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g {57) Abstract: In a method for reconstituting a recombinant protein from a denatured state to its active form, a feed solution con-
taining the recombinant protein in its denatured and/or biologically inactive intermediate forms is subjected to a chromatographic
separation process, in which the protein is reconstituted under conditions that promote refolding of the protein and the intermediate
forms are separated from the refolded protein. The denatured form and/for the inactive intermediate forms of the protein are separated
from the refolded protein in a continuzous or quasi-continuous manner and optionally recycled to the feed solution.
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fromthe refolded protein in a continuous or quasi-conti hgisscHagpaer and
optionally recycled to the feed sol ution. 28 March 2006 WO 03/031465
PCT/ EP0O2/ 10992 1 Method for reconstituting a reconbi nant protein to its
bi ol ogically active form The invention relates to the field of reconbi nant

protetn production. Pr o ey b3l a1 MVAMARYIPUAAIEMIARN, |5, 2

and purification froma natural source, such as a plant or aninmal tissue
or m eugdEgani sns, or by neans of receiM-mBbdes A kBGHARL RBYo meTGuipr oduce a
Ir econbt netkinepptotabearch repdte  CDNA encodi ngeeViag onivdat ad Abbrabriobsiip@rresgsds thd iggin- | Nser t ed
into an expression vector and the rectadesarsajge/dr PFiICaptansf ormed into to
host cells, which are grown to overexpress the protein. The host cells may
be selected from m croorganisns such as bacteria, yeast or fungi, or from
animal or plant cells. Overexpression of a protein is a conplex event. To
obtain the correct conformation, the protein, already in its native state,
is associated with so-called 15 "fol ding hel per proteins" and enzynmes. The
fol ding hel per proteins, also ternmed "chaperones” or "m ni chaperones”,
interact in a conplex way so that the protein regains its native
conformati on after passing through various internedi ate states. Sone of
the internediate states may be quite stable. Enzynmes involved in protein
maturation either catalyze the rapid formation of disulfide bridges (1; 2),
the 20 isonerization of prolyl-peptide |inkages (3-6) or nore conpl ex
nodi fi cations, such as the truncation of the protein, side chain

nodi fications or nodifications of the N and Cterm nus. When a protein is
efficiently overexpressed, the production of the nascent peptide chain
occurs faster than the folding of the protein. For sone




proteins, an internediate state may al so form aggregatesyf| (#.%Ogol | owi ng,

the term 25 "internedi ate" forns al so enconpasses aggregate forns)

Overal |, aggregate formati on occurs nuch faster than the conplete folding
of a p“R; g; 8). 28 March 2006 WD 031031465 PCT/ %ﬁég 2 In
expre55|on sys in which such conditions are pres roteinis

deposited in the ceI s in a paracrystalline form so-cal I ed "inclusion
bodi es”, also terned "refaactile bodies". Since the protein, when present
in the formof insoluble inclusion bodies, is 5 shielded fromenzymatic
attack, such as proteolysis, and cannot interfere with the physiology of
the cells. Reconbi nant DNA technol ogy has taken advantage of this aberrant
way of protMsthodsioeresensiting a gpeombinantiyectpin Suiiichiplogicaly aHee fFBt ei ns that are
toxic for the cells, To obtain a protein fromhost cells, inwhichit is
accumul ated in a denat ured form 10 i.e. a conformati onal state without

bi ol ogical activity, various steps have to be taken to obtain the protein
inits corrhetnvpniicsrelates ¢ the fipkd oFpeomkiapmi PEotelp AEIESOAl  cel | s carryi ng
inclusion bodies are disintegrated, the inclusion bodies harvested by

centrif UQatPr Ding Rl 1ﬁ0§§tﬂalddlpgﬁ&h¥1’?sd %rfof"uslaldg Bi?g hdrRREeRi QG fe Chaot ropi c

agent. The natur protéin is then transferred into an environnment that
f avour s 5t hehemicay,creeithér ditainedhyreatrastion enhpwificationoiom Bopturebsaathspt i ng its

native state, the.protein nder Qes a iition th i ous
e - ot sy opHis A P B R o B deri APy Al S REGIAL posed
hydr ophobi @ignRbmsegyvhi ch are prone to associate, they tend to form
aggregates I n principle, refolding nay be considered as a race agai nst

aggregate f rma ion, ph usual f.ql.l ows second order. reaction kinetics,
Wt € 50" r dRTOHRG R BOPhOS A At PN o BourhEEER b Ki ne | cs

- (8). Wth tlﬁg%rtsdJﬁlf@&téx re@s‘{ﬁ'l Vedd} SndBé ROslEbindiR iredteli i Gadforeding NS i S

achi eved by diluting protein in a refolding buffer in a batch or

cont i nuus h@gjd:gll% gfh@fg)are glﬁWft fpeavgrexpress the protein. The host cells may be
selected from microorganisms such as bacteria, yeast or fungi, or from animal or

plant cells.

Overexpression of a protein is a complex event. To obtain the correct
conformation, the protein, already in its native state, is associated with so-called

15 “folding helper proteins” and enzymes. The folding helper proteins, also termed
“chaperones” or “minichaperones”, interact in a complex way so that the protein
regains its native conformation after passing through various intermediate states.
Some of the intermediate states may be quite stable, Enzymes involved in protein
maturation either catalyze the rapid formation of disulfide bridges (1; 2), the

20  isomerization of prolyl-peptide linkages (3-6) or more complex modifications, such
as the truncation of the protein, side chain modifications or modifications of the N-
and C-terminus. When a protein is efficiently overexpressed, the production of the
nascent peptide chain occurs faster than the folding of the protein. For some
proteins, an intermediate state may also form aggregates (in the following, the term

.25 “intermediate” forms also encompasses aggregate forms).

Overall, aggregate formation occurs much faster than the complete folding of a
protein (7; 8).




met hods, batchwi se dilution results in highly diluted pr | i ons and
therefore |arge process volum na, which often is the bo??ﬂeﬁn%%gé%

i ndustrial processes. 25 In another approach the folding pathway is

si mul at i i vo by addi ng chaperons and/or mnich d/ or enzymes
that cata J§/3rz"bg¥d(ﬁ:igértai n steps in the folding pathway ?g&f’ﬁ@gq@?p Conpl ex
refol ding reactor systens conprising series of tanks have been designed to
i nprove the refolding reaction (19). 28 March 2006 WO 03/ 031465

PCT/ EP0O2/ 10992 3 I n anot her approach, the hel per proteins and enzynes are

i mmobi lized to a solid hasF,. Thcgn t41§qf§r otein sqglution,is passed over a
so-cal | ed PHCERIESSEOSYSEHE A WhiGh sucgandiiors 3rq Brosent, RS IPRES B ot ei ns and/ or

hel per enzydeggsited ikihe BAis'ia pabdpdulfist! B 58 caltad liusfAbb@IaLLON (20- 23).
Since the folding hel per proteins and enzynes nust 5 be present in a

st oi chi onetteimeedr“gafiagtile badies"pr ocess requires al nost the same anount of

hel per proteins, which in turn have to be produced by reconbi nant DNA

t echnol ogy, «; k 1 ¢ Lt 1o inproved

f ol di ng, th%ﬁ&ﬁ%{%rgﬁeﬁ%@%{e%ﬁ%ﬁ%@@ﬁe‘fﬁgfx;Bgﬁﬁg (ﬂg%émc%q@hgb%fg%fstei n of interest,
whi ch r equi shieddefl dinthenzymgticatteds sung ao protdoty sfspmidamnmprt ottefers wiothet hese

reasons, this .strat i ery, cos intensive. Since a certain protein
fraction | PHUSLEY AT heRRsrompian e Sohuologes FAE AtvaRaE R by ot i n i n

free sol utiBratt va of PRteifBdetietior) 83l ot 6@ pRddReR&Sofitle frokine fifat #bent enough to
transfer the denatured protein into the folded formin a quantitative way.
A protein d8HeHE thetelf.ded fromits denatured conformation to the correctly
folded 15 conformation by transferring it into an environnment that favors

the change tPodidif a pAfidiY BomMUBEQRENB i Wiich W dcBentiMes if £RhEARASHRNT . the
protein passes through several internediate conformational states, which

are prote ti@. § oaivraglersy stele svithpethéaieniend actiyity s Yreionswips hanedp bpr ot ei n and on

the enviro ondi t i . eci R . I ndependent
ot e R Sb 06 KRSy USROS oL Bldl. { noepend
t hi s processlll esingtincloki@nmidies alealishaspratad, theinyludbwbalicsbarvesat by f ol ded

centrifugation and then dissolved in a buffer containing a chaotropic agent. The

denatured protein is then transferred into an environment that favours the recovery
15 of its native conformation. Before adopting its native state, the protein undergoes a
transition through various semi-stable intermediates. Since intermediates have
highly exposed hydrophobic domains, which are prone to associate, they tend to
form aggregates. In principle, refolding may be considered as a race against
aggregate formation, which usually follows second order reaction kinetics, while

20 refolding of the protein follows first order reaction kinetics (8).

With the currently available methods, refolding of proteins is achieved by diluting
- the protein in a refolding buffer in a batch or continuous mode (9-13). In these
methods, batchwise dilution results in highly diluted protein solutions and therefore

large process volumina, which often is the bottleneck in industiial processes.

25  Inanother approach the folding pathway is simulated in vivo by adding chaperons
and/or minichaperons, and/or enzymes that catalyze certain steps in the folding
pathway (2; 14-18). Complex refolding reactor systems comprising series of tanks.

have been designed to improve the refolding reaction (19).




protein. In general, the folding of a protein to its natégma&?\rgd%rmtion
follows first order reaction kinetics, while the formation of aggregates
frominternediates follows second or higher order reaction kinetics.

Di scl osewo bozosedsm i s an efficient nethod for refol di ngerarvet@sn froma
denatured 25 state, which can overcone the shortcom ngs of the currently
used net hods and whi ch can be operated wi thout using hel per proteins. The
sol ution of the problemunderlying the invention is based on the

‘consi deration that the chronmat ographic separation process nay be inproved
by runni ng i anofRPhipRekel th/belfeP pRtsHstand Brzyires ¥R SmAYBBLALS h%6Kh t hat
recycling the intermediate forns 28 March 2006 WO 03/031465 PCT/ EP02/ 10992
4 of the pr pkasp.Thenjhefpuotein spluan ispassest aver vsd-sabledRerkediBed ¢oatainieg a

reconbi nant .nr L1 ' t ei I Qns, which
woul d si gni %@é@hﬂ’@@%ﬂ?‘é&o e Sg‘P %@@g&eg rréa'.g’ tﬁ?‘ﬁ%g%%g@égr\(ﬁmloﬁ{\%ent I on

rel ates to aativetchwfdrmiaion (@928)8ing the foldhgigleablojimahd ¢tzymes fagnbi nant
protein by econstjtuti,a‘?ﬁthe rotein froma, denatured state to its active

form whér ePRPESRED SFATEHC BYb s RIOSES I IPLABABIRERAT BRI n of
i nterest i Briidyor BRAMUNERL ANHGiv i tiRbROLOR brithaeE XA | nt er nedi at e

forms is subjected to a_chromatographic separation process, in which the
protein is ekingy asdkeinaliygbipined piednati loadditiera fo immeeisd doldisg.dhali ng of the
protein and LDt.er nedi Qs rat.ed f refol ded
protein, ch%%lgegtp léc{re%ﬂz?%%gﬁér?ﬁ% ﬁua{’%&){ohqﬁée eoﬁegﬂ%rngg‘ggh‘gl/ﬁ“gﬁrireqplﬁ)%}fﬁr'\@%fi ve

i nt er medi at protessing ofithe fismppratiedof these tehweny, d@fiodtahedy is veaf cgat oduct in a
conti nugus or quasi-conti nuouschr omat ographi c net hod. The term "denatured
formt, i t’r‘i‘é“g?fé%mi ng of the present invention, designates the

bi ol ogically inactive formof the expressed protein of interest, as

obt ai ned asSincdbeeprainciidttindfactidaels logCia i oM bf qppRgdued, rbldigetdss, usually as

obtained after  djssolving the inc|lusion_ bodies. ]
: protein in free solution or in the matrix-assisted process is not efficient enough to

- transfer the denatured protein into the folded form in a quantitative way.

A protein can be refolded from its denatured conformation to the correctly folded
15 conformation by transferring it infto an environment that favors the change to the
native conformation. During this rearrangement, the protein passes through several
intermediate conformational states, which are prone to form aggregates. Depending
on the individual protein and on the environmental conditions, the aggregates may
precipitate. Independent of whether the aggregates remain soluble or whether they
20  precipitate, this process leads to dramatic losses in the yield of correctly folded
protein, In general, the folding of a protein to its native conformation follows first

order reaction kinetics, while the formation of aggregates from intermediates

follows second or higher order reaction kinetics.

Disclosed herein is an efficient method for refolding a protein from a denatured
25 | state, which can overcome the shortcomings of the currently used methods and

. ‘which can be operated without using helper proteins.

The solution of the problem underlying the invention is based on the consideration
~ that the chromatographic separation process may be improved by running it

continuously. In addition, it was hypothesized that recycling the intermediate forms



The term"internmediate forns" or "internediates" in the s®piddDdes t he
present invention, designates the fornms that the protein passes through
between its denatured formand its reconstituted (refol ded) native and

bi ol ogi Wﬂds)ﬁ ﬁgsti ve state. ?0 The internediates, whi Clkbﬁﬁ%z/?&@ ogically

i nactive or %ave a lower biological activity than the native protein, may
be in the formof aggregates. (The tesm "inactive", in the context with
internediate forns, also enconpasses forns of the protein with a | ower
activity as conpared to the biologically fully active formof the
protein.) 25.1n a preferred enbodi.ment. the internedi ate forns. that have
been separ b PRI Beh e BPREaTD gureke B el Rr iSO TP ey cl ed) | nto
the feed soiddttb GarieathighhitsteindbatRhgRiohs) erhicRnsd &bttty Ridgeass at | east one
additional tine.' The internmedi ates, when separated by the process of the
i nvention, PRYESEY?IREcontain a fraction of denatured protein. 28 March
2006 WO 03/031465 PCT/ EP02/ 10992 5 In order to keep the chromat ography
medi um  usughd Me@ngiBlentiBh ﬂ@eﬁéslwawdsa@&,ob_taﬁnin@@ﬁologicm iggenerated. This is
achi eved by a regeneration solution that is applied to the packed bed.
Dependi ng orecarnnaiy prateiaby preoptingingthe pfotein Eoutw denattnsd stafstiy its medi um thi s
sol ution may.,. j t : . I | Ut r t cidic 5

sol ution, o%("t‘gg%ﬁ'g‘b{‘]’%ﬁ’?‘é %%él’ﬁl]% ? %Pgll' %o%ﬂg&ﬁgﬁxég%%@%@gﬁygﬁt{: 1% "2813&6% hanol , or
an aqueous inbtsfdteatursd ppl/@ e bibkgdically inacive dntgardiatefoimsdniubjcoted 802 agqueous
buffer with an ionig,or ngn-ionic,detergent. The regenerating sol ution

(r egener at eSIHAPETRRNIC fpparation W@?Fﬁﬁiénwf“Fli‘g\‘?@ch?‘BFV%’é‘g%te PB‘ieéi n fractions

fromthe chipambROhaPmoedftiding Dhthe ?ﬁﬂﬁﬂﬁﬁ@ﬂ:@iﬂ%e&l@tetf&%sfa?@d_ sol ution
itself or it may different fromthe feed solution 10 and applied to the

chr omat &Yr apphatedEamthe wépldsdarelpip, chempterized ip twithe denatureshend(osin he case t hat
t he regener . j I ins a

signifi cantﬁgﬁ%% %én(l@éff%%ﬁ%% n?%i’ %E%n%g‘lgélﬁ gég,e?ql?ehﬁgﬁls ﬁ&ia%p%lr eferred

enbodi ment , contimeoyk edquasi-dongmpusbesmtogeiphivandtheiepar atel y or by conbining it
with the eluate stream

The term “denatured form”, in the meaning of the present invention, designates the
biologically inactive form of the expressed protein of interest, as obtained as a
15 - product of the recombinant production process, usually as obtained after dissolving

the inclusion bodies.

The term “intermediate forms” or “intermediates” in the meaning of the present
invention, designates the forms that the protein passes through between its
denatured form and its reconstituted (refolded) native and biologically active state.
20  The intermediates, which are biclogically inactive or have a lower biclogical
activity than the native protein, may be in the form of aggregates. (The term
"inactive", in the context with intermediate forms, also encompasses forms of the
protein with a lower activity as compared to the biologically fully active form of

the protein.)

25  Inapreferred embodiment, the intermediate forms that have been separated form
the refolded protein are reintroduced (recycled) into the feed solution and thus
undergo the reconstitution process at least one additional time. The intermediates, .
when separated by the process of the invention, may still contain a fraction of

denatured protein.




that contains the internediates. 15 In a particularly pr §§$Ifarr&{j2®%b0di ment ,
the eluate and/or regenerate containing the internediate torns can be
concentrated and/or diafiltrated before it is reintroduced into the

startin | uti on. Thereby, yield and productivi ref ol di ng
pr ocessqi({slﬁﬁglr“?ier i nproved. Concentration may be achllt'éér\;]gl{?z'r Jégzconventi onal

means, e.g. by ultrafiltration (in the case of soluble internedi ates) or
mcrofiltration 20 (in the case of insoluble internedi ates/aggregates). In
the following, referring to the protein, the term"refolding"” is used for
"reconstituting froma denatured state to “i active form.. The (starting)

feed sol ut ilBRrEleep thgchromaiostaRiaY mAdiimypsupl f)fbg i RRRETE ok e ent at i on  of

bacterial , peaMterefBaRl. THM BRELIKed 8§ b tdHenGMdnSsoR@bh YHat agilie@XPr €Ssi on
vector 25 encodi ng a heterologous protein of interest. In'the present

i nvention, théeackestpdsBenendig on the ghemirdlpropsttiss able FlempOsHMBNHt i onal

m cr obi ol ogi ¢ fer .al W i : J e reconbi nant
“protein i%n‘?aﬁ%n’stg g@l{}{l@zlg%eoe}%]glfss‘agg% gllgérllﬂeﬁg S@%ﬁf hagétflaﬁ {lchlljds%?on bodi es. 28
Mar ch 2006 sYiRtoR/ob 3 thafroplChh i@/ ah@aRRicGolvas, é.g.cethanol, ot dnciuepnnt ai ns,

besi des buf f subst ances, . conponents that pronote_the. dissociation of the
recycl ed adiy %Weg?gwﬂkﬁ% ?‘Bﬁ?%veﬁg@ﬁ?%gﬁﬁeﬁb e Widlyan 108G 2h di ni um
chloride (QéhGdnic dSQGEntNTIRNEE AR RASioH (Pefdifitey aimad R abRASdhRAYCI Ny agent s
such as nercaptoet hanol, dithiothreitol, nonothiogylcerol. Typical 5
conposi t i orieeribly bewndirepis faedong Fievrihe ehrometogiephy MediympEige been _

ext ensi vel y . AeaRhdA ddrobd Sonldoh S5t Pkt difrerti roHikne bad sbtofrase of si ze
excl usi on “chronatodraphy, a feed sol ution contalning denaturating and/or
reduci ngp agadtsplied tathe clabmhtographicmetivmesepsatelydiams tha feedgelntiorat i ng sol uti on.
Starting froma given feed solution, the person skilled in the art is

~famliar w.th the .to, neasures,tha e . .0vi de t he
condi tions If‘ tcaf)er%ﬁlc){?eereg%:‘lpﬁe(fp%&“Sltggf\‘/hrgltbl%tro gr(épli%g? xgo@?stg? %rﬁ%ﬁ%ig envi ronnent ,
during the seluifivant aguapt 109) oo hessedifted, ftds, in a preferred embodiment,
- recyled to the process, either'separately or by combining it with the eluate stream

that contains the intermediates.

15 Ina particularly preferred embodiment, the eluate and/or regenerate containing the
intermediate forms can be concenirated and/or diafilirated before it is reintroduced
into the starting feed solution. Thereby, yield and productivity of the refolding

- process is further improved. Concentration may be achieved by conventional
means, e.g. by ultrafiltration (in the case of soluble intermediates) or microfiltration

20 (in the case of insoluble intermediates/aggregates).

In the following, referring to the protein, the term "refolding" is used for

"reconstituting from a denatured state to its active form".

The (starting) feed solution is the solution that has been obtained from fermentation
of bacterial, yeast, fungal, plant or animal celis carrying an expression vector

25  encoding a heterologous protein of interest.

In the present invention, the feed solution is usually obtained from conventional
‘microbiological fermentation. The feed solution contains the recombinant protein

in the solubilized form as obtained from the inclusion bodies.




I nvention. First, to obtain conditions that pronote ref gééjmg:hcﬁooghe
protein, the chaotropic and/or reducing agents require or solubilization

of the inclusion bodies and denaturation of the protein that are contained
in the lution have 15 to be renoved, either co r to an

ext ent E‘ﬁg@m?]gm#lol erated by the protein. In the preswo%%ﬁ lon, this is
achi eved during the chromat ographi c pgocess by washing out the
above-nentioned agents with a suitable refolding buffer, e.g. a Tris or
phosphate buffer, such that an optimal refolding environnent in terns of
pH, conductjvjt nd tenperature. is given (11, 12, 58). 20 The feed

sol ution nai/'heoflée%‘?oﬁ"ﬁ'%ﬂmi‘t g Fﬁ“&?@“éﬁi‘r@l’%ﬁmcgsﬁ@f‘mnﬁﬁs g%’t Erﬂ’émt‘?rt@? ein before
it under 90@§so€i@ﬁo§$¥tﬂéﬁ%&%d%@§'ﬂegatés?E.@.' aﬂaagofpw&%ﬁ@%uchﬁguﬁa,sur e the optinal
condi tions for.(efoldlng, thei'refol ding buffer may be supplenmented by
agent s t hat gysnigiriigre chlpdde(§iuiial), sediure angion netassinm thipeyannegnpredneing t he
correct for I.on..of _di | . S | gl reduced

gl ut at hi oneg%{étsg%@f@%%&%@sf%’%%&@n@) ’%P&gahg%eﬁ'g{ﬁ%rgievent aggregati on,
e. g. L-asgi cunfpesitionisemd coplifions ateyinewa dl the alt, thédylhavad Been®Rjensividle separ ati on of
the internedi ateg.fromthe reec fol ded protein,can be acconplished by
any conti nu %r‘b(?a‘ the FefWﬁEf%ﬁgtés'ﬁﬂﬁwwﬁgﬁﬁ%usﬂ& hod that has been
-proven Useféﬁmlﬁﬁég&ﬁﬂt@,§&léaE,{ﬂﬁtﬁdhfboﬂfairﬁ{g(lieﬁhtﬂﬁting?&dmE‘&daci?l QWD 03/ 031465
PCT/ EP02/ 10992 7 A great nunber of standard chromatographi c nethods that
are routi nelmgy, abdg sfnen time seve RiR Bepwrading 6vlulitte known fromthe literature,
nost of them being applicable on commercially avail abl e devices, e.g.

chr omat ogra@tg]}t' LEPS R . 1R bRk 1SER ion, the

met hods are |@F§ggl%t§%l I on- gﬁgﬂ’g‘lﬁég)%‘%&?h‘rl o%a%g%%h@?n af f_ﬁ%?l{ey

chr omat &y apkaspreh thdt loyh bbetalentte pawide dre cooditiomsehas gprophisrefoléngrised phase

adsor pt+ on SRaREEEH ERleS O R AbARe oBhEGoeBibHEERE LB C et novs. can

be conduct egvédtion. Hidt, 6obtsie corflitions that promote refolding of the protein, the

chaotropic and/or reducing agents required for solubilization of the inclusion
bodies and denaturation of the protein that are contained in the feed solution have

15  to be removed, either completely or to an extent that is tolerated by the protein. In
the present invention, this is achieved during the chromatographic process by
washing out the above-mentioned égents with a suitable refolding buffer, e.g. a Tris
or phosphate buffer, such that an optimal refolding environment in terms of pH,

conductivity and temperature is given (11, 12, 58).

20  The feed solution may be diluted to achieve partial refolding of the protein before it -

undergoes the chromatographic refolding process.

To ensure the optimal conditions for refolding, the refolding buffer may be

supplemented by agents that provide the optimal redox potential and thus promote

the correct formation of disulfide bridges, e.g. oxidized and reduced glutathione or
25 cystine/cysteine, and/or agents that prevent aggregation, e.g. L-arginine, urea,

polyethyleneglycol (11, 12, 58).

The separation of the intermediates from the correctly folded protein can be
accomplished by any continuous or quasi-continuous chromatographic rethod that -

“has been proven useful for the separation of proteins.




guasi - conti nuous or a continuous node of operation. In t5§9£5%ﬁ%ﬁ@65e node
of to operation, the feed solution is | oaded onto a chronmatographic
support, e.g. a packed bed or an expanded bed, and the protein, depending
onits fini to the stationary phase, is either strongly retained or
passes t %ﬂﬁ#¥§he colum. In the case the protein i%chﬁ%ﬁﬁ?ﬁ ret ai ned,
it can be desorbed by a change of runping conditions after the unbound
mat eri al has been washed out. 15 The batch process can be transferred to a
guasi - conti nuous node either by working wth several colums in a
sequential manner or by placing the colums in a manifold of valves to

al 'ow a cont\ gierbuambnser sfendsrd chreipategraphicneihadsithat argrowtarcbigised iy . Any .
chromat ogr aphj &, &hﬁfaﬁéﬂlaé RRALAELR %e’]ﬁérgtg%; mg{gc(r?])‘f Eh@&doeir% aﬁvﬁl‘ﬂ:taﬁl% oonducted in

a 20 quasi=contihuous or contlnuousi nNoD e use e present
i nvention. ddemgeialypavailkble Hedceas e.g. kbromatographit @ofuinnaDepending drethe met hods and

|l ect the. [ t gl ti [ t,
Annul ar chr BRERPESRERARe TEiors HE e iBR TG . si mul ated movi ng bed
(SMB) ang t giemaRYapy, BERH TiYBha@BRoRR hoabaoBit ifkRclidle nMost widely used 25

chromat ogr aphi ¢ separation systens that are operated in a_continuous or
© quasi - cont PiyoBeesTER, Eversatzhagrchap e aphyf coXaleRALBFONBIIBIENRY. 1B |ie in the

S o ey SRR L |

enbodi ment, the nethod of the invention is annular chromatography, This
met hod has bemincipleythest dhebniadegraphig methodsari be sondictetsip arbatchwise,pr obl ens

or 1 g1 nal colehRRIms br LLBRUS T8 oEBBRL TR e ARRNAL kB3 o V20 e) 1 (55)
and r ealib zeopdptiohakie feed sdlutidn i§ madd&onto aelsorhatogriashic sppeart, @pedpadked he Cak
Ridge Nat | OQ&! or Iz'nzli g}c{)ga%é&r%d} a%d?l?eeprrgt%ﬁ, éeggnding on its affinity to the stationary
' " phase, is either strongly retained or passes through the column. In the case the
protein is strongly retained, it can be desorbed by a change of running conditions

after the unbound material has been washed out.

15 The batch process can be transferred to a quasi-continuous mode either by working
with several columns in a sequential manner or by placing the columns in a
-manifold of valves to allow a continuous operation, termed “carousel

chromatography”.

Any chromatographic protein separation method, provided it can be conducted in a
20  quasi-continuous or continuous mode, can be used in the present invention. The
person skilled in the art is familiar with these methods and can select the most

appropriate one to a given separation requirement,

Annular chromatography (AC), carrouse! chromatography, simulated moving bed
(SMB) and true moving bed (TMB) chromatography are the most widely used

25 chromatographic separation systems that are operated in a continuous or quasi-
continuous manner. The advantages of AC over SMB and TMB lie in the
application of a graldient elution and the separation of multi-component mixtures
(24).




system under a certain pressure (25; 38; 49). The Pressugéﬁﬁpc—h | nuous
Annul ar  Chr omat ograph (P- CAC) was designed as a cl osed syste WO
concentric cylinders forman annulus, into which the chronat ography nedi um

I s packeg, and eluent (which is, in the nethod é;" he_invention, the
r ef ol diﬁg)"g@?]?gsr) are 10 introduced in a continuous V\g “‘La‘]t‘)%ilq?%ztop of the
bed. The entire bed slowy rotates, ghile the feed solution is introduced

froma stationary entry and the eluent is wuniformy present everywhere
el se around the annulus. The separation of the feed solution into single

conponents js caused by the rotation of the sorbent. The separated
conponent s %ﬁﬁ@%ﬁ”ﬁgﬁrﬁédﬁﬁu Wﬁg?‘{]%fé{i%mﬁ?m‘\% i Rlaschiorpaiogs Peristic, 15
stationary euk kel Has bgéﬁrsﬁggeﬁﬁ@?o?%%réa?ﬂya‘?ie%f‘ééﬂa?ﬁibn gfbtbtehﬁ rhigffpt i on of the

exit point: (a) eluent vel oq|t¥, rotatron rate of the annulus, and (c)
t he di st ri bierhamall meéechiceiodrepolymey separatipas(2 At oikhe otging) kinceptefhod and

devi . . : | |
chr omat ogr S TRaErdrk0&eR 55 Fdhons! B S0 SR B e M ent i on are
descri beg i (5254% was fiethat developabs tHelGakRidys ativnfldradgltph opadicithe t he

L0 P TS i SIS el e B

bt zis, At@%inatogﬂaghtﬁl@A@qws 8dsigndd 2% ARREkAfent TRBRLQGRAPNY 1 n the nethod
of the invention, the 25 annulus is packed with a special chronatography

“medi um al | olinders Bparea epyius BtowvErh e chrosatogemphy mediswdhpasied. Epgdonat ogr aphy,
affinity c LQ(E@ . G i r raphy, reversed
phase chro hn%‘lt(agg%e gp y %ﬁ%\}%@é ﬁe%?: ﬁf@%ﬁ‘i‘%‘?@gﬁ‘% r&{shldglg bglx c 8& on
chr omat egr aiphyduoed Rdsontidicanwaenatcnetbp of thpbyd. Thd bitire tal st@viptotatbs, omat ogr aphi ¢

principle de s.on structure.of the protein, the 30 concentration of the
protein, th‘gﬁg}gﬁﬁ?dﬁcﬂﬁu%ﬁ WQde%rﬂ*@aé@HP%ﬁWﬁW@dﬂ% uByral | 28 March

2006 VWO 03/ @3bAhl présditRa7HAG0 9. &oﬂ{}d@ﬁf&?ufuk.%e%@ﬁh?&ﬁm%f"tﬂxetfélﬁ avail ability

of a particular protein ligand (in the latter
: solution into single components is caused by the rotation of the sorbent. The

separated components appear as helical bands, each of which has a characteristic,
15 stationary exit point. Three factors have an effect on the location of the exit point:
(a) eluent velocity, (b) rotation rate of the annulus, and (c) the distribution

coefficient.

Any annular chromatographic method and device can be used in the present
invention. Examples of annular chromatographs that are suitable for use in the

20  present invention are described in the literature (see the previous paragraph) and in
the following patent applications: WO 98/45699, WO 99/28740, WO 01/388866,
EP 1 134 581. The devices can be obtained commercially, e.g, from Prior, Gotzis,
Austria.

In the case of using annular chromatography in the method of the invention, the

25 annulus is packed with a special chromatography medium allowing separation

| according to either ion-exchange chromatography, affinity chromatography,
hydrophobic interaction chromatography, reversed phase chromatography, covalent
chromatography, size exclusion chromatography or adsorption chromatography.
The choice of chromatographic principle depends on structure of the protein, the

30  concentration of the protein, the amount and nature of the contaminants, the overall




case, the nethod of choice usually is affinity chronmatoghaphyly oodae feed
sol ution containing the denatured protein (and optionally spontaneously
formed i nternedi ates and aggregates) is continuously fed to the rotating
annul us is packed with the chromatography nedj di um

usual | ngslgg)??‘%?s perfused with a buffer pronoting rg#%og;é@g?et he protein
(the refolding buffer, as described @above). Wiile the proteins pass

t hrough the colum, the refolding process takes place. Due to their

physi cochem cal properties (such as nol ecular size, hydrophobicity,

ible ch d and hydr aphohi ¢. .sol ubi Lity etc. ioth
ot or medi at oot A Aierapad BRFRlBif e SRR s Blws ar o
retai ned didséehembhyd ofheRE divally sQffidie chrotiatJoedpiy. retention properties,

the different istates of the protein, i.e. the internmediates and the

biologically active protein, respectively, elute af different exit points
of the annuliteed W%gloarcgmgqnp}gdheé%@gaqeﬁgmt?m {amd °E§E?Qa§1y§ﬁqn@§f"'ﬁ”é]t¥nt ai ning the
i nt er nedi at Db Veed gt aggr egat es,
is collecte a%cgfﬁ?ezg%?tg%%dg@%g%&%s@g&%g%ﬁhﬁ%i:r:e_d %I'E)h%iqﬁcr aseull;'fll %e amount of
i nt er meds at thet ia gapked with $he chivanatagraphp eedionc The madisoh, bapaliny geub t abl e
concentration, device .g. a.tan tial.flow.ultrafidl.trati.on unit. The
opt i onal |y PonieEhVEE buffer oy MO Br moafelet Ot Bk B ome ¢ hen
conponent s @dscritied abeed Whildathe poteichassrhiengothatolhashe eefiddiagdi ti onal

refol ding process, 20 In_an alternatiyve enbodi nent that uses annul ar
" chr omat ogr aPRESS fakes Rlarsabus dheinphygsigachemicalpyansyting dsushas wekpiidt el v or

partially rﬁ%é,)hyc&gawbicw; dcB&siBE SRArRed 28 hyBoREBRSgrol bR of N the
presence of refolding buffer. The conditions for §ubsequent desorption
must al $o f theduermediptss,dhaeptive refoldednegteinané thedntemmadiates agareteived one hand,
that the pr i a r i I PLi intains its
25 nat  ve. cORPICER o8 i A ladof oG it P R SO BFL T P

~ renmmi ni ng pthepeitein, iiesthp irnernicdidtes didahpbiologicallyf sctiet protedn, respedtielpave not

refol ded, can be separated.from the refolded protein during the adsoption

and/ or deso?alBrFiaBYlI‘%g‘te ° %P&I%%@Wﬂ@u&ﬁ?éwﬁwﬁewﬁ?ﬂéim%%,e%# ecycl ed by

- addi ng t hemyteamtddgiainBRahs RieihbRites, pELSIHANTA WheAorrt b HNIOG sARRNIAr OCess
of the 3D denatured protein to its

results in a stoichionetric conversion > )
correct Il fegetreatends eallscted andaecynled thibie fegd valntiony d ojirerepse the amount of

intermediates/aggregates, they can be concentrated by any suitable concentration
device, e.g. a tangential flow ultrafiltration unit. The optionally concentrated,
recycled intermediates/aggregates become then components of the feed solution

and undergo at least one additional refolding process.

20 In an alternative embodiment that uses annular chromatography, the denatured
protein is adsorbed and completely or partially refolds during the adsorption
process, which occurs in the presence of refolding buffer. The conditions for
subsequent desorption must also favour refolding, i.e. they have to ensure, on the
one hand, that the protein that has already refolded during adsorption maintains its -

35 native conformation and, on the other hand, that refolding of the remaining protein
is promoted. The protein fractions, which have not refolded, can be separated from
the refolded protein during the adsoption and/or desorption step and are, in a

preferred embodiment, recycled by adding them to the feed solution.

The annular chromatography process results in a stoichiometric conversion of the

30 denatured protein to its correctly folded native state. Another advantage is a
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and the possibility to maintain a continuous process. In order to keep the
chromat ography gel properly working, it has to be regenerated. A

regener %m’%ﬁg ution is applied to the packed bed at%&@ﬁog}'légiggn di st ant

enough from e feed inlet position to avoid m xing eneration
solution with the feed 5 solution. Th#® conposition of the regenerating

sol uti on depends on the chem cal properties of the chronmatographygel, as
descri bed above. The regenerate eluates at a position different fromthe

eluate cont Blaiinpibets VoR el Meihe@iifln!d fialfhin ¥ SonrinhSls it B OL &1 1. The

regenerate can , 1IN case that 1t contains si gni I cants concentrations of
protein, reaykredkediithe chramatbgraphynge! pypperty working it basrig be tegenerased he 10
starting feed solutian.by. iteself or b ining it with the eluate

cont ai ' ng’ PREHTHR SR s PEd 1o e Reskie SR Pl dissbisSHiaER ¢ e

chromat ogr apg 'f&dmétgﬁﬁiti!dﬁ echvbid thirrgloE tHiQkenbtid @lutioy Mih i feés t he

Si nul ated Movi ng Bed (SMB). process, ich was first developed in the early
sixties by sd@ionnTResogpositipy oftheegeneratingpriuion dspends gy theichemigalvas naj nl y
applied to j rd t] “ | of xyl enes
or the sepa?lg #‘(ﬁ)‘%\s do %%ﬁ%ﬁ%ﬁ%‘é}b&f&g%gg yvg%fz %F§§Q§E§E%§§b| e system
~of adsor bamposiva defferattdionethé elpate sontmnimg itls: isepraditednd Heaativp Wi t hdr awal
streans containing the pure c onents of ‘a.binary.or.pseudo-bi nary
M xture (o TmESsh" FodieRBt BET Sesk el B @aBRE o "l 1 or ent
physi co- chegineéitrafbBREhidi€s recyRd. TROMAR béliotedQe-intlouditit it@ki ons) . The
SMB process divides a [arge colum into . a, finite nunber, of small sections,
al so t edfrecsteriipgised solyianfydisselbarde cqmbivinedivith the ghels coplginingthit ed. These
tubes are cppagsdigd, Wi th the inlets and outlets in a cyclic node via a
specially designed rotary valve. Switching the rotary valve at a defined

point of tine sinmulates a countercurrent flow of solid and fluid phase.
“Hi daj at et kianoths progged guhodiasns thhdupmatpgraphitmetbpbuged ietiaimediodnt to TMB.

Egr . ﬁg’st f‘ltt’ 3{@@@@;’8@&% Gsf’rtgg rs_in?arlaﬂ&i MRV HEBAPMBFpHEEY wilich AR #:@" 9€ col um may
developed in the early sixfies by the Universal Oil Product Company (55; 56). It

15 was mainly applied to industrial scale separations, such as the separation of xylenes
or the separation of fructose and glucose. By employing a suitable system of
adsorbant and eluate, a feed stream is separated into two withdraWal streams
‘containing the pure components of a binary or pseudo-binary mixture (a mixture of
two or more compounds that, due to their different physico-chemical properties,

20  can be divided into two fractions). The SMB process divides a large column into a
finite number of small sections, also termed "zones", between which withdrawal
tubes are situated. These tubes are connected with the inlets and outlets in a cyclic
mode via a specially designed rotary valve. Switching the rotary valve at a defined -
point of time simulates a countercurrent flow of solid and fluid phase. Hidajat et al.

25 1986 (57) have shown that the SMB is equivalent to TMB. For SMB applications
one large column may be used or the large column may be substituted by a number
of smaller columns, There are inlets or outlets for the feed solution, the eluent-
buffer, extract and raffinate, called nodes, dividing the arrangements of columns
into four zones. Special valves allow the liquid to flow in only one direction. The

30 inlets and outlets are arranged in a predefined manner. These nodes are switched in

the same direction as the fluid flows or the columns are switched counterwise to




of smaller colums. There are inlets or outlets for the E@%r&% i on, the
eluent buffer, extract and raffinate, called nodes, dividing the
arrangenents of colums into four zones. Special valves allowthe |iquid

to flowvéd‘os%gl‘%s one direction. The 30 inlets and outlgé@m%'rz&og{ranged in a
HHEE

predefi ned manner. These nodes are switched in the s lon as the
fluid flows or the columms are switchgd counterwi se to 28 March 2006 WO

03/ 031465 PCT/ EP02/ 10992 11 this direction at a defined tinme interval. As a
result, there is a countercurrent flow of solid and fluid phase. | f In
the SMB node, t.he.nethaod.of the invention js operated in th

 quasi - cont | TG CaRRpd S BBl (o 2 4RPIRBeBiRe SUnEBITEIAOYS At 1 e 1o
~ the feed soboli@andmntihateng the denatured protein (and optionally

i ntermedi ates) is continuously injected between zones Il and li41. The zones

are defined anal ogously to the true npving bed; at zone | the liquid is
i ntroduced, I tB@SMéW%@fy?@ mpethodcpf fhe iRveationds Ppwated in theoAYasiceoBHMIMBE ween zone

Il and |11 Mﬂﬁ’e%lﬁ efe%ﬁllylétaﬁﬁgohtsasif«flfo'k@.duced’ between zone 111 and IV the
. "He

raffinate is co cte reby 10 conponent A (the aggregates) is defined
as the | east adsorbable fraction, and conponent B (the refolded protein
i ncl udi ng t hetinatdhaised saletipnganfainingithe denafhired pratein fand aptiongllpr ot ei ns) as the

nore strong Al T [ ) ed into zone
71 oy 1 e erREiReDdesERERE Hisuc Koot donS H AT PlehoPUBHEC, L0 e

- m grates faddfimed hindogoadyothe trhe Boting balk) gl 2onabitho ligeid ivinirdducedt ai ned) . Before
conponent reaches zone LV, a part of the protein s iQn.is W thdrawn
by The raf 1 PeEE 0t [0 i Fub R v 2o add bt befbnc o sone 1v.
Just bef or esdiliRnfis RRbaREd, GRAREN 26te [ ah € ACHNE SartiRfe [sablléat Herebyf | €1, the
inlets and outlets have to be switched to the next position to avoid a

cont ami @t i enmpenent Aafthy aggregatesyiededingd asHhnlgash adsorbsblsdrartion; #d sane direction
2 e Lk 0 5 R A B LB spece. e
contaminating proteins) as the more strongly retained component. The feed
solution is pushed into zone IIT by the eluent (refolding buffer). Component A
(least adsorbable) migrates faster than component B (strongly adsorbed or
15 retained). Before component A reaches zone IV, a part of the protein solution is
withdrawn by the raffinate outlet. The remaining part is transported into zone I'V.
Just before the front of component B reaches the raffinate outlet, the inlets and
outlets have to be switched to the next position to avoid a contamination of
raffinate. The switching has to be in the same direction as the liquid flow, while the
20 column remains stationary in space. The saturated columns in zone II are cleaned
by fresh eluent. The mixture flowing out from zone II is mixed with the feed
solution and transported into zone I1I. In this section, component A is displaced by
- component B. The faster migrating component A reaches the raffinate ouflet again.
Before the breakthrough of the component B at the raffinate outlet point, there is a
25 switcﬁing into the 3™ state. A full cycle is completed afier the fourth switching,

assuming the simplest configuration of a SMB or TMB.

There is an apparent rotation of the columns of 360°. The cyclic steady state of the
system is reached after several full cycles. At the extract and raffinate outlet, the .

'desorption and the breakthrough fronts of the components A and B can be




by fresh eluent. The mxture flow ng out fromzone Il is>ghed, ¥idsh t he
feed solution and transported into zone Ill. In this section, conponent A
i s displaced by component B. The faster mgrating conponent A reaches the

r af f mat ‘%V(?b% f“tﬁ? again. Before the breakthrough of thfﬁ@géﬂlzﬁ%g?t B a; H]Iel

raf finat'e” out point, there is a 25 switching into ate.

cycle is conpleted after the fourth sWtching, assum ng the sinplest
configuration of a SMB or TMB. There is an apparent rotation of the colums
of 360. The cyclic steady state of the systemis reached after several

full cycles colﬁ%teﬁ.hﬂae‘?%ﬁeﬁﬁ&iatéé‘ r{ﬁh@dt 'Eita h‘ﬁﬂlﬁ‘aﬁsly Lé&?c%%djﬁsﬂ%r k4 on and the

breakt hrough fronts o e conponents can 2006 WO
03/ 031465 PenERO2/ 10992 12 col | ect ed. The |nterrred| ates (conponent B) are
continuously recycled to the feed' solution. I In a continuous node of

oper at | on t e, RGHELR SROSPALEAL) O UG EhUALR PHE Sl Feaf AT AN Over
phy at a

time, e.qg. |nannu tr8st, in 5 the
quasi - cont i nustast umdamb,te g:hramgebrdymhatogiabhy m)ugtveh BXIE,In eorgrastnnSl\/B due to
the distingt zones..In a continuo tion process
2 di vi ced iRy el g er oSt b e Beac " b ¢ he
refol di ng egutiscerempt during the chromatographic process, for many 10

i ndustrially useful proteins guidance for defining the paraneters that
pronote refoldin are availapble in the Ilteratureéll 12; 58) For a novel
protein of I gie forple p 6OTIMHRYS SPPaFation pprsess s Gividedinkd an indafinéd a f eed

solution fr er 0@ ‘{l??m QfbnsPr ocess, the refol ding paraneters can be
det erm ned gﬁr?é é&f I%E%Gn élgrl al experinents by perforning dilution

experinments in a snall-scale batch node. 15 These experinments can be
conduct ed byps {aithg refedingenyiesmpleds dging thefchromatagtaphisgagcgss; o mahe above | st ed

factors,ye. ghgndfhiy RO RS Bhialce fS e finihD Tre PRt e mEQasthcs ons are

1efoid1ng are available in the literature (11; 12; 58), For a novel protein of interest,
depending on the specific protein, given a feed solution from a fermentation
process, the refolding parameters can be determined and optimized in serial
experiments by performing dilution experiments in a small-scale batch mode.

15 These experiments can be conducted by varying the refolding buffer with regard to
the above listed factors, €.g. pH, redox potential, etc. The obtained conditions are
transferred on a chromatography column. The elution positions for the various
protein forms, i.e. the refolded, intermediate and aggregate forms, are determined.

The suitable chromatographic process is then designed on the basis of these values.

20 Similarly to the composition of the refolding buffer, the other chromatographic
process parameters, e.g. feed flow rate, eluent flow rate, feed concentration;
column length and diameter, temperature etc, can be determined and optimized -
depending on the individual protein. A prerequisite for the 'separation is that ithas a
different selectivity for the aggregates, the intermediates and the refolded form of

25 the protein. The aggregated forms and the intermediates differ from the native

molecule at least in size, hydrophobicity and charge.

For the preferred embodiment of the invention, in which the eluent containing
intermediates is recycled, the re-circulation (recycling) ratio is adjusted depending

on the mode of chromatographic separation, For adsorptive separation methods




transferred on a chronmatography colum. The el ution posibg fiscH fost he
various protein forns, i.e. the refolded, internedi ate and aggregate
fornms, are determ ned. The suitable chronatographic process is then

desi gne basis of these values. 20 Simlarly t osition of
t he refg‘fcg(?}{?éﬂ 5uffer, t he ot her chromat ogr aphic procl,(i:%]t p%’?@rgr?éters, e.g.

feed flowrate, eluent flowrate, feed concentration, colum |ength and
di aneter, tenperature etc. can be determ ned and optim zed depending on
the individual protein. A prerequisite for the separation is that it has a

different selectivity for.th [ he Jinter | d the

et of ded 1 ofift b skohh hfuARAE AR Eombidf Al BhRGBRER] U TR

ih nfj er mﬁd Lat Qﬂutﬁ)infcgﬁb% ditumatd tb gy mﬁit wéth ﬂ:craﬁohmigh eor:gztiréhg &&tredy]?led ihz e,

ydr ophobicity an arge. . For the preferred enbodi pent of the invention,
i'n whi ch t haggseate The Sereinuiating (repycliag)aiin dapendsiod theadiply dgamt ne

re-circul at Lo AW i b edaSos A 18] | gals) mode of

chr omat ogr a%‘ﬁ‘?aé’i 12%%?%%@%%{afe%$ﬁg%§eg?%ts%tgﬁéglé%égfxgt&%ﬁﬁp%%y hoglrseIaSS March 2006
WO 03/ 0314 6EcriH e iied beddsasindhesamethods thx sdpamntien issronglit ogr aphy and

adsor ption chr t oqr t he f SQl.ut i ap _be dj |yt to any extent
with the soFIE%C%@??Yg%rﬁg‘:r%q%é]ﬂqgﬁ’ﬁgﬁfcﬁé% 31%86?%@5%%&&11&!&%@&?%- circul ation
(recycl i ng) n¢eds iobedepr iAsthe ambing of Foed seluisdn shauid aever atdeedionetthied of

I nt er medi at&g/a gregates. In size exclusi onb@h ds, the volune of 5

recycl ed f el tqtal celumn voime. Brciifical spReratioR DEObIREISH PLMONA IS & ation i s

strongly ef foq&t, qgu@é’c&n@ﬁmfaﬁ&fjstéiﬂﬁddﬁ‘@b@iﬂ%ﬁeh@ﬂéﬂc@ﬂ&ti@ﬁ ofth@elﬁ{e!de_nt- In these
nmet hods, care needs to be taken that the anpunt of feed solution should

never ex¢eetitesnediathy/zagreghtes. (This cepbatchieypdibna quivertionalpdirafdirdtioncal separati on
probl ens, thj.s.anount is even |ower. Thus a concentration step has to be

i nserted aft’er ¢ollection of the eluted i0 internedi ates/aggregates. This
can be achieved by a conventional ultrafiltration system In another
preferred ehbmdhammtierredenbrdirhend thf methed ofthemyvendion iscacansebusel

'%2%?3? ogr a&r}gmat(?éjr%h%pgl?xtagﬁzvde\(}i%ess a2 gon?rﬁ%flf %t\?azx\lii!a.l}ie:,ae\./g‘ff1 ifrlox%lge%”l‘ore' g. from

Technologies BV, Utrecht. The Septor is a carrousel type quasi-continuous system.

15 In order to transport the chromatography columns through all steps in the process
cycle, they are mounted on a slowly rotating carousel. The carrousel typically
rotates clockwise and inclodes all process steps as applied in a conventional
chromatography step (equilibration, loading of the feed solution, washing, elution,
regeneration). In order for the columns to move along all different sections in the

20 process cycle, the columns are connected to a multiport indexing valve, The stream
of the eluate containing the intermediates/aggregates is preferably recycled to the

feed stream. Prior fo recycling, the eluate solution is preferably concentrated.
Figure 10 shbws a typical scheme of caroussel chromatography.

Overall, the method of the invention has the following advantages: it atlows for
25 high protein concentrations in the feed solution, it is highly efficient in terms of
refolding yield, it allows for separation of the refolded protein from the
intermediates and it can be operated without employing chaperons. (However, the
method of the invention does not exclude the use of chaperons, which may be
immobilized on the chromatographic column, which thus operates as a catalytic

30 refolding reactor, or which may applied as components of the refolding buffer).




~concentrati ns in

Technol ogi es BV, Urecht. The Septor is a carrousel typesgyasin$syati nuous
system 15 In order to transport the chromatography colums through al
steps in the process cycle, they are nounted on a slowy rotating
carouseh, Qﬁuggrrousel typically rotates clockw se g@@gges al |
process s eps as applied in a conventional chromatogr y

(equilibration, |oading of the feed sglution, washing, elution,
regeneration). In order for the colums to nove al ong all di f f er ent
sections in‘the 20 process cycle, the colums are connected to a multiport

i ndexi ng val ve. The stream of the eluate containing t
i nt er medi at’@%flra@tb‘?fe@féb"e@v?r&i%ﬁﬁ@r%ﬁ? rf%&%'{l@cﬂa?%atﬂ'ﬁ’e‘maif’ &ed stream Prior

to recycli nﬁiduﬁrnlth ﬁahé’?ﬁ@ Sm O%ﬁghe{; SevRecE Lisdaabing Tt]fe% thl‘El gure 10
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the inventian chameﬁch&iyﬁvﬂllablmanéjc@dmamttag‘ewf siEg amilplenfmnamoef, sudedi gh protein
Lent in ternms of
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refolding y %‘P(Bhe rp@nugq F”(Wéa?%lr tgrél}cacflft%wlb? q%ﬁse ?réF S brotein fromthe

‘internmedsa d@@teﬁiadthe teqiinéd daPadi@fuadafidl rakigt fonita RWPOWIkRAnRBEPer ons. (However,
the nethod of the invention does not exclude the use of chaperons, which
may be inmmobilized on the chromatographic colum, which thus operates as a
catalytic 30 refolding reactor, or which may applied as conponents of the
refolding buffer). 28 March 2006 WO 03/ 031465 PCT/ EP02/10992 14 The net hod
of the i nvepiiéfRscipfobdsr ibpgrated from small | aboratory scale to industria
scal e. The chromat ographi ¢ devi ces used in the nethod of the invention -~
are comrercjally avail abl.e and can in terms of size and perfornmance,

suppl i ed f¥igwetlhe nﬁﬁﬁﬂ@&gBﬁkﬁ§m§ééﬁdHﬂﬁ@dpdaﬁﬂém@Gbeﬁ%ﬁ s needs; for
reconbi nant 5 protein cIus%]ﬁhEcﬁ‘HMb%ﬁﬁllyhe Lhd 8 P}%ﬁtﬁjahé’corl from a few ng

to kg anmounts. Brief description gures t I gure efol di ng of
denat ured and reducedinesrivelotiggl efibdicm/by si ze

Figure 2: Continuous refolding of denatured c-lactalbumin by annular size

exclusion chromatography on Superdex 75 PrepGrade column at
250°/h and 30 env/h.

Figure 3: Schematic drawing of experimental setup for continuous refolding

15 by annular chromatography and recycling of aggregates

Figure 4A:  Reversed phase HPLC chromatogram of fractions from matrix
assisted refolding with HIC

Figure 4B:  Reversed phase HPLC chromatogram of native a-lactalbumin

Figure 4C:  Reversed phase HPLC chromatogram of denatured and reduced -

20 lactalbumin
Figure 5: Matrix assisted refolding of rHuAFP on Sephacryl 200HR
Figure 6: Capture step of refolded rHuAFP on Q-Sepharose XL

Figure 7: SDS-PAGE (silver stain) of native protein fraction eluted from Q-
Sepharose XL




excl usi on chromat ogr aphy on Superdex 75 PrepG ade col urmo@issfch dgoaear
vel ocity of 30 cmh. Figure 2: Continuous refolding of denatured
a-lactal bumin by annul ar size exclusion chromatography on Superdex 75

PrepG a at 250/h and 30 cnm h. Figure 3: Schl%xil% wi ng of
experi rreqﬁ)t'% Még%]up for continuous refolding 15 by annu al;rog"(l: ?%mat ogr aphy

and recycling of aggregates Figure 4Ajs Reversed phase HPLC chr omat ogram of
fractions frommatrix assisted refolding with H C Figure 4B: Reversed
phase HPLC chromat ogram of native a-lactal bumin Figure 4C. Reversed phase

HPLC chromatogr aim of gdenatured and.reduced a- .20 | actal bum.n Fi gure 5:
Matri x assi ?féﬁea‘?mef ol %193‘06#81%‘3%&&%% SAAN ARy Of PHHGRION FAFENG:  Capt ur e
step of refolded r HIARR@RoRDEeRMaiosRLXL Figure 7: SDS-PACGE (silver stain)
of native protein fraction eluted from @ Sepharose XL 28 March 2006 WO

031031465 PCT/ EP02/ 10992 15 Figure 8: Analdyt i cal size exclusion
chr omat ogr afHfeot: nat ferainpeustepdingof denapied and yedvged ¢-dasiatbusdmbiar ose XL

Figure 9: Continuous eﬁﬁalg}ﬂbggch%%]e%ﬁ%ﬁkwgagh?nd reduced a-1lactal bum n by
ogr aphy I'gure

annul ar i on exchange chrona 10: Schematic illustration of
caroussel chromat ography Exanple | Continuous refolding of a-lactal bum n by
mat ri x- assi Figewk Mefdiediatigilmstrayioh of presuseeh thiromatoprapiyat ogr aphy 10 a) Before
~transferring the process into a continuous node, refolding was tested on a
conventi onal packed bed using a Superdex 75 PrepG ade columm from AP

bi ot ech :

Example 1

Continuous refolding of o-lactalbumin by matrix-assisted refolding on gel-

permeation chromatography

10 a) Before transferring the process into a continuous mode, refolding was tested on a
conventional packed bed using a Superdex 75 PrepGrade column from AP biotech
(Uppsala, Sweden). a-lactalbumin was dissolved in a 50mM tris buffer, pH 8.5
supplemented with 6 M GuHCI and 20mM dithiothreitol. These conditions induce
complete denaturation of protein and splitting of the disulphide bridges into free

15 sulthydryl groups. The protein concentration was 3.7 mg/m!. A Superdex 75
PrepGrade column with 1.6 cm i.d. and 37 cm height was packed and 1ml feed
(reduced o-lactalbumin) was injected after the column had been equilibrated with a
50mM Tris buffer supplemented with 2mM cysteine, 2mM cystine and 10mM
CaCl, at a flow rate of 30 icfnfh. While passing through the column, the refolded

20  proteins were separated from the aggregates (Fig. 1). The column effluent was
continuously monitored at 280 nm. The native protein and the aggregates were
analyzed by analytical size exclusion chromatography and RP-HPLC. The
refolding yield was about 26 percent, The addition of 0.25M L-Arginine into the
refolding-buffer increased the yield to 40%.

25 b) For the continuous refolding experiments, the same protein solutions and buffers
were used. The Superdex 75 PrepGrade chromatography medium was packed onto
a annular chromatography System, PCAC from Prior Separation Technology -
(Gétzis, Austria). The PCAC consists of two concentric cylinders forming an




(Uppsal a, Sweden). a-lactal bumin was dissolved in a 50 ki r, pH
8.5 supplenented with 6 M GUHCL and 20mM di t hi ot hr ei tg1lv.bé azggﬂg:d:?ﬁdi tions

i nduce conplete denaturation of protein and splitting of the disul phide

bri dgesyuta.free 15 sul fhydryl groups. The protein c jon was 3.7
mg/ m . y@%@é%ix 75 PrepGrade colum with 1.6 cmii M&ﬁ@%ﬁ cm hei ght

was packed and 1m feed (reduced a-lgctal bumn) was injected after the
colum had been equilibrated with a 50mM Tris buffer supplenented with 2nmv
cysteine, 2mM cystine and 10mM CaCl2 at a flow rate of 30 cnmih. Wile

passi ng throu the colum, the refolded 20 proteins were separated from
t he aggrega?“é’gﬁfﬁqﬁwﬁvfwhef%mﬁ%}’li eg‘fﬂaglﬁénﬂ? ercq&ﬂ?ﬁ‘?ﬂ%&usl y nonitored at
280 run. Th@iaxﬁ@t@td&ﬂﬂbﬁ‘r@é@lﬂﬁéiﬁﬁ@oh@@di@ﬂﬁfe?@ﬁﬁﬁn,\f@ﬁﬁing%{ﬂﬁi aaeRls by anal yti cal
si ze excl usi on chromat ography and RP-HPLC. The refoldin tgélel d was about

26 per cent . WitHEoEQ3iem; Bie ugperpan giihe oplerpyinder is mads afjgiass ¢ PG but § or
: dt ; ] ] ] . ¢ ¥ . ‘s
the cargor B Rl Bd 91l e EReRdiB i AECIBONBUBHEN] Ui R e7pert ment s

PrepG ade cihrmimebogr aphicaviegla headwpae paibk &g, Botheylimlesrantitlesed bmomat ogr aphy
System PCAC fr.om.Prio epar ati.on Technol ogy. (Gdtzis, Austria). The PCAC
consi sts gfhﬁﬂ%%b‘ﬁ@éh[@ﬁ’é&@@?ﬁﬂﬁ&@ @Wﬁ#ﬁ’g%ﬁ‘%@%‘zﬂijﬁe%@‘ 03/ 031465
PCT/ EP02/ 1089 #hsdreedatrid HebiBstiehii QvadBing dﬁ%&%@bf@@g&l%@ﬁ&@hhm@@cked- The

outer cylinder had a dianeter of 15 cmand the Inner one a dianeter of 14

cm resul tifeed norzienwhess dp s lagpted within the layes of thyglasihnsdsy. Abdet of the outer
cylinder is : e. The inner
cylinder i Sb@%ﬁof‘é’lﬁe Lgiét?%rt‘gtg Ilfgﬁ%s g:%gﬁ{msh egﬁ)(r)atrsttée?{ﬂe@%teﬁglﬂ&? ﬁjélﬁ’@ut er one,

‘| eavi ngl@a heoathinsPewit Aoles ¢nveted py a Bplph fitted (1 b dermresize) cTiedetdothpfa head from
PEEK (Pol yet her et her ket one) through whjeh the el uen nd feed streans are
i nserted. 1‘?}%"‘*}“25’& @ Pdﬂ?‘%ﬁﬂ%c%ﬁﬂggﬁ\é\gte%?%eeShPEfB’gd?%l‘itlhagsogctgfltag’é36t hrough a
fixed feedexitgoth Conneftedb® atshert ¥@fiod SCBIEA b TNOrtb Berfoyi@iceof the gl ass

beads. At the botftomof the unit, the two cylinders are attached to a
st ai nl ess shlagie gt ggn, Ohio, USA). The exit ports are evenly distributed at 4°

intervals along the annulus. The column was packed to a height of 41¢m em with

=
(D

15 Superdex 75 PrepGrade. The bed of the glass beads was 2.6 cm high.

The system was additionally equipped with a pump for recycling the aggregates to
the feed solution. The transfer of a batchwise separation into a continuous one is
made by transformation of the elution time (t) and angular velocity () into angular

displacement (6).
20 O6=o%

From this calculation, the exit point of the various separated components can be

determined.

Next, the refolding process was performed continuously. A rotation rate of 250°/h
was applied and the eluent flow rate was 30 cm/h. A feed flow rate of 0,31 ml/min
25  was applied. The chromatogram obtained after continuous refolding of lactalbumin -

by size exclusion chromatography is shown in Figure 2.

After separation had reached a steady state, collection of the fractions containing

the aggregates was started. Continuous concentration commenced when 50 ml were




10 contains 90 exit holes covered by a nylon filter (11 E?ﬁa%”ﬁ?a%i ze). The
bottomof the rotating colum is connected to a fixed teflone slip-ring
whi ch al so contains 90 exit ports connected to a short section of Tygon

t ubi ng erformance Plastic Corporation, Akron i USA). The

exi t po%}g&%ﬂ?{éﬁgvenl y distributed at 4 intervals al o%?’ﬁbﬁlg%ul us. The
colum was packed to a height of 4lcrm7icmw th 15 Superdex 75 PrepG ade. The
bed of the glass beads was 2.6 cm high. The system was additionally

equi pped with a punp for recycling the aggregates to the feed sol ution.
The transfer ,of hw_se., s ratlon i a continuous Qng is made by
{ranst or e Taf SERRER MR APRI ol b uebicERE PRI BAME 5) Thio

angul ar  di ppleficesmiterdaded. 20 0=U] *t Fromthis cal cul ation, the exit point
of the various separated conponents can be determ ned. Next, the refolding
process was._perfornmed. continupusly. A rotatign rate 0/h was applied
G the o yEIRCTRIGRF LGS Bob VBS ioestehles it el e adlleoB 0. 31"t/ o b 28
was appl i edeonfifiusra0dBdRektaedoiaizenth] abk AR LEAY A UEIIpeiO! di Nng of

| actal bum n by size exclusion chromatography is shown in Figure 2. After
separ at i bn Wegentid floncidtration yetam withRiamax oK megmbrasgs. dhe concentration i ons

cont ai ni ng : I : . ane ratl.on conmenced
when 50 i e BRATARSS S8 O Bhis S BB o RBERH SR Cot et
Sanpl es wer for corgiwmova mefoldive byrapoudér obfonzeprapds edirepydingiofiagenetateatsi ve protein
was determ ned. .i .Th%. ef fl uent of those ports where the aggregates are

el uted was 5&18}"1‘181:?‘5&3 continuously and concentrated by tangential flow
filtration ugithgfeed pntg dediotnghé REgRE ldcalbuiin\ ik tHetniiaéd forblentdeem W t h

Bi omax 5K nenbranes. The concentration was adjusted to approx. 1 ng/m. A
schemat i% Oququlhgegmtp ﬁ%cyglgg, feed ﬁ’gﬁtcalpcegtgthﬁ by tangential flow filtration. 3

is the reaction loop to complete reduction of recycled aggregates; 4 is the eluent

" pump for the annular chromatography system, 5 is the annular chromatography
system, 6 a colleciing device consisting of a simple glass bottle, 7 a tangential flow-
filtration device, 8 a vessel for collection of concentrated aggregates, 9 is the

15 - recycling pump and 10 a vessel for collection of refolded protein.

After the system had reached equilibrium, the refolding efficiency at a protein
concentration of 3.7 mg/ml was raised from 26% without recycling to > 80% with

recycling.

20 FExample 2

Continuous refolding of human alpha-fetoprotein ({HuAFP) with the annular

chromatography system PCAC and estradiol sepharose

Human alpha-fetoprotein was expressed in Escherichia coli as described by
Boismenu et al. (60) .The cells were expanded in 10 x 5 L shake flasks and

25  harvested by a bucket centrifuge The resuspended cells were disintegrated by a
high pressure homogenizer at 500 bar, The homogenate was clarified by
cenirifogation at 10.000g and the sediment containing the inclusion bodies was

~ dissolved in 6M urea by excessive stirring. This solution was partially refolded by




for continuous refolding by annular chromatography and regygkiishoRf
aggregates is shown in Figure 3: 1 is the feed punp dellverlng the reduced
| actal bumin, 2 is the mxer for blending |10 of fresh feed with recycled

feed af ntration by tangenti al flowflltratlo he reaction
| oop to‘@%n@?eti reduction of recycled aggregates; FC ’?ﬁ?z}l@%ent punp

for the annul ar chromatography systemg5 is the annul ar chr omat ogr aphy
system 6 a collecting device consisting of a sinple glass bottle, 7 a
tangential flow filtration device, 8 a vessel for col l ection of

concentr at ed.,aggr egat es, h cI in and .10 a vessel for
col l ection gfl t?‘)g]fﬁﬁ %lryé?tl@fdﬁé oigdtgogrqu hep pro ‘FFF % GORtRROYS eq;ﬁl l'i brium
the refol di fohele Bh AR Shikose 706 By was

raiised fromagsgaﬁlv?n t h?al?ibrne;}zch ng ?g Q'S é‘éﬁta&%fé gc;ggelvﬁlazregg/eaarrpl e 2

Cont i nuous pefestrfieddydenmet Nﬁlélap@aack@dm@rtb@ mlagplmmwpanh {Thet Pe annul ar
chromat ogr a %}%‘ I r a a-fetoprotein
was expressg%%{?%%@sagﬁ]efgl ehra asqﬁ%&ﬂg@gégfalggg% ﬁﬁemgﬁl snlélrll%}%;t . (60) The
cells wese buypatdde dsimadidl saphbroke malaﬂoeldﬂ:bamkeslmldoﬂﬁnmd/ﬁﬁﬁ Q’dlrlllby a bucket
centrifuge The re nded c djisinte g pressure
honogeni gerﬁ%ﬁ ﬁuﬁlﬁg a‘%’ﬁ'@? ﬁ%@&\sﬁﬁ(&vm&‘gélag‘hCFY‘gﬁP%@e feednt ri fugation at

| 0.000g an@o]ﬁﬂ'\:ﬁ) ﬁﬁ@lﬂéﬁﬁ'hvdi@ébﬁc@ésfﬂe@ﬂuﬁchﬂ)ﬂtﬁbcfeétﬁ tRedRRE 8§utiRSyasdi Ssol ved in
6M urea by excessive stirrin is solution was partially refolded by 28

Mar ch 2006 mcelﬂra@esilhmalabm %mz’vltm@gzmmea was added trsupflpmenidont i al | y
refol ded solLil} cﬁ@cﬁn%%%h@%ed 519 sssed by a continuous

adsor ption/ desorption estra sephar ose. The estradi ol sepharose was
prepared as described by Feng et al. (61) and packed into the annul ar
chromat d§r aph. The sanme annul ar chromat ograph as in Exanple 1 was used.

The refol degxgr};{ﬂ@EP was

Continuous refolding of o-factalbumin on hydrophobic interaction chromatography
(HIC) sorbents

Bovine o-lactalbumin was disselved in 50 mM Tris/HC], 10 mM CaCl,, pH 7.0,

15 and denatured with 6 M GuHCI and 250mM B-mercaptoethanol. This was
performed at a concentration of 5 mg/m! at room temperature, The refolding took
place at the HIC sorbent. As an example Macroprep Methyl from BioRad
(Hercules, CA, USA) was chosen. Prior to the loading of the denatured lactalbumin
the column had been equilibrated with 1.5 M ammonium sulfate. The ammonium

20 sulfate was dissolved in a S0mM Tris/HCI, 10mM CaCly, 2mM cysteine/cystine
buffer pH 7.0. Solid ammonium sulfate was added to the denatured protein solution
to reach a final concentration of 1.5. M. Then 2.5 ml of the denaturated protein
solution supplemented with ammonium sulfate was loaded on a 14em x 1.0 cm i.d.
methyl Sepharose column at a linear velocity of 100 cm/ h. The column effluent

-25  was monitored at 280 nm. A residence time of 25 min of protein was sufficient to
elute refolded protein with a 50 mM Tris/HCI, 10mM CaCl,, 2mM cysteine/cystine
buffer pH 7.0. The column was regenerated with 20% ethanol dissolved in water,

This peak contained residual o-lactalbumin in the unfolded state.




S bound to the estradiol sepharose and could be eluted ipg mg&p%@fgrat ed
form while the non-refolded part was found in the flow through and
recycled to the feed solution. In order to avoid excessive dilution of the
feed, t ed solution was concentrated bytan low filtration
and ur egﬁ)\/\[g@gé ded to supplenent for chaotropic acti ﬁ’k /a(fgtg e feed
solution. 10 Exanple 3 Continuous refglding of a-lactal bum n on hydrophobic
i nteraction chromatography (H C) sorbents Bovine a-lactal bum n was
dissolved in 50 MM Tris/HCI, 10 nM CaCl 2, pH 7.0, 15 and denatured with 6

M GuHCl1 and 3-nmer ca oet hanol rfor at .a concentration
ot B R R aar ghoenol e e V@@E%ﬁ B B, o G
~ sorbent. Asa&a&emm%%&ga%@@org/gmaﬂv% B ggﬁame@gﬁ) Hlves. CA USA)

was chosen. Prior to the l['oading act umn the colum
had been eqpioteirblryakiredr gmdibntlaluﬁowﬁ'amrﬁﬁ% MrﬂaS%’rwlcémmm]/v?anacmmgum 20 sulfate

was di ssol v s/-H Cl2, 2mM cysteine/cystine buffer
pH 7.0. Sol ﬁg%%msﬁrﬂ‘%ﬁe? ﬁttlelcef\% g%{?to t he denatured protein solution
to reach a final concentration of 1.S. M Then 2.5 m of the denaturated
protein ssokutrﬁrmrwaumfoﬁm&em A\g'llehtmmsyﬁﬂeﬁl%fmi/&semaéeqm on a l4cm x
1.0 cmii net hyl rose cql.u |ne velocity of 100 cni h. The
col um efflﬂ’é?ﬂlatgé'Wé’g ﬁmﬂnf&?%ma%f%@é ‘fﬁff’teﬂa R A ¥@tdi me of 25 min of
~protei n wasrefddihk GiBHICEOshofh i Bigl €4, QiIdHﬂLQrcﬁﬁoﬁ‘la _%Wrﬂs'bfﬁatﬁﬁ afiM Tris/HC,
10nM CaCl ;, 2nmM cysteine/ cystine  buffer pH 7. he col um was regener at ed

with 20% et deaaivreddedised gdattilbunyip arsrshowmin g pﬂ@eﬂndd&nteapmethly esi dual
a-lactalbumn in the unfol ded state. 28 March 2006 WO 03/ 031465
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i nt er medd at acrapdp Mthyl emedium was packed into a annular chromatograph from Priox

Separations Technologies (Gotzis Austria). The system is described in Example 1.

A column height of 14 cm was chosen and the annufus width was 0.5 cm. At

positions 0-12 © the denatured o-lactalbumin was introduced. At position 200 ° the

lactalbumin was eluted with 50 mM Tris/HCI, 10mM CaCl,, 2mM cysteine/cystine

15 buffer pH 7.0 at postion 300 ° the column was regenerated with 20 % ethanol
dissolved in water. The regenerate was continuously ultra-diafiltrated by a
Millipore system using a Biomax 5 filter. As diafiliration buffer a 50 mM Tris/HCI,
10mM CaCl,, pH 7.0 in 6 M GuHCl, 250 mM (-mercapioethanol and 1.5 M

ammonium sulfate was used. The ultra-diafiltrated solution was recycled to the

20 feed and the continuous refolding was performed until steady state conditions were

reached.

Example 4

Continuous refolding and separation of native recombinant human alpha-

25  Fetoprotein (tHuAFP), folding intermediates and aggregates

rHuAFP is a complex protein, which contains 16 disulfide bridges. It is produced in

E.coli as inclusion body.



protein by linear gradient elution from37%to 4596acetogg%&+&{ﬂﬁ%er
containing 0.1% TFA in 15 mnutes at 1 m/mn and 30C runs were
performed on an Agilent LC 1100 system A Reversed phase HPLC chromat ogram
of fracg) taining refolded protein after matri j ref ol di ng
with p QoBReRET = O g. 4A. RP-HPLC chromat ogr ans pr Ll

denat ured/ reduced a-lactal bumn are shown in Fig. 4B and 4C, respectively.
These refol ding conditions were transferred to conti nuous annul ar

chromat ography. 10 Macroprep Methyl nmedi um was packed into a annul ar

chr omat ogr a rom Prior Separations Technol ogi es zzi s, Austria). The
systemis oﬁgg‘?}qr%g]?}’s"eﬁl%(tg ogesi?oaggné@?q?ﬁﬂan&ow&%)thﬁee "8was chosen and
the annul usyndicalithire WRp ofrFuAFP wék tesR Bh bRt G lchrohiiSeigRablhed

a-lactal bum n was, i ntroduced. At §OS| tion 200 the ! lactal bumn was el uted

with 50 mivPRekeswith Sepharwi 268108 2nd QnigpbarateciinBpmyAR bigtech BJppedlt.er pH 7.0 at
postion 300 d@ﬁ.cm um was regenerated with 20 % et hanol di ssolved in
wat er. The regernerate was continuously ultra-diafiltrated by a MIIlipore
systemusing a Biomax 5 filter. As diafiltration buffer a 50 mM Tri s/ HCl,
| OmM CaGlL2, Thstinchugdon hedigs morGririag rH@SRP wive Rotrtedoa dtsseibeingkarapid11. 5 M

amoni um sul f.at e e Th I = di af.i at S I s,recycled to
the 20 feed™ gﬁgsqlﬁﬂg§§mﬁ]ﬁrd%§0ﬁg?%$5d%h€&ag§f ?J’é]rel;af}?lﬁ‘tgtrh‘gﬁelvﬁnﬂ eady state
condi ti ons HRAEP comentnaidn wax albquk €.54nghah thetoeligolhf oheintgtiaand separation of
native recanhi nant hunman al,%ha- 5 F?tc‘)xggot ein (rHUAFP), folding -

i nt er nedi atBEUHRHPIQIFYY BRYILEES oy 1§ Vs aIR- d8ARlot ei n, which contains 16
disulfide bridges. It is produced in E. coli as inclusion body. 28 March

2006 WO 03/153di6105 oPEE pii AO08 beatix Beked rbliABE@ERING the process to a

conbi ned conti nuous node, the refolding and capture step of rHuAFP were
tested ¥h dBAVGHOR eHamatesiaplive Therdpny weveqyiivsated with PBS (pH 7.4) ata

- linear velocity of 11 cm/h. 1ml of the feed solution was loaded onto a column with
2.6 cm i.d. and 26 cm length packed with Sephacryl 200HR. While passing through

the column the chaotropic and reducing bomponents were separated from rHuAFP
and the protein started to refold (see Fig. 5, which shows matrix-assisted refolding
15 of rtHuAFP on Sephacry! 200HR).

After refolding, only 20% of the protein are in the native conformation, the
remaining protein consists of stable folding intermediates resulting from non-native
disulfide bridges and irreversible aggregates. The fractions were collected and
analyzed by SDS-PAGE and Western-blot.

20 Inthe next step, the protein was captured by ion-exchange chromatography (Q-
Sepharose XL).

The collected protein fractions were loaded onto an Q-Sepharose XL column
(10mm i.d., 50mm height} equilibrated with PBS. Folding intermediates did not
interact with the matrix and eluted in the flow through, native rHuAFP was bound
25 onto the resin and eluted in a step gradient with PBS+0.2M NaCl, and aggregates
were eluted in a second step gradient with PBS+0.5M NaCl. The chromatogram of
the capture step is shown in Fig. 6. The collected native peak fraction (eluate 1)
was analyzed by silver-stained SDS-PAGE (Fig. 7) and analytical size exclusion




r r packed with Sephacryl 200HR and Q Sepharose XL fronmpd\RipiPissh
(Uppsala, Sweden). 5 The inclusion bodies containing rHUAFP were isol ated
as described in exanple 1 and dissolved in 50mM Tris-HCl, pH 8.5, 6M GuHCI
and 100Rd4 §3f31469 Ne final  rHUAFP concentration was abpélfm@ﬁﬂggﬁg/m, t he
total protein concentration including protein inpuritiés fromhost cells
was approx. 5ng/m . Refolding of the protein was done by matri x assisted
refol ding using gel 10 perneati on chromatography. The col um was
equilibrated with PBS (pH 7.4) at a linear velocity of 11 cnih. 1m of the

packed i t h LeRRRer RS SHRPRS el Q0UEE el P wibE Viebn N e

chaot r opi ¢ ¢Fig. 8)educi ng conponents were separated fromrHuAFP and the
protein started to refald (see Fig. 5, which shows nmatrix-iassi sted '
ref ol di ng of . r HUAFP on hacryl 200HR). After refolding, only 20% of
the protei n%gf(g t?%copﬂﬁu%éf?fagg&gﬁ%mfﬁ tg?\,%anﬁwoml“’eﬁ‘?ﬁ%“ﬁ?%éabﬁl@t ein consists
of stable f@ﬁﬂérglgyefenﬁga{mgiapt es resulting fromnon-native disulfide
bridges and irreversible aggregates. The fractions were collected and

anal yzed by, SDS: PAGE and, Western-blot. 20 In the next step, the protein was
capt ur ed5by T8 ﬁ-l”é’%mﬁ@glcdﬂmﬁfé grckpthiptq epnnglas phrewaegeply Systean col | ect ed
protein fraptiseNsiefisr $Dadach Pkl S PARKHS ¢h skorm i d.
50mm hei ght) equil i brlat ed wth PBS. @@oﬁfﬁng&iﬁnt erne ?Kgltoﬂg dre (Sglsot i nt eract
wi th the nmavfiom Qrivepharozestl. andl théveppet lyertofi B fang Sephaayl 208HRHUAFP was bound 25
onto the resin and eluted in a step gradient with PBS+0.2M NaCl, and
aggregat es gueLe: eegp ofr]éis r.adi i th, RBS+Q, 5M NaCl . The
chr omat ogr am o%ﬁ e%%Ihe Sc u{tht%agediﬁgjp I sacttsaﬁ@\?\% v?fécﬁ&gf_iﬁ'&ﬁ}q.@e(g%wo&t ed native
peak fracti emeed ef thatdintlpr wase2S04dmal yzed by sil ver-stai ned SDS-PAGE (Fig. 7)
and anal ytical size exclusion 28 March 2006 WO 03/ 031465 PCT/ EP02/ 10992

10 The feed stream was pumped at the top of the gel bed through a fixed feed nozzle,

whose tip was located within the layer of the glass beads. PBS+0.2M NaCl was
pumped by another nozzle with a shift of —60 degrees from the feed-nozzle on the
top of the gel bed.

In the first gel layer (Sephacryl 200HR) the denaturated and reduced protein started
15 to refold. High molecular weight aggregates were separated from refolded
monomeric native tHuAFP and monomeric folding intermediates. After leaving the
first gel layer the proteins were captured in the second lower gel layer (Q-
Sepharose XL). Native monomeric rtHuAFP was eluted continuously with
: PBS+0.2M NaCl and aggregates were eluted in the salt fraction containing 6M
20 GuHCland 0.1M DTT.

Samples were drawn and the amount of aggregated protein and native protein were
determined by SDS-PAGE.

Example 5

25 Continuous refolding of o-lactalbumin by ion- exchange chromatography




21 chromat ogr aphy using a Superdex 200HR col umm (AP bi ot egMarddrrmal a,
Sweden) (Fig. 8). b) For the continuous refol ding experinents, the sane
protein solutions, gels and buffers were used as ina). . 5 Two

chr omat @@ gaBiqes medi a were packed into a annul ar chropgfpahapey System
PCAC from Prior Separation Technol ogy Gotzis, Austria. The |ower |ayer
consists of 5cm Q Sepharose XL and t#ee upper |ayer of 35cm Sephacryl
200HR. The systemwas equilibrated with PBS at a |inear velocity of 20
crn/h. The rotation speed of the cylinder was 250/ h. 10 . The feed stream

was punped : fl f zl e, whose
tip was | ocgi %%B%l#ﬁgoﬁq%fﬁgiﬁﬁaog?}e ngcﬁg]t I?fg{eg]lq%gd gég)bélg?(&xggy B@%g‘é“g NaCl was
punped by anmbhetograpky veravdptimizedsinbdith wbde: A otl@gr (@S<nt f.d))‘lwéshle f2 ggd- ;IOZﬁI e
on the top of the d, Ih e first | | ayer ephaci yl, HR) the
denat ur at edpécllf'a‘:i Wéthg)?@b&bg‘?pbi‘@?er#@t(ﬁ‘} tbécﬁechgﬁpﬁséﬁr §‘f"’éﬁ(eé% ’@FPIH%H ecul ar

wei ght  aggr ggfiefsht Was scﬁ@w_ﬁircﬁtﬁﬂaﬂxi-&mta&% 88 4aiORARPLS Eed R} fu¥e r HUAFP and
nmononeric folding internediates. After I eaving the "first gel |ayer the

pr ot ei ns Sweeentisagisunely. The aghidibrtionbuffer swe 20 TrisdyEk 210 CEEpRM ose XL) .

Nat i no ' F ' S 1t h...PBS+0. 2M NaCl and
agglr\éga'[r[e)s %@é&g%t%@ﬁ Wﬁgiugéfﬁuf?e?%% fﬂggﬂ'g%%stt}i@f %quhlb})r%’l%}flga&&HCI and 0. 1M
DTT. Sanpl esuppienenttd avith (edhd Nabie Aznegenératidn mxg@f,eg?geméoeﬁMBi n andf nia'él ive f

t ei e .determ ned by SDS- PACE. 5 ntinuous refolding o
o act gl'\Qﬁ:’d"ﬁﬁwng6ﬁém¥>éﬁ?{éﬂﬂfé§¥9ﬁ?°f§‘hqggwwé%“s%rch 2006 WO 03/ 031465
PCT/ EP02/ 1089¢:aPndtht 609l &f RASub@ind RhRLE b tRburhiG 2038k i €1 N

a-lactal bumi n by ion exchange
10 DEAE Sepharose 4FF, After washing out the denaturing and reducing agents, the

protein was eluted. The collected pool, containing reduced alpha-lactalbumin, was
. supplemented with cysteine and cystine to final concentrations of 2mM,
respectively. After incubation for 6-7 hours in the refolding buffer, aboui 80% of
the initially loaded protein are in native conformation. Under these conditions, the
15 total protein recovery was 90-100%.
Alternatively, 2mM cystine and 2mM cysteine were added to the equilibration and
- elution buffers. In this case, protein was eluted in its native conformation. The

yield of native protein was about 10% and the recovery 80%. In order to simulate
conditions required for the continuous process, restrictions concerning flow rate

20 and amount of sample load have been made.

b) Continuous refolding without recycling of aggregates
Parameters for the continuous mode were maintained as used in batch experiments.
Flow velocities of the different buffers and the angles for application of the buffers
25 were calculated. Solutions of 0.1mg/ml and 1mg/m] denatured and reduced ot
lactalbumin were applied to the pressurized continuous annular chromatograph
(PCAC) packed with DEAE Sepharose 4FF. The equilibration buffer (20mM
Tris/HCl, 2mM CaCly, 2M urea) was pumped with a P- 6000 (AP biotech, Uppsala,
Sweden) at a flow rate of 22 ml/min through the main inlet port. The load was
30  applied at 0° at a flow rate of 4.2 ml/min with a P- 500 pump (AP biotech, Uppsala,
Sweden). Elution was effected at 135° with elution buffer (20mM Tris/HCI, 2mM
CaCly, 2M urea, 0.5M NaCl) at a flow rate of 2. 1ml/min with a P- 500 pump (AP




chromat ography were optim zed in batch node. A colum (028 mMafaH 2006) was
packed with DEAE Sepharose 4FF (AP biotech, Uppsala, Sweden). The resulting
bed height was 8 cm which was approximately in the sanme range as used for

the 5 cepjésnyfays node. The equilibration buffer was 29@%55%@4#0, 2m
CaCl2, 2M wurea adjusted to pH 8. The elution buffer was the sane as the

equi libration buffer, supplenented wi3th 0.5M NaCl. As regeneration buffer,
ei ther 6M GuUHCI contai ni ng 100mM nonot hi ogl ycerol or 0.5M NaOH was used. A
total anmount of 3ng of denatured and reduced (x-I|actal bum n was | oaded onto

10 DEAF Sep J t @ff reduci ng
agents, the&g‘{f;g%{QI &igﬁﬁgegﬁg'tigg?%ﬁga%o sloglt?itg%ﬂﬁgoo ,dl’gggﬁg)fjni ng reduced

al pha- | act ambugthinglyveasl) wespphpedeniteacdevistaltic tipstatirnpuramat adiost fatecoft 0 f i nal
concentrati pps.,of . respectively. After incubation fqr 6-7 hours in the
ref ol di ng bﬁ?‘ing m é%tm&fﬁﬁ %ﬁ"_ulaf F%OIP?{PW]&JT' IA;}“’{ Frachiee %?‘aal’ét?'i‘? are in native
conf or mat i ofilldnidey, all P EEctBANMEHvE beMTollédRR! twd Binded FR 20 REiRKLE. Thé ecovery was
90-100% Alternatively, 2nmM cystine and 2mM cystei ne were added to the

equi | i brat i Rdeehity St determinngrapd Y adserptien wasopepsuredhwish ep prtomal el uted in its
native conf | : | - | B lVRSF; t 10% and the
recovery 8 00%&%Egg%&pbAg‘?lﬁ%ﬁg%tt%W@%dﬁ%?ﬁq%ﬁESS%P@&VU| relg1pr ? g'r t he conti nuous
process, reBheafratipmeis whivhdley prowen ditaiwera dete@inadrhd amopiet wat taampl e | oad

~ have been d b t i puous ref i it hout recyclin f, aggregates

' Paraneters %gﬁ‘ﬁ?ﬁo@@ﬁ% Ftre A gb‘ﬂ%@%%? S5k FRltoS WeeadorObat oh

exper i ment seach frh@n\veh Gaaitcbeenedioh be2diM. heeemtubanbd fr 9 hang thdhe angl es for
application of the buffers 25 were cal cul ated. Solutions of 0.1ng/m and

1ng/ m denaroeEronisat and dircfelding contopmation was delemmineddyy reesased ghasse pressuri zed
~conti nuous I = Bk : i [PEAL rose 4FF. The
equi | i brat i%ﬁﬂ%u?#eﬂ 2om&9%13’?’2)1£ﬁg&%?’m&§@cyf%&% ’u?(ggéﬁ@ S punped with
a P- 6000.(AP biotech, Uppsala, Sweden) at a flowrate of 22 m/mn

" ouah 0 Tl Bk TS BRG5pR0 PPl L0 2 0, 2T low et o
ef fect ed atReBI@ingiof theahddel @bteinithh 8E adc2@riddd by iagdinkthe 281 bysteine and
15 2mM cystine to the equilibration and elution buffer. The protein regains-its native
structure during cluomatoéraphy. Due to faster refolding kinetics, aggregation
takes place either to a greater extend on the column. Under these conditions, the
protein elutes from the column in its native state. However, most of the protein
aggregates during chromatography. The aggregates can be quantitatively removed
20 from the column with 6M GuHCI containing 100mM monothioglycerol as
reducing agent. In order to recycle the dissolved aggregates back to the ion
exchange resin, the conductivity has to be below 1 mS/cm. Therefore, the dissolved
aggregates have to be diafiltrated against M urea.
A 0.1mg/m] and 0.5mg/m! solution of denatured and reduced o-lactalbumin was
25 loaded. Regeneration was effected with 6M GuHCI containing 100mM
monothiogylcerol as reducing agent. All 90 fractions were collected to determine
the fractions containing eluate and regenerate. The fractions containing the
regenerate were pooled and diafiltrated against 8M urea until the conductivity was
the same as in the feed solution. Ultradifiltration was effected with an tangential
30 flow laboratory ultrafiltration unit (Labscale TFF system, Millipore). Final protein

content was determined with reversed phase HPLC. Finally, the diafiltrate was




CaCl2, 2Murea, 0.5MNaCl) at a flowrate of 2.1m/mn wegWMaacH200800 punp
(AP 28 March 2006 WO 03/031465 PCT/ EP02/ 10992 23 biotech, Uppsal a, Sweden).
The regeneration solution (6M GuHCI, 100mM nonot hi ogl ycerol) was punped :
wWth a peydssibakii c | aboratory punp at a flow rate of pdypipdfghn at 222 into
t he annul ar chromat ograph. After reaching steady state equilibrium all 90
fractions have been collected two tings for 20 m nutes. The 5 conductivity
was determ ned and UV adsorption was neasured with an external photoneter
(Hitachi). A representative chromatogramis shown in Figure 9. The
fractions i b i i : m gappl es were
taken. An gﬂﬁg%%?togpggeg&o%ﬁgd%%ﬁgggﬁtgggﬁ\tﬁéyﬁ;ﬂgﬁﬁ%gﬁs%&ock°soI utions were
" added to eadthoptreayeliagitot’8%ewith ieaycliog ntibe bggredatad podteif filebtiosf t er i ncubat i on
for 7 hburs, the 10 protein content and thé folding conformation was
determ ned by reversed phase HPLC. The yield and recovery of native
protein was 80% and 95% respectively. c) Continuous refolding with
recycling of aggregates Refol ding of the nodel protein can be accel erated
by adding the 2mM cysteine and 15 2nM cystine to the equilibration and
elution Quffer. The protein regains its native structure during

chr omat ogr aphy. Due to faster refolding kinetics, aggregation takes place
either to a greater extend on the columm. Under these conditions, the
protein elutes fromthe colum in its native state. However, nost of the
protein aggregates during chromatography. The aggregates can be
gquantitatively renmoved 20 fromthe colum with 6M GuHCI containing 100mM
nonot hi ogl ycerol as reducing agent. In order to recycle the dissolved
aggregates back to the ion exchange resin, the conductivity has to be
below 1 nS/cm Therefore, the dissolved aggregates have to be diafiltrated
against SMurea. A 0. Ing/m and 0.5ng/mM solution of denatured and reduced
a-lactal bumin was 25 | oaded. Regeneration was effected with 6M GuHCl

contai ni ng 100mM nonot hi ogyl cerol as reducing agent. Al 90 fractions were
collected to determ ne




the fractions containing eluate and regenerate. The fracpsemrsck2oUsai ni ng
the regenerate were pooled and diafiltrated against SMurea until the
conductivity was the sanme as in the feed solution. Utradifiltrati on was
ef f ect eqygsfoBiga® tangential 30 flow | aboratory ultrafpdfpmbiee, unit
(Labscal e TFF system MIlipore). Final protein content was determ ned
with reversed phase HPLC. Finally, th# diafiltrate was 28 March 2006 WO
03/ 031465 PCT/ EP02/ 10992 24 | punped into the feed solution. The yield of
native protein increases from14% w thout recycling to 78% wi th recycling
of the aggregated protein fraction. 28 March 2006 WD 03/ 031465
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WO 03/ 031465 PCT/ EP02/ 10992 32 Cainms 1. A nethod for obtaiMirdO2@06
bi ol ogically active reconbi nant protein by reconstituting the protein from
a denatured state to its active form wherein 5 a feed sol ution contai ni ng

the recqmisgfiks protein of interest in its denature or in
biologically inactive internediate forns is subject d?%ﬂ%%%@r}g{rmt ogr aphi c

separation process, in which said prof®in is reconstituted under
conditions that pronote refolding of the protein and the internediate
forns are separated fromthe refolded protein, characterized in 10 that the
denatured formand/or the inactive internmediate forns of the protein are
separated fromthe refol ded protei nQlfim@ conti nuous or quasi-continuous
chromat ographi ¢ nethod. 2. The method of claiml1l, wherein the internediate
forms that have been separated fromthe refol ded protein are reintroduced
into the feed solution 15 and thus undergo at | east one nore reconstitution

process. 3. The l.aim 1. or. 2 wherein the separation process is
sel ected f romrl' i}gﬁééeﬁ%?hfg{%)gan&lﬂg 6%@%@&%%‘,"3 Efcpmhingst pedieio byt ogr aphy,
hydr ophobi ¢ i ntrecastifuting hbpakt H6H ARRYaukEE Vgl SEHs %@gﬁ)ﬂ%hf prat ogr aphy,

coval ent_ chr orratl%gé%g&ﬁtcsi ze. excl usi on chromat ography and 4t or ption 20

chr onat ogr aphy. 2 Prfamipg the ragombdnanhpretedi of intaesiiepar ati on process i s

‘operated. conti rieasteled forh 4olBr f105; .al . chromat agr aphy, . 5. The net hod
of claim3, wherein the separ 5tﬁ%b%§aé?elg%hi§émﬁ%‘@?@%@%ﬁ’é%ﬁubﬁ%nti nuously
in the form of d°&ichignatogtiphiosépatptive prockss Arathodrsaidhyoteid® 6. The net hod of

claim 3, wherei '}eéoﬂﬁi P Lon. process i s operated quasi- continuously in
‘the formof a carrou ngtl@ @%ﬂr%%wgigp%%mpmmote refolding of the protein and the
. intermediate forms are separated from the refolded protein, characterized in
10 that the denatured form and/or the inactive intermediate forms of the protein
are separated from the refolded protein in a continuous or quasi-continuous

chromatographic method.

2. The method of claim 1, wherein the intermediate forms that have been
-separated from the refolded protein are reintroduced into the feed solution

15 and thus undergo at leasi_,f one more reconstitution process.

3. The method of claim 1 or 2, wherein the separation process is selected from
ion-exchange chromatography, affinity chromatography, hydrophobic
interaction chromato graphy, reversed phase chromatography, covalent
chromatography, size exclusion chromatography and adsorption

20 chromatography.

4. The method of claim 3, wherein the separation process is operated

continuously in the form of annular chromato graphy.

5. The method of claim 3, wherein the separation process is operated quasi-

continuously in the form of a simulated moving bed chromatography.

25 6. The method of claim 3, wherein the separation process is operated quasi-

continuously in the form of a carrousel chromatography.




