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stabilization of proteins in conplex mxtures during thelr storage in
aqueous sol vents 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

_»% " Description

5 Process for the stabilization of proteins in complex mixtures during their
storage in aqueous solvents

The present invention relates to a process for the storage of proteins in an
aqueous solvent.
10
The chemical state of the SH groups of proteins or other oxidation-sensitive
) structures often has an effect on the identity, activity or effective
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). :
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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.



reconbi nant proteins such as insulin or its precursors, and also insulin 10
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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



econom cal utilization of the resources enployed and a decrease in
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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.



production products of differing conposition and formof state from

I ndi vi dual process steps of industrial production processes including

bi ol ogi cal components, for exanple with participation of enzyne gatalysts
or genetically nodified mcroorgani sns., Such processes atel for 10
exanple; in the preparation of insulin. Dependlng on the process step, the
production products to be inter- nmedi &tely stored can consist of different
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aqueous  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.



solvent. 5 The process is suitable for the stabilization of [l|acuna]
slowing of the 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 m croorganj pgs.qgfxanpl es of
appropriate 10 mcroorganisns are, inter alia, especially bacteria, in this
case in particular Escherichia coil, geasts, such as, especially,
Saccharonyces cerevisiae or Pichia pastoris, and also insect cells. In the
preferred enbodi nent, these mcroorganisns can be transformed using
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To del ay tlg:g(ahgﬂégzi vation, cysteine is added to this protein mxture. The
.concentration of cysteine in the protein 30 m xture nmay be between 100 and
“500 nM or. 150 and 220 M 170 nM are preferably added. In this way,
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insulin an t's precursor. oterns dase or storage in a process of the
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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
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further relates to a process for the preparation of a heterol ogous
protein, conprising the expression of the heterologous proters fAfits
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then stor.ed by neans of a process according to the present invention. This
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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.



5 to becone readily stirrable again fromaround pH 4. Under these
experinmental conditions, a cysteine hydrochloride concentration of 170 nM
is established in the protein suspension. The protein sqppqﬂ%l |s 2 4 DEC
2003 7 subsequently stirred for 60 mn, after which it canre |n wi t hout
further .stirring until working-up. 5 Exanple 1: For experinental
confirmati on of the preserving actionaof cysteine, the follow ng
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" (EP 90§ mﬁﬁ% C%&? it of cysteine necessary for folding was added to
batche ﬁ e ored w t hout 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 nmeans of HPLC. 25
HPLC anal ysis: 0.5 g of protein is dissolved in 40 Ml of a solution of 6 M
guani dine hydrochloride, 50 mMMtris, pH 8.5 [lacuna] nM

et hyl enedi am netetraacetate (EDTA), 1% 2-ner captoet hanol and 10 nM
dithiothreitol at 95C for 2 min 30 and then centrifuged at 14,000 g for 20
mn. 0.02 m of the clear supernatant is applied to a high-pressure f quid
.chromat ogr aphy colum. Col umm: (r)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



Tenperature: 55C Total running tinme: 40 mn. 2 4 DEC 2003 8 The gradient
"is defined by the followi ng amount of buffer B after the correspondi ng
running times: 10 mn 25% 12 mn 60% 13 mn 90% n 100% . Flow 1
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dayl week?2 Wth cystei ne850831867845825 Wt hout
cysteine879@%3@3@9?§%§§§¥w@$§§2 St orage of fusion protein of human insulin
at roomtenperature, valuable substance (ng/l) after folding 10 1st clayl

week2 weeksgappels8 yg ﬁd% Wtfhsﬁﬁsbﬁjt@ﬁ@?%?u%@?ﬁéﬁﬁpaWé *Waluable

cyst ei ne812654312%% not gosm because of severe
put r ef act i oPHRHBRER 4@@'&@5@ f@ldl@ dvalyabler SHbStRoRe preaes (foldled: Rumapsul i n
derivatisve jbufid), val uable 15 substance (ng/1l) after folding (valuable

subst ance neans folded insulin derivative) 1st dayl week2 weeks4 weeks8
weeks Wt heysteine590553540573552 W-thout—ecysteirne612580549518404 Tabl e 4:

St orage of [fusi on protei higifdayhe |iingedk n (2 weaksi Viel wbekoonB vaibks

terrperaturqwl%aéy%eg g supstpnce (gm,l) afterfoldiing, 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.



1st dayl week2 weeks4 weeks8 weeks Wth cystei ne643667680649653 Wt hout c
st ei ne597547420271% *Application not possible because of seyefm 03
putrefaction processes By neans of addition of cysteine or cysteine
hydrochl ori de, storage tinmes 25 of up to 2 nonths are nade possible

W thout significant |loss of activity. 24 DEC 2004 CLAIMS 10 1. A process
for the storage of a protein in an ad@eous sol ution, conprising adding

cyst &LlAMS t he aqueous solution in a concentration of from about 100 mMin
order to delay the tenporal decrease in the effective concentration of the
protein during storage. 2. The process as clainmed in claim1, wherein the
prot €i-n i $ @rensserfof dop $orpgeotodian projeiapiar anl aqueeusriseluter, geonigising3adding
process a [ ; r ] i, Lm

i The. pr oY eeme By A il £ oot BORSAREBMOF ol REGKEE T
co/i. 5. THeyghetamporaldesreasaitthereliertveraopcenitadipe ohthetpeotaingiudog glenagem i s a
yeast. 6. The process as clainmed in claimb5, wherein the yeast is
Saccharomyces carevisiae. 7. The process as clainmed in claimb5, wherein the
yeast?-i s HihehP@cpsss @6r ¢laimeg. inThlainprio ceaseiasthel priotaiel i$ r@ belgroledbuswpretedi n t he
protein i : Xpression vector construct. 9. The process as
cl ai med i?rﬁﬁ?ﬂnﬁjm&%%?ﬂsfhe protein is a heterol ogous protein and is
prepared in an insect cell. 10. The process as clained in claiml, wherein
the py ot eihel odls8 $8MaihBd fH S5 ¥ SohdrQh Be mﬂc?oor%é}ﬁsrﬁﬁsogﬁiae@ﬁn.c' ai med in
claim1l, wherein the protein 1s present in suspension. . e process as
claimed in claiml, wherein the concentration of cysteine in the agueous
Prot el N S Al ik as'olhihBe il G4AP3 WIRIARY bacl AR £naRaM ocp00 MM 13 The
-priocess as clainmed in claim 12, wherein the concentration of cysteine in
the aqueous protein solution is in the range from about 150 mMto about

220 WM 24HIFGrA3 Ad c;;ﬁlnedThﬁea%mezs \ﬂ%r&hakﬂﬁeqﬂfcfbo?%ﬁiiéﬂ 1%, a\l'f}% in the

concentration of cysteine int aqueous protein soluti©on 1s about 0 nM
6. The process as claimed in clair 5, wherein the yeast is Saccharomyces cerevisiae.
7. The process as claimed in claim 5, wherein the yeast is Pichia pastoris.
8. The process as claimed in claim 2, wherein the protein is prepared from an expression

vector construct.

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

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

12. 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.

13. 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.



15. The process as clained in claim 12, wherein cysteine is added in a
concentration of 500 nMto the aqueous solution. 16. The pé q$§§

claimed in claim1, wherein the storage of the protein take ace at

about 0 C. to about 50 C. 17. The process as clainmed in cIa|n116 wherein
the storage of the protein takes place at about 50 C. to about 30 C. 18.
The process as clainmed in claim17, wherein the storage of the protein

t akes;pl acedbroc8ROUl Jaifmed R cidihe Qrﬂf‘e?émaﬁuecljscﬁch%tfoﬂ & 8jdRirte iYNREEI N
the protein stored is insulin, an insulin derivative, or a precursor

t her eof . Zﬁue%W%W@E%E§NW%¥“§ﬁéowfﬁﬁaﬁﬁt|on and storage of a heterol ogous
protein, conprising the expression of the heterologous protein or its

- precursor in a transforned mcroorganism optional disruption of the

i cr 08r ganinsrATaFR$E @ GAMPain eainbf 2. whersintyplsnedd addsst iptaegamcentratiop f 500
precur sor fuaeHsuedlid Woigtidiedi um  and the subsequent storage of the

het erol ogous protein according to the process of claiml 21. The process
of claim20, further conprising the renaturation of the heterol ogous

prot gigh  Offel ;Sréc&'seﬁé-’&l%i?ﬁe@mjcibﬂﬁ? 1P Whikdisf {d %r&@;@dof' tﬁ@lp%tbﬂntaf?és pREe at

het er ol ogous protein, including optional renoval of a'leader sequence or
ot her seq&@ﬁé&%(iW%?5Wﬁ Obe- present in the precursor of the heterol ogous
protein. 22. The process as claimed in claim2l, wherein the animal insulin
is human insulin. 23. The process as clainmed in claim20, wherein the

het er'dl ogdh¢ RIPERSSi 36 Fiémm ireglaimn i wherein dhe staseoerpbibieguotel iekes plage iah
claiml, whgnetoc aysheitweis added in a concentration of greater than 100
nmM to the aqueous sol ution. Abstract The present invention relates to a
process for the storage of proteins in an aqueous solvent. The addition of
cyst gjgne deleapscdadasihfask ddimt e withéirahé \éﬁ)rggmsremter;ﬁéﬂemaﬁés bi&%e at
protein. The process is suitable for use in producti on of

prot ei ns @RH ¥ror gani sms.

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.





