Ref ol di ng of Reconbi nant Proteins Thi s
application clains-priority to and the benefit of
United States Provisional Application Serial No.

60/ 830, 831, filed July 14, 2006 specification of
which is incorporated herein in its entirety. FIELD
OF THE | NVENTI ON This invention relates to

nmet hods for obtaining hetcrol ogous reconbi nant
proteins produced in cell culture. The invention

i ncl udes nethods for recovering and purifying
ref ol ded reconbi nant proteins_that have been produced
i n prokaryot i Befulding ofiReecombinanpPeetainsi n t hese
cells, typically in the periplasmc or intracellul ar
space. The reconbi nant proteins produced in
prokaryotic host cells can also be found as soluble

eins or as.a mxture | ub) e .and i so
S&glséipﬂlécaﬁB%éRWme aid thﬁ/%ﬁ@ﬁ REFaped, ﬁa@éﬂ’rfylswnal

Appliédlof SRR NG GORBORAN! 5108 A0S 2@16%;}96189&%&)%%%1@1 s incorporated
variety of host organisms. Mbst proteins can
,hmem@np$@9@@df|n their native formin eukaryotic hosts
such as CHO cells. Animal cell culture generally
requi res prolonged growi ng tinmes to achi eve naxi mum
cell density and IELDW@FSINEINVENERONOwer cel

densi ity than prokaryotlc ceII cultures (deland, J.
g@@}%}&@@ wlatesdemthosis ipeebisinme hejcslagqus regombippnt preteins
pmduc\éd\iﬁ P uthfe. VIHd Oiver IR ihAfs RERDR2br. r0GcBlnY khnd purifying
ditionally, aninal cultures often re U|rg
refoid@@@mbmentrpmimas d@hhaﬁrerimg pgnrcbmmmqmdmmmtmst : amhayce

presenggact?lgse c ﬁs,vﬁ\n%é({:]a é{QLﬁ I;:}i Rl Eas % f)r %;g‘a%e?l I é;ga%gp rl“ge recombmant
protelrfsq&bdlﬁ;%ﬁ achrok@yedid ssh aéllsV@ntaDsotHa eommsfsa@bwpra@m@ oahea
uction of reconbinant proteins. Nunerous U. S.
nnxuﬂﬁégéﬂPgbéﬁ d yepwblapretstiSeri al  expressi on of
reconbi nant proteins exist, including U S. Pat. No.
4,565, 785; 4,673, 641; 4,795,706; and 4,710,473. A
maj or advant age of thBAﬁﬂﬂaﬁiﬂmﬁﬁ met hod is the

%‘F?%f% tpg% & agx é%? g atg%# ) e¥ ﬁrﬁp duy Catﬁe érbaucetdhlg a variety of host
organisthe ookt Iirbtain& l@ﬁh bege)mreﬁﬁ@nt? thKir maﬂixxzbﬁhfij; éla&gcg?&ib |hgsts such as
- ul_ar i ote nol ogy, an .
CHO csfl%rgamﬁ ppulie generallyy f TERTSSIEPIaRes, Srowing trersdo sehiere
max1m|ﬁlﬁi’\@e‘ﬁec{ens1{;}%ﬁ‘?ﬂﬂ1ﬁ5te fvel Rves et &éﬁu;?ﬂﬁﬁ S?%gaérotﬁ Qki

lack the cellular chinery to facilitate
cultures €€ lslaidn (H93} h@Sp‘Rmpnsnsn 2adegBioeProl ]

t.he cret.i oteln tl fHe ‘u turé »
viro, ARehih CEGERHRha, A S Silt el nidSelig it
expensiw&‘hccﬁs b(brﬁmiﬁlhg fé%&oﬁﬁﬁiﬁént@ﬁlalt ARl Wi b@ere A tBS recovery of the
conS|st|n nse masses of partially fol ded and

desiredrpretel)- dérs @rabla% EEPTRISIRTREteNISguOVide § costiigee alterngtivy to the
1

manufagtl I g ca d %@ﬁ&&éﬁéﬁ%&ﬁ%ﬁzﬁ% ,grgté%t 'elﬁ‘%ljreroﬁ’{rg S. patents on general

bacten@&xpﬁsﬁoua%mlﬁbmm metemwxait,snclbﬁbngkkﬁ efslsé‘ﬂ) \9445165;385

4,673, 6f4? {ina 2? gbéﬂ %ﬁg@ﬁ 49 22%612186’ gﬁztgg IS)F g}eéjrﬁdl%/ ot me t}éd is the

ability @eamsirlyaisbmtd thaptodver fraddhé carm@drlcympéﬁa‘r@ W (@ erFhfidn or

roduces m sfol ded and disulfide-linked diners,
microfi{tyation, See. pFarliPRYIMAvABdSLittienbh90P sMegiecylar Bigtachnplpey, 12: 173-
201; an§I g@fﬁ@nmuck@fﬁﬁ @@%gf@&m&o be0 185g.8hgg  (1988) Anal .

Bi ochem, 169:287-299)7 Thi $ associ ati on phenonenon
is very common during protein refolding, particularly
at higher protein concentragtions, and appears often
to i nvol ve association through hydrophobic
interaction of partially fol ded internedi ates
(Cdeland and Wang, (1990) Bi ochem stry, 7
29:11072-11078) .. 15M sfol di ng occurs either in the
cell during fernmentation or during the isolation




10

15

20

25

30

essential for obtaining functional proteins Typica
downstream processi ng of proteins recovered from
i ncl usi on bodi es includes the dissolution of the
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a need for new and nore effective nethods of folding
and/ or recovering reconbi nant proteins froma host
cell culture, e.g., for the efficient and econom ca
producti on of reconbinant proteins in bacterial cel
cul ture. These new and nore effective nethods provide




(a) isolating a reconbinant protein fromthe
prokaryotic cell culture; (b) solubilizing
said protein in a first buffered solution, pH greater
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recombinant protein from prokaryotic host cells, e.g., bacterial cells. The processes of the

disclosure are broadly applicable to recombinant proteins.
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15 In one enbodi nent, the second buffered sol ution
conprises 1 MUea, 15 mMcysteinc, 2 El-1M DTT, 100

nM argi nine, 10 MM CITES, 5 nmM EDTA, pH 10, fi nal
concentration. In another enbodi nent, the second
buffered solution conprises 1 M Uea, 15 i nM

cysteine, 0.5- 2 rnMDTT, 100 nM argi ni ne, 10
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in combo buffered solution, pH>9 but < 11 with the
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10, flnal concentration. In another enbodi nent, the
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i NG Lat r zatl on.and/
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protgianroped yrokecxotie dillmylture, thhmethed orriyirisimathepteps @i n bei ng
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(b) imﬁ;ﬂﬁbmﬁgi asiefiilding ot prateih ans buffeted solution, fH 8 bat < 11, with

addﬁﬁ#ﬂ edo’l%% e%gecongtbﬁlf%&edr &R{ Pi%%#)gﬁwé%&éésml

CYS‘E@I@EZMMM IS, 106 novierginingd il Gromh, CHE§ 5 gV ALEEA, pH 10, final
conée%ﬁ'?gf?d gy?rth PRRILRED l'SSmIvf‘&}LJ@é'h@Ob 50 hREDTIMPE) mM arginine, 10

utlon for to 24 hours.. The disclosure
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(c) Iﬁ&f\@hﬁg 841d @éfolded QBRInIAANtr6te@t.NS €ei ther al one or in
connection with the recovery of the reconbi nant

P Ot il AsenSIchRage herein. In a particul ar
enbodi nent, purlflcatlon met hods i nclude clarifying
t he solutlon containing the reconbi nant protein and
contacting said refol ded reconbi nant protein in the
clarified solution with a m xed node support, a
cationi c chromat ographi c support, a first hydrophobic
i nteracti on chromat ographi c support, and optionally,
a second hydrophobi ¢ chronmat ographi c support or an
i on exchange support; and selectively recovering or
eluting the refol ded reconbi nant protein from each
support. In one enbodinent, clarifying the solution
conpri ses addi ng detergent to a final concentration
of 1% adjusting pHto about 8.5-9.5, incubating
solution for 1 to 10 hours at 25-30C, centrifuging
the solution; and filtering the Iiquid recovered from
the centrifugation step. In one enbodinment, the pHis
about 8.7. In another enbodinent, the pH is about
9.0. It is contenplated th# the steps for recovery
steps can be perfornmed in any order, e.g.,
sequentially or altering the order of the

- chromat ogr aphi ¢ supports. In certain enbodi nents of
t he di sclosure, nmethods are provided for recovering
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Fig. 3 illustrates a chromat ograph from VEGF_, pr oduced
" by bacterial strain WB110 | oaded on a SPHP col um.

le, the SPHP colum is equilibrated in 50 nM
WCEI%EIZ)’ES 9’%& 7.5. The colum is eluted using a T¢HEE007/073496

radient from0.0-1.2 M sodium acetate in, 50 raM
recom| pag$rotp1ﬂ 1? a groowtk faclorcop. uvasculat mtheiﬁﬁlegl’mafﬁétof SVEGF). In
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seconcb@ﬂ‘mqqi soBiEiog, pH =9 bunstin adic&ﬁprasuﬁ@{i LD BRBpIE b8P, \{@%r

ed b %I strain 110 | oaded on a Phenyl
more Q0 G Y ot s o r o7 sl i sush conditions
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illustrates the effect of N2 in stabi

recombyipant PEpiEiBo 2 QR sneposanenshs fiz baffered amlemorba,ndfqm R @Scond

% B
Puffrdd SR GRAE: MHERNGoRS: G PR s et wuson
COmPpTigesy ]yM'{greaJ F00spblr ayizintper m LY | 63113{8836@11%!(] Ergmqg?:l g In RHas

a ere C
concen i, e bEt RSB "R AR AR o o e Ura, 30

mM aringe, MmM TR, sahRSEDDE. AT10684 S8 diment,
) %ng 5-with disulfide b%grds | ndlccat ed%%&%ﬁfw Hmen
“the secg@%%?emdl SORLLIOB{PRIPTiFeS io or more reducing agents, e. g., DTT and cysteine.

In one embodiment, the second buffered solution comprises 1- M-Urea, 15 mM cysteine, 2

mM DTT, 100 mM arginine, 10 mM CHES, 5 mM EDTA, pH 10, final concentration. In

another embodiment, the second buffered solution comprises 1 M Uréa, 15 mM cysteine, (0.5-
2 mM DTT, 100 mM arginine, 10 mM TRIS, 5mM EDTA, pH 10, final corcentration.

+ In one embodiment, a process includes: (a) isolating said recombinant protein from
the prokaryotic cell culture; (b) solubilizing and refolding said protein in a combao buffered
solution, pH >9 but < 11 with the addition of air or oxygen; and, (c) recovering said
recombinant protein. In one embodiment, the combo buffered solution comprises 1 M Urea,
15 mM cysteine, 2 mM DTT, 100 mM arginine, 10 mM CHES, 5mM EDTA, pH 10, final
concentration. In another embodiment, the combo buffered solution coﬁlpris’es I M Urea, 15
mM cysteine, 0.5-2 mM DTT, 100 mM arginine, [0 mM TRIS, 5mM EDTA, pH 10, final
concentration.

The oxygen or air for the refold reaction can be provided by an air SOULCe Or an
oxygen enriched compressed gas supply. In one embodiment, a ky, of 0.004min™ is used,
€.g., which represents a mixing rate of 200-400rpm and sparging rate of 0.3cc/min/L in a
2.5L vessel containing a marine type impelier. In other embodiments, ki, = 0.01min™ or
0.1min™ are used to produce refolded protein.

The solubilization and/or refolding can be done at a variety of temperatures. In one
embo dimeﬁt, the incubation temperature for the solubilization and/or refolding is room

temperature. The incubation time can vary according to the recombinant protein being

a4



As used herein, "polypeptide" refers generally to
peptides and proteins fromany cell source having
nore than about ten am no acids. "Heterol ogous”

pol ypepti des are those pol ypeptides foreign to the

e
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VEG-- A (isofonns), VEG-B, VEG--C and VEGF-D;, a

proteinras deprbed Aergina n ialpettisulen evbafiment puriScationmatshods inglude
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selectiveby Fespveringar elutingithe; refoldediraconibinam protein dromypashsgpport. I one

embodﬁﬁé?x?’te | rn{l}?i&a&%soﬁlﬁ] péfg%éﬁes%%b?g%eiﬁglﬂec%{slclt:erx]l%atmn of
1%, adﬁanﬂig)pli 1 igdut 8$-9. achabaiig Slufi@cfop td X) hoirs auBs5-30°C,

' centnﬁtﬁgg&t SQ}?I{;}SB \éngéi:(tvﬁl S qlg 9113({ {egtgfggc% fé&% gl%eoéen%guga;xﬁon step. In

one emBBditrrest, A pE S ARt 9‘7 Slngét@ﬁle@%mgb&fn%nﬂ the plGd éb%lut 9.0. Itis

naturietic factor: |ung
contemphtrgtbeshy SPABTIUSZO0TY @&Bﬂ%l b%ﬂﬂl‘foa@ﬁ‘ém anygprder, c.g.,

sequenﬁ!ilgscq] arﬂtggggth%%tr&%%tf e clh%‘hqﬁo @#ﬁ%@é € Inoée({gmﬂ%nboadri]raents of

asnln vat or
the discURiire adtBodk Bl%rpﬁﬁrfded Lﬂcﬁm&w@afmg aﬁmmrﬁ;ngwefdlrédwgmbmm
owth f ctor cr ctor al pha and - bet a;
pﬂnﬂngﬁ?mﬁgg} Hﬁﬁﬁf §h Uk ephal i nase; a

serun1a|bun1n such as hunan serun1a|bun1n
Muel | erian-inhi biting substance; relaxin A- 5chain;

rel axi n B-BRHER DESCREITION ¢ OMEE&DRAWINGS
g% ﬁqgégtxga%s gn f‘%%?ﬁ e%ttgge %ﬁgée &l?dy cﬁf tgé Fefg[ ding.pu pr(?cre(s)st aes dLscribed
herein, mmmaxr@afwfedfb@frﬁﬁﬁhé ohfong{mgmph)f act or s; int egr| n;

Fie PO B el g PPV B BV oA yegb Ry b %{@?gt;aluﬁWﬂlO

loaded 615@@%1)&01\/{!@@“%6% g gic cohﬂnn isquiibrat&l ¥ 23 mWHEPES pH 9.0.

ﬁg or a nerve growth factor such as
The VE&%& @.ebttwbﬁhm b@é@dsph@mlymmcra@gwﬂt bt oeinimymyE HEPES,
pI{691Ocard|otroph|n (CT-1); platelet-derived growth

factor (PDGF) (A, B, Cor D); fibroblast growth
FﬁpsanmsmﬂhaaﬁnﬁﬁﬁﬁgaﬂﬁﬁbECFEGE@mﬁﬁtaﬂbyﬂudmmﬂsﬁﬂﬁnMBllo

loaded e SEHP ey ke Rais, e PP creshiLbTegd §50 mM HEPES,

pH 7.5. T &)luﬂﬁfs él‘ute@ Esﬁ%‘lﬁeaﬂ %Eﬁtrﬁddl b®- 08 AbdlifAGEQE bin, 50

and -11 and their receptors such

mM HERES, o qvqr @FCBPHEH v@egﬂelfgy <luapt is nidpitarad ak @80 hipy, The protein
insulin-like growth factor binding proteins; 15CD
proteins such as CD-3, CD-4, CD-8, and CD 19;
erythropoi etin; osteoinduc{ive factors;
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i mmunot oxi ns; a bone mphogenetic protein (BMP); an
interferon such as interferon-al pha, -beta, and
-ganma; serum al bum n, such as human serum al buni n
WOCBSER¥Y7dr bovi ne serum al buni n (BSA); col onyCI/US2007/673496
stimulating factors (CSFs), e. g , M CSF, GVt CSF, and
) ~
i reco%g\?—ﬁ-ﬁER%@gWgﬁ Iﬁé\%& abfl gan a{ %%%%%’S(QP DAt ~42mS o),
which g@dialpreomsie > A6 of CDBZCEGlheirfegQﬂladfor furthier prgEessiapt i - CD

e bR T P Eaor kR oa CEOE S by Ryt 8 3110

1oadedaiﬁtalmeb@$coﬁﬁ&iﬁ receptor-1g9G TNF receptor associ at ed
factors and i nhibitors thereof, T-c

, r%ge‘ptﬂesl?%atewhﬁ%@éwﬁ@% FafeY BB Pardrsed %béb%fiseﬂai strain W3110
qs&ﬁh%ﬁatph@gyifs%ﬁﬁggse - TGF such as anti - TGF- bet a;
anti-activin tr-in In; anti-Fas anti bodies; -

/ﬁlgr@lllusigmsctht effiedsiof rmea am@ugﬁlimeeuepfqbdmg Aprehtdns.

o |c 2 C
3580 Db bEEREL SRl s s ey aeiRRl el FF EAg oS
evaluaﬁﬂ @&apEIPDC tipfedoasst)] Whé’rﬂ@ﬁﬁh@ﬁdde&@oﬁfs&ﬁet ﬁSoldMg aﬁrted
wnt - | nduced, secreted proteins); anti-
r;ﬁé&a& illppteatesihs ot OhTpE8 ag.Sﬁﬁg@% Taifit Py @‘aﬁoldmé ;99514}‘?10115
Eblo ﬂ?lﬁ&?a@ésrh collrkn Q:Q;ﬁ‘f AeherdiHiBn @Q&aﬁ?&i 1P EP40uscd to assay for
i mmunoadhesins, subtilisin, hepatocyte growth factor
refolde@AGEGE. t hr onbop0| etin (TPO) prostrate-specific
r: P. gn .aS<. for, . 4.
& gcﬁl s tltate%gl% iml%gA id se(ilﬁ%c%(?trk%t vé?v!ﬂﬁt&;lsu.fﬂrdgrl]bgrﬁ%s&ldlcated.
pr ot ei ns hom ng receptors addressins; reqgul atory
pr ot ei ns; antlbodl es:_and ments _of any of the
above-|i sted poI E‘ﬁ?r_gutl) §N ant i body" herein
Definidisnsused in the br oadest sense and specifically covers

Nt act nnnoclonal anti bodi es, polycl onal anti bodies,

il used pereinf Ipelmepligd deists geeerglly bl RApédestang patvtt:mbfmme@y cell
source B&)Viﬁ%glgg 2 a%r‘%lljc] %’S’e}nn}'l %(Ij]% t %get&irﬁlg%&%g% i&??pt?ﬁg are those
polypepifds E@mgn\t@t}&(lﬁ»&{ M&ﬁﬁ@%ﬁk&@@ﬂﬂiﬂs GH3406 peitongiduatd by E.

) ctivity. In certain nbod of. the iinventio
coti. Wil the kmolokait P ORHER B0 POIGH 6 FEARRER brircipioly i i
eukary&E rx%@ﬁx@féﬁﬁﬂ& mahﬁﬁalfaﬁ Ca‘iﬁhhéb@{iiefd@%l% Bﬁﬂ%ﬁ dﬁl deftafnhe

manmal | an pol ypept i de VEGF. |'n another embodi ment,

embodinpgats @ém\’ﬁﬁwg Bad %/ﬁ@@mb]@@ntbgprpmﬂ (Q/Egtre(cgm@mant
01YP®¥'?CE:& ) Iliagl@ﬁmq odi ment, the recombi nant

angi ost atl n. In one 5 enbodi nent,
tHxampmS Oﬁbianﬂtﬁhap pblypapidesdmclude nolecuEh sdch as, e.g., a Adwth

fuctor S g D RP S BB HSFTa Y M GG P B Gt

VEGF- X @ij&?ds?] WEGRB, Radne a%t\md}m afr@cbiof Yh@dntBHY & VEGF
e ami no acid sequence di scl osed in Castor,

such asg%&‘é‘an 9%¥ a@d beva@;_ggg‘g rvEbIEgEab; iR agnl;gﬂm;p VE(Hgregepiers; rennin; a
o 5o PRELPE o LUSELL R BB AP ERpg: rov

honnome]reeﬂppfadtdn@aﬁmhym&i Mf:@ne |t]ﬁmbndcktmg11atilng thonminet lipoptretdins; 1-

n VE mnoaC|d e as re
antitryRsg; S0 B AaThE: (G AR PEricaLR: Hrorgbopapan TR Rip Sgulating
hormorh 88citda@M Nkl ziRd horﬁib%&gélucﬁ%bl@ &Nth%ﬁné@eot@c g@:ﬂg sgrowth

Robi nson & Str i n%}%gL 2001 Jour nal of Cell Science,

hormoqe;;‘g](eggmgg@teg@ goH ak 1208 78@; BBallgriotting, fagtorsssuch as
h
rctor PO LALN Sy 0 VEGE vy s, RIPRE S Fucsor
domain;)ﬁm\/ﬁ@ﬁp fectar; antVE@t%m@ fa&ﬁrs‘ﬂfﬁ@:&s@mt@m VEGHRal Datufibige factor; lung
predom nant faun of VEGF or VEGF-A is a 165 am no
aci d honodi mer havi ng si xteen cysteine residues that
fool' 7 intranol ecul ar disulfide bonds and two
i ntefinol ecul ar disulfide bonds. Alternative splicing
has been inplicated in the formation of multiple
human VEG- pol ypeptides consisting of 121, 145, 165,
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however the VEGFi n variant |acks the heparin binding
domain of the other variants. Al 20 isoforns of VEG-
share a conmon am no-term nal domain, but differ in
WO 24e8/0089§t h of the carboxyl -termi nal porti on PST/G33007073496
nol ecul e. The preferred active formof VEG, VEGF165,
sm-facdaa@ a gla§1&£ Jaggﬁ dagggﬁ fag&l x@04ﬁem§§rlbq %\aﬁ' Bﬁﬁé&d&é%?e type
plasrm@ygj;ﬁ?ﬁ@gj@-@g&) ayd Y@O}n&/thdl@@ﬁ b@ylbdsaa 1i@pmp i’ Bemopoictic growth

factor; %taor ne&%@%w]iﬁgor—%lpga ztn%g ggt?i o%gﬁ@ﬂ tg) %}ag%dg@ﬁlgﬁﬁ:{xﬁ{;%gdlinase'

a serur Atbuzfn RichRRY8nas sdhh(aldundif; M&l&naﬁhﬂnMEﬁF $@%Btance; relaxin A-
nol ecul e i s conposed of two donmins: |
chain; zigxip Bredpipy ﬁaqreiﬁ@eefﬁﬁwsenmﬂﬁ@wm%ed(w% aqpicepbial

proteint s&cﬁoas @b@?é(fft?nﬂ%sg}, Ejﬁpa rnﬁﬂ!‘)"ig égg[%aﬁ for hormo es or growth

¢ar boxyl (resi dues
factors] integti@5protcBe &, ord); ghquniadayit! fmtora,l a neu(o:t@)%l): factoBinch as brain-

deriveq R B PR} (TREPL A Sieragy 4 S Sn i ] daiehor NT-

6), or enibfrve%ryﬁrﬂﬁﬁabt@t' efthak NGB chﬂd@ﬂ;@h{n&i&@}dmﬁ@@eﬁ@p@y ,facY(ﬂm ch as
%1998) 30 Journakmgf Phar m
Cafdlo‘ﬂf‘?i)é‘%nal Kt 1lgcplaiglet-deymred grp rfa%fr@’é%q?) é%%o@ ﬁ@Pﬂ sﬁbé‘f’blaSt

growth! 1&of MRRE ap@p ahDBFYERHIRPmESR L@%@SC@P%@ ﬁéﬂsﬁ%n'm?g growth

substantial |l y undeam dated at™ resi due
factor J&rt)aieh @ma@ﬁﬁsd B6F e, mvhehmg BGE-1t IE@F\ZEGSIBE TGF-4, or

TGF- Si ﬁlgulglt Elg an f‘éc% ol I?md IIQ'{T?}grﬁl[ Ep"r% OI?)f ﬂ %q]g/%g%’z?rﬁ éucth as

and Undea
IGFBPW -I@FBBJ6pd¢s(y3prE-ﬂl @ramzmaﬁﬁ@ﬁaz&%ﬁﬁwm&mlﬁﬁﬁg%tem

D iiomhar Coheduioriat Pon BAN ThEA Y BRPE RN gRctive factors,

immunBRAMREPbRENERAG AR etic protein ;ﬁl\ﬁ[’} @h rﬁltet’?&@fi‘ﬁdcﬂ B Eﬁ&‘f&gn-alpha
protein” as used herein refers’to a pol ypeptid

-beta, a@dpma@ﬁnm ﬁléwmgl ﬁ@crbaats brymaa setivar adbymid e HS A d) bovﬁm?eserum

album1g %I%%?#mco opy Pa%% po%s g@éf% e a%],ﬁ}/le@ Hr (?3\6%%&%’ il 8—(%19

intei‘lﬁth&ﬁliﬁ(lfi&f) . nm—mgo III: (D@ einﬂQ-IER'-QpinﬁBbd}e p¥: i) Kl@?d@ﬁupemmde

. par pr ot S epar.l I ndi ng gr owt
dismatp %%%Q p3bHeridi e HOY CEpi i ea ity 6 pFUERY Rifrosts Lactor
(TNF) ?ﬂ@%&l‘ﬂoﬁ@ﬁl‘@f@c& 5&D recajt&t s%lderaa@a rahmlegr @Nmeéea&mgs TNF

basic f | ast gromﬁ factor (bFGF), acidic:

receptof @W%iedﬂct@rﬁ émFsmi@mm retereof del) meenterdcufetd al
membr?x( ;ﬁ@)}!&g{sa&écg aéc\é %:%n’grfgs Ig%dgt@f‘(%&cﬁ)% tif 'f‘éf: %eta( ,a_K%F ?ictwm

nown s SC nerve
ant1—1n1ril16@[ awi-Rasfacbodies; M(ﬁé)z hgdnd&;lhfmt(ﬁ’ Apo -2 receptdep@d-B; apoptotic

erred to as arlnlc a
fucorsy G F 00 de T BB I g LR BokT 458 3 BTGl (LT
prolactﬁinbﬂﬂ‘dcﬁn%& @)9' 9B GENGh; ARESP GaltliRflced secreted proteins); anti-NGF;
cosarnlnogwycans Although ot hers may be present

DNasex atifg antiserj DEEDCh AnlFaantigerirlenting Toll pehiginrfIE lgends, CD40 and

a,nu—C[;ié)s %n&?ﬁ@adhgsugse Wﬂlﬁm, ﬁéﬂato%ﬁe%‘?om%&gp(%ﬁ, %rhﬁ)tpgietm

ucuroni ¢ acl
(TPO), Zi)f(mﬁeteaspbdﬁe 2amtenxnytican PYTAL osel anﬁgeh dfoh a§,doir ©aiPle, a portion

T h r n
of the %hﬁgengg oggf %ﬁ%ﬁﬁ{gﬁ%iﬁ%&? Eq:ﬁ_]nﬁtdec%%to%g 283%561 ggllato%jpr% eins;
antibodies; and fragments of any of the above-listed polypeptides. The term "antibody"

herein is used in the broadest sense and specifically covers intact monoclonal antibodies,

polyclonal antibodies, multispecific antibodies {e.g. bispecific antibodies) formed from at

least two intact antibodies, and antibody fragments, so long as they exhibit the desired
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1% SaleN:
14 PRSI Pl sotblat ey et eperln Lol deg. &Pfhef

VEGE; oyREEF Rollhaere

pol yners of varying sizes. Due to the presence of its
covalently |inked sulfate and carboxylic acid groups,
heparin is strongly acidic. The nol ecul ar wei ght of
WOReHAN0BTSvari es from about 3,000 to about 20PEEEIS2007/073496
dal tons dependi ng on the source and the nethod of
t I
b1010g1%§1 a%%ﬂ?ﬁ] ?%ﬂscgﬁ%lg%gg&%ﬁgﬁqﬁﬁhﬁnté}&ghgg ?%c'ﬁgl%ﬁﬁﬁ%ﬁ; n%)epnde isa
gnwﬂn@hbs hmm@@nmemmmatﬂmawmnhhamﬁgpbpqﬂgb1$é@amnmndnn

polypen i Ve Ta o bt ook st i el e R e it Hpew YEGF

(c.g., WEGH, 59SIIPJ>ﬂeanQ{ﬂ}|duﬁd>dtuﬂé F&QBMbinant polypBBtidtsie dofiak gsﬁm Tn one
properly fol ded” or blologﬁgally active"

embodgpenérthe ecembingairolyncatids i nanPl-he” | i ke ref er s to a
t e o The
20 FRUYE, MAsBult eBRLER b RS EOVESTT g of
mammdhawgrbwdefastor deribled d:rngntaﬁy lﬁterh tves: mittatydukticBr cells having the -

amino Rl s SRR Rt el c¥ s ol ERBT M hoBE EE oL, 198:301-

405, topEtBESKTth EREHGSP aa@k&ntr@s tha@om&dn\g&hé ik tigre PRASLEAN a@fvity of a
the VEG- (descri bed. above) or other r ecombi nant-

correspgpdnginAtiv Y F CExiappidime, bl&téygémnyﬂ% tr e duyee T g5 apimg acid
sequen@@gsvl%ﬁ%}?%dggll-ﬂiuﬁfg ifs ebl]dfl‘%q @o% ;ﬂaloﬁ{jdj ﬁtl'Sgg 1594 LY lso Leung et

nt er e dineric
al. (19880 1Seute 24&@&%4 end,Rdbérson &t Strimecti @08E) Jos %

membd@ﬁbms faxﬁlnears mcﬁ@s&maaer Hoyshh aaﬂld eﬁﬂ 86VEGH ¢.eaGEGF- B,
omer. See %B W98/ 16551, BIO|O&IC&| activities

minant ormed YVEGE eieHELE-A s 39165 amino acid
homodﬂ:ﬁé}'}ﬁ%inggié%%ﬁ“cw;t%e F@sﬁ&ﬁ%ﬁtﬂajﬂ {) ﬁﬁ&ﬁ@ﬂé&ﬂ& cﬂ§u@ﬁ\ﬂehooﬁﬁs and

vascul a ell a ng to a
two intemadetudar didoifidgibogdsa n@lt@‘ngnalsphfgng hasdu&gm mph@@ in the formation

of muhg?el ﬁgra or]ﬁ%)'segﬁg}e’s ft%) z}é 833’8]@%9%;’ IQ?%%{Z% aémno acids,

howev:&ﬂ@é VEOTes ivariar ks the heparﬁh@nﬁlﬁg dBmapwTithd @bl v@ﬁants All
pur.e reconbi nant protein" and t he |Ik§ ef er

isoforrysil QPTG SHF et PR SOBAY HHERE! e bt pythe letef of the

~carbox Ct%&ﬁ‘iﬂ@l%rﬁén SSthf AeRduten The ProtERQIHRI R Rrm RS @ﬁé{ﬁf '\@GFIGS,

d especially in prokaryotic or bacterial cel
has dlsehﬁldt boeds bEhwesntalrene el sesidubey26- @Sﬁ&d&ﬁﬁ?@r&iofi Cys61—

tej [ I
SRLEAR S hatizitet P SRTe (L adb R RR hy 8
monon&t t Bee Wh fl?n _B‘chl&l,so lEtge It(éﬁkl’& altr 6{1%%9;) LA@(t:}ﬁréi;Qﬂ Tm&él@ﬁlistrv and

that 1Is east abou % a € 0]
Biophyg 034)&1) Q4413 aﬁ%?uYE% cople AL ForRSEA %@% Ogtayqse%zﬂs%mmo-
termind I?&:‘é‘lfjto? %r{?d_‘i}[ (ﬁ;meiu? @ﬁ'ﬁm@ Q&Eﬁ 1 9%/ Qiﬁﬁlﬁﬂ@ ﬁlﬁked]&m&i@‘j B8 a

I NCI UslI on OdIeS refractil bodi es refer to
carboxyietnsmnalrhepmbmdmrdms@gswes é@lgﬂl é@atS@d | Kpept 4ld€1996) L

Biol, CB,%m,%‘?F@?f‘qsg"%;%h 1§ 005k Lh & e%s Rk, :‘ﬁ%ﬂﬁﬁ)f?ﬁéw@mﬁ

proteirn, Inc

isolateC @R s ndt@l;ﬁﬂﬂﬁat@@ﬁﬁ&sldbaﬂﬁ (xoh). aﬂée eas®ang btk SE998)

Gotyelpelilr ¥ it raodides of e

mvenu@n Qﬁ@?ﬁ(ﬁ? ‘isro?a‘%éd éﬂd%fu?@i‘é@ Psesu%taﬁﬁlﬂ? 'uﬁﬂ&%hﬂﬁé@atqwhet&nlo
fold. 15As used herein erm"m sfold

In certfm mﬂéqﬁ Hmeef of thetipvantion) the VECEss aolaerpregaridigd is a mixture of
e e | £ |
dearmd%f%g)fgc rQ&%ge ﬁsnlg?% e@%n%ﬁgrgﬂfa%dg)?&%wé%fcglﬁ &h tﬁ?ﬁ:aﬁ A(ﬂetg of the
VEG- or other reconbinant protein refers to
preci pitated or aggregated VEG- or reconbi nant
protein that is contained Within the periplasmor
intracel lul ar space of prokaryotic host cells, or is
ot herwi se prokaryotic host cell associated, and
assunes a

aooreoates o_ t~ ,otlde
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20 biologically inactive conformation wth m smatched
‘or unfornmed disul fide bonds. The insol uble
~ reconbinant protein is generally, but need not be,
WO asYi8d in refractile bodies, i.e., it mapPCArUSARYAOT73496
not be visible under a phase contrast m croscope.
proteuﬁ?eh%lﬁgaﬂﬁ{%lﬂeﬁ Suﬁ:@ Qﬂité[p?s ? ﬂ&%@&mef edfe%ﬁlaﬁ(gu & occur Oon one
un I'n a suitable concent’ration I n aqueous
or bot}spﬁlypapndn chamscapabl e of chang| ng the spati al

r.at o 25conf prnati.on of pol ypepti des .
R Ol R it ariny haet Prs e P SR irarade qgeble of
bmdmgrﬁ@paﬁh (isr&reﬁ@ LyReRb.| tRe SFnittnandélfddshiee ﬁstuﬁao e, Eﬁ%r@ Nand pro

he alterations may occur by cha@{gl ng, g.,
forms efnatige #1d 1egembinely, profieccd SERASADIRHDE P@Fﬁaﬁﬁn tTYPtﬁal eygples of

f
oA L s AR B RS AL SRR
ep1derradcgre€ﬁfﬁld‘e¢tmv@€ﬁ%)splatéle$ tieroveg lgyovdd rfattmrr(PDgiF() Heeic rﬁbpml:dast

s S5 PSR B RS hORs GRSt v

factor @fﬂcaqt hé{ﬁ{o)é%/ﬂé%fr@\lvtﬁ fActbO(HRSRkls6 Bndiesabttdr Tadthe SF), and nerve

sol ut'ion ef ectively elimnating the proteins .

growthfaeten@¥UE), Br-Préeure. The unfolding will be relatively
CHEBHAL Yfso firr oL B iR Bl R ot ey
sulfategyhsiraight-chaisafinic rerbp@piacantides, @iz glyvosmhiudglpenns. Although
en;nits tial foldi.ng of. a _on ti.de .fro

others iR bEbieRertht bR RIS F Briin ok CrOBOTy e U fasdeoxy-2
Slﬂfamﬂl‘és(ﬂ?lﬁdos‘é@t@%ﬁ M-gru@ﬁ@hﬂtaeﬁi sabéthhRio-MRoxy-0-D-ghicose, and

20087 008975PCT/ US20071073496 in the solutiaon, into
L-idurqmigacid aTlileéP a%ﬁwtm%ﬂr PHAT SUgaRIFIRIe by ighigesiflicdwkages, forming
polym SR OARE S biNolthepEbl B L AREH IS 08D P oy
acid gmllmolllap@pn & sa@eglt}@mdmcl Tidengleansirdiaghtlo§ eracihnlverigdigm about

d h dj .
3,000 5t o AL e SR g o TR BB B R i
Native h&%ﬁ i% @a@@ﬂh&m 6ﬂlsf‘ahloa.§t13%u§s Bipstivileliedr and hindy ﬂ?dlrﬁaﬁst cells in

with urea or, guanidine hydr ochl ori de. ed
several ppamipalian specitici Megpagg et henegneplss (hepasnSBHHB AT mgfwmaﬂy

availabld b a?@f?]ﬁrﬁ%l? us&h Qseal?ﬁ&é‘i Ris| iR vAGHBRUR I HLARR,

mai ntaihs frée sul fhydryl groups so that the intra-
dvs used bereiol“propkdy feldedil dri tieldgalis active” MM ormithgr recombinant

protemrag@ t eq‘ faréRse rgerfi% Lﬁ%lg\ftgl ?’ﬁcﬁg@ﬁaﬁ& 3¢ YS%(%B#Qﬂbx{a%on The skilled

artisan @Uﬂll hﬁc@@tﬁh’d thid dbdfoldETnd, dﬁhﬁﬁ@dﬁﬁhﬁﬂ@i m&hhadi@dﬁs ¢ BMz) | .
telne cysteamne thio (o ate tat hi one an
blologlg%afﬂﬂwb dr sSSP 7438 the properly s%‘ ‘gg’élﬂf’]l‘?é% hactivg W EHGH e

reoomb?@a!nyﬁo% cér?ffsﬁéﬁdsttg tk% gl Fdicﬂﬁ! We%‘ﬂof e '\@G“F @E&E‘i@@@ above)

- by the action of its acid-base conjugat _

or othetmhmmtyrotem For esyeple.lraepealyifelded HiE%dfrap dsiveeebom@n@tsch

dlsulﬁde %.u'g dlg agcr Qgr? ﬁoe O%n%rcgl()l% ucigra(fgﬁﬁ% onas in tple 81%1 trl% nolecule
Smhodi ent s t Aot dn

I nven acterla

howevgfosier mantemaﬁesaﬂ@ oy odineg al buacrdd chihcilagd. anrqu@eﬂsédded
in the nethods and processes d?)SCI‘I bed herein, In one

VEGF, dha 3 AT s P ph@ s Hie iR1ids Recug Patwerp Histsipe resifuesCGyso | and
Cys60, %&“ Badi§BShonfer 95ee, ERL BIODRAKSII %ﬁﬁa%ma@&ﬁWﬂe?éfVEGF include,
bacteria bel onging to Enterobacteriaceae include
but are Beiclirerte¢dtoi ag.. Emr@trtmlgaf@scelﬁar pEmydahiligy, priTedEigerpwth of vascular
| o a
endoth?ha?&gfés?mégg { a%l e ? ttlgra{nlnﬁmlg%gg s%él?%gh%u%hqd lQ)eErGF
Pseudom)nas Rhi zob| a, Vitreoscilla, and Paracoccus.
I n one enbodi ment of 20the invention, E. colt is
used. Suitable E. colt hos?s include E. coil W8110
(ATCC 27, 325), E.
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colt 294 (ATCC 31,446), E coil B, and E. colt X1776
(ATCC 31,537). These exanples are illustrative rather
than limting, and WB110 is one exanple. Miutant cells
WQr00g/m88Itf¥ t he above-nenti oned bacteria may ai)mmg7/073496
enpl oyed. It is, of course, necessary to select the
recept%pg"e?g;b fr;ta s 990 [ B BRISH G2 'dera;%'ﬂgm) :5638-5646),
mducihgaﬁ@bgmm,l%@f 25exanple, E. coil, Serratia, or
nonel | a spdei es can be suitably used as the host
: \AEEW%%W; IR émﬁr ‘muﬁsq%?@f@b@wmr@gm” Btng hkpsrﬁ@zs a material
free ﬁgﬁ@ﬁ%t%es Rhbich lﬁb‘f’fﬂ-ﬁl o ﬁﬁgr it & f%#fcp nX alnlt LR duction

further belowr g “exanpl e
and equmlbirmwlrohaqg)[ncoebdugcnal Cell culfirse: UEI&d ﬂt&ete&msrr,efek ez recombinant
' "strain cel |

proten?@ﬁ{cg?sseﬁgegc?fecoa gggﬁaﬂ% malﬁﬁéﬁ R}‘OT'SFF& oxépq'herslaelﬁtcgles associated

with itdlés}igraliromsertnThelthemp FaGE0 Y. defite §fp {RTSOR least about 75%,
nts" 30 and "transfornmed I s" include

at least ?Pé’“bgé%eﬂi agh AbBlcRS et ﬂeaétrﬁh’%ﬁﬂ(l"/uraébaﬁémuxéd% or at least about
98% ot fRfeLf rom wi t hout regard for the nunber of transfers.
It is also understood that all progeny may not be
pFledPaes Yndhesont bogies" pn'"rEiititobadiet refeitte demsedetkichitulat @asses

Le nt en t hat

of aceffalb RBANFINAEDT BE) EN5h stiFHER o BERgrey pagos et Beed el
proteirf, tchiding diEcelirdogippadnty Tn\Bne cases, but not all cases, theqe aovéregates of

2008/ 008975PCT/ USZ 07/ 073496 transformed cel
PolyPpHI Tt e roppvet e ds Sriphicpokediiba atithante aorn @rthlﬁe@bﬂg under

I A m xed node

rhad Lt LRI SR o s, T,

st Usedh hesgih the demp moipii ded e progein wefbis tagrebipilated iodticeegated
polype@{iﬁe@ %‘E %fgnctgﬁtam%{i Seﬁlgnn;%lﬁagﬂe bg{hgmqu% }e%’?lg Bokpble’ or

“misfolled UVEGTido bdia:k abmbinend frofedClc@s tolRedi taﬁédhfr%%@%é&ted VEGF
r .and vascul ar endot hel i a rowt h factor

or reco%@%}]&ng%fg%% B0 EPEYnEh B the PEE4srHon ettt spofe of
prokarﬁﬁld hefScild) o %@tﬁ@wﬂ@%}(ﬁ{a t& ﬂ%ttc%'i ggggggte?\fg%gfmmes a

(1996) Labor. | nvest.
biologigglriaicsive porfermagdtion voﬁgga aBlheé bemfoBicdpliydideRends. The

molubgygw&&%%ﬁnﬁégﬁ%g n%?%&vggz%%%%ee% adg i ﬁgac)ule Bodies, ie.,

it may @ri89not Gaojsitdtundeo a gk ez, codirddB nd3drofcd : Anspach et
v v 4 A 711(1): %;9: 139 (aFG- and

%ﬁ&s_%d]hge%g& gh@tqog%{%tggt%m grs@moompwygi, that, in a suitable
concenttfibn ) aéa?e%u@&nhﬂtm:q:s)oapﬁﬁé 5@&3@%@&%@%%%@% etlton or

Bi ot ech. Tech (7 481- 484 (
confom%&_pgg gf polypeptides throu gh alterations at the surface thereaf so as to render the

polypeptide soluble in the aqueous medium. The alterations may occur by changing, e.g., the
state of hydration, the solvent environment, or the solvent-surface interaction. The
concentration of chaotropic agent will directly affect its strength and effectiveness. A
strongly denaturing chaotropic solution contains a chaotropic agent in large concentrations
which, in solution, will effectively unfold a polypeptide present in the solution effectively
eliminating the proteins secondary structure. The unfolding will be relatively extensive, but
reversible. A moderately denaturing chaotropic solution contains a chaotropic agent which,
in sufficient concentrations in solution, permits partial folding of a polypeptide from

whatever contorted conformation the polypeptide has assumed through intermediates soluble

10
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15 FASEB J. 9(3):A410 (bFGF)). For example, the
predom nant active fow of VEGF is a honodi ner of two
165-am no acid pol ypeptides (VEG--165). In this
WO08M08Fe, each subunit contains 7 pairs of PCI/US2007/673496
i ntrachai n disulfide bonds and two additional palrs
in the Mﬁt&‘dﬁ gid &e ts%édaﬁoééﬂé(ﬁ{a%% i w%ﬁ%ﬁﬂfs it Ewh¥Po 2;% % lif s
Ferrara et . Brochem 47:
active Tchm rsler mdog@nhs)onﬂunmdngoua @hmj@ssglaalspn@mgmw H;rampbas of
chaotr 4] (P ehgi Sh 10 reeaad 51 s T
?PéB%%‘?“ﬁs ‘FE&?‘?%} Qe - FEprRY ‘W%“Id%s Q50 &1 Wegum o
potassﬁmmydr@a&e qrhaeﬁoME%eﬂtssmlamad adofn®matdd ethése @eefg@ﬁt@ Rl as a
|nd|ngfand bi ol ogi cal activity (Potgens et a
mixture ph hydrgxidgpah ureafrguanideg hydwebiondags: o affey et
%s useﬁ%@zl%ﬁl) ") &q{ﬂé en?'tre),%k QVC% FPind2 s Sl:llt%?)lﬁ the
bacteria pro uct potent| y cont ai ns Sever al
concentiagidw [rkepleasdoldiion| malugmcfrearmilf@diwirgr@m@ that g intra- or
mtermP gsllﬁgtg cﬁ;r]u degt{?%dg éﬁ%\r%gl%g;ﬁ d}ﬁléué)c? Sfe%gm?jt}v&eé?tﬁgles of suitable

reducergSN@htshncﬂmmeﬁﬂhmﬂirehaS(DmJ dihioanythhig] (IUFIE)\, béta—mercaptoethanol
‘refractil e bodi es" and as sol.ubl e ot ei ns as vveII

(BME), g¥iteins. cyt rerbrohinalitolpicotluiaionrs 8t délm herergirigs

rRCRRRhBRRL "RIFREE ddtRal 53R ESH SILH5 %@K ?ershé%tdhﬁn%k@% pH by
cell's expréssing the protein by any of a numb
the actmntof ¢is ariddrsk ¢Oeyigateqnwon@m exanpl e, the 30insol ubl e
A% o‘gbcte foro ugé herém 1&(311(?6 %q altli 8 fimd réhagbagtepg In ce%rtam
er

i'sol ation bUf y exposi ng e ce

- embodfhiéritadt tBe IngBitions tutaogtib, iheudial dhin- pzﬁnmﬂ g_hﬁﬁihegauve

proteins, but jn which the ub ect pr.ot
bacterig, 156 {31t HIHEGREBRESSSEE L PeicrTie PrBceaibpdinggt of the

mventlaﬁ JrOmIRBbRRS %a&t@ﬁa hRGls&t8 1eQN Q@&b@&te@facéa@ eEEﬁrﬁﬁl@é & bacteria
formthe peri plasmc or ‘intracel lular space and nake

belongingdmEateaotiaglstiecchoinchele dvereyichip, Ltugrobegiandireinia, Klebsiella,

prote SRS S 2 Bt o P oS PO R

Azotobﬁmmsa;doﬁaﬁas Rﬂtzobzkb?’ztrﬂeoﬁiﬂa 208 PuKlcetdis etn @le.embodiment of

the inv By Bt P Fof PO n col RotnBr S £ o S @ EOGR7.325), .

coli 29a|(ATCbllﬂ&141}5) '13” cQ@Beh&pBEJb%SXIW6 (WNdesIT 3B, These examples are
M'crobi ol o for Industrial ‘M crobiol ogy,

00|et
illustrapy¢ Tathyr un %mﬁ\yng png 1)%/73 1855 ongamgles Mut@lt gells ofjane n@ﬁhe above-

e

bamanmﬁﬁhqﬂnhﬁbnm&ﬂﬂMﬁﬁwp@umﬂﬁyefﬁmﬁqﬂﬂbnnt%asﬂﬁnﬁbdﬂde&wn For

n i unmari z ol | ows. kar otlc ce
exampf . &l SEHAGHOT SHaBH 14 RERES Breas i o e wel-
known Plishds ONSd $i818320f paRstf @mmgs K]SWI(I 2Bl d 8 kupply the
buffering at between to 9, or about 6 to 8 an$

replicoggSee fumther balgw mﬂa@h%@tamnlwf §itable lm@al host gedlef ul to
%I &E@h@reﬁ I%lé &%I%.FS?(SHS "c&[“‘ ceﬁtifn%ngg 1]!1 R f'ntdig:ag ld{ﬂft %f used

SO|UtI0n an i onic streng out
interchimpedblMand all @uch demgﬁatﬂmk/lmcsucbrmbgnﬁgd Thild éleozeirﬂs“trambtﬁohﬂants"
nSuspen q_ S buf.f er, ar e .
and "transformed cells" inc u ¢ the primary subject cell and cultures derived therefrom
without regard for the number of transfers. It is also understood that all progeny may not be
precisely identical in DNA content, due to deliberate or inadvertent mutations. Mutant

progeny that have the same function or biological activity as screened for in the originally
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di srupted or |ysed using techni ques conmonly enpl oyed
such as, for exanple, nechanical nethods, e.g.,
Honogeni zer (Manton-Gaulin press, Mcrofluidizer, or
WORPBAIBGavi ), a French press, a bead nmill, oPCHUSHHNIEGTIL6 "
oscillator, or by chem cal or enzymatic nethods.
I
s SRR G BT ARk M R n ELHORP e o o
the corttdre. use of | ysozyne to Iyse the bacterial wall (H

t, al . (1964) B Bj, ophy:s. : 1,
o 5 o b ok G B ATV R DTt GRphapghanee

~ proper@s a4l 2§ hg@lobBobd Inferactipg@b.ut i on of high tonicity and

W th a cold-water wash of low tonicity to rel ease the
potypeptides (H Neu et al., 1965 J. Biol. Chem,

Recon%f‘r%z@?rﬁéﬁg 3692). Sonication is generally used for

arsrupttorrof bacteria contained in analytical scale
\Itdcomhmantfpr«ﬁiemﬂmg agroeth facotrdsucB@s Atidib ﬁbgktas’sgahrﬁsfactor,

) [ res e eni zati o used.
basic R BRaTL EFiog S41 Eoghies AP o AR g e iryecovered and
punﬁea Yr@hﬁaaﬂn.{rﬂba@ enkdurdcd gRtudie baérRISEeh: Ingn@raal (199@ruBH nvest.
15, 000 x @g éa9| n ne eanodl msnt of the

t
T4):HAPSRIVBRE s tar 6 e asoperms
222(2)9.22‘55 UHeg) f(%a al '(?@9@ f]faio‘f'gugngl@?kisﬁtéz (é/’E(?]F) Yang et

al., (1994)@@]13@:11"@& ,rmIZ&-StIeVEGﬁ) Hetipashct dbp(é@ﬂji) drClihmatogr. A

YT Rt ol s Bngl BT Ak 39 rar,

Estape Shki Rﬁﬁk EID6} Biddeh! Bdcht Iw7): msohbibe GpY; QM&DdShald cﬁ adn 995)
ment the suspension is centrifuged at

00
_A_S_E_Pgl%?r) bel OrP Rt Bs - For examplepyife pré%@ﬂﬂ@lﬁlﬁgﬁc&b\éq foen OEUIEIGAI 1ﬁ§
| t .
oo B i o B R P o a2 p subunit
containg €|plaet ommyracdiagodisdhdabonds pndevo eddificnabpantsvdkeneftet the

covalent SubEATR Sroaibinar ntt pks e Pat LB €0 RR

The na®¥fe doCorfari®sn blUqu@.‘f a Stedniglst QUi cadbihn B &Hich hAgbdeh @hown to readily
suspension W th a phase_caontrast mjcroscope.

bind heppran gisgaract ahtlgRbreusm) | Whilggrusen d&PeWBI’%O%‘éIEGE is needed for
effectn}el}gé %%tr Emd dfb'ﬁm) Q@ﬂ aéﬁﬁ’txp@io'tééﬁs &ral O#lb@g) IBEISCRm,

di sr tion I S necessary to renove ments or
269:32%) §2388anlafihg s 6CI941 Bibchim.of @@nm iAcke [P8byipDpthicdhesterial

producish B Sl <P B BhgPa n8 it Bt RAHET b gl

Proced@efirtiptarged watiich tresgral in&kolﬁtﬁ%@p&ﬁ@d}g, HeS vapenged proteins
and re repeated uyntil visual

xam ned. The proc )
which gppgafiif §9$t&ﬁ1 g faeaftemiof areiB e dedist’ BriaR stlulle protcins as well
fragnments in the pelleted material or until further
treatnment fails to reduce the size of the resulting

mawme process can be enpl oyed whether the
knsgﬁlbr amei‘sfglrdgcﬁ ecom Si}ahtgggro%%n nl(% iéé)lfﬁed ?(r)m;p?({l%.gl II?IS host cells

sm¢cC
expressingMBapiodin bl hﬁy 6@&1&@&@ o8 agistedtard edchiquéso Fot s:inaile, nige
I
ol e e e A olfon Dt BY SR et o

a buffer of suitable ionic strength to solubilize most host proteins, but in which the subject

protein is substantiaily insoluble, or disrupting the cells so as to release the inclusion bodies
ot the protein form the periplasmic or intracellular space and make them availabie for

recovery by, for example, centrifugation. This technique is well known and 1s described in,
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space or i.ntracellular space and relate particularly

to VEGF. However, the processes and procedures are

t hought to be applicable to reconbi nant proteins in
WOQREpR08475Wi t h m nor nodifications as noted t PUIUGRNTI073496

the following text. In certain enbodinments of the 10

for exelné})\{i? 4 agﬁaé[ I(Igeﬂf Pf 18#‘0%3 ﬁgld%{]g Qlﬁs%fi)gggltl ﬂ&x? of ﬁefractﬂe bodies

turi ng
by honpsgediratidrofp]lowed bl dd:n‘ﬂ@ﬁ;ganﬂl (Bfl]dsﬂifet aia(l%ﬂ) of DéRB®pments in

s S3TRUTARE ESLL M it MR OGO v B8 217 235

See aldon€BD#LRLricai (19933 BikbEHh6I8Y AP Blch SRethbid G- eNt to
substantlallf sol ubiTrze theé reconbi hant protein.

ThiSs Pitntabat | PG deersbep p amacal mpghoddomigraveong pfein from
nlusGEDEEAL 52 S0 BEMIRI N B xR et

suitabld @sffere dF}@rﬂallyl thedjuf&u bismtytaf aIHu‘ﬁfeahg agdnesm@blerﬁm T:mﬁhtmg at
fi,rst, buffere ution c
betwog Pgﬁ? fepingbay&e %%fi@éaht B Puglel ifelaing mpﬁ asoful to

maintalrPN QBT 0kn b8 c Béd K intthe beRStd 8@ 9[5@[0&9{7 ediodfo str\%étﬁ of
the typi cal ran%mﬁbeln 9-11. In one enmbodi nent, th

about (9] poik Lite Oy 15 epiesierh| B csils. stliileapinsndngtin dris bulfer, are

disrup ) [ S R D b P s By B e

methodsNg.2-, Homogcmzer (Manton-Gaulin press, Microfluidizer, or Niro-Soavi), a French

)

ﬂ)ples%&j@h&&'cﬁr& @Qzﬁneﬁi%tlﬁ%fhodls -oPHPARRIpYion LA Qﬁreroplastmg,
cl ohexyl am no] - 1- &gnesulfonlc aci d),
Merd

CHES
which %r%m@ E$Qﬂfé3(%¢izﬁlﬁ?ﬁb megtal flovalldHadieu pt alaf fi6d) Rischem.

d
oY Eog S O PARERLE . BB Bl S o

with a gthtidn oflghatooichie mnéwitbdicoBitvatet tveshinffidwe torhatyad melease the

polypebfistgt o Sndd b et tREH CoL Chise e s generaly

used fop bishiptioh bf BRAthetonenadh BRNVticatl haldushies JTeE@ieRtation broth.
includes Tris at about pH 11. |In certain enbodinents, -

At largemgales high presyre hedogeization s iyacrlidesda chaot ropi c
ageR e Qﬂ@gltercﬁﬁhdgxeégﬁ@&épé{éio&ﬂ?h@ldfaﬁ{z c&ﬁﬁ@'g&&étﬁ&wtsﬁée%

i nvention I nc e g., urea a
generalﬂsf)gloaml am(he 16£000h g@@nabee emb@dlmenméahe iguentiod izbeut 12,000 x

- eisusR RPTRRH SmRetn e PRERTAS po Bl S SR BT T e

msoluHDeUlﬁIf)&fﬁn | SuchRindIREA be Sy @d:t@tﬁ*ﬁm&(paﬂdﬂ:fe@érfﬂ dnhﬁe volume being
recombi nant. protein in sol utjon.

- centrifuyged 36 e 36 ﬁle&ﬁnmégq desient ilapically %h?&b%q ’é’ﬁéﬁ@f’@ Brodwariis

Sufﬁcw%tt t W P MWRBE ABRM. 1one PmBBhifHent th s&@@nsﬁfmg LB Rbed at

e |nvent|on the chaotropic agent urea
12 OGOatg)f@t 18 aputedND 2008/ 008975PCT/ USZOO?/ 073496 The
ncentrat | ere

oA gtYGSbl {ing d}gﬂe tclg?g%alqsr% %‘té%g/ & 19¢ Ehe msoPubEe pro{jemsgac%on Otk the
cell disruption process is not complete, the pellet may also contain intact cells or broken cell
fragments. Completeness of cell disruption can be assayed by resuspending the pellet in a
small amount of the same buffer solution and examining the suspension with a phase contrast
microscope. The presence of broken cell fragments or whole cells indicates that further
sonication or other means of disruption is necessafy to remove the fragments or cells and the

associated non-refractile polypeptides. After such further disruption, if required, the
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will be substantially solubilized as determ ned by
optical density. The exact anpunt to enploy wll
depend on, e.g., the concentrations and types of
WONEs0847agr edi ents in the buffered sol uti on, PCI/US2007/073496
parti cularly the prot ei n concentration, chaotropic
suspen%%n 1e.na dmn(%/eélﬁﬁel f?cﬁ ant% the eglﬁg %%fveer d, resu%)fen(?e:clc%ﬁreexan%med The

procespisatgdatedivmitil msﬁeﬁ ﬁxirﬂﬂﬁlg@ogﬂfev&lﬁh5 aﬁseﬁ@a ﬁéfml{‘dlnlcen ffragments in
T SOU||zat|on|sty C y }
the peli%?dr%taﬂ%hﬂr Uil B imens 15 & reab e Sa obthe Srsulipgipeiet.
Zﬂleda%&re ﬂbc@s@ Qb b@é’mﬁzgzd WhetBh o m&ﬁuﬁg 91‘0’[85 1531995'(§ellu1ar orin
25C for at |east about”one to 24 hours. "Typically,
the penigiesmie sppse alupre dusbodonens phée emtenfomfifewnddioby give herem for

-lsolatmgggr%u&ﬁﬂpl g n‘% ggemaarr] ddl(r:erc]:?eﬁttcg 9 ck«usbonl ) 221 l ?e\éﬁ)llt%tefé% the Ipiel‘el asmm

aln e € SO

space @Utitratldbnpapherd ©laps esitulely to VEGF. NHa@ehFee,I’fEflmeésséshﬁd
de gree of sol ubili Zéﬁl on in _the buffered solutjon.can
procedpges g thoyshf iybegnplipable g recomRimant prateips ig generployith minor

mod1ﬁ8&ﬁ%ﬁp h€notythtRbat taa/fo%&zﬁ{grrbﬂatm 0&taid ym@&aﬁ]xgtg Bgthe
fractionation between the supernatant and pell

inventign.the pogeHses dndguedednies ans apphitsblato SRSURNGERg el glduttyal scale

t n assay kit),
producgéﬁgg%o%@%ﬁ%ggﬁ%gﬁg F%:a ﬁ%glﬁglgasr %62% cells are not
dephé ethbgtithebtthedr@atdd teob@binast. ;got,euﬂm‘ihe deli6t is IncBbated & a
@% ond, buf f ered sol u i on. escr ed her ei refol din
first bugfgradespiutios s wﬁ%{ﬁ’bﬂa JiRtiatly RRY @12%8@ TR RS- o

mcuba%n ﬁﬁé&%é&rﬁﬁbﬁbﬂdﬁﬁﬁy@@&h%ﬂaﬁfﬁ? in@Mdtidd\GHD %hﬂ HEubation
enperature that will allow sol ubi I'i zati on and

tcmpcrm@ffdmﬁ wél abiow Jedubilegbabpindareapewit or substapialy all the
about 30% or nore of reconbinant protein
recomb%%?g [E%I Tized and refol ded. 20 Refol di ng Reconbi nant

AhetiestbaifcAtitselutivheopplisepe puffekeng speatduitbblk f@edaiiaining the

al t ivel the cells are ru i
ot ranfy o0 Bt S s dhouCEon e r ok Ihe Seraimits Wbl by Hgne
embodihent, SRSHH IHEVESHUSHMAT | agﬁﬁhple@@ﬂs@t&'@ﬂ@ BQLEM @ha(‘é v@m ﬁﬂivxde apH
at concentration ich allow for refol ding he

within fhaelgHer raggn inplude ERES (ngﬁwdﬁg&meﬁh&d]@ﬁ@@éﬁﬂwﬁb HFé’fPSéNr[Z-

i Y 5 AR ARSI CX BT oSl

hydroxfrdrprap@icSil fongszed), wWiM(2aAmard-hendtlyybd -propalol o€ AP&I(3-

(CyetofR3 et [ Frepncpafidy gk EHRS e Kot dptindlutonic

acid), a2@0mé0Qsin®hd sa_dﬁﬁm%l/@@ nIqune airiboliRent, e B18F@hérein includes
reacti on can I_ﬁI‘OVI ded y an air source or

an
CHES g3d ayaiqinerit ﬁ’é‘?‘ré@ binpr @sether ey dingi the bufife herenn bickudes Tris
and arc(ﬁi]mé@tsa%oﬁ 3 eh (gl{g%glb%gmﬁéﬁﬁ tﬂ@ﬁu@&%@%ﬂ fﬁcltuﬁ@s (Eﬁﬂg 'a{jabout
ase 1's ntro ed by agitation, sparglng and
pH 11. ﬂnessuhcn mbmhmemﬁnﬁhe ibaffc:atmecjn édzhj;gps The atablouinms 1 i .c Imeestsin
Irasercef | anch, &
embodig iy UgiFRitaiets Sy sbfen g SFnolidestickor . now
(Whktropl&Dabintsaetabl A pRScticg el ZdRhsioAREREE, b, [ BeLald salts of
cul ture bioreactors, in Biotechnol ogy: A mul t1 - vol ume

guanidigs ApHedRARIG €&+ Wed i dige hyiregiHamds seriws thipgyanate, cto. The
amount$ cﬂ!l@fdﬁc i\&\% J&Eéﬁary]tg %§ pradéht it 1R PR is'al aRRGnt sufficient to

unfold the recombinant protein in solution. In certain embodiments of the invention, a

chaotrope is present at about between about 0.5-5 molar. In one embodiment of the invention,
the chaotropic agent is urea at about 1 M.
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15 WD 20081008975PCT1l | S20071073496 enbodi nent, a

kr, of 0.004mn is used representing a mxing rate of

200- 400r pm and sparging rate of 0.3cc/mn/L in a 2.5L
WOVessaBkI7s ont ai ni ng a marine type inpeller. | raotisesor073496

enbodi nent s, 0.01m n4 or 0.1mn-1 are used to

oduce fold d n.cert .
ol san e fl a5t BB BT o QuG R vty g the provein
will beSsbsthitRily @&ﬁbﬂﬂz&@ ad &wer@mneﬁ)ym@fm eskitg| Mie agRPhSounthe
pol_3r pepti de m;% be diluted with the refoldin

emplop il 6@6%0@ e.2.gffe cRueshirgtions anpchivaes Qfothgr lm%%fg%n%sa%h% buffered
i gty B pAGH okl b oo iy .
one emboflimhaed! qbﬂ otvenmonyithd cogefnmabn of toeorgbinint pheitin dewithedngs of

055 RPE LG T3 S Bl o so hRTReat "R p iy ot o

45°C, ﬁea@eﬁudz Q0P C, bpiborix 20BDEC, o&a@@m@ﬁomhﬁab@dtfzemaﬂd)ﬂabm 25°C
es and concentrations of chaotropic 10 an

ty
for at 1?3@8%]&%@%@ hguwr dverelly. thicterpeishag 1sdiet ﬁ@?ﬁ@ﬂﬁ@ﬁ?‘éed by
salt, reﬂ@cugée Fleh etDfeval dlﬁ&ﬁaﬁlmaﬂl% Wie St)hlbﬂlz&tl()ll 18
gener a I y be car | out for at |east about 1 hour
carriedaivd atatmgspihene presoraf f ect refolding. In certain

odi nen the re cary
SRR ol Btk ¢
determﬁi&d whd %%uﬁilﬂ:y c@ticaboy for22adle, bmrtﬂﬁl@uﬂet%ﬁaatfoﬁf b}fﬁnalyzing

| east about hours, for at | east about 10 haqurs,
fracthIE?@@ﬂé@W@ﬁ%}ﬂSﬂE@%ﬁéﬂ%ﬂ@ melteftenrenEpgation, %@G?C%%S-PAGE

gels, bfﬂ:@yt&&aﬁ%‘{ef'g o B@@-Rfa@bfbtéﬂﬁ%gy RENLSby HPeCr eaction is
carried ou at nospheri c pressure. The second
Kiftioeellsd thealistplon celbrpe netesniaifinei bet indilaigdmte., 1:4, 106, 1:8 in
a SCCOH%%U%taCI'GdeSO{U%Oﬂ '8346”58?& g?rg B, Iée?eifiﬁlg bﬁﬁ”ﬁ e Tﬁ{%‘. 1{1{:11% attml%lf ﬁgslplace
under doadigiendef d@gceﬁrtrhﬂ;on dn@aiidrr thpe, mnagmubauménpéraﬂu&ahm wili

0 r educi ng In certai n enbodi nents,
allow %E@S%ﬁl%?@éfzgg‘? &L SePoRbIRsRT RISt it e %Oéﬂnem about

30% orf rﬁ&%@f?&oﬁa@%ﬁﬁ%ﬁ{eﬁh anenehedieRtoldddhe pH for 20
is pH 10 anpl es of suitable buffers that wll

prow de a pHwthin this latter range include TR S

j 1(35&)% ! yl'] am nonet hane), HEPPS
] pi per azi neN43- propane-sul foni c
a’di:ed}lje poGARBIe is solubilized or, alternatively, the cells are dlsmpted it is

Refold

_ placed ércqhgﬂ%ci: %ﬁﬂl;?%%l)mlﬁgg éﬁg %Rlikl oc%%taﬁp‘g%gﬁ%%egﬁj | f mg agent, and a

chaotrdpRe %9{10 LORGXHANLA Rhick-al BHABARES Bink ORI r8&ntDinanChieRin,

cl ohexyl am noj et hanesul foni ¢ aci d), arginine,
along mglsﬁhn eddltz@n alndr SOTHYGHL IS a1sB1e 2 ongipet \@&m@nm@s trappyisr
f.er ol [
coeffioBRERReL Ol e o LS B I R bty o
smrgmk@atﬁrﬁé @ad 000ninM, D3Rk kc/oomT.emt Ir atmowi,., d‘ré§ peaiinAl el mixing

i r re reduci.n en and. at ast
speed RGPS o FHOTcioOR O FEIBbArHisAieen PhE S BEg e o0 oi
source Bt &fy8eh SQY bl 0mPRERH RaCQIFPIY. SBS offidisn308 nAkOirHs e from
at about pH 10 (at about a concentration of 10 nM and

the gas phaserivikie laid phase srropaelieshby @natiens perging @pg pressypigsfion and is
atc | east

capture‘ﬂ\ﬂg 5?{ ‘E)Jpl%l cgtélgcgg#g h%&sf&%%grﬁﬁwﬁ@ g(e Sgﬁz ég B%H& & Clark,

Biochepmisi. tmgtmemngmla@emdd%nmmYdl)k 1%979 and,| Aamigs, & Hed#H!

. can res in the fir ufferedslutionadthe
Aerariogh eiolyes Bkt B ettt ot dehidh cnEhcngive
treatisel GeSﬂeﬁh/a%B% 19@3 Hdhev&anaenNNeadtY @R, B3 a50nnene1i b @ed.

~ about 50 "about 75- 300 m\/l or about 100-300
mvi or about 100 nmM or 30QsmM final concentration,
etc. In
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certain enbodi ments of the invention, the protein is
ina first buffered solution at pH greater than 9 and
0.5-3 Murea, 50-500 nM arginine and 5 mM EDTA, fi nal
wocossoessrs at i on. 1 n one enbodi nent, 10 nM Cl TESTUSA@N7/073496
concentratlon is used. In another enbodinent 10 mM

i na cent.rati,on is ne nent
embodb R4 KB o OB B St 55 O
spargitMa@ldFioBctenin/Lan . < Fé&sSs! contaidpliAaripHypdim el other
concentration, || n another engodlnent the fjrst
embodgpfiie Ked- 81w o‘??%léﬁ’élr jasused fquprophuce pragsply fiRpded protein.

ah QiR EmbddinddMs DFkR invenivh, E@&coﬁi’bﬁfﬁerecf éo‘ﬂﬁion containg two or

concentration. In certaln enbodi nents of
more rcdwmgta,,@ﬁs Tihmpqimﬂp@dn miag b dﬂateé a¢ibribe t@ﬁfﬂﬁl@g buffer, e. g at Jeast

five fo u% :;Hc?ag a&wﬁtf t%;le) ‘i—‘%lﬁ {;t?gefg %)Guﬁ{g fo?c} He C%}.Qldl Shs OF this
second?n&ﬁlathﬂ\ﬂ)f@[a' sol&lé Qﬁ%lﬂy&;ﬁtﬁiditemﬂagﬁﬁe&ﬂﬂz @e 110:hi’fth debel, amount
o o R S P R Aol
depend]rgl WeIﬁrh left'hQ gH SQRCEII- ahd A2 tpres ldﬁ@ gonckl'i}ra@i%ﬁs of chaotropic

nbodi men rotein is in a refolding buffer
and recglginlgtag@rts Wesehlt 1Th¢ incebkation @mmr@y@ng gﬁ@raﬂz’ ahit[HFA0°C and the

mcubaél \g}rﬂ\% X e g%rlr%:ﬁ oﬁ%} ano %l?(}ugirir/ltl)lggr-rté ab{ﬂ_t' 4% h%grs to effect

refoldn\i)g Omweﬂalh&mbﬁd@dn@‘ tHedeaitio i daededsomilt, Wl d. 0 abidut b—%"M or about

240°C, pEharn-T0 B 8338 Cagr 8BRS 6: PO e, for at leas
about 301%9@ R aRlda@bodS] N¥ued or Bé%ﬁreépéﬂéh’c ) ﬁlncﬁi(ﬁl‘ibM B% ﬁétﬂz%en about
| éast one reduci ng agent. Exanples of su
3and %é@um g certpemersbodinicndethe practien 6 cawicd Dufrﬁttaé@pwbeﬂc pressure.
LO e 13
?};Lse{g%coglg 'Bu%f%r%i S(gl%l &l #ﬁpﬁ@%g %ﬁ?@f&&%&%ﬁ%&u&%ﬁ% rﬁ%a%tammg the
pH ranpeofhe seffdr at Reathdobnd dregreattr thard® patidthogipiday raage bdisg 9-11, a

type of reduyci ng agent. and chaotraopi c_ agen he e
Cha‘)tm@ilfbaﬁﬂ Blﬁde %tﬁ@ségﬂﬁo%g‘f‘%?g Bt Ic}ﬁé'aftmg I‘?Elba%ﬁfkfﬁﬁs fg‘? Secoll

buffere%mﬁan BRthprdc B bPmBfe eMidiNtesd. TPotdenisRldHt QRe pH for
the concentration of the protein in the buf f er -

VEGF rsmH é@( aRgsineplos ofeuitaide briigs Syt nill povisiamdbihiadhis tisgrange

melude O R T e A P PSR R s B v

N'-[3-prdylafiosulBFTC {0d]l. CAPSG {2 [EMIDERY aminnd-Hessoxyh b prophast fonic

for BVE one e th |nv tion,

acid), A LB oo rsr e S he et gy RS By D

v I &k Fifine, 1
T T T A R e v
and sodigfa boraie devne smpedirians dhhwseenchbuttsred sobusion ibargin comprises
ot Bk it o B AERR ot B UDLNBRRIE 164R BT S0 gl
concenfratiort, hmpeatieclgy evith ofo MffEFie rdduchgegenrbadi ardeust, ortelvbaotropic

educi n 1S, DIT a u mVv, with 15. .
sgent. S GHREHR EnDRT AP Jusaeenie e sof ol potsordmbBuria
arginint BEaoBEME i1 0 Gat 86 a dobcBlrhtiah oBOAPRONENDI I AM fidMl téhcbBriration,
tnM cysteine, final concentration. The second

ICSPGCtB@hﬁéV@EWTUﬁ@T@ﬁe@WUaﬁ&%fS ahd pidgast owéla@m% 5
gﬁ]ﬁ o‘fh%? Q(I,I{‘fég cﬂﬂg%@g IAQiH é?ltICE an be
|na eln CCu nera a C aotrope I S
presentpn deeintt l:aﬂffeﬁdﬂl@oiutknﬁtmé dr w&xmaftblﬁfefﬁdamﬂmﬁn nﬁi @rtafni nal
tration. nt. of .t he

S S e B O e AR PR

75-3000aK; ér Mou100a3002B8 bor dbdWt 106 Hiddbr SENGENEAACbRRNtrdtibn, etc. In
anot her enbodi nent of the invention, the chaotropic

agent is guani di ne hydrochHlsori de at about 0.1-1 M
final concentration. The refol ding buffer can
optionally contain additional agents such as any of a
variety of non-ionic detergents such as TRI TONTm
X-100, NONI DETTm P-40, the TWEENTm seri es
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5 and the BRIJTM series. The non-ionic detergent is
present at about between 0.01% and 1.0%fi na
concentration. In one exanple, the concentrations for
WOrg#s/doeaTsc det ergent are between about 0. 025%CAATH2007/073496
O 05% or about 0.05%final concentration. The degree
apl '
certam g%%%lgéc )] % %ﬁg ‘é:lh?lo #a(?[&‘ﬁﬁ% {é]ha;f?r%_‘gf%éd%%lqnon at pH greater
than 9 uﬁd 0.§-3eMoirea, SpHB0 &V arginat @gd apiy Bl AU rfinal @ncadtiadion. 1 one
excha P SPMITSK | um, Tos

embodgpge eﬁ%cﬁﬁé) maFongEE1o bﬁo‘u‘SS‘gr %thﬁ%ﬁagqqamem 10 mM Tris

final c@fcbhitdtion i€ e Mh od NEXRATHAM, GO HFLBhMcd YA comprises I M-
reconbi nant peak size in the cation exchange HPLC

Urea, ¥osay asginiepblt m! GHS: hen VI Aadby! . dinnlecsmpsptration. Tn another
embod&?%{t%é?%%? fn;{/%f a !‘,&Lcltlo%acsum sesa{rMﬂ ¢ ﬁ{O I{lﬂ a(}g r%e 10 mM Tris,

I've recort protei’n prese
5H&dEﬁé?bpﬂﬂﬂ[ﬁnﬂhenmnﬁmmaiHﬂmaﬁaneﬁEOMﬂﬁnﬂufﬂkﬂnﬂﬂMDmﬁﬁe

he rati o, of..co ctly fol de C nblna otein tQ
proteiny§ 4 GBI S R Rt g el ks pHa but < 11

contair@d @518 8D ¥015pHRLE a?%iﬁﬁﬁ 0.2 108epeTDdbARNEystdiRe and 2-10
quallty and quantity o roper|y-fol ded VEGF s

mM ERJE4efirdd gonpsnigion. Hepas ¢ mmma 0 wdé SYESIam Fensentration is
used. ﬁ%ﬂgﬁk‘péﬂ?&)(#_égmdid H@E\dﬁ 3 gﬁ%ﬁhé@ﬂgm% %‘g‘li%qn Iﬁl.?gcg %)Iﬁggcﬁgent,

the proRiim®dn e m@fekhzigljﬁffeifsxﬁymn FapaAM uesa, O hdf cxstdineaa eV DTT, 100

M argg R o8l SHES ST ST i o s OB G,

embodhdnt, the ﬁrgfbﬁrﬂisfih BerOldin; MR %Luﬁézpmtm Ml @reats @M J:}%Wme 0.5-
rate of M/mnor 2 m/m the colum is el uted

2mM DHnbOOénM fe@incg  Gahé r"ﬁflSﬁ @M @Difgh PHNM-5& éinahmlmr&rrdn@l@
ilei(&u AL\ 1.50 hﬂ%&ﬂe%li’ %sé 894&%%11%%@’ é({%eélt. é%g%lﬁ%ééﬁ?l}nabie

ant 1's nonitor
reducmgfageip;ts otchide, 118 arcamoVieried to,lithioshireigh €DP &R B-mercaptoethonol

VB QLA WEbe. P BRe T OB e PrEost PrTBA Pl

- dependaRaiflSSAYhd §he dLEQ1LEThH bfht REOBRbIYpIE ef ok AR VYES 13 of the

RPHPLC. Disul fide |inkages can optionally be
butfer @eplpysdnile aﬁgﬂﬂﬁéﬁ%&%ﬁ%ﬂl@dﬂ% AT BEOHICEH ?ﬂbﬁhg aeletion. and gie

COnCGﬂQgtl(HIS(ﬁq.hé 9{ mdcﬁé ﬁﬁfg% r1 'F%? e)gcmﬁﬂg’ [alesgegﬁ&ﬁeéjéa%g{ 1 lsg‘i'tef%gy

I'n one enbodi ment ubi'Trzation an
selecteqbﬁpﬁnhmdiesqmb@d abtsteep theAfonesntobominingl etHoet @lﬁ S almueﬁk) mM

|1 | ac ed nt secon
for cysigtier (PS5 Duitiion H 18 Go e 2 pud b o P b popcE gt for
BME. 8lérieldn@bdan&® Ebmebﬁkfeﬁﬁbﬁdh&@ lakt thv@ Bt moT@%d’Q&ihg peptd, 88, DTT
be diluted with the conbo buf f ered sol uti on,

at abou) -2 mA ancelhs fo FIoUb24 BV ST Wherat DEEG0S B cqrgresed in
f
conncofifn §RR e hddted proigd iRt 48 bnfbinal o feiidh pRg, €1

s inc
cambﬁmﬁauOEnﬁﬂmmadtdnmmmﬁndﬂas@ﬁ%ﬁﬁﬂmdmmnbedabnmp$eﬁexmnpbfbrﬂm

recover DA, TBidn RuBRGinlchl S ishifid adshPisREOLE B Lad 356 15

mM cygeibediniedncedtrdtios. Th addther embodiment, the reducing agent is DTT at
about 0.5 mM, with 15 mM cysteine, final concentration.

The second buffered solution contains at least one chaotropic agent at a concentration
such that refolding of the recombinant protein occurs. Generally a chaotrope is present at
about between about 0.5 and 2 molar final concentration. In one embodiment of the

mvention, the chaotropic agent herein is urea at about 0.5-2 M, 0.5-2 M, or at about 1 M,

17



10

15

20

25

30

WD 2008/ 008975PCT/ 1 JS2007/ 073496 0.004inin-1 is used
representing a mxing rate of 200-400rpm and spar gi hg
rate of 0.3cc/mn/L in a 2.5L vessel containing a

waoraeaspessrype inmpeller. In other enbodiments, Krpwox T007/073496
y

0.01lmn-1 or O0.1m n-1 are used to produce proper
depend on,

eln The exact conditions wl |
final ‘%"“Fe’%?&ﬁw  anpiher spbeimenof Bt inuentign dthe Heeotrg pie seemt db
guanigias ﬁfid[lbélﬂbﬂx&wa?t aBbutOMAP K ARG R ARG J£duCi ng agents
present. The incubation tenperature I's generally
agéﬁ f efgldW@uéﬁqﬁcqﬂh@Tmnﬁlyb@ntamadMﬁdnag@&ﬁws 3lidtyash@ly of a variety

of noBRbId @Btk L 2r b A3 R0 NENIBER DU Tt RN serics
and the M’f@oseam Tte gnsiodit daleaht @Akt d@ﬁb(ﬁbgéﬂwegn 6‘:@9/ 08 1.0%

ﬁnﬂc a%,égb or about 23-37C, or about 25-37
8‘606 108 exppleths copseritatignonpen ioniy desradne a@tbetween
about QI0Q§H, b8 013YSL, S aBut DREVESLT @Méhtra} and 48 hours, or
bet ween about 3 and 30 hours 8 certain
effotrgreernisciolding is saitabiodetérsticalr iy igh performnce liquid
re Rec nd Purlflca i on of
chrom @oRRpAY Tt LIRS A  BESSHPL: s Biinal i i Sation

ant
exchanpeHRLE QSH—E)F]WOTSK het m&mﬂbsram&o@@lak%m@a& R P¥ropriate

L ous ds and known procedures for 't he
hepanﬁ’% Igftgtcf’g’%mogn%rﬁ%sf'?%o‘i"&i‘teéﬁ hldedan degapcosbingng peaksiaeph dhe cation
excha aHPL@QS bVig&arih hafd
Ifégol | Oi daIS@?rat ori al S, tlﬂgi ﬁ:? qu ?g%&[ |(%:()I'nllr[%[aé)t(e\glﬁwaltr%l T
amoungsf dokde éwggg}y‘allyaqcfmwepymbmmot@wmyt in the buffer The

[ el.e tro horesi s and
e o BN P B ST A Perpsiop e o
mlsfoktefdamnénwnt groctdm récbierad,iag ﬂeﬁtxﬁ@e@ﬁjﬂ I &s!saySt ep
Fgggatgg{ g @F rocedure is descrlbed
QYT £ oA dplEy apd ﬂg%l%%nrﬁ@erhfeﬁo&egé%ﬁm agsessed
using aftep@in-biaaeRkgt SenpRE ca{r{ﬁlﬁﬁlgghe leL[t%& E@oxﬁﬁ%Q&&mt in are

load adj usting pH to about or about
oaded gy 8 erﬁwéﬂﬂ?&t‘?ﬁg Vé gpiumndn 5on?3 Immt dosoh Biosriencet LIAS- TG,

Japan) 6€&th&d squ%I? gg{%ﬁ?ﬁgﬁt@g lig a(f}ln d %rfnlg{ etgx %ﬁ@n-w column is

recover ed

equilibygigdtin 18 ray %oﬂlnnmejgim&p bHC7 {)C(ﬂﬁﬁﬂi@tgﬁ 16@&1'{%6&1%@1%ht10ﬁ1de Ata
rotein w a

no oS A5 PSR S SO Bt pr et MRS

sodium @hfokids in, hsbdlﬁMQb@ﬂhppr@ﬁl&@bﬁgf 200 19HRRRES TI‘?eﬂé:fuant is
a second hydrophoblc chronatogr

Il
momtox:ggﬁ P ng; Ingene Frpodiradrarthe retan gs.rmqovami ise lsmgtel peet y
correspérﬁﬁﬂgfl%rthé‘glofﬂ'g]c%hy%%tm g)tr{)}?e lg'%g%ﬁlfim% o({n%'g?r@fpa]%gnb@f the

each support
inventiog; @Ih@qsajpf(xy d@t@mmwoﬂmlypefoﬁ@dﬁeml? is RPYPIOC dBisulfldl linkages
tion, the steps are

f
can optlgﬂﬁ 0| & 851-% 0 B PSP éﬁgF §uap irculapdighiofsgppan aﬂsior@usgci mdor

determmmﬂ?.i&3ﬂﬂtrhbt@fc/foﬁﬁﬁlg/ery and purification of the
Eeconblnant protein characteristically provides for

LRI e sobbilégatipn and wéddipig napdrfopmoed @i aneateg. & frer
obtainink SRSk HLBRA 1B g@ﬂ% 1?13:”;)‘?216(38%& %'ﬁ%d iy a{ﬁg | %”é’ﬂ{lg %gci %Btlon

I ncubation st esc ove

described apgee {im ﬂnsa«aaseemmleﬂlae:ombb bofeet sb]lik&oﬁ)e O QbBReptide may be
n ot.ei.n.and con f dilution of thé

ditoted i TR B o B S G 0 P v cich it e hant tn fold, or

about ZOCﬂotcb r:ratﬂﬁgnt aphilg. SHPRAIHENRLPMIFR @ HEHHELL g[é‘uét Wil generally
protein an

besudléﬁ %ﬁ recovered reconbi nant
15 Fﬁé EBOEIteT setstandal of s lets sofubdlaation st refdiéng of the

. Y

Suita
chromat ogr aphi ¢ steps incjgude chromat ographic
supports which can be eluted and | oaded directly onto
a second chr omat ogr aphi ¢ support. Exenpl ary
first chromatographic supports include, but are not
limted to, n1xed nDde re3|n (e g. CaptoNNUrn1 GE
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5hydr oxyapatite chromat ographi c supports, e.g., CHT

ceramc type | and type 11(follually known as

MacroPrep ceramc), Bio-Gel HI, Bio-Cel HTP, Biorad,
WORHessWBYs, CA, etc.; netal chel ating chromat GYITAH200G/073496

‘supports consisting of an inert resin of innDbiIized

000l R R W U P Bls o PRm hmaalB ne

0.3¢cc/minvie i 4 DAL vteﬁsei ddntSking h nmmiint ogeapbélier.s ipgbert @nfodimdnltg k. =
yrification and recovery of are.10_m xed ion
0. 01m§xaﬁ8ri§@néﬁie ? e Bga é’f@ﬁﬁﬁg’;{% PIEfeift-i Dif Ppehropfsons will

depend bd, Fbr KRMPBILYIBRNhCLSMRRAN thel tFpRGAQ O deRPRns of chaotropic
according to art standard practices. Suitable elution

and redusigi aigp@n presend. Bhe fr@nsatw‘nlti:mm@mra ig a@r@rqlhfeabp@fdbifi%"@ ofl the
mcuba{lgr? W n 91# %%%ng‘leﬁ%n#ﬁ)? ratolte%t abgu rl%: gé Yoo tto %i% ¥ solubilization
ca ion ¢ chr ‘Bel oW

omat ographic suppor escri be
and refuRiing) Uheabicvioh s eoriat dut ] at gyt MS%(I Joaabad 2t49°C, or about

Jmatrices in order to cat i ort 0

20-40° LR RRELR Ay OF D20 ToRe PRI e Rgaeabout’S hours, fora

least alsck POXMIBLRBbtwesH ib&il B)ﬁlnd% RS ors;iéi\ff&ﬁ BEM!3 eglﬁ@'é%ms In
phosphat e and sul fonate Cel lul osic ion exch ange

certainegdiodenasise hegeactps @E&B‘-‘?ﬁl oussg@mmzc teaNBRatueND 2,

i;;g R§§ | ONTM S and EXPRESS
Recov%;\liﬂiﬁiv ugfagggggiRFd e ainr'ggﬁitwgt man LTD, Mai dstone

Keltttough teco G kiDEXTHnatio o SEPHARMBEEM hastrcanthpisossious

d i on exchanger,s are aIs own 20 under .t he
methoclﬁraa ?Wiiai?ésg EBQARRSGHANE ?Bal RIS ST cRyCEE e, salt
and sol@B¢ fRRHsHOEMLNEXIMiS ZRh SRR HARESTM: 6 H8a@d jon exchange

SP- SEPHARCSETm Hi gh Perfor mance, SP- SEPHAROSETm XL

chrom%ﬂﬁiém@ﬁymnm@@% ﬁimmtmsmhyi;picwmhorem
and hi aﬁ%%‘f%gg g % %Er q—ﬁJLCQ a*ﬁég‘ﬁ% &of oc?i%fhcg,tlon step and

a multiptepothr@eatograpine prm:eénb isatesenietdudee bllai‘lﬁeertmmstdp comptribaddding

detre e SR B R B P e B S b sRER o 10T 5.
(or a’ooﬁﬂ@@ OF hbouMACRIIBBEREBoIHRA 6 BePIddurs g5 MOGRRRER I the
por t froniBioRad Hercul es, CA. Elution from

Solutww%&ie@ns Hitgiaeconprap Fios: Ga sporigation gemeFhs mylti-step
chroma%g% bx%E&Ru{é/odlﬁ}% 85 dMinS il r &?i&‘é&?&&%iﬂ%@g%mtem with a

Bec use t ution roniioﬁic columms 1 nvo
mixed mdda: tesmna oftiodBsciremeangrablec ausert, asirsrbpdrophmbic theomatography

anced [ alt .concentration the )
support, 4 (RisRED ot et B e PR R stdhrorendsp ssﬁhange
supporg taﬁtegei@ak;&ys&c%pemsg Ot pahd isbcb@lﬁﬁllanﬂ PloeRgr@bad It
of the invention, a cationic exc?ggge chronatq?rap

is contegprlpted thab g stepa el pithes procpdirepan kansplormedyn any ofderdp one
cmbodl{ﬁi/e% SRR B EntidH ﬁg]easgri%ds %ﬁ: olgcbfo%@& %ﬁéﬁﬁhg su p port

Or a second Ic Interactio
200846i0 8@%5@@'[11 ﬂ&?_ﬁlﬂﬁdrﬁé’mgﬁr and purifipftipnod Iﬂwbicc,ombinant protein

charactgxg%iléa@f ?11‘8& c?) fog liei cﬁ)ncgntt@aggn Bﬁ{b{s ﬁ%mgﬁél%gkﬁr}%eﬂn gﬁdha reduction in

sampleRolunfd. Gak kRfnit SRS sechid R pbdh Gtdp M@ BEE ke, may result in a
chr omat ogr aphy i.s well

large increase in the volume of the recovered recombinant protein and concommitant dllution

of the protein in the refolding buffer. Suitable first chromatographic supports prowdc a

reduction in volume of recovered recombinant protein and may advantageously provide some

purification of the protein from unwanted contaminating proteins. Suitable first
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known in the art and is predicated on the interaction
of hydrophobi c portions of the nolecule - interacting
wi t h hydrophobi c |igands attached to "chromat ographic
- WosagReee7s. " A 5 hydr ophobic |igand coupl ed t @Ca/urso07i10%3496
- is variously referred to as an HC chronatographlc

: t,.. HLC gel | C _col
etvornRRAT v P p el rtine By B, G giced ind Baded

directliy Bheraaetdnanchieiwegapiibeugpoat ei n and the H C colum is
not only a function of the proportion of non-polar_taq

p‘%‘feﬁfkpl%’ﬁ fifsh CROUBIP FHRIGRBPITHDHYLC. Gt $1h aofdﬂrglm tByjgH mode
resin (ﬂg ¢ Cft hSo RV POIRE B 2Ges: I@EPVP%Lﬂercell B4 @Bgf%?%}o‘ﬂf_"

es may be enployed in the preparat|
hydroxyapaitnehromhtegrapkic seppostssé.g.eCH Tuwemhnit sypad and §pe (formally

wonn Y RAET o Bl A R, AL P, B s

chelatihg Bhrbﬁdto@@pﬁic&ﬁbp@fs%ﬂﬁstﬁ@bmg iRerogia bﬂﬁﬁmabﬁlﬂed&hétdl ions

10 carbon atons, such as but propyl, or octyl,
such ag¢appery pigke sete +ahwald appEder éﬁ%ﬁ@.%ﬁaﬂn wec?f%@&ﬁa?rtt@f the

r
31055 O AT, R, O PG TRl P o

mixed imdechanige clgpmmaphmgp@m ﬁlmmf chromatographic

oo SFEILAERLE 1 £ i SSERAOET G f

buffershoiiahciRed0E iadmg, ofﬂf&@}mcd ﬂa%pmhlnaﬂrngtetnhﬁreﬁﬂpdm&he cationic
nanmes TCNCPEARLTW\%ELgI 650M ( Fractogel TSK
d“mm@ﬂ$?Pl%§6¥°6@S¢§R“ dP&nyl 5PW Ligand density is

APhrioUP 2L bAR tcoﬁ%%@:ﬁ’%trﬁi b LtlaBRLd th inaitel HERRESH T Qﬁfo}ﬁc
the strength of 20 the Interaction of the protein but -

supportster dugraeipgipplef. Amienicslonstituanss inelude cmym@:afhﬁulfethyl groups,

qulfoprgﬁﬂSI (%t}f)s eéhogligh%teon [ggf(l)a?%@lj %‘\Téﬁglo glon cﬁy %Ens%%g

SE52 SBG sm CB&}?Z;IC]MﬁQ Vg fPUlItldDEIm DﬁSQI DES@@XHREHS&IONTM S and
n, in t|on as t enperature and

EXPFU@%% e éfft Va "i‘%?] B Ww&ﬁ@ Najdsigie KeghdtRed t o

SEPH A3k Kk éhd $¥epH AROR Fok b§§cagn591‘d§§-hﬂ€eh fon. %h%t%‘%i‘scﬁe 9o known

articular gel can be determ ned the sk

under the pioguet namas @%SEBHADHT%%&@& BIAPRE™ ft ¥ anstSFon

i N L e S N e o S

SP—SEFB{AHOSE@WMSEJSE@BMRO SE%FE&BDEIOW; Oivs SEPHARD IEIN [ Fastfow,

phenyl 0 has. a t he sa
and CLSHPHRNERVER OT5p auaidi Brgdariicingho - eales oF on
exchanf &b ?&tthé/j)&b’hc%%&' tiR8indidifo 8 d oW B n‘b@hﬂhﬁ@d %Oé ? Ridity
of pi-pi interaction with aronmatic groups of

exchangwéu@qlmi theundiss n@m%l}viM&R@P]%E%%StUéh As 0o eraammiel\/bm&ﬂﬁREPm
S suppdrd (ﬁq{E@f’M Iiﬁh%ll? or GG I‘I@PTM%% sh %rtaﬁgr}f ioRad,
cdnce ratron ca over a w de range ndi ng .

Hercul¢sh€Anat ure of the protein and the partlcular H C
eneral. salt concentration het

lgljlg'%an glgg%l%g}lq\ﬁhé?rgatagrgp € supﬁﬂﬁs 18 genera{ly accomplishe y
increas#3Q8f COBBRGHs UBOR L €348 n from jonfel Blungfd iAvdPFRsARdition of

HI'C support, whether stepwise or in the fow of a
salt an@bf&a%én%s m@ﬁwn@bh@@@oﬁi@ Isstiéanded imsajizpopespgragn thayroduction

I I
of HIC 3 Pofty ) iAo PSR P Buaelis SRRGEIY LA BBonddmiment
of the mimnemgemasomByxdmng@dﬁnmgtogaalphlctsmp@eafdedatait tmst the HIC step,
or.be roteins are eluted in order .of increas
8. & S RO PE i O eati e B Rl PaIT Aoy SEOmg Ry Wophgpic
nﬁﬁadgm_addltlons of solvents such as ethyl ene glycol or
i sopnpanol
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t hereby decreasing the strength of the hydrophobic
interactions. Detergents function as displacers of
proteins and have been used primarily in connection
WORP3008978 purificati on of nenbrane proteins. PCT/US2007/673496
Exanpl es of nethods for purifying VEG-F is described

AR OB Bl o be T8RLH I SRR JAREYgpbinant proten, e,
in the B%,@e ssd/ani™eeifiensorcapmb [Heydedphabic dnteratits: dheghitogtplonis well

an rotei.n expression relative_.ro, the host.
koS el et o e e o OF B orREans &f Hisgpolecule
interacifth bith GYBBHAMGE liphRhtaMed %*dh%n@at@%f@ﬁlﬁé? §ip? Brty®C4 or s

is well "known in the art including the nucleotide

hydrophabjigdigarkcapledde Rangter Sritsrinesiy royrodde asandKe ehigagtographic
' A t i . |
suppor £33 o7 B s ORRT o B ey omPrEGUEE s sronath o e

mteracliapbetavear the Breasia agColedH Epedlumgn Harol only aNemetda ol Yhe proportion

2001); .Ausubel et,al., .Short. Protacols i.n Ml ecul ar
of non{5 G Bl It s 0o S SR BIEin B Sl Dy BgR 4l s s graces
as welJersey) (2002); and, Baneyx, (1999) Current Opinion

i n Bi otechnol ogy, 10:411-421. Appropriate Erokaryotic
deprmberd madqey Thadearployed ip e Psinsritipe of B calugng.gThe most

aviai. l.abl i ak |y . ml t
extensiRUR us Pt S SOMTRRLGEh Hich QUi bR BY AR Raay Wefpd. Usetul
hydrophbliy ligmds inditdedads afearot tihetel ar gdleyleralps hgviogfbmodbout 2 to about

rokaryotic cells, and especially bacterial, cell )
10 cardf3 A5G Slcnes G im0k R i Ay g oS h i Gaventional
HIC suppéttdolr lgeehd dblihes ﬁl@ﬂ be¥bta@bd tHBmbRERtFRDsuppBErs such as

exagg%e, prokaryotic host cells are transfected with
Pharmagids Lppsdlomshcr T iy nredico Ryt bR RGRE™, buty-
SEPHARSQER_PAR F}OW, gh@dﬁ-s%ff*ﬂég{ééﬁﬁl C?—%, UL T SEBEARBSE™ FF and
convent i onal Autrient media nodified as appropriate
phenyl SEPHARDSE g hanshbeseh Sornmedtent, Toigyo, fapas bodarsint rpdiet names

rovoRfRRE B0, R SRR STACHAR: BOP ROk GEr SR REE L

FSgapdidedity\ts ENAnpEHahPpar@hc@enanitGt iBNfenkEOHBE 3R the strength of
sour ce provide&jit encodes the pol ypeptide(s) of

: 0 ) .
the interafigh @5 he preeIRdES thercapay 1ol Kissnfiorops well. eldheiregnd Aensity of the
commeaamyowauatl@g 6t Sct?lcgﬁﬁénﬁgge@srils 8% MR a4r 59{0 umoles/m! gel bed.

het €r ol ogous pol ypeptides” (Tncluding variants
Gel cantahigy sof nétionmf chaofpiradulirasetsin iNgo¢stipt anwell anpii gewpersture and

encodi n he pal ypeptide ar. repared b riety of
sl cor e o8 byl e P R B aiiecths UG R En o BalPiogEiteeh
YhEEhdise biSRIiaiues seNeknSRqleen®add be 1igs skillky absdafgIn general the
onucl eotide probes that_are capabl e of bindin

_ ¥
strengtlgﬁfl‘etgp fqt%rgq:q%~ gt dhg p]r@tegzéﬁ:éi B EdG ih,g@n ases wgih the cha?n length of
the akﬁ%&%@ﬁgﬁl@ /h!‘r@ﬁg GPA3 498 t0 about § 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.

Adsorption of the protein to a HIC colummn is favored by high salt concentration, but
the actual concentration can vary over a wide range depending of the nature of the protein
and the particular HIC ligand chosen. In general salt concentration between about 1 and 4 M

are useful.
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The heterol ogous nucleic acid (e.g., cDNA or genomc

DNA) is suitably inserted into a replicable vector

for expression in the m croorgani smunder the contro
WOCehosy8Et abl e pronoter. Many vectors are av&idrdBRe7/673496

for this purpose, and selection of the appropriate

SIS OSSR T A8 218, Ay U e
accomp]ﬁhhdl i ﬁdnetyosﬁwgelshcﬁ £33 d)éytchar@igahm anintdnttakien, b) by
T =R A TR T

concedtx%ﬁ&%%@&b&i SrotdBRPROdiuRA iR Brdeh 8r Rehdich o ghdBRIt9f Changes
host, the vector conponents general l 7 ricl ude, but

in polaaﬂemnbbe pfifertadey additiopnef envemst wichps ethdenaglyentiongopgpanol
thereb &?e%sm??v%}%us%%ﬁgth 0?%6(:}{6}%[% 810 u{tgﬁ dtlxocfﬁt b%ﬂ:r e%eﬁlﬁ&mn as
marker” genes Cer At Fanse riptio
displadessrafippaiting tn Sleguéoaeused @hmagmarcahnecpd)mwnh clhe\qﬁmﬁaaison of
contalnlng replicon and control sequences that are
membrgas PRLERS r om speci es conpatible with the host cel
A@mipEE G b RS AR GlukiORn YWEGHTL d6eRbel hdd@s bslow] BE., see
vect or ordlnarlly carries a replication site, as well
Examples IveaniVhg sequences that are capabl e of providing
Exrm@@.@@:%ﬂb1 q% cflon in transforned cells. For
“—B*‘exgnp#E““égitvg%“1s typically transfoitiled using
ABR322 pxmeploaasrcdrdepiMe df futomnans Feplicaddn aydecdtem expression

rlativi B S Biokap AL i eSorb SRR e e RGPl a Ly BiTHREOn of

appropFi8RickhRREEh ARebr ﬁuﬁelpﬁrﬁ)ﬁhﬁﬁ%&aﬁ]\ﬁcﬁﬁﬁ ef Ricleotide sequences of .
identifying transformed cells. The pl asm d

the recombispntipaetes idatcrippdBeria- oee mgag}\’étmbaq’%t gle rﬁé&lgwlaf Cloning. A
Labor2f9 WIS, Cgfdb%}ﬁmg%lgér B&tcﬁg Blal ol S@??P% ﬁﬁl%of ey York)

carr pe use ost or e pres

(200)sahwbtlat ke, Sharidsntogels @Mg@eo}gl&ﬁ@j@z Saqwﬁrﬂm‘tocols John Wiley

and Sofg AR Rt | 7ORR e bt e o Ohin B S pnalogy
10:41 m@lly ReptdrRt b r?btll&ieﬁr PRl Dapeliy Repebsith vestir€ltel S
a

ypically a sign sequence or ot her_ pol ypept
avaﬂa%wmfgeraw&rzs duprgls fon caapalye thsi Arecripen lyge ﬁuf'@et%lh%ﬁéondﬁ”fcc)a
Roclwitl],l[—:1 1€ MLRAR! fﬂ @k la{%gsl.: y&?eoérb% of-gﬂﬁ(a%tu@ rc@l'l@ gﬂ&@spemally
si gnal” sequence sel ect e typically i's ore that
bacterizlget gniture dreawell moveremshe art ancbtheswhﬁhmawe asalii 1g rtim context
fth g $t|dase) by the host cell. For 25prokaryotic host
orthe WYFNUOT hat do not recogni ze and process the native
ek YRemile, (iﬁol&h:ﬁﬂﬂ hoSe@Ue Bearankiaees Wh ke &ieRCionise vectors
substituted by a prokaryotic signal seque

encodinghg secombinagt p@k%ﬁf igterest g eHRTYHB &am@flﬂ?rwi FiRRl PorHe
mod1ﬁ&{‘f% Eﬁ%ﬁﬁé fopﬁﬁh&g%#fo@rﬁﬁl | ,)sleféQbmggIO&anEﬁ?rhaﬁE P Lfiplifying the

ent e xin Il n of Repl |cat|on

genes dBoogiog tretdeSoEaeqesstonl hﬁemtcbtcsacabmcadmg themobirepiadeandiinferest

s i S SRSART SAORL O R St Cof RS S B0

polypelti¥) of @fterastVRlcitRlY aefwdll igfoabefsr scldien@theGppropfiate nucleic acid
replication fromthe pIaswnﬂggBRSZZ is suitable f

Qr
for exprgssipn of g&ﬁtgrﬁg@gw N YPRREides (iaeledipg varenis theepf) m m10r0b1a1 hosts.
Nucleic acid molecules encoding the polypeptide are prepared by a variety of methods known

in the art. For example, a DNA encoding VEGF is isolated and sequenced, e.g., by using
oligonucléotide probes that are capable of binding specifically to the gene encoding VEGF.
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WD 20081008975PCT/ US2007/ 073496 (iii) Sel ection Gene

Conponent Expression vectors generally contain

a selection gene, also teimed a sel ectable marker.
WwQBhissogeene encodes a protein necessary for tRET/US2007/073496

survival or growth of transforned host cells grown in

ctive culture. nedi um.. C to . . .
tallj eehe er?lﬁ%cals nuflﬁlctaﬁ éine o ] C oF eéllorﬁliwnﬁNgS tlsnSéntably inserted into

a repth@ﬂeB@dcto@ for@Rpessdb in tﬁ@hnﬁ’ddifgaﬁ/lmluﬁddrh& @utrblis e suitable

medi um This sel ectable marker is seﬁgrate fromthe
promofen Many verienR aresevadatle farithie guare. ek serrsBoh gt the @gpmpﬂafe vector

will détpeﬁ/&%mgrbn thY BE 8f the SL8E 214 tIBR SR SACRREMPLALS A the

confer resistance to antibiotics or other
partlcwlaznhpsts:ell eo ge tramsfrpingil Miiihrthe vestary Eaeh vk lvontriag ar@qusor

compog?lﬁ%a § GH%IH g {:)p1 gg é)arté &O%‘%eﬁ A Qm Esleé:on?pea{ hl% %gaf)enedsmg on

he presen

the pargiedled tyfe HEHISE tHeSYectod boﬁlpbneﬁtspg@hMaEi inbludal bun hﬂerﬂoe Iim&ed to,
not 10 a¥allable from conpl ex nedl % 9
one or gﬁ)é% QYoM G, 2 FRENR HECE: L8k rpplﬁc tion, one o) @qwée marker

genes, %?%f%t@r @hd @ﬁ%bﬁﬁﬁd@@m%%@se&ﬁénlcé zes a drug to
rest growth of a host cel I'n this case, those

delgereralhpinsiaide egigsceontining sﬁphﬁtax@mon@@l spfluencesttbat are derived
from SPEST %Cl %lor% QL%DIQW%B tlllenﬁo%{ ? s\ﬂt arQ [183 gﬁ %%Iﬁlegt%yxgﬁﬁ)}nz%ﬁblal hosts. The

on err dru rest stance survive
vector SRleeilly mﬁnéﬁgﬂeﬁﬁcmtmﬂﬂmk a&ll@fs nsaddhg @qu:ﬂtamhat are capable of

prov1d1?1§g %olti%rllc lgj_ q?%ltpggn g%@%{?ﬂﬂ%&%%{ 'Fe %SOUt h?:" coli is typwaliy
transfo%@cpﬁ’ﬁ%%Mﬁﬁ glsﬁ]MJJiérin@ Brofl arﬁ;‘i coli @%&@&)(se%cb %n B8livar et al.,

myci n %hygden et
(1977) Gehnk.. 2: 8BS b lpBRBBE 4(1102114&891168 amiitiBie a@ﬂmpﬁ@mg |rsﬁeqhance and

thus pr?wggs ea@ anegﬁ/s fgx?%teﬁtﬁgﬁ{g ?mgcpge?ls %H%(gﬁ%%i gﬁl&é%@t 51°Jther

ey T esl st anc e appropria
bactenﬁ]lqﬂ:msymd or plgeaetliocganralix gphitafsye dphedidbd © @aiad), ,pr@:noters that

can b VA E50HT B AR XDRRTDH ol B SAFGHLLAYSE RS ecombi nant

pr ot eif) spfnal 4 RER/RL contains a smtabl e pronoter that
IS reco ni zed by the host or Eanlsn1and i s operably

|Rotwpsptides of A ipnearien gragde @r @bﬁeﬁgnbln@tbmoy glélpftdutrﬁéﬂy, but
also as %ffu g&l??ﬁtcpnﬁ fl%?ﬁ?‘olgg&% ﬁ%h)@)e{;tgc{er g@ 1cgln)aa signal
sequent@ct cﬁhﬁ' ppt}qmm&rhasmtﬂpsmﬁﬁhbwgwe tsitaht.the I\Iéligﬁ’ﬂ)lus of the mature
TN T N TN T
recognized and processed (i.e., cleaved by a signal peptidase) by the host cell, For
prokaryotic host cells that do not recognize and process the native polypeptide signal
sequence, the signal sequence is substituted by a prokaryotic signal sequence selected, for
example, from the group of the alkaline phosphatase, penicillinase, Ipp, or heat-stable
enterotoxin IT leaders.

(11) Origin of Replication Component

Expression vectors contain a nucleic acid sequence that enables the vector to replicate
in one or more selected host cells. Such sequences are well known for a variety of microbes.
The origin of replication from the plasmid pBR322 is suitable for most Gram-negative

bacteria such as E. coli.
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et al., (1992) J. Bacteriol., 174: 7716-7728),
~al kal i ne phosphat ase, a tryptophan (trp) pronoter
syst em ( Goeddel, (1980) Nucleic Acids Res., 8: 4057

wapmsERe36, 776) and hybrid pronoters such as i‘@ﬁggz%ﬁmm 9
pronDter (deBoer et al., (1983) Proc. Natl. Acad. e

Sci . A% g .2%; 22%. However, other known bacteri al
pr onot 8145 408 (HPS HPEPONEE| r nucl eot i de sequences 30
haygrefasy A g
%’eer opeareg)%li sl ‘ﬂly Icgfgt@ige%%g?nﬁag tlg%ﬂlémalg%lé%hhu £ gcilﬁctable marker.
This gﬁ’é‘l’ Ssepts auotgin nqq(f%me‘sfor thsisetyenl dsgrowth csﬂt:ansﬂiﬂﬁ&i) host cells
grownqﬁ la'seie@t@ve c%g:g dﬂﬂ‘g hlo kc%[l? gé)trtra%gfa g‘g?cg%itﬁ gi g%r Xontammg

any require res Fiction si

the sclgetrdor grok wilf natl survisdipriie cidne: Aysiube ! THY se&lctable%ﬂﬁk& is separate
Pronoters for

00810Q8975PCl Y1)82007/ 073496
from {{SBPRC BatkeEy %Saq'%ifﬁﬁné‘rﬁse fgPs By genisrentiop. dopicalisalcation genes
encodShriobnd AR B fePrQigtanSC BHENDEotRP EF @tﬁérytoilhgl %%g, atrrﬁn&ﬁﬁl,

DNA encodi ng the polypdgtlde of interest
neomyjsig FSthofreTain o éetieeyabipedb) r:mnplmenttaawmphaj deSioiencies BN than

ert d.into the
o QS5 ELERLD: ORI 95T RO DTS R kRt
availabde &Om\@lﬁgémsmaha \bar1the Sene encodif DSAiitied ta@fﬁn&‘% for Bacilhi,
i tabl con aining one or nore of th

AT G Cegtienracy S7éd BTARETPVgaadast ell. In
this cadcg G4 6318 Shat hﬁ:%@ée@ﬁhlgy ém&ﬁle‘a %@Qﬁah%f Hitest

cl eaved, . tailored re- Ilgate Int orm desi red
producg g Pﬁéﬁﬁfﬁe@ﬂf‘?@lﬁﬂ HyaTassstanggand tds suFoive graklesiion fegimen.
Examp@égrgf ﬁdﬂ doRih s 831@&19)#%@8 i dmggspneggl%%%ﬁlg 14 uqc]n Elq)82) 1

gation ures ar
Molec. g@g m .st: r337hn3@épk(cﬂﬂ'ﬂ:ac3d(l’éﬂ4ﬁl)ga@ét Ol {1@80}5%‘1&#:8309 1422)

and sugcessf re sel ected
or bye BRSe BB RRRR o ot o Ry S SR dpe froc exampies
given aBP{ps @nplbabsotertll 2648 @ﬁdefrreﬁll&xﬁbﬁc &Jn%ﬁtfo%ﬂ@é}tésﬁﬁfce to the
prepared analyzed by restriction endonucl'ease
appmpfd%"s Jais GhlS AnePBycis égmehieiall Xt (Mhsophenblichad), Sangemycin,
rﬂmemgkgﬂl , (1977) Proc. Natl. Acad. Sci. USA 74
5467 or Messing et al., (1981) Nucleic Acids

Res. , (i9) PR@®ferdionippn&® t he method of Maxamet a
499. See  al so,

(F%lg §;93r%%/9 L %gtar Q{I PLY ”ﬁ%ﬁﬁ%%éc%gmm@p 0a1 tmtg]est contains a

swtabi@prpmater that is recbp8izBUBY GiehoBChraRff At RBpEASLy linked to
econbi npant protein of interest is |nsertea’|nto t e

nucleic ﬁ@gtenecéqu%t e polypenfide! interiest. iPsomelerswpitdbdhod ubyywith prokaryotic
hosts mEfu@Q Qe AGabBS 4?1951110(5&5% Lﬁ ?m&\fe} s&: égﬁgn\gn}t ggrgwéﬁ\gamre

ression vectors an urin

275: 61 ﬁ pdddnt et abdil 47 Hyoditdric 28 1a§4za)pﬂre®|ﬁl‘bll@tsep1foﬁfote¥(éystem (Guzman
turing the Host

et al. (I(Qggff Ilﬁgte le 1%2”7’&%%7&% ne phosp atase, a tophan (trp)

promoter system (Goeddel, (1980) Nucleic Acids Res., 8: 4057 and EP 36,776) and hybrid

- promoters such as the tac promoter (deBoer et al., (1983) Proc. Natl. Acad. Sci. USA, 80: 21-

25). However, other known bacterial promoters are suitable. Their nucleotide sequences
have been published, thereby eﬁablin‘g a skilled worker operably to ligate them to DNA
encoding the polypeptide of interest (Sicbenlist et al, (1980) Cell, 20: 269) using linkers or
adaptors to supply any required restriction sites. See also, e. g.. Sambrook et al., supra; and

Ausubel et al,, upra
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Sui t abl e prokayotic cells for the practice of the
invention are well '"nown in the art. Host cells that
express the reconbi nant protein abundantly in the
WOR2098Mo8%75i ncl usi on bodi es or in the perpl asmPECTAIS2007/073496
[ nt racel | ul ar space are typically used. Suitable
ﬁg{e}ls %? usel ur{% ?L?a\,/lé%gr?m%%sgﬁgene?al% C\S’%t%%?agﬁhrﬁ% Pglgaj%ngr(s D)
Sequenee( apmhlﬁy 11Eked:tolthe DE&C&dcbdlmg ﬂ@po@@eﬁﬂd@iﬁﬁﬂeﬁ%ﬁ The promoter can

S spe |es h as aer ugi nosa, Sal nonel | a
be Temf"’ a‘i‘ﬂc % ﬁﬁ?%wm@a@e%s@a ngélsﬁﬁte d into
meveo@&démaﬁﬁﬁéthe%suédm@ col i 294 (ATCC 31, 446). Other
strains such as E. coil B, E. coil X1776 (ATCC
31, 531y)nglowﬂlAnm$mf(Vm®® 27,325) are al so
S(yonts?uétl%n 0%?1}1’2&%%6 %%% 1:{1reig 'oﬁ% yrgr:ﬁ(rérgeltolf he at'iagt 62 E%\t%&s gan

compohénts mlp\logsomard'lki)ﬁmﬁ tercanlqlléw IsateeﬁnmiynndNr IDNA fragments are
Qne, aspect

Clea‘fﬂf E%"Jﬁ% sw? getn]‘l?%t%o‘?ff&c@i’ffl %ﬂ*{ﬁﬂ 9 gg%%?‘f@ﬁ@ aﬁﬁsmlﬁiﬁafreqmed

FEP WM $siPfo dBHLAHS @Jnyéclt %q%@ﬂdéﬁﬁﬁ?laﬁﬁfﬁs SRS, 1t §BkiBn
WB110 nay be nodified to effec enetic nutation in

mixturgsyae geadds trentem Agcadr ot etrien 294 ¢l ek dhp @t othes sitdins, and

succes it REHCAdcleute Bl bt oBdBLMnd AR (N ere
appropiistgu @thém\/@ f&ﬂﬁ&ie&&&%ﬁﬁﬁf%??&?ﬁdﬁ?&%ggﬁgff ;rds’;rﬁ:ﬁ?n
endoni(iéasé JiEHORGIRE S ARG L bRt of REhegett iy 107 DR Nail

Acad. S IrBsRARESD sh@r GFMeé‘s(iﬂ%@c%ldﬁ@@‘ff)lNhéléﬁg ALRBIRGH abe;bg or by
49B3. See al so, 68{98 | e spannl ngég? es 23-24 of

the me%é@@hﬁa@%@gé (80 Maghads én Eazymologe IpPedece ahe
Sambri{)%ge\?mgp’: E& aﬂg{lﬁl’%ﬁlﬁfal'%r est are grown in 5 nedia

e ar sul e for culture of the
dék ectled ahmls@c@nﬁhg the recoolbadinn grofdie ofrimthrest genertad tngo the host

cells. Td es g yd?lblF g,s srhocg%y g_t @g‘?rﬁﬁﬁé\gﬁﬁ'ﬂgt:ﬁ%{_%ﬁ%ﬁg{ %Véo\ described

' expresd?éﬁﬁs%t&pm@cﬁ@ﬁh@ th ddak & TonalNRMH R Edeia(rRRARd asMBPiRriate for

that are suitable for bacteria include, but aré not
mnducingjthg yaipus grooxpgsnedi um nutrient broth, Luri aBert ani

Cultunﬁéj@e %E#s@b@lls Nei dhardt's m ninmal medium and C R A P.
onpl ete nmedium 10 plus necessary
RSuttzble ptokaypipl celiefur she fractceof ﬁlennmmhom mamerdisknotinen the art.

al so ontai S sel ectio chosen .base '
Host ol B e SprB R O B RS e F e S EBL i Bodies or
in the peRll@6it ¥einyra Q@M kpa@k amt thpiedl 1;&55@& aSNl@ibﬂéJpr@Eir},f(&es include
contai ni ng the expression_ vector. For exanpl e,

bacterigy g P AGLH1S, Uk éham@e&@meaorffﬁmgr%mﬁﬁ oggenigEs) fgr example, £
coli, Bc@?ﬁ SGESSL s& HC ol mb assl sfié(,qég sudf HEP. dgz%a e§a§r@51¥eﬂa

uppl enent's sf’ des car trogen, I ot gani
nphimzpmmé’eeasm maccezscmy()at smnh;de Bﬁm Hded hbst iaf. colz 294 (ATCC

31,445 RO Bl HO TR Rl e T et O Gealam QUL 48133110

(ATCCQQWQ]S? Yrenildol D@ @He STLYSE @xarkflbé RBANdraliVieratd} thbk ﬁlmtmg Strain
my contain one or nore redu0|ng agents

W3ll Oéseﬁ a@e@é hest Gpgatprat HraotppTEPhBess sirHY s reqmbiznhPireproduct
fermen%l se'Iﬂ%ne %q%%tgc{ﬁtﬁ@mv&gfoﬁgéﬂ %8&' c@fl oul ecretei zmmml'gl amounts

I oeryt and dithi othrelto es o
of prot@)wttcaebkﬁnme dioa eaareplgi sireim WA 1LY Bay Bamodfﬂmad to BfQ04 gdivdic

mutauog R gl:fe Sgseég ?ncgdlgé %g)t%]ﬁzﬁﬁl) %ﬁg&;&% Ee}l I:ngg Iﬁg:gudm dﬁ’ coli
W3110Gthinat 822849207, 27B4, and 27C7 described in U.S. Patent No. 5,410,026 issued
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1.07 g KC1, 5.36 g Yeast Extract (certified), 5.36 g
HycaseSFTm Sheffield, adjusted pHwth KOHto 7.3,
vol une adjusted to 872 m w th deionized H2O and
woanesawReyed; cool ed to 55C. and suppl enent ed PATTUS200T073496
m 1 MMOPS pH 7.3, 11 ml 50% gl ucose, 7 m 1M
Aprit 3080 ok Bt ple s P B rePudo ORECR st Bl Bpin watio
having2hd Benopype k@mnﬁcpmwced (higFalne) [ 60 libgR4e divatde SpriarabA 983,

F le, th
See asparBel R P ET i giES P oo S g 266 16 about
@@(ﬂl‘%h@fd’eﬁmqy brodnbe the r&BRBInadt SroteRf oﬁﬁte@@&% g&ﬂﬁﬁ

Where the al kal i ne phosphatase pronoter is enplo

ed,
" media EHO‘ETDIHI the ant ped grsfebletfor priveuefahy sntechy hplegstis, d@cl@img the media

crenera gggcngéd I\)lé]SeInI?:II) ?I')]ke 9‘393 I\/{ Eé}f‘%‘%l&ﬁ% %ﬁ%&ﬁor@%&%b Cold

I'neé phos ase pronotér
Spnncrdﬁ’mbib&abaﬂatdrﬁpi‘eys @Told SprheHerbyr, |Ne®kutfeﬁ) 90t sdedibddt are

S o] I .
it gt dne B G NGO S s TG A Pl Lt
BertauI—%I%rb%tﬁ [NeifhR8S hianhsl nSRfibMAGpdar RX P. MV kdm lete medium,

" The culturing need never take place in t
plus n@w@m@ﬁm‘s Puppkegaeatse glpﬁ@%@gm ambodiments, thposphaaie contains a

Selecﬁé& %eﬁ?tch&s@n h&\ég Ioﬁ thé%ongﬂrﬁ&{on of iR ¢ Q@%E%ﬂt ﬁ %ﬂ)tr atI) @?le%t}vely

ani ¢ hate 1 n an anobun ['eve
permit |gnﬁuhtolf pmk@rfyom: otiBi aontamgzm@ 8106815 RAH JSAARTHPIE3ABficillin

nt hes and sufficient for the growh of th
is adde 0 B STAR P L PSS P s S L agessary
suppletBRY HEGELRaH8n N8RV Rld ﬁf)rﬁﬂﬁ%lﬁbs})h@tels&lrb&%i@ﬂé&m included

t her eby causi ng i nduction of synthesis of the
at apprppyiafp ericerieatiops intredugse alamesr a3 S maruediteansthsr supplement or
[0 [; td te
mediufl's ﬂ&gﬁs urrI ZJ IILIIrI? sgﬁ%grt ﬁﬁﬁ%%tt%l% a@ﬁfﬁﬁkéﬁuﬁﬂﬁ#@&n atn one
or moraoéﬂﬂluemg dgenes glected fﬁ%ﬁlecgm@mnmsmﬁ@mm@lcaemygﬂmmel I

Lt roge at _whi ch uction is
CyStamI“Iﬁ ICII %%I%‘g’ L ‘3‘ liogythesipl; %déihtIlIﬁ’Ihr CI] nducer, by
dafh@ldsen srﬁfabﬂ: rﬁ&ﬁii B SRR NES B at &R 3,304,972 m@c:ﬂz 763
expressi on of the gene encodlng t he E@yyﬁ tide .o
{7

CRA. Pn@@ﬁglgqte-hm@ngﬁg%g ggmsystssqfépj 8 }{?ecﬁrate -2H,0,
I 1
1.07 g Eﬁ‘i yaied vl HE&Qéirﬁfi?dg d?@ﬁ g{ﬂiﬁrgégasﬁm sﬁéiﬁ&gu%hé%@é& FH with

kKno to t ose art, intro
KOH tal’ Sneolome adjuateditx 8 T @l with lemnied BeOsup pitesteyd; oroled to 55°C.

o oS 5.8 SR B L1 05D APLLE s 50 0o,

Carbenf@llil ayofert Headied to e g@iticEn ciffire &.a @@bdntratiieofid L ml.
e.g., fromabout 6.8 to about 7.4, or about_7.0.
The prokaryotic host cells are cultured at suitable temperatures. For E. coli growth,

for example, the temperature ranges from, e.g., about 20°C to about 39°C, or from about 25°C
to about 37°C, or at about 30°C.

Where the alkaline phosphatase promoter is employed, E. coli cells used to produce
the polypeptide of interest of this invention are cultured in suitable media in which the
alkaline phosphatase promoter can be partially or completely induced as described genéraﬂy,
e.g., in Sambrook et al., Molecular Cloning, A Laboratotry Manual, Cold Spring Harbor '
Laboratory Press (Cold Spring Harbor, New York) (2001). The culturing need never take
place in the absence of inorganic phosphate or at phosphate starvation levels. At first, the

medium contains inorganic phosphate in an amount above the level of induction of protein
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Use of Reconbi nant Proteins 15The pol ypeptide thus
recovered may be fornulated in a phaunaceutically
acceptable carrier and is used for various
wOdesgposssi ¢, therapeutic, or other uses knowPCTarsS2ena6m3496
nDIecuIes For exanpl e, proteins described herein can
[ noas uch..as L Iminoa.
e R e
phosplabd, #cfeidcrdsdenle Iehﬁ ofphéplsic dete Imda’tﬁdn ,ARfrelyedansiag eduction of
al so contenplated For exanple, a growth factor or
synthegig phigaeolvechfide. VEGE, can be used to enhance growth as
degie &fﬁmot': eP{s aﬁ)iﬁtﬁﬁ {fe pryvEker. %Pmﬁﬁctﬂﬁlecg oE&rH&ﬁmiyethe cells arc
woun ealing of, e.g., an acute wound .
culturedwmgl @eﬂmmomwdl Frosifads amavﬁgl e.gt 8 Hssosrf dbouj P niﬂeg a lugh cell
ressure Icer

den51t3 d%rgﬁ%i;’t ‘s"%ﬁﬁh Cpé)l;n% &LR(/: ?]n 15' 1111 te g.bx a% c{n ofan mdutcer by

depletibRbf a ge@itdhconlnpiiQ8o ao tmct‘usu EXIQESBiMhh)f &n;ogene Bﬁdoﬂmg the
etc(QQSTherapeutlc formul ati ons of reconbi nant

polypepidi ofi 1Rtk e prepared for storage by mixing a
@Aﬁ%&gary%ugplem@m@ ﬁlawafsratble (i'ﬁolucﬁ%\é't E@r&ﬁf?&t@@o%b&ﬁ&mns that
dedree of "purit optional pharmaceuti call

would he osv;askﬂ?éémsthe@xtcmﬁpém alpne 9t adi iteregvith another

suppie&?t%lrgr %%Id(i)li.:na ‘Euc&lr% &@%%Fetxl nﬁ?#ég%@r%?n £ gfhﬁil@g ﬁ%]g 'nllé may be
any pI—f @dirﬁub@ItISO%Sdepéndatg.tﬁﬁmsz @cthe hog BsganAaC Epit Ahloé, the pH s, e.g.,
ers ex0|p|ents or stabilizers are nontoxic to

ﬁmna?%%66$@ﬁ®% to* 953k NE "Josages and concentrati ons

Use of RIBI AN BHdinkncl ude buffers such as phosphate,
Citrate, and ot her organi c acids; antioxidants

|’1H3@|p9 Wipaptidesthier tsbeyeses maabrfonnlgicd it A @harmae@@wm jogergable
C t aﬁgpl

carrier %3&1 f('g)?] Iv%n?n&%hq\(%@ng‘e H%l’aﬁ%ﬂ?% 0 m iy 1% i ﬁ»g'l {3F E&ﬁ 'molecules.
For exdiepiz, qirht@ms dasceibed herdi@;capbe ngdd, in hutnyho ssayo.eanzly bs enzyme -

al cohol ; al kyl parabens such as nethyl or propyl
umnnmﬁgﬁg%%n cat echol ; resorcinol; cycl ohexanok

%&%?Eﬁ[%ses i %é’&‘e@&r@lﬁ%ﬂt rdtéﬂ‘i’s oMéned using the methods described

2008 008975PCT/U82007/073£96 nol ecul ar wei ght (| ess
herein pigaisopRigmPied: Eof eraewye. parrplfeqteras hogneicef-gs VES s Ran be

g I
used G P U T g B P g 08 e gfmote ound
healingaofi €19., at adse suahd @& giwmlsn@cagmhmtnnnmalmadﬁgd ner,a chronic
I sti.di ne, .argini ne, nosacchar. des,

wound(h E4 8BhAR WEE PG * {Sr BT ras S TOHE e f) to promote
hair gr@MUCRSRomPRINGKEeroRth HPrEFdiNSic. chel ati ng

Therapeutic formulations of recombinant proteins are prepared for storage by mixing

a molecule, e.g., a polypeptide, havingthe desired degree of purity with optional
pharmaceutically acceptable carriers, excipients or stabilizers (Remington’s Pharmaceutical

Sciences 18th edition, Osol, A. Ed. (1995)), in the form of lyophilized formulations or

aqueous solutions. Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at
the dosages and concentrations employed, and inctude buffers such as phosphate, citrate, and
other organic acids; antioxidants including ascorbic acid and methionine; preservatives (such
as octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium
chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as

methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentancl; and m-cresol); low

27



10

15

20

25

30

~acids 38%3%%5’%1{’-%8 THRC AFBHREPE

5agents such as EDTA; sugars such as sucrose,
manni tol, trehal ose or sorbitol; salt-formng
counter-ions such as sodium netal conplexes (e.qg.
wWO2Zoesmoen7e@i n conpl exes); and/ or non-ioni c sur PETTEA03/073496
such as TWEENTW] PLURONI CSTM or pol yet hyl ene gl yco
PEQG).. I for I on .
motec oty s Pt 20D BTSRRI S prb U’ G Tt o,
gelatin ] & 1&11iu&10§%dlnhsy hadrophifit bslhedrdaych ad pdl wtindpyrtdiidonghmino
sterile filtration nmenhranes... 10 Reconbi nant roteiﬂs.
BRI HEGIoa ST SRR charides

disacciSRidel xR oBhr S8boHyatads. moﬂi}ﬁné’ ’glu@(feset ﬁi@nr[o%@ QaLRARY; chelating
prot éi n preparations can . g. fromabout 4 to 8
Q

agents gk @r@%@@eﬁwﬁé\dﬂh dS;swrssea)nan@zlt hféﬁlﬂgwsmp@wéblt%rsaﬁémlng
H_val

countep r-lons Sucl eag sg? al g(gmﬁlﬁg O(§ Bl ﬁﬂt]él? %8&1@@:&) Cagl#{og nOn-10nic
surfacteits bivd ﬁmENW,SP,LIﬁHDNI@’W or @olysthaleink ilyes!s(PE).

result in e'for tion. of salts t he recqnbi.nant

F Geetin bR Rolie SBRIBRS Pty P SUP TR g
sterile.] "ﬁhl@?&@ﬁ(ﬂly\’ﬂc&th‘xﬁ%@@ biTELRSES thrBugh: sterli®Bitfdbn membranes.

adm ni stration, injection or infusion by intravenous,

Recompiantpreteinssaehé storadtip draphilised form aftas aradesgrapolution or gel form,

e N e

embo dﬂﬁ&rﬂ,ﬂﬂ{)ﬁ 08l alth@[ghﬁﬂgl&d ot hm&:t* pHexzilum ntaiy also bs laypropriate in certain

or.b Lus in i.on ically.for und
instanchpft G be RRASENRTLAL s P EGTA P or B acaticr gpor SRbiflrs
can res%ltﬁ@th%ﬂ&%afnbﬁ 088l s\ e redisimaRplot@d topical ly, the
reconbi nant protein is suitably conbined with other

iThgrewr ehpdlypaptich adwinisdiiefiprissn aprar dvith dpenvamegiodsises dopical
admml@t{"a%oﬂ écﬂbﬁ erllnﬂﬂ?o Gl& 15@%6%8&59 {n?ra?érgﬁﬁ&n il%éﬁgfebral,
n ey’ nus e

I'ng e except that t
mtramlpdoa!lanammmtula:a Izﬂt@aaaemépd)rahﬂrﬂ eswrrch] efufdscardivorustafnod-relbase r

i nt end ad Lhistration, a nific
systcmy R RUGEOHRG TBF POPPOGE cehbe abnrorstipunfBihidigpion or by
bohmlmagugpnp05|tlon Exanpl es of SU|tabIe vehi cl es

i'nclude ointnents, creans, gels, sprays

JupjseRs fasreoundibeniing: rapprhisant maﬁelnf i @dﬂ@&ﬂtfrda@é pite-spseific
deliverg.o MRS 4 g ﬁ)éasto lCé%’ér naﬁep(ﬁnﬂ)xﬁﬁ{t?%afﬁsdsdﬂ%@ cd g{ﬂeh Svith other

ressi ngs, pat ¢ asters
ingredibanwagbss camqnstrs endibt adjivantsi Jhkew aoy ne bitationg @ndhef watyre of such

For ..obt ai ni n el formul ation he [
other iggPegiit, S LB s e eSS B gciogs o
their mEEnXi@(ﬂ ahinhy o fah& eddnvesi @ﬁﬁbﬁﬁﬂ nyegﬁd&\@fe%EnﬁQ} stth€active
ysaccharide or_synthetic. p

mgredlﬁ@tﬁ 9&%@@@@%@@c%?ﬁamnie&ﬁrsmt%bl@‘éﬁrhl%% H@dwlaﬁwts creams,
gels, sp;f a?@?ﬁéé{sféf nrsﬁng) | iR *Srg) beayl doYia e-ﬁh%hg% P@sﬁﬁ(ﬁ@ra'lsqgnay

Do use or exa ose
be hnpdagnittaéiﬂw gsriguicdssags. etahsiremm&m@e& Ipidsmse antbband%asmaﬁionaﬂy

ncl udi cel | ul oses, hydroxyal kyl cellul oses,
lnhqwgﬁﬁs gﬁﬂ@gF%&yalkyl cel lul oses, for exanple,
Rt Bithl@ld A SermumtbnOhy eéddyibinant protein formulated in a liquid

composition may be mixed with an effective amount of a water-soluble polysaccharide or

synthetic polymer such as polyethylene glycol to form a gei of the proper viscosity to be
applied topically.- The polysaccharide that may be used includes, for example, cellulose
derivatives such as etherified cellulose derivatives, including alkyl celluloses, hydroxyalkyl

celluloses, and alkylhydroxyalkyl celluloses, for example, methylcellulose, hydroxyethyl
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cel I ul ose, carboxynethyl cellul ose, hydroxypropyl

nmet hyl cel | ul ose, and hydroxypropyl cellul ose; starch

and fractionated starch; agar; alginic acid and
waotogs/mabss; gum arabic; pul lullan; agarose;  por/us2007/073496

carrageenan; dextrans; dextrins; fructans; inulin;
gl ycogens;

BB L P LIRS, L LRSI Y SgEnse

celluldibCar@SarRl HaMbAAB] SHbhith; 4HdA ral%%cih%ﬁ&’ ghoi ?egf‘gtﬂﬁ' PapQUum

arabic; tragacanth gum "and karaya guny an
pullullgedggrsssvasagestenyidetitangsicx waselictang; melit;animnans; xylans;

. ' t el ' .gel ling agent
iR B0 N 4 oy D8, B A 5 s
xanthagyewing gBgr guaniexicheas pupl gurh arabice paganthRaMO indiRirafa@@m; and

. runny,or. viscous,. and will not destabilize the )
de“"a{l‘éec?&ﬁﬁ RIS el ﬁﬂ FrRETER snbadimens of {ih msrtics fhe gelling agent
herein dRAhARY) S Ghert RELIHIBY A GBms LG RR, ¥i é;%gﬂt'rﬁ%?e, lard/or not

an etherified cellulose 10derivative,
too rungien yisretst anshwilk pddegtabiligs the thepinhimant peteinflicktiwithingt.
I [ . : ; and.t he .
A AR s EBORL L8R e s
derivatimed insoptiropybodislchidnesiest ihwelt dofiret hyyrifiee) dnd|IBGE,in BISH, c.g.,

methy (RIS RN Aol by G plons Attt S AgroRypropy! cellulose,
hydroxgedhyedellosnend hy&@k%pigfﬁ %etﬁﬁfcﬂﬂﬁrjsj:.i DbreSniblintat | Y 2
|

m xture of | ow and 15 nol ecul ar wei ght

_?nﬂhﬂﬁ@PW§Fﬁ¥¢§ﬁ@b@WV%@FE-to obtai n the proper viscosity.

i | vicol -
ol SRR G el S0 ErsaluelLHEMIY BR3P ol e
molecul G0 gho pbiyetheleat tbedlsveobtemn thhpeppuriposiey. Vg Rxam)eth mixture
' { ti to.abt aj te. The t )
of  poby e 8RR ah st st Db BB B3R pesislasur veiehirago
would botiyetiby feigs gliyes ShénsmBRaAM the@rdpRetatd 8o 68hinCd ﬁ_@ﬂe,
solutions and dispersions. In general, the solubility

dfetem 26¢EIspblss es anlicd i thyeshisaccliendsmivndipal ytsiyletrestycols
. _ . r >
oSSR L BB LTI R 1
cellulosadefivetivenis dptramtinadybydhe degrév atshbstitgricoufsthpe groups, and the
o | uco uni.t i n e cel Lul.ose chain.to render
sz B A ERTDMRAR oLl P b R Rt it Rex Soupsper
anhydraglbsist it Inofie 6filaéselcB@gto Bndér tBE BETVATQUPRR@Nuble. A degree

anhydr ogl ucose unit is generally sufficient.
of ethewg%/ttf}l%??aq’ﬁ & leapt{b3 2 ether grovs pgpnbydroelisesenat i gericraltyhe

ficiehO A Rfios ' : 08 L
1SS R ey 25 EIPROTRE (LR, i i, o
cxamplerip¢ by 8. Knot Gesalel , e.g., it conprises about 2-5%

%. -or__about. 4% or, about 5%. of th |, and

P RO BB 8 PR e Phscd oot bt 3%,

or abouadiutr SB&Q -SW%@tH‘éQgTep, exhctl) e I@éor@lﬁhané PRReiAG pré@nt in an amount of
lents may al SO be entrapped I n m crocapsul es

ahﬁ¢3g$g@§}@@Pe?%4O%&%nple, 30 by coacervation techni ques

Phe bifivk MBELBRE Alay RRLYERAH-AHEH Bmidy

hyd(oxyne_hilcelﬁﬁlose or é@ﬂa??ﬁ}ﬁ?%?%%%ﬁ@éﬁ@%tgﬁgxmmﬂ&
by coacpiypijor( welrhglaser haoysréicell polymerization, for example,
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate)
microcapsules, respectively, in colloidal drug delivery systems (for example, liposomes,

albumin microspheres, microemulsions, nano-particles and nanocapsules) or in

macroemulsions. Such techniques are disclosed in Remington’s Pharmaceutical Sciences
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m crocapsul es, respectively, in colloidal drug

delivery systens (for exanple, |iposones, albumn

m crospheres, m croenul sions, nano-particles and
wonassgosgsul es) or in macroenul sions. Such t ePOEIUSR@S/073496

are disclosed in Rem ngton's Pham aceutical Sciences

O 2008/ Q08975P 1.1 S2007/,073496
18th eGR R] N00) A5, 'S4P R0 Tomiat R, REE Mot I Rhog B
YaSuda? Bz&ﬁe&’ 99ef. 1:979532,1 iYas lépmp}z)T Bicﬁﬂeiijal Emsec%gmgg,mﬁﬁlms
| O echnol og

t
(1990)( @@@@)i "Qasanégé Pr@dzqé%qngﬁf SiRglc BRBRREfiohV geinss Mging Polylactide

PolyglydHhdl M@ltobﬁ{ére élﬁbesml’@c&ge B%.Lﬂgb af'ﬂe' %Uﬁ’@ Eﬁ&k&]‘%%ﬂt de
crosphere Sy M vaccin apuni t

ApprogehdPoeg Uaraint e\ﬁnﬁp pd@dﬂihmﬁomss Newl YNdwiﬁ%)ems 439-462, WO

onio3sgy SERI0GE W) Hopro sy byaBB: &R0l o

KubfathedkBecase preparabidsd Mk B prephieds Buipdbepasainlans sumyned-
be prepared. Suitable exanples of sustai ned- reI ease

- releaserensaations Belide semipgenbl Per read selihhrdrorhebicoelayrs g

contair] n%é ﬁ&?@ﬁ}tﬁe 894 RGO WAk Bgic RO hvm@ %mﬁﬁseﬁpeﬁa@mes

matrices are in the f Ofﬁ]O ape
c.g. filmg,tar @1119)@031330]@8 gEXimplmsqf sastamd:f@wp suatress IrEkdnpbiefsst@fs,

hydrogﬁtjjz o%légi%gpl%fe | i}?@jﬁ%};&&% tﬂ%&ﬂ?e) po(%lpgleyf\tfi%rdgl’cohbl))
polylad@ﬂlsé’ shydnox ety IQWBFﬂWfSQif &)glu@mic acid and v ethyl-L-

pol y(vi nyl al cohol )) ctides (U S. Pat. No.
glutam@te 7 R- @@@d&bb@ﬂmlmsyl @f:et@te,glagt@nblg lagtic @,c@fgﬂyophc acid

copolygltggstqg{;légs tﬁgé@m\l E)%{i’(filtqgg%g g ? ei/cg% 3Pl e(r::]rg% (\:é()IHrI] osed of lactic
acid-glg@itiol a)tﬂﬁfo@ol@ti&h aI&Sletqbre h&éﬂﬁ@é)ﬁ&?@fdcﬂb{cb gliyedicabldqPLGA)
eres_conposed of lactic 15 acid- L ycolic acid

poiymeé'noﬁgé%?)&p (aha-hy@qgﬁymty%a% ewgglg})olymers such as ethylene-vinyl

acctateR@l Yach@%&ﬁ%g)‘;&ﬂl: X&Qlehagol@&ﬂé!lsé BLGHcRA! 5PBYer 180days, certain
poly hydroxybutyric acid. Wiile polyners such
hydrogals r@lﬁmlpeq‘cemv foryhorser et periafsl Waen m@,caami%ecbﬂnyt@mar@mam in
el ease f r
the bO(%foIO{ a Fon%l% aer’ oheglnga rdeeglétgggér%ég{ ggte a9 % (r)e%}ﬁg g g’{f) ?IYO n%lmsture
at 37 Cpeasubﬂg in Wte@ oﬁlﬁh@&u@ﬁd&l ﬁﬁtﬁdy pridpedsibée ¢changdshin immbdieenicity.

Rations] Sk 1 DHE sk B0 41 P PETRTEE T Lmes o Tovorvod.

For exdn§8llit ’[h@Qg%l@g?tﬁﬁ%&h@ﬁl&ﬁ'l@!ﬁ@&ivgﬁeld 1668 in¥drinbR0Mr S-S bond
possi bl e changes in inmmunogenicity Rational

 formation tlarpegl bio-diavifide itevhanad, sadiliztiabMay baetioeved dperdiiiye

sulfhycggl r%ﬂ&u%gelgrgglﬂ 171 'ﬂ%}‘nozic\{cﬁg aclalﬁt% é(o%ggllﬁa’g ctis‘r{l}%%ontent, using

smiIsS
approptiftt aﬁdmlvm; Hﬂl(ﬁdﬁva‘ﬁlﬂ@,(H@dCﬁO pﬁ\lgtrlco matrhxr @ugpositions.

thi o-di sul fide |nte change,. biliz
oA B RORPR R GOCRITHY R 1o Ll reliaomatly Sirapped

polypeptyRB N ibb@ig cﬁﬁtﬁiﬁi@qhé’ bfotS® btéljredod lﬁ%&thé’élé #nB8n per se: DE
noi sture content, using 25appr opriate additives, and

3,218,138y Bpsbgin ngals GEASSH B&pﬂ@ﬁnﬁ@_n&_diﬁéc%ﬁé%%@% Ewang ctal,

(1980) BHRL ﬁgﬁeﬂl cdgekga PRAD Qb yﬁ@%ﬂ&dﬂe_ﬁﬁ%@% 1%1:“ g@gmﬁ"ﬂ%‘ks 046: EP

143,942.Gt1t M N641g Tihacprpateat applicaiopr8SpArse0;1y. Sn4t Hdeks 4145@,% and

4,544, 8¢ alm%e%g@z f’?g% 5 1211y rgg 1%%'6%@%% al m%ﬁgfé?m&ﬁ& 800

Angstr&rﬁ%ggﬂlaﬁé% h'whlé}i:&@ lipRCdontddP grdaler HIBAOH m&IPY
52,322; EP 36, 676; EP 88, 046 EP 0143 949; EP

cholestemp} sl cotesmapians Borp beiem ediappd foe e togst sﬁcm Oogpyidh
polypefile; Nos. 4,485,045 and
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4,544,545; and EP 102,324. Odinarily the |iposones

are of the small (about 200-800 Angstromns)

unilanel lar type in which the lipid content is
wOogesapes t han about 30 not. % chol esterol, tRET/US2007/073496

sel ected proportion being adjusted for the nost

effecti: t | [ . . .

FuaTEG rRne Pt oo RERb ' SmplotEl prorameuically wil
dependd I;fﬁ.’r@mmplfe u@;nlcm&ﬁmlﬁiphatmm egtm?st the beute n‘lf)itdmyiﬁﬂ;trationﬁ and the

t her apeuti ca e or a ,_upon the
conditiphgf BREMTTE AEfUEIIEYed VI RE POTEY bF CRIAPAPSL PALTTdhy dosage

and m(ﬁ‘i‘i‘@ tﬁ@l%u%?qﬂinhzﬂ@trﬁfontag EoqRAtd RYbtaiGehskk B&leYicial therapeutic
be necessary for the therapist to titer the

effect. ddmgel dailyl dpssai fy ghiangedirmealsfot A angikigita £p 42 1 @meds or more,
cepend FELE s BRSO el K ALY

polyp elltlcps. wtik g dosagel s feachtO tlmg hcﬁlj;ewas thmiearedohéfaem dh pgrican caméso

factors nentlon bov. cal.ly, t clinician.
adminigiey e gRRP T SRSy BAFIeaRT ey elangq ba gisers® pElisagrary
1samﬂ&hﬁhﬁé@ﬁ%?%ﬁﬁv&ﬁﬁnQQ§é?@d effect. A patient can also
- adm ni stef the polype de under the guidance of the
dihiepliaveing cTamerlpy g o8isesd by wapiof iHusEptigandaop hg pey of
11mﬂaﬁ%mtored by conventional assays. 10The fol |l ow ng
exanpl es are offered by way of illustration and not
by way of |imtation. EXAMPLES EXAMPLE 1:
Sol ubi l'i zi ng and Ref ol econbi nant human VEGF
expressed in 15 Escherﬁg%$g8£% Met hods .
ExXAMIaS 1 SollmilizvEGhd Rfang sﬁﬁmﬁxbﬁth@t RiBSNVEGP rfedstd in
i s designed for the expression of human ' VEGF165
Escher{chigecolie. 9., Leung et al., (1989) Science,
%46 1306- 1309) in the E. coil periplasm
“aihe anscription of the VEG- codi ng sequence is placed
\Righetid tirdhii G @nipedssizfdthe phasmid ]AEGRET Ipis dsp eetddeethe

expresq({g%fgpurg?aﬂ ( > gge’é regg'TgLe’ém%K Igéaﬁc @98@ E §<f‘al;?_1%| ' desé%ﬁg %;%- 1309) in the

E. coli b@r%lhd’n@ ATfa@Ecription SF e NATGF Bcbdmgﬂédqﬁﬁwa i<€plREed\ind@didhy control
Shi ne- Dal garno regi on gge % A Yanof sky et
6

of the egka?me @E@S@h;t&ﬁ@l’é,ggom@tp@@eqqége 1]zgl|aph1 ot 81 piyclergbeids
Resear%fg%@ oQh ﬁees%gﬁé}%@s feguﬁéﬂsf@{jtr%m%ﬁ ﬁrﬁﬁmxﬂlfaré B®vided by the

ct erla eat nterotoxin Il (5Th) signa
trp ShiseBalpave régee (see. gg., Y&I@éske’tet al...(19%12 9BRleid Atide Research, 9:6647-
68) Tflen{}E%F coc2{1ng sequéncea Psq’hse ncream of the bacterial heat-stable enterotoxin

11 (STII) signal sequence (see, e.g., Lee et al,, (1983) Infect. Immun. 42:264-8; and, Picken et

al., (1983) Infect. Immun. 42:269-75) for subsequent secretion into the E. coli periplasm,
Codon modifications in the STII signal sequence provide for an adjusted translation level,
which results in an optimal level of VEGF accumulation in the periplasm (see, e.g., Simmons

and Yansura, (1996) Nature Biotechnoloy, 14:629-34). The lambda to transcriptional

terminator (see, e.g., Scholtissek and Grosse, (1987) Nucleic Acids Research 15:3185) 18

located downstream of the VEGF translational termination codon. The replication origin, and
both ampicillin'and tetracycline resistance genes, are provided by the plasmid pBR322. See,
e.g., Bolivar et al., (1977) Gene 2:95-113.

Cell Homogenization and Refractile bodv preparation- Whole cell broth from

Escherichia coli cells producing recombinant protein are homogemzed with a microfluidizer
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25al ., (1983) Infect. Inmun. 42:269-75) for

subsequent secretion into the E. coli periplasm

Codon nodifications in the 5Th signal sequence
wOopoewiogkes f or an adj usted transl ation | evel, RGIFAI$2007/073496

results in an optimal |evel of VEGF accunulation in

oGP RT3 8B TR A R {1050

160mM MR 0. pBTdetakraﬁ el atddrY (Tsiem, X400 prioSoliatdassgetke pellet by
0sse, 987) | eic_Acids Research 15:3185)
C@““ﬁﬁﬁhg@(ﬁgggfﬁéﬁgﬁﬁhéigéﬁﬁ@e%“?%%§VEGF transl ati ona
ts%mzmhb%nm%%a. E&'(é £at iofAin)qs bhithehdcansla Rekubhes (e.g.
rciftin and te racyc i ne resi stance genes, are
4 ml) qf rsrehﬁbléhe@rlfbsbucfﬁqe 1M 8506/ H00BI3mginirge E0 ma/l dris opGHESaf Ml

EDTAR%I}I r’l(ljlgfl %Z?gn[():en ra%o% %ifk 1;?35:(1)1%&9% %_%E%%ﬁ'ﬁl % %cﬁféksrq’glxed for 1-

2 hour&Eseban It@ii;be@atﬁﬁl(llS-GG?(]ﬁ)S Ref@ding i nigitiaed drybiddaiot of B otkimes (1:4

) o RS o0 i ol O g concenronof
the ref&ﬂﬁ%%ﬂff@ﬁb&ﬁgem\@f}réah ﬂﬁnﬁ@%t@ﬁé @.5-Thev DA gemaiNg atgsnine, 10
[Gted 1:1 wWith 160nM MySO4, 0. 0375 dextran sul fate
mM Taamr GI9ESrS mYhERT A9 oHAH- G Theomigaig @s&tm@ witheaddgion ef afpr
R t .
oxygensﬁll oh%t%ﬁgaﬂu%{]etrgﬁéyée‘rf %?f IF %cge_lfﬁcﬁﬁnt g]-&f&aalzr 8 fﬁb 5L
vessel i, &n). O(Dfstoil.&‘lpﬁﬁdle sharging rat@isljh?eé c@’emg’L anB nﬁxmg)spcﬁl is 200-

| i zat buf f er : ]
400rpriypEOgH hgECIboR (HPEISTRL. S B Rt B s g
Optmnﬁlﬂ'-/\m}p@dﬂ 8 kabillhQ 18 URRefdsd Buifer hﬁkﬁﬁ@ﬁ%'g&n (8. 8533

- 2 hours at roon1tenperature (15-3

cc/nnn@efoes rzéuhignk)sn plare phainafiesyy heyes tScoFinf. 3 hv éfpléwegs lmnmred by

o588 UL 00 OB LA o NG .

rée fighidicag rédukfier inobe pgedssMoluneaS-foll) mbile yetrgiinag the yield of

recove%dag\]% %?htég%é’%ﬁgg _ni qg P&%@gﬁp%&éh@% 8%_1'5 ‘l?évels of

denatufdleidhi Ofuefan@i Nt 19 bxEAGRat Wat TriCABGHAN apyplibdbi@inith€refolding
mass transfer coeff|C|ent ku, (e.g., for air sparging

of othey prrombinagiayein, Rie., othey gryorh @6“0501sparg|ng rate is
0.3-3 cc/mn/L and m xi ng speed is 200- 400rpm for
6-24 hours at roomtenperature. See Fig. 1 for a tine
E)\AMREE $k Sofgle Bfep ISdlubgizaGpt ighRé¢blding\E @ combinkes human VEGE
ilized in t.he refold buffer by adding nitrogen
CXPW&?QI@E&ﬁﬁnéméci cc/mn/L for 2.5L tank) in place of

FolubdiA8bn ﬁndméfbﬁimg&me bkt is/susgdnded Bl @i 3Eghﬂeﬁvolumes of
moni tored by SDS-PAGE, cation exchange F1PLC

refoldipgppier (ehis ﬁa%ed@fﬂéf‘ﬁlﬁiswm&ﬁ @Pﬁ?reqiléﬁamq) ety ke W celhpeliet,

rwhere %%Pfﬂ%b SRLrell SAUESL E&htéuﬂs f gFUper 20CERM Ve o5 ah ) DTT,

e nmal ntal ni ng recovered VEGE di ner
100 mMsirgibses Wem MoYris ezf GHES n@ miMh EDTH ., @bl $H8+10.f fimal concentration. See

B A RE T AT
shows HRecdult of 81 3p peliet refold (combo buffered solution) as described in thlS
example at pH 9.5 for 15 hours at room temperature. The denaturant concentrations are
varied as follows: (1) 1 M urea and 100 mM arginine; (2) 1 M urea (and 0 mM arginine}; (3)
2 M urca (and 0 mM arginine), while all the other buffer components (e.g., Tris or CHES,

DTT, etc.) remain in the same concentration. The VEGF titer extracted from these is
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200f ot her reconbi nant protein, e.g., other growth
factors. EXAMPLE Il: Single Step Sol ubilization and
Ref ol di ng of Reconbi nant human VEGF expressed in

woBEmednmedshi a coli Sol ubilization and Refol di mgr/1607/073496
pellet is suspended in 10-39 liter vol unes of

. 2brefoldin uffer (in this t el "conbo

cauivafit Ee R o B etpar ol SPRG SRe i SRpRaihe the HPLC
profiledBes @nipafbROMBOoDHtha 8 HokHéd dargeRtai ns 1 M Ur ea,

15 nM cysteine, 0.5 or 2 nM DIT, 100 nM argi ni ne, 10

rltiligitier am mEddmg ingubeismAs cpugicd a1 9o tefipprture for 3-24

t.i-an,: e Fi : ffe : -1a

hours S GRLERLY By B0FmEJranftel Qi &, -0F b0 2l AR Ak, For
2.5L vBisgluwigh Siasimowpe itgeliegsid dissmfging hisvedd pell3et 10etolio/L, or

; omho buffered solution), as.described in.thi .

03-1 SRR Anar b osfty 78 PP SR FEIRE B B PeRTer Se e 5 or

the effdi€of0RIGhE KRB arm@RHeNbH Bleir@RRliRY @&nidlohe OF@%xhapleOMs VEGE
(1) 1 Murea and 100 niMarginine; (2) 1 Murea éand

contaigyngllgf Hrhiddsy to thgcombrbyifergd selntoatmid H giametept 1:39 (pellet
WAL : I r ..

ke to YLD, e DL Ut DAL Gl FRURONSAL L6t e

rate waEheryERE cedhtae textiieact sed.d ofdm G0 &)i0s01, WPO.1 min-1. The tested

. .2008/008975Pa/ 1 007/073496 equi val.ent as . ‘
MIXINE{ER Fh‘?ar‘fg gﬁ“g;?"’ GF% é ?%'BF’i TR ARG ’?\élbtbé WSORPIER Yy g |
oo/L/nSVES dchiahid. MBhd REtaCwRFOhbhigsedd@r GaRFe AbldenWtdduct

r without the presence of argini

.0 e O gl ni ne. .
qualityspemptinLiare8ies arrscried B B Sghpweamaitabls mreducbdiplibt bgthe
oo ] QARSI LG OBlrfng uSABIRRG  SPALGEGy o
temperiordfot np m- dboul 48 hoyrs. FOptiordllg, VEGY easd stebitiredna thayefold buffer

type i npel | er he air sparging rate. wuld be 0.3 to .
by sl iRy pECeof 6 3 The slReirieitt S St h afer O gubosee Fie.
7, whichGshBWE tHe risilth €ofi X2REpipslidGSFoD@s H@ibedSAE kI le IBin the

for_the effects of varying air_sparing rates on the

presengetgirdp 8o keonBOPT BHE . oFdACcéRivp for 2.t hgnkpgere at 6 hours the
nf® BEA {9 uREnREL BhuMBRiAHAS that Be L 161IGRTRABHES Gfbentiall
monoso?utilon a? pk{?dm%p é ra%ig OF 1:39 (pelﬁpt f% t%uly
compldie)f fTae airsparTimgaesubstiutadesitt Nofe.g.dnk s 0 enipt bfeanp tb 48 hours.
- Lh 1 Xi.ng frate. an I ar gi 1 ?g was o
As secf R 5 Al iR afish B AL P PP B0 e olaime s
monitofdd) byISIB-PACE, ciidh Hcharke TIFLCQ &5t @UIPIOGhAgitagr@phy ¢blumns,
each tank were 314rpm whereas the range for the air
and/or Hspagi Hlhms from 1 cc/L/min to 25 cc/L/nmin The
reacti ons were nonitored over time for yield and
product quality. The rpHPLC profiles presented in Fig
EXAMPIghBl SomretiabR efosingrefdtecqualianiPbtem t he resul ting
Lﬁg%]lgeg"zgch%égﬁg J\g{oleg cr:e,al1 bzrf)og%sﬁ)du tgl r%go%l'lllaiXant tppo eih uok%r?otf_z,legirz]ed ina
model 15 M laboratory homogenizer Gaulin 15M (small scale} or M3 (large scale) (Gaulin

-

Corporation, Everett, MA) and diluted 1:4 (v/v) in refolding buffer per volume of
homogenate and sparging with air at a mass transfer coefficient kr, = 0.004 to 0.0Imin™, (c.g.,
For 2.5L vessel with marine type impeller, the air sparging rate would be 0.3 to 3 ce/min/L,

or (.3-1 ce/min/L, or 1 ce/min/L, or 3 co/min/l. while mixing is 200-400 rpm). The refolding
buffer contains 1 M Urea, 15 mM cysteine, 2 mM DTT, 100 mM arginine, 10mM Tris or
CHES, 5mM EDTA, pH 9-10, final concentration. Refold incubation is conducted at room
temperature for 3-24 hours. Optionally, VEGF can be stabilized in the refold buffer by
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15 tenperature for up to about 48 hours. Optionally,
VEGF can be stabilized in the refold buffer by adding -
nitrogen in place of air at the sane spargi ng and
wonMs@etsat e after 6 hours. See Fig. 7, whic Fs,lt)ﬁ .
the results froma 2-step pellet refold (ashpesc$@%gg&w6
in Exanple D in the presence of air (e.g., klLa =
addingy et Rlago of aip atiercd by Telridncabgion; ik Yoldingiemanit@ed by

cation QN gl HPL@DﬂJZ{tﬁ%Bﬁg&F %glghg' a?lgég F]g%agr}nrilsfﬁc

i ndi cating t ere
substantially 20conpl ete). The air sparging is

- XANTBRR AV SRRt O il yhen Vefie (i) afer et

spatil@tion: Hhawdidyod hecpiiRls Jma@%toﬁ 5(61 o‘o% g'fﬁ‘lgl i's
noni t or. ed SDS- PAGE cation exchange H
conceniipp et Ly %ﬂﬁrﬁ%\g (upHy 20¢tharresnirdugition (}@e%)rx @fcmrzﬂ@mutes at

4°C). Zhe w Lokt 1 Iﬂllen f{ﬁkf—é?e @Lu!ng tdegﬁffﬁévﬁ-i- '692200 n?%lBIaa?l% filter)

Protein Escher la C ceII
prior tp eapdire ong nisedbmbilnesin (@apthMC“é ity h{a@&maﬁemscaﬂamy, NJ) at

o (RSBl 1L SORLaLe" Yo hommaenL s o L ol (R,

ethbEatmn&Md,mg\%bffeﬁﬁﬁH dich Gltetd 1CAnd ¥pW filtdt ¥ @ DL BY . membrane
fer per vol une of honpgenate an@m§%§rg|ng MA# air

flter) Bijor45 e oF 3G MogRRP UL AR MRTC. % G Bga e, Piscarawey,
NIJ) at QH@]dﬁH rcgﬁducﬁ%t}g< 10385/EQ" The ?L—cﬁéﬁ%&%}n‘g\% E({]Jéin%gtteg étthy2%e

qﬁ he "air sparging rate wou
HEPES R r?im;fOIE to ioadlgg ghelsamplaymthe colomnl The MEGY s eluped Bom the MMC

oG040, 4 R SEBE 000 B o T gt A,

0 CraodgICHT peol id OeivktEd icspI@n, sGHES). 1 DdddRRT AyvdrBtde and

ration. Refold incubation is

ditiod A S P Gy Btor & shncousas Abiomparose H column
(equﬂﬂ@t%ﬂ Rl SoymVMEEPES B 9. S m’}%@ﬂz fs%iﬁt@? ltl%’}l?%' 4 E{‘%Q’L gal%gradlent

buffer by adding nitrogen in place
compogsg @t §0 pa¥l GIEPE e Bal]] SodlumetatmﬂJId 715g)wes 1(h20 Edlomedobynes

HPLC c raph /0
(o L BULER SRR SR Horbhs (G BB aBgrenans win
the thH{nsnﬁJSoﬂdE@E @VJ@VEﬁ:{jOIaﬁﬁﬁrat Reto8 @i Gypically contain > 90% of the
flcatl refold pool i s clarified by adding

VEGF atr%ﬁo @gﬁ ﬁffglegplchﬁ%ﬁn oivedig-Bat i on of 1%

1
P Ut 65 CROLOURUITL 0 1, P09

Baker, Phanybpeptiaross Rest Gt ﬁomsub)e GOBHIg AgararPi@adbap, NJ) The SP-

"~ Seph ard}E @P" &?t@a pé()o?\/f\:s/ﬁ%n&% ih rd'_%)cﬁ(){rﬁg tgxg rggn cigxggrtr%%({}%?plgoms)od%n

acetate pﬂ—!;o@lumm shlfatrmpht&té@ waﬂmg@nmhﬁﬁﬁ@lﬂbraﬁadtcbﬁﬁﬂi (59 mN1HEEPES, 1.2
refold p s, di
M sodidyS seHitte F0P 151 S BTt nEOUEEE thawdsqqaaéwalfly ine:5QmM HEPES,

| f
pH 7.5 ﬁlﬁ:iglf’ p?dg @56 i;nagjuzlregé ?cgr rfé‘lgglrrh?tigelﬁfst &-114151 biticl @ﬂﬁlﬁﬁ'ﬁ?ﬁi&g

Fracﬂ()@rq_ggiegqﬁ@ apdthopg g/h@hmt}memyopaﬂy-@lld@i WROF, as determined by
s SR, o000 TSRTMTIE IS LT By
performethe. gafspiﬁ moﬁdﬁl@dﬁ:@hﬂm; redih€e. yEﬁfenWB{ASK}%rggn E};E\A&xﬁhéeh@sm
ol u crati ar ne
PPy e T pouph Yy cin B lefereg on ssvpe
regeneréﬁécpédm'ﬂl\ﬁe BRAbrdrs (ﬁdi 1@5&:@&[ T Rflekr 8 a%ﬁ&nga&onl\&f%ogtlﬁﬁl)

¥drOX|de and
The sample 1s diafiltrated with 7-14 DV (Diavolume) with 5 mM sodium succinate via TFF
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diluted with WEI to 20nS/ cm conductivity prior to
| oadi ng onto a SP-Sepharose HP col um (equili brated
with 50 nM HEPES pH 7.5). The VEGF is eluted using a
wol dotigakergal t gradi ent conposed of 50 mM HEPESCG ka7 Wr3496
SOdI um acetate pH 7.5 over 10-20 col umm vol unes
col um vol u #gand fract| QI’]S %r colll ecte

System(@ 135’11% R favraylateg ko tSIIAEE &k (h Codhe fer
used PP RANGE @ BQAtmMs() MBsIRE detfdiilG. Ul%tﬂéﬁ}sgf%laieﬂ()/p}l 5.0.

contain > 90% of the VEG- and are pooled for further
processi ng. See F| g 3. The third

Ly
exaof B B S8 B A DU RIS s
Rrowicllion T béfold%oﬁﬁaildrﬁ‘wﬂrb@ adBing TaitanWsyL 00 A} ﬁnéﬁhe

SPSepharose. HP el ution pool is caonditioned to
concendigfiof ek | %1 44SHEE Pl Fids (%dp%%n%%lﬂ%@t 61" 39 &ﬁ% o 10

hours ﬁwrft@&e%trﬁh%&{ont Qxﬁe"?/??dc@&n@ﬁn%& B&m@ﬁgé h'()th@t fo@ Qb lﬁﬁﬁutes at
sodi um acet at e,

4°C) tmremvh@thvE@e é¢n§tt§ paitistesrthe re@;avqrgad m@(@m IHEEIE@I thplrra
series of d%g%r}ﬂtergqand%%) nle uzbﬁ‘?zﬁakly 51%14§ a:}l fﬁ%rﬂg%m&% tlhe fine

1es T and aggr ega es t1 ONs are
pamclaso Irh‘éEGEds thbal cet;hm& omﬁalmhecbmbﬂaremﬁde)ptomﬂdiw fGH Hedthcare,

,Piscataﬁv&& ]g@ at £%it 76?%1 gu%%rltg%(sﬂa({rirlg E]ﬁe{;]l oy aregprrated

with 2% SV @I—H‘,%rﬂlipg vor ﬁ) Badin K%l %ie%m@le&ﬁﬁﬁ@golﬁiﬁﬂr Q‘H@ OBIE is eluted
resin (e or ion exchange resin.

- g.
from thol MM&F mltlmatlsoew:lmlbzr W1ﬂt1 P&tV dnarginiiee BHolbE waM/BERES an pibled-9
(., pﬁl’)t afl |tered on a 5kD regenerated cel |l ul ose nmenbrane
= a? | abscal e TFF systemto a concentration of 6 g/L
(TlHEf_)apto'Rnglg ppblais adjusticatd i 7atveth Ol tsodivlbd higlfoxide and

diluted Y Y ORI IGO0 107 SO0 Ly o S oD afes T

Peﬁonﬁzﬁfc@‘ébﬁhﬁQc@hh@ﬁ{eﬁ e 2 St®A Hﬁ?E@tpH' BOC.ThENEEGF is eluted using a
fornul ati on buffer used is mM Sodi um succi nate/ 275

lincar salVieradedih FesRosg nf/ ol aﬂ‘é/ﬁﬂ’@‘iﬁd}% -paIN §@¢%@taéef@@/pﬁ¥ § oger 10-20

B S 2 2 SERTRLAA LR ot

The fracedel witipthe highsstabsorbirice dz B0 acdOfgmEx ot -Si2m%/ dO0ybioaiby

conain 0%k SARSGRGE 341 80 20 M BELSSLD0E P BT fmognny
tep ind}OdbsS HYHPhoBi® réeleld. fuIdbhANT. TABIKRF, PREDE SSHHlAGke Fst FI
e lnt hescent ri f?nger 10Ge0g00 X Mfqor 20 m nutlgg a?ﬂ 4Ce o

(low subg éleﬁlﬁ@airea%@atwm Ny Bl $F-Serbwrose hP ¢leliammooet 10aded
directly & &fl(%‘ h%seﬁgﬁg}a&?cfe fic b&uﬁ%ﬁ(%?%%\& %E‘PE% g% %@§oﬂm%§&&t@ ep% 7.5).

See Flg 5l Tae éfH@F elarmmctahea};ty & 0mpBHEPES g8l 715I11VE&% po@l is

analyz 8? {e%?’a d st 2@5% 188 Ré%) soglebrlg%ggeéfgap rac 10ns are collected

and th(ﬁ@ﬂiﬁi—kﬁtcbﬂﬂain)éd ﬁrdb@rlgﬁbﬁi% VHUF, Redathifcd B3M83sdy§ described herein
qE}iglllbrated wi t h mM CHES pH 8.7 prior to | oading

are poofdde HivpREY. 8R aﬂﬁ@@%waﬁmt%@h\yeep is gergqred i firtdps e ve

~ host m%épégmﬁhggg%hgﬁgh}%h%&g gx(g)gMPQ%@{% g 'B?l E%%Icl?a%ge

resin. pool is adjusted to pH 7.5 with 0.1 N sodi um

AR etion B - Cheltih b 7 G fos e sl grpn 2D

regenerite ReMEbeQh ARG FOSoHMerCROTFF kit GRkIoh (2 cdbetieMillipore,
HEPES pH 7.5). The VEGE is eluted using a |linear salt

Blﬂerlcgf%)é% corsRpEyid offl0s0- than diebltgred with -\ Sdiavalpmes (eg., 10
Y

V) 3L A R o e ke oo B R S o
volune). 20 The fractions i th the highest absor bance
@280 Dm (OD nax at -42nS/cm typically contain > 90%
of the VEGF and are pooled for further processing.
The third chromat ography step includes a hydrophobic
resin (e.g., H Propyl, J.T. Baker, Phenyl Sepharose
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15

20

25

30

25 See Fig. 5. The VEGF elutes isocratically into 50

nM HEPES, pH 7.5 and the pool is analyzed for

remai ni ng host cell inmpurities and sol ubl e
woag@roegmtes. Fractions are coll ected and t hoPeTwisz@hi073496.

cont ai ned properly-folded VEG-, as deternined by

assays described h in are. po pnal |
VEGH FRS N HERTCHEGRT a4t A L EE el ety o 20iH 5.0
thatcaﬁggg@&rdaﬁegm@e host i nmpuriti es e.g., using a second
drophobic resin (e.g., Phenyl TSK) or  ion exchan

le VI: Assays iqrﬁeﬁmmmafqléw pdgriRurifigd Reppmbypyat Protein
e%l?ody &s@sedeg&xgeﬁfh'e}eﬁr? rﬁﬁ? @%p‘?aM ac&&gf]ﬁl%eﬁsessed

0se rane i comrerdia system (PelTicon
by pepﬁde:magimgshsul\ﬁdel mygpire, SBSHAGE ¢enth Mipctdoand non-reduced), circular

congen ti nof 109/.L diafilter i.th 7-.14
dichroigyonliagopa e bige ALY FEEh Pert L e O (o
Hepanﬁlﬂnc SRk E DY REErRIRANCES dan& FotdchBRtiGORdAEV Gﬂmlsfolded

5g/L WO 2008/ 008975PCT/ | 1S2007/ 073496. VEGF in 5

species g area Ruec CnEHBLO rhismatesseniyde & adhRd? at @ﬂ@ce@f%lplcs can be

used to%(%:'téf'ﬁ]%l{ek{@%&?\f %5%%?35 %aﬁ%g%&nﬁﬁlgigq{fglg%@é sag&o s “Can assess
the quafity of neﬁﬂddﬂéé@ﬁﬁ), m@m_)tonmﬂmjg rifolr examepih cﬁﬂw&ﬁﬂ ejgr, K488 swsptor
i 53G0S S FIRGeBMha SPAREH LA S0, Hevec
potcncﬁ%ﬁ?ﬁ@lm&ﬁh ey adibafids, Mds ERdusgddis, e&d. r cul ar

|c r0|sm ['i mul us armbocyte Iysate (LAL), Cation

SHARES c lolgb REREEXPIBEYOT ¢ g, , Heparin HPLC can
k}f}% ?ﬁ# f#.rgﬁc? )i’l E@zrﬂ@ o/ E@Ee %JHE'E gfae@ gk 1safﬁéjasur8d using
vers ase’

a revershplosatiBHC aptuy ofier G18 c(ﬂlphlﬁ’U@pﬂér (E]é%ohmétenin éﬂa@gﬂé&nmarﬁ micron,

be used.to det e total n_wher.
by PAEPREREG B HAE: o 4 Bp B s 0 Ees T e B PREE Biid end
eluted ﬁsﬁ‘lﬁ 4 Hl%r Vhadeht of E96 R £5% Rtdghitle tdiddin@y B &ﬁ@t[foacenc acid
., KDR receptor_binding-Bioanalytic R&D
in 30 U&ﬁ avzﬂétra FascRiptBk B n dhé glyant sEmoniierpd af 28 One e sample is
I t
treatedgﬁé ?%@r dreﬁi'@ég(f}l gcffp@é%’ argﬁg nmEtloen%/A@tt e 1d£ﬂs S”Igleytégéed VEGF
proteinchixttes avdwrel 2tonal aﬂdE@p@km@&s gpd 10 malcmlptlem@rmum etiiptd ¥EGF
i sanpl es The antity of expressed VEG-F i s neasured
in the Sﬁgﬂpn%f% agn?‘g{}gté@%a Bﬁ%“’% HPLC assay on a C18 col um

(Akypistier refBl&dCOEGHN (4 6 x 250 nm 5 nicron, by
Phenonenex, Torrance The .colum is qlﬁl libra

.@M@@e&m&m- e BTpeEE R VRCT ditners is
determ.ldl'eg e 8 ?ﬁéfn il eéuo%%{eﬂaggéédf%ﬁeégnsﬁ %Phﬁc&@xﬁh@fﬁl(%@l SP-

cetic acid’in [ow'rate
5PW, Tof XI7ﬁr1m1m 19 dilveors by diesoli Elontumcp@Léﬁf @malz)sd"ﬂnmcomnm is

i QPS03 b SR . SR L BI85 A

- cluted @dink £EndF gradttn® Foii (to@dd sbhﬁmpﬁﬂdﬁ‘lc&r ig @qiitibagedbiffer over 60

| cul h f \VE h lLe f
min. T, gpﬁg%its gptgtﬁgrggg‘? %rﬁ,q;g orF E%mn Typ?c:al y?thte rr?ajgr?t%f Sroteqrg g‘

eluted in the first 30 min and VEGF is eluted around 40 min. See Fig. 9.
(2) rp-HPLC assav - The quality of properly refolded VEGF 1s determined using a
Zorbax 300SB-C8 column (4.6 x 150mm, 3.5micron, by Agilent Technologies, Santa Clara,

CA). The column is equilibrated in 0.1% trifluoroacetic acid and eluted using a linear
gradient of 0 to 50% acetonitrile containing 0.08% trifluoroacetic acid over 50 min with a

flow rate of ImL/min. The eluant is monitored at 214nm. Typically, VEGE elutes around 35
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Assays for refol ded VEG- (1) Cation Exchange
HPLC assay- The quantity of properly refol ded VEG-
dimers is determined using an anal ytical cation

WORNBASTS colunn e.g., SP-5PWcolum (TSK gelct8R2002573496
5PW 7.5 x 75 10 m cron, by Tosoh Bi osciences

min ang i %@?%ﬁ%ﬁ%ﬁ}[‘]’gmc& R Rer G g L o YR fygposhovic

Spec1e§ RRHCOLIHRB nlagn Flalil €R318¢IIEGF IhdiRater gluad 2eNnid kem 0
to 2 M sodlun1chlor|de in equilibration buffer over

{ssavird W G83ldy 2nd Qergbtyrhpeepedly A¢fplided

, t |
Voo S AR B B g,
5PW (Fbg.7 59111113(1)@ ﬁ])crmp TR &1 &y Sagoh Bibhaenpea LLCy J a@hn}js epahibrgted in

ol RSB S SRR LR PO AR Beor

mL/mif e UePlR0 iseute SaM Ba Ghak ?zad@ﬁi frorhivet Tl t T MSsodium chloride in
equi librated in 0.1%trifluoroacetic acid and el uted

equilibgpgion Gutfer e 8P Muk-alh some 2672y dioggspiensdn dAmtip [Tae eluant is

I
moniREHSADRE0 Al gL LLUTE AL RS S B
clagses2f MG Tyqild b 1dgntifEEGThelhighest aiioitn tht&6-clut@e species is identified

oo com S0 MRRIR Pl e pa oo e S o RRE i ng

edge hydrophobi c species relative to the nain peak.
Unf ol ded VEGF nononer elutes 2-3 mn _|ate

{8 Megrpiond Biehie depo Sﬁﬁa@@mﬂg@a?ﬂ qrﬁ‘éodq%mﬁ Q?cahfai herein are for
illustraﬁV@ﬁ&rbB%s 9{11)79159 Rk LRl Fed 6] Eﬁ%:r dhSin @tu‘?ﬁ%ﬂt rt‘l?e‘i‘eof will be

usihg a col um contai ni ng | nob epar
smggxmdwmpnxmsp&ﬂkdul3w5ﬁmndimﬁnbeﬂ5muhﬁvm@mmﬂcﬁpmwmiﬁmwwmﬁof

tis i it SO0 CHivp USRS B 7 APty R end

patent SPUicAOng i@t halein oA heelfl iavrp@bRd b rdferehédinnhéinentirety for all
colum is eluted using a linear gradient fromO0.15 M
pupose®H 1.6 M sodiumchloride in equilibration buffer over
20 min1n sone assays, elution is done in 16 mn The
eluant is nonitored at 280 nm Typically, the
majority of proteinis eluted in the void vol une and
3 10cl asses of VEGF could be identified. The highest
affinity, latest-eluting species is identified as
correctly folded VEGF and is sonetines identified as

"Peak 3 VEGF." It is understood that the
deposits, exanpl es and enbodi nents descri bed herein
are for illustrative purposes only and that various

nodi fi cations or changes in |ight thereof will be
15suggested to persons skilled in the art and are to
be included within the spirit and purview of this
application and scope of the appended clains. A
publications, citations, patents, and patent _
applications cited herein are hereby incorporated by
reference in their entirety for all purposes.
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CLAI M5 WHAT IS CLAIMED IS - 1. A process for
recovering a refol ded reconbi nant protein froma
prokaryotic cell culture, the process conprising the
steps of: (a) isolating a reconbinant protein

fromthe prokaryotic ce ure; (b)

sol ubili zing said prot ebh“lﬁw[% first buffered
WHAB® tiiAgmEphk-greater than 9, conprising (i) 1 M Urea,

300 nM arginine, 10 mM CHES, 5 nmM EDTA, pH 11, fi nal

1.  chpeenss & raayerorg g fefgldad tcombimanBooteiramgi prpkayotigeell
ultur"ijRl Sé 5 nM'EDTﬁie EH 11, final concentration;
Citurds £3° RSP GPTHEI YRS 4'°S61PA8T i zed protein in a second
Btaj {sBla@Hg 8 Pt dtlitant PHbteif fh tife pkdkargaiguellsuhgre(i) 1 M
r

ea, 15 mMcysteine, 2 nMDIT, 100 nM arginine, 10
nio) eMEsilizmesMdmmatain ipra finst buffered sdlwinne it ateptshthag 9,

o Y AR g Ry T 091
concer@QAGENr(H) | M Uréd) d0a et targininef 1GinM TRISGMNEDIA, pHCH,

a tinme_ and under such conditions that refolding of
final congenir@libi nant protei n occurs; and (d)
&Y | aﬁlaé' £l in] RGPS RARIFFRE o RitTom, $ITP®but <
p@g%\g@giﬂgfgs C gﬁ%’i@i’eﬁ gtrgléllrlﬁ%t he(5 r econbi nant p?b%t ein =
11, cotsprsingr(Ovt W Traf b mM citteinprbmds DAL 160 mMnagzinimheilainM

t he gr f of is vascular endathelial. gr h, .
cresy Send et et T0.3inph EonsEcalud: of Ui aptinsd. \itoblvivging, 052
mM DYFF00 SIWEFHiRS 10 mPt TRIE SRASCEDT AQbIICloa il bon¥¥h@agb and

the reconbinant protein i's incubated in the first
additidnuf{fasre dxsgdnufor sechfzoimeand sadar stcthewnditions that rfolding of the

ocess of claiml, wherein the solubilized protein

r
recomﬁlgal?tr?é?fﬁﬁltotfﬁwishm’( e second buffered solution for
A icoverin? W REIE recombinant protein.

2. The process of claim 1, wherein the recombinant protein is a growth factor.

3. The process of claim 2, wherein the growth factor is vascular endothelial growth
factor (VEGF).

4, The process of claim 3, wherein the VEGF is VEGF65.
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7. The process of claim1, wherein the addition of
air or oxygen is provided at akLa = 0.001 to 0.1 8.
The process of claim1l, further conprising
stabilizing the refol ded reconbi nant protein by
adding nitrogen. 9. The process of claim1l, wherein
said recovery step (d) conprises clarifying the
second buffered solution with the reconbi nant protein
and sequentially contacting said refol ded reconbi nant
5. pIied@odes of éaim  cetheetbethe hrcombimagr prptvic issugybatet] in ghe first
cationic chronat graphi c support, and a first
buffergd spleiondpr & @ﬁ?égﬁPﬁgraphlc support, and sel ectively
eluting the refol ded reconbi nant protein from each
support. 10. The process of claim9, wherein the
6. ch:wrprbgﬂsm gf cltimp 1 ;:thr-:msths solabiﬁzwgpmmue fsgeenbated in the second
centr n.of 1% adjusting pH to about
bu&a@d%ﬁgl 197%%@53 26h§Wiut|on for I to 10 hours at
25-30C, centrifuging the solution; and filtering
liquid recovered fromthe centrifugation step. 11.The
process of clain19, further conpri sing contacting

7. S%rpggﬁeggp S I8 %rﬁr ap% F@({lgélggf;m{ 8 B8R ?%%ovided at aky, =

0.001 ®Xchangt support and sel ectively eIutlng t he refol ded
reconbi nant protein fromthe support. 12. The process
of claim9 or 11, wherein said first and second

r LE -1 (AR Yol aleTeo BN

8. t eIgB%%g conS|g?ﬁ%ggf?R@%FVﬁggﬁgg%%%?Fsg%%tyI-?&ﬁ ¢

proteitphemiding @itrdgat.yl - agar ose resins. 13. A process for
recovering a refol ded reconbinant protein froma
prokaryotic cell culture, the nethod conprising the
o o&{gs of 1iin rs\se},@fe iPrel SR OED A coRR&! darfyRiP the

e prokaryotic ce ture; (b) solubilizing an
secondr teffferel sohutmi withp ﬂmtrecmnbmam phoeitinemd degohtialisoenntgskng said

ut < 11, with addltro of alr _or ox erein the
refoldg o AP IR SCBER Fods SpTop o AP PR: fph onid
chrom#&¥ D%’aﬁhle %uplp%ri' %@I-first]lgf@rdﬁ{bﬁk Q:hfﬁnﬁh% graphi O MifpdeSand MM

final concentration; or (1i) 1 MUrea,

selectiyaly nimtmgsheenefrédecbresombmnwam@@mmlamgqpﬁﬂne 10 nM

TRI'S, 5 nM EDTA, pH 10, final concentration; and, -

(c) recovering said refol ded reconbi nant protein.

14. The process of claim 13, wherein the recovery step

conprises clarifying the
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solution with the reconbi nant protein and
sequentially contacting said refol ded reconbi nant
protein to a mxed node chromatographic support, a
cationi c chromat ographi c support, and a first
hydr ophobi ¢ chromat ogr aphi ¢ support, and sel ectively

10.  ahuipraugsd declainf lvehedein rordyifying stqr eomirises: ndding deigreent to

a final %QIEEI%?EUOH]D? 198 %d_ﬁjrsﬁ‘pf?% & Bb(ﬁ{é ?‘ 191y %%c%h@i!hg isBlutiB@ for 1 to 10

St & gent
hours af Qﬁéﬂ"@mu@ﬁuglag ﬂmebfﬁo,n%nda@ t@}‘@%& H@“ 'Effc%ef%ftgalin the

centrififrafl i ncubating solution for 1 to 10 hours at
ﬁ%g %’8& pcentrlfugl ng the solution; and filtering

l'iquid recovered fromthe centrlfugation st ep. 16.
11. m%tp@&&%@fscmﬁl g, Ifamgerbampmmgeiomabmg sait eeridldedhrecombinant
rotein is.n t in th '
proteméB 8&?‘30},1‘1*(}’@@1? R oma:[%gra 1 pépg)g‘tzgr Saﬁg ﬂé}fc@lﬁnrée%upgort and
selectivaly élﬁtmg\ﬂlerrefoﬂdeﬂhecomimnmmr@nlm fromdrersyppeitt at 2- 40C.
18. The process of claim 14, further conpr|3|ng

contacting said refol ded recorrbl nant ei.n 1]3
12.  Jdequecesydf dpnodee 1 bivhssein seiddpp ads ﬁht dggphabici o

chromfﬁ g8y Qkdlc@Rd froR tﬁ@%tdi@i donsiktirid dfhutyle prafydd, detgl-,

onbi nant prqotein from
phenyl- and aryl-agarose Tesins, the support.

13. A process for recovering a refolded recombinant protein from a prokaryotic cell
culture, the method comprising the steps of:

(a) isolating a recombinant protein from the prokaryotic cell culture;

(b) solubilizing and refolding said protein in a buffered solution, pH >9 but < 11, with
addition of air or oxygen, wherein the buffered solution comprises (i) 1 M Urea, 15 mM
cysteine, 2 mM DTT, 100 mM arginine, 10 mM CHES, 5 mM EDTA, pH 10, final
concentration; or (i) 1 M Urea, 15 mM cysteine, 0.5-2 mM DTT, 100 mM arginine, 10
mM TRIS, 5 mM EDTA, pH 10, final concentration; and,

(¢) recovering said refolded recombinant protein.

14.  The process of claim 13, wherein the recovery step comprises clarifying the
solution with the recombinant protein and sequentially contacting said refolded
recombinant protein to a mixed mode chromatographic support, a cationic
chromatographic support, and a first hydrophobic chromatographic support, and

selectively cluting the refolded recombinant protein from each support.

15.  The process of claim 14, wherein the clarifying step comprises: adding detergent to
a final concentration of 1%, adjusting pH to about 8.5-9.5, incubating solution for 1to 10
hours at 25-30°C, centrifuging the solution; and filtering liquid recovered from the
centrifugation step.
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16.  The process of claim 13, wherein the recombinant protein 1s incubated in the'

buffered solution for about 3 to 24 hours.

7. The process of claim 5, 6 or 16, wherein the incubation is performed at 2-40°C.
18.  The process of claim 14, further comprising contacting said refolded recombinant

protein to a second hydrophobic chromatographic support or an ion exchange support and

selectively eluting the refolded recombinant protein from the support.
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