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As noted above, certain embodlments of the invention prov1de a recombmant
IgG1 antibody that has a free or unpaired cysteine re51due An antlbody with an unpmred

cysteine is understood to have one or more free cysteine residues, wherein a free cysteine
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30 As noted above, certain enbodi nents of the

i nvention provide a reconbinant 1gd antibody that
has a free or unpaired cysteine residue.. An antibody
with an unpaired cysteine is ugderstood to have one
or nore free cysteine residues, wherein a freée

cyst |ne 8&Fdresmue IS deflned as an amno-acid in.

t e 5‘ 3o, HRiBP Aeid 1ba eaiberupelyrsptids heary eai or Ilght chain that
t f‘iéhot tyﬁicﬂ@tm{dlﬂd‘iﬁme)foﬂrﬁ“% éf%&d"ﬁ&e%%n&,%ﬁﬁ@él‘o%ma to §cysteine

@ulflde bond, but is proximal to a cyste
ShipdeRainsad if the@sylfide tond of tat panrdebmbmﬂnffree bystcimeds Capable of

' Sfoﬁfnﬁg QR dfsﬁl ﬁe éﬁ elof th% g pﬁlfeéi{f%{inglpg Itis also

different disulfi one’
paindergtoey gpgm@gbodytmﬂsa féesxystbing mﬂgrbs tapable bh&sumihg more than one

a fr gysteine nma bl e of

o g o S S PE TR PEBH: GaDErRATIGT 90 tatantbody

vvlmﬁm frgestysieine snax ]Ebe caabkef assiu’huig&ndﬂ: fhan umab Fﬁiﬂ?@oﬂ ®plnding if
a free cyste e capable o

ass u%g%}gﬁeﬁ%s ?‘}elletlﬁwczi'ﬁte 1@9%855 ?‘?%ﬂ‘\"ddependl ng if ‘the

cysteine re | ut at hi_onel at ed.

st t ed
nst st ont Gl Riof R UGsRiE 5 ek sBine ternbors dawa t & method
i ofproticing 2 scotnbinmt IgG mﬁlﬁeaﬁ @6m ﬁﬂn@fzoﬂ?ﬂcﬁﬂg@ gy nﬁlecule 8at has

onbi nant nti.bod cQnprisin contacting a
" SFaTRl R ooty FHH Ty fistiow/xianfon cosping.

-: . .lnmgait labapK @F dtout$ folubautl 19 ikl dp Gﬂﬁﬂ?'ﬁﬁﬁf& &ﬁta‘égﬁ?{ﬂe 'i% P:olecule

and opti

about' 5 to ab
}‘ %@Hi a’gi"f‘ﬁ@mf% r QECoRs ey avith the epntacEngwith s ¢

| ag«anendmfxczraeonafupmgxeﬁ egoncurrently with the.

15

20- R

25

30

contacting with the reduct| on/ oxi dati on coupling

reagent. 13 htheetinds g sorhptiss pfodlBihj §§1§Béfr9t‘fgﬁcdf rggchaa recombinant
ti on of .such a recorrbl nant

CIBREIP T it 2 BRY SR U0 BB an 0 US1E® olochl tha has been -
nmbmnbmmttylmdubaﬁ:ybﬁaﬂmmameml eachbxﬁblﬁixﬁ i’%@)@vdmbé{

cells é econbl nant
R Roh AR ion opPsi Teastiar AGHoL b b Tedbont Whioptonalip further
50dntacﬁiig)aaid préparatiop hhﬂ%hbdimpfdﬂg&ﬁ%for& Qs %ﬂ}?néﬂﬂwth said

aotropi.c. agent before, after -or

at i QN
H ?wanggjgﬂldﬂt@n @Bﬂ%ﬁ% 30 pPLoRally, isolating a fraction
r(ﬁ'dh@ﬁ'ea&ﬂ/pﬂéﬁaﬂiﬂbm 6fthe wd%blﬁﬂntilg@ilﬁﬂﬂcule MidreirRE k%ﬁﬁéfsl réfolded into
a fraction of the treated preparatlo

AP e BT M R ticahe e of the elryain coping
rrei cie Erotbbut 7a0 @ oI o

glhf i c§| Ly, the &ﬁtg? R o Bkl E BT of the
crg‘?e}’p?f’f’ g ?@agelmlms eagend i fxgrpabour 7640 elswti9.6 101 Spfeuﬁt het-limiting
@Eﬁrﬁ@%ﬁﬁoﬁﬁfﬂnls)’tzhe }Jﬁ%f ald rgéuchgi?mgﬁzﬁgﬂ %%v.g) 19& ggsggﬁ‘t%é?,out 8.0; in

coupling, reagent IS f rom about
opse F’F‘P%dlmﬁlaiﬁme PHiit byt 86. dhemethad i conbisttdmeatempetange of from—

Rbkot ﬁae ﬁ,&@ éci i ent
G B el e e B I el Y iegtsgtie methos
Tﬁh@nﬁ@ﬁ?ﬁﬁ!ﬁ% conduct ed at a tenperature of from 20C

to 37C, nore sgemflcally from1l0C to + 8C In

speci fi ¢ eMrredaxmeuplingtrbagentshdydet any sedow ldxpdxhg teagént@y.. In some
HhBodiRlHN, (OKBL QinfifAUEIN: (RS Bked S92 B ondized

-reagent (S).

glutathione. More spemﬁcally, In certain embodiments, the ratio of reduced glutathione to .-
oxidized glutathione in the reduction/oxidation coupling reagent is about 1:1 to-about-100:1.

In other particular embodiments, the reduction/oxidation ccupling reagent comprises
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-present in

- SéfeBntacting He S PREIMInddd BrotiPinaf b%&%@%ﬁ?ﬁ%or&ﬁg tothe

30 enbodi ments, the redox coupling reagent conprises
reduced gl utathione and oxi di zed gl utathione. Mire
specifically, in certain enbodi ments, the ratio of
reduced gl utathione to oxidized_glutathione in the
reducti on/ oxi dati on coupling reagent is about 1:1 to. .
about  100: 1, In_other particular enbodi nents, the

r SABEIEGHIIRE daecilnalls shrsrdusgor/exigativn couplingirsagent c@mprises from
CYbofi MEMAY & 4 o%mgél,g - | .
reduct i oﬁ%ﬁ%"gﬁ 1on co F}Flﬁ%é%dyfé%%gﬁ?mgél%‘?‘itgégwf 118FHM cystne: In
abst pther, embyadinantsatho gysteine ankl cystixteare yresentinarcpsiad Oyttine ratio of '
0. . .1l stine..ln yet other..

orboRhL & #Rao.tt by BN imicol excfiary snbpdivens, e 2
cyrsdustion pwgﬂdn[wuplf"jgirﬁgﬂft coﬁbmékl aﬂo'nut’;6gxﬂv1%?st2éihe %rﬁiﬁ ehgeﬂ dBout 1 mM -
S , n-bi i ng exenpl ary enbodj nent's, the

reg%éﬁt §n OXP o obﬁerkhsoeglfﬁﬂﬁpg%'?@é’é Bsmstndnipsdyciag s aecombinant IgG -
mivhalyadecierzs 196 18G2,NG3 aligalh), hé%teﬁﬁ/cﬁ?}%gk%rfﬁpm about 6mM . -

cyst.i.ne. SO nbodi rents of ‘the ne
prcéniffi'efﬁﬁ;a}%“e{‘gh‘ﬁ?}ﬁmnet gG nmolecule (e.g.; 1gd, - .
lg&x, 1g&3 | gHA), the cysteine/cystine conprises

about 6 mv %@%@?F%f@@ﬁﬂtha%’ef reaseRtimay be arfermed Pier any convenient
C petiadsfl tinge stiffidient Reallo@dRourfERARRhd FBNGRE 1P gc(nqrﬂgg?e; |

over any convenient 10 period of tinme Sufficient. to
alq”g’\‘ﬂ%tstfﬁ? BItfCHES SR itk ths refiox govrling eesgent; and furtienmithor . . -
e MidiiaeéiRodiiea el isdeibibeTh ol J0utnlis BEAGK. Iy some

c%gl [.n retg ent, and fuither wth or. -
c P‘#‘B‘%‘P—‘E’ %“éﬂf‘tct@%st@e‘w%ﬂlﬁwox 6PURiDg D22 @0, Witlriort veithout the
Obhdmb%c agent lifiperfoiBed SRR IR Ubdut 4&@11&9nt acting step

€ TedoxX ctoupling reagent, wth orf without the -- -
chaot r opi ¢ 1a@8Rt aspbdis : f . about. 48 .. .
hours. . :15 In ?)stpher?ggé;)lgg@qg’f.tﬁé %@P##ngﬁ?t% é‘lﬁe ,reé)“}ﬁém’ox‘daﬁm
c SMPARE TAG P IPPISFEPTP e thedrdusiipeiaxifasion coenlisgirergent to the growth

r eRgimiiof g ERll ctlage QleQ Hede dultE | | gation. . -
-Couﬁ{fﬁi‘gg reagent i gr owt h ﬁe&gﬁ%&%@ﬁ%ﬁ%&@mbmmlgg 15
(

cBi° i.e., the cell .culture rediun) from which the
recombi nant_1.gGis .produced. . In saone enbodi nents of
the met hodtl'bfg’ber%tffé tsof themethpdhefarodugBe 20 ecombinpotileG

t ixeibody) tizebohtagingtstp coRpINeS S6achin ' $RfHed For partialiy
pariial Ly pur {rﬁgp(corﬁ]‘ggaerti all QE‘?E%FQ?@%%“" Tor partially
pF%lﬁ (,Rr%/qjlﬁa tign o recampingnt JaG wi wedudtiopfemidation coupling reagent.

T Ve Er par 01y piafidda nbOHe lcbAGnt: ecBRENET 120G is cc o
parti aﬁhg gﬁ? fied gr notc tﬁéﬁggﬁ;gghﬁtr?at|_oﬁr%§{)%gc;tlﬁ§°ntmpwgd '
r S FBHIRG fom thisange of d eaimbtoabent S0ag/mbt ending from t he

range - of 1Jg%/m o- about 50 ng/m: The -methods of the~ - - .
TGRSR phernipseRianveatiap may further eatatirise emadditional step

prothei n that has been refol ded according
FREthestE desgpled-abgea vith o fusthas eamnpesition comaprisinpAresidtionfoxidation

| e ¥ ieat i i ent .
V%\ﬁﬁ?ldg?réd@ﬁnta Wﬁg%%dﬂun%gd%ﬂt%%flgcg#ﬁ gllﬁd;gla?ﬁgxg%F%g H‘Fed’ it 1s also

30

ile’in sone enbodinments a re
Septepplated that a reduetprt gnaydomsehgddnzt ed t hat a reduct ant
may be used al one. . . o
In anotber aspect of the invention, the method of producing a recombinant

polypeptide comprises contacting the polypeptide with a chaofropic agent before, after or |
concurrently with the contacting of the polypeptide with the reduction/oxidatibn coupling |

reagent. The chaotropic agent is any chaotropic compound or physical condition known in o



I n anot her aspect of the invention, the nethod of
produci ng a reconbi nant 30 pol ypeptide conprises
contacting the polypeptide with a chaotropic agent

.before, after or concurrently_with the contacting of

" the pol ypeptide with the reduction/oxidation coupling

10

reagent. The chaotropic agent is any chaotropic
c othﬁelﬁ nén@p(erpﬂ?s'l cbadtropioragertt iscelekited \ftorm the gréup édiﬁxsﬂiig of urea,

| d f : “
or SERBEDSDS knd ARREARY Fotds ”#gilﬁf%?ﬂ% ORGP repi agent s
hygmmdhie_dwdmehlohdm Chaetedpid dpeftHdykntBhfa8ses & 6 temperature condition, in

ch % Ri,C agent .is uani di ne. hydr.ochl ori-de,
CnZie B8 emebgalie i iow sTond e 8 SR TR Bt fopexample, IgG;
CCn ok, aitempetdtist Runlfh HoRTTRRS ) 190%ickrSed CHGENG U(gﬁe[%gqated The

cause g_ Str tur;;x perturbation of, for-exanple
5 CRCHIPRILRS 2y of the P@ﬁﬁ@?’&?&@bcqwﬁﬁgsmh@mhzwmoe

SQddﬁﬂlbﬁaé b ivhiSed s3cdr @Rk RIS co '
co tr tlégg'of van o% thé chaotropl%-d?tgns l{owever in somie

8 Eﬁncsaﬁahhéogfbamm 98- Hﬁylddmah}'dwomtmdenimﬂle reaction

me)tﬁEd i@@r ﬁf?ﬁﬁ{x r r owever
in some - embod |?%ﬂtgis$gbﬁglydﬁ%ﬁen °r ?%hg éﬂ é‘fﬂ‘mm”‘m's
e figm allj‘HbNM ta aboyy 45 Hh pastidelar ¢mb<tdhaentse &mtcbmentrat:on in the reaction

(4

Mg nd i n other '
- enbotgfﬁéh?%{tbg% reac?tlggr# Enylln re | Mfsfa’ﬁr?f’%ﬁmn“theagem
- OeBvignenidine hydrachinmide, mthepeacnomniuameenmmmmm High isressure (1000- .

. fg@g(ﬁ;% @feb gehr fefe}x Ejgﬁr ra(rgéog'e Ir?%;bc}i #gcﬁ} g upyt 20 % ? ?ow pH (below 3.5) are -.
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ﬁ@m@m;aﬂn ugfold Ibé aaglmdief andcan petr@ﬂﬁ ﬂied-blﬁgf the chaotro ic agent.
C xture is a .
Hpglﬁgglrggéigﬁfﬁgo & 58‘8%%? “‘818‘3)“ mé Lcag }S’? léﬁ‘ger at ur e

(above 55C)A,ql 09 ow, 3,5) '
are known to peg?Jl}l al ? y un g ﬁm@dﬁsn? ggﬁé‘?‘é‘?’%ﬂ’&m@éﬁmmbMt
pE‘? ?Rﬂpﬁ@% Héd?sém]@d@bo‘teh@lﬂbtmmpopmg isabpeing the bontacted polypeptide or .

ese u )
eI e nen sﬁgéglgggfﬁlgg%rggmmoﬁxn%tﬁ] v’5'§6 Ei“egf é}?lﬁ'éd conformation. The
i §oleting Bep ysedbsrein snay brenhisdlatig qaemchmcmxgnmyrmyw ﬁ,a,g,_t,late

" .
P@g%gtﬁllo%g ?ﬁlé‘a%go%%;gt)l ‘g’?“g’"?y Dept| '%"é © &?qu‘f? Eﬁt? %the group
fqoaélsﬁnmpfwersn@phﬁ@mmmnetdgxppmw@trmgz)mwa@mamd eﬁbfn@fégm hy,

Iatln step us ereln
righ- Q% y | So{tﬁgﬂhgrhgdrogg%% ?{f“f Moipa&gapg&, _
,@mmt@grg@prtegcngphoﬂ'dm g. goéa@ﬂlaﬂgelsdu%phms %@Hﬂbb&ﬁ)ents that

l. d f h
PR S SRR aSE Biins ndvoge apiy Feeminant 16

' mnp@qnoa pﬁ the evcoinbimbantpratéin @NMiadged)phase &Fb?@a’fd‘éf*é}ﬂ?%olumn

E‘g ogr q{ébmaﬁ%cﬁﬁ ec%‘ilﬁ%%?%%ﬂg?pﬁ&he PaTp@ration by eluting the

- gtotbimaph @ mokcule fgm, th@ﬁpexlséda;snés@tmﬁtfmé?élﬁ 8 9PLC Blumn is

ts that l.o , .th t
O S e PG S0B Pt 95, R Y1 e WS he mobile phase of -
Me&bwrﬁdtmsemm eonﬁ;ﬁﬁ@dmé@ms%% &gﬁu@m\%nﬂ{
ver sed- se chromato p col um separat | n& Cf}g
FE’B BABE AiE %tg%I cﬁéﬁf”feﬁttﬁftahg ﬁfﬁ%wh%mbhmnﬁmd plfodtxdas a homogeneous
I
Pbﬁ@ﬁfoatdﬂgn bRk thid Wsifalgr r&étﬁ%md[f&&{xﬁ E‘%cggf’}&ﬁn

romthe reversed- phase HPL erern
reductiq/axidation,couplingasageat onthe HPLECsoparativn phrafidfers. OTha h@dinbinant

%m@fé@lm&%bﬁnﬁ&ﬁusmﬁ&l Bézﬁlang_e cfuomatography,. A “homogeneous™



-the reversed-phase HPLC conprises a water m scible
organi ¢ sol vent having a C18 30 el uotropic strength
coefficient of at |east 6.0, wherein the nethod
produces a honpgeneous popul atiggn of 1 gG noi eties
than a simlar nethod conducted in the absence of the .
reducti on/ oxi dation coupling reagent or the HPLC

s epanlatip of pantihedyanens ﬂirmmberb(pdpuraam that @@peiges 1&gely a smgle form
si r tl

A8 S A 58 SIS A ponr oo
antbﬁ pmgyrl)nbkhg form. Bitnillrdg y “mﬂdﬁeﬁéd@ﬂpdﬂﬂ&hoﬁgﬂ’ﬂ)ﬁdl?&ﬁude having a

% eform of heatlbod for exa
o bpPhydly Bedind Bhalh e ol ssid el eptifiehish co compriss largely
ccmgksprupeny foldddrfornt. hme%@&aﬁtﬂbnfdﬂmecd‘nﬁru%tr ¢ methods of the

: eneous opul ati on of a po e
Y sRbn ey Pe ariin ARl th g Cuhrids m@e@p@mﬁ&&mch, the
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ofcoficdntratitdl of BEE tiaf ®
oot S 409545 LOROE o gomey a6 e

watPS 4 pegific FaS) op alteTodtivelyanayi hwmnmlhgnanmmht&xes In’

o %‘f’;‘ﬁ’%ﬁ'ﬁéﬂéﬁ Uy Qonchaloff or bidtoonbs ANPRO tedyfs in e rection
L RRERS B Ao Jembal g fbout St g/ mmusgwﬁﬁaamy goasgibor 15

o e o IO WA e R o i e carciplefly

"S ﬁe@eppléteénbwmmmbgdmehe, tb@racembmamulg@ nrflectilgés contacted with: the

Ao o A E R P AR e 7 0 1
Fconbi nant e el 4t invénon, B8 udliogs oBHY pupytgnare

reconbi nant eculesin .
afkargciarizedin tbat Iﬂsc ontat:tmgprnat thel rédubmnmmmemmghﬁ@féﬁgem roduces at

t REstOCRMLARAE i &%@Aﬁ%ﬁw@wﬂ? of &8 Ereacgr:n gax\gHgkgpntu)ody, (e.g.yan

reducti on/ oxi dation co I Nng reagen

- alSih 18620 1eG3prdeGid antibogWies somﬁarbchtb thersanie! [5G antiBJd, that has niot been

20

25

t he contactin ere uctlon/
r i&tjarike nrerscrion repared by detmethdt dsal rdsdtmfheﬁﬁrentlvﬁﬂi e

?}e@g&ﬂ%ﬂdaﬁ"éﬁéo\ﬂbl%ég;ga o@x%r n‘quﬁgt I %g antgéfgm% \%lh the

cOnrpioniciagent nrpducssatdcast ag@oaﬁatdl mmrgs,e i ihalblolltigﬁ‘canﬂin 8fgG -
&gﬁg, oduct.i an,,0of . an ipcrease in t
conceérj({%)saagl|l-'jé3nn¥;ag't?dttg(?he!os‘I era{]/téb 325?%‘ B#s qof,Reenrgplded, dPFIEé’ the -
mrg@.m]aq pfi;m npqreepa imcttle bgncb:hfntlfmbhmd a&ﬁze&‘oﬂhﬁﬁuhG iDthe preparation

NRirheditiueto b grdvc\lﬁﬂytﬁmdﬁ O i Bselin 5 %;2?%1 r Iz %Mpv;@m of the

t e 20 ctlo i on coupling
};rgﬁa(&e nt . t?ﬂ e bt c}{ﬁ% &h?%t’&?ﬂcr‘r‘ée% {pstilipther
. oermdmrhmqotscmaganacupg oflthe e&ombxdaeﬁﬁﬂypapﬁdmm e tAGERARR dation

B 6heBhy SPR E uE cipadlio il cHRa oo ebmnauee  polypepide

. rhahng delelast gl theec-fold iR€rease i $iE Biold el 9.:&1\'%? of fhe 'b@lﬁﬁ@;ﬁfdg compared to

30

4¥%conantr tron of the active form 1gG |

SHERPIYBRPUdS thabismoticqfactede et hod as a result of
treat ment 'tx[] t.he c{raotropl Cc agent. In still other 25
embodi ment 2 stfl pihep empodiments, the combinad eigetof Aeptacting with the

RbaotppREpER aitd {h rédleti drRkiatibR BdupKihgl ?etar%ﬂﬂ Pﬁ’g&%% f[g.gsé a7 3- Cfold '

rea%?nt and t he further contacting w
thsRilezgal FE1YiefithedigG preparation as compared to the same antibody

that has not been refolded, due to the pI'OdIlCthIl of an increase in the concenn'atlon ofthe :

active form of IgG in the preparation prepared by the method as a result of treatment with the -



having at least a three-fold increase in the
bi ol ogi cal activity of the pol ypeptide conpared to
the sane pol ypeptide that is not contacted. In stil

~ other enbodi nents, the conbined,gffect of cont acting
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with the 30 chaotropl c agent and t he
reducti on/ oxi dation caupling reagent produces at | east
a crminaionjofthesedvetionfoxidetion ICOlipdlgg eapenaaid thé Ehao@bpit

.
B p IR e -

| nform & élelpmtelhes increased (enfithedor ¢crdabt abidahdt§. DRARB AL isolation step
ed_by the rret hod as a

- it B\ PR ofderie] confomataneh g g ot puriog the

r addaﬁoﬂﬂé@ﬂthhﬂ@G&ﬁthbﬁt&@fd]&lﬂg,rf@@&?zﬁns%g g?srl]red c%nformatxonal form are

ent . refol

?1‘6‘8@ MF‘&B‘%&“{%F }éqrﬁn PrriugRmcas imtétfpldmr @f3-fohlincrease in activity -
d&@xﬁ&éas@r@’b%ﬂédﬁ&hti&ﬁﬁ'ﬂx deBLET LR 0

cre 'ﬁ(hgn“ ched or el r?cr eggégtoﬁﬁﬁdg/g%nagle?s %Qrﬁom 30% to at

pefeldmg progedure cenwerts aém(od iep@-actmmrlgngdmnlesinto (more)

deyéhwe@gconf ormati onal formare isolated. During the 5
i sol ation step of the 1gG without refolding, fewer '
granms of deg 4 ek bR hsQl ated. :
The et hods talﬁﬁgitrl]t her ei n S?o lﬁ%é‘elgg%hglg’%feeégé l?m’sgumndme
otygroghlprde preseplin thegeaghion syikturetiy a fipsl comenteatinng about 0.1M'to about

- cqmentration of the active formfrom40%to at | east

.80% or from30%to at |east 90% The. refol di ng

o pr ocedur e C’Pﬁb\iﬁ&fi@ds'?)?ﬁ)e(lmeghﬁt?]& flﬁ"ﬁ]tﬂ{' A ar = glmlflh\egﬁproduce a
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results fromthe

into m)r e& active a par
o fDOT,E0mNRG gﬁ,sghcmqeh@wbm;@hqmmbm@em re‘folgethmltﬁeb presence of the

Al a0 iy b e 420 bt oy B gpacinss

"t e gEuchre phige F&ﬁ/@fﬁt% nWhertréating ferecohibinant Ig6i wiettrediox agents'and |

e e L0 el SO AT i

't FrIMPaesl tp dhe NoBitiSALRS ma@mal and th@@‘etmated lvdth(x'brhngems Glone becomes

ag@fgoongg&duces an alteration i:n the conpact ness of
the structure of the 1gG protein. Wen, treatlng the

reconbi nantrhk gfetmthis b the H%n@&?g&ﬁme %P%G 25D Ell%on, Ribich may further

a ent the | gG becones | ess conpact _
RRcessedIby doramlatiag thenopplatienofithe Igfemvietips; preektoedi by the method, into

”*é‘i‘%ﬁé?““‘?;%“?% Th Sthet SbddifFRA e bl SRR Rl B
plogawlatingni theguppletion efitholgG mbict¢s predncédint the metHod,

processed by fornul ating the population of the I'gG a
moi eti es, &%mdw tbh!@lvwmmw mé¢theds of aezsingralshlgecbhﬂ ¥eed of a

fr@écmxbulxaﬁt Sleﬁﬂp%%ﬁpfgt e drfnist, erqlqtlg(ﬁbe Se ofg%nus

O

mulpg@ mh@gﬁggolmuwmcmmagccbrﬁmgmtﬂeméthoﬁb Sﬁthe peéért B¥ention.

hods aof treatin subject in
bl e o R e e e hminraion of
ahhﬂgﬁirsolecrulmg to the subject a honbgeneous

Also contemplated for the present invention is a method for removing
cysteinylation of IgG protein having free or unpaired cysteine and increasing relative

abundance of the desired conformational isoform without cysteinylation, comprising



popul ati on of the 1gG nol ecul e prepared according to

the nmet hods of the present invention. |In certain

enbodi nents, the nethods involve intravenous or

subcut aneous adm ni stration of.. ithe. 1.gG nol ecul e. Al so
contenpl ated for the present invention is a nmethod for.

renovi n steinylation of 1gG protein having free

or C?Irﬁ?)cé‘?‘g é‘b‘g‘c‘vg arefurtipafaxidation couplliag reagent. Such proteins include,
abmdaﬁﬁﬁqu(}qhe desired conformational isoform. .

wi t hout cysteinylation, conprl sing 11- contacting such

proteins w tAisgcéf ulln re
Such roteins SI ﬁc ﬂi&ﬁ&té@%?}é xarrp(mvenﬁ “%[ﬂ%éﬁ%f Improving Storage
C oﬁ?@ﬁﬁ(b Q‘F%Fﬂfstﬁblhbh éorpw)g@sem oi wanlpmptmes ofla ﬁmdﬂx@ﬂa\f]ﬂg a free or

> Ihgﬁﬁogenel t )E/Ju%"?’ . 33/12% @l?{ g:lrh}é sal’# P%ierr“gf” 5%@%%% goupling

a Fepgat.oln @ngm,gmbp@dlcmy,sheremnhlﬁﬁnlpt&blﬂ@nt%ﬁf'M}hBlgmo]ecular :

. d /
7 oG el bl o 8 %‘géb?ﬁé reconbi nant
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et a%"é‘s“&'PBf‘FéP

protei n/anti a mol ecul ght protein -

has a rr‘gtll ecu ]?ggé{?nha@%s})e gE‘S ﬂﬂve%c’% V‘ﬁ’d& f pEydyeipg a recombinant

asrdypeptide domprisesamnhiacting st evheRiih eﬁta&fn

reigg{gpé émqu_% eQE de cdg r| s g cont g?ﬁg&a"%’?‘“"“de“’h‘“

V\,her};l e con% %‘%‘rf‘b eptidesbat jsoh corectegh i Exemplary

1 Ccntwdimmanés in¢ladd methmssmfeagm Ecﬁﬁﬁ’ctﬁx rod %&ﬁfa&l o
q?%m \%ﬁl&le& ttli act ed. Exﬂ{nrﬁlear gdl an‘lgeg;r;t@g? chr g&i&h-‘smé?‘

me 3‘ﬁ Y RASF S 14 7amE pRlyREpHdn ha ’rsé’eh‘?f@?c’&dpbl gthersnibddiments, the -

whhethod of praiucing & hedotibloat p&lﬁ%tﬁléé&ﬁ:ﬁ}m&&% coftdfting step wherein the

poI Xfoetﬁlgl dedthat ls not cqntact ed n ot her
TB0AT T S CTHePOYPEPHSavhich s am irpiovedserystal ordpiertpnempared to the -

pmhmppmyp@ademanghsmn@c@@nt acting step wherein the
contacting. produces a pol ypeptide which has.an

i mprove d criisb ahcoprp@ﬁed by the Preserit b chor i & po atﬁ,%rg? g,e reCOmbmam -
A RSRY de oEJ&"é‘é s 19 0 ted.- Al so enconEass .

t hé pr €es eﬁ%“ I veRTPaH P%”Hﬂ%‘ﬂ Unemetspdsslesaribed herein. For example the

r mmhnmmprehbgc@ agépabtiol of Dp Sy ppBde BivRIRAE Fegs Lt Redifiline

escrlbed ei n..  For exanp
.%x’?e‘ﬂ? eﬁmg °|9’é ﬁF@{) rpa?qvewg@ﬂecan@mapmypegede described

h hmmgwhtrelhehﬁire;m?&oﬁ hea BotsdgBhdtas f)@;ﬁiléi‘i‘dﬁ ggﬂag Q@fgﬁ?pnde such as an |

a thod, of producing a re

ﬁ%fﬁ@& i%ng‘}ﬁwp dsy herein: wherein the

preparatio ha honngeneous popul ation of the :
pol ypept i d:;t“ §%%tﬁd ‘ﬁ'fgwtge P’ﬁ?ﬁ!“‘“qx’g@?nﬁﬁ(&?ecqngmm IgG antibody and

Dﬁmﬁpeq@mpdees al phasindcedtizhipelacagmid e
recogglcn ant ‘B)da G ant i %acl)%lf/} %)dﬁg)%? h‘gﬂt (i.e., the

W?Ué‘ﬁ |cYmBRSitiqn).aHn melﬂfly @mbodlment of this
easpeqn o€t irfentétinl 1!;IEB§ep£rht1ﬁ1 of atra%mb%aﬁ ﬁc}pﬁ; P g}é—,iswg ﬁfleast one .

ar naceut conposli Ll On exe
?get Py Sesédé‘ﬁ'e*b{ Soge W@W@ﬁh? Dhﬂrmsceatltml eqnnpcaiuoﬁmoﬂfmses a

_ apdpaﬁﬁ&ble%a@thoﬁﬁgéﬂe&&tﬂ ?maﬁg}m}f Leasy. one

30

free cysteine resi n sone rﬁ'tle f,Rharmaceutically
5?9\%@??’?%@“’@&%@@@%n Tbompcmtmesoaemplates any known route of

admihnistration for the preparations compnsmg a polypeptide and a pharmaceutically

. acceptable carrier, excipient or diluent, such as xntramuscular parenteral, intravenous, or

subcutaneous injection or 1mp1antatxon urethral, rectal, or retroorbital delivery, and the like.



popul ati on, e.g., a honbgeneous popul ation, of an 1gG

nol ecul e, and a pharmaceutically acceptable carrier,

exci pient or diluent. The invention contenpl ates any

known route of adm nistration_{pr the preparations
conprising a pol ypeptide and a pharmaceutically 30 .
acceptabl e carrier, excipient or diluent, such as

i ntramuscul a@thempceﬁn aspetdts, of| tlntmamamu&ludeinethods of producmg an IgG

t
| f’g%‘r‘tgaltoa %H%’gftxtgﬂoc%‘rﬁ@h% godxeﬂc \/%$ @rﬁmgarhsﬁ] Réan Ig@antibody that has

Ct hesn rsqogtirfantly popeed by m‘anﬁéhﬁaxi mkr)le ﬁﬁﬂl@r}edd&ﬁbltl@:ﬁdamn coupling
ne r ntli reparation
corpPrE s ApEREItH i abehs i Patirolt st FoRcont  repmation wits

5 ans clhmd'yplt lagdnt befbre, ARG doﬁ&ﬁféﬁtlfr‘mlt% d3h

10

mam mon cﬁLl S W th a reduction/ oxi dation cougf)ﬂéng
resg - ?H-F%‘P 15 t o about 11; and optionally

further contacting the preparation with. 5 a
chaot r opi ¢ 3‘& ?F#”%é*f"é? dhe Ig&taé?' besly resyrheseleetad frymhe group consisting

t hef and dgG
e ﬁ"gﬁﬂ’?’ Eriut %gg gnﬁt{%ﬁg eil: g%, 4 :gaiébﬁﬂat%ﬂgﬂﬁ h&ogeneity..

r gsra‘ggthéﬁ’%Ff&ﬁW% bg insiegduced by ﬂ?mrPﬁgncedffIaﬁ mogmm,l TgGapultimers,
| 9GS Halfind]@aes A olHRPE YRt I B9 TR Ed 1L iagr eof  t hat -

exhibit heterogeneity.. Such heterogeneity may be Y
i ntroduced W&J&r&eﬁﬁﬁaﬁ%ef esas
mul ti rs g;@ gG hal f- nol ecudegﬁbgwgﬁ&@%&%d pat elutes as
fse\éeﬁ @%F § an RPﬁEg&@déhmgqhg@mcgeasqshbe mglﬁber of forms eluting -

| armmumcsomeasq@%e@ma BNt af R BRSS! 8

15-

S‘%ﬁé?t e fornms on RP-HPLC he ne r%ase%%WERP'
Iafsp?%ﬁ%lclemqu@emaa thempeth{d 1@ ferentiglyt enriches latleast one of the

R b Pl SRRl MARPERLE, ARy, e

- pPEREFRilY sprighed W@H%%PWP@H@QNIMMGSWDMMM aseongyardd to a

20

S eRpaAtien that KB nbtbeb G apcrdq,g,qﬁ as deternined by
RPQ%PLC Mor e Ear tel cue larly, calh&'&mpref erentially

rggs ry ?S conpar e rep arati.on
b& pred fomm %}“qu%e inEalatbyg proportlon of Fidesited oy Pharmaceutically

am&m& PRperiel ¥s RBJ h&élﬁ‘ Phclu'aﬁ YP gx%?xo{ RENEAR Sndrihced stability,

| ati ve abundance desire orm or 1 ncrease
‘F"é‘qu?pe“%&‘% hneefﬂlalfﬂlf%m@gsmatm fFor erample, using the methods of the

enriched f orKs thasby EP«J.T%&?&@@ i Gl %egﬁtsah 'ir?:p:lhage in relative abundance

: Pﬁ@&é}i&ﬁﬁbﬂtioﬁ@ﬂ)é ;}fep?apatlgﬁﬁt' ﬂr@tm:: ﬁBBPiQ gt%le %Pa %m gxae of about 2-8°C for

25
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herei n-i ncl ude,” but are "not O I ncr
satdest preyyear; atpbeut @5 Y2 for o lsaﬁbgnetzypnth,dngmng ﬂeézuhg dnd thaWing. In

- Chddtininle Abre $tie ﬁ%@a‘?ﬂloﬁx ot REmiRi ho S flé%?gapg, clips, |

pr esent i nvention the pr epara On 'S pro
shagigles than the §@F¢ig6amulb®ydﬁat abmtj torRacB@. fApdesirabile brep&htion produced -

e ERea AU RG OG0Tt QRSP e geparion

s‘!’hbh basjpegratimsiprihinshosumeipG ahtibaays(of lg@ﬁntiﬂ)bﬁﬂaﬁﬁgmem) that is not

R BBl R P B b oo habiippe spent o deserbed
preesimr Abotber dpsmﬂledgdannﬂwytdlﬂgﬁﬁhﬁl%a fﬁ%mt:xlﬁg’prélﬁya%gh pRPared

--par%ce%g'r"é??qzk‘% %{‘M%ﬁ%%f t %’gvffgwe ?Sn‘{ﬁeg‘ggé hag quwalhh Brecizcalption than an

IgG aatibddy @ehigGantid @ fraBhbRPEBthd SRAETRRE hat h&dHot bedn Aitacteq with
the reductior/oxidation and optional chaotropic agent as described herein. In certain

embodiments, such a desirable preparation has a half-life in circulation 20% longer than an |



been contacted wth the reduction/oxidation and
opti onal chaotropic agent as described herein.
Anot her desirable 1gG anti body (or |1gG anti body

fragment)preparation prepared 3Q5 according to the

met hods of the invention is one mhlch has | onger life
in circulation than an 1gG anti body (or 19gG anti body

f r égirmttb))d)o(for g asttbody frh@nent)idTdie ARE cAY thRBE ot been contacted with
the reduct i on/ oxi dati on and opti onal

i ch ot %‘BF‘EW%QWP d eptiopplichagiroRicragent as descighedihgten. The term “half:

entifeliasest herefis theaintasiak &bemP
hal f-1i fe?bg ci rcSI atl on 20% | o%ﬁﬁﬁ&%ﬁ%ﬂgﬁ@foﬁ@%@mepmm

anf¥HRls G\ agtibodyior Gagmpent rﬂafgwéhtp)reash halfief it s omigind! @siwentration at

" 5t hgimeka@s, not been contacted with the

reducti on/ oxi dati on and optl onal chaotropic agent as :
descri bed h%gghe,.elﬂ'gbgmg ek

is, the t| me it _takes for e aag?rtg)dggsnac!gﬁotnrb fr]%%:‘} §b°dy
dr bAyins ah lepg onp Fré%@ﬁtemeéﬁsamloes Fragentgta aaabmbmaky IgG1 antibody
frg@g@rﬁleﬁg%@gggc})‘sgﬂeg&g& half of it's original

concentration at ti.me zero. |n other enbodi nents,

- the 1gG ant igbody e'n%o?nrfeﬁfso{ﬂg Qﬁhboggs h igd'bzf ar%)éody and the method

havi ng at | east one free cys ne re

10 r%ﬁéﬁ?ﬁﬂ@fﬁ@aﬁ@%Mﬂmlﬂ@@flﬁm body having at

| east one free cysteine residue.- I n other enbodi nents,

~ the 1gG ant Insaticuias emhodigents.dtisichutayplated that the nretod déles not

15

Oco%ﬁseec%%ﬁéuﬂg"tﬁe oﬁ?%ﬁdn%ﬂ?% cﬂ;%{rg% iRk ecul es of 1gGA.

In particular ment s | at ed -t hat. the'_ -

met hod does H o£APRGLSS aration

WI th a chao%plg ent. ‘Pﬁmaﬁ% %%Hﬁg Feaé’en?ﬁ om about 5 to about
ufor F’EWP&B(‘?%&QGPG f@@hgﬂﬂr@ommagpmhctu& itoans. aleogis. 5

to about 10; for exanple between 7.6 to about 9.6 or :

nmore parti cHiedpductippipridagioy copplinggeagem cpmprises reduced glutathione and

' r Qﬁﬂﬁizteﬂ OB bt tFoP Beab DD kileahid SAYRRLJ glg'a;ﬁﬁén%?c? OXI?gu& glutathmne is

20
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tathi one and . oxi di zeéd gl utat hi one
t ﬁ‘ oyt 41119 abgut 19031, lacpther gmbediments, tb@)redmtlloui’lozléeltlon coupling reagent

0 lcbinpridak @ﬁfbxﬂeﬁ:ﬁstﬁ{éo #br ekampled ﬁégggémé’gﬁu&e m‘gégﬁgm %l%out 0.1mM |

enbqdi nent s e reductlonIOX| tion coup eage
%%’PP% sm%fﬂf @Pﬁe%rueﬁ@nplm thm@nxmoephugh@gem compnses from

cmlfon%m&&uouﬂ CRANPEsBfSadd

10 mMM cysteine. In oth )‘gr exanp@éggéa%sec%% gl%(éaggﬁdl ﬁﬁother :

r EXAPIS: %Faﬁfeﬂfseé%"stmeawprzeenabmﬂys@xnt CuMnbmtm)beabov.&O ln‘b/hbout 10:1. .

CYSthéi@ Nide @F9EIRY) AR steld b L

ot her éﬁgﬂn%s S 3gét?he g}ég?g €§§?H°§‘e iS [ Steéngr?fla ti’f’"élmM

c §tng. e skl gtpq:rr%amgleg@hqﬁysabm(wahe]:ompnﬁb ohiiut 4 @M cystdife and

OLIRI 6 FAALR the cysteine/cystine conprises about 6 '

nM cyst ei. ne ancf about 1 mM cysti ne. In still other

| bout .6
] g;:?g. ﬁz a‘[ﬁ@m@%ﬁ&ﬁhgféﬁ\%c S?g%g%ggr Hggm%r at least 30

nisjnutes. by atleer gxamplesathe |cnga@mgptepm pehfonﬁecbﬁf isun®eb 600t 48 hours. -
at least 30 mnutes. In other exanples, the
cont act i nglnspagirulas epamiles, thededombirmhdigG admbmyabpmiﬁeﬂ&mm the

QLS into which it has been secreted prior to the contacting. In other embodlments, the
contacting occurs when the recombinant IgG antibody is in the media in which it has been
secreted. In still other embodiments, the recombinant IgG antibody is partially punﬁed ﬁ-oxn
the media in which it has been secreted in that, for éxample, the cells and other particulate =

matter have been removed from the media media pnor to the contactmg



In particular exanples, the reconbi nant |1gG anti body

is purified fromthe nedia into which it has, been

secreted prior to the contacting. In other

enbodi nents, the contacting ocgars when the

reconbi nant 1gG antibody is in the nmedia in which it

has been 3 secreted In still other enbodinents, the -
reconbi nant 1 gescHis q“B’@éPF"@PFs‘-: ‘éamemaﬂﬂi of theaniéritien U’fVIOb’mmUItlple steps .

t hef d¥Retitng the Ybmbinkidt Ié'@ tﬁfé Rxgt?on/&léap ox.}gge%reagent.

exanpl e, the cells and er par |cu

been renovednky e@mcteﬂﬁ)oggﬂ?l 3 eﬂjoﬁladp&lﬂ?J m{uf%r%ltorrl] fv vojve ds§>latlng the

cont achr:F% 14 In sp
of 1EGatibedm S qaliwe méxmmdaftmqmiuealan eglls in afmetidtcafiptisifg culturing

t hemb SRR QA
. ? reﬁll?ctl on/ oxi gjét i %couiﬁgl ngetF ‘88’ °H““°F?Fd§15‘é%‘1 JeGcantibody or an IgG

10

entbipdycimement; hédmgtddmnmﬁudhﬁm: donpiipirespent dﬂ@h\/&’ about f5 to about

i sl fromthe cylture nediumo
ot ad Sohlfcoh i 3UhachRBi: sp6 BpimcrGHen Pk b S e cel. Such
rmmmingamyoawlve: Mtormomaﬁﬁﬁaoga@y%&gg etes into _

cul ture nmedium an 1gG anti body or an |1gG anti body-

fragnent; adleé mgﬂmmmha invdntish fay b@ﬁerfdiﬂh@él bﬁlgnfeﬁﬁ%? Bfher

t 5t t -
“n R a5, R Bon A diPra diortl Feiignd Hbeut 63 mg of e
f menombimantlglGl antibadyh | sol ati ng may i nvol ve one or nore

- chr omat ogr aphy steps:.: The net hods of the invention nmay

15

20

be per f or metheomethodsed it inventohae skl thit Qﬁ&foﬁiabtﬁ% ﬂr&ﬁfces algG

Ao §i B On s e e 6 apinom gt s pRcontcted.

nﬁlhhmstﬁlodf oftth@inbenton tatedclaftat théi6dhtdcRAg ploBfces & Bt Qﬁmoﬁ])gwhlch is R .:
produces aﬁtl% ti bod ich'is nore stable Tn

storage ThaA™t %ﬁé"?é&? artitody thyt is Rt coptacigdt In other embodxments )

C dmcamta@dlg prdameeﬂ’ﬂgﬁoxﬂﬁbcﬁfy wiidhehak BY BRrb RS, cr?s'iﬁﬁz%ﬂ&ﬁ‘property

I gG body  wh
1B AR 0 dnfod M ofee-Biant gemimdorsipe v

[ srystalhzmmlpmneﬂyl reférd tcﬂtrbﬂﬁl W%S@Mﬁgy, sizh lefonmty, crysta] yield,
&%g p%dqroducﬁeé g% ti body whjch has. an .
i g‘[p}?oved ry StATY iﬂ‘alﬁﬁ@ﬁhﬁcrys tal, eneRy-athes Prapextyef the IgG

| smallﬂy@fmﬁtmb@dsjpr%ﬂimudnime Qlph&afabaEL A PrepASiibis @eferably, the crystal

- hepei n t r.mc | I'ization properfy refers to
cﬁ/ﬁf “ar** g’l"J \Rf“ﬂ rﬁ# t‘?&“&g‘ﬂ]m compaationwith 2 phanpacentigallyakceptable

25

30 .

yaclguh\dnt,dmneﬁpﬁmsla;bi&nty of the crystal, suspendability
of .the crystal, or any.other property of the 1gG 20

cr ystal thahe f:mad’nhg B $he reducBbOPALAIonageRt (@nFoptio ally the |
%rt;rac ut i, cal #)ngio sg‘# Preferably, the crysp al
PR RrotFes Popplafies Whiek anege hpmogeneous than the same
clg@mnﬁwdwapmﬁdm tHatREESt EB&EML. QA binkr
aId di.| uent or exmgt ent. . h%ﬁgcgﬁ%oﬁtﬁcm\ﬂ%r%ducesa

éthf%‘ﬂg Bhdpasht Pomfoldingesase iy ahblxotqgmabmmrycmed to the
Cbbﬁhetg@ﬂﬁi’bo@f 0dUS 86! ARk Iﬂeﬁécm%g;gaﬁ&% emcg,d entemplates

i s nore honpgeneous than the sane
FoparungthlsCrantibody with 2 elmt:ram agent baforet dfeer oramnamanly with the

tdoRta@RR AR thORdRERANG ERtSn coupling reagent. The chaotropic agent maybe .- -
selected from the group consisting of: urea, arginine, SDS and guanidine hydrochloride. In

preferred embodiments, the chaotropic agent comprises guanidine hydrochloride.



| gG anti body having at |l east a two-fold increase in
its biological activity conpared to the sane 1gG
anti body that is not contacted. In specific

enbodi ments, the nmethod contenphates contacting the

-1gG anti body with a chaotropic agent before, after or .

concurrently with the contacting with the
reduct i on/ oxingame embaibugits, m@ qoaegiration Mm&ﬁ@mydwvhlbnde is from"

a m the gro nsj.s
o S G At EENE O B A b Ry BB Y B doorde s from
pr e'tﬁcmt ﬂécM@cnmut s, sptzhﬁc enha@dxﬁﬁﬁtl, the 38R BhtraGONBS

éﬁﬁ&ne
0oC -15- sorre enbodi nents, the
in?ngQ J.g)én bSngﬁgn ?‘uﬂ%her FRFE embesiwet% thecongenigation of

5 abgumndinelhylnl‘dchloab@ishbdut59M In others, the

10

concentration of guanidine hydrochloride is from .
about' 0.1 MIh pm&ﬁmmbwalmeamathSthédng “@tﬁm%n/o{ﬁfmn -

co tratlo ni di ne ydrochl oride is

o P Raneal i B ePRing it D cloropigagen produce an IgG. -
cm-nymmmt Rébst 3 UGV dinBRaMA 10 SIS dafRetibidy &E}%
OhI%Mr H%C{)a'-gﬂl cul ar enbodi ments, the cont agtl n LA{ to the same

BYR! B ALHA BAEH:  coupl i ng reagent . and the.

further con%rsctl ng wi th the: chaotropic agent produce
an 1 gG. feRfithrimygntion glsp maycpmpesefforimplating the IgG antibody
i rprbdi&s@by fhe hﬁesmbs BOiGAL bR b {4 oﬁ&égg;ﬁﬁo?gméﬂgs Hdnethods further

' 9§-ant| body that_is not contact
- we‘t"ﬁi?&‘é plARng the ekt anbhody asprogupedtiontbe method trtonaibtertile it dose
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t Horoh.gla b al
oty e o e e o
f (fPRREEd Egbwp?@’&%g gdesired nefolded Cbly@n‘alhbn b$uth agsocedure for the

c u is !
P B g syt L o
c Shpreclasiondromatoganty; aoa@mlvngwhrometogmm bmr@ihoblg @nteraction. .
al&htdﬂﬁd?éibﬁy | alPfehi Sy c%%%iafd%%g??fﬁh %?e@uS&% i dépgcxg ﬁcgiunents, the

e for fhe 15 isolating 1's selecte
glpg‘l?ﬁ 11“4*‘&?“51’5 IO?WQth&egr@Mo mat ogr aphy

HPLC, SI ze excl usi on chromat ography, ion-exchange

chr onat ogr &P SontErRMY phsein i5 preparetianed an IgG antibody prepared

C hécordhHE B hdthod dbichbld/hrdih AR n%&gm@&%avﬁg% homogeneous population .

el g@@&%?horesm In specific e I ment's

antbgdy. + The rreparation mgy ifuthien poraprish ahgmaceutically acceptable
Cbﬁg@&%}@ﬁbﬁ/ﬁﬂuébtso contenpl ated herein is a
preparation of an 1gG antibody prepared 20 according

to the met hqes t
havi ng. a hormg%oﬁggﬁgt&ggu ngth befbion Jfgﬁltp ﬁglg?sl&%éﬁmﬁoéﬁ?owlaum of.
ThEFCpMBIFaHdgG artibedy Rh@éﬁa%?@tmﬂlysecepﬂahle rErvien, bx bt yr diluent.

’ |
2ﬁféeanpﬁ’ﬂ4|3§tﬁ%’a&‘?§5%ﬁ‘?z‘§“q%§? bRl dho? et anfb S wmsibader 186

pBpRATBETS offndeGl, 1gG2 evlgfii Igtimulkig@reofian bgGly 1gGiordgG4, IgG half
plh@fegiﬂgsedftah gg’ﬁfll Yg@c&qgé@%r%th%a [ bl %ﬁﬁd&g&lxﬁ@:cmes Methods of

l'uent. 3t on - can-t
atmapgg,ayuqucgmh mhfnbmdgqnem ;iogﬂﬁtxamaldmﬁblcon&mpldﬂﬁ In such

{%%l@? gl&g&nﬁgfrg%?m?y ‘%Céﬁ%ﬁ erxamgle SUbCllg Geor{}'Jslotr gnrtggxrrgnogsf an

administration.



10 |
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25

nol ecules of an 1gd, 1g& or g4, or other fragnents
of such 1gG nol ecul es. Methods of treating a subject
wi th such honpbgeneous popul ations al so are
contenplated. In such nethods, the. adm nistration

“‘may be fore exanple subcut aneoU§ or intravenous 30

admnistration. - 16 Also contenplated is a method of

det ecti ng OrAlEPEnteRnk
| gG ant.i body_duri ngpaﬁ]%h%rgﬁ]u&a?t%ftﬁ\éﬁg@“ °”n° ?ﬂ”} ‘ﬁe quality of a

arFGFQij%‘F’é 186 antibedy dwing theooamufa ctirig, fca')nulmaxi and/ongorage thereof,
pr Haihbon of the 1 gG that has been reconbinantly
produce 5 by manmalian cells with a

reduction/o li.hn H of - about |
5 to about )%%tt gﬂg g@%’? at’ qfsﬁg Fgg"[r tlhﬁ‘et}"“s E %Hlj-“ﬂy produced
t Hy fpmalmtqeﬂnwﬁh a bdacmi&aﬁﬁh@oﬁ}ﬂﬁ@&ea%&ﬁ Qf £pH 3f fvdht 5 to about

or with t ontacting wit

ldl ac Eﬂ%a eﬁc%ﬂfﬁf’ ‘(‘:?5 withy a"@PW!W@thore after or
Igﬁammﬁwmmfeabnhaﬁagbﬁﬁﬂhé fe‘dﬁEﬁGh/@E@zﬁfog'c g g&&x '
a) into fragnments; and 10 c) subjecting the [

| gG and/ or b)Y depvimpttse fgGanvledRdPtHA} hisbedn ﬁéh"té?i%&d?%g R Wep a) into
anal SIS t.hereby detecting or nonitoring the quality.

0 € Fgaédrml ecule. In such nmethods the |1gG antibody

is anIgG/ t itgring the quality
conpri ses %“’%éﬁ @ctgggtaa Giragmgnts Gpmisiepd) F%Qichfomatography
Cpadlgsi ﬁxemébytdhﬁ:cti@@r nehitbigogie qLRit) bhek IS¢ ad1eRRE N OdS, .
the 1gG-antibody is an I.g&. antibody and the .15

noni t ori ng Infsech melthbdsttye lgmmmbseﬁlsrmug@padﬂﬁed}hﬁthe momtonng the

é@ﬁ%wm nsogrrgs “ﬁr determne .
ndFdrs iRy Bitirink el of 65,7 upp st RIfeis e 1gG1 antibody.
met hods th G ol ec mol ecul e and the
moni t or i ng ﬂ, h %%&ﬁ%@?s@%%%%#&%mhedy and the
p meniering the. qmm conxpheaslmcamwmg thieGfadiber dfiTom6E mg@@ tSdetermine -
tggm%ggngﬂggptgg?%px?conprl ses an LC/ MS anal ysi s In

I C

Speci i Spects P& det ect| ng or nonitoring.is

conduct ed [ t.e f_.the | ,

nol ecul e, ?Hé’{hgﬁ?“f“ ?’c?a Fon é%(ﬁﬂ?qq%"i %g‘s g%fglﬁﬁpdcc"?e and the
Cmomgh%phyw comipsiges mianitbregitha peeseiie ROHAT ﬁBlecules of IgG4.
praduci ng a reconbi nant 1gG anti body, or an - 1gG

ant i'body f Aagmenaspestnibe cluomgtogtaphy aahprixgs ANLEBM analysis,
anti body or. an | gG anti body fragnent that has been 25

r econbi nant §pepifis@erset, thy deteatimg|dr avonitedingsis véridictad during the
r t gent _at .a about
PR AN SRR bR, L hulifE i%@?mesﬂ?%&‘mchrwa?msraphy

1 9G b
chaotropi o Sedre i 8P HBAR oo AR b bl 1 oy, oran

t 186 angbrdydragmgntdomprising:

contacting an IgG antibody or an IgG antibody fragment that has been

recombmantly produced by mammalian cells with a reduction/oxidation coupling reagent at a

pH of about 5 to about 11; and optionally

further contacting the IgG antibody or IgG a.ntibody. fragment with a

- chaotropic agent before, after or concurrently with the contacting with the

reduction/oxidation coupling reagent.
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25

reducti on/oxi dati on coupling reagent. -17- In sone
enbodi nents, prior to such nethods the 1gG anti body or
I gG anti body fragnent is isolated fromthe culture

..medi um of mammalian cells in a {c}at hod. conpri sing

culturing a-manmal i an cel |l that”expresses and secretes
into culture nediuman 1gG anti body or an 1gG

body f m
ant i body fr agsand ¢ mm;ﬁ&{fsﬁ&%fsﬁcgout fgﬂék@m&%‘&%oﬁ%ﬁ

rea%géM t a5pHof about” 5 to a
A his asofaedofromn the crlope meéglemfmpmallsmcelhum omethod -

Of confiftfsing @i¥urfry ‘%rfhz{nli}ﬁal&%lcell ‘hk{) @R%éés g.ncgs%crlé e er&%t SR8 medium an

t hat "t he recondi nant
| g&8 atbedyor an mmmm*t taﬂémg redecﬁonlbmdpﬁcm/dodphﬁgQEagent ata

pr ryst f.or m 10 an jntact
P da e of ool 11 B oBionsfl on et gt SEeRy o setion of
ne%ﬂhb@ﬂ}’m&elcmd herei n and preparing a crystallized
formof the reconbinant 1gG antibody. In sone
enbodl ment sIt sheuld be utdersiooe et thieiresondinaitigh aﬁﬁb&l&&ﬂaﬁ' be an IgGl,
? ggd{% s may i nvolve isolating the reconbi nant
prepared by the nethods described herein.

speC|f| c enbp the r conbl t G -antj bod |
attached to a%gg&{saﬁf s n%ve§} Pherocs ?°r£’egﬁ‘l"‘"6??a? 7@‘1 form of
C Ghuntect sgvdmbindunig Gentiiexdy by partbraligothe RifIGing SRMBAS &-s@d“tﬁd herein =

| r ég ué{? 0 n/got}%g PI('?lﬂ ??&Pgafeﬁﬁclqwﬁéfgﬁgqego o %mbpwmm

s tpnbt to @rdpenananhmicmms, thdyRethealIRhy ia ikl addphe recombinant IgG
reggg é}g a&?ggﬁ bi val ent netal ions an
oxygen )4 ?F’e‘?eﬁqe?'% met hod of produol ng
an 1gG ant| bad aratio 20 copprising.contactin
an i.sol at ed® élbtg 3@1 FS ﬁ‘ﬁ"ﬁcﬁ %HH%HBQ&S%UWMS ditgehed to a
b efgtiormascovatyi dfgl’lihi‘qmatcmi@ﬂid:l %MVmﬂ&Eﬁ&'riza@EhtEﬁdl cfiaéMbkabtéagems are
r 0 [ rea a of abou
o S b B BB b o S Bt i et uataten qolos reagent i
pmemtl fmtﬂl@ﬂﬂbe ebadimtritg mhdaydﬁuughyoﬁamebeﬂmgeéag&ﬁ includes
3 énéentl% with the contacting with't 3
|on OXI ‘oupl ing reagent. 25 The present
|nvent| on i nmet hod o an g
ant i body orﬁny ¥§§bgearrgnfm ’?1%?’5&?888 ﬁ‘l‘%‘% s‘alatl'emdﬁgreaamuon

nmmmism momedtingtah dsolatedprepasstion afigh ngGCdlhﬁ%cﬁﬁ thad Ikr)x&dbeen recombinantly
an-1gG anti

i bod
e P Bl i B P P G PG B Mg PH of sboues
r wabeuttl ] 2dnd aptidnatlf fixtherdubfectiny tab pieparidon t8 ﬁéhaﬁﬁitioﬁ@ﬁlhk% pressure

haot t t
ool feaiorrutebie mg%ﬁ%aeq%%?@asﬁ%%@g&ﬁédamcg@lmg

_31@agmt| body or fragment thereof having |nproved

pharmaceuti cal and crystallization properties' as

conpar ed t Thepredegtinadtion adpives a Heﬁﬁﬂ”%ﬁﬁro&tbﬁ{ge&flgé Iaﬂtribody or.a
not.. be ased .tg th e

S
- h@agment thereo compgsmg cultunng a mammalian cell that expresses and secretes into

30

culture medium an 1gG antibody or an IgG antibody fragment and addmg :
reduchon/ox:datxon coupling reagent at a pH of about 5 to about 1 1, and optlonally contains a
chaotrop:c agent upon secretion of antibody from the cell; and thereby producmg an IgG |
antibody or fragment thereof havmg unproved pharmaceuucal and crystalhzatlon properties’

as compared to an IgG annbody or fragment thereof that has not been exposed to the

reduction/oxidation reagent and optionally chaotropic agent.



t

" ab8ut

reduction/ oxi dation reagent and optionally chaotropic
agent. -18- Described herein is an.inprovenent in a
manmal i an cel | - based nmethod for producing a

| _reconbi nant 1gG anti body or a r_:i?onbi nant | gG anti body
"fragnent, the inprovenent conp

Sing adding to a
culture nediumused for the production of the IgG

anti body or DéeribegGepsi islag shiprbved BN a Mammalian cell-based method for
redu%tl.on/ oxi d ing reagent at a pH of 5 :

i |
BR %"’58‘83’16’5‘19‘.?,88%&08%97 RisaPmbinant dsChentibody Gagmeattthe

- Up inpreesiett EnipritingtadBink & éﬂﬁdetlﬂgﬁur%ﬁﬁedtf&ethé ?rg’duction fithe 1gG

er features a

anti ho fra nt_into the medi um
ad@%‘ﬁl"% B%&BPgr&Néleﬂwﬁm@ha tidni¢tionéea wiatioraquuplie veagentaa pH of

| 5 L Eg%c}ug tS’ ?)doﬁ&ﬂ% ;& g‘\?,‘ie?ﬂd%ﬁ%}fae‘?’ﬁé&"gﬁeét a%@ﬁxt eulggn geggegilpg B? t?xs 1gG antibody or

10

15

20

25
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anted$(a aatihody fingment sntp thesnediuni.| e i ndi cating sone-
enbodi nents of the invention, 10 are given by way of
i 1.1 ust rat i orPtheIfsatrpeand adwvantages ofitbe inhanige svilBeddme apparent from the

moghibi b AT U irit. and,scope of the =

oM deAlTe) {Usirtidin, BSnod @bl e Bl Yoot o prited

t héesgnntion peshthe pesificoamples; svhile intiidaiiig e eBBoments of the invention,
OFe: ES The following drawings form =

peare Do o BB MU ol hecalfs VaPons s nf B gestions witin the

t oPittaphenops of the inventtivnavil dedome@bpirbi? tPMheSAMled in the art from this

| et 88cn i nvention ray be better understood by
refer encecrtq%a% he draw ngs in-conbination with the

detail ed descri pty : | £ nbadi nent s

"presented herei tr#lﬁgﬁg‘sﬁée%g)ﬁakﬁﬁ%%r ans of

two reconbi nant nonocl onal human antibodies with the

?ﬁ"e CDRs ﬁgp lipviagveugs afgrmhm@l <|>fambrggazspaa' fadtioh afi®are iricluded
IS s - Q y .between the two
e SR A B VIRl R P BBy BF b understood

h geterty thefdravisssintcoipblrtion witlethe detiladriesteipaoslbftge §cific

WReihb@mehtt SredditiddiRaigs are 1g@ or Ig& antibodies. :

Figure 2 shows (A) .cation-exchange CEX of whole I gQ&

sanpl e and KiRke 1 . o chronpt ogr ans_ of t he |
Sare. whol o LEs | SBARY RE G Bl of {25 Bef imppbelonal human
2 gntibogies, yith thy gamgp aad énplementitrbasd £G h amligGAgHcdalinds. There is

| 985, BRI ADA TR Bl p A Rl L a0 LOLRL

c
ign _current (TIC "of mass spectroneter.

e#@é@@%ﬁ%ﬂﬂ th pntibofishprepastion gepdndinz oh Wheh2r the antibodies are IgGl
Sbﬂf@z%@lbdje!,afi ants eluted from RP colum as. peaks
1, 2, 3, and 4 fromFigure 3A. Figure 4 shows the four

el o530 ke e A5 BB CERLE) Bl it o

- ieyersed-phase chromatograms of the same whole IgG2 sample and collected CEX fractions.

| Figure 3A shows reversed phase chromatogram of IgG2 detected using
absorbance at UV 215 nm and total ion current (TIC) of mass spec.trometer..3B shows

electrospray ionization mass spectra of IgG2 structural variants eluted from RP column as
peaks 1,2, 3, and 4 from Figure 3A. - |

Figure 4 shows the four subclasseé of human IgGs. - Adopted form Kuby

~ Chapter 4, Immunoglobulins: Structure and function.. . ...
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Figure 5 shows the proposed 1g@ and | g& structures.
Note that the structure of Ig&4 is nore conpact than
the structure of 1g@. Figure 6 shows the

_sedinentation data of chinmericigd, 2, 3 and 4

ant i bodi es (Adopt ed fromPhillips et aI Mol -
| mmunol . 31, '1201-1210,1994.) The Flgure Iegend '
5 in Philli ﬁ:ég“é‘ES %1}0“’5 thegrenpsegGlmhi &G4 Yucwreshdiog: that the structure
t%l%dimé%abmﬁ)&t @ifanﬁ:@'sﬁlﬁ‘crn&r‘égfg&mg' obul i ns .
as

contai ning different human su S regions in the -
presence anqb,g%pes.@%e, NG eri :
i ntegral scans of ég{er%%lﬁlggt?@%y+l ncgt(jlclﬁlﬁn ggﬁbgsﬁa%d4mﬁbwes
of(AdPRisd Epm Hhélbpeﬁ al., Munirhurohsv.dfl, §.4201-1210§ 2994 The Figure legend

. I
(S DN ol Jres e B 600 B aaion 5Py ent pmunoglobutin

c sABlaining differentthugan buts swrsgiats ig the m-es'bﬁcd bRt Sof Az&ﬁ%syl

B A e o s v,
i Rlosgitighs ofcants fightich were: [;G1 20°G3153,000 Bn ¢t QG in m&@ﬂécm .

o o (THRRGRR Jgﬁiéﬁéfﬁaﬁﬁ%ﬁ@ﬁ&e%{w?qm“@sm a8 min

Wentervalk; ggis 21,57a: 52480 0cInBEti+LintHsthl baAhe ravelu% mﬁ% 6gG4

00r m 8. mnintervals; 19G3
. r%(r)né}%ifé?ﬁ ‘%?F%EP%E Infegrah scans at@ mmgm@br () Integralisoans of the

15

20

25

- chjbelmwﬁrtmmasafcet Fl@ndt ch&d @) 9@&1\.1:21%

éiﬁgmtrm?lob?gﬁssm it:Le@s p(gf%:?og?? B B%% ?z}?ﬁlaﬁ%?%;dh?&ﬁﬁt Conditions of.

df 216G 200 d2 mm@eryalarlgﬁmlem @4,000rpm, 8

(m)nmfermw 7701 54,0000, 15 RN WS :
sI ruc gfl%e ant i bodyﬂlagco gﬂe%ﬁg% ‘%%lu; bt GpoL L@, 12 min
g’> g? &@%M?@e@@mw@m émgomdwbﬁm diﬁustPofthe different

Not e that. the refol ded native"fonn’ “?%Ye‘a”
the pr esenizued 7 sheng biaidn?8 of1p84 MntiBotH ks %ﬂ?ﬂed to the proposed -

rochl i.de aligned with the profile o
cur t@fﬁqug%?%[&ﬁ’{?égs bul k.- 1g& material. Wen four
di fferent nt|b di were refolded, again a
simlar pa% ?gé‘f %&?ﬁWWS pie B’(‘E@éﬂ@@ IgG2 anhbodxes
Ayt Giahtak ogfslﬂemnﬁofonﬁanm Riér6oRfed PAEESHRE LA d&ﬂ&t%nng 0.85M

pr Od&@ﬁﬂ%&f’ﬂ‘z %[,ﬂ&a %I e peak use of uglétcmhbulkdg@ |
4ﬁhtéiﬁl hW[thﬁ foat diffefem Ifg@ﬁﬁﬁﬁlﬁ;dws %ve‘?é é@)l@erdogé‘ig:ﬁéjm ﬂgl‘l ypagem was

peak wh cﬁx eluted | ater, than the peak
SHBIB MRy g-?%’f‘ﬁﬁ’@"et"rf SYHisiBsieyshpeion "3 hpiess: etargoxa berepecaure foroduced a
tunifeiEngle péak use 6F SilaRidiR/ Mx%‘éh]ﬂﬁd@ %F&n@e of Systeine/cystine for 48

- get er ogeneous m xture confai ni ng mu

QWS A1 IRPBdemperfure alsa progused arsingle makmmchﬁhged InteD thafRihe peak
@*Udeemt@wyasn:géystméaaﬁaﬁ ohg P nepdas B nga%;,qm

. e g ure 1Q0. Deconvoluted e trospray |on|

30 -

&/QysiRsFProdiced-a hqtggene@ts nExempéantadning multiple peakHisRiated with

ﬁ;bIg@Pp,@B&Qg@itogram of the | gd@ of Exan'ple | after
limte :

Figure 9, RP chromatogram of the intact IgG1 of Example 9.

Figure 10. Deconvoluted electrospray ionization mass spectrum of intaci IgGl1
of Example 4. ' :



.. 45C. ' Fi gur &

proteol ysis with Lys-C. Figure 12. Deconvol uted ESI

mass spectra of peaks 1,2 and 3 from Figure 11.

Fi gure 13. Deconvol uted ESI mass spectra of peaks 5
and 7 fromRP 5 chromatogram i gure 11. Figure 14.

"RP chromat ogram of the |gd sam%ﬁes of Exanple 4 after

limted proteolysis. Figure 15. Deconvol uted nass

spectra of thguwEah M&nitb?ﬁih%f% 18G14f Efdm flé ?%%ér‘fﬂuted

bel. of Exanple 4. 10 Figure
chﬁm%%k ’gﬁr ﬁg‘y(gggstressed and control intact 1gd of

Exanpl e ﬂ-‘g [g é? Schenmatic of clips found in
| gG sarrpl e T8 bt ReFoPPINSEER] massispectra of peakp h2 landid from Figure 11,
nparlson of various I1gd nolecules.

by reversed bﬂ’é@@ SonvRItRad S gmasp prectad o iSrantl @cfrom RP

5 prcirembtygam inFighirelpis- C protease. Figure 19. CEX

10

15

20

25

chromat ogram of intact 1g@ control and native refol d

after 24 h@igurd Bf. RPGhREhatSgrath -

of tact IgiGIghrCHO controld: na??%q%%ﬁgﬁ?%aggﬁ'm&}f—&ﬁeﬂmm
e8115'§§:1rrpl es after 24hr incubation. 20 Figure 21.

ESI nass spﬁctra of peak ‘1 (A) and peak 2 (B)

separ at ed oh'&Fe SRPeCoBNeluted Mmags snerctod of|theFablpehlés. from Figure 14 for

mmaahwhﬂdbieﬁlgm%sﬁﬁﬁﬁﬁkﬁa of peak 1 (C) and peak 2
(D).- Figure 22. Deconvoluted ESI mass spectra of Igd

CHO bul k naFigtieals. RP}hrofdtdelans ¥ orhsddha 38
refold (wth oxidation/reduction. cou?ﬂfi%g rgg%%yfgsm QfEx?‘mple
onty) (C).. Figure 23. Schematic of 1inited : o
prot eol ysi s_.usi -G, prote se produced 25 one Fc
fragment, iﬁl&%ﬂgéL mgmlagﬂremmq:mmvezaussmﬁer
edotl mbithr45°€4. RP chr omat ograns of 1gd CHO after _
limted proteolysis with Lys-C: control (bulk)

mat er | aI Gifict 18:af PhgdriddbMalibyEg G?fxﬂyléiule% b)Ergvgr}ed phase |

Figur voluted ESI mass sSpectra o

frag a*“F’@ ’b‘fDE‘TC ?ﬁm oteglysisvath Iayst (& proteass. t ed |
pr ot eol ysi control (bulk) material; B) )
‘QUHCL ref o|SF Ebdl‘@‘ ?Cfﬁ??%z‘@g‘?@ml@actﬁz@hmmmd@auwe@efold after

péphowtecfolding. of |gd CHO (A) bulk and (B) native
refold. -5 Figure 27. Size exclusion chromatograns of

I gG 1 CHOFigwr&20. RPtehichesidgrar of Katace 1@ 10 6t Grative refold, and
GuHCl refold samples after 24hr 1ncubatlon

. Figure 21. ESI mass spectra of peak 1 (A) and peak 2 (B) separated on the RP N
_chromatogram of IgG1 bulk. Deconvoluted ESI mass spectra of peak 1 (C) and peak 2 (D)

- Figure 22. Deconvoluted ESI mass spectra of IgG1 CHO bulk material (A),
GuHCI refold (B) and native refold (with oxidation/reduction couphng reagents only) (C ).

Figure 23. Schematic of limited proteolysis using Lys-C protease produced.
one F¢ fragment, MW=53488 Da and two Fab fragments, MW47282 each.

Figure 24. RP chromatograms of IgG1 CHO after limited proteolysis with
Lys-C: control (bulk) material; GuHC] refold and native refold.
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15

was identified in position CI 40

Figure 28. CD and fluorescence neasurenents of 1gd :
CHO bul k, hybridoma bulk, and CHO refold. Figure 29.
Rever sed- phase chromat ograns of 1gd hybridoma and CHO
after .10 limted proteolysis. st ei nyl at ed

"'(Fab- Cys) and non-cysteinyl ated (Fab) fragments are

separated and quantified. Figure 30. Reversed-phase
chr omat ogr arfsgwt 25. gl?ecbnhﬂﬁt@clESladihdss éc%'éof ts°f1,$§;1 CHO

af e Si s teiny ate Fab
nogthag{&l/es?t eF‘Inlsrﬁ'l ? ‘f&g%i with %én{‘% ceptie] [BafFUHCl refold
qumdt@)fuaavbreﬁﬂdFl gure 31. Non-reduced pepti de mappi ng -
of 1g@ wusing trypsin after Iabellng of free

cyst ei nes WHRgurdE @h-Optidé Aig FGEE}K')‘%A&M Lr?cf(b? native refold.

eavy chal n
Figure 32. IRiginé 7.1 Sigd éx@lﬁsn@fx cl%hﬁi mW%%Wndoma

A small percen age 0 _
M@%W&ﬂgd accordi ng to the non-reduced peptide
20 map. Fi gFre Sﬁi econstruct ed ion chromat ogr ans

(top) and f B @m@peeasmmpﬂgﬁ)l CHOrhulk, hybndoma
| gfulk, aehCHOGfAd peptide map show ng identification of

met hi oni ne . 48 oxi dati on |n HCCDR2 regi on using M5/ M5 -
anal ysis. Aqumee&yed @ﬁoﬁ%?bﬂggﬁ‘ n?ré‘r?qobé ind CHO after

ozljﬁgt?éed ?30 di zed pe t| de e

ndE Pfﬂt"z" yiteigylatgd band Ringysteingldted (Fab) fragments are
Diséfafdt&Idnd 3y Iuaﬁ;ﬂearl metry scanni ng (DSC) neasurenent of

I gd before and after redox treatnment or refolding.

Figure 35. KkGreldBl Retdided L&%%%B{ %Hm{’ {ﬁ%@ efote and after refolding

nﬁ_ﬁmﬁlyﬁdcolg‘gngunfled (}gGI fro

¥ Covteinylaed (FabrCym) aprbuan- qyadmxlated (Fab) fragments are -
t spatafediing q narifiefl gure ‘36.. GdnHCl equi l i brium .

denat urati on of bul k and redox treated CHO deri ved

: 14685 LgGaiFlé'ggE%iZ;ﬁgée{dr eat ed adf:)h%q??é@@kﬁ%nww&ﬁ e labelmg

5% stgltngso S¢ dcHiop f eysamyla@n iwad ideati Gl lbposmon

: aC$®146ﬂhewydhlam.Cm val ue of roughly 0.7M GdnHC1. Lines -

20

25

are drawn to guide the eye and do not represent fits
of 5 the daguae 3%i Yetitificaion cPinfethibniad m@bﬁﬂ’atmang CDR2fregmn A

o BB ok e FERG 6 owss risedaRtardnei theammotediced pepide

tingee nonth data for the percent decrease in main
peak nononer species for storage tenperatures of-80,

4, 29, 37, Fg‘mde 35 RecoRpigbd Bn chiontaly; ) Bn ) eBQa{mn mass

the nc e in pr e- mpnoner aggregate S]fé%les
tp“% ) ﬁ-o fg%?l non-reduced peptide map showgmg 1dent1ﬁcatlon of methionine

. 48 oxidation in HC CDR2 region using MS/MS analysis. Approximately 10% of the

methionine 4.8 is oxidized. The oxidized peptide elutes at 98 minutes, non-oxidized at 110
minutes. |

Figure 34. Differential calonmet:ry scannmg (DSC) measurement of IgG1
before and after redox treatment or refolding.

Figure 35. SEC-HPLC chromatography of Protein A affinity column purified
IgG1 from cell culture medium with redox treatment or without redox treatment.
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.10 storage tenperatures of-80,4, 29,37, and 45C.

Fi gure 38. Reversed-phase (RP) chronmatograns of thee
anti bodies with the sane CDRs inplenented as |19gQd,

1g& and 1g&4 nodalities. 1g& ®@nti body shows mJItl pI e

peaks due to the. previously reported structural
heterogeneity. 1g&4 is also structurally.
het er ogeneobitgureJid &¥dnHg: eqéltainnr dangtuPRon ofiblilt keihvedox théted CHO-

h I arated fro
c g(z/eg]vgﬂgtﬁ?zg%g %t%&éyg%%xtorecﬁgjﬁp Eg)ence%ﬁ}og aggéd;llm Redox treated
El 6B dg(pl ayxbpdms T|ire ©ablg EShéchﬁlﬁdbﬁatﬁﬁﬁCzts fdiedted 3 of shift in the Cm

o, S ol O e ol e o 1908 T e

| gd4t) and coval ently bound IgG4 (D). The accurate

mass neasurenents indicate that mass of %’2 | g4

(73 398 Da) Flgare@qaﬁbé sxchizioh cBlom a@gfaph %t O egg)a companson study |

| @ﬁ@? ﬂ%g ﬁts?*?é %&égﬁhén%b%gd%ﬁ%g{mﬁta@emﬁw@m?prthepmem

frdeemasemmmlpammb@mdakﬁeaﬁbﬁireto?&etﬂélrﬁbt i {1@1]‘—8634 Y, 37, and 45°C.
Yy e

vﬁ’n %ﬁhalf Ergl ecule with exac
S PePtbidiaian thy PaemeingEagse in Previngnams aggregate species for

Fls@wgeteql@m%-egaglggngfyl gfauseeystal s formed under .
condi tions of: 50 gGZ .50nM Pot assi um Chl ori de

) “ pH 2.0, 20%1@5@333§9vers%5- Eﬁs@‘(’m cﬂﬂomﬂ%%&xﬁg{)ﬂﬂn{b e?&ké@e%%wth the |

: S ShRs S et fgfé%ﬁond' o E AT e 892 iy abysows muliple
BeakPagd t@glﬁﬂﬁbw&isl)i ﬁ%e@ Is tﬁ%ﬁhe&%ﬁ%ﬁ%&é gﬁﬁ Is eBso stygpurally

nditions of ., 50 ng/rnL 19Q&2,
Pséﬂﬁswusppa@ﬁréhemnammW@mo@s, theyi@llf ravleculg(E22 IgG4) was

aBhdintn b B5RIAUD RYE IO NG HIGAL L achment of the

i ght chain and have two gclddl t1onal er-chain

.di sul fi des Riguré b Hlﬁcﬁgﬁraf iS&lzon (EQ & scéﬁgctraQ{f‘fxgﬁmolecu]e of IgG4

| i ght chain
dg‘ﬁt%ﬂ °?‘i4fé‘“§tlc‘§*§ 18% f%)r R&Fglt}'pwwﬁsdésass snedfra-of half molecule of

dige3al () aifi depateiRly e RIG4DRI TS ac&ﬁﬁte ﬁ%%ﬁeﬂeﬁt@ indicate that

ar r o:gz )( teine resi dues susce
V4 1G4 B, 3488 dvexagtly hatiof Igf5 fmﬁ,@gs B#), bygzasting tpGdisulfide -
aBﬁddeﬂhr%SeadTB thel fB@natibh 61 mﬁﬁﬁeaﬁes hﬂ%;dﬁuﬁ'dé E&giyshﬁt from -
SJ?nlchantIy different profil I's net
mpihlpelﬁé}see&txc@lwgwm@wmqimm m;tedcamahehau

SAHE, WEtIeWAORPaMHE Ay Ubkdrbedin en 1g&'s.- Figure
45. A) Reversgd phasgq%hrorrat 6%%?%“3? anti IL-IR Ig&

ant i body. B)gxue%c@'ﬁbh%bld%l?gf l%bQ%Hs%% dI \ﬂaﬁkrzc%%x&ggns 4f.50

nass ctra_of the 1€ isoforms el uting fromt
rt@#&%‘g 2t PEdd e@smca@nseaﬁgolzowmmﬁd 4. The MW
val ues ‘of the four peaks are: 147,256; 147, 253;

147, 254; 140Euwsdd. Bhotogreplreifafa crystalsHemmadsmdensionditions of: 50

- GhE/RIAE OSSR PoRiidd ERIoRRE HRADY 28R P A, and

Figure 42. Photograph of IgG2 crystals formed under conditions of: 50
mg/mL IgG2, 50mM MES pH 6.0, 20% PEG 3350.

Figure 43. Schematics of IgG1 and 1gG2 antibodies. IgG2’s have a unique

attachment of the light chain and have two additional inter-chain disulfides in the hinge

region. Color cod: green = heavy chain (HC); blue = light chain (LC); yellow dotted line =



after B) reduction and al kylation. The light chain
(LG and heavy chain (HC) eluted as single peaks
after the disulfide bonds were reduced. Figure 47.
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fs%d@ 9%8:{) ri sk of developing, or diagnosed as
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diagnosed as having a disease, disorder or condition:



beneficial results may be assessed by nonitoring such
het erogeneity using the LC and LC/ Ms nmethods known to
those of skill in the art. Specifically, proteins that

~are. secreted by fungal cell _ggstems (e.g., yeast,
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affi and, and one donmain of a protein.
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| tlhmtovh@nhéaprﬂducﬂén pigbdse for B mBRenidORE 8., 1801, WG, 909 or 12G4)

30

nat.ur occ one protein or genetica II
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a domain can refer to a cooperative unfolding unit of a protein. Such proteins that contain
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a murine antigen binding region) or fragnments thereof.
Numer ous techni ques are known by which DNA encodi ng
i m munogl obul i n nol ecul es can be nani puI ated to yield

- DNAs capabl e of encoding-recqgglnant proteins such as
© single chain antibodies, antibo

ies with enhanced
affinity, or other antibody-based pol ypepti des (see,

f anorethamphedorhan cakbecdfbursil natmaﬂl@’&ﬂcmi;ﬁg B alepediéle bpgéﬁetlcally

rsBeREdete G B ey dom N?%ivsmsszpféwiﬁibdomm

et al., 198§heSC| nce 239:1534- 1536 Chaudhary et al
1989, Natufé B gemaRppiionnd methds arelsgrussf) foy preparation of
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tran%??enlc aniymal s, and optionally further nodit cf R
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[ V, of .s fusion protein
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&ﬁ%ldﬁ'ﬁd/tgiﬁs ofa d}%]diﬂ%rhﬁd 2 %ro»ﬁﬂ i &ee @#&@% ngl'r% and IL-3). |

1 rmunog2 obul i n | ecul e, a ziI pper
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zipper fusion protein, respectively; the techniques discussed therein are applicable to other



5 redox reagents described herein in the nedia of the
cell culture. The reconbi nant proteins are produced

. by the cells in that culture and subsequently
- purified. The preparation of Jsgronbinant protein can

10

15

20

25

be a cell culture supernatant, cell extract, but is
preferably a art|alli; purified fraction fromthe
ega@temgy%my reg ‘%howmp Fuleq ad 'be pemessed dxatﬁlsmlﬁrotem mcludmg bt not
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B%c%é’bo%xﬂaﬁ&?S%S@e %g%ﬁ wsed Hérlex%x: &%)ad\éﬁngg-rh < eﬁ@%g of the present

MS net hods descri erein
ereymcrme@py spley Io€ ﬁeqmopam and @tmﬁmt:mabhthd i gh&htﬂbcuﬂ’eﬁ wefpht
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fiied thmwé@xm@é and 6@/S38, 982c3®daehkum al. SfileP $anQ¥§12352008, (each
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t nbi nant protein
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f rret ho : inventi-on, and/or “to.
r SivebRE ot fe ety FAPRE o cinbcienm ey pspbon évcreraration of
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td&ﬁﬁcﬁ‘ Thid, kérﬁ‘&ij Panfg8Car Eeater ﬁ‘ﬁn ;eke%y 9)9 z)ﬁ:oou? tlgg to WH 11,

?}p gent |sasourceo UC n
a%lzj Acaboyt ek 7 tocabpwti 3. O, aim etill more preferably from about pH 7.6

rt&dbkﬁﬁpHWG)Kh@ﬁéh&ﬁluﬁRH leinB ] ref r ahl
rised of a_conp oundgfromt eg(g%)eup%’%n %Pﬁwanound

8 B ot BEL & oﬂwezgdmgpawelmmmammmumm of the invention
(chH B¢ easily Héiérﬁﬂ:%%%&%kally@ L@ ki ﬁ!ec?m zogte,

cystei ne and cystine cystar i ne. "of use and

econony, I RsGaRkiol b Bk BGARdL Oy @9&5&% ¢ afing agents.

we Zedyeing agents 3¢ Sen thiokke §hw eﬁhcthnt'tatﬁlaﬁommmghﬂg teBgknt is preferably
ChiBpiide of a ddHepdudd Bomfthd Qgﬁsg%%f] rg%uecgi me qxigized glutathione,

INcreases 1 n presence O
eWrpito] (PTIN, %@mptgmanoh dllﬂmtmtg)btﬂmmé RYB0$in® ahm&ysam@cysmme

|
Fodded Ousé EldUOhih, rELAGE bitdhione JRa OEHIY2h cBitine can be used. I
basdebe *‘Wed ﬁletag@wpqal Pél cysdine formsl disaiSdesysith iR)f generating cystine,

Th f do pl
B R TR S 0t SO R i

giitions rstugingehe re@-solitions 80 YorreRURTY. PRYCANG ;ﬁ%ﬁgl HPsolution, -
&'Eﬁhixﬁn or‘%“ on ,medi a g(ﬁlln jch the cells produm

r ec OUIARY oY SYAFiRe drducme seqgent), riuighlyiRrpdyed cystine (oxidizing
reagrat)i nEindrefore] fedox QRGRAY ageht & be introduced in the solution by adding
only cysteine.



may be added to the LC nobil e phase during the LC
separation step for separating the reconbi nant
protein. In certain enbodinents, the proteinis

i mmobilized to a stationary 5 ase of the LC colum

¢ and the redox and chaotrope aré part of the nobile
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phase. In specific enbodinments, the untreated |19G

ant i body nHThefedbErcE@nﬂmb}eb@iddl@ [betﬁélfenﬂéﬁﬁﬁﬂh%éﬁa in which the cells
ate nunber of peaks. The use of the

- R E g ST PO B e 4 AR RO diments, the reagents lso

C heuythie@pded tagmtcaf duridz AR 18 dafaith
eak&?’attern |§ conterrpl aFed thS? tﬁ?gstgpn%?g g the’

uRTPBPIRApRIR e IP RErEinsembogdumentse thepntein dimumsobalized teea stationary -
herRgenaeYsT &l&ﬁﬁ&ﬁi&@ﬁd&{ aﬁdh:‘ﬁaotro;p% a}e%g'n Fie mobile phase. In specific

reducti on/ oxi dati on coupling reag IS presen
c GRbediments; the untsggterlgG etmbodbmuayn chizmse hbhmgeméom; nmmlre as indicated

PHY R HubhiBBr & pehie THE Sl &%cf %%ld op courr)l?ng Agent and/or

absol ute concentratl on an

r é’@R?QPPle ABTX PrRalnbes & simplyland: gmraaagﬁ:nh pd&gﬁﬁd& \1e13) Bont&d‘ﬂ;ﬁated that
and, in Sone cjrcunstances '
B0 Bl p Bk o BBt 7D Bl Dt § e borosspepapromgration ofthe

Iﬁﬁi mol ecules it also will depend on the nunber and
accessibility of the unpaired cysteines in the

]|¢or ot ei n. Ge'ﬁ@rramcyqn/cm?tlomnm@hhg adapent 1sq:‘resfeﬂm afcbxhdéh%anon

X gat | ent canh be
SO GO of BN SIS O L
a@h;.hlte(}:oncemwtlctn}iml oariotof e raﬂﬂchaﬁ}’dxxaitidnboﬂiﬂfn@ reagent depends upon
p{é‘gf Q%Qctz to ahout 20 mV
a | on e redue ?‘“@%8‘3{%‘3{‘1"6‘?‘?‘3@6@&9 W@mﬁ%%éﬁbcb% When .

camad &rlpr&px.rmg Ip€ mdlétutes $t atso vildepond G e Murﬁb&t&ﬁ& access1b111ty of the
e ual r- | ower centrations . as the reduced th

coﬁp Hftemef—mtﬁeg(mrrp Pre, the Feducti on/ OXI datl on _
coupling r | na n ,
gl ut at hi ong’%as‘rglth'{j%{jé 3: ’ aéa @ '-f\ ﬁb%’é’ﬂ/omdahon

feouplingrhegentean e lﬁlonmbouté)cnSanM tglahbrﬂtSblntM,&nbx@ réRéiaBlly 4B8ht 0.1 mM

duced
RbA 23 0T, S5t ALy el h TR oot M sced
Al
refjﬁg:tn ?E)L]ygdx%/d atﬁ gﬁ%‘%ﬁ%ﬂ | ngod%*}gxgggémln%%ﬁg%&m{‘wd‘zed
dhiols at eppiverimatebyrhighfer, cqsd en lnweacmixcemhoneﬁ mbe&édimeﬂl Ehiol component.

re includ
o Bty o P B odl B P ot B oot of reduced
redutathiopé andcefaﬂ_lmd(ghtttthmhs It basbebﬁi for@d tHahh fli® of Pddutdd glutathione to- -

e fro t-1:10 about - 1000:
%Qf@zeﬁ:gﬁ?er o é/f fg m ol ou !.:“Jlo(gglt t% @ tﬁ%"t‘% qnpd.tmp(tbxols) can
pfum:hen edpiaily sviolh, uAltEmﬂn\Iel}' mbﬂcbtbcr%%bbaﬁhét ﬂ%‘&@dhcﬂgﬁ/@xxdzfmon coupling

rab Contacting the preparation o
b R o7 b nioR of Exniitn S0 cyRimsizoamine. Thus, when

| mmmed ttols & Giohided $h the Erfite] P@dctﬁcﬁﬂoﬁdaﬁbﬁ@o?‘ﬂaé !réagé‘rl?ttgé ftio of

ncrease. the rel ative proportion of the
cBiF STl 5 g Il el B e adment e BB dOR b1 togbout
desn: 1 almreprermljaﬁidoagl 1 & aboBXSUBPY, Shill Ao é b 4
3004 40% 0%, 60 7% and even 8006 Bfﬁ g BJ“%“ 529‘/ about
even more preferably about 10:1.
Contactmg the preparation of recombmant protem w1th a ICdUCtIOH/OXIdatIOH.

coupling reagent is performed for a time sufficient to increase the relative proportion of the
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an undesired conformation is converted to protein wth
the desired conformation. Typical vyields that have

been achi eved with the methods of the invention range
from40 to 80% The .5 cont act_iﬁg_ may . be perforned by
providing the redox reagent. to the fernentation

medi umin which the protein is being generated. .

Al desirgtizonfoaingtiont ey relativiedndreadg) in praf@Sorik aéisﬂ'aME,incl:luding for -

. Py Py o e ; % |
P ol st ok 2 ot ok Sl 0% T emen gt the rotein with
> rananiidesirad Sonforfati 6101 cadleitBdtol - . R
or ot i;ﬁ“aa?’pﬁnhi‘?ut ot o B (TP defied G fdrfiition. Typical
be”ﬁ%&se %‘ﬁw? ReiHevse ¥ath dhe methodsof dhetinventiqn rangeefrom 40 to 80%. The
haedd cHBmRAL, QF B L ing.. _
o oAty TR cSmRALy PoTRdingine [oheR Bosfit MM Wicfiion medium in

I on, orage or

p{@ﬁg{@ti on, purjfica
t f BRSOt 1sPRiBE generated: i Adtpraatiyelycthe bontaching Gbesydate upon partial *

: . i i j.a. .-stationa h - .
o el Srihs R of Al g f i BR3P, Bl
arfBRbedigsnts dp¢ eontactingyis performed afierthe protdn lids beenshitid Som the HPLC

0 ' contact i _be f d
et et oy SARE SO St BRonRefeeStRmertormed a

EXBYrfirgesiugng prepareticanpurtfication; ktoruya bofpealbiich ofthe antibody.
refol ding processes may include size exclusion (SEC);
sol vent excHgrgetactinginmy beeisepsifhined withdpG phiitidied Attached to a

Ry o B AL VR, B BF 15 eppeprapd chaotopic
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?masmasgp aphof thawe)ile ghasez rl?.ald.a plrage c6ﬁt|£zﬂﬁi§ﬁﬂ@fb%%€bformed asa
: ized, | catalyst, such. as
i fch@&%@%&cﬁﬂ&?ﬁéﬂog P{)‘{Cg‘?‘ﬂ'g agalnﬁﬂ?_s&f entative chromatographic -
gre@pjémg PE{sessémaycinghlIdﬂ SiMIexclaﬁiGia SEQ); ioi?vegi dxcRdnigk M;ﬁ'iill% reversible. -
: asi | v .aut opat.ed usin conmercially
astgsl&l%gg? (éﬁ I}Olee%la‘? §§ I ve’ %%rm&’ %’8 é‘?tﬁrﬁfﬁ% catemaiagraphy (IC); |
r istooobiliaed metal effinityrchrofatop@plyIVier) repereade;magel_@ﬁ&?&s hy (RPC);
i et al.

i i i recent|y reviewed in ( S
S 3y e TBing W R 1 RS ol ot it flding
pgppmsl yThg:ronmogtWeioﬂtgjxg is etirapti eyt Aise s casify auéomated using

r - in, . .the contacting step can-_be
R B bl S BBl penbitt byt o hedpiimeson colummn of
hrgeamehinaahproteinsiponigeaisin atierobiaFoellows Sedeftl e PidtredHndRY Stal., 2004).
It has been found that a 25 contacting step of about 4 -
to about 1¥ thexontcing sdpasperidimeooh s puiaisoniBit]y puri¥eed preparation . -

' . n.al.so take ,place during anot her
SR LB BB 35 L Sl ot vgons o
ahgutditionrs, atdep ldng apsisdut 6 dairs @abolhedayelINRE D fouf®that a

i nvention can be, pecformed over. a wide tenperature _

Beting 3 ST bl B Sopi Fionthcabei 1 heurs potiatrcln Thessnetacting

seprasalscakeladel dpring ot sepltsush asifh 4 SNPBHAL bE @tﬁq\'l\r%rfﬂtgﬁng or
e

_'aboutgl 4%}.0 about. 37C, however the best results
AChP T e{f‘p\"?ﬁﬁ@ °n'tenpera_t ures. A typical tenperature

30

for contactin artially or fully purified.
prepar at i. gﬁ’ed’?etﬁ‘}dg 8¥ ‘S’é &‘b"ﬁ%ﬁ’%‘i@ bsperfermed p¥ertydide tempetapre

- abgut FaakarplgthemtthoddufithCiaPernbs ga\té%egr?;tfcpé'sgﬁﬁy %‘{ieq cr)']ui at

| ower t enger eg ures and at Qi gi{ger t enper at ur e.

Lagerang e rom 2 cglt EEntochomt 37 Meeverthasbastoreswdid weeg/achieved at lower
Raipebuygd Aﬂfypi%h}g&nperame 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 temperatures and at higher temperature,



pressure. Previously, high hydrostatic pressures (1000
- 2000 bar), conmbined with | ow; nondenaturing
concentrations of guani di ne hydrochl ori de bel ow 1M has

_been used to disaggregate (solypilize) and refold
- several denatured proteins produced by E-coli as 5
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_ C B&P&lé&@e‘éa@&e "It}éuntgﬂaéﬁbn%rfﬁﬁw% aqresgﬁrlé%s %F#‘t%r]l sg;'u@g el

i ncl usi on bodi es that included human growt h hornone
and | ysozymdl agditions itlineintamepiaed tBht thehabthodinapbe perRiREd at high

B o T -

o e A0 08 M

0

{ el B Py e prmecéeeqe» obas

bi lhclns(;:lm bxilhzsltllgdnomadeb hﬁkhg-!l Baos RP HPLC y?&’e and b-lactamase (St

Si gﬁ’i] ftial s lﬁg‘h %%0%{3@3 6*99@}90/&3(1g9tamasc was refolded at

R ofdcd e, lebent

h %ﬂg;gh; ; %gw?dlt i, ger? flgggf %@ﬁgb%se'aﬁ he study (Seefeldt et al,
otein,Sal Ilti 39- §§§}{ PRAI: Birefoldingirield Qﬁmemmaﬁameﬂllm'mueal protein

d ibikurfit dbin el wikhkigh pl'em ﬁle&ﬂﬂed%%g&ﬁ{%&rzog& é?sr\g%tiog) 'RP HPLC,

| eading to protein unfol
i ftearfisanthdrehes thap tee Wugwféﬁ%s(b)uRE-}HtLQ) Sbtsiod with tracitional guanidine

Sik ~ e of
9%??{(])%1?% ‘ghgtrl]onsrefol é ﬁ%gél ﬁg'ﬂién {x%ca% athééuyh&dr?%auc pressure.
IWFSHBFEPQRD of nter and mremmmlar mtem:mem;i leafling 6 POtein unfolding

ap the .

unf ol di'ng.- course, ~a Ccofb

 afftteragiian of qureensa@mhsommgm hus, it ﬁi:olnﬁmﬁ)m that in the metho&s of |
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| pRtARe i-on of reconbi nant: te in -
can be goo%ntmasf:et%; gf %ggc%% ﬁ;op I e TR A ‘?55111 or protein unfOIde N
cOfi grursega gembjoationiof highpressise wal dhEBtSopiSage e BIRP Fla b€ used in some

Foktafoegnpl €, the 20 nethods of the: invention have
been carri éd out successfully at the -anal ytical

1 aborat o y 96 hubtor Bk BEERALA IS SO S

m.- 10 {]) and manuf acturing-sca
t Frdughiep/asidation coppling raagent in wariaua volumes as apiprgbriatst Fenexampie the

babiodBrite. 1@%@%@5&9@ bﬁéﬁéaﬁ-néﬁ' otupsucces%l?x.g 3@ C%@l laboratory-scale -

certain. enbaodinents proteilns
A0l PreRTAL Yecsgale (502@Lr1@agem manufectiring eale (PO DOLESRY Thus,

I e ﬁeﬁx@%ﬁﬁﬁn%ﬁ%ﬁ% g&aﬁ;e%%u?m g@%ﬂ”@%ﬁﬁ%hao r0p| ¢ o

denaturants such or exa g §gale with
JepregycibilitgDs) | urea or guani d| um hydrochl ori de. _.
(GHC ). Significant anpbunts of chaotropic agents are -
needed to BiffERipembodimeastthp pmtdxmfmbdijc&gusmgrm&ﬁmmmn redox

uses, be . 1M and
bR RS bR PR S Dot i
tqq@atql;grés giich @s, fon(\jnxlamplkl\/togﬁm detieon sBiBate tsgs)ﬁghd & glﬂﬁdiuln” :
eOX| ive refolding 1s
DR Ol e CSRY’ STEBbsral dSosPl 5 ShaslPrsemys s Goned o obere
@eeptidienmitidide, ohhdomel edmooiineaa R BrdEtssifg ste RE between 0.1M and 2 M
%H?o%{’o&?t %nst 63.9 ces the sane or simla
anoun or i eﬁtseq tatﬂit}tﬁ 458 oh Q-4 MM lgP@t‘édlnft n
:hydrech]oncbnﬁodsmfeiﬂc%mbbdﬂﬁleﬂﬁma‘éﬁﬁlaﬁﬁerem}i\fﬁ BeRBAAn tep presence

: otraq 1-
N}apprommgcly l%rﬁ ane hydrochlonde or an amount of other chaotropic agent that

produces the same or similar amount of refolding as lM guanidine hydrochlonde In some

embodiments, the methods use between about 1.5 M and 0.5 M chaon'ope



The amount of chaotropic agent used is based on the

structural stability of the protein in the presence of
the said chaotrope. One needs to have enough chaotrope

_present to perturb the local tgrtiary structure.

" and/ or quartemary structure of domain interactions of
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the protein, but less than that required to fully
unf ol d sec or’i&halayxosztt oficiabtrepiOfgehigse iR vasddl tl"?e”s‘i'rlvt\xﬁﬁnal §tab1hty of the

vl du donai To..determ ne the point at I C
p:"b‘ij(ltnellnrlln \;ivllel B E":’S\'Br({l:‘r thesaig ﬁgﬂuﬁp% Raeds toygenough ChaOtmpe present to

dgeetrbrtiad joosl, temﬁlg' spu@Et Rt duﬁrt&xﬁ%y‘%ﬁ’ﬁctl#@ O g%r%dg%l E}xﬁ%ﬁ élons of the

cha QIPLE solution_ containing t

o) ﬁ? llqsa aa t regyired te Slymnle S@Qmmmr&:mﬂ the 'molecule and/or
diigdiviehA @ofiains! THREESRE h re

ot her. par arrea%n.esr st htat C ouglél(glgeiE uL‘l"[shzél :% tﬁ%f‘%"é‘% 10 unfold by

s Ieﬂ'ﬁi“l briym genatyration, pre practicest in thut art wouiﬂ tla'atp RehRitiopé 118 a solution

MRYntRifin &‘gﬁ@p,lo&'ﬁ{ t.,r o nmper.at ur e .an .
pressuré are ?n 3%19“&{ i b|3'ar %l"“ﬁ‘ﬂ@r chroism or .
b 8upresnenss asxrgﬂd)sed to alter the structure of "a

protein and . aybe used in place of a chaotropic'
agent whi | e%mra@then@rmqtm that mixdxkbeagemto unfdlé or slightly perturb the

ht has b :
CRSTR e AR PR AR L BRI It b ramee we

bévm@@@nwtaé@mmammdn pn&viobﬂy a.feﬁ tb and@mu@ttm%fa protein -

| hed
F%ﬁgﬁ@% lf‘seﬁl &@}%ccﬂoga ; a%H-gpxS ]ageélg ’W?lrl] %}cﬁggwgg P%quog IExgeent. The
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eb@é[?ﬂi‘l’l‘é contermplatedhat i opetondtetahdt tias et Bhdwidto [deRH&R br pétthrb a protem

F)(;I %ltb Socgoncentra ﬁl reduced throough a
pur| él cation s g TFPYF Bictiged in,the 38 ip plagh ‘tfa?lqh9°“°P1° agent

f h I
et ! s &l S50 LS L SN, ot
ot dior peample the qeﬁ@uoybbﬂaﬁoh&os}ﬂingtreagent(c@m bélfeﬁioﬂgd M8 '
gh

A L B e
fﬁr&amj@m tb@MquHTﬁpxcﬂanwhai thy reﬁbﬂgﬁ: ip hltlén%hedméﬁ@ﬁjcanon, the
Cﬂg{n %%%Qgpaﬁgr%ﬁ rglcrillhctxo ﬁcg qogplglegi rgégrgntnvlvlrlllgbe brought down
drelsonH 7 dnissomp ealbo@mnlﬁtoﬁmle mliroﬁéhtao BelOW gHIS. | Gen@rally, the pHis
%dﬂcwt%be ngﬁ 19813192 ? Fogl[tpgy of a variety of - .

anal ytica qual i & t echni ques. If there is

a differen V] t ween the confornations of
the 25 pr otﬁglle#]n%%g:u%aercr%mrépﬁ%’%nr? 2 PLY'EIR; ap8 thiTsl3HY e prgpertins of a

&orformatiomef a pretéimint dveixmire tcar e dud ubﬁg dﬁ)ﬁ@f %ew afdiytical ‘and/or

di
| glgz%l;f}&nge :{éc i’xéxg?és\sl ﬁ{ ths: 6.930‘?‘8%"8%‘1 in getﬁnyl Vvem g{eé:oyformanons of the

Brmlmgﬁctyamnmgtﬂwrdajnveﬁrgbdﬁﬁo@ 604 @tirﬂforﬁiaﬁ&hb&%'é ﬁg@&‘m YR done by -
I ng ass can be used i n
5’ gﬁg}a”‘}? g’é?’s@" {égﬁ »Q’g‘r& ? é$§@dﬁ/ SRZYHBHE vty lhwlp@p&gcnwty.

* ef.)pBidliazical adtfvity bethe ‘pﬂ)teﬁ@ mfs@édma bOER4S R&%Xﬁvely, é}& bmdmg assays
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| fﬂ‘ erent | ﬁvg_‘ a ar ation techni ques such
Y SHETS ‘%ﬂ © aftauy WH@F%@ RS activity paity/mg Oﬁpromrher
pu”flcatl&?ﬁlﬁ echnlﬂ_nla then the relative proportion
of a conf S Fonft h‘éﬂsrfﬁsﬁ\@rdeﬁ@amlmbmaemammeobchmques such

arsdhfin80 [ &phiy el dtloB Rdres) filtdr &gy 'oﬂ&é?g?nﬂ:c%{lor?égtﬂp ue’ thﬁli the relative

| east. t di fferent conforrmt| ons e . reconbl ha
]Prﬁ@re%q) copﬁ)zmanon n the m1xture can be determined usmg such purification

techniques. For example, at .least two different conformations of the recombinant IgG could .



be resol ved by way of hydrophobic interaction
chr omat ography. Further, since far-U G rcular
Di chroi sm has been used to estimte. secondary
structure conposition of protelgg (Perczel et
al.,.1991, Protein Engrg. 4:669-67. such a
technlque can determ ne whet her alternat|ve

cdmrosqimumbomycofhsairmome iMeratRo 1P EIgS AR praptlyl Ménﬁh&%-uv
e(gculagzbe e quetermneSConformalonls -
S @Bésc SRR 1R CSfimaten secandanestaissrespaposition of proteins -

' as(Eexrcteﬂ ienal., 99D PR TE Y, O: 66‘9967@530&%11 5 cfuﬁ@le' e )ietexmme whether
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SEemplmEe

ﬂS}UCt ure ag)3| %nabl e to.tryptophan a
Byssoaermeans pf 3 el ﬁﬁ@@sﬁhtatswamtb&! tfu:hmdud: used to determine

d%ammmncis NEERBIE SpecBost85Y W daf Be gméb,éedgﬁgge%ghe

rel atlve roportions 'of a confornmati on
E@(J‘E‘ Hersppes dertippstrustune awignatilé foaryptvpha and tyrosine .

S GRYdRd |
e U R bl U AL €08 e 4 reences i panformation and,
c ames thpeel Eﬁﬂemrqrpn@ns ofie woftemeatibndirekis: SRSﬁrm&gﬁe laPeregation

d t
dgag{:sf ?gﬁ{etﬁ%ﬂ S er aléx{l’?%uéy%%? | g.geéﬁ%mwm?wﬁ m's) and component

pepthalpies, anBghdotrepe wfoldihg.s i’ sirengmbd dimemPdbberibay ﬁ{ &dil ¢ herein below
s one ih a mxture
S e A B 0B TRty o e,
conponents. ]9% ggerngl..%gfagnrél lgg}gf ormatiagns of a. rot ein.

can be achi Uusi ng a ‘F ﬁeﬂ?'@lt‘ﬁ’éa 3ttieast one component
t Emaimixtere awap frem ptheatenmuertts O FIGHRRN Hs%latxﬁg? 6 $UnAks ¥r particular -

o DB SO o e R e stion et st

negpatatewutie cbm}mnbiitC Advyrilinply, @pathh ﬁerfd?ﬁ rng.{rl]?lg %fé@ﬁg%ﬁmphy steps in
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ptlesiephbepss, atecoelytion (sordurrid fosising)f £14/phdse sephibh @)g., PEG-dextran
Qﬁs eﬁg"l“h&p f t he argﬁar atF%cﬁn of. - reconbi nant
OATEIR o I pAfipr, the fracfien of faeereparation of
wuﬁmbmmt iponteins that doetatnis ﬁ&t;ﬁdtem ingRd ﬁhd'eiiretcl Iasnfaﬁmgﬂ SafPle treated
t&og%ﬂ ent tﬁo . %& furtther 0 m ze the S O
S NGA RO RE e InysRh R a%qmgweahe yigHeof mytsin wighthe -
adesmedmmfmaﬂldny enconpasses further fornul ating the '

proteins. 25 By.the term"formulating” is neant that

the prot ei Mhe xentior a.hblf)f)tecfna.ﬂ thkﬂi%&ﬁ%es fltBEr thinfifting the proteins
for a final user. Igor S

- bé“ %’83 k@‘%‘“{“ﬁ&‘% ﬁé&%ﬂp gﬁt g%ﬁ’é“?’@? A#n beduler sxehanged, sterilized,

fmnkrpamsnw&qtaclaagé@fmlmm @8 | Forf ﬁ&,%ses% m@%ﬁ%ﬂ%&é#ﬂﬁm

free obi al ntam nation (to such an ex
aSerile bé‘@‘c‘g]m‘ Q’BF‘E‘S fhat %é@ﬂlaﬁ%rscﬁeed‘mﬁgsepmlbd@ssqf migrodial
icontaiinatieh (10 esth @R ERefiak R caishiE ?@o@taﬁ% &i—ggpﬂg,gses)e bl s of

erjle uniit dose fornm' neans a ormt
é%b gtignygndicpeceatiationnthe tanm/ Sii:nlp ait dost form" means a form that

aﬂﬂiﬁép‘i{afeqﬁf 88 1ffonf? Bboiation a }angg ?p coﬁlsutn!?pgx . S84

conpri se an effectlve anount o
COMBPILANS 670 sompRsOirhaifecti veoamame of the pmodm &S cdinbination with other

| d/ o
- RboRh AR AAERIAY ol et BtS T s Sient. The tem

nehetrsacguicatly a@zpteblﬂhnm alnophatic gaesalthit doemt frlfdérfere with the
wth the



-43- effectiveness of the biological activity of the
active ingredient(s). Fornulations suitable for

adm ni stration include agueous and non-aqueous sterile
i njection solutions which may..q3.contain

" -anti-oxidants, buffers, bacteriostats and sol utes

10

'V\hiﬂ%h,render the fornmulation isotonic wth the bl ood'
of®

fHyepsse Phihe htolozgabiactiyine ofthe astive rgredient{slo Fommtletiéds @uitable for
S WERE1ISH065 indhhd Wale) ndi agents or
t hi ck_eniar_lg g]gentggwéﬁs agg lé' PI? %@%?usi#%ﬁﬁnéecﬁ%q ?%%Pﬁ%’gﬁh&‘ay” -
s CRRtpp@ntigidants,uffsrseptedosiatami shsesmdHichoendee e fofnnd4tion isotonic
( [yan . m Gl to appr,oximately 10 -.m\V) of a_.
IO 8 e rebipEof B0 oo AR B Adteuseere suSpensions which may
gineluslelsiprreding agsnision thickehing hgentsh dn aditionDaeyiE 885 5% 28 sterile
fg&%&ﬁ?‘ %&%or %i n 1to known t hods used _tgw?repare.
phar maceut? car ry GPReERTRYGR (9RPE&matqly d ymigroM to approximately 10
beMoftaradbatibuior ditlonctiigling gt (. 85 lbbich] Buithedib b Vphe .
ngct,leri l. of pngqh o{ahegr kqgﬁ%gn active naterial’s sultable -
f rY%ePEFvecﬁn h ey feg Recariipg to knewn methods nedto prepare . . - ..
aplespheebtiligiubdfeofpbaitiths: THEY éaibe comibingd fGimiAGE! 8hS: as the so

so| ut’i ons), preservg%nllves’ c

anq]. Qho hat-e .huf fered ; PLE
( &y AL e A ther uoryy FotF mattaiels spisbistfone piven indication, with
ephisfadeiridally aceptable dig@hs(e. ¢, 38 indV AL B R Pge’tzﬁé ahd Ha{;sg@e buffered -

Sui table formul ations for pharmaceuti cal conrpos

i Y498, PreEsrEEEveRds &p thimerossl, tranylnipobl; parddkes) nemesifiersablubilizers;

ositrons

- Sedjease Snd/aﬁiai‘he@ﬁ -Sulkie forh%gﬁo%’i?é gl‘gap&l%u&c%l c%oézggoas%ﬁ .ix':ch.xde
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aston;' Pa, I n additiron™, “suc

. P
-.c‘gﬁsﬁldé%‘&‘?ﬂ/\FﬁFW%%Pmﬁ@mgl §eigices, PEIB)ed, 1880aMatloPublishing

a0ty FYRLY 8 fdidont & onpounds such as
oy IIBAPR B Rl ol Eonkellfie T B el it Byetnytene
cfdyo} EiEG)eipetal iopsy émdﬁ@rionmmcaatedhﬁmmmérimmﬁﬁ?ﬁqc}s suchI as polyacetic
Mecid $olie A&id, [ lefc@ ilamellar .
e ot RSk LR

| g&xpd{:g@pi%ﬁlﬁlef @mlm%bs ormhltijagyelien wesicles, Tﬁhﬂwﬂg ghosts or .

kedBlistd. | FukthEd 1i 5 ri: de. i gl.ycer.i des, .

%I' fatides, | é@o g%:fotgﬁf)ﬁgag%ﬁ%gﬁlg*‘&pﬂﬁ%}géjeg’é%g?ﬁlﬁm Pre -
?Peqnegll,ys%ﬂas, dig ?F‘fl%eﬁme@ﬁdW%ﬂlﬂ@hinoﬁh@l}Dﬂipjdb,Mﬁ@ﬂm Ibile acids, and
Ry iRe| PhdpBfABon Sf K 1} i the 141 L '
as . dis ce:pt)s ed, f_.gg%ﬁ- E@(ﬁ«%@g&ﬁ%@& ‘%gm .lhﬁks‘?ve} °,fe sillin'the art, as
Hisglgsedpior exagipdy, ipHS. PpjoNo44,BI5187220;S. PatSNoR5501,M8; U.S. Pat. No. .
4 8@3,629,%%& N B UNS- 137..323. .Such . :
c:)ngo_si ti 'Q%J?q?\nmﬁq?i ‘h?%?ézr? ggu%hﬁgmﬁ R é‘l’%é‘f’ﬁé’%{;’f’@?e the physical state,
SeIRbility staBjlityeratetsifiin viyo relcuse and rateofin vivo cRARAEE and@dd thus chosen

: i sMd d are thus chosen 25 . . o
aSoRufY okt oS BRARE So B0 fhe B Fpd st e SRS g il depend o
rarlgeteroutstof sdminfstratien. Sastained-reWatd foflRNRNELIO For vkdBiclude, but are

PY=Yo} - y mnistratiqn. Sustained-rel ease .
e it b pBHbErALs ANRL kb bed Ty  slomhacissabying Pisparastivl
pdymenfsychep thecbginatdwatcrapasichis @aRsibb@in S i Pht No. 6 035,9'7§)'h5dmixedf .
e

S kot e e REEREarmbeg bulrosel, m0 oparcasedon s

6ip OB a8 718 semiabitnadikt impldnt.h -.such a pol ymer (i ncl udi ng
topically applied hydrogels), and or encased in a 30

- bi oconpat iThe methedd offikd prestht Bivédiieh aftusefh or %ta!ﬁglglsc‘is 8{
SIrs or

the .pre i nyention are useful for the analy
rre%o%!ﬁﬁni@z:{ (e1gg Xg(?tl _ g,.IgE@ or IgQﬁ}z),rotplgg@pd are payj@tlarly useful for
pralykie oNsuch Bigh nﬁwﬂé&uﬁﬁﬁvﬁﬂgﬁ&ﬂr@fe{n& 4HEhbhodhre also useful for the analysis



anal ysi s of such high nol ecul ar wei ght proteins. The
nmet hods are al so useful for the analysis. -44- of
protei n mononmers of high nol ecul ar wei ght and protein
heteromul tinmers, e.g., antibodigs. It is contenplated

" . that these proteins will contain post-translational

10

nodi fications, such as oligosaccharide noieties and
t Hef Protgia mqnﬁmg{s@é high enoderbladiveight md pirdtein metemmauﬂém lel28 antibodies.

r ed.for .the anal
.gnlf@?s%gé Ye% ét%&&gﬁ)gtem S Fontai npﬂstmsléggﬁlﬁpghﬁqaﬁgn%suchas

nmﬁxngMHée mmﬁes‘ aond th&]lﬂcea ﬂlﬂ&pﬁ&lﬁ‘é efifbodifRhS) tRSmBRYAIT ﬂ?e present
90kDa, _incl.uding intact

T e VELAXOh 1 B o hogies sa oty Goremina iy o cxample, the
nohethadsare wsed gmhegme@hebfpr&laﬁye n8gk molctculhlswéxght??ﬁter than 90kDa,

undg oogﬁ{t é{he nol ecul ar weight 1 s calcu
‘d‘?‘% OdEY anX%lETiaRRIetein RiruFtEe haviog amtedeckhapwaight greater
pQBd:rSlOkDELS ttad loweahddRebd thatdhd ﬂgﬁcﬁ&r \uﬂ@ut Rd ﬁc‘ﬁ%]?ed bas% on amino

car drate di fication. The ne are ap
cRE éE UERTe, 2P W@“@Sl%ﬁt@ﬂ?&?trft?@SlmDr@bmpd)ﬁcannmf the protein; e.g.,

leadym@eate SioBfiati 0x]
the pr ot é? ns, ST UC F‘l}} l? Eemesé%?a eh%f%pagtep?e?' i‘g“accgande
diceRIPesItipm, %IF%V%% diress or myHimer fametiod arel exidation éﬁtbdﬁrotems structural
Wiy bl 06 t he neth
of the i nv%lﬁf%{&gﬁdlglrlﬁedéu%gg g ana?%’ ewﬁﬂ“i:? }d&vﬁ'ﬁ%& protein.
anti body fragsRe zed

Eﬁbodﬂﬁ%@ %Eg(}%lxgth & o*ﬁ’he% ﬁon freu 6%‘&&???13’29 |

conprl se an intact' anti'b conpri sing

- affibodiss miantiberyi frrgmentst é’hfnmpl@toyze mﬂgzademdyaﬂmpﬁée dofifitact”
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1 BntibR¥ PEnh ’ .
a. portfon ﬁcﬁ mgr?ﬁgﬁ{ﬁp %}?ﬂ%b’g ﬁ%s 0gﬁér ex WB\ [éveg%%eme'-{md“’fthe
FEveRivaiare eplexd tomahat estruttive dfalportionef mSannbbdy $uch as for

TN l . he .ethods .0
| nver?ﬁgg?cveé nﬁgme%gglé?&ﬁ%g?}rﬁ?ﬁ%b é\na ySi slsg?mf‘ﬂért]y contemplated that

p§h5 dsthods offtheymvention will bavsefid in the aaaiysmbﬁathé pratiidtdsfhrtial cleavage

S A B B R i

Wi YRical preteglysis (’j!flfJ 1hp pgﬁ:z'yxn@wah g)e uspapai cmzyxhy €. phait, Q%Ewprotease '
2&' PRpsiPRR3HE cfeQV E 6t fle GhiBY yﬁgﬁh Ofu.nt g lgeglg)nte A?t%? i)f,ra]ed:y:avage

hi nge redi.on. ernat vel Pe
AEEFTORIP YT @g@m agept noectlmceﬂt ldsutﬁde lbloﬁdsdhat leomast thé ko chams of an
(ataty trhaﬁrt‘éﬁ ant i.body structure.  Such
r edugdt:yltson 3 %}F{'ﬂéghl eved ugla%}"eved Z81gt ﬂi“@)‘?ﬁfeé bol

t Wzgmeg@pﬁzamgggligmﬁh EthMSZpdh mmyetri?ﬂgbhdosphmlg hydrochloride. For a
bR ueaphRa e RIRARNLAE, ydrochl or de. For 2 |
revi ew of -anal y Juibss FHERF 198 of antpoligs and
tfragmente ﬁmm’ |thm:e of skalh trie Inefetreisto d6€ic ngl If,lhﬁJM BRYdS foré’uﬂﬁcatlon of
t ed to Josic and Lim
l@ﬁﬁgﬁgs \(:5 ur i l §'8 eF}bﬂff?ég (gﬁ}?-%%@@% 1) Food Technol
Bi ot echnol 5,226 I n exeml ar
enbodi nent . §?Xﬂéﬁfy er??]qogléneﬁpgﬁ’é 8‘1"%’?9 Q“?t?héf‘trgg‘ﬁ %e@ using
@ndtwptnﬁln@ls hys€ frorsa ﬁmfgé egl (}Sto TG_?_ ﬁﬂﬂutgf; at]a(btﬁ fnflof M. AH4leeS The
r apge 0 he digestion is

egr’:% ﬁ‘gﬁt‘h%’g Aepetiraiongh3 &5C ‘svlag:amaﬁ eReymsiPaQtein ratio of

é A9 nThip pﬂid&cte@ alféy ﬂz@g@ﬁ’agﬁﬁnﬂs ofald anil;béd-:y WiERALGRS. @llpfpﬁl\g of the

.Iar r.a nts of the _ antibody w thout undue
%ﬂi -hlf lﬁggﬁ’éme(ﬂy Bt Fpductsasethen gihjeatedso RPEBPLEMS methods

ﬂés@ﬂ%&l’(h‘&reﬂ'{ @&ﬁ%sﬁiﬁ@c@ ?J}cﬁ&)]}s‘?s Fip ngﬁlXBng% s hmgc region of

an IgG1 were generated. These methods allowed the detection of a +16Da increasé in the
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descri bed herein. Using this [imted proteolysis Fab
and Fc fragnments at the hinge region of an IgG were
generated. These nmethods all owed the detection of a

+16Da i ncrease in the -45- mass45)f the fragnents due

.to an oxidation of a nethionine residue and the

detection of a +2 Da increase due to inconplete
di Basstaf ghe frgments dreratan @mdaﬁ'dfmofmahdfth)dﬁm@femtlh@aﬂdmdemétédﬁﬁn ofa+2
naﬁapﬁr&ee(ﬂl ttQu{% Xé% Sﬂ@ldal e%(p teins, fusion

proteins, humani ze q?tﬁ’é‘rl c antibodies,

human ant i begj.es, &% %e%odl and.the -
like. In one exarrp e enmv oﬂ(%%' 83 é?%%ﬁlﬁsna%opr?fams f“S1°n
arprpiging, lmmyanizad tatibodiys, oliinerit amghoaie, }hhﬁﬁﬁxﬁ*fbo&ié@tsxﬂ&)’chmn

be ] Da, 50k 55kDa, 60kDa, 65KDa,

coatbadfs %K" e F methofls cang! sebﬁﬁsed o abalyze any

e rentiblodyeortasiragtrient therédfidne yiay beasiafalnRe Kba! H315a, 60kDa,
In ot her enboa’ ment s,

a ap_regi on.
oéeswgnios'ﬁ%d hgﬁﬁ g@%%ﬁ% greatesn In soms prbodimgitssthe antibody
gﬂmﬂeabﬁt@l d&}/RBJI-mm&nﬁﬁs Eﬁﬁxtﬁ?l’ﬁlﬁgg@ﬂ {othe? Emb diments, the
antlg)od Anal ogqusly,. the nethods e I nvention
peadped s %&@P‘g)z@gtqﬂegewated b}gcleavagﬁf ofahe Fc region of the
anbiibuagy ABSREHRIE the nf tb'ag
errbo%t?ﬁent S, gt hgeagt |eg{§gigmg§v%gy%na yz &%Q@&i an%lgze the Fe
afeEioR ofan apkibedy gepsmatechfiora sush clenvagen timenecifia bmbe@urmts the antibody -
adding iafdlyied @
t o- a%al y#e aorp??ﬁeg ?Igﬁéagi;v?p% ﬂlégoh 3}{ gﬁhgg{; ig{agt lyaliié' SRR Igyaddition the
afethodsiaf the &Yﬁ?tlonﬁéﬁp-tsp‘ﬂ@@nab'ZGE preotein hmlpzismg anantibody Fc region and
PLadis antib
b R e e o B o B i s il gt gitoody with
t Addipenalpeptidespitashed theratmy be used to anal yze
reconbi nant__ anti bodi es. Reconbi nant anti bodi es can
ei ther contHiemeipdref Bereesmt drveniinn rarhieaised wanslyze recombinant
d aioBies. | Reddfbld SHtaift
anal vzed usi N aﬁ%gt?ogééélﬁ%ﬁ l|’=}l\r|?\f/e:<k§§t | ongt'i t:%_g':fused a‘@?ﬁ"’m anFe
%;-PVBH RegfculanmyiBnlent antihodics map hb anriyzed mg the gyesérit k[ﬁ/enuon
Ak asddimefeid Ball v-kz,wg
t han, one epit ot|11)‘§q)€rﬁ't ﬂidg‘r)@‘gsx a lc&g%’ﬂ%g%%t% % Veke! Ieef'l’\?%%‘at contain
pPiBtiag demaipshtor e then @@@Pé@q Fonbrantpla m@mntthmdeﬁahl proteins
Cii’aal
uBe ﬁh@&crﬂ@seiﬂ Jmedg aLQDJa 93.\9 %ﬁdegr? fuse e('l’)mdé%g cg)irgms e.g.,

-scFv ‘bi bodi es or tr| €Se no
u@’é‘?ﬁv Vi hibesdisson fribodiene These mqleqndﬁmrmnﬁxl intsrpahaté weight

n N o
g:ég%rg%% 515%{3?% aglﬂ‘técgﬁ’és t%ag tﬁB ?b%ggdwm%_an d‘f?ﬁrf %goducmg antibodies
dhatderkdbebudonpinis adantageoys besmpcthe pfesamebf chl9dBAn®A an

t le tends to -
i AL L DS b

b'yolpm@q '@cprpwgmgtlt froro membblidm iri thetiver ahd Canl dlsoRkosalitk GBE cells via

. h I h
Sk AACBEABSL A P DR 2 B SR Dy

30

dfipgecing oﬂummme eﬁ’yabredasllc THvs] @@tain MGbety rkifkel BRrBEARShAbcules lack
%f;cd u];% 1{%@1 anti body rel ated therapeutic
eculEEh | HEre© ip Sheshale Avarpiof Bstheds @lspglpeqrrsuqmnbody-

aeltted rolculas. @dafexmm@%zﬂbmaaﬂﬂinm%és AMEHE 08B A¥m3
exa , reconbi’nant anti Olall es

ed
r‘fﬁ?g txqﬂr%l&ﬁtﬁggsﬁm\ﬁpgmldmg locks (such as Fc, (Fab'")2, Fab, scFv, dJabody)

with heterodimerizing motifs in order to efficiently create multispecific antibodies; =~



conbi nation of anti body derived buil ding bl ocks (such
as Fc, (Fab')2, Fab, scFv, diabody) wth

het erodi meri zing notifs in order to efficiently create
mul ti specific antibodies. -46- Fe nmet hods of the
invention are particularly useful in determning the
integrity of an antibody and in particular a

t her apeuti c Ehﬁmhwoffﬁbﬁxvaﬂﬁdnkh@éigod&lﬁﬁﬁﬁéﬁt fﬁ%ete@rﬂﬂmﬁ the’

anal d usin e RP HPLCJI\/S met s descri bed he S
P BEEY of Y b A R Ian s S eeaomaRND] oagnibody is separated

-d emmwatms@mM&Rpa{PLﬂmmﬁéM%eQﬁﬁéd Heléd uﬂ&ﬁ&'t@ determine the

aIIowtho{sﬁn]g Iled 5 in the art to assess.
pr BS#HERO t @admlmytsc Fbeunsthedsxdesatibed berein allow those slcnlled

5 degythélat | tcPe{}sesE’ ﬁx%%?ég&ﬁc 0 %§' Sty cl%f%e A 1fc|tso Heamxdatlon, presence

N-t erm nal oglutam c acid’ or SCY
di efigxidagen Bb atiopfof Nrterminalipyrogiutariiic esid or scrambling of disulfide bonds
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ardimirgshythe Sﬂ'&t@lﬂdeﬂhydsoﬂ&ﬁnnmtodgt ed in the exanples
herei n bel ow show the i nproved 10 chromat ographic '
separat i on ‘did methods drtrr@nattﬂtenzmltm emmpb;b heraﬁaﬁwwnewttse lmproved

8‘; g%tga@# ée%egtja?]o u t | : IZ:S gecﬂlra.rg a%qr?%%&t%g&parmaceuuca]

p reatibediesranditissir depraddtion peddacts C Apakkhod fmlmeas High P&olES:S high :
}ﬁt@ t}g&%%eterc béa gant s .of _an.anti bod t hat ) |
oNB Am e ZEFHC PLRFIHEDg mesy difgense; Hté’e‘o"?'f‘ﬂ}?a‘)anants of .-

0 ran@nebcgiurghat differ by yne dpéingacid gaidae (d)@,eglﬁ %a} of Bfe sugar moiety -
ou

28 BERSIS? Do el BARSHRTAS assistishould be a eas 3000 for

maltgpicd dgG antibglly with mbidRRwei B TBEED. CHelndsh Qa@ol'uﬁon is calcu]ated
calculated as: Resolution = MNWtMN = 15CkDa/5

3650 In certain enbodi rrents the met hods of - the

present i nv ar change . in |

mass of an gﬁ%o?l%gdy or pr te| %ﬁgﬁ)é’a'tgq%ot han 100kDa

bef ore. and a mass differe

of 16 Da. égluégdggglg& rrﬁgesrge#l oqflﬁltei pJFF"‘B’f’“T@“S’E)B"e able to detec‘
f dre changetiy pqag%qf aanlltlbbd}dyr protein Gf@dfmdshaﬂfl ODlhBa bd’fM@ Rhd Ofer

ar, exa | es -
R P s AR B Lo B R 3 e rsigion of 10,000 fora
déypinabantiyody. STivenedimido df tire itventirh dré)furthér iU etiatedhin tHetexamples below.

shoul d be appreciated by those of skill in the art
that the techniques discl oﬁﬂ&Mﬂ’LESS t he exan‘pl es

whi ch foll cove hi
i nventors ?%M ef ﬁgmc“tg?%%ﬁ? c?edqo gg{’?‘@%“%ﬁ"%ﬁ 8m§°dlmmts of the
i Imyentionolh shoatddberapprscigtad bip ﬁlose)mﬁskdlemaﬂe drothanihe technifs disclosed in
p ractic t hose -
CHSLEEIE TUEBILD o BOTEL B A s SE8p i et
dingb¢ practice ofthaprpnemmnamﬁl thitsadan msaaynsedmgs aoxls‘saﬁnégﬁ féﬁ'@@modes for
S{Es é &c%?-goﬁ]eﬁ'gr ﬁe 0 glﬂjﬁeslfq g agtrs P Al ggxl %ﬁ%%;rgsem dlsclosure,
danpwcialta”tgatfmanmchztdg&s @AibE madafothe G}Qﬁﬁic‘&nﬂohﬁne%& which are d1scIosed

i nve
and sﬂl ogtam a like or similar result without departing from the spmt and scope of the

invention.

U.S. Provisional Application No. 60/621,295 (incorporated herein By C

reference) provides a disclosure of refolding of an IgG2 molecule in the presence of
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U. S. Provisional Application No. 60/621, 295
(incorporated herein by reference) provides a
di scl osure of refolding of an g& nolecule in the

~presence of -47- reduction/ oxig?gi_'on agents, and

optionally, chaotropic agents. The biological activity
of such a refolded Ig& was six tine higher than the

| gedugtion/oxidetondgeits und eptidnaly, chabgo ts 21Kk bivRS ivi
- U DE 884469 Was L EES, jizaer Than | o b WBiga ativity of such
th ate?ﬁfsdqgee nopre pareélég}\%l &‘ﬁ'&)h’ﬁ Tgfgkied withous g shaotropic agent and
ageatigret to orotineschighef tladl 1462 Bilk tAGHIW R L hik Lng.
to ftrF'c%xaf or.e nt({ one? % applicati .on(fvyusi hggk_bteﬁg%g‘w%mwtmeuse
reto . edergEe, Pretioae ql 18&°§8'§§r<_51e@- tAscetding Yesthe aforemapéoned |
ii@ggﬁ‘éﬁ’ e oo oLl b, Bl B B HeRhpe dose of
prBY &892 Phil§t U1BE JravemRynt of prptsia cSuch abeductiari inald gverall amount of -

f itNAR id 1 ' b '
?5&3‘?“%‘5&%’?@?@23 B B R L REOL R ophoc e advantageons
d °PRPES EdueiRg the amawnt phsuchialprotéin. thatiomlsydelivere® fomib&Bnal will be likely
I ¥ . del i ver e .g., b

26 pro@iiceAbss dEYELRBrsk Fe@gédn%éffgl%?xﬁf:r%g IE.\é:,e gﬁ gm% 3 ous orysubcutaneous
f WEGRPNg Exanpl es provide exenpl ary embodi nents for-
achi eving. _advant ageous refol ding of reconbinant |gG
mol ecul es. EXApiivng ExamplecproviderxafplRyleaibodinns for achieving
Pa@¥RtaBsoud Perbiainglod| Jel I ns produced in E. coll.
Advancgs in ref glodfé%%ng‘%a%rlg{}%%gmﬂﬁr'oduced in E. coli
were recently reviewed by Eggﬁlm d coworkers (Lilie,
et al., 1998; . Rudol ph and LIlTe€, l"3189_6). The aut hors
poi nted that prot ei Biscussitinnf Refoldi of Profems - NnoSt
conplicated nmechanismin the machinery of the protein :
Er oduct i on Reflding gEprofrins Aroduced dmd toldNSdvaRGR e fililing of proteins
t%?if‘iﬂ?ﬁ*ﬁ%‘?ﬁ?%@‘?%"nﬁﬁ A RS o P i et al, 1008,
et ‘ﬁphpﬁﬂétlélﬂ%.w%?rh@her thnrs pejntediitisat pfoitahe fldiingls o6 oMEmost
Ofontp)iRatpd SB¢HAABm in H36n ) enhance cor.rection of
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refpigine teabnigle ve dose of the | g&®, whilst using |ess
anmount of. rot&é Such a reduction_in the overall
anount of refoldrd1eG2sit yall Be gossidlge delivesy alarger effective dose

¥ Ble 9932} &‘}ﬁl‘ét lﬁfrfgqgs‘s laMBuit S PRI Yhchla rPRucALY A& M Pamount of

protein that is needed to produée a biologically effective response will be advantageous

" bécause reducing the amount of such a protein that must delivered to an animal will be likely

to produce less of an adverse reaction when delivered e, g., by intravenous or subcutaneous

injection. The methods of the present invention advantageously allow the production of
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30 because reducing the anpbunt of such a protein that

must delivered to an aninmal will be likely to produce
| ess of an adverse reaction when delivered e.g., by
i ntravenous or subcutaneous i ction. The net hods of

the present invention advantageously allow the
production of -53- honobgeneous preparations of |1gQ&2,

whhaspgaResus nrermnt}onts aﬁkg'ﬁzawmleﬁreﬁﬁ ﬁagyrtmadl d %yfegfed modality of

a ceuticals ared*to | g ecause :
t %lrug Pror egﬁf afgj 2 F?‘kpaa%%iﬂocgﬁée&a“%ﬂi% Bmoreelkarisk aSSOClated
conmlheimtﬁd -doinpitinegt-Bigdingy hdivitP bt IptiFles RSmpAEPRTEE2 ¢ O

lg&.' While the exenplary protocols using the redox :

agent s di scU¥iiedhdxemplaty @otoedls udtnPhe kddof dgiseIRhAel Hbve treat a

nmbi t , t t
C PR EER B ain af g'gmﬁ?tb'ome%etﬂ ko inpaptomedhabelgG2 may
r dd@roducaliplthe e}l T ¥ch r%&%@bﬁhﬂg@?ﬂ&ﬁ?%@k\f%ﬁé geagﬂ%s are added

add&g to tth %‘gﬁdla of  the cell” cultures In

pri® Esimpdiaof the el caliuresin twhichethe protejn nstprmluc@dmmgeﬂy,ahe redox

C aedi€cantbe Qddeal dref pupidicitl ﬂﬁ-ﬁﬁ[ '

algt he‘; while the exarrpolhgfsumr‘)a %s erg\}hgele exmnp]estv‘ded

o iPFRe ase) dizestesio an sxamiratipe pf hﬁnerm::emogﬁgsnnylsmbntbgaated that the

| imdtifods BRAY SERIIRHE [ea

adapt ed a%d usg s %@g%ﬁéllr}g%?)og I‘era?lggl?gﬂﬁi’f%m?ﬂ}ffx“ﬁrg“s post- . .
tr@asiajioasl refelding atnﬂ aﬁsb@themeﬂme}f duiedo p@sdﬁﬁdoﬁﬁiﬂlﬁud&nd that are

hgﬁ,@ﬁ&gqggé of. .disul fi de bon

are: amenab ra%ﬁﬁﬂées:% ?awﬁ%ﬁ?@é&? vd be “n%'ﬁ%g?j"esgﬁ‘i‘gb'éﬁeg‘“ for the

hEfogpetioney other IgGp surhas foy emnﬁlullgﬁa and 1pG4 Aatbslicstviiaeh Ay exhibit

oLbeh gng@ such as for exanple, 1g& and | g4

antlbodles whi ch- may exhibit heterogeneity... 715

EXAMPLE 4. Further Studi esgp WF scovery and

Characterizai on of Confornmatio Sof ornms of Human

Nbﬁb'éh%rrﬁd?dlpgwthmﬂwqgm@sd [ihanactetizriapef ComrfontisticdalBoforms of

produced in m _croblha,bll 25 NbS CP""E’??F%QO%Fgéd and-

accunul-ate as .inso e I nclusro odies), o protein

must be subgegd .chapt r
agents under reg&g‘{ | 1(1)%’%%:%9? roﬁﬁéé&%gn%gbml 6t @&’d@lﬁfom and-

I On con I ons
t chgrgvlﬁte@ﬁ Belgble sclusionibodiesy Tlldmrotlemnmasehd: hrjbseql‘.f&my&lefom&d using’

CélabtrdPiOsbafts nfdkr o i ns
t hgugc‘r?;i to vyield dBr oductd;aﬁaw ng 5“1205??2%?“? 1°g°géﬁ?'ga°t‘“ty
poRifl Tecenths memmatian colipaeductient ¢fdmsian Itlnbr:l;ieatlcmsre&ﬁﬁlhad been thought to

. EyiélHB%%u&ttPﬁﬁﬁiﬁ{e Qoirdl$ ant] antcﬁgostf P4 a%toxrl g}tgla iorar Zr?t%g %réseﬁt

for an anti ody an
| Brempletherp e@u@@nﬁm%mewa vaiwtsaiot i anzﬂm,m Tg@2ta4fiBddy and

I upcl ass ln -bot h ' .
SR R I, 5T AL ol b o
Ag62 pebsless @ekath rmomgﬂm amci ndtgrelis ocdﬁﬁ‘&%ﬂggwsj WARE have not been -

| ﬁhﬁl&q% &ts o gggC? OS ese Eﬂ&?%{] {etHI r%(?s\sg;il g')g{jt%g fﬂcg,z subclass of

30

dupag umnhmkibalmonﬂy@&rfﬁﬂ&ﬂ divided inte @ﬂﬁ-ﬁiﬂ&ﬁ&de@ﬂﬁkpresent the
Vo RS nal VRE L @l s and Met hods

Materials and Methods

The following materials and methods are exemplary methods used in the
instant Example. Similar such methods were used in the other examples as 'speciﬁcélly

indicated in those examples. It should be understood that these exemplary methods may be



30 The follow ng materials and nethods are exenpl ary

nmet hods used in the instant Exanple. Simlar such

nmet hods were used in the other exanples as

specifically indicated in thasgg.exanples. It should

be understood' that these exenplary nethods maybe -54-
readily nodified for use in analysis of other |1gG
nofiegdilyarodibied freusedm anahisis of othhelgBresietids in theventextaf theAesent
anfbentiba, IR | 9& anti body and ot her human nmonocl onal

| gG anti bodi es' used in this study were reconbinantly

expressed a%‘l zfﬂ fy ngGﬁI tﬁ)%ds? Ll‘aeﬁq%ﬁg" m?ﬂ%&?@%ig‘%’g@nboﬁes

5 procedure. uman
putsehindbig sfuﬂb I\Me@l Tgmbmntlﬁé%ss%mpdnﬁgi Birpeead 5@ mdnifacturing

b e B Lot RS Pro o d'ww%nﬁr”’"?fﬂ o #1540

IL-1IR 1 g& C d at. eith -
br 10 mﬁ%’“?%fyfsﬁ*-’?’?”& g B N AN Are—
8. IIBcCI inale presentihedntipn, hukn %ﬁod‘ldiﬂa]' EntBITPIR fgey2 ﬁhb&ﬂ »$asanubated at

9 A nbi nat
c y S %rlg'n ag’ mg/]cgtqlb ﬁ%@%&%ﬂ) 204 E!S‘l’rglpg g“flﬁ‘%tgf B?H &0 (pative refold);

: nM) 200 M '(‘Bs lbtgi"eﬂht)pfﬂ&d Wi 0gw dnHm/I(G(xﬁ@mEImL)m combination of

10 '

15

~and nultiple tenpéra

20

25

eci se concentration of cCystine was:

specti v
ARG oYk areiioh £ he molir BEo Pt & MMy MRk yAed 10 7M1 mM
C)(BG mQ@L)h@bﬁV@iely tIh@pt%M&t édﬁ@eﬂﬁ%ﬁoﬁ’&%@ﬁ%%o@t%ed due to.its
h{? flgtg? rati o noted above. Thé sanples were
|P8%’é8 ubility,ofithe gyshng Bowgygr dhe riRs Wasgroididry weight fall within the
C eibirotednBoe mdsahme,ls %&C}ﬂ&!&& al5.8°CFsrak ﬂbffﬂ"s NBuRp fhrdthGe
haotroplc aen different ratios
C§glfaaét? eéqrﬁgme;as ureR pea theopbpic egent, different ratios of
gﬁgg foySeuthiet
Cyﬂél&e cysﬁné m% Sratfne Hgé}r | ﬁd}{c?*ne rﬂ'a;lé of CQII-&ZINmeentrauon for

process.
C%@lgnaéﬂdy’é‘ilgplﬁfe‘ﬁpﬁ{a%‘fs OFpE Bsdgdoxmeces: ot ei ns wer e
i njected o% g{sonex WCX10 weak cation exchange
col utm oper 1s@f Bepchentitiody: fThswroteine wensdnj pae onto aDlonex

gmmmeaglcaﬁdnmstcmge ¢6HGHn BeratBE ARG MOMELHERL %9:'2‘3% A
oIv nt. Band, rrespon ently, 20 decreasing

of
t ﬁ’é‘ fisTitien Bias used S&F%“é‘ﬁ?‘g BoReEntDationiof s@mqgﬁiaa@,@pme@oadenﬂy, e
pltcrdasifig Ko hié&ﬁﬁbxlgﬁev hdsBCEONEH A20adPd ARCIHALShA £ PH%.é.-solvent B

_ ersed phase LC/ MsS analysis o
|Wh§&dmg‘§m‘aﬁ‘fﬁmﬁn9§% Ckﬂ*i’@m‘sﬂts The protel ns

were injec ;P%‘Fa Zor bax 300SB C8 col umm erated

at ‘75C. Th 6-?5’?’ st/ M Eneasiagbgast ansibpdia mgéodyﬁagments
CTiSpr6teing Yeffinjoctdd otdlh Sofdhx BHEHH € ¥ AL E}Qtlgd gqséq'i
acetqnitrile with 0.1 % TFA. An Agil ent 10 pi | ary
HpRtpizad pethad psed e pAbilsnhase comsistingeo! amyxmranfisopeopyl alcohol and
Qicéehivile Wath TASS TERC Al rARLEN 06 %gﬂgl?q{[yﬂﬁ] g/s%& wtj- c]o&ected ‘on-line

el ectrospray i oni zation (ESI) urce

" n@sVapre & FofMbicrormags spessemetsr equippied Wp!bsantt‘:levmspmy iofightion (EST)

30

V!otx}&e @he ‘P@P %T@F Ynagsoépgzﬁg?ne?ér v;ié 98 t%{ 86133 g;gﬂgve 128 Hmdﬁ,argg a

vol t age mz range O
rcégkﬂm'tvio}jgge@f3m‘0, sample cpmswlmgenf 70800 'V unedare @f 1000-5000, and

Gk Posahesh (H‘%b&g. ﬁl%' &é%{cﬁ%r % and calibrated using multiply charged

- ions of bovine trypsinogen, MW23981.0, Slg;na T1143. The deconvolution of ESI mass

specira was performed using a MaxEnt1 algorithm of in MassLynx soﬁware-from Waters,
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( \I\?‘B&)We.d.  SIpgleiAdition of pepsing

~characteri,zati on. “Anti body was di

30 ions of bovine trypsinogen, MA23981.0, Signa T1143.
The deconvol ution of ESI mass spectra was perforned
using a MaxEntl al gorithmof in MassLynx software from
Waters. -55- Limted proteol ysisgs using pepsin: Pepsin

~digestion of human 1 g& was perfornmed in a manner

simlar to that described in (Turner and Benni ch, .
1968, Bi ochéfmited prateolysisQiFing pepsin-Pepsifl figehish oflhurh VB G2 was

0 o time. The anti.ll:1R | gC2 antibody and |

2B gB eFGSbobd Rl et 168 Bocnens, .

oL oy D o e, Torti L ARNEC? Mibodyand

abyeEs Ot 16852 BilpSisisyere FbiEs s BFShPIIoRSis hHigg pepsinwas

ageliforned for 1 Pepst 5H 25/€ 105 ARSinhabniNAScB8E bRETBH 2.5 at room.

W t hout epaturation with enzyne to protein ratio- :

ﬁ{he digestipagvas ipgyferme=d without -

didgehirhth witRaymt idpoR / ' was performed

usi ng IgGvSnder den%r?ﬁa@iﬁg?wgg% to produce the s

free heavy.Ra#lclidQbtidfhal S . cal . .
R bldaa 58 e Wb AU e

7PETNmge, using {8 b undsrdeaenrios canditionmid irodice Gutfiee Hieahg/ k)l light chains:

Ofot fkhEF hrsulyehl dhiabiéAati i ' th 7 :

et hyl enedi anmi net etr aacg?%c%biogy(wtaf)ﬁ&?tg? té’rfzamﬁlml‘ with75M

e8I hyfrqshioride (Viellinckpash, dit7 16), 00: M Trs-HCAFikd), 1 mM- - .. .
abthleidiindetPaae kil @B&Rg@g@%'# éZQIB%fé%%Wﬁ#%P\%lume of 0:5.mL.

D5545) stock sol ution was - to o

. DFP-iklopliqunt ofa 0.5M dithivtirtin] (RET, tfram Sigmel DS 5a5) sk BoRG6S was added

' : .nut e Prot.ei n.sol ution was then -
oo P $rP DTS o nlTh A B8 e 251 B See s Bpeodt 39 C or 30
Omiiuteis.0 Brmgeine salatichevss tifhlcodled o tmtdr AR tula8 & 15 1488 of a

dded ‘to..r 3 lAM  The, al kyl ation was
Py DR SRR S APLeaslolngonn s s 13 mv 143
bﬂier@k}fénﬁohgmt [pdﬂfmtwgt rbbxtg I‘ﬂérr_lpeﬂtﬁrelealUEﬁin‘ﬁQL gﬂ]% tt-}ﬁné H‘latected from
r a d erlay was excnanged w. a 1 -
rig%wg‘fe %mﬁ\)f"g‘}é‘&‘? ‘Efﬁ?ea’gg‘F ¢ and afiy pieg prateriphy s exghssgedywith 2 1 mL |

N, 1 0400 586 uf Apetpte! (A BAKBRAPHiilipsburd N 896806338 90 1 fidar -
ein uf f er exchange was perforired using

Lol of prat :
a'&RﬁEBFgﬂ%’g‘{fq T/ Lo Prossin- EOHIGRFX Haraestrs erforsd phing e NAP-S gel . .
Gl atiomedium faPhelrviBrS sphdieR 22 thedi R PHARASH h?d??]chw Tk digestion
seguencin r%de tr, QSIH was perfornmed usi ng t he e '
» eghsgg\benglﬂg%gl EW%?% 23 pg:éop'{a. singdhe mdgqqd@g alkylated IgG from the
[pRevayis paragraply, Oyuphiliz @Ptrps T dthiin &'@37&?}% hspeliddd in water to a

tration o

s, suspended jn water to a_ final conce
3%%1‘%{;&‘&%@ &-30Jp8{Exln Sheyigvcing hiffer sses peoharedd by adigestion buffer

- iy QDMTRISN Mfreh 20 rh o ol hha A 5,58 .2 00me M

thygrox | am ne (Sigma # C ur e
43 28 z%m)f‘ﬁ hYrexy)araine Werewdded ta diesense eoliibityedithe light and heavy

. SRdibdnlitd profkt frbRin ﬂ‘&h&m@ﬁ@?&ﬁ’(ﬁlﬁh%@?@ fs%{:r:.ggtgi’%w Biochem., v.

rotect protein fromcarba | (
rP- REVT €8k wrservanentlyy TrypHd digpsticdOas pefiprmed overnight (15 hours) at

89PEQ . vt c di ion was perforped - .
39°C n?g%&ﬁ%ﬁt 1{5'15?.2 (ﬁﬁ%}%ﬁ%ﬁo olg#.e éthﬁs ﬁ%‘@\gﬁp C@ﬁ&t‘%ﬁ@\%’lﬂl the addition ofa
EE?% eliqu_ot£ ofi20% f}gmﬁt ggie I?rifi?al gt?@esgaﬁ??of@%m ]gdg?%l dgidég’_nae digest

. : . I qu 0 I S
to %la%a‘%eg_ (%ﬁlg &n or%?pﬁ%rﬁnaéqtafﬁ?‘g%#grfﬂ‘i tge ReL§/MPippalysis or frozen
for utstte analysis. Smaller amounts of antibody were reduced, alkylated and digesied using
similar procedure in smaller volumes with the same molar ratios of the components.



was either placed in the autosanpler nmaintained at 4C
for the RP L M5 analysis or frozen for future

anal ysis. Smal |l er anpbunts of anti body were reduced,

al kyl ated and di gested usi-ng -geu | ar procedure in

" smaller volumes with the sane rmlar rati os of the

10

: agﬁosan‘pl er, mcro flowcell

conponents HPLC of tryptic peptides: Tryptic
pepti des Weﬁé’igé’gg BVRHCI8PURPS Yo paptigesaenee $4purdied byirewgrsed phase

aMPAQ ds@i anlA SfkntHHoo B ClunfiQdh %ﬂ%ﬁp@@de%tog ea'ﬁ%:star%prer micro

erature
vrcsl paditeaenerate cergriePes colkimpn contpaRuieat. AsPoEris &ther column, 250 x 2

arti e Si
B8 Rty o BB A bk e T8 e i Tobinge, . Us
SWAassetfelethﬁ peptideanapapyiaraion T sHBRAE Neted A= J 0%, U Wifilofoacetic

%0 etic _acid in water,
A€ in g, Ao B Te I lie0 O SR s TR prapedure s as follows,
pﬂ‘g&pﬁd peptidemsveredinjecibd igtthe RPIHHYIC é‘ohﬁﬁxptvﬂﬂ’&%véﬁﬁéi‘: equilibrated with
.nto C_colum, which was the

t ed
8 P o r’a 1R \H"’me%e%%”%\ﬁ W#STHR O 265 minutesy 'an lhion was

. S8k teBwWi@ 200 lﬂlﬂjxﬁﬂl%ovvzégé 1@%%% el ?\ H)tta‘f of 20 g '-

with 200 p.LImn flow and I'ts tenperature was

niRfahPreteiv disgst Ve @iectedioptothe edlump fgrghelBads spattromeny ehdlysis. The
diige on.f.on .th
specﬁrgﬁfgﬂﬁgﬁg&% S. w%&% P o0 g"%%?‘ﬁ}ﬁﬂﬁ& e ion-
amf?%ﬁéép%y‘om@‘fuv det ect or and then directed to an

on-line ion ‘trap. nmass spectroneter. lon-trap nass

spect r onet H§-irap magspecrPmatyyh Them Fingigarias Trap mass spectrometer

| " h.the. HPLG
' %emto |desr$?|g?y f he g@%g;g%%?%}%, H%Pg&iglgﬁgt?gﬁw“m
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dYlassesfipgptides aud thiie fmglﬁq:ré@wemobtamd asing briplasialy Hethdd iRtluding

t |
A T M A T S
\IFBOspheEr vaguIp it epiaeh instrumers sz esmgtthe doix'm;ss thatp@iibns ofa

éti&'}%ﬂtx&’es(‘xﬂg SAHj e E?ﬁlugéféfﬁ 'ﬂ%r 9 égglu s s? ngugs? Biq\Works .3 1

synt het ic R@g

ﬁﬁm@m Rifewans Were 3sad fos pptidaidentifivdtion. VaS S
Anal yzer softvvare were used for peptide
i dent i f i caPingivg axmyBBitinrrgated Sugrescent mlcrospheres (Beadlyte beads

PPl Bk ESIok 1) ﬁ@&@@&@@@@&?&\%ﬁ}l@% o e A beads

( pstate Bi ot eC were co
Neredyashe tD]!’F@PYPs‘F’(bﬁ“ motemmndﬁh@ldwad% wmﬂrfmeﬂhsthmﬁipla&s

?ﬂlﬂ?%crﬁe gﬁg Uﬁ"ﬁergﬂ b Gl ﬁlﬁ Ryl FHOL S éx?ut 2 Weé from 1 M to 61 fM) were

| at es | pore
gmgmeg t@f.hetbp t Antibodp blnﬂmlte the(betad- thtpaﬁlecf AvOdih-IL NI Fiion protein

ads i ndi n
£0 t%@mﬁ%g m@%ﬂg‘vu"@qﬁgﬁgi oy B‘éﬁ“ﬁ‘h nggié'f )
Reotechrealemyt) e ahwbmdrgg pdabtyons eveyd hfalﬁed:ﬁri]}jg&ml ;ﬁ,ge,gm@h tmsm,mem
i ot echnol o The o
(il ), TR ard ol ARSI hinding lorthe bego DS rrptkgeas
pmpdzrnonm frt the frieonnflntescéiine ntnsity (MFB HRsERIreOby ﬁx@tlhmmém The
?51] go t.he bﬁ%ﬂg‘g@ﬁ ?]E%Qmel n was proportlona to
RO EENES ] 47052 NElEFs e consofrytionaf ntikadyyhictgsnerated a
hmmmmemespoﬁm weh dbgiveDustill MESMRd Agaeci ated ECS0 .
val ues (the concentration of antibody which generated

a Biological activity (Chondrocyte assay): The anti IL-1R IgG2 antibody,
Refold1-forml and Refold2-form3 were serially diluted from 40 nM to 0.0256 PM in assay

media. 50 pl of the diluted test antibodies were added to the wells 96-well plates seeded with
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SO hal f-maxi mal response) were derived using PRI SMIM
software. Biological activity (Chondrocyte assay): The
anti I1L-1R 1g& antibody, Refoldl-fornl and

"Refold2-fornB were serially diluted from40 nMto
{0.0256 pMin assay nedia. 50 ‘of the diluted test

anti bodi es were added to the wells 96-well plates

s detad chmdlroey&z at dLAEEY dIhOKDd@ @awvee‘ﬂ ifh 180
000 ce| | s/ wel vol ume. The flﬂ]g"lr&%tl’@{edfﬁlglmlbwy

c SREEA R fa?\gef‘af‘i?g’gld’ f&‘g Ih0-9954 YL Avftey aGOmuain vnbationes0 ;a of . -
30edi$tﬂb1ﬂa!ﬁﬁhlﬁﬂdﬂ 0, bRy 2@fed to b HHATYPA o#}}{%g% Fﬂlb{r “Afer incubation

beta Was added to a final concentratl on
+ RVEBIEDE e AnKPP G Rotivities witre) nalyzed using -6 enty MMR-1 Y ELIS?S. The

. W&Elﬁbxﬁ@ﬁbﬁﬁﬁﬂoﬂﬁhﬁglal ﬁrﬂﬁyﬁé}ﬁjgw Y| att%‘as%&"@‘grcggtpgqﬁfd{:wum IL-1

|nh|b|t|on of IL-6 or o I-on
adetd aptyitye ﬂihaglﬁub;ﬁomsgomnum -for eableteat mbbodyi was.estabiiBied and the

|@g,|,g each .t t ant i |
est ab {’%dl’?&ekdf C%%QQ ﬂgse( co}r{cscgé%o ﬁﬁ“"i U’hff IrB‘g'§es(4‘ﬁ§gmﬂ by 50%)

cmmwedumﬁﬁpmwmawﬁmereduces t he signal by :
5099 were derived using GraphPad PRI SMa software.

. Bi oI ogl cal I&le{ogxmtaftz(xéa'(tdnwy-rmditﬁlﬁﬁs)} Fétithe antib6dy-inB&ated cell -

ti body
o4 TR G R s g Bl T Rl s bt
( ( $ACO2) Brices )for guamme ﬁchVafeH oell ﬁﬁﬁﬁg’)ﬁl}ﬂ@? hﬁdtﬁﬁ(‘l’aberﬁf/b cells and |
cel

S j B and se red
bﬁ{s)%}cfa °f°|d 5%)’ g%}eﬁ %%‘5?3?&2‘* ?%0%3 |cels was tavmnereﬂ by flow
cedtémetryas noni tored by fl ow cytomstry Results 15

Bot h cation exchange (CEX) and reversed-phase (RP)

cRessltat ogr aphy of the |1g& antibody against |L-1R

reveal ed the structural heterogeneity of 1g& (Figures

1 and . 2A) Bethativhewbingt (EEX)mdtrechidGuas (Rsﬁaﬁ&ﬁ%graphy ofthe

WA ek 5x B MBI BT RSl SAOELIENS:
(o9zven thapgh thetvemtmrmpmcmkabed dneb@dyﬁhﬁah&)unuér \teﬂedx%t

BV strtaar el St (anuring U parallel

nmper at ure an

'@mheqw)en mqﬁ%mybxlmasenwhlchtd dlese t@bl@biﬂl@ca‘ﬁ in¥E temperature and . |

h t
SESORER St Sn e ot Rand BE BERoR i Lampién fobug pate Buctner
2021.,2291 Riopkgniistey, v.I10H. @awezmmtsyn efal., P9SOSREEDBI. WI8ED, p. 20-

I I h h
%élr"fég\%a rﬂag%édqﬁrg%e\érerj 9*]% e C o egmgd ggmrff;{}epp;gpreegw}@;e column

atith8gh pefFaentayy of lsccprlopinol ﬁi aqhécmh 9[11%1@17‘4 (pN ) saisect gl UV circular
tdﬂ?rJ‘ﬁﬁﬁda\{t?dﬂ e:ilé @Sbeta Si 33 were converted to

CAF “AR T oA A s ey g0 %@P &13-shegts weng canvertad torhelical and
rdmlem-daﬂ nediten satcagesapbst (58 RPLcheRSatogt iy fcaﬁ&m@atme fact that
gg&qg nat | v and nolten structures eluted he
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. are summarized in Table X and in the schematic of antibody clips shown m Figure 17.
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EXAMPLESS. -
Redox refolding of IgG1 CHO improves heterogeneity, removes cysteinylation and
increases cell based biological activity as monitored by reversed-phase LC/MS and

other techniques

As discussed herein throughout, the prokafydtic recombinant pr'odticﬁoh of
eukaryotic proteins is hindered by the fact that during such recombinant production the
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Peptide mapping of the IgG1 was performed using Gh-C prdteése before after

refolding. The digestioxi with Glu-C protease was perfbrmed at pH 5 ammonium acetate
buffer without reduction and alkylation. At pH 5, the Glu-C protease cleaves largely at the
C-;eﬁninus of every glutamic acid (E). The LC/MS/MS analysis was performed on an
Agilent HP1100 connected on-line to a Thermo Finnigan LCQ ion trap mass spectrometer

equipped with an ESI source.
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Q u-C protease cleaves largely at the C-termnus of
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nostly as a single species in Figure 20, which 25

I d s e S
?Il_ hleg InSGI W'CI_T% Igg@n'pela gglﬁr %?%ﬁ dggl?'ge %Eﬁx@aci %hdlrbg: dﬂ&%n% };]e?oliled material

g shemndm bashromripstagy inKigure 20 rdicphawh G | CBO bk fese and after

Sp el el oo o SIR0 APy B ies B8 SHASE Sh g post-peatc
Shopldes: ﬁm@i@dmrxabfeblteﬂ mgst}yatsesmgleespmmmgmm Which
LiignA R theﬂﬂ?all%gtlﬁeﬁ Seell G ﬁle\éontrol The IgG1 CHO samples refolded both

with and without GuHC] showed similar RP chromatographic profiles. Slmxlanty of RP
chromatographic profiles suggESts that with OM or 0.9M GuHCl, refolded species have the

same structure and refolding rates are approximately the same. The éccurate mass

measurement'of the species eluting as the RP chromatographic péak 1 from 10.0 to 10.5

" minutes showed that these antibody molecules possessed MW values approximately 240 Da

higher as compared to calculated molecular weight of the IgG2 that is discussed in U.S.
Provisional Application 60/621,295 (see also Figure 21). This and later described analyses
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measur enent of the species eluting as the RP
chromat ographic peak 1 from10.0 to 10.5 30 m nutes
showed t hat these anti body nol ecul es possessed MV

_val ues approxi mately 240 Da hisgher as conpared to

cal cul ated nol ecul ar wei ght of ®¢fhe Ig& that is

discussed in U S.. Provisional Application 60/621, 295

(s&et ﬁ&@@usﬁh%a&d & ; s
anal ylses - 69- eln%? % dggbtsth@%te@é&{o g)l?t?‘lg %Jﬁ& ired gyspeipe res‘dues-'
t H’éale%/ Sltléilgfwtm@oﬂ 2ol 18 minutesonarpanerlepl of gaubby-singly- and non-
tﬁﬁg%%}ﬁu}t&ng betweenl | and 13 minutes is

an over singly- and non- cystel nyl at ed

ant i body ”Di?fgﬁ}élﬁ% ?wf ae%%gg‘é‘uf% er %B%%Egagsg\altgl gmass spectra of

el ectrospray I oni zation

| dgs1 CHO wotrok (&), @mcl 1€ (B) aef witide cE3pldqTY AR rmldmg, the MW

C S bl e S Al o B et R el i e

v ategizioniof HierQ-TOF mﬂs& ep‘dcﬁrdarﬁﬂerff -H?J'EDQ MIHEi%orrecuOn was introduced
+14- correction was

ect.rone of
> B e R ahisgel citsmal ibiztighs TH aPreiion pared the measured MW value
Caf ihb redbldedformhh sowandh Fattd 08
\Y; of 1t hoe r ef %fged%?f)r s %ﬁﬁifﬁa&?%@@%ﬂé&%‘wmm the
(3 e o agh oo e et BV ATge of 147750 PhoARS IL IR agtibody was
Daseeraﬁﬂfeexwﬁfagtambfdhpm THRESE Aat et RehbAY, ¥@éréi?x s separated by the
[L-1R_anti body was use ﬁ :

& FOR RS oA (162 . Wi g i tosidies of tutfo sug orcidtcs.

| perdRed s RV Y Rt $1Re antiB aﬁ%@%@m{sﬁéde%‘d‘?ﬁp%&?zz%bo-eo Go- .

es O

Y:g‘ll C‘F} géeGE let %‘gi{in%-&a?tqﬁr_feg%endﬂeglngﬂmun smucmteemth 0,1,2,3,and 4 -
atbtdl %?Qdfose-f&?d&?é&%nél@éﬁfé J)‘? Qnﬁﬂésﬁ e 235 §‘§’f e gHgGl

g’r“§‘é‘5’§§ thesiuctire of the glysanse(Gar G- d‘hs dlﬁlerelB numbgeref galddose residues is
t @&&h&ﬁé@f&@sﬁet&%&&i{? Smbsy mf@:hﬁ&&iéﬁan%fxf @:gh% Fb%?ﬁéed by the Q-TOF

I)ca;sﬁre 23 shows a structure of 1gd 1nc
CPefiTamgter- t Figurg Ry & b agESbmass ﬂmetrmbféxesmure figBHEHO bulk

ofnaeamﬁiuﬁ Betves FHER: 13inSinutds. SRITREs
hetero%enelgty anong al | antibod; es a% I's lelgég‘lmzz""smwsse"ml X

opaldnaighics pathdy olepiar VQB@%WP@MC@UHDEM@DM gaDbtose variants.
SlaeN¥Ficatbnte?!the Mgiter MR GhEHTWAE ! .,g,ﬁq i
materlcal neI ut i n%fekr)et vvecsgn 10 aﬁ(fhglécea{rﬁgdrﬁj g ﬁ% rra%@gb(’dy' '
SPRERHEm i n Figure 22A shows several .20 additional
noieties with higher nolecul ar wei ght val ues coel uting

with the gdpathstehapasiarizpithg sampledimitedi nroteolysis with LHBC protease -

hi @RS Q?@Ceﬁhe%ﬁe W &&1@&?{} \éﬁé e;!r)rg tlﬂgt cleavcs . at the heavy |

i ntact anti body nol ec
thaindysigs i | CIhMﬂetf%OIpﬁﬂE@bBl}bslass,wmdnadqgsFaEapdE«t ﬁagmts The

1881 Rtitoay g’ﬁfjcle}v)éﬁ vgthvf’f] ?J t? %?o(aﬁéég]ac\)/ne%’v Y e{] Wt L ons =53488 Da,

ref erent y cleaves Fefeire

i aﬁdff‘h@Fim frwenengafm ng(BBS%Qabh KElgﬁr,e 20 ricifmited p@te%@@xs enhances

'@h@‘mgl@vﬁ T a was .cl eayed Wi th
L to’pr g%ﬁé%n%g%&lﬁggons ﬁ%’ﬁ?ﬁgﬁv éh‘%‘ OFgg resolution
amglauswwf tﬁabmﬂheagmﬁthc ﬁwents as chapared 1457t8831t&ﬂ . A reversed phase

23 h _
L RN 2 N N

. nm_ymr(paaksanﬂespmﬂimg/te&hdf FfQhd Ft @8gments are observed. However, two Fab

peaks were observed in 1gG1 bulk material, which are attributed to.additional m_odiﬁcations
seen in this sample. The Fab fragment of refolded materials eluted mostly as a single peak,



because of the smaller size of the fragnents as
conpared to the intact 1gG A reversed phase 30

" chromat ogram of Lys-C-treated 1g@ is shown in Figure

23. In a typical 1gd sanple, t . maj or peaks

""correspondi ng to the Fab and Fc'Tragments are

observed. However, two Fab peaks were observed in

| gdhictalighedravithrthespost-pdak 6dtn @i Be Bl doRkbie @}_ghﬁr BUh i lonvoluted
fications in this sanple. The Fab fragnent.
oo PSRRI A B¢ EbitEhemem of 186G} brdereiand afiersefoldingl Fhpemhsured mass of

- THab fbineits of tedn@d stinplds hfEes AR wﬁ??xlé cﬁ@tﬁﬂ%ﬁa}rsfgagxg Okt he mass of

cont q%l. Fi ggre 25 cont ai ns deconvol uted
Sﬁ&i)# Pegk 1 . H’leflggbﬁ@?pl &igurg2s). bk Frlepeak d ofifie@dntrol sample has a
r eNTot whi fragnents .of, . .
refol d e%&sfggg fbea ;E %ﬁ?g‘g‘g”‘gg?‘?“’%f’ H’E@E 8“(%’?‘?&%%%}4%@5'“ the Fab
arf@EWeBh t he nass of the Fab peak 1 of the 1gG _
control (Figure 25). The Fab peak 1 of the control :
sanpl e has %YSGIWW hae begh repb@edan progdiny withfet dyt€ines in circulation

R I e .

- WrcRmbinget apyibeditsthecystinylation isdtireduceddding MegRoddRBE &S possibly
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‘differended in intansitits dfra%lem;éu&t@ebﬂ%ésl tifled wiftlﬁ:eﬂ é&@w@ﬁ Figure 25
non- C ' u-C pepti. ps o g contro
s eSS el A i8R ot Rsepemede

0 i ' I et of |ight..chai ns .deteteegﬁon
3 b R bt ke o0 e, oo
c e Bibrfydementsrehiting iasipeak d aneé gealt & inFygirb 24 DiaHeg kteBfchromatographic.

. bl due .to the additi f cysteine, |
¢ e riab ol s Sitea b ittt e 0 e tiny i,

Thes exemplefaysteimybamant Robystdingatas 3R @Kain lmieNQAHUR on the RP

| bi b chr o i c. .
<SS T St BB ety o1 geb s was the otferchue

ssuggesting that disdlfids eraetting By bk #Rlolverst ei nyl ation:  For
exanpl e, cysteinylated and non-cysteinylated |ight

- chal n | npifiet 26shovs ehutand GG PRiide hAMTIEET aétiol (bul) and

T P i in eluti ti f F :
EETERTL bk hPRGer feiats s whdaetiony hmee, ereare

maps are a ect | i gn there are . '

di fp ference leg? E} ?E?‘E&t% i?%sldegs&lot#eg%ﬁ?ﬂ? aggg{lolpﬂfg é°peperggperformed
!mvm@'qtoymg Ig_Gledesaresm with E@Q]hg‘/?lfcﬂr?d 58 Egﬁhﬂ'ﬂ.& 15. Table Z contains

[ ng, assl gnment of the disulfiaes may .
ot ] e I B R e ot ol shoy el basd
dedlbgitad sebivityyidohinler afeer theatfoldireybyAsamysthRahd @Jﬁ%%félg%xg or GUHC * *

i&9ring 1g@ dose response with 200 pg/nL and
ggi?% L-15. Table Z contains results of the cell

based bi ol 0gi;cal o0t enc asur nts. Both assays - '
show that Lol ?%%*ﬁssaayrg (de15P corrls CPHEd ipldcand native refold
after the ToroPERTRDY iabnlss Epeare: the native
refolding or GQuHC = refolding. 25 . Table Y. Bioassay
resul ts foeuryeBidooinint r 208 p/@IHT-15 ef $DGe/mdnl-1fat i ve
refol d. AB%BY-Gler f or mred5%8 Ni chol as Yeager. Curve -
M dpoi nts ReFeRefold | L- D950 p nL I L-356
'146B7-GuHC1 . 7.635 1.021
146B7-Pharm. 22438 | 2.488
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CHO-deri ved, 5] #b%tdh Gdnc. 11|7prat (

27 shows SEC C]EQ grcarrs @g pte CH( urr\, S-rHe
nefold, and 5 ri doma R %/I al. The &epromat 0( %%rs
i ( + ( (J

146B7-Cl 15.73 1.544 Native Refold 9.09 1.162
146B7- QuHCl 7.635 1.021 146B7-Pharm 22.438 . 2.488
-71- Table Z. Bioassay results for 146B7 controls,
@QUHCL refold, and native refol d7 146B7 Expected Biol .

Active Relative Potency ' Protein Conc. Protein Conc.

(n =3 (mg/nm) (nmg/nL) Mean. CV Assay Control 63.00

67.51 107 8 Hybridoma- 20.00 27.99 140 6. derived
CHO- der i vedTalle 29Bi2as8y réstts Gor 148RTIChntILBLAG Re1Q! £d native refold.
Berived, 2]8@pcetedU le Bﬂ)l AahkVve !R% {'e]DP tency -
gure

e a2 mmat B
f}ggv‘f%%ﬁng 1_ang0e i n- Conyf‘?o Thtion re Il‘éQ| ve- to-t5he
('Z )

P h L-. prot s A deciiease in the

é‘agmyu %ﬁref ol ded ?T%? erial wad3il so obgérved.

sgence spectrjoscopy anal yses are shown in
=AY A indicates that theére is no ¢hange
RHGs W ry. @#-%ctufe'of 500G after|2He refol fiéng. -
plNattye Refoldy” chbhws an incrdase in the fluorescente .
%@?ﬁ"?@afters-?%fol di ng [rée#tat i ve to{ b6t h ‘the CBO °
R ConOlyhrildomn materidl . -This nay! be. due to C
structural changes in the mcroenvironnent(s) of the
f I uor esci ngFigwry g1 SiowaSECebratmegrahs efIgGémlmbﬂg, GUHIE! refold, and

bridoma .deri ved
DRI el P Vit o B M B R B FehentiBh e e
crsfaldddemuseiial shegesting-aghage &r-cdrifaratitio felafivel ot the bulk abdBybridoma

e PR g fhesS t?aﬁfhﬁ\a@é%?%wéa o ohasyc
S T E%%S"evf%‘%@‘fl 3rCRplimip Figure2gsPanel A

Sp@pyg%mg@hqp 15 nerphangs anlsetond arhsnCHE: ofipGk aﬁn‘rmhcatefblmng Panel B
TJEQ{V? ah ﬁxcﬁgﬁ'ﬁﬂ @{e%o?e@éeﬁceclgmgy Abr rel}eldgrgnraghve to gatﬁl e CHO bulk

wavel en
and hybnc?oma material. Thzs may be due to structural changes in the microenvironment(s)

~ of the ﬂuorescmg tryptophan remdpes after refolding. The fluorescence intensity of the

- ~ hybridoma derived protein is greater than tie CHO bulk protein. This may correlate with the

15

20

greater bioactivity data for the hybridoma material relative to the CHO bulk material. The
hybridoma detived protein was stored in PBS pH 7.4 prior to being diluted, a pH is more

conducive to disulfide exchange reactions than the A5S storage conditions used for the CHO

* bulk protein. There is no apprecxable change in the emission maximum wavelength between

samples suggestmg that the polanty of the tryptophan environment remains the same.

Summanzmg the above studies, during the course of gathering the above data
it was leaned that IgG1 CHO bulk material is structurally heterogeneous and' incluécs- |
molecules with cysteinylated cysteine in Fab fragment. Approximately 60% of all Fab
fragments were cysteinylated. Because of the great difference in elution of cysteinylated and
non-cysteinylated Fab ﬁ'agments and because of the presence of the unique non-paxred
cysteme in the anti-IL-15 IgGl, the inventors proposed that cystemylatlon 1s associated with



sanpl es suggesting that the polarity of the tryptophan
envi ronnent remai ns the sane. Summari zing the above
studi es, during the course of gathering the above data

. Z0it was |learned that 1g@ CHQoulk material is
 structurally heterogeneous and includes nolecules

w th cysteinylated cysteine in Fab fragnent,
A@Me@p@ pramgblingo fThe IgG IFtsitk mater giress trefoldedvith and without chaotropic

ik B L e R ——

10

f rcagtniagnlatpddﬁdB‘bmoMﬂe acbrdidgao Nm?fﬁ’?sgq?e%h@m%& 88 Q-TOF mass
nQQ- ine in't ti-1L- . .the '
"RRBIEEL AL NG it LG Bl o el e
WHomogenéguskpscitd, | After 09 Béhrshe X761 Wil almldifedrdhite OBLI based biological
rmtﬁr. al - was, 'ref%Ie?ed ‘Wi t.h and w thout chaotropic o
adERPY (e eriRIRE qef rexFRicdHBat s fefgldedsamples wetsitwe-fold more active as
preofipared!toath IFTINCHIO BUfk thdidal hEHA HoY bédh $éfoidd B7

nol ecul e according to accurate nass neasurenents by a

Q TOF mass Thddd ih BeHRmplcAhb® - :

146 EPgI K_was r,e{ol ded |Pnt'o th&héa?iﬁ]ae?g#&gﬂ%?%&&steﬁ%emhaﬁom
hilw%% WgR agid by prREsspecimeHin meastrements apctlarebminated after -
akefoldingC THYRBUE/MEREhn{aS Ve 109l {ds)d e
p&écf'orr%ed and reveal ed th?pl%%lrgg?g%%’d@%a%%%%%]y&g%ehw*

t RECAREs1 of thepRarsRt asspeiatian begweep Aheomisfalding and qySeingldGolnul k -
material that had not. been refolded. The data in this

exanpl e sholRetahaye-rrersnted date hoy thattlic refuldsddbe 1Git reolecules are more -

" eBbhb@hedus : G| i fi . |s —
e Do B o e e e i SHoher oBmA IR chargeprizaion

15

r BP% PeN R performsdbased pxthpstudies and tgctmipueptaogistierein. t hi s
study was especially effective,.' because of the'
appar ent associ ati on bet weeKAMRBLESsf ol di ng and

. cyst ei migttaids ot reféldidg 61 ﬁ@&ﬂlﬁfngﬁfﬁﬁ{%ﬁﬂs ﬁn%? ginﬁﬂ\%rserﬂﬂn-ls

the: refolded the .1gG 1 nolecules are

‘horiogeneougha pebsém®ERardslé poGides 4 8smpatisod & @Gt 9ots of 1;961‘37 using

- 20

25

Further opti. at i and- characterization _nay now
p@ﬂt‘%ﬁe&{%‘&g‘gﬂ% °8ﬁ8 F!h%l’ LCMP aralymiy Indhadetapresented dmythis Example,

hdiffeient loth 5f EX¥EVRLdre fompdeddTorle fevkis B?Eﬁlkeﬁiﬁ%oﬁ%g Cl04 in heavy -

reconbi nanat. anti bodj es_that .bind |Interleudkin-, .

PBESInE d0i1ef PEPtosi st fallaes by RBVLFNS & cvtis of o datiemsucoinimide and
| gl toné cobdent o diffenht 10td wWirt 819 MRk S '
RP. LC/ I\/?S .-ana'o sis. In the da(t)_ gﬁ%ﬁlgg’%ﬁg?e{%c}ﬂ}éﬁﬁﬁ% and
%#HP’EW“BP Rhied psing pertidgmapmigB7 wer e conpar ed f or

the | evel 5, of g%/s{gei nyl.ati on:on C-104 in heavy 20

chai n usi ngB¥ leKfls o8 cytednaiopseidation) sslastostyonmiat e svinimide
Layied 5 different i6ta tTheys was 'dfgﬁiﬁ@bxﬁwgﬁab?iw betgfélzr??hﬁz%d hﬁ%doma

content for different |ots were al so cal cul at

- depredgpatenal (Refelding of GHOLAsrvedldoBAteadnts thedpss of dgsitinflatiod. .

\Ref618in 86ds i nd EcAATRy Beher H&akawak gnd BE oY %Stgriéﬂg {l/ogoﬁc:chgbarabie by |

oxi dation, gal actoSe content and succinim
iPSPRAempappingt Fpdiybridorha CHQBE, aiddTH O POeefold materibli) bisativity

%%&%@@ﬁ@%ﬁ@gﬁ@g@ﬁ%ﬁgg&ved mat eri al . |

Ref ol di ng of C eriv edds to the l-oss
of . cysteinyl ati on.
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Ref ol di ng does not cause any ot her nodifications and
the two materials | ook conparable by peptide mapping.
For hybridoma, CHO PD, and CHO PD refold naterial s,

bi oactivity. increases with d easi ng anount of
cysteinylation. -73- Lot # Hex 9% % % Bi oactivity | X
Succinimde Cys (free) (Anal. Sci.) Hybridoma 1.1 13
13 54(46) 135 CHO PD (1) 0.8 7 .18 . 74(26) 105 CHO
PD(1) refold 0.9 . 7 15. 0(100) ‘211 Cl104S 0.5 4 18

O(1DPPept# CHO ProSHex (1) 1[8; 4 IT ofA(26) 1bPs, CTHO

Pr ofsci (2) .1 6 11 50(50) {201 The levels

(pe| rce' ntages-ofythe thies nodi fgueahias

cal pul ated independently and do not ngg V\@%se(&%z) (Anal. Sci.)
thel g eXa of

Bioactivity

AVEN&Gorha P! ©- 1,107 CystTe ted
=czl es of hybridoma afe al 50 .0Xi di zed, v\w‘?@ the

are [nhot

35

ot her 87% of cystei nyl at.¢d nol ecul es

oxidized. Hex | is the a erage nunber of Hexose

(G 055 11 ot Fes—petsnotecutg—ot—t+gdand
iden??1|ca%90n g?“cyste|1glat|onl ndhrefold#mﬁaof t @5
|l gd are described above|in other exanpldgs: 10 The
datja: fron1these experlnewts are consistentf with those - .
sho ~E and Hr .' gur-e—29—there—+is

shg Eﬂgn%‘f%mﬂ@ cg?o Jar aph o ‘the 1 gd qw]n??i donet1l
and - CHO after linmited pfoteolysis. The. cysteinylated

agnents may readilly be

=i rulr:: 20 RP

d"aIIGL 1.1 IL | | t Cu | R—t .
ggr ans o;ooﬁ gad . bef fre and éafter rei‘_’&oa? ng are
shgwn showi ng the absence of Fab-Cys in the refolded

de map of

preparatlon In the non r74- rteduced -pepti
es wWith

th pbetH-rg—ef
NEN! Cﬁﬁ?rg—ﬂ)a)ndt eri al e‘* ore an’cF after r

conpar abl e by pepti de pping. 1gd@ bulk terial:
corjtains a |l arge abunda ce of the tryptic|peptide

t ha 'FI
F;é(z@ | ook 368

117

6\‘ he*ab]l}ndance of

cydtei nyl at-ed pept-i de decreased and 5 abu
non- cyst ei nyl ated peptide increased. The
non—eystetaytatetd—pepti-de labeledw-th NEMtQ

50(50) - 201
hdance of the

@g +IQ)A#'SLCI “)” + od 0104 ol it i ng af
m rlﬁiié% %‘i’ ef ol di ng,

\nbo
A

prevent it fron1scranbllng with other cysteine
resi dues d reduc and di gestion..

al kyl
Fi gure 30 ep| cF‘St(%‘*é‘:eH hos?pde&e"gé o cﬁ@oqﬁw%@lquéagd

uBidepgndentty snddeaidt @dd loaldeds in Qhle)oi‘rer @BleC P61 SaipR, F% Bf cystemylated |

mMecu]es olflgybn omaca¥eS ztzlsed on)y éxg 4 oﬂxle

~ are not oxidized.

cat.i on

e other 87% of cystemy]ated molecules

Hex I is the average number of Hexose (Galaétose) molecules per molecule of

IgG and identification of cysteinylation and refolding of the IgG1 are described above in

other examples.

The data from these experiments are consistent with those shown in Examples

4 and 5. In Figure 29, there is shown another RP chromatograph of the IgG1 hybridoma and

" 'CHO after Limited proteolysis. The cysteinylated and non-cysteinylated fragments may

readily be separated and quantified. In Figure 30 RP chromatograms of IgG1 before and after

refolding are shown showing the absence of Fab-Cys in the refolded preparation. In the non-
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was identified as being at position Cl04 of the heavy
chain. Methionine 48 oxidation i.n the 10 heavy chain
CD R2 region also was identified (Figure. 32).
According to the non-reduced _pgptide nap, a small
percentage of the MA8 in the heavy chain CDR2 was

oxi di zed. Oxidized peptide elutes at 98 m nutes and

nduedipdptidecimpepf thell G lafitrdsbeling bE thelfied distsines withANEM &fle CHO
bﬁaégg%efgrom g%ﬁe efla t he re?cpci tructed iogn
ATl bsEos sRd alke rgfp S‘?‘F&ﬁf%‘?% ¥ Beptide;warpning. JaGhbulk material

 t Eoataimplacpei m&hye K@ BptidPébtide CHILK 2284 cl=t W‘G@M eluting
pf ot

I d onbi t ti bodi
B RGeS SR frat R R doingncrisd cutermy B aspds dosreased and
t duadgiae of Lh%hﬁn&&ﬁﬁﬁﬁitc%bﬂ@ﬁcf%ds Elg(grp@;stelnglated \Pgatlde was

geperal for  purifi I gG three pea are o
i Jbgtgsd WBEEFM%H&W@ Gemi sgr@mbheg wfith otheneystvane residues during

t :
eSS L NS0 5 50 b e
asHel mﬁm\/ﬁﬁehbg%hmﬁme CYSteifhemﬂeNEmg@Hél t[}te cyfstedriylation location
?gﬁrsg@ncgﬂﬁeﬂ prnhﬁéﬁt%gsménscmeo tﬁe eg v %}%&x{, g\g:g.p.\kc}one 38 oxidation in the

terogenerty

. rhepyf eiaingCREB2 degion dlivorhs idretifedi(Figurersey. eAdodidingb GaSfaeduced

G oSSR SRS AR OB BRI

. @Judlﬂmdphdmlpe‘akt B mmutbhmdmstox&ﬁidd\;ﬁpwdehn@ at 110 minutes. As

€|1 fter fion-oxidation, 25 In :
EJé pr esen%Iial L‘% efﬁ?nﬁ{rﬁ?%‘f MWW@W@HWH@D mass
@pecamlshnm ﬂraEﬁpﬂrmlmgtelyﬂO‘Vd&fM‘t&}i@ oxidizgul es. More '
particularly, the a protein A affinity colum.is

designed for 1gG red-ox @®XAMRIETNG carrier. The

col han

red% ld"?';g”Lalgen‘%j\osm lgﬁ%"nq aﬁts'!)(c’:{;%sto& B‘é"%‘é‘g}g‘w\ﬁ@m ﬁq{éc?lggqpnl’ rocess
is run at L

reduct i on- omgat rg{]m%g&%ﬁ&epr?se?tﬁ@&f g%“??@?”ﬁbatmgeneml for

: @glp@qddggcz thrggpealis arRetborvedin B HIFLA! methods dSekibid kdeiffUPurther, the

| i ne
W pe ol BRI B M g BN S e pubyfion.
ll%l?’és witls GgHE'1 er wittyms G4BRL. sThe. l&t&ogenelt}(bf&n %tﬁﬂy ﬂ&hﬂﬁaon is due
4 &C 5 10 10 6 RT 48hr
B byl pBndh prafBing Bl Sherctod ety e sy o Befpging s deserves
BerginG From gerti8hbigasssy db@ ifsc@m6 tht e ﬂ&bdﬁpopulation eluting from peak 1
on the chromatogram 1S more stable and that elutmg from peak 3 is the most active with a

re]atlve stability after reduction-oxidation.

In the present Example, data are provided to show an on-column refolding of
the IgG-molecules. More particularly, the a protein A affinity column is designed for IgG
red-ox or refolding carrier. The column resin can handle 1-2M GuHCl, as well as reducing
agents such as cysteine/cystine. The resin is run at pH 7.2 or high, a pH well suited for
reduction-oxidation processing of the IgGs' being separated.



10 10 10 0.6 RT no 48hrs 11 3 6 ..:0.6 RT no .
48hrs The above tabl e provi des exenplary conponents of
a refolding reaction 5 rrixture that can be used for
refolding 1gGs in. solution. 2$tl ng the above
‘technique for on- colum proceSsting, the follow ng
Tabl e provides that paraneters for redox processi ng of
an tg& on a Protein A Rddbié o 76- . 2. 19&
Redox on Protein A Affinity Cor‘lteﬁbm@lPr oc%’ss Condi ti on:
amm:r er C(')ndJJI on EUI libration 3- 5CV 100mv| NaCI '

or 2@ny/ m ats 300chT

4' -'41 v 80
at 3@0cni hr Nash 2 Redg)x ; 6 agg 12 hr with o°¢° t hout 48hrs
QUHCB at 50crg hr pHB. O Wash 3,50V - 104mM Nacl®™® 20mw  48hrs

Trisg pH 7. 44@t SOOcmgnr El utb n 5Cv 4 50V NaACc - pH 48hrs
3.4 at 200cmpr Run | Qgl G (mygm) C stéine 48hrs
Cysténe (mM) 3l Tenp (Og 1 2 Mnkésani di ng Redox'®ine 1 4%hm
20 20 0.6 4 Yes 2hrs 2 20 20 0.6 4  Yes 6hrs'®3 .. 20 46
20 076 .4 Yeg 12hrs 4,10 10 . g) 6 4.,Yes 2hrs 5 10

10 086 4 Yessl2hrs 6 g0 20 O. s no 2frs 7 2% 20 0. 6%
4 nog 6hrs ' 84920 20 0.6 4 no 12§fs 9 19 10 0™ 4 no 48hrs

2hrao 10 10 0 0.6 4 gp 12hrs g4 7 Purpfi ed |g‘t3| ' 43hrs
samtes weregtreated Wth redo 3;6 pairs ﬁgf vari . 48hrs
concentrations and at both pH'/ and 8 ‘and for"'{/aryl ng 48hrs

amounts of time. In some exenplary studies treatnment
| ast ed abouThCZﬂPOYmtabls patvidas &cﬁplaibeompcﬁﬁmg 61k MBs3ding reaction

st SIEIQx%C{hQ)éaﬁ OV, | es to about pH :

5. The bi oassay g\c Y lt%m%?g%inem g e gbove te"hmq“e foron- -

peQluEA pragessing, the following Table provides that para.meters for redox processing of an
IgG2ona Protem A afﬁmty column. '




5 of the untreated g3 (see table below. Redox

condi tions including roomtenperature, shorter
duration (e.g. 3 hours) have al so been carried out and
found to inprove the bioassay activity of 146B7.

Tabl e: Cel | -Based Bi oassay Activity or Potency after
Redox-Treatnment # . PHQ( (nMQG5dW(nM. | iu . :.
IbtmLy 1 7 6. .. 03 184 2 8 67CO2) - 37 -6 (16 10
197 473 0310- 583065-6730651]8 7810
211 88 3 .03 109 86 06 10 10 8 15 .. 0 212 10 In
Figure 34, it is seen that the-nmelting point of 1g9G

was i ncreased af ox.tre n s _neasured
by DSC, which |ngﬁ:a?p(gpxhl g“F“tﬁe‘f’hg@‘{?B Y™y, To
generate these data, 1g@ was treated with 6 M -
- jongiti mM cystine. pH 8 over night at 2-8 C

Parpmeier) G was jl so treated with reductant al one,

L ition of oxidant, Gepddihown in .
EquiBRAbAENt  418.50) D1do t_exanpl e,
L purified 1gd| was 1gﬂﬁggﬁbated V\A'ﬂ]}{ ‘5:;38 lgsteine
Logg er ni ght at [Parget(®adiof 30 erc20mginil at 30@emihncr eased by
Cwahqut 2 . fol vT t gl nbodi nent s _

contenpl ate t u@té'ﬁ'é”ﬁ’%é’{*%%{aégﬁ% t and oxidant, it
Wash 2 Redext enpl a2, édmﬂ hzibr witheoranthblaiiyicr fisotmhngHemy be

wddrkf or med usijgg, r.edugt, I ﬁé& di scussed in the
'sone’ embodi ﬁ?’s,ﬁ %@%@ﬁ%@"&‘ﬁﬁﬁs A8 30y ed by

Elntidni ng t he r e¥QY -domdi Neah®atpHt30s 4t h@ocamirl cul ture, the -
_—ant] body al ane or even by separating the 20 antibody

Ap °6 @Qtnﬁ@udnmme‘ Redox Time .

clertal n emenpl ary epbodi nent 9.6 the . i
i the cebl cul turezoredi um whagre it wWas produggd 6hrs
G arifieaocell cultare nedi e was trgated Wy redox 4o
fair (6 nMcystelnejoOGrrMo)sstlne 428C'y.,s 2hrs

. Gvernj ghtt?, The | gdo was thepspurified with Pygtein A12h,.s ,
&-fini ty2@hr onat ogrzphy. In blgis pardicular gaSe, Theyy
17ef ol di ngowas obserzeed with asshift ign its repgntion gne
8 me on BEC-HPLC -7® (Figures35). Refol ded |gg2 12hrs
@onsi stently showedid onger resention4ine on §FC HPLC, ppp
Mhd as 4d@ch the SE® : PLC nevkod may e used L9 as 12hrs

refol di ng-indicating assay method..




During | arge-scal e production of the Igd@ antibody, in
sone enbodi nents, it is contenplated that the
redox-treatnent step could readily be introduced
before the cation 5 exchange c_h.%./omat ography step to
refold the antibodies in order to elimnate
cysteinylation of free cysteines. This produces an

anti body pofPutifitd IpG1tshnpleere Frehed Wethiredbxiplirs §fBried cc.m entrations
str and/ or increased bi-ol.ogi car

ctural .. heterogeneity, |
act ot t’l‘i}gaﬁdfﬂﬂeﬁrwgﬁwww aFMURLStQf tised I brsief exkinplary studies
EXfddbhént fisteSaBhit 4 hyurs hipdy °©f o dL15.
I %{? anti bgd .- 10 Denattl%sr/a?i %%%géﬁ&ggva?rg??ﬁ%gyé%%ﬂi%&epH of
obf&FATPAGS te abqRHe - Jrhebisessap pritivitina twensrerksentsd aba pértentaph of activity

5 PrOTR) itre@BAl IS ¥Rkl e SUbE Cdeg{( BB 'xﬂ‘cﬂm@#gﬁﬁ';% :Sfltnx%zrature

. re

10

15

20
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c oHPGH dHEation 668 Sthours) bave alsPhesa, cafiedut aldfolanids ir;kl\lﬂrwe the bioassay
engiiB g94epP86 vol.. 131, 267-280.) In cases where - .
the equilibriumcurves may -befit to.a particul ar S

fol di ng. ' Lol di '-
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.normal i zin
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unflelded—add eauililbrat ed varying concentrationsjof -
cheri-ed—dgnatyrant and a_ spe®Brostaopic signal® 18

ot dgd &t ccu..’h ef—t h_cgse eRal ntconcentrat®dong -
W fh—kgowrgdge 7ot —thestefat— Bt hi foldediregilon bf 7
t hg CUBRVE ((Matzve gasetyre) a..',dGﬁ”‘.c HRf-ot-det—+efion -
(unf ol ded hasel ne)[an ;equi[ T bpg unm constantT{ant—this 1;9
change?i n free senerfgy) eray [pe-@pl-aified 20 aleagh o
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tr PE®onlreqiBan |The 6val tjes for tlhe oshanges bn Tl ecas
energyoraylthef-belext Fapallated® hack to thel absencel of 2z
denaturant to yield the change in free energy of the
protein unt oL_di ng in. water. Different spectroscopic
met hods .wi I} }%‘Eg’f“t 1t seen thathemeltingpeint phigGd wes irgreaedrafier the
eredopirentrhénit @8 HELRAADy B WBSkLLRY: ghétlld |

) TG WAL B SOl ety o generat

structur nf ol din .

t %‘eﬁd‘ﬁf“t @Plilﬂﬁszﬁf’aﬁeﬁ% Y810 b cysieing.,0-6 mMi eysting pHrwvennight at 2-8 °C.
mor e conpl %eégg)escri tion of the method, refer to the

Pace text dPt &P YA tegied pyith rednetnat alem, without the addition of

aoidant, bs SHowhGEExRireneanéh 0P Asthe 5599 able ﬁ{ﬁi@&&m&ﬁ%{ Mrified 16G1 was .

protejn equj | i brat ed overni ght at the guan ni-um
h’?ﬂﬁ’é‘fﬂ F‘%ﬁﬁdse‘g@{)%@ﬁ’ﬁ C¥EighLat ér%?,% Jtyactivineweg ingrkased by about 2 .
Sonip ITafs Wilicertdih BRbeIREMNE 85ht D18 BielisP gf@c{% AR

.and oo
moni toring the 30 fiuorescence: em ssion 60 1&13?‘_?%’8‘1?“"’“8
ated fhat ts agtbodyiafeldingynay keqrerfvodednsinpraditctint algne.

CD at 218nm a_data not shown). Unfortunately, after
ehspd 1p the some gmbedimsnishtbe reffolding mauy be achieved by

did not overlay suggesti n'% a
(FRRRAYRAIBE 8 FRIREN thad Aontsing the sadox egentt. Inlobrtain Exeenply embodiments,

RSToGY wab fefolid it er difference that
may - be co mpar ed. beté\{%gg:ﬁft%!ggwﬁg oxg?ﬂ’aiét ‘ﬁ%r’i’-’?‘%‘ﬂ?ﬂ( Aaied cell
¢ @Gdlg@rﬂﬁsé@gted' mathiredox pair (6 mM cysteine, 0.6 mM cystine, 2-8 °C

overnight). The IgG1 was then purified with Protein A affinity chromatography. In this

particular case, the refolding was observed with a shift in its retention time on SEC-HPLC



graph, however, does show that the m dpoint (Cm of
this transition is greater for the redox treated
sanpl e than for the non-redox treated bul k nateri al

- suggesting the stability of thegh redox-treated 146B7
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Igd antibody to be greater than the bul k non-redox
treated _sanple. ~This may be the case and is supported
b{FgHE 38hi Refolded IpG2sersistingly shoveediahger extetion tine on SEC-HPLC, and as

EXRAhTHE HPIROMENES may'bd (18K to A} ﬁ%%&ﬁ%%{glagsag mettho%

~data taking into consideration t

are appar onP e Y EERoRRf BFeg fuch if%ﬁ(fyﬂﬁfﬁ%%ﬁéﬁﬁ@mm it
b@t%@mplﬂﬁ@ thatderedoxatreatment etdpmk))ttldll &aﬂxﬁdbd;ﬁﬁﬂﬁcé@ﬁore the cation
) FAR o B S50 i gomnc

aﬁ'de tysteines.d This proglates dh daﬁﬁ%dy g@mmh it H% a re®Rtibh in the structural
Qmg/ nL in A5S-buffer

eins..were, fornu
Ch B Rt Ghor Seipast boosieat act o S proy bl ond ehel e

at thE follow ng terrperat -80, 4,29, 37., and 45C..
At various tine-points san‘gm St h protel ns -

wer e- pul | ed a egr adati on. The. met hods

enpl oyed wer ?t% g& Téizyé)ggfiﬁ@ gn‘i‘%é’ﬂf‘ﬂﬁ‘éﬁ defrLntibodyEC)

E|o| ggnl tor[légﬂ%gﬁ OnC bc?lué cg%d)ltf?a\évnzt'\x/)k.cys xrngttegn rt]hc: conformational
nesabslity ef protegus| anblae veaglgnegmoesmaﬁhﬁg St bili S UERHCESGdrben proteins

R B o TR e 3 bboel hheopogy 1986
tob. 113 m,r:!ﬁé-mm]h chieswhae maeq&hmmmmginap e fe A PRl unfoldmg. :

treteds | e has, a ensity toward aggregation’at
SRty fpuding b

ETRAR IERSYER Qo TRYCh morg siablg the native
abnﬁhhatﬁﬂ i Fremaithk ﬁxﬂaaarsadtelfrﬁgs be 6btaRiBd. "ByPiIGRG Whlls done is the

_ | ned Oﬁ %% lg ¢ i ther 'sanple (data not shown
@%}%ﬂ LFRPYIBTteg At EaTying ﬁ@@%ﬁ?%?ﬁ‘%}ﬁnml depeturant and a
_ Isgﬁﬂroﬁ'dmpmmmbﬁtor&'edaw'edcﬁ off thesd deRGiuftht LRcEHHREME] Réitifhowledge of

Js! cr;g "Bo? tion t%f coval ently hound i ntact.

SERD IR R remion of s Svape v sclimm g e vdalded region

r(mlfeldudl memie) b:gémnhbzﬁm ddhsta @uA @i dhin2QH Bde bﬂé}gf}&nay be obtained
The .rec nbl nant nonocl onal

"F%aaﬁ?s* §LF ﬁﬁ’ﬁ“ﬁﬁ?‘i top Wi e ynfglding trangigpm regipan dhe values for the

phmgbﬁihlffbe efidrgy Giad tHeh be Exita6lateA®ALIoRhd Yhsence o denatim'ant to yield

' E&?I‘}‘h nol. £ uI es ano} coval ently bound i ntact nol ecu

ﬁ? eyl dhepyeigingudol fiBgin wetebn is contact ed
with redu n- oxi dati on reagents in the presence of a-
denat uri nésifgﬁeé'&ﬁ’t“tfoéc‘iﬂ‘%’aﬁ@@dﬁ Yitlkrepor| gratitfersntamnfalding events, for

Akdngple feorbREnte Rused® PrewbQrti BRI unfol@ink Bt @R giap @¥roism is

1s fornuj ate |nastable buffer (low pH “I'I qui
Pred R mpniteriniolding of sspndamyistrugtie: W@r a fr@rermmptm dsscripgioh of the
fﬁéhﬂﬁ,&leﬁﬁtotﬁ@?a&@éé@h%tabb{véoound intact nonocl onal "1 gG4
anti bodi es are anti bodi es t hat possess t wo heavy

chai ns andror W com@itsof Bﬁéﬂﬁsﬂ,-ig g:ﬁ Qt re@hhee%ﬁnqn? Img/mL

possess oneg,_heavy chain and one

| meétwe@uawéat@éwémhéa the @ga@tdmmmmmmmnadq auhemtrations shown in

e Helgeph! §§nﬂ9§ W R QN Gl Y ekélnHEE?%!s}u% Iné %loxlllto%%d tl?el SO0
fluorescence emission at 360nm (see Figure 36). CD data was also recorded by monitoring
CD at 218nm (data not shown). Unfortunately, after normalizing the FL and CD data to the
fraction unfolded the signals from the two spectroscopic probes did not overlay suggesting a
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Tabl e | Hungf 2%
| ibgiigs1 Lag@thbse%yMat&cﬂ%Bb TR éﬂ:‘ﬁ@ 3t profids SRS Bl mutated at

circulation. The half nolecules is one of the main
obstacles on the way of 1g&4 subclass to comercia
pharmaceuticals. 5 Human | gG4 anti body is a.unique
subcl ass of i mmunogl obul i ns gamm; because it
possesses several unique featur®: First, it is unable
to precipitate purified antigens [Aal berse and

SCﬁBﬁUMm hAEMER! chuu '

ol ogy&%]t.%g%n&gggt cé'ggmégg’}ﬁ%mf%e eas"h'n%% |yle31/d ? free energy
ciiffers h,w;jtﬁtéay WQWPWQbWe%g?ram it el reated samplés. The FL
Cr | ak S reati ng conpl exes.

o e Bt i b T % 0B o o L st & Breater for the rodon
moFRgted] semple tmmmghahm-mdmctrmeﬁmhateﬁmwggehﬁ@%é §isbility of the
gq_%tr I% s onI mnimal (i'f any
ab 2l ?f& ﬁ{eatea the bulk D@@-rg(@ecrtrerated gample.
Ta’ﬁusmby h@lmptcm afun ﬁl”fhp}{oﬂted by the ShiR 1 THJsreén fok m&ﬁa'denamrauon

65; - H ul ett and' Hogarth, Ao

Let t
I ﬁﬁﬁﬂgf‘ Qﬁg@%e"a ﬁthmit aﬁzx;l&:qua&pmt of thaideta éalqr?eaptorcenmdmmn the -
| gfdarant difidremes in\ue-vﬂ{iésl dhedin &ﬁﬂgdyqa&t ?nefé’s[re é}ﬁ[)ent differences in the

require on

t her geutl C cgt?ﬁjl cati ons,
 t 59ulipriym pfolding betiten dhesadpomd apnrodox teged LIGR7dR6S proteins.

whi ch may | ead t&ran undesi rabl e i nmune. r esponse.

gied stabyly sfugy,wappauforned comparing éremon-redox treated

nonocyt a. nacr opha es .

ea FeyRl -
Fi %{@J o"t‘%ét ] dijim acetate, p Iﬁa@"éeorbltel) tambsxbreu at the .
e#sliowafehiperatteat —‘Sb &, §9r37+and]45*¢ E.?)fﬁxgﬁs Bmé %omtss samples of both

I’TDnCQgt €S, nacrop ha e + +°?

FRIPEINY “Herﬁ‘ﬁe]lle(%‘ﬁ@l rzed fgr dmdaﬁ@nﬂh%ﬂnbtbods employ2a were size - '
F

SRS A el e Y
cePfF ‘%/ - 3nd pRTlele F‘f‘m’isﬁq‘ mepsure-insalubleagguegatear Brotein concentration as
awelt BﬁlﬁH Va5 alcd ﬂx‘e&luf'e'é eY: &a%h Nggfﬂ‘rfly Tii+§13$h h'E] -1gure 37 is representative

Cg er nat e pat way -
%pé‘?t eﬁh&emﬂagmq.pqmnshowmg ﬂm meuloa-sedoﬁ( treated sample has a

t
?@??%ﬁﬂ%%ﬁ?ﬁi ag??éé e 9&%&% th@rre%ﬁ Ratgy & antTl 13 1gG1 at all

_ligp HEPETHIIes lglgpxng fqggtlon remamed the same for either sample (data not. shown)

"EXAMPLES,
Production of Enriched Population of intact IgG4

The present Example is directed to producing an enriched population of

~ covalently bound intact monoclonal IgG4 antibodies by refolding the half molecules of Igé4

into covalently bound intact molecules of IgG4. The recombinant monoclonal IgG4 ‘

- produced in mammalian cells and is a heterogeneous population of IgG4 molecules

con;almng half-molecules and covalently bound intact molecules of IgG4. This
heterogeneous population is contacted with reduction-oxidation reagents in the presence of a.
denaturing reagent to produce intact IgG4 molecules. After performing the redox treatment,
the antibody is formulated in a stable buffer (low pH, liquid or frozen) that would prevent
further formatjon of half molecules. The covalently bound intact monoclonal IgG4
antibodies are anubodxec that possess two heavy chmns and two light chains. IgG4 half
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25 Updated from Re[ 141. LG, |arge granul ar
| ynphocytes NK, natural killer cells; and t, depending
on the allotype of FcyR Ca. In addition, g4

g second, uni que
property: 1g&4 nol ecul es undé BO in vivo exchange of
hal f nol ecul es (HL) anong |1 g&4 nol ecul es [ Aal berse

ammbl&nlky pod¥Bs onk HEHW ChAY¥nd e A gﬂtQ:gﬁmg T?ng Lal e lgs % generated

exc n s possi bl e, because ecu es
%ﬁ' ?\XBL fhsrintaghmglecules ylmm;mﬂmaort mnmhmanﬁaamu bund also in

' t Eﬁ&ﬂadoﬁeﬂ’hef mm&@&ﬂ’éﬁ§ nel P hife é]?}l’?h star? %u!gfﬂil ge g{fl%(ggsubcless to

bet ween the two heavy chains

-gimemaﬂpb@m@eeunmlm i ntrachain bridges. There have

been repor.ts that 25-75%fraction of the g4

mol ecul es "i Bubanig@4antiyodyys 4 indquecabalay of Bﬁkhunoglobulms gamma,

i BE the heav ai ns. These 4
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therapeutic for clinical devel opment an 1g&4 noiety

has been consi dered but thought undesirable because

of the possibility of bispecificity, which can be

caused by exchange of ‘half nolecules of the specific

t herapeutic g4 with other Igéﬁ”half nol ecul es that

may be 30 present in circulation. Angal and coworkers
Mhifte@ b fohi IMRIChAR biides "endi AAE VIR ichod 5750, Bace;

proline (which is foﬂgﬁd at t hat pos%e%?rgﬁﬁﬁ%lé%%ﬂap°fth°IgG4
E g@)‘-ch;fﬁ ISabT’BG Suly by teernostronalent mtgeaﬁqons biﬂgrgémtgghedv%%ajns. These
ABGA mofculRs are v stabled T s oI i i it :
sﬁ%gle resi due %ﬁkat?on ag%Pn%§§ﬁ99§g§ﬂémB éﬂﬁﬁqrﬁw,g$mmeofﬂm

a SHERDRASrReYelsnttinleTations betvg Giithe CH hduyains, Ztepossitlg OB and CH2

i.nt - i a Si i ficant ext ended serum '
PofoRiens {42k ke ES AL B SR marelorb 00203, 5-19], that the.
c GAphangais cyalybml io wi»@ibyazlroﬁah itdimlﬂ'ﬁie iéo&ﬁﬁ:‘se ﬁ?ﬁ?ﬁhdt/&e}?c%i{n (the major
a I: | O cnl ngs _ofr - e resen
" A RoRBARENG hbRERy D)Mot P T ilon guuins ragt oblg4 in the

| gBRsomalgathivay in érddothslilk Ewlad! ) MO -
1 gab in érdothelifl cEIRO ilﬁisu@gé@ﬁ%ig%gﬁﬁa'ﬁ?%@eavy chain
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R R R R P —"

eMadl.dmeaindl02000p381168)t | y bound i ntact nonocl onal |1g&4
anti bodi €$ by " 'refolding the half nolecules into the .

coval ent | y Tuwabiliti 6f fsi-covRleRG AR !Iﬁﬁﬂaﬁﬁb&i@?ﬂ%ﬁamnget}?alves is

| | . 1gGA produced in_ manmal |l
B e e
- Modrelated @fiti ghs thatlRps@inb 86 bgentid fhe bEANE el ’éiha@%%:& ?@ce Aalberse

re ts in the presence of a denat'uring reage

o PR ORTIEE, AR S002 o 95, frd s ipieh cirsimaiahoss anibddgrantigen

EomhpleAEs G belfbigndded SRB S ensd RE i oul d be

gbl ep?t 0 g? feo | at gfjnglt%ﬁa st g%elnéé %ﬁ%og’g %?s%i gﬁfn_co"gl’me‘i"

| PRETYY Yf‘?yo{fgﬁ“}"ﬂaﬁ st wbmranglogy 999, £169B-6P8Ihml studissmwéhich -

f shovred | ofghs-1inkigg Mth 3o AlFkrdnl : .

dﬁ{ﬁ |%g0(;ﬂg re\'/egsed_- pﬁase %E:IM gﬁgllsym s%pghean‘@PIgG4 C

a -SB o &ﬁihé,’}‘nse\ﬁ%t éeapdigiess pellape Mawas foundrthiatiadepe frigtion of
hsimal IgG4 mitidc 616 hKI5twd HsieTer Q,%,‘,l;gD- . Gven. ..

thﬂesg fgi ndi n_c,. it is ,g%érgg?g&agfthhat t hééérg’g%sgﬁlgg%%eglwmlﬁmw'

e %1FFW@C%E§@QOE?§331 & s{wiecdns 1afd melpehldsgiia patients, who suffer

Ndre eNergies asHdbyIBuRIRBAEL, b%,s@ﬁcﬁlfé&%?b@e%kg E{doﬁ%%,mavé polyclonal

r ef ol di ng. of Ia?G4 nmol ecul es i n e nmanne

r‘EF&F?ﬁ’Pﬁ%“’B%‘H’ BG4 g@umqatoxsg:@osmmgabmmm from [Aalberse -
Rad Stidiuffan\Hih bRk r D L pzation '
Properties Anot -herﬁzro 2’;’3’ ]ioﬁ’@\/\llgi?gﬁﬂ%u%ﬁngtaaﬁ'b} e %tgﬁ %9 99, 97, 693‘
(P84 spasest HipbleGadi!fapeleqniastad unidgsirabletspeciessforghanfiaceutical

" ppERloRbRhusB iy Par bIaLah San kBEREHE! DRTE N e i time i

nti body crystallization een
Wg‘fléptméﬁ.@g §t als Moh dweuhelr 1R93 03, 110570 DEIC Uhdesd it théselection for a

: canf | on, Lsulfid 1Vity,
R bRl S Rph B o 1 o Res RO RIS Pl ghprght

30

mgdsirsiebaghiss oD te passitilityiof pisparifidityywhichtinst casell Bf eXchhge of
B 0RRRbles §7ind SrRARE Herapb A8 il hned te A Al oot it may be
present in circulation. .

Angal and qoworkers mutated the serine in the hinge motif ~CPSC- to a

proline (which is found- at that ppsi‘tion in IgG1 and IgG2) in a mouse/human chimeric heavy
chain of IgG4 [Angal et al., Mol. Immunol. 1993, 30, 105-108]. This single residue mutation



the ligand or Fc receptor, intact 1gd@, and intact
murine 1g&a (not intact human 1g&). Previous
patents on intact anti body crystallization describe

.spherical nanocrystalline conpgsite protein particles

and crystalline formulations [Alfus W0272636(A2, A3)
and WO0300014(A2)] that have been successful only in
| leaﬂ toeﬂe pagestionfoft hah@aﬂwus hoﬂxg&neﬁ QG%hb&@d TAE single point

PR i « PR e bt S g Sioc dstbution s

10

15

acbviipaes e M Soriginal ewﬁéﬁﬁgsnhase HPLC anal ysi-s of hi gh
mol ecul ar wei ght proteins have reveal ed disul fide

~ het er ogenei Givewthe ke obsRvialoh 3 thliehdhigs 6 the Alesent hjrvémon with

Pr ow Si 0 plication 60/621, 295, and
%@}%@ﬁ IeGlprddsg3 msfecniss ot i propossddhats hetgroghmeous
/
1 SSRGS o,
Haplgeulescaa peennghef fpr sovalently: beundl intactrornvglonal dg@4 amtibbitieeby
frefoling thehBlf Bty info 4o EoJaE&H9%§&£HQFt@@%&eS ‘i%é antibodies. The

proper I es have been descri ove
ERenpslonal IgGdpr efueedip opingwdfameclistapd apxphnmghalﬁmotﬂ‘cules and covalently

t al
TS e e
Ricpathangyragenimprpduse prodonlidaiBly/ 1§53 IR Sbdimen moksyles: t Afér performing

A1 d
ISy VT A P —
-rhsm.mi ariftozen)thit vamldpysent fnﬂher(hy]ﬂmmfrbmdb‘:ﬁﬂgﬂ Fi@.xre 38 and Figure 39 -

Sl P RRRT e ro RRRP Bl EERISandroitr Blech o, RN was e

anpm‘lp andhidentife Half TgGatrediédulds-ahd uﬂﬁdﬁ I.IgG’zEﬂoIE&{lesf ef o | di ng
of . the product secreted into the media.. A second

ik as pect i S G@anlnqsoﬁm # 1smges&dcﬁhptrtb¢:mfc8dmge@éﬁﬁents desctibed

& L R T

E M@hm&cabpaﬂtkeommmheo thie mfeldtngm&en for IgGl aidIg@rice t he

redox agents directly into.crystallization.solutions,

~such: that. msfolded prBXaMPERM1Oref ol d in sol ut| on-

20

25

30

and attach to the growing crystal, resultingin

i nproved dvefaldingAntihodienioy |le1pdsved[ﬁtyata!ilzatmdﬁnbpemdshe
present Exanpl e denonstrate successful crystallization

20 of ref ofBether amaamvhllc@@ methpdseif therpgeseit m@mmrx me useful is in the

hRYBY ﬁrﬁx)ﬁﬁ&%f‘%h@&d’y‘a E[‘EL ﬁ&gxﬁi@[ﬂ%ﬂ%f aﬂg chgpaﬁ VB, has been

activity and honog en
dmjtsd by Fhez"&termn@;mpd ibes lange manrormlcnyies S\Bﬁltre:spcct to conformatlon,

gg{)}/@?g%{%ﬁ‘f‘g Qggdé per F?gs ‘{h%%lé Jﬁﬁ'fn{ts s%ﬁ@%%m of IgG molecules
mt@r:mpmmmglydmtedgo thh Batf fragneent, o feagment) cansiepaonbLiragments thb

th ]
T AT AT,
Pn:proov paterphon nmemmba@l creptallizitioni dysttibe ‘sﬂhzﬁéaﬂ Bdhocrystalline

EUrBRG1t iERan el ol Fol g Y ena Al Wop2642.49)

WQ(BD&(DI#MI] D hyvie®bdhSuccessful only in limited cases of therapeutic IgG1

- antibodies, namely Infliximab (Rexmcade), Rituximab (Rituxan), and Trastuzumab -

(Herceptin).
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In the initial screens, crystals were obtained in the
follow ng conditions, using refolded anti IL-1R IgQ&
.antibody at 50 ng/nL. Anti 1L-1R Ig& antibody was
refolded in the presence of degzatur.ant to popul ate
form 3, as described above. 30 7°71. 50nmM pot assi um
chloride, 20% PEG 3350 pH 2.0 2. 50nmM pot assi um '

chloride, 2%&%cditealy¥3BQdPihcembhts INES: :
3350, pH 6.0 - 84- ,5.ﬁ%om\/| NES, 22%?5%%&%%%@5@‘?%@5& of high

1. RIFNE VeI Bettinstheve rovaalpddisul dokpjdrogencitytof3gG2 aibois [Dillon et

MVEBAUTS. Prdvisi 26&% '
MERUT o 0 3pp e aafoel o5 s P AUBREAD Brepats oot
s Rgaiens By e additien glrgductisn/obidatione(dedor )oagerin i facilide thd femation of

d i ' ' -43 sh at the |1 g@&, :
S AR S T R Bk SR oot

s phele¢udefor @Qngleanqn;emhﬁltprqteiﬁ@ haveteei hﬁcﬂlﬁ{dh@&l&f; Qh the present
t e EOVI a eneoys.preparation o o

¢ Rt ik 88 e o o SRR OE A FUTGIPE Ry BpRFL g mproved

i mrystallization propéréss. 10 Al . of the conpositions and/ or

met hods di scl osed and clai med herein can be- -made and “-
execut ed wi AhdestribeddnPCEABOS/OUE 84 (BdndANS.-Prévisibeh ApPfication

offersenation medi) Gutilwdiil futridnts stch hs BRteBRPGERR cysRnfilO $fitathione,
of Sk'-”g{'ntthe rt that variations may be dpplied™to
t REPREGFBGST ¢ %ﬁé‘%‘&ﬁrﬁgﬁm@taﬁé CETY PRAFFT coraposyionp suchthat the

i Bpprbpriaterduemaentiofis sieRSd & rtBRITE M brdiclES il ddi8H the media.
her ei n vvltho.uti d ‘?rtl ng fromthe.” concept, spirit _ancF i
sgosﬁé“tﬁlf"s?%‘si HVBPE A SCPaR? Brocespiag piep Ealoxidativerrefaiding of the -
bprotgi ali festing o tysiedl nAtrAbANRAISinYBF 591“35%%}9{;»2 A third aspect of the:

chenical.ly .and siologically related my , ,
SERR 1 DI Po HE TG ARSI ERY BiAE Tt sglptiopsisheh that

smiiefolded profein daf Fef61@ SikdlstionQull R 18 Ll .
simlar subazl%i tutes . and nodifications gg‘}éﬁggrgﬁﬁt f%g.’ﬁhng.m

t FYERVederySlFaRon Yiglds- ar t are deemed-to be within the .
spirit, sc aﬁaand fgﬁnce't-of the i nvention 20 as .
defi ned by TP RBAHALRF Repssptxampledgmanstrate wiseassfubdrystallization
heff refoitict itauy SHGRIR efd10ink BEIEI! 8 Rémbveystbil@¥tidH 1Y hE demonstrated
exeg‘lmgr %/ﬁ roc?eﬁlural qr other details supplenentary to

{ R RYed B UY AP NgTRossPHtY [s5ecExamples abeye].fand sryftgllization studies are in
| progriessab dérshshiate aifsldyg 1561 AIsEIRGA -impr'osér crgfﬁ‘fiﬂﬁon mgtt:rties for that

s ai ged . . ,
- subclass. g?/'regol%mg during the fermentation, in a separate processing step, or within the -

D

crystallization solution, it is possible to generate product with improved phafmaceuﬁcal and

crystallization properties, including improved homogeneity, activity/potency, .stabilify-, crystal

growth, and crystallization yields. '

" In the initial screens, crystais were obtained in the following conditions, using |

refolded anti IL-1R IgG2 antibody at 50 mg/mL. Anti IL-1R IgG2 antibody was refolded in

the presence of denaturant to populate fdfm 3, as described .above.
. 50mM potassium chloride, 20% PEG 3350 pH 2.0

2. 50mM potassium chloride, 24% PEG 3350 pH 2.0
3. 50mM MES, 20% PEG 3350 pH 6.0



1. A nethod of producing an 1gG anti body preparation

conprising: contacting a purified preparation of an

I gG anti body that has been reconbinantly produced by
~mammalian cells with a reductigg/oxidation coupling

reagent at a pH of about 5 to about 11; and optionally

further -contacting said preparation with a chaotropic

agent befote, Qﬂ%\ﬂ\@s CAYARG 2350IpH 60t h sai d

contacting WI th said reduction/oxidation coupling
_reagent. 2.6-The hiiMdu-Kphosphater0IM NaeswidplapHs 5 IB9% MEGA-7*

: 1&910'6( &%gxﬁ I'h oup consisting of an
ng(glk I g asédsde? tgﬁ%ﬁegiﬁﬁ]ﬁﬁﬁﬁ%&y gr fragrrentg

th f th T t hod of

olaim 1, m‘i‘*eri.“,? Bt BRI Bl v ¥ repiar bascd detergent

5 a@btamdﬁomh"atahatejt es as several separate forns on .
" RP-HPLC and said nethod decreases the nurrber of forns

el uting on mmmomnnﬁighﬁﬁﬂ-ﬁhehdve{hafﬂl&? &&{PLC .4edunder

0 ral ate forns on sai .
Tﬁ‘xeeQ:EncFﬁtkng ab?@ %ﬁ T#)e%népqug the methods of the invention
p P@W@eeﬂlbmagdrytousqnépaﬁWﬁ ofthe IRl alBWFoRhatida 'oguﬁﬁ)\ﬁ%rcyﬁals of -

orms in said preparation as deternmnned
-RER%[D%%% é’e% .The net hod of cl a| m 4, wherein said

preferenti nri che for,m has a pharnmaceutically
10 Gesirable g&rﬂo%fets% {PROSHBAARAQEmERiods %F@Wﬁl‘q @Wﬁh@rem can be

hamsde aud et wtithoat ndubSsperdihiaTRho dghtdr 1H}RedtBl MO wite

1.gG ant,i body is a reconbi nant - :

R s eSAEHR eRa or i oo R etheg esghadamtprms of some .
r enbadlmmtsr itavifl ba gppakdnt @fthoss of KAV HILE &7 that gﬁahazﬁkhth%apphed to

| ea one freecystel ne residue. .
n@? ﬁ%’gp%‘r“&ﬁ WdfRr gnctygds and in thepteps prinitbeisequanse nbsteps of the method

15  cdesgaited Berexﬁ@ﬁﬂﬁﬁi ddﬁ&tﬁ%ggm&g?eﬁ%g!&%? 'sgﬁxé :Mr]ré Lo of thc mvent:on. More .

%g%ﬁ?@% § Appareat tsﬁ certaiagents Y ighRre bwﬂ: cbmalrmmn od :
.déwslehsxeﬂlytrbateﬂemawelsemaﬁedhaﬂ the g&n?scdélsﬁﬁ)e&’i]ﬂjegx%le the same or

- % h %ﬁﬁfdalml wherein the
r é‘aﬂ‘”&’ 8 ‘5%{1& £ POEYES U Forl staidag sphstinmesfang modif@atnons apparent to
ttho@ lokilléd ib@he drDare GbnddRd B@Qnﬂfm tid @Hﬂ écopé"ﬁﬁ %h&p gﬁ.h@mvenhon .
20 %s dei?neg by the appended clalms |

- The references c1_ted herein throughout, to the extent that they provide
exemplary procedural or other details supplementary to those set forth herein, are all -

specifically incorporated herein by reference..



reducti on/ oxi dati on coupling reagent fromabout 7.6 to
about 9.6. 11. The nethod of Caim1l1, wherein the pH
of said reduction/oxidation coupling reagent is about
. 8.6. 12. The nethod of Caim1l, waerein the
reduction/oxidation coupling reagent conprises
reduced gl ut athi one and oxi di zed gl ut at hi one. 13. The
nmet hod of C aim 12, wherein -t I{H,ALMSO of reduced
glutathione to oxidized glutathione is about 1:1 to
about Mdhatis Clajmedfis ' met hod of Caim 1, wherein the
reduction/oxi dation coupling reagent conprises
cystei ne/cystine. 15. The nethod of C'aim.14, wherein

t he cystei ne/ cysti ne A methpd bRye6ddcpanaRG Whtitdd FENhrhaR
about ﬁj}gu%stei ne. 16. The nethod of C ai }E o

wherein t dox coupling reagent conprises from

about 0.1 mMto i ne and no_exogenous '
cysteine is adaﬁeggutf‘? pﬁﬂngl ‘ﬁé‘Fﬂ‘Hﬁt“B‘W fen JgGantibody that has been
wher ei recombnm;ﬂytpeodueéd:bss&:mgalm ceMﬁﬁEH?edhEhoﬂ/oxxd tio uphng
cystel{ég e&YSt'p%fe {%PI o of  about 1.to about f ik

The methio & 'it4-5 °\?oh‘§¥éi n“néystel ne/ cystl ne

conprl ses about 6%1YI teine and about 1 nmM cysti ne.

19." The net hod “BF"&H% i’f“%ﬁ@?geﬁalﬁ Rrpgaration with a chaotropic agent
cyst ei trefdreyaftet oreconQerERtly WRE sAPewHtaclin

about % %C%St am ne. 2}(') The net hod%ﬁgﬁgﬁ%ﬂ%ﬁ%%@um '
wher ei ¢ Filcting step is performed for at |east

30 mnutes. 21. The t hod of aim 20, wherein the
contacting step 2i's g“iﬁ%ﬁf’&fc{%@ laWhereingaid deG Butibods & selected .
hour s. fro?ix?t}aeﬁkmxprceﬁdmd of a6l Meb2 r

reco at%&nb tlgodﬁgs purlflllgg%aglrjl or t%bo‘ie?'od'ﬁagmems :
cont Blm ! “?ﬂf@e‘n%t hod of G aim1, wherein

sai d recorrbl nanj | gG.anti bod J?H%partl ally url fied

prl or to said contactieythes 1 vehereig sgd &g‘rmtwpdylsanlng

- f u antitrdy thaoehptes ss s&gerﬁl(wﬁeﬁﬁta FStehs oR RP-BPNE 8%d S8 method decreases

reco R ant i y th a further conposition
commrh%én 5 Secon 1‘9 edn Wgﬁr&é{t’rﬁ@rﬂ@é@m dliﬁgbutmn of said

reagentvera?_sspar'ﬁteefoﬂﬁ&mm gpacm -1, wherein prior-to
said nethod said I gG

4. The method of claim 3, wherein sald method preferentxa.lly

enriches at least one of said several sepa.rate forms in said preparatlon as determined -
by RP-HPLC.

5. The method of claim 4, wherein said preferentially ennched

form has a pharmaceutically desirable property as compared to a prepaxatxon that has
not been treated by sald method.

6. The method of claxm 1, wherein said IgG anubody isa
recombinant IgG1 antibody having at least one free cysteine residue or a fragment of

a recombinant IgG1 antibody having at least one free. cysteme residue.

7. The method of claim 6 wherein said method does not compnse

. contacting said preparation with a chaotropic agent.

8: The method of claim 1 wherein said IgG antibody is an igG4

‘ antibody and said method decreases the formation of half molecules of IgGa4.



antibody is isolated fromthe cul ture nedi um of
mamal i an cells in a nethod conprising culturing a
manmal i an cell that expresses. and secretes into
~culture nediuman 19gG antibody oggan |19gG anti body
fragnent; addi ng reduction/oxidation coupling reagent
at a pH of about 5 to about 11, and optionally

contai ns a chaot $-opi cThearpthnd of ghzimsk ehertinale i of said
anti bo . ' . he. net.hod_of .Gl aim 1 and
‘Caim g%duf(:ﬁ eré?dﬁlg? %@1"%‘&% %?57”31-55 frg Pr%"?‘?% sabSHtgloor nor e
chr omat ogr aphy s{geps. The t.had of Claim 1. .
wherein the conciedreit ré[{h%é}]et%(}lﬁ %fﬁmqeggﬁﬁﬁnﬁﬁﬁ%%@d
ant i boasducBorfexidatiah conplidg reggent framchbaliaNg to 2Bourg/erl . 28.
The method of Claim1l, wherein said contacting
produces a |gG Hnti [ihd metitidai Clsmnty whersinald §H ofsaid

storag ae..sane ].qG anti bo that i s not ;
cont ac e@%‘%&‘%ﬁén F%“Ph%ﬁ’%eﬂasaﬁ%tf; “wherei n said

. | , Nhich Qs 1 | o
Chermal | Stabl o ritan dhe e B CRREY, Phuty tiersfoionayiation
cont act®ubling fagehin compristddnded Glupitiiods andloRideied ghadtRione.

cont.acting produces a 19gG anti body whi ch has
an-inproved crysi3al | Theinethod pf OReh 1y, Wieraihe faddofirbficed

same. Guantibody. that | s nat-.confacted. 31. The

met hodél_g'?tbdfnaeit?noﬁ.]%ép%tbﬁ‘_’%d? ?%bif?é?ﬁ PR W¢loduces a
the ‘same g6 anthbod e BEREN A B T serE i gpiuction/oxdation
- cont actoupling2agent dimprisastolystdinekystinai m 1, wherein said '

contacting. produces a |gG anti body:having: at |.east .a
two-fol d i ncreadé. i nThe methbdbfQliaimll4,aeHeteit thy cFMIRAEREne

to th I ant i b ‘t.hat ' 1s_pot contacted. -88-

| 33..._Th‘?§mr?e§§%oigmg?%oéwy Fﬁﬁq?& #oert h@?‘b}g@ﬁ{eﬁ’fti ng said 1gG
A e e L R S,
reduc tqomne%ifdm ibont &b knaponeHipaM cystid. andhe ex@ichod cysteine is
of d ajygp3. wherein said chaotropic agent is ' -
sel ecte romthe group consisting of. urea, arginine,

SDS and ani di I ide. withe et hod of . . -
d ai ?n 34,g-uvyh|er Ie?ﬁ sal ng%g%dt)éfc%%gl g‘gé”r}ll mctlg%yrsf%gggcysune 1s
guani (refentiy 8 FyRivherysithe. ratio of about 1:1 to about 10:1.

18.  The method of Claim 14, wherein cysteine/cystine comprises
‘about 6 mM cysteine and about 1 mM cystine.

19 The method of Claim 14, wherein the éysteine/cystine
comprises about 6 mM cysteine and about 6 mM cystamine.

_ 20.  The method of claim 14, wherein the contacting step is
performed for at least 30 minutes. '

21.  The method of Claim 20, wherein the contacting step is
performed for about 4 to about 48 hours.

22.  The method of Claim 1, wherein said recombinant IgG
antibody is purified prior to said contacting.



36. The nethod of C aim 35, wherein the concentration
of guani di ne hydrochloride is fromabout 0.1 Mto
about 1.5 M 37. The nethod of C aim 35, wherein the
_concentration of guanidine hydrochloride is from

" "about 0.1 Mto about 1M 38. The-t®tthod-of O aim

35, -wherein the-concentration of guanidine '
hydrochl ori de i s aboutty@ RMod3f [ f.claim

35, wherein the concentration oFlaLgﬁaﬁﬁgi%gm{amcom%mmugG
hydr oc hiribpdieisipartiay purifiedaior waidldoetantiighod of Caim |
33, wherein said contacting wwth said Ny
reduct i on/ oxi dat i28n cdipkicthgd oEGipimt1, Anthes@inprifing tcb@kcting the

cont act i Jaeh : 0pj ¢ . .agent produce an |19G

anti body ggdk%og@hggg&%o%}ag%&% Bfneh empa§ton fpmglising a second
bi ol ogi reduiictionfokidaiién/complimpresgtnt. 0 t he same | gG anti body

that is not contacted. 41. The nmethod of Ctaim 1l or "

LAl s oot sk st 0, st i
bul k for %ﬁ§d§5?5°¥ﬁe§d¢%¥ﬂﬁ&“ © Bedium af mammplign eelisin a method

f ur t hercoopriging sulngingarmahilia@en Bt &Hees88 dnl 96¥etaSinto culture
producededo%sakﬁg%neﬁ)h d into a sterile unit dose o
form 4FRE RN HYtPoBY ortdefhantibrdydragment sdding sednation/oxidation
conpr i Sotygfingireaplent 4t AGEPoffabAR 5ite Bbskk 11, MBAGHE E6htks -
ant i boda%ggavi ng a desired refol ded conf orBﬁrruﬁﬂtaP%n. téllg& Chaom)p-lc
The metBEY UBPR BCEHAR 25antihady &em spdeelbr ocedure for said
isolating is sel ﬁﬁ%t ed_fromthe group consisting of: -
rever sed- phase cht-onal BuPetpedof@eim HapdClaim 25, wherein the purifying
Si ze- ex6inpfiscd Bné & MR CAHnARIEYaphY AdpEX Change |
chr omat ogr aphy, hydrophobi c aipn g{égc_t_i on ,
chromat ography, 2f.fi ntie/m&ahsOsraugg & i ;
el ectro%hor esis. 45. The nethod gg%%ﬁ'ﬁ@?_°%°§?%?“ﬁ”°fﬂle
the pr &CREGFa™TIEE aatipefy is Eemabewtd me/m! gnd ehoyh3thme/ml.
chr omat ogr aphy. #{6} A pr%?arat-i on of an 1gG anti body _
prepared accordiffy t ol eHRethafaf Kdamok, whersimsaid enntacting produces a
33, saiglh pitibpay whichis Mo stiblein BRI YNAAHS saRRAPE ALEO Y that i
of said %‘?%Canti body. 47.. The p?ggar at i osn of E%%gﬁgn&ytha“snm
46, fuftiiesre onprising a pharmaceutically acceptable
carrier, excipiept or_diluent. 48. A conposition
conmprising a ho geneja’t‘}é“%‘%?ﬁitﬂfg%rﬂ’&fhe@m said contacting produces a
IgG antibody which is more thermal stable than th¢ same IgG antibody that is not

contacted.

30. The method of Claim 1, wherein said contacting produces a
IgG antibody which has an improved crystallization proberty compared to the same
IgG antibody that is not contacted.

31.  The method of Claim 1, wherein said contacting produces a
IgG antibody population which is more homogeneous than the same IgG antibody

~ population that is not contacted.

. 32.  The method of Claim 1, wherein said contacting produces a
- IgG antibody having at least a two-fold increase in its biological activity compared to

the same IgG antibody that is not contacted.



reconbi nant 1gG anti body and a pharnmaceutically
acceptable carrier, excipient or diluent. . 49. The
conmposition of Claim48, wherein said reconbi nant |1gG
antibody is an 1gd@ antibody. 50. The conposition of
Cl ai m 48, wherein said reconbi nan#81gG antibody is an
|g& antibody. 51. The conposition of C aim 48, _
‘Wherein said recgybi Agp e .1 Qody.is an | qG4 . .
antibody, . 52. A net hog]eg% P{ggéﬁgﬁ%ﬂ%ﬁgﬁgg{%Sﬁld%%am‘bwy
of an PyB2achgiopis aggnt befre aftw e convgrremlyseitttsaii tohactingaith said
- ef f ect | 4BctffiRHHat neous popul ation of the
| gG of eang/ of ﬁag?ér% Hgn%}%ﬁ?egg The nethod of claim
52, wherein sai dmi-#| PR, LS ., SUbcut anequs, or, _
3 st ok e84 bEC R 23 ki G Beringeent s

i ntravenous adm ni strati on.

or non$elestadritpm the gruulcbtsisting oft urdagaeiRicNSIDS abdfaanidine
anti bo%ydr%%mr{ag t he manuf acturing, formulation, and/or
- storag hereof, conprising: a) contacting' a '

preparation of id G tha . been recon‘oinantly
produced by rmm%mgl i ahﬁ%lé’r’ 833{?%%??’%’?&‘9%%%&14%&@*
coupl i segnprisesomuabidak hadrpdiieride. about 5 t.o about .11, and,
‘optionally, further contacting said preparation with a -

-90- chaot r opi ¢ 3genThdxnéthéEof Clain® 85, Whefed G EérRBitta¥ion of
W th sai tacti.ng.-wi th said_ . reduction/oxidati.on
coupl i 5‘%@%3’%@’??“8‘?“&? %%iaﬁ%mpﬂemtﬁéb%llédﬁi e t hat

has been treated,accaordi tep,a) . into fragnents;
and. c) subj ecti gz; th ﬁ’ﬂag%‘{‘%lcaéﬂgﬁweﬂ'gﬁﬁ%@*?‘b?ﬁ
" step Igpaniding hydrheldoridedgfrap Ao 0al M3b Shout N1, eby '

detecting or nonitoring the quality of said I1gG
nol ecul e. 55. TB® neTheanktinfd ofiCAaim T5whefei the Sons@indtidI6s

anti b | ...anti bo and said nonitoring the-
qual i gmc%'rﬁr%r dsr%‘g’%rﬂ?ﬁi’i PFtn(ggi\dhe status of free or

unpai red cysteifg ofmsaid l.a@. antibody.. 56. The . -
met hod of cl ai mﬂg4, .’J&%ﬁ%‘%‘q@s‘ﬂb‘“?Ed”o‘g%?‘flg’&&y’-‘ﬁegmn of

| g& spamdinohiydreabipridaiscbowtr0:9Mri ng the quality
-conprises nonitoring the nunber of forns .of said Ig& -

to determ ne hetlr ogdnaicthpdef Cldim 33; whariatshid Bontacting with said
reduction/oxidation coupling reagent and said further contacting with said chaotropic
| agent produce an IgG antibody having at least a three-fold increase in its biological

activity compared to the same IgG antibody that is not contacted.

| 41.  The method of Claim 1 or Claim 33, further comprising
formulating the IgG antibody as produced by said method into a sterile bulk form.

42.  The method of Claim 1 or Claim 33, further comprising
formulating the IgG antibody as produced by said method into a sterile unit dose
 form. - ' :

43.  Themethod of Claim 1 or Claim 33, further comprising

isolating a fraction of the contacted IgG antibody having a desired refolded
conformation. '

44.  The method of Claim 43, wherein the procedure for said |

' isolaﬁpg is selected from the group consisting of: reversed-phase chromatography



57. The-nethod of claim 54, wherein said |1 gG nol ecul e
is an 1g&4 nolecule and said nonitoring the quality
conprises nonitoring the presence of half nolecul es

~of 1gA. 58. The nethod of claimb4, wherein the

chr omat ography conpri ses an LCI M8 -anal ysis. 59. The
met hod of claim 54, wherein the detecting or '

moni t OHPNQ, $ige-extRidH Qﬁx@ﬂxa@éfabﬁ‘ﬁ ;6§ ExcRAHE fcﬁrgﬁgfo ng)t' %Q'drophoblc

of the, 1 gG nol ecul e, sai uritication

col urmmE‘I%"i‘%‘ﬁﬁFBrﬁF’éﬁﬁVPh)G nity ghromatbgeephy ramtidmmheresxs
rreconbi nant 1gG anti body, or an 1gG antibody fragnment
conpri sing: cont¥act i Abe @athpdef Glaim B3dWhersin theplogEure for said
ant i boﬁmaﬁlgg\gq@dﬂgxcﬁ gg }Q?"Patg%g{;]ﬁy reconbi nant |y

produced by mammali a ‘a reduction/oxidation

" coupling reagenf at bout

optional ly further oo %Iégggllyf qsanﬁga B a&c')“r""?}ﬁ%t“he
ant i bdasthed ekfAlaim 1 w@lhma33 shdprapammn Bay@igta Hosfo@Ereous population of
after Qi4 H&S,ntly with said contacting with sardp o
reducti onfoxi datron coupl i ng reagent -91 61. The

met hod of O ai my61, met hod..sai d

| gG anti body or I'gG an ﬁd“%y8¥‘°§g T 5ERLIPE 3 om

t he cmhﬁmaéemlwmqﬁabﬂmamr emxpnmebﬂdi]ueﬁt a method .
conprising culturing a nanmalian cell that expresses

and secretes |ﬁ30 o&rmmceltrmatbmpnanghg@:@ehedneﬁypﬂiuon ofa

an | 9GRah! n uct i oxi dati on. '
coupl i ng reagent at%% ? Sg?unggg'oac‘é"a?g{“i‘mf’ expigient or
opt i ofdP¢ny. contains a chaotropl C agent upon secretion

of antibody fromsaid cell. 62. The nethod of Caim

60, - wher ei n sai 4P- r e dberlodmpuositiong(E Claimt48p@hkteih Saill gédombinant IgG
63. T 60, wherein said reconbi nant
AREY RO I86) B0,

I gG ant 4. The et hod of .C ai m 60,

wher ei n.. sai d-4geco aG d
65. A method of g&ep@?u o5l of i B g Fﬁgg?ecgwbmam IgG
i nt acfotibody is@pil imtllbg@y anti body conpri sing.

perform ng the nethod of claim1l or claim60; and
preparing a crydtal Fh%eunmmwcmdsmmmsmmomgﬁmlgc

anti bgdwodygﬁnlmaﬁggapd of .claim 65 further

con‘prrsrngrsolatrngthe. _
52. Amethod of u'eatmg a subject in nieed of an IgG compnsmg

administering to said subject an effective amount of the homogeneous popu]atron of
the IgG of any of claims 49-51.

53.  Themethod of claim 52, wherein said administration i
. subcutaneous or intravenous administration. | |

54. A method of detecting or monitoring the quality ofa

recombinant IgG antibody during the manufacturing, formulation, and/or storage
thereof, comprising:

a) contacting'a preparation of said IgG that has been recombinantly
produced by mammalian cells with a reduction/oxidation coupling reagent at apH of

~ about 5 to about 11, and, optionally, further contacting said preparation with a



reconbi nant 1gG anti body prepared by the nethod of

claiml1l or claim60 prior to crystallizing said

anti body. 67. The nethod of Claim1l,. wherein said
~reconbinant 1gG antibody is attached to a stationary

phase of a chromat ographic col uni 24nd r edox reagents

and chaotropic reagents are a part of the nobile

phase. @fotropieagent befle, After(drabMRutrenti$ltSli &at-dtine with sai

reduct i OH/ oiaii@a?triﬁt)n coupli ng rug:.raeaent ﬂﬁéaqdaﬁo%gagtzy%@th said

-69. ' FPAVHRRCKGRBrowplinR Avagetiher ei n sai d
‘reduction/oxidation coupling reagent includes

bi val ent netal i bhdeaying Igfamolequle that hae béendreated according to step a)
produci i Rigmlefis a8t | body preparation conprising:

contacting an i-sol ated preparation of-an 1gG anti body

‘that- has been r i 2 ; manmmal i an

cells with a-r ed%?%%%%éﬁﬁ%%%ggfg@ms fEP By to 2

a pH. ofHEARETaphy anabisiathereby detacting®? monitdringnbe quality of said IgG
furthemseajeecti ng said preparation to' denaturation

by hi gh pressure before, after or concurrently wth

said contacting g4 th [ [ tion/ gxidati or . )

coupl i ng_reagent yy 71.15’?&1"%]%‘%‘1%13’89%%“ g?a‘gﬁﬁﬂhij’ﬁ%q ibody is an IgG1

ant i bodytikefly and saiggmenitorin treaality comprides indgitorig|the ¥titBof free o

cul tur aPERERne Ot B BIEY SRBER 0T “an | 96 ant i body

fragment; addi nggred ' xikdat i oupl i ng reagent .

at a pH of aboutgs_ % tgﬁ é}é’g%g O}ig’amb% wg’ﬁ‘i"'”(ﬁ%g@?an bodyisan I§G2

: ?ont ai h@;badxmfmdmwoamg qualivy capgrises ﬂn@ﬁi}o@ﬁég @ﬁ:ﬂﬁgﬁgﬂ’bfforms |
rom : . e oduci ng an |1 gG anti body

or-fr agﬁéentlgegeor%oé H%\I}?{ﬁ’@og\éﬁgﬁp‘&g@éﬁgpﬁ@Pﬁaceut ical

and crystallizakhon 0 hes.as conpared tqQ an.lgG .
ant i body or frag?ﬁent?%ﬁwlgei?&e%é Ofﬂ?ﬂn %agxﬁﬁll“ SB‘QSﬁGé"iPA%@dS_m IgG4
© to saiBolegdurnd sev/menpitaring ba qualitp gemprisasuosifiing &) dr¥sence of half
chaot r QpPlefui@¥RMG4. 72. 1N a manmal i an cel | -based net hod

for producing a reconbinant 1gG anti body or a

‘reconbi nant | gGsgnt i BRAYedf S AH AL 54t DE. L.MAr Oyenent _
conpri-si ng addi n%u_tso a cu éure ﬁrr‘téldsl‘*u?nﬁed%‘gg‘efc omatography

pr oductomBHsE Rn $67MS peatysisat | body  or sai d | gG anti body
fragnment a reduction/oxidation coupling reagent at a .
pH of about 5 %D aphgimethod ofigthin (54 wimeadih thealetecting or monitoring is

C haF)t reapdieted dffilg tHPﬁH—iﬁ:@ﬁ&%t&%‘f o Ig%:al.jngleclzlgg(,; sga tplurk?gga%on

compxising column éhromatography.

60. A method of prodﬁcing a recombinant IgG antibody, or an IgG
antibody fragment comprising:

contacting an IgG antibody or an IgG antibody fragment that has been _
recombinantly produced by mammalian cells with a reduction/oxidation coupling
reagent at a pH of about 5 to about 11; and opﬁonajly | -

further contacting said IgG antibody or IgG antibody fragment with a
chaotropic agent before, after or concurrently with said contacting with said

reduction/oxidation coupling reagent.



or said 1gG antibody fragnment into said nedi um

-91-

: 61.  The method of Claim 61, wherem prior to said method said IgG
annbody or IgG antibody fragment is isolated from the culture medium of mammalian
cells in a method comprising culturing a mammalian cell that expresses and secretes -
into culture medium an IgG antibody or an IgG antibody fragment; adding
reduction/oxidation coupling reagent at apH of about 5 to about 11, and optionally

contains a chaotropic agent upon secretion of anubody from sald cell.

62. The method of C]a:m 60, wherein said recombinant IgG

antibody is IgG1. : _
‘ 63.  The method of Claim 60, wherein said recombinax;_t IgG

antibody is IgG2.

64.  The method of Claim 60, wherein said recombinant IgG
antibody is IgG4. . | - -

65. A method of preparing a crystallized form of an intact
recombinant IgG antibody compﬁsing_perfonrijng the method of claim 1 or claim 60;

and brepa.ring a crystallized form of said recombinanf IgG antibodjﬂ

66.  The method of claim 65 further comprising isolating the -

recombinant IgG antibody prepared by the method of claim 1 or claim 60 pnor to
crystallizing said antibody.

67.  The method of Claim 1, wherein said recombinant IgG
antibody is attached to a stationary phase of a chromatographic column and redox
reagents and chaotropic reagents are a part of the mobile phase. -

. 68.  The method of Claim 1, wherein said reductlon/odeauon
couplmg reagent is an enzyme.

69.  The method of Claim 1, wherein said reduction/oxidation .
coupling reagent includes bivalent metal ions and'oxygen.

70. A method of producing an IgG antibody preparation
comprising:

~ contacting an isolated 'preparatibn of an IgG aritibody that has been
recombinantly produced by mammalian cells with a reduction/oxidation coupling

reagent at a pH of about 5 to about 11; and



-92.

optionally further subjecting said preparatlon to'denaturation by high
pressure before, a.ﬁer or concurrently w1th said contactmg with said

reductxon/ox1datlon coupling reagent.

71. A method of producing an IgG antibody or a fragment thereof

comprising:

cu]tunng a mammahan cell that expresses and secretes into culture
medium an IgG antibody or an IgG anubody fragment;

adding reduction/oxidation coupling reagent at a pH of about § to
‘about 11, and optionally contains a chaotropic agent upon secretion of antibody from
said cell; and thereby producing an IgG antibedy or fragment thereof having
‘improved pharmaceutical and crystalhzatxon properties as compared to an IgG

antxbody or fragment thereof that has not been exposed to said reduction/oxidation
reagent and optionally chaotropxc agent.

72. In a mammalian cell-based method for producing a
recombmant IgG antibody or a recombmant 1gG antibody fragment, the improvement
compnsmg adding to a culture medium used for the productlon of said IgG annbody
or said IgG antibody fragment a reductlon/oxndanon coupling reagent at a pH of about
5 to about 1 1; and optlonally a chaotropxc agent upon secretion of said IgG antlbody
or said IgG antlbody fragment into said medium.



