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-2- The |nvent|on concerns a process for the re- naturation of proteins. By
renaturation of proteins in the scope of the present invention is to be
under st ood the production 5 or reobtaining of the nornmal biological
function of "proteins, whereby it is assunmedtthat the natural secondary,
tertiary and possi bly quaternary structure is reobtained. The probl em of
the renaturation of proteins is of 10 great HPRgkap %E%hn%% Eurap
bi ol ogi cal l y-active proteins are frequently gggggr'% t % et s
carried out upon them for éxanple in the c
acconpafiying materials, and the interesting I reby
| ost conpletely or partly Renatur- 15 ation %o% g’ﬁs %éﬁﬁ%%%'ﬁc t he
case of proteins produced synthetically or according to nethods of gene
technol ogy since, in nmany cases, one hereby obtains only the correct
primary structure, thus am no acid sequence, but the desired utilisation of
the biological 2 Ctivity.r rati g es place with
the formati on of “t*h qﬁﬂ%ﬁ%ﬂG {é%)ﬁigyﬁg}ugglp 8?P|82y%gﬁructure and
possi bly al so th@m@gﬂ&uuﬁn@tseeUpthmndoﬂ;dﬂzQElP$ B,58Q,,7FR.i2, Q;seﬂready
known to 25 oxi dig hep r otyi i congai t

éhL reo B! Ol nﬁ?s% Bt fi chﬁgﬁ%d‘?m

wth |odosobenzoate w t t"al hi'ng eir bfologic activity ven if

this nmethod were e GeHay g aEn&b’prh cja%ﬁlﬁl"t’&esnta%oﬁl gogmefeddi ve a part
of the problem oftrtahﬁslraamt U edn (Fediia®’ Di €6 "BngBdsh and ceptifgit! neissl,

R Rqulph and R %g%ﬂg“%ttached is a true translation made by
- me into the Engiish language of European Patent
Specification No,0 241 022,
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Bi ocheristry, Vol. 18 (1979), pages 5567 t.o 5575, have investigated the
renaturation of an oligoneric enzyne, nanely | actate dehydrogenase, wth
reobtaining of its tertiary structure and have thereby ascertained that 35
in the case of such a renaturation, two conpeting -3- reactions take
place, nanely, the renaturation on the ong_hand and the formation of

i nactive aggregates on the other hand. For the achievenment of good

renaturation yields, camjeMiSiveitdiotPdiedriteen Praledsd forl ithkt kg
concentrati on -of enﬁﬁﬁ %Pép t sol utjon is not exceeded. However, a
& Yo

generar process f&¥2 §HQE?¥HSprote|ns cannot be derlved from

this. Therefore, it is the_task of .t.he | entlon t0.proyide a
whi ch, in general, makes” p&?éﬂ%ﬁrat p |E§&@ﬁeﬁ5 ®t RECPENS &eiiﬁlon
of proteins. Accommeﬁgmﬂ)umwgnunnnnnantotHu:nndax%twsdsmhneprbﬁuatpm@cess

for the renatuatiggn (Qoriena ge%fprt‘il{ee'd?ﬁada'l %Toﬁb'g?.%a‘l”fﬁn@ﬁ% “[%‘t on

buffer, which is characterlse I n that one prepares®a solution o
protein to be ren@T@tednisn MHETEHTCdit ridk iagwumeduiher, thﬁ Fﬁéu§éﬂected

buffer, the hi gheglectndagyqf tedidivey el Word i Qua tegnakiaisted otk i cal
concentratlon) and, aft&; forggtlon of the foldlng I nternediate, adds in

t he anDunt.necess hi evenent . The process is based
be. achi eved vith & f mulbsn é%eiﬁﬁgﬁ%m%pgy AR ALASRPE BEPSR Mor Sa OF

definite cri tlilcal gredderimparitemoealsiscsf bild cgdieatldyedcpiveepmoteilns are
renatyred in the $QlticQR 135 derdat B¥d B aRCEr MGLARY L3 143 YAt Sipon

depen nt upon
them, for example in the case of their separation from

accompanying materials, and the interesting biological
~activity is hereby lost coﬁpletely 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 casés, one hereby obtains
only the correct primary structure; thus amino acid
' sequence, 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 already 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



the nature o6f the protein in question and-the .conditions under which the
renaturation is carried out. It is thereby inportant that the rel ationship
of two reactions conpeting with one another, nanely, the undesired 30
formati on of inactive protein (e.g. aggregates) on the one hand and the
formation of-a folding intermedi ate on the other hand, which subsequently
passes over into the final native renatured-protein, is so displaced that
only the smallest possible pro ortlon of inactive 35 protein can ari se.
For this purpose, medcsionse yPlace4- napel yke thet senstvaationeon the

prot éin-specific araqhet Inﬁntaora@lut t8R- $BeMmiatienCbift 'lﬁﬁbtﬁggc‘i@?ﬁrék'a‘%@sant he
protein to be renat t he regaturatlon kln tics and g up to the

formation of the fd &&h%ﬁt@@n 5 mEdratbe #R évﬁﬁﬁéé Rir &°8Cers i nport ant
for the process camematigadiion d&beaainedreThastrtheeabycaaceakbattﬁatcan

b t d:Db f bt th t
one-uses di 11 ePont 1GAEARE. Se5CenPRLiRE BF HBRAPRPoARDEREOPR 1N PRe 10

particul arly sel echet rexcaiedeidng HoWéHerand gkheeeby pmasesesfbhethﬂd yield
of renatured protei a¢hievqed,i g pEB%?EhEVQFBEthEE'SQEQBEH' ﬁeQﬁls.

critical concentration correspon to the value at whi st yield

(relative yield 15 in 9%QfrelfBeeSt @kt 18I thANEEBKN Bl @RL QBv@ﬁE&%ﬁ to
renatured protein is obtained. Thé renaturlng ki netics can al so be

det er ni ned accor di R§Vd-denSwRrREeR§I¥! 1?herén|§ePﬁ§Pébymé§F§rBPﬁéab1§taPhe'

maxi mum possi hloe cdapdiveaien®n oft RBet r8RaZlratAsaessapyotteinkhe conversion
into &Spatured protein.

According to the invention, this task is solved
. by a process for the renaturation of denatured proteins
~ in solution in.a renaturation buffer, which is |
characterised in that one prepares a solution of the
15 protein 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 process is based upon the discovery that a
highest possible yield of renatured protein can be
. achieved with a simultaneous maximum speed of renatur-
S ation when a definite critical concentration value of
the denatured protein to be renatured in the solution
25 is not exceeded, whereby this wvalue is dependent upon
the nature of the protein in question and the conditions
under which the renaturation is carried out. It is
thereby impoftant 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



The tine up“to the formation of the folding internediate can finally be
determ ned according to a whole series of different processes. A first

met hod of determ nation consists in the neasurenent of the circular

di chroi sm 25 (CD) A wavel ength is thereby expediently chosen at which a
| arge signal "is obtained and then the Corr gs- pondi ng curve is neasured,
whereby, as a rule, a steep increase takes place in a relatively short tine

and, the qurve Lhenct) abkensno! o88oRRRNchS pRSLLohdBeLRLE" and0rmoedl at e

is formed. A furt 0Ssi consi s noni to sappearance
of the/SH groups b9°ﬂﬁét¥©nnﬁPPthéﬂ Pﬁ@ﬁaﬁﬂle@9n©¢n€¢éﬁi®hl@@ Bredges.

However, it is her batéenbeoobéeféﬁgthhea n@hé”%éﬁ@@ﬁ?&ﬂi@ﬁ RigetPhs dgng
bridges are to be rmed, which e 35 n toring the

nol ecul ar wei ght mﬁﬁﬁht1Wﬁ PRetO tﬂS %95P?EF°Ea8g tV%ufﬂ h%%eh% era

further possibblityedbasests in the fluorescence neasurenent. This is
based upon the tryptophane or tyrosine fluorescence which changes when the
aromatic 5 side chai nsTheeet thneéepredmebeas hympopbant cfoegtbe ptotéss

fol ded protein. Eggg? pﬁéﬁ???glhéﬁérﬁiﬁeh'”‘Tﬁg ?%?£f8$¥sé n éﬂﬁf ﬁhls

i ncreasing formation ng I nternedi ate f eo y IC a
al so reduced. It |62BlBe pBEsFrbréned birmpasatofhascabikration cu¢ﬁat|on by

hydr odynami ¢ neasuwsﬂsﬁtane 5BEae%8RhethhbebRei 8s86T &1 PRESLHEIcbREent -
intrinsic VISE@SIt whi ch Ecreases si.nce the folding interne |aie | eads to

the formation ebLObP oL WAEHAFBHER §FEEBLRT ¥ Fhe pP%’é’H-‘E‘éfa? Yis
suffigient to deteseloetélierdhatuelingi baffeonandt thétoby andastitesi ohe Upndo
the formation 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 concentration, the time

20 necessary for the conversion into renatured protein.

The time up to the formation of the folding intermediate
can finally be determined according to a whole series
of different processes. 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



of the foldi'ng internediate protected against the side reaction to inactive
protein and, in each case, to comrence with the critical concentration and,
after termination of the formation of the folding internediate, 20 again
to replenish the denatured protein consunmed in the neantinme fromthe
solution by conversion. This can take placg-stepwi se in that one
predeterm nes the tinmes and critical concentrations.-and then, in each case,

after termnation ohtthe teeaytwealefihbeeasber- 25 medi ate, there is
repl aced the known anmount of denatured protein hereby changed.

Alterﬂatlvely, t he procedsfaanhatspobeibhiitpdconsigoatinudhsl fluoréseénce

there is newly addgd Qechaghy | ¥alsassmygh ?geaéaar fle PLOLBEBoRERLAS,

di sappeared by new orna I on _of er med
way, the renaturat tynosinebéluareseeneeat whirch ehangespvwbeasthenawpmenict or

exanpl e, one 'BtrogiﬁéschQQangié'Er&ﬁs?@rf@&aEHrth§895bﬁaﬁﬂé|¥egﬁoﬁh8f
renaturation reactohpdlsso ved in a solvent_ suitable therefor,

diluted 35 hydrotRrofPédadi Brobeinn I@BEHhPFsEBSFbPH?1Fﬁe§aﬁﬁe ?1the%ase
in such an anount phatebmgsmﬁtsmuae;eﬁaturahceeaﬁﬂﬁgeﬁbfmhtmanlsfobhalned.

The renaturation byffer is.s usl y, added co puou n.such a
Comosi il on that tRe1ainE iREREREARERH: he! BROEP TRt e AR ek 1B B TsS
val ue, substance cmadanEdatl6n51and1sbepbskebleByoapprnproatethbasdeﬂer+on

of the reactopg E&QaﬁiBanZ ﬁ?& gg?ﬂ?ﬁﬁc hgaEH?eEQBg}Of 9o¥°8£amgfg the

flow rate deflned the ra I on and anount rotein an Uf fe
there\%an be defi néhezer dsi hereempasusadiphe mntghnééﬁrEéseﬁaétYowhh@ht|ne

up to the formati OBe@keases since the folding 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 again 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 mediaté, there is replaced the known amount of
denatured protein hereby changed. Alternatively, the
process can also be carried out continuously in that
there is néwly 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



the folded internedi ate. Thereafter, reactivated protein is continuously
renoved, for exanple by separ- ation by neans of ultrafiltration, reverse
osnosis 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 -tghe buffer solution separated off
IS again returned continuously to the reactor. In the case of the

conti nuous versi oncafset i@ 3¥ch @roasonindc chadi thet opthiaunnvrentitaratiion s

preferred initiall %nn%%de}a@l%élci%e o%ftatirﬁeelc):ﬂonTﬁQ”EEPH?H§aE&8§Q%§ffte9 3qd
the ddmatured protein in the above- described way unti [ an opti mum
concentration of ré&daltenesuslve asidedeicontioupesdyobnasnel. a fompesition

as this is achi evegnaith@heoRiniMIUD S TRV nOkohlB@ahe! aliknel¥aeacen! Hat ed
solution of reactivated protein is commenced and hen ong passes over’

only t )
into the actuaP coN@lMSouSuRsseRse cpreentirationsnasd, the JAren t AY
concentration of reppiriopatiateprcamdittutitildn 3¢ theneeaases, whichhehsf ®es,
i ntroduced before %h% %ptuah contiQ ou%Fproc S. As.optigunhco ﬁentraEion-
of renatured protelry: FREFPLICs el 8y T3 ™ETuR1&POP0EREhE ﬁi% 84 rate
possi bl e concent r adiedingd Wlyi dfhestridtle od pddbitdon andsemwiinit of protein
i nsol ubi | isation of,GORRGRRNLS Bfe 130 carl BB Ei%?%!eﬁ”asééé%?cﬁ‘e ce Plll'ri'o'a the

process according to the invention, it is preféerred to use [yophilised
denat ured pr o n. whiichheparespands $og theedtimenupf ta shet Eoamation ofl y

goes into sol utiontpleOWor dedd (Wl ndidfifalceul t YhekBaFLERE Peacddiale@n takes

llace{i n dissolved form. n order . -
p., S protein is continuously removed, for example by separ-

ation by means of ultrafiltration, reverse osmosis and
_the like, and, as retentate, optionally subjegted to a

15 separation into inactive aggregate and active protein.
The continuous'process is preferably so carried out
that the buffer solution sepafated 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
ﬂka 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 commenced 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
continﬁous 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.



definitely to be able to maintain the tine character- istics of the process
according to the invention. By neans of the process according to the

i nvention, the undesired aggregate formati on which 10 conpetes with the
renaturation is admttedly m.nimsed but not fully suppressed. However, the
I nactive aggregates forned have a substantially greater nol ecul ar wei ght
and can, therefore, easily be renoved fromrenatured protein by separation
met hods which utilise 15 this nol ecul ar wei ght difference, thus for
exarrpé}gﬁ by nol ecul ar si elre theagiraress cm;cqmi;ﬂig)ltw uthe afnvdmtatanon i tils
sui t ab¥e excl usio | &Nt t And Aggr egat es
t hus separated canpé(%]ﬂhse ?%?q%ﬁ; %&?a%% ag&arﬁr%ﬂe&ﬁntro uced
into 20 the rendf@WSYRE pridediss.a Méqu%l?mwaﬁga [RIGtain rwhich ok igees

consi der- ation thmeocwnp@iaﬂ YTOWIRP %&%ﬁwrdlﬁmlﬂ% Alyedusie li e
wi thin the ran he val ue at V\/mch he uest ] on di spl ays
good stability- ex?)%‘gﬂﬁé)? a?ses Hiaé? n’e‘hr& %Fe‘% o‘fCll °rﬁéieﬁ'am mum
stability. In ord@afimmby lef Heheatslian at ol robaton tt a1 it u&m:ecnie idRuydddeas, for

exanpl e of heavy netal s i expedi ent { O r K in the prese Ge of conpl ex
formers, such as Eﬁ%’gl snaD flpoce oueO* rﬁ% Lo ot ex]a%ei 9% the 30

case of l|actate dehydro g#{ses p. ?_nja_l f of pH6 to
8 whi ch contai ns about W@%ﬁ?lﬁérﬁ ngcs yso r%/% tqV\{/eeakl :
al kaline tris/HO buvertionms theowmiasiared mmga%sﬁm@atemmwtmh ains an

SH grooup- cont g ni ”&orﬁ#@@é@%t@%@ r'ié’f?déu?d”t?iﬁ“ B it ¥ AIERRYEH ng

di sul phj de. For the Trenaturjn
' RO but not fhll;lsuppressed. 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 solubilisation, again be introduced into

20  the renaturing process.

As renaturing buffer, there come into consider-
ation those compositions known herefor. The pH wvalue
gy‘ 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. In
order to exclude the denaturing influence of
impurities, for example of heavy metals, it is expedient
to work in the presence of complek 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/HCI
buffer has proved useful which, besides EDTA, contains
an SH group-containing substance and a small amount of
35 . the corfespondihg disulphide. For the renaturing of



t PA, there i's suitable, for exanple, the reactivation buffer described in
German Patent Application P 3 537 708. For nunerous other proteins,
suitabl e renaturing buffers are known or can be found by the 5 expert on
the basis of the known properties of the protein, especially with regard to
pH stability, content of SH groups, heavy.getal sensitivity and the Iike,
using a few prelimnary experinents. It was known that, for renaturation,
certain 10 linmi tipg, vahes sHosh e M0 bersxcaaiffe, News ifeddivation

recogni tion that ratively. large a unts f_denat ured roteln do not
perhaps require | 3?@? %ﬁ?gﬂb?é ﬁ; ti"d’%\chl eve

| arger anmounts of Pehabd7 eriodr ot Bon ﬂnntﬁefdsuﬁ oumart h;&'(ﬂa:rmq§plsﬂimb1é.5 by

conti nuous new add;] e dditio ot ei n,
one can work furthfeérﬁéglﬁ%]?{%% %%%%én %% %v ]% a:hgher co r’f ﬁi‘? ons of
renatured prot®in ervvasnhehd basbe @s@@l@mm@mtms thf pther art.
20 The folj ?gnExggrpé@f #tﬁﬂh%aﬂ!? g{gpﬁ Ve Exarrpl e 1

Pul se reactivati on o o‘h%/ epar at i on enzyme. so u |ons
Concentration det e‘Fq’ﬁlﬁ%@F (2 &’b%‘é?‘bt i PO metah Sanat kv iEEy A

native lysozynme 1like, usthg 26fwIPEOTEMiAYSPZMPeriments. A = 23 7

Determ nation of the speC|f|c activity: 30 Dissolve 2 ng |lysozyne in 1 n
0.066 nol /1 K phosphat eIt pkh®é. Enomtemmnefdmrmummaimmy ddt wdobor ption.

Test, solut om0 SUsplefng RS LSS Bl MeTgrasaye yeii gy 11 10
pl us Q;p3 m recognltlon that comparatively large amounts of
denatured protein do not perhaps require larger amounts
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 protein, 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 folloﬁing Examples further explain the
invention.
Example 1.
'gﬂ, ' 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/l. 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/1 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.



35 | ysozyne sol ution (pre-diluted 1:40);- nonitor decrease of the
turbidity at 450 nm -9- Spec. activity = 60,000 IU ng.
Reducti on/ denat uration: Incubate 500 ng |ysozyne for 3 h at [err] in 0.1
mol /% tris/HCL, pH 8.6 + 6 nol/|l Gdn hydrochloride + 150 5 nmol /| DTE.

Adj ust pH to 3 and divide up sanple. Part A Gel filtration over Sephadex G
25 F (colum volunme = 270 m) in 0.01 notPF HCl. Conbine peak 10

fractions and |yophilise. Part B Dialyse against 3 x 1 1 0.01 nol/l HCl at
[err]. LyophilisatPBAc-Bachipibiess68>B8P0déYAmEmation (part A and B) 15

gi ve x-éduced IysozRgau&@igﬁ/d@hghufgggbg to reactiv- ation properties, does
not differ. The ly | sed educed enzyne_i s red err
Reoxidation/reactlggFP ﬂt32606 resl¥poeyae fg rgdﬁcéa E% %z&ﬁeor% Bol{10. 01
mol /1 HCl. MIIipoeeisyHCLat pAN8CoHneeht malydnGdat hydroahlonidy V150

absorption. xi d a rr] by dilutionin 0.1 nol/Il tris/HCO, pH 8.2
+ 1 mol /1 EDT§ %EQHZF/PT%SH + 0.3 mol /|l GSSG 25 b) Determ nation of

the critical conceAtjastopHofot Beandndividei up. sRedleti on/ reoxi dati on takes

pl ace as describedPabovg by variation of the protein concentration in the
art

Gel filtration over Sephadex G 25 F (column
volume = 270 ml) in 0.01 mol/1 HCI. Combiﬁe peak
10 fractions and lyophilise.

S Part B ) _
Dialyse against 3 x 1.1 0.0l mol/l HCl at 4°C.
Lyophilisation.
Both processes of desalination (part A and B)
15 give reduced lysozyme which, with regard to reactiv-
ation properties, does not differ.
The lyophilised, reduced enzyme is stored at
-40°C under'Nz.
‘Reoxidation/reactivation:
20 Dissolve 12 mg reduced lysozyme in 1 ml 0.01 mol/1 HCl.
_ Millipore filtration
X§; : Concentration determination by UV absorption.

Reoxidation at 25°C by dilution in 0.1 mol/l tris/HC1,
pH 8.2 + 1 mmol/1 EDTA + 3 mmol/l GSH + 0.3 mmol/1 GSSG.

25 b) 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
30 the concentration dependence of the reactivation of
reduced lysozyme after 20 h of reoxidation at 25°C is
illustrated graphically.



reactivatiord batch. Fig. 1 shows the-result, where 30 the concentration
dependence of the reactivation of reduced |ysozyne after 20 h of
reoxidation at 25C is illustrated graphically. c) Time up to the
formation of the folding internediate. By reduction/reoxidation as

descri bed above, there is determined the-Ri0metics of the reactivation 5

of reduced |ysozyne at a proteln concentratlon of 0.03 . determ ned at
[err] The result i & ) 1 Him f B fo €' Pul se
reactivation" of reduqafténmmﬁ 1.6 or 2 4 m 0. 125 mol /I tris/HO, pH

8.2 40 1.25 mol /| mol.[ | GSSG ar e
taken. 1st Experi ment |r1§Yrﬁ§a%ﬁEﬁ9R£QEQ§F§?tl°foaﬁ| es?@?Pan 2R *case 20
[err] of reduced IyﬂnamamisrddtdrmunﬂdIthHCklaeeladde& the reGendemntian on

I ncrease per seiy r t 0 | ses:
2.15 ng/m . CoLrgpar atlve reactls’asigyﬂe a'?Eh(1 ?’QB%ETD @%h‘&@ %tr %&O% o%uto t he
same end concent r atd-d¥ mRYalsyidedie radingidt |aéin§5c5r-re@b@n@fesaﬁltterlsdlllllhllson

to those of the 20tréﬁyaugﬂg§ﬁldyyy§ Heoxiidat bon buffer. After 2 h
reactivation at [err] pulse reactivation 2200 11U ng

conparison w thout @ul'seilse reactivatioch0 ofUkBHuded E&B@&&m@nt 25
In time intervals of t =10 mn, 20 x 1n_each case 30 [érr| of reduced

| ysozyme in 0.01 nol /| HE 6 Zaded! GoddenmedrilofrisdF&dse PHel -gultse:
0.034 - 10 1.25 mmol/1 EDTA + 3.75 mmol/l GSH + 0.375 mmol/l GSSG

are taken.

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

2nd Experiment

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 1U/mg
comparison without pulse 1400 IU/mg



+ .
F] «

v
0.042 nmy/ M ." End concentration after 20 pulses: 0.68 ng/m. 30
Conparative activation: single addition to the same end concentration.
After 2 h reactivation at [err]: pulse reactivation
7660 I U ng conpari son without pulse - - 1400 11U ny -11 - 3rd
Experinment In tinme intervals of t = 20 m+l120 x in each case 20 [err] of
reduced | ysozyne in 0.01 nol/1 HCL are added. Concentration increase per
pul se: 0.035 - 5 3Irdfixpayiment End concentration after 20 pul ses: 0.71

ng/ mi . -Conparative reactipptéffe ﬁhf@f@a?éjdéf'@“—t@otnhﬁx SHP £ each
concentration After 24 hours re ctlvatléz)n at [err]; pul s/e reactivation

10100 | U ng conpar i $¥if vt ¢ Hbhito lysozyme liflldb'qlu/"}ﬂ} Stk e
results, it foll owsaddwd. demawmm Ond €465 péx tﬂiﬁlsf‘e’:ESEO co‘35pr-ot ein
concent- rationg of > 1 {d ease contlnuouslﬁ/. 1%1% fy err], the
reactivation unter ? %ﬁrﬁn eoxXI tcf%thc%rb%m’f’r%rhs L R i ete
after 15 min (Fig. 0. 7Iﬂmg¢uﬂee reactivation” according to the invention,

i n conparison with S8 5 Yo tidES: £l

be achi eved. 20 Exaﬁ%l \;eea]?%?rée/@%‘?%ﬁ%% 0 {%e eénzyrrelmsrglhﬁc{l on: {aﬁ&al\m

(from pi g nuscl e) s‘t&cbe?@}%fml’rﬁ‘[@ﬁ] (producer: Boehringer Mannhei m GrbH,

O der No. 107077
) After 24 hours reactivation at 25°C:

10 pulse reactivation , 10100 IU/mg
U comparison without pulse ' 1400 IU/mg
From these 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 reactlvatlon, a 5 to 7 times
"higher yield can be achieved.
20 Examgle 2.
a) Preparation of the enzyme solution:
LDH-M4 (from pig muscle) suspension in (NH4)ZSO4
N (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/l1 K phosphate, pH 7.6 +

1 mmol/1 EDTA + 1 mmol/1 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 epec. activity = 300 IU/mg.
Denaturation/reactivation:

Denaturation: 1:5 dilution with 0.1 mol/1 H POA,

35 6 min incubation at 0°C



is centrifuged and the pellet taken up with 1/6 of the 25 original volune
in 0.1 nol /1K phosphate, pH 7.6 + 1 mvol /I EDTA + 1 mmol /| DTE and di al ysed
against 2 x 1 1 of the sane buffer at [err]. Concentration determ nation
via A =14 (A = absorption of a 1% solution at 280 nnm). 30 The
activity test at 25[err] according to R Heyrman, R Jaenicke & R Rudol ph,
Blochentstry 20 (1981) 5195-5201, gives spec. activity 300 1V ng.

Denat ur ati on/ r eact lHé&t@ﬂvaDemt urﬁm odt 1dé fordliwih om, Wihdél P1 1K nﬁxéépti@tfé]
35 6 fiin |ncubat|on

t tio io &
mol / A=K phosphate, P :_'Lg 83 % ]_L f}af% il]“?'ﬁ‘w%f/f é#% %€ % $i after
the mixing,, the prabteththsohiking, wise 7. oib)ttmtmlnmmmomamfn&e
critical concentration of 5 the renaturatlon
Denat ur ati on/ r eact i Wt De R )

the protein congentratigg f@ng@@rQ@f@\ﬁurl ng batch Fi g 3 shows the
concentration dependenCV—UT—ThE”IU“‘Ieact|vatlon of LDH after aC|d

denat uration, whereby thePaReturayionirgacivatioritake inhace 235[¢$¢riked
plotted agai nst theaB@ﬁéeﬂithv&JﬂlaﬁJ)OLDQiﬁrtfhélafit@tfbﬂi éél@cémﬂi?atlibﬁolﬁ he

formati on of the fO{;gl ng éerrredl at e. By
denat ur ati on/ r enat ur &ti 9R™ uﬁb%%e PH% klnetlcs of the reactivation of

acid-denatured LDHM 4 aﬁlg.pﬁoéﬁ%&%‘%HE*%%E&%AE%%EEoQ-&Ep&@é@%c}sof the

det er m ned

on of

10 reactivation of _LDH-M4 after acid denaturation, whereby
\s the activity after 20 h reactivation at 25°C is plotted
against the concentration.

¢) Determination of the time up to the formation of

the foldlng intermediate.

~ 15 By denaturatlon/renaturatlon 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-den'atured'LDH-M4

20 Into a closed reactor, there was continuously
fed in acid-denatured LDH-—M4 and reactivation buffer.

The reactivation reactor used is schematically
illustrated in Fig. 5. '

From storage vessels A and B, there is continu-

25 ously fed in the solution of the enzyme and denaturing
solution via pumps Pl_and P2 and denatured in a mixing
section Vl. The denatured enzyme solution is
continuously introduced into the renaturation reactor
V2. At the same time, renaturétion buffer from the

30 storage vessel 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:



at 25[err]. Fig. 4 shows the result. d) Continuous reactivation of

aci d-denatured LDH Merr] 20 Into a closed reactor, there was
continuously fed in acid-denatured LDH-Merr] and reactivation buffer. The
reactivation reactor used is schematically illustrated in Fig. 5 From
storage vessels A and B, there is continu-y125 ously fed in the solution

of the enzyne and denaturing solution via punps [err] and denatured in a

m xi ng section V1. ghe gengtys edi eNBHOR, SPhUh L Prind B/ LoD AHBOMSd e | Nt r 0duced
into tthe renaturation reac oré@g. Al h Bl PO R/ ¥ a uratiéoﬁ/hel)uffer

t the sane tinme, ren
fromike 30 storage vREsétocti} 'ﬁ?gi/%oﬂ'ﬁnﬁobs‘f‘@o*& ERLA AP P3 i nto
the reactor V2. Renatured solutjon i nti nyousl j t wn a ol |l ected
in the fraction cOI?éct F0 F“ﬁﬂt?86n§8§£?¥bnao ?%%yicﬁgﬁéZWEtgﬂygthe
CDmMerr) Pnooct nbfs 1 PRnefRehRot hEERex 10 D oa ) R piodbudedy) T Eora
at [err]. B: dehaturatiph b2féet: 10ommohbl/PTEetr] Gnmal /T FRFAIrat i 2n°Guf f er:

0.1 nol /| K phosphate, Boi aftePHniRifotwithBl/ppDfEy. 1 mol /| EDTA at
[err] (pH after m xing gfthaB:epH 7_%)5 VI dena uraF?gn volunme [err] =

0. |25 m. Gves gsdemvgs ;dé‘ﬁé@@ré)ﬁibﬁdvéiungem'lf:f@._i?rd_ii. \@i_viﬁmr@}ﬁrit ipgn_4
xflﬁnfegfirL IO ni/hi giggééfatgon pexiogngfvg 8fﬂfyét 5%0: B

V2: renaturation volume v, = 58 ml; 25°C.

_-x;; _ 10 Pump velocity: P1 =1 ml/h
P, = 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.

W After about 4 h, a constant reactivation yield
' is achieved.
end concentration of the reactivation: 0.5 mg/ml
yield: continuous reactivation: 10.2 1U/mg
25 comparison without pulse: 1.9 IU/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) Preparation of the "refractile bodies (RB)"




In the case of t he given reactor size/punp rate, for the average residence
time of a nolecule in the 15 reactor, there is given 2.9 hours. In the
case of the run, 2.5 mM sanples are collected and the end reactivation
determ ned after 24 h at 25[err]. Fig. 6 shows the activity increase in the
case 20 of -charging the reactor. After awut 4 h, a constant reactivation
yield is achieved. end concentration of the reactivation:. 0.5 my/m

yi el d: conti nuous reactivﬁRanpreparatlon b ell WigeSion and diverse

conpari son wi t hout ? £Fifu %n%/wa§¢] é%élgr%bgw g8 roﬁ%ﬁéféﬁ9q§)4

t hat »accordlng to e 1nve Btnreved an a
ti mes higher yield Eh@nPrecess ehRP oﬁhﬂlb‘eﬁ%eaﬁ%#m&lﬁt 071 wi t+P4 hies sane

end concentration. SOntafREPeE £h ﬁ&as'qwe@mwﬂlp&&{ A &srdedth, @)

Preparation of the "refractile_ bodies (RB)" " RB" pr epar at i on by
cel | digestion and Hr3etEee cand rinsRtuR)svashi ng steps t ook pl ace

anal ogously to the ess, of EP 0114506, [-PAis
contam nated in the °§£§ fl%@?}P? ¥ﬂiﬁ#ﬁﬁ§ﬁ?ﬂré”g?tu¥?E&TWVe and
i nsol ubl e. Sol ubi |I'i sati on"jigg" g'edpfdm on/slenad fired 1 o8 indRebsted rew 23 &lga@f

?rg: }IS &?\ua?:lt e?‘ floiﬁ'rgl $I %tED{TQ 1@;81 rﬂ'RJ]In)/]I %ﬂ@ ’ gl Sé Héijtiglm%r& einin

the"RB s" after redédnh+®B0l + 1 mmol/1l EDTA +. 150 mmol/l DTE.

10 Total protein in the"RB's’ after reduction:
‘\1‘"‘ 4105 mg-

The pH is adjusted to 3 with HC1l conc. and gel
filtered over Sephadex G 25 F (column volume = 270 ml)
in 0.01 mol/l HCI.

15 b) Determlnatlon of the concentration dependency of

the reactivation.

The acidic fraction of the reduced protein with
maximum recovery of activity (¢ = 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/l1 EDTA + 0.5 mol/1 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.



41.5 ng. The pHis adjusted to 3 with HCl conc. and gel filtered over
Sephadex G 25 F (colum volune = 270 m) in 0.01 nol/l HCL. 15 b)
Det erm nati on of the concentration dependency of the reactivation. The
aC|d|c fraction of the reduced protei:n with maxi mumrecovery of activity (c
0.83 ng/m) is reoxidised by 1:3 to 1:5Q8-dilution in 0.1 nol/1 20
trls/HG pH 10.4 + 1 mmol /| EDTA + 0.5 nol/| L- arginine + 1 ng/m BSA + 1
mml /| GSH + 0.2 mmol /| GSSG The reoxi @abilenlconditions in the case of
various dilutions ar ¢ cons ant L.y a%ju Aft i oh€9 i dation
at 236/ the activity~PSC§RELARI00, COF gc eHE, it is .
adj usted with reoxidation buffer to theesamePAnd concentratlon Table 1 and

Fig. 7 of the drawing show the results. -15- Table 1 Concentration
dependency of the actTvatTom of—Tgct=PAproter _.
stimulatability 5 | Pre@gsé&ntratign yi ebd(factor primglatpbiiity
31.3 160gcengration” yipld ‘ (£48t8r92. 2
64.9 18.5u5dm1) 55, 3 74.9
27.7 : 91| 5 17,5 17.3 95.6
25.3 277 : 31.3 16.8
138 ? 52.4 17.0
92.2 64.9 18.5
'_ 10 55.3 74.9 ' 21.5
AN . 27.7 . 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 94.4 20.6
- 1.84 85.3 - 16.7

1protein concentration in the case of reactivation

(total protein)

2 . .
referred to maximum reactivation value

20 ¢) Determination of the kinetics of the reactivation.

Reduction/reoxidation are carried out as above.

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

. 25 the kinetics of 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. Reactivation referred to final yield aftex
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



8.68 *100.0 20.5 5.53- : 97.8 19.8
15 3.95 94. 4 20.6 1.84 8.5.3
16.7 protein concentration in.the case of reactivation (total protein)
2referred to maxi numreactivation value 20 c¢) Determ nation of the

ki netics of the reactivation. Reduction/r€dd«d dation are carried out as
above. Because of the inpurity of the material, the tinme up to the
formation of the fdldhamaltletiddianee igdmestudss g dil ewstdqt iyattion
rather- indirectly wWgfs (49w )Kinetics of the reactivation and variation
of thespulse rate to about 40 to 60 mnutes. Fig. 8 shows the kinetics of

the reactivation ofRgfarivdtAdi balftﬂétxalbe%itee N GRIHd BV oo : 15 ug/ m

at [err]. React|vat refe red to naI af ter d) "Pul se
reactivation" e(tol[g / tiveer? ?“‘fﬂ]rﬁarﬂﬂ' *mn, 15 x

in each case 105 [er®]5 aﬁo]r/eidllc-eﬂ-gm-rie RAO.rB mmollA- GBSHE +dl /3 ninﬁi]l/are
I ntroduced into 30 rr] reactivation buffer (25 err]). Reactivation
buffer before pulse Teactivation: 0.15 nol/| tris/HO, pH 10.5 + 1.5 muol /|

EDTA + 5 0.5 nol /gl e r%?:g (&%ﬁ / d(&%{é

Reactivation buffer %Cter aﬂd%ﬂf |bc1)1r1€q":e% t educe pr%togfl n’E’H& e /dl

tris/HO, pH 10.4 r SG
/ HOl @@%@HM@MUM%M@%lﬁﬂ%ﬁﬁh@@%ﬂMﬁ&

+ 1 mol /1 GsH. 0.33 mol/1 L-arginine + 0.2 mmol/1 GSSG + 1 mmol/l1 GSH.

) 10 Concentration increase per pulse: 18 to 27 -ug/ml
S - . 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 'yieldl stimulatability
(min) (factor)
2 - 31.3 ' : 7.1
10 38.6 8.1
20 20 39.5 .
. 30 44.8 8.2
e 45 45.8 7.8

_ IReferred to maximum reactivation corresponding to
Fig.7. '

25 Commentrary.

In the case of the starting material ‘used, the
reactivation yield - 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).



10 Cdncént"rati on increase per pulse: 18 to 27 ug/ M End concentration
after 15 pulses: 227 pg/m Activity measurenent takes place after 24 h
reoxidation at 20[err]. Table 2 shows the results. Table 2 15

Pul se reactivation of rec-t-PA pulse rate yield

stirmulatabiliity (mn) ‘17' (factor) 2

31.3 7. .1 20 _
20 39 §t 20°C, the halfy lg.fgovalue of the react4|,yq;:10n
8.2 45- is, urfe the given experifhechtEdf @ondd dion®BXi7M#M2 hours.

react¥at i on corresponding to Fig.7. 25 Commentrary: In the case of the
starting material used, tTe resadticedtion yield -1rrcar:fee|rsrefsd wich Hecaremmitngpf
protein used - decr. GANGE ' ]+ e 7). The
stinulatability by% prove S@J%é}{‘ﬁ%&t rze?ar%é:[nlglreato asus%tegrrent
exactitude, to be iGkhaiden of the reactivation concentration (Table 1).
-17- At 20[err], the half I|f_e val ue of the reactivation is, under the

gi ven experinental conditions, 7 2 hours. The reactivation yield increases
wi th increasing residence tinme between the reactivation pul ses (Table 2).



-18- Patent dains 1. Process for the renaturation of denatured proteins
In solution in a renaturation buffer, characterised in that one prepares a
solution of the 5 protein to be renatured in the concentration in which,
in the selected buffer, the highest yield of native renatured protein is
obtained (critical concentration) and, af_t&_format lon of the folding

I nternmedi ate, adds further protein to be renatured in the anount necessary
10 for the achi evenent. 2. Pr oG A Ligw to claim1l, characterised
in that the process is carried out sconttnoousty in that, in each case

af terexpiry of thep}ime PRSQSERASoT Whd ek OB b UF tdihdraldidg
i ntermedi ate, the anount, of 15 denat ur ed £rote|n necessgﬂyé;or t he

achi evement of the REGH§i0E THRAHTLAD o 4 LRRAHIH @Ts Pprocess
according to clai mdharderearisyd siatl that hade prgpdtes conddlnuttich of the

renaturation, ifto t e con nuouvs) |ntroduc e. amunt ,af
denatured 20 - EF’p:roté:r rottr%e £ eirévemen ‘%/ TS %’{ atiShcent Whra ‘on

and the correspondiimy Qmmﬂleﬁtedarimfﬁem; dIh&)Lhi&hewlcViéﬂei radfSirghdricre t i me
of the mxture in tlfk@rf AR D er o] UAd ShAMADe RO O IPCARRE L dfin)

form ation of the Process according to
claim3, characteri&®d i ‘i%t QWWéﬁ'atQﬁf dehorfrlding sintgunediatee adds or

until the highest prssitde Beai ral v aindanaddrad HOtBidurts dawing
which still no (; ébrenés of. the reacti on system becone insol uble (opti rrum

concentration)? }f%e?’f: e bt ai ned sol ution is renoved
contlnjpusly and co resp n repl.aced b oJut of d nature X
protein i.n optimum‘once 52 ciqgsd% qocoor&lrﬁ oécloes% ol chh}ba]i oerFelsoef the

precedi ng clai ns, that the process is carried 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"

critical concentration is added thereto.

3. Process according to claim 1, characterised in
. that, for the continuous renaturatidn,'into.a reactor
are continuously introduced the amount of denatured
20 ﬁrotein for the achievement of the critical concent-
ration and the corresponding amount of renaturation
buffer and the residence time of the mixture in the
(% ' - reactor is adjusted to the period needed for the form-
ation of the folding intermediate.

25 4. Process acéording to claim 3, characterised in
~ that the denatured protein is left in the reactor until

the highest possible 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 continuoﬁsly
and correspondingly replaced by a solution of
denatured protein in optimum concentration.

5. Process accdrding to one of the preceding claims,
characterised in that inactive protein aggregate formed
35. is separated off on the basis of its higher molecular
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charact’eriséd in that inactive protein aggregate forned 35 i s separated
off on the basis of its higher nolecular 11111111121112111211121112111 * C
L M S * -19- weight fromrenatured protein and, after

di ssol ving, again introduced into the process. 6. Process according to
one of the preceding clains, characterised in that the denatured protein 5
is introduced into the process in |yophiFil8ed or pre-dissolved form

- - weight from renatured protein and, after dissolving,

again introduced into the process.
6. Process according to one of the preceding
claims, characterised in that the denatured protein
5 is introduced into the process in lyophilised or
pre-dissolved form.
k_/-'
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