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(57} Abstract: The invention relates to a method for storing proteins in an aqueous solvent. The addition of cysteine delays the

S decline of the active concentration of the protein. The method is suitable for use in the production of proteins in micro-organisms.

O (57) Zusam m‘enfassung: Die vorliegende Erfindung berrifft ein Verfahren zur Lagerung von Proteinen in einem wiBirigen Losungs-
a mittel. Die Zugabe von Cystein verzigert die Abnahme der wirksamen Konzentration des Proteins. Das Verfahren eignet sich zur
Anwendung bei der Produktion von Proteinen in Mikroorganismen. - '

The addition of cysteine del ays



storage in aqueous solvents The present invention relates to a process for
the storage of proteins in an aqueous solvent. 10 The chem cal state of
the SH groups of proteins or other oxidation-sensitive structures often
has an effect on the identity, activity or effective co ceﬁggaiion of
proteins. ldentity nmeans the respective folding of a pro?éi - 2%@tivity
shoul d be W@%‘I?ﬁ% as neani ng enzyme activity. The ¢deePotRos666
concentration of a protein should be the proportion of the proteinin a
solution which is correctly folded with respect to the biological in vivo
function. It is known fromthe literature that structure-nodifying

oxi dations of proteins 20 can be suppressed by the use of thiol reagents
such as,:.for exanple, 2-nercaptoethanol or cysteine. For exanple, D am no
aci d oxj daPes¢fiidn can be stabilized by thiol's. The flavoprotein DAO
catal yzes-the stereospecific deam nation of D-amno 25 acids to the

. correspondi ng a-ketoaci ds and amonium (P. Golini et al. Enzynme and
Mcrobifal Peatass| ogythe istabilizginn @b protedrin croymee mixtuies dudmgt their of
thiols suc S steine can al so reduce the activit of

pr ot ei ns. gﬁiég%L?é%t can(gr?ggbe expl ai ned by the presence of cygteine
radi cal s. An exanple of this is am noacyl ase. Am noacylase is a dineric 30

enzyne havirRg esertiayemicdndigtes 38 UpidcesEdehtirustoride of pidieingna ame
contains 2 cel/stel ne, %Iit groups and 2 disul fide bonds. The chemi cal

modi f i cat i BA98PUS RRVRM- gr oups such as the breaking of the disul fide bonds
can ledd to an inactivation of the enzyne. It was possible to show that by

Toduced,  whip eneniFRCiAE ATheRHrodls GRLIY P oyt DABIRARRISRE | L S0,
“f11trationstrtetumes gofien kagyae sbechiay then identily roretivity npr eeBetiveest or ed
concentration of proteins. Identity means the respective folding of a protein.
Activity should be understood as meaning enzyme activity. The effective
15 concentration of a protein should be the proportion of the protein in a
solution which is correctly folded with respect to the biological in vivo

function.

It is known from the literature that structure-modifying oxidations of proteins
20 can be suppressed by the use of thiol reagents such as, for example,
2-mercaptoethano! or cysteine.

For example, D-amino acid oxidase (DAO) can be stabilized by thiols. The
flavoprotein DAO catalyzes the stereospecific deamination of D-amino

25 acids to the corresponding a-ketoacids and ammonium (P. Golini et al.
Enzyme and Microbial Technology, 17, 1995, 324 — 329). However, the
addition of thiols such as, for example, cysteine can also reduce the activity
of proteins. This effect can also be explained by the presence of cysteine
radicals. An example of this is aminoacylase. Aminoacylase is a dimeric -

3C enzyme having one Zn2+ atom per subunit. Each subunit of the enzyme
contains 2 cysteine SH groups and 2 disulfide bonds. The chemical
modification of the SH groups such as the breaking of the disulfide bonds
can lead to an inactivation of the enzyme. It was possible to show that by
the addition of 2-mercaptoethanol the activity of the aminoacylase is

35 reduced, whereas after removal of the 2-mercaptoethanol by dialysis or gel
filtration the original enzyme activity can be almost completely restored
(W. Kérdel and F. Schneider, Biochem. Biophys. Acta 445, 1976, 446-
457). :



(W KO del and F. Schneider, Biochem Biophys. Acta 445, 1976, 446- 457). 2

. 4 DEC 2003 2 For cysteine and sone derivatives, it was possible for certain
preparation forns and specific applications to dennnstratghqﬁc _

anti bacterial, antiviral or antifungal activity to a certarn ex@@%t Thus

for exanpl e, |t was possible to 5 show that the addition of cysteine is

suitable to a certain extent as protegtion agai nst the spoilage of foods

(US 4937085 A). Wth the aid of genetic engineering processes, it is

possi bl e to synthesize reconbinant proteins such as insulin or its

precur sor s, Fairmysigise antssemne deivedives.at iwass popsible feavertain peparation

conposi ti ongyré fahar%f&.ﬁcr FldARioAS th Yi%ﬁ'lorﬂﬁféﬁe rb%%te(r% JantiERB! .

genetically nm croor gani sms._such acterium scherl chi a

col | . Recorsti aI WHY'%E‘? ) qqqtarlﬁ extset- gEWl‘%er" pgam}q ilewag RosRibié 1@ he ai d
of 15 8xprshew ahaw eleé omdutua’ﬂi\e@fe cgest@rrﬁas 9% Osuitedld oS aC e8AABL eRfer? y&Ct OF

pl asm d, whjc houl d. cont ai n r ol u the replication of the
pl asm d &'RQ%C?OQ?QQ'F? ecg.p%a ﬂ‘tef gﬁiﬁg‘ ﬁ%éseé)l stance gene, netabolic
marker, inter alia) into which the cod| ng region of the gene for the

protein of W@ﬁ%%%{,ﬂ% tof @eﬂetlé %kd%ﬂnﬁﬁroc@ﬁ%é g lsuéggé'ibly\ fé;;&rﬁgs(?%%ﬁ a

pronot er whi Sen " m ¢roor gani sm
exanpl e, t Hecombinanbrseins suchrag dasulinopr titseprrastisersi andoalspeinstrin nant

protei g ( eBivatinsd!Whibh hﬂ§é”ahﬂnodé?fd \66&1 ﬁnodsrﬂlﬁérlﬁlj? fidin Whd Beﬂ@&?

co- oper ation of geneticall é(&) ganl sNs 1S conpose

series of &eé‘@e%‘%q"sep@ﬁs(e\/ﬂnwfﬁfﬂhé?ﬂﬁ%tlc I{'egd@l?r%@rﬁéﬂ'sﬁ?ﬁjsmt be

co- or di nat%mtﬂammmhenmﬁm for exanple, a process for the
.production of human insulinin E. coli can be constructed fromthe

“flol | owi ng process steps. 30 Fernentation ‘of the nicroorganisms - cell
separ at i on Recogalbinadi syoibesisnin microorganisms is carried out with the aid of

15 expression vectors. These expression vectors consist of a vector plasmid,
which should contain a control sequence for the replication of the plasmid
as well as a selection gene (antibiotic resistance gene, metabolic marker,
inter alia) into which the coding region of the gene for the protein of interest
{e.g. insulin) was inserted under the control of a promoter which is active in

20 the chosen microorganisi‘n (for E. coli, for example, the lac promoter).

A process for the production of recombinant proteins (e.g. insulin; insulin

derivatives, inter alia) with the co-operation of genetically modified

microorganisms is composed of a series of process steps which intermesh
25  with each other and must be co-ordinated with one another.

Thus, for example, a process for the production of human insulin in E. coli
can be constructed from the following process steps.

30 Fermentation of the microorganisms — cell separation — cell disruption —
isolation and intermediate storage of the fusion protein with cysteine
refolding into the native spatial structure with revelation of the disulfide
bridges with subsequent separation of foreign proteins not containing
material of value — enzymatic cleavage to the arginylinsulin — basic

35 purification of the aqueous protein solution 1 chromatographic
purification — enzymatic cleavage to human insulin — 2" chromatographic
purification — high purification by means of HPLC - recrystallization —

drying.



I solation and internmedi ate storage of the fusion protein with cysteine
"refolding into the native spatial structure with revelation of the

di sul fide bridges with subsequent separation of foreignéfr ' @ not
containing nmaterial of value - enzymatic cleavage to th éqﬂﬁ%g ?nsulin -
basic 35:purification of the aqueous protein solution - 1" chromatographic
“purification - enzynatic cl eavage to hgman insulin - 2"d chronatographic
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| osses due SRARERRRRGHE |Lioke s he, BROSRAARAGESS Step e

unavoi dabl I'm zation erne eps the itotal yield can be
i mproved. There is a conS|derabIe |nterest in such prdcesses in order that

a betteg m : n’*ﬁ%tuc?lrfJ 'df'lﬁf&h@&hé&é ét@@srﬁ%%feﬂfsyl@lﬂpb%% HProvedecr ease

in enviro al pollution is For exa EP 0906918

descri bes a_FhGFfﬁ*p'ﬁo@é@n‘ﬁ#d@é%@g 'f‘tf’r"‘-‘%th'é‘ SUhH BIRAESSRS P Y dBF éllzl‘}r%&e 8f insulin

or insulin gyronsibaV eailinAIIMGICig aesbircel i Bptbyds tande abidedgnised int he
presence of rgyStEI ne L ﬁ,}(Ste Meydrosggl oride and of a chaotropic
auxiliary. FRHORNIENA QRJ '99¢9 HEHEFi vatives of naturall y occurring
insulins, namely human insulin or animal insulins. These insulin

deri vatijwve f 0 er ent.i r CRUr L

I nsul i hbby tcﬂJeé mﬂ%é”%ﬁgfgoa‘éﬁ% d@sﬁﬁ %ge%ntqﬁ%){&?%d" ﬁljolt%sgngd*artﬁl'%g aci d
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..Qne geneti c am nho acid resi
C) J and gf a cﬁaotroplc auryplhary

15 Insulin derivatives are derivatives of naturally occurring insulins, namely
human insulin or animal insulins. These insulin derivatives differ from the
otherwise identical naturally occurring insulin by the absence and/or the
replacement of at least one amino acid radical occurring in the naturally
occurring insulin concerned by another genetically encodable amino acid

20 residue and/or the addition of at least one genetically encodable amino acid
residue. '

During thé storage of proteins, a decrease in the effective concentrations
usually occurs.
25 .
The storage of production products between individual process steps can
be necessary for various reasons, It mat thus be the case, for example, that
the processing capacity of a subsequent further industrial processing step
is not adequate in order to accept the total amount of product of the
30 preceding process step.

The time needed for intermediate storage may be of differing length. Owing

to capacity, the need to co-ordinate industrial units, the required delivery of

more chemicals or appliances or for other reasons, the intermediate
35 storage necessary may extend to several weeks.

An effective way of increasing the yield is opened up when the losses of
active protein occurring during the unavoidable intermediate storage of



During the storage of proteins, a decrease in the effective concentrations
usual |y occurs. 25 The storage of production products between individual
process steps can be necessary for various reasons. It nag tE s be the
case, for exanple, that the processing capacity of a subs du r t her
I ndustrial processing step is not adequate in order to accept the total
anmount- of product of the 30 precedi nggprocess step. The tine needed for

“internmedi a . o) ' ' . i city, the
need to. coPGeRSFeR TBHulFaChrobkbe StedtihoBld o IR b gRITHY .
cheni cal s be keppmithirclpitowhiahr arst aetighteaspessiblehe i nternedi ate 35 storage
necessary may extend to several weeks. An effective way of increasing the
yieldis oglened up when the l.osses of active protein occurring during the

unavoi dabl Blot sesptierrl 4N rawingie vse f gyplee@00dervatpiesde the £opiip!
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W In IMmTLTS |1 C ar S 1 gy daS possSi plL.e. SCril pe n now | S
the use. of PGt PERdts ; o Mt BoTams o e ot YO8 (o cPiaty olremt ot
active proimlividdalr ipgcddse steperofednadsirist @redectain proodssds dnclpdivddpuct s of
differing Lit 1 o] te fr J ndi Vi [O teps of
I ndustri al B%é@t +%ﬂp%?%g%’séogseq{ar@él§d‘?'% p%g%%* %‘gil"céfjgﬁa’ﬁSn“g%i?@sﬁr or
exanpl e w ©h geneaticallpanodifiedf migregrganisingl ysich pwcegeestareaubgdmbol fi ed
m cr Oofcgan'bﬁéﬁ?lpie,fﬁ‘\'lﬂ)ﬁb Bfe%g?ﬁﬁsgﬁoﬁh@uﬁﬁed’ for 10 exanple, in the

0 p

preparation I nsulin: endi ng on the process step, the production
products to be inter- nediately stored can consist of different amunts of
conpl ex napepeniRigeon €% Probésdiskb®giialprogtittich (RGN Hd\interat s) ,

i croorgani sns . . . :

2) meaiately stored can consist of different amounts of complex macro-
molecules of of biological nature (proteins, DNA, fats), microorganisms,

15  buffer substances and starting materials, inter alia.

P

The production process as a rule aims at preparation of a substance which
is as uniform as possible, in the case of insulin production to insulin. If
production products have to be intermediately stored, in the case of the

20 preparation of a protein, such as, for eXampie, insulin, loss of effective
concentration of this protein regularly occurs.

Storage of a protein should be understood as meaning any storage of the
protein, regardless of the volumetric amount in which the protein is present

25 and the time period over which the storage is carried out, or the tempera-
ture conditions under which it takes place. The storage of proteins normally
takes place in aqueous solutions.

In addition to constituents of nutrient media for the culture of micro-

30 organisms in defined form or as complete media containing, in particular,

~ carbon sources or nitrogen sources, amino acids and inorganic salts and

trace elements, also buffer components of different chemical buffer types,

as well as macromolecules of bioclogical origin such as DNA or fats, an

aqueous solution of a protein may additionally contain organic or inorganic

35 compounds such as, for example, Na dodecylsuifate or K acetate and also

proportions of solvents of differing priority, such as methanol or petroleum
ether.



15 buffer substances and starting materials, inter alia. The production
process as a rule ainms at preparation of a substance which 1is as uniform
as possible, in the case of insulin production to insulip. roducti on
products have to be internediately stored, in the case of 4 tW@:£®3
preparation of a protein, such as, for exanple, insulin, |loss of effective
concentration of this protein regularby occurs. Storage of a protein should

be underStﬁ'genBﬂesste'ﬁ?ﬂWmﬁg rﬁ?%(l'ﬁ\%sotroaa?gréges%%r tl"@&%?&%b of%%@ir‘?ﬁ?a Qf the

vol unetric time period
over whi claqueoust 0ver, MéTithﬁ!@W‘@ﬂS@atde|Qﬁfln@ Hae ttemperal- decrease dmdbei ons

under whi Cé?fécrtwé%ﬁéeﬁdrm oth|P|% FbRIRee RiditsrPbetyiteinertBahb qubaliss pl ace

.~i: aqueous solutions. In addition to constituents of nutri ent media for the
#iCul ture ofSHN&MHo- 30 organisms in defined formor as conpl ete media
contaiging, in particular, carbon sources or nitrogen sources, am no acids

i ;Piﬁ?ﬂ}émsﬁééé%ﬁ‘?wtab@ﬁiq RSt Rl SRR 475 ot
ori gi n sudbmporéNdeoredset in, then effegiio wonsehtiaiiam off a grptein edutingayts

addi t | Onall\%aéfr(?g%gbaa}cglq%r g%%ilﬁloﬂ& fﬂ@{p?@&iz PQ'U%%H”HJ? SKARbI8Sin the

exanpl e ate or ace foportions’ of solvents
of differ |pfgdp¢ilQﬂ i ol protaims aky rrmlcpr@ﬁmawmget Ezsa@mﬁs @fh@pproprateECc 2003 5

The pr1936%1dr8<?(@%his‘?ﬁb Bfd, Elﬁl%? alif, ésﬁéd?&lﬂﬁﬁaét@hat ﬁﬁtl’ﬁé eS8t hrtRuRrotein in
an agueous sol Vent, whi ch ggrlses oral decrease in the

effective %%ﬁ{l?éﬁhfaa?? bﬁ’e@ﬁtst' b &S @ﬁﬁe@}f;\ @?9 OBW BY SPEVIIAB Pt he
aqueous . SiENpasorihangiasemecs cell tinbihe preforrée mibddirient! fneseof

1_'\')[ lacuna] sy %%:Vrvlocr)]r%amsmsh ¢an be transformed using expression vector constructs ior
the induced or constitutive expression of said protein. The microorganisms
15 are cultured and disrupted after synthesis of the protein. Suitable disruption
methods are principally all processes which are suitable for the release of
the protein from the bacteria. Disruption processes which are applicable
are, for example, ultrasoimd, chemical methods using K acetate, Na
dodecylsulfate or IySozymé, heating of the microorganisms or the French
20 press. The disruption of the microorganisms may be omitted if the protein
to be 'prepared'is secreted directly into the medium. In principle, the

process is also applicable to extruded proteins.

The complex protein mixtures which result when the microorganisms are

25 disrupted or extrude protein directly into the medium are usually in aqueous

~ solution. The proteins may be dissolved therein or present in suspended

form. These protein solutions are preferably stored between 0°C and 50°C

or between 5°C and 30°C or at 5°C. To delay the inactivation, cysteine is

added to this protein mixture. The concentration of cysteine in the protein

30 mixture may be between 100 and 500 mM or 150 and 220 mM. 170 mM

are preferably added. In this way, proteins in complex molecule solutions

can be stored for up to several weeks with only a slight decrease in the

effective protein concentration. The process is applicable to the synthesis

of heterologous proteins, in particular in microorganisms, after their

35 disruption with subsequent purification and possible renaturation, prefer-
ably for the preparation of insulin and its precursor.

Proteins used for storage in a process of the invention are preferably
insulin or insulin derivatives.



tenporal decrease in the effective concentration of a protein during its
storage in aqueous solutions. The process .can be used, for exanple, in the
production of proteins by mcroorgani sns. Exanpl es of appropriate 10

m croorganisns are, inter alia, especially bacteria, intjhipgccage in
particular Escherichia coil, yeasts, such as, especially, Saccharonyces
cerevisiae or Pichia pastoris, and algo insect cells. In the preferred
enbodi ment, these m croorgani snms can be transformed using expression
vector constructs for the induced or constitutive expression of said
protein. ThHé&enpresent gaentos fldhar elatekttor® precessdios nh@tpe@ba‘ahen afynt hesi s

whi ch-are. Do RilpoBretl TeSRbEMg, b SR AR i Bl Mebrdovell aoooo
Di srupt.i onppeleireosdls preictrsairie agmnsfotsned mmorganlsaxawbicb heﬂemlasoupd
chem cad bhe oféi R%NEnaG6TeR! n::rl:é%% gbﬁc%%%faég&d?ﬁ id’ﬁ%ﬁr‘&eﬂ{‘eat' ng.

of the mc oor anlsms orthe Fr I ST t|on
ni cr oor ganiRANRR Seterolagous prater Qf & Rrequssek tnrephie ertionaber et ed

directly. Rmgm® rémur&ﬂlpm:eurbfpl@aa@r BEQuehdSs oP M@ TEsd %r@ée%ée@%d Cabl eto
ext ruded prot I ns.

§ rotein mxtures which WE{?
mi cr oor gani IS RFePars tﬂlgéY%ﬁTee egired prpdiie gifestRirificat 'PB&'\‘{/'S 9N he
medi um ar eSmtabtd hefenolagoes psotetisihire prefErablpringidinner imsylib alctivatiody ed

t her ei form These protein solutions are
prefera Iy spﬁggﬁrggfgv\g@ lSl%pand 50C or between 5C and 30C or at 5C. To

delay the inactivation, cysteine is added to this protein mxture. The
concentr at igR@flegysteine in the protein 30 mxture may be between 100 and
500 mM or. 150 nd 220 MM 170 mM are preferably added. In this way,
“ptoteins in conplex nolecule solutions can be stored for up to several

\ﬁeks wi t h Daring tﬁeShp@ﬁlheﬂt%ﬁbﬁﬁﬁQhe fpr&bdi‘&se@ffbﬁtﬁel Mﬂaﬁ@lrr@ﬂi(ﬁ'l of meansntration.
e prpgcess is to . the s et.erol o 0
par t oLl ar a5 PR sbEER fad, BabiBncat tyRkibe 16 e Bicifh Psrte e Bl en: "
purificati oamans giaklei &l storagatfarmonites, lrpcamhparison, the untreated product

loses some of its activity irreversibly after just a few days.

The precursor molecules of human insulin and of an insulin derivative are
20 used in the following examples. The structure and amino acid sequence

are disclosed in EP 906 918 by sequence protocols. The precursor of

human insulin has the sequence of naturally occurring human insulin. The

precursor of the insulin derivative contains a glycine instead of an arginine

in position 21 of the A chain and two arginine molecules in positions 31 and
25 32 at the C-terminal end of the B chain.

Fusion proteins of the insulins can be prepared by fermentation of

genetically modified E. coli cealis according tc EP 489780 and EP

0906 918. A protein suspension is obtained here which contains
30 approximately 20 to 25% dry matter and 40 to 50% of foldable insulin.

For the sought-after stabilization of the protein by means of cysteine, 75 kg
of cysteine hydrochloride x HoO are introduced into about 2500 kg of this
proteih suspension (corresponding to one fermentation batch) in the course
35 of 20 minutes with vigorous stirring. The pH falls from 7.0 to 2.5 in the
course of this. The suspension becomes very pasty in the pH range around
5 to become readily stirrable again from around pH 4. Under these
experimental conditions, a cysteine hydrochloride concentration of 170 mM
IS established in the protein suspension. The protein suspension is



ably for the preparation of insulin and its precursor. Proteins used for
storage in a process of the invention are preferably insulin or insulin
derivatives. 2 4 DEC 2043 6 The present invention further orehatesgfo a
process for the preparation of a heterologous protein, conprising the
expression of the heterologous protein or its precursor in a transforned
m croorgani sm which heterolo 5 gous protein is then stored by neans of a

process ac ' sght_. i t] -Thi . tein or a
P ecar sor EReelfer %E‘f%ﬂﬁﬁozn 66 iy 248 B L5 rifiaih uPRRN Ty
sequences Bslirmaghetiweskipgatessed and finally prepared to give the desired
product after purification and isolation. Suitable heterol ogous proteins
are preferably insulin or insulin derivatives: 10 and precursors of

i nsulin. Exanples: During the inplenentatios 6f the processes for the
prepar & i ogx@mplagul in, it 15 was found that by the addition of cysteine
to the fusion protein the product remains stable on storage for nonths. In
conparison, the untreated product |oses sone of its activity irreversibly
af t er | ust Fer fexpediayentalToenfineations of thel paseedingfadtiomaof ioystdine) #ed of an

and am no_ Y BEkEen B aftehB bR i Ta) Coquence protocol s.

The precursor of human insulin has the sequence of naturally occurring

human 4suklion ieteiR s HilrtaH iiluihfhd i Brotein ¥PiHeRsG bRl 0! yei ne
I nstead of an arginine_  In position 21 of the A chaln and two arginine
nol ecul es PFeRs6eH Ecepling to R 905,918 warestered with andvithand cysteingsa chai n.

Fusi‘on progeCrghdoht Fdsmi tefpdrasrs 3or bp t@rz;em:ﬁﬂs.bmuﬁﬂgrfﬁét@%ieﬁméﬁt
‘;_genet cal Xlicri't?oq's fv\'feerg rgmo%%ldl frcﬁ%ltll\g b%?&loersc.i The ftu%iollz'lpp%tei%9\Jva7$8cor?\9edrte
L)
into the prepro form of human insulin or prepro form of the insulin derivative
15 by reductive folding (EP 906 918). The amount of cysteine necessary for
folding was added to batches which were stored without cysteine
hydrochloride monohydrate about 1 hour before the start of folding. In the
other batches, which contained the cysteine in the form of the preservative,
this was no longer necessary.
20 |
The reaction to give the prepro form of human insulin or prepro form of the
insulin derivative was determined by means of HPLC.

25 HPLC analysis:

e’

0.5 g of protein is dissolved in 40 ml of a solution of 6 M guanidine
hydrochloride, 50 mM tris, pH 8.5 [lacuna] mM ethylenediaminetetraacetate
(EDTA), 1% 2-mercaptoethanol and 10 mM dithiothreitol at 95°C for 2 min
30 and then centrifuged at 14,000g for 20 min. 0.02ml of the clear
supernatant is applied to a high-pressure liquid chromatography column.

Column: ®Nucleogel RP 300 — 5/46 (Macherey & Nagel, Aachen,
Germany)
35 Gradient: buffer A: 0.1% trifluoroacetic acid (TFA)
buffer B: 0.09% TFA in acetonitrile
Temperature: 55°C
Total running time: 40 min.



0 906 918. A protein suspension is obtained here which contains 30
approximately 20 to 25% dry matter and 40 to 50% of fol dable insulin. For
t he sought-after stabilization of the protein by nmeans q{4§%§tﬁ%§e, 75 kg
of cysteine hydrochloride x H20 are introduced into about 0"Kg of this
protein suspension (corresponding to one fernmentation batch) in the course
35 of - 20 minutes with vigorous stirrigg. The pHfalls from7.0 to 2.5 1in
the course of this. The suspension hecqnmes very pasty in_th range
around 5 Tthe 19se@RBt it Afinpdsby rthepfallongag rf"‘mPBﬁﬁ QFM@’%E&I ﬁ&e'ﬁm&%r t hese
exper i ”Emc@rre%ﬁﬁﬁﬂﬁ'ﬁoﬁmnir@ fAeise i10erivy @596,h 2 midesEwNdSnniraitoes, 8 170 nM
is established in the protein suspension. The protein suspension is 2 4 DEC
2003 7 sUB¥ebtieBty stirred for 60 nmin, after which it can remain without
further dlowr i mgifmirt i | wor ki ng-up. 5 Exanple 1: For experimenta
“confirgati . t.hemoreserving action of cysteine, the follow ng

| abor a or&ﬂgfgﬁ?éggﬁféﬁhere carried out: 10 Fusion protein of human insulin
and fusion protein of the insulin derivative prepared according to EP 906
918 were stored with and without cysteine at 5C and at room tenperature
for up to 2 nonths. During the experinent, aliquots were renoved fromthe
batches. The fusion protein was converted into the prepro form of human
insulin or prepro formof the insulin derivative 15 by reductive fol ding
(EP 906 918). The anount of cysteine necessary for folding was added to
bat ches which were stored w thout cysteine hydrochloride nonohydrate about
1 hour before the start of folding. In the other batches., which contained
the cysteine in the formof the preservative, this was no | onger
.necessary. 20



The reaction to give the preprd formof human insulin or prepro formof the
“insulin derivative was determ ned by neans of HPLC. 25 HPLC analysis: 0.5 g
of protein is dissolved in 40 mM of a solution of 6 Mgugni di ne

hydrochl oride, 50 nMtris, pH 8.5 [lacuna] nM et hyl enedi 4/ P&l @i3aacet at e
(EDTA), 1% 2-ner capt oet hanol and 10 mM dithiothreitol at 95C for 2 min 30

- and then centrifuged at 14,000 g for 2@ mn. 0.02 m of the clear

super nat ant o] | e . .gh- pressure f quid chronmat ography col um.

Col um: (r)ﬁ%gvlggg{ee%ﬁﬁeggge&%/ 46 (Macherey & Nagel, Aachen, GCermany) 35
G adient: buffer A: 0.1 %trifluoroacetic acid (TFA) buffer B: 0.09% TFA

I n acetoni t+i Te Upe: ' tihami . C 2003
8 The grad-lréél{r,lltg6 i1's efgfa?%bgym?%g g@%t%bwbﬁwgﬁmn%url?ﬁg%n %gf?g? \éeﬂg‘é‘?lgf t he
cor r espondi $¥PSance AGYY Alter folsiing (valyeple) Substanggoeans dpldedobymeas i n
100% . B owinsdlimy /m n 5 Detection: 215 nm 2 4 DEC 2003 9 Result of the
experinments Table 1. Storage of fusion protein of human insulin at 5C

val uabl e substance (gt )—afterfolding{valuable—substance—neans—f ol ded
human 5 inpsulin) 1st dayfistweek? Meeksid we2kekseelkbsweeks |8 weeks

With cysteine 850 831 867 845 825

Without cysteine |879 827 790 712 625

Table 2: Storage of fusion protein of human insulin at room temperature,
valuable substance (mg/l} after folding

1st day 1week |2weeks |4weeks |8weeks
With cysteine 792 1817 800 785 790
Without cysteine |812 654 312 %™ Yo*
*Application not possible because of severe putrefaction processes

Table 3: Storage of fusion protein of the insulin derivative at 5°C, valuable
15 substance (mg/l) after folding (valuable substance means folded insulin

derivative)
1st day 1 week 2weeks |4 weeks |8 weeks
‘ With cysteine 590 553 540 573 552
Without cysteine |612 580 549 518 404

Table 4: Storage of fusion protein of the insulin derivative at room
20 temperature, valuable substance (mg/l) after folding

1st day 1 week 2weeks |4 weeks |8 weeks
With cysteine 643 667 680 649 653
Without cysteine | 597 547 420 271 %™
*Application not possible because of severe putrefaction processes

By means of addition of cysteine or cysteine hydrochioride, storage times
25 of up to 2 months are made possible without significant loss of activity.



Wth cystei ne850831867845825 Wt hout cystei ne879827790712625 Tabl e 2:
Storage of fusion protein of human insulin at room tenperatgiepeg y@huabl e

substance (ng/1) after folding 10 1st clayl week2 weeks4 weeks8 weeks Wth

cystei ne792817800785790 Wt hout cystei ne812654312% % *Application not
possi bl e because of severe putrefaction processes Table 3: Storage of
fusion protein of the insulin derivatlilve at 5C, valuable 15 substance

(mg/ BLAMSer fol di ng (val uabl e substance means fol ded insulin

derivative)

1st dayl week2 weeks4 weeks8 weeks Wth cystei ne590553540573552 Wt hout
cyst ei ne612580549518404 Table 4: Storage of fusion protein of the insulin

deri viat i véh @roqegsripr 2ie staipes &f i eroteinl inadn eqvedist aolotion|, nepmprisibt eddifi@| di ng

15t dayl WeekielBake halesusSmeRih Sebibaryahd BERAHBOABIRT A h Ydeheyt ©

st ei neb597547420271% * because o

severe

putrefacti

pl'ication not possi _ _sev
delnypghe tasepasal qegreasa iisthefeffgdiiiet donnenifation of biemeotein duwisg elomge.

hydrochl ori de, storage tinmes 25 of up to 2 nonths are made possible

W t hout si

nificant |l oss of activity. 24 DEC 2004 CLAIMS 10 1. A process

for the stlbicap@cess aspslaimsdnini plaigh Taguesseis el profaim is co hpterdogays aprgiain

cysteine tpeshed RAURRAYSorgQhiti on in a concentration of fromabout 100 mMin

order to

3.

10.
11.

12.

13.

The process as claimed in claim 2, wherein the microorganism is a bacterium.

The process as claimed in claim 3, wherein the bacterium is Escherichia coli.

The process as claimed in claim 2, wherein the microorganism is a yeast.
The process as claimed in clair 5, wherein the yeast is Saccharomyces cerevisiae.

The process as claimed in claim 5, wherein the yeast is Pichia pastoris.

The process as claimed in claim 2, wherein the protein is prepared from an expression

vector construct.

The process as claimed in claim 1, wherein the protein is a heterologous protein and is

prepared in an insect cell.
The process as claimed in claim 1, wherein the protein is present in dissolved form.
The process as claimed in claim 1, wherein the protein is present in suspension.

The process as claimed in claim 1, wherein the concentration of cysteine in the agqueous

protein solution is in the range from about 100 mM to about 500 mM.

The process as claimed in claim 12, wherein the concentration of cysteine in the

agueous protein solution is in the range from about 150 mM fo about 220 mM.



del ay the tenporal decrease in the effective concentration of the protein
during storage. 2. The process as clained in claim1, mhere% @gotein
is a heterol ogous protein prepared in a mcroorganism 3 ﬁe process as
claimed in claim2, wherein the mcroorganismis a bacterium 4. The
process as clained in claim3, wherein the bacteriumis Escherichia co/i.
5. The process as clained in claim2,4iwherein the mcroorganismis a yeast.

6. The prolfh%Sﬁroeésscl ai 6T§iﬁ1e'dn1ncl:lﬁlnm152 mé.ﬁ'met%cwaﬁfon' Rw&es

carevisiae. 7. The process as clained in claimb5, wherein téﬁqyeast
Pi chi a pa%?@%s pretelmﬁéutmrueebeutaﬂomu med in claim2, wherein the pr ot ein
is prepared from an expression vector construct. 9. The process as clai med
~in clalml wherein the protein is a heterologous protein and is prepared
in a5 nsdde rrasess asFlaimpd ihelgieedd whereinfypietnein added imaicongpriradion of R

protein i snRig#RUqUeBusssa®n/ed form 11, The process as claimed in claim
1, wherein the proc{ ein is present in suspension. 12. The process as cl ai ned

in claiml, wherein the concentration of cysteine in the aqueous protein

sol utfeon ithel frobdl &28@Rdd AMbaRPYL whBRIAML SopRRUst RO rEMn thikes EB@e Rt OCcess

as clainmed in claim1l12, wherein the concentration of cysteine in the
aqueous prabeHt & &P abeBH0 S in t he range from about 150 mMto about 220 nM
24 DEC 2003 11 14. The process as clainmed in claim12, wherein the
concentration of cysteine in the aqueous protein solution is about 170 nM
15. THe prldedyscess ag elpimag 'PrF'%Wa‘i‘?nVi@fe'ﬂHB‘P slasags, st bereolel Gheealacn ah
concent r atghgpt fc 30@botdoP €. t he aqueous solution. 16. The process as
claimed in claim1l, wherein the storage of the protein takes place at

about 0 C. to about 50 C. 17. The process as clained in claim 16, wherein

the sftgor agmeQfrobdte & Qb@RidY hakssm P! amerah th@RRIMgOEr fre JrotefPRKEs BRcS at
about 5° C.

19. The process as claimed in claim 1, wherein the protein stored is insulin, an insulin

derivative, or a precursor thereof.

20. A process for the preparation and storage of a heterologous protein, comprising the
expression of the heterologous protein or its precursor in a transformed microorganism,
optional disruption of the microorganism and/or isolation of the heterologous protein or
its precursor from the culture medium, and the subsequent storage of the heterologous

protein according to the process of claim 1.

21. The process of claim 20, further comprising the renaturation of the heterologous protein
or its precursor and the purification and isolation of the heterologous protein, inciuding
optional removal of a leader sequence or other sequences that may be present in the
precursor of the heterologous protein.

22. The process as claimed in claim 21, wherein the animal insulin is human insulin.

23. The process as claimed in claim 20, wherein the heterologous protein is animal insutin.

24, The process as claimed in claim 1, wherein cysteine is added in a concentration of

greater than 100 mM to the agueous solution.



18. The process as clained in claim 17, wherein the storage of the protein
takes place at about 5 C. 19. The process as clained in claim1, wherein
the protein stored is insulin, an insulin derivative, or 3 lErD%Eufa??r
thereof. 20. A process for the preparation and storage of a heterologous
protein, .conprising the expression of the heterologous protein or its
precursor | nsf r\lgﬁ)d m croorgani sm optional disruption of the

m croorgam@%ﬁgyﬁ%@‘l?s ation of the heterologous protein or its
precursor fromthe culture nedium and the subsequent storage of the

het er ol Ogﬂb%trfaef otein according to the process of claiml1l _ 21. The process

of claim 20, further conprising the renaturation of the heterol ogous
protein or its precursor and the purification and isolation of the

het er'ol ogqie ekt ifvehtich vsthite tooRredls fof My atorafe af Ippaidris Begience or

th t hat b t h the h i :
pr ot ei . 29uSefie. prveeaas AL | Gystsie PR RS, dPHrerRE UMl 1 noul i n

i s human ieffeativerco@@ntiedtienprfdhegrotesn.cTize peatdss is [saitab20or wbenieitime t he

het er ol og el .S ani i |k 24. The process as clainmed in
claim1, &E@qlgtﬁhcﬁﬁré%ﬁ@!n;mgﬁgéﬁn%&gs'concentrati on of greater than 100
nmvito the aqueous sol ution. Abstract The present invention relates to a
process for the storage of proteins in an aqueous solvent. The addition of
cysteine delays the decrease in the effective concentration of the
protein. The process is suitable for use in the producti on of
proteins in mcroorgani sns.



