23 Septenber 2005 | NCREASED RECOVERY OF ACTI VE PROTEINS FIELD OF THE

" INVENTI ON The invention is in the field of treatnent agg pur i ic?(é]d' on of
proteins. BACKGROUND 5 High levels of expression of r%?ptﬁ e sS of
eukaryotic origin have been achi eved in prokaryotic expression hosts. Such
eukaryotic proteins of  msfold and accumul ate as _insol uble inclusion
‘bodi es. in the prokarydNEEED RECOVERY OFAGEIVE BROTEINS o cal |y acti ve
protein, the proteins trappedFpLDOH PAEANVERGTION had to be unfol ded and
refol ded under hagsh condi.tjops_includi ng chaotropic agents and reduci ng
thiols. 10 Expresdiedwepfonds gythg frdd eftrealmest apg prelighenptpigtenukar yot i ¢ host s
avoi ded these problens. Provided gAekGilearaxpr essi on vector was properly
designed (e.g., with secretory, signal peptides, etc.), eukaryotic cell
lines tefd to co 1%’&161"55 Frgtsion gl magpppietng of @ikeny alicrisn bve BeRar yot i ¢
proteins as fwpkwdliepldkiieicSpredRNBYRY. , SuB cRARNHESTbERRs SKSi BiEBIaRAEd vectors
have been i%prov dtaq rrglﬁ?m %e_ 15 |l evel s of expression from eukaryotic
hosts, not dCFFUBFAE HeneaEHRT iRbopiFbndhsPrekepiobs best Ingpler ekt ed from

t hese host s Bidoditully B&ive pfidisg the pi@iSihs ®Pbéd/B ie@RoabOBLS 180 10 dGdIMMENt i o 'S
designed to oxerq&rre ug@éex re,ssi_on?g_robl ens, and mexi m ze yiel ds of

bi ol ogi cal | M5 ?ﬂémg‘?r b pondeioangdydipg-chppiropioageniT rdNeding oS nvent i on i s
based, 10 part, @ptehondifpeRIesof chiBalotip OfigiAln euRirydth@oRs SRAlAkHan Of
reconbi nant protein th (t-l Is expressed by eukaryotic haost cells is fol ded
into a nati WwEoPI§mS ?’f‘)é(ff@ Hghihs PPETSF g veodn wasRrPRariyslesigned s WidkitcEBBhd t hat
regions or dgaRlipagided, etcOERADHIRAAN L MRt SorfRYy REcel MR Me f 0l ded, while
ot her regi ons or Lﬁomﬁ]if ns may have _undesired conformations. Accordingly, in
one aspect, THEHYIRFSHEANGHC Brodipsde solblerofists- of 25 pronoting a desired

conformation of aoglysoskpbRn CREMRLD RorPKRL Bied ihPRVedBsaREER Secreted
i npri sj ntgtécont acting a_preparation of

froma |I]§n cell, the nethod co )

the gl 3_5053?" _ é’ﬁe"rpﬁﬁéﬁ PHAAEApt BistH: 1t of befreembisaniPioto PEs6f at | east
two confi guraad éeoRel frolmIBER hstsb intheddidC oM laathve Aok e Bh. MR inRhQ4LI N Wi th a
reduction/oxi dation coupling. reagent for a time sufficient to increase the

relative pr dPEFEIGNC BYSTOMS SBApsronprebmms ddrmaainirayiclds sikirlogiedyt her eaf t er
det er mi ni ng atthe pfoddi@t i ve proportion of the desired configurational isoner
in the mxture. In another aspect. the invention provides a reconbinant
protein isolated as defi nedﬁng%RY!(?rFmt, the invention

provi degda CONPYEE ink@ffiof BrAREHdSih Pekt,lof end BeovEd) Mot Al SRl Pesatidebi ned
above. 1n one epbodi nent the invention provides a method of contacting a

~ preparation regpml gané@ﬂ%@?s msed by eukaryotic host ¢ells is folded into a native

tertiary conformation. In addition, it has been found that regions or domains of

&‘.—\_

recombinant proteins may be properly folded, while other regions or domains may have
undesired conformations. Accordingly, in one aspect, the invention provides a method of
25  promoting a desired conformation of a glycosylated recombinant protein that has been
secreted from a mammalian cell, the method comprising contacting a preparation of the
glycosylated recombinant protein that contains a mixture of at least two configurational
- isomers of the glycosylated recombinant protein with a reduction/oxidation coupling
- reagent for a time sufficient to increase the relative proportion of the desired
30  configurational isomer and thereafter determining the relative proportion of the desired
configurational isomér in the mixture. In another aspect, the invention provides a
recombinant protein isolated as defined above. In another aspect, the invention provides a
composition comprising the recombinant protein as defined above. In one embodiment,

the invention provides a method of contacting a preparation of




t he reconbi nant protein that contains a mxture of at |east two isoners of
the reconbinant protein to a reduction/oxidation coupg3%%:&§q%%2@5;0r a
time sufficient to increase the relative proportion oft 8 GE
conformational isonmer and determning the relative proportion of the

desired conformational isonmer in the mxture. In another enbodi nent, the
i nventi on entParecemipyt grotshgatsopiana patie Af 2 feas tve sewers AEWE TEPBRET, t hat

has been prgadusad: RuERAIBRIdA @M SEYling ré@%érﬁ'f@a&iﬁﬂ@&ﬁﬁkﬁﬁﬂt@ﬁfc@@geitﬁ‘ coupl i ng
reagent, at a PH of aboyt 7 to about 11, and isolating a fraction of the
prepar at i on Gy HREoResiesal thedstired sodermpponsbsorpg and deerminimpibe g

reconbi nant poRdredn b WieldasirddeThi@domPREQENR tHe AixtuRl & SoltRfediRaRiERi Nant
proteins are.  glycosyl ated reconbi nant proteins such as, e.g., those

produced by BEIEFRGR Preasgeptactingg @reppralii il ip serombigant peteir &at hag bepdt hods of
formul ating frb@uct®sthirhMBiaRERAFia @&lﬁti&{ﬂ&)@daﬁox%cﬁ?iiﬂgereaégﬁ‘ti ita form and
conposi tions praoduced by t he nmet hods of the invention. BRI EF DESCRI PTI ON
OF THE FI GUREPSH 1gabout 1. apd igplatiscdractionrf diegempghonpirtbirat ogr aphy (H C) of
TNFR Fc. This preparation of TNFRFc elutes during H C as three distinct
peaks collected into Fraction #2 and Fraction #3, as indicated. Figure 2.
Circular Dichroism Analysis of Fractions #2 and #3. Near-UWV Crcular 10
~Di chroi sm nmeasurenents expressed in terns of- mean residue ellipticity are
shown in Figure 2. Figure 2A presents the spectral data; The line for
Fraction #3 is closest to the arrow highlighting the negative di spl acenent
at about 270 nM ascribed to disulfide contributions, and the line for
Fraction #2 is the darker solid line. Figure 2B presents the curve-fitted
data for Fraction #2 (small dashed line) and Fraction #3 (| arger dashed

.~ line). 15 Figure 3. Ml ecular Weight Determ nation Using On-line size
- exclusion chromatography (SEC), ultraviolet (UV), light scattering (LS),

and refractive index (RI) detection in series (On-line SEC/ UV/LS/ RI).
Figure 3Ais Fraction #3, and Figure 3B is Fraction #2. Vertical dashed
lines indicate where the slices were evaluated for nol ecul ar wei ght
determnation in the region surrounding the main peak. 20 Figure 4.
Differential Scanning Calorinmetry Analysis of Fractions #2 and #3. Figure
4A is the uncorrected data, and Figure 4B presents the baseline-corrected
data. Thermal nelting transitions are | abeled by vertical dashed |ines.
Arrows indicate an enthal py di splacenent. The horizontal dotted lines in
Figure 4B are used as a baseline reference. 25 Figure 5. Correlation of
Fraction #2 and Binding Activity. Six different preparations of TNFR Fc
(denoted A through F), fromsix different cell lines, were tested for the
correl ati on between the percent increase in proportion of Fraction #2 (dark

la




di anonds) and percent increase in TNF al pha Binding Units (light dianonds).
Figure 6. Effect of Varying Cysteine Concentration on %%Era on(?
~Fraction #3 30 into Fraction #2. Protein sanples were W vari ous
concentrations of cysteine (0.25-5.0 mM and changes in Fraction #3
assessed WRPAEFEl C. " Four different lots of TNFR Fc wePETHPBASMY for 18

~ hours at the indicated cystei ne concentration on the Xx-axis. The percent

of Fractio h lpt.that S _con tlon #2 is plotted
on the vy- %x?%ﬁaggpr%g urﬂ(e)a‘%ﬂ.Slr chr\gngmtgefn. esefrg‘? Fnétmi on on Proportion
of Fracti oelymylat&hmombmanm@ltﬂpiswhﬁs;emmmprodmchdwmmrydhotaﬁs ViBee treated with

vari ous co h ting |evel of
Fracti on #3 ae. %%d;é‘%ésgﬁ%ﬁxﬁ%? 54t o B i P8R0 3 b o dss

PCTI US02/ 0%8isteseiony prsd @mpes hp@dlfﬂdeffed’ﬁbthpemﬁ@dwéﬂl@mmgul fi de Exchange.
Proteinsfractions mreBﬁ[ﬁﬁﬁhQ%ﬁnbﬂQﬁ‘w .f@ﬁ]ysre or 4 degrees Cin the

presence or absence of cogo various Fi gure 8A presents
changes in HI C FgetBidop b&’f@@m@ﬁmm@mhdﬂﬁ)@ﬁmREBTMesents changes

: in TUC Fr aghepapiioftsr TOFRS elhids MOME mc&%%%&a%%keﬁmm%c n THE | NVENTI ON
The i nvent%on rovi des net hods of increasing the recovery of active
reconbi nan et e as F“Hl"ﬁ%firtl cular, the invention involves pronoting a

desired conf or nEgiron @fcu@rD:&{r&&rﬁ!Aﬁhlys@ oPFiERiohs3h AN, RkardyV €I Nant
pr ot ei ificantly, the inyention provides_ gentle nethods of altering
10 st %EEP

pr ot ei RS xResessd itarns olieyan 1edus SBIPRLY Ara kMM D chaot r ope

: L r gat rrﬁlnt smg@euz NFige 24 Qfes@ucalibdbiral Fhth; TRGIATHTEAtH3Ss Sdd&hode SDS, guani di um
yar oc oril de

ea). Using. the net f the_invention on preparations
of reconbfFHY ghbg’t'}f'% ﬁn?gé%"ﬁﬁ’cs%la‘ieﬁe“é Wgﬁﬁéﬁ)“ﬁé@&@ﬁ?@é’@“ hi gher rel ative
fraction, @i‘ltl'fbﬁtﬁ)ns nmmmiemmfacmmemdmﬂtertsbueumeeﬂgrram@eemﬂq@ a desired

conformatlon for for rec na rotein is the
t hr ee- di mefiSITONS ‘?g%tf?’ﬁ%?c& meiisdﬁ E’ie}"fmflﬁ’ii’fmf%gﬁﬂget’g@%é’éi’ )y resenbl es,
and/ orlﬁupl [ catFw:dedmnhxtWaght@Etpmhﬂmeoxfmngr@i-lw se€&ulngisgnng domai n of t hat

tei t i l. t ' th
proter SuRb ST IR AN PRSL LS SvamLagsgugben the
Gener al | y,dewmmmesr(@wmﬁﬁwmﬁlﬂ@t Bignre 3 41 Brction #3, ghd Pizine 3Bfis a r ecept or
protein, R des '\feﬁ’féal%?ﬂgﬂﬁlgglgﬁ%% Wetelthe LAYE wike v hf‘gii 5{)??-191(“ g affinity

(and, consequent y, a sociatron con a cognate |igand
of the receighbcterpptionmihptegion iteundios ihe guinpenkf ormatl on of a TNF-bi ndi ng

mol ecupe i | | @d’!‘fe@éﬁ%ls@dnﬁnﬁ 8%% i ssoci ation
constant for TNF (e. -a ph%egorﬂﬁgug%&%(l%ﬁgm Oh é‘ll r3(ejd conformati on
of a recorfBFFEt &eg@@pﬁptquiat&ragq Higue #1 prpgspta the baseline-corrected data.

Thermal melting transitions are labeled by vertical dashed lines. Arrows indicate an
enthalpy displacement. The horizontal dotted lines in Flgure 4B are used as 4 baseline
reference. '
25 Figure 5. Correlation of Fraction #2 and Binding Activity. Six different
-preparations of TNFR:Fe (denoted A through F), from six different ccil lines, were tested
for the correlation between the percent increase in proportion of Fraction #2 (dark
diamonds}) and percent increase in TNF alpha Binding Units (light diafnonds).
Figure 6. Effect of Varying Cysteine Concentration on Conversion of Fraction #3
30 into Fraction #2. Protein samples were treated with various concentrations of cysteine
' (0.25-5.0 mM) and changes in Fraction #3 assessed using HIC. Four different lots of
TNFR:Fc were treated for 18 hours at the indicated cysteine concentration on the x-axis.
The percent of Fraction #3 in each lot that was converted into Fraction #2 is plotted on the
y-axis. |
35 Figure 7. Effect of Cysteine Concentration on Proportion of Fraction #3. Protein
samples from four different lots were ireated with varjous concentrations of cysteine (0-

50 mM) and the resulting level of Fraction #3 was assessed by HIC.
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t her nost abl e than an undesired conformati on (when neasured in the sane
solution 25 environnent). Thernostability can be measured in any of a
nunber of ways such as, for exanple, the melting tenp@datxnicaber 29 ti on
(Tm). The desired conformation of a reconbinant protein nmay or nmay not
have a dMA@M&HES arrangement of disul fide bonds, altREGYMZIFEser ably t he
conformati on contains native disulfide bonds. The desired conformation of

For - exanpl o, a HEST PR SLHA BYRERIOR e b EaneS BHER TofioRares tr i mer,
tetraner, oratslahmom tiniperatutyiogh depreey @imrthepossenceodr abdence pf @ppex for  For t he pur poses
of the inv Lan.  t p ion" . DI, i.nA S its..three-di nensional
structure. Q%EV?B@%??STEI eﬁ?gg{%eg{é?%%%gﬁgge%g%%%l#@%@%t@ﬁ&%s’vg\‘nn fhe sanme primary
am no aci d 3B pigeraisckanggsdn HiEddcton B efer 1§howach ot her when t hey have

from eath other. onl yEESARAN BERSTPLRIN b 1OSRIENDION . T spaze. -
Conforners can B imverfion proviflesanethiofipf {nerefsing tienegorery aflaefive soambinantal f r eedom

ar ound bongeel® ! it nvoRkGAlRgs PARHR Lo iilbf{ erent structures
of a polypeptide Wwth the same prinmary amho 3 23 Septenber 2005 WO

02/ 068455 PerPsyoramrtisest arerupbiepoiiie Signiicantiy ihd igwrimiperdes | somer s” when

they have ginfié REiRdHs o£ MO PP BOSure FRRESPARMINIndRe SMGEHPY M ni ma, they
dlfferllérom each other in the way their atons are oriented in space, and

they ar® nBROTRE BrEpRiATeh 151 for shpmite sitong Amaiapta Rich e SIS, g2ediyal ent  bond. In

the pract i Bf@rdhlodide@r inBa) € Ukihgdhe maRYAE SO iMehiRA3h plepdfiBhisor CAN be
i nterconverte t%x 5 .for exanple, breaking and, opti onalolé%Freform ng

di sul fi de WEFRPRantprqien repylts g adisher pereqniagt, REighey Bl SiciOR A E s contacting a

pr epar at i orcaibidalt@rotgh melesydpahed witk & arhidvanbmited @ dsitehat contains a
.isoners of the reconbi nant protein

m xture of at least two gonfigurational

to a reducfol“%’ﬁfag?? %’5? feS?{nqbé%ﬁ ‘it%mp’égﬁeéfﬂm‘f“&m%@FW of aigtR Belent t o

i ncreas$® tinest tledeytrésemblpy; adlr dupbdateothe filetiod of itk agurlonNkhwgitzabmanal i soner and
10 determ g e rekative propaortion of .the desired configyrational

i somer in QF@Q%B@ U;S%c.hlgeqﬂﬁmgn%{gﬁreerparg%%aélgta?v BEEOENTENDE BFTRRFYi | s cont acti ng
a prepar at proindfintendeoderbicd amivo pr aotned anbiologiat has been produced by manmal i an
cells with-ar ! I ' | i I n at .a pH.of about 7 to
about 11, .and _iq%g%gﬂtl%?%&gﬁ? ?cg@ |acr)1?1 %Egmtcﬁgmbsggg%%?flaorﬁce%?rpg 4% econbi nant
prot ei n wi bhdesiredeanfermdtianovi brverabigion bindnedrity éahdrcensoqiontiyzriowapr ot ei ns are 15
- gl ycosyp at gdodif6R SRR Yor ﬂo%ﬁ'liﬁ&d%ﬂﬁg@: tor.SFo?%xalf’rglg,q}?eedeﬁlre? duced by

‘eukaryotic cells. The invention can sed to treat just about any
protei n t o°opioarAgerots TE dinding molspiowithhavearhishy binding effinitsi avd glowerr al | y

under st 000gids6kidliBn Snkteh YR ERF (L€ T8iF-.Bha) €ast about 10 am no acids, nore

preferably at | east. about 25 am no acids, even nore preferably at | east
In addition, the desired conformation of a recombinant protein is preferably more

thermostable than an undesired conformation (when measured in the same solution _

25 environment). Thermostability can be measured in any of a number of ways such as, for
example, the melting temperature transition (Tm). The desired conformation of
recombinant protein may or may not have a different arrangement of disulfide bonds,
although preferably the conformation contains native disulfide bonds., The desired

-conformation of a recombinant protein may have other tertiary structure characteristics.

- 30 - For example, a desired conformation may be a monomer, dimer, trimer, tetramer, or some
other higher order form of the protein. For the purposes of the invention, the
"conformation” of a protein is its three-dimensional structure, Two different structures of
a polypeptide with the same primary amino acid sequence are "conformers" of each other
when they have different conformations corresponding to energy minima, and they differ

35  from each other only in the way their atoms are oriented in space. Conformers can be
interconverting (referring to the rotational freedom around bonds to the exclusion of

breaking bonds). Two different structures of a polypeptide with the same primary amino

3




about 75 am no acids, and nost preferably at |east about 100 am no aci ds.
The nmet hods 20 of the invention find particular use in treating proteins
that have at |east about 3 cysteine residues, nore prePercabmpeagOdeast
about 8 (‘:%setel ne residues, still nore preferably at |east about 15

cyst ei ne WRYI8#85, yet even nore preferably at | east BEBUBNB8545stil| even
nore preferably at |east about 50 to 150 cystei ne residues. Cenerally, the
nmet hods of t e |nvent,,| on are useful, for n duction 25 processes
for reconbi} eueﬁ?eo (H’% E%WB?%rWhe’bP‘SSE i} Aé%f 8@}&6? s produced by the
process of cgewh@ngmmyrgymm@eym&mmﬂ@&naﬁhacwaelﬂglrmﬁmarag" refers to
any reconbin : r el | that
expresses glq%%%gs%%eaﬁ&th%ﬁeve&n 8&%%:0’( Igf%?wa d/or a mut ant

f or m of t hbongehghe pravticstdf e ingentiors com@atmadﬂ lisoners cdpbeinteravavesdddyt ed,

transf ogmeg . or. .t ?ﬁgqﬁ) 0l ynucl eot i de nol ecul e, and
30 thereby él taem cgﬂ g OtnBl @e {ﬁ?péogﬁ)al ter expression of a desired
protein. Met hod&%ﬁtb@e@?@ﬁ@ﬁmﬁogembwmcmgmmﬁmmfﬂlg cells and/or cell
lines to expleAsedteddnBinglt Pron that %ﬁﬁ:@§hﬁﬁgﬂf\ﬁﬁk4 t&r@%ﬁﬂp&%&xﬁose skilled in
the art; for exanple, various techniques are | us ra I'n Current

Pr ot ocol s 1swnwfél@afcamblmnbpretmm@m@fowuon caugling reagynt ya 8mSons,  New Yor K,

1988, and giidneth Lmérehuae@traa%);eﬁ@ﬁn&ﬁ%@%u&%oﬂgmau&{g'm%&waﬁ& G oning: A 35
Laborail(ﬁry Manual (Cold Spring Laboratory Press, 1989). (Genetic engineering

" techni {lies qW%@eﬁﬁhv%?rép%?qﬂ‘?ﬁeﬁ@C?@%ﬁ?ﬂ“@ﬁ@m@'ﬁn%@!@% t ar get ed

“honol ogousin aﬁ&ﬂ@ﬁegedmeuﬂan@ﬁ%ﬁﬁ G&lt&’éﬁﬁg'a ln@bn 68 LR contbRent SRRl €, U. S.
Patent No. 5,272,071 to.4 23 Septenmber 5 WO 02/ 068455 PCTI US02/ 05645

Chappel ) aﬁﬁ'hﬁsrb&?fbpr%fqd\%f“?’ﬂﬁﬂﬁi} G@ﬁé’ﬂtﬁé@fi‘éﬁm{‘?x&iﬁ%@@ﬁ%ﬁﬂ&m&ct ors (see, for

exanpl e, S&g@Hofﬂ)butattaaboﬂtﬂ@%ndﬁélﬁtﬁlgam@tﬂonoﬂﬁeﬁﬁepaﬁﬁﬂnofﬁﬁp\ 96(6):2758-63).
The invention.finds art l.ar use |n i nproving the production of proteins

that are GrPBEYPREE %ﬁe‘fl?"(? p?’off%"idﬁ%co‘itﬂl’i%ﬂnt%{?t@ﬂ%"’é%ret ed by fungal
cell S!/fst%Mo(y@i@recomﬁﬁﬁtproﬁniwb}%m,mﬁrbﬂil@dd)byat&ﬁyﬂfﬁ;m| ian cell systens

-wll be glycos ted.. Preferabl t he roteins are secreted by manmal i an
production cel ?&2’951&%8?“%?“I""“S‘gi)tt%#ﬁfws%é?‘!?m}éf@f“mtaPmm%‘ea Fﬁ‘g of such cells
comonl y umelirmatior. h*‘eprpﬂaizld@aneyallamieﬁtdﬁﬁ to V=Rl idpiide of 4@ least abo@Ml (i ncl udi ng
Cos) , 9 | | nes speci a i ne PC12 and W3
8 cells. E a:éfd gﬂ?efr erre 20 s'af Iaés]l arvgneﬁﬁeﬂygeg%%éﬁﬁ%sgr ovary (CHO)
cells, 10 f\hmtéﬁmmn@awdsmﬂym&m@ﬂrabbmlbds@anMmﬁnmdmehsmmhmhl conpl ex

" d anti bodi
iRk R ey b Al Pl PRI B 2 Do €5

Chem 263: TE355%, GOS Prelerbit shlseshebort Saystcincxeites, gillbiote préferchiort foa 6 231- 239;
Wood et  alabout 198Beine resitnBTYBRben bt ;O IerP R 38 abolM, still even more

preferably at least about 50 to 150 cysteine residues.

Generally, the methods of the invention are useful for improving production

25  processes for recombinant proteins. Recombinant proteins are proteins produced by the
process of genetic engineering. The term “genetic engineering” referé to any recombinant
DNA or RNA method used to create a host cell that expresses a gene at elevated levels, at
lowered levels, and/or a nmtant form of the gene. In other words, the cell has been
transfected, transformed or transduced with a recombinant polynucleotide motecule, and

30 thereby altered so as to cause the cell to alter expfession of a desired protein. Methods

and vectors for genectically eﬁg’ineering cells and/or cell lines to express a protein of
interest are well known to those skilled in the art; for example, various techniques are
illustrated'in Current Protocols in Molecular Biology, Ausubel et al., eds. (Wiley & Sons,
New York, 1988, and quarterly updates) and Sambrook et al., Molecular Cloning: A

35  Laboratory Manual (Cold Spring Laboratory Press, 1989). Genetic engineering

techniques include but are not limited to expression vectors, targeted homologous

recombination and gene activation (see, for example, U.S. Patent No. 5,272,071 to
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di hydrofol ate reductase (DI FR)-deficient nutant cell line (Ulaub et at.
1980, Proc Natl 15 Acad Sci USA 77:4216-4220), DXB'1 | _and DG 44, are the
CHO host cell lines of choice because the efficient DPAERCREMbEr 2% and
anpl ifiabl e gene expression systemallows high |evel reconbinant protein
expressi 8P P2A¥pese cells (Kaufman R J., 1990, Meth BREEYMB056385: 527- 566) .
In addition, these cells are easy to manl pul ate as adherent or suspension

cultures a exhihit relatively.goo enet i bil,t ells and 20

r econbi nan@%?%?@?ﬁ%ﬂsé%%@gé%@ygf"g“f ﬁ?‘:ﬂw ?ﬁﬁé’ég segyfer %@Wﬁ?&char acteri zed
and have lbe#ni%8HFreoiéd. Acd. SasESA B6(6):4768-68] nmanuf acturing by regul atory
agencies. It h , he. | nvent.i on i ent | nd effective
process for |%egl\%?%ogﬁﬁ%%ﬁ%%c{e%%ppro%esgrofhbcﬁo%?fgfo@elmﬁgj {iaﬁat can adopt
mul tiple c ahyfasylated. iSpevsficalnptbtems @ﬁrateaccmtermwmﬂaﬁl systensdogrienst, A "donmai n" is
2Nt § 90kl SR by i ntol YRER! 18 SBuLL HeciliRph 2 parti cul ar

terticary structure t|c can be localized
i n that regliﬂ‘@ﬁls@f‘uchﬁédbbmypfe@mﬁed@mcnnsaﬁmedmmeﬂWdonm n of a
protein CaExa%lé@oﬁh&%ﬁk@oﬁ&Bﬂlf‘hsEcy mfﬂ% a}e'(ﬁ%'q}'ER%nﬁF{@rl% domain of a
protein can have bind II@B finit or ot her 2)g‘anc 1n"d thernostable
sense, a d&mhiiprluding GegfMPCE 293, 3Téo@19bmamm@ea1mw y myrieghiPC1Df a prot ei n.
Such pr ot epfaswizbadils CRRfebdy ﬁ&ér?edma&zlgaf@cﬁﬁ&@mmé@owcﬁé defund natural ly

occurr| g as one protein or genetically engineered as a Phistan protein. In
addi ti &, ABEaITHEIdgl used s fh peogkciereof severel rawlex iepradiaiprieins| 4¢. one aspect, the

met hods  of cyltdkred, BMﬁﬂéfa&&s %&d\anla&am@asa@:ﬂr m@rmsdd%!éa@fzou ecombi nant

proteins i |ch at Cg main of the protein has a stable
conf or mat i llgqseTa%l?l ﬁéz@oﬁ%?@@ﬂ‘@ﬁ@miﬁr%ﬂeﬁ?lﬂé@lan unst abl e
conformat i E:mwmmas ;&5.239@%(1 131 Alob® . 1ancho! LBSLAARE). ahe used as relative

terns. The stabhle conformation wll have, for

exanpl e, %ﬁ%?teﬁgl}c aFﬁ@W@FlﬁtW@t@?lWeﬁ%bF% 19§h&tosdee domain of the

prot ei b6 \Amdsnd Sei ARAr 521 62R8)EDXBITRnE DGMY, 204 the CHO BéMRdC ih& oSdmalt € 23 Sept enber
. 2005 WO 02 5 PCT 5645 d to anot her i n when the

di fferenceéelg'ﬁr%ls eee@rﬁnlhéﬁg% %% f”@ﬁggﬁa%&ge%’fpéemﬁsé'ft@?ggf”ﬁ about 4C, still
mor e pref erghibywel mmwtnaﬁ@;oteym{pmmﬁmheeé @tlﬁ@xlayﬁlﬁxbhmt 190 (Meth even nore
preferabl yg t til er abl even still nore
preferably Igﬁooﬁtls%%g%@ gjaddl Ees@ egfrs'a 5155 “%6 C@?ﬁ&’ﬁ “heasured in the
sanme 5 soIﬂuﬁne@mncmhleesmﬁﬁehbltmhm@ab@gn@mmblhtbrl SZHGpgilslanxhbl e to proteins
that hgye ﬁ%mgﬁaﬂﬁmkn@ e)y?e@éé nARBHRG be %?e%:ﬂve )gdh%adt?n%g'cfatng) pqies, and Fe

fusion proteins). For exanple, 1nh one o ng enbodi ment s
i 1 ust r at SeAEPIEYed forgern inical esufrefyring bpregulitery Beengiesr t i on of the ol ecul e

are at 69.1 C g &3 fbna tipink Srvii6n 1 Fdué aciiBeckNFRRQIE ON of the mol ecul e

Improving the production process for proteins that can adopt multiple conformations

and/or contain more than one domain. A "domain" is a contignous region of the
25  polypeptide chain that adopts a particular tertiary structure and/or has a particular activity -
that can be localized in that region of the polypeptide chain, For example, one domain of
a protein can have binding affinity for one ligand, and one domain of a protein can have
binding affinity for another ligand. In a thermostable sense, a domain can refer to a
-cooperaitve unfolding unit of a protein. Such proteins that contain more than one domain _
30 can be found naturally occurring as one protein or genetically engineered as a fusion
protein. In addition, domains of a polypeptide can have subdormains.

In one aspect, the methods of the invention can be used on preparations of
rgcombinz_mt proteins in which at least one domain of the protein has a stable
conformation, and at least one domain of the protein has an unstable conformation. The

'35 terms "stable” and "unstable” are used as relative terms. The domain of the protein witha
| stable conformation will have, for example, a higher melting temperature (Tm) than the

unstable domain of the protein when measured in the same solution. A domain is stable
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10 range from52.5C (in the nore desired conformation) to a Tmof 49.7C (in
the less desired conformation). Particularly preferred proteins_ are
protein based drugs, also known as biologics. Pr efera@f’ﬁep’{eﬁ@%%ﬁ%l ns are
- expressed as extracellular products. Proteins that can be produced using

t he nmet h&Y¥02@F84he i nvention include but are not |inm PEHUSMOH4F|t3 |igand
15 (as described in WD 94128391, which is incorporat ed by reference herein

inits entire ( desc 7,329, which is
i ncor por at 88“%@1%@8@%’8%8’3&% dai?eﬁmfet'% & ?’l’sraé?e%t °Btr?8$m°6€poei tin,
t hr onbopoelptelfemblycahdmnxbm”llmordiﬁﬁerhhlg&nﬂ 7°d, y@awat plefisrablyedepl®C, activator of

NF- kappa B S T rel ated apopt osi s- inducing
| i gand (TR&feE%N%t)rﬁeré{g % ?%g@'ﬁ’ \‘XE@ gheve% ﬂ}%rporat ed by 20

ref erence wfesibly about 21°6, aedltnns’cmegegablybmrﬂ(m: sheronmsutkerin thegme y mphopoi et i n,
granul ogyt g, .60l ony stinulating factor, granul ocyte-macrophage col ony
stinul ating l1‘1actor (GW CSF, as descri bed in Australian Patent No. 588819,
whi ch i s i ncor pBicanvertiopys atse tenenalcapplivelhleioproteing tat lsveant e derhaj, pndmast cel |
~growth fac&%hermm(gglémwdg%ﬁaﬁcmow ote%]gj {%?19&9&{5 M@@L RANTES,

grow h hornone, insulTh, 1nsulinotro I'nsu e grow factors 25
par at hyr oi 4miiige prehediments illuptrated brles, SFB ‘they vt tbr thesRstportion ofdheuc agon,

I nterl euki Bgleduid 4 AYAMPC B33 @@lmymm%ﬂt@tmpmsﬁ Hifmotbphot oxi n- 3,
t unor Scr05| s factor (TNF), l'eukema inhibitory factor, oncostatin-M and

varioudfri. ﬁagﬁz@n?%ry‘ééﬂheg’ﬂ?efda%fédmo@@mfé@alilll’(f’fa‘lﬁ&°9@4|etkeles§uch as the
l'i gands f ogesp@ohBinati&f), ki nases or LERKS). Descriptions of proteins that

. can be purified according to the inventive nmethods may be found in, for

exanpl e, Human ZfHcelatyrpiEzd proeins gl seaterriseddrigs alse ywips biglegis. Resear ch, Vol .

11( Aggar Vﬁl’re&&dly@ﬁﬁr%iﬁﬁzﬁe expl%ﬁls%d asBktedMRY drodD6ik. SN6IEISs thitadiiei dge, NA, 1998)
Gowm h Factors:, A Pract oach, éJVgKay and Lei gh, eds Oxford

|
Uni ver si t yPiofusedyisiog te meflié% o’%@? Venf@‘@%ﬁl Harerndimied e lliesbok (A w
Thonps 8, aelde;scrmecaﬂemwmessrmcﬁsamc&a@gaibyeﬁaeﬂcea&alnmlﬁeamy)atI ons of the

receptors, he rece or, any of 35 the
af or ement i %ﬁé%ﬁ ai(lgiy h%éﬁnﬁﬁg’ggﬁg mama? Eeﬁ"ém‘fe t§ERt i ve met hods,

i ncl udi ng inats hltiﬁ'@y)n@yth‘bpo'ﬁﬁﬁle()mmi)witl‘redlcﬁtmS‘aﬂ@&d@@ndﬂﬁ}ceptbmt erl eukin-1
receptors descr bed . n US 4, 968, 607, and
'US 5, 767, 0%%%& °¥Nﬁﬂ%r"aehu Heor por a?rna"r%“Sf%Pt%Eﬁ!Fgﬁﬂi%%aa@%é SWD 02/ 068455

PCTI US02/ Oﬁélbﬁlgﬂlyanﬂéli%%méeshﬂxeémﬁvﬁ) A7/ 1684, whisints icerpypied Bynt er | euki n- 2
recept 96, JRIGL e il fp;g@agmec et dollERANARER ekl gty 07 566 and US

5, 856, 296, Ich are |ncor y re eren i their entirety),
| nt er | euki $plops stinadasing Getor, gramocyieikirephad? coloyesmuating ffastoe(GMEGRY.N- 18 r ecept or,

granul ocy! & SRGIARNAGRIERPANG LI, bR iBELRkq bRERRIRkereflf anul oCyt e

colony 5 stimulating factor receptor, recept oncostatin-M and
| eukem a i BAs ﬁ}tlfe@@ynqsié@y grewth factor, stem cell growth factor, ep1dermal growth factor,

RANTES, growth hormone, insulin, insulinotropin, insulin-like growth factors,

25  parathyroid hormone, interferons, nerve growth factors, glucagon, interleukins 1 through
18, coloﬁy stimulating factors, lymphotoxin-8, tumor necrosis factor CI‘NF ), lenkemia
inhibitory factor, oncostatin-M, and various ligands for cell surface molecules ELK and
Hek (such as the ligands for eph-related kinases or LERKS). Descripﬁons of proteins that

- can be purified according to the inventive methods may be found in, for example, Human

30  Cytokines: Handbook for Basic and Clinical Research, Vol. IT (Aggarwal and Gutterman,

_ eds. Blackwell Sciences, Cainbridge, MA, 1998); Growth Factors: A Practical Approach
(McKay and Leigh, eds., Oxford University Press Inc., New York, 1993); and The
Cytokine Handbook (A.W. Thompson, ed., Academic Press, San Diego, CA, 1991).

Preparations of the receptors, especially soluble forms of the receptors, for any of
35  the aforementioned proteins can also be improved using the inventive methods, including
' both forms of TNFR (referred to as p55 and p75), Interleukin-1 receptors types I and II
(as described in EP 0 460 846, US 4,968,607, and US 5,767,064, which are mcorporated
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receptor activator of NF-kappa B (RANK, as described in US 6,271, 349, which
is incorporated by reference herein inits entirety), receptors for TRAIL
(including TRAIL receptors 1, 2, 3, and 4), and receptdrspterber ¢fpri se
deat h domai ns, such as Fas or Apoptosis-Inducing Receptor (AIR). 10 O her
pr ot ei ns WAHB4E84pY oduct i on processes can be i nproved uCHES®RMES4S nventi ve

nmet hods i nclude cluster of differentiation antigens (referred to as CD
proteins), for exanple, those disclosed in Leukoc e | inypg Vi

(Proceedi n§ feéq’mf%@ﬂ‘flﬂmi’ﬁ‘i‘“é‘itﬂa’ﬂ P'ZTW‘?{L]H'B cuking eSSl &Sence; Ki shi not o,
Ki kut ani  etesadibed inP0 367 b6dd U3 3366296, 530 Jare ifbrphiaed BplefRfede@&eifli SCl 0sed in

subsequent .wor.ksho s of h .noJ.ecul es_inclu 15 CD27, CD30,
CD39, cmo,‘“v%i‘a"“{gﬁegiﬂfﬁir eﬁ'ﬂn;ghsg?%?i’t(’ C%Qﬁﬁﬁept%%fgf:%gﬁa“%% CD40

| i gand) . Semmulayteafactohl@gecolime stimediiny Beiafrectiia, gidulocweapihpr fam |y, which
al so ingludes .4 n X40: .t | i gands, are often.nenhers of the TNF
famly ?as ar eatﬂ%ggoﬁﬁ%gt%d regéé)ﬁoés %&b&ﬁﬁr}g{n §I;eeuk§ %aégf}’étfltﬁ%?ﬁor’ne nbers of the _
TNF and TNRERerta@ ptviteiof ikapph BARANK, g9 devchibedoh (4,278, 34 ehigriesent i nventi on. 20
Proteins t ! i ﬁ?"&e lgg;i%accordi ng to
the inst aﬁlt@&?ﬁ%cgdnﬁ}%%&%%ﬁ%%%‘%ﬁ&%%nres?éél opr%‘?{é]?ﬁgge- isintegrin

fam |y mentsespors 1, 3ok prlidd, akd mespiers thatylompiirs deattbioowing awrb 2s Beper oxi de di snmut ase,

tissue pl agggﬂ&gg%ugﬁ%j{éég&&r(m Factor VIR, Factor |X, apolipoprotein E,
apol i pogr otein A -L gfobins, a?] I'L-2 antagonist, alpha-I antitrypsin,
TNF- al pHa Conv ePtherpepiams aass progeionpiprssserrsn btimpiovadnisiggribeinvetivel | gands f or

enzynat i Calrbiod GlcludEciRbRbeifiSentAdn AMigGis REreFiRS fss;ﬁfaotw%%p' ying the instant
invention. The inventive conpositions and nethods ‘are also useful for

prepar at i Oﬁ(a@p]e,d{xqugjsclqsgﬂdg eukocyiedypingV HErecedingyaf the §Ith intemationeln g
i munogl obwotighoRRhECHH@SE KisRitofol RiSardi e, QL. KobRI5hak NboRR LI @0 ant i bodi es
(e.g., an antibody having a human constant region coupled to a 30 nurine
anti gen bi W@F“ﬁ‘gs ﬁ@ﬂ?%‘?}?s‘%seqfl?”éﬁ%ﬁf’@ Erramles oL supl pRlseBlesinglide hni ques are known
by whigh CbEy, eps@dinag GDA N BGh@ Mt (COR! Bakd eD3ERAnDAI 0BAG pul ated to
yi el d DNAs . c(ﬂpgbl e. of encodl%rﬁgoﬁq@nt gr qt eins such as single chain
ant i bodi esl8ft PHERI dbesh A Hmenban sHe fePiar egpily, Sihicg plprdpelude i body based
golgégegg igsde]saB_(aaeexmﬁ;(ﬂiel‘@m] Ei%engﬂ;ﬁlbérﬁdfﬂ%t'MHmﬂy?famBZ? 1BBiligan@chnol o% I

: - . nn,. et . t : - , Ropberts et al .,
1987, Nat u@%ﬂg@@ﬁ%@ %%?‘H%H’PFH%%#%W@?%%“@EF% 2%39: 1534- 1536:
Chaudhary mbdugdd using 98 Sresehlaitruenti®n339: 394- 397). Preparations of fully human
anti boshes (s . ysi_ng,transgeni c ani s, and optionall
furt he?d modi 1£i leﬂd&?‘ﬁsst\‘ﬁ%fr”r%%‘%@%ggqg‘e"pfaé‘%{%r3%‘%? \7\‘&5"%&‘?%455 PCTI US02/ 05645

instant imvention. Examples include metalloproteinase-disintegrin family members,

various kinases, glucocerebrosidase, superoxide dismutase, tissue plasminogen activator,
Factor VIII, Factor IX, apolipoprotein E, apolipoprotein A-I, globins, an IL-2 antagonist,
alpha-1 antitrypsin, TNF-alpha Converting Enzyme, and numerous other enzymes.
25  Ligands for enzymatically active proteins can also be expressed by applying the instant
' invention. |
The inventive cosmpositions and methods are also useful for preparation of other
types of recombinant proteins, including immunoglobulin molecules or portions thereof,
~and chimeric antibodies (e.g., an antibody having a human constant region coupled to a
30 murine antigen binding region) or fragments thereof. Numerous techniques are known by
which DNA encoding innnuﬁog!obu]in molecules can be manipulated to yield DNAs
capable of encoding recombinant proteins such as single chain antibodies, antibodies with
ephanced _afﬁnity, or other anttbody-based polypeptides (see, for example, Lamick ef al.,
1989, Biotechnology 7:934-938; Reichmann ef al,, 1988, Nature 332:323-327; Roberts et
35  al, 1987, Nature 328:731-734; Verhoeyen et al., 1988, Science 239:1534-1536;
Chaudhary et al., 1989, Nature 339:394-397). Preparations of fully human antibodies

. (such as are prepared using transgenic animals, and optionally further modified in vitro),
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as well as humani zed anti bodi es, can also be used in the invention. The
term humani zed anti body al so enconpasses single chain_antibodies. See,
e.g., Cabilly et al., US Pat. No. 4, 816,567: Cabilly3eepiember Mfi5pean
Patent No. 0,125,023 BI; Boss et al., US. Pat. No. 4,816, 397; Boss et

al ., Eur S¥8A¥E& ent No. 0,120,694 B 1; Neuberger, M PEI/USQ2I08645, \\D 5

86/ 01533; , Neuberger, M S. et al., European Patent No. 0,194,276 El;

W nter, 539 Euro ea Pa nt No. 0,239,400 B
1 Queen efs‘é{?lﬁ%hﬁmnaﬁ%%gémma’m WReg e B, B A et

at., EP O bdtodyso Ahcompdaees gﬁﬁglmaineaﬁﬁbbdﬁes Saem/ge,ruabxny\etram,w flpsionde used during

e, P PRl gk PR ORLSRCAIIEk ) 18, APRATLLO00 o o @ VLot OX e of
(such as D%)639érﬁ®$@tzb>ﬁuwsea(l§u@hl\¥as) 120,894 Nybegercldl S.erw.eWot oxi n) ; i odi ne
ot opes (el Bivndlon e %2 phERANbHI IS B RER dishifl 4% B 99m ¢ cyani ne

fl uorochrones Osbie- i nat |vaft| ng prot eins (such
as bougani Ne. S&ﬁmwtﬂ@weapxﬁatml‘@w 239208 Bl Qsenc# ala BuropeeniPaéwt or

anti body/ X0 BEbfl B, o VBRI, BPDBRY B6 AL STROMuABHES cONt enpl ated by
the invention includé those't at récogni zé any one or conbination of the
above- desc quﬁ@dﬂ wileibe gsed Auting fe prgpargtiop pirafingsica paningieingan agibedy CD3, CD4,
CD8, CD1 | gy fl)xlc m%&ne@g%bstggg ZuckddbtancsieRide: sifeD40, CD44, (D52,
CD80(371 , IL-Ta, I'L-1(3, IL- IL-5,IL8 | L-10,

| L-2 ﬁ@ceB?fB’Ft“’eﬁ (Euch a%%@&sﬁlwowwiwcl? seSFpdyocooplenigrojouiajsdise , | L- 18
receptor Sublk e aE’%e-@%),%&h:\lﬁ%oto%@@ucﬂ@ﬁb% okgs 1, EGF receptor,

VEGF recep Cco enent unor  anti gen CA125, tunor antlgen
PEM ?ca@wes @@%{ GorrociD; P%d r&!ﬂ@é}%@nﬂ%ﬁa&weqtemsﬁ%h EdoumERessed i n
assom ati ogdmhrsbpbﬂg.ss)ancer) HER- 2, a tunor-associated glycoprotein
TAG 72, the SK-1 anti unor ci ated e itopes that are present in
el evated | evel s“%HP "%tg’P esc?fmﬁ‘g?qsgﬁf’@wrt‘ﬁ Rfr pancreatic

cancer 15 canm@izatdToRasasdtydd u@mﬂoﬁmead@mosp&ﬁhedo@ﬁmpaeaﬁ ed on breast,

col on, squamus..cel 03 ancr | .un an dney cancer
~cells and/ %cf’nl% “%ﬁfk‘ﬁS‘%ﬁ Eﬁfqtb o aﬂdﬁéﬁsﬁ {C‘}'B? enﬁ'gﬁ%s?&f he necrotic
core of a €D#WIDS, Chtlegfhid, (Eil)lmt‘ﬁthJanaC]bzs Ches |0m3e,gm4n CDAUA- 4, B2

ko9 S, G5B G NE g T RS M NG 0, TIE @ Lhe

i nt er cel | utegaptoR AL-4 cHeertir dh-oredeponlLel33ece @A B)recebtenskininitd, BRGF-6, adhesi n, the

pl at el g I i hai n, parathyroid
hor m)ngéi m%pgb?mﬁéﬁﬁg@@ rftﬁlldrlfﬁ% g?t?rg?ﬁé#%gﬁpgnc{?%r W%ge\ﬂ%lll Sue factor), MIC
|, car ci no&merapagen &AdM%, penanfi@ENUChPBHantizen, $66dwhicnis 2 gFP) , t unor necrosi s
factor (T Lduc%ﬁeéprésmlnmsdcaua e %ca? TERUTPRREY LG AR OC! at ed
antigen), Fc--y-|I receptor, bet'a, HLA-DR anti gen, L-selectin,

| FN- 35 vy, giwegrﬁieméftA&Vp 1572 ﬁ&ltan%aen,\vmmssomme@nﬂ@m thyt prgptesgaiin odef i ci ency
virus (H VdievaR@RAM th 1R B2 ohilH withBOn anFbl BREQROGHHS, okt ans, and

- St aphl §/5coccus aur eus.
associated epitopes or proteins expressed on breast, colon, squamous cell, prostate,

pancreatic, lung, and/or kidney cancer celis and/or on melanoma, glioma, or
neuroblastoma cells, the necrotic core of a tumor, integrin alpha 4 beta 7, the integrin
VLA-4, B2 integrins, TRAIL receptors 1, 2, 3, and 4, RANK, RANK iigand, TNF-¢, the

- adhesion molecule VAP-1, epithelial cell adhesion molecule (EpCAM), intercellular

30 adhesion molecule-3 (ICAM-3), leukointegrin adhesin, the platelet glycoprotein gp
Ib/TMa, cardiac myosin hea{ry chain, parathyroid hormone, fINAPc2 (which is an inhibitor
of factor VIa-tissue factor), MHC I, carcinoembryonic antigen (CEA), alpha-fetoprotein
(AFP}, tumor necrosis factor (TNF), CTLA-4 (which is a cytotoxic T lymphocyte-
associated antigen), Fc-y-1 recepior, HLA-DR 10 beta, HLA-DR antigen, L-selectin, [FN-
35 v, Respiratory Syncitial Virns, human imillimolarunodeficiency virus (HIV), hepatitis B

virus (HBV), Streptococcus mutans, and Staphlycoccus aureus.




8 23 Septenber 2005 WD 02/ 068455 PCT/ US02/ 05645 Preparations of various
fusion proteins can also be prepared using the inventive nethods. Exanples
of such fusion proteins include proteins expressed as & 15BiBRERYR a
portion of an inununogl obulin nolecule, proteins expressed as fusion

pr ot ei ns YA ©@58455 zj pper noi ety, and novel pol yfuncti oREFUR2HHES ns such as a
fusion proteins of a cytokine 5 and a growth factor (i.e., GMWCSF and |L-3,

- MGF and IL-3).éyr\O 95/ 08207 ag%.V\O 96/ 40918 descr.i betf]h,e egr.eparati on of
various sol ubl & BFPGBHET T2EO% SFiRg PRfein o4Rs{R eupreraref Byins theigveiieas cDaoL,
i ncl udi ng anthedanBxnaogleobishdhrfision proddins rchitleproteiasp@ssad P pdisioh widh on  pr ot ei n,

respectively, the technigues discussed therein_are | icabl e to other
proteins. JJ%?l?og?nl.lﬁéln%og‘\l/len#ﬁgg?ﬁ% @%nsc%%esﬁ %Q’BIP%%T%S? %2 fusion protein
includi ng Bper moiety] anddvelgolyOmttondl petesx such el ﬂleﬁdnaxqtdnsnﬁh cytcddnea cel :cul ar
recepto i ]2 tion of an
R R CUAC
of reconbi € prepataen sobiletoigosegeornsvd e amkequlecel | extract, bu
i's preferafky.foRafbicl hidad, ' SR Esi By "partially
purified" rrea_?lsotﬁ%]_? @bﬂ%u%a&éﬁ|_onaoélp%§§%1?%%éraﬁirp§%l$%? pr o%oendur es, have been
carried ouproteinespeatively; thettechmiques fisnysptharéieiae spplibledo qther piveast 1099 than the
~desired prgtRirthe@bove hdlehildd oYl iR b O fukich RER Fofudindd n&ii?nl‘té?ﬁ advant ages
of the_ nmethods of the invention'is that the preparation of reconbi nant
prot ei RV calg dsexizcelyler dgmainof p peiiRlarseseaiarneleptle in engpmefaderesge. aconcent r at i on _
ranges ar eoyibkche,QorBn Bk B BRERIR EBE IR ¥pe SRMrOard oh Gpick@, Mol M, and still
nore preferabl rom1 to 10 ng/m. 20 The prePar ation of reconbi nant
protein can bey%FEr_ﬁ%ﬁ“’élﬂn?fﬁ?Tﬁnﬁ‘P‘F‘}PrBS‘?méﬂﬂFGPPIHQ‘WPé‘kﬁ’%ﬁ%&ﬁl host cells
under - cul tétrget, GAICER@RS a St BlrEicl BacB¥PEAS Ge tRR. BPhARML | de. The

- pol ypepti de "H%P al sqﬁbe exEDr,ess_ed as_a product of transgenic animls, e.g.,
‘as a co Hiett' mgins Higesomp fr UG ation PIOREHIET, PIProcgees, hgwrhesn caied @t or sheep whi ch
Sequence. ehopt g Lo L e caed pol ypept i de

- sequence encodi ng .t he polypeptide. g_expr. y [
can then B&" WF%] ‘%B‘F“’E‘r Oég?tﬂ#‘eaq%ﬁ?mﬁ‘?ﬁrof%?@ ,0# Pﬁ}"ﬁ ’gYFBﬂg‘ 1%‘3‘1“ re or
co_nponeEt rr@pagtion of reosmtdnaht pustein cmdif[: gtmfﬁﬂylﬁgﬂdon@x&dﬁamtmfafeldbodi Lyt fluid) :
usi ng no roce . i.onation procedur c inclu ut are no
limted toc\a%cr?gr aggn 2 %_garé bsfg g’%@ m&f@f?l?rf P‘E{e’fao ?m??g)_??tt? ?#]’Bé@f’ F‘Bff,‘eﬂlpr eci pitation,
phase sepanait preferablafrbiniite 10 maiml. f i cation, gel filtration, ion exchange
chro gr aphy iLC I i L.ogr h H C, 30 using such
resi g?da)ls phen%%%ﬁ%?&p(gh%%%ﬁ%ﬂtﬁ{%%% géra "%P’%%{’]ﬁ" élf"%@rgy ?'(“‘tgﬂﬁtgc, or some

conbi nat i apeogbinembbrscellPderentinpioaditinhenitphle t kxpras bopolykptidheltsol ypept i de can
i ncl ude anofhdphil du al&e\Wiessed as a product of transgenic animals, e.g., as a

component of the milk of transgenic cows, goats, pigs, or sheep which are characterized

_ by somatic or germ cells containing a nucleotide sequence encoding the polypeptide. The
25  resulting expressed polypeptide can then be purified, or partially purified, from such
' culture or component {e.g., from culture medium or cell extracts or bddily fluid) using

known processes. Fractionation procedures can include but are not limited to one or more
steps of filtration, centrifugation, precipitation, phase separation, afﬁni;ry purification, gel
{iltration, ion exchange chromatography, hydrophobic interaction chromatography (HIC;

30 using such resins as phenyl ether, butyl ether, or propyl ether), HPLC, or some
combination of above. ‘

For example, the purification of the polypeptide can include an affinity column
containing agents which will bind fo the polypeptide; one or more column steps over such
affinity resins as concanavalin A-agarose, heparin-toyopearl® or Cibacrom blue 3GA

35  Sepharose®; one or more steps involving elution; and/or immunoaffinity

chromatography. The polypeptide can be expressed in a form that facilitates purification.




contai ning agents which wll bind to the pol ypeptide; one or nore colum
steps over such affinity resins as concanavalin A-agarose,

hepari n-toyopear! (r) or C bacrom blue 3GA 35 Sephar ose@?)g,eptﬁﬁ'@e‘iﬁo%re
steps involving elution; and/or imunoaffinity chronmatography. The
pol ypept.i‘\ffé‘n@éﬁﬁbe expressed in a formthat facilitat 8§T/g‘§ﬂzﬁ)?€‘/‘éat ion. 9 23
Sept enber 2005 WD 02/ 068455 PCTI US02/ 05645 For exanple, it may be expressed
as a fusio ol vpenti d such, as .t hose of .mmal {,0s bi.ndi ng pol ypepti de
(Vep | ol or et B R Be it 88 HotR B Es frosek Rt P i PP o
expr essi on biadidg palypetide BRNgheithignecthirdnsfeiw G0 loypeptiode@RE). Kisommer ci al | y

i 1 abl ' . . \ . : [ Pi t :
el bl AR B AR R e o BaRed EARRIRET 2 (1 Soat sy,
epi t ope an(ﬁomé‘bbﬁésﬂ@@rﬂiﬂyﬂb@nv@ﬂyiM&Sﬁy?hwhwg?' cagper,Niendint i body directed to
such epit Olﬂﬁfﬁr@‘ére%%ﬁbely?ﬁhé%eﬁ@-é%é%ge&ﬁ%&%ghﬁﬂ |y available from

n, nn.). It 1's a et ti

Kodak (New Have I I al'so  possi | ize an affinity

col um conpsPagy Bribied hspe p srsciBe wbody dissted b egitope.sPrelfuichas a nonocl onal
anti body tQ,: i : ' Il ' ssed 10

pol ypepti dggl. B%F%%?@ yﬁ%g?%?lmgg ?@h@% ?%ﬁ?éa%%%gﬁﬂg%%géﬂé%{ﬁgbe a Protein A
or a Prot epepsible teowiligann affiphy eofpmpfopinprising 2 agfmeptidetbindins pdynertide.sbahs t hat contain

Fe domai ns g5 HalnsBent An@lﬁ‘o?ly@cﬂﬂere&ﬁlbfngﬂﬁﬁé &, LLAmAR R &bty col umm usi ng
conventional techni ques, "e In a high salt " elution buffer and then

C ATy a I . !
di al yzell i Aelgpeptiden (Eher apsof plfrifsaprifigtionsises op banPremaddgr agolsh Gr ot her
conponent s cl@Re REiREHAY s vl ﬁbﬁaﬁis #R bbrtatn 1Y dofnhiB € PolyRptide@Banbe
conpetitively 15 renoved using the naturally occurring substrate of the
af finity mBfEmgved fipmgmaimibiagymn yibng copentiond tchrivas Pernahiehsdt at ed bel ow, the
prepar at i oglufdn biE& @ithéaillyzEd 18 @ ldwe AR bufkeRPud of Byl cdnoig PIbd 1 ed over a
Protein A a%fl nity col um&,. Soge r. all, of the foregoing purification steps,
in vari ous “CHDTRIEAMIIITRe g pp Gt alnity matris wksd Qcep be (FBHRIY an appr opri at e
prepar asi ofendiedasihSROMIABYculing bbbtihte of the USiBit) Moiéthe ord Met hods of the

cont act | netRETRPS B ru Bpekt st B R E prorE AR

reduct i on/ boech gatiallg purified per aBroteincoaffiity colihe pol ypeptide that is

substantially f f her manmald an pol ypeptides.is. defined as an
"i sol ated pol ypsrer‘%}%i0 eu'o%’fﬁoemgﬁ%lfg%}uﬁlé{ﬁ%oagtepc?alﬁ °§Sb°0518m5t1” atfe&3° by known
convent i onbd engluyed to plepase/nt appeprte prepBativhe bfrod®mbipant potkesitforwet in fig pol ypept i des

by synthet . illed i he. The

synt hef&?cawﬂﬁﬁg%‘% %@Pé‘g&%f {5’3‘5%‘?‘ %égﬁzﬁéd%cgﬁg%%%ﬁ?e@‘éigggf}ef/cosyI ated in
vitro. Thecabgingé peregeton obthe fepordinag protain witepehdnoridetiecdplingnded use of
~the pol ypeptifeThe g1yl iG] dndtinhy 46053 e thanitiblibd porybeprfl§ S r €d when the
pol ypeptide Is to be admnistered In

defined as an "isolated polypeptide”.

=

The polypeptide can also be produced by known conventional chemical synthesis.
25  Methods for constructing polypeptides by synthetic means are known to those skilled in
the art. The synthetically-constructed polypepiide sequences can be glycosylated in vitro.
The desired degree of final purity depends on the intended use of the polypeptide.
A relatively high degree of purity is desired when the polypeptide is o be administered /n
vivo, for example. In such a case, the polypeptides are purified such that.no polypeptide
30  bands corresponding to other polypeptides are detectable upon analysis by SDS- -
polyacrylamide gel eIectrophoresis (SDS-PAGE). It will be recognized by one skilled in
the pertinent field that multiple bands corresponding to the polypeptide can be visualized
l_:y SDS-?AGE, due to differential glycosylation, differential post-translational -
processing, and the like, Most preferably, the polypeptide of the invention is purified to
35  substantial homogeneity, as indicated by a single polypeptide band upon analysis by
SDS-PAGE. The polypeptide band can be visualized by silver staining, Coomassie blue
staining, and/or (if the polypeptide is radiolabeled) by autoradiography.
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vivo, for exanple. In such a case, the polypeptides are purified such that
-no pol ypeptide 30 bands corresponding to ot her polypeptldes are detectabl e
upon-anal ysis by SDS pol yacryl anm de gel eIectrophoreS|§ E@nﬁﬁE%905lt Wil
be recogni zed by one skilled in the pertinent field that nultiple bands
correspoﬁﬂ?ﬁﬂm?%%the'polypeptide can be visualized bYCEBE2B%EE due to
differential glycosylation, differential post-translational processing, and

‘the like. Most refer bl the ol ept de of. t vent nis purifiedto
'35 substanti al E%rﬁ?gt %’3% tlvneaﬁsm? 8’%‘% mt?i?p"ém%F’nIBF 1:13’8I'bt5epti de band upon
anal ysi s b;proteﬁﬁspﬂﬁ@hdeﬁ:ﬂaepmit@cpéphﬂmolbamdtocaanhdmppm@mlahzed by silver

"2 of abel AaRepef ol Ui B desaliPBHBE ) 03/ 58455

PCT/ [ 7502/ @ﬂ@ﬂtﬁn@ymfzcdnmldmqufémmhmdcsmmmgpﬁoﬁtheesnhiﬁcmr exposi ng to,
|0 201Uy o o R0 gy RULIREBLLIE AP GHIAELSl |2 af o bound
Pr ef er abl yhﬁlhzfa@eﬁ Qfﬁhﬂowellt@ﬂ WefpHent thd Sohlmnlsmredmblytmt swerghydcidis. t he yiel d of
protein W triys8ntesdap8dale O W diRE i@l 4, fe%ﬁy%ou{%%ﬁ)% %ﬁ’f‘l 5 is chosen to

. protect the sfablllt ﬁthe protei’n a di sul fide
exchange. 1O PrgiEabhy ?be\!,tpHﬂ t #heutipH8and gl mordyefpreblnfrom sheutadll ution is

- preferabl ym@&absﬁtliﬂ@@ Yné}ﬁhﬁh l?nnnngTeh{B%mBﬁﬁitﬁ‘Jlﬁﬁﬁno%sxﬁm rAlr e greater than
pH 5, ﬁre er abl y abou to_about pH 11 nore preterably from about pH

7 to abBut b ]Bs‘m?%d@"ﬁf‘helopti%@{EFSJP@FIQ{he?bWWébﬁﬂ’(ﬁvﬁi-ﬂle 7.6 to about pH

9.6. In Onepﬂikﬁﬂ%ﬂ Folfh pritia SRR nER B thdhiveh i chiMeRRMily @lerkhibd!d TNFR: Fc 10 t hat
is illustrated be t he }?eg timal pH was found to be about pH 8.6. However,

~the opti nﬁ’fpe’ﬂpfnfag}’géth pififed i ths e bodi nent of the invention can be easily

determ ned expHBfeirédaioabliYutiBycolfiRg eageki ik 4 @tkck 6 rédi@in@dgknts. The
i is a source of._reduci ng agents.

reductlonlﬁffﬁ nco lin tﬁ%eﬁ
Preferred r&fUEYRYRG t§ar5 & tpipls. Theppdystion/oxpation coypling r%7 % i dat i on coupl i ng
r eagentl5i sprefthably cafigisalify ceqpopidifiodheioud caeRpR Uity bi@zg@r oup consi sting

gf mre(rag;g'? gé@%@ﬁom %H?Z@ﬁﬁt%ﬁ?é%%g@gﬁﬂgﬁ C{}@P‘é‘ﬁﬁ’é@%’f&gDTT fhe. For ease of

use and eccytmy Forrcestvfesd aigll ecidnady) iringed gintihivne srd@dieddedyystitd dae can  be used.

The reduct[)ol%pm dation coupling reagent is present at a concentration

sufficient to increase the relative proportion of the desired

conf ormat i on. Trhe radpttionetidaionoepting stgentris prestnt bt aonceitation sofficienti dat i on

coupling r 0 i nunber  of

di sul f Pde E’aﬂ%g%&.t%%@'%“gémg PO dr B soRReRbn kLD PR RS g s

- protein @eqonmwwoggwdmm@@d@p@@hmnm cancepripanfprettined of 2 ng/
-(appr oxi rrasmbxr ok fisul < oVhPh Ok GER, Rl e;é’tglglerﬂ s O HhuRd st 9 Bootein?

reductl on/ oxi dati on coupling reagent
(TNFR:Fc) with 29 disuifide bonds at a conceniratlon of 2 mg/ml (approximately 14

microM protein or 400 microM disulfide), a reduction/oxidation coupling reagent with 2
25  mM reduced thiols worked well to increase the relative proportion of the desired
' conformation. This corresponds to a ratio of about 35 free thiols to 1 disulfide bond.
However, it was also found that ratios from 20 to 400 free thiols per disulfide also
- worked. Of course, the amount of thiol used for a particular concentration can vary
somewhat depending upon the reducing capacity of the thiol, and can be easily
30 ~ determined by one of skill in the art.
Thus, generally, the concentration of free thiols from the reduction/oxidation
coupling reagent can be from about 0.05 mM to about 50 mM, more preferably about 0.1
M to about 25 mM, and still more preferably about 0.2 mM to about 20 mM.
In addition, the reduction/oxidation coupling reagent can contain oxidized thiols
35  atapproximately higher, equal or lower concentrations as the reduced thiol component.
For example, the reduction/oxidation coupling reagent can be a combination of reduced

glutathione and oxidized glutathione. It has been found th_roug_h actual working
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25 mM reduced thiols worked well to increase the relative proportion of the
desired conformation. This corresponds to a ratio of about 35 free thiols
to 1 disulfide bond. However, it was also found that FAtEBSTAEBAP0 to 400
free thiols per disulfide also worked. O course, the anount of thiol used
for a paMQ eSS concentration can vary somewhat dep@GHUBEO8IdN t he

reduci ng capacity of the thiol, and can be easily 30 determ ned by one of

skill in the art.. Thu ener.,a . the.con trati of free thiols from
She retuct oM ke FanodehE Stk DR LR st 008 i t o Sbout
50 MM nor ebpe Edr(ebtoyd hlobBwkidBedithiolMah finétdn equalRSwveliVAltamtvediinl | nor e

preferablyggﬁ) 0, to.about .20 nM ..I1n addition, the
reduct i on/ OXI a%?bgﬁ%lc%%ﬁeﬁlﬁ Prxgay cglg’}}ngtr(%%?gf%b&?s&??nfgrc? thiols 35 at
appr oxi mat ebwybitrtigheivystaguad cystine Thwe rwherooridiaet! thids sonischaisd fie r educed t hi ol

conponegt . . ARk Etiont . i ' ion. l.i-ng +-eagent can be a
- conbi na!t3 i orilIn tga?krd‘gcgucedg% n%ﬁ%&%%%%%@’%%ﬁ%%?@%gg“ °§ﬁq§?’§@¥qﬁgg‘rﬁ°§s It has been
~ found t hr ogghn aprefatd smbpdiinery bl ftonpdoBdpliddmdbewt 10NSINOPBR! DG 8UBE

1CT1US02/ 0 [ Ps. d | to oxidized
gl ut at hi onggé%@ﬁ%%ﬁ@tﬁ%?Iffe?agﬁr%g%lgfj? iofgtggwltﬁ( ?‘g%%élghg{eﬁﬁg | s: oxi di zed
thiols) cafb®tiekion equally well. Alternatively in another enbodinent,
t he reducti on/ ogg i id [t a conbination

ShefiRfidgQht ﬁ@f;%husc{n%a#m&a@ ircﬁa,pwﬂaﬁ reaﬁéﬁo%yogﬁatfaﬁl

of cys%sine and cystine. en oxidized thiols are included in the 5
“initial

r e QRHEHTESPABERE ISPaqreee fentisne suiicient dqjarrease theyslaiivgpraporien efeduced t hi ol s

t o oxi di zeghetdkired cﬁmfoﬁﬁa!ﬁoﬂ.rhn?r@d't@é ﬁ&&a@gm?fsta&qu@ésﬁm ik fReabiput 1:10 to
about 1000: nore preferahly about 1: o about 500:1, still nore

pref er abl y *HERSU0%f dhe prytemyyian yisigsived cufnaretion s coseisd gy mamtiy Withbout  10: 1.

Cont act i ng tielesira RpPFoRioD MO prefasIi R 1BSI0%PI004, 8% 586! d0%270% and o
reducti ont oxi i 10 coupl | rea e‘Pt_ i.s perfornmed for a time sufficient
to increas&F @%Pgtp%\?rf’t\%lsﬁf"g’ﬁ% OB’r?“gT‘ esifef & afissirer e B mat i on.  Any

rel ati 18 i Mgpi@hgsedd that pive peh hihithed vEithdieshaiabd  thelvbntiph Rh@rfabla - at | east 10%
of the protej i.th an undesired conformation.is converted to protein with
the desi reii’eég%nﬂoﬂgr‘erfaﬁi“ sgw%mﬁ%? & %Bﬁ‘@?}l%l?fq* PEEPEHYR 5004 50% 60% 70%
and even 808htidantpneciptietcantitingstep cmie pedaiméd forns siartufsbestilmed 4 o a desired
conf or mat i Tvpical.  viel t hat have .been achi eve ith the nmethods of
t he i nvent ?%’Ht %hgnrl\ré’eag‘? %Sg?ﬁ%ﬁ&to%%é]ﬁ% &’Iapo'if%ga y&'g@}faﬁgﬁef‘ ﬁodm‘g@gﬁ is performed on
a parti al | yontpetingisighbiiabpa# iofsbed 1 phoepar dboitdf hefs warlsoelibTiwant protein, the
cont achpng {EETF’ gﬁg t r to about 4
hour s,ﬁandc as. 5%”3‘9%&2%3@%{1’9% pu%gx{o%hglssé%%gghai&g%%hé&&%fejﬁglg%ﬁeen found that
a cont act fikgngerapy eher gaigputificetionabout 16 hours or about 18 hours wor ks

well. The 20 comfarinbfar A fRerBabaRbSRrib@E Rt 2GR bt BAGY her step, such
as on a solid phase or_ during
For example, the methods of the invention have been successfully carried out at

temperatures from about 4°C to about 37°C, however the best results were achieved at
25 lower temperatures. A typical temperature for contacting a partially or fully purified
preparation of the recombinant protein is about 4°C to about 25°C (ambient), but can also
~ be performed at lower termperatures and at higher temperature.
The preparation of recombinant protein can be contacted with the
reduction/oxidation coupling reagent in various volumes as appropriate. For example, the
30 methods of the invention have been carried out successfully at the enalytical laboratory-
 scale (1-50 mL), preparaﬁve;scale (50mL-10L) and manufacturing-scale (10L or more).
Thus, the methods of the invention can be carried out on both small and large scale with
reproducibility,
Iﬂ preferred aspects, the contacting step is performed in the absence of significant
35  amounts of chaotropic agents such as, for example, SDS, urea and guanidium HCL
Significant amounts of chaotropic agents are needed to observe perceptible unfolding.

Generally, less than 1 M chaotrope is present, more preferably less than 0.5 M, still more
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filtering or any other step in purification. The nethods of the invention
can be perforned over a wi de tenperature range. For exanple,  the nethods
of the invention have been successfully carried out at 23§§H‘6@|"8‘t%90és from
about 4C to about 37C, however the best results were achieved at 25 | ower
t enper at WOB/06845% ypi cal tenperature for contacting a PerUs@oseys or ful ly
purified preparation of the reconbinant protein is about 4C to about 25C
- (anbient), byt n also be perforned at | ower tenperatures and at higher
t enper at ur Qr.e?e’ﬂlig'%ﬁ? g‘b‘b‘?-b}?‘[‘ic 3PEPe: ASOHES HesRnigy 3?%‘??iih385?1’elﬁ%g-’cont acted with
the r equctsbs,rF&eamhcd@bﬁ'mn@mmﬂemga dh@GSI Has i)e:c@n p‘:ﬁ;ﬁdsajdﬁidéﬁlb ﬂﬁea as o
appropriate. For ex e e nmet hods of the invention have been
carried ouf01%8’%€%‘$¥?ﬁ°§llaﬁeﬁs%ﬁ‘eg%§ﬁ]%@bFF’@éFnaYW%&gg/?@ ‘e (1-50 nL),
prepar at i veessst alaea ¢didht bypfdtic)and manuf act uri ng-scale (1 OL or nore). Thus,
the nethods of the.invention.can be . carried out an baoth small and |arge
scal e vmgt h. rep]?Iu%c'ei‘%?ei’f“i1 e)?afnqeﬂueﬁ’?lbeflgra%gaygg'ﬁ‘gﬂo&os ?%éhgﬁlﬁﬁeaf’ﬁtti ng step is
performed Forckdngpleaaihs endontiogdxidniigriofiplingrebgent3bn Berannedorak chaot ropi ¢ agent s
such as, f I . anidi ym HC.. . Sagni f.i cant anounts of
chaot r opi cgéa%ﬁ?t[smée.ﬁgce?g%&%@g?%ﬁgi@hs]érg%éfmdg’reggaélg? Fl}ﬂmec J%‘f‘ac‘i{l ‘(’flﬁaﬁg. General ly,
| ess t han by, kegetridifying pe solutiopr Expdnally, wherthe rpacidnds @ishopedtyss than 0.5 M still
more 12 23, el eabRE 06k Q@Qﬁ%ogtgﬁﬁiﬁﬁwF(&Iéﬁw%éag&ec%ﬁpﬁﬂ% E%%Btabl y less than
A"sol ut ‘Ty ree ot chaotr

0.1 M chaotr ope. utron 1s essenfia e (e.g., SDS,
urea ah@l gwikbegfought Fioim) beloivall T drafivabist, tho pl ishemigls ¢ewlopptfosel y added to the
sol uti on, I : 10 M) may be present
(e.qg., f ro%a?ﬁgﬂ ﬂ%@%ﬂ%&’élﬁﬁgggﬁe%ﬁﬁ?%? 5@?%%“0%&) . 5 Disulfide exchange
can be quenchedsimiamg thrgoniocmation of eppiipeind e rdtis pronotionspéaart . For
exanpl e, t bpfrRaies b 2R ind MikiBR, GRMUhN\Bink SRR Alarkor BEIyigOVed or its

concentration reduced through a purification vste‘%§ and/or 1t can be
cheni cal | y?RdaEeR{igiate dghnigngs. Tothere is agiffeppneayn aegvittbeveet e i on. Typical |y, when

the regft | @AfolSatihbOR BB Bdiely detddGindl e 6MtivORtopokthB oPdboRforrhallgh S @leut | ON
_containing the red%@tl on/ oxi dati on coupling reagent 10 will be brought down
bel ow pH 7TUXBoSERp P?/?Y‘Y%éfiﬂ-ﬁ“’?‘gtylﬁ?s@[!g-ﬁ?b?@“ﬂféﬁ&%“%lﬂlﬂwﬁ%ener ally, the pH
is ][educeCbcﬁﬁty?ﬁblﬁ@@maoﬁﬁ%étc.p-dﬁﬁ%xaﬂﬁle,?lbﬁiéﬁ)ftlﬂé‘hoﬁ-linﬂﬁ{g%ﬁlﬁﬂdﬂi;}éﬁ@ the f
conformati pn of .a pratein the relativy [ gportion a conformation
of a prot e‘%ﬁclﬁ%?{lbﬁl"ﬁ‘i ?f:[eﬁsrté‘f"”gg e”B‘é"“@S‘H@Oﬁ%‘Ifﬁyﬁﬁgc e‘ﬁfs‘g‘ﬁg%ty of anal yti cal
and/ or qualsingatditidehise TNRbmdiegassdyl Thdvedap, cbsentiallfhisiiésemeade ARact i vity between
the 15 ONGRITR 039 9lmibifheR! HsBsth.2s95! &F Pl biGaluticdbaie ProPOrtion of
proportions of various protein conformations by changes in ligand-receptor binding

association, dissociation or inhibition constants generated. Alternatively the binding
resulis can be expressed as activity units/mg of protein.
If the two conformations resolve differently during chromatography,
25 electrophoresis, filtering or other purification technique, then the relative proportion of a
' conformation in the mixture can be determined using such purification techniques. For
example, in the non-limiting embodiments described below, at least two different
“conformations of TNFR:Fc could be resolved by way of hydrophobic {ntéracﬁon
-chromatography. Further, since far-UV Circular Dichroiém has been used io estimate
30  secondary structure composition of proteins (Perczel ef al., 1991, Protein Engrg. 4:669-
679), such a technique can détennine whether alternative conformations of a protein are
present. Still another technique used to determine conformation is fluorescence
spectroscopy which can be employed to ascertain complimentary differences in tertiary
structure assignable to iryptophan and tyrosine fluorescence. Other techniques that can be
35  wused to determine differences in conformation and, hence, the rélative proportions of a

conformation, are on-line SEC to measure aggregation status, differential scarming
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m xture can be done by way of an activity assay (e.g., binding to a |igand,
enzymatic activity, biological activity, etc.).- For exanple, in aone of
the non-1initing embodi ments described bel ow, at | east>tRBIEHPEF eident
conformati ons of TNFR Fc can be resolved by wusing a solid phase TNF ‘

bi ndi ng ¥9RBPB4Phe assay, essentially as described foPCHISERRSAD (S| ack, et
at., 1993, J. Biol. Chem 268:2513-2524), can differentiate between the

rel ative roportjons of various. pratein,confor i ons by changes in

| i gand- recg%‘{rg‘wﬁ%%oﬁllfﬁ‘fbeme %3&?@’9&4 ?%oﬁnggog@f)%@?%hmlﬁww% bi ti on constants
gener at ed. chbirepe mefdldiugl y t he binding results can be expressed as activity
uni ts/-ng of pr in. |f e. two conformations .resolve differently during
chr omat ogr aphy, y(zedée T eéstoiagn (I)Srnéeéuﬁt g ?ysfc?llS?pénra}q?lngo%trqea(%}toﬁ%‘r’om e cat i on

t echni que, a mixgme dvhag from ot compECpio k titdwe.Ofolziing caupbuanismt pagivulen t he m xt ure

can be get ) | JERcati ; ' . exanple, in the
non i mgt i ﬁ%‘%ﬁﬁ%ﬁ%&eﬁl&gg%% ée‘)é& e gggvfp “g@gﬁ%g%@%{ﬁ@v%&%{“}sfoer eﬁ

conf or mat i enFatefucTiRRoIEDtsC Sedotlingly, e sl pedetmivye waoradrdmptierapityobi ¢

| nt eract | Olens RO bAGL ARG | b}ﬂ}&roxyaﬁaﬁ&ccﬁm&%%g}g@ ibffdltheeDl O 0i sm has

been used to estindte 30 secondary structure co L1on of proteins
(Perezel ethrempatograplyoatiinipy endSER. Phgrnyrificgtigenethodyay flirefipske2 t echni que can

det erm ne uhRLBEAowhilElAR M SIARE RETRLEQES, RlrdhBedd, Bbdkodiifn, Present.
Still another technique used ?o determ ne conformation is fluorescence

spect r 8% colseelsaip fqusingh apphasqseragiaan (¢, B doxiragiphase sipppionb Imamy di f f er ences

in terti arjﬁ;tassvsr.qﬁ&daitﬁn,aﬁes&agﬁb%mcﬁﬁp&ﬁyﬂ@&m&nﬂp&mmﬁi ne fluorescence.
O her techm%ueﬁwthat .can be 3€F‘§§e to determ_ ne differences in

conf or mat i GRELR e PRiEHER the padesited pagtoriatiop e bp reated Ageingp ths mehgdsobr rmt i on, are
on-1ine SHEGe inPentiRg SoUttheDeHlifnee BlelyRIds ot padteid wittthhé dtkanbifgimagismanni ng 13 23

Sept enber 2005 WO 02/068455 PCTI USQ2/ 05645 cal ori giiat ﬁ?é%tp?l neasure nelting
transitions (TifRF S RRGENRBHLPOhRRIeNR Be Prepaepd I e unf ol di ng. By
t he telsn "inkektivhichgmnatbSaphi HIC) Physblalinggtint.ahh aalabnat of 8ast one conponent
in a mxtu way. f.r her c one in . xture, 1solating conponents
or partic Sog}gnglgﬁtf’gwﬁo‘ﬁwgp%gﬁﬁ@[ﬂ@%%eﬁs ﬁddg%ﬁt%ém’étﬁ%a@a%&“%si ng any

puri fi cat i flowndtd baiibidiab rdositeispetatres eyiar Ftetng(u g husigapaaemtiger),Accor di ngl vy,
one can p LM [ .or [ onat oqr S.. lhcludi ng but not

i tod § ol e BRaly RS LR R0 en 30 SR LGP

chr omat ogrB@ghMongbfirynilley PARatd ISk Cite &t Bleem/ o unid & neativadnf hempeds. ar e

filtratdon (. tangent i.al  flow.fi.ltration I oretic techniques
(e.g. ?ﬁdel erg%lglop & polmns pr&?uélg’fa}ege tﬁlts iccél‘ﬁlfm‘ioénﬁ‘egéfeﬁzgr@]?‘ﬁa@%%tusi ng), and phase
separ at i oS0/ E0,, pHRE st is maderhradberswepslnd dtrough yvith 8 colwammlumpust a few. In
addi ti on, pBeniiR%:k05uR pbii &5 ARt p@horhRGRIRINAR: PEAL € N t hat

mM NaCitrate, 50 mM PO, pH 6.5 to O mM NaCitrate, 50 mM PO, pH 6.5 in a fotal of 5

column volumes. Fractions can be collected during the elution. The colunm can be

25  stripped with 3 colurmn volumes of water followed by 3 column volumes of 0.1M NaOH.
Using the methods of the invention accordingly, one can thus obtain preparations of
TNEFR:Fc that contain more than 85%, more than 90%, and even more than 95% of the

- TNFR:Fc present in the preparation in the most active conformation (Fraction #2).
Compositions, including pharmaceutical compositions, of TNFR:Fc containing such

30  proportions of Fraction #2 are therefore also provided by the invention.

The invention also optionally encorpasses furlther formulating the proteins. By
the term "formulating” is meant that the proteins can be buffer exchanged, sterilized,
bulk-packaged and/or packaged for a final user. For purposes of the invention, the term
"s;terile bulk form" means that a formulation is free, or essentially free, of microbial

35  contamination (fo such an extent as is acceptable for food and/or drug purposes), and is of
defined composition and concentration. The term "sterile unit dose form" means a form

that is appropriate for the customer and/or patient administration or consumption. Such
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contains the protein in the undesired conformation can be treated again in
the nmethods of the invention, to further optim ze the yields of_protein
~with the desired conformation. For exanple, after trea@ée%‘??em&% @

sanpl es can be prepared for hydrophobic 15 interaction chronmatography

(H O by Wh&MH5Y owi ng net hod. An equal vol une of 850PCHURR®MEM citrate,
50mM sodi um phosphate, pH 6.5 is added to the treated sanple, and all owed

t i brat t t filt 0. 220
{1 Ter), ROl BEPRRG et ape Bl ik peh Ba iRt Pt 8By “eso M

resin ( TosoetnBhasapch ak b GhysiMogitajip neeprablel diteent, B¥ivier, aad/orexéipiowy Thet e of 150

m hr, d Q.
Sreqlrji I ?Bra&%ﬂk&ggaugﬁw?ﬁ?%vo ?Jar?seg}ogf% renﬂ%aéd esn?tm?%%gm P04 pH 6.5,

sanpl e i s whihedifectivaiess hishe hirledirethctihiy ofhhactive ihgr8lient)uiormylefiousres of  425nM

NaCi t r ake, | radi ent of 425
NG P atﬁgﬁg%g%‘%%ﬁ%’ﬁn%ﬁg%a% %@ﬁ%@g%@g H‘gg“a#i\)f@ﬁﬁs gH 6.5in a
total of 5whishmaynniaisiagtirexidantssbutiers dretcriowats d9é st vedisheada thei ng the el ution.
~The col umf&aﬁua&ﬂ ls%nﬁwlmagﬂmf% Ie?mp% At netq%eglastag‘?ﬁonod ueb@lsRfize Ol | owed by 3

col um vol unes of e I nvention
accor di ngl W@@ﬁ@wc@whmmwl@@ﬁsaspwdpwe@aisattin@kpgmeﬁgcntﬂ\#nladdﬂ@nt hat contain nore

than 85% maﬁxsbmﬂn&qa@mﬁmuﬁmgma@crostaﬁlfa@aﬂ%éegﬁan&he TNFR Fc present in
t he pr eBar ation in nost active conformation ngﬁr action _#2).

ConposilPi o§P§Pr°¥lﬁétF1Mé|“H‘§°¥ﬁhqpﬁ‘ﬁ@@ﬁ‘P]iyé%W sFediciqnipidatiogcoupleR: Fc cont ai ni ng

such 30 pr %%hi@gnglumnoﬁ @ﬁfeln@ th#zmrpﬁlyf)éfiﬁde@fzﬁrb@ fdSiRedicfdited by the
i nvention. e i nvtﬁntl on tional |y enconpasses furt h%\r formul ati ng

the prot ei FP&“”‘ES/“‘G ‘Hléuﬁe@?’rﬁ“‘?%? Gt ?e@lFFE'E’ﬁilhctnﬁaThe?fW@ Drotei ns can be
buf f er excbait@edin adintkird, hﬂﬁﬂhstheb@léi@nﬁaﬁdfea@ﬁﬂwmdm@ﬂm@mkﬁ@ed for a final

user. For f_the invention | k form' neans
Uhel o T or TR aetfeos e s SO Pl e e gecep o St & | 6
-cont amlfiat kddine, (rﬁsaHSumdataaraneﬁmoephhteaﬁfercﬂscﬁaﬁ)ﬁs}méséxeaufvw(egpod and/ or drug

pur poses), .and | tio nd conce tion. The term
"sterile uH’in?m%?%l W(ﬁ"d g’ﬁg?%g‘ﬁ%ﬁ Q?‘f]i’gizerfs ?83 {38 T&EFor the
cust oner afdfable fquamlatem fopphatnmcesticabdoinpusitions mﬂmummdemnbedsuch 14 23 Sept enber

2005 VO 021088450 PITNZ 95003 GRTRISH LAl g BRIPE 20 offect i ve

anmount of nts such as a
physi ol ogi E@tom,)l’ﬁadn etht@b,l sechctpmmnbns c@d:welcmmﬂexedmtﬂbl miyeyletegyeolt . The term

" phar eupp I S @ E at does not
i nter nge Wi nle% I%Esc ectl v 0ness 0 o &r@{sogl ca{!%radcg?gc\?ﬁ{y of the active
i ngredi ent Q%@P‘ﬂ]%'@fcﬁlm%ldl hyfroedls, dariranadit.cor noerpereted infodipgseméson i ncl ude aqueous

and non- agyRASuISHA! ilcalel, MhitGkh br Hibhd NS sic i FilroBRYh6@Y- ai N
‘anti-oxidants, buffers, bacteriostats and sol ufes whi 0%1 render the
spheroblasts. Suitable lipids for liposomal formulation include, without limitation,

monoglycerides, diglycerides, sulfatides, lysolecithin, phospholipids, saponin, bile acids,
25  and the like. Preparation of such liposomal formulations is within the level of skill in the
art, as disclosed, for example, in U.S. Pat. No. 4,235,871; U.S. Pat. No. 4,501,728; U.S.
Pat. No. 4,837,028; and U.S. Pat. No. 4,737,323. Such compositions will influence the
physical state, solubility, stability, rate of in vivo release, and rate of in vivo clearance,
- and are thus chosen according to the infended application, so that the characteristics of the
30  carrier will depend on the selected route of administration. Sustained-release forms
suitable for use include, but are not limited to, polypeptides that are encapsulated in a
slowly-dissolving biocompatible polymer (such as the alginate microparticles described
in U.S. No. 6,036,978), admixed with such a polymer (including topically applied
hydrogelé) and or encased in a biocompatible semi-permeable implant. _
35 The invention having been described, the following examples are offered by way

of illustration, and not limitation.
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formul ation isotonic with the blood of the recipient; and aqueous and

non- aqueous sterile suspensions which may include suspendlng agents or

t hi ckeni ng agents. In addition, sterile bulk forms and>SEBEMbE LY for ns
may contain a snall concentrati on 10 (approxinmately 1 mcroMto

appr oxi m¥EIAPsES m\) of a reduction/ oxidation coupli n§CT/P8BHEAS (e. g.,

gl ut at hi one, cysteine, etc.). The pol ypeptides can be fornul ated accordi ng
to known net hods used to prepare pharnmaceutically useful conpositions. They
can be conbined in adm xture, either as the sole active material or with
‘other known active materials suiXxaigPeEfior a given indication, with
pharmaceutically a abI dilu ,@F@g I Tris-HCl, acetate,
and phosphat e buffgﬁg‘glygfﬂl iR of g?%ﬁcfl'?f’é?? '%fﬁ% t hi nerosal, benzyl
al cohol , par abefﬁs‘,BRF@Mﬂsafffaﬂaah@homnhmiacﬁmzdmsn (}Hd] asﬂmtdsmand/ or carriers.
Suitable f l ude t hose

descri bgd Pgaﬂ%kﬂ.l%hgﬁél&;%{ F%ﬁar %gngﬁﬁcgg #3gSC| e F%l%g&f’%il%o, Mack

Publ i shi ngd@frﬁfaingon Fiaetob hyaslpartionlanidi@iestisinrg 1teaucdrmp¢m1ﬁms20tto ons can be
conpl exed g (ﬁybftﬂeoéa%@fa IS0kl BB Phr bR FLoliB1Rg 4939/ OF

i ncorporated I nto ynmeri c conpounds such as pofyacet acid,

pol ygl ycol pigachitydn qusegyiﬂsﬂa@elxﬂ dherefotecin ﬂlﬁ@ﬁerﬁsmfomqlmtaafﬂlw into

|'i posones, the BiERRIb AR MSse tW F8lidnS fhd 2kt s %t{Mb{:l 3 I ar

vesi cl erythrocyte ghosts or spheroblasts. Suita s for
i

| i poso fogsvimentisg fonFracten fige it vetfain @lﬁﬂuqmﬁﬂqdﬁ@ﬂf@waﬁonWI@c eri des,

di gl yceri d@&ileswdllefc%bdjﬁl§ In R4, @J@hrﬁlyz&lmﬁmz'aﬂd% otic §n1 bi | e acids,
25 and t he Jlr .. Preparation of such |i'posonial forpulations'is within the

| evel of skirqufar Pighrosw, Flugrescengesonding SPGANALS Rgand diffrpptiabscanningy, S, Pat. No.
4,235, 871; caldriBetrP@sc)No. 4,501,728, U.S. Pat. No. 4,837,028 and U S. Pat.

No. 4,737 3. Such co 05|t| ons wll influence the physi cal state,
sol ubi ity Eef'ﬁlﬁ?ﬁ‘qw ate of in vivo release, and rate of in vivo

cl ear abge, andmraxdlshﬁlﬁes&hﬂﬁﬁiﬁt@ﬁ&%i'ﬂﬂﬂ@&xﬂ%%uﬂéﬂl@ﬁﬂ?@n@@%"Catlon SO
t hat the chari |st|e§rsm% &‘%Q%ﬁ rr er, wl q end on the selected
route of adf P 0 r’lab‘f"?’i%m% ¥ EBFOYGr use i ncl ude,
but are nmd#BfuemmmtaIMeymmbbdiMﬂhat are encapsul at ed |n a

sl owl y-di ssol vi bl.e pol yne ch a

m croparticles C%%g@??cgrﬂ ™ ém%’ If%m JB ”tg’? eﬁ*?%)zsbgg th such a

_pol ymer (|WK1§@H25@m)opgmmalTh;napp‘Vseﬂ1es el candpdlostto eladidhtediffen@ased in a

bi ocor t':t?'teﬁmﬁ&'ﬂ}fOlcft&%ﬂl%%?éfﬁrw&afi‘é}twﬂe%ﬁo& ent 'f%f‘ naying been

descri OW Ng exanpl €s are ere “6f* 11 ustration, and
not Iim tﬁmoaﬂﬁw%c@@ Sept enber 2005 WD 02/ 068455 PCT/ US02/ 05645 EXAMPLE |

Bi ophysi cal Asggssaeiy c@butal NidBrof:th dida@fdnlen Sefd %orﬁﬂged#ﬁ? the TMS

solutions with the following concentrations. Starting material was diluted to 6.25 mg/ml

while the Fractions #2 and #3 were evaluated at their existing concentrations of 9.4 and
25 5.4 mg/mi, respectively. A Circular Dichroism cell with a path length of 0.1 em was used
and scans conducted from 340 to 250 nm.

‘The far-UV Circular Dichroism measurements were performed with the protein
buffer exchanged into 10 mM sodium phosphate (pH 7.0) and subsequénﬂy evaluated
using a 0.1 cm path length cell scanned from 250 to 190 nm. Secondary structure

30 composition was evaluated using convex constraint analysis (CCA) (Perczel ef al., 1991,
Protein Engrg. 4:669-679).

Fluorescence Spectroscopy: Samples were examined after dilution to
approximately 50 microgram/ml using two different excitation wavelengths. Tyrosine
and tryptophan fluorescence was examined with an excitation of 270 nm while tryptophan

35  fluorescence was exclusively evaluated using an excitation of 295 nm (Lakowicz, J.R. in
"Principles of Fluorescence Spectroscopy™, Plenum Press, 1983. New York, N.Y., 342-

343). Fluorescence scans extended from 300 to 440 nm for 270 nm excitation and from
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TNFR: Fc elutes off a hydrophobic interaction colum (H C) as three distinct
5 peaks ternmed Fraction #1, Fraction #2 and Fraction #3 see F| gure 1).
Fraction #2 is the desired fraction. Fraction #3 was 89 SSBieRbe(d®s
interest since it can conprise from20 to 60% of the sarrpl e and has been
shown t o Vexp#46$455 | ow TNF bi ndi ng activity and A375 bPEEUB2MFHY | n
conparison with Fraction #2. Therefore, in the interest of understanding
the differences between these twg fractigns and asceytai ning what factors
cont ri but e HGtoAnn for pdun xpftation. [Foyrognspoyiiverspans yere Fgne V%gefi?"rpertal ns to
structure e@&&sgsaﬂﬁ:@rminamddaah@m}y@haabevaaﬁwdife@ndeem&eaaﬁdyl ed out. In this
exanpl e, ng%x1 d Fraction #2 and Fraction #3 using Ci rcular D chroism
Fl uorescenc@"ﬂS fﬁ % W/ LS/RI, and differential scanning calorinetry
(DSC) . Mat eri al onkmdsBGRUOSRE: Thombladubi weiblas of'Ehl&ng&bﬁpdnieﬂanghigmafi al was

TNFR Fcin T fer (10 mM Tri 4/ o % ose) H C el uted
oot i s ST Crpired by T e el ute et e BRSO 1t o

experl nent abaﬁ&ﬁngqﬁoe)smﬂeefmmvbmdext{m)dmuam@ﬁiear'l‘hﬁmnettbd basbusmvvcﬂit udi es were
near - v sl OfeR e, 190 AR e A M BRAR NG, [ ertiary
struct ur e \izel Biotham. 340115366} tnddtiaeem: avl;en@gam’evdasuzmgctﬁvammcwlamé differences in
secondary o} CBas nts were
conduct ed ?X;n ?ﬂ&%@gts-gm?t& | Oné%u@sﬁﬁ%k@él}fc% (IE)E\{}\A E}%@(:Eonceﬁ?r%a{?l ons. Starting
mat er i df wassredipllegted thingan biezsl R/ GraysteifietSeptivh Biokystsos. il avit2 and #3 were

eval uated %oSEIQSbScﬁ&%r? ﬁ% 9&9&5@%8&%%@ tTﬁéBﬂletﬁﬁtu # mg/m,

respectively. Crcu ismce of 0.1 cm was

used - and §@I§ﬁ§d@ﬂﬁ@@@4@dwﬁﬂ@@ﬂ§mﬁ@do@@mw ﬁ' éWSRNﬂ@ﬁlrgéﬂjl ar Di chroism
ToaSUI eIy gL AL BRLOMh DSk MR bike lNb ShacEANGRT [ NTO 10

sodi um phos hate subseq[uent y eval uated usi a 0.1 cmpath

| ength cel I eg ﬂa@?ﬁﬁ%ﬁﬂft‘i@dﬂ@é Frne SisEerRaat spnsiants et 530 conposition

was evalljuau@lqgr lmgq&n&gag@@@gﬂﬁﬁmgufgg)anal ysis (CCA) (Perczel et at., 1991,
Prot ei n Engrg. 669- .. Fl uorescence Spectroscopy; S({'flrrpl es were exam ned

after dilution *bef‘”'eﬁ’ffﬁrg Pivg Cepipney (By O BIG’F%WWP“E@PT:\W e %S f er ent
exci tati on nsavel edgld MicroCyMESE DEC mamdnehmmsmamﬂe fdathpleefgence was exam ned

with an excita f 270 nan ile fluorescence was
oxcl ual vel JrB0 B3 <emene dip Baere TR BHEB SR SRR GN oy 0 R i
" Pri nci pl esbcmf4ﬁyﬂmpreﬁmeﬁmeen§@elﬂiwmmwébufﬂ @buatpiitcdgasa 1983. New YorKk,
2- | uor escen cans.e nded from 300 to 440 nnr for 270 nm
e 1 ol on " Set B Re TR AR S s hlon Jho

90°C. Collected scans were subsequently converted into concentration normalized scans

to better compare enthalpic behavior of vnfolding transitions while taking into account
differences in concentration (data reporied as keal/mole).
Results:

25 Circular Dichroism. The near-UV Circular Dichroism measurements expressed
in terms of mean residue ellipticity are shown in Figure 2. Changes in a broad feature
near 270 num were evident between Fraction #2 and #3 as shown by a greater proportion
.of negative ellipticity in the spectrum of Fraction #3 (indicated by the arrow in Figure
2A). Tt was noted that the speotral behavior of the starting material closely matches that

30 of Fraction #2 but does exhibit a subtle negative displacement m the same region
surrounding 270 nm, This result seemed consistent as Fraction #3 made up a small part
of the starting material and so its contribution to the overall ellipticity in this region was
greatly reduced but in the same displacement direction. Reproducibility of the Fraction
#3 spectrum confirmed the observed displacement of this sample to be real. With this in

35  mind, and knowing that disulfides give rise to a broad negative elliptical feature in this
region of the Circular Dichroism spectrum (see Kahn, P.C.,1978, Methods Enzymol.

61:339-378 and Kosen ef al., 1981, Biochemistry 20:5744-5754 ), the near-UV Circular
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WO 02/ 068455 PCTI US02/ 05645 310 to 440 nmfor 295 urn excitation. Four

- consecutive scans were signal averaged for each spectrum Normali zed dat a
were reported to evaluate differences in frequency ar |2§|Sr?§efr’rbﬁ

-sanmples. Online-SEC/ UVILSY : The nol ecul ar wei ghts of eluting corrponent S

usi ng si 2 029683%| usi on chromat ogr aphy were ascert ai n@8T/H8124864%1 t r avi ol et

(W @ 280 nn) | ight scattering (90) and refractive index (RI) detection
in series. P is_met hod has b ted %hg{ele Arakavva et alL, 1992,

Anal . Biochom o shgragma’s g e%‘?ut(’@fm?fe W%ml served phanges i i3ag
240: 155- 1669ean mimim$reftertany swaviamnt Fgaesolis olﬁ&aamd-m@d ﬂdm:msngdtgdciﬁ)syl at ed

mol ecul ar \ﬁ@g tel X ent | at yl ated. The SEC
and UV data Q&e%?‘gghgvg%fagg?g%dg@ﬁ Sﬁmﬁﬁn c‘jmﬁaé]&e:& Fga dl‘f%% m (Per Septive

Bi osyst ens consistelt wiiite contrilBitioSirisingl H@n Sclmuéemhérﬁnsmmu&mﬁbzdm using a flow
rate of sl consi sted of 100 mM phosphate (pH

6. 8) ang 1%10Slllﬁli Whgk%mﬁir%g%%gg&ﬁ}?? angle |ight scattering detector and
Optil ab DSP ref T@dﬁdﬁéﬁ@@m@m@%mﬁh&@mw%smnﬁpmﬂdyasttucmﬂéechnoI ogy, Inc.
Calibrati Oeon%oéﬁgﬁéfgﬁeﬁrﬁ(ﬂ?ctzﬁ 1?91 @?o&eﬁmgfg %ksg%ggbgﬁgqp%@rfsnd uded BSA 15

di mer, BSA nmononer and oval bum n’ (Fi'gure canni ng
Cal ot'i i net FYRcppsSeyanmppy wneAICAyemRerpimed Cricuiated ereetfasgmmpuisedeof thepasur ed US| ng a

M cr oCal Namzomgeéonwmmfeememm gm%thm}n@rﬁauwﬁve@r epared by
buf f er chhangl n‘g into the sane TMS buffer-at . Sampl es cont ai ned
f

about &Y ngPRertraand exdibiedaggod i gh%%?%ﬂn@ﬁ&f%"@g%fh@ﬁ freqtiensisigtef er  (absent

pr ot ei n) a&r@aaaemﬁmﬂ@&exmerm cidid (RitMR 8090 7 Ghdidrore RANNI Ng t he
tenperature re m.20C to Col 1 ected 'scans were subsequently
convert ed F’f?f’%‘g‘?f’gﬁﬂ ?i?s‘éﬁgii@ﬁanﬁmpqe%’ﬁﬁf@%@ﬁ@ndwuﬂ‘éW@F°@§rﬁ6are ent hal pi c
behavi or ofhestnfofiattictg. transitions while taking into account differences in
concentration (gdata éwgg?rted as g(f:lallrrtg ﬁ% Results: 25 G rcul ar

Di chroi sm The Tegr* FPTUN- HPOHPLY IS Speniigams diff €tessed in terns
of meahs r eelselual imthk heat- Wlmxyulmmcl'ﬁdimwagbrﬂ flldr@thne: specirbld@y@@s i n a broad

feature n wer e Fractlon #2 and #3 as shown by a
greater pro (%?')%;%’riascm?nﬁoén@awl\féyéf?rfnﬁ? |Siﬁ“°f‘¥|ee35§%’é@ﬂ°um of Fraction #3

(i ndi cat ediryppophdnemdityrogine fluvrdstegeer @Jsmgwao cxd1thtxdwasavamgtﬁsj itwasgosditke spect r al
behav' or O{ d&%ﬁill&tﬁ% ‘Ih C%I’%ﬁlﬂgeﬂ CgS 001'1 n%re l\%{}?&'ﬂﬂoﬂ[}%gn%g%&f F gg?gf’ll on #2

~ but does exhibitl a sup e negati ve ' &ce
sur r.oundi n§PETOPIsti Wﬂﬂﬁusrescem mislemiﬂmn&nsathmarea&nﬂrsmﬁh on #3 nade up a

smal | Wrtsm&tlrebf?gl%gfoﬂﬂgre Eﬂléfﬁlm?&gn%x xnlnggfr% tpgc;tet‘i)r?tthon to the overall

eII|pt|C|ty|nt|srg|on greatly reduce anme
di spl aceneftultsucessicd dat. ﬂlﬂ%@m@d@@ﬂ!ﬁ involwngdlfe inthissicluaoplioss,  #3 spect rum

confirnmed ﬁ%ﬁ)%gﬁd%g}h—l@w@%& aeegNt of this sanple to be real. Wth this in
35 mnd, a llznovvl ng_that disul fides gi ve rise to a broad negative
el liptical f eatP-line /RL. The light scaftering studies performed on-line with

SEC yielded moIecular Welghts of the main elution peak that were in agreement with the
25  non-glycosylated polypeptide molecular weight of TNFR:Fc (e.g., 102 kD). Although
* there were clear differences in the composiﬁons of eluting species evaluated with this
technique, when comparing the ehition profile of Fraction #3 with Fraction #2 (Figure 3A
and B), the main peak comprising the majority component was measured to be 102.5 +
1.6 kD (Retention Volume = 8,4 mL) and 101.9 2.1 kD (Retention Volume = 8.3 mL),
30 respectively. The precision was expressed as the standard deviation of 23 slices through
 the elution peak bracketed by the vertical dashed lines in Figure 3. It was also noted that
a respectable signal of the descending shoulder for Fraction #3 permitted determination of
the polypgptide molecular weight to be 78.1 % 3.7 kD (this evaluation considered 8 slices
surrounding the peak labeled at 8.85 mL). As exhibited by the precision associated with
35  the molecular weight determination of this component, this peak exhibited greater
heterogeneity and as a result was suspect of greater polydispersion than the main peak.

Fraction #3 also contained a significant amount of high molecular weight specics
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. structure f

region of the G rcular Dichroismspectrum (see Kahn, P.C.,1978, Mt hods
Enzynmol .  61:339-378 and Kosen el al., 1981, Biochem stry 20:5744-5754 ),
the near-LTV Gircular 17 23 Septenber 2005 WD 02/ 068455 3PCPictbs>2¥b645
. Dichroi smspectrumwas curve-fitted to estimate what the observed changes
in this MYREM4SSrean in terns of tertiary structure. PABUBBHMMES of the
curve-fitted data are presented in Figure 2B and showed a small red-shift
(3 nm and enhance egative displacenent consistent with the contribution
ari sing fr GAesEeaiyy %%ﬁw% By o peedqninapy doer fmat AFFSFGWeR| £i des when
conpari ng FrcHéngd) ithas WétdointPhat FRCtion s tsldymgrist Cofls@kraldpecits Biigdmdras been used
to estimate second A strycture fégrrglos'tion of proteins (Perczel et al.,
1991, Prot é’?ﬂe%ﬁb‘?’a a&'?’%‘é‘ép O LAt Ery structure assignments using CCA
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conpar abl e TNFRIHc molsoute (Figusf4) exqsbowmmert elbarlyirethe wkaine fonediddid®a 1099 . Theref ore,
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ascertain conpl _ ferences in ter structure assignable to
t rypt opifan memithumyod 8] in eonfrison etk Buagtion #2 Juiving = halswidthof 6.81Ci &his lamvel engt hs, it

was, POSSI blygioly BB SEIHA ek B O AR LI A g BhdeifulfSe_Cases consi der ed

(SM Fraction #2 and #3) were super-imposa h T T Uol

=3

el

i uor escence maxi ma
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suggested that the average structure involving the intrinsic fluorophores,
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Scat t eriisng ehdtgléses performed on-line with SEC yiel ded nol ecul ar wei ghts of
the main el ytion peak that were in agreenent with the 25 non-glycosyl ated
pol ypept i dPNBIRRY| ar wei ght of TNFR Fc (e.g., 102 kD). Although there were
clh_ear di fL e_renCQﬁloﬁgthéxhﬁhdﬂeféﬁaﬁﬂiﬁbﬁ&Ssl@Jrqﬁlséﬂédﬁ?ghiéﬁb@ﬁ?ﬁgir@ﬂ@! uat gg WitE
this technjque, conparing .t.he elution profile. of Fraction Wi t
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conmponent \lSening abdiinerake At ibasigedBle Po the Beesior hizety ofthd BeledRiwithtittie 8. 4 nlL) and
101.9 .1 kD (Retention \ol = 8.3 .3 espectively. The precision
was oxpPes SR ra LBt TR ET, Thhottohy corse PRERES B LY

suggested that disulfides are involved with tertiary structural changes associated with

Fraction #3. These changes may arise as a consequence of buried disulfides gaining more

exposure to the solvent and account for an increase in hydrophobicity as suggested by the
small increase in Tetention time observed in the HIC elution of Fraction #3. Tt is

25  interesting that there are no discernible differences found in the fluorescence data that
would indicate such a change in conformational structure. If one considers fhe primary
structure of TNFR:Fe in terms of the distribution of tyrosines (Y) and tryptophans (W), it
becomes apparent that the region extending from the C-terminal portién of residue 104 of
the TNFR domain to residue 296 of the N-terminal portion of the Fc (comprising 40% of

30 the linear sequence of TNFR:F¢) is devoid of these intrinsic fluorophores. Therefore, one

possible explanation consistént with the data might be that tertiary structure remote from
the Fe hinge region is relatively unchanged while that from about residue C115 to C281
may be somewhat altered conformationally. This region of the molecule comprises 10
possible cysteines that may be affected with supposediy little consequence of structural

35  change affecting local structure of tyrosines and tryptophans. 1t is noted that it is
cutrently unknown as to how this molecule is folded and it would seem plausible that the

cysteines that make up disulfides that are more remote from any given fryptophan or
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the elution peak bracketed by the vertical dashed lines in Figure 3. It was
“also noted that a respectable signal of the descendi ng shoulaﬁi?er far
Fraction #3 pernitted determination of the polypepti dé3msPEERFE%%i ght to
be 78.1 3.7 kD (this evaluation considered 8 slices - surroundi ng the peak
| abel ed O BOPISH). As exhibited by the precision as@6BUS2SH4i th 35 the
nol ecul ar wei ght determ nation of this conponent, this:peak exhibited
greater heterqgenegjty angEt as a result was suspect of greater polydi spersion
than the rréYrﬁs’%é ue weyld be Ipgieal spepects top teptigysipotie chymgss g1 Broduceth® anount  of

hi gh nol ec whsdivedadagily (3P Dachroksn RshliSRD bidaeiktle @it MkheBtd68455

PCTI US02105645 consi,stent, with t elytio ol une of redom nantly
di neric for® %Fe *@ﬁ?@?%‘ﬂ%é’?‘ﬂrﬁg%@& I?@ﬁ&‘g?g‘?ef “M?Clﬂ‘é@tq%"fﬂ‘?fs that Fraction
#3 1S conprihs theredf somewmeal chagpe i sedctiréi@ithial oz @r baige tiegMNFRamasttht f r agnent ed

portions: of, the .nolecule. .Differential nping Cal ori.metry. DSC

nmeasur ersrjentdgesélgtrlp‘l’o 4% ?re%%et%%“g? {Rgpe gt %&8@%&&%@@%@0 gni fi cant

di fferencegyrsines v typtbghackl The faét tiatrbe Midkdtomei det Ywiddh it inensitlkkR: Fc nol ecul e
(Figure 4) .. W re clearly J e basel]ne rrect.ed data (Figure
45y L her & S BB SR AtV BT PR UM SRS 1 anoi 11 o
(Tm)  when topapans) endpibits Tsmag e AvesiBplatenmuttcosiztetiRyithdistifidestileuafl  49. 7C
(Fraction #3):s.k E:&}nﬁﬁi i i ght. r PN #3 wWith a
hal f-wi dt h at rﬁﬁ%{&gd?e%]e tIr aﬁgfg?fi%ﬁp@%&%g:x]%]?rlﬁ?n&tg%&gée@%nc%ﬁ%%%%@on W th
Fracti o #2nddvi ng a hal f-width of 6.5C. This low tenperature transition
has been identi §j &0 bsMPadNEhiBl MR Ao o Fr{ﬁ&ﬂfl 3 JNFR: Fc nononer
to be due the TNFﬁgﬁonzg%?n “of ‘The nolecu e.or%&grém 'tfgﬁg{pﬁ%ns at  69.1C
‘and 83. 4C ¥l thmelacula sieightend seepndanestmetiig erei fomd tsfbetindistinaniskablel e. These
“latter twogohH-REGi®g transitions align well and are conparable in terns of
Ti ns and conponent 15 enthal pies. D scussion: Anong the nethods tested,
di fferences were observed in the near-1TV Crcular Dichroismand DSC
measurggents. Differential scanngRgm®®p® i metry data support a | oosening
of structure that .is assi %nab,l e to the receptor noi Etﬁléac)f‘ the nolecule with
little 20 chBigldekxchonge Expesinents op INFBiH edradinn#dpith Glygathiene: - | TV Gircul ar
Di chr oi smI reﬁul This ﬁp@ﬁﬁ%ﬁhﬁdd%stgaédtﬁhﬁéékib@i@@oﬂf&@tx&eﬂ%&idfﬁdﬂh@:& tertiary
structural _changes socjated with Fraction #3. These changes may arise as
a consequeﬁ@&“%%gﬂ’ﬁq'atﬁ"e H%TF‘E%P?%’,}‘&J@“WM%@WF@“@?M%?@ o the sol vent

and accounprofimtiommnd Ncr ease i n hydrophobicity as suggested by the snall

4

i ncrea i Letenti ti,me observed in the H C elution of Fraction #3. It
is 25 ?ﬁt e?‘ea% r’ia%an{l&%fhof'sr'iere are no discernible differences found in the

fl uorescence daMeatetidiatThe swatihgimaterll eRTAFRURC bs aProthia Agduts, Ap@eoHIOr mat i onal
structure. elluece oPRGibPE E%%rsﬁ:sb H@xﬂ% j)frfﬁéglutes Fraction #2 and Fraction #3.
' Buffers were 0.1 M citrate or 0.1 M Tris/glycine at pH 7.6, pH 8.6 or pH 9.6. Protein
concentration of the TNFR:Fc was from 0.2 to 4.5 mg/ml.. A redox coupling system of
25  reduced glutathione and glutathione (GSH/GSSG at a ratio of 10:1) was added at 0.1 to 5
mM GSH. Incubation temperature was vatied at 4 degrees, 22 degrees or 31 degrees
Centigrade. -
Methods. Disulfide exchange was quenched by acidification of the sample to pH
6 with 1 M acetic acid. Treated preparations of recombinant protein were characterized
30 by analytical HIC, SEC (retention time, aggregate concentration) and solid-phase TNF
binding assay to determine the percentage and yield of Fraction #2.
Results and Discussion:
Treatment efficiency as a function of pH and GSH concentration. Significant %
of the protein in Fraction #3 (at least 10%) was converted Fraction #2 when treatment was
35  performed at both 0.1 mM GSH/ pH 7.6 and 0.1 mM GSH/ pH 8.6. However, efficiency
was greatly improved (from 45% to almost 709%) when treatment was performed at 0.1
mM GSH/ pH 9.6; 1 mM GSH/ pH 7.6; 1 mM GSH/ pH 8.6; and 1 mM GSE/ pH 9.6.
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structure of TNFR FCin ternms of the distribution of tyrosines (Y) and

tryptophans (W, it becones apparent that the region ndi m t he
C-terminal portion of residue 104 of the TNFR donain ?éts @ngre&g’gG of the

N -ternnal E’ortl on of the Fc (conprising 40% of 30 the |inear sequence of
" TNFRFc) MOHAE®IPY of these intrinsic fluorophores. ThBEEPHRE564Hne possi bl e
explanation consistent with the data mght be that tertiary structure

renote fro onis.rela ed while that from
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r%c On #3 Was %ﬁ’ Bﬁga e mies

af fecting | ocal ure of "tyrosine I's’noted that it
i s curr ent |32°Grul BBEN ThesGEbeonemiraiim wasrinlldeclrhld anﬂpﬁélﬁdeﬂeldﬁ(ﬁouri, woul d seem

Fromany oi bareressrEianitiig bhgt- ARt W Bfu (iR biBmRLS ™' T

PCTI US02/ 03@u®nteision s¢emed flightlydemse Q/fﬁmnctlatlﬂ@ tW@'gW@afbmpsuslp@ct s for tertiary
structural changgs. ifat 8% RNES Ll oR ﬁé W Qb ar Dichroism
t

~results but exhibit Trttle inmpact on C|n structurelnvolvmg
tyrosi nes aﬁ@iSt%DﬂVé‘MmglbﬂSPF\P@nlthfélhovdé%@tsn&mﬁ%@mlﬂlmemAelup@lss| bility

that there daififg®4 4ok sfmﬁ@ﬁa(ﬁaﬁaumﬂ)%@aaj\asfemog; both of the
TNFR arns t hat does not invoke an appreciabl e e In t net effect of

f I uor esi¥end¥ His(shicig (fmplsameenisption). Hﬁgﬂé{a‘ﬁﬂ@eﬁ yibessplatiess quhedmsﬁét that the

fl uorescen&@lﬁﬂ@ﬂ\&iﬂ@h nkhd GEAMES HiM Gsmixﬁmcaﬁaﬁuhtfrb&@&péﬁ&wfd?o change and
t he near- UV is_sensitive to disulfides yrosi nes, s and tryptophans)

exhibits a } OH’égB{S?l@@e e&fbé’i‘ﬁeél‘@%%?ﬁhe‘b@ﬁ%‘ﬁ@ﬁ@ﬁﬁ asfpscHbed PQYPf i de st ruct ur al
modi i cat on domhifl difisaatiost iR Bl frokliciind g o 1 er ence

bet ween Fractj.o 0. an n mmr|2|n t he remalnlng dat a
gener at ed BBHE‘EI:}% ﬁ@f ﬁ#“ gﬁ%ﬁj@a 9%% Fﬁa‘m‘?"éin egIUS CIRsF B8 ar wei ght  and
seconddsy SHmLRVLITHES, m%ﬂsfmumse% OTHa énciered irSHICTFRdtiGIIA N e sableOM Fracti on #2.
15 EXAMPLE Di su ment s n TNFR: Fc Fr. jon #3 with
d ut at hi one?%nem‘a%“g@(giqf‘l%g f“%ﬁ%”ﬁxa‘%g“%n@ﬁe%e % SELEY pregse iy of treatnents
to drive TRFERide2 wEerluonﬂatéthth%hhﬁaseﬁrﬁlmﬁMmtams sbwibndguteon #2 in a
process angn ale ion runs. terials and Met hods:
Mat eri al Srrg ?RJ t?oﬁsg%ﬁﬁagergf’ fﬂlgﬂpgﬂcfﬁiﬁrﬁéajggmﬁsége ein Aelute, a pure
‘H C el ute of FBJadmg@say#?,l,‘hreaddfeaniﬁn@zpa@amo&fIlNiFE:Pbiwexblla@a;e&h:taes Fraction #2
and Fr @_ﬁt | Qcﬁidifﬁase TNEF binding assay. Samples 11-6 and 12 were eluants from a Protein A

' column, Sample 8085-47 was also eluted from a Protein A column, and then subjected to

an additional HIC purification step; this sample contained exclusively Fraction #3.

Samples were examined in the binding assay before and after disulfide exchange as

described above. The results presented below in Table 1 show an increase in ligand
25  binding activity after treatment of all samples with glutathione.

Table 1
- TNF binding activity of TNFR:Fc before and after disulfide exchange

Sample Pre-exchange Post-exchange %
30 (activity/mg of protein) Change
11-6 4,16 x 107 5.73 x 107 27%
12 : 436 x 107 6.13x 10" 29%
8085-47 - 1.90x 10’ 6.75x 107 72%
35
EXAMPLE 3

Disulfide Exchange Experiments on TNFR:Fe treated with L-Cysteine
This experiment was designed to assess cysteine/cystine as reduction/oxidation
coupling reagents for TNFR:Fc. The procedure allows assessment of change of HIC

40 Fraction #3 into the conformation of Fraction #2 in a process amenable to large-scale
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Buffers were 0.1 Mcitrate or 0.1 MTris/glycine at pH 7.6, pH 8.6 or pH
9.6.. Protein concentration of the TNFR Fc was fromO0.2_to 4.% (L. A
redox coupling system of 25 reduced gl utathione and gl &f 2EPF® %rn%@él H GSSG
at aratio of 10:1) was added at 0.1 to 5 nM GSH. | ncubation tenperature
- was vari &P @eHsdegr ees, 22 degrees or 31 degrees CeRCTEBBHESHS Met hods.

Di sul fi de exchange was quenched by acidification of the sanple to pH 6
with 1 Macetic acid. Treated preparations of reconbi nant protein were
char act er i zZ&adcty . ‘Thearapedugeprn henerformgpcron apurificdiFragiiondt iz 6f egat e

concent r at i BagtioR¥d a3l shaRPREGNIINthePicpAitids iKY shiéh 26 8ok Ne t he

per cent age and Yi eld of, FractiqQn #2. Results and Di scussion: Treat nent
ef fici ency HEOXEFRY: Vs “B’F\Br&nd GSH concentration. Significant % of the
protein i n HMarsihl ond Ma&hédt | east 10% was converted Fraction #2 when

B o Houbver . of P BRUCaaL Tyt R SepF RICH e Bt 6 Sl oot 70% inen

- treat nent westeip@rdhoedBNFRc cOntdiningHdtGEdi@H#29nd43. Buffdd @SE0.1pH 7. 6; 1 mM GSH
pH 8.6; and.l. .pH g 20. 23 Sept enber 2005 W0.02/ 068455
PCTI USO2/ 0584 R %ﬁptﬁoﬁ' h%o?gﬁ?nﬁ%n%guoélf%? %%%?éﬂgg‘z Ve 2%3?1 itive to pH and

free thiol ogmEentration, it can be effectively perforned over a w de

range of these vari . r i .\as treated at
three different Afalrg#%teg!r’@?n Lﬁ%%‘gmg{&%&%g@%&ﬁgéi%o%ﬁ%sg@%\%nt rati on was
hel d at 10 Ve peoredugs agal® assafsedor/- L1-6ystino®.625 to 65 tvB and: eal mYHEDTr.oups al |
exhi bi tgd S]h&lm.t{o %ﬂ:ﬂératﬁg%gﬁs@ségﬁlatqf 15',:513%95 he%%efﬁenﬁ%ﬁ&% fF:rﬁ‘?‘ﬁBt 511?'18#2’ but
conversion seemed sfightly nore efficient e Two | owerl tenperatures.
Cl one ef f echoyes. Bisylfidh okehangs rwas gushobed iyneidifipatipreef theatmplptootldotithy TNFR: Fc, were
tested in RuBb@RIGESMZRA: P‘i‘fé&t@&ﬁ?é af3AGHS O R Bin it roR results.
Speci fically, a@_Pr otein _Aeel ution P cont aifni ng O. gmt %%Oé?e? nmg/ mL of TNFR Fc
(at about HERAYerigRddy gerlisal BUC end SBA (gtewion §mpgeresatpwprentaiic) pci ne (fi nal
concent rsat Id@@mﬁme]mé\ﬂe}l&emgegmc’g 106DFrac IS8 EndIRdctid BN stiRIRicAddREed to 1 mM
EDTA and2.5 mM GSH 0. 25 nM GSSG and i ncubated at room tenperature for
about 16 hoHi&¥2$5%¥ fi de exchange was quenched by acidification as
descri bed abeme.andPiius@bn:Si X di fferent clones all showed inprovenent in
producti on and g‘i eld of . Fraction, #2f The, reduction of H C Fraction #3 by
treatment in t he “0HPHSHCIRTY SRR Emetige of Lgysigine goneenption ¢ My, & 300 and 83% The
i ncrease i nighifiGinFpeaebthgerof #i2 TNAR:Féygotsia MEICIFR0 6 #R&eRg07b#% 78% 70% 44%
and 54%. respect.ively. rcent increase in, Hi Fraction #2 was well
cor r el ded c\?\n}p"teﬁedtt%gméhof' %&”@e&%&t‘?ﬁ?ﬁ‘sﬁ W‘U‘n‘fht%szs t%@is"ﬁ%‘?z\?? RHREE gure

absence of L-cystine or EDTA in four replicate samples (Figure 6). However, efficiency

was greatly improved (from 45% to almost 70%) when treatment was performed at 1 mM

L-cysteine or 5 mM L-cysteine (Figure 6). The effect of cystine in these reaction
conditions varied with EDTA presence (see below). For a given cell culture batch
25 (samples from four different cell culture baiches were treated), the treatment process was
' reproducible,
Treatment efficiency as a function of higher L-cysteine concentration (5-50 mM).
Higher concentrations of L-cysteine (5, 15 and 50 mM L-cysteine) us;ed to treat TNFR:Fc
resulted in a decrease in HIIC Fraction #3 from the starting material in each case, but 5
30  mM L-cysteine was most effective in promoting the accumulation of Fraction #2 (Figure
7). 1t is estimated that highér concentrations of L-cysteine either significantly reduced the
sulthydryl moieties in the molecule or required too long to re-oxidize.
Treatment efficiency as a function of additional L-cysteine feeding. In order to
attempt to increase disulfide exchange efficiency, TNFR:Fc was treated with 5 mM L-
35  cysteine and incubated at 4 degrees Centigrade for 18 hours. Additional L-cysteine (0-5
‘mM) was then added, and the samples incubated at 4 degrees Centigrade for two
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5. Thus, the nethods appeared generally applicable across all clones
tested. Binding assays. Three different preparations of TNFR Fc were
assayed in a 20 solid-phase TNF bi ndi ng assay. Sanple§3§f96mﬁﬁﬁu¥§ wer e
eluants froma Protein A colum. Sanple 808547 was also eluted froma
Protein AVRBYUHAS and then subjected to an additi onaPCMESB@F&Si cat i on
step; this sanple contained exclusively Fraction #3. Sanples were exam ned

in the bindi assa fore and.after, disul fide excha s .descri bed
Lhoves The RReR B, G Bt HetiBtate sy FesioR | o | eand 25
bi ndi ng act #ub Fyctinh 2 wastnoedbyaditionf L-ayfsleins #egihees W th gl utat hione. Table 1

- TNF bi ndi ng act gy INFR: Fc.before d.after di i.de exchange 30 35
Sanpl e. Pre- exchaﬁ#ﬁéet%gos%’é: { eaar%fez'c%?e“tea?%’l e‘ft)‘?f“f’@n%?d:%wgfln) Change 11-6
4.16 x 107 ®mbBaton h@H L2yGemeY P oll) SETHFRIB/wH askSsod il BF pr2@fee o8085- 47 1. 90 x 107
6.75 x ' 9 E'%(‘IA‘ ' ' £xch | s.on INFR Fc treated
wth L- st%?eré% _ %ﬁ%ﬁ%@ﬁn‘%ﬁegﬁvﬁgﬁ %@gegeggeecg)i tlg@& glgg‘gécscmée@ﬂﬂgi nel cystine as
reduct i on/ oseietnirations of eyoiinslin thepangeaf@hP2 mdbr TNFR: Fc. The procedure al |l ows

A SeNt 201 RBHE el s ALl Arite Wl Qb GAAEEL 0N O

Fraction #2 in a process anen e to large-scale enber 2005 WD
02/ 068455 Pusttinsh2 fgssumdgE duiset Ceovigrada fig citheh@ord8 boed Wiveplktion obe per f or ned on

a purified tFeﬁﬁféﬁtioPﬁNﬁﬁFc @as%sﬁe&'ﬁfaoﬁga aﬁ{t@ﬁf&l&@eﬁgﬁgﬂ@n&tﬁ &ho /'or fol I owi ng

ot her separation techni ques such as Protein A romat ogr aphy, with simlar
resul t stV nveHR@Patign disalfde swehapgsdsmorscopplstest hdogteprghamdd degress andas TNFR: Fc as a

pure H C eltiththeRhs dihidfinb® BompRote e hdurs 4 QLRded CAniglad 85kukNERudC cont ai ni ng
bot h Fractig%sl #2 anﬁ& Bl??f)f%ersevmre ?).1 l\féecitrgﬂtae or 0.2 MTris at pH

8.5. Proteit’concentration of the TNFR Fc was 2.5 to 3 ng/nL. A redox

coupl i'ng syst emCedpdiis&iyes hRiyf&il-(Mids prepAative-9leQ dyQeinOheiientias utilized. 10
The procedug_was al so assessed +/- L-cystine (0.025 to 0.5 M) and +1 1 nM
EDTA. | moUBEHEER: Barpapdi i e e cudiiers pimized ansmall ssalesFNFRSS (Bagr eos

Cent i gridde rhghil ,0.2 Trie\pH 8%@in either 3 mL or 201 quantities were treated with 5 mM L-
cysteine (in the absence of cystine or EDTA), incubated at 4 degrees Centigrade for 18
hours, diluted with and equal volume of 850 mM sodium citrate, 50mM sodium
phosphate, pH 6.5 to quench the treatment, and chromatographed on HIC. Control
samples of Preparative and Analytical scale TNFR:Fc had 63% and 68% Fraction #3,

20 respectively. After treatment with the above conditions, Fraction #3 was reduced to 28%

in both Preparative and Analytical scales. Therefore the treatment efficiency was 56%
and 59% for the Preparative and Analytical samples, respectively (Table 2). This

experiment demonstrates that the process is amenable to larger scale treatment.

25 Table 2 |
Analytical vs. Preparative Scale Disulfide Exchange Procedure
PREPARATIVE ANALYTICAL
Fraction#2  Fraction #3 Fraction #2 Fraction #3
Control 3% 63% 32% 68%
30 Exchange - T2% 28% 72% 28%
Exchange “efficiency” 50% 59%

Thus, although treatment redox efficiency is affected by free thiol concentration,
35  temperature and time, it can be effectively optimized and performed over a wide range of
variables. The treatment protocols can also be performed on both small and large scale
with reproducibility. '
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hours. Disul fi de exchange was quenched by acidification of the sanple to pH
7 wth NaH2PO4 or 0.85 Mcitrate. Treated preparations_of re%onbi nant
protein were characterized by anal ytical H C and SEC (PefBiU6h2405me,
aggregate concentration) to 15 determ ne the percent a%e and yield of

Fracti on “¥O2%¥3%Fr acti on #3, cysteinylation and free PSGUBR{MAI assays.
Results and Discussion: Treatnent efficiency as a function of L-cysteine
concentration (0-5 m). A significant percentage of the TNFR Fc protein in

H C Fraction #3.(average 10%. S 0.converted to Eraction #2 when
treat nent was pejﬁjf’grresr?‘g ‘\’/ﬁ“?oﬂlstf\.,‘\)gtgbﬁﬁﬁ"ﬁe- BB ﬁgleiswﬁﬁgﬂ%gfgﬁﬁe of L-cystine

or -EDTA i n desuibed bepin, whitiearsatepded 8s sfgleglitsieations. of e aspecefdf thei ency was

greatly inp far-0m. 4506 t 0% when treatnent was.performed at |
MM L-cyst eﬁﬁe‘éﬁ%&@%@?}@e éiﬁéﬁgﬁ %‘ﬁ?“éﬁ“r%"%?".mﬁ%e ‘@lh?“et T Ly stine in

t hese rehct hoinvention didetd rasionsamddifidatians df tHEDIFAntjon, dseiditien slee shelow) . For a

gi ven cel | Ch. . I rent _cell culture

“bat ches mr@“?%sggbggg‘?%ﬁgﬁéé%oﬁg@%ﬁtﬁo%&%ghéisl%%%v%gm{%%%&%%fﬁeé?ﬁ e. Treat nent
ef fi ci ency descriptigngpdaceeppagifingtfiraytings. Suchypgdifidations e irtmdidriafall withif 5- 50 M) .
Higher concgni gtk @b sopfacdagyst €l ne (5, 15 and 50 nM L-cysteine) used to
treat TNFR Fc resulted in a decrease in MC. Fraction #3 fromthe starting
material in each case, but 5 30 mM L-cystei ne was nost effective in
pronoting the accunul ation of Fraction #2 (Figure 7). It is estimted that
hi gher concentrations of L-cysteine either significantly reduced the

sul fhydryl noieties in the nolecule or required too long to re-oxidize.
Treatnent efficiency as a function of additional L-cysteine feeding. In
order to attenpt to increase disulfide exchange efficiency, TNFR Fc was
treated with 5 M L- 35 cysteine and incubated at 4 degrees Centigrade for
18 hours. Additional L-cysteine (0-5 mM) was then added, and the sanpl es

i ncubated at -4 degrees Centigrade for two 22 23 Sept enber 2005 WD 02/ 068455
PCTI USO2/ 05645 addi ti onal days. Under these conditions, no significant
effect on the ratio of HHC Fraction #3 to Fraction #2 was noted by

- additional L-cysteine feeding. Effect of EDTA, cystine and L-cysteine. The
~effect of cystine (0-0.4mMV) in conbination with L-cysteine (5 mV on
TNFR Fc was assessed in the presence or 5 absence of 1 mM EDTA. Opti nal
results in the presence of 1 nM EDTA occurred with concentrations of
cystine in the range of 0.1-0.2 nM Copper, tenperature and tine effects.
TNFR. Fc was treated at with 5 nM L- cysteine at 4 degrees and 22 degrees
Centigrade for either 6 or 18 hours. Conpletion of

24




- treatnment of TNFR Fc was assayed by copper addition followed by H C. After
6 hours of 10 incubation, disulfide exchange is nore ¢Q Iet% at 4 degrees
than 22 degrees, and treatnent is clearly nore conpl et §3§P'@Fﬂ 52%Burs at 4
degrees Centigrade (Figure 8A and 8B). Conparison of analytical- versus
preparative-scale L-cysteine treatnent efficiency. Based upon the
treatnent conditions optimzed at snmall scale, TNFR Fc (2.5 15 ng/niL in 0.2
MTris, pH 8.5 in either 3 nL or 20;9%“%5 were treated with 5 mM L-
cysteine (in the absence of cystine A), incubated at 4 degrees

Centi grade fWhatligclaimgdifiss, diluted with and equal volume of 850 nmM sodi um
citrate, 50nmM sodi um phosphate, pH 6.5 to quench the treatnent, and
chromat ographed on HIC. Control sanples of Preparative and Anal yti cal

scal e TNFR F¢ had, 63% and 68% Fraction #3, 20 respectively. After treatnent
with the abobe cofdetigRSIOmptass dsiredsoniaianabigppiceyeony Sabicambissg h

oo boo S PR b e RER 68% e p R bl I S B gt el vty
Tabl 2). Thi i ) h t he i bl t

aooer onal ot s eatBEs o ARTPOSAL AL SR cdplldf] S8R S BERATD! © 1O
Di sul fide ExgRangsr Pl aiidndQaRRRRARAL &f'ﬁg\%:c %&%@@%@@% Fraction

#3Fraction #2Fraction #3 Control 37%3%32%68 ange Yo Exchange

"ef fici ency"H@VbR%chbysxidAloh BABIR: fhQal FEMimE R8SeRd ihGEROEY rdifiaf f ected by
free thiol concentration, 35 tenperature and tine, it can be effectively

optim zed angopesidn@f RO tordightatiéhal BHO& 20d thvRstedbl es. The treat ment
protocol s can also be perfornmed on both small and large scale wth
reproduci bi | i ty. ®BnRlRingelptrelatierprd06ion\6iHe 28068 4ahicheHdnkiSeMd 26dd The
present invention is not to be [imted in scope by the specific enbodi nents
descri bed henafue. whi ch are intended as single illustrations of individual
aspects of the invention, and functionally equival ent nethods and
conponents are within the scope of 5 the invention. Indeed, various

nodi fi catiorfs of Thancthedehelpignl whesein dhaichicoylated redembmanipeniin catrdnsdéscr i bed

herein will becone apparent to those skilled in the art fromthe foregoing
least two domains.

3. The method of claim 2 wherein at least one domain of the glycosylated
recombinant protein has a stable conformation, and at least one domain of the

glycosylated recombinant protein has an unstable conformation.

4. The method of claim 1 wherein the glycosylated recombinant protein comprises

an extracellular domain of a receptor.

5. The method of claim I wherein the glycosylated recombinant protein is a soluble

form of a TNF-receptor.

6. The method of claim 1 wherein the glycosylated recombinant protein is a F¢

“fusion protein.

7. The method of claim 6 wherein the preparation of the glycosylated recombinant

protein has been purified from a Protein A or Protein G column.
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description and acconpanyi ng drawi ngs. Such nodifications are intended to
fall within the scope of the appended clains. 24 23 S tenber 1905 CLAI V5
What is clained is: 1. A method of pronoting a desired (§rﬁ’ PIRSE AR of a
gl ycosyl ated reconbi nant protein that has been secreted froma manmmalian
cell, the nethod conprising contacting a preparation of the glycosyl ated
reconbi nant protein that contains a mxture of at |east two
configurational isoners of the glycosylated reconbinant protein wth a
reduct i on/ ox$.dat i Birc ekl of Bigink Eagedin theoflymslitdrresonbinagi @okintiOseicbied ease t he
rel ative proportion of the desired configurational isonmer and thereafter
det er mi ni ng fréve thegrawp icowispnoeGrsbiuble IDH redeptor @ solume IIc bk Guedpionaal i soner
inthe mxture. 2. The method of claim 1l wherein the glycosyl ated

reconbi nant §ehbledily ligens: asakdlea®DAQ @sd, GIRY, doMRiChe7, BIEKVRe, et fiad of clai m
2 wherein at | east one domain of the cosyl ated recombi nant protein has

-a stable con"loﬁﬁb%ﬂéﬁeceﬂ%oéfmsl@ﬁs@s% TRANe 2 sgiuhledRWat ed

reconbi nant rot ein has an unstable conformation. 4. The nmethod of claim1
wherein the 5??@6%??“5?%&@%%‘?%1 FagiepVH} ﬁa‘?f?frpﬁr noligopsgica s r acel | ul ar

d f t hy | at ed

e vt SO PSSl St R 56 o
I I nh f

O b e ALY S BT LR R BB 00 e

r econbi nant &P&&rﬁ'&;ﬂ@ﬁeﬁﬁ@ﬁbe d‘{ﬁﬁ g?ms g gqoﬁ te%hﬂ}ﬁp eﬁr Proteifn G col um.

25 23 Septenber 2005 8. T erei ycos% at ed

r econbi nant gmca&eeéb?osid%sessdmggnpﬁofe@mtgmﬁm%Héﬁ%&9\%'f& rn& Erl ol ubl e
|L-4 receptor, a soluble IL-1 type Il receptor 1e I gand, a

sol ubl e CDAQnd h gatog); stikBlng £B3H, CD27, a TEK/ Ok, IL-15, a sol uble IL-15
receptor, Ox 40, GV CSF, RANKL, RANK, TRAIL, a soluble TRAIL receptor,

ti ssue plasm nogen activator, Factor VIII, Factor |X, apolipoprotein E,
apol i popr ot & n AThe n&thodl bf Qaimeloelptrein the@H i$ fred abdit Agadbosit10. al pha- |
antitrypsin, calcitonin, growth hornone, insulin, insulinotropin, an

insulin-li ke grow h factor par at hyroid
10 The method of claim 9 wheréin the pH is about 8.6.

11. The method of claim 1 wherein the reduction/oxidation coupling reagent is
selected from the group consisting of glutathione, cysteine, DTT (dithiothreitol), 2-

mercaptoethanol and dithionitrobenzoate.

12. The method of claim 11 wherein the reduction/oxidation coupling reagent

comprises reduced glutathione.

13.  The method of claim 12 wherein the reduced glutathione is at a concentration of

about I mM to about 10 mM.

14. The method of claim 11 wherein the reduction/oxidation coupling reagent

comprises reduced cysteine.

15.  Themethod of claim 11 wherein the ratio of reducing thiols in the
reduction/oxidation coupling reagent to disulfide bonds in the protein is about 320:1 to

about 64,000:1 (reducing thiols: disulfide bond).
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hor mone, an interferon, superoxide disnutase, glucagon, an erythropoeitin,
an anti body, glucocerebrosidase, an Fc-fusion protein,_a glggin a nerve
grow h factor, an interleukin, and a colony stinulati%%SFQE fr 2095 The
~method of claim1 wherein the pHis fromabout 7 to about 10. 10. The

met hod of claim9 wherein the pHis about 8.6. 11. The nethod of claim1l
wherein the reduction/oxidation coupling reagent is selected fromthe
group consist'ng,ﬁ%nggutathione, cysteine, DIT (sthjothreitogg, 2-
ner capt oet hatfol ~a fhodiob fipint bbss g dcgroteid conprpiration 1§ dgmabodOxi th 11 wher ei n
the_reductiqﬁjﬁﬁi%gghpn coupling reagent conprises reduced gl utathione.
13. The et hod oP ailm 12 wherein the reduced glutathione is at a
concentration of about 1 mMto about 10 mM 14. The nethod of claim 11
wher ei n t he reducti-Aimdicd @hindNwhQERkiInth R S is peRdMlch 3G Svsedured _
cysteine. 15. . The nethod of claim 11l wherern the ratio of reducing thiols
in the redubbiiddahoexs.dati on coupling reagent to disulfide bonds in the
protein is about 320:1 to about 64,000:1 (reducing thiols: disulfide
bond). 26 23 Septenber 2005 16. The nethod of claim|l wherein the protein
concentrati o¥- i s Fhearethed olielaion bwhesein Bywonta@inggiepis perfdrmed hiebow2hd of cl ai m
1 wherein the contacting step is perforned for about 4 to about 16 hours.
18. The net had of __claim.1_wherein the contacting. st i s performed at about
25C. 19. T g'ne§ﬁ88m dof ?WiﬁwaﬂgP eﬁmwﬁ&ﬂ%8@?&&?&@5ﬁ§?@§mﬁég erformed at
about 4C. .= 20. The nethod of claim1 wherein the contacting step is
quenched by «aci di-fi j 21, : i rei
deternining:?tepf%%%%%#gggdgﬁél%%Qﬁ%ggkgﬁggﬁéﬁgg%gg%%hﬁgﬁﬁggﬂggﬂﬁThe met hod
of claim1l wherein the determ ning step conprises a binding reaction. 23.
The net hod afi. cl &hBetho@8PEIAIBI NGhdr&iR tRdEREIAinE EBE Edn@is@font BEm@EEPar at i on
of the glycosyl ated reconbi nant protein with the desired configurationa
i soner. 24. chiveatpgtahipdsigb. cl ai m 1 conprising formul ati ng the desired
configurational isomer in .a sterile unit dose form 25. The nethod of
claim4 wherein the desired configurational isomer has a higher binding
affinity forf2a cdyagedof phasia loyhargin the detepigpg step comprises a binding

. reaction.
23. The method of claim 1 comprising isolating a fraction of the preparation

of the glycosylated recombinant protein with the desired configurational isomer.

24, The method of claim 1 comprising formulating the desired configurational isomer

in a sterile unit dosé form.

25. The method of claim 4 wherein the desired configurational isomer has a higher

binding affinity for a cognate ligand of the receptor.

26. The method of claim 5 wherein the desired configurational isomer has a higher

binding affinity for TNE.

27.  The method of claim 26 wherein the TNF is TNF-alpha.
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26. The nethod of claim5 wherein the desired configurational isonmer has a
hi gher binding affinity for TNF. 27. The nethod of cl g?rg ZGF%/]Qei i_n the
TNF is TNF-al pha. 27 23 Septenber 2005 28. The met hod EPEPRFZ%%her ei n
the contacting step is carried out in the absence of sodi um dodecyl
sul phate, urea, or guanidiumHCl. 29. A reconbinant protein isolated
according to the nethod of claim23 or 24. 30. A conposition conprising the
reconbi nant protein of claim?29 28

28. The method of claim 1, wherein the contacting step is carried out in the absence

of sodium dodecyl sulphate, urea, or guanidium HCI.

29. A recombinant protein isolated according to the method of claim 23 or 24.

30. A composition comprising the recombinant protein of claim 29.

28






