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Process for obtaining proinsulin possessing correctly
linked cystine bridges

Human insulin is a protein possessing two amino acid
chains of 51 amino acid residues in all. 6 cysteine
residues are present in the two amino acid cﬁains, with

in each case two cysteine residues being linked to each
other via a disulfide bridge. In biologically active
human insulin, the A and B chains are linked to each
other via two cystine bridges, and a further cystine
bridge is present in the A chain. From the statistical
point of view, there are 15 poasibilit:les of forming
disulfide bridges within one human insulin molecule. Only

one of the 15 possibilities is present in biologically
active human insulin. The following cysteine residues are .
‘linked to each other in human insulin:  pp e e T

REPLACED SHEETS SG
A6 - A 11 ¥ Description : paged ..4.... lo paged ?
A7 -B7 : .[Z( laim(s)  :paged. l‘l to paged .. #....
77 Drawing(s) : paged ....... to paged ...c....-
A 20 - B1S f Abstract  :paged .. Y. to paged ..7.....
The letters A or B stand for the |pespectivecdmgulin .

chains, while the number stands for the position of the
amino acid residue, as counted from the amino end to the
carboxyl end of the respective amino acid chain. Disul-

fide bridges can also be formed between two human insulin
molecules, so that many different disulfide bridges can
readily arise in an unpredictable manner.

A known process for preparing human insulin is based on
the use of human proinsulin. Human proinsulin is a
protein possessing one linear amino acid chain composed
of 86 amino acid residues, with the A and B chains of the
human insulin being linked to each other via a C peptide
possessing 35 amino acid residues. The formation of the
disulfide bridges which are present in human insulin is
effected by way of an intermediate, with the cystine
regsidues of the human insulin being provided with a
sulfur protective groﬁp, e.g. with a S-sulfonate (-S-80,7)
group (EP 0 037 255). 1Im addition, a process for
obtaining proinsulin possessing correctly linked cystine
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bridges is known (Biochemistry, 60, (1968), pages 622 to
629) for which pig proinsulin is used as the starting
material and in which the cystine residues are present as
thio residues (-SH). The term "correctly linked cystine
bridges™ is understood to mean the disulfide bridges

which are found in biologically active insulin from
mammals. '

Recombinant processes make it possible to prepare human
proinsulin, or proinsulin possessing an amino acid
sequence and/or amino acid chain length diverging from
that of human insulin, in microorganisms. The proinsulins
which are prepared from recombinantly altered Escherichia
coli cells do not possess any correctly linked cystine

. bridges. A process for obtaining human insulin using E.

colli (EP 0 055 945) is based on the following procedural
steps: '

fermentation of the microorganism - cell disruption -
isolation of the fusion protein - cleavage of the fusion
protein with cyanogen bromide - isolation of the cleavage
product having the proinsulin sequence - protection of
the cysteine residues of proinsulin with S-sulfonate
groups - formation of the correctly linked cystine
bridges - sulfitolysis - desalting of the proinsulin -
chromatographic purification of the proinsulin possessing
correctly linked cystine bridges - concentration of the
proinsulin solution - chr_bmatographic purification of the
concentrated proinsulin solution - enzymatic cleavage of
the proinsulin in order to obtain human ingulin -

chromatographic purification of the resulting human
insulin.

- Disadvantages of this process are the number of pro-

cedural steps and the losses in the purification steps,
which losses lead to a low yield of insulin. Owing to the
multi-step procedural route, substantial losses have to
be accepted when using this procedure. From the step of
the isolated fusion protein via cyanogen bromide cleav-
age, sulfitolysis and purification of the proinsulin, a
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loss of proinsulin of up to 40% 'is to be expected
(EP 0 055 945) . High losses of a similar nature can occur
during the course of the subsequent purification steps
leading to the final ﬁroduct.

5 Increases in yield in association with the recombinant
preparation of human insulin, or of insulin derivatives,
can be achiewied i£f the number of the necesary procedural
steps can be significantly reduced.

The obj.ect of the present invention was to develop a
10 process for obtaining proinsulin possessing correctly.
linked cystine bridges in the proinsulin amino acid
chain, in which process fewer procedural steps aré'
necessary and total purification losses are lower.

A process for obtaining proinsulin of the formula I
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15 has now been found,

which comprises :
A) réact:lng a protein of the formula II,

R2.R'-B2-B28-Y-X-Gly-A2-A20-R® | ()

with a quantity of a mercaptan, which quantity
yields 2 to 10 -SH radicals of the mercaptan per

20 cysteine residue of the protein of the formula II,

mmummmﬂi "
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in the presence of a chaotropic auxiliary agent in
an aqueous medium at a pH of 10 to 11 and at a
concentration of the protein of the formula II of
0.05 to 0.3 g per liter of agqueous medium, and the
proinsulin of the formula I which is cobtained

B) being mixed with 3 to 50 g of a hydrophobic adsorber
resin per liter of agqueous medium at a pH of ¢ to 7,

C) . the adsorber resin, which has adsorbed proinsulin of
the formula I, being isolated, and

D) the proinsulin of the formula I being desorbed from
the adsorber resin;

in formula I and II

X is a) a genetically encodable amino acid residue or

- b) a peptide possessing 2 to 35 amino acid residues,

Y is a genetically encodable amino acid residue,
R? is a phenylalanine residue or a covalent bond,
R? is a) a hydrogen atom,

b) a genetically encodable amino acid residue or

c) a peptide possessing 2 to 45 amino acid residues,
R® is a genetically encodable amino acid residue, and
the residues A2 - A20 correspond to the amino acid

'sequence of the A chain of human insulin, animal insulin,

or an insulin derivative, and the residues B2 - B29
correspond to the amino acid sequence of the B chain of
human insulin, animal insulin, or an insulin derivative.

Prbteins of the formula II are preferred in which.

X is a peptide possessing the amino acid sequence of
the C chain of human insulin,
b 4 is an amino acid residue selected from the group

comprising Ala, Thr or Ser,
R? is the amino acid residue Phe,
R? is a) a hydrogen atom, or
b) a peptide possessing 2 to 25 amino acid residues,
R is an amino acid residue selected from the group
comprising Asn, Ser or Gly,
and the residues A2 - A20 and B2 - B29 correspond to the

amino acid sequence of the A and B chains o©f human
insulin.
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Proteins of the formula II are particularly preferred in

which
X is a peptide possessing 2 to 35 amino acid residues,
where two basic amino acids, in particular Arg
and/or Lys, are located at the beginning and at the
end of the peptide,
Y is the amino acid residue Thr,
R is the amino acid residue Phe,
R? is a) a hydrogen atom, or -
b) a peptide possessing 2 to 15 amino acid residues,
at v)hose carboxyl end the amino acid residue Met
or Arg is located,
R? is the amino acid residue Asn,
and the residues A2 - A20 and B2 ~ B29 correspond to the
amino aclid sequence of the A and B chains of human
ingulin.

It has been found, surprisingly, that the protein of the
formula II does not have to be completely reduced in a
reaction step which customarily precedes refolding.
(R. Jaei:xicke, R. Rudolph, 1989, Folding Proteins, in
Protein Structure a practical Appi:oach; ed. Creighton,
T.E. pp. 191-224, JRL Press Oxford; EP 0 219 874) and
that, in the described procedure, despite a high propor-
tion of foreign protein (70 - 90%), folding yields are
achieved which are of comparable magnitude to those
achieved when correspondingly purified proinsulin pos-
sessing -SH protective groups is folded.

When compared with previously known methods, the process
according to the invention makes possible a preparation
which is appreciably more rapid and provides higher
yields. The reason for this is that the procedural steps
of sulfitolysis and, where appropriate, cyanogen bromide
cleavage, are avoided and the option, which was previ-
ocusly unknown, is provided for folding proinsulin corre-
sponding to the formula (I) in high yields into the
biologically active structure directly from its denatured
condition in the presence of limited quantities of
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ehaol;ropic .salts. This makes it possible to separate off
the resulting proinsulin from the folding solution by
adsérption. Thus, the proinsulins can, £ollowing
desorption from the adsorbing agent, be used for enzymic
conversion to insulin without any prior intermediate
isolation or purification. The process according to the
invention leads to a substantially abbreviated prepara-
tion procedure which, because of shorter standing times
and the avoidance of losses, permits increases in yield
of the order of 25 - 100% as compared with the known
processes. '

The amino aclid sequence of peptides and proteins is
indicated from the N-terminal end of the amino acid
chain. The data given in brackets in formula I, e.g. A6,
A20, Bl, B7 or Bl9, correspond to the position of amino
acid residues in the A or B chains of the insulin.

The amino acids Gly, Ala, Ser, Thr, Val, Leu, Ile, Asp,
Asn, Glu, Gln, Cys, Met, Arg, Lys, His, Tyr, Phe, Trp,
Pro and selenocysteine represent the term "genetically
encodable amino acid residue®.

The terms "residues A2 - A20" and "residues B2 - B29" of
animal insulin are understood to mean, for example, the
amino acid sequences of insulin from cattle, pigs or

. poultry.

The term residues A2 - A20 and B2 - B29 of insulin
derivatives represents the corresponding amino acid
sequences of human insulin which are formed by exchanging
amino acids for other genetically encodable amino acids.

The A chain of human insulin has the following sequence
(SEQ ID NO: 1):

Gly. lle, Val, Glu, Gin, Cys, Cys, Thr, Ser, lle, Cys, Ser, Leu,
Tyr, Gin, Leu, Glu, Asn, Tyr, Cys, Asn

This Sheet Has Been Replaced :
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The B chain of human insulin has the following sequencé
(SEQ ID NO: 2);

-7 -

Phe, Val, Asn, Gin, His, Leu, Cys, Gly, Ser, His, Leu, Val, Giu,
Ala, Leu, Tyr, Leu, Val, Cys, Gly, Glu, Arg, Gly, Phe, Phe, Tyr,
Thr, Pro, Lys, Thr

The C chain of human insulin has the following sequence
(8EQ ID NO: 3).

Arg, Arg, Glu, Als, Glu, Asp, Leu, Gin, Val, Gly, Gin, Vat, Glu, Leu, Gly, Gly,
Gly, Pro, Gly, Ala, Gly, Ser, Leu, Gin, Pro, Leu, Ala, Leu, Glu, Gly, Ser, Leu,
Gin, Lys, Arg.

Chaotropic auxiliary agents are compounds which ‘break
hydrogen bonds in agqueous solution, for example ammonium
sulfate, guanidine hydrochloride, ethylene carbonate,
thiocyanate, dimethyl sulfoxide and urea.

The term hydrophobic adsorber resin represents nonionic,
hydrophobic, crosslinked polymers and/or copolymers, for
example polystyrene or copolymers composed of styrene and
divinylbenzene, in particular polymeric adsorber resins
ha.iring a large surface and many large pores, e.g. commer-
cial preparations from the companies Rohm and Haas or
Mitsubishi Chemical Industries Ltd., such as XaD16,
XAD1600 or HP20.

The term mercaptan is underastood to mean compounds which
are soluble in water and contain at least one -SH group.
Examples of these compounds are dithiothreitol, dithio-
erythrol, 2-mercaptoethanol, cysteine, methyl thioglycol-
ate, 3-mercapto-1,2-propanediol and 3-mercaptopropionic
acid.

The protein of the formula II can be formed in micro-
organisms with the aid of a multiplicity of recombinant
constructs (EP 0 489 780, EP 0 347 781, EP 0 453 969).
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Thé recombinant constructs are expressed during fermenta-
tion in microorganisms such as Escherichia coli or
streptomycetes. The proteins which are formed are stored

within the interior of the microorganisms (EP 0 489 780)
" or are secreted into the fermentation solution.

For the process according to the invention, proteins of
the formula II can be employed which, directly after cell
disruption, are still contaminated with a multiplicity of
proteins derived from the fermentation solution and from
the microorganisms. However, the proteins of the formula
II can also be employed in prepurified form, for example

following a precipitation or a chromatographic purifica-
tion.

The approach in procedural step A) is as follows:

The proteins are dissolved in a chaotropic auxiliary
agent or in mixtures of different chaotropic auxiliary
agents. Preferably, guanidine hydrochloride is used at a
concentration of 6 to 10 M, preferably 8 M, based on
water as the solvent. The pH of the reaction mixture is
8.5 to 10.8. Examples of buffers which can be used are
phosphate, tri(hydroxymethyl)aminomethane(Tris), borate
or glycine buffers. The concentration of the buffer
substances in the aqueous medium is up to 0.5 M, prefer-
ably from 0.005 M to 0.5 M, particularly preferably from
0.05 M to 0.1 M. Subsequently, the protein mixture is
mixed with an aqueous solution of mercaptan. This results

in the following concentrations in the reaction solution
{based on water):

The concentration q:E the protein of the formula II is
0.05 to 0.3 g/1, preferably 0.1 to 0.2 g/l1.

The guantity of the mercaptan is 2 to 10 -SH radicals of
the mercaptan per cysteine residue of the protein of the
formula II, preferably 3 to 6.

The pH of the solution is 10 to 11, preferably 10.8. The
abovementioned buffer components are used. The precise pH
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is set by adding sodium hydroxide solution. The concen-
tration of the buffer components is 0.005 to 0.5 M,
preferably 0.05 to 0.1 M.

-9 -

The concentration of the chaotropic auxiliary agent in

. the reaction mixture containing the mercaptan is 1less

1 M, preferably 0.1 to 0.8 M, in particular 0.3 to 0.6 M.
Either cysteine or 2-mercaptoethanol on their own, or a.:"
mixture of the two, 1is preferably employed as the
mercaptan.

| The temperature during the folding in procedural step A)

is 0°C to 50°C, pfeferahly 2°C to 30°C, in particular 4°C
to 10°C. The reaction time is 3 to 12 hours, preferably
4 to 8 hours, in particular 5 hours.

The product from procedural step A) is a proinsulin of
the formula I, which contains correctly linked cystine
bridges.

In procedural step B), the reaction solution from pro-
cedural step A) is adjusted to a pH of 4 to 7 using an
acid such as hydrochloric acid or sulfuric acid. If
turbidities arise in the solution, these are removed by
filtration or by centrifugation. A hydrophobic adsorber
resin is then added to the remaining solution. Resins of
the type XAD or HP20 have proved to be suitable. The

quantity of the resin is 3 to 50 g per liter of reaction
solution, preferably 10 to 25 g/l.

The suspension which is obtained is stirred for 3 to 4
hours. The adsorption of the proinsulin of the formula I
to the resin is checked by sampling and hy'high pressure |
liquid chromatography analysis (HPLC analysis). As soon
as proinsulin can no longer be detected in the solution,
the adsorbér resin is separated off from the agquecus
reaction solution (procedural step C). This is effected,
for example, by filtration or centrifugation in accord-
ance with known methods. The resin, with adsorbed
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pro:l.ﬁsulin, is washed with a purely aqueous solut:‘:l.-on or
with a buffer-containing agqueous solution.

- 10 -

The desorption (procedural step D) of the proinsulin of
the formula I is ‘effected in accordance with known
methods which depend on the hydrophobic adsorber resin
used. In the case of XAD or HP20 adsorber resins, for
example, desorption is effected using an aqueous solution
which contains 10 to 50% of a non-ionic, organic solvent
which is miscible with water, e.g. a (C;-C;)-alkanol.
Preferably, 50% isopropanol is used in water as the
solvent. The desorption of the proinsulin of the formula
I is effected, for example, by washing with the isopro-
panol solution. The washing can be effected by mixing
with the isopropanocl solution in a vessel with a stirrer,
or by chromatography in a column. The ratioc of the volume
of resin to that of isopropanol solution is 1:1 to 1:10,
preferably 1:1.1 to 1:2. The washing steps c_axi be repea-
ted one to five times, preferably twice. The combined
isopropanol fractions can Dbe used £or further
chromatographic purification or for the enzymic cleavage
of the proinsulin to insulin either directly or following
dilution with water (Kemmler et al., J. Biol. Chem. 246
(1971), page 67863 EP 0 305 760).

The process according to the invention is described in
detail in the <following examples. Percentage values
relate to weight unless otherwise indicated.

Example 1

Proinsulin 1 possessing the following amino acid sequence
is prepared by fermenting genetically modified Esche-
richia coli cells (EP 0 489 780).

Proinsulin 1 (SEQ ID NO: 4);
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Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val Asn Gin His
Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly Giu
Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Glu Ala Glu Asp Leu
_Gln Val Gly Gin Val Giu Leu Gly Gly Gly Pro Gly Ala Gly Ser Leu
Gin Pro Leu Ala Leu Glu Gly Ser Leu Gin Lys Arg Gly lie Val Giu

Gin Cys Cys Thr Ser lie Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys
Asn

- 11 -

Proinsulin 1 corresponds to the formula II, in which

X is the C peptide of human insulin,

Y is Thr (B30),

R* is Phe (Bl),

R? is a peptide possessing 11l a:_nino acid residues,

R? is Asn (A21), and '

A2 - A20 is the amino acid sequence of the A chain of
human insulin

(axg:!.no acid residues 2 to 20) and B2 - B2% is the amino

acid sequence of the B chain of human insulin (amino acid
residues 2 to 29).

The expressed proinsulin 1 accumulates in the E. coli
cells and forms inglusion bodies. Once fermentation is
complete, the cells are separated off by centrifugation
and disrupted by cuétomary high pressure homogenization.

The fusion protein inclusion bodies which are liberated

are isolated by centrifugation.

1000 g of the isolated fusion protein inclusion bodies
(based on moisture-free weight following freeze drying)
of the proinsulin are dissolved in 100 1 of an 8 M
guanidine hydrochloride solution at pH 10.8. After
removing small quantities of turbidity-causing solids by
centrifugation, the clear solution is stirred into 900 1
of an aqueous solution of cysteine (125 g of cysteine
hydrochloride hydrate) at a pH of 10.8 and a temperature
of 4°C. The insulin content of the fusion protein is
determined by SDS electrophoresis scanning (U.K. Lémmli,
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ﬁature, Volume 227, pages 680-685, 1970). It is 15%.
Following completion of the £folding reaction, a
proinsulin content of 105 g in the reaction mixture is
measured by analytical HPLC.

The solution is adjusted to a pH of 4.5 with 6 N HCl and
a slight turbidity is removed by centrifugation. 30 kg of
HP20 (Mitsubishi Chemical Industries Ltd., Diisseldorg,

- 12 -

. Germany) are added to the clear solution. The suspension

is slowly stirred for about 4 hours until proinsulin 1
can no longer be detected in the supernatant. The resin
is separated off by filtration through' a suction filter
and washed with water. Desorption of the product is
effected by slurrying the resin in 50 1 of a 50%
strength, aqueous, solution of iscpropanol. The filtra-
tion and the incubation with the isopropanol solution are
repeated twice. The yield of proinsulin of the formula I
is 103 g.

HPLC analysis _

0.5 g of protein is dissolved in 40 ml of a solution
composed of 6 M guanidine hydrochloride, 50 mM Tris, pH
8.5, 5 mM ethylenediamine tetraacetate (EDTA), 1% 2-mer-
captoethanol and 10 mM dithiothreitol at 95°C for 2 min
and then centrifuged at 14000 g for 20 min. 0.02 ml of
the clear supernatant is loaded onto a high pressure
liquid chromatography column.

Column: ®Nucleogel RP 300-5/46 (Macherey & Nagel,
Aachen, Germany)
Gradient: buffer A: 0.1% trifluorocacetic acid (TFA)

buffer B: 0.09% TFA in acetonitrile
Temperature: 55°C
Total running time: 15 min,
The gradient is characterized by the following quantities
of buffer B after the corresponding running times:
10 min 25%, 12 min 60%, 13 min 50%, 15 min 100%.
Flow rate: 1 ml/min
Detection: 215 nm
Retention time for
proinsulin: 9 min.
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A proinsulin 2 possessing the following amino acid

sequence is prepared by fermenting a genetically modified
E. coli (EP 0 347 781):

Proinsulin 2 (SEQ ID NO: 5)
Met Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gin Leu Gin Leu Glu
His Leu Leu Leu Asp Leu Gin Met lie Leu Asn Gly lie Asn Asn Tyr
Lys Asn Pro Lys Leu Thr Arg Met lle Glu Gly Arg Phe Val Asn Gin
His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly
Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Gly lle Val Glu Gin
Cys Cys Thr Ser lle Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys Asn

Example 2

The expressed proinsulin 2 accumulates in the E. coli
cells and frequently forms inclusion bodies. Disruptiom
of the cells is effected as in Example 1. The proineﬁ.line
thus obtained are subjected to cleavage with cyanogen
bromide, resulting in the formation of proinsulin 3 (SEQ
ID NO: 7).

Proinsulin 3 corresponds to the formula II, in which

X is Arg,

Y is Thr (B30),

R? is Phe (Bl1),

RrR? is a peptide possessing 4 amino acid residues,

R is Asn (A21), and '_

A2 - A20 and B2 - B29 correspond to the amino acid

sequences of the A and B chains, respectively, of human
insulin.

Following the cleavage with cyanogen bromide, the content
of proinsulin 3 in a freeze-dried sample coﬁtaining 9.2%
insulin-containing protein is determined quantitatively
by SDS electrophoresis.

1000 g of the proinsulin 3 are incubated together with
cysteine hydrochloride hydrate as in Example 1. Following

" this, a content of 63 g of proinsulin of the formula I in
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the total reaction mixture is determined using anilyﬁical
HPLC. As in Example 1, the product is adsorbed with 35 kg
of XAD-1600 resin (Rohm and Haas Company, Philadelphia,
USA) and removed from the reaction solution. After
washing the resin and desorbing the product, the content
of proinsulin of the formula I is determined to be 56 g.

Example 3

Proinsulin 4 possessing the following amino acid sequence

is prepared by fermenting a recombinantly modified E.
coli (Ep 0 489 780):

Proinsulin 4 (SEQ ID NO: 6)

Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val Asn Gin His
Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly Glu
Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Gly lle Val Glu Gin Cys

Cys Thr Ser lie Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys Asn

Proinsulin 4 corresponds to the formula II in which.

X . is Arg,

Y is Thr, (B30),

R* is Phe (Bl),

R? is a peptide possessing 11 amino acids,

R} is Asn (A2l1), and

A2 - A20 and B2 - B29 correspond to the amino acid

sequences of the A and B chains, respectively, of human
ingulin. '

After disrupting the cells, the fusion protein is iso-

lated from the homogenate by centrifugation. Following
determination of the content of the product (15%) as in
Example 1, 1000 g of the fusion protein are employed for
the folding reaction. The folding yield at the end of the
reaction is determined, as in Example 1, to be 60%. The
yield amounts to 108 g of proinsulin. '
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SEQ ID NO:1
TYPE OF SEQUENCE: amino acid (Aa)
LENGTH OF SEQUENCE: 21 AA

Gly lle Val Glu Gin Cys Cys Thr Ser lle Cys Ser Leu Tyr Gin Leu

1 5 10 15
Glu Asn Tyr Cys Asn
20

SEQ ID NO:2
TYPE OF SEQUENCE: AA
LENGTH OF SEQUENCE: 30 AA

Phe Val Asn Gin His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 _ 10 15
Leu Val Cys Gly Glu Arg Gty Phe Phe Tyr Thr Pro Lys Thr

' 20 25 30

SEQ ID NO:3

_TYPE OF SEQUENCE: amino acid (AA)

LENGTH OF SEQUENCE: 35 AA

Arg Arg Glu Ala Giu Asp Leu Gin Val Gly Gin Val Glu Leu Gly Gly

' 5 10 15

Gly Pro Gly Ala Gly Ser Leu Gin Pro Leu Ala Leu Glu Gly Ser Leu
20 25 30

Gin Lys Arg

35
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SEQ ID NO:4

TYPE OF SEQUENCE: amino acid (AA)

LENGTH OF SEQUENCE: 97 AA
Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val Asn Gin His
1 5 10 15
Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly Glu

20 25 ' 30
Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Giu Ala Glu Asp Leu
35 40 45
Gin Val Gly Gin Val Glu Leu Gly Gly Gly Pro Gly Ala Gly Ser Leu
~ B0 55 60
Gin Pro Leu Ala Leu Glu Gly Ser Leu Gin Lys Arg Gly lie Val Glu
65 70 75 : 80
Gin Cys Cys Thr Ser lle Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys
85 80 95 |

Asn

—_—
ThIoS \

//II/I//IIII//l//IlI/liI?ced '
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SEQ ID NO:5 '

TYPE OF SEQUENCE: AA

LENGTH OF SEQUENCE: 96 AA
Met Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gin Leu Gin Leu Glu
1 5 10 15
His Leu Leu Leu'Asp Leu Gin Met lle Leu Asn Gly lie Asn Asn Tyr

20 25 30 B
Lys Asn Pro Lys Leu Thr Arg Met lle Glu Gly Arg Phe Val Asn Gin
35 40 45
His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly _
50 65 60
Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Gly lie Val Glu Gin
65 - 70 75 80
Cys Cys Thr Ser lie Cys Ser Leu Tyr Gin Leu Gilu Asn Tyr Cys Asn
85 20 95

This Sheet Has Been R

I lﬂl i

5 SEQ ID NO:6
_TYPE OF SEQUENCE: amino acid (AA)
LENGTH OF SEQUENCE: 63 AA
Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val Asn Gin His
1 5 ' 10 15
Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly Glu
20 25 30
Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Gly lle Val Glu Gin Cys
35 40 45 '
Cys Thr Ser lle Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cyi Asn
50 55 60
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SEQ ID NO:7
TYPE OF SEQUENCE: AA
LENGTH OF SEQUENCE: 56 AA

lie Glu Gly Arg Phe Val Asn Gin His Leu Cys Gly Ser His Leu Val
1 5 10 15
Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro
20 25 30
Lys Thr Arg Gly lle Vai Glu GIn Cys Cys Thr Ser lle Cys Ser Leu
35 40 45
Tyr Gin Leu Glu Asn Tyr Cys Asn
50 55
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Patent claims
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‘A process for obtaining proinsulin of the formula I
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HR=G I Cys Crs Cys Cys R3-oH

(A ) i (A7) (a11) |

]

| I

s H

! |
r! Cys Cys - Y

(Bt) (87) (819)

A)

reacting a protein of the formula II,

R2-R'-B2-B29-Y-X-Gly-A2-A20-R® (i

B)

.C)

D)

in

with a quantity of a mercaptan, which quantity
yields 2 to 10 -SH radicals of the inercaptan per
cysteine residue of the protein of the formula
II, in the presence of at least one chaotropic
auxiliary agent in an aqueous medium at a pH of
10 to 11 and at a concentration of the protein of
the formula II of 0.05 to 0.3 g per liter of
aqueous medium, and the proinsulin of the formula
I which is obtained

being mixed with 3 to 50 g of a hydrophobic
adsorber resin per liter of aqueous medium at a
pH of 4 to 7,

the adsorber resin, which has adsorbed proinsul:ln
of the formula I, being isolated, and

the proinsulin of the formula I being desorbed
from the adsorber resin;

formula I and II
is a) a genetically encodable amino acid
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_ residue or
b) a peptide possessing 2 to 35 amino acid
residues,
¥ is a genetically encodable amino acid residue,
R* is a phenylalanine residue or a covalent bond,
R? is a) a hydrogen atom, :
b) a genetically encodable amino acid resi-

due or
c) a peptide possessing 2 to 45 amino acid
residues,
R} is a genetically encodable amino acid residue,
and

the residues A2 - A20 correspond to the amino acid
sequence of the A chain of human insulin, animal
insulin, or an insulin derivative, and the residues
B2 - B29 correspond to the amino acid sequence of
the B chain of human insulin, animal insulin, or an
ingulin derivative.

The process as claimed in claim 1, wherein a protein
of the formula II is employed in which
X 4is a peptide possessing the amino acld sequence
of the C chain of human insulin,
Y is an amino acid residue selected from the group
comprising Ala, Thr or Ser,
R' is the amino acid residue Phe,
R®* is a) a hydrogen atom, or
b) a peptide possessing 2 to 25 amino acid
residues,
R® is an amino acid residue selected from the group
comprising Asn, Ser or Gly,
and the residues A2 - A20 and B2 - B29 correspond to
the amino acid sequence of the A and B chains of
human insulin.

The process as claimed in claim 1 or 2, wherein a

protein of the formula II is employed in which

X is a peptide possessing 2 to 35 amino acid
residues, where two basic amino acids, in
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particular Arg and/or Lys, are located at the
beginning and at the end of the peptide,
Y is the amino acid residue Thr,
R' is the amino acid residue Phe,
R? is a) a hydrogen atom, or
b) a pepl:idé possessing 2 to 15 amino acid-
residues, at whose carboxyl end the amino
acid residue Met or Arg is located,
R’ is the amino acid residue Asn,
and the residues A2 - A20 and B2 - B29 correspond to
the amino acid sequence of the A and B chains of
human insulin.
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The process as claimed in one or more of dla:l.ms 1l to
3, wherein . cysteine or cysteine hydrochloride
hydrate is employed as the mercaptan.

The process as claimed in one or more of claims 1 to
4, wherein a crosslinked polystyrene or copolymer
composed of polystyrene and divinylbenzyl is
employed as the hydrophobic adsorber resin.

The process as claimed in one or more of claims 1 to
5, wherein the proinsulin of the formula I 1is

desorbed from the adsorber resin using isopropanol.

Proinsulin of the formula I, obtained by a process

as claimed in one or more of claims 1 to 6.
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