x#ﬁlg%aglﬁfag}flé g)gf?iﬁ I’ﬁlag gnﬁs fllT &Cbgnoéb?g%% fl\g)rn aﬁib%%rég%ﬁg‘parm-
derivedl dligasacshidridat et hﬁ\l%bebn ﬁa&lcgiatﬁd&fy g&JpB@nemﬁOﬁi ule®ehalygraphy.

m cr oor gansj ns pbel.on ng to. the genus Al caligenes or
ehaf

The preparsgae b phtipity-feasho Ry ﬁiﬁrsvsﬂpag@aa@améﬁ wassreported by
f.at n g

IshinEd bl 00 P i TR 8 7508, P o MRl R, AP Y pfoparcd

from wrnmsmml pﬁwmed»eaaxm ollosund perea dﬁ:pplamenzétromgnmlnnﬁrouaymd

obtai ned frama libr of heparipderived
reduciiy 56 Sed R o P anH ARG B Py el TS atiaen gigomatography.

The r&ﬁltrn@%ﬁﬁ%tf ldRNtcERr, RERI-OG AP BYd déEBﬁc@Ha%ﬂ% AbtcRq&intially applied
finity-fractionated, heparin-derived
to an @ﬂﬁmgws omenfi M@@nmm@wﬂ bEGFWVfllsmtbh%ttaah@t todl EPHAROSE™

4B, Wit (Refbuiat GLRD sypBachs BRGS0l RS fam thisiealugn in

respotd@R@ iadidn@ dfaviineh asideal THEROUIYHER ifiZatpboR, ddst ated Hexa-1 to
nitrous acid, reduction with sodi um borohydride, and

Hexa-py thesiraettes 8hd biplegasal petivesafovhiethweredtBherapalategndhe

struct%l%iog?ae%g-% gfa?lg el§ S&L)rl\gh'% é\g\é[g:]sﬁ)@ct ntffﬁ)%ash gﬁ ? (gure%‘ df Tyrell et al.,

(1993af .fBibl. Chemal 26874 684-4b689raTihis diembctdhalﬂdie h)a[%(EH—e stencalre fidoy (2-
EPHA 4B, and were fur

050:§y aB ot smﬁﬁé&&w@w& ROt Adkopien
derlvetéihmlgr %%khﬂ?[ﬂeb glsglgsggc?{ﬁg? V%Tr 1Pl cﬁﬂér%eﬁém? AEd YMosaccharides are

Thi ve pool s, designhate
sultabHeﬁoaaﬂd tan bdeusad 51 actChEiaBd;er wﬂh treesvanignb llobogérslddiment of the

V|t|e i.ch wer rther eval yat.ed
inven§fi. Bk p @R csschRd O SR aidts BB AE BB%PIF%% grhgpta-,
octa- %BﬁethnHr&legds%ﬂhﬁrléiesgﬁreﬂéé@| IFutherdlore, h@ﬂ&%ﬂerﬂved oB'h%arm—hke
‘Chem . 268:4684-4689. This hexasacchari de has the
oligosgeehguitles with h digg pet negoBcahape ¢aiSlug t6 e dughstperee of sulfation, are
used ‘Eﬁlﬁ 141,21, doA(2- OS g 3)al - 4AManR( 6- OS0B)
A epar | “Rderived ol | gosacchari des di scussed above, as

waht téxf "Otpain-biagiagipfottink er OHPEOS§ﬁ@h&fetdﬂﬁiﬁef@ﬁ o a polypeptide
suitable for and can be used in accordance with the

capabierﬂfémdl%&henaﬁln&%heéﬁ%wﬁéiﬁﬁn%ﬁ) the defaitipr jngHides the mature, pre,
) f | f

e ROATERSHRF G58,°0h PRLYARFEIN - chgPs o

TyplCle&)(ﬁﬁ@‘IHShﬁhB}ﬁmm}blﬁdlﬁg ps@eins kierhbgarimbiading growth factors,” including

but not ?mfaltreldr‘go gglrdler\ﬁ%q growtn?gct . (%dPl) pelatelet derived growth factor (PDGF),

basic fibroblast growth factor (bFGF), acidic fibroblast growth factor (aFGF), vascular
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ol i gosaccharides with a | arge net negative charge,

e.g. due to a high degree of sulfation, are used with
wa@ewansege. The term "hepari n-bi ndi ng protei n"PCr/US1dPE062320

as used herein refers to a pol ypepti de capabl e of

endot@‘é@fﬁﬁﬂ?ﬁ@ﬁf 6%59333 Qq%ét%hgf?b&?%“%h ?%51‘” @f(lél:)p(;gg kgawn gs geatter

factor! S’F)"ﬁn@ﬁer@@%ﬁo‘éﬁh #0dor (REbILNgNGd Y produced
hepar pr ot e| ns. Typ| cal exanpl es of

hépaxsedmhetrﬁmd wgmmrcﬁnéohhshd reeowthepetoi”nob i VNG refeswe b

cto cl but pot. limted .to, epidermal )
marnsp GRSyt a5t 2t oPiinalI€imgr bl RR IR IR ety havin the
ammc( ucRRYi%dsb® IOOhAsT Cavgwt bl faed 1M dthedsih Endehdli. ¢98:391-
fibrobl ast grow h factor (aFGF) vascul ar endot hel I al

405, tggashar tvifhaltnetional demptiverahercothavngho auaitatace kiploglaaRctivity of a
corresgaé‘ﬁcfﬁg K%@yﬁé}: %gﬁlhﬁ}gcﬁﬁj\qg?hmgg %déte A nﬁ‘a‘?n\rlx‘égggl B acid

sequeRdtatrbgdricdlin gioﬁmlt Bt dlactoon jy ModrEnddEfa"5: 1808k E814. tSee also Leung et
rom h factor deriyed o“ﬁ)é) aInyrombowne

manmal i an
al. (1959 ng@ﬂﬁ% angrRabanses & atinggr Il Science,
t
R EERSDER, S RALESEH 5GP, B gyl il or (AGP R 165 i
acid hbnmdnnerﬂmtflngesmtmtquiemeukmdmfthdn dwimg utttamod1mlartda;ulﬁ® bonds

bi ol o a tiwvit a, correspondi n ati ve VEGF
and o G RoTeuB i Pt AR R RS R far Pk amr A b the
forma@i6h &f ﬁﬁﬁﬁﬁ@H&n%VE@ﬂ?&%&éphﬂes%ﬁ%mﬁé ofal21, 14(519184) 1 SU)Qilnd 206

Endocrin. 5:1806 al so, Leung et al
aminoSwiidsnbewevep 46 VBGB 21 sigreint Rolss ﬁl@chﬁp&ltﬁ@lndlmg eipma(mahq other

o QIR L T D56 AR e 0 lss o

hereir M N Godsihd HTVAGH SfRife §8dthMgn IAERAMEMS t&hilia, b lifikies the
that form7 intramol ecul ar disul fi de bonds and two

lengtly ofithe psbeveiitermivglpartianad thomaglecull The peafprved aghive é@rﬁgof VEGF,

VEGR e RER AP b ER Bl ef bl A PRI 0l ek P g R 0
Cys6 120§s1a1m 09s1d0HC,1 3 5raden 20-Cyh B3 VEGE B @y, 851, GyaM(stMGSO in each
hepari n_bi ndi ng do her var|

f th t
monopker SroF el Set nl?l 4 ik ek 6 o Haoa DA fives Plfochemist
Blophgf%@?%@lplm i PHOVEGR, S RloldAld 8 ¢ PS%?) of Abd dgﬁglfng ra{ﬁsamlno-

share a conmon am no-ternmnna mai n,
termirghil ffceptoi-hindire dommgn frnoiho tbids ¢drlﬂaﬂwlllﬁctednﬂqed abmdeGrbatnd a
of .the ngl ecul The, pr ef rm of VEGE,
carbo PR TR oo o BT TS S Ao B g el (1996) L
Biol. Cﬁ&hdgﬁ(l@/ﬁ%@ 0568h c&Y80 EmbY@ihfertis o(f)ﬂ%Gﬂlvgﬁiﬁ)'n%e VBISH 65
T 7-Cysl 35; Cysl 20-Cysl'37; Cysl 39- Cys; 158;
1501at®,@1d481r1®,®é lisotighycoadhterrehisrigne 7S6ASTBi des @ ngYaIQeﬁé al., (1998)

Journ% 0%%'Il%arern % Epreer(l:lr_erlgal F’:hera;glegl c%g%t f?f Ii]!l% SIsnl eitgm e.}qhbodlrnents of the

invenixthe VBGEGW iwldted arifpesed iofubbtantiglBn@idosmidated at residue Asnl10.
am not erm nal receptor-bindi ng domain (amno_acids 1-1

In certpgn gmbedimienis of thedBveHeR0HF 1geriePlated amb Byyiied is appixgyre of
dj
dearmagti%g f(ét%st?{n[é A%l% 88 Wegﬁ&ﬁk&%&e&# Fot 8 witfGajofityof the

protein being undeamidated. Since VEGF 65 is a homodimer, deamination can occur on one

or both polypeptide chains.
As used herein “properly folded” or “biologically active” VEGF or other HBP and the

like refers to a molecule with a biologically active conformation. The skilled artisan will

10
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Biol. Chem. 271(13):7788-7795. In certain enbodi nents
of the invention, the VEGF 65 isolated and purified

WO 200080164 ycosyl ated at residue 75 (Asn). See, PET/JS2006/062320
Yang et al., (1998) Journal of Pharm & Experi nent al

er.apeutics 1 I.Ln certain enpodinents o
recogl@lﬁ@h@lﬁ%ﬁ? kdgdh amf %éulx%)% ﬁﬂgaﬁaletaan%ffmesp@ﬁ??%bl?@gwal activity.
In suchURSt &Mk 'p%ﬂeﬂy%ﬂ@@m %I&g‘i’caﬁ& b @ VHEERS MEP cdrfbs;éonds to the

certal n enbodi ments of i hvention, the V
native fobslimg pénteandf qbg M HGlédiescs*ltad rbeca) 10e othr HB&’m Fea teamlat properly

and dated tein i ca .
folded TR AR5 6 PO e AEE o ot PR sy HBrERlecdep g
bondsVEG difhetis n@lé&[@lﬁﬂv{?@i& oH@aitdMAtdiafks GRF HRGRouced b? B&cterial cell
or _both poI %ﬁilde chains. As used herein "properl

culturg gFigare 1 epd )o@prcmppgﬂsa%ﬁdedé@%@ﬁ B0 iptcHapleHEpr %ﬁdﬁde
t r I Lly

vond U8l KRS Lipd BPIPSEHL A Dotk B ALL Vg

WO98%/mé3 5 Inpasdndl B&ﬂo@fm adiisititd 6fNEGE ot eg tutl dié ﬁbﬁ&dnai t©$e g -
mpy have biol ogical activity. In _such a case the

prom%wapV@ﬁwarfp@rla ilgy, mrBwEEE 8%9\*1*9 of¥ascyler ¢gthedial ¢qfds, binding to a

At of, .t
VEGERLERSRIIL UR,IR el JEt8 ebigrnot o IG R, (109
Journailajf @dlo@iE@:CIhmmsm'héwaﬁ@Q 6630 e4b ) dindudihg d@l@@mess, atn

ition to inter cul a sul fide bonds . nthe

o o B o e D Sithe ik B AP Raeal e ot

substé%@sd\HHl%g n%@%@émﬁéngﬁﬁ hd fouHl tbitErcbbih BiAh S pl=odi[&ﬁon and
. | ded VEGF the two

For proper]l
eSPeCIaHYell m@lkaltmtlapr josariaf relbcnad sTlmsdhw tepras vederrfo ahrecosalieant HBP

whict 2B e Ry OB BT o PR pc EgenSeifd win

its in yiRCvEBnmbIL Tde@critftrefet 1 4 @brédof Ririfly thabisQEabtN®out 75%, at
vascul ar perneability, pronnt|n&W'romﬁh of vascul ar

least abqub(9ed 4t dgascalions 5% Hdsarhrhoyt Q0% Earcastakayt 35% aiahlpsgbout
% ignaling through a VEGF receptor {see, e.g., Keyt
98/(§%$n? (1996) Journal of Biological Chemstry,
2T11(> 1ﬁﬁ)ﬂns 55138155)6%)11651’ odUefirngilabglie) ecfesiosdensd mtraddikalar masses
terms urified” "pure HBP" and the like refe

to
of aggregatsd Eﬂq Reptide P#@Fﬁr%a@hl% eSS 2 HEABIcAR noytl%%%%% cell
proteihlinBRidin léﬂld:ell%o g§nén%§ ORRLARRLSR! AR WEE 410 sBY %ese a%gregates of

espeC|a y 1 n prokaryotic or bacterial cel
polypé’muis nidyebd recogizodiae fongbt @otsecmhlbumm theBBclwhlure nfﬂs cells under
h e of contam nanti i ng. D " ﬁ Orfgroteins or
ap aStS’t W@Faﬁﬁﬁué@ﬁfoé? % E%I&’] &t é%ls\f&oi’vl’? Pte™ 'R t u
en ik @NREBh; thEh@nt ehidFoldLl %Eotélﬁ réfeflag rp%%llﬁfat&lLHr'atg?regated
that is at | east about 75% | east about 80% a
polypepsidss thab @n@tcosta%edarlthne mitacal@dlsvdlego% used hiceears t'insplodte” or
“misf(,?lI n% ?UR/SIE%%Fnorbo gl Jd refers 0/ PGrcg)t%fe% %gre%aetgﬁ GF %t is contained
withirf@o periplatn ae ﬁitfauélﬁﬂaﬂ'@s&!a&f Rbkargatcadat @llspaliy @tehetwld@
of interest, which constitute a significant portion of
prokaméwtheftaeﬂ aatoriaindepnd asumercs biglosgisaly inactive coripmetion eth

mismAtPh RO PFTRT dikHi dWnd@! ThERASSTblc HISS & g%ﬁ@ﬁaﬁ?%u‘? fe&f not be,

contained in refractile bodies, i.e., it may or may not be visible under a phase contrast

microscope.
As used herein, "chaotropic agent" refers to a compound that, in a suitable

concentration in aqueous solution, is capable of changing the spatial configuration or
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pol ypepti de may be recogni zed as bright spots visible
within the enclosure of the cells under a

w@b@gasment rast m croscope at nagnifications dPUTUS2906/062320
1, 000 foId As used herein, the term"m sfol ded"

ote| ers. to preci tated r a
Confogfa tpP @gpfe%‘aﬁhrg @geﬁ%%ﬂnﬁ aa%w&? tgﬁ?gwﬂt% render the

1 } Y l | Btag i el desh. h
polyptic8hub AN AEARGE Abdinim) "R MBt:BonOfhay Bbclk 0y CRfhcing, c.., the

state cxfE@ratlhai th¢ solgentteayineinanittdrithe sdhecnpewifgdeasteraghion. The

ul ar ac kar.yot. c hos
conceff bt PG vl dBid ARt kCudaphagg hisyRhess® A
strongdp SeHIRE iR dMaOk@FE SAlion Ednaihd ¥ EhAoabhielaBBitiiRMaryé Edhcentrations
m smat ched or unforned di sul fi de bonds. The i nsol ubl e

which-gpsolyicgenelt sff¢gfivelyunfelé edohmepties presmt i the solifion effectlvely
elimit{a%gé ﬂ?eé#rh%hﬁ%géo%ﬁ s‘a%bfuré tTMnfglrdl 1llnb eﬁﬁvé{l&%kghﬁve but
un r phase COﬂ ast mcr oscope.

reversitfibaatmedurateggrRnatiring tiedosropie sahmomontadls Tah;hhotrdlﬁlc @gent which,
sui tabl e concentration in aqueous_ sqglutjon, is capable

in sufgeicprRgF Gl PN SPREIP Peé%‘ﬁf Pkl dng of & By pRnvide .fr@ﬁﬂ

el OARBEL e AUSOL AR S8l FOSEATpy ot

1ntheaqM£0msnmnheuﬁmamnmﬁahmﬁoaMrwhEhmm@ubasaﬁvbynopangn@glns

. e.g., tate of _hydration e solve . environ
activegpity Hgﬁegcﬂn LEFOWY PIIoQPlpgRuS .pazs%l? gicahgondiighv ert rIEso?s’f

chaotl%incqg@ﬁ’ﬁs hPhde g’%ﬂﬁfﬁl‘inevﬂ dkodﬂlcﬁrﬁl‘%t h¥éa, 3l @G HrokidRs $tdheRAbMum or
ef fecti veness. strongly denaturlngmchaotroplc
potasssmmhwdmmdso rﬁhapmpla agm\i)mpblgﬁ e caglématlom of tegparcagents, such as a
effectively

mixto GGG Ba 5o b BeR e ool uti on

efAfséh@&d N&tiv, atiubinaddend rehes Pradopipdsng eReNMlakyitable

structure. The unfolding will be relatlvely ext ensi ve,
concepiiptiqne @AdF soluponaprirtaing fire gulilxdiyl sigursadhatspg tra- or

t [

1ntem§o?% Ia{ér I‘agkn ﬁ?dc%ob%%lgi ?F@ﬁc‘éﬁ? Bls?u(ﬂ%&f Y’&S@E%/% &am 6{31&{& of suitable
reducinglagertg irefuda dwhioylpepéll (@ThHY dlthl@eryﬂhﬁtc& VBTEY, Qretagméledptoethanol

onformation the pepti de has assuned
(BMESn‘iYéWH@d FcaEing |ﬂﬂeg colate; glatatiypng. ilginl2 ?%?%Wﬁﬂallphosphme

(TCEPPQBdQ&h&ﬁ@£R{?§E&&n in which it finds itself when

operating in i active formunder endogenous or
hdstmiscxgbfu&np’fhuﬁfeo&dw@ilmwn” cdeite h svistioEwarplresstpthanges in pH by
h ﬁh r % .¢ . ents include gﬁanldine hydrochl ori de,
¢ acfjpR QT It aHIRET ORI UEEE SONPR"IYS s0di um or pot assi um

hyrdlE O ciigia" EhrantpaRl Rerd@aRtSdd OPabtdBa and ARADALEERN B certain
t hese reagents, such as a 5 m xture of a hydroxide

embodiimehtsinfdlae overfioan elthaﬂ@rlh yldel@dlmg @rdnd@osifive arrbgramenagiatiye

bacterlar %deum ngn ﬁl%%rl]ett]%od’s r Soctegsesa descrl eciJ Qd th?n bne erng?dlment of the
SQi e concen ratl 0 I'n agueous SO U I on, nal Nntal ns

invenfiéig %re&h”n%ﬁatﬂfé)bhctgﬁ@ U ESI) etg‘l AntérddBadtéridcaac. E&amples of bacteria
|nternDIecuIar di sul fide bonds are chem
belonging tq, Fpigepbagtsprecae Hichideackstihin, Egtespb @eﬁrtlémléla Klebsiella,

Prote)éx? ?ﬁ%&glﬁ%?}{aérx M&l@ b'EHe? Ebf ﬁllta&gg)—og%tena include

i oeryt’hr eta- ca t oet
Azotobacter, Pseudomonas, Rhizobia, Vitreoscilla, and Paracoccus. In one embodiment of

the invention, E. coli is used. Suitable E. coli hosts include E. coli W3110 (ATCC 27,325), E.
coli 294 (ATCC 31,446), E. coli B, and E. coli X1776 (ATCC 31,537). These examples are

illustrative rather than limiting, and W3110 is one example. Mutant cells of any of the above-
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o (BME), cysteine, cysteanine, thioglycolate,
gl ut at hi one, Tri s[2-carboxyet hyl ] phosphi ne (TCEP), and
wa@e7asnibor ohydri de. As used herein, "bufferedPCT/US2006/062320
solution refers to a solution which resists changes
in pH by the action Its .acid-base con at :
mentig ke vl %%ﬁ@}lqdaft ik C%%d@@%%%é?% seleqt i angeopriate
bactet@éjﬁﬁﬁl%efﬁt'o%oﬁﬁgerﬂﬁ&r{‘éﬁﬁé‘ﬁﬁlﬁgf'o@thel r@pl?c%'htlﬁ“tﬂb Rlls of a bacterium. For
enbodiments of the inventidn, eubacteria, 1ncluding
exmn@raﬁwpbs&ﬂnﬂezan&ﬂgpaa%nﬂgamsvelbaﬁn@bbaweéaema@edwﬂwnwwﬂ-

knowy oot &1 IR AOBATS G G At REORT T eBabed R ooty the
replicah. &S et Fther Beldw reEdRIcRRAMbRE bAGEAB]c axanRl RSt 6dlls.
bacteria bel onging to Enterobacteriaceae include

Edsheed beitia, thegrpiconenst eell.” Epahi lica’ "sikpiapgind|"pell culture” are used

intercF{/ngggﬁ‘lg?n? Qll ?R{E}Ie(les%nat Stis rn‘?cllﬁ quggglyosﬁ}h%ekﬂeawor% ht%nsformants”

Sui eriain obact
and"ﬂ%msﬂﬁﬂﬂﬁﬁéﬁﬁ'uﬁhﬂdﬂlhb@nnﬁ&ﬁﬂﬂbﬁ&Ct&léhd(ﬁﬂﬂh%@ﬂéﬁﬁﬁﬂlﬁﬂ&ﬁonl
In one enbodi nent of the invention, coli is

withowy riegafd|fer the npgber ¢fdeansferss )1y glso Endeé%fpﬁ)d \k@&almmemay not be

pI‘eCng%' ﬁgrﬁfcal i DIQR' dec'% d(l%%h%%ra{%d@r)lna&:veftgﬁl rhutBioRMuknt
These exanples are

progeny thas hmtth@/ sanneafuhemon dranolopichlt dcngity anstrat®ied f& in $heotrr'@inally

transfprm exanpl ﬁélr Wt ﬁllgtpg C\%h!%rse éiﬁ%p&&;i@élgnﬁtgohq%gl?eb%}/enge (lir}:l‘lggl Fbe clear from

thecdm%ggssary to sel ect the appropriate bacteria taking
into consideration replicability of the replicon in
t Ae used hercinf ”mlﬂ@pn@fﬂ rafers Eoeradly appépgideganapiofeins from any cell

I SPEeCiy, n be"su ta
soureEIF hits. Rho RMTRE Ao SRS B QRedBe RO b B ks 4B TFose
polypBRf2 forc RAG BL host il HRINAkDizad, 8utts &k hem&HpRtan pldduced by E.

replicon. See further bel ow regardi ng exanpl es of
coli. Wbﬂ@ %lh@t%@eg@mp&ﬂym@@e Bay pe prokarygiear prreyotic, prgerably it is

r I e
eukargaljtﬁzf ﬁl?)zé ﬁtra%feéabgg HC? %?16 na(fn%lgsg eyferzinl(rxq{uﬁan ﬁln%,rtaﬁl érhbodlrnents
of thedesingoaltit mmsecmlbluﬁﬁlymm@mey, or Fbeosnbihdre pulypeistide.

"transformants” and "transfornmed cells" include the

primary subject cell and cultures derived therefrom
Hepa%tgﬂﬂfn§%§?$ ils for the nunber of transfers. It is also

all progeny may not be precisely

Isolatingehhdpana Bindin®Rivtgont ent, due to del i berate or

I nad t ent tion tant .pr that .have t

RSN S P AR OB B gt hose
cells éx@retsﬁﬁg dﬁbféﬁl by ardy gnstRisR er &€ klanddr@ técﬁﬁﬂq\i@se CFor\éhﬁﬁﬁle the

di stinct nations are intended, it will be clear
insolupeodBP hselsel@mdema suiteblesiselatipe buffer, by Pobyipe Prei agls to @befe of
sultabgeelﬁ}enrégslt l %1}1 ?0 Eoﬁr{é?le d?e ﬁlgﬁtrhg o%rto%e I‘Ilesgglé If,hrrl ﬁvorﬂlcglc |¥18 Sl?b] cct protein is
substanﬁeﬂﬁftﬁbmglwér dip@bipepkicdissadsao rélose t]h):Olhly]mEth ibd&fés or the

faoreign tg the host cell being utiljzed, such
proteip lfwﬁf(iﬁp@flgﬁaﬁnmq;d@&p@ lbl?r space and makeythem qvwéable for recovery by,
for exgﬁéfer %n‘?tgﬁléﬁtl&lm 'MH?%tchﬁiﬁ @E%&&rﬁ%‘%dﬁ? béCriBEd i in, for example,
aryotic, preéferabl ol
U.S. Pat. No. 4 ,511,503. Kleid et al. dlsclose purlﬁcatlon of refractile bodies by

homogenization followed by centrifugation (Kleid et al., (1984) in Developments in

Industrial Microbiology, (Society for Industrial Microbiology, Arlington, VA) 25:217-235).

See also, e.g., Fischer et al., (1993) Biotechnology and Bioengineering 41:3-13.
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eukaryotic, nore preferably mammal i an, and nost
preferably human. In certain enbodi nents of the

WO pooensiisn, it is a reconbinantly produced, orPCT/US2006/062320
recombi nant pol ypepti de. Fbparin Bi ndi ng Proteins

LBt 7 ol g GG LRy PR hdoPRG g froren fom
1nclusEHn°$8°&'iéé%hh (fs fiesharsRblas fo1RN e Slsderfﬂoﬁali‘fotﬁrdéﬂ? hifd slaébeﬁﬂé/d ina

a nunber of art standard techni ques. For exanple
sultabidwlslffems ad lypubaléy tHBPuffer ¢asiststadd hurﬁfeang agetna bligablsor hulffctmg at

beowePlIRHES o o ARRT 39 8 a Fk L AnkSuf ot e Bidiffui D fseful o

mainthifl aWFfedlert |?&11§ stedret inRhOb@fifdted %lﬁﬂi@ﬁtwwaﬁilw a¥h ionic strength of
i nsol ubl e, or disrupting the cells so as to rel ease

about{0HH tpAdYIuel Gh todaiMds enploried. pFlst asilh, Wigkauspraded in this buffer, are
dlsruﬂ?gc{ &Hg%ﬁrﬂs gO[ECHnl e?ggrkl%l%h%{eﬁﬁgiegi ns%?lg aﬁ&eextaﬁ{f)@, mechanical

avai l ver

methogied. ¢.| Hugdgérirer (Mansmt@ahmi p?te@ Microthidizen@mNigasodvs), a French
descri hed in, for exanple Pat. No. 4,51 1,5083.
press, R hepd mall, ofja song; aseilgoe Py Oﬁlp@g&al Phengymats gthods.e

(RRURIGYr QRO R R AR Y SRR Ph RS Gfleroptasing

WhichMmaiksbh@hseggf lysogBuoe icelyye fherbattadalswall @l. Mducat ebj (@Pe4HBiochem.

Biophys. llierg ;81%'53 V@)%%g ’%1%}55%}33% é@igwglgﬁgﬁypzxé%twégnesn% rOI?Viagfe cells
with a‘%%hﬁro%%f Wigh tofRlty alN@with atbli-Q4Rr daSiE6f lg%stoﬁicft% R} fefdasc the

for recoverlng protelnfromlnc usi on bodi es
polyp@mdies (;Hslﬂmr@traul z é%Sathil_Qbm 230(8):poBk 30320t Senicaidngs generally

wscd 5 FpBiPRBERERh Bolthio?? 'L Sl VB ES} o faion brorn.

At larBetf @les Righ phesb@t Wosd gitilzdiohas Qrpldéﬂy@béwt 6 to 8 and a
salt. Any suitable salt, including Na is useful to

5 Aigr heaicHs aresliFnpted.dhe Suspersionss ﬂéﬁ@at”b( ceptrifpgedig fove pregd,
gener%%ll\#gﬁr?dq%o t%WSt(g)'O 5 %\/I%r% ' i ?B? 8y eé& ﬂ%gofgtiel\e ;f‘g%ﬂ%}\?]r? ?b%£t ‘i?,OOO X

g is usadsipendadiaidicdntrifagdivh fagime auiffcidntso tpp]iﬁdubﬂtaﬂtmﬂy? dllwsiheg

i hni que monl y enpl yed such for  exanpl e, i
msohﬁ?@&{amlbﬁ %f}étnilf‘é&én bg sgnp iy Aetrogasd %%dr e(p%%%ﬂﬂee@iwmﬁbemg
centrlﬁf aas WleaF el LhQifg&Y desn. Myﬁa&aﬁ’?@l}fddt 10 i ENEN0 PhESS is

, Oor a sonic osci'llator by chem cal or
sufﬁcwmztprrwlllat:thnmmbdt@ protekix almpine smbb dipheiihe s spensien zyceatrifoged at

t hods. of. cell disruption include spheroplasting,
12”°@§£%§ i%PHWFg ‘the use of |ysozyme to |yse the

bapt %s'uﬁin WRl1kt Joh'talt{g%ﬂbﬁﬁntﬁhhly,all(& AAhsduLIe lj}?d'fbm fraction. If the
Bi op é 215), and osnotic shock, which

cell dism@pv e@cwseam@wnmte,\ﬁhaml@t @éllylaéso\monwuamwr ealisom bcﬁken cell
frag om Clt {%?le;%él{egs Sy ell\%%rpl]%‘[lao Co %e\/\?stagfr §(F_efsuﬁsendlntg thei pellet Ina

ease

small 2809ntlof.thdadde buthe I%luﬁéi@ﬁ&) ex%ﬁﬁﬁm@ 29uspp@idinGAtH zophass contrast
generally 5 used for disruption of bacterja. contained

micropGppgnd by PW&%}C@% hrakey gell, fragmets pevhelscatls Bdicgies tht fusgher
somcelttl%'iplg)gg }1%§ ﬂlggtzs d&d cﬁﬁuﬁtﬁcﬁf‘ﬁ HE@ESE‘&W‘P(QI%H{O%/@%GO@aéIﬁentS or cells and the

associated non-refractile polypeptides. After such further disruption, if required, the

suspension is again centrifuged and the pellet recovered, resuspended, and reexamined. The
process is repeated until visual examination reveals the absence of broken cell fragments in

the pelleted material or until further treatment fails to reduce the size of the resulting pellet.
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After the cells are disrupted, the suspension is
typically centrifuged at | ow speed, generally around

wG®7n13H, 000 x g, e.g., in one enbodi ment of PETTES2006/062320
i nvention about 12,000 x g is used, in a standard

C ge for a tlne suf fici
Lefg ’a%tq DEPESyS g4 beggmplaye Whﬁﬁ tﬁ%‘[néglb‘lg%tpé‘i’tﬁm igfptppcellular or in

the peh'p[ﬁ@ﬁncc%c@ eInSdntRbodRh&H BF Hedn@ndoslane E%a?ﬁbtfs%?ven herein for

vol ume being centrifuged as well as the centri
isolaticig shuegarm bigping @Irdtsnnalb@dltecl@l tmlmnlmse@l bali® [Bedipitated msthe

cient .t.0 et the 0 one

veriviZiisafaEr itsBhasnate S RERC bR o loay Bor) BiggSes ty
proce§s@§ andprotéthik&Sre fﬂ&ﬁglﬁt&& 713 hplﬂg:aﬁl%'tb AbpRAYiAdiAg proteins in general

substantially al the insoluble protein fraction.

with mipog ﬁl@dg“lcemns aginetedphionghqyt drefoBowvingriet. doagtan @mbvchélents of
the m?eﬁlggﬁ,étrl]l?’?%cg%s%% Flg(f @%@écﬂlrésrgrggl{iqh%gﬂ)le Yo R{anlpfagtjﬁgﬂg é? ndustrlal

ness of ¢ Ion ca
scale pddasta, foldasuspimdiMmgtiéhef thelHBR. in a smal | anmount
of the same puffer solution and examning the
ef01‘-"":**4‘?:1'=‘1“1’3-1)1“—"‘t‘-"~-se contrast microscope. The
Bte@finsBl Ided by b dt first

e e i G B ded bR ol PinE et e v

buffeudd solu‘pOm omntalmnlgeme:srmnyoﬁ oclraehropie agére ahd agedeing agent sufficient
cel |. the SSOCIa d non-re e.

to subiGrPbpeniue e BERvoRHTRY PRridh MG rippuph takgs place under

condlﬁ@rﬁLUf le8Reentriifors HRRSMTI iné Sind Ql?duBat‘i‘&meﬁprl"éﬁﬁg tlﬁl'ﬂ qllﬂ Bow
pel recovered, resuspended, and reexan ned

solublqbrzantmmsf someroe pelzstaatialineil Fheicparin biadigipeteinoand @w @afoskdlng to
t he absence of broken cell fragnments in the pelleted
material or until further treatnment fails to reduce
t Measirg@eltf ofthedégesddiondilpatibein hbSufbed 8olRiioe eSEbEAMply
be enpl oyed whether the insoluble proteinis
determiged a%msmt%hly 6F1TicH oty @fﬁéﬁmpleahm%bléﬁﬁé‘étmpwam by analyzing
fractlcﬁﬁp&% Ln ﬁIe ﬁ‘ilg%‘nb,tgx %net tf{%? c&&qﬂf 51!1 %n%&ﬁ%gd SDS-PAGE
r I'So arin I'ndi ng proteéi
gels, i precireabstp(d gcthe Brmifomqelamt prioegn p)sstaﬁ(eegl PferdehBlo Rad etc.)), or
eri plasm c space or intracellular space and rel ate
by}lﬂé}tlcularly to VEGF. However, the 5 processes and
PHRE &oly 'Bﬁ?fel%ﬁ%ofulﬂeﬁ' B plis Q%u@ﬂeﬂhgnﬁ%mt §u1¥aglé'11%9 ﬁfahﬁalmng the
bi ndi ng proteins iIn geﬁera W th or nodifications
pH ramge ofchebufférrad lagbtabout he, Wich thewymgaltrenge. being T210a&i dn one

embof gt 84 T et DTSET e Pl R PR vl wil provide a pH

withirl fheUatéd rahgcSiaalge H’R@Pﬂl|(‘Pﬂs[hfr&%%rﬁbtﬁgl]arﬁﬁh@methane) HEPPS (N-
purification of the HBP. Refo

arin Bindin
[2-Hyrimz<wehhmﬁp1@erah@eﬂ%dB@@@wnﬁﬁgl@mba@%])nHEPES&Ethepar in
s BB S AL bl P ARl B Elapinr 2
hydroapd -Eropeduidioni agenAMRI(F-AsiiH2- rh@thﬁlubpf@aﬁél?JdA(PS (3-

sol ubi lize the hep arln bi ndi rotein,
[Cyclohsxpileatineinl 'P&Pé%esﬁ |forig agidy &H]g% E%\[N -,Qyﬁph@;ylamlno]ethanesulfomc

acid), %g%%’e” LRLdd % &%tmg bﬁ‘ lnfe]n Jsgglinurgtrﬁq YRR Ofhe buffer I}Grem is

erature 1 i'zation of sone
HEPP§LAnab<antpiHs\$ Dy Iah Furthee cinbpdinent, haidiffegs, preatsacnas ABEPS,qire
yfoldlng to

occur

sulfate
Chaotropic agents suitable for practicing this invention include, e.g., urea and salts of

guanidine or thiocyanate, e.g., urea, guanidine hydrochloride, sodium thiocyanate, etc. The
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5 occur. Measurenent of the degree of solubilization
in the buffered solution can be sinply determ ned and

w0 g00303t1abl y carried out, for exanple, by turbPdi/U§2006/062320
determ nati on, by analyzing fractionation betmeen t he

stgcgegnat ant an el l et ter ce.nt i fugati on,

amoupgfl G BEHT RS ACEEG t(@v‘ vty it & gnoun gefficient o

unfol@fh%qilﬁ‘ th é’o(ﬁﬁgﬁn Un RERLR bﬁbé&%ﬁ%ts(cﬁf ik mvgﬂtfﬂhc§ chdt@pERDresent
), or by HPLC. The first buffered solution

at aboobhqiwc@e@ooalt hahd &9 mndpradenne smbediiment dfdhe maemticm, Hiernpaotropic

agent iR ol RS s Mt M bt 715 AR RBRES ot agent is

guanidine hpdtotMbri¥ESRabost @EING. 0. Exanpl es of suitable
buffers that wll provide a pHwthin this latter
r &rig@picn ef sidiabiprpdiaig agents include, but are not limited to, dithiothreitol

| : (Y
orr{ SR AR5 SERB M, o o
of redacing hgent HERESebd)t [ir2the buffer will depend mainly on the type of reducmg agent

Hydr oxyet hyl ] pi perazi ne-N -[ 2- et hanesul fonic acjd])),
and cl@gﬁg@C(ageI[lt@@ ﬁM pg}r?%]: bptfer employed, the amount of oxygen

entrall?é’ﬂ{h%)fnt}od%&pﬁ'}ﬁé F(h{lt‘?(;ﬂ %n@ﬁied:)once%%ot n of the protein in the buffer.
Am no- 2- net propanol ), CAPS (l%
For eyaBypd¢, ovigxy.b-dm mgjml prpcopardsiifcahiotutani aipH THES.O0 containing 4-8

2- cl ohexyl am n hanesul f oni ¢ aci d), glycine,
M urch o G nt e b P oG & copsinrein Broptal 3 B G BME
with 4 dﬂ)\ﬁ@éﬁtfaﬁﬁn at iRuPODLIEHMIQY 81 fcihs V@thld%%lﬁe?elﬁltatlaﬁ) QtiboREb-10 mM.
n a further enmbodi ment, the buffers, e.g., such

In onfa@nlé@m@t theacdgifegeut, is Qb rabpitc). tpeatont 4 ol ad 24 noYl.

Figurgr flt st%lfe%gla% . S | gl\l/%? taiuﬁﬁéltlnc' gd gxn%'tigh 'of Siﬁi%}" a[ye%k 3 VEGF

refers @6l pRopdiin @olh&dﬂbl@l‘d@ld@ﬂy d@tlves‘@EGH Mntdilc@eddRhE, tBE Eoducing agent is
Theanmount of chaotropic agent necessary to be pr esent
DTT gtigbpwfel OgnM et singleagdegivgipgens of 3 pembinatianpfiypdusing gaests can be
used 1E|§%u RQLition. In certain enbodi ments of the
I'nventi on, & chaotrope is present at about between
alitutorkcamatichOofiind puotein i thoduffoteddoluEoit nukt Bidwich that the protein

i BB S PR S S Sy
emploégglrﬁll;c}egéncﬁo@ lé?q ' tﬁ% BénBYARAOLRY 418 &f Qtﬁ&qd‘f%re@leﬁts M the buffered

l'e reducing agents inclu but are
solutiprytpatticriarlydh¢ protadin tdmcottnateint widu¢ibg ent dindihopldyoif bird tudfer. In

one e ahiea{ Ao P g gt b bo AT Bgin Wordib i the ranes

of 0.5035 H pepindi! oxdppsrtﬁmgahlnmhe@mubhaaﬁa&pﬁ tpglca@dda%agout at about 0-
agent and chaotrop| C pe and pH of

a
45°C,purbeut 28ri81° Oy etdabotiha3- é?nﬁmr abﬁut 6§33§eﬁ o a@ntltr%ﬁ"ﬁefdr gtrlcast about

one to 4 l:_mnnutlrsr pr gc %den}bodltntrl]ehent S L??tl{lt())lﬂZﬂélgo:I]que sc(ag’%e 8{1]tc op %1‘['2@55' out two

hours Qt foin f2nip@tafire prr9p1eam\y ithe @mpefatie &chos @bpﬁrtrﬁl’y dfecRd by salt,
7.0-10.0 containing 4-8 Murea, and reducing agent iIs,
reduciggggentpng chqtippic %g@ﬁblﬁﬁwau on at about 1-15 nM or

BMFier the polypeptide is solubilized, it is placed or diluted into a second buffered
solution containing the chaotropic agent and a sulfated polyanionic agent as described above
however at a concentration of chaotropic agent which allows for refolding of the heparin

binding protein.
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with a concentration at about 0.2-2 mM or cysteine

with a concentration at about 2-10 nM 1In one
wepdodsarent , the reduci ng agent is DIT at abourCDUS200€062320

about 4 MM or 2-4 MM 5 Figure 9 illustrates the

t of d DIT th tract VEG-, . P
e%%c ¢ Té‘?%@al%lagiﬂoé} grubation ofdhe 1 ﬁtrl'aéﬂ@ng Ige&ew@ﬁr
generMEgEe sulcﬂ IR §orﬁ@99gib'§ﬁﬁﬁal o REMRAUCKNGinB 3¢ Me ﬂr&eBT\;l;ﬂPttake place.

mvl single reducing agent or a conbi nation
The em‘ct p@diymmgm&gﬂ@pctsi @rforpxamgkdtherpFhobtht beffetandghatypFhend

t r.at f_th t fe | uti .
conecfRE oF SRS R il peosfuthd & chrronice BBty i Py any
preseftOTUB ik dub &6bnA fenlRk 211 16 86h bl lyapbolCRUOUR Qﬁ I1t)¥|0°@ faﬁd the

exact amount to enploy will depend on,

incubgteiceitk geaetialn He gpdict ppeor of leatt gbouti lrigwéai %ﬁ&t% quﬁldtﬂrge In certain
ernboﬁ’ H{eﬁl?sr ﬁ%{f clt18£ '150&1 1&1‘3&&' & g o Llyoutt é? 395@ t a@ f20f OeOC, for at least

about kétlfofu@r forlan le@ﬁeabeﬁmmjhdtm) for bétwfeble abawy eﬂhhd) A hdis, or between
concent rati on of heparin b| ndi ng. pr ot e| nis.in the

about [133g¢ 28 hoprsgerpetvery Grad 4 hougy, of befwser 174n¢ 24 hauye.
S [ t :
A9 Ie 2RI R AR Bl infhuriRit BaaPiterof

the HRB-08 Bﬁ:highrpeaﬁ)uuanczﬁﬁufdnhrmhaﬂogaphy RLE) orabystsousig e.g., a

-l n one e qub|I|zt|on'
PORQEHER N Bl GO B350t PRUEC AT D piggHfe heparin
affinify QERERAL M Rasily RI& &tdnor cBH@ctIyefBRfeﬂ MBI BedkSiZtircctly correlates

apparently affected by salt, 'reduci ng agent and
with 1n¢ra@ﬂmg)¢m@um$g@ﬁnorﬂeekbe fCédedAthécrglwhlef agbyy/ PEPtrreeni i the buffer.

or ..di nd.

e o B G bt RSB REI el o RO R L roteca
HPB R06veed Wb Hlatesingoby RIA@RHPI&YeNnt as described above

however at a concentration of chaotr opi ¢ agent whi ch

allt evgsenbpdimentothgidglityfand quaisp af pieppilyréelded VEGE is assssed

o] | i

using R hgﬁ%gfb%}]&lg%g&gf s lmg@gas %];O%t{aglln?g 1’?18?1 %g #gﬁﬂﬁa&h@ ﬂg gﬁotﬁm are
loadedl bat e30MOROS HEREVaguirah (96 Xd@ﬁmhrﬁl Eequftﬁ)Ied?.m@esaﬁrch Peoducts,

protein wll take place, e. exact condltlo
Cambalég%ﬁ\é%ﬁr otg suFRblimhrRArn frfgnﬁwc i Obr S dheinenqei affinity

colunin¥iP %ﬁuslﬁg% déagﬁ g6 'H]I(/Iastokiﬂlﬂ? I‘Pcfs g[ﬂ-g edoRQlny, (') PBINE sodium chloride.

agen C aotroplc and ing agen i f any,
At a fpvpragssehtt ml/fhie oi & oliain tho cobnpneus atutadeusirgg ngmaar gtadient from

t.. 0- 400C, 0-.400 i i | .
0.15-FRF it (e B 1 @i SR hose e B P ks 0D miisty Theeluant i
monit8fQE 8T 8O bRGembdifRAL cprofhrdire@MtRd it & §1n%l%§5%ﬁlk on
is carried out, e.g., at about 15-37C, or at 2

correspording td @aénolgg;@ﬁlty Btinonroperly sefolded FERs tIngve gmbediment of the
inven (gu AR aiqoay b OA g‘eerl]nnal bgllr’lotper eafn f:c{ieé %Egp R}’%% bﬁtls\/\ﬁe({]e hnkages

ween ours,

can of@inaie Be dehfandd 24 paptidsmar @heuldﬁcgblﬁﬁlsﬁf canedil b lﬁi.d irSfor
suitably determ ned by radio-immuno assay (RIA) titer
determymninge&igbhstarctyy/ foldgg: per f or rance 1i quid

C i, 0 BREQHHL R RV e {d e AR MR oR S b BnFoBhos™isted above for the
first buffered solution, e.g., HEPPS pH. 8.0, ¢.g., at a concentration of about 50 mM for

refolding VEGF. The polypeptide may be diluted with the refolding buffer, e.g., at least five
fold, or at least about ten fold, about 20 fold, or about 40 fold. Alternatively, the polypeptide
may be dialyzed against the refolding buffer.
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POROS HE2/ M col utmm (Per Septive Bi oResearch Products)
or other appropriate heparin affinity col um.

wo prasEsfng RIA titer or correctly fol ded HBP PEHKSHD@652320
directly correlates with increasing anounts of

¢ b ot Pt Bg e o ol TaRie A28 BEopgsaTaion such ha

refoldﬁ%"dﬂ’fh@ BIPBNR At 'Gén@tfaIIS? Qrcfl%ﬁdp)é if pleclad a‘H%%u{ B’etween about 0.5 and
msf ol ded HPB recovered, as determ ned by RI A or HPLC

2 molam Towec embodimeshef the frercytier, ithe/chanttojoapent hyreof is urea at about

0.5-2 RIS Marad b 1 KT O RRERRET, R Aufbris nzent isasaget about

1.3 Mh®@Radnitiati&h. NE eﬁﬂtﬂ%f einBbdinhEof tAadREnGsh, #heSshdotrof? tis
HE2/ M col umm (4.6 x 100 mm PerSeptlve Bi oResearc

guanigapg fyidroshlogdcatbenidyM. Rmprol bubestesthe efooteof N@@amdrﬁeducmg
oo B L SR DS FAIPY S PR AEREE A LWty

activeCOBGA) ni ng O 15 M sodiumchloride. At a flowrate of 1
mM/mnor 2 mM/mn, the colum_.is eluted usin

| ridrtedgthsgpiition ppeRaYY PO LoRains i TGAY Mg R8H 1qlilen‘fedliceng agent
is sult%%ggb%ﬁﬁﬁ?%%crlwd a%ogé’ for tﬂ@n%onﬁc]ﬂfri'r%ﬁé steg E?th%chﬁé&ltratlon

Is“nonitore nm | n one e rotern
range iof abart O\vetoatioutnl lem¥ fogkpstpeald. b- tOmMdsfoobdilin gnd/or leksethan about

0.2 Bl B BMERIR S oo Pt M rfiods Gy P e DA i sbout
0.5-2 RINPP T bi¥e difbRliest o 1h§etﬁ8ﬁptlh@redac ldobflSs DTKAGSSut 0.5 mM.

can optionally be confirmed by peptide map. Gircul ar
Examulee f mlgthiedaehucam$@geb§ inglade, ibut dromotiemiedrionicigg dzth&thiﬁltol (DTT),

A L By e 0

conneﬁtldSIS{Vlth i groesiuss| fpﬂ@dq@éd he@eig for ﬁ’d@&ﬁﬁbﬁiﬂmﬁbr@teuﬁ if) gencdl, a
a concentration of about 50 mM for refol ding VEG-F. The

combyygligipeistyisteencranpbeie Ogl torpbent 1) mM enbabost @il de ﬁ@ovédfq ‘M DTT as

l-east about ten fold,
descrlggcgh?rel%ds % ﬁ?)?datm ﬂlé ¥0§k§f5§{eg9,‘6&¥' PgEC%Iat ernatively, the
pahy pdpldigesterpincladesh allfareichobgaiiongd agdneatraedonkelitiagion sufficient
buf fer. The ond buff red sol utj on contains a ..
to achiiys spFipfrol e ofthepoliRsATY el Bl agiteble polyanionic

agent$ &EALGBEd ﬁére{nhﬁ)o%) B. C&é’lflﬁtte cﬁ?ﬁﬁﬁ@é J)fya }201%%@9&&1'}199 &s héted

present at about between about O. I'n one
aboveenitoslil fmsyut padyanidmec agonsrsucioag hctplaen (shléaie,r@atr@n aged, heparin

sulfag o cFrogie Bl Ay el srtafddbrdin Rapnd FE nePas Syhutes

used iR ontexd oMHe RERNbA, 2R AdlcchRr AROMPEE Akl BBRMec®hbout 3,000
the invention, the chaotropic agent is guanidine

and 16,000 é@ltﬂn@mr@@tvaqenatb@utﬁ 000 amd gOP@dalen. | | ustrates the

e G sthod B AL LERELDGB9R BT, SpEDG Fh oLl or
inventir| Digy m@lebMaﬁ@EﬂgMeof\(E&ﬂfafai pudydonié bleotﬁ@{ dglehtuch as dextran

sulfatq? gltglg]gg% 1%@2 :lﬁsV%ntcl:gI{] Eigplerrllgs l‘rljlporn(:‘:dcljé'I gllzg gf t%g %Qlttlcul-lé;rh heparin binding
protein being recovered. Generally, dextran sulfate between about 3,000 and 10,000 daltons
is employed. In one embodiment of the invention, dextran sulfate between about 5,000
daltons and 10,000 daltons is used, ¢.g., for the recovery of VEGF. In another embodiment, a
dextran sulfate between about 5,000 and 8,000 daltons is used for recovery of the HBP.

Figure 3A-3D shows the recovery of VEGF with various concentrations of and molecular
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Is suitably selected fromthose descri bed above for

the solubilizing step in the concentration range of
w@bwat3@s6 to about 10 mM for cysteine, 0.1 - BCODUSIN06/062320

for DIT, and/or |less than about 0.2 nMfor BME. In one

I ment e in the r u0| agen D
weightyo apg%ﬁﬁn wlgﬂt@z rENre ﬁio{?i AT REHEUES SDhe amfyéﬁi? Py ﬁﬂeparm
afﬁmtglrb%rd}ﬁéwgﬂaﬂ%r ABGRY do?regg{ld@éo Iﬁgﬁéﬂy lRd WM GExanpl es of

Sui t abl e" reduci ng agent's include, ‘but are not limted
t dhe eorg:entrm(tnmfdhmp@mmbm(: Dﬁrﬂipoutwr mlcmnit deptidsngbon the protein

being Sl WP BB AR BB aRb Ao SR o da AEk e

refoldi@rbdfe@ ariypickl Jddbdrafb® £t Bstwiebn 881 58land 30C AN Ifmbuﬁlﬁl
cysteine at about 0.1 to about 10 nM and about

sulfat@ @emtabqutol Orand 399 ngdmldies by medrchler aicight Bepgping ﬁleﬂhﬁsé 000
dalton I%?a{ Fg%léﬁ]%%%%%a?fg& E%Wg%l{]goou?gg (l%lgcli’l g@n é/g? if%tﬂﬁéﬁ'%%?ecular

weighs héﬁar@ﬂs sindh ds@oaditi Eéfﬁl‘lﬁ @nﬂpt&gma Gk alichi 0g.)ahd bbeveen about 10 and
sol ubi |l i zed protein. es of suitabl e polyanionic

400 “é/@éln?rsbeé‘f"%e%k}tr [ Gang :H)é)rl@/ 1??1 o dgtranssuffates - gy f at e
S T bIdfs TR ROOURARAD B RHBRNSHATNG e of a varicty
of nodenia datergents soh,as IT&IE@NTMSPO-IH)@JMON&DET% Peatidthei TWREN™ serics
S as | as.sulfated heparin fragnents. o o
and iR PE s Thiadbichit b ShRtet ol SR RINRen ERlvagpa 1.0%.
In ond &%n{?l)é Qe AbeMRIHBAS foR ‘h@n ﬁﬁﬁ'@ﬁ&éﬂg&fnt%@ VaGRcRRE 0@29‘%Oand
an 000 dal tons, or between about 3, 000 and 6, 00
005Wd@rﬁ@nnoﬂﬁ9bne enbodi ment of the |nvent|on dextran

s S e nt ext of venti.on

S Riptihfil B STILEBite Do iR £50R £t bl G i eARAiBP e,
lysineQtag Carflyeprleseiid ﬁhth@%fﬁﬁ%ﬁ%ﬁ[ffe& ulld adreviresmbaliednts Bf tHe€nvention,

|nvent|on depends upon the size of the particular

the conegrdiatian B gIRe i et -eibAUE MY mdb oy b 25t AaP mNyor about 50-
500 nﬁ@,xcgr a%put%ﬂ iﬁir%l\/f) %tr \Qﬁcﬁg 138 %H\t?l fi?hafpeqh Qlﬁgatl%g %Qolnd@grgaﬂps
1S e oyed.” I’ n dne e I ment I nvehtion,
embogﬁrmﬁaﬁk&HMhaﬁgmb&kweﬁmnabﬁuihﬁﬁﬁaamﬂahhogﬂggzgOl?nﬁﬁﬂng
altons_js used, e r the recgvery o n
0.5-3 Yhuichdt 3%%3%%%11 Sulrfaf&eﬁwor% Taam Sr00hr aeeM Cabisties 0-1-1 mM

DTT éldqp%(?ﬁﬁ/l %@Qge Cfﬁ{at R ehtPatibR e dh HRL erﬁﬁ&&fﬁ%ﬁty s@EnM RE:PPS is

P. Figure shows the recovery of VEGF wt
used. \Ia oho ambedinee tthcafinab nencwhtramjl afﬁh@mldnmu@fht soluiﬁon is 1 M urea,

so mYFRAT Sty By Sep e PSR BT ooy Bt v

arglnlﬁ@ reree pOMglend é}nl%cﬁi%ﬁﬂ WheffHad@shcMaETion UTeh CRAAGINE rbaffblogblutlon
ol yani oni ¢ conpound enpl oyed depends upon the

is1.3 M gte@; M HEEPPEc birag/bdicatan pul&te @F{Eé/mff Fitom) 2611 OQ;ﬂjS mM cysteine,
OSrnﬁPpQﬁlﬁ&ﬁn%EUCh .as tegperature and pH of the 5
5 mNL Te

1nine,
ol di ng ?yplcal concentrations are between

Recovabpuiid Eﬁif&&doﬁ@ﬂH%Arfrme&ﬁl@IRimeﬁw fate, between about
10 and 200 ng/m for_|ow nol ecul ar wei ght heparins

sidthough weorny dad pyH1gEpa pf fe @@%ble%@aqp&tpméepry the culture
media cecth\@ﬁﬁanofpa(?%ﬁls TRy 160 Rn SR Hﬂoc&ﬁfreﬁog &e@ﬁaﬁ&ﬁ%ﬂf such proteins

such as, for example, salt and solvent fractionation, adsorption with colloidal materials, gel

filtration, ion exchange chromatography, affinity chromatography, immunoaffinity
chromatography, electrophoresis and high performance liquid chromatography (HPLC), an

example of a four step chromatographic procedure is described which comprises contacting
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wei ght heparins such as porcine heparin I-A (Sigm

Chem cal Co.) and between about 10 and 400 ng/m, or
whedrasnsabout 10 and 200 ng/ m for dextran suPEHUSRN6/@62320

The refol ding buffer can optionally contain additiona

) f f -
said r%%ﬁ@iiéssucr\% AR %ﬁuﬁ@vﬁﬁ R © ' oa%é%%ﬁhﬁ syppay; a first
hydrophébid %Mﬁd@ch?&ﬁét@ﬁraﬁlﬁg stfforBReaidnid cl%@ﬁﬂafo%rapﬂbesugliort and a

non-ioni c detergent is present at about betweén 0
secong hpidroplighic interaetmneshaomitegraphie sepnreamdrsatecovdy tlotingthe heparin
onic.d ter t ar 25% and ,0. 05%
bindig i B B P el BB L ol CCHA BTG oRbt Re is
descriB&d dfﬁlchfboﬁ}prls@sfc@lnfdcﬂﬁ §&d Gofoldbd BEGrl biedilChioteih WethNEsation
etc., can be present in the refolding buffer. In

exchaggg mpﬂrtemﬂhpmbe%m@rfaqﬂﬁ@ chippategraphic support, and an ion exchange

nn SRORBLTLO0BE L0011 By R 508 M ot

suppod0-128Qontynptitecathatthe 1QPs ﬁﬂ\élfhleﬂpﬂocecﬁme et beapdr fmmee ircany order.
In certain enbodi nents of the invention, the protein
In ong embogimenpf g inyentian; e stops giq Perigrgedseaymtalyi ng, o
0.A5¢, it
A su%taME Yir§tdtee Qa:?lget fgl%lér Qg&gef‘ﬁﬁlrﬁﬂrfrffr&tag%ndg% t@e %gﬁa-rﬁ\l/ll Biffing
proteia rcgamctnﬁstlohllyl atovaden demthe adnoontratiom odirtlee laafmand 'bn&imtg pB@in and a

mv HEPPS i s .used,. In o nmbodi nent,. t.he f
reduciQ cmple OIes Fotaniie Tl S RURPUAigE pisp faieribed ghgve, may

result Lﬂﬂi g %rg@&c%ﬁ%%@olﬁ&@gff %&%&We?&l h%'thﬁl@Bﬁ‘ldm% ﬂ?@te@n and
iton X-1 5 mM cyst ei ne, mM ar gi nine, pH
concoalrmltanlt dllu;tm Qafrtb@ mqtmm tn the mefo fdlllgalbuf&ﬁn Setiallafirso nhrofmatdgsaphic
uffe

suppof a2l i Pl ditpdvisTeagiguth Mo moielolyd mve
advanfdde6sy pioRRle sOme pilNFiEon cfQkk pavted Gomi uievanfd Bnfiminating

Recoverﬁzand Purification of Heparin Binding Proteins
proteipg.t Htagle fistdyemgtogrighisstaps inchdeahrenatpgraplie sepnosts which can

| I
be AN RLRHELTY S8 Tk BSOS TERL R ARpEMRREbic suppor.
For exaefpd¢, @htopmtedraghic buppoat éﬂoﬂﬁwmch tiehheparin bﬁfdl@(}aﬁ’&hﬂ;an be eluted
It and sol vent fractionation, adsaqrption with

ina hig s FeRACTRIQS SuPRlC Tggdpading ¢ hidropRobis BieTastionpigrmatographic
supp Ogn&gﬂﬁgography affinity chromatography, immunoaffmty

chr omat ogr aphy, el ectrophoresis and hi gh perfornance

I Eqamdlaqhﬁmnahrogmmgmh(dﬂmp@)ﬂs ianludg.cmp hie 1ot ligited t,

e hr onat o c_procedu s descri bed i C
hydrog i L T RO ART GRS T8 brHLGHERarIel Bchape formally
knowR BOVRLR P &rzﬁnﬂé%dﬁ@(}’e@@ﬂt B & RN HAPRtEISFa PHECuRYARAT dté.; metal
a first hydrophobic interaction chromatographic

chelatgwmmatosrachnc|summsmnwmgdgfraapmrtre§mpﬁom0@ﬂweé metal ions
such assecg]%é]gI 20? Ve? ;bl T(&:Jel Qst 1?0r a teriV% elzeg1 rSiln e(rl])sg rlglpol?lle %mt%ugl%)ern% of the

invenfiéQ the@ehclgvippLtaphi shppcn&t fbv&ie)purlﬁﬁﬁﬁdiﬁfnd recovery of VEGF are
chromat ogr aphi ¢ procedure i s descri bed which conprises

hydrogyanatitet qhﬁgngagr@phléwm e prather cmbedingt gf Brednyeniipp.rhe first
chronﬁtc?g%ﬂh%‘supports for the purification and recovery of VEGF are cation exchange

supports, ¢.g., described below in more detail.
Elution from the first chromatographic support is accomplished according to art

standard practices. Suitable elution conditions and buffers will facilitate the loading of the
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exchange support; a hydrophobic interaction
chr omat ogr aphi ¢ support, and an ion exchange
wa@e booorrsttiogr aphi ¢ support and sel ectively elutih@nUhnmwmnsm
heparin binding protein fromeach support.
C enpl ated that the ste of eithe oced re can be
elutedp@ﬁ? Skl 9o 2 st BEkoPhoRIC iR & Og5§PhiGygpport as
describBYB8Li,0n, the steps are perforned sequentially. A

suitable first step in the further recovery and '
pb}yﬁfquaabucgmtemﬁth)mélrhmp‘@graphb inaelh gn(gw]@uenhn art and is predicated on

the nfRG G L1 OB ey TRt AR mafels FistRRE BT Ears igands

attach¥@ kdM@rorfr@b g AR Shors re ASSaedifhobidigRad taUpI&t BR matrix is
descri bed %ove may result in a lar e i ncrease in the

variouph igfrsregto ah@n Hée shromsdogrentie suppbitndiGgelppotd &G polama and the
like. @8? i J@E’% i &e %ﬁ%{ {Ad sE%E tﬂ‘i‘ of ﬁ%‘?ﬁt@&ﬁtl&{‘b&@v&r{ @f QbSIL%nd the

rst
HIC ophmmi deoaoilgduUaihdtion dfmha/mbpkﬁmo@bf hecpyler tbq)dlmmaffacres on the
dlng protein and nmay advantageousl provi de sone
protels @M ofit %éwarbuapnpﬁ@%oatp@ﬂ% spifegs ahwsht ed

c [

CANE % L LR LT L Y A AARD e mos
exteneaValy eskdan dgdrom;i elthadighedich yndntganm follyrsdr rbginly mpinbd umd Useful

i nteracti.on mat ogr aphi.c ,support. Far ex | e
hydrop G et S TABBAIE B 6 1 MY CHOURG HEBeTh cbout 2 0 abou
10 cafBbR gio‘ﬂgi RIS ib0tyE, eiﬁollgﬂ & déhyg dord a!?yl%r&h;ﬁ@u&@% phenyl Conventional

concentration suitab for "l oading a hydrophobi ¢
HIC spppastsdfor gdnancheadwmnogen phiobtaingd sommeagiallyu§end. supplicrs such as GE

et SRR, ol B BN T PO Ml HRERSERL SRSt ot

SEPHMRPSE1SCLeH) octyCEEPHARE ™M B d phaigl SBIAROSE™ FF and
Il (formall knomn as MacroPrep cera

Tosolg grpagatiopTiokyB; Bipar unggs tha jrreduct @Nne%T@)YOP,Ee%%LTM buljcl;rl 650M
I t
N DRSO RO By PO 5o S00% L o
and retbedeelof VEIGE is adirstigld clasmatograpaic supporz eﬂ; Bibutydaggebsand a
I n one enbodi nent of .the |nvent| e first
secong HV%%‘?BP‘&]@? syRmatoginis $1@pes fhat Her &w?&&%&spo afpher
embodiGkAY ¢y fiRf HMEE @l g‘i‘é@%ﬁ%ﬂ%@@ﬁ% I%I%n%f‘z{g%%% ographi c

supports. In another e nt o e 1 nvention, the
f iLisind dhnotyas eg mapdrtant parppotet 5 thatrit {nfilmepees inbi oy Itlm'strength of
recovery of .V re.cation exchange,s rts
the inBRi0R GG Yoyl L sy si S Tl 2 BELLE TR Plfrit denpiey of the
comnfetdiaty SR MBHAEHRBNb &y SHRAGI deld 18 ) umol/ml gel bed.
accord |&£a to art standard practices. Suitable elution
8

Gel capgaidiy tsi ctimcbfibg pastieulew protefraie quicstimenstvrdl asgdiblitergpaspture and

PB dijfect onto t.h 8L hydro bic
salt conc?lg‘urragc Ictl)(l)ll[: ral olb¥ s eicgedsta g“algr G Lang€ oL :}@endg/ml gel.

behehoitlyef lﬁdﬂh@mﬁgeﬂ aztxﬁwe?@ett¢rﬁﬂn@1m3aﬁamge@@1hman Sinihtral the
known in the art and i's predicated on the interaction

strengyfy ofig #IHEﬂ%@tEﬂIbOfﬁB? POGHR a%ql thefHCrligaad imascaspt with &g Ghgin length of
the alwltl%aﬂé/sd[{u(? BQ%S%&L&%%@I‘? 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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5 attached to "chromatographi c supports.” A
hydr ophobic |igand coupled to a matrix is variously
WO edoensmed t o as an H C chromat ogr aphi ¢ suppor t PCHUS2006/062320
gel, or HHC columm and the like. It is further
appreci.ated that the rength of the |nteraction .
b Hop ﬁgthﬁ PERTENHO AN WU & FEetaiy Pebal cgpeptration, but
the actuaNEddc@Rtr@fontddf vERQRRF b hede #h @@@'eﬁ@i!n@ lof e RAlAbS the protein
surfaces on the protein but o% the distribution of the
and thegurtpulati€Urdad ekosas. Iregdnerad sat ennebsratioh betach @bgutneand 4 M
be.enpl oyed in the preparation of H C colums. The
mﬁlmﬁ@%t extensively used is agarose, although silica and
OEQadinGrd¥R iy FBC sUfSdri) vhidBir Bepwiedr indhe fatn bydsaplebten be
i gands include but are not i mted to al kyl groups

acconpdigheshinfaraicybrfurays seeh a0 by changieg e nalaeerpsntirafingihb by

t - tyl S
changBl 45 poRBRRY e R ot Lol g oop M el
conceBytide adkirbdd@dtchammeelated!ih yrder ofrinstiapihg @y drophisticias Clanges
5.Heal t hcare, Uppsal a, Sweden under the product nanes

: | ¢

in polgiifyymayderHiRRedEyt adyitionn ehyal vensemaresytery sbicol, isopropanol

oS5 BRI 7, SR ROETH SRR SSELL 0

displaneme$ piHENGPEHARIalt b erbuscy [pri6HfiN (hFeoactatige withiSKe purification of
Bﬁ%yl-GSO) or TSK-GEL phenyl 5PW 1n one enbodi nent,

mMembrNe MRS cati on and recovery of VEGF is a first H C

CNL.BORS A068P bbEstiBRRAh Ay bdatach&d RUhMlicAARLORS t&ffimEafonic
second hydr ophobi ¢ chronmat ographi ¢ support that is a

suppopth éerydhrematpgraphy . | Anignistdesstiteertiduichnda carboreméthyls sulfitigyl groups,

chr omat ogr aphi.c . suppo .S, ph | . agarose. Ligand
Sulf"pé%%‘/g i %Ppgsp%g?ﬁpl%%%‘?‘tp%ﬁ%n%gF@rreﬁ%l}ﬂoﬁ% Ipf ByctiapbSitiins such as
SES2 ISEF B USHIe € MR, Coms 2y, (N1e2, H1n epg s, DF32, IMES2NERPRESSAONM S and

the protein but the capacity of the colum as well.
EXPRERS h%lﬁ%‘a agperygileBle fom WehateainkeFli Miaidgtoag Fenglike

Tt | l.s i . Or -4

SEPHAIGEY bt B4 PERMARCIEN a8 dcfos SRk QP gl o known
underplad produdtanmps CMEBPHA DM C@35, @M SEPHABDE XYM, C-50 and SP

SEPHYD N BOEC S S PP e UeagE DFF A BOSRG) Hied B formance,
sp-SEFIEARDAECE Fali AL (S1SYERN ARRISICRT, b%1 SEPRAR BSENDYLS PRow, and

artisan. 1n general the strength of t
CM-SERtEXRQSEBhH (df-6Bhal pradelele iroan G Et HienlthEaZe | Egamples of ion

increases with t chain l.e h of the . alkyl |igands
exchapfi fit 3G e eharlfe FF Shbad BURIGIf gre 8 fmilon, h@nen
exchaﬁg&ﬁﬁn@éreh&%ba@d@ In@mEOM AT ROPREPEY Sl ds FRSexapRNOMER OPREP™
group has about the sane hydr§§30b|0|t as a pentyl

S suppr ApACRIGHRRM Higk Sswppest ind Q&@PBEXW EMesupppItdiginn BioRad,
Hercul & &Qﬁ possibility of pi-pi interaction with aromatic
groups of the protein. Adsorption of the protein to a

HEGtal ftom chtfonfi@stab@diobyaphickuppatd is gemesnt doabin@lishel by
) the actual concentration can vary over a w de range .
increag@igsAMcoRFeBirations. ridcavse tae clufien frayienis cahennstvolves addition of
salt atﬁfatgetchl?slél ermyltg%llééti,%%dis %Eﬁ)‘ﬁl%&i iﬂ ﬁgg:gﬂﬁnﬂ]atiéﬁjchte introduction of HIC

concenttration bet'ween about an
step following the ionic step or other salt step is optionally used. In one embodiment of the
invention, a cationic exchange chromatographic step precede the HIC step.

Examples of methods for purifying VEGF is described herein below, e.g., see

Example V and VI. After refolding, insoluble material in the pool is removed by depth
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are useful. 5 Elution froman H C support, whether

stepwise or in the formof a gradient, can be
waewonplisshed in a variety of ways such as a) BPYI/US2006/062320

changi ng the salt concentration, b) by changi ng the

ﬁlﬂat@ac b aﬁlgieétatﬁ{?l 13&%2”%@3% %Céf&add O%f%%f%ré 031?*%‘?

HercufdsY CQ? ehﬁllgfa@e%rm Gt N EIrEAs/ M G5 RYHUTRINBI %1 d0YpH @h g &on-
in polarity may be effected by additions of so vents

bindingurhteasis e¢thg vty whshog with cqubprbpabwiferand ter €BGF cluted using

an isof G SR o S T B R R B R U RIS st pootaccrpit s

The deSlQIfEVE(SF adadrd\etd £ esluthned Bukyl FEPH AR OBECORE Eldvo ('GE
with the purification of menbrane proteins. Vario

Healthgare Mppsdsrisyddenbenuslibeipd beSmhs @S{Q;ijétT.RI@F@yTN@(IOO/O 15
Mo 804 SUTRC AL OO SRS, LBLy BONATR BG5 AR s vicr

collec@fd&tl piss cdbura kffoenopite mmtgzumPHahomMatpeola@ dba&ladi bmtbat ®@lumn of
Cel Lul osic 1 on exchange resins such as SE52 SE53

Macro\S@@Q ngjv§z( 1@@512 e@m Csp) that I eggi@rat@l;@éo IDEBQEPES/pH 8.
After %Wete%ﬁ%%ér%&?% g@%ﬁgﬁﬁé&nﬁéﬁﬂg ﬂ% c"i')'hﬁm@}ls%%‘r%’lpd &i Jh two
colunﬁEBﬂ-iAﬁ%éﬁE(StOnjﬂVhHEBES/@rﬂi Mrsogmini ¢1rhdxraad:b/plé 3. &he NI(gle Isscluted using

o linegh S50 SBRRBER T o0 S8 MsOGUGLs R bl JBPES oH
8. FrashomiitldbddIndeho wAneh &inahEWVBESIR-Fded VBGE, as deterrmned
Per f or mance, SP- SEPHAROSE(tm) Fast Flow, SP-SEPHARCS

byahxmn@m@memmsa(emle;tast Fl ow, and CMSEPHARolsE(tm
16
- Shetach B Beb 81bopl 'R B A5 R GRRIRD U

HEPESV\@?B 0l goditihy oatffe/pHEL7 4.1 Mhk @Ondifloncdl ol isitBéh R¥EHIIHAB aScolumn of

under the product nanes MACROPREP(t {&( such as for
Phemyé%B%F@ NRosebaRpryiense [4.(5 Memsporperyv HEptedyiligpaged with 50

r ¢ u Qﬁ\ﬁ @ﬁ%%ﬁ& ggﬁg%a%ﬁl %R&tr orrg{g bt% firough the

colunﬁluplﬂoéthbrsn@ebwfeﬁ] thy VaGGo ivpdlutsdh ﬁdntxyle lcnlufxmafsmgga HBbdilurnn-
concentrati Because. t he, el utj on m. oni ¢. col ums

volumegyesfgtgosaied Mpsagiura sitfateiic OBB%HEBEga&H rrenthiraHiogs arc
assay%c!f lngiSl§S ?@%@%@Qﬂd@ gé?él&ctﬁ)%ﬁ&%ﬁfs bAd 1% EdiRaihiN %Kﬂ@@ﬁ bf QFficient

Ste W ng the ionic step or other sal
puritygtoefedi s optionally used. In one enbodi nent of the
inve ion a catjo ic. ch e chromat ographic step
Expr E gle—&% of methods for
P bifidt Behrddsahn de@to@kec%w@ od aﬁt@ﬁ&h&sﬂ%ﬂal@d’é{tloﬁ afld pro®&8 cxpression
Exanpl e and VI. After refolding, insoluble nmateri al
relatlx'feﬁo ttlﬁﬁeh%bmokil@o'ﬂ@ agll genopye age pﬁwﬂuq:qdrla‘[q thg hostigell. Construction of

approp]rla ¢ |e>f( Irgéjm o\?elctoI %st\xrz] Cﬁo(\))vandi%qheo Ikt En%luadnggetﬁle nug'leotlde sequences of
roxyapat | ( ,

the heparin binding proteins described herein. See, e.g., Sambrook et al., Molecular Cloning,

A Laboratory Manual, Cold Spring Harbor Laboratory Press (Cold Spring Harbor, New

York) (2001); Ausubel et al., Short Protocols in Molecular Biology, Current Protocols John

Wiley and Sons (New Jersey) (2002); and, Baneyx, (1999) Current Opinion in Biotechnology,

10:411-421. Appropriate prokaryotic cell, including bacteria, expression vectors are
available commercially through, for example, the American Type Culture Collection (ATCC),
Rockville, Maryland. Methods for the large scale growth of prokaryotic cells, and especially
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Hercul es, CA) equilibrated in 5- ni M HEPPS/ 0. 05%
TRITON(tm) X100/ pH 8. The nonbinding protein is

wo eswonadsby washing with equilibration buffer BCMUS1966/062320
VEGF el uted using an isocratic step of 50 mM

HEPPS/ 0. 05% TRI TON( t 100/ 0,15 M sodi,um phosphat e/ pH
bactergal cgll ¢pturp g Wit k‘iﬂ%@% e %aa%ﬁ*eéws&gdwwssﬁl @wpntext
of the FERIBARPSE(t M Fast Flow (GE Heal t hcare, Uppsal a,

Sweden) equilibrated in 50 nM HEPPS/ 0. 05% TRI TON(t m

XIFo0&{ampld. Hrokasydicthospledls pt@ataelﬁf@rstea withhexpegsbiomer clening vectors
a nd t

encod&nc% t?gg?%aam]% (ﬂﬂ%p]@g?lﬁbhl%?r?# ﬁful ﬁ% ngzonal nutrient media

difRIRIFA (ihidfoP@ahcihs prodasiad eitn@treRforianaf oMagsl th
rnOlPre E% 1S OBI oRaCc} gllzlercul es, )gatrhat |sn orenplitying the

geneS@qmdlmg) tdé%lreidrﬁeguﬁnm FiteEsclsie ®:1d encatlingrthouaelpengide leé interest

R S e g e A R S R

polypbptiiech) afimtditar Mdeopstu@. welhienoWmGor Bélec&ingttl@@iap}ﬁd)mglt@nuclelc acid
1 near,  8-colum-vol une gradient from O, 25-
for exgesariomPERfteTRlagaus PrIBRENYIFHEmteyipg varianty féleltepgﬁg Haﬁr@blal hosts.

Nucle‘f@%ﬁﬁﬁo?&al@g gnéolaﬂgeth%@bgBﬂft%ta?é ﬂ%?ar@& 9?§rvlaﬁe fo?hl&thds known

etermn epar | n- bl ndi ng assa are
in the ;aaochbxaﬁlplrdwe s reocdigpVEGHNs Bopoal andsseqommded, |ecgn,ehy using

I HEP di
oligonil PP Sihat S Hie b af T e estarly  Hhead Suadige QFEGF.
L qpg h%fdk’fgbu@f[magi%%id (EF’WCM of &%@m&) 8 @ﬁ?@a fﬁserted into

Mont goner yvi | is equilibrated with
a replidEPESL OO our/lesprésmnn mu the m@b%amsm undgr the commi |0ﬁg sultable

promoncaru}\}fjlnggzlg?tgas narrg u?q;lfépfer}l{)h@ g heseca(l) sgreg%gnot% ?f tr%e aﬂ%roprlate vector
will dég¥ndiaiblyiongh@siz®o Ll Mﬁﬂ@w\a@idkﬂﬁ)egﬁs%ﬂb@ fito tHeORCOr 4ndthV!
sodiumcitrate in 50 mM HEPES, pH 7.5. Fractjons are

particglas bgst gelbip wrignstaryae mthahe a%ctgeﬁa@ et 6pR8s FpREond
f
comrbIB8SSRRALAE NGRS L LD Wi BmBARNEfrpencing on

the pabﬂidlﬁr tyExgfitess tienveree tompoapatzheratly ivuliide0bnmiis not limited to,

rep |IcatI§? and prote n expression 5 relatjve to the
one orgete ¢l Bt 1% SR aHBIfe: Hreiahof BRIELIT PRGPTRe marker

genes h@grfonfo%r ana@ﬁﬁsﬁﬁﬁﬁdrpt@rr&fna@&p%ﬂﬁéﬂc%t e expression

tors is well known in the art including the
n mg@r@taldﬁamqwemtowoofamlhg rdpdipanr amd dintrol segupraes diahgre derived
descri bed rein., See i nbr ook .et al . ,. )
from SiEF G L EP T RIA e TR et e n GRPGEsTion abihicegbiglhgets: The
Vectoﬂ'&ﬂﬁﬁfﬂ}}-@mésai I‘éf)Mca? Bﬁ%ﬁe (Sl 23Rk drkigig KGR Ak os tﬁﬁWreY Qdpkdle of

2001):” Ausubel et al., Short Protocols in Ml ecul ar
provi @phmbtypl@ﬂlérc@nn ipranséereied cgbh oo XAy, fara/i Sotysiceiliew

trans g%qeis X sLnrgoq%gﬁ2 ai?gl%ﬁ]i(ﬁ \%ﬁ fro%grggz)cr'ol arprgglggr gs | m Olgohvar et al.,
(19778 Elehe, 2i: BS). pBRBg2 bathi@k kénes Q’Wr@ﬁ&ﬂlﬁﬂaﬂd&@&@ﬂy@hﬂd t%smtance and
thus provides easy means for identifying transformed cells. The pPBR322 plasmid, or other
bacterial plasmid or phage, also generally contains, or is modified to contain, promoters that
can be used by the host for expression of the selectable marker genes.
(1) 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
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avai |l abl e comercially through, for exanple, the

American Type Culture Collection (ATCC), Rockville,
wovegoghzamed Met hods for the |arge scal e growt h PET/US2006/062320

prokaryotic cells, and especiallybacterial cel I

culture ar 4 knovvn in he art and the

sequepee P1Rthey PR PRIV Eg Tt W1 lsfclqaﬁ%gq W@htﬁeﬁﬁ ter@&}us ROF the mature
proteif 6@ PBlyBeptRiIcONRE Yl@ttefcﬁo HRZLigh8l ﬂeﬁuéfc@ sélE@c@@ fﬁ)%ﬁ? iVbdethat is

expression or cloning vectors encoding t heparin
recogiizedlamigprpeassai (m. eofsleamdé:rye@ugmi qbepmﬂasej)rtefdhc host cell. For
conv nt 0

prokafgit PRt B o b e BTG 0 BReR e RERPER! B

sequeﬁé’ép kHef s, %ﬂﬁg sdqien@a8 Qs BREQIhWploReryEas kbR sSQRMENSRScted, for
The nucleic acid encodi ng the pol ypeptide of interest

examplg, & thhgrpuirnithe atirghne phosgbiase eHNAINERG rlmaﬁy heptstable
encodes the pol ypeptide(s) of interest.
entero‘l\?f%??\ghg%g%}% wel | known for selecting the appropriate
nucl ei ¢iia0tiginfod Rephitios Cloaipoatnthet er ol ogous

pol ypeptides (including variants thereof)_ in_m crobi
h&SPEssign Kerdors centaiy adll}?éﬂl‘é%%ﬂ é%que%&aﬁtrf‘@a?lﬁ%the vactor to replicate
in onepé}l rﬂﬁ% @El’egt@d #b& cBliE @ﬁFl?geqm{nc‘%s VR &f Plnc%n fB‘? ta%ﬂéty‘%?%‘robes
In e art. For exanple encodi ng VI
The origml csftrepilcanm freoubaplesnidpBR 3220y suisibhgfon Imogoﬁmﬂmegatﬁe
robes Ehat are capabl e of binding specifically to the
bacte‘gae éhéotli’hg VEGF. The heterol ogous nucleic acid
(e. 9., (EPNAOHoOEARTEmPIWRKt | S suitably inserted into
a repILcabIe vector for expression in the
mEsprsosigaréasens gaeeellyt prmtagoptselortior gaesalba whhed & sclectable marker.
ors b e for this.pur
his S8 TR PRIMp HERR SR A B S b o b of g BRAR T cens
growr M d¥eyectife blltirs medivaf. HRecdd Gbeirsnsdsihidd tvati@e vB&er dodehining
into the vector and the partlcular host cell to be
the selectiors el nait sWvivigdn thecqulipre edimmy Elis é? legtable anasiker is scparate
|
from %@ Isr? rﬁeﬁr&ﬁg gg ﬂﬁl?ze:agdﬂg g%%g%ﬂ @nth‘isrige n%il@?ﬁ s{;']%éﬁon genes
encodp @rdtemu ke (d) ypﬁfeﬂfeshmﬁtc tot dmeibiogict or othal’tpmne &, ampicillin,
general ly include, enot Ilmtedtq1 ne or
neom RN foFHatcs Bf i%ww %?%%l?mg@cf&éﬂfé ePhigpetiigngics ofier than
t
those %@%%ﬁi‘%%@?ﬂéﬁe%&n@?%??n%?f FRIR1 SRTERup P ERIDE vicrf
availapleasom domelex onalic et dhageng anepdhng Ohalamde camntmegd for Bacilli.

o PR R aLE e B E T L ERE G Ror SO Fost cell. n

this czme %@&l Rllls RS L& sudhgsUB ﬁ@ﬁsf&li&ld%m h¥ nedleld 88 & interest
rep ication si te as we as mark |ng sequences t hat

produgg épelarp@mld@ C@ﬂfeﬂ’ll}ﬁ Gy ai¢s|tﬁgarph @n@th}lp |8@W9@| the ﬁ@lmﬁlon megimen.
Exarnpfe ? 'h'B%d 11(1:aent lseﬁect]'é%rélﬁg enElD s neo alcgle | Ve é%la ma(labgﬁ J.

rans Or ne usi n aS m
Mole€ @lppl. Spet. €8 3038 enycﬁplgsnohBédsld‘(Mullﬁan@E al., (( 9@% _S)Q 209: 1422)

|
or hy&rema/@@ﬁmdﬁgge% é@i’@?éﬁé&i&éﬁm@ %Hﬁ%‘ég}s T@%Q@reﬁﬁwles given
aboveoe?ﬁpé{))ﬂgérgtrlblr e = gﬁﬂ&sefuﬁﬁ Cc &?At#lo? to JJhS{Fg RRRemcP kqatl‘?ﬁg'agpropnate

asm 0 genera
drug G4t @ memyoin (gSneltllDdll) fgpd (m;aco@hmmc rcidpro iy pensycirth adsspectwely

(iv) Promoter Component
The expression vector for producing the heparin binding protein of interest contains a

suitable promoter that is recognized by the host organism and is operably linked to the
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o can be used by the host for expression of the
sel ect abl e marker genes. (i) Signal Sequence

werioypapss des of the invention may be producedPCT/US2006/062320
reconbi nantly not only directly, but also as a fusion

pol ypeptide wth a heterol ogoys pol ypeptide, which is .
nuclewﬁf/dc%lf? Y e p@.lpaegtéﬁi BT, ki @ﬁe¥5§%'ft§/‘ﬂs £ e MHEMITRERTyotic
hosts FhcRREFhd bla-FcBRYRY EnPlab®s@proniRerNybEmI O af N§978) Nature,

mature protein or polypeptide. Thé heterol cgous signal
275: déglieedssl stall o Q) Nypirg 2B 1 y5443, thererabinase promotar sgsicméuzman

et RRIIEREE, Cesyo 0 G SRR LR

promdteCHERhZ@ RA8e1 P(198@SSudl&ie Avadsi R&., BOUYPRAld Kie36 79Maind hybrid
sequence, the signal sequence Is substituted by a

promgies Ruehyast the tasipgeraptes elgBepice abe(1883)dtroc fMbstl. . USA, 80: 21-

| ' . :

25). HEHT PR Plehfp ok A NGSET A futsotice peauences have

been pubdidiesds thefdbly)en&blingd dskiliedReglkic@icrabty Soligdnhpin to DNA encoding
Expressi on vectors contajn a nucleic acid, seqguence

the polypeptighafpintssest RicRatipiait ab 61 930p Lellat®h 209) wiRg bpkerpradaptors to

: : eque I n

suppI B R B PR Sl LD AB R I spt e P AL e o

al., suptee pl asm d pBR322 is suitable for nbst G amnegative
bacteria such.as E. .coli. (iji) Selection e
BB R OERg 8 DarToi gttt g binerel Pl SpuEimg SPieaPalearno (5.0)

sequeR@ SRtdbIlifeRe 1) DRA 8IcB8Hs tSRIIGSpabke 6f fﬁ?err&‘s@.r"l?l}e-lﬂg?ﬁoter can

gene encodes a protein necessary for the survival _
be rengevedtfrono fhetbaatiestlovontad NS4 tbygestiistiqy anapmic Wigesider @t inyated into
th cyltu&grweq%u51.;€ 4&e||s not transformed with the

C VLR etk ar ?%5 t sel ection gene will not survive

i n t he (YW dndtrgctiRdindMnalRissofSedcasnt abl e marker is

separate fromthe genetic markers as utilized and

déppstestipy of sitbleniretons exntaimpgiopapr BereRftthombayerisicd
compGRARLYLR it hiop HHERILE RS SLARGS of BNA fragments are
cleaveik aiitpeddn andrmt-lligaltdfdeinalheeformrde’ti&td tﬂ(g;éﬁér'aireehe ﬁ)llaérni’ds required.

conpl erent auxoQt r ophi c deficienckes.other t han t hose

cAASHFIHY tPIEN PR SR STIUCRHE TyBIETIdE CRETIRISI(Ishe ligation
mixtuf@arSERALY tr_ﬁﬂf&’rﬁ:ﬁ.l MK 3 GRS 209 A?@@Bllaép%??mf B strains, and

conpl ex nedia, e.g., the gene encoding D-al ani ne
successidermsforthants Baceleticd b pecibimplr ectoicydirsetesthnagrwhere

sche ut.ilizes.a, dr to arrest growth of. a host.
approBgghe Pipgihigh 6P bl gl PEheiti et ¥ o liiton y
endonfub RS, BN Wik r bERicheEl H§r| the AetIr SaRt @S, (PIOY PES:. Natl.

a polg&e tide conferring drug resi stancé and thus
Acad e v, t4 e46beet ovMassige aedt.. (BédilueksicohcidgiRs., 9: 309, or by

the mEf0A B3RP (POIEAAR (T495mDRQTYE, B0 SO N1 .

Sambropkep hienabia¢ amC Adsubbdtlal. gamret al ., (1980) Sci ence
209: 1422
The nucleic)acid encoding the heparin binding protein of interest is inserted into the

host cells. Typically, this is accomplished by transforming the host cells with the above-
described expression vectors and culturing in conventional nutrient media modified as
appropriate for inducing the various promoters.

Culturing the Host Cells
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or hygronycin (Sugden et al., (1985) ML Cell. Biol.

5 : 410-413). The three exanpl es gi ven above enpl oy
whawrasilsd genes under eukaryotic control to CPCWES2006/062320

resistance to the appropriate drug 418 or neonycin

SIS oy LGB S kR s

well Eﬁ%%% tHeQlrt. PIQE H@llsﬂﬁat%'%?re@@@l@rrb&nbdlﬁlgﬁ ?ﬂ)tcﬁﬁ Qb&idan®Y in the form
i nterest contains a sui e pr onot er hat is

of mChlemdmidzee or bythe nmerpliasgnc olrlgsrmeélruiaa ﬁplaqeara)percalbj' ysddi rigable

to aci d e ing t P
prokaf s SEHES Bty s SRTRTAE e R RRRRBh S Samsmspitye
organ3as! for 'eﬁzﬁh dertdog, betiar Juak baPRa S rBRPseaddms s &RiERsaEh as P.
systenms (Chang et al., (1978) Nature , 275: 61

aerug@g@@@ﬂm@tellguyphn(zmgmg) ot i ig marg@syensy;@p)e extam@le ofan E. coli

host LU R S SRRk Dl anPE& Mg acc

31,537y, wind Bphanwit E@IA’BCQQQ’[‘BIZB? ﬁre&j[@tsﬁ[’fhlﬂ@o Eﬁébélexalﬁlﬂ&g @pe illustrative
Nucl ei ¢. Aci ds : 57 and EP 36, 776) and h¥br|d
rather $hagpmiging. éreﬁl ‘é(é li%e %té{Ele]rl&%‘?@ﬁus(edE’B@é%OH@@malﬂo strain for

reconﬁaﬁ%ﬁ?’bN@[ &larﬁ ment; gs. I%Cdne a%%%t oBfhe 11%Jentlgr§)the hosl‘:r) Icell should

However , act eri al onoters are suita
secretd menimah amloemls iofl prosedytenaesmha viEorieaemp feu ktkdis ReHl, 10 may be

enabl i.ng a skill ed worker operahly t.g |igate
modifi o A G BB ASE R QL PRI e PIc of suh
hosts ﬁl%hﬁiﬂ?gnl? ISV w18 straﬁﬂsgm 2GR 2780 and 6907 HsicAGed InK Q! Patent

or adaptors to o supply any required restriction
No. 5é|10§§6 1553@1 AprlalS, @99, F@anbmplska strainfor, theppndactlonarfo\f EGF is

E. colz SS aélg gﬁsl 1§|h§181n§ élﬁ ueglloﬁl)pe éorh{%m 21r§ 52%4{%1;] %ér%ﬁn %ZIC 6t(9§ 5??‘1 ilvg

desigi@SIMIBE 1apas@dbl kahipik adtrhid bhthe PNNRASOEF VEGFHE the E coli strain
ol ypeptide of interest. The pronoter can be renp

(AP TPERES SenEeIdh Gl AT TL5: Ko EReRIiE) AdegP

2 ~+dige nt ai ni ng

ivG' SR O Al SPRRI GRS g ol ARSI QRGO & O
Veedkary®tiCendd ussd td pn)doée by |hb1@drhebm@ﬁg Pracia ofiira¢mstrage grown in
one or. nore of the above-liste ents

medlasl%narraldpahq ggyaid pitebledpinguiiesot tﬁ% 663 hqn*r a%lﬁr "B ﬁ%?ngcsmmedia
gener%l[ A deS| : dﬁ?an%r@éﬁ’ &, M‘Hléc@fa@‘t‘loﬁrﬂ% A Eaadrg%trj@g/ldnﬂalt ﬁ%ld

to generate the plasmds required
Spring Hatbps iLebcbratocx) errss @addSpeng Heﬁxqmelﬁ@e Yorlp (pO(b]s) nWéla that are

cted, I| atian.m xtur e use
suitabfiP S b e rut i B0 S5 R B S b oty Lusia-
Berta@it(08Y bEdtk, @Uéiéhar@t%%ﬁlﬁﬁﬂ%&flﬁﬁl sl Rl RIPTRMina®bEcomplete medium,
sel ect ed by anpicillin or tetracycline resistance

plus ngprspary appre@pwpateelenrsr bserar@sn ¢mlodimpetstthemeflgraleraostadnse

RI.epare by restricti n endonucle se
selectR éan agent ¢ osen d ron St;l(leeyq CuO(Ielrsrtg s &108 of e exprassion vee oggonseéerctléfely

perrmﬁgrowtlﬁ 3;9171%)(211{96@@ cellﬁ&bhtauﬁng%h%@xptﬁ@shon Dfor. Fék example, ampicillin
5463- 5467 or Nbssrnﬂ et al,, (1981) Nucleic Acids Res.

is added ¢p medigdor ggp s expressing ampicillin resistant gene. Any necessary

supplements besides carbon, nitrogen, and inorganic phosphate sources may also be included

at appropriate concentrations 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 selected from the group consisting of glutathione, cysteine,

cystamine, thioglycollate, dithioerythritol, and dithiothreitol.
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the nmet hod of Maxamet al., (1980) Methods in

Enzvnol ogy , 65: 499. See al so, e.g., Sanbrook et al.
waeprasgisand Ausubel et al., supra . The nucl ePCT/EH81006/062320

encodi ng the heparin binding protein of interest is

AL BBIED ShBHOBY oo dtha af g U A ioses Seta a5 e 763
C.R.A8P! %%&?&Hﬁﬁtﬁfg%@di@ EERKOSF VO g gm dﬁ(;sgm W 11us NaQitkdle-211,0,

conventional nutrient nmedia nodi propriate
1.07 g K€L, iSnkue ¥ ngpt Entractdedrotisd)p 66rgtfé3rogseS®JVfShueffm@d taIdBlSHdS’H with

KOH KELAT I U REFAG R Bt B 6 kPt BrQ i RofiRSih Foled o

55°C.tahe s@fplemdiRsd w116 nilha¥ MOPE§$E7 BNEl MesEOVERilnaRE, 7 ml 1M
rotein abundantly in the form of inclusion bodies or
MgSQu Gareepei mayrihen be afdadrtadled indnetionsywives a4 psongepirataon ¢f 50
hnysed Sui t abl e prokaryotes include bacteria, e.g.,
H¥Maubact eria, such as Gram negative or G ampositive

o MyapickaByotit bstexBsmleeultized adhiitabBaempdratusssc Roel. Bli growth,
subtilis, Pseudononas_ species such as P. aerugi nosa

for exapplep HisI tFRAPERIYG FHOLTSUFRM oS- SahaUA LY & iRebewistehsor fegya about 25°C

to abd }(qu@ 6r Afabdlk Fpoccol i host is E. coli 294 (ATCC
46). O her strains such as E. coli B, E. coli Xl

7W6he(r¢\ﬂffé@ll~3ﬂm5 Bl9sphatast Homooirii |1s MBilog @, EATRZCcAIR, &bl produce

re also.suita . .These exa es are. illustrative
the potoRGHS HRISTST At DI AL RO e DTt n gieble Rpteh Wi the
alkahﬁ’ceﬁl%dﬁﬁatéste prémétet IR haPaly GHdoipetdlP ﬁndu%s@agoaégansed%rauy,

pro uct fernentations. | n one aspect of the inventi on,
e.g., in hemhrpok et all..|Mealeeu] biriClon abors aalyGiodd Spring Harbor

LaborRfefh PR (e SP?‘X%"FI%%’O&%M. @%?%‘%ﬁéﬁhﬁ SuigiBing ped Bk Plike

place @NBOAb@cPHOIBIdARIC pobihatXGPhRSsphite SUSTAtIBASR]S. At first, the
including E. coli WB1 10 stral ns 1A2, 27A7, 27B4, and
mediupry @mt@lé% BT g8 Phosehas: inpghaspunkgbos, the lyyelxd indpstiagof protein

synthé%ﬁ)sr drld saﬁ'lme‘]n%?%ggg{owﬁh( EMe%act%Pﬁﬁlr c%ﬂﬁ g%%v anc{ %tlhze

uction o coll ain

phospgaﬂplﬂlyj@ dedreasAhapevd off hbeNphhte on cangfurhabit69 cﬂﬂg%éihductlon of
esignated 49B3. |n another exanple, a strain for

Synth?sf‘ﬁeogfﬁg%ﬁ?}ﬁl’?%‘ﬁeof VEGF is the E.coli strain (62A7)
h?ivt'h@ gr&nlﬁﬁeﬁg IR c§l@1bﬁ Igﬂo%te(rpfoi) 3PS B0 dc@&tptypllc%ﬁ:y'%he cells are

AonpT fepE See also, e.g
cultursqbamil axg:rtpmgnmczlaiezsutwfs a\ﬂﬁ@@@klblgg 23%3 ofFaboktaitht)otsutg a hlgh cell

I t t he .h t
densif yest £ APIR g R Ch iopo G B TR RE e b erataf pPablpducér, by
deplet®st 6@*’1'11@d1f1ﬁ1rco%ﬂohé‘ﬂteet@f) th hl‘?du%@ bestatbrh@she 8l icoding the

i ncludi ng the nedia generally described by Sanbrook et
polypeptide afmitersstt ar C oni ng, A Laboratory Manual, Cold

Any B L PSR ol o OB o R bR BRI s puld e

knowh REthusteskiliidt in alicart) Ghitrddudtd #1dné O asARDix@RE ivdth andtier k@iplement or
broth, Luria- Bertani (LB) broth, Neidhardt's m ninal

mediym i 2EAMPEEXRIKogEN eifsenRie R of Hiepnediemreay; kegny pH from

about 5-9, depending mainly on the host organism. For E. coli, the pH is, e.g., from about 6.8

to about 7.4, or about 7.0.

Formulations of Heparin Binding Proteins

The polypeptide recovered, e.g., using the methods described herein, may be

formulated in a pharmaceutically acceptable carrier and is used for various diagnostic,
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pl us necessary nutrient supplenents. In certain

enbodi nents, the nedia also contains a selection
wa@genti3oishosen based on the construction of thBCT/US2006/062320

expression vector, to selectively permt growh of

prokaryqtic cells cont nlng e expres e : :
therarigyic. & § rase@fﬂﬁwe.% 13ugh ! %&L?édF Y f 2 VG %ﬁseweﬂ herein
can bOhscA§h trﬁmﬁff@d’s%%' dtgh @ﬁpﬁz%'n{el ihfnr®adsal @ Nth@fRGtic Y for the
necessary suppl’enents besi des carbon, nitrogen, and

heparinfondjag protphosiphiatéugng theanctheds dbaibeddicrai kgdéso cantemplated.

ror PSR SRS DHERSLSR ARG By e

desiredO Bl Exaniilé, OGP c&OBE GRd t&ptdniiaklovind healmglofue ¢ , AR dewtBwound
may contain one or nore reduci ng agents sel ected from

(c.g., bia, shraigpl womsl Bermad woRngyl ot herH dyienic Wytlé (@, diabetic ulcer,
pressugg ?%@f(_ﬂa%gﬁ% L]Jrs %EJ)?Y %Q%eltégﬁs lc&I ét? 2,8[? gycgtﬁéﬂe rcﬂptlﬂ to rprornote
tissuedr&wthRat repds(c.gh, bBﬁé,,lf%Z e&ﬂ);i efs, 342, 763. C. R A P
phosphate-limting nedia consists of 3.57
W*Llﬁl)amlé@i)mwfmg)f Rap¥in hindiag prggens ?Lrewe@rqdcﬁor stgragg by
mlxmg'}a};ﬁgdgg%lég;% n% ag ol?ﬁeﬁ‘o&ﬁé fHae\gl)gglé%cé%ﬁe@ de re%o%lﬁlt%l gzlt%l o:%)tlonal
pharmgscutwhlyreceagiabltoadtiars emps:m crﬂsta&hﬂtzhrsc(ﬁiemlitigt@ds PR@anchitical

Scwnaut%ﬁlaved goo%gséﬁgd(iggg)g%ggj? ggb@gg t%?fMAtE'

aqueo)ls solﬁ:@('}r{%e N CEpthbIB cHR¥rs Bﬁd‘pl@ﬁs 3(9@%1112@rst aﬂ@ nblﬁgkﬁ%ttd) %1plents at
ture at a concentr at i on of

the dq@agﬂs ang ovnasntigms @élpllcs'eé;@damltldﬁr @cffeaiﬁ S@matsabbwhate citrate, and

other pETRETET @ ls Ty L aIE L P8 BB pfacives cuet
as oct@&éﬂduﬁéthillb@ﬁﬂy&l BewionAhR Chioritl® RROUEhSTAk, chidridRt b@ﬁ@ﬂtbmum
QC. Were the al kaline phosphatase pronnter

chlorlé%&eg%@nugn chloridegiiepal, hytshox lzj:ngylcﬁlm)@@ ;tafey] parabens such as
f t Yl
S YRS Ghol BhOU LA LT G416 o
moleduiaomeight (lesstheatai 10 adsiducorpotyreptiddse protding yeehthsasrum albumin,
descri bed genera , €.9., in Sanprook et o i
gelatingir d@guape BlmsnBﬁwfﬂhﬁa?lawrw?egﬁ%awvaﬁoaﬁshsiwg amino
acids Hﬁ@ltég ?Rﬁd?‘lruﬁé yas a[r§ A, (Hd Cfsglr Iﬁﬂe e rﬂ}]ﬁwéaccharldes
Yor k) (2001 he "cu I ng nee ver ta e pface In
disacdhhedesb smh@hemarbmd@mllnclp&og ghave, ornagsephrokphatsechelating

sgenty R FF A ROEE SIS B RS RRTo s FOVASE TG P BVaH sy forming
countéri@HE §ucBRs QbdiBMO bRt coMPlR esg Zﬁ%r&'éfnfdoﬁip?ﬁ%e . @hd/bhon-ionic
growth of the bacterium As the cel grow and utilize

surfaopmsmhtaé TWE@N”@ BN HE Qreméstetfoﬂeq@mi’:sq@h HEG).n the
nﬁdl 4 I§/ %rélp c? la?\{:nts %Sltf I%ulaﬁldoo#%% eren]ilsgeﬁ aférzr 1?1%3\%102216 ninnlsg’atlon are
sterilep mﬁe&m@&nmm@m&& by filteatidd Chtough ypiiedllintidnh@c®Bblanss. HBP

are cul tured unt|I a certain optlcal density is
can begtpied vy fyopbiliged fogmppssg aprqugeys solphen eisgh éoral hlkgrpH ef the HBP

preparations 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, or 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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density process, at which point induction is initiated
(e.g., by addition of an inducer, by depletion of a

wore@rasnispnponent, etc.), to induce expressi onPOF/US1086/062320
gene encoding the 5 polypeptide of interest. Any

necessary._ su nts may also be ipcluded at .
and/oaﬂﬁvwﬁ aﬁhgr{’%ﬁ SR BHPETT th%‘él@t%af B atlien Gugcdigts, except that
they hi @B pﬁmak&ﬁlchlny a&gp@tsfe,anu REFQEBEE brah QP Bt Qe @fdBinistration,

m xture with anot her supplenent or nedi um such as a
and cawop$ignifinirtlyolperads the ativitThéthetdcofe npedrmsd Q,frthmaynmmon

on the

ExaBfet P RifebRIAREN indlide ol HRRSHREmTa . Yorbfs ol SR nsgwith or

withoft iRifRa@Ullagend Thelcompesitions. so Mgy H@i@rb@fﬁﬁecﬂﬁﬁd‘ﬁ@ﬂé dFessings,
Bi ndi ng Proteins The pol ypeptide recovered,

transdggynal paiches, meastesd gndbaeptreaptinnady i ligwig ob éemloliaqmqi sreg
I lp*“ofaolptgﬂ r%aac%:tll tfér%ﬁhgft%n ﬁ%%ﬁpdrﬁlufa%d’ 1nedrl%cﬁ1n(gcdrﬁ%o%ﬁ§o% may be

for vario I agnos erapeu

mixedkwidhvan Efféctﬁil&(ahlolﬁﬁi Mﬁﬁr-s&@ble p&@@ﬁicﬁarldéﬁﬁ_sydtﬁsﬁcr pdlegher such
herein can be used in jmunoassays, such as enz

as polygthylsBaglysgido fatmps gﬁlletﬂilecprGE@s“?C@PltX Reberrdphed WptﬁaHau Rge
polys&rcﬁﬁr?(i[er{ﬁatq{?%?%éq&@d lr't?ééﬁkﬂts LR AR ndg? %llgl%§&ﬁér%g¥&esﬁgﬁ B
tenpl ate

are al so Co For exa actor or
ctherihod odludgse elﬁgvatlv‘dﬁﬁ-ﬁqludlag abkgl cdlmtbsts hgdlh)aydkylgreﬁ\t\lohesasnd

5d VEGE d
oty g g e e foarg b lea el oeraccus gl Gilbloee.
carbo%&hﬂadellﬁ‘@k'@ %ydf@)@&ﬁ%byl"iﬁé‘tﬁ?l’celﬁlﬁse) af] hﬁir&ﬂﬁ%ﬂﬁ CWRHB‘Q

i C ulcCer, pressure ulcer, ‘a decub
starchmndefractlanat@hmrghmg@ﬁ ralgiic @cid, and ol gmasers gamkaatric; gxuduklfm, agarose;

mot.e wt h. and
carragepryl AT dSEYE: RO B0 BB G R bR spiprm
glyco@éﬂg d%l[l@ml@f ﬁtdadyﬁﬁleaé BiopbsRRES ds Tvell as Lemagechy xantiax gﬁﬁr guar
ecule, e.g., a polypeptide, having the desire
gum; @@gwé@albgurpugumyram% Hagisenigram; BRé Kp@ye gemead dervatives and

mixtu (Eﬁ&g&b lh‘? C eﬁl‘b&hnﬁiﬁ%‘ J 'tl?%tnéetﬁfo S{h%gt Lfnégllggnt herein is one

em ngt on"$ Phar maceut i cal Sci ences
that isGe.gn adadt toAiolbgical(si&8mp ) nontaxid, RBEngile tdlpr@f)at‘eyajﬂhirlnloz&)d runny or
. formul ations or. .aquequs qutlons Accept abl e
Vmcmgaw&fgﬁgxngﬁg@glghgg gﬁéﬁﬂp?gers are nontoxic to

I @€ ERtENERbAimhE, tﬂ@?@%ﬁa?ccﬁ oY Q& emkfiatd Qéiﬁllc?s%kﬁxyaﬁf?&e in
and 1 ncl ude buffers

phosphate, citrate, and
anothgrt dmehrodongd e that isdssll dﬂfmedmwﬁrwsanddmltqddnﬂ@s}ascg;r bi c

e R0 B O D SRR R S50 M syl s,

hydroa%ﬂﬁ%n@law Ahé h&c%k op;h%@w@nﬂdgm GhbRY dffiSodiment,
enzethonlun1ch ori henol”, butyl or benzyl

methyd¢atlolese is taﬁ loyllysq‘;ahqbi@né @aﬁlbrlcaﬁulﬂeq Iyempdeyegrin el gel, e.g., it

ar aben: C b S 5no| gohe anol,
orpic 5B RPRT BBk of BREF 714 By P FAPOp i el the

HBP istpa@eﬁhﬁ uh akunes a@U@lSS)OOPHiOXbﬁﬁngé:rdﬁlsof gdat.ot ei ns such
as_serum al bu atin, or immnogl obuli

hyée ephiFthyleng QW%‘#S@%% GRirecAingys EXRIGaRy| aﬁwﬁw iOEI k%and high
molec‘amr %1ght 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 mixed in the proper ratio to obtain a paste.
The term "water soluble" as applied to the polysaccharides and polyethylene glycols

is meant to include colloidal solutions and dispersions. In general, the solubility of the
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acids such as glycine, glutamne, asparagine,
hi stidi ne, arginine, or |ysine; nonosacchari des,
wale@asshss i des, and ot her carbohydrates i ncl udPeyus2006/062320
glucose mannose, or dextrins; chelating agents such
DTA. sug rs s sucr os manni t o trehal ose

cellule Egvhes IS eé%mqug?ynt?ﬁ ge@stiAt BIbsiigHEN eh%thera&,m%@d ifhihe
stabil iRl eriG R %§&§1 Ke&eifl -shdilld RAQL @éﬁﬁ@l@%&ﬁﬁﬁﬁl)of sBEREr groups per

non-ionic 5 surfactants such as

anhydRodDRONE OS({ tm@he @ﬁ111ﬂ0$€}ﬂé1tahl3/t_b ecrglegthealstivitPEEatdrolvelet & degree
of ethgrdﬁlﬁ%ﬁtﬂtg &th%ﬁ a&ﬁea&} (igé E@lﬂ grlgagssmeitrganfi)gdrg% ﬁgqslfesﬁlitlisn gevnle}/a(fly
sufficRGE ONBditishel, th cfenulbg@&drpzautésrrﬂgg& Bt fdrd dfialltaliahét@nsalts, for
menbr anes. HBP can be stored in |yophilized formor as
exampip, thgbodNes Ksor Gsisdis- or gel form The pH of the HBP
ﬁ:c[glg §§t§\{)er18 dl%ﬁlrg n%%r’ also ]gesenrtrllfa g/;l%q ﬁ%}%}ocgpstu?es or s%stta{}l%a-gglease
prepaa@ibh@i Seej H184 Rﬁfnﬁﬁgtoﬂ b PMﬂﬂac&ﬁth&ﬁérﬁh@ @&hteﬁﬁionUGén@fro A. Ed.
certain of the excipients, carriers, or stabilizers

(19954 afeeradiq Johnsan gt 3b, Nate Medi, 37991799411 9%)pY 29ude, Rigpied. Ther.,
| .
27: 122_ Y-@ Q@? 1993]; ‘Horé(‘@tl'ﬁq d Bﬁ@@gd;@glogg“afﬁés 75 832 %b?kﬁgalfl(? rh Ie)emgn and

ecl pi cal )
ProduIeBEh 01%81sgjl|etla)hhynzadmin Vhednw Iﬂhng?hb’iactldg Pelgfgb'nolsi;d,e Mliurblsphere
3 rlers nd/or ao'%vant here are n

Systelaﬁ, lnha Adpvans; Apnraac i (inlg?wrnan eds,

(Plenﬁtﬁ PYesSLUSGEw bz%ﬂ@ h@%‘%ﬁ ui3ocaddl, W@@@%%@P'Wo@%oon WO 96/07399;
ficacious for their intended adm nistration, and

US. Raarhﬁth (sﬁ4gH|0f DEa?nZ]Sjl?de@pﬁquth]e (@e¥Inrogy Nt Al@@d Sci. USA, 82:

3688-3607. YRydradh 511 (7080}, Bl 1L AP RS tUgA‘ Jﬂgﬁ;@b%@; 52,322; EP

36,676 KRS 046 rEPsumgs EPNSI2, 60 { lp@ﬁesé padchiuppticaioni 3L BR008; U.S.
col | agen, The conpositions al so may be i npregnat ed

Pat. Nogtb4&4@45 and 44 xiongad EP 1QA34der mal patches, plasters,
r afs FOAART BTt BOTHLCA'D st oS ha b ey o

limitatiosi.mul ated in a liquid conposition nmay be m xed with
an effective anount of a water-soluble polysaccharide
or synthetic polynmer such as pol yet hyl ene gl ycol to
forma gel of the propeg gigty to be applied
topically. The o polysacc arl e that nay be used
EXAMPIIK1telcoitnnapx huphe V ECGH ¢lelrcz$s@ wdischatdhires/such as
e herlfle ceII derlvatl i.ncl udi n | kyl .
eF?}plalgg humg&r olg@]gm CXRUIEYSE Inbg%cgerz ﬁa 9 Burl}{g synthesis, the

protelﬁ |vJ‘a)§'sEMQt"e@ tatteperpBlshid §26s ancf Rcu@NARG & refractile bodies. Studies
hyl cel | ul ose,” hydroxyet hyl cellul ose, carboxynethy

were ‘Ql;l@telfq;rp @g@ducﬁyldp @glyg‘fq)qgg‘mactrm ény'il reflding Qg‘éle paetdin. These studies
revea G BN DRI GRUEUE OGBS SR R0AE FRGL LORRIEhepnery

techmlquéd withcam ,theagiaitﬁﬁﬁbf apolyhicngegian; Std@péﬁ w&nslatld@VEGmeed
fructans; inulin; mannans; xylans; arabi nans

that h@pﬁrm@ggﬁlgn uéqr?a(-%% éerq,gstan@p %(&Wgtm]éﬁq @ng %@W@fiﬂ(@d denaturation

b SPSATRo RES MUTR RS Bk T S

VEGH(mrm)ml gulredhtingletpeviatcnise & oaaddpﬁhbstrwwstotahﬁtge@éale process,

condl‘rg(gtgﬁgelrg gfsgg%(g%(ge BWE aﬁowec? ?orlre 0 8%GFt 1rrletheg§1rlelselnrc]g of dextran

sulfate, a molecule structurally analagous to heparin. Addition of dextran sulfate improved

= at

yields of properly folded biologically active VEGF 3-5-fold relative to controls.
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that is, e.g., inert to biological systens, nontoxic,
sinple to prepare, and/or not too runny or 0 Viscous,
w@na7msdib4 not destabilize the HBP held wi thin PET/USI906/062320
certain enbodi nents, the polysaccharide is an
etherified cellul ose derivative, in another enbodi nent
one that is well defined, purified, and listed in USP
Meth&isd. » et hyl cel lul ose and the hydroxyal kyl cellul ose
erivatives, such as hydroxypropyl cellul ose,

hm&&cﬂﬁﬂjmmmm_ﬁmlmd pXESITOFY was designed for the

exprel o B EE il P& FRBCh AL o8 SBER STEals T3 im e

E. coli ﬁertﬂ'ﬂ@nﬂ elsan§eription bf the WHEGBLbJin€ SdiREh &L SasARNiEd u%d&%ght control
or about 3% or about 4% or about 5% of the

of thetaffelipphosphifpres@dd) prometar Growrg. lokugbstal. . Z0P81 %MAC_MS
f, . [. us
Reseapcz%r, [‘)I@gé ?18%,9{?1;15:' SEQ??H?IQ% %ﬁ]ﬁl%y(iufﬁ)g ?rg?él%ﬁtgo\?\ll 13%%8&1}[’ lé&/ﬁieolgrowded by the

trp Shive-Belghiab rgEiog (Mee,R0g. yﬁaﬁoﬂ;lqm afl M@@l)sNﬁcJelo mo&dsersbz&ch 9:6647-
per Vi SCOSI ty For examp m xtu
68). ﬁtﬂ

V% Ryrég S@waeff was f%ci %W%ﬁeam@f élllﬁ ba&tﬁ@abkmtwabﬁ

e T SEHLECNEL G 1580 vl i ot e

and, Packpast a., (TOR3) hefcon Imatier42520% 1 )dor aﬁmamphu Edretion ithethe E. coli

on charides.and pol hyl cols neant to
N T AT N T T R R R p e
transl&f‘dheléé’él ; wfnlaﬁ r&QltetPinl dntoptiafal Ihecst VG %@cﬂﬁﬂhﬁ’cﬁf 1'11\fﬁ§pér15plasm

determ ned by the degree of substitution of ethe

(see, eggo&mynomdtmssuaaﬁ|996)ﬂiﬁgﬁﬁngmhmg_m§4u@@fiﬂ) I'ﬂaﬁ &npbda to

have.a sufflc u t her
wansc PO o G R0 RO b ko Rty GUEDaFLNTE (IR S cure
15:3188Nndarlotdied @tﬁ;vﬁsvraam\oeﬂlewamf? t&ablakdel tohmiRE6E od@n. The
et her substitution of at |east 0.35 ether groups per

replicgfimyQitegy and both ampieillisangeiabpiclipe wyptanes gHies, were provided by the

t I tdev may be in the
plasmﬁg&r;n o@g“%‘ék’a T %es 19% elt H}I cts%ﬂgﬁré—n\é?aér?p B the Li, Na,
KCelitH dbgo geBizlison divER &fedcitkeb ddn g dir @it Hm%swldsfhchﬁfzchza coli
entrapped jn m craocapsul or sustaj ned-rel ease
cells wore fioreh pryhdoredap: 70 3‘9 Cellater hlgrgmt te or T D Cartriguge, Alfa

laval) %@hﬁ@ﬁoﬁ- ghd fr@éjélﬁg Qéqn% B@PERa(ﬁ%eze@at lg% s@é-l%)g%glls%@ﬁe

al so hnson et al
suspeﬁfmiud é voBinogwaxf. SOThMrHEPES?/ 1 iQZIIM 1\2123/ S(mSOBYTAHGE &.5dbL/kg pellet)

/T 8:755-758 (1
and hippganized i SRIRL PO pSPRhdBr et iy SHERGal srateor M3
(1argets!@a1€g(cPaghM I@%drs!t%f@lvyﬁhypm)l AEh M QAFRASIOLE wa¥ Sh@MBluted with

acci ne Desig The Subunit and Adjuvant Approach
an eq@éwelumemfdhér\mmﬂabuffeé dsd rofircelehedes esse hagegsteddrkgentrifugation in

s BTR PO BPL L Seqppontindi Syl fog Puifuce.

Intemﬁﬂl%t@ kdaledendrifuge (sEASA1. Bﬁlﬁ@’naﬂ\l@l}} celic@ad . beIomogkihed &l the
688- 3692; Hwang et al (1980) Proc. Natl. Acad. Sci.
pellet @@Abe harvesigrhduylywithoubeegsms inBEPREX ardrchpiralie.046; EP
143, 949; EP 142, 641; Japanese patent application 83-1
18008; U.S.
EXAMPLE II: Extracting and Refolding of Recombinant human VEGF expressed in

Escherichia coli-1
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Pat. Nos. 4,485,045 and 4, 544, 545; and EP 102, 324. The
follow ng exanples are offered by way of illustration

wapanatisby way of limtation. EXAMPLES EXAMPLECTVUS2006/062320
Reconbi nant human VEGF expressed in Escherichia coli

conbi nant human VEGF was expressed in Escherichia

Methods) i pur | ng synthesis, the protein was secreted into

t Q1 RESI P ASHOSIdSRARR @ﬁ&'ctﬁ@ g IW%E § tp@ﬁ'derd% "eﬁ?t%dtlbﬁ buffer
bodies. Studies were therefore conduc to achi eve

contaigitg vt U/ 58maM HEBPBphigS Ginat trmcpntotteinhat SThes bulenddi pdlet.

solid HERRPER Sl G ot aRARET PER oSl LR ERMIGES ol . sec

e.g., Hif@r e tHeQd¥reef ourPOAMAD TP dnCex8E Tt of RGIF eFhdVbitsPension was
nati ve VEG- showed that heparin addition increased

thoroyghdy mixpdder 18 hedid6t¢ opke pHmeryt be asliustasiawige §0% sodium hydroxide
at,i 3
oo BB SLARAAEL YRl p Bodfeh ) RolISREE Rptane bute o
Volunfe&ffekdsﬁlo‘dﬁﬂ:fef nTl&m&Edldmg&thelr &ntdinkd®) @XxpEEPEStel- 21D
pt this result to a é\a_g scal e gr ocess, conditions

Urea/%vérr%Mo%@Wé}W Whi e RaITp & dX FQYpH &5 e |CH@°WE@FDI} ee €.g.
Flgurteliﬁ fOF e %F@@c o?lur ANk TRFT S cfsl?tfrﬁzonqbr gl 1 o re?olcgn%( Dextran

structural 'y anal agous to heparin. tran
sulfats, l]iepatteon smr.inmv adfayé wheaddefl ap rolpetddy Kaﬁd)ldembubatlon was conducted
b|oIo fol.d relativ

ve V
at roORISREYEY a&lr rh4 %hwr%sﬁpamf%ly e deupatignean §|08Hd“1€|’i%9 at room

tempe@z!ttﬁl%rfb{du MEa%iW 48 H&Ais.deRd ﬂﬂ‘ﬁﬁ’ ag rﬂo'ﬁﬁof‘eﬂ%gm -PRGH and/or
human VEGFi 6 (see, e.q. eun et al 9) Science,

HepargmH_PLQQ 6F h]; uct was hl@rlﬁechy d@pth ﬁ,ligqﬁoplvaﬁrﬁ Cuno 90SP filter

follo Tr }n folg of the VEG- codi ng sequence was pl aced
VY?rﬁi er- 5 8% ol of the alkaline phosphat ase (AP)
prormter (see, e. g Ki kuchi et al., (1981) Nucl eic

Aci ds Research 5671- 8), while sequences requi
f Sleparinghinding HRlCnélsM)atThg ,qug\‘]ety@né asytde gt br;@p@qlgerqﬁpléed VEGF

was A RS R A AR REX BRRE Fon o e JG0RhE e Shpin popos

HE2/Miadiong 1 @egue i/ Mas, P@Sqﬂw@ Biok¢sce@mPodductie Chiabtidgd, MA) was
eat - stable o _enterot OXI nll (STIl) sighal sequenc

equﬂl{; & méggn 1sadiugt phgsphatg, 1%%)0&}%%’2& 1y %%ﬂﬁiwrﬁzhl%ﬁ c.gAta

flow Iﬁfé%f lpﬂlﬁ}fﬁﬂ ofl2 ﬁll/mln (tllfg §0?121mh§] (V%Fet elut‘eg'ﬁyiﬂ% a‘h%egr%.t‘a(?léﬂt from
for subsequent secretion into the E. peripl asm

0.15 Mdol 3M sodivihi abédridens equilibfagoshififersivgnal nsethe&qm assays clution

rovi ded. f ust ed..tran i on.] evel

was dRROl (R et Rt S it 250 b Ty B, A nGiprioyof protein
was cfuf®l iReid R iasBluhResd 3olfbses ol VIBGR %o@me\(aaﬁllﬁ%a Thd ﬁ%kst

Nat ur e Bi ot echnol oy 14: 629-34). The | anbda to
affinityy Riestelupng spegics e idangified ag eecotly f@ded BERD] atmdsfsaél@ubmuenﬂy
1dent18c?a & a% %F,Nucl ei ¢ Acids Research 15:3185) was

ocat e ownstr eam of the VEGF transl ati onal
term nation codon. The

Results

Heparin protects VEGF against cysteine-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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replication origin, and both anpicillin and
tetracycline resistance genes, were provided by the
web@snsdspBR322. See, e.g., Bolivar et al., (1BFWYSI8e61652320
2:95-1 13. Cell Honogenization and Refractile body
preparation- Harvested Ei,: Ig%rﬁl chia coli o cells were
frozen and stored at -70 ¥s were harvest ed by
The E@fg%f(}@éiﬁhﬁ lahd BRxtrdM fidtatENAV EGFatdbididggat i on and
freezing using BEPEX (freezer at |arge scale). Cells
Additimr e suspended in 5 vé]omnmtraﬁmﬁo nVOHERES/ 150 Vi

Increa(sgmal I scal e) or MB (I ar ge scal e) (Gaul i n Corporation,

Everett, MA). The cell suspension was then dil uted
Nonewi th 5 an eé@ﬁl vol ume of the sane buffer-and -

Lowe G N B 2 vl Sopddt f oh AB( Turb, onddory | 28

nghmt(ﬁnmx)lhsmfrmed ¢entrilésge.13bnt et sredi at e scal e213% 3.1
centrifuge used SAI. Alternatively, cells can be
honogeni zed and the pellet can be harvested directly

| neszi ng B re r ng. o LE

DeXtr%{%ll%ln%(gtggggﬁng arllggReggIﬁé(l Eg%of I;{%go %nant hll?frrgir\lA?VEGF 29
expr essed in Escherichia coli-IMthods Extraction and

Values in tEae talg% ar:.gthTh ! eg)lrf ﬁecafé%::\]gl(}ﬁ Ig)ﬁme%%mvﬁ\ﬂ%iﬁg g%@bm ]ﬁggpg?mﬁtrénon of

each actdftIomalas @@W@én‘t Agrdagoentred(S. (5L5L oY) buffer/kg pellet.

Solid dithiothreitol was then added at 3.7 g/ kg pell et
for a final concentration of 4 MM See, 5 e.g., Figure
9 for the effect of urea and DIT on extraction of
VEGF. The suspensi on was thoroughly m xed for 1-2 h at
2Q0C. The pH may be adj ugteq gyt h 50% sodi um hydr oxi de
(ww) to pH 8.0. Refolding was initiated by addition

The Effectld Sodiunssifat on &fRGE RapIdiugf er per vol une of
extraction buffer. The refol ding buffer contained 50

Additiol HEPPS/ 1 M 2M Ur ea NSRRIt of néH8IMB506 0. 2%
TRITON(t M) _¥100/ pkh 8, ofi naljggoncess r ash 0Ny, 56 ascorold
O Figure 10 for the effect of urea and DI

Increasoncentrati on present during refolding. Dextran

Non sulfate heg{g}rl n or sodium sul fate was added as

O0Ci ndi cat ed ol d incubation was conducted at room -

sodivheRgeat ure for 4924 baursjo@pt i@l hy4 theedncubat bgn
can be conducted at roomtenperature for up to about
48 hours. The fol ding was nmonitored by SDS-PAGE and/ or
~ I

Valuesf}fl?tﬁ%lg??rg'ﬁ L‘ V%%ug%gp%a %) g’ﬁ%% fé)‘é@%ll((ﬁ rr%; f_)eﬁ' (lg ?@F*ﬁ\é 11912@]9% hConcentratlon of

sodiumyplatq if gspimkicelsh.  Hepar i n- bi ndi ns HPLC Assay- The qual i ty
and quantity of properly refolded VEGF was determ ned
usi ng a columm contai ning i nmobilized heparin. The
col um PORCS

TABLE 11
The Effect of Heparins and Dextran sulfates on VEGF Refolding
Addition Concentration (ng/ml)
0 2.5 125 50 100 % Increase or Fold Increase
None 22 - -
dextran sulfate (5Kd) 101 137 134 112 523% 6.2
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HE2/M (4.6 x 100 mm HE2/ M by Per Septive Bi oResearch

Products, Canbridge, MA) was O equilibrated in 10 nM
waedrasniphosphate, pH 7 containing 0.15 M sodi BOT/US2006/062320

chloride. At a flowrate of 1 nib/mn or 2 mM/mn, the

col S re eluted using | i near. gradient fr 0. 15
dextr%sp% (ﬂ\égbdi um Qcﬁ oriﬁg i ﬁ“}fgquﬁ?i%rég?%n. buffglrg over
dextrahQulfhfd-(16Rd)S0me asgaygg.el ygiconpas dome in 16gm n.

The el uant was nonitored at 280 nm Typically, the

Low MY 6¥Kd)yHapharipr ot é04 wa6.9el u#&d i n t hé6¥%i d vol dife and

. I of . VEG:, coul d jbe . j.dentified,,Jhe highest 5
High g/%\&i(ﬁllza&e/aeﬁ’aﬂlest -léﬁut ilg‘é sfgggi es vvasgfl%lént i fi eg‘ezas
ValuesGOth¢ @i6¢ drythé ahaedcht Mk VaGH fonas! (i s e b emfaytilt ghaat | fi ed

as "Peak 3 VEGF". Results Heparin protects VEGF
agai nst cvstei ne-nedi at ed denat urati on-Addition of 10

Sum 0 cysteine to native VEG- resulted in a |arge

ecrease in the properly- folded nol ecule (Figure 2). .
Thiegaide aad dexsrangiuliug sngreesgaalobdingyietdsduedgithq prRtastivepropertics

- dif i t ' S
ooy RSP IoER HPp SRE DI L GOy e
polyn?:l:ﬂ cjﬁe;eolgm%gm%agf Eegg mzsxgiaﬁ%egu d/wi deom irCDAB@EIIEQTﬂdm Fig. 5), both

.% I ncrease or Fo
low afyRieh %@%@&fg@fowé(@p%? mmgﬁ‘ﬁﬁaﬂ*« yRlaY. tofoldpd EGE
. 0, . r . . .
ool it 10 08 SABRIIAR) gURORY Bt e
yield a3re®IdeddVBGE biyGbpocirBatelyl 1+édd.i hhe h@Kidbine ofdexttahesulfate was

unt of Peak 3. VEGF farnmed (in per of.
also iRt FiescmBrE I Coedimmeer o Bt Reneduaien Bhes s
invest%:atédﬁ@é@@tsﬁgstra’{e ARRSRGE RN Rlvedtzafomd QmonsthtcHAREE P 8 Kd
e Effect of Sodium Sul fate on VEGF Refol di ng

and 1\Kdi foiranoiClsatrem suléaté alhsigmiicantly 0cs@scdgha 9isldxg3dV BGE on refolding
9 rease. or. Fol | ncr,ease ne 5.3 - - sodiumsulfate
(rantbPo R Fire 0 G i BO I TRREA S S

EXAMPLE I1II: Effect of different buffers and TRITON™ X-100 on the recovery of VEGF

Results

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

Buffer VEGF (mg/g pellet)
HEPES, pH 7.2 9.1
HEPPS, pH 7.2 10.7
HEPES, pH § 10.3
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Values in the table are the anount of Peak 3 VEG-
formed (in ng) per g of refractile pellet.

w@oovcastisat i on of sodiumsulfate is as i ndi catCr/UTsdNE062320
Il The Effect of Heparins and Dextran sul fates on VEG-

Ref ol di ng I ti.0 ncentration (ng/m) .5 12.5 50
100 % | ncrégl?gﬁ)érlglﬁglod | ncrease None 2.2 g%gt ran
sulfate (5Kd) 10.1 13.7 13.4 11.2 523% 6. 2dextran

sulfate (8Kd) 9.9 17 .2 14 .0 12 .9 682% 7.8 dextran
sul fate (10K&EPES3pHE SIOTRITON™&-1Q0 . 1 773248. 7 Low MWV

(3Kd) Hepari .4.16 % 7.7 H MWV ( 6Kd)
Heparin 14. kl%féggplgéngi%@y@J % ues | nH?‘Ee tabl e
are the anmobunt of Peak 3 VEG- formed (in ng) per g of
refractile pellet. Summary Heparin and dextran sulfate
i ncrease refolding yields-Due to the protective
perties agai nst denaturation described above, the
ect of several different fornms of sulfated polyners
o fThE ebmbihicth datBEE xwaplci InMaat i[d atednstAse & signifi cﬁ]nt'KABLfEId)

(and in Fig d?l bot h | ow and hi gh nol ecul.ar weig
THe

lmprOfV%mﬁ%t lwellfébww Gibgshepatinsuliite %r wﬂﬁ%ﬁefﬁwhﬁ@@foldm
VP L LY srohL i pER PP U scf ety Mois method
has baeefimbbectnidGEcdeysfalhp atox dustitidlsyal2- Ttos dxpeiﬁhé tHa0 thad tHfiomethod is

.0f dextra ul f salsoefectlve i ncre
applicapiedt ey i Ee offeV R AR g RE GHES ARG OR Pliigiparn.
investigated |l ead to substrate inhibition. Further
i nvestigation denonstrated that 5 Kd, 8 Kd and 10 Kd
EXAMM s 1'60f Exieacting and Befokding af Reeoingnndnit bamen Y BGitexgagseet in
E hthglgyci (?ll_ajl(li of VEGF on refolding (TABLE I1). See Figure
SNEPNELE dl so Fi gure 8. EXAWMPLE I11: Effect of different
Methddgf fers and TRITON(tm X- 100 on the recovery of VEGF
Results Buffer VEG- (ne/e pell et) HEPES, pH 8
HERES: riarye Rgfeldimgelearfraghle pallet yapmppendadpn 8xt1zg;t103 buffer

where tElE Fibd conpéﬁtrgltla'gWa§ 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

Sum

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
concentration 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%
TRITON™ X100/pH 8. See, e.g., Figure 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 refolding steps was 1:100. Increasing the
overall dilution of the extraction and refolding steps, e.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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Buf fer VEGF (ne/e pellet) HEPES, pH 7.2 9.1 HEPPS, pH

7.2 10 .7 HEPES, pH 8 10 .3HEPPS, pH 8 12.8 HEPES, pH
W@2007/TBIIFON(t m) X-100 12.4 HEPPS, pH 8 + TRI TOM{T/D$2006/062320

X-100 13.9 Summary The conbi ned data of Exanple I, 11

and 1|] .denonstrate a significant (2-5 fold

i &SP ssiany OEFFf%%E}chaBE’e%ﬁ@FfE}HHGH&Yéiﬁeﬁ@ﬂllﬁz’e gemgunt of
dimerBH oA &€ Swhdre HorbhRR Stk RemMea byl M QAL A% BhdEHPL@column

hepari n-binding growh factor as well as the

and digmmdomiadins caif be detoreingd biThérsrimephweh ¢tasmbegraphy or SP-5PW
r [ hemenhed sfuc%%ssful |y at industrial scale. It is
ca lone% PEEFTRR AR RS nethod is applicable in the
refol ding of other basic growth factors and ot her
roteins that bind heparin. EXAVPLE |IV: Extracting and

EXA ¥i haresfscpeedalsingant human VEGE expressed in 5
il G el BLAGEB S RGO B0ions, sdies wer

conduexidrtaekdrainc thef igsticsl € refoldig dtismall (€.0ngeinteiatdian (WS add pilot
M Urea, 2-30 mM DTT (e.g... 10 oM DTT), 50 mv HEPPS/ pH

plant 25§ L 19 490 L)sealg) Agshawvn irgFighs 4.4he kigictien afgetoldppgat large scale

were RHRAR klﬁ@le%?ﬁk%ﬁ%&? kaaléyaﬁa%eoﬁﬁag it of rdtoRbd was
te ol di ng by

nperature. Re was Initiate addition of 19
slightlyahcneesd o Thesefdatadd angpristdte ¢lre welabliatywfecfoldiexwithdeitom sulfate.

buffer. The refoldjing, buffer .contai ned fi I
The pRgEGHEY B T Ao B St Ve DLt g dolfowed by 0.45
um fik@tign, 7.5 MM cysteine), 0.5 nM DIT, 0- 0.75 M

arginine (e.g., 100 M arginine), 15 ng/L dextran
sul fate, 50 mM HEPPS, 0.05% TRI TON(tm) X100/ pH 8. See,

- igure 12 fo ffte .refolding in the
Em@?@@eﬁi@%ﬁ@%% g@mﬁ%ﬂ%ﬁf@g@g\/\her e the addition
ofirdti-sRiegiTeaPic FUESL aplvere AP EL LRGNy -2A fted dehsldih g AiRtdIGble
acid additives. Refold incubation was conducted at

materiabghihe @apletatiamevebby dentip Ailtrasions Thoplarigadppgl, wastien loaded on

o DTSR B TIE ! 0N RIPABLHEE ol

in 50 adldl €1 PPSr 0. 0o (TR TOTHI X1 09¢p b 8 0 dds sof-BirsH Cimrbteimivhy removed by
The fol ding wa nitored b@/]f SDS- PAGE and/ or ., Heparjn

washipgpth ofidibrioa e enand BF G gytadysBedgiar i LfiomM
e g IO S0 L LR, TR o s 20
cm/hrr doolinh frect®ine peradeterinid@hy HepareddPIng andgsis of fractions.

Butyl SEPHAROSE™ Fast Flow Chromatography-The pool of VEGF was loaded
onto a column of Butyl SEPHAROSE™ 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 cm/hr. The column was washed with equilibration
buffer and the VEGF collected in the column effluent. Fractions were collected and protein
containing fractions were pooled, by measuring A280nm.

Macro Prep High S Chromatography-The Butyl SEPHAROSE™ pool was loaded
onto a column of Macro Prep High S (30D x 39 H=27 L) (BioRad, Hercules, CA) that was
equilibrated in 50 mM HEPES/pH 8. 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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overal |l dilution of the extraction and refolding

steps, e.g., to 1:100 to 1:200, increased the total
w@ewanso1sf active VEG- al t hough the concent r at PORUSR06/062320

| oner. See Figure 13.The efficiency of refolding can

0,25 R AT LMD HBRERTE i 1He. BB -4 b

Fractlgls @erre%\ﬁﬁécst@d M@tﬁ@se’%gl E&{th‘ﬂﬁ@d ﬁﬂ)% W h8ked VE@*{ hO8ct&Mned by
be determ ned y eparl n col um r omat ogr ap y or

a hepgp-BIPYihg assagne. ngaawgeHEhCowatequéqdhy assay. 5 EXAMPLE

SRR TR Rl s 2n® MR Ben b art wiysonditioned

with @tdqdhl%luiﬁé 6f sEmiy HIEP(ESI/(DS BK VNG cithie/SHITES. | qae @bnditioned pool
refolding at small (51 mlcg internediate (1 and
0\

was then|leadeg oarie 2 coBowLoft TSKa(18D »nd3 Hlroli.) |( Oﬂﬂhg%r e
Montgdnéé 111%I }Dﬁ)t gtg\ivé)sf e%c{ug b?% gél Qfgth%t() Ilﬂ@f’ lgEPjﬁg/%lf’Mo oﬁﬁén? citrate/pH

i 'ngui’s e smaller es’ an

7.5. Aftaravashingeiondindigd plotteal thvéigh thesolahinghith yquikipaeaseetfer, the
These dat a denonstrate the scalablility of refoldin

VEGEpanclyted fromm theyofumeeusin | g velageieiadiens from 0.4-0°M sodium
01traté31|na§r0' &Nﬁﬁgpﬁgdﬁ@b% fFfréuftfoﬁg Wk é@k%}% Exx%%p@/?%ryfah{i&eeéel

tration.
electréiﬂmlrésuscealkil tbmselcontfalmlhg/EEBFadftsefﬁomft pludiyngerpoolo®r ep

B

regenéﬂa{ehrcaﬁmegb mdiBragb @}366@9 mptem@oﬁl tFe&rth@qdqu@ﬁnt Phd
ceram ¢ hydroxyapatite colum (3 1H= 30L) (B

membi{mt wiegopditieged @A pelysoibater2sk élalemOEd Vﬁ@ﬂ@@?ghmﬁdrsmd at a

conce bRy SRR e BRI R PR L PR i
mM SYBm ShatiRee/2B MYl TrchbBOEHALI.C. ThEfnffford@ilaMn was 5 mM Sodium
HEPPS/ 0. 05% TRI TON(t m) X100/ 0. 15 M sodi um phosphat e/ pH

Succigate/2Re M diighalase/ O g0 nalgserhath 20/pBSd). ishg concapirationofipapg/ml.

determ ned by Heparin HPLC anal ysis of fractions.
Butyl SEPHARCSE(tm) Fast Fl ow Chromat ogr aphy- The pool
EXAMPINEGH : Waisi filcatéeheld 06 it \WEGF afitruitefoldingBut vl

SEPHAROSE(t m) Fast Fl ow (35
HE4rioh Easiunge Ligyps Qligm 6@5)%%% rfgf éﬁ%% élasefwlﬁs@awwl in the
T
pool ¢ CHE_@gp Ig(t')\ga;f?ﬁ dsgbf[gﬂgaﬂ% ov>\élt I}eg%(qggéél f%/kc?&gﬂlﬁ@d th_ RI(;I 5.0-7.5 and
about @gb @rinmBasn. Vhsdme@thﬂimﬂqd,‘[hd: pdorl ag G:thtbmﬁﬂ &y pl6ch artded mS/cm.
ct.ion

The refGia et ety S (o eed i B RdRRey| iibis BHECSHRA TsPKET and

elutedﬂ%ﬁ{g‘iﬂ%ra@ﬁénf@ﬁﬁ%é APERBRntYBEH OPEYIBR fHcBBnsTan be determined
Chr omat ogr a[) The Butyl SEPHAROSE(tn) pool was | oaded

by HepaymHELE avelyisisrofdraciensr o Prep High S (30D x 39 H=27 L)
( %y%ropgzbbzl_%ntcemc%on C%)mlg PﬁltC) Y48e SPXL clution pool of VEGF can be

conditioned to 50mS/cm for loading onto a Phenyl TSK chromatography column (Tosohaas,
Montgomeryville, PA). Fractions are collected and protein containing fractions are pooled.
IEX or mixed mode: -The Phenyl TSK pool can be loaded onto a column of ion
exchange chromatography (IEX) or mixed-mode chromatography. Fractions are collected
and those which contained properly-folded VEGF, as determined by assays described herein

are pooled.
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equilibrated in 50 mM HEPES/ pH 8. After washing the

ef fl uent absorbance at 280 nmto baseline, the colum
wor®7asEbed with two col utm vol unes of 50 MM HEPEBS0@662320

M sodiun1ch|oride/pH 8. The VEG- was el uted using a

li 8- col.um-v.
s ol amreo e o fﬁ%ﬁ%‘/&ﬁ Bbe B s on gy D
regen&@t%d%émaegé 158 Bfane EG?(%IDS’ ﬁ%lwaﬁc&p %@&R@@ 12N ADRS Eor
whi ch contai ned properly-fold VEGF, as determ ned by

exampiehbp scmbrdieriel p@tgilmdwltlepcgysorbﬂé@&@ i Fha-paatyd WEGE is

ulrarfRRH 8 ARG (T RS BRSPS B i B 1PV
(Diav6RnTEVWitERERMS Sdilvhn St inmieCi75 maviet ikl dseipH 3lne

condi ti oned pool was then |oaded on to a colum of
PhemygthogpyydnakcgsseBlogcramdihercin, final mystylaag/or activity can be assessed

o BRI RSP RSUb PBLS Gt R

dichraign;- lixnilds BRoPs@teiytatt (LALY |hepehﬁl chebrdamgiaph heparin HPLC (e.g.,
eqU|I|brat|on buffer, the VEG:- was eluted fromthe
Hepagy HR R G38ibRgised tfoie&f‘émm?n EGF gipergonasiation) afmetﬁezphesel\ﬁm)
HPLCQHbMRoBr %h& Efée pIRO éﬁ\'ﬂ)é'l'fspgﬁp g&M VEﬂfa&Bh
wer e as DS-p yacry am de ge el ectrop oreS|s
conceatratidn,dspacio hinging rtgeptEﬁndI&lgifdrfGKamplntfom‘ﬂEGFw KPR receptor

o L ) S L B R e
potenggeﬁg%}%nELf@sO\@r”EQ)\/’Ed-ﬂnéﬂtlbe@iek'rﬁ% sp&egdlyRat &cl7. 1

menmbr ane was conditi oned wi th pol ysorbate
2®t is iﬁh@erﬁtg@ﬂ that MEGFpasits, axamplssiahd embddiatents dgscribed herein are for
illustriiy Ne&it rsat 13[ a,?lf h6 %/rLOL%\L#xEl%f ;Hﬁe Sarfpalne V\ll?lgl hgreof will be
ACAT YRR BRI A1 Y4 TR B GV ey TRE T 5 M &Sl Wil
suggeSiag € patals2ikbleaiM theelalndsed PHbeSnfludedh@ithiniigd spirit and purview of
formul ati on was_5 mM Sodi um Succi nat e/ 275 nmM
this agnl@hta(ptbzg@/qgom%tb@ pRiRcaeerhelainyo/ Algulgicagiens, citations, patents, and

s By SRR MU o

pmpo@nronatography After refoldlng, i nsoluble material in
t he pool can be renoved by depth filtration. The
refold pool is conditioned to pH 5.0-7.5 and about 2
to 6.5 nS/cm In one enbodi nent, the pool is
conditioned to pH 6.5 and 5 n5/cm The refold pool can
be then | oaded on to a sul fopropyl extrene |oad col um
(SPXL) and eluted using a gradient of increasing salt
concentration. Pooling fractions can be determ ned 5
by Heparin HPLC anal ysis of fractions. Hydrophobic
Interaction Colum (H C):-The SPXL el ution pool of
VEGF can be conditioned to 50nS/cmfor | oading onto a
Phenyl TSK chronmat ography col unmm (Tosohaas,
Mont goneryville, PA). Fractions are collected and
protein containing fractions are pooled. |EX or m xed
node: -The Phenyl TSK pool can be | oaded onto a col um
of ion
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o exchange chromat ography (I EX) or m xed-node
chromat ography. Fractions are collected and those

waokioch3aent ai ned properly-folded VEGF, as det epei/nszboeg62320

assays descri bed herein are
pooled.UItrafiItration/EXﬁfLéhgation- The pool ed VEGF
can be ultraf Itered on egener at ed cel |l ul ose

WHATBRI e £539619); Unit Pellicon;, Feed Rate 17.1
L/ m

1.

mn. For exanple, the nenbrane is conditioned with

Appbyse fyate@veong Thepauiodiiednyp@rein dronl ¢ pakatyose ed! aultue, the

oncent r at g/L (UFl). The sanple is diaf

C t'bon[ of
Proceys PPRIPEG & T H>'R%% Dv (Di avol une) with 5 mM Sodi um

SynGidIatR AitthdpiMid brldag0selcRHrémAhe pdtipiBhhetkaidpdkaryotic cell

processes described herein, final purity and/or

culturgctj vity can be assessed by peptide mapping, disulfide

PR Ry S S BRI A EPHRR Y sqution

comph€ip@h ichagtvpirmogimapindudiepagenn HPLC (e. g., Heparin

HPLC can be used to determ ne VEGF di nmer

CGRAPRARS S0 dCrebyed SeprpTEIRG PP taeP kbGP b ytion

oncentr at or

cornpléiﬁn a ché&ﬁ?éc%g%ﬁﬂarﬁed éﬁ%ﬁ%idfgglﬂﬁfoﬁgcg&ge%gtt %&F%h%g@ﬂ under

eparin I'ng,

such xditphethadrefMBBE of the. hepKibRbmdoepirotein occurs; and

bi ndi ng- Bi oanal ytj c R&D, . and/.or Fltl receptor .
o PgFn e fald5e PeParisditndiai piin. HNEB ot éritpura 2 0 5

fold I SRY $n re@lh@aﬁep\lﬁ"{iﬁ BindEFpafil ROV S8 cdRSScFRSRcubating with no

anal ysis, etc. i s understood that the deposits,

sulfatedkpotpinagniaagenémbodi ment s descri bed herein are for

2.

illustrative purposes only and that various

nodi fications or changes in light thereof will be
SUBgpaicesh 4R lp@rs wmsreikitelhfarimbihBid g pidtcidansla B garindbildEng
i ncluded within the spirit and purview of this

growth5tote at i on and scope of the appended clains. Al

3.

publications, citations, patents, and patent

applications cited herein are hereby incorporated by

r @hepeanes dfieldifhe, wherdin thethgpdrar biatling puswpwibSestoGs Abddslar
DIS;: 1. A process for recovering a

WHAT | S Al
endﬁﬁéﬁégﬂwwgkﬁﬁﬁ YESHdtein froma prokaryotic cel

5.

culture, the process conprising the steps of 5 (a)

i solating said heparin binding protein fromthe

pdht ptaassn diclami 3¢ wheohathg M EGE ceVEGEuwst ure; (b)
denaturing said isolated heparin binding protein in a
first buffered solution conprising a chaotropic agent

ante rdcBWTcNEmMAY Yheicid b shlfs® pblyRsiofRiadeteNBdtWe&8about 3,000
heparin binding protein in a second buffered sol ution

daltons apénP,00€idalgors. chaot ropi ¢ agent and a sul f at ed

6.

pol yani oni ¢ agent for such a tinme and under

The process of claim 3, wherein said second buffered solution comprises a dextran

sulfate.

7.

The process of claim 3, wherein said second buffered solution comprises sodium

sulfate.

8.

The process of claim 3, wherein said second buffered solution comprises heparin.
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such conditions that refolding of the heparin binding
protein occurs; and (d) recovering said refol ded
whepansnsbi ndi ng protein, wherein there i s aboRCT/HSR06/062320
5- fold increase in refolded heparin binding protein
recovered conpared to incubating with no sulfated
pol yani onic agent. 5 2. The process of claiml,
9. WHGEL ﬁf&eésrtﬁ DR, WheRiDHNGx REP{ Bl ik DeBvdARBBAB,000 and
bi nding growh factor. 3. The process of claim 2,
10,000deltaisn t he heparin binding growth factor is vascul ar
o endothelial growth factor (VEGF). 4. The process of
claim3, wherein the VEG-F is VEGFi 65. 5. The process
10.  OfThe baicaislof @I iwheidiessd kit bed sqeohy BRIfQBH Solag@&iitcontprise
bet ween about 3,000 5 daltons and 10, 000 dal tons. 6.
HEPPPH Bi0ocess of claim 3, wherein said second buffered
sol ution conprises a dextran sulfate. 0 7. The process
of claim3, wherein said second buffered sol ution
11. cahpprees a@thimn, swlcfoid eaid S8ccotthbufitred eslation fuzthat torprises a
wherein said second buffered solution conprises
reduckg3geitn. 9. The process of claim6, wherein the dextran
sulfate is between about 8,000 and 10, 000 dal tons. 10.
The process of claim3, wherein said first and second
12.  bllid moegss s6tlatm ¢ hswicweptheedHERPSzqmiHoBthe .sedohd bliffered solution
rocess of claim1, whe '? sai d second buffered
compE3ss GrPBRIHPE AL CHRDHIGRS 1o reducing agent. 12. The
process of claim 11, wherein the reducing agent of the
second buffered solution conprises a conbi nati on of
13. Thy prosessefgldmDT Whek® saitheccpndbeidgredpolotien farther edmenreecsna
nonbsgkgﬁ§g§9nd buffered solution further conprises a
RS |oﬁ$éldetergent. 14. The process of claim1,
wherei n said second buffered solution further
conprises argi nine and/or lysine. 15. The process of o
14. The gragess of\hamdi, fvhseeinisaidsesobd Yulderad sqlation fuiiher eqmaprises arginine
ntially contacting said refol ded heparin binding
andb%ﬁ%@%in to a hydroxyapatite chromat ographi c support,

15.  The process of claim 1, wherein said recovery step (d) comprises sequentially
contacting said refolded heparin binding protein to 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 support.

16.  The process of claim 15, wherein said first and second hydrophobic interaction
chromatographic support is selected from the group consisting of butyl-, propyl-, octyl- and

aryl-agarose resins.
17.  The process of claim 15, wherein said first hydrophobic interaction chromatographic

support is a butyl-agarose support and said second hydrophobic interaction chromatographic

support is a phenyl-agarose support resin.
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a first hydrophobic interaction chromatographic

support; a cationic chromatographic support, and a
w@ewonshibydr ophobi ¢ i nteracti on chromat ogr aphi BCT/US2006/062320

support, and selectively eluting the heparin binding

protein frogmeach support.. 16. The process.of claim
18 ;3 he pFReFR of claiing pihelen G "SBEUH R PP sequentially
contadi[HeRBRGE AR OHFR b RAARPbEirSYARALbn b&hBRLEGHBEHfd MTlophobic

' the group consisting o utyl-, propyl-, octyl
interagiion chagraatogphiesiipiort, 21d al fve Echangs shofimatdégrphid Sypport, and

wherein said first. drophohic interactjon
selectfiiesutseis prrbntipgte PSR Ho i Shfirboe support and
sai d second hydrophobic interaction chromatographic
support is a phenyl -agarose support resin.18. The
19.  pAomethed der rearicrng a heprsindhindisgipepteia dipyep prokesjetic gyll culture, the
nmﬂl%Q%B{&ﬁﬁ%tﬁ§&9sﬂﬁially contacting said refol ded
(%epaﬁﬁn indlné protein to a cation exchange support;
a(d)ysblspipadaidchdpatie badinggitoehr fomttegpaipiisen sijapbprokargoidc cell
an i on exchange chromat ographi c support, and
culturge| ectively el uting the heparin binding protein from

e . . \/ i I
o0 RARRRE bid Rofded KogTRh B o L RERN PRy B SRR
com@ﬂﬁng@@hmgnpgjaxngmﬂ?epdm?mgagmﬁ(a) iso:ating saipld
ar i i ndi. rotejn fromthe periplasmof. sai :
oraipetae el ferhhitd binarh e obffin i Sgoibpafid soution
compti$iRk ALREHRPRAIJR AN uMGtcRBly@hdnidag@nf fof Sichtitih€hffunder
sol ution conprising a chaotrdpi c agent and a reducing
such cogdiions the) refeldinga itheohepatitl budmgt protsth ¢uspesr whetsimidieiggs about a
tein in asecond buffered sol.ution ¢ rising a :
2 o sl Gpedn Sy ied ety Wit iFa PRI erPRRRE AP RP A5 Bppetine
with rioUeifa®d tholVRn@Al dgeetnduch condi tions that refol di ng
of the heparin binding protein occurs, wherein there

i §)asainntiall poontacsing spig|rafoldserhenaen bindingmertaayiiepar i n
e RS LA L SGNRLES ATBBEHh S QSUTGLL PG i
suppo€toa taainidchrembdgraphicl sipporh @pa hisscdaid g droghplsio igttractiert h

a hydroxyapatite chromatographi c support, a firs
chromaRgr o IPEOTt NG SSF I EHY ki e&gp%mlg@dgl@ms%m fro cach
suppof@t i oni ¢ chromat ogr aphi ¢ support, and a second

hydr ophobi ¢ interaction o chromatographi ¢ support, and

selectively eluting the heparin binding protein from

egch support...20. A nethad for purifyin heparin
20 pArgd Ko Ane RsPHin HEGnE arrnsiR g Qg the steps of
sequentially contacting a refolded heparin binding protein with 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 support.

21. A method for recovering a heparin binding protein from a prokaryotic cell culture, the
method comprising the steps of
(a) isolating said heparin binding protein from the periplasm of said prokaryotic cell

culture;
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sequentially contacting a refol ded heparin binding
protein with a hydroxyapatite 5 chromatographic

waeappastis4 a first hydrophobic interaction PCT/US2006/062320
chr omat ogr aphi ¢ support a cationic chromatographic

S and cond hyd hobi c i nteractiaq :
K@df?ﬁ%taa%% eSO%a?fElbqp@  BHA S Hel bqf?qr?fbsqlwgn
compﬁﬁﬁ%ﬁ chadbiopdl DInPoRALlcBudif @M Hach support. 2 1. A
d for recovering a heparin bi nding protein froma
pfokaeupating sacd Hé¢naputd bererintbiveling protdio th < seepnd blufrﬁfged bagution
|solat|n arin bin pr.o
compiygh o5 4R Rer LRy HoBaRAry e e Pren BB under
such doBlitidas eatiFefG18ingdf ¢hd I‘Ee?hﬁﬁ BrhdiRARbich &ic ReeRiOthedens about a
in a first buffered ution conprising a chaotropic
2 to 3dglinncrany ia refeldad happradurding proteip meogiercl sgmparied to incubating
e ng protein in a second buffered
wmhr%sﬂﬁ%%dﬁﬂl Sﬁ%ﬁ Rgg&%haotroplc agent and a sul fated
del))sa@memnany a@ea&ttmg chidstohded Heparin Binding peeeinSvisiig Bation

conditions,  that refolding of the heparin binding
exchapgeiugpartot yfreph W&rwwﬁ@h@m@%m@ Sypport faldsanflen axchange
I
o o e SR Pl eI P B SRS ol RERE cRCh
suppoaigent ; and, (d) sequentlally contacti ng sald r ef ol ded
heparin binding protein with a cation exchange
support; a hydrophobic interaction chromatographic
22. SURP&cthodWTEIAR 19} 28X GR&REENhE p&yﬁﬁbﬁm‘g@&ﬁ%&%m about 3,000
support, and selectively eluting the heparin binding
dﬂﬂnpwndépﬁoﬁﬂ@ﬁﬂQach support. 22. The nethod of claim 19
or 21, wherein the polyanionic agent is between about
3,000 daltons and 10,000 daltons. 15 23. A nethod for
23. p !A[llnéﬂflbfﬁ Fordpuli€Pag b Mepdriidbinginp HesteinNthe tnﬁlﬂhdlﬁ!dﬂ%smg the steps of
rising the steps of sequentially contactlngl1
sequewé& @aEC %&F@fﬁldﬁﬁi Repaiig hading proteip tvithe cadion gxchange support; a
R
hydro@ﬁc?%ﬁﬁ?%&é%c?l@&ﬂslﬁg IQ%I?E ggﬁgﬂaﬁnﬂi %JII:] %él)%%% BN g chromatographic
suppotth aiahwd cagiv el Riwding Upplogparin dirdligepre cdin ﬁrehlyeaelh slippbg. t he
heparin binding protein fromeach support. 2 0
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