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biologically actjve protein, the proteins trapped in inclusion bodies had
to be unf ol FETCCYHY © g BEPLERFE FOIRRIF BRIYSENndi ti ons i ncl udi ng chaot ropi ¢
agents and reducidugeidd] RleSpreshdn BRNBSEA P6r:df haRt BLeRiifSro0dd B Wt i ¢ origin
i n eukaryotic GOfts avoi%&g these _problens. Provided that the expression
vect or S 6?\18 &8F PRpPregE auk(ag_oac_: 1}0% R alk g%t}a%{egqrgbmant protein expressed

and secreted from these hosts is in the desired, most active conformation. The invention

is designed to overcome such expression problems, and maximize yields of biologically
- active protein.
'SUMMARY OF THE INVENTION
20 The invention is based, in part, on the discovery that not all of the preparation of

recombinant protein that is expressed by eukaryotic host cells 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




signal peptides, etc.), eukaryotic cell lines tend to correctly process and
secrete extracellul ar eukaryotic proteins as SO|Ub|en§§q%?§’%’ EH ver,
expressi on ‘systens and vectors have been inproved to &% evel s of
expression fromeukaryotic hosts, not all of the reconbinant protein

expressed and secgeted fron1these hosts is in the desired, nost active
conf or mat i ont T97empipdAk profeKihat contaias 1 FEe Pt dptue ifemers ohthe spBiEgmH n

probl ens, angtofémb meaactmkﬂ&l&fcoﬂuﬁg QAb&Rdr ¥ timRGLAARNI BlcRhdd theSUMVARY OF
THE INVENTICN 20 The invention is based, in part, on the discovery that not

all of the pFEH% PP ther“éﬂ’t‘fﬁrﬁ?’ﬁ%‘ﬁ%a%‘fab’cs%m‘ﬁ apd determinipgdhe eldivel by

eukaryoti ¢ hesporGe df thel dRsifellc6iEBrmalibil Romalih MR mikiGfel TR HPEIEARLL, ON. I N
addition,_it has been found that regions or donmins of recombi nant

pr ot ei ns %y he, VERLSP BRI crpipeiRg 2 PiRARROTG R avcompigan peoteir thadiaberd nay have

undesired C%}B&fcmylﬁﬂﬁma}ﬁﬁ‘é&h@hﬂﬂir)éduchéh/&ﬂﬁn@& ?ﬁngﬁe@%nﬂ ﬁ\é%tdfon provi des
a met hod of 25 pronDtln desired conformation o glycosyl ated

reconbi nant %PwtéPﬁh¥%5€aﬁ&@ﬂﬁﬁﬁ?ﬁ@ﬂﬁﬁ%ﬁh&?ﬁﬁ%ﬁW%Pﬁﬁﬁnal|an cell, the

met hod conprising contacting a preparation of the glycosylated reconbinant
protein that. contains a mxture of at |east two configurational isoners
of the glycosyl ated reconbinant protein with a reduction/oxidation coupling
‘reagent for a time sufficient to increase the relative proportion of the
desired 30 configurational isonmer and thereafter determning the relative
proportion of the desired configurational isomer in the mxture. In

anot her aspect, the invention provides a reconbinant protein isolated as
defined above. In another aspect, the invention provides a conposition
conprising the reconbi nant protein as defined above. In one enbodi nent,

~ the.invention provides a nethod of contacting a preparation of 23 Septenber

'-'2005 the reconbi nant protein that contains a mxture of at |east two

i soners of the reconbinant protein to a reduction/oxidation coupling
reagent for a tine sufficient to increase the relative proportion of the
desired conformational isomer and determining the relative proportion of
the desired conformational isomer in the mxture. In another enbodi nent,
the invention entails contacting a preparation of a reconbinant protein

t hat has been produced by manmalian cells with a reduction/oxidation
coupling reagent, at a pH of about 7 to about 11, and isolating a fraction
of the preparation of the 23 Septenber 2005 WO 02/ 068455 PCT/ US02/ 05645
reconbi nant protein with a desired conformation. Preferred reconbi nant
proteins are glycosylated reconbinant proteins such as, e.g., those
produced by eukaryotic cells. The invention also relates to nethods of
formulating the resulting preparations into a sterile

la




unit dose form and conpositions produced by the nethods of the invention.

5 BRI EF DESCRI PTI ON OF THE FlI GURES Fi gure 1. Hydrophobi g jnteraction

- chromat ography (HI C) of TNFR Fc. This preparation of ?&II‘—%PE?“@%&% duri ng

H C as three distinct peaks collected into Fraction #2 and Fraction #3, as

i ndi cat eWOR0fd%% 2. Circular DicluoismAnalysis of FPEEUSBHEE2 and #3.

~ Near-WV G rcular 10 Dichroi sm neasurenents expressed in terns of nean
residue el L pti.ci re.shown in . Figur . _Fiqure 2A presents the spectral

data; The H‘:ﬁ%ﬂ“?%%&?ffg“éc it 8 e conformebe, Eege%TS‘f’ie%’é“bmé’?%ﬂf&?‘%f’@h| i ghting the

negative dibgisdeeinerpmbapntphutrirns aR¥ 6s, ) these piob@dd byoeukkirgitit éeldeThe cont ri but i ons,

and the |i : i i A | ine.. Figure 2B presents
t he curve?#?frintgﬁeﬂ&ggl%gt? glr?gﬁédrsgggol onabgg[h%%%ﬁ%ﬁfgg%ﬂgagﬂoﬁﬁ and Fraction #3
(I arger dawhidesd fomp ynd compitigeneodgeed hpthe wetherds offbe ghiti@et er ni nati on Usi ng
On-1inessi ze excl usi on prGRfk PEY YO tg aviolet (W), |ight

" scattering (LS), and réfractive [T R o[s ion in series (On-line
SEC/ W/ LS/ RI) . gt eHygmphabicinigraqtionehrepiogenky (HIQuwf ENBBFG. ShisFr act i on #2.

~Vertical daghesiol bnesrirdnesiemMR: & thrbiSighd: 5E8s MakRaSNMtuaLed for

nmol ecul ar #%nght determnation n the region surrounding the main peak. 20
Figure 4. Eraglinnidyes mdissek ng Cal ori metry Anal ysis of Fractions #2 and

#3.  Figure 4A vigrd DeCikBaabibR6iie Andal 3f FraviihsRh o 8. 4B RfeSgaks the
basel i 2‘? gﬁ@he_ct ed data. Therpml nelting trangitions are | abel ed by

vertic SmmepREemens expigesed W drrpspfancapresidnse Aty agskopnd ement . The

~ hori zont al FigﬂéB.leﬂgdréIle%;ebéﬁts'ﬁe@pld’c@alﬁﬁa;@hgliﬂé&@@‘ra%ﬁorﬁ%m&iﬁﬁ@he rel(‘j e][]gence- 25
Figure 5. Correlation.of Fraction #2 a Bi nding _Activity. Six different

pr epar at i o d¥E W%ﬁn?gﬁ%"ﬁg’cs@@e‘ﬂe’? Wg?}'é%%oli& a“'?‘?béﬁiﬁ"sdilsﬁlﬁ fferent cell

lines, wer@ntribsios andfthelink i@ Faoioh @ alitie@akbebiERS. FiRge PRpreent the NCrease in
proportion_ of FEr i # rk .. diappnds) _and rcent. jncrease in TNF

al pha Bi nd?uﬁvge'f%ﬁ‘?%ai‘a f?:ﬂfr@qﬁ{n{ %ﬂ%ﬁa@?{? Bé% F’@cté’?l%%ﬁr%%tiasb‘?% rying Cysteine
ConcentY ati on diguédn Mulsiloriveight Peaciiiaton Bdng Blire BzOexE@st | on #2. Protein
sanpl es we bt ar i concent.ratons, of cystei (0.25-5.0 mV
and change"rsh?oln%{‘%%gl@ﬂ?%wr?’ lgga\(’%éé gg@élbg% &gﬁﬁﬁ“ﬁg a%&%ﬁcﬁgf“fi@r(g'ﬁt | ots of

TNFR: Fc wedetectiondmsedes (Poting SECAGHLE/RYt Fighre 3A nxliradivreth, adFtoededB iconcent rat i on
on the X- a%hSion #2] r JTe) oy j [ t hat . was converted
into Fracti Qnmi#% h%n% gfcfsﬁlgﬁd‘u?gir\m%%agec%ﬂfgg‘fﬁg‘fes %gr%%faguﬁgreg%ofn&ﬁu%aéct of Cysteine
Concent r at'Weght derpinging in thersior surewding nm#@ pedtr ot ei n sanpl es from four

di f f ergnt |0tsw§f@.@%ﬁﬂso nhille ¥A5HPHT AGAPEERF Lok cysteine (0- 50
mV) and the resul tei ngll evel of Fraction Qg &gss agg{é)sés)#eﬁ?i‘n{g%/& HC 2 23
Sept ember BgyepAA is the uncorrected data, and Figure 4B presents the baseline-corrected data.

Thermal melting transitions are labeled by vertical dashed lines. Arrows indicate an

enthalpy displacement. 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: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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WO 02/ 068455 PCT/ US02/ 05645 Figure 8. Effect of Tenperature on Disulfide
Exchange. Protein fractions were treated at roomtenperature or 4 degrees
~ Cin the presence or absence of copper for various ti #8s>ePieripgr 045A
~presents changes in H C Fraction #3 after 6 Hours, and Figure 8B presents
changes MP9R(0884E} action #3 after 18 hours. 5 DETAI LEDPCESERIOHES ON OF THE

I NVENTI ON The i nvention provides nethods of increasing the recovery of

active recomnbi ngnt tei.ns. |l n part.i r, the invention involves
pronoting a desﬁ%ﬁg‘%ﬁ?@r@ﬁwe&aﬂ“@@ I%{SU%HF%E“E % ]Ffo%ﬂ”g%%ur"%stvi'eé%s of a

r econbi nantregdet bm tenPeiginiefor ¢ dagteks/C inttlvaréseawentabemepf @ppedfes gent | e nmet hods
of alterin L ej.n i t i i e e of harsh 10
chaot r ope 19 ?I@g ment };1 é% H%ﬁ*?%{ég’?g’%ﬁp%?%‘?&?? r%%éﬁg%altél?faafl%ﬁ%?s such as SDS,
guani di um SBypxgseots bhagds dellGFraghiedp aftagd 8 hgest he net hods of the invention on
prepar agi ons of rec I | DR I Lgher percentage, or

hi gher relative fr.actﬁ‘l_g'?r\r,tll‘i@n ﬁ,bﬁé_' 8Nn in the preparation
with a desired Biipertionpiosides mxthadsnf ineasing diefresoyeet dfeetive tseombinartc onbi nant
protein i splbfigs t MpeGeit RS ARAInveh s Hdntife PlesiedRERyRhR, bAL 15 most
closely resenbl es, and/or duplicates the function of, the naturally
occurri ng BSREimPreRprationsof 2 ypombaran proin: (Pigiisently. thedateaiers peovidespar ti cul arl y

advant ageopiyhehods BRlERHYRRINMIS ure RiifubleBestiftilgtheaRdS P be used in vivo
as-a drug or biologic., General when the reconbpi nant protein contains a

ly,
domai n18f cheptewpe Beabrenf (@elaspior e"%/rﬁlée’ depp fergturapin fush preiSostaniflite have a hi gher

bi ndi ng af hydrichlyride®ngea)C UASEHRAIIY of o W on gzgﬂzgdhgx%fb@ afji on ?OnSt ?pt) f}?"
e esire contormati on O

a cognate ligand of the receptor. For exanple, t 6
a TNF- bi ndff %HBPté’éQﬁ“é“\?b}“FPaﬁ‘fﬁgg PEfosiagh oF lugergletiy Ssptione o6 and a | ower
di ssoci at i @tonthianttpeddin inGife pldMiratiod with a dekMN-cahfBiadion. IAdesigtdi ti on, the desired

conformation.of .a reconbi,nant pr.otei i s.preferabl re thernostable than
an undesi r%o&fogﬁwlbfoﬁﬁfef’?f?‘}“m?ééjie“ﬁé% [T}Feé" TS %g@ﬁﬁ@ rgg?ﬂr‘i’}?li‘ Bat 25
envi r ohfrentndst clddelyresembleshirldiot Juplicates the fuitivs of, @d natiraliyécdiing@omatber of ways

such as, f mpke, the lting t.e rature transition,(Tn). The desired
conf or nat i %Ltha(tﬁ)éfgm' rglé%lgﬁbl ﬁgﬁ?&sﬂeg?%f‘%ﬁﬁgv%?geﬂﬁw%ﬁ%ﬁ ERPRPIAnty; £ £ er ent

ar r angemenproteif isdirtended fode udod mdyp as ardregmbiglvgior ef er ably the conformation
contains natt sl kiRt Boiell B3R doGANLONIRIL MG, 2 T econb! nant
prgt ein (rjna @%@&p&ﬁ%ﬁ@%h&nu‘c _urefmqhar gcﬂpe_r‘lnz;rﬂyciﬂ.emr For exanpl e,
a desire igrken binding afhipnéang, conse 4 gramer, or sone
~other by Ofibso@R Lonliiif ol coliE HREbER recdsRE. HoPERERRSESLET the 1nvent i on,

| ee )
‘the "conformtion” protein 1s iIts ree- nsional “structure. Two

di ff er ent Cpforpation ofs THYF-binding slolppdpvill davewihigherbinding aifipitysnd adewer ami no aci d

sequence afifoctdHORERERR kR TNP (e £ Qhi}er When they have different
conformati ons corresponding. to energy mnim, and they differ 35 from each

other only in thdiiey thefsiired confommation of asprombipayppigindsrsfaabhase or ner s can be

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 a
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




interconverting (referring to the rotational freedom around bonds to the
exclusion of breaking bonds). Two different structures of poI% epti de
with the same prinary amino 3 23 Septenber 2005 WD 02/ @é@@ﬁ@“ﬂ"@l’ 2/ 05645
acid sequence are "configurational isonmers” when they have different

conf or mafYQR&B4€Hr respondi ng to energy ninina, they dPEFEBI20F@HM each ot her
in the way their atons are oriented in space, and they are non
|nterconvert ble wt h, r eaki,ng o coyalent _bond. In the practice
of the. | my B PR R BT AT SO P S CBET FPGPBOYer Lo by, 5 1 o
exanpl e, bpwmon@ngnehlecgymummaltﬂeydif‘?efmTéanlgoersuha‘w@dmbmnﬂlsareThus, in one
aspect, C arat i of ,the glycosylated
r econbi nan? n%%gﬁ&%’ ACQ{LH&@E}?(%%}?@H%Q&EO% érlflélbr)%‘?qwfraié’{%'o %P%%t ‘fa%t configurational
i soner s of bandeInteayuavtiternd fhe iyentivme configwativnsl édmert canrbb meraaterigkbycoupl i ng
reagent sf og, g, I rel ative proportion of the
‘desired con ]FI gau fgﬁﬁg%&d&g@g&nyg&da@g& @grérﬂggsl ng the relative proportion
of the desired B@ﬁfiﬂ‘glﬁﬂwmtéh?amvemt@gmlswmfﬁcmamepmce0fth¢n anot her aspect,
the invent boRefl Akl ah3khimSedufl & bl wd ohGoMRLAant protein

t hat has beéen produced by manmal i an ce a reduction/oxidation

coupl ing r@%ﬂfﬂlsf%mﬁnﬁpf%m%ﬂucmd@d%@mum@reﬁamfﬂrsbﬂﬂat| ng a fraction

of the preﬁ@ﬁo?éhtt@ﬂlcﬂisefﬂta@e]arue@ﬁ&t&mBfm@&@&&b&hﬂ@h&ﬁbné}1£ﬁ§1a5@d conf or mati on.
Pref er r&d reconbi nant proteins are ated reconbi nant proteins

such adl edefprmining the gel W%HB@@@“BW%@HE%W%%W%FII@mﬂ irkemixi¥ent i on can be
used to t rﬁahothdﬂ&?:fcﬁ%‘ﬁveﬁéﬁ iR &tRtileQ i &M%f@reaﬁn%tnaﬁ?m@e%f ormation. A

'proteln is erstood tq be ap eptid | east about 10
am no aci d@g‘%ﬁ%‘ g@f%%&ﬂ?’@m%l{“ pedly @ith éﬁé‘&f?"%‘dﬁ*ﬁnﬁe@&%ﬂ gagenteyven nor e

pr ef er abl yataﬁaHloe:i’oSﬁt?t@hﬁhttlﬂa'ﬁd aamg a &GéHAR of tRY1Hephaidn oPhef €r abl y at | east

about 100 am % ge g{h é Z&?s 20 of the invention find particular use

in treati nﬁcoﬁ{%’g’f’ Fplein it 2 desiod cogformation . Prefpdircogmbinant IPIEES 41% esi dues, nor e

- pref er Bbl yglmbsylata sécomlbituit pr&emy@&eas,rwg s dotased b§ bikbdyotiBREIR. pr ef er abl y at
.least about 1 st el ne | ven nore referabl at | east about
30, still evenESIr'l%ig)%r{l(‘am%fi))n%‘fl gﬂy%ﬁtﬁ%@g@?mﬁ%ﬂﬁntﬁ@ Oﬁtefgﬁuﬁ‘ijlst ei ne resi dues.

Gener al | y, cotifoanatient. ophsteinfis gaﬁmllymdmtobd)tobaa@olmﬁﬁdabfaimﬁstamwlovi ng production

25 process Rec rrbl nant ot ei re proteins

pr oduced b%ﬁ‘%ohag{ds 5%%33%1’%3?&13%}1%% ¢ éﬁmoﬁ%ler |Vﬁ%m°rfﬁggef%§ﬁ$£ﬁ netic

engi neeri r@DUtﬂéMn@aGW@,aaﬁyloatysfmbiymdmstabmaoammﬁl\d&dsrﬂmhmetha&sed to create a

host Cﬁi | Jf Iaﬁtmv@ﬁfigﬁ ﬁﬁﬁ%ﬁl ﬁargigﬁﬁ h‘%].fl%}!lrgt\élﬁé ﬁ«g: th%éﬁea%ii E}}%Ollt 3¢ e}(s? yered |evels,

and/or a mutant form of the gene er wor “Ras been
t r ansf ect geFidues: BAS PEsToRably ableast Foaui Setiteiies rosidues, will mevandfiratingt lepl ynucl eot i de

ol ecul e, il 15 SchbRLERY, yalclARHE Qe kel 2P0 # ohfilzdord O 31 LT
expression of a des 5prot ei n. od}é
preferably at least about 0 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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and vectors for genetically engineering cells and/or cell lines to express
a protein of interest are well known to those skilled in the art; for
exanmpl e, various techniques are illustrated in Current3 Sepieatbst 2005n

Mol ecul ar Bi ol o Ausubel et al., eds. (Wley & Sons, New York, 1988, and
‘quarter | WQUEHaHES) and Sanbrook et al., Ml ecul ar C oREHYS02A56% [abor at ory
Manual (Cold Spring Laboratory Press, 1989). Genetic engineering

t echni ques 4 ncl.ud but are llm ed t.o. e Qn vec target ed
ol 0gous ORI R Er B R g E LG UoR SRPe L IS o
Pat ent No. eby.21p99, (D%t Wadi. Aca&iScEéTﬁAéﬁfﬁ)@Z‘?S&ﬁﬂ)S WO 02/ 068455 PCT/ USOZ/ 05645

Chappel ) and tr ngi neer e CI’I tion.factors (see, for
exanpl e, Segal ﬂéltﬁn‘%?ﬂtt)hﬁ%ﬁgrg “%}(uS% 0wangi’c U@K‘ 8’6‘? : 2758-63) .
The i nvent goepsflitet] Spesificaliyoprbtains mgerelsccretmlrbwcﬁmgaigeltslstﬂcnpsr(aglmaat,on of proteins

that arg ﬁia&%ﬂ@é%ﬁ?g}dnﬁ lfel i ybins IR %&%&tﬁ&%@gret ed by fungal

cell systens east ous ran cell systens
will be gl 9@‘@519Ffa§%tedh’@$@rlféi§$9rodqcmCelbﬁmmmcslé@ﬂmed by mammal i an

product i onpggl, ie§oiasqa‘%m01rrﬁorg§ﬁ§\%h%e%ﬁu&g%éf&?_&'ﬁlﬁ_&%ﬁﬁmegl of such cells

connDnIy used in the industry are (1 ncl uding
Cos), CV Grpludiyg $os) MBCK 93338 myjelope gell limes{esppoielly yurine),iPRE) , PC12 and W3

8 cells. Pa{dtWBSch’ﬂE ! Bﬁr&mﬁt@r&mdm&%tsxlgﬁt bﬁmééﬁ‘ang&&éxﬁﬁcﬁéj”@éﬁser ovary (CHO
cells, &0 which are w del %euse for the production several conpl ex

r econbit hanthigh B¢ Edf”g useéf‘ﬁ PROgCHRY ‘Pfé@’emkq"@?h Teepotbinartprokcinsagl ant i bodi es
(Brasel et cyadkines, 3 fa&br@@ﬂd&ﬁbo%@@&r%@ﬂe?al 19@@%168&"38%04%12 1988, J.Bi ol
Chem 263: £3 36{2 IXbKI nnon et al 91 Endocrinol 6:231-239:;
Wod et al %EW{) 3988, Jiigl Fmi@S‘S@é‘f%zBM&if@}mﬂ‘Fh@ HNydMAf ol at e reduct ase
(DI FR) - defﬁmmmtam mhtmt;m@o(rluﬁnazmbmtaoattsoas)lﬂﬁél Proc Natl 15 Acad
and DG 44, are CHO host _cell lines of

Sci USA 77 16-422

choi ce 201?"?1@9% f2q @Eg%r} Aeﬁﬂﬁﬁ“’é‘@?@&‘t ]&EI@@HG’ “énlt?lg? f7o5 Bipd gene

e)r(\ presss lolnmysmémammmzzmtngsttemebcmac&wm @@mhospéeﬂglﬁés@fgﬁsﬁé essi 33 in

. these ce 185: 527-5 . I'n addition,
t hese cel I%c%re ¢4 e@%ﬁ#ﬁ*ﬁ@%ﬁﬁ@%@ﬁ§¥"§ﬁ’fpr?§?1°n %’ﬂ%‘b@ﬁé‘% on cul tures and

exhi bi t relhldtlﬁwbiegon@mnipwmpressm althdsé defls (KehfRacRY | 599e,nm1et120 r econmbi nant

pr ot ei ns h exten ivel har rlzed and have

O%%tﬁve it Sﬁgﬁé) &0 dgiﬁon s%%er:]ls T‘W&X'lg ag & Eﬂe

been appr Use i'n clinrear manar bry agencies. It
has. been fm@lmhdblrﬁtsmeiw&hbléntahtﬂvaosdgn@mmtablbtyaGHOeﬂfsmd| ve process for

i npr ovagg k&ﬁbﬁﬁﬂ gHJ'EéEnE reQJeQ 8 fem ]Ia% B{&rtegéﬂ;%z cthg'%ten%%pang flopt m‘” tiple

conformati ons [for contaln nore an one omain" is a
conti guousbeFIE@PTGYFdé‘t‘f %mclz:svab@ﬁnytg@mm@ereewmm ageheies. adopt s a particul ar

tertiary _St I UC tita Soctf@ R thad A8 ifenRiad & b Ghh@EndRELiVd fedeess for

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
rtacombinztnt 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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that can be localized in that region of the polypeptide chain. For exanple,
one donmain of a protein can have binding affinity for one |ligand, and one
domain of a protein can have binding affinity for anotZAeepie ﬁhﬁxwln a
- thernostabl e sense, -a domain can refer to a cooperative unfolding unit of
a protei WOBH6¥5pr ot ei ns that contain nore than one dBEEI$N28F4Tan be found
~naturally occurring as one protein or genetically engineered as a fusion

protein. In addition, domains qf pol y. i de can have subdoni ains. In one
aspect, t h@orﬂpé'feﬁ%”aa§1°%?r W@“Wﬁ?’i‘%ﬁ%ﬂm %’E&gimd%"é%a APORY P &S i ons of
r econbi nantrefaradlyebms 41 nstilitmoed preferatiledsit 700 gt horepteferaly dbbie 100Cot ei n has a

stable co rnat | a 0 st _an i the protein has an

unst abl e cgﬁegtﬁ?gﬁeﬁ{%}%%l?ly%ﬁgq%gj’ %%erm %epreg?%”agmﬂg‘ﬁ[d‘,w%s@ﬂ%pe" are used as
rel ative t erefesablyEhet 38Gndmodt prefeeblp plotred0PC, wihtrhneasuraltiathe emeonf or mat i on wi | |
have, far gﬂm_l e, a higher nelting tenperature (Tn) than the unstable
domain of the protein when neasured in the sane solution. A domain is
stabl e 23 Sept eHisdrveRpg s AP ORRGRAEEbIPETIBSE6 Ha20H8H Fodoar.exfl t 0 anot her

- domi n whe@no&ﬁaedoquaﬁ.f(@.g%fﬁs‘odiegla@mstmnipr;mg%). g:ts@asmﬂéz%?@% re preferably

about 4C, still nore prefera about nmore ‘pre y about 10C
even nore W&?Wea‘lﬁémm@éQ?IOVStT‘NFRfMHﬁWf@f@WS#IOMfM 20C, even still

more  pref ghRRlivael evlt cArfss AOGHIDAE TRER MR INIR poRBPMH he R ecuthen measured in
t he sarrs 5 solution. The invention is also geneéral Ié@natﬁpl I cable to proteins
Tie X

T
‘that haVe EReHEoFrel Ao thypgre degred sealorepipritan {raofgd,” desdi es, and Fe
fusion proa@jrm)mfoﬁgﬁor%xarrpl e, in one of the non- |imting enbodi nents

il lustrated below, TNFR Fc, the Tmis for the Fe portion of the nolecule
are at 69.1 C artfeslerlypreterdiprofeins g PR gseddpgs, FisgiRopp At biesicst t he nol ecul e

10 range f PeftrbR, théorbleis irbepraeCas@Rfid ek OO HBkihdMk cdn®e@ Tm of 49.7C (in
Particularly preferred proteins are

the | ess desired, canformati.on). [
protein ba§f8§‘°6ff'ﬁb’ %eg}egxg}}wﬁ@&}? FoTipelids Gt not Iispiief @yl Yeand he proteins are
expresi$gd @sdaxibedinaVd od/28397) whidhis i orpéRited 1iréferedcB Blreifi @ilts BRirety) oduced usi ng

t he met hods t he, i nyentian. | ut .are not |limted to a flt3 |igand
15 (as des%?ﬁﬁ)gelifa?dneai/%sc@%ﬁ’égg ?Bé#vﬂg’é’ﬁ“#és WW@8?B8L%1’E°'§’B‘:“W‘3‘}E’€f erence herein
in its entimietytiety), aytEDd8itingandbopecstinge@iitorit Bek ligind) ek B30, which is
i ncor por at g eren in _init nt.J.r et erythropoeitin,
t hronbopoei?t% Fa%?{of:a g?p %%WSW?@%%}& Gfoém?"f%%édrag%%%’fbr activator of
NF- kappa BinfwrmiKiand (FRAFDras desenibedindV® 97701683, (vildic) imcepatiedbyapopt osi s- i nduci ng
i gandog T ' ' QL6 oeb 8 rporated by 20

26 Fi%kekeme%éreﬁqr?ﬁé énﬁr%g?, it y}é‘?u) 18{4}&%&9%@ ofe Bla lgPanlibiR

reference herein in its en ym c st ved 1 ynphopoi eti n,
gr anul ocyt @long gineafing feptan pranvloaye-fiawerbiage cojprstimdatinedactonMOHRBge col ony
stimul ating &R68A%n AfVifepPatent No. 588819, which is incorporated by reference herein

in its entirety), mast cell growth factor, stem cell growth factor, epidermal 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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as described in Australian Patent No. 588819, which is incorporated by
reference herein inits entirety), nmast cell growh factor, stemcell
growth factor, epidermal growth factor, RANTES, grow R3RGPieBIvET 208yl i n,
insulinotropin, insulin-like growth factors, 25 parathyroid hornone,

i nt erfer $L0206@Pe growt h factors, glucagon, interl euRCHYSIROIHF ough 18,
colony stimulating factors, |ynphotoxin- 3, tunmor necrosis factor (TNF),

| eukem a i(nhibitory.facgtor,. oncostatin-M and various |igands for cell
surface m:b%‘@ﬁﬁreé‘ge}ﬁg%‘ﬁ 1’e‘i—tféel?f)ﬁg‘ﬁ%ﬁfqﬁ'gT?GF%“PIPT@‘XW@‘J'FW‘@%- rel ated ki nases
or. LERKS) . désested inHH 00863 564 anpUS 5 B56096 Whidh areG@drpbRieP by tefetetdd hargigor ding to the

i nventi. et hod be f. d i f | e, . G t oki nes:
Handbook. f B PREEDL A G DEreP R PP bRt ARG F R Gut t er .
eds. . Bl ackgehilocgeinmmoplsige fump etinthipting dfor rcB9@) grarioops doldvact ors: A Practi cal
1555)  ana " HRage AR PR s BB el TG TRe "B s, san
Di ego, CA, reb it Jctivatiraf Plirkappa BrEANK, &5 Hescrited miisa;29], 3% peichial | y sol ubl e f or s
of the rec o "I'R.QgLe LoLek g can al so be
i mproved ug?%rg&%ﬁdeﬁﬁ%%%% El‘%/%m mrrghtlé ﬁ%‘%@)ﬁ%%éﬁ%%g#ng o@rﬁﬂl@gé nms of TNFR
(referred teocpinss 1355, enddh), pFEiecepiorstthar Jompiise death dogeimpiseshes Faypes | and 11 (as
descri bed iy s dh80s B , 968, 607, and US 5, 767,064, which are
i ncor por at eQOI%E%B Sep%_ee% et?r g%{g'S. WO 02/ 068455 PCT/ US02/ 05645 by reference
herei n19n t hei rO®erprotainsyshoseiprdedtipeiesesran eedmprond usingiheinkeativei n- 4 recept or
(as _ descr il indnfPuifhc? rei RaGdardfod (8RB cfbelase | ncor porated by
ref erence herell ntéqflgi%qgedl_r entirety), Iterl_eukl tr1]1 15 réceptor,
| nt er | euki FSTPielaese Fpcsed ip heuspevio fyprag YR Progeedmesyf the Vdih vamageak e- nacr ophage
col ony sti matiaidpasd Caildrdte; KRGRRBIoOK ikutkt: 87| Q€Y dbe,08aRNYo6R oSt MUl ating factor
receptor, receptors for aoncostatin-M and | eukem a inhibitory factor,
recept or a’&‘f’]ﬁ}“%ﬁ gisclesed Rysubsepyens WeskshppanRramples glesyeh melesgles igcids 6, 271, 349, whi ch
i(s : ngmr PODZ, €D3@Y3D39,f@46;rhﬁ§1i@gdsﬁefétd (@gbz ﬁgaﬁ@tgs@ﬁgéhd anaegmcptr-] ors for TRAIL
i ncl udi ng,, TRAI receptors 1, 2, 3, , . a receptors that conprise
deat h donaP%?ng'}L)\- Sererl Shdlepee IaﬁmbeanUg‘i B“zﬁp@@%‘lﬂfﬁ@fq}ﬁgvhﬁgé]é‘b‘ﬁ%‘fdes( AIR). 10 Ot her
prot ei ns whi@Ben{d OXdel clidligimdpire 6ifa SRHheedf R NFTRAadrd IS BBggdlie i nventive
br ot ei ns) | S0 Bt el et oy oy P b BB e Sl W
(Proceedi ngsduodd using thptetent imteationat i onal  Wor kshop and Conf erence; Ki shinmoto,
subseqient - wor (2SS St AR AP SR e BEpe LR RITS o, o0, |
CD39, CD40instaphiivénitigrm rfempléranchidométalopibtelnagypaipihtes@DBONY ingmtnds, and CD40

ligand). SEMEl Bis & @b bhe: TNE . fam 1y, which
920 SRUBOthell, RGNS Bhley WSO B AT |, VO

al so includes 41BBa
famly (a sFagiopVIAl Bmtor P@ appdipoprotein E, apolipoprotein A-1, 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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and OX40 ligand); accordingly, nembers of the TNF and TNFR families can

al so be produced using the present invention. 20 Proteins that are
enzymatically active can also be prepared according t o 28 mepterihet AP

i nvention. Exanples include netall oproteinase-disintegrin famly nmenbers,
vari ous RYHRYEMSS gl ucocer ebrosi dase, superoxi de di snuPEEFSAB&SUe

pl asm nogen activator, Factor VIR Factor |X apolipoprotein E,

apol i popr ot ei ant agani st , ha-1 antitrypsin,

TNF- al pha é?)ﬁgleaﬂl%gﬁ‘?oﬁ EF@’ éﬂballst‘?& H&J%d?‘ﬁ"@? eﬁ%}%@g‘m%mél gands for
enzymat i cakhiipodycalso emoppasies kifigle chain artibsdiesbiecoxdCabilige abyU sl Yo.ng t he i nstant
i nvention useful for
prepar atlol{gtl?5 n(%a%rhtye%/‘ﬁpesg%?n "'i%ﬁ%of’?%kq{zgg %&ﬁeﬁgfﬁﬁ%ﬁ I'ng

i nmunog! obéJSE@mcs@dlaé,s?umpeapcButtntansO 120,694, Neubenget, Mh3.mie.| WOant i bodi es
(e.g., an r a 30 nurine
antigen b| %ﬁbh??;heéul \é&g,gsae m%egg?%{?gﬁégf@g?\ﬁ% gér,ﬁ_g% %quues are known
by which M@ﬁé@ﬁﬂh@fﬁﬂ Eﬂwmmﬁ@temﬁiﬂ {.239%A60 B {dueen @dnEbepemaPﬁtanI ated to

yi el d DNAs y,caRablEp Pl 8RGadEn C r as single chain
~anti bodi es, c’antl g f%es d\%lat Ee‘?\ﬁgﬁéggpg fi Ef&?y?ﬁegiﬁé&%flﬁfe{gyantl body based

pol ypept i dégentigemay dlsgibe ased dising the prgparstiok ofsonjagates contpyigigg a0 hnol ogy
$7:934-938; i f&%@@rﬁﬁnn@éccﬁsu%&éﬁe dﬂ@ﬁé&ﬁﬁan@e%%mﬁ:@@ Iﬁg"?anuBOberts et 35 al.
1987, Nature 328:731-734; Verhoeyen et al. , SCience 239: 1534- 1536;
ChaudhaPy ésrivaifves (wassaDMNaﬁlﬁerr@o’%ésuslga@ﬁwvylyocmc@;faqe@w’eh@dm fully human
~anti bodi esisotosad @sﬁcl?eﬁmﬂﬁ@-lﬂ)ﬁ&‘ﬁﬁl@rﬂlédﬁ?éagsu{ﬁﬁﬂﬁgﬁﬂj V\%raﬁﬁé mal s, and optionally
further nodified in vitrQ) enber 2005 02/ 068455 PCT/ US02/ 05645
as wel | asTPRIPRISMEEEICh AT FHod0s and G IR S S (FHk HEOWBNT | on. The
term human'ga@ﬁ o@aﬁdnhxsdy al so enconpasses single chain antibodies. See,

e.g., Cabil us Pat. 4,816,567, Cabhilly et at,, European
Pat ent No. o 1%‘%2‘%‘3 ‘éf“}f‘%%‘éi%*é’f @’P[}%Y’F?”“’fe’.ﬂém PULodyfgPnoPYrg 16 397: Boss et

al ., EusopemugRatosiémioed 1Y ite20eftd4 ilBluds thive taEe@etize oW ordor €t at., WD 5

86/01533, , Neuber.ge ur ap, Pat e 4, 276 El ;
Wnter, U Smopgpon fﬂSI\%‘%’eﬁef?tb%%@f"mW”ﬁﬁéfﬁe o ﬂ’ﬁ?g%tcéj%t . 0,239,400 B
1; Qjeen eCD@,ICDS aanrle;mm Chatseip20, {022, CD2S CD2§ cm&,cmnd:magl an, B. A et
at., EP O be used during
the pr eparé%% EB@ @7 1?! @tsﬁ@rrg? |Ht§|‘§ ﬁ\ﬁgﬁ’tﬂ'%n%@ a d gzcyt otoxic or
| umi nescentecﬁptmilt-&m@torsmﬁhecsnttxsﬂ.aﬁcrmptomﬁl-lﬁds:eptnmbmP}h@F 80 derivatives
(such t (EE‘F(E rotoxin); iodine
i sot opgg %%}ETS@ ?%Igl ne b??%’ t%gﬁﬁri’ %éé%g{ﬂo%gg%%ﬂ%%&;@c- 99m ; cyanine
f | uor ochr of¥egr qutiges K-A325, @@!@ﬁﬁf@W@naEMlaMmﬁ@G(wh@hiWMng proteins (such

as bougani foduct that is expressed in association with Tung cancer), HER-2, 2 tumor-associated

glycoprotein TAG-72, the SK-1 antigen, tumor-associated epitopes that are present in
elevated levels in the sera of patients with colon and/or pancreatic cancer, cancer-

25 associated epitopes or proteins expressed on breast, colon, squamous cell, prostate,
pancreatic, lung, and/or kidney cancer cells and/or on melanoma, glidma, 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.




gel onin, or saporin-S6). Exanples of antibodies or antibody/cytotoxin or
ant i body/ |l um nophore 15 conjugates contenpl ated by the_i nventi on i ncl ude

t hose that recogni ze any one or conbination of the abdve<y

proteins and/or the follow ng antigens: CD2, CD3, CD4, CD8, CDl la, CDI 4,
CD18, CD¥® 02063 CD23, CD25, CD33, CD40, CD44, CD52PCTUDHB/O§@Y. 1), CD86
(B7.2), CD147, IL Ia | L- 1(3 IL-4, IL-5 [IL-8, IL-10, IL-2 receptor, IL-4

" receptor, IL-6 tor 3. receptor 18 rece subunits, PDGF- 0,
20 VEGF, TGF, gﬁfmn éﬁf’h"rp’fﬁﬁ?ﬁgﬁs’*}g&gﬁﬁ B¥¢ S conpl enent
| gB, t unDmethssi @J&mpEMﬂﬁch ﬁmfotmtincgaeenpruhiﬁ‘d expﬁﬁéd @latﬁusgemﬂthG (which is a

gene prodyc t. |s essed ssoci ati.on. W t cancer), HER-2, a
t unor - asso rE Jflgﬁ c%d%ul mqemffﬁi@[geinsequ{%ss%dlzsﬁlﬁg?l?r?tﬁl@ﬁ W vor - associ at ed
epi topes thater ao@y,pmésce'nltpdyfunctﬁhévmteeﬂsdcbv@fssm@rdtm oderydokok patients with
col on 290/ Bl ARG £k e, SARESE ndiBAHER BY B3T3 GbTRIAIRCS OF protel ns

expressed on breast, co amous €, pancreatic, |ung,
and/ or Ki d?fé%ﬂﬂﬁamcelbe bepremrationi orricnnsohnble ahgomeric fytmiseimmolesule neur obl ast oma

cells, th I & y the integrin
VLA 4, B2 CoE g%@%%@@rﬁ“ﬁ‘{mﬁ“ }B{"EI"M@& %&"%HQ& é‘%&ﬁé&%ANK | gandg
TNF- ca t heprotgigfespecdivelyidicdeshiguessigusged tbfpm #ve bipkitabledd dthenpiivtems.on ol ecul e
(EpCAV), i ﬂﬁ,%f%lawle %1.3&@%@%%%&19&33@% @ﬁy&{epréelﬁ (Yt ndt GRikQI NTegrin

adheS|n the platelet glycoprotein gp a, cardiac myosin heavy
chai n, 1§ar fattb?ffﬂfﬁcﬂ ulp AR HeOL aﬁﬂ%@e@%@wﬂe@ammmmma of factor

Vila-ti S'S UgtdicAe fa@botion Mﬂ@xﬂmmﬁﬁﬁlﬁﬂlﬂ%m?ﬂey QBblﬁf @fmﬂin &H %I)_ A-4 (which
] ichis a

al pha- fetoprotel n (AFP), tunpr necrosis factor
cytotoxic T |ynpRBeRArationefseembipatraisinspdivp GEIW‘IW?SWPW@%ﬁ%r I | LAA DR 10

bet a, HLA'@EhoﬁmhﬂIQﬁéferaﬁy 8 Blr@AtY biified EMOI?@OHYﬁhB BeRPBY 8lafhlfy Syncitial Virus,
- human imlli ({"anw defi clLency virus , hep atltls B virus (HBV),

St rept ocodtiEe tso’é‘ﬁaacgf”&ﬂ?ﬁ%??:cﬁ%%grpé?ﬁ“@% a@@?‘@éﬁ@@ﬁber 2005 WO
82/ 068155 Hg&ﬁétldﬁﬁbajo%@@f&& @E@@Q&t&bﬂt@mﬁt&ﬁaﬂié@édn@d@rotfeﬂ%fﬁ&mﬁr O]E eins can al so

- be prepared usin e inven net syc usi on proteins
i ncl ude prc(S’fl ‘?(Brreﬁgt é&e ﬁsthea?dﬁﬁ‘??"ﬁ r‘igj@f ?%@TB{}E?TYEGH tp‘ﬁ

i nununog| qmplanamnmﬁfaemumntmm einbs atextpileid stedn@atrdits i Fadferpdot €i ns With a

zi pper noi navel functiona h a ion proteins
of a cytokcl%tf‘\e tg’a it samOIPth)éfmé/ OTfPreng{ﬂyé?/n@%ﬁo_g gjf“f_a%{l and | L-3).

WO 93/ 0820ﬂ0ramﬁmmﬁ9ﬁﬂ4tﬂg)1@/mscrl be the preparation of various soluble
ol GOy ¢ 101 5 Al BRUPEU Syl SUEE 5 b8 Ry i N0 o

i-mmunogl obul i n on protern an usion el r%, respectively;
t he t echnirepgabingit hesiesBuunderiveles qamditiaps alfsiﬁﬂlq to arkpirass ﬂl@pﬂiﬂiﬂﬂlﬂe pFtst ei ns.

polypeptide can also be expressed as a product of transgenic animals, e.g., asa

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.




Any of the above nol ecul es can be expressed as a fusion protei n incl udi ng
but not limted 10 to the extracellular donain of a ceI ul ar receptor

nol ecul e, an enzyne, a hornone, a cytokine, a portion 6fseﬁtﬁmi égl obul in
nol ecul e |tp§5er dormai n, and an epitope. The preparati on of reconbi nant
protein é“a‘h #8543 cel | cul ture supernatant, cell ext r aRET/UR0544E preferably

a partially purified fraction fromthe sane. By ' partrally purified” means

t hat sone frraeCtl%’]é%tIO %r Qcedur g9 lgl{ 0c derheaS r%%}g Ogen carried out,

15 but that “nore pol ‘p' Pae speci esp‘( eptil St iB’% ﬁ’g % he desired

pr-ot ei n or bjpdiog quwepnﬁnfMBPﬁaglut@thonesS ipnnsfszem(GS’K)loeﬂJmfed@me(r&H)/dmsages of the

nmet hods of nant protein
f&r?&:résfl&?’:ﬂlhg chifon b \n G oRrE;&B s e@ﬁné?&alf a@Eﬂ?

can be at concentratl o condentration ranges are
0.1 to 20 rﬁgmrﬂewElmlmé‘-ﬁJ@I@b@@t}'lyyMﬁﬂSdnﬂl@m@wt(BIS@@W@IM) andind still nore

pref er ail yh{vflp &%c&@lm%oiw%ﬁdggﬁbﬁgg@ q,gito?gﬁ{)econbl nant protein

can be prepare turing Tteco st cells

under - cul t arbéeqe@ﬁﬂ P‘ﬂﬁéﬁ*f@ @WB £ gitshific gbasly dirested tOtSH@ epitapg-pptsiclle.  The
pol ypept i d%pﬁbﬂé‘(FEhé@%Q%orﬁiﬁ&&ﬁ%%@ﬂlaﬁéﬁ&l RbAH gsmefveﬁ CARSIR Qlafoani mal s, €. g.

as a conponent of transgenic c goat's, “pi gs, or sheep whi ch
are char acpesiple gutilignangEingy r@mrwge*rsmgeerlm%hhméhapweﬁldm@@qheot i de

sequence  enepdiuBlodlhiol WERkLiBinart BorcADL AR biifepXBieosed pol ypepti de

can then be purifi partially purified, fromsuch culture or

conponéflt  pelyRgptides. rQ‘?“ﬁf earsmﬁ r@mﬁwnﬁﬁamrstee@ar beadrpigip Aot pProtsizdi |y f | ui d)

using  Knowsluid, ¥6RE 8B ity aEbrAHiddRbibRNhA AR BHaifd Polyplidédeanbut are not
limted to ,one or nore Steps of filtratian, centrlfugatlon precipitation,

phase sepaP%"teWB‘f?dﬁa?‘@??ﬁﬁﬁlﬁ’cﬁl}}@ﬂﬂ?“&ﬁé’@?‘@#‘on@éﬂ“ U, ¢-£-ai igh s3lto n exchange

chr omat Ogralﬁﬁ&ﬁ,buﬂa‘dﬁdlﬁémﬁ&lﬁedﬂ%@ﬁcﬂs@%da@ﬂut&hfo@ﬁ@bﬂﬁhﬁﬁ'@m ﬁrﬁbﬁ 30 using such
resins as H’rﬂ et he et her) PLC, or sone

er,
conbi nati o Hm% Pr?ﬁ IWfTﬁE‘xp‘gﬁ;%eq? iOF 93P PREPIBFLitIEe pol ypepti de can

i ncl udes anre&fofrddﬁlbihythaﬁﬂnﬂm ocmmgaubmarbg:f&geﬁhﬁymen%d | bind to the
pol ypepti de; [

_ e or..nore c over uch affinit sins as
concanaval f boﬁ il %@Vﬁfr‘?‘%%?%ﬁ%@‘gwéﬁ?% log pf reqopin W%BP & 3GA 35

Sephar ose(b@enp@mﬂly@unﬁvmﬁrmepmﬁimﬁiymmgn el ution; and/ or immunoaffinity

chromat ogr aphy. tide c be expressed f or m i hat facilitates

purification. %%gﬂpﬁfépﬁg%rg(’%%q% B IFSeB IBEITER p‘@%@ /ﬁgéﬁ% For exanpl e,

it may be e&anmb?srshd plaearaanfapmmtepabmpbf adtecombinah pagintfirescnde mal t ose

bi nd! g POLURERLFEin(BE) snal B B05 R LABSLELAREER). or thi o edoxin

(TRX) I expressron an catl usion pol ypepti des
are conmer edntabting thewetpiraiivn of the Iemmbment'pw witha: rRugionfoxii@evembling Mass. ),

Pharmaci a {Bi.5C ahayibeptie thais @Rhntially free of other mammalian polypeptides is
' 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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S in various. co

5 InVitrogen, respectively. The pol ypeptide can be tagged with an epitope
-and subsequently purified by using a specific anti bodé directed to such
epi tope. One such epitope (FLAGr)) is comercially a diSeatsmber 2 Kodak
(New Have Conn.). It is also possible to utilize an affinity colum
conpri si Nﬁj‘&’%’ﬂﬁ@peptl de- bi ndi ng pol ypeptide, such aBCHUNBH¥? onal
antibody to the recombinant protein, to affinity purify expressed 10

-pol ypepti des. h;ar es of af finit rificat] s..can be a Protein A
or a Protein G %oclomﬁ%gg%?’%aﬁts&@?*?ﬁtgﬁg‘gﬁé’ﬁﬁoém% n’BS‘fﬁ Erg}el ns that contain

Fe domai ns proRid gpdppepﬂhwﬂmmontdmdwh:mmﬂmﬁmmmmjﬁﬁom(ug,mncol um usi ng
convention al t ut| O buffer and then

di alyzed i %to ov&?ggg I?aﬁ%m%ﬂ? hhgfglgﬁ hesg %é% 5&" or other
conponent s Od@ﬁe maiimgze 8w yieldof sbikin mthydm¢drcpn<fomnahdm ﬂaepH oﬁhe solationbe

conpet i &i v L rate of the
af fini t3t§ nﬁo‘é?&mp%@éoeﬁtggm%%mtﬁgﬁ%&%&l ao r?%gﬁ’wl%%ﬂg }Fc ?‘% at ed bel ow, the
prepar at i oﬂiﬂTb‘?Prp@emﬁﬂlﬂnlafmhﬂpﬁhﬁpéﬁqﬁfﬂqa@utlotm@rﬁfqmmriowtrbgglmﬂwf| ed over a
Protein A affd n%bf&i’ed GR! hEE are%?éalﬁstgéu;gié gl%iefaw%%cfu%}?@fa'aﬂ&tﬁﬁ’ﬁ fication steps,

i nati ons, can f0 prepare an appropriate
prepar at i ofowTdeTsbcEmIbaERH 7o BoeipH 1. g0 Etéléﬂquf@fh@blY on sherttpBds of t he

“invention, 7arekiuki ph.d wsn@a&.zmﬁﬁﬁgahbsﬂﬁeﬁ@ﬁmemmmﬂ de after
contactlng t he_preparatigon of reconbi nant protein wth a

reduct i!8n/ 8%181%5‘16 E%%Fheﬁﬁhmﬂﬁéﬁéﬁmdm awlglﬁ%étﬂ%}@vﬁfﬁhﬁt is

subst ant i abptimal jrefr %arﬁlhﬁﬁémbﬂﬁﬂ&ﬁbftﬁ&nﬂ%dﬁ@%pﬁdeﬁlﬂadét&nmg@f' geg ai an
e produce y known

"isol ated pol Th ol ypepti de can al so
~.convent i onS\’ﬂ:""}é/I E‘sl?iglfth%?ﬁf‘ﬁ‘éé‘l ¢art. 25 Met hods for constructing pol ypeptides
by synthetic NeBRSedaétBuisaaon ctoaplﬁ]@@s@nﬁka dou@elofirflucihd ey, t . The
synt heti ca cosylated in

tructed I tide se uences can. be gl
vitro. Thekﬁégf‘frg maéﬁgﬁﬁtéarp% %/tF’ﬂ I“ﬁﬁ‘i"di“'ft@ BE%HE%OUﬂng%@n%/‘ﬁtended use of
t he pOlIypepfefedﬁlycoxﬁprfsﬁi(ﬁh bm@owdmo@m@@pe@mﬁﬁngmﬂfeﬂdoyd dn&oﬂﬁﬁddr ed when the

pol ypeptid red in . viv I n. such a case,

t he pol ypeelﬁa%g 31%5 t%ﬁlgnl Q@S%&%PWWD%%?}%%%W &%Ste“@@ndoands

cor r espondeystipet Borctdsef usp aldyepmpihy, deisced gibtathdhepilableductpgtcitah ysi s by SDS

pol yacryl a{;g"gg gel el ectrophoresis (SDS-PAGE). It will be recogni zed by one
e

skilled in pertinent field that nultiple bands corresponding to the
pol ypept i de canlhoeedyition/atidaiecbouling SaySatR¥yEEent discohentditifif soffemtti al

Doue Ooh 2 lobresd ddrBE AL R AR b bLAORLALEANAL T ARERRMIAR, Lhe LT ke

Most pref era i nvention’rs puritie 35
subst ant i antWPﬁb‘gféWﬂgﬂona%lpmmm deenidyupan e pylcantrpiish pfregtin el band upon

‘anal ysi s byupaRPaRARE boldisa BONNBEPkd: n’?ﬂqghagg&nﬁﬁn&/ﬁsﬁlggg o?eﬁld by silver
stai ning, Coonmssie blue staining or ptide is
r adi ol abel @QFREY) vaith 29 disfidedrongsiaie cownfrau%ofge«pg(@mfom@ ¥\ 02/ 068455
_ PCT/ US02/ ORRAM 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
mM to about 25 mM, and still more preferably about 0.2 mM to about 20 mM.
Iﬁ 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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By "contacting"” is nmeant subjecting to, and/or exposing to, in solution.

The 'protein or polypeptide can be contacted while also bound to_a solid
support (e.g., an affinity columm or a chromatography ﬁéFPF¥¥’ 39Qﬁ«arably,
‘the solution is buffered. In . order to maxim ze the yield of protein with a
desired MYNP2M¥EE i on, the pH of the solution 5 is chofEHUSBAMdt ect t he
stability of the protein and to be optimal for disulfide exchange. In the

.practice of the inyen of . th on i eferably not

D ol y st BT st abiid s offgaledih S ok BpBReri o o 5.

pr ef er abl yabdamlao lﬁiddﬁ:edthzo&lmdizecmﬂoﬁ)]canﬁ:mroﬁeqmalsifv&ﬂlahltgmahmjnmabout pH 7 to
about pH 1 %mboﬁl ntbtnﬂmregucgrﬁox rt?%ég?p%{‘ﬁgr%g]a out 6 to about pH 9.6.

| n one non- odi nEn Rﬁ'—ﬁ? Fc 10 that is
illustrat edorbleimw;oftcmnwpndmepﬂum@eﬂmdmdﬂmlmmMﬂid 8. 6. However,

o er o 8 Mt Kol Al ot £ BINGONL T BBlea e o BYERY AR 02N Do eastly

- determ ned experinen

- reducti on/ 6% IdaPJIEf?ﬁeiQmIdelmPrgbe%@gémut 1;18 teabgg(1609d , mbre p_@&mblyray)uag_ent S. _
Preferred nadyaiioRIhl SodpidbfSndilk:Plosou 111 g@yg@#@ﬁ@gdat i on coupl i ng

reagent is. 15 preferably conpri a conpoun roup consisting
of reduced2ba¥lti di zed gl utathione, dithiothreitol (DTT),

2 mer capt oet hanolsaotihl Rkt AGRERZAMRn: ol SHl)ERltbyoGiAbh Ne. For ease of

use and econony, reduced gl utathione an reduced cysteine can be used.
“The redlct PORMBIFAGSE iSRRIEBePT aignesaligepito ingeqsn thesshtiveatopertienicent r at i on

sufficient thedhirbdoohBERAESE Ay RatvEhatisy B pﬁ;p&ﬁam ERabRf i eredesi red
confornmati o The gg}él mal concentration of the reduction/oxidation

coupling ré ‘éaétr?to" AgEm R plesited prafoppation isgonveted it Witand  nunber  of

di sul fide k@rekged donfohiitifd. QB&E Freferlibly at9easiTDY6E30%, 20 36% D@EN7RPaad USi Ng a
protein (TNF nds at. a concentratl on of 2 ng/m

(ycthvmth 29 di seglfldeua%

(appr oxi mafER§ 8t heRreteis i cppstsdifiemsp wdserefioddsiicd raformtige) . a

reduct i1Bn/ G‘y@dhﬁt]dﬁthﬂtﬁﬂﬁbtaﬂ@chie@ﬁi@ﬁmtthdmdﬂhdﬁofaﬁ mv&ﬂnro@f&uge@ﬂ;mtdoi ol s worked

well to incrgas he r atlv rtion.aof the desired confonnation. This
corr'espondg 8@2 Zfﬂ%‘ e $St%%?f%r'§%8f)?%%@aﬂ¥ﬁrlh¥%{y@ drepgrtionet bond.

However, i tecowtsnaal pea@eif, dwmdmichﬁgstapaan has:exfcrrmm ﬁ&s%hbﬁ4@£boﬁtﬂ6&6urtt&ll ol s per

di sul fi de f.thiol used for a

particul ar gtlco{r)f"cheyl\(lg;)r a?gsc%?\n%%t%} vary s s?c?rgr% %’ Ref (R ‘L‘Eﬂﬁ t he reducing
capacity otontabﬁelgtsﬂqpoﬂabommwabMI@mmasaﬂoyt 13@omlmrceksmeﬂeiﬂheby one of skill in

the argg T%&cﬂr@@ﬂ@ﬁéaﬁ' se/@(etnal.% g{ahl@mposqc of ot L & di::] Leoorg‘gtnromthe

reduction/oxid coupl | reag nt can rom a fAM to about 50
m nore pﬁ@rles@mmyothqwmm@uqﬁcaw to about 25 MM and still nore preferably

about 0.2 mh ¢ ongheithus2PuiMenlth A6 e bikPo L RENEPLARL AReIaL | on coupl { ng
reagent can contain oxidized thiols ™ 35 at approxi gher, equal or
| over concENeraPleohemelods phe iatrniadaterhes) S“@@ﬁﬁgl%@med R ex anpl e, the
-reduct i on/ xhdairk ARt AURUIAG BBATEE ho#R (RADeA AR NER AR AT 1 educed
' 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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gl ut at hi one and oxi di zed glutathione. It has been found through actual

~working 11 23 Septenber 2005 WD 02/ 068455 PCT/ US02/ 05645 exanples, that a
rati o of reduced gl utathione to oxidized gl utathione of3 P Bot051: 1 to
about 100: 1 (reduced thiols:oxidized thiols) can function equally well.

Al t er nat WOERP6845F  anot her enbodi ment, the reducti on/ oRCHERRZOF4T OUp] | NQ
reagent can be cysteine or a conbination of cysteine and cystine. Thus,

- when oxi di zeg@&]{ﬂ ols are.included in the 5 initial reduction/oxidation
coupl i ng r BEGERY lesp fran 0.5 chaogpre: egetion if proctially fige feha@iromedeghiols can in a
p[) eferr idlsnb,aﬁ;mnguglggmﬁmmvaila@wchawb& Ha?be’éib@.:#ﬁosél)gﬂﬁéd]t% tthr e p[) efer igi)yl
about ; . about 1, sti nor er about, 5:1 to about 1,
even nore 6?5‘3%%\ ?@ytaﬁﬁé?fﬁls (tfé‘?Jf?”ﬁ‘iﬁ?&’@ﬁ?‘ﬁbgeﬂ%c%%&pﬁoﬁt@con of reconbi nant

‘protein w wisdoraedoeiiaobypiicat i on 10 coupling reagent is perforned for a
time sugficient tq.increase the relative proportion of ..t esired
confor it i on. Ay TP RRGRE S Rl in o8 RGPV bire gt it Loy
pr ef er abl yForgkanipia it rei@Hewdxidahien qonpling repgend chinbeatmavadl@disr ed confornmation i s

converted i iy .1 ir formati.on. re.preferably at

| east 20% E@ﬁ&%%%%ﬁ%&ﬁ%gﬁigﬁo %ﬁ%on %%’é%l%@b&)cag efl}?lémf)]%g & ﬁnelﬁs converted

f rom an unbwsigs silifyng the dedgtione GynimHy, ehenethd reavtionliSqubygheddyl yi el ds t hat have
been achi e i: .h i.oventi.on. r. ] 0O to 80% If

t he cont ac%{cﬁ(ﬁ%&ﬁn’etgg%oﬁ% %a%‘rai?r‘é%BtS%ﬂgtﬂgge\régélag#%daé@}%?%ﬁ ’;%E%ﬁtri fied

pr epar &8 i owilide bropght devini tslempHoE: drafirably, thia pH ésdnal td telpwateo can be per f or ned
for as shogleafy aRutis Lk nd as |ong as about 6
hours to about 4 dg)y.slf It%ggﬁgﬁﬁpﬁgﬁ%g@%g%@gl%com acting step of about 4
to about 16 holer@iinggsgenfamationef 3 piajoiniesd the Fdlativeinepotgntadat act i ng step can
al so take phfeRatiddbidPBot@RALREkS! BPbe BHORNESnydRa FrBQlok thapfi@pe or during
filtering or_any other step in purification. "The nethods of the invention
can be per ¥9{religietechniqhey df e dierre i aigly beeeribexanpl e, the net hods

of t heif nventichEifoRaY the PREM, SHEARMS Hdkd1diveRbFkRE oPHonRimatibERRr at ures from
‘about 4C to, about, 37C,. howeyer the best results were achieved at 25 | ower

t enper at ur B&NregaR beopspy Way oh) asHiY asseiole-2e BRdmEde & Hepnd epametical |y or fully

FUHJ fi e?) &gﬁﬁr{:\lﬁab@i@llnaoﬁfﬁty}) h&).-%f&ﬁiﬂblg,&:ﬂ%neiaf@é ﬁin?iniiralgaﬁ?daﬁmeél& tg at)oﬁ-t ﬁ5C
anbi ent), ; but- can al so .  be. perfor a r _tenperatures and at higher

t enper at ur .Scnﬁfﬂlgbeg’?"eﬁietaﬁf‘?’%qﬂ&ﬁ?mF‘E’g%ﬁﬁ"f‘rsaﬂ#tpr}ﬁ%]?’g‘f @pnﬁe@%veggy contacted with

t he r eductsingakdidiptiast TNR bditphssayg TheRGe REsertiallva deotited VBHILIRS as

appr opsq at r I he , 3 ds qf. the invention have been

o e o Bock & BT o, i a8 P08 G s SR TP 150 )

pr epar at i vigopstigheof (&0 prdtih pordoratativankyf chatgesin ligndedpor bih@he or nore).  Thus,

the et NOGss@hidn! Hssbht GG il boRn BlubhefEl kel IR dhaiff®! ! and | arge

scale wit
resulis can be expressed as activity units/mg of protein.

I 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

13



reproducibility. In preferred aspects, the contacting step is perforned in
t he absence of significant 35 anpunts of chaotropic agents such as, for
exanple, SDS, area and guanidium HCt. Significant ano 5ropi C
agents are needed to observe. perceptible unfolding. Generally, | ess than
| M chaoMOSB@ES%HE present, nore preferably | ess than OPET/NFB285S| nore 12 23
Sept enber 2005 WO 02/ 068455 PCT/ US02/ 05645 preferably Iess than 0.1 M

chaotrope. A so ion is ntial l ree of chao , SDS, urea

i guan: dFOHEREY o TR A PR SRRRB REBORT fhdded t o t he

sol ution, -emndrpamfbldinace | evels (e.g., less than 10 M) may be present

(28, o L AR RS LR o R Syohanae

exanpl e, thmimwfrmn/ommodmponansm@umtuurmglsoimlmmtpomts obgarticelaov ed gr its

concent g at can be

chem caﬁl yb"?‘ﬁ’é‘% *\#;%?QH}OEL c‘d@@ea@@?&éﬁh&d %ﬁﬂcat%h&ﬁ t%{lt ; ypi cal Iy, when

the reacti @nﬂﬁfsstquh@dtsbﬁcﬂomgﬂl o cantpedorm onder npkd thontm@l‘aﬂwl ution

cont ai ni ng | " be brought down
stbpld %&iu%ﬂag‘ﬁﬁt ngﬂfngeé E&%hb%g&%u &thﬁt@?&@\}& l&_{pex\éﬂall%e

bel ow pH 7. Prefer 'S nerally, the pH
i s reducedchf@n%@t%evé&b@md S%Pr @tharmynﬁqg@mmqﬂ}qurare ﬁé‘@‘mﬂﬁﬁml ng the

conf or mat i gRy.aial AowPfilRhtfhy) elm?a%ﬁlmo&eﬁ@taél@ﬂq@és'(é’f d%@@ﬂﬁ&éx@ﬂ&u@étutﬁn conformati on
of a protein_.in a mxture, can done usihg any of a variety of analytical

and/ or 1Qualspeiestrip %u%bmﬁn%%epatatont(ﬁ@rl’@q dexiranphyse &PRARE), fORAER L i vity bet ween

the 15 confughis. iRR&;HRh, ttmct@fn%taeaepaeh%ﬂﬂaacemmﬂantﬁ@cemtaatIve proportion of
a conformation in the th ure_ can done an act|V|ty assay

(e.g., binthrRys thermtem iythy yud e%n%w&trp@maﬂeﬂ)w?ateg}agamlatlﬁgte@atsOéct.v. ty,
etc.).- Fothe RX&HRI, &, fudther g thelyleRls Bigotdinh With thogesdaRadbRidns descri bed
bel ow, at | east_ two different conformatf?gns of TNER: 5@4%&%&1 be resol ved by

using a solid JRESEVR Rye i iisppR PLen,spmplpg,gan heprepared far %y as descri bed
for iL14dR ﬂﬁraétﬁhahkaat&grapa? (HICI9Ak: foﬂom@rﬁﬂthod%éﬁual%ﬁm?%ﬁ 2524), can

diff I

cCont or rmt 1 BGeBh SRR s bR ghoktee BERELH Bl R LR ol o

di ssoci at i @lowedto bqﬂﬂtbbatettb cencenstaant fgefietial(egd, vshighoaBhifte),y the bindi ng
eSS ORISR0 SRS bl /el B3R OB BB gl £ NE 110

conformati oNs reso erentt r'ing chronmat ogr
el ect r ophokls Montghmdryrelld, P4y, aira f'kowm:t’ofﬂﬁﬂctrﬁ/hrca]ﬂlamassﬂeﬂhﬁi tmes mihen t he

relati YF PLERO! 'l%ll Cgt%mqlsf)"rfcgﬁ%rate%mn{%g @n I noél}ngeg? Fmﬂrl\?aﬁﬁﬁaﬂebe det er m ned

using such puri ues non linting
enbodi ment ¥ndéBenHsed Sdmlleow,oam ahdthet washed thiouigh wrtbih tolumn volumes of

425mM NaCitrate, 50mM PO, pH 6.5. Elution can be performed with a gradient of 425
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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conformati ons of TNFR Fc coul d be resol ved by way of hydrophobic
interaction chromatography. Further, since far-WG rcular D c¢cbroism has

- been used to estimate 30 secondary structure conpositi oA SGPWF&’F%?%
(Perezel et at., 1991, Protein Engrg. 4:669- 679), such a technique can
det er mi n&VWRI6HEY alternative conformations of a prot ECHUERZAS64Hr esent .
Still another technique used to determ ne conformation is fluorescence
spect roscopy_whi.ch can be e oyed to certain conpl,iment di fferences
P Cer 0t ar JomR R el L RS et P Pt ORHYR BU1 A | wor esconce.
QO her t echnrompsesitststichtas e pliysiblegicly s gohblealilakat, edriiar xed/ohi ekéigentes i n

conf or mat i th glativ roporti of a. formation, are
on-line SE gﬁ’%ﬂe%g%?gaﬁ 603?@8& !lngarlllg % 03%?1%0,%%74&?@&?‘&%3 F‘%Imt%%aanni ng 13 23
Sept enber 2010 Bie Vidcli®hes BUBIRETIRUSHEY 05BAStivaihgedients)r Jormalatmeasur e nel ti ng

~ transi tisong, Gl By S8AR0HGRIRGRS oﬁ%dl%lln—g%garsst@r%ging?ﬁﬁ%ltrt%ﬂse unf ol di ng. By
the term"isolating” Is meant physical separation of at |east one conponent
~in a m xt shish meespntinenti-otidais, buberp brrteripsiaty and solyfessthipheendarghs| at i ng conponent s

~or parti CU'f&ﬁula&n%&BﬁW%ﬂe@fg% &fthe‘?ec%lieﬁ& E‘ridrégﬁl;s(@:ﬁk B AGHENGHlS] N9 any

purification nmethod that tends to separate such conponents. Accordingly,
one can peFYsBARpipRSYéich mapekadashspending ogpnks philickesing peents| Jrafiditiong but  not
limted toubhCountiehny RAE kkiGormb HAPRLAE R 3R condikisx Change

chromat ogr aphy,. affinity, and SEC. Ot her purification nethods are

fi1tratlPon (gperogmatelyd sigjell e approximaigly 19 mM) at 4 tedpptiondnidption smiizet i ¢ t echni ques
(e.9., el eehiafBg! Bshmions tRkink QRN UTh:PBypobiides ARk Bhiilkied LQpds NY), and phase
separation (e"?Ti’%F%gd xtran phase s_e?ara%llﬁon), 1o nane JIbUSt a few In
addition, tHEOPHERRIGHE fopgqqgegl}agﬁagq:ugfqlgﬂse CEPEBHATH N 8B PBt ei n t hat

cgnt ai nrs] éhﬁnb][cil{eﬂ)hﬁidmixhﬂe,fsihﬂrddlﬂﬁ%i:icﬁﬁtrﬁ‘dﬁdﬂﬁaﬂfrﬁﬁﬂhb@&l@@ﬁa@@mtreat ed again in
t he nmethods o

'_ ., the invention, to further optjmze th i el ds of protein
Wi th the. dBEE PRI eten Bfcecel v Bplattea e Raror e SR Ie s or of bi o

- sanpl ed5 camlibe Tiv-BORhswettef md plvgdhate plifehid Golutibhs)] pidsaf-aotd (@f, chr omat ogr aphy
(H O by the fol,l.ow hod. An al Lume of 850 .M sodiumcitrate,

S0 sodi oL AR AR HeRens{ S sl KA BB NS anc al Foved
t o equi | i bfatable foomulatins foephpemaditivabcompdsitions ihidlide ¢hobadgsofibeddn , using a 0. 220m
filter), A )V f or ped 10 rl(r) Butyl 650-M
resin (Tos SRR ERRR K NG ME RO ESRaRt, ) 0 Y Do

cm hr, andEsstonsls Ih sdiditionfsudh comppgitionsigin 2 @ommskediwith poliiedhylems glwwl i s

prequi bibr i " ggrﬂg{ Mg i cetioOMM P04 pH 6. 5,
sanpl eb?s Qadgﬁaigrrﬁ% t e%ﬁ%{)\éﬂ%‘gﬁﬁ(}lgﬁgﬁ Wt gaé%?%}onﬁﬂ\% unes of 425nM
NaCi t r at e, 25bpNrEdgaliqpeidghygroeds, drxirameto.con mgespqueled intodipebomst h a gradi ent of 425
mM NaGi t rg-ﬁlﬁ:roeéglsim R161eR himeltd: B ATMNATebibid &yitralidBibd¢ PH 6.5 1n a

‘total of

1=

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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colum vol unmes. Fractions can be collected during the elution. The col um
can be 25 stripped with 3 colum vol unes of water foll qwed by .3 colum

vol unmes of 0. M NaOH. Using the nethods of the |nvent2?’(§ﬁpf§5@8‘f%q(}§gly, one
can thus obtain preparations of TNFR Fc that contain nore than 85% nore
than 909%VHR@#¥Ien nore than 95% of the TNFR Fc pres@Al/Us43/08648 preparati on
in the nost active conformation (Fraction #2). Conpositions, including
pharmaceuti cal conpositions, of TNFR Fc containing such 30 proportions of
Fraction #2 are therefore also provided by the invention. The invention

‘al so opti onal ly encorrpasses f ur tEreaMPDEUI at i ng the proteins. By the term

"formul ating" is nt t t t he an be r exchanged,

sterilized, bul k- pady A%fﬁs&?%’ﬁ gtﬁtlggé racfipns £ i"f | user. For purposes

of the inventi o"ﬁ\lFRFnaahttmofﬁahychdnmohldmteiacﬁohctﬁlmnmﬁﬂﬁmmeetdhﬁtct a fornmulation is

free, og egsenti ; t to such an extent
5 E g%%ﬂg%%l gl%éd{og%g Fg%{(ﬁ]% q;?acgon fi%gs&g ?1§'§.\‘ rﬂari'gac{lon%g ﬂ%

as is accept: or ru pur defi ned
conposi ti oﬂesawcﬁ'ae@nc‘émtioa%ﬁwOfﬂmuhmnmeﬁtsmmmaecmeﬁmsmw orth" neans a

form that gdep oARPE t dm nistration or
consunpt i og(mcéuch %@hgegeta{e er o%ﬂ%@ﬂ%ﬁlggpg@%%@%yﬁ 2/ 05645

conposi t | obigacEuly %W%@Wﬁhﬁrﬂﬁmﬂ i Therefarepin e inérest ¢fandprsnding, i n

‘conbi nat i Ofhe Wirkianddl Beiteen HATRAEBGHs am%&eaﬁu@g mt/ﬁa&k OBk L&ﬁfeaccept abl e

diluent, carrier, and/or excipient. The term arnmaceut1 cally accept abl e”
means &0 no%ﬁ‘sst%%“&‘%{%‘?‘i“% #3yap B pertama o senturg ﬁldéﬂiff@meﬁonvmphystﬂhle ef fectiveness

of the bi Oétﬁlﬁﬂs%nle c@ibd ok, 1Y thfexdnlbfe, @9511&11&%@&%&&@2%9& ¥riotion #2054 ations 5
suitable for i stration include a/ﬁweous and non- aqueous Sterile

i nj ection S¥f Pt‘} lsmvﬁ?‘{iﬁceﬁ‘é’yorb@ﬁlsgﬁ At RL didifereontial soonpinger s

bact eri ost @legimemgmeh.ut es which render the formulation isotonic with the
bl ood of tlplg reC| ient; and aqueous and non-aqueous sterile suspensions
whi ch. may Figfy Wﬁ?}&q?dl ng agents or thickening agents. In addition,
steril & bul k fWdr&zmmhesstaﬁinghﬁteim%smMMS%QHér@lOHnMTﬁsFWJ" concentration

coupt 1 hg PRRND o). 10 BRR e T Bk s Pttt ypope | des. can

be formul aané#SﬁJce@mdnanglstmcﬁbsHﬂmNBdmmhods used to prepare pharmaceutically

useful conposi ti.on n..be conbi ned ther as the sole
active materi ald"% l%qutcE %'f'h%rldmﬁwgfﬁr? ?"\% tﬂeﬁ]ﬁi‘rg{%éf*gm@&f"fﬁl e for a given
JindicationyVv ﬂ%—ﬁSQJhJ@)rrcmeurhemalrWsaxdxeewérabﬂnesdduﬂtolelmzdate(dﬁ‘feg:nces 15 sal i ne,

Tris : SRRy | ution reservatives (e.g.,

t hi mr@sallﬂ&?ﬂﬁ}z&CﬁPg’gﬁh{? par %Bcgér%s e%ugé%t thrlgzgg)ffer bt i zers, adjuvants
and/ or carsetoedasy struguet abl e f or mul at i ons for phar maceut i cal conpositions

ol ude < hose d8SRalD0 by oREMAARFR ARG AR Fiences. 16t ed.

1980, Mack Publish |n? any,
solutions with the ollowmg 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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Easton, PA. In addition, such conmpositions can be conpl exed with

pol yet hyI ene glycol 20 (PEG, netal ions, and/or incorporated_ into

pol ymeric conpounds such as polyacetic acid, polyglyc Bi Ptéﬁlibﬂf,z(}%sdrogel S,
dextran, etc., or incorporated into |iposonmes, mcroenulsions, mcelles,
uni | arrel IVWOWS%I tilanellar vesicles, erythrocyte gh8€t/AsS@Hs648pher obl ast s.
Suitable lipids for liposomal formulation include, without limtation,

nDnoegcerldes di gl.ycerides, .sulfatides IysoIeC|th h sphol i pi ds,
Saponi n, _biH G044 B 10 35 mfarciarien. IFpRaonsRlsfeat vERogE Sk EF poson al

for mul at i ongeH sfrectﬁln‘ﬁ hitgmbiied daeviRte r@fortsddb bialua® diffé@ncedintfrequageydi scl osed, for
exanple, in U NP 4,235,871; U S. Pat. No. 4,501,728, U S  Pat.

No. 4,837, G?%ng%[’ﬁhfgifa%?%at No. 4, 737,323. Such conpositions will
i nfl uence the phtjfﬁd-s:iaf/Umm Thsmbla&m’lalri:vtnghts Fehbing dofnponetiaistigeite i N Vi VO

I d t di t
Lhe | nt EnadtEprREaErERY ¥6e FRERrPenEHAPAUELTY & e e 30 carrier
w | dependcaﬂ:témfgltﬂﬂ")smldeafﬁa&deihdaﬂ(kndétecadnmmi rAfsingthod Bud¢caimaltd- r el ease
forms suitapl e fcpgee%rﬁcawa e\z/z\‘AanS 2 tl H%ocﬁe ?6()3:%3' ﬁa{xfﬂ’ﬁéfgal H%(ypept | des that

are encapsﬁll0 v ng ymer (such as the
al gi nate m@abﬂmhmc%@sﬁﬁkﬁ@; andtimjan aﬂwnﬂag@f mbksum@ﬂ&(iﬁnﬂﬂ&)/ ateédm xed with

such 2 pol Yl AGhiI:RG-h ok Bk nRRL il OFRSSEaMuRag, O encased in

a blocoxnpatl erme nventi on haV|ng been
descri déd, “temolﬂeeﬂeﬁmgmgh@mhmléwm(ﬂwfmealo&ytm@c)dﬂhal | ustration, and

not |imtatyafg0d5. ﬁﬁﬁ?&%ﬁ&) u%ﬂ@ ﬂé@%&%&?@%&éﬁﬁ’%ﬁu@%‘ 005645 EXAWPLE |

Bi ophysi cal Assessne ractions TNFR: Fc el utes off a

hydr ophobi eosisieéeiH@P myfrhewhaintGH) @y 188 mMiNase HPAINREE mulvandles t er ned

Fraction #%ght':éaﬁé}{ngﬁaeo#&aﬁ tifah @@He@rﬂcté”f‘%t&%%b&hﬁ&!&ﬁse&homﬁfﬁﬁt ion #2 is the
desired fraction raction was of particular Interest since it can

conpri se f ri&ipngesy e Gabgtion stwﬂerd%faﬁﬁrr@nﬁﬁaﬁlﬁ%mw@wn@wwdﬁ%xm bit |ow

TNF bi ndi n@inge BsKinkod@dnd ¥ BumiP (@R HVi ty in conmparison with Fraction #2.
Therefore, in the interest of understandin t he dlfferﬂﬁznces bet ween t hese

two fractions af#erestiadSeasring feforirety (PICK B g“’ﬂ@’ﬁ‘?‘?’?ﬂiﬂf‘é’f B&WFE 10 loss in
activity fa{eas!&feaﬁémg&mﬁﬁcaM@aneiﬂsauﬁbﬁnﬁapssdnrmwé usra@: lamler@onf ormati on,

bi ophysi cal e carrl u n..thi nal yzed
Fraction #¥° Bﬁ utl‘! fg i© Hﬁmﬁg{%‘gﬂ%ﬁ “gsamb&Mé&?}‘fgeF tlﬁilgh‘t%n@ g oppt el%escence
on-1ine SEGbdA4 hGinRproteimnll whird dvaligel agaihst the Buffer Absent@ikdbset ry (DSC) .

Mater | abs a0 NEURRYS, A MBHER! &l ins HiSerbhle A BLERHEL, vas TNFR Fe i

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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~niannitol, 1%sucrose). H Celuted fractions of this material were i sol at ed
as Fractions #2 and #3 for experinental studies descrihed bel ow, G rcul ar
Dicltroisni: Studies were carried out in the near (2502346PKMbeaAP> ar- Lv
-(190-250 n.g) regions. The near-LTV studies were carried out to elucidate
di fferend¥l2/09%53 n tertiary structure while the far-UPCHUB3I0&45 wer e used to
characterize differences in secondary structure. The near-UWV Crcul ar

Di chroi sm surepents were ¢ cted in the TM5, solutiqgns with the

Fol Lowi g Ot S 18 bR i et e pfteg b i 5. oy

whi | .e t he RBracinitaonsofi@tiandruiitre WEreaesehsall tha tiee-fitted Hdkeire pressitaitih ng

concentrati f . r@/ rgs ctively.. A Ci.rcular D chroism
cell with aggat afl‘gﬁlg?’%ﬂ%fﬁ ﬁ?e?%@%m a%%e p%r?aga ead?’qsgla%egjﬁlguct ed from340 to
250 nm Theomsgientth GicrconftitatioDirishg Héms avhnegrsuteting stnetuwemelvipgr f or med with the
protei ns byffigk %%g] i wasodi um phosphate (pH 7.0) and

/ esI ate Eﬁﬂg Fﬁg‘%%%gw C

subsequent |y eval u _ ng a m path | ength cell scanned from 250 to
190 nm Seconda¥he Y\ Erenas DBbroiswbprdsen usesto stipate weadnday eithcusi ng convex

const rai nt c@l‘]li_ilfblsiﬁ&j 6% ploteiIPekZ8 b S99 £ broiin 1?,%7&.9@.&69-675 QL Ghddr=NIT 9.

4: 669-679) uorescence_Spectrosc&py: Sanpl’es wer € exam ned after dilution
to appr ox S simoent ing GCAoR pefeimad, Calgslatgt sreerasmmprissduifthat i on

wavel engt Ngum dRthedsdoniry stk EMRRRRA Lol HANRBCERARMAS %3 ned with an
exci tahéon of 27g nan whi l egt:.'[r@ot h 5 fl uorescence was exclusively

ophan : _
eval uat'Bd SREFHGnGFrhbieq 4 aepd segpydary siHetppseaf both EgctiopMRe in " Princi pl es of
Fl uorescene&np%aaetwﬁtmﬁﬁﬁﬂ%fexﬂ%ﬁﬁawrg@&iﬁ&ﬁmdﬂ%%%. ewerrerlis N Y., 342- 343).

Fl uorescence scans extended from 300 to 440 nnr for 270 nm excitation and
from 16 .23%8%?%%@?“%@\9@%9%@%5@3%%@9%%6@19th@r@f44o nm for 295

urn excit athe®nwo feRténsconsecut i ve scans were signal averaged for each
spectrum Nor i zed d%]ga wer e rgggﬁrﬁ%gﬁartto eval uate differences in

frequency ari sl AYFPEATRIEOSHY e secEpirsdgreocsthe nol ecul ar
wei ght $5 of otetrutd im the eV Ghot s DNctirdigh BEiaE fluddeseoted sy&iroopy o mat ogr aphy wer e

ascertaine ' | tr.aviol.et 280 nn), light scattering (90), and
refracti venglfn@SQ%(a %?%?ﬁ“é’%%“f%ﬁ%”%ﬁ%@?ﬁ%@%ﬁ‘ﬁ@%&?ﬂ%’aﬁw&s been wel |
docunent edir{réepbanAandiyeoame Storatencel U9iRg twlraditatioBiwacdimpths, #0:3s p&kitkY and W\én et
at., 1996 : i w155-166) ... a 1\? n .adv age of measuring
1 1 t
- the nongl y([:)ogy_i ate g %é%aufﬁégﬂg%%ﬁ %"2‘%‘%““’3?% ’glsr%gmaf%dn%g%‘f"%ﬁes that are
gl ycosyl at sger-imppsatSagttelivdretdoncd atceimd Geankse emc Sinkaetbd thdte-disdemsipnain | nt egr al BPLC
syst emd Peg,SaRk b Lgifh QRYert 18 lponditdEtbr Whilslhy Bxifih 8lalive 30z £QL U™ (from
Bi oRad) using a fl%w ?ate ot r]ﬁi{rr%~ n. Stisﬁglae thﬁlglﬁve tﬂc?f‘fme‘w’’rtﬁese
results suggested that the average structure involving the intrinsic fluorophores,
ryptophan and tyrosine was unperturbed,
On-line SEC/UV/LS/RI. The light scaitering studies performed on-line with
SEC yielded molecular weights 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 compositions 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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. Fraction #

consi sted of 100 mM phosphate (pH 6.8) and 100 nM NaCl. A DAVWN DSP
multi-angle 1light scattering detector and Optilab DSP refractoneter were
bot h purchased from Watt Technol ogy, Inc. Calibrati ort3steRisgeE €00
.. determ ne instrunmental constants included BSA 15 di ner, BSA nononer and
oval bum WQ®R0gidsSe 2). Differential Scanning Cal otiinePEYUBRBEYS Physi cal
properties of unfolding were neasured using a McroCal MZ2 DSC instrunent
i n upscan node. Sa es-were prepared by huffer exchanging into the sane
TVS buf f er-“&‘ﬁS‘SfS’FF“?E’%?E edtigp ydemed A prsiaran e tinere i ANFRBE @F%8i n and were
eval uat ed agRi Héatke, ithas BddohREd tha PECn 4P sRbEHriRgd dSeveralifecicenlb@nce. The scan
rate was 67C/ hr Sﬁ@%i ng‘eﬁt he .t errg&r atlur regime from20C to 90C Collected
‘scans wer e *8YRRREY ERyented ROEPS QP WIS o ncent rati on normali zed scans to
better conpare difdiaitipl Staidipathlaimedly. DICalethuRthents Afkd bitonthe whi | e t aki ng
into acgou .di f.f.er.ences in.concentrati.qn t epor.t as kcal /nol e).
Resul 1o Facich vic e Heept SmaRRceT e Rt o PRrRB Rt o1 o
measur enentBNFex nmeksdel (Figure 4. eAsshovaf more elearly ésthelbseclied dornpdiddalstty are shown in
Fi gure 2. n LN r . tur near . 270 _nm wer e. eyi dent between
TAERERE, bl B adtothyt B Emp % b oo PR o e
el |ipti cit ywhemcoriperingpdot of §25°Cf(Fiestme #7) ovith # Im(af AYT°C frexdion¥3)t Tre arrow in

“Figure 2A clial. ' the starting

mal%J erial cl)trggsg: to?/mng%ﬂggg@g%eh@?ﬁ%%%%ﬁ@rﬁla% a?o n&@%%%lt@g 5%%136A;xhi bit a subtle
negat i V& dinepinamed8i¢tn powpativon wifhBrastion ¥bhwving u halbeuiddioRg5"C7Bhislom  This resul t
seemed conshahfte BfifhdfeaNaARndRNE i o3l chfhensQf Lhe starting

material and so 1ts contribution to the over l'ipticity in this region
‘was gr eat |JVFR&EY moaqmay iptbeidpe thENISegpmainios e seleenian tThefinpldinsitions at

Repr oduci bigh/1ian@83A0%aveveGtabied i e TP EGHdUNTE BfcbdidTeBedt RRer@Pser ved
di spl acenent _of this sanple to be real. Wth this in 35 m nd, and know ng

that di sul fPpRldpe fprsitiops align vell aad pre erepersbl it tpre obTm's 6 cemonsibat ure in this
region 1gf tGheaGs cul ar Di chroi sm spectrum (see Kahn, P.C., 1978, Methods
~Enzynol . 61:339-378 and Kosen el al., 1981, Biochem stry 20:5744-5754 ),
t he near - LPWRPIORY| ar 17 23 Septenmber 2005 WO 02/ 068455 PCT/ US02/ 05645

Di chr oi sm spect AGhgVBSmahtdy Rstéd, itfenckOwRsstsédden Mbahr-theiratser ved changes
n terns of The results of the

inthis region. ne i fertiary structure

curve-fitt gid"?’ﬁ”asf”aangggbﬁ%%ﬁ’?‘gﬁ l?‘hew’ﬁfdgfﬂ%‘@“%@?%“%woﬁasml | red-shift
(3 nm anlcﬁ.;sﬂnaﬁﬁﬁuﬂﬁg&tat;[iv&tsigﬁasieltcﬂ?ﬁmmormﬁmsf?é@meculgiuﬁthﬁﬁilh?: (czlont \r/vlh buti on
arising,froma change ,in terti.ar ruc _inval vin i sul fides when
compar 2%g e PRRRT e Rk et Erol BB S has been used
t 0 esti nmat euggested tabdisulfgiey ancinvoted 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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~conposition of proteins (Perczel et al., 1991, Protein Engrg. 4:669-679).
Secondary structure assignnments using CCA were perforned. Cal cul at ed
spectra conprised of the sumof the secondary structuré SSPEHREE er e
conpared with experinmentally observed 10 spectra and exhibited a good fit.
The secoM$HP68EY uctures of both fractions were conpEEHEEPBGEHIin linits
of experinental precision (wthin 10%. Therefore, this experinent did not
di stingui sh a§¥ di.f ferences ,regardi ng secondary structure for either of
these two fHREESEHe Weild b lagicab sisnectsinb ety SERHYR CRRERHPIIMEA TS her e wer e
signi fi cantobshrfell @DV ESrculrDicHaGSE Metls bub ethitdt lijBpachon@hevidilaBr  Di chr oi sm
region, fluprescence spectrosco was . enpl gyed to ascertain, conplinentary
di fferencessgl“cﬁm?’é’?@‘f“égr OEP?ﬂ%qctﬂ'Bép@gssiT&ﬁg%FggefBOtp’EeF]?%‘t‘gﬂé’ﬁ%fwﬂ%d tyrosi ne

f | uor escenaimt thele iissgmé WmsaXahbriga in sotictwawdllie aglohboth dftthe WNFROERSH| € O

determ that t.he spectra.tor all three cases considered (SM Fraction #2
and #3) Sner 8 el K REDRESN-Thoglt et SR AR HAPEIOR 338 nm S nce
t he t hr ee- dymsres imdngpto@@nss Theaét tinethofluctesghesainta priddhds iRsenstive s ponsi bl e for
em ssion ' native proteins se  results suggested that the
~aver age s%%?sg&ioﬁ\%ﬁa}l%ﬁn ﬁ%‘%nﬁarnw}(tﬂh%ilscse"rsfhﬁ%éégbs lgﬁe’é;gt?msni‘ers’yaﬁ ophan and
~tyrosi ne wdwptapipes) exitifedsmaldmedativealispla@igh/chiBibid. withhlulfilgdotictealat t er i ng

st udi es perfariRe, 80 LlAemy Yigls i of the main
el ution pezﬁ tﬁﬁgtnv\ere I{Bﬁ ag%@g&ngﬁl% w%0 hﬂﬁ‘gg@%ﬁc@%ﬁ%ﬁﬁg@%ﬁat ed

pol ypep¥i dandih ecul ar wei ght of TNFR Fc (e.g., 102 kD). Al though there were
clear differencgsuhnfat A Rl da@Sneled SLddlhNOFS ARG bE SenEdl uated with
this technique, when c .rrﬁarl ng gﬁdﬁe el'ut 1 on pro?ﬁag (_)?_E ,ﬁs!paéétﬁi on #3 with
Fracti on #2zeliwd tg mplsculgn weighf@ndpcondanestiveting Womdaund trigindisiingyiskalls maj ority

- conponent was mRasuped to be 102.5 1.6 kD (Retention Volune = 8.4 nL) and
101.9 2.1 kD (Retention Volume = 8.3 nL), 30 respectively. The precision
was expressed as the standard deviation of 23 slices through the elution
peak brigcketed by the vertical dgghg@ikiones in Figure 3. It was al so noted
that a respect&%l e_signal of, the descendi ng shoul der for Fraction #3
permitted det2isHfeFychpnes Experiments gn JNER e Fzactipn £ vithGlufathionet t o be 78. 1
3.7 kD (this evami&?@érﬁdibnﬁﬁgaésikﬁécﬁdasgesﬁbaﬁi@@of@ddﬁeﬁwﬂﬁﬁnﬂgrl?]m&peaﬁ | abel ed
at 8.85 nL). As exhibite Lt precji.sion associ ated wt 35 the

ol ool ar KRS R Bt e SR S pOR e oL i ehicl axhi bi t ed
greater hepmiagenshsy and as a result was suspect of greater pol ydi spersion
than t Ln peak raction #3 al so contained a significant anmount of

" hi gh %ﬁemaéﬁrg%@ramef@ﬁ%ci es 18 23 Septenber 2005 WD 02/ 068455

PCT/ US02/ 05645 ¥atersals tTn ttaning thaitriabwasTNFR G ayOfroisie Acdutg a pereHNM nant |y _

di meric f‘OEﬂEe%%FJJ@E&f gnd(al%"?iﬁ mixZﬂrc.5 ngIE'%ﬁP gFra&t%on W%dg‘%tct%ﬁ%.ned that Fraction
#3 is conprised of several Specles |ncIu§|ng

_ 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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aggregates and fragnented portions of the nolecule. Differential Scanning
Calorinmetry. DSC neasurenents carried out on the two n?) fra%}bon i el ded
significant differences in the unfolding of the TNFR P e k TNFR: Fc
nmol ecul e (Fi %ure 4). As shown nore clearly in the baseline corrected data

" (Figure R2%HeYe is a 2.8C shift to | ower tenperat uPEI/IH20H6S el ti ng
transition (Tm. when conparing a Tmof 52.5C (Fraction #2) with a Tm of

49. 7C (Fraction #3). The ansi.tion. is i ghtly broader for Fraction #3
with a hal ﬁh\}ﬁ’g'ﬁ?“%’tmﬁﬁ‘ﬁt e%‘-%lgp‘iyﬁsaqﬁ%sfﬁv? fé?r?ﬁjfﬂ‘p %ﬁ#ﬂﬁﬂ‘i"%‘f’]’a% Ff%conpari son

Wi t h Fract iterffévdhpperfogped ovead wWidetadgdof dibseGarimlles. This | ow tenperature
transition has i ified. fr t her unf.ol di experigents of

TNFR: Fc nonormer %?%5%6489 géﬁeeﬂtg‘hlgm‘?ﬂ#%n 6 e terré%lo@e?%ﬁerﬁgp%g’ﬁfﬁ%es’? ér mal

t ransi t i ons22i3 and 8BC1 Theg@iH @Bced@iia wes Hold el i sind pH@.6t Afterl16 héwes, porti on of the

mol ecul & Fﬁ@&?ﬁeﬁé}o‘ﬁﬁs aﬁ]%biéé&'@'gdiﬁ 'aﬁt%&v%r@ﬂ%éﬂm%ﬁ% %'ﬂt@ﬂaé@ﬂh#z and are
conparable in ter ot 1ins and conponent ent hal pres. Scussi on:

Anong t he rhstdepsion secmedislighilyfrfss diident atheiteo losdemperituies. t he near - | TV

Circul ar- Di chr oicgip ?@‘@& ' B ANER ing calorinetry
.~ data support a Io.o%%gtis'%gl st?i@%?%%’h@?ﬁopg@sm g'r%%feg&?%éat he receptor
moi ety of ti@stipdudiedipeotasltased ppanithe aboyg restiiendpecifbpblipraPedtein A clubien r egi on of the
Fc. The neabmidivg 634 fo®H B mDoCINIR R Qbbb H AL GRRE RbH dRlsmdi Sul fi des are

involved with tertj arfy structural changes associated wth Fraction #3.
These cfand&sTrslciar {final corceniration sl Tap{glacing). Praseiselations were sdivsted gai ni ng nor e

exposure t Qo { AR SBEAARL. 530 G8RH2Y MM E9IC B ircMateB 3S6orh Rup¥diORRObI City as
suggest ed bé}the sna increase in retentigon time observed in the H C

1 on t .
el ution of PPhLthops Wunlfideexchangsavas gepshedyiapigification asdpwrked abave.no di scer ni bl e
di fferences fouBgthifsitdiffertd: LGk HCALHE iflgbRmiMat profitnGnd Nl 6@t € such a
change in nf. or i onal

da _stf#ﬁlgure. 4f one considers the primary structure
of TNFR FCH{He cgFeuetiea o T3oH R 30 reatmand o S vadaus El99es WAy ¢ r ypt ophans
(W, itl5 beehms, 29 dsn 8% anas3s%h. Mehe i @hs i IEKIFRAGMNIG if hoghkhe C-terni nal
portion of residu F mai n tq residye 296 the N

-t er i nal 5%’?‘?8iwgﬁ%g%9‘1‘%’?%&%3?%?@%9“%%@?' PRerPseREE sequence of
TNFRFC) i s Fehetioni#d wad wdllvesdatédntithi thiesh thefehst Gy Bl (Bfits, addhewei@igare one possi bl e
expl anatio pstent. With the data.maght be that tertiary structure

renot e fro% E@ﬁéﬁ%&md?\?g&rmg PESILY aPpfics %F‘fﬂ\)ﬁé Cl‘ﬂﬂ%i:tﬁ%‘?%ed while that from
:about resi due (RBitding assa9L Shree diffprelteprepantonhefTNER tFe wed assayed oraat i onal |y. This

regi on ogf mﬁ-pg%& gﬁ#{ég?igg{z}o&ﬂ gﬁsplégqm Q&&%ﬁh@e%{p&}g]%% Qﬁ&emat may be

affected wt 0s e ‘consequence O ural =~ 35 change
af fectihg roemn Sempla8983rdd waf alsoyetutedifioma Protedn 4 eyl pivthe subijected 0 not ed that it

|5 _curt ent by adiRROME ARGLANRY il RbRBhiS ARt EiEtnagd [t woul d seem

pl ausi bl e that the cysteines that p disultfdes that are nore renote
from any gﬁq;g}lpsme&eﬁ{c@mpgﬁu 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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23 Septenber 2005 WO 02/ 068455 PCT/ US02/ 05645 tyrosine residue would be

| ogi.cal suspects for tertiary structural changes that produce the _observed
near-UV Circular Dichroismresults but exhibit little Sﬁﬁﬁ?}f’“’éﬁqoﬁé vi ci nal
Structure involving tyrosines and tryptophans. .This idea does not preclude
- the possiW? 02068455 t hat there is sone unusual change i nPET/HBEOSME W t hin one
or both of the TNFR arns that 5 does not invoke an appreci able change in
the net effect of flugrescence arising from tyrosines and tryptophans. The
fact that tPeICHgapssTheReseduscan parifetied ap 4 ppglisdEractiopa3caguixigiel| f i des) show
no change angctiohe AREFS; AWof folléWind dhef @Psitioh ¥enni@esdudk Plofl@ss tyrosines, and
trypt ophans% exhi bits ﬁbﬁs}‘gl?l | negative displacenent consistent with

di sul fide styFqReogrgy: v FEHPon does inply that disulfides play a role
in the diffeaefseahiEVivmeds: Fractions #2 10 and #3. In sunmmarizing the

remai ni ng data ner at ed .concer.ni Fracti #3, .aspec related to

ol ecul ang wei gh'?ﬁ"é “égerﬁ%mg‘w&W%ﬁfﬁﬁpge\}ﬁegluﬁeSﬁﬁ‘p“P%L%%a’i"ndi sti ngui shabl e
- from Fr act | Buteitt 2-chitdl TERORNFRlcEntaAnihy oeh Hricden #Paadvtn Gaffx pat 0.08Nt s on TNFR Fc
Fraction #3.wit

. h at hi Thi s experi t _desi.gned to assess a
variety of l?aéea?rg'egrw Igmtact)plgrg |g‘v}ér O%ﬁﬁﬁcﬁt%mﬁr%g@? ngﬁ?.g%w?s&%go he conformation

of Fracti omg@lin a process anenable to | arge-scale production runs. 20
Materi al s and t ; ' : j Et‘glirf‘” INFR Fc as a
Protein A el utﬁg&gér@@s@é@{@fg&%ﬁe@%‘g%%fr%%og%) and a :‘150 m xt ure of
H C el utles Theavridon wipalsorssefteditt L-oyating30.0258u0.5 =M amer/le ] BMIEDMAi trate or 0.1
M Tri s/ glyci08.ah Ll I 440 : i n nation of the
TNFR: Fc was ‘%Hrs%m AR Z{aggﬁegsle%?’ 3,"5? %jgg%%gléeg{)%%lg%gd e§§r§t fe%:?n;ﬂlt(c)lfd'g25 reduced

gl ut at hi onehosmdDigHideretirnnsevat EeRdbipddadiification ofgicisempé topH.7Withwas added at 0.1
to 5 M CSrgpalGHEES MQRaleE TREESYhBHNE S VbRt flotefh HRIr €8S, 22 degrees or
31 degrees Centigrade. Methods. sul fide exchange was quenched by

aci di fi cat | Grradwizedhy sayie S epdHC Gstepliop Himg, apgregeierpreeniielian) toTr eat ed
prepar at§ ONetind tRORIERMER Bhd WO ARHNGD EndRAHALHCE kR atiod Indhke aNal Yt i cal

H C, SEC (retention tinme, aggregate concentration) and solid phase TNF

bi ndi ng as<aY"YB! 4&¥%er ni ne the percentage and yield of Fraction #2.

Resul t s antRdshiBE@uS Bis@fdsionkr eat nent efficiency as a function of pH and GSH
concentrati on. the protein in Fraction #3 (at |east 10%

?ignifiﬁgznt % R%n [ |
was converted FratTPY SR HTUpeHon Phisfptefigconcentration (-5 mM). A
significant percentage of the TNFR:Fe protein in HIC Praction #3 (average 10%) was

20 ° converted to Fraction #2 when treatment was performed with 0.25 mM L-cysteine in the
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

22




35 performed at both 0.1 MM GSH pH 7.6 and 0.1 mM GSH pH 8.6. However,
efficiency was greatly inproved (from45%to al nbost 70% when treatnent was
performed at 0.1 nmM GSH/ pH 9.6; 1 nmM GSH pH 7.6; 1 Sspfember H98; and 1
mM GSH pH 9.6. 20 23 Septenber 2005 WD 02/ 068455 PCT/ USQ2/ 05645 Thus,

al t hough WO @A6¥Mht efficiency is sensitive to pH and PEBUSEFES
concentration, it can be effectively perforned over a w de range of these
vari abl es. 'I('ﬁrtrig%[gtur effects, . Fractiqn #3_was freat eaﬂgkﬁthree di fferent

t enper at ur e¥’ ays, Jdnder thesexppditiop, no sigificaphsfienh f1 te 1afR0h %9 at 1 M and

pH 8. 6. Af t#rto Féctlvo 2 as nofed bihalditiorablL-bRteine gediti)s al | exhi bited significant

- conversion of Fr i into Eraction #2 but conv i.an seened slightly
more efficient at the %JV\UE"? cysgnv%arnﬂ‘éc#é)eéqpa?%regg‘ftOléfyﬁq{l&rfbéﬁ@%)ﬂg. Six different

cell line cloohimstionaiith Lpyadned$ miyl) TINFIIRFREE:; wasessessddasthepresehoe o St andar di zed

protocols b b {s, %Epifi Protein A el ution

cont ai niSnQa%.?%cct%g?&Miﬁ%%n@%a{%%%gp aﬁjﬂ&a‘gé%@h%wﬁ%ﬁlﬁ?g“g justed to pH

8.6 using l1@ueNraNipisof gisyreiimibe igernt).1-82mdent ration 0.1 M Tri s/ gl ycine).

These sol utions ' . ] %w .25 mM GSSG and
i ncubat ed at r'o%egﬁ%%lr&%%gd?%e%ﬁ%%wtﬁ%g“ﬁggégéat%ul I de exchange was
quenched by-ygeinet f fezres v ZAdegriessContityald foabighpes o8 binro fCogipletiaiof f er ent ¢l ones
al | showed el \eTRIAL:F \Qas%sﬂggﬁtdoﬁﬂar RafioN fofl \gﬁg@ il Ak b Ahedf-  The

reduction of H C Fraction #3 reatment in various clones was 15
64% 728 7ncbatiguirnitigemehaamds morpmeompleterathdegrepsthan 22 deress pidon #2 in the sane

clones was wddient @Aty B8 chihiGe AbORABEs 24 Hoorde§ BORERIY Bighre SREREENT | NCTease
in HC Fr E:Nnn #2 was wel |l correl ated Wlt% the % i ncrease in Binding

Units, as in Figure 5. Thus, the methods appeared generally

appl i cabl e acr 0&smpdribontf MABScal-S &k R GrepBhiitelbdi@ 1A RN Srcathldfeee di f ferent
preparati on?f&geLWT[]\lggR: Fc were assayed in a 20 solid-phase TNF bi ndi ng
i-

assay. Sanmy sed Hepo 115 tigpiment gqniisions spyrpigsdhabsmall aqale; INERFe@f unm.  Sanpl e
808547 1as m/sbin@l N Gs, pHEIF) @ eflieps SIL0Br ALGRIENR, wet HRatbd Wi Stftiiect ed to  an
addi ti onal .pyrification step; I.S._S e contai ned excl usively Fraction
#3.  Sanpl ecgs%}&glé‘ the itpsr Ryt p )ﬁa?“ﬁgydlﬁé%g?ﬁws%‘?%?@ad&ﬁ?} Bfter disulfide
exchange asoursiddged wigdindbprleclvhbier S5&aM sbdiwp cieseSoas sbail@w i N Tabl e 1 show
an increase,| i 25 binding activity after treatnent. of all sanples
with gl ut a?ﬁ%’%ﬁ%.’ ﬁgﬁ'gﬁq%’e’%h%ﬁl}f&%ﬁ? F'ﬁlg&‘tﬁ\é‘f‘ﬁo%‘? d Gt Nggé?“i‘—;l: before and after
di sul fi de exuiksfBre@etigtand 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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Sanpl e Pre-exchange Post-exchange % (activity/ng of protein) Change 11-6
4.16 x 107 5.73 x 107 27% 12 4.36 x 107 6.13 x 107 29% 8085-47 1.90 x 107
6.75 x 10' 72% EXAMPLE 3 Disul fi de Exchange Experi nent £36iPHERIbE 20 r eat ed
with L-Cysteine This experinment was designed to assess ca/stei nel cystine
as reductY®M/ %% Uation coupling reagents for TNFR: FcPCTREZMFMYZedure al | ows
assessnent of change of H C 40 Fraction #3 into the conformation of
Fraction #2 in a process anenable to |arge-scale 21 23 Septenber 2005 WO
02/ 068455 PCT/ USQ2/ 05645 production.runs. Th rocedure can be performed on
a purified Fr act%l(gl BRI IS tﬁﬁnﬁrﬁgtg(gﬁ*’myﬁgrmasc??ﬁeg’ﬁ © 5O ﬁﬁf“l%?g’,me’éfﬁd/ or follow ng
ot her separ desdribed leehwhighuesingsuleh assingRilhisedtionsAf indiidodradpegroifly, wWith sim |l ar
results. $ erl.al . : T tarting mater.i was ITNFR Fc as a
pure H C Q/Fl Ef%éh%f ﬁﬂ?%hg?%ﬁjh §§§%?n§%%tg%s ot ()ln%ltsﬁ?-IeeW}fmg%e STER Fc contai ni ng
bot h Fr att i iingertien dnde@l, vaBasiumdificationsof Gie Invidtiog;iit adgirien oithof: sBowd Tris at pH
8.5. Protei | ' . ) /L. A redox
~coupl ing sye{é}'f1 g%%ﬁ%@%{r%g@&e%gﬂe%&%%ﬁ@gﬁb %18%1&(8}[] &%%B&nn%f fey SPtilized. 10
The pr ocedufetsripiins and areorepseyitpgicnings.- Such wodifidatiens p@ i@Beditof2l wihin) and +1 1 nM
EDTA. Incu i PR&E s assessed at 4, 15, and 22 degrees

Centi gr adehfﬁéoérc%%,&%& aﬁ%yé{%mg}ﬁour s. Disulfide exchange was quenched by
acidification of the sanple to pH 7 with NaH2PO4 or 0.85 Mcitrate.
Treated preparations of reconbinant protein were characterized by
analytical H C and SEC (retention tinme, aggregate concentration) to 15
determ ne the percentage and yield of Fraction #2 and Fraction #3,
cysteinylation and free sulfhydral assays. Results and D scussion:
Treatment efficiency as a function of L-cysteine concentration (0-5 nmy). A
si.gnificant percentage of the TNFR Fc protein in H C Fraction #3 (average
1099 was 20 converted to Fraction #2 when treatnent was perforned with
0.25 nM L-cysteine in the absence of L-cystine or EDTA in four replicate
sanpl-es (Figure 6). However, efficiency was greatly inproved (from45%to
al nost 709 when treatnment was perforned at | mM L-cysteine or 5 nmM
L-cysteine (Figure 6). The effect of cystine in these reaction
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- conditions varied with EDTA presence (see below). For a given cell culture
batch 25 (sanples fromfour different cell culture batches were treated),
the treatment process was reproducible. Treatnment effieiERERLEE2%5 unction
of higher L-cysteine concentration (5-50 mM. Hi gher concentrations of
L-cysteine (5, 15 and 50 mM 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-cysteine was nost effectiveyl onoting the accunul ati on of
Fraction #2 (Figure 7). It is esti ma‘[‘%at hi gher concentrations of
L-cyst ei ne eWhhids cleimgdisfi cantly reduced the sulfhydryl noieties in the

nol ecule or required too long to re-oxidize. Treatnent efficiency as a
function of additional L-cysteine feeding. In order to attenpt to increase
di sul fi de exgchange efficiency, TNFR Fc S treafed with 5 mM L- 35 cysteine
~and i ncubat efj at A QEomERing Aflesiird crPraasion ol  elycondrisd eepmRinapt cyst ei ne

0-5 was_th dded, an he sanpl es i bated .at 4. degrees Centi grade
| 1£or tvvomvg2 v @gﬁaé%g)reeﬁﬁﬁﬁg%oﬁf/%%ﬂéﬁﬁ%ﬁ'ﬁﬁ%&fﬁg%ws%gi ti onal dags.
Under these conditj Lanl fd f.f the ratio of H C Fraction
#3 to Fraction #Z‘E(J:][/\l/fs%gt§II ﬁc?{bg%ﬁ%ggﬂa%@? ‘%l %Cﬁg)flatgf%g%?%é%aﬁgpr?tggé? aﬁ(éqnta_ﬁ?sfaect of
EDTA, cysti ngixahdoflat 4 B &%ﬁglgﬁmﬁfi;o%%}s &fthecg¥3§:B§ ed(rgdo%bﬁggi:}@ﬁré[tﬂg or esence

combination with L-cysteine (5 mV) on TNFR Fc 'was assessed
or 5 absencey i a et futioPRbuIpBY reh@tHol $tihb sﬁfﬁ&er@f&ﬁ&%‘a@,gth%fr%&ig@mw EDTA

occurred with concentrations of cystine in the range o
Copper, tenpebmititngf dRdetiledCodlchRtbl isdrRndterd@fert reated at with 5 mM L-
cysteine at 4 degrees and 22 degrees Centigrade for either 6 or 18 hours.
Conpl eti on of trdatminhig tief relifNeRiréportivast ts degred chiicaatparisaddid then f ol | owed
by HHC. After 6 hours of 10 incubation, disulfide exchange is nore
conpl et e at mixtheggr ees t han 22 degrees, and treatnent is clearly nore
conplete after 18 hours at 4 degrees Centigrade (Figure 8A and 8B).
Conpari son of analytical- versus preparative-scale L-cysteine treatnent
ef fici ency. Zasedhgpesthofwéclpimelayirsein theahyptyiadsecopbinaitpeaeintonsyinglsf scal e,
TNFR: Fc (2.5 15 m.in 0.2 MTris, pH8.5) ineither 3 nL or 20L
quantities E™OCEREY with 5 nM L- cysteine (in the absence of cystine or
EDTA), incubated at 4 degrees Centigrade for 18 hours, diluted with and
equal volu of Q odi.umgitrate,. 50nmM . sodi u hosphate, pH 6.5 to
quench thent%r‘ eat ﬁl%ﬁtm %Mgra]ag%l urnon%li‘%%?g‘ﬂﬁaégongﬁowlﬁp%glﬁ'F%ﬁate anpl es of
Prepar ati ve gy prdifi s SERICRINERGG A3d B8 RANBR Y fLact Ton #3, 20
treatment with the above condl ,

respectively. ter Irtrons racti on #3 was
reduced to Z8%sylated 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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|

in both Preparative and Anal ytical scales. Therefore the treatnent
efficiency was 56% and 59% for the Preparative and Analytical s | es,
respectively (Table 2). This experinent denonstrates gﬁ P H&wa ess is
anenable to larger scale treatnment. 25 Table 2 Analytical vs. Preparative
Scal e Di sul fide Exchange Procedure 30 PREPARATI VEANALYTI CAL Fraction
#2Fraction #3Fraction #2Fraction #3 Control 37%3%32%68%
Exchange72%28%2%28% Exchange "effici ency"56%9% Thus, although treatnent
redox effici&ncy Tis mdthelaf eldinby wherel thed ldosygaareaintbatanOitotein3dselegidper at ur e
and time, it can be effectively optim zed and perforned over a w de range
of vari abl esfroifHe grqupaemsistitg gliacbibblIb-4carpiat, 2 golbite fiet fype Maeceptor,aot h smal |
and large scale with reproducibility. 23 23 Septenber 2005 WD 021068455
PCT/ US02/ 05 6%bibieddt3 pigenslomsolibtn/SR4Q lhgand, 16t CP30, 6B27 i afEROk, BL-45,@pe by t he
specific enbodi nents described herein, which are intended as single

i 11 ustrati on®lbie Trigrsreeion x40/t SToRANKL . RAAKe ARAHA 2 salsblefTRAdE i onal | y

equi val ent net hods. and. copponents are within the scope of 5 the invention.

h
| ndeed, var i ‘GtFR RO PRITINEHL agivaigdartqy ¥HE Fagior IXnapgHenrrqteiA Bt 0 t hose shown
dd i bed I in wll t to.th killed in.th t f
Phe for cror ioligpRidh Kir o P oTR0R A ER S0t Sl MaPR St bt Thcat | one
i nt end f i.1 hi-n . .of ..t d clajns. 24 23
L R 18 B B BORRTHAS S, 2.
desired confipigle! Anfrerdn Sk AR ARG g@%@@&%ﬂ%%mggo%h&' I ffiglgyhas been

secreted froma nammalian ¢ he net contacting a
preparati on gfeobddbralMecOHVEAkGitn HREATRLRBAL 2 R-AL &%\chtf% &%&ﬁuﬂﬁl a
m xture of at |east two conflguratlonaF i somers of the glycosylateéd
reconbi nant apd etabay stiiulain@fat@gluct i on/ oxi dati on coupling reagent for a tine
sufficient to increase the relative proportion of the desired
configurational isomer and thereafter ‘

0. The method of claim 1 wherein the pH is from about 7 to about 10.

i0. The method of claim 9 wherein 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).

26




determining the relative proportion of the desired configurational isoner
inthe mxture. 2. The nethod of claim1l wherein the glﬁcosylated

recombi nant protein contains at |east two domains. 3.2TREPHREPHAYISF claim
~ 2 wherein at | east one domain of the glycosylated reconbinant protein has
a stable conformation, and at |east one domain of the glycosylated

reconbi nant protein has an unstable conformation. 4. The nmethod of claim1
wherein the ﬂgycos Iateg_reconbinani protei n conprises an_extracellul ar
domai n of a Yecepti§metipd of flainy b Whergin e rEptgn senceimtipRis frompdoy 0 desy | at ed

r ecombi nant ﬂ%ﬁﬁ%%?th a soluble formof a TNF-receptor. 6. The nethod of
claiml wherern théyg'ycosylated reconbi nant protein is a Fc fusion
protein. The method of claim®6 wherein the preparation of the glycosyl ated
recombi nant o ot e nkaRdReERInP Uy hérkig thel HATUA E’t\rzgis%ﬁoﬁe@@m%s&ﬁ gi G col umm.
25 23 Septenber 2005 8. The net hod of cIa|n1F erein the glycosyl ated
reconbi nant gbowmti6éhcurs.s sel ected fromthe group consisting of a soluble
IL-4 receptor, a soluble IL-1 type Il receptor, a soluble FIt3 ligand, a
sol ubl e CD40 |igand, CD39, CD30, CD27, a TEK/ Ok, IL-15, a soluble IL-15
receptor, Od840, Thwmedrd oRANKLT wheapiK the TRAtRIting stel 5Ipatiprened Rabbut 2686 ept or |

ti ssue plasm nogen activator, Factor VIII, Factor | X, apolipoprotein E,
apol i poprotein A-l, an I.L-2 receptar, an |L-2 antagqni st, al pha-lI

anti trypsi ntalgcal Jhﬁa}?ﬁﬁé of é?lawﬁ HHP H55a0taqtHE SR 1§ P ?@ﬁ% ngwtg%, an
insulin-like growh factor, parathyroid hornone, an interferon, superoxide
di smut ase, gjoyca%@me%d%féﬁ%im loxpﬁ)e%ih'tﬂg’corﬂ&ti%gl%tle]?ﬂg%{encht%lb GOGRIGRY0S! dase,
an Fc-fusion protein, a globin, a nerve gro actor, an irnterleukin, and
a colony stinulating factor. 9. The nethod of claim1l wherein the pHis
from about 71t 0 apeuethb of dfim 1VAGréR tH @eke@finial akpdnpib&roat br héte pH i s about
8.6. 11. The nmethod of claim 1l wherein the reduction/oxidation coupling
reagent is chohewgadhfsiem t he group consisting of glutathione, cysteine,
DIT (dithiothreitol), 2- mercaptoethanol and dithionitrobenzoate. 12. The
met hod of claim 11l wherein the reduction/oxidation coupling reagent

conpri ses r@ducedhgmgthad pf e 1 whpreirhe dpfprmipiag gep eqmprisss EDingingr ei n t he
reduced qugng&Pne is at a concentration of about 1 mMto about 10 mM

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.

.27




14. The method of claim 11 wherein the reduction/oxidation coupling reagent
conpri ses reduced cysteine. 15. . The nethod of claim } wherein the ratio
of reducing thiols in the reduction/oxidation coupliné §§@6QE?Q¥W
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 claiml
wherein the protein concentration is fromabout 0.5 to about 10 ng/m . 17.
The nethod of claim 1 wherein the contacting step is perforned for about 4
t o about 16 bur sThehBethobhd clhigh hochetdin the edntacinghi@rietariddnat GaR Dedncdg step i
performed at about 25C. 19. The nmethod of claim| wherein the contacting
step is per f dspdiimalpdeshloulpha € urea2 @ guahidumdtiod of claim 1 wherein the
contacting step is quenched by acidification. 21. The nethod of claim1.
wherein the determ ning step conprises one or nore chromat ography steps.
22. The nethdl of Acteqmpinant REssiisplate accgigingraihsimeliod péglaimcir 24es” a bi ndi ng

reaction. 23. The nethod of claim| conprising isolating a fraction of the

preparation _,of the glycosyl ated reconbinant protein with the desired
configurati otal r&8W@W¥“§ﬁzoqﬂﬂ?W%ﬁ%ﬁﬁPQﬁn%ﬁBﬁﬂﬂpf?eﬁﬁﬁ¥#sing f or mul ati ng
the desired configurational isomer in .a sterile unit dose form 25. The
. method of claim4 wherein the desired configurational isonmer has a higher
binding affinity for a cognate ligand of the receptor. 26. The nethod of
claim5 wherein the desired configurational isomer has a higher binding
affinity for TNF. 27. The nmethod of claim 26 wherein the TNF is TNF-al pha.
27 23 Septenber 2005 28. The nethod of claim1l, wherein the contacting step
~is carried out in the absence of sodi um dodecyl sul phate, urea, or
guani dium HC1. 29. A reconbinant protein isolated according to the nethod
of claim23 or 24. 30. A conposition conprising the reconbinant protein of
claim?29 28
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