-2- The.i.nventiion concerns a process for the re- naturation of proteins. By
renaturation of proteins in the scope of the present invention is to be
understood the production 5 . or reobtaining of the nornal biol ogical
function of proteins, whereby=it is assuned that t:he natural secondary,
tertiary and possibly quaternary structure is reobt’ai ned. The probl em of
the renaturation of proteins is of 10-2-great inportance since

bi ol ogi cal |l y-active proteins are frequently denatured by the treatnents
carried out upon trmnﬁhé(ﬂnuannﬂdmadamdamascasprotesheforseharabFon from

acconpanyi ng Wﬂdﬂﬁqrﬁ% ﬂéltrFsr esting biological activity is hereby
na

| ogt. conpl etely or part tur- ation is also of inportance in the

case of proteins pro‘%&ﬁ%r?a\ﬂ{ﬂ@ttldiﬁ'dﬂ’p@bt@%ﬁ@r thﬂhteos%kﬁoﬁ% ehegene
technol ogy since, in many cases, one h reby obtai ns onl e correct

primary struct RESqHysimRHgoML if Lo benyp: eSﬁFWﬁetBQsPFQHUGFF-PPsatlon of
t he biol ogixal o3 redtidMifing o) uiliee horiall &1beag&uraat ifahctdleas offl ace with

the formati on of_ the. natural dary struct,ur tlar structure and
possibly al so tHE GHt%y it iqyr Jg:t Lﬁ’% |§P8‘ﬁwdu§%ﬁ§ % 5352 i s al ready
known to 25 @acmm:taﬁyntmumqycami mmssmmlwhquameanaryeetum:adtuyet ei ne,

wi th i odosobenzqat.g, 'gﬂft{eqpbt aining of their biological activity. Even if
this method were to of general ‘applicability, it would only solve a part

of the problem of tf“THé”E?dHfEd‘HE(Hhep&%hﬁhﬁ§atégn of prot@ingelll ggi ssl,
R Rudol ph and R Jaeni cke, Bi ochem stry, -Val. 19 s 5567 to

7
5575, haveq nvE@isHat BPIHAR A ifca |bdr? oBisa éw gSikavec PGH%?H%‘S A&Rel v
lagt at e dehydr dyenfisemt Wy tdedanhial Hynghef tireathehtsabyretiedcbwte upba have

thereby ascertq: ed tfhr example in the case of their separatlon from
accompanylng materials, and the interesting blolog;cal
‘activity is hereby lost completely or partly. Renatur-
15 ation is also of importance in the case of proteins.
produced synthetically or according to methods of gene
- technology since, in many cases, one hereby obtains
only the correct primary structure, thus amino acid
sequenée, but the desired utilisation of the biological
20 . activity requires that a renaturation takes place with
the formation of the natural secondary structure,.
tertiary structure and possibly also the quaternary
structure.

From US-PS 4,530,787, it is alread& known to
25 oxidize synthetic proteins, which contain reduced
~ cysteine, with iodosobenzoate with reobtaining of their
biological actiVity. Even if this method were to be of
general applicability, it would only solve a part of
the problem of the renaturation of proteins.

30 G. Zettlmeissl, R. Rudolph and R. Jaenicke,

' Biochemistry, Vol. 18 (1979), pages 5567 to 5575, have
investigated the renaturation of an oligomeric enzyme,
namely lactate dehydrogenase, with reobtaining of its

- tertiary structure and have thereby ascertained that -

35 in the case of such a renaturation, two competing
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35 in the case of such a renaturation, two conpeting -3- reactions
take place, nanely, the renaturation on the one hand and the formation of
i nactive aggregates on the other hand. For the achievenent of good
renaturation yields, care nust thereby be taken that,a 5 limting
concentration of enzynmes in the solution is not exceeded. However, a
general process for the renaturation of_proteins cannot be derived from
this. Therefore, it is the task of the"$hvention to provi de a process

whi ch, in general, nekes EgﬁSib e an 1 rovement of the rena%uration

0 .
of proteins. AEBRAFAGRROCERE PROSHt i BAmehy StAS AERALERATAAN (97 LS oceos
for the renat uraheohantl .dadathecfliopmat tomsof nisattivomggregatamtan at i on

buffer, which i§hgh3Eﬁ§§?h5§§g iP°£hﬁ$?g€§hfg&§ﬁ%§?5€f%Q%H%iOn of the 15

protein to be rénature e conce Fon | he sel ected
buf fer, the hi ghesatyretdoof yheldse caraimusl Pherehn be opien fdrt c2iti cal

concentratign) @@ﬁlita;agrea?ﬁeéﬂeﬂeﬂoﬂfofh@né held Non | e gEth@isn pelds in

t he anmobunt necessary e achievenent. 2 The process i s based
upon the di scovBPy ergeededirghBevepetsi 8l 88 ERrY B¥osefRttREd B otein can

be-achi eved wit Bedatuffdltiancols pAoKe I Speksit Obe r devedvwed £t omnthben a
definite critical concentration value of the denatured protein to be
renatured in the sol uThereZbre,i $tnbs theckadsk, ohhehebinvémsionlte is

dependent upon the nature of th ingin i 0 t [t ns:
inder whi ch' ¢ hePFEXARE: & PoRoPaS APEPE "thretHEELl TindRts BESEOREL 4T
t he rel ati dfshi pmpfrovemensacti the tenpturagiomnt of oprot@brder, nanely, the

undesi red 30 formati on of inactive protein_(e.g. aggre ates),o?.the
B ) According to the invention, this task is’so ved

by a process for the renaturation of denatured proteins
in solution in a renaturation buffer, which is
chéracterised in that one prepares a solution of the

15 prdtein to be_renatured in the concentration in which,
in the selected buffer, the highest yield of native
renatured protein is obtained (critical concentration)
and, after formation of the folding intermediate, adds
in the amount necessary for the achievement. .

20 " The proééss is bésed upon the discovery that a
highest possible yield of.renatured protein can be
achieved with a simultaheous maximum speed of renatur-

QJ ation when a definite critical concentration value of
the denatured protein to be renatured in the solution

25 is not exceeded, whereby this value is dependent upon
the nature of the protein in question and the conditionsl

_under which the renaturation is carried out. It is
thereby impbrtant that the relationship of two reactions
competing with one another, namely, the undesired

30 formation of inactive protein (e.g. aggregates) on the
one hand and the formation of a folding intermediate on
the other hand, which subsequently passes over into the
final native renatured protein, is so displaced that
only the smallest possible proportion of inactive

35 protein can arise. For this purpose, it is necessary
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one hand .and. tthe formation of a folding internediate on the other hand,

whi ch subsequently passes over into the final native renatured protein, is
so displaced that only the small est possible proportion of inactive 35
protein can arise. For this purpose, it is necessary -4- to take into
account "the -protein-specific and the condition-specific critical
concentration of the protein to be rengjured, the renaturation kinetics and
the tine up to the formation of the folding inter- 5 nmedi ate. These three

paramet ers i Npogbaphké OinkdCads AGES StHA Hised B pae det €4 ahe The
critical concentration can be, ascertained by neans of, a caliQration curve

whicch one obt ai RPFHELPRT SRRl IAR LT Fica L foRIARIgAELNM of (the ons of
denat ured prot eprnoteihheopbétiendntaed seatler tashdtenad tiom kindd ys add

t her eby neasure hg. end vi gl d_of £ enatured ol.eli leved .in a |
pr edet er m ned pétrl‘lgogl'g? ?¥n§9 tll??ee ‘Et:or]?u?al%%nc%fncéel}ﬁ &aallcé;lfp%olrt}teestp'onds to the
val ue at whbch meédiatghest yield (relative yield 15 in %of the starting
concentration) of native renatured protein is obtained. The renaturing

ki netics can al so be Heeaentheer Raans vy ¢ clnperkantetfer sthermracdss

thereby determ ggd. bat r&H81i IPXAEEER PR P! erconcent i@l Yondeiftdd o0
necessary for the conversion 1&%£.renatured roteﬁgg)The,tlne up to the
[

formation of th82FoP8i AGCFRERE by aeaps 19h A 1R BRI €ccordi ng
to a whol e seriwhich chéfebeainpriceadses.ore fused defforkbmdf deicimd-nation

vavel engt hifs FEFER0° cHBear BRETTFLrhate It by ohe Tarte il 16
ongLned and t heelefdtedoremsturing buffer and thereby measures the end
yield of renatured protein achieved in a predetermined
period of time. The critical concentration corresponds
to the value at which the highest yield (relative yield
15 in % of the starting concentration) of native renatured
protein is obtained.

The renaturing kinetics can also be determined
according to known methods. There is thereby determined,
at the maximum possible-concenﬁratidn, the time '

20 necessary for the conversion into renatured protéin.

The time up to the formation of the folding intermediate
can finally be determined according to a whole series
of different processés. A first method of determination

, consists in the measurement of the circular dichroism

25 (CD). A wavelength is thereby expediently chosen at
which a large signal is obtained and then the corres-
ponding curve is measured, whereby, as a rule, a steep
increase takes place in a relatively short time and the
curve then flattens out as soon as the folding inter-

30 mediate is formed. A further possibility consists in
monitoring the disappearance of the SH groups by the
formation of intramolecular disulphide bridges. However,
it is hereby to be observed that no intramolecular
disulphide bridges are to be formed, which can take

35 place by monitoring the molecular weight which, in the



pondi ng curve,is nmeasured, whereby, as a rule, a steep increase takes place
in arelatively short tine and the curve then flattens out as soon as the
folding inter- 30 nmediate is formed. A further possibility consists in
noni toring the di sappearance of the SH groups by the formation of
i ntranol ecul ar di sul phide bridges. However, it is ‘hereby to be observed
that no intranol ecul ar di sul phide bridges are to be forned, which can take
35 pl ace by nonitoring the nol ecular wei ght which, in t he -5- latter
case, woul d incletser fadey twmuldaamdedddy consists in the fluorescence
measurenent. This is based upon the tﬂﬁ@éophane or tyrosine fluorescence
%gh changes when t hé funthet pdssibsilfity eonsiste in dhe dluarassence

rophobi ¢ 1 egh@nsfeddife { O Flefh PIOUSIdLa Eiﬁ&rh%h@%%*ﬂ%dﬂﬂdr@ gre limted

proteonS|s since, wmth rncreasing fornation of the oldlng |nterned|ate
the proteol yti ctireatneElugressenar sthiqh ghanges "H&F‘s‘bl & My out

this deter-510 giddoahadis ba'réwﬂfmham@d rmsajrwa;mobfmrr@ﬁmmloe there

is h th which d | di
nternedi ate | cEhe ToLfRE TERTRiT on T che R EE LTS it iy O T
practice; it ispsotéotyehs s$ince] ewmtnemdfnseafslng cfmtmaﬁzaﬂ.orccnﬁ:emer ation and
‘the time up to ng?m#nac é’fbé’élé{b: f@ﬁé’ 1 e?ﬁ?&"éé@aa{ of LG54, agai nst

the side reactionh ve In an case, to comence with
the critical conedwucedsi oht ahsl, abﬁQeﬁoﬁsﬂbﬂ¢mﬁ¢cﬁﬁ¥#YtQR$fEh#ﬁudQﬁ?%ﬁ t he

fol di ng Inisrneﬂm&émﬁ%¥ RP& Hd ¥ &arﬁf@'nﬁ‘é\éﬁréﬁ@nﬂ@ﬂatwﬁ%ﬁnﬁiﬁ,ﬂ

consuned in the meantine Tfromthe s utlon b conver sj on. Thlslgaqltake
plqup stepmnse thetfatso %r%r%ﬁﬁﬁ¥ﬁ etH% rinsic viscosity w

decreases since the foldlng intermediate leads to the
formation of a solution with lower viscosity.

In practice, it is sufficient to determine the
15 . critical concentration and the time up to the formation
of the folding intermediate protected against the side
reaction to inactive protein and, in each case, to
- commence with the critical concentration and, after
termination of the formation of the folding intermediate,
20 agein to replenish the denatured protein consumed in
the meantime from the solution by conversion. This
can take place stepwise in that one predetermines the
times and critical concentrations and then, in each
case, after termination of the formation of the inter-
25 mediate, there is replaced the known amount of
denatured protein hereby changed. Alternatively, the
process can also be carried out continuously in that
there is newly added precisely just as much denatured
protein as has disappeared by new formation of the
30 folding intermediate. In this way, the renaturation
can be carried out.in a cyclic process in Which; for
example, one introduces the protein to be renatured
continuously to the renaturation reactor dissolved in
a solvent suitable therefor, e.g. highly diluted
35 hydrochloric acid, or in lyophilised form, in each
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times and critical concentrations and then, in each case, after term nation
of the formation of the inter- 25 nmedi ate, there is replaced the known
anount of denatured protein hereby changed. Alternatively, the process can
al so be carried out continuously in that there is newy added precisely
j'ust as nmuch denatured protein as has di sappeared by new formation of the
30 folding internediate. In this waP~ the renaturation can be carried
out in a cyclic process in which, for examle, one introduces the protein

to be renat ur ecaghtimutiedl P Enopnt Shat the OPTisNEy Fengtuzateen in a

sol vent sui t abl @oddsi{t&f s iore 1% dvﬂﬁlﬂédﬂ|lﬂhﬂjﬁ%hatdfﬂﬁﬂ@@hbﬁff@ra&sd or
i n_lyophilised for I n; ea case in_such .an angﬁnt t hat the optinmm.

h - 6-
renat uration c tanes ivs a(%i[e(g (FR CLAROSA Y, it SUCH, Fp GPFRRPSESLon
si mul t aneousl y ﬂﬁwteothh)rﬁonﬂicuisms irensioh cooresargras iwditdn relgatrdt ite edndi ti ons

' t i d
remai n constan V\i&é‘l r cons ruc% one@%éﬁ nsS UNSE ARRE 1 %n%centB tions an

the Iike. Yy é%prop?l e reactor, I ch can be, for
exanple, in theaﬁqunnﬁatﬁIQﬂnﬁtEnﬂﬁlqnaQﬁ(ﬁHQ%ﬁQ?Qiﬂﬁﬂw ahigh cg8 Pgse of

addi tion and ok teRdnPl ol S A M &35 4 Ny Cathdandefleed rateesi dence
period 10 whic corresponds to the_ ti up to t£e formation of t.he fol ded
i ntermedi ate. THeFiRgd &Yy thendatenl ﬂii%t‘é‘rq:fll"’sn AUt Pre&sded, for

eﬁan})! E by sepaAnd BuFePy tHRAS in UBé radfidaditd ares durmes peaddsi s and
the 1ike, retentate tlon subj ect t aragtion into
i nactive aﬁ@r eg‘gﬁk"]&n‘bo%eﬁﬁf?% otf% é(:ol‘ﬁf ﬁouo%‘se frjbgrces%%l%s ;a)fﬁef erably
so carried out thatfdslmed)drimrmﬂmte)n sﬁmeﬁ@tﬁmf freescmgmtiedr eturned
Coqi}nuously to £g€é{§af§(%ont1nuously removed, for example by separ-

ation by means of ultrafiltration, reverse osmosis and

the like, and, as retentate, optionally subjected to a
15 separation into inactive aggregate and active protein.

The continuous process is preferably so carried out

that the buffer solution separated off is again returned

continuously to the reactor.

In the case of the continuous version of the
20 process'according to the invention, ‘it is preferred
initially, as in the case of the non-continuous
process, to add the denatured protein in the above-
described way until an optimum concentration of
KJ ' renatured active protein has been obtained. As soon
25 as this is achieved, the continuous removal of the
' relatively concentrated solution of reactivated protein
is commencéd.and only then one passes over into the
actual continuous process. The initial phase, in which
the concentration of reactivated protein still |
30 increases, is, therefore, introduced before the actual
continuous process. As optimum concentration of
renatured protein, there is thereby to be understood
the highest possible concentration at which still no
problems arise with insolubilisation .of components of
35 the reaction system.



In the case of.the continuous version of the 20 process according to the

invention, it is preferred initially, as in the case of the non-continuous
process, to add the denatured protein in the above- described way until an
optimum concentration of renatured active protein has been obtained. As
soon 25 as this is achieved, the continuous renoval of the relatively
concentrat'ed solution of reactivated pgptein I's coomenced and only then one
passes over into the actual continuous ‘process. The initial phase, in which

the concentration of reactivated protein _st.ill 30 i ncreases, 1S, .
t her.ef ore, introduced]%%%%¥% Fﬁgeggtﬁﬁékﬁﬁﬁ¥%ﬁﬁh§h5r5gggg.lﬂg’obFiﬁﬁm
ﬁpnﬁentrationbfﬂnﬂéhanwde¢0pm@wemmoghﬁiﬂsandamamghydfprbEempderifood t he

i ghest possi bl g, KRARSNT 153t 5N | r r \

i nsol ubi | i sati on of c?ﬁp()lnerﬁ%s ag;qu?%ﬁ%tlﬁtg rga%%iogﬁqugﬁrcnﬁ bﬁ%y\%g?ﬁ t he
process accor di dgtd sdatispesliosly jand gigheddffdgudsyusshepophel i sed
Goos 1110 S0 UL T A Sl et o T o e ey e ¥ on T ak
goes into sol uti sl.0 and ., wi ifficulty, .the e addi tion takes
pl ace in dissol \%&lfndrtﬁ\l&nt - B& A % Eﬁ}"r‘%{:@lﬁe t2'8| tipg FRRRESFRTThe tine
character- istidstifcd ef hec o cassoraticoy ding te itheedhiventiBy.means of

the process according to the invention, the undesired aggregate formation
which 10 conpet es wiByh melamsr efattieatprocess acriorddagy toi thei sed but not

fully suppr esse%n&&‘%ﬁ‘b‘%{ . dhae dd&%ﬁiﬁ:\éﬁ aa%%’r%%%tt%s ffo‘iépl%‘ioﬁa%ﬁi h
substantlaghy greater nolecular weight and cafm, thererore, easily be
removed froifl r erfmped@spitds they reasdiumatdenmdshadaiftedhyuniniadsed
Nt but not fully suppressed.. However, the inactive
| aggregates formed have a substantially greater molecular
' weight and can, therefore, easily be removed from -
renatured protein by separation methods which utilise
15 this molecular Weight difference, thus for example by
molecular sieve fractionation, possibly ultrafiltration
"with suitable exclusion limits, gradient centrifugation
and the like. Aggregates thus separated can then,
after their sdlubiliSation, again be introduced into
20 the renaturing process. |

As renaturing buffer, there come into consider-
" ation those compositions known herefor. The pH value
\ “must lie within the range of the pH value at which the
protein in question displays good stability, expediently
- 25 lies near the pH value of the maximum stability. 1In
order to exclude the denaturing influence of
impurities, for example of heavy metals, it is expedient
to work in the presence of complex formers, such as
EDTA and similar compounds. Thus, for example, in the
30 case of lactate dehydrogenase, there is usable phosphate
buffer of pH 6 to 8 which contains about 1 mM EDTA and
1 mM DTE. For lysozyme, weakly alkaline tris/HC1
buffer has proved useful which, besides EDTA, contains
an SH group-containing substance and a small amount of
35 the corresponding disulphide. For the renaturing of



15 this nol ecul ar weight difference, thus for exanple by nol ecul ar sieve
fractionation, possibly ultrafiltration with suitable exclusion limts,
gradient centrifugation and the |ike. Aggregates thus separated can then,
after their solubilisation, again be introduced into 20 the renaturing
process.. As renaturing buffer, there cone into consider- ation those
conposi ti éns known herefor. The pH val u-nust lie within the range of the
pH val ue at which the protein in question displays good stability,
expedi ent |y 25 tPAjpe&haggr ishsuptiabdruefor erampigs nthe steattivgtionn order
to exclude the dafgbur HadckibbdenaecetmbAPRELERESAPHPIc £XBSR| € of heavy
tals, it is e?pgd 2t:hg mnﬁk in the grese ce of coppl ex fprngts, such as
EDTA and sinila ohg uhd€: TRBT, DPBPTEYSABFReT; RTPReIRY), SWLEAPL? | actate
dehydr ogenase, tbhaaeurdngsbhlf€epboapbakaobnf ber cah pél Howmwd Sbywhthé cont ai ns
about 1 mM EDTA . wEQt | g0 Kk lpe gris/HC buffer
has proved Esefﬁ?g%ﬁ%cﬁglgg§i88§EED¥Z,E§§ﬁFE$ﬁ§ §%°§#f€¢%€p9%oﬁ$ I ni ng
subst ance and aPzetefinansepecdtldy witheregeardsponpingtabilipni de. For the
renaturing of  cohBéntl BT SH gretpbabheavhOneXBLfs1 Lig: ££3LhAVERL ON
buffer descrlbeg;ln CGerman Patent “Application P 3 537 708. For nunerous
ot her proteins, !ikPpaBfdngeAafari RECHIRLBAEY aPEPRAGMPNES - can be found by
the 5 expert on the_basis ﬁf'the Fgomm Brogerties of the érotein,
especial |y with regar dtt Y25H5COHB; tPAY - E8Kt ERPALPT LR o ST ERERVY net al
sensitivityOandlihétliingevalaesgsaoidd poel bei sacgedader i Nemt s thewas known

excepded.  New LEePRBTFiEH RaR tomparbEulily YACHE RATHLE B0 o
Nt denatured protein do not perhaps require larger amdunts
of solution volume in order to achieve larger amounts
of renatured protein but that, in the same solution,

15 by continuous new addition or intermittent new addition
of denatured protéin, one can work further and thus
obtain substantially higher concentrations of renatured
protein than was held to be possible according to the

prior art.

20 The following Examples further explaiﬁ'the

invention.

Example 1.
Pulse reactivation of lysozyme.

a) Preparation of the enzyme solutions.

25 Concentration determination (A: absorption of a 1%
solution at 280 nm):
native lysozyme A= 26.3
reduced lysozyme A = 23.7
Determination of the specific activity:

30 Dissolve 2 mg lysozyme in 1 ml 0.066 mol/1 K phosphate,
pH 6.2; determine concentration by UV absorption. .
Test solution: suspend 2.5 mg cell walls of Micrococcus
lysodeikticus in 10.ml 0.066 mol/l K phosphate, pH 6.2.
Test at 25°C: 1 ml cell wall suspension plus 0.03 ml

35 lysozyme solution (pre-diluted 1:40); monitor decrease
of the turbidity at 450 nm.




denatured protein do not perhaps require |arger anounts of solution volune
In order to achieve larger amounts of renatured protein but that, in the

sane sol ution

15

by continuous new addition or intermttent new addition

of denatured protein, one can work further and thus obtain substantially
hi gher "concentrations of renatured protein than was held to be possible
according' to the prior art. 20 _The foll ow ng Exanples further
explain the invention. Exanple 1. Pul' Se reactivation of | ysozyme. a)

Preparation of
absor ption of
reduced | ysozy

SpR

%g}

PR SR 1SS W |61)13)002§U/mg0ncent ration determ nation (A

% sol utjon"at 280 nm: natlve |ysozyne A= 26.3

duction/deRaturftionst er i nation of the specific activity:

30 Dissolve Zri@ﬁay@algm nigh %wzy&&%rgml hl ahiI RIseEphat ﬁ,.lphio@£25
nt.r n S est _sol ution; ,suspend 2.5 ngy
gﬁk@EU§%1§yggel ﬁdpobwaﬁoﬁggoﬁﬁﬁfl+Kﬁgﬂosphate, pH

6.2. Test & 25@@1/11 ATEel | wal | suspenS| on plus 0.03 m 35 |ysozyne

det erm ne conc
cell walls of

sol ution (pre-d|

t fethe turbidity at 450 nm
-9- Spec. act|V|ty é%{4%% dgﬁégg n%ﬁ@naturation: | ncubat e 500 ngy

| ysozynme for 3py.&at A25[err]C|n 0 1 nol/I tris/HO, pH 8.6 + 6 nol/1 Gdn
hydr ochl ori de 4’1EﬂT13éTn¥llt DTE. Adj ustSpH to 3 and d|V|de up sanpl e.
e

© =40°C under N

10
15
20
25
30

ration over Sephadex G 25 F (column

volume = 270 ml) in 0.0l mol/l HCl. Combine peak
fractions and lyophilise.

Part B

Dialyse against 3 x 1 1 0.0l mol/1 HCl at 4°C.

LyophiliSation.

Both proceéses of desalination (part A and B)

give reduced lysozyme which, with regard to reactiv-

ation properties, does not differ.

The lyophilised, reduced enzyme is stored at

2.

Reoxidation/reactivation:

Dissolve 12 mg reduced lysozyme in 1 ml 0.01 mol/l HC1.

Millipore filtration

Concentration determination by UV absorption.
Reoxidation at 25°C by dilution in 0.1 mol/1 tris/HC1,

pH
b)

8.2 + 1 mmol/1 EDTA + 3 mmol/1 GSH + 0.3 mmol/1l GSSG.

Determination of the critical concentration of the

renaturation.

Reduction/reoxidation takes place as described

above by variation of the protein concentration in the

reactivation batch. Fig. 1 shows the result, where

the concentration dependence of the reactivation of

reduced lysozyme after 20 h of reoxidation at 25°C is

illustrated graphically.



Part A*'Cel filtration over Sephadex G 25 F (colum volume = 270 m) in 0.01
nol /1 HCl. Conbi ne peak 10 fractions and | yophilise. Part B Dial yse
against 3 x 1 1 0.01 nol/1 HC1L at 4[err]C. Lyophilisation. Both processes
of desalination (part A and B) 15 give reduced | ysozyne which, with
regard to reactiv- ation properties, qﬁ not differ. The |yophilised,
reduced enzyne is stored at -40C under "N[err]. Reoxidation/reactivation: 20
Di ssol ve 12 nmy 16dyqef %Wrﬁe' rfo:}:m@tllgnoef::ghél fg!g&ingl || ipore
filtration Concent Reoxi dati on at
25[err] C by diluti dfttezmediate/ | tris/HJ, pH 8.2 [err] 1 nmol /| EDTA + 3
mel/l GSH + 0.3 mmol /g% @%aﬁcta%n/rebx@e%&ahnakl eesehbea abbikgal

concentration of .the ren rati,on. %élon/reOX| i on takes ace as
descri bed abovet@fr@éﬁla 8F“Fﬂet§Fo PRELGRC QA Fhei bRaFR1VRELON
reactivati o babdhreﬁmgedl19@@wymbhatraspkbtemheeenaentrhb&onoafentration

o o he | 36 0% B/t ik B 681 L¥BO7Y i 2L L80) 010 Phps-

reoxi dati on at ed “gr aphi’cal
“ the formation oftnated grdiphd ciadiler hwdiFdge. 2By reductlon/reOX|dat|on as

descri bed above, there is determi ned the kinetics of the reactivation 5
of reduced |ysogy 2 'Pal s peacdiiyatdendnofareducad lysozyme.

1.6 or 2.4 ml 0.125 mol/1 tris/HCl, pH 8.2 +
10 1.25 mmol/l EDTA + 3.75 mmol/l GSH + 0.375 mmol/l GSSG
.are taken.

s 1st.EXperiment
In time intervals of t = 10 min, 20 x in each ease
20 pl of reduced lysozyme in 0.01 mol/l1 HCl are added.
15 Concentration increase per pulse: 0.11 - 0.13 mg/ml.
End concentration after 20 pulses: 2.15 mg/ml.
Comparative reactivation without pulse: single
addition to the same end concentration. The buffer
_ conditions correspond, after dilution, to those of the
20 above-mentioned reoxidation buffer.
After 2 h reactivation at 25°C
pulse reactivation _ 2200 1U/mg
U ' comparlson without pulse: 470 IU/mg

" 2nd Experlment
25 In time intervals of t = 10 min, 20 x in each

case 30 pl of reduced lysozyme in 0.01 mol/1 HCl are
added. Concentration increase per pulse: 0.034 -
0.042 mg/ml. End concentration after 20 pulses:
0.68 mg/ml.
30 Comparative activation: single addition to the same
' end concentration.

. After 2 h reactivation at 25°C:
pulse reactivation 7660 IU/mg
comparison without pulse 1400 IU/mg




0.03 ng/m ; -determined at 25[err]C. The result is illus- trated graphically
in Fig. 2. d) "Pul se reactivation" of reduced |lysozyne. 1.6 or 2.4 m 0.125
nol /I tris/HCL, pH 8.2 + 10 1.25 mmol /1 EDTA + 3.75 mml /|l GSH + 0. 375
mol /| GSSG are taken. 1st Experiment In tinme intervals of t = 10 mn, 20 X
in each'case 20 pl of reduced |ysozyne,i,n 0.01 mol/I HCl are added. 15
Concentration increase per pulse: 0.117 0.13 ng/nm . End concentration
after 20 pul ses: %54 _.Conparative reactivation w thout pulse: single
addition to the3£%:§§ Hlend ntration. The buffer conditions correspond,
after dilution, to thdge time Hategvalghefetnen20omda r é8x¥dani eachuf fer.
Af{er 2 h reactiggld gfp 31 o1 ddiece@l1§80z9a61 HKA0.L.ON mol/1 HCl are
2200 | U ng conparjson w t hout t(p#ll se: 470 IU/maé g Experi ment
% 'n @Added n; Gangentiation dgcreserger PHla&cN0ISE 30 pl of
reduced | ysazynm® joud oy /miwl /EndiGontetitaddddn Gfteent20apudseisncr ease per
pul se: 0.034 -'QJoéf‘égy . End concentration after 20 pulses: 0.68 ng/n.
30 Conpar ati ve dacti tHon: single addition to the sane end concentration.
After 2 h react iGapamntive feaati®ativnse sipgdei wddiigdion to the same
7.660 | U nmg conpaid séghé’gﬁtfloé@'o%l se 1400 | U ngy 3rd

al's of

Experiment In tine interv = 20 mn, 20 x in each case 20 [err] of
reduced lysozyme in 0.0ded®ld] HduksArR@activation at 25°C:

10 pulse reactivation 10100 IU/mg
; comparison without pulse 1400 IU/mg
%, From_theée results,'it follows that:
The reactivation yields in the case of protein concent-
rations of > 0.1 mg/ml decrease continuously.
15 At 25°C, the reactivation under the given reoxidation
| conditions is almost complete after 15 min (Fig.2).
By "pulse reactivation" according to the invention, in
comparison with unpulsed reactivation, a 5 to 7 times
" higher yield can be achieved.
20 Example 2.
a) Preparation of the enzyme solution:
LDH-M, (from pig muscle) suspension in (NH4)ZSO4
&; (producer: Boehringer Mannheim GmbH, Order No.107077)

is centrifuged and the pellet taken up with 1/6 of the
25 original volume in 0.1 mol/l K phosphate, pH 7.6 +

1 mmol/1l EDTA + 1 mmol/l1 DTE and dialysed against 2 x

1 1 of the same buffer at 4°C. Concentration

determination via A = 14 (A = absorption of a 1%

solution at 280 nm).

30 | The activity test at 25°C according to R. Herman,
R. Jaenicke & R. Rudolph, Biochemistry, 20 (1981)
5195-5201, gives spec. activity = 300 IU/mg.
Denaturation/reactivation:

Denaturation: 1:5 dilution with 0.1 mol/1 H4PO,,
35 6 min incubation at 0°C.



L

added. €oncentration increase per pulse: 0.035 - 5 0.044 mg/ M. End
concentration after 20 pulses: 0.71 ng/m . Conparative reactivation: single
addition to the sanme end concentration After 24 hours reactivation at
25[err] C. 10 pul se reactivation 10100 11U ng conparison

wi 't hout pul se 1400 1 U ng Fromthese results,

The reactiivation yields in the case of-p2etein concent-

it follows that:
rations of > 0.1

ng/ M decrease continuously. 15 At 25[err]C, the reactivation under the
glven reoxi dat i oReeondivetdns:i slaBndsiucbomleithadi brmdb/ ik plhogplate By

"pul se reactlvatbgn aggoqd&ngmgpljhgnalvgnilﬁmb}yp ﬁ@@pgélfﬁﬂcmﬂth

unpul) sed reactivation, a (0] times

can be ac

i eved. 20

gher
Exanple 2. a) Préﬁ&?ﬁtFBﬁ Qﬁxﬁﬂé’eHQ?nEHs%fuﬁg nsoleriane¥as (f6om pig

nuscl e) suspen3|ﬁ '
No. 107077) is ce or

Boghrlnoer

Nhnnhelnlcan Or der

8 25

original vol@ne in ﬁhé'ﬂahbtuKaphOﬁphate pH 7 6 + 1 mol /1 EDTA + 1 nmol /|

DTE and di al ysed agai n -
Concentration deterning%ngﬁﬁr%tigplrig gggﬁgsor%% gﬁl %g g% %ﬁr%?%% at
280 nm). 30 abovghwigbt vanytiestomtl@@[pm;@:ac@@mmngrablm Her.man,
R Jaenicke & R +RudgbRB¢uBif hsg£§ﬁry 20 (1981) 5195-5201, gives spec.

activity = 300 I ng. Denat ur t|on

reactivation: Denaturation: 1:5 dilution

with 0.1 mol/1 [err], #3g0 3 BhoWSULRE! O8n8énPtEELbR dependency of the
' 10 reactivation of LDH-M4 after acid denaturation, whereby

against the concentration.

L the activity after 20 h reactivation at 25°C is plotted

¢) Determination of the time up to the formation of

the foldihgﬁintermediate;

15 By denaturation/renaturation as above, the

kinetics of the reactivation of acid-denatured LDH-M4

at 'a protein concentration of 0.0l mg/ml is determined

at 25°C. Fig. 4 shows the result.

d) Continuous reactivation of acid-denatured'LDH-M4

20 Into a closed reactor, there was Continubusly

fed in acid-denatured LDH-M4 and reactivation buffer.

illustrated in Fig. 5.

The reactivation reactor used is schematically

From storage vessels A and B, there is continu-

25 ously fed in the solution of the enzyme and denaturing

solution via pumps P1 and P, and denatured in a mixing

section V1. The denatured enzyme solution is

continuously introduced into the renaturatien reactor

V2. At the same time, renaturation buffer from the

30 - storage véssel C is also continuously fed via pump P3

into the reactor V2. Renatured solution is continuously

withdrawn and collected in the fraction collector 6.

The composition of the solutions and the conditions

present in the reactor were as follows:



-12- Reactivation: 1:3 dilution with 0.1 nol/l K phosphate, pH 12.65 + 1
mml /| EDTA + 1 mol /| DTE at 20[err]C, after the m xing, the pH of the
solution was 7.6. b) Determ nation of the critical concentration of 5
the renaturation. Denaturation/reactivation take place as described above
with variation of the protein concentration in the denaturing batch. Fig. 3
shows the iconcentrati on dependency of th8-10 reactivation of LDH Merr]
after acid denaturation, whereby the activity after 20 h reactivation at
25[err] C is plotthed &gdﬁnsg/mﬂeLBHﬁMgnﬁnaOLdnmo&]lEﬁtphu%phaten of the tine
up to the formation %ﬁ.bh% ththQIVTtB&EEQ'itﬁmoi?l DTA atB¥ec.

t he

denat ur ati on/ r enat ur on as above netics o reactivafion of

aci d-denatured LB+ Mﬁe@{fat%rﬂrtgbﬁ' Buggeagenyr at mem/Qf HOP@1 ge/gbcis
determ ned at 25[err]C. Fig. 4 shows the resul 8onfti nuous reactivation

of ?CI d- delnat]yrgcm LDI:PeMa«tgi&]atgen ’guffer Iotqdaow@sgd heaﬁhﬁtfet;t her$hwas
continuously fed in a nat yr e and.reactiya 5 e
react i vati onr eact or B 3&3 % sgh@ﬂﬁh?ELB&§ +IFu§PPi{idEPﬁAFF§ g CErom
storage vessels A andpﬁ,aEhememnxlngnWEnh-BZSpH @usDy fed in the solution
of the enzyme and denaturing solution via punps Plerr] and P[err] and
denatured in a mWinngesaturetivn vohomdeNat or 8d26nmyre Sdivesien is

conti nuously 'ntrOdUG%%at%E%tﬁgﬁ pERRLH B ignmgﬁacggr ov@. At the sane tine,

renaturation buffer fromthe 3 storage veéssel Cis also.continuously fed
via punp P3 into e redatu@at¥én Relaher ¢ aobgtmgn pseeQntinuously .

W t hdr awn aH§ col-lected in the fraction cillizé . The conposition of the
sol\uti ons and the co &Wﬁ Hﬁ Ofi&EIént ﬂn‘t ctor were as foll ows:
' = 4 ml/h
P3 = 10 ml/h.

In the case of the given reactor size/pump rate,
for the average residence time of a molecule in the
15 reactor, there is given 2.9 hours.

In the case of the run, 2.5 ml samples are
collected ‘and the end reactivation determined after
24 h at 25°C.

Fig. 6 shows the activity increase in the case
20 of charging the reactor.

After about 4 h, a constant reactivation yield .
is achieved.

end concentratlon of the reactivation: 0.5 mg/ml
y1e1d° contlnuous reactivation: 10.2 TU/mg
25 comparison without pulse: 1.9 1U/mg

The above results show that, according to the
invention, there is achieved an approximately 5.4 times
higher yield than in the case of direct reactivation
with the same end concentration.

30 Example 3.
. Pulse reactivation of rec-t-PA.

a) Preparatioh of the "refractile bodies (RB)"




-13- A7.43 my/m LDHMerr] in 0.1 nol/l K phosphate, pH 7.6 + 1 nmol /1
DTE + 1 mmol /| EDTA at O[err]C. B: denaturation buffer: 0.1 nol/| [err] at
O[err]C. C renaturation buffer: 0.1 nol/l K phosphate, 5 pH 12.6 + 1
mmol /1 DTE + 1 mmol /| EDTA at 25[err]C (pH after mxing with B: pH 7.6).
V1: denatyration volune V1 = 0.25 ml. G ves a denaturation period of 3 mn
at O[err]C V2: renaturation volume V[el4t = 58 m; 25[err]C. 10 Punp
velocity: P 1 m/hJer]=4 mM/h P3 =10 mM/h. In the case of the given
react or size/ punp rate, XPor PEpRaE36IaRePY et bibnibees HEonrand (ivatfie in the
15“glreactor, }Peéﬁt§$fg%iﬁ%/€a8hﬁmyr§tgt§ tb@kgpﬁ@c@faﬁ{Fb ¢HBL%25LW1
sanpl es are co ted_and the on.determned afjer, at
25[err]C. Fig. G%g‘ﬁo%ofﬁﬁsaﬁ?@Ptéﬁ?ﬁi#%géé’ i %x?lﬂg{%age ZB'ILEOJFS char gi ng
the reactor. Aftepn&boitatef, im thastYRBistY ewithvioreigyiptatéein achi eved.
end concentrati og C} L1040, 0.5 ng/m vyield: continuous
gtiopngkeibe 168; {.@/ﬁ%ﬁ%e Y y

reactivation: conpari son w thout pulse:

1.9 1Ung The abQKQu’B@‘fﬂEEEiiﬁ'%tf'@&ucﬁf&ﬂ?&'éﬂﬂtﬁ?aﬁf@ni nvention, there is

achi eved an approxinmately times higher yield than in the case of direct

reactivation with the SBhtsénfremnZehtgaofonelBy incsbaped Bor Aiibeat
reactivation of peectifA10 m1 0.1 mol/l tris/HC1, pH 8.6 + 6 mol/l

Gdn-HC1 + 1 mmol/1 EDTA + 150 mmol/l DTE.
10 Total protéin in the'"RB's'" after reduction:
L 41.5 mg. _ .
| The pH is adjusted to 3 wiﬁh HC1l conc. and gel

filtered over Sephadex G 25 F (column volume = 270 ml).
in 0.01 mol/1 HCI.. '

15 b) Determination of the concentration dgpendenéy'of

the reactivation.

. The acidic fraction of the reduced protein with
maximum recovery of activity (c = 0.83 mg/ml) is
reoxidised by 1:3 to 1:500 dilution in 0.1 mol/1

20  tris/HCl, pH 10.4 + 1 mmol/1 EDTA + 0.5 mol/l L-
arginine + 1 mg/ml BSA + 1 mmol/1l GSH + 0.2 mmol/1.
GSSG.

The reoxidation conditions in the case of various
dilutions are constantly adjusted. After 25 - 27 h
25 reoxidation at 25°C, the activity is determined.
Before the activity measurement, it is adjusted with
reoxidation buffer to the same end concentration.
Table 1 and Fig. 7 of the drawing show the results.



a) Preparation of the "refractile bodies (RB)" -14- "RB" preparation by
cell digestion and diverse centrifugi ng/ washing steps took pl ace

anal ogously to the process of EP Al -0114506, Exanple 7. t-PAis

contam nated in the "RB's" with foreign protein, 5 i nactive and

I nsol ubl e. Sol ubilisation by reduction/denaturation: "RB' s" from2.5 g of
cells incibated for 3 h at 25[err]Cimlfo n 0.1 mol/l tris/HJ, pH 8.6 + 6
nmol /I Gdn-HC1 + 1 nmmol /1 EDTA + 150 mml /|1 DTE. 10 Total protein in
the"RB s" after reduction: 41.5 ny. 'Etié’_l.[ﬁdlis adjusted to 3 with HCL conc.
and gel filtered Qcertiadon @%érﬁ_i@g_&g W o1l $aB T 194818k olfn 0. 01
nmol/J} HCLl. 15 b) of the
reactivation. The aC|d|c fracti on of&grtfdyuced protein wi th maxi mum
recovery of activity (¢ = 0.83 ng/m) is reoxidi sed by 1:3 to 1:500

dilutionin 0.1 mol/l. 20 tris/HA, pH 10.4 +]J1 nmml /L EDIA £ 0.5 npl /|
L- arginine ¢ 1 r@cen S} /| ﬁrﬂo 2 (StimusagabijfLy
reoxi dati on condgli Gfg/.;d r5tt1hé1 case of di ous difl uti offfaaterdonstantly
adj usted. After ]'h reloxi dathn at 2%[err]C the activity }s
deter m ned. Before t ctivity asur. It |s adj tegd with :
reoxi dati on buffer t(r;ﬁtfra]‘e sane en r?ﬁl rat i of. Tabl (L;l% %and Fig. 7 Lf .the
drawi ng show thg¢ resulds. | 52.4 17.0
92.2 - 64.9 18.5
10 55.3 74.9 21.5
O : 27.7 ot 91.5 . 17.5
17.3 ‘95.6 25.3
8.68 . 100.0 20.5
5.53 . 97.8 | 19.8
15 3.95 9% .4 ©20.6
' 1.84 : 85.3 16.7

1proteln concentratlon in the case of reactlvatlon
(total protein)

2 . . .
referred to maximum reactivation value

20 c¢) Determination of the kinetics of the reactivation.

Reduction/reoxidation are carried out as above.

Because of the impurity of the material, the
time up to the formation of the folding intermediate
cannot be measured directly but rather indirectly via

25 the kinetics 6f the reactivation and variation of the
pulse rate to about 40 to 60 minutes.

Fig. 8 shows the kinetics of the reactivation.
of rec-t-PA at a total protein concentration of 15 ug/ml
at 20°C. Reactiﬁation referred to final yield after
25 30 h. '

d) "Pulse reactivation" of rec-t-PA.

In time intervals between 2 min and 45 min,
15 x in each case 10 pl of reduced rec-t-PA in




15- Table 4 Concentration dependency of the reactivation of rec-t-PA

protein 1 2stinmulatability 5 concentration yield
(factor) (uglm) (factor) 277

31.3 16.8 138 52.4 17.0 92.2

64. 9 . 18.5 10 55.3 74.9 21.5
27.7 i 91.5 1773617, 3 95. 6

ig:g ?568 O.Q;éggl9l HC1 aregip&roggégd5ig§o 396_311;%§gt§vation

85.3 buffexr7 (p6B8CeI.n concentration in the case of reactivation

(total protein) [err]referred to maxi mumreactivation value 20 c)
Deter nmi nati on oRetké¢ikitndbincbudfiferhbefonet pudseonea®eiivuetioms r eoxi dati on

are carried out hag=a : of _tshe i rpt rial, the time .
up to the fornaprgg ggx?%e@?g?z?%é’iﬁgeﬁgé igtg'§aﬁﬁg%hﬁeﬁ§%§str d directly
but rather iindi Pedt mplylalogrgippnekindrBcamel /AnESEGatt 1 varmeel 4hd
variation of thegpul se rate to about 40 to 60 mnutes. Fig. 8 shows the
kinetics of the reactivation. of rec-t-PA at a total protein concentration

of 15 ug/ M at RQ@hetAketriBaabuiffelki afteel addédiba bfneheyreddcafiter 25 30

h. d) "Pul ti-vation"  of -1- PA ti | ls b ' d
45 mn, 15 x i nPSAERRAS - F0meH Y] C5H /B ot A0TE AT, finSE/ 1°EBrA £ AT
0.33 mol/1 L-arginine + 0.2 mmol/l GSSG + 1. mmol/1 GSH.

_ 10 Concentration increase per pulse: 18 to 27 ug/ml
N - End concentration after 15 pulses: 227 pg/ml

Activity measurement takes place after 24 h
reoxidation at 20°C. Table 2 shows the results.

Table 2
15 . Pulse reactivation of rec-t-PA
pulse rate yield1 ' - stimulatability

(min) - (factor)
2 | 31.3 7.1
10 38.6 8.1
20 20 39.5 9.0
. 30 ol 44.8. 8.2
~ 45 . 45.8 7.8

1Referred to maximum reactivation corresponding to

Fig.7.

25 Commentfary:

In the case of the starting material used, the
reactivation yiéld - referred to the amount of protein
used - decreases at concentrations of >20 pg/ml
(Figure 7). The stimulatability by CNBr-FSP proves,

30 in the range of measurement exactitude, to be
independent of the reactivation concentration (Table 1).




-16- 0+01 nol/1 HCL are introduced into 300 [err] reactivation buffer
(25[err]C. Reactivation buffer before pulse reactivation: 0.15 nol/|I
tris/HC1, pH 10.5 + 1.5 mmol/1 EDTA + 5 0.5 mol /Il L-arginine + 0.3 mmol /|
GSSG + 1.5 mml /|l GSH. Reactivation buffer after addition of the reduced
protein;. 0.1 nol/l tris/HCL, pH 10.4 + J1, mol/l EDTA + 0.33 nol /|
L-arginine + 0.2 mol /I GSSG + | . mol /7'GSH. 10 Concentration increase
per pul sé: 18 to 27 ug/sdokn ratd er:<15 pul s :ng/ m
Activity measurenent t‘dgl&geés]6 p(TE’agteﬁ%f er ﬁ%gsle%%dgtfi o%rtl.l%atr%g1 té%at&gg(rabl e
2 shows the resulss. umdgs etle 1Given experimentgdycomdigdomseat/ dn Hhours.
m n)

rec-t-PA pul se rate : yieldl ], stimulatability ( )
(factor) 2 The reagtiyvation yield increpsggs with ‘incredsing 3g g
8.1.20 20residence time betwde® the reactivatioh PulGes

44. 8 45. 8 7.8 Referred

8.2 4
to maxi num reactf%lf']r%nngrrespondi ng to Fig.7. 25 Comrentrary: In the
case of the starting material used, the reactivation yield - referred to
t he amount of protein used - decreases at concentrations of >20 pg/m
(Fi-gure 7). The stinulatability by CNBr-FSP proves, 30 in the range of
measur enent exactitude, to be independent of the reactivation concentration
(Table 1). '

*




-17- At 20[err]C, the half |life value of the reactivation i s, under the

gi ven experinental conditions, 7 2 hours. The reactlvé?rgﬁjﬂ7ﬂ7T‘7nw1ﬁﬁﬁ5
Wi th increasing residence tine between the reactivation H"Iﬂﬁm

Patent Cains 1. Process for the renaturation of dena ,“]"Q, Qm'
solution.in a renaturation buffer, characterised in that one prepares
solution of the 5 protein to be renatig~ed in the concentration in which,
in the selected buffer, the highest yield of native renatured protein is
obtained (critical concentrationPaxest &ledmsfornmati on of the fol ding

I nternedi ate, adds further protein to be renatured in the anbunt necessary
10_, for the acHi-evendinoceps forptheegenatusatiiny 06 demakuredcharacterised
in“that the progessdihdar o tiflorfllsC QRS Y bR bBEerl,N cach case

after expiry of "the tinme necessar or the tormation of ol di ng
i nternedi ate, tKRaxaakarigeddn mee@rspa@feﬁnanéeég‘éapy pér tbﬁe

achi e\éemen: sof | PR vl |t<ba|beCQ:f¥iﬁfﬁdr@Td dh itheaddadehfieneion 3n whibhQcess
according to claim a int ti

renaturation, iftb®t jhf é’&gﬁe%;rbél G ﬁ%ﬁu&lﬁgfeﬁ%r 3&835 h@aiﬁ’gﬁnt of
denatured 20 mamtaajuréd)rpﬁdtmmmsewmmedf (cmétdcili cahcenticantiondat i on

and the correspa ng, AN A, SR FHeOBHLLET A8d-hiRsES deppg ti e
% 0% E iag a5

of the mxture i he Teactor 1sa jUSt nee for
form further protein to be renatured 1n the amoynt necessary

10 for the achievement.

KV; ' 2. Process according to claim 1, characterised in.
| that the ?roéess:is carrigd out discontinuously in that,
in each case after expiry of the time necessary for the
formation of the folding intermediate, the amount of
15 denatured protein necessary for the achievement of the

- eritical concentration is added thereto.

3. - Process according to claim 1, characterised in

that, for the continuous renaturation, into .a reactor

are continuously introduced the amount of denatured

20 protein for the achievement of the critical cohcent-

ration and the corresponding amount of renaﬁuration

buffer and the residence time of the mixture in the
L | reactor is adjusted to the period needed for the form-

ation of the folding intermediate.

25 4, Process according to claim 3, charactérised in
that the denatured protein is left in the reactor until
the highest poséible concentration of renatured protein
is reached at which still no components of the reaction
system become insoluble (optimum concentration) and

30 then the so obtained solution is removed continuously
and correspondingly replaced by a solution of
denatured protein in optimum concentration.

5. Process according to one of the preceding claims,
characterised in that inactive protein aggregate formed
35 is separated off on the basis of its higher molecular -



ation of 'the folding internediate. 25 4. Process ac'm
characterised in that the denatured protein is left in t:hﬂmmm i
the hi ghest possible concentration of renatured protein’i ] ”H’,’Flmnmﬂh
still no conmponents of the reaction system becone insolublé (Opttd mam's = 0 °
concentration) and 30 then the so obtained solution is renoved

continuously and correspondingly repla egg by a solution of denatured
protein in optimmconcentration. 5. ~~’Process according to one of the

precedi ng cl ai ised . in that -inactive pratein regate forned
35 . is separ atmé'vde %\?{ g%ﬁels‘?eﬁas#iusreo%] thosteﬁingﬁé’% ’nﬁ%té:&fl éﬁ%%ﬁ-%f@g wei ght
from renat ured pigain ningrodudedrintic ddieviprpcesgai n i ntroduced into the

process. 6. Process according to one of the preceding clains,
~characterised i rPthat RTReephactudingtte 98 ofi £henprededdasg nto t he

process in |yophildfesl, dha¥ £t ssdd ath ftWaP the denatured protein
5 is ‘introduced into the process in lyophilised or
pre-dissolved form..

-I\/"




