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Human insulin is a protein having two amino acid chains
5 containing altogether 51 amino acid residues. 6 cysteine
residues occur in the two amino acid chains, each two
cysteine residues being linked to one another via a
digulfide bridge. In biologically active human insulin,
the A and B chains are linked with one another wvia two
10 cystine bridges, and a further cystine bridge occurs in
the A chain. Looked at statisticélly, there are 15
possibilities for the formation of disulfide bridges
within a human insulin molecule. Only one of the 15
possibilities occurs in biologically active human insu-
15 lin. The following cysteine residues are linked with one
another in human insulin:
A6 - A1l
A7 -8B7
A 20 - B 19
20 The letters A and B stand for the particular insulin
amino acid chain, and the number for the position of the
amino acid residue, which is counted £rom the amino to
the carboxyl end of the particular amino acid chain.
Disulfide bridges can also be formed between two human
25 insulin molecules s8¢ that infinitely many different
disulfide bridges can easily be formed.

A known process for the preparation of human insulin is
based on the use of human proinsulin. Human preinsulin is
a protein having a linear amino acid chain of 86 amino
30 acid residues, the B and A chains of the human insulin
being linked with one another via a C peptide having 35
amino acid residues. The formation of the disulfide
bridgea occurring in human insulin takes place via an
interme-diate, the cysteine residues of the human insulin
35 being provided with a sulfur protective group, e.g. an 8-
sulfonate (-S-S0,") group (EP 0 037 255). A process for
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The letters A and B stand for the particular insulin am no aci d chain,
and_the number for the position of the am no acid residue, which is
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disulfide bridges which occur in biologically active
ingulin from mammals.

Genetic engineering processes enable human proinsulin or
10 proingulin which has an amine acid sequence and/or amino
acid chain length differing €from human insulin to be
prepared in microorganisms. The proinsulins prepared from
Escherichia coli cells modified by genetic engineering do
not have any correctly linked cystine bridges. A process
is5 for obtaining human insulin using E. coli (EP 0 055 845)
is based on the following process steps:
Fermentation of the microorganisms - cell disruption -
isclation of the fusion protein - c¢yanogen bromide
cleavage of the fusion protein - isclation of the clea-
20 vage product containing the proinsulin sequence - protec-
tion of the cysteine residues of proinsulin by S-sulfo-
nate groups - formation of the correctly linked cystine
bridges - sulfitolysis - desalting of the proinsulin -
chromatographic purification of the proinsulin containing
25 correctly linked cystine bridges - concentration ocf the
proinsulin sclution - chromatographic purification of the
concentrated proinsulin solution - enzymatic cleavage of
the proinsulin to obtain human insulin - chromatographic
purification of the resulting human insulin.

30 The disadvantages of this process are the number of
process steps and the losses in the purification steps.
which lead to a low yield of insulin. Because of the
multi-stage process path, serious losses have to be
expected. From the stage of the isolated fusion protein,

35 an up to 40 % loss of proinsulin must be expected through
cyanogen bromide cleavage, sulfitolysis and purification
of the proinsulin (BP 0 055 945). Similarly high losses
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obtaining proinsulin having correctly linked cysteine bridges is al so
known (Bi ochem stry, 60, (1968), pages 622 to 629), which starts from
proi nsulin obtained from por ci ne pancreas, in which the cysteine
residues are 5 present as thiol residues (-SH). The term "correctly
| i nked cystine bridges" is understood as pegning the di sul fide bridges
whi ch occur in biologically active I nsulin from mmmal s. Cenetic
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cl eavage of the ?u5|on Qrote|n - 1S0 atlo#%% the cl
substantially decreased.

The object of the present invention was to develop a
process for obtaining insulin having correctly 1linked
cystine bridges in the insulin amino acid chain, in which

10 fewer process steps are necessary and, all in all, lower
purification losses occur.

A process for cbtaining insulin of the formula I

H S

(a€) ' l (a20) .
Gly Cys Cys Cys Cys _RS-ON
(at) (A7) {(a11)

()

R! Cys Cys Y-1
{81) (87) {(B13)

has now been found, This Sheet Has Been Replaced

i, comprises R

15 A) reacting a protein of the formula II
R2-r'-B2-B29-Y-X-Gly-A2-220-R? (II)

with an amount of a mercaptan which yielde 2 to 10
-SH radicals of the mercaptan per cysteine residue
of the protein of the formula II, in the presence of
20 at least one chaotropic auxiliary in an agqueous
medium at a pH of 10 to 11 and a concentration of
the protein of the formula II of 0.05 to 0.3 g per

liter of aqueocus medium and
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——20 "vage product containing the proinsulin sequence - protec- tion of

t he cyst Ln 2 h&gi dues of proinaulin by S-sulfo- nate groups -
Thi b jane correctly linked cystine bridges - sulfitolysis -
a 111} e proinsulin - chromat ographi c purification of the
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ai ning 25 correctly linked €ystine bridges - concentration
of the proinsulin solution - chromatographic purification of the
concentrated proifisul iFeaetirg okhe vasyibing pretwsulimfhavingtéérrectly

proinsulin to obtain hymbed tihe I phi urlficat i of
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to 50 g of a hydrophobic adsorber resin per liter of
agqueous medium at a pH of 4 to 7,
10 D) isolating the adsorber resin containing adsorbed
insulin of the formula I and
E) desorbing the insulin of the formula I from the
adsorber resin;
in this case, in formulae I and II
15 X is a) an amino acid residue from the group consist-
ing of Lys and Arg or
b) a peptide having 2 to 35 amino acid residues,
containing the amino acid residue Arg or Lys
at the N-terminal and carboxyl end of the

20 peptide,
Y is a genetically encodable amino acid residue,
Z is a) an amino acid residue from the group con-

sisting of Arg and Lys,
b) a peptide having 2 or 3 aminc acid residues,

25 containing the amino acid residue Arg or Lys

at the carboxyl end of the peptide or
c) OH,
R! is a phenylalanine residue or a covalent bond,
R2 is a) a hydrogen atom,
30 . b) an amino acid residue from the group con-
sisting of Lys and Arg or
c) a peptide having 2 to 45 amino acid residues,
containing the aminc acid residue Lys or Arg
at the carboxyl end of the peptide,

35 R} is a genetically encodable amino acid residue and
the residues A2 - A20 correaspond 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




can occur in the course of the follow ng purfication steps up to the
fi na?hx“h@éi'ﬁ@stBeenRepIacele eld increases in the preparation of human insulin or
i nsul1 by genetic engineering can be 5 achieved if the nunber
of pr E lﬂ B%ﬂmkessary can be substantially decreased. The
obj ect I nvention was to devedop a process for obtaining

insulin having correctly Iinked cystine bridges in the insulin am no
acid chain, in \dugi’etiﬁh dewtie B echain SECRBmARCiASGESHAr dndRsl MMduifnall,

| ower pur|f| atio S I A process for obtaining insulin
of the fornul a iog' 'ﬁns(?ﬁ%_% detiVative.

A protein of the formula II is preferably employed; in

this case
5 X is the amino acid residue Arg or a peptide having
the amino acid sequence of the C chain of human
ingulin,
Y is an amino acid residue from the group consist-

ing of Ala, Thr and Ser,
10 R! is the amino acid residue Phe,
R? is a) a hydrogen atom or
b) a peptide having 2 to 25 amino acid residues,
containing Arg at the carboxyl end of the
peptide,
15 R? ig an amino acid residue from the group consisting
. of Asn, Ser and Gly,
and the residues A2 - A20 and B2 - B2S% correspond to the
amino acid sequence of the B and A chains of human
insulin and
20 an insulin of the formula I having correctly linked
cystine bridges results, in this case Y, R!, ®r?, R%, aA2-
A20 and B2-B29 have the abovementioned definition and
Z is the amino acid residue Arg; the peptide residue
Arg-Arg or OH.

25 A protein of the formula II is particularly preferably
employved; in this case
X ie the amino acid residue Arg or a peptide having 2
to 35 amino acid residues, two basic amino acid
residues, in particular Arg and/or Lys, being at
30 the start and 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 having 2 to 15 amino acid residues,
35 at whose carboxyl end is the amino acid
residue Arg,
R} is the amino acid residue Gly or Asn,
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| e dOf 2898 WiqieKlid Mo2Ndthe A and B chains of human
insulin and
an insulin of the formula I having correctly linked
cystine bridges ies formed, in this case ¥, R, R2, R3, a2-
A20 and B2-B29 have the abovementioned definition apd
Z is the amino acid residue Arg, the peptide residue
Arg-Arg or Lys-Lys or OH.

Surprisingly, it has been found that the protein of the
formula II does not have to be completely reduced in a
reaction step customarily preceding the "refolding" (R.
Jaenicke, R. Rudolph, 1989, Folding Proteins, in Protein
Structure, a practical Approach; Ed. Creighton, T.E.,
pages 191-224, JRL Presa Oxford; EP 0 219 874) and that,
in the procedure described, in spite of a high proportion
of foreign protein (50 - 90 %) folding yields are
achieved which are at a level comparable with the folding
of appropriately purified proinsulin containing -SE
protective groups.

It has further surprisingly been found that the enzymatic
reactipn of correctly £olded proinsulin to give the
insulin of the formula I having correctly linked cystine
bridges is also possible in high yield in the presence of
50 to 90 % of foreign protein and the insulin of the
formula I binds with good selectivity toc a hydrophobic
adsorber resin.

Compared with the previously known methods, the process
according to the invention enables substantially more
rapid preparation with higher yields. The reason for this
is the avoidance of the sulfitolysis and optiocnally
cyanogen bromide cleavage process steps and the pre-
vicusly unknown possibility of converting proinsulin
directly from its denatured state in the presence of
limited amounts of chaotropic salts in high yields into
a proinsulin having correctly bonded cystine bridges and
then of converting it enzymatically into the insulin of
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reactlng t he resultlng proinsulin having correctly | i nked

Thxmcebﬁ aReplpeh trypsin, a trypsin-like enzynme and optionally
addl car boxypep- tidase B or a mxture of the enzynes
rrent m m give the insulin of the fornmula | having correctly
i cys r| dges, C treati ng the’ reacti on product t hus obt ai ned

Mﬁth 3 f h 0 o dsorb resi liter

aqueous nedi um atttb(‘f %%’%?“ciz? &o‘#ggfg‘g ef s‘ﬂ‘}%’h jfﬂfp &stOIiSthFEQ?H
cont ai ni ng adsorl;mbsible to seiptamaltienthé féeuib:tngllmdu]ami of theE)Eozmla
desorbing the | n n_of f he sin;
in this case, S#o#’fm”l‘a ﬁ? fé%&ﬂf& éluéfl&s f,y dsorption ba‘gé?dgf’gg ﬁﬁg
fromthe group corithe formula I can thusg he obtgyseéndrnmgthe adsorbent
b) a peptidg hayifggud 0 iﬁ&md&a@@ d:.ESihgi'Sﬁ or purification after

containing the amno acid residue Arg or
degorption. The process accord:.ng to the invention leads

to a substantially shortened preparation, which because

of shorter standing times and the avcidance of losses

makes possible yield increases of 25-100 % compared with
10 the known processes.

The amino acid sequence of peptides and proteins is
designated from the N-terminal end of the amino acid
chain. The information given in parentheses in formula I,
e.g. A6, A20, Bl, B7 or Bl9, corresponds to the positiocn

15 of amino acid residues in the A or B chains of the
ingulin.

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 stand for the term "“genetically
20 encodable amino acid radical®.

The terms "regidues A2 - A20" and "residues B2 - B2%" of
animal insulin are understood as meaning, for example,
the amino acid sequences of insulin from cattle, pigs or
hens. The term radicals A2 - A20 and B2 - B29 of insulin

25 derivatives stands for the corresponding amino acid
sequences of human insulin which are formed by the
replacement of amino acids by other genetically encodable
amino acids.

The residue Z is always part of the amino acid sequence
30 of X and is formed by the activity of the prcteases such
as trypsin, trypsein-like enzymes or carboxypeptidase B.
The residue R> is the aminc acid residue which is in
position A21 of the A chain of insulin. The residue Y is
the aminoc acid residue which is in posgition B30 of the B

35 chain of insulin.
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at _the N-termnal and carboxyl end of the 20 pepti de, Y
S a genetically encodabl e am no aci d residue, Zis a) an amno
a’?ﬂisdihé&ﬂ&sdlﬂelw t he group con- sisting of Arg and Lys,
b

' it Kving 2 or 3 am no acid residues, 25
cor\m ino acid residue Arg or Lys, _ at the
car of the peptide or 3) OH, Rerr] is a
phenyl al ani ne resi L. a.cov rr S a hydro
atom 30 sqé‘n g?n n% d'Pr gsrdue F om%t h%rlggrogQ &5 é/e vhlch
sisting of Lys an¢lmeyepramino acid chadps sapepitieleanginige2 ¢n Aysimieno

aci d residues, residue. containing the am no acid residue Lys or
Arg at the carboxyl end of the peptide, 35 Rierr
a genetical |y encG@xboxyReptddased B cif 488 Anpprotease,shich japding nﬁtﬁzo

correspond tost heh&@i@omhd acid ré£iHedE et falaewgcaﬁl HfwibiPire at
i nsul in, aninal uI|n nsul. n . deri,va

or an tiv t he
resi dues B2 - 829 rf@gﬁﬁﬁg'fﬁrFﬂg gﬁlﬁg §E| no %d chains. (Remmler

et al., J. Bilol. Chem. 246, pages 6786-6791).

The A chain of human insulin has the following sequence
(Seq Id No. 1): Gly, Ile, Val, Glu, Gln, Cys, Cys, Thr,

10 Ser, Ile, Cys, Ser, Leu, Tyr, Gln, Leu, Glu, Asn, Tyr,
Cys, Asn.

The B chain of human insulin has the following sequence

(Seq Id No. 2): Phe, Val, Asn, Gln, His, Leu, Cys, Gly,

Ser, His, Leu, Val, Glu, Ala, Leu, Tyr, Leu, Val, Cys,
15 Gly. Glu, Arg, Gly, Phe, Phe, Tyr, Thr, Pro, Lys, Thr.

The C chain of human insulin has the following seguence

(Seq Id No. 3): Arg, Arg, Glu, Ala, Glu, aAsp, Leu, Gln,

val, Gly, Gln, Val, Glu, Leu, Gly, Gly, Gly, Pro, Gly,

Ala, Gly, Ser, Leu, Gln, Pro, Leu, Ala, Leu, Glu, Gly,
20 Ser, Leu, Gln, Lys, Arg.

Chaotropic auxiliaries are compounds which, in aqueous
solution, break hydrocgen bonds, for example ammonium
sulfate, guanidine hydrochloride, ethylene carbonate,
thioccyanate, dimethyl sulfoxide and urea.

25 The term hydrophobic adsorber resin stands for nonionic,
hydrophobic, crosslinked polymers and/or copolymers, for
example polyacrylates or polystyrene or copolymers of
styrene and divinylbenzene, in particular polymeric
adsorber resins having a large surface area and many

30 large pores, e.g. commercial preparations of the
companies Rchm and Haas or Mitsubishi Chemical Industries
Ltd. such as XAD16, XAD1600 or HP20.

The term mercaptan is understood as meaning compounds
which contain at least one -SH group. Water-soluble

35 mercaptans are preferred. Examples of these compounds are
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A protein of the fornula Il is preferably enployed; in
is the amino acid residue Arg or a peptide having
guence of the C chain of human insulin
resi due fromthe group consjsg-_ i ng of Ala,
Rerr] is the amino acid residue Phe, Rerr] is

ORi%hiothreitol, la)itmeee%ﬁeihax' ng % &81:2&?@{1%%&81‘1

containing Arg at.the carb

in of the formula | having correctly I|inked cystine
i IThehipgratasim B Rfles réorvkilad riT ddwerbé , £fd¥ined in microor-

ganisgms with the aid of a multiplicity of genetic engin-
eering constructs (EP 0 489 780, EP O 347 781, EP 0 453
9639) . The genetic engineering constructa are expressed in
microorganisms such as Escherichia coli or Streptomycetes
during fermentation. The proteins formed are stored in
the interior of the microorganisms (EP 0 489 780) or
excreted into the fermentatiom soclution.

For the process according to the invention, proteins of
the formula II can be employed which are still contami-
nated directly after cell disruption with a multiplicity
of proteins which originate from the fermentation solu-
tion and from the microorganisms. The proteins of the
formula II, however, can also be employed in prepurified
form, for example after precipitation or chromatographic
purification.

The procedure in process step A) is as follows:

The proteins are dissclved in a chaotropic auxiliary or
in mixtures of various chaoctropic auxiliaries. Preferab-
ly, urea or guanidine hydrochloride is used in a concen-~
traticon of 6 to 9 M, preferably 8 M, based on water as a
sclvent. The pE 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
buffer. The concentration cf the buffer substances in the
agqueous medium is up to 0.5 M, preferably from 0.005 M to
0.5 M, particularly preferably from 0.05 to 0.1 M. The
protein mixture is then mixed with an aguecus mercaptan

- @olution. By this means, the following concentrations are

35

established in the reaction solution (based on water):

The concentration of the protein of the formula II is
0.05 to 0.6 g/l, preferably 0.1 to 0.3 g/l. The amount of

paoaiB2aw 1829 correspond
aci d sequence of the B and A chains of hunman i nsulin
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-A20—and B2-B29 have the abovenenti oned definition and Zis t he

am no acid reS|due Arg, the peptide residue Arg-Arg or OH 25
Atmpsm:téianBe@tFR‘iP for mula Il is particularly preferably enpl oyed; in
the amino acid residue Arg or a peptide having 2
re5|dues two basic am no @qgid residues, in
cu ar Arg and/ or Lys, being at 30 the start and end of the
pept i de, Y ¢ mei-bapaahnesaczl ¢d ey dl@sTPésiaues SEekhk hercdgifan

am no acid residue Phe %L d&’@ é_g? e/ rogen at om_or
b) a peptide haR% ?YFEQ?LB‘* gdade of edl}b"s" eiys'of the formulagiImose
carboxyl end is preferalDyaéi €o 9. The pH of the I&Sivkiod\ s 10 to Rl r]
'_2_ the am no aCI dfére'gbijllrjelogél %e abovementioned buffer components are
5 used. The exact pHE is established by addition of sodium
hydroxide solution. The concentration of the buffer

components is 0.005 to 0.5 M, preferably 0.05 to 0.1 M.

The concentration of the chaotropic auxiliary in the
reaction mixture containing the mercaptan is less than
10 1 M, preferably 0.1 to 0.8 M, in particular 0.3 to 0.6 M.
The mercaptan employed is preferably cysteine or
2-mercaptoethanol, alone or as a mixture.

The temperature during the folding in process step ) is
0°C to 50°C, preferably 2°C to 30°C, in particular 4°C to

15 10°C. The reaction time ig 3 to 12 hours, preferably 4 to
8 hours, in particular 5 hours.

The result of process step A) is a preoinsulin which
contains correctly linked cystine bridges.

In process step B), the reaction solution from process
20 step A) is adjusted to a pH of 6.5 to 2, preferably 8 to
9. Trypsin or a trypsin-like enzyme is added thereto in
an amount from 1 to 3 mg based on 3 g of proinsulin
having correctly linked cystine bridges. Optionally,
carboxypeptidase B is added thereto in an amount of 3 to
25 8 units based on 1 g of insulin of the formula I. A
mixture of trypsin and carboxypeptidase B can also be
added. The solution obtained ig then stirred at a
temperature of 4°C to 15°C for from 4 to 16 hours. The
result of process step B) is an insulin of the formula I

30 which contains correctly linked cystine bridges.

In process step C), the reaction solution from process
step B) is adjusted to a pH of 2.5 to 4.5 with an acid
such as hydrochloric acid or sulfuric acid. If turbidity
of the solution should occur, this is optionally removed
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and the residues A2 - A20 and B2 - B29 correspond to the am'no acid

Sequgsshect Hhs BebiRefladdd B chai ns of human i nsulin and an insulin of

t he f ng correctly linked 5 cystine bridges is formed, in thin
caselﬂ!'mgﬂilumﬂlerr], Rerr], A2- A20 and B2-B29 have the

abov inition and Zis -th& anino acid residue Arg, the
peptide residue Arg-Arg or Lye-Lye or CH. Sur prisingly,
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be conpletely rqguGebdtbd with '£A%fd PN GEISYBYEY | Ned¥:£C o8k £t Nes

"reéfol ding"” (R Jaeni cke, R Rud g_ 1989, Fédl ng Pr ote| ns, 1n
Protein St r e Z@P é’rplﬂg&ol (‘?XIP‘BAgﬁ 8aBROVER S ¢ pnlhe gmount ofages

391- 2_23, dJ RL Prege %ﬁﬂlhzips 0t81908§4be&ndﬂdﬁ?:t %oﬂﬁread&ldﬂles@l'?ﬁﬂéﬂ[ €
escri bed, |n spi [ ortion o] oreign protein (50 - 90
% folding |eI 8’?%%‘31& zg’cﬁfe g’d%ﬂn ‘ch are at a level conparable with
the fol ding of appropriately purified proinsulin containing -SH
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al so possible i pixGad/igdd 4 ned he REesENomOfadsorption of the insulin
of the formula I on the resin is checked by sampling and
10 high-pressure 1liquid chromatographic analysis (HPLC
analysis). As soon as insulin is no longer detectable in
the solution, the adsorber resin is geparated off from
the aqueous reaction sclution (process step D). This is
carried out, for example, by filtration or centrifugation
according to known methods. The resin containing adsorbed
insulin of the formula I is washed with a purely aquecus
or buffer-containing agueous solution. In particular, it
is washed until the conductivity in the wash soclution is
less than 0.4 mS/cm.

The desorption (process step E) of the insulin of the
formula I is carried out by known methods, which depend
on the hydrophobic adsorber resin used. The desorption is
carried out in the case of XAD or HP20 adsorber resins,
for example, by means of an aquecus solution which
contains 20 to 65 % of a water-miscible, nonionic organic
solvent, e.g. a (C,-C;)-alkancl. Preferably, 35 % of
isopropanol or n-propanol is used in the sclvent water.
The desorption 6f the insulin of the formula I is carried
out, for example, by washing with the isopropanol sol-
ution. The washing can be carried out on a stirred
pressure filter by mixing with the isopropanol solution
_or by chromatography in a column. The volume ratio of
resin to isopropanol solution is 1:1 to 1:10, preferably
1:1.1 to 1:2. The washing steps can be repeated one to
five times, preferably twice. The combined iscopropanocl
fractions can be used directly or after dilution with
water for further chromatographic purifications.
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50 to 90 % of foreign protein and the insulin of the 25 formula | binds
-Wthﬂﬁ%ﬂeeﬁ%lsﬁ&k Vpllt jto a hydr ophobi c adsor ber resin. Conpar ed
with t n nown net hods, the process according to the

| nventﬂ L f'.mbstant ially nore rapi d preparation with higher

yi el ds! or this 30 is the avagigdance of the sulfitolysis and
optionally cyanogen brom de cl eavage process steps and the pre-

viously unknown pgsshy Ifgm&;i,{go G R Sedddks acco%{?gtk % faQm

its denatured state in the presence li'mted anpunts o aotroplc

salts in high yi épYenties iSSdeﬁc 16?413’&? idettddi-n§ezsersagey dpsadeelefret i ne

bri dges and tol h_aa legaayelflﬂgtlﬁtmrmumm\é into the insulin of
7- the formula I without further purification. It is thereby

Example 1

3 A fugion protein having the following amino acid sequence
is prepared by fermentation of genetically modified
Escherichia~coli cells (EP 0 489 780}.

Proinsulin sequence 1 (Seq. Id No. 4):

Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val
10 Asn Gln 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 Arg Glu Ala Glu Asp Leu Gln Val Gly Gln

Val Glu Leu Gly Gly Gly Pro Gly Ala Gly Ser Leu Gln

Pro Leu Ala Leu Glu Gly Ser Leu Gln Lys Arg Gly Ile
15 Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln

Leu Glu Asn Tyr Cys Gly

Proinsulin sequence 1 corresponds to the formula II, in
this case
X is a C peptide from human insulin,
20 Y is Thr (B30),
R! is Phe (B1l),
R? is a peptide having 11 amino acid residues,
R? is Gly (A21) and
A2 - A20 is the amino acid sequence of the A chain of
25 human insulin {(amino acid residues 2 to 20) and B2 - B29
is the amino acid sequence of the B chain of human
insulin (aminoc acid residues 2 to 29).

The expressed fusion protein having the proinsulin
gequence 1 collects in the E. coli cells and forms
30 inclusion bodies. After completion of the fermentation,
the cellas are removed by centrifugation and disrupted by
customary high-pressure homogenization. The fusion
protein inclusion bodies releaged are isolated by

centrifugation.

e
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possible to separate the resulting insulin of the fornula | fromthe
f ol diTng SieedHat BenRdplaceddsor pt i on. The i nsulins of the formula | can thus

be obt}d il adsorbent 5 wthout internediate isolation or
JEUN R R desorption. The process according to the invention

purifi
antially shortened prepggation, which because of

| eads
shorter standing tines and the avoi dance of | osses makes possible yield
i ncreases of 25-2600 %gcapartesl iddhaded fﬁBEOKHQWBtB&ﬁcaﬁﬂxhaion bodil&e

am no acid seque t S ot i t from t he
N-term nal end O?S%ﬁgéa%%goagg 5%%’ g# fsﬁgefﬁf o‘? ’?%ﬁ E'F\Y&Hg. nthe
parent heses in fpraimaulin sequenge A6 ar&@imn&ﬁommﬂ)o toobfemporalMt o

the position 15 s i
i nsulpi n. he gﬁ%ﬁg lg%?floé%é{jy&f Ms hérjig %%'Lée]u dﬁ?"&&&sj‘r}’
Aen, Gu, A9, @%te%tce‘AFﬁif%%tl‘PFS °ﬁ'yr5m4iqle amqunts  ofr sugpended

sel enocyst ei ne sﬁaadei-prthbecneam segﬁetbﬁahlsys%@rreana%%bll%o%ﬂln%ﬁ%g
radi cal " The ters "resjdues dues B2 - B29" of

oial i nsul i n REUSRNEr GUARPIES nBEAGKIoR of 2800/ 6F Svstefns hydre:

chloride hydrate) at a pH of 10.8 and a temperature of

4°C. The proportion of the insulin-containing fusion

10 protein is determined with the aid of an SDS electro-

phoresis scan (U.K. L3mmli, Nature, Volume 227, pages

680-685, 1970). It is 45 %. After conclusion of the

folding reaction, the content of proinsulin sequence I

having correctly linked cystine bridges in the reaction

15 mixture is determined as 760 g with the aid of analytical
HPLC.

The 2000 1 of solution ia adjusted to a pE of 8.5 using
6N HCl. 500 mg of trypsin is then added. 305 g of insulin
2 are formed according to HPLC measurement.

20 Insulin 2 corresponds tc the formula I, in this case
Y is Thr (B30), '

2 is Arg-Arg,
R! is  Phe (B1),
R’ is  Gly (a21) and _

25 A2 - A20 is the amino acid sequence of the A chain of
human insulin (amino acid residues 2 to 20) and B2-B29 is
the amino acid sequence of the B chain of human insulin
(amino acid residues 2 to 29).

Insulin 2 consists of the Segq Id No. 6 and 9, which are
30 linked to omne another via correctly bonded cystine
bridges.

The solution iz adjusted to a pH of 3.5 using 6N HCl and
the conductivity value is adjusted to about 10 mS/cm with
the aid of saturated NaCl solution. A slight turbidity is
35 removed by centrifugation. 75 kg of HP20 (Mitsubishi
Chemical Industries Ltd., Diisseldorf, Germany) are added

THIS SHEET H.@*‘_.S BEEN
REPLACED




the am no acid sequences of insulin fromcattle, pgs or hens. The term
radlh@ahﬁtuhQBwan@nd B2 - B29 of insulin 25 derivatives stands for the

corr o acid sequences of human insulin which are forned
by tE cenent of am no acids by other genetically encodable

' The residue Z is alwagg part of the am no acid
sequence of X and is fornmed by the activity of the proteases such
as trypsi n trypm nthe kel eaw yselubionar Tivs yaesph emkaim Bi s -1ow1§FhetB.Q~&b¢ue

Rlerr] is the a [ e l;QN of A
chain of insuli nrg@%:gfr&{ %55% 1\9’”1:8&':& Sm%&l innsulglgzisé rj'%mn ueo%ﬁlefhgf’s I n
posi tion B30 of khdereated cin wgfsumatmnt The resinmripsremoved by

trypsin-like enzg{Bsr¢ford MRS aBiébion filter and washed with water
5 until the conductivity in the wash solution is less than

0.4 mS/cm. The product is desorbed by suspension of the
regin in 75 1 of 50 % strength aquecus isopropanol
solution. Filtration and incubation with the isopropanocl
solution is repeated twice. After 60 minutes, the resin

10 is filtered and then incubated several times in a 35 %
strength isopropancl solution and filtered. The yield of
insgulin 2 is 288 g.

The eluates which contain insulin 2 can be further
purified immediately on a chromatography column after
15 dilution with water and pH adjustment.

HPLC analysis _
0.5 g of protein are dissolved in 40 ml of a solution of
6 M guanidine hydrochloride, 50 mM tris, pE 8.5, 5 mM
ethylenediaminetetraacetate (EDTA), 1 % 2-mercaptcethanocl

20 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 applied to a high-pressure ligquid chroma-
tography column.

Column: q’1\*1‘11':.'leogel RP 300-5/46 (Macherey &
25 Nagel, Aachen, Germany)
Gradient: Buffer A: 0.1 % trifluorcacetic acid
(TFA)
Buffer B: 0.09 $ TFA in acetonitrile
Temperature: 85°cC

30 Total running time: 40 min.
The gradient is characterized by the following amounts of
buffer B after the corresponding running times:
10 min 25 %, 12 min 60 %, 13 min 90 %, 15 min 100 %.
Flow rate: 1 ml/min

35 Detection: 215 nm
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cl eave am no acid chains at the arginine or |ysine resi due.

Car boxypeptidase B in an exoprotease which splits of f 5 basic amno acid
resi dues such as Arg or Lys which are at t he carboxy-term nal end of
am no acid chains. (Kemmier et al., J. Biol. Chem 246, pages
6786-6791). The A chain of human iswsil i-n has the foll ow ng sequence

(Seqg Id No. 1): dy, Ile, Val, Qu, @n, Cs, Cys, Thr, 10 Ser, Ille, Cys,
Ser, Leu, Tyr, Kewentdonr EGime Asn, Tyr, Cys, Asn. rhe B chaim of
human insulin Lowi ng se eq Id No 2 Phe Val , Asn,
Adn, Hs, Leu,%s?ﬂ%i% Ser, ﬁ%ﬁ%ﬁfa]ﬁ ﬁs las FRepl_aeasi
Val, Cys, 15 dy, du, Arg, Gy, Phe, Phe, Tyr, Thr
The C chain of ﬁﬂ&ﬁlénﬁm in has the follow ng sequence
3): Arg, Arg, Qu, Ala, Gu, Asp, Leu, dn, ,
Leu, dy, Qy, Gly, Pr o, Gly, Ala Gy, Ser, Leu Gln Pro Leu
Leu, Gu, Ay, ROfusisn pgrteid haviiyng tBedfollowing amino acid sequence
5 is prepared by fermentation of a gemetically modified E.
coli (EP 0 347 781):
Fusion protein 3 (Seq Id No. 5)

Met Ala Pro Thr Ser Ser Ser Thr Ly# Lys Thr Gln Leu

Gln Leu Glu His Leu Leu Leu Asp Leu Gln Met Ile Leu
10 Asn Gly Ile Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg

Met Ile Glu Gly Arg Phe Val Asn Gln 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 Ile Val

Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu
15 Glu Asn Tyr Cys Asn

This fusion protein contains the amino acid sequence of
proinsulin 3. The expressed fusion protein 3 collects in
the E. coli cells and feorms inclusion bodies. The disrup-
tion of the cells is carried out as in Example 1. The
20 fusion proteins 3 thus obtained are subjected to cyanogen
bromide cleavage, and proinsulin 3 is formed (Seq Id
No. 8}).
Proinsulin 3 corresponds to the formula II, in this case
X is Arg
25 Y is Thr (B30),
R! is Phe (B1),
R? is a peptide having 4 amino acid residues,
R? is  Asan (A21) and
A2 - A20 and B2 - B29 correspond to the anino acid
30 sequence of the A and B chains of human insulin.

After cyanogen bromide cleavage, the content of proin-
sulin 3 is determined quantitatively with the aid of SDS8
electrophoresis in a freeze-dried sample containing 9.2 %
insulin-containing protein.

ot
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”“CﬁédfTEBTgméﬁ;iliaries are conpounds whi ch, in aqueous sol ution, break
hydr ogen bonds, for exanple anoni um sul fate, guanidi ne hydrochl ori de,
et hyl ene carbonat e, t hi ocyanate, dinethyl sulfoxide and urea. 25 The
t erm hydr ophobi ¢ adsorber resin stands for nonionic, hydr ophobi c,
crosslinked pol yners and/or copol yners, for exanpl e pol yacryl ates or
pol ystyrene or copol yners of styrene'aﬁﬁ di vi nyl benzone, in particul ar
pol ymeric a ber | | ar, fac e 30
arge pores. . g 000nguet BfOEaTHAR Brd i RUthaGs B Bl eLBhare: |
Haas or M tsubi shhlenddechydratesasi éo Exampletd. AuctntentKAsE 6l260\R1 600 or
HP20. The b?&ﬁhﬁﬁ&iﬁptzamdﬁdw%ﬂé&‘iyaﬁ-ﬂ?@ea g%(éi'.‘l'ﬂ%mﬂlq_%lsges is

whi ch contain at”|east one -SH group. Water-sSolub mer capt ans are
preferred. ExanpFB&nofetgrmingdnipy tetal reaction mixture by means of

-9- di t bi ot hhal ek caldidrlicoeridIipisduct 2sMRreaREQCHWNBAOEO0 mg of
cysteine, glutathione, neth&l %hlo &gcglate, 3- ner capt o-
trypsin as in xamg .

Insulin 4 is formed. Insulin 4 corresponds to the formula

I, in this case

Y is Thr (B30), This Sheet Fias Been Replaced
0z HREREA

R! is  Phe (Bl)
A2 - A20 and B2 - B29 correspond to the amine acid

R® is Asn (A21) and

sequence of the A and B chains of human insulin.

15 Insulin 4 consists of the Seq Id No. 1 and 7, which are
linked to one another by correctly bonded cystine
bridges.

The resgulting solution (2 m’) contains 800 g of the
insulin derivative and is treated with 75 kg of HP20 as

20 in Example 1. After adsorption and desorption, the
combined eluate contains 703 g of insulin 4 (88 % yield).
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1, 2- propanedi ol and 3- ner capt opropi oni c aci d. The protein of the

formula Il can be fornmed in mcroor- 5 ganisns with the aid of a
multiplicity of genetic engin- eering constructs (EP O 489 780, EP O
347 781, EP 0 453 969). The genetic engineering constructs are
expressed in m croor gani sm such SEQUERNCRILISTING Ol i or SO [EHm qeiEs

during fernentation. The proteins foned are stored in 10 the interior of
t he m croorgani sm; (EP O 489 780%@& excreted into the fernentation
sol uti on. (IPor GHFNERAL EHECRMADIONhg to the invention, proteins of
the formula Il cangpe enplpyecredwreh are still contam - nated directly

after cell disruption with multiplicit of proteins which originate
fromthe fernentation sol u(ﬁ Nﬂﬁbrﬁ%‘i‘%ﬁ?? Mreipngrasiddhattsns. The
proteins of the formu{s) | Ismye-r can al so be enployed in
prepurified form for a eci p| tqfi,on or chromatographic
purification. 20 The pr{)@:d{?% %’f%‘egé %h} s as foll ows:

The proteins are dissol ved{®n aCMYomeﬂaadt |Republdic of Gexrmanyt ures of

various chaotropic auxili a(é)es p@éﬂﬁré’&z sssﬂé’ urea or guanidi ne
hydrochl oride is used in a conce :

(F) TELEPBONE 069-305-6047

{G) TELEFAX: 069-35-7175

() TELEX: 041234-700 hod

{idi) TITLE OF INVENTION: Process for obtaining insulin
having correctly linked cystine bridges

(iii) NUMBER COF SEQUENCES: 9

(iv) COMPUTER READABLE FORM
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release # 1.0,
Version # 1.25 (EPA)

(2) INFORMATION FOR SEQ ID NO. 1:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 21 amino acids
{B) TYPE: amino acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear is Sheet Has Been Replaced

T

(ii) MOLECULE TYPE: Protein

{vi) ORIGINAL SOURCE:
{2) ORGANISM: Escherichia coli

(ise) FEATURES::
{(A) NAME/REY: Protein
(B) LOCATION: 1..21

THIS SHEET HAS BEEN
REPLACED




tration of 6 to 9 M preferably 8 M based on water as a 25 sol vent. The
pH of the reaction mxture is 8.5 to 10. 8. Exanpl es of buffers which
can be used are phosphate, tri (hydroxynet hyl)am nonmet hane (trin,
borate or glycine buffer. The concentration of the buffer substances
in the aqueolssi yredi SEQUENCE) DESORIPTYONA! 8Eer ab! wof.ram 0. 005 Mto 30
0.5 M particularly preferably fromO0.05 to 0.1 M The protein
mxture is then m xed Metval atuatlnetysSCyseTicagdralle Cys SerSDéulltryz001n Byu t hi S
means, the follow g concentrations are ¥stabl i shed in &he reaction
sol ution (based oncwata@h)ryr cys asn The concentration of the protein of the
formula Il is 35 0.05to® 6 g/l, preferably 0.1 to 0.3 g/l. The anopunt
of - 10 - the nercaptan is 2 to
10 -SH residues of the nercaptan : per cysteine residue of the protein of

the formula I1, preferably 6 to 9. The }:?IH of the solutionis 10 to 11,
preferably 10. &2}hée P8 S5S £8 NOonmBénents are

(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 30 amino acids
{(B) TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MCLECULE TYPE: Protein

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Escherichia coli

(ix)  FEATURES:
(A) NAME/KEY: Protein
(B) LOCATION: 1..30

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 2:

Phe Val Asn Gln'Ris Leu Cys Gly Ser ?3' Leu Val Glu Ala Il..;u Tyr
i 5

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys ggr
20 25

(2) INFORMATION PFOR SEQ ID NO. 3:
(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 35 amino acids
{B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

This Sheet Has Been Replaced

@0 wouseoe rers: prosata IR

{vi) ORIGINAL SOURCE:
{A) ORGANISM: Escherichia coli

THiS SHEET HAS BEEN
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5 wused. The exact pHis established by addition of sodium hydr oxi de
solution. The concentration of the buffer conponents is 0.005to 0.5 M
preferably 0.05 to 0.1 M The concentration of the chaotropic
auxiliary in the reaction mxture containing the nercaptan is |less than
10 1 M prefeddx)y OFEXTURESS M in particular 0.3 to 0.6 M The

nmer capt an enpl oyed is pr ra A&E? i 2- mer capt oet hanol , al one
or as a m xture. %A? t enpe g@ur’eggaregjﬁ% the folding in process step

A is O[err]C to 50[@)r] GOOBTIOW:ably3B3[err]C to 30[err]C, in
particular 4[err]Cto 15 10[err]C. The reaction tine is 3 to 12 hours,
preferably 4 to 8 hours, in particular 5 hours. The result of
process step A) {&dla pﬁﬁmq%n#@ﬁFTiomc%ﬁ?a@ls“‘?:or?'ectIy | i nked
cystine bridges. IL.n progess step.B)...the reagt. | uti from
process 20  step}?§ AFg Géﬂj’ﬁ&c 8 %8 "O‘F“Gﬂ? %136‘8‘,1 g?“e?'g‘? gé’f &Qé to

9. Ttypsin or a trypsin-like enzyne is added thereto in an anount

from1l to 3 ny baSi Pop °3Y$éefclp'r’€ﬁ'nfs"lﬂl 4t Pro Leu MaviegCtbELeS T yeFi nked
cystine bridges. Optionall

Gln Lys Arg
35

{2) INFORMATION FOR SEQ ID NO. 4:
(i) SEQUENCE CHARACTERISTICS
(A) LENGTH: 97 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Protein

(vi) ORIGINAL SOURCE:
{A) ORGANISM: Escherichia coli

(ix) St This Sheet Has Been Replaced

® tocszion, 157 RGN

(B) LOCATION: 1..97

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 4:

Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val Asn gén His
1 5 30

Leu Cys Gly Ser His leu Val Glu !znla Leu Tyr Leu Val gyovs Gly Glu
20 5

arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Ar¢g Glu .:éa Glu Asp Leu
k] 40

Gln Val Gly Gln Vval Glu Leu Gly Gly Gly Pro géy Ala Gly Ser Leu
50 5%

REPLACED
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car boxypeptidane B is added thereto in an anount of 3 to
based on 1 g of insulin of the formula I. A
car boxypepti dase B can al so be

stirred at a
hours. The

30 which containsscorrectly |inked cystlne

step O, the reactd
pH of 2.5 to 4.5 Wt
acid. If turbldlty
renoved Gly
sol ution

(1)

(ii)

(vi)

(ix)

(xi)

Met
His
Lys
His
Glu

65

Cys

ATEACki bR abd 903 258

25 8 units

m xture of trypsin and
added. The solution obtained is then

of the sol ution shoul d occur,
by filtration or centrifugation.

(a)
(B)
(c)
(D)

is treated with a hydrophobi c adsor ber
t he XAD or HP20 type have proven suitable.

to 50 g per litgy) of 1e@diAPIONOFOR | €80 ID NO. 5:
SEQUENCE CHARACTERISTICS

LENGTH: 96 amino acids
TYPE:

amine acid
STRANDEDNESS: single
TOPOLOGY: linear

MOLECULE TYPE: Protein

ORIGINAL SOURCE:

tenperature of 4[err]C to 15[err]C for from4 to 16
(AU Bu RIPEESS15 08P SaY L.a an Mswgl @xyoh& bﬁl ey mul a |

ré%ﬁﬁ*g

?"M’

n pbocess
justed to a

d °§'h|fur|c

thls |s optionally
The remai ni ng

resin.
The anpunt of

Egcherichia coli

(A) ORGANISM:
FEATURES:

(A) NAME/REY: Protein

{B) LOCATION: 1..96

SEQUENCE DESCRIPTION:

SEQ

Ala Pro Thr Ser Ser Ser Thr Lys Lys
10

Leu

Asn
Leu
50

Rrg

Cys

Leu Leu
20

Pro Lys
35

Cys Gly
Gly Phe

Thr Ser

ASp

Leu

Ser

Phe

Ile
8%

Leu
Thr
His
Tyr

70

Cys

Gin
Arg
leu
113

Thr

Ser

ID NO.

5:

Resi ns of
the resinis 3

Thr Gln Leu Gln Leu Glu

Met Ile Lou Asn Gly

28

Met Ile Glu

40

val Glu Ala

Pro Lys Thr

Leu Tyr Gln
50

(2) INFORMATION FOR SEQ ID NO.

SEQUENCE CHARACTERISTICS
LENGTH: 32 amino acids
TYPE: amino acid
STRANDEDNESS: single
TOPOLOGY s

(i)

(n)
(B)
{s)]
(D)

linear

6:

Gly Aryg
Leu Tyr

60
Arg Gly
75

Leu Glu

Ile

Phe

45

Leu

Ile

Asn

15

Asn Asn Tyr
30

Vval Azn Gln
Val Cys Gly
val Glu Gln

80

Tyr Cys Asn
85
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5 preferably 20 to 40 g/l. The suspensi on obtai ned can be treated
with a salt such as NaCl up to a concentration of 0.1 M and is then
stirred for 3 to 4 hours. The adsorption of the insulin of the fornul a
| on the resin is checked by sanpling and 10 hi gh-pressure liquid
chromat ographi ¢ agial)ysi MoHRMUIE TYPE:aFloteisn) - AS soon as insulin is no

| onger detectable in the solution, the adeorber resin is separated off
from t he agueous reaction solution (process step D). This is

carried out, for efapl e, ORBGINAL SQUROE:0r centrifugation 15 according to

known net hods. The resin co&bai @Wr% herich'fi.gs%ﬂ of the fornula I
or b [

is washed with a purely aqueous ufter-containing agueous sol ution.
In particular, it is washed until the conductivity in the wash
solution is I t haieAdprk cm 20 The desorption (process step E)
of the insulin of ?ﬁ% forrgugﬁlal is carried out by known met hods, which
depend on the hydrophoidt)c AE/BEY:r EsokedBed. The desorption is
carried out in the case of PgAD q@oddid@madaqr.ier resins, for exanpl e,
by neans of an aqueous sol uti on which 25 contains 20 to 65 % of a

wat er - m sci bl e, noni onic organic solvent, e.g. a

(Clerr]-Clerr])-alfsainol . SEQUENCEIDESCRIPHION: SEQ IBONOOpanol or n-propanol
is used in the solvent water.
Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr

1 ) 10 15

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys gg: Arg Arg
20 25

(2) INFORMATION FOR SEQ ID NO. 7:
{i) SEQUENCE CHARACTERISTICS
{A) LENGTH: 31 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Protein

{(vi) ORIGINAIL SOURCE:
{3} ORGANISM: Escherichia coli

(ix)  FEATURES:
{(4) NAME/REY: Protein
{(B) LOCATION: 1..31

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 7:

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Iigu Tyr
1 s 10

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys g‘lomr Azrg
20 25

1
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The desorption of the insulin of the fornmula | is carried out, for
exanpl e, by washing with the isopropanol sol- 30 ution. The washi ng can

be carried out on a stirred pressure filter by mxing with the
I sopropanol sol ution or by chromatography in a colum. The vol une
rati o of res N 19roRURTOORPOR SSEG/tIPNd.S ek 1 to 1:10, preferably

1:1.1 to 1:2. The washing_steps can be repeated one to 35 five tines,
preferably tw ce. the coRRR g:SWIST fracti ons can be used

directly or after dilution{ajthLENGTE: V66 emifmy afeddsher chromat ogr aphic
purifications. -12- In the

foll ow ng exanpl es the pro&%%s TEeR} o‘?‘Wg“‘E c?ctiﬁié I nvention is described
in detail. Percentage dat a(Ckl aSERANDEDNESSx sdsigiet, if not stated

otherw se. Exanpl e 1y  moponogy: linear
(ii) MOLECULE TYPE: Protein

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Escherichia coli

(ix) FEATURES:
(A) MNAME/KEY: Protein
(B} LOCATICON: 1..56

{x3i) SEQUENCE DESCRIPTION: SEQ ID NO. 8:

Ile Glu Gly Arg Phe Val Asn Gln His Leu Cys Gly Ser His Ii';u val
1 5 10

Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro
20 23 30
Lys Thr Arg Gly Ile Vval Glu Gln Cys Cys Thr Ser :?];e Cys Ser Leu
3s 40

Tyr Gln Leu Glu Asn Tyr Cys Asn
50 55

(2) INFORMATION FOR SEQ ID NO. 3:
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 21 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

This Sheet Has Been Replaced
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(11) MOLECULE TYPE: Protein ”II'I

{wvi) ORIGINAL SOURCE:
(A) ORGANISM: Escherichia coli

(ix) FEATURES:
(A) NAME/KEY: Protein
(B) LOCATION: 1..21

THIS SHEET HAS BEEN
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5 A fusion protein having the follow ng am no acid sequence i's
prepared by fernmentation of genetically nodified Escherichia-coli cells
(EP 0 489 780). Proinsulin sequence 1 (Seq. Id No. 4): Met Al a
Thr Thr Ser Thr Gy Asn Ser Ala Arg Phe Val 10 _ Asn G n H's Leu Cys
Ay Ser H's Leu Vati)d u SEQUENCE DESCRIPTION: LelQ\id MYys sy Gu Arg Ay
Phe Phe Tyr Thr Pro Lys Thr Arg Arg Gu Ala Qu Asp Leu @ n Val
dy dn Valy Glu VagucXd gllGCy-ny Thr 0Se@ illc v Sy LBeTyk atlnCGlen

Pro Leu Ala Leu & Ay Ser Leu®d@n Lys Arg Ay*le 15 Vat®* Gu Gn
Cys Cys Thr Ser 1] erduenSBir &auclyr G n leu Qu Asn Tyr Cys Ay
Proinsulin sequence 1 corresponds to the formula Il, in this case

Xis a C peptide fromhuman insulin, 20 Y rI‘Bszheet’HasBeem@ ced Rl err]

is Phe (B1), Rlerr] is a peptide havi ng resi dues,
Rlerr] is Ay (A21) and A2-A20isthea nce of theA

chain of 25 human insulin (amno acid residues B2 - B29
is the amino acid sequence of the B chain of hunman insulin (amno acid
residues 2 to 29).

THIS SUEET HAS BEEN |
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The efor"é‘sTsTé‘d"‘T‘Usﬁ*on“pfat ein having the proinsulin sequence 1 collects

cells and forns 30 inclusion bodies. After conpletion of
the f ! ﬂﬁ m”uu the cells are renmoved by centrifugation and
di srup tonary hi gh- pressure honogeni zati on. The fusion

protein incl u5| on bodi es rel eased are i selnred by centrifugation.
-13 - 2600 g of the isolated fusion protein inclusion bodies
(based on dry nBatentafdaimpreeze drying) having the PrEOESSY /3 04
sequence 1 are dissolved in 200 1 of an 8 M guani di ne hydrochl oride

solution at pH 10.8. Optionally, 5 after centrifugation of small
amounts  of su%pended A pragepsr for ebeaining dnauldm iof Sthe rixgmiulls 11800

1 of an aqueous cysteine sol ut LQ_[]_(_Z%O g of cysteine hydro-
chloride hydrate) at a pH of 10.8jand a tienperature of
(as) | l (a20)
Gly Cys Cys Cys ——R3-0K

(a1)

(A7) (at1)

()

y
|
|
|
¢
(

P e, [ — \——,

87) B1s) i
gen Re which compriges
WA IR
A) reacting a protein of the formula II
5 R2-R1-B2-B29-Y-X-Gly-A2-A20-R3 (IT)

with an amount of a mercaptan which
vields 2 to 10 -SH radicals of the
mercaptan per cysteine residue of the
protein of the formula II, in the pre-
10 sence of at least one chaotropic auxi-
liary in an aqueous medium at a pH of 10
to 11 and a concentration of the protein
of the formula II of 0.05 to 0.3 g per
liter of agqueous medium and
15 B} reacting the resulting proinsulin having
correctly linked cystine bridges with
trypsin, a trypsin-like enzyme and op-
tionally additionally with carboxypepti-
dase B or a mixture of the enzymes men-
20 tioned to give the insulin of the for-
mula I having correctly 1linked cystine
bridges,
<) treating the reaction product thus
obtained with 3 to 50 g of a hydrophobic
25 adsorber resin per 1liter of agueous

["THIS SHEET HAS BEEN
REPLACED
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4[err] C. The proportion of the insulin-containing fusion 10 protein is

determined with the aid of an SDS el ectro- phoresis scan (U K Lami,
Nat ure, Vol unme 227, pages 680- 685, 1970). It is 45 % After concl usion

of t” m action, t he content of proinsulin sequence |

havi ﬂ l”mu"ﬂ ‘lr ed cystine bridges +ri8 he reaction 15 mxture is

det errfi néd Bs #6 «Wth the aid of anal yti cal HPLC. The 2000 1

of solution is adj usted to a pﬂeéﬁ-‘m &t aipl of 4 BN 1A . 500 ng of trypsin
is then added. 305 g of pynsul i Agolating2thel Y. 0 to HPLC
sola "the d%q-b%%c ;:?é K CPRtaifiing

measur enent. 20 Insulin 2 correspon S toth
Y is Thr (B30), Zis Arfoapgbed insydin qf |1§3€Ptﬁ;0:(nm:l)a I andRerr]

is Ay (A21) and 25 A2E) A20 HesbHBifd RReaGinhASHICHEE tife tf@nﬁu paiph of
hunan insulgn (amno acid re&?uesréhto%%)} and B2-B29 is e am no

aci d sequence of the B chain o TRer resifiyi no acid residues 2
to 29). I nsulin 2 consi $bsthistdmsdieqid Edmulaa i ahd Wi ch are 30

linked to one another yi ﬁscoré?cﬂyﬂfﬂgegcixsgeggdue frbornix dggg. group
consisting of Lys and Arg or

b) a peptide having 2 to 35 aminoc acid

10 residues, containing the amino acid

residue Arg or Lys at the N-terminal
and carboxyl end of the peptide,

Y is a genetically encodable amino acid
residue,
1s 2 is a) an amino acid residue from the group

consisting of Lys and Arg,

b) a peptide having 2 or 3 amino acid
residues, containing the amino acid
residue Arg or Lys at the carboxyl end

20 of the peptide or
¢) OH,
R! is a phenylalanine residue or a covalent
bond,

R? is a) a hydrogen atom,
25 b) an amino acid residue from the group
consisting of Lys and Arg or
¢) a peptide having 2 to 45 amino acid
residues, containing the aminc acid
residue Arg or Lys at the carboxyl end
30 of the peptide,
R} is a genetically encodable aminc acid resid-
ue and
the residues A2 - A20 correspond to the amino
acid sequence of the A chain of human insulin,
35 animal insgulin or an insulin derivative and
—— the residues B2 - B29 correspond to the amino
acid sequence of the B chain of human insulin,

This Sheet Has Been Rep
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The solution is adjusted to a pH of 3.5 using 6N HCO and t he

conductivity value is adjusted to about 10 nS/cmw th the aid of
satyrated Nad solution. A slight turbidity is 35 renoved by
cenfrifugation. 75 kg of HP20 (M tsubi shi Chem cal Industries Ltd.,
mgsm—dcrf'—GeT‘mamyj*are added 20 - - 14-
to on esus ension is slowy stirred at 4[err]C for
abg "”gﬁt I Z&f% RN AR mesidue, Sl CacABR.i n t he

su Si n aﬁdrmﬁ)mmes A2f kA2 @;tdrad szhr-ongb éoﬁﬂ&&b@ﬂd
filter and washed wi t h wat til ,the conducti E_' g g sh solutlon
is | ess than 0.4 n%? &ﬁj‘é BegURRES BEd éﬁ uBPBnEi hadrst he
resin in 75 1 of 50 %s:tfemgutnamaﬂwn iasedpr opanol sol uti on.

Filtration @nd incubatign E@gpﬂge A%OQQQD%@&-‘%& and%taﬁ}m%”né?sﬁ%eggﬁtred

twice. After 60 m nutes, Is f c
several times in a 35 g%lnked cystine bridges is formed, in this case Y,

R*, R?, R}, A2-A20 and B2-B29 have the abovemen-

ticned definition and

Z is the amino acid residue Arg, the peptide
10 residue Arg-Arg or Lys-Lys or OH.

4. The process as claimed in one or more of claims
1 to 3, wherein cysteine or cysteine hydro-
chloride hydrate is employed as the mercaptan.

5. The process as claimed in one or mecre of claims

15 1 to 4, wherein a croeslinked polystyrene, poly-
acrylate or copolymer of polystyrene and divinyl-

benzene is employed as the hydrophobic adsorber

resin.
6. The process as claimed in one or more of claims
20 1 to 5, wherein the insulin of the formula I is

desorbed from the adsorber resin using isopro-
panol or n-propanol.

7. The process as claimed in one or more of claims
1 to 6, wherein 0.01 to 0.1 M salt is added in

25 the process step C).
8. An insulin of the formula I, obtained by a pro-

cess as claimed in one or more of claims 1 to 7.
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strength i sopropanol solution and filtered. The yield of insulin 2 is

288 g. The el uates which contain insulin 2 can be further

pur.i fied i medi ately on a chromat ography col um after 15 dilution with
wat er and pH adj ust nent . HPLC anal ysi s 5 g of protein are

di ssol ved i n 483A*%AY sol ution of 6 M guani d| ne hdeBEhP&/?d@‘*zSO mH
tris, pH 8.5 5 nmM et hyI enedi am net et raacet at e (EDTA), 1 %

2- mer capt oet hangl 20 1 i.th to 95[err C for n .and

t hen cent% d%?fr%ﬂq‘ i ﬁf’ di° ’t’#ec"a%aiim‘
supernatant is capzpiirw Hmégdm gh- pr essure I i q.w d chroma- t ogr aphy

col um. Col um: [err] Nucl eogel RP 300-5/46 (Macherey &
25 Nagel , Aachen, Germany G adi ent :

Buf fer A: 0.1 B tP¥9¢ers ofertpbtainring insulin gaving correctly( Yinked
Buffer B: 0.09 Qbahfhd nb@@ageal teddnf a corFeBBShALHEC proinaul3p Shihs 30

Total running ti'nme: 40 The gradient™is characterized bg the
fol | owi ng armurﬂ‘-"s"-‘%)f chain "in the presence of mercaptan, chaotropic

auxiliaries and at a pH of 10 to 11 ie described, as well
as the direct conversion of the proinsulin to insulin
with the aid of enzymes and direct isclation of the
insulin from the reaction mixture with the aid of
hydrophobic adsorber resins.
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buffer B after the corresponding running times:
% 13 mn 90 % 15 mn 100 % Fl ow r at e:
Det ect i on: 215 nm

Retention tine of insulin: about 19 min Ex ‘ A
l

fusion protein having the follow ng anino acid sequence % it mm@p%?ﬁZd by
fermentation of a genetically nodified E coli (EP O 3‘{17 781):
Fusion protein 3 (Seq Id No. 5) '

Process for obtaining insulin baving correctly linked
cystine bridges

Human insulin is a protein having two amino acid chains

5 containing altogether 51 amino acid residues. 6.cysteine
" presidues occur in the two amino acid chains, each two
cysteine residues being linked to one another via a
disulfide bridge. In bilologically active human insulin,
the A and B chaing are linked with one another via two

10 cystine bridges, and a further cystine bridge occurs in
the A chain. Looked at statisticélly,' there are 15.
possibilities for the formation of disulfide bridges
within a human insulin molecule. Only one of the 15
possibilities occurs in bioclogically active human insu-

15 1in. The following cysteine residues are linked with ome
another in human insulin:

A6 -2a1ll
A7-B7
A 20 - B 19

20 The letters A and B stand for the particular insulin
amino acid chain, and the number for the position of the
- amino acid residue, which is counted from the amino to
the carboxyl end of the particular amino acid chain.
Disulfide bridges can alsc be formed between two human

25 insulin molecules so that infinitely mnany different
disulfide bridges can easily be formed.

A known process for the preparation of human insgulin is
baged on the use of human proinsulin. Human proinsulin is
a protein having a linear amino acid chain of 86 amino
30 acid residues, the B and A chains of the human insulin
being linked with one another via a C peptide having 35
amino acid residues. The formation of the disulfide
bridges occurring in human insulin takes place via an
interme-diate, the cysteine residues of the human insulin
35 being provided with a sulfur protective group, e.g. an 8-
sulfonate (-8-80,") group (EP 0 037 285) . A process €for



Met Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr @ n Leu

_ e R

H's Leu Leu Leu Asp Leu Gn Met Ile Leu 10 Asn Gly IJ@A‘&%FI“KSN %—
Lys Asn Pro Lys Leu Thr Arg Met Ile Gu Gy Arg PheValr™ Asn n\
Hs Leu Cys Ay Ser Hs Leu Val Qu Ala Leu Ty‘r iLe —V@ 5@;97(3 y
AQu Arg Gy Phe Phe Tyr Thr Brg@ Lys Thr Arg Glly I JF- ‘
GQu dn Cys Cys Thr Ser Ile Cys Ser Leu Tyr A n Leu 15

Cys Asn obtastningi propngtim bawliagnsorirectilynd a sacmiw of J

proinsulin 3.
cells and forn%rglf%%%ﬁglf%?\gg %U&%pl’(ﬂﬁlés%&:myl eCétnlsoln(ri'of the ce dI_Bs |C§“

carried out as6fR ERafPPl, whigh sharts @P@nPﬁPéPE\*}E"?‘?W%tfoﬁ%d are

?gtenq e|CTd ed to cg.aaegﬁe pancras)i de okebsiagehe aeyspedheas wesidiess med
S

this case 2 pi“f’ént AR %f #LP‘,‘& 3 rﬁr ggg tqzéﬂﬁ[:eé)ér%&iil Ph

(B1), R eddhked oye ikridges*nde epBeeod pesmesedng theRjerr]

is  Asn (A21) a%dume &&mgaao WHIEB20cc8R 9 1605 ESIY ka1 y Necedwei0 aci d
30 sequence qf t“s-ﬁ and B c ains of human insulin, Af ter cyanogen
broni de cl eavad@sUtig Bﬂ’f‘e‘?‘ﬁmﬂﬁ %r oi n-

Genetic engineering processes enable human proinsulin or
10 proinsulin which has an amino acid sequence and/or amino
acid chain length differing from human insulin to be
prepared in microorganisms. The proinsulins prepared fronm
Escherichia coli cells modified by genetic engineering do
not have any correctly linked cystine bridges. A process
15 for obtaining human insulin using E. coli (EP 0 055 945)
is based on the fol;cwing process steps:
Fermentation of the microorganisms - cell disruption -
isolation of the fusion protein - cyanogen bromide
cleavage of the fusion protein - isolation of the clea-
20 vage product containing the proinsulin sequence - protec-
tion of the cysteine residues of proinsulin by S-sulfo-
nate groups - formation of the correctly linked cystine
bridges - sulfitolysis - desalting of the proinsulin -
chromatographic purification of the proinsulin containing
25 correctly linked cystine bridges - concentration of the
proinsulin solution - chromatogr&phic purification of the
concentrated proinsulin solution - enzy:ﬁatic cleavage of
the proineulin to cbtain human insulin - chromatographic
purification of the resulting human insulin.

30 The disadvantages of this process are the number of
process steps and the losses in the purification steps,
which lead to a low yield of insulin. Because of the
multi-stage process path, serious losses have to be
expected. From the stage of the isoclated fusion protein,

35 an up to 40 % loss of proinsulin must be expected through
cyanogen bromide cleavage, sulfitolysis and purification
of the proinsulin (EP 0 055 945). Similarly high losses



r—

sulin 3 is deternined quantitatively with the aid of SDS ACPUAGEMENT SHEET
el ectrophoresis in a freeze-dried sanple containing 9. 2;%1
i nsul i n-cont ai ni ng protein. i 25;::@3 799716} -
2000 g of proinsulin 3 are incubated wth cysteine hydro-‘ )

hydrate as in Exanple 1. A content of 126Q, g of prouns’,HH—n——e—havrn'g’

correctly linked cystine bridges is tTHen determ ned | | n the total
feaction mxturGaly SEARS M en8"BbukbEor R me&&QQU&:hﬁ%iEEEQBﬁd wi th
500 nyg of trypsin as in

nsulin 4 rs fornmed. Insulin 4
corresponds to t&ReRRHMRER the gﬂ‘ﬂﬂ R’Tﬁ“g“ctase Yis Thr (B30),

10 Z
IS Arg, Rerr] is Phe (Bl)

Yield increases in the preparatien of human insulin or
ingulin derivatives by genetic engineering can be

5 achieved if the number of process steps necessary can be
substantially decreased.

The cbject of the present invention was to develop a
process for obtaining insulin having correctly linked
eystine bridges in the insulin amino acid chain, in which

10 fewer process steps are necessary and, all in all, lower
purification losses occur.

A process for cobtaining insulin of the formula I
§ =3

o) | | (a20)
Gly Cys Cys Cys Cys R%=0H
(A1) | (A7) {a11) '

(1

PNy SS—— !

R! Cys - Crs ¥-1
(81) (87) {818)

has now been found,

which comprises
15 A) reacting a protein of the formula II

R2-R'-B2-B29-Y-X-Gly-A2-A20-R3 (II)

with an amount of a mercaptan which yields 2 to 10
-8H radicals of the mercaptan per cysteine residue
of the protein of the formula II, in the presence of

20 at least one chaotropic auxiliary in an agqueous
medium at a pH of 10 to 11 and a concentration of
the protein of the formula II of 0.05 to 0.3 g per
liter of agquecus medium and



R3is Asn (A21) and A2 - A20 and B2 - B29 correspond 10
sequence of the A and B chains of human insulin. 15 InsuI| Z{ “consists-

the Seq Id No. 1 and 7, which are | i nked to one anéther by correctly
bonded cysti ne

contains 800 g of the insulin derivatjve and is tréated with 75 kg d

hac .amcnl@‘ A

of

bri dges. The resul ting sol utioh {2 2Py 597

HP20 as 20 in Exanple 1. After adsorption and desorptio , the CO
el uate contai ns 8j03 geabtifguihe geggﬁt% i 9

-17-
APPLI CANT

10

1s

20

25

30

35

MW_
11&35%’“%& Ibsr-l:-l.l ges wg.tll . (1)

. 8 trypsin-like
enzyme and cptionally additionally with carboxypep-

tidase B or a mixture of the enzymes menticned to
give the ingulin of the formula I having correctly
linked cystine bridges,

C) treating the reaction product thus obtained with 3
to 50 g of a hydrophobic adsorber resin per liter of
agquecus medium at a pH of 4 to 7,

D) isolating the adsorber resin containing adsorbed
insulin of the formula I and

E) desorbing the insulin of the formula I f£rom the
adsorber resin;

in this case, in formulae I and II

X is a) an amino acid residue from the group consist-

ing of Lys and Arg or

b) a peptide having 2 to 35 amino acid residues,
containing the amino acid residue Arg or Lys
at the N-terminal and carboxyl end of the
peptide,

Y is a genetically encocdable amino acid residue,

Z is a) an amino acid residue from the group con-

| sisting of Arg and Lysa,

b) a peptide having 2 or 3 amino acid residues,
containing the amino acid residue Arg or Lys
at the carboxyl end of the peptide or

¢} O©OH,

R' is a phenylalanine residue or a covalent bond,

R? is a) a hydrogen atom,

b) an amino acid residue from the group con-
sisting of Lys and Arg or

c) a peptide having 2 to 45 amino acid residues,
containing the amino acid residue Lys or Arg
at the carboxyl end of the peptide,

R3 is a genetically enccodable amino acid residue and

the residues A2 - A20 correspond to the amino acid

sequence of the A chain of human insgulin, animal insulin
or an insulin derivative and

the residues B2 - B29 correspond to the amino acid

in

o

f
ed




(A) NAMVE: Hoechst Aktiengesellschaft (B) STREET: ('G).m

CITY:: Fraukfurt an Main (D) COUNTRY: Feder al Rep bl~r e—~0f—*GET‘maTT'y
(E) POSTAL CODE: 65926 (F) TELEPHONE: 069-305-60 7 e e Etﬁ '
TELEFAX: 069-35-7175 (N) TELEX: 041234-700 hod (lll |‘)*’ 'T‘r“TL OF

| NVENTI ON:  Process for obtaining insulin § - havi ng cdrriectly linke
cystine bridges (ii1) NUMBER OF SEQUENCES:. 9 (iv) JCOVWUTER READABLE
FORM ERweRceURE THvE: B Rihadmy ofi biman insulin,(Bn

conpati bl e or an Q&“@ER&J*MQQTEM PC- DOS/ Ms- DOS . (D
SOFTWARE: Patentln Release # 1.0, Version # 1.25 (EPA)

(2) 1 NFORVATI ON FOR SEQ I D NO. 1: (1) SEQUENCE CHARACTERI CS:
A protein of the formula II is preferably employed; in
this case

5 X

is the amino acid residue Arg or a peptide having
the amino acid sequence of the C chain of human
insulin,

b 4 is an amino acid residue from the group consist-

ing of Ala, Thr and Ser,

10 R! is the aminc acid residue Phe,

R? 48 a) a hydrogen atom or
b) a peptide having 2 to 25 amino acid residues,

containing Arg at the carboxyl end of the
peptide,

15 R} is an amino acid residue from the group consisting

of Asn, Ser and Gly,
and the residues A2 - A20 and B2 - B29 correspond to the
amino acid sequence of the B and A chains of human
insulin and
20 an insulin of the formula I having correctly linked
cystine bridges results, in this case ¥, R!, R?, R?, aA2-
A20 and B2-B29 have the abovementioned definition and
Z is | the amino acid residue Arg, the peptide residue
Arg-Arg or OH.

25 A protein of the formula II is particularly preferably
employed; in this case
X is the amino acid residue Arg or a peptide having 2
to 35 aminoc acid residues, two basic amino acid
residues, in partictilar Arg and/or Lys, being at
30 the gtart and end of the peptide,
Y dis the amino acid residue Thr,
R! 18 the amino acid residue Phe,
R? iz a) a hydrogen atom or
b) a peptide having 2 to 15 amino acid residues,

35 at whose carboxyl end is the amino acid
residue Avrg,

R} 418 the amino acid residue Gly or Asn,



(A) LENGTH. 21 ami no acids (B) TYPE: am no ac+-e|w-""‘"“‘_

STRANDEDNESS: si ngl e (D) TOPOLOGY: linear  REPHASEMAYE
TYPE: Protein (vi) ORI G NAL SOURCE: (A) ORGANTSM
Escherichia coli (ix) FEATYRES:

(B) LOCATION: 1..21 -6 -

(A) MF/ KEY F£8PI9oT eiln \
1
and the reaidues A2 - A20 and B2 - B29 correéspond to the l
amino acid sequence of the A and B chains of human
insulin and
an insulin of the €formula I having correctly linked
5 cystine bridges is formed, in this case Y, R, R?, R}, aA2-
A20 and B2-B29 have the abovementioned definition and
% is the amino acid residue Arg, the peptide residue
Arg-Arg or Lys-Lys or OH.

Surprisingly, it has been found that the protein of the
formula II does not have to be completely reduced in a
reaction step customarily preceding the "refolding" (R.
Jaenicke, R. Rudolph, 1989, Folding Proteins, in Protein
Structure, a practical Approach; Ed. Creighton, T.E.,
pages 181-224, JRL Press Oxford; EP 0 219 874) and that,
in the procedure described, in spite of a high proportion
of foreign protein (50 - 90 %) <£olding ylelds are
achieved which are at a level comparable with the folding

of appropriately purified proinsulin containing -SH
protective groups.

10

15

20 It has further surprisingly been found that the enzymatic

reaction of correctly folded proinsulin to give the
insulin of the formula I having corrxectly linked cystine
bridges is also possible in high yield in the presence of
50 to 90 % of foreign protein and the insulin of the

formula I binds with good selectivity to a hydrophobic
adsorber resin.

25

Compared with the previously known methods, the process
according to the invention enables substantially more
rapid preparation with higher yields. The reason for this
30 i the avoidance of the sulfitolysis and optionally
cyanogen bromide cleavage proceass steps and the pre-
viously unknown posasibility of converting proinsulin
directly from its denatured state in the presence of.
limited amountse of chaotropic salts in high yields into
35 a proinsulin having correctly bonded cystine bridges and
t:hen of converting it enzymatically into the insulin of



(xi)  SEQUENCE DESCRI PTION. SEQ ID NO. 1: Ay Ile Var-Gi a6y sHeys |
Thr Ser Ile Cyr Ser Leu Tyr Q& nQLeu 1 Y 5 g’{fit;@;:@/s_g;(s]
15 Qu Asn Tyr Oys Asn 20 (2) | NFORMATION FOR SEQ..| V\}P
2: (i)  SEQUENCE CHARACTERI STI CS (A LEN H:2%‘CF%%?%‘J§ L
aci ds (B) TYPE: anino acid (C) STRANDEDNESS: sLagLé\
(SgJR-Cr:gDO_OGY: | i near (ii) MOLECULE -TYPE: Protein _( — ORI G NAL |

%A) ORGANI SM  Easheri chia col i (ix)é FEA :
(A) NAVE/ KEY: Ptbeefarmula I withopp)fuyther pug: ficatipon. ereby

possgible to separate the resulting insulin of the formula
I from the folding solution by adeorption; The insulins
of the formula I can thus be obtained from the adsorbent
without intermediate isolation or purification after
desorption. The process according to the invention leads
to a substantially shortened preparation, which because
of ghorter standing times and the avoidance of losses

makes possible yield increases of 25-100 % compared with
10 the known processes.

The aminc acid sequence of peptides and proteins is
designated from the N-terminal end of the amino acid
chain. The information given in parentheses in formula I,
e.g. A6, A20, Bl, B7 or Bl9, corresponds to the position

18 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 stand for the term %genetically
20 encodable amino acid radical®.

The terms "residues A2 - A20* and "residues B2 - B29" of
animal insulin are understood as meaning, f£or example,
the amino acid sequénces of insulin from cattle, pigs or
hens. The term radicals A2 - A20 and B2 - B29 of insulin
25 derivatives stands for the corresponding amino acid
sequences of human insulin which are formed by the

replacement of amino acids by other genetically encodable
amino acids.

The residue Z is always part of the amino acid sequence
30 of X and is formed by the activity of the proteases such

as trypsin, trypsin-like enzymes oxr carboxypeptidase B.

The residue R® is the amino acid residue which ig in

position A21 of the A chain of insulin. The residue Y is

the amino acid residue which is in position B30 of the B
35 chain of insulin. '



(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO. 2: Phe Val

(B) TYPES: amino acid (C) STF%ONDEDNESS Si ngI e
TOPOLOGY: i nea"rrypsi.(:' | &

cleav(e ) LL%M Esa Erl C |a co Pre ngaﬂes%ﬁgﬁ\l-

Asn A n _Hs leu.Cye
Gy Ser His Leu Val Qu Ala Leu Tyr 1 5 RepL ACEMENT JEHEE]
15 Leu Val Cys Cdy Qu Arg Ay Phe Phe Tyr Thr Pro Lys g TSGR
20 25 30 (2) | NFORMATI ON IFOR SEQLD. p@ ia
(i)  SEQUENCE CHATACTERI STI CS (A) LENGTH: 35 ani 3@ Bevrd J:

SCOURCE:

10

is

20

25

30

35

ins at the arginine or lysine
residue.

Carboxypeptidase B is an exoprotease which splits off
basie amino acid residues such as Arg or Lys which are at
the carboxy-terminal end of aminc acid chains. (Kemmler
et al., J. Biocl. Chem. 246, pages 6786-6791).

The A chain of human ingulin has the £following sequence
(8eq Id No. l): Gly, Ile, Val, Glu, Gln, Cys, Cys, Thr,

Ber, Ile, Cys, Ser, Leu, Tyr, Gln, Leu, Glu, Asn, Tyr,
Cys, Asn.

The B chain of human insulin has the following sequence
(8eq Id No. 2): Phe, Val, Asn, Gln, 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.

The C chain of human insulin has the following sequence
(8eq Id No. 3): Arg, Arg, Glu, Ala, Glu, Asp, Leu, Gln,
Val, Gly., Gln, Val, Glu, Leu, Gly, Gly, Gly., Pro, Gly,
Ala, Gly, Ser, Leu, Gln, Pro, Leu, Ala, Leu, Glu, Gly,
Ser, Leuw, Gln, Lys, Arg.

Chaotropic auxiliaries aré compounds which, in agqueous
solution, break hydrogen bonda, for example ammonium
sulfate, guanidine hydrochloride, ethylene carbonate,
thiocyanate, dimethyl sulfoxide and urea.

The term hydrophobic adsorber resin stands for nonionic,
hydrophobic, crosslinked polymers and/or copolymers, for
example polyacrylates or polystyrene or copolymers of
styrene and divinylbenzene, in particular polymeric
adsorber resins having a large surface area and nany
large pores, e.g. commercial preparations of the
companies Rohm and Haas or Mitsubighi Chemical Industries
Ltd. such as XAD16, XAD1600 or HP20.

The term mercaptan is understood as meaning compounds
which contain at least one -SH group. Water-soluble
mercaptans are preferred. Examples of these compounds are



(ix)  FEATURES: (A) NAVE/ KEY: Protein _(B) LOGAFreN

1..35. (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO. 3: Ar(j ;qu Sl &5 Eixu
Asp Lou G n Val Gy @n Val Au Leu dy Gy 1 —-—""'“"‘1
10 15

Gy Pro Ay Ala Ay Ser Leu Gdn Pro LeuAI'a L{...Gkh|yi

5 |
Ser Leu 20 25 Oty & rgn \
-9 -
35 ed ‘
dithiothreitol, dithicerythritol, 2-merpaptoethancol, !
. . /
cysteine, glutathione, methyl thioglycolate, 3-mercapto-

1,2-propanediol and 3-mercaptopropionic acid.

The protein of the formula II can be formed in microor-

5 ganisms with the aid of & multiplicity of genetic engin-

eering constructs (EP 0 489 780, EP 0 347 781, EP ¢ 453

969) . The genetic engineering constructs are expressed in

microorganisms such as Escherichia coli or Streptomycetes

during fermentation. The proteins formed are stored in

10 the interior of the microorganisms (EP 0 489 780) or
excreted into the fermentation solution.

For the process according to the invention, proteins of
the formula II can be employed which are still contami-
nated &:I.z:ect].y after cell disruption with a multiplicity
15 of proteins which originate from the fermentation solu-
tion and from the microorganisms. The proteins of the
formula II, however, can also be employed in prepurified

form, for example after precipitation or chromatographic
purification.

20 © The procedure in process step A) is as follows:
The proteins are digsolved in a chaotropic auxiliary or
in mixtures of variocus chaotropic auxiliaries. Preferab-
ly, urea or guanidine hydrochloride is used in a concen-
tration of 6 to 9 ¥, preferably 8 M, based on water as a

25 solvent. The pE 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
buffer. The concentration of the buffer substances in the
aqueous medium is up to 0.5 M, preferably from 0.005 M to

30 0.5 M, particularly preferably from 0.05 to 0.1 M. The
protein mixture is then mixed with an agueous mercaptan
solution. By this means, the following concentrations are
establighed in the reaction solutiocn (based on water):

The concentration of the protein of the formula II is
35 0.05 to 0.6 g/l, preferably 0.1 to 0.3 g/l. The amount of



(2) | NFORVATION FOR SEQ I D NO. 4: (1) SEQUENCE CHA &}Hpﬁﬁﬁ SHEET \*
(A) LENGTH. 97 am no acids (3) TYPE: am no aci ‘ B I \
ATRANDENESS: si ngl e (D) TOPOLOGY: |i near (i )r/“‘— 1‘9597 | \
TYPE: Protein  (vi) ORI G NAL SOURCE: (A \rits l \
Eacherichia coli (1x) FEATURES: (A NA EYS: Pr '

(B) LOCATION 1..97 (Xi) SEQUENCE™ b&S‘CRI PTI ON: SEQUI
pla Thr Thr Ser Y gfdveailinSes &' 2009 Poft Yahidags 0b8 EhE
5 1 15 Leu Gy Ser Hs u Val du
Ala Lou Tyr LeuP®n a¥pteime megidue of the Pt"ngn of the formulagoii,
30 preferably 6 to 9. The pH of the solution is 10 to 11,
preferably 10.8. The abovementioned buffer components are
used. The exact pH is established by addition of sodiunm
hydroxide solution. The concentration of the buffer

components is 0.005 to 0.5 M, preferably 0.05 to 0.1 M.

The concentration of the chaotropic auxiliary in the
reaction mixture containing the mercaptan is less than
10 1 ¥, preferably 0.1 to 0.8 M, in particular 0.3 to 0.6 M.

The mercaptan employed is preferably cysteine or
2-mercaptoethanol, alone or as a mixture.

The temperature during the folding in process step A) is
0°C to 50°C, preferably 2°C to 30°C, in particular 4°C to
10°C. The reacticn time is 3 to 12 hours, preferably 4 to
8 hours, in particular 5 hours.

is

The result of process step A} is a proimsulin which
contains correctly linked cystine bridges.

In process step B), the reaction solution from process
step A) is adjusted to a pH of 6.5 to 9, preferably 8 to
9. Trypsin or a trypsin-like enzyme is added thereto in
an amount from 1 to 3 mg based on 3 g of proinmsulin
having correctly 1linked cystine bridges. Opticnally,
carboxypeptidage B is added thereto in an amount of 3 to
8 units based on 1 g of insulin of the formula I. A
mixture of trypsin and carbdxypeptidase B can alsoc be
added. The solution obtained is then stirred at a
temperature of 4°C to 15°C for from 4 to 16 hours. The
result of process step B) is an insulin of the formula I
30 which contains correctly linked cystine bridges.

20

25

In process step C), the reaction golution from process
step B) is adjusted to a pH of 2.5 to 4.5 with an acid
guch as hydrochloric acid or sulfuric acid. If turbidity
of the solution should occur, this is opticnally removed



Arg Ay Phe Phe Tyr Ths Pro Lys Thr Arg Arg Qu Ala Ju Asp :Leyg——"""" ”'——‘M

i
35 40 45 Gn Val Gy Gn Vil RENACERE" ”*“E !
GyGy Pro Gy Ala Ay Ser Leu 50 55
60 - 20- G@n Pro Le
Gy Ser LeuGInLysArgGIyIIeVaIGu_??_
75 80 A@n Cys Cys Thr Ser"Tle Cys Ser Leu

Asn Tyr cys

(2) 1 NFCRVATI ON YFa%ltrationﬁl%r gentrifugationgo The remainin _____ga_gj_pg.i——-—-”
is treatgd with a hydrophobic adsorber resin. Resins of

the XAD or HP20 type have proven suitable. The amount of

the resin is 3 to 50 g per liter of reaction solution,
5 opreferably 20 to 40 g/l.

The suspension cbtained can be treated with a salt such
as NaCl up to a concentration of 0.1 M, and is then
stirred for 3 to 4 hours. The adsorption of the insulin
of the formula I on the resin is checked by sampling and
10  high-pressure liquid chromatographic analysis (HPLC
analysis). As soon as insulin is no longer detectable in
the solution, the adasorber resin is separated off €£rom
the aqueous reacticn solution (process step D}. This is
carried out, for example, by filtration or centrifugation
15 according to known methods. The resin containing adsorbed
insulin of the formula I is washed with a purely agquecus
or buffer-containing aqueous solution. In particular, it

ie washed until the conductivity in the wash soclution is
less than 0.4 mS/em.

20 The desorption (process step E) of the insulin of the
formula I is carried out by known methods, which depend
on the hydrophebic adsorber resin used. The desorption is
carried out in the case of XAD or HP20 adsorber resins,
for example, by means of an aqueous sclution which

25 contains 20 to 65 % of a water-miscible, nonionic organic
solvent, e.g. a (C,-Cg)-alkanol. Preferably, 35 % of
igopropancl or n-propanol is used in the solvent water.
The desorption of the insulin of the formula I is carried
out, for example, by washing with the iscpropanol sol-

30 ution. The washing can be carried ocut on a stirred
pressure filter by mixing with the isopropancl solution
or by chromatogfaphy in a column. The volume ratio of
resin to isopropanol solution is 1:1 to 1:10, preferably
1:1.1 to 1l:2. The washing steps can be repeated one to

35 €ive times, preferably twice. The ccmbined isopropanol
fractions can be used directly or after dilution with
water for further chromatographic purifications.



nno-ac

(B) TYPE: amno acid (C) STRANDEDNESS: singl d neoi ACEMENT 5(\1'55;‘

TOPOLOGY: |inear (1) MOLECULE TYPE: Protein (vi) o -

SOURCE: (A) ORGAISM Escherichia coli (1K)

(A)  NAME/ KEY: Protein (B) LQGATION: 1..96 | E

DESCRI PTION: SEQ I D NO. 5: Met Ala Prd Thr Ser Ser Se‘ Lys—HH

Gn Leu An ey Gdo goftoyin ok the progess ac

15 Hs Leu %u pmf_eL? (3’?1%11 I'e L& Ah SGI%/ ﬁﬂrg]_l

20 invemtion is describeq@(in detaid .\Perpeptags data welake \et

Ile An Ay Ar@Phige/leidht, GlR not stated otierwise. 40

45 Hs Leu Cys Ay Ser Hs Leu Val Qu Ala Leu Tyr Leu Val Cys Ay
Example 1

5 A fusion protein having the following amino acid seguence
is prepared by fermentation of genetically modified
Egcherichia-colli cells (EP 0 489 780).

Proinsulin sequence 1 (SBeq. Id No. 4):

Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val

10 Asn Gln 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 Arg Glu Ala Glu Asp Leu Gln Val Gly Gln
Val Glu Leu Gly Gly Gly Pro Gly Ala Gly Ser Leu Gln
Pro Leu Ala Leu Glu Gly Ser Leu Gln Lys Arg Gly Ile

15 Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln
Leu Glu Asn Tyr Cys Gly '

Proinsulin sequence 1 corresponds to the formula II, in
this case

X is a C peptide from human insulin,
20 Y is Thr (B30),
R' is . Phe (B1),
R? 48 a peptide having 11 amino acid residues,
R} is Gly (A21) and
A2 - A20 is the amino acid sequence of the A chain of
25 human insulin (amino acid residues 2 to 20} and B2 - B29
is the amino acid segquence of the B chain of human
insulin (amino acid residues 2 to 28).

The expressed fusion protein having the proinsulin
sequence 1 collects in the E. coli cells and forms

30 " ineclusion bodies. After completion of the fermentation,
the cells are removed by centrifugation and disrupted by
customary high-pressure homogenization. The fusion
protein inclusion bodies released are igolated by
centrifugation.

(i)  SEQUENCE CHARACTERI STI CS (A) LENGTH 96 ani fels-——

|
\



i
50 55 60 Gu Arg Ay Phe Ph@"tﬁwﬂ
Lys Thr Arg Ay Ile Val Au dn 65 70 7
80 Cys Cys Thr Ser Ile Cys Ser Leu Tyr G n Leu Gu Asn Tyr WB&%}W
85 90 95 (2) | NFORMATI ONiF 25 :
(i)  SEQUENCE CHARACTERI STI CS (A) LENGTH ;3 s B
(B) TYPE: anino acid (C) ~SYRARDEDNESS: singl e '
(D) TOPOLOGY:

TYPE: Protein

10

15

20

25

30

35

'h@&&rg of the isolated fusion protein i.n%?tusibh) bodIYU‘ECULE

(bagsed on dry matter after freeze drying) having the
proinsulin sequence 1 are dissolved in 200 1 of an 8 M
guanidine hydrochloride solution at pH 10.8. Optionally,
after centrifugation of small amounts of suspended
matter, the clear solution is stirred into 1800 1 of an
agqueous cysteilne solution (250 g of cysteine hydro-
chloride hydrate) at a pH of 10.8 and a temperature of
4°C. The proportion of the insulin-containing fusion
protein is determined with the aid of an SDS electro-
phoresis scan (U.K. Limmli, Nature, Volume 227, pages
680-685, 1970). It is 45 %. After conclusion of the
folding reaction, the content of proinsulin sequence I
having correctly linked cystine bridges in the reaction

mixture is determined as 760 g with the aid of analytical
HPLC.

The 2000 1 of solution is adjusted to a pH of 8.5 using
6N HCl. 500 mg of trypsin is then added. 305 g of insulin
2 are formed according to HPLC measurement.

Insulin 2 corresponds to the formula I, in this case

Y is Thr (B30),

Z is Arg-Arg,

R! is  Phe (B1l),

R} i8 ©Gly (A21) and

A2 - A20 is the amino acid seguence of the A chain of
human insulin (amino acid residues 2 to 20) and B2-B29 is
the amino acid sequence of the B chain of human insulin
(amino acid residues 2 to 29).

Insulin 2 consists of the Seq Id No. 6 and 9, which are
linked to one another via correctly bonded cystine
bridges.

The solution is adjusted to a pH of 3.5 using 6N HCl and
the conductivity value is adjusted to about 10 mS/cm with
the aid of saturated NaCl solution. A slight turbidity is
removed by centrifugation. 75 kg of EHP20 (Mitsubishi
Chemical Industries Ltd., Diisseldorf, Germany) are added



(vi) ORI G NAL SOURCE: (A) ORGANI SM Escheri chl aPEBIACERLE] ¢
FEATURES: (A) NAME/ KEY: Protein (B) LGDWTTTN 1732 |
(xi) SEQUENCE DESCRI PTI ONs SEQ I D NO. 6: Phe Val Asn i{Gin HiEsy g@qmys
Ay Ser Hs Leu Val Gu Ala Leu Tyr 1 5

15 Leu Val cys Gy GQu Arg Gy Phe Phe Ryr _Thr Pro Lys Thri-Arg /—\rg

20 25 30 (2) | NFORMATI ON FGR SEQ I D NO. 7:

(i)  SEQUENCE €bAACTcReSE! G81ution. The(dls é@ﬁiﬁi@%m‘@ é\f‘iﬂ%

TRANDE SS:
gI'(BJ)DO-_nC(IP;E ?lmngg %C dc for about (1%) hoxsxrsRA unt nsuling gl no longer co

be detected in the supernatant. The resin is removed by
filtration through a suction filter and washed with water
5 until the conductivity in the wash soluticn is less than
0.4 mS8/cm. The product is desorbed by suspension of the
resin in 75 1 of 50 % strength aqueous isopropanol
solution. Filtration and incubation with the isopropancl
solution is repeated twice. After 60 minutes, the resin
10 is filtered and then incubated several times in a 35 %

strength isopropanol solution and filtered. The yield of
insulin 2 is 288 g.

The eluates which contain insulin 2 can be €further
purified immediately on a chromatography column after
15 dilution with water and pH adjustment.

HPLC analysia

0.5 g of protein are dissolved in 40 ml of a solution of
6§ M guanidine hydrochloride, 50 mM tris, pH 8.5, 5 mM
ethylenediaminetetraacetate (EDTA), 1 % 2-mercaptoethanol
20 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 applied to a high-pre'saure liguid chroma-
tography column,

Column: Om,\cleogel RP 300-5/46 (Macherey &
25 Nagel, Aachen, Germany)
Gradient: Buffer A: 0.1 % trifluorcacetic acid
(TFA)
Buffer B: 0.09 % TFA in acetonitrile
Temperature: 55°C

30 Total running time: 40 min.
The gradient is characterized by the following amounts of
buffer B after the corresponding running times:
10 min 25 %, 12 min 60 %, 13 min 90 %, 15 min 100 %.
Flow rate: 1 ml/min

35 Detection: 215 nm
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(ii) MOLECULE TYPE: Protein (vi) ORI G NAL SOURCE: TLAL T (AN
ORGANI SM Escherichia coli (i x) FEATURES: (A)  NAVE/ KEY]
Prot ei n (B) LOCATION: 1..31 (xi) SE 2DEBERI BT ON

SEQ ID NO. 7: Phe Val Asn A n H s Leu Cys Ay ser H s Leu Val d u}AI"a
Leu Tyr 1 5 - 1¥0. —1eu Val S
Gy AQu Arg Gy Phe Phe Tyr Thr Pro Lys ‘F’hr Arg 20
25 Reténtion time

_of ingulin: about 19 min

ki e 1

J—

Example 2

A fusion protein having the following amino acid sequence

5 is prepared by fermentation of a genetically modified B.
coli (EP 0 347 781):

Fugion protein 3 (Seq Id No. 5)

Met Ala Pro Thy Ser Ser Ser Thr Lys Lys Thr Gln Leu
Gln Leu Glu Hisg Leu Leu Leu Asp Leu Gln Met Ile Leu
10 Asn Gly Ile Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg
Met Ile Glu Gly Arg Phe Val Asn Gln 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 Ile Val
Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu
15 Glu Asn Tyr Cys Asn '

This fusion protein contains the amino acid sequence of
proinsulin 3. The expressed fusicn protein 3 colleets in
the E. coli cells and forms inclusion bodies. The disrup-
tion of the cells is carried out as in Example 1. The
20 fusion proteins 3 thus obtained are subjected to cyanogen
bromide cleavage, and proinsulin 3 is formed (Seq Id
No. 8).
Proinsulin 3 corresponds to the formula II, in this case
X is Axrg
25 Y is Thr (B30),
R is Phe (B1),
R? is a peptide having 4 aminc acid residues,
R} is Asn (a21) and
A2 - A20 and B2 - B29 correspond to the amino acid
30 gsequence of the A and B chains of human insulin.

After cyanogen bromide cleavage, the content of proin-
sulin 3 is determined quantitatively with the aid of SDS

electrophoresis in a freeze-dried sample containing 9.2 %
insulin-containing protein.
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-22-  (2) INFORVATION FOR SEQ ID NO.  S: (1) SEQUEN
(A) LENGTH 56 amro acids (B) TYPE: amino aci
STANDEDNESS: si ngl e (D) TOPOLOGY: |i near
TYPE: Protein (vi) ORI G NAL SOURCE: (A
Escherichia coli (1 X FEATURES: - . (A NA . _Pr.
(B) LOCATION:. 1..56 (xi) SEQUENCE D€§%RIPTICN SEQ | DN
G UGy Arg Phe 26ao &58£GFothsulny 3%&1%&%:4& i l:%
il.nS Al al S Ay
GI u Arg Ay Phe qﬂj}@rﬁﬁe hydrate as Example 1. A content: of 1260 g of
proinsulin 3 having correctly linked cystine bridges is
then determined in the total reaction mixture by means of

5 analytical HPLC. The product is treated with 500 mg of
trypsin as in Example 1.

Insulin 4 is formed. Insulin 4 corresponds to the formula
I, in this cage

Y is Thr (B30),
10 Z is Arg,
Rl i8  Phe (B1)
R® is  Asn (a2l1) and
A2 - A20 and B2 - B29 correspond to the amino acid
sequence of the A and B chains of human insulin.

15 Insulin 4 consists of the Seq Id No. 1 and 7, which are
linked to one another by correctly bonded cystine
bridges. '

The resulting solution (2 =x°) contains 800 g of the
insulin derivative and is treated with 75 kg of HP20 as

20 in Example 1. After adsorption and desorption, the
combined eluate contains 703 g of insulin 4 (88 % yield).



20 25 30 Lys Thr Arg Gy Ilgi&faiuau Gﬂh-'
Cys Cys Thr Ser Ile Cys Ser Leu 35 i 140

45 Tyr dn Leu du Asn Tyr Cys Asn 50 | 25988 i”"‘97(2
| NFORMATI ON FOR SEQ ID NO . 9: (i) SEQUENCE CHARACTERISTICS .
(A) LEGTH: 21 am no acids . (B) TYPE: amino agid

(©) STRADEDNESS: single -4 TOPOLOGY: |inear (T P——
MOLECULE TYPE: Protein (vi) ORI G NAL SOURCE: (A

ORGANI SM  Eucherichia coli (i xg MT%gmG (A NAME/ KEY:
Protein (B) LOCATI ON: g?[

(1} GENERAL INFORMATION:
(1) APPLICANT

(A) NAME: Eoechst Aktiengesellschaft
(B) BSTREET: -
(C) CITY: Frankfurt am Main
(D) COURTRY: Federal Republic of Germany
{E) POSTAL CODE: 65926
(F) TELEPHONE: 069-305-6047
(G) TELEFAX: 069-35-7175
(H) TELEX: 041234-700 hod

(i1) TITLE OF INVENTION: Process for obtaining ingulin
having correctly linked cystine bridges

(i111) NUMBER OF SEQUENCES: 9

(iv)  COMPUTER READABLE FORM
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFIWARE: PatentIn Release ¥ 1.0,
Version # 1.25 (EPA)

(2) INFORMATION FOR SEQ ID NO. 1l:
(1) SEQUENCE CHARACTERIBSTICS:
(A) LENGTH: 21 aminoc acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(13) MOLECULE TYPE: Protein

{vi) ORIGINAL BOURCE:
{A) ORGANIBM: Escherichia coli

(ix) FEATURES s
(A} NAME/ERY: Protein
(B} LOCATION: 1..21

1§

Y s s A S TR T D T B a e



-23 -
Cys Thr Ser Ile Cys Ser
15 GQu Asn Tyr Cys Qy

{xi)

gly fle Val Glu gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Glm Lesu
10 15

SEQUENCE DESCRIPTION: SEQ ID NO. 1: I

(xi) SEQUENCE DESCRIPTION. SEQIDNO 9: dy Ile Val Gu dn Qs

Leu Tyr G n Leu 1 5 o

H
H

20 !
P

~ |
-18~- l

i
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H
i

N Yad L ot I T CIRTLY
x“*":l’f

Lot st i L,

1.0).
Mo

i
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Glu Asn Tyr Cys Asn
20

(2) INFORMATION FOR SEQ ID NO. 2:

(1)

{41)

(vi)

(ix)

SEQUENCE CHARACTERISTICS
(A) LENGTH: 30 amino acide
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

MOLECULE TYPE: Protein

ORIGINAL SOURCE:
(A) ORGANISM: Escherichia coli

FEATURES:

(a)
(B)

NAME/EEY: Protein
LOCATION: 1,.30

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 2:

Phe Val Asn Gln'His Leu Cya Gly Ser g%l Leu Val Glu Als :l‘gu Tyr
p | 5 .

mvncy-g‘l,yclumaymggary:muomgg:

(2) INFORMATION FOR SEQ XD NO. 3:
(L) SEQUENCE CHARACTERISTICS

LENGTH: 35 amino acids
TYPE: amino acid
STRANDEDNESS: single
TOPOLOGY: linear

(A}

(B)

{C)

(D)
' (i)
(vi)

MOLECULE TYPE: Protein

ORIGINAL BOURCE:
{A) ORGANISM: Escherichia coli



Pat ent cl ai ns HCE 94/ F 042
process for obtaining insulin of the formula | [err]
whi ch conpri ses

_i9-

{(ix) FEATURES:

(A) NAME/KEY: Protein
(B} LOCATION: 1..35

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 3:

Arg Arg Glu Ala glu Asp Leu Gln Val g%y Gln Val Glu Leu géy Gly
1

Gly Pro Gly A%l Cly Ser Lsu Gln l;;o Leu Ala Lau Glu géy Ser Leu
2

Gln Lys Arg
35

(2) INFORMATION FOR SEQ ID NO. 4:
{1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 97 amino acids
{B) TYPE: aumino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: Protein

{vi) ORIGINAL BOQURCE:
(3) ORGANISM: Escherichia coli

(ix) mms t

(A) NAME/KEY: Protein
(B) LOCATION: 1..97

(1) SEQUENCE DESCRIPTION: SEQ ID NO. 4:

¥Met Ala Thr Thr Ssr Thr Gly aAsn Ser %& Arg Phe Val Asn Gln His
1 5
Leu Cys Gly Ser His Leu Val Glu 12%; Leu Tyr Leu Val ggs Gly Glu
20
Arg Gly Phe Phe Tyr Thr Pro !4%' Thr Arg Arg Glu :%a Glu Asp Lau
3as

Gin Val Cly Gln Val Glu ts.gu Gly Gly Gly Pro cs%y Ala Gly Ser Leu
€0



A) reacting a protein of the fornula |1 ; -

Rlert]-R err]-B2-B29-Y-X-Gy-A2 A20-Rlerr] (11) | DEPLAGTMENT SHEED
w th an anount of a nercaptan which i yields 2 to]
10 -SH radical s of the ner capt an per2 §ytEigg
resi due of .the protein of the féormula Il, in the
pre- 10 sencep@f at |east one ch@oFfOﬁfe"auxkr—~
liary in an aqueous nediumat a pH of 10 i to 11
and a concentratign of the protein of tThe formula
Il of 0.05 to 0.3%3) pes Lev Ala Lex gl Gly Ser Lau Gln Lys Arg B3y IHY Valg@lbus nedi um
and 15 B) reacting the resulting Er0|nsulln havi ng
correctly |inked EYSEYHEYLFRERFSTAN Gue Sex Leu Tyr Gln Leu G

“ AR Iyr Sy¢ trypsin, a

trypsin-like enzyne and op- tionally

addi tional |y wi t h®¥ar boxypepti - dase B or a

m xture of the enzynes nen- 20 tioned to give the
insulin of the for- mula | having correctly

|ti nktE_d CySt ihne (2) tmomnon FOR SBQ ID Nb(islges. ot a Cé
reating e re I 0 o . obt ai ne

with 3 to 50 g ofa§ hyg?@gﬁ%%#éhnuhuﬂimmsggcs adsorber resin

per liter of aqueous (A) LENGTH: 96 amino acids

(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(1) MOLECULE TYPE: Protein

{vi) ORIGINAYL SOURCE:
() ORGANISM: Esmcherichia coli

(ixz} FEATURES:
{(3) HNAME/EEY: Protein
(B) LOCATION: 1..56

(=xi) SEQUERCE DESCRIPTION: SEQ ID RO. S
tiet Ala Pro Thr Ser Ser Ssr Thr Lys Lya Thr Gln Leu Gln Leu Glu
b $ 10 15

His Leu Leu Leu Asp leu Gln Net Ile Leu Asn Gly Ile Asn Asn Tyr
20 1 o
Lys Asn Pro Lys Leu Thr Arg Met Ile Glu Gly Arg Phe Val Asn Gln
3B ~ 40 45
Hia Leu Cys GCly Ser His Leu Val Gliu Ala Leu Tyr Leu Val Cys Cly
50 85 60
Glu Arg Gly Phe Phe 'r%r Thr Pro Lys Thr Arg Gly Ile Val Glu Gin
65 7 % 80

Cys Cys Thr Ser g%e Cys Ser Leu Tyr cén Leu Glu Asn Tyr Cys Asn
9 95

(2) INFORMATION FOR SEQ ID NO. 6:
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 32 amino acids
(B) TYPE: amino acid
(C) ETRANDEDNESS: single
{D) TOPOLOGY: linear



-25-1, medi um at pH of 4 to 7, D i sol ati ng-the_adsorher

resin cont ai ni ng adsor bed insulin of pERGCEBERDISNEET
and E) desorbing the insulin of the fc@r rr'u+a-|~* e ~-5-
fromthe adsorber resin; inthis case h%

and 11 Xis a) an amino acid residue frgmit “gmﬂp’
consi sting of Lys and Arg or -21- b) a peptide having 2
to 35 am no acid 10 resi dues, containing the am no
aci d (1i) MOLECULE TWR®H:dpeofednor Lys at the HRad-

and carboxyl end of the peptide, Yis a genetically
encodable amno acid resi due, -

{vi) - ORIGINAL SOURCE:
{A) ORGANISM: Escherichia coli

(ix) FEATURES:
(A) RAME/REY: Protein
(B) LOCATION: 1..32

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 6:

Phe Val Asn Gln His Leu Cys Cly Ser His Leu Val Glu Ala Leu Tyr
b 8 5 10 15

Leu Val Cys g%y Glu Arg Gly Phe g:;o Tyr Thr Pro Lys ghr Arg Arg
o

(2) INFORMATION FOR SEQ ID NO. 7:
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 31 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: Protein

(vi) ORIGINAL SOURCE:
(A} ORGANISM: Escherichia coli

{ix) FEATURES s
{(A) NAME/KEY: Protein
{B) LOCATION: 1..31

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 7:

Phe Val Asn CGln Hix Leu Cys Gly Ser gél Leu Val Glu Ala ti;u T™yr
1 5

Leu Val Cys géy Glu Arg Gly Phe ggc Tyr Thr Pro Lys ;gr Arg




15

Zis a) an amno acid residue fromthe group
consisting of Lys and- Arg,

b) a pept|{é'lle«—i=wan7“r*rrg"**‘2“(.'51*l

R
Lw‘- e g o = S

3 amno acid resi dues, containi ng thez\ 21008
residue Arg or Lys at the carboxyl end 20 R& ‘Of“ﬁh‘é
pepti de or c) OH, err]
phenyl al ani ne resi due or a covalent -22- ;bond

Rlerr] is a) a hydrogen atom 25 b) an‘-aw-re-aecit
residue fromt ar Pl consisting of Lys and Arg
or '?5) mgop‘esﬁam haV| ng 2 to 45 am no acid

resi dues, contai fthg t : STICs resi due Arg
or Lys at the carboxyl e(x) LENGTRO 56 amino acids of the peptide,
Rlerr] is a genetically CcO i § resid-

ue and he resi dues A20Q correspond to the ani no

acid sequence of the A cH&n Wﬁﬂﬁﬁﬁsmmh 35

i nsulin or

an insulin de(pyatiororect: linear
B29 correspond to the am no

of human insulin, animal insulin or an insulin

deri vati ve.

(ii) MOLECULE TYPE: Protein

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Escherichia colil

{ix) FEATURES :
(A) MNAME/KEY: Protein
(B} LOCATION: 1..56

{x1) SEQUENCE DESCRIPTXION: SEQ ID NO. 8:

Ile Glu Gly Arg Phe Val Asn Gln His rl.cu Cys Gly Ser His Leu Val
1 1 0 15

Glu Als Leu Tyr Lsu Vai Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro
20 25 30
Lys Thr Arg Gly Ils Val Glu'g%n Cys Cys Thy Ser ige Cys Ssr Leu
38

Tyr Gln Leu Glu Asn Tyr Cgl Asn
50 $

(2) INFORMATION FOR SEQ ID NO. 9:
(1) SEQUENCE CHARACTERISTICS
(A) LENGTH: 21 amino acids
(B) TYPE: amino acid
{C) STRAWDEDHESS: single
(D} TOPOLOGY: linear

(11) MOLECULE TYPE: Protein

{vi) ORIGINAL SOURCE:
(A) ORGANIBM: Escherichia coll

(ix) FEATURES:
(A) NAMR/KEY: Protein
(B) LOCATION: 1..21

t he residues B2 -
acid sequence of the B chain



2. The process as clainmed in claim 1, wherein a

: pfotet1
of the formula Il is enployed, in this case = HEPLAGEMENT ‘\‘;s{
is-the amino acid residue Arg or a peptide 5 ha\nngtne -
am no acid sequence of the C chain of hurran} rfq rj__:ra. gy '
is an amno acid residue fromthe group con- sisting of Ala, {Thr —an “Ser J
Rlerr] is the amno acid residue Phe, _2]5Q Rerr] itsl-a)—a
hydr ogen at om or b) a peptide having 2{to 25 am no
acid (xi) on ni n Arg at —the
carboxyl end of the pept| de Cﬂﬁs@ﬂfﬁmoﬁ éﬂ% gps 8h amino acid residue

fromthe group corfy Ilel¥al iu 6in cys cys Thr sikShb Ser_and Qy,
and the residues A2 - A20 and B2 - B3% corres:po% » Yo R 2% SinLeuig the

am no aci d sequencBuXsntiye g}.an§ B chains
0




of human insulin and an insulin of the fornul a_ |l _having

correctly 20 | i nked cystine bridges results, ini:this gaseNy,SHEET
Rlerr], Rerr], Rerr], A2-A20 and B2-B29 have the abovenen-
tioned definition and

Zis the amno acid r'{eélid e ALY ';l
pepti de resi due Arg-Arg or COH. 25 g::’ ret e
process as claimed in claim1, wherein-x- pratdin_of the j
formula Il is enployed, in this case i Xis
the amino acid residue Arg or a peptide ' having-
35 am no acid residues, two 30 basic am no acid
residues, in pyiidut ¥aims Arg and/
start and

Y 30 at the
end of the peptide, %ok 9%!,11)634'} Yis
the ami no acid residue Thr, Rlerr] is the amno acid

resi due Phe, 1.35 A proceBBcfod cbtaining inmixldgrefathe Hérmula I

b) a peptide having 2 to 15 am no acid s resi dues,
at whose carboxyl end is the

am no acid residue
Arg, (A6) ‘ l {A20) .
Gly Cys Cys Cys Cys RS-0H
(a1 (a7) (A1)
3 .
! —Ys Cys -
(e terd (819) .
ROy s e
A)

reacting a protein of the formula II

R?-R'-B2-B29-Y-X-Gly-A2-A20-R° {(II)

with an amount of a mercaptan which

yields 2 to 10 -8HE radicals of the

mercaptan per cysteine residue of the
protein of the formula IX, in the pre-
gence of at least one chaotropic auxi-
liary in an aqueocus medium at a pH of 10
to 11 and a concentration of the protein
of the formula IX cf 0.05 to 0.3 g per
liter of aquecus medium and

reacting the resulting proinsulin having
correctly 1linked cystine bridges with
trypsin, a trypsin-like enzyme and op-
tionally additionally with carboxypepti-
dase B or a mixture of the enzymes men-
tioned to give the insulin of the for-

mula I having correctly linked cystine
bridges,

10

15 B}

20

C) treating the <reaction product thus

obtained with 3 to 50 g of a hydrophobic

25 adsorber resin per liter of

agqueous

i et e et e e PR
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t he r-esi dues A2 -

tioned definition
t he peptide

* c L ] N *

10
15
20
25

30

35

A20 and B2 - B29 correspond
of the A and B chai ns

an insulin of the fornula | having correctly o - Linke
cystine bridges is fornmed, in this case Y, P 2/y BEB 997
Rlerr], Rerr], A2-A20 and B2-B29 have-gshe abovenen- Pl

Rlerr] is the amino acid residue Q.y.or. Asn, _and__

to the anm nopagitysequense
. . St L TAGWTRL T DO sk,
of human insulin ande.. ool B

| | i nked

Pt
and Z is the amino acid residue Arg,
10 residue Arg-Arg or Lys-lys or O
medium at a pH of 4 to 7,
D)

isolating the adsorber resin containing -
adsorbed insulin of the formula I and

E) desorbing the insulin of the formula I
from the adsorber resin;

in this case, in formulae I and II

X is a) an amino acid residue from the group
consisting of Lys and Arg or

b) a peptide having 2 to 35 aminoc acid
regidues, containing the amino acid
residue Arg or Lys at the N-terminal
and carboxyl end of the peptide,

Y is a genetically encodable amino acid
residue,

%2 is a) an amino acid residue from the group
consisting of Lys and Arg,

b} a peptide having 2 or 3 amino acid
residues, containing the amino acid
residue Arg or Lys at the carboxyl end
of the peptide or

c) O,

R' iz a phenylalanine residue or a covalent
bond,

R? is a) a hydrogen atom,
b) an aminoe acid residue from the group
congisting of Lys and Arg or
c) a péptide having 2 to 45 amino acid
residues, containing the amino acid
residue Arg or Lys at the carboxyl end
of the peptide,
R} ig a genetically encodable aminc acid resid-
ue and
the residues A2 - A20 correspond to the amino
acid aequénce of the A chain of human insulin,
animal insulin or an insulin derivative and
the residuea B2 - B29 correspond to the amino
li.c:i.d= segquence of the B chain of human insulin,
animal insulin or an insulin derivative.



4. The process as clainmed in one or nore of clains

to 3; wherein cysteine or cysteine hydro- ' 3.tﬁT@gyda T
hydrate is enpl oyed as the mercaptan. 5. Thmmﬁﬁﬁc i&ég
clainmed in one or nore of clains 15 lto 2 mhereln a P
crosslinked pol ystyrene, poly- . acryl atie or2danByﬁ@} ?f
pol ystyrene and di vi nyl - -26- benzene is e loyed as the,

hydr ophobi ¢ adsor ber resin. e
process as claimed in one or nore of clains .1 to 5, _
wherein the insulin of the fornmula I is desorbed from
t he adsoLber resin usipg 'ﬁﬁlfdﬁs as c]_aj_med 1,]_:_ c%ampqqolwwrerhprappanol

7. The process as € g0 cla

1to 6, wherein 0.01 é?é?%w qug a 19 n§3§9d in this
process step C). °58° An |nsuI|n of the fornmula I, obtained
t7)y a pro- X is tuaems Qbaarredsmu@nxxgrcﬁvaepe{mfaéi m 1to
. 5

having the amino acid sequence of the C chain
_______ of human insulin,

’ Y is an amino acid residue f£rom the group con-
R 0 NIIIH ill! sisting of Ala, Thr and Sex,
R! ig the amino acid residue Phe,
10 = R? is a) a hydrogen atom or

b) ‘a peptide having 2 to 25 amino acid

residues, containing Arg at the

carboxyl end of the peptide,
an amino acid residue f£rom the group con-
sisting of Asn, Ser and Gly,
and the residues A2 - A20 and B2 - B29 correspond

to the amino acid sequence of the A and B chains
of human insulin and '

R® is
15

an insulin of the formula I having correctly
linked cystine bridges results, in this case ¥,
R, R?, R}, A2-A20 and B2-B2S have the abovemen-
tioned definition and

Z is

20

the amino acid residue Arg, the peptide
residue Arg-Arg or OH.
25 3. The process as claimed in claim 1, wherein a

protein of the formula II is employed, in this
case

X is the amino acid residue Arg or a peptide

having 2 to 35 amino acid residues, two
bagic anmino acid resldues, in particular
Arg and/or Lys, being at the start and
end of the peptide,

Y ia the amino agid residue Thr,

R! ig the amino acid residue Phe,

35 R? is a) a hydrogen atom or

° b) a peptide having 2 to 15 amino acid

residues, at whose carboxyl end is the
amino acid residue Arg,

30
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R is

._ the amino acid residue Gly or Asn,
IO HERUL  =me ene zessasea a2 - a20 ana 52 - 225 correspona
* c L H S *

to the amino acid sequence of the A and B chains
of human insulin and
an ingulin of the formula I having correctly
linked cystine bridges is formed, in this case ¥,
R, R?, R}, A2-A20 and B2-B29 have the abovemen-
tioned definition and

z is the amino acid residue Arg, the peptide
10 residue Arg-Arg or Lys-Lys or OH.

The process as claimed in one or more of claims
1 to 3, wherein cysteine or cysteine hydro-

chloride hydrate is employed as the mercaptan.

The process as claimed in one or more of claims
1 to 4, wherein a crosslinked polystyrene, poly-
acrylate or copolymer of polystyrene and divinyl-

benzene is employed as the hydrophcbic adsorber
resin.

15

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

desorbed from the adsorber resin using isopro-
panol or n-propanol. '

20

The process as claimed in cne or more of claims

1 to 6, vwherein 0.01 to 0.1 M salt is added in
25 the process step C).

aAn insulin of the formula I, obtained by a pro-
cess as claimed in one or more of claims 1 to 7.
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Abstract

Process for obtaining insulin- having correctly linked
cystine bridges

A process for cbtaining insulin having correctly linked
cystine bridges from a corresponding proinsulin amino
acid chain in the presence of mercaptan, chaotropic
auxiliaries and at a pH of 10 to 1l is described, as well
ag the direct conversion of the proinsulin to insulin
with the aid of enzymes and direct isolation of the
jnsulin from the reaction mixture with the aid of
hydrophcbic adsorber resins.



