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-1- )Pr 0cess for obt ai ni ng proinsulin &OSSESSI ng correctly |inked cyst"l"f\g"'q
brl,dﬁes Hur'ran“llsr?éli#tﬁ 36@@{3&&& n pobléex&ng two anino acid chains of 51
am poaci d resgl H!“H"HIIIH 85 cysteine 5 residues are present in the two

am'no acid chald®, with in each case two cysteine residues being linked to
each ot her vi a HORCHST {AKRIENGERBLLSGCHARD | og’ﬂ&ﬁ?%?‘ A hunks- | TB(ven,
~the A and B chains are linked to each other via two cystl ne bridges, and a

further—cysti "% asd' isdge 6l§t£’:[ﬁf£§t proinaalAnt possess iyt ordedt s i cal
poi nt of view, ere are 15 possibilities of formng disulfide bridges
within one hurr'.ailrii-!FJFS,"&I1’1’1’\'&%l RFIAIH| y one of the 15 possibilities is

present in biologically active human insulin. The follow ng cysteine
resi dues are 15 I|n ed

nsu ea h Ot heroé&xt'u%glegﬁﬂzbn \&Gamiéol]acid
chains of 51 amino acid residues in all. 6 cysteine

5 residues are present in the two amino acid cﬁains, with
in each case two cysteine residues being linked to each
other via a disulfide bridge. In biologically active
human insulin, the A and B chains are linked to each
other via two cystine bridges, and a further cystine

10 bridge is present in the A chain. From the statistical
point of view, there are 15 poasibilit:les of forming
disulfide bridges within one human insulin molecule. Only
one of the 15 possibilities is present in biologically
active human insulin. The following cysteine residues are )

15 ‘linked to each other in human insulin:™ g e T e
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The letters A or B stand for the |pespectivecdmeulin

20 chains, while the number stands for the position of the
amino acid residue, as counted from the amino end to the
carboxyl end of the respective amino acid chain. Disul-
fide bridges can also be formed between two human insulin
molecules, so that many different disulfide bridges can

25 readily arise in an unpredictable manner.

A known process for preparing human insulin is based on
the use of human proinsulin. Human proinsulin is a
protein possessing one linear amino acid chain composed
of 86 amino acid residues, with the A and B chains of the
30 human insulin being linked to each other via a C peptide
possessing 35 amino acid residues. The formation of the
disulfide bridges which are present in human insulin is
effected by way of an intermediate, with the cystine
regsidues of the human insulin being provided with a
35 sulfur protective groﬁp, e.g. with a S-sulfonate (-S-80,7)
group (EP 0 037 255). 1Im addition, a process for
obtaining proinsulin possessing correctly linked cystine |
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A7 & B 7 A 20 2B d9 The letters A or B stand-for—the respective .insulin

20~ chains, while the nunber stands for the posjyddaetmisBetnR Ao aci d

resicdug, as counted fromthe amno end to the carlbmg e’
respective amno acid chain. Disul- fide bridges m med bet ween
two human insulin nolecules, so that many & f~fere I'”de bridges can
25 readily arise in an unpredictable manner. A known process for

preparing hunanbrhdgeenipskpewed (Bhochenistryi FlnahlPF8) nsprges $RAnto

proinsulin is agpyyt @idt RALEEE Spig PROinsMAdn AE NEsédi dsCtlid G@Eﬁ@iﬂ?_ of

86 ami no acid resi duis Wlah thé: and B chai,ns of e 30 human i nsulin

being |inked t c®8keRisL,8pd,in which She systine resigues arp prepept as

residues. The fegniidt residueshd-SHE)Ul e turnd Jesoriadtilyyr Fijkes coystin8unan

insulinis § r eg}ggggx"mi@ O];xn%grlsrt]:toeoanegé 2han™ It:lbet g‘isﬁ%tildrée bridges
which are found in biologically active insulin from
mammals. '

Recombinant processes make it possible to prepare human
proinsulin, or proinsulin possessing an amino acid
10 sequence and/or amino acid chain length diverging from
that of human insulin, in microorganisms. The proinsulins
which are prepared from recombinantly altered Escherichia
coli cells do not possess any correctly linked cystine
. bridges. A process for obtaining human insulin using E.
15 colli (EP 0 055 945) is based on the following procedural
steps: '
fermentation of the microorganism - cell disruption -
isolation of the fusion protein - cleavage of the fusion
protein with cyanogen bromide - isolation of the cleavage
20 product having the proinsulin sequence - protection of
the cysteine residues of proinsulin with S-sulfonate
groups - formation of the correctly linked cystine
bridges - sulfitolysis - desalting of the proinsulin -
chromatographic purification of the proinsulin possessing
25 correctly linked cystine bridges - concentration of the
proinsulin solution - chr_bmatographic purification of the
concentrated proinsulin solution - enzymatic cleavage of
the proinsulin in order to obtain human ingulin -
chromatographic purification of the resulting human
.30 insulin.

- Disadvantages of this process are the number of pro-
cedural steps and the losses in the purification steps,
which losses lead to a low yield of insulin. Owing to the
multi-step procedural route, substantial losses have to

35 be accepted when using this procedure. From the step of
the isolated fusion protein via cyanogen bromide cleav-
age, sulfitolysis and purification of the proinsulin, a



res;l dues of the human insulin being provided with a 35 sul fur protective
group e.g. wth a S-sulfonate (-S-Sferr]-) group (EP 0 037 255). In
ition, a process for obtaining proinsulin possessing correctly |inked
cystl ne -2- bridges is known (Biochem stry, 60, (1968), pages 622 to
629) for which pig proinsulin is used as- the-starti ng material and in which
the cystine residues are present as thio residues (-SH). The term
"correctly |inRedsyofi npreinsulineef | ypuntier AWod i®o kearbe hexpeahed de

bri dges whi ch g fPWKk i gud) O AldekedCbiEve siRilar ﬁama&malouu:
Reconbi nant processes nake 1t possible to prepare humanierm niul I n

proi nsul i n posskeing the FPusegciQf the subsequent purification ét:eps
leading to the final product.

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

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

A process for obtaining proinsulin of the formula I

§—38

(AS) | | (A20) ;

- — Cys—— Cys Cys Cys R°-0H

HHT T an @i
s S
| I
s S
a? rt Cys Cys Y
(01) (87) _ (819)
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which comprises :
A) réact:lng a protein of the formula II,

R2.R'-B2-B28-Y-X-Gly-A2-A20-R® | ()

with a quantity of a mercaptan, which quantity
yields 2 to 10 -SH radicals of the mercaptan per
20 cysteine residue of the protein of the formula II,



10 # sequence and/or amino acid chain |ength di ve‘r'"'gT'hg'f"r"d"rﬁm:hurran

ingulin, in mcroorganisns. The proinsulins which a]mes

recanbl nantly altered Escherichia coli cells do not rrect |y
linked cystine bridges. A process for obtaining hum g E. 15
coli (EP O 055 945) is based on the foll owi4ng procedu a S eps '

fermentation of the m croorganism- cell dlsruptlon - isolation of the
fusion protein - cl edRa§heoPrefencesiaf apchagtrapic apddany masntecin

i sol ation of the cl eghagRnidbus pﬁ@dﬂﬁﬁ b,%vwgpﬁhgfprg NgWl 11 SEAEERRAE a
protection of the cysteine residues r oi nsul V\%th S—sul fonate Proups
e forguals I

- formation of the cSPP&EPWaFF"RRed’fc e REYrS the
desalting of the proonesl te ©.3higopRirodriaey o wqidnad imsdiim} hend the

o1 “the proifeul 1 n soPreRaReien e ke, FASRIEE WRfel, 1HDBRpasfgacert Taton

B) being mixed with 3 to 50 g of a hydrophobic adsorber
resin per liter of agqueous medium at a pH of ¢ to 7,
C) . the adsorber resin, which has adsorbed proinsulin of
the formula I, being isolated, and
10 D) the proinsulin of the formula I being desorbed from
the adsorber resin;
in formula I and II
X is a) a genetically encodable amino acid residue or
- b) a peptide possessing 2 to 35 amino acid residues,
15 Y is a genetically encodable amino acid residue,
R? is a phenylalanine residue or a covalent bond,
R? is a) a hydrogen atom,
b) a genetically encodable amino acid residue or
c) a peptide possessing 2 to 45 amino acid residues,
20 R? is a genetically encodable amino acid residue, and
the residues A2 - A20 correspond to the amino acid
'sequence of the A chain of human insulin, animal insulin,
or an insulin derivative, and the residues B2 - B29
correspond to the amino acid sequence of the B chain of
25 human insulin, animal insulin, or an insulin derivative.

Prbteins of the formula II are preferred in which.

X is a peptide possessing the amino acid sequence of
the C chain of human insulin,

_ b 4 is an amino acid residue selected from the group
30 - comprising Ala, Thr or Ser,
S is the amino acid residue Phe,
R? is a) a hydrogen atom, or

b) a peptide possessing 2 to 25 amino acid residues,
R is an amino acid residue selected from the group
35 comprising Asn, Ser or Gly,
and the residues A2 - A20 and B2 - B29 correspond to the
amino acid sequence of the A and B chains o©f human
insulin.
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concentr at ed proinsulin solution - enzymatic cl eav lﬁfatffa?ﬁeeﬁ’ nsdJI inin
order to obtain human insulin - chromatographic pur

resdrting human 30 i nsulin. D sadvantages of this e nunber
of pro- cedural steps and the losses in the pur|f|c i ch

| osses lead to a low yield of insulin. OmMn® to the rrultl-step procedural
route, substantial |osses have to 35 be accepted when using this
procedure. FromBuptedns, of the forgudacdl axeoragticalaniy. prpfessed in

broni de cl eav- saelul fitolysis and purification of the proi nsul in,

-3- loss of proinsulin of 40%.is to _be,e EP 0,055 9 . gh

| osses of a sinitar r?aﬂ@r?eg&ﬂ' Cgapse-sgng 2 ¥8YH Sl aeid Tenidhies
where two basic amino acids, in particular Arg

5 and/or Lys, are located at the beginning and at the
end of the peptide,

Y is the amino acid residue Thr,
R is the amino acid residue Phe,
R? is a) a hydrogen atom, or -
10 " b) a peptide possessing 2 tc 15 amino acid residues,
at v)hose carboxyl end the amino acid residue Met
or Arg is located,
R? is the amino acid residue Asn,
and the residues A2 - A20 and B2 ~ B29 correspond to the

15 aminc acid sequence of the A and B chains of human
ingulin.

It has been found, surprisingly, that the protein of the
formula II does not have to be completely reduced in a
reaction step which customarily precedes refolding.

20 (R. Jaei:xicke, R. Rudolph, 1989, Folding Proteins, in
Protein Structure a practical Appi:oach; ed. Creighton,
T.E. pp. 191-224, JRL Press Oxford; EP 0 219 874) and
that, in the described procedure, despite a high propor-
tion of foreign protein (70 - 90%), folding yields are

25 achieved which are of comparable magnitude to those
achieved when correspondingly purified proinsulin pos-
sessing -SH protective groups is folded.

When compared with previously known methods, the process
according to the invention makes possible a preparation
30 which is appreciably more rapid and provides higher
yields. The reason for this is that the procedural steps
of sulfitolysis and, where appropriate, cyanogen bromide
cleavage, are avoided and the option, which was previ-
ocusly unknown, is provided for folding proinsulin corre-
35 sponding to the formula (I) in high yields into the
biologically active structure directly from its denatured
condition in the presence of limited quantities of



during the course of the subsequent purification steps |eading to the final
proguct. 5 Increases in yield in association wth'the reconbi nant
preparation of human insulin; or of .insulin derivatives, can be achieved if
t he mutber of the necesary procedural 'steps can be significantly reduced.
The object of the present gnvention was te @evel op a 10 process for
obt ai ni ng proinsulin possessing correctly linked cystine bridges in the

proi nsul i n ani nccha¢trepye nsal ks whThis nakes it Pegsihln Lo mspanats of

necessary and togRd Resulitddly ProOSRebid’ 2rbf\Vthe AEPLILHES S sb2ht2Bhai By NY
proinsulin of the fornmula | [err] 15 has novx be%rlfound, whi ch conpyises
A)  reacting a ¥ePEPRiIGN.( N qmu| §P@| , Proinsulins can, following

Rlerr]-R err] - Baégdrptiold fréa- tRe-diesrhing agent, be used for enzymic

5 conversion to insulin without any prior intermediate

isolation or purification. The process according to the

invention leads to a substantially abbreviated prepara-

tion procedure which, because of shorter standing times

and the avoidance of losses, permits increases in yield

10 of the order of 25 - 100% as compared with the known
processes. '

The amino aclid sequence of peptides and proteins is
indicated from the N-terminal end of the amino acid
chain. The data given in brackets in formula I, e.g. A6,

15 A20, Bl, B7 or Bl9, correspond to the position of amino
acid residues in the A or B chains of the insulin.

The amino acids Gly, Ala, Ser, Thr, Val, Leu, Ile, Asp,

Asn, Glu, Gln, Cys, Met, Arg, Lys, His, Tyr, Phe, Trp,

Pro and selenocysteine represent the term "genetically
20 encodable amino acid residue®.

The terms "residues A2 - A20" and "residues B2 - B29" of

animal insulin are understood to mean, for example, the

amino acid sequences of insulin from cattle, pigs or
. poultry. '

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

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

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

- This Sheet Has Been Replaced :

AT
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V\nth a,quantity of a nmercaptan, which quantity yields,

to.10 - i cal s
of fhe nercaptan per 20 cysteine residue of t < as%een l&ﬁg
formula I, -4- in the presence of a chaotropic au ‘ ““gu an an
aqueous nediumat a pH of 10 to 11 and at a concentra tein of
the formula Il of 0.05 to 0.3 g per liter- gf -aqueous nedium and the’'5
proinsulin of the formula | which is obtained B) being mxed with 3 to 50 g
of a hydrophobi ThedBochain efi thysan |insmrlisf hepicchs following segubentesd to
7, C the adsor resi h¢h has adsorbed proinsulin of the formula I,
tBig’" 75/ oy %

bei ng isol at ed, the proinsulin of the formula |I being
desorbed from

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

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

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

Chaotropic auxiliary agents are compounds which ‘break
hydrogen bonds in agqueous solution, for example ammonium
sulfate, guanidine hydrochloride, ethylene carbonate,
10 thiocyanate, dimethyl sulfoxide and urea.
The term hydrophobic adsorber resin represents nonionic,
hydrophobic, crosslinked polymers and/or copolymers, for
example polystyrene or copolymers composed of styrene and
divinylbenzene, in particular polymeric adsorber resins
15 ha.iring a large surface and many large pores, e.g. commer-
cial preparations from the companies Rohm and Haas or
Mitsubishi Chemical Industries Ltd., such as XaD16,
XAD1600 or HP20.
The term mercaptan is underastood to mean compounds which
20 are soluble in water and contain at least one -SH group.
Examples of these compounds are dithiothreitol, dithio-
erythrol, 2-mercaptoethanol, cysteine, methyl thioglycol-
ate, 3-mercapto-1,2-propanediol and 3-mercaptopropionic
acid.

25 The protein of the formula II can be formed in micro-
organisms with the aid of a multiplicity of recombinant
constructs (EP 0 489 780, EP 0 347 781, EP 0 453 969).
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the adsorber resin; in formula | and Il X is a) amgs%g asaII y encodabl e
am\nQ acid residue or b) a peptide possessing 2 to 3 eplerzeddues
15 Y is a genetically encodable ami no acid resi d
phenyl al ani ne resi due or a coval ent bond, R err] S atom
b) a genetically encodable am no acid resBdtle or G)_ a peptlde posse55| ng 2
to 45 am no acid residues, 20 err] is a genetically encodabl e am no
aci d resi due, Thei neceubiziantesonstrunle ave rexpuensed duningrifernenitna-

sequence of thﬂ.o‘h chigi Nmake Hiagdl | BucBNi 43! Eé}ﬂ&l%] feh HbINSYd N

derivati ve, t he re5| dues B 829 correspond t e amno aci d séquence
of the B chai i? q‘d‘f" IR teins ahichs g, £osmes, anes sitored

derivative. Pndttdiiys t:lie t:lhﬂ:éﬂrdmldf Iﬁhe’:lﬁ:ﬂ.difo%f:gl’am(iﬂsn (¥pi @h 289 7803 2
peptide pgssé,'%%l rLg.‘__é @ec@g@é)d afﬁéio St%aauef]ecreme%tat:.on solution.

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

following a precipitation or a chromatographic purifica-
tion.

The approach in procedural step A) is as follows:

15 The proteins are dissolved in a chaotropic auxiliary
agent or in mixtures of different chaotropic auxiliary
agents. Preferably, guanidine hydrochloride is used at a
concentration of 6 to 10 M, preferably 8 M, based on
water as the solvent. The pH of the reaction mixture is

20 8.5 to 10.8. Examples of buffers which can be used are
phosphate, tri(hydroxymethyl)aminomethane(Tris), borate
or glycine buffers. The concentration of the buffer
substances in the aqueous medium is up to 0.5 M, prefer-
ably from 0.005 M to 0.5 M, particularly preferably from

25 0.05 M to 0.1 M. Subsequently, the protein mixture is
mixed with an aqueous solution of mercaptan. This results

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

The concentration q:E the protein of the formula II is
30 0.05 to 0.3 g/1, preferably 0.1 to 0.2 g/l1.

The guantity of the mercaptan is 2 to 10 -SH radicals of

the mercaptan per cysteine residue of the protein of the

formula II, preferably 3 to 6.

The pH of the solution is 10 to 11, preferably 10.8. The
35 abovementioned buffer components are used. The precise pH
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Phe C.chain of human insulin, Y is an amno acid re5|due éﬁk&ﬂm&yon1the

group,, 30 conprising Ala, Thr or Ser, R[err]

residue Phe, Rlerr] is a) a hydrogen atom or b) a |ng 2to
25 amino acid residues, Rerr] is an amno acid res romthe
group 35 conprising Asn, Ser or Gy9 and tQe re5|dues A2 - A20 and

B2 - B29 correspond to the am no acid sequence of the A and B chai ns of
human i nsulin. is dsttly naddinghgsodbumuhpdiroxide gailukiohar Theproahevensd in

which X IS 3 ARAdNICoROSHES SHRE for! oo diBd¥l 240 6 SF05UEY 0.5 M,
preferably 0.05 to 0.1 M.

The concentration of the chaotropic auxiliary agent in

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

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

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

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

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

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



where two basic amino acids, in particular Arg 5

. are
I.Qg@t ed at the beginning and at the end of the pept“"lh hee a%%m__- gdam no
aci ¢ residue Thr, Rlerr] is the ami no acid residue mﬁm iid-a) a
hydrfogén atom or 10 b) a peptide possessing 1idNaci d
resi dues, at whose carboxyl end the amino d® ¢ residue Met or Arg is
| ocated, Rerr] Is-the amno acid residue Asn, and the residues A2 - A20

and B2 - B29 comzeinsulin. i@ washed with ai puzeivcaguesns: gelntion or

chai ns of human yeu!ld utferofoe@in ity Ehuddid divion, t hat the protein
of the formula Il does not have to be conpletely reduced in a reaction step

whi ch customarily precedes refol ding 20 (R Jaeni cke, R Rudol ph, 1989,
Fol di ng Protei nSrhe i desorption (procedural step D) of the proinsulin of

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

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

Example 1

Proinsulin 1 possessing the following amino acid sequence

is prepared by fermenting genetically modified Esche-
30 richia coli cells (EP 0 489 780).

Proinsulin 1 (SEQ ID NO: 4);
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Protel n Structure a practical Approach; ed. Crei ghton Pp. 191- 224
JRL Press Oxford; EP 0 219 874) and that, in the desBE HiEpRa
despite a high propor- tion of foreign protein (70 - I
are 25 achi eved which are of conparabl e magnitude t

correspondingly purified proinsulin pos-- 9assing -SH protective goups S
fol ded. When conpared with previously known nethods, the process accordi ng

to the invent '
0 e i meent | on SRKCAWPIRETHY Sof TH PN Si b arkiPrilVAAGP RIS I
procedural steps deulys GlySes His bau ValiGludAla Lieuchyr Iaaw)/ab;:gatmvrﬁlur oni de

or ovi aed. f or 1 ol aATG IR Re I i Rrodys T Rrd ARG G A SwARRLaS 1) °i

high yields into @8 wmsvcﬁha%wemcuu/shmwewm @wg a4 'Girfsfd?"ﬂdd S

denatured conditi on in Rr esence of |limted quanti
Gin Pro Leu la Leu Glu Gly Ser Leu Gln Lys Arg Gly lie Val Giu

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

Proinsulin 1 corresponds to the formula II, in which
X is the C peptide of human insulin,
Y is Thr (B30),
R* is Phe (Bl),
5 R? is a peptide possessing 11l a:_nino acid residues,
R? is Asn (A21), and '
A2 - A20 is the amino acid sequence of the A chain of
human insulin
(amino acid residues 2 to 20) and B2 - B29 is the amino

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

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

15 and disrupted by cuétomary high pressure homogenization.
The fusion protein inclusion bodies which are liberated
are isolated by centrifugation.

1000 g of the isolated fusion protein inclusion bodies
(based on moisture-free weight following freeze drying)
20 of the proinsulin are dissolved in 100 1 of an 8 M
guanidine hydrochloride solution at pH 10.8. After
removing small quantities of turbidity-causing solids by
centrifugation, the clear solution is stirred into 900 1
of an aqueous solution of cysteine (125 g of cysteine
25 hydrochloride hydrate) at a pH of 10.8 and a temperature
of 4°C. The insulin content of the fusion protein is
determined by SDS electrophoresis scanning (U.K. Lémmli,



u—. -

- -

e ————————

~g- chaotropic salts. This nmakes it possible to sep @Hggffj‘eegltega&ﬂsul ting
projingulin fromthe folding solution by adsorpti on.

proinsulins can, follow ng desorption fromthe ad i\ﬁl Mﬁ“ be used
for enzymic 5 conversion to insulin wthout any p

i solation or purification. The process atcb#ditng to the invention Ieads to
a substantially abbreviated prepara- tion procedure which, because of
shorter standi riiatures EﬂMﬁezgvoiEQQEE 68°T6§§e519'b@}m¥§ 18c18%ses in

yield 10  of tja8) PsdhgOl completd¥W asofOMRRecd Féididdie FaawgiBhocesges.

The ami no acid sequence’ of tid [ a [
N-termnal end B;g{.nguaﬁpnggggplateséia nldOQD rgo tfrlxnghles rlegclt:i%tnec:infxrtct):rget h 8

measured by analytical HPLC.

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

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

is 103 g.

HPLC analysis _

0.5 g of protein is dissolved in 40 ml of a solution
20 composed of 6 M guanidine hydrochloride, 50 mM Tris, pH

8.5, 5 mM ethylenediamine tetraacetate (EDTA), 1% 2-mer-

captoethanol and 10 mM dithiothreitol at 95°C for 2 min

and then centrifuged at 14000 g for 20 min. 0.02 ml of

the clear supernatant is loaded onto a high pressure
25 liquid chromatography column.

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

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



cl'ialn The data given in brackets in formula I, e.g. A6, 15 A20, El, B7 or
B19, correspond to the position of am no acid res| dues m“tﬁeﬁ%&.char ns
of +he insulin. The anino acids Ay, Aa, Ser, Thr, %iSSthﬁ{&s %Mf

C,

Asn, Qu, dn, Cys, Met, Arg, Lys, H's, Tyr, Phe, Trp,
sel enocyst ei ne represent the term genetitdl3 y- 20 en cr d
residue". The terns "residues A2 - A20" and "resi dues ani mal

insulin are undéxsmpde 20 nean, for exanple, the amno aC| d sequences of
insulin fromcattle, pigs or poultry 25 The termresidues A2 - A20 ‘and

B2 - B29 of insulin derrvatrves represe ts the corLr ondi ng am.no acj
sequences of hubvarPFoAReRbinng 2 h Paas Ggeexgﬂiigwﬂﬁgaﬂgg’ﬁciﬁ%i‘gor
ot her geneti cal s¥qeesedabs prépared tyl ferhlentinghai genét heally imsdt foedas
the fol'l owi ng sgailence 3 of 352 YRLNP 1)

5 Proinsulin 2 (SEQ ID NO: 5)

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

The expressed proinsulin 2 accumulates in the E. coli
cells and frequently forms inclusion bodies. Disruptiom
of the cells is effected as in Example 1. The proineﬁ.lins
thus obtained are subjected to cleavage with cyanogen
10 bromide, resulting in the formation of proinsulin 3 (SEQ
ID NO: 7).
Proinsulin 3 corresponds to the formula II, in which
X is Arg,
Y is Thr (B30),
15 R? is Phe (Bl1),
RrR? is a peptide possessing 4 amino acid residues,
R is Asn (A21), and '_
A2 - A20 and B2 - B29 correspond to the amino acid
sequences of the A and B chains, respectively, of human
20 insulin.

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

by SDS electrophoresis.
25 1000 g of the proinsulin 3 are incubated together with
cysteine hydrochloride hydrate as in Example 1. Following
" this, a content of 63 g of proinsulin of the formula I in



n, His,
Led, &s, Ay, Ser, H's, Leu, Val, Gu, Aa, Leu, qu Ay,

Gu, Arg, Ay, Phe, Phe, Tyr, Thr, Pro, 'Lyikﬁ <Thr.-The C chain of huran

|nsuI|n has the foll ow ng se uence5 (SEQ LD NO _3). Arg;. du,
Gu, Asp, Leu, the tatal msactigm migturecig determipsd ‘Gg‘g G%Flﬁ’cfab y.

ﬁ'r gf Ay, Ser, hffe. G ik Beadgie 1 thel prodGot, 16 kdsSebed with 35, kg Vs,
of XAD-1600 resin (Rohm and Haas Company, Philadelphia,
USA) and removed from the reaction solution. After
5 washing the resin and desorbing the product, the content
of proinsulin of the formula I is determined to be 56 g.

Ay, Fle, Val, Gu, An, Cys, Cys, Thr, Ser, || e, Thikse tﬁ;@lj; 'r an,
Leu, €u, Asn, Tyr, Cys, Asn  REPLACENENT SHEET HMIHI (MR IIF “J of hunman
[ nsul in has the fol I owi ng sequence (SEQ ID NO 2); ,[I!Em

Example 3

Proinsulin 4 possessing the following amino acid sequence

is pfepa.red by fermenting a recombinantly modified E.
10 coli (EP 0 489 780):

Proinsulin 4 (SEQ ID NO: 6)

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

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

Proinsulin 4 corresponds to the formula II in which.
X . is Arg,
Y is Thr, (B30),
15 R? is Phe (Bl),
R? is a peptide possessing 11 amino acids,
R} is Asn (A2l1), and
A2 - A20 and B2 - B29 correspond to the amino acid

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

After disrupting the cells, the fusion protein is iso-
lated from the homogenate by centrifugation. Following
determination of the content of the product (15%) as in
Example 1, 1000 g of the fusion protein are employed for

25 the folding reaction. The folding yield at the end of the
reaction is determined, as in Example 1, to be 60%. The
yield amounts to 108 g of proinsulin. '



Chaotroplc auxi liary agents are conpounds whi ch' br eak hydr ogen bonds in
aqueous sol ution, for exanple anmmoni um sul fate, guani di ne hydrochlori de,

et iyl éne carbonate 10 t hi ocyanate, dinethyl sulfoxide and urea. The ‘term
hydr ophobi ¢ adsorber resin represents nonionic, hydrophobic, crosslinked.
pol ymers and/ or copol ymers, for exanpleixﬂ styrene or copolynmers conposed
of styrene and divin Ibenﬁg in particul ar pol ymeri c EtkShecbiss Be@iKcplaced 5

having a | arge | arge pores, e.g. comrerLl!ﬂ!lEll!ﬂ ulﬁ{l!fl ons
fromthe conmpani es Rohm and Haas or M tsubishi Chem cal
such as XAD16, rg%lﬁgoyér HP20. The term nercaptan is un an
conpounds whi c Soluble in water and contain at |east one -SH
group. Exanpl eSTYREtORsSEQUENCEndambne acidi MMl eitol, dithio- erythrol,
2-mer capt oet hangkwesiSoei S8guERERY! 24 hirgl ycol - ate,
3-nercapt o- 1, 2- propanedi ol and 3-ner capt opr opi oni c

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

5 1 5 10 | 16
Glu Asn Tyr Cys Asn
20

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

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

' 20 25 30

10 SEQ ID NO:3
TYPE OF SEQUENCE: amino acid (AA)
LENGTH OF SEQUENCE: 35 AA

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

' 5 10 15

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

Gin Lys Arg

35



~

acid. -25  The protein of the formula Il can be formed in mcro- or gani sns
vmth\the aid of a multiplicity of reconmbinant constructs (EP 0 489 780, EP
0 347 781, EP 0 453 969). -8- The reconbi nant constructs are expressed
during fermenta- tion in mcroorgani sns such as Escherichia coli or
streptomycetes. The proteins which are f-ofléed are stored within the
interior of the mcroorganisns (EP O 489 780) 5 or are secreted into the
fermentation S(ﬂm |1D1N(Ftﬁ t he process according to the invention, proteins

of the fornul aqgyp S E0adns met rged)y v after cell disruption,
are still contam nated W a rrultlgllmty of proteins derived fromthe

fernentati on s ENGHH %&*@ch'
Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val Asn Gin His
1 5 10 15
Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly Glu
20 25 ' 30
Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Giu Ala Glu Asp Leu
35 40 45
Gin Val Gly Gin Val Glu Leu Gly Gly Gly Pro Gly Ala Gly Ser Leu
~ B0 55 60
Gin Pro Leu Ala Leu Glu Gly Ser Leu Gin Lys Arg Gly lie Val Glu
65 70 75 : 80
Gin Cys Cys Thr Ser lle Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys
85 80 95 |
5 Asn

\

//II/I//IIII//l//IlI7l7?7°d '
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10" the microorgani sms. However, the proteins of the fornula Il can also
be senpl oyed in prepurified form for exanple following a precipitation or a
chromat ographic purifica- tion. The approach in procedural step A) is as
foll ows: 15 The proteins are dissolved in a chaotropic auxiliary agent or
in mxtures of different chaotropic auxititfy-agents. Preferably, guanidine
hydrochloride is used at a concentration of 6 to 10 M preferably 8 M
based on water 8BQtER NBrSent. The pH of the reaction mxture is 20 8.5

to 10.8. Exanpl ¢gpRfobpubkouenokicAacan be used are phosphate,
concentrat | on cHERAEE,AFT BROLEICEL 88 KK) " he aqueous medi Um 1S up o 0.5
6 0B b ro o i MR ARTH Sar Be” e Tt iy o LhETGR e B 20
solution of nmercaptan. This rBsults 10 15
| His Leu Leu Leu'Asp Leu Gin Met lle Leu Asn Gly lie Asn Asn Tyr
20 25 30 -
Lys Asn Pro Lys Leu Thr Arg Met lle Glu Gly Arg Phe Val Asn Gin
35 40 45
His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly _
50 55 60
Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Gly lie Val Glu Gin
65 _ 70 75 ~ 80
Cys Cys Thr Ser lie Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys Asn
85 80 95

This Sheet Has Been

T

_TYPE OF SEQUENCE: amino acid (AA)
LENGTH OF SEQUENCE: 63 AA
Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val Asn Gin His
1 5 ' 10 15
Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly Glu
20 25 30
Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Gly lle Val Glu Gin Cys
35 40 45 '
Cys Thr Ser lle Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cyi Asn
50 55 60



SN
“insthé followi ng concentrations in the reaction solution (based on water):
The, concentration of the protein of the formula Il is 30 0.05to 0.3 g/l,
preferably 0.1 to 0.2 g/l. The quantity of the mercaptan is 2 to 10 - SE
radical s of the nercaptan per cysteine residue of the protein of the
formula Il, preferably 3 to 6. The pH of-t¥ solution is 10 to 11,
preferably 10.8. The 35 abovenenti oned buffer conponents are used The
preci se pH -8EQj ZDSNP: By addi ng sodi um hydr oxi de sol ution. The concen-

tration of the ﬁgﬁﬁeopcggﬁgggags pa 0.005 to 0.5 M preferably 0.05 to 0.1
M The concentrﬁéhggnoarts QﬁgﬁgkrOEICARUXI|IaFy agent in

lie Glu Gly Arg Phe Val Asn Gin His Leu Cys Gly Ser His Leu Val

1 5 10 15

Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro

20 25 30
Lys Thr Arg Gly lle Vai Glu GIn Cys Cys Thr Ser lle Cys Ser Leu
35 40 45
Tyr Gin Leu Glu Asn Tyr Cys Asn
50 55

. This Sheet Has Been Renlaced
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5 . the reaction mxture containing the nercaptan is less 1 M preferably
0.Lto 0. 8 M in particular 0.3 to 0.6 M Either cysteine or :

2- mer capt oet hanol on their own, or a mixture of the two, is preferably
enpl oyed as the nercaptan. 10 The tenperature during the folding in
procedural step A) is Olerr]C to 50[err]LCagpreferably 2[er BoR ts2/A0[384 | C,
in particular 4[err]Cto 10[err]C. The reaction tinme is 3 to 12 hours,
preferably 4 t pdeétirslaimsparti cular 5 hours. The product from procedural
step A) is a proinsulin of 15 the formula I, which contains correctly

| i nked cystine bridges. I'n procedural step B), the reaction solution from
pro- cedural stkp A)Aiprocesstfortebtaining proinsulin mf Lhedormuls s

hydrochloric acid or sulfuric acid 1f_ 20 turbidities arise in they
solution, these are rengved by filtration or by centrifugation. A

hydr ophobi ¢ adsor ber s
s
— (A6) | | (A20) .
Hiiimt\:i\liﬁiic\xd Hu-(o 5 Czs t(::;) (c: m Cr R*=0H
s S
n||\|\n| , .
s s
* |
R r! Cys Cys : Y

(Bt) (87) (819)

A) reacting a protein of the formula II,

R2-R'-B2-B29-Y-X-Gly-A2-A20-R® (i

5 with a quantity of a mercaptan, which quantity
yields 2 to 10 -SH radicals of the inercaptan per
cysteine residue of the protein of the formula
II, in the presence of at least one chaotropic
auxiliary agent in an aqueous medium at a pH of

10 10 to 11 and at a concentration of the protein of
the formula II of 0.05 to 0.3 g per liter of
aqueous medium, and the proinsulin of the formula
I which is obtained

B) being mixed with 3 to 50 g of a hydrophobic

15 adsorber resin per liter of aqueous medium at a
pH of 4 to 7,

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

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

in formula I and II
X is a) a genetically encodable amino acid



res,ln is then added the r emai ni ng solution. Resins of the type XAD or
HP20 have p?‘%l

c51‘b| e. The quantity of the resin is 3-t6—5 reS| 0 g per
liter of reac ' tion, preferably 10 to 25 nsi on
which is obt d for 3 to 4 hours. The u ﬁ“ﬁr‘mﬁ
proinsulin of the formula | to the re5|n-|200-hecke 4 Ng ard by high

pressure li.quid chromatography analysis (HPLC anal ysi s) As soon 30 as
proinsulin can no | onger be detesiddeiorthe sol ution, the adsorber ‘resinis

separated off fromthe ueous Bggmppr ceglus hi s
Is effected, for exarrpl%ﬂ £ ?Qg%:ligﬁ S’%I centri u%t?‘gn I'n accor?cié%ce

wi th known nethods. The reS| n, residuesisor bed - 10 -
¥ is a genetically encodable amino acid residue,
5 R* is a phenylalanine residue or a covalent bond,
R? is a) a hydrogen atom, :
b) a genetically encodable amino acid resi-
due or '
c) a peptide possessing 2 to 45 amino acid
10 residues,
R} is a genetically encodable amino acid residue,
and

the residues A2 - A20 correspond to the amino acid
sequence of the A chain of human insulin, animal

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

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

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

35 protein of the formula II is employed in which
X is a peptide possessing 2 to 35 amino acid
residues, where two basic amino acids, in



prol nsulin, is washed with a purely aqueous solution or wt
bufif ef- cont ai ni ng aqueous sol ution. The desorptlorr'("pﬁfe/JLaﬁ“)5 of
~the proinsulin of the formula | is effected in accor M“‘m

met hods whi ch depend on the hydrophobi ¢ adsor ber res m the Case of
XAD or HP20 adsorber resins, for exanpler Zﬂasorptlon i's effect ed using an
aqueous sol ution which contains 10 to 50% of a non-ionic ani ¢ sol vent

whi ch is miscible wth parsicuday Arg Gred/or Clyen] axe k&ﬁSFgeéo at the

P][ eI ﬁr ably, 50:%) [ so!cor;)ﬁgg A Q_ﬂdl at}/\?hgi edd bEcthel pe !:d.d;a'be de?‘or ption
0 e proinsulin o e Tornu ec exanpl e, by washing
with the isopro-- pandl 8 &PPoﬂni?ﬁe ghFﬁﬁiggﬁ %éref fected by mixing with.

the isopropanol sol uRtods the waine aeidhrasdtuer Pha,15 or by
opr opancl 8ol uti onfrs 48 1] o & Biraed BEERIGETT 31 (53" Thct LAl g
steps can be repea- b) a peptide pcssessing 2 to 15 amino acid-
residues, at whose carboxyl end the amino
acid residue Met or Arg is located,
R’ is the amino acid residue Asn,
10 and the residues A2 - A20 and B2 - B29 correspond to
the amino acid sequence of the A and B chains of
human insulin.

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

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

20 6. The process as claimed in one or more of claims 1 to
5, wherein the proinsulin of the formula I 1is
desorbed from the adsorber resin using isopropanol.

7. Proinsulin of the formula I, obtained by a process
as claimed in one or more of claims 1 to 6.

ThlS Sheet Has Been Rep lace
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ted one to five tines, preferably twice. The conbined i sopropanol

fract+ens tcan be wused for further 20 chromat ographic purification
or for the enzym c cleavage of the proinsulin to insulin either directly or
following dilution with water (Kemmer et al., J. Biol. Chem 246 (1971),
page 6786; EP 0 305 760). The process according to the i nvBRE 83/Fs384

described in 2 detail _in t fqllowi ng exanpl es. Percentage val ues
relate to weig ’Lﬁﬂ'ﬁgs"(ﬁ fﬁg’ﬁ/\n%@q Wed. Exanple 1 Proinsulin 1
possessing the followi ng am no acid sequence is prepared by fernmenting
genetically nogj.f] sghe- | chi | I .

Proi nsul in 1 (%Eécl%%ﬁoﬁg% _dqlg;air{irfé] B:SQLLuifL %o(sl?eé)sﬁ?; Zg@rectly

inked cystine bridges

A process is described for obtaining proinsulin possess-
ing correctly linked cystine bridges from a corresponding
proinsulin amino acid chain in the presence of mercaptan
and chaotropic auxiliary agents and at a pH of 10 to 11,
as well as its direct isolation from the reaction mixture
using hydrophobic adsorber resins.

—
'

This Sheet Has Been Replaced E
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-~ 11 - Met Ala Thr Thr Ser Thr Ay Asn Ser Ala{ M@E

Lys Ay Ser

Hs Leu Val Qu Ala Leu Tyr Leu Val gé du
Tyr Thr Pro Lys Thr Arg Arg Qu Ala Qu Asp Leu @E/ﬁg']@

Gy dy Ay Pro Ay Ala Gy Ser Leu An Pro Jed Ala Leu G u

..-u

[/

Ar

Gn Hs Lw
Gy Phe _Phe

¢t Val u Leu

_ @Y Ser Leu An
Lys Arg Ay lie Val Qu A@n Cys Cys -Thk Ser I|le Cys Ser Lou lyj Gn Leu Au
Asn Tyr Cys Asn Proinsulin 1 corresponds to tlhefarmula Il __jinjwhich X

is the C pept i de n:fockasaanfbns th'm,in\tng proifirulizcOpossessing cozrregelyBl),

5 Rl err]
Asn (A21),

Rl

:ﬁﬁ% ekl anino acid residues, err] is
and A?' % e am n aci d sequence of the A chain of human

insulin (amno acid reS|d_ues 2 to 20) and B2 - B29 is the amno

10

15

20

25

30

35

Human insulin is a protein possessing two amino acid
chains of 51 amino acid residues in all. 6 cysteine
residues are present in the two amino acid chains, with
in each case two cysteine residues being linked to each

- other via a disulfide bridge. In bioclogically active

human insulin, the A and B chains are linked to each
other via two cystine bridges, and a £further cystine
bridge is present in the A chain. From the statistical
point of view, there are 15 possibilities of forming
disulfide bridges within one human insulin moclecule. Only
one of the 15 possibilities is present in biologically
active human insulin. The following cysteine residues are
linked to each other in human insulin:

A6 -24a1l1

A7-B7

A 20 - B 19 |

The letters A or B stand for the respective insulin
chaing, while the number stands for the position of the
amino acid residue, as counted from the amino end to the
carboxyl end of the respective amino acid chain. Disul-
fide bridges can also be formed between two human insulin
molecules, so that many different disulfide bridges can
readily arise in an unpredictable manner.

A known process for preparing human insulin is based on
the use of human proinsulin. Human prcinsulin is a
protein possessing one linear amino acid chain _compoed
of 86 amino acid residues, with the A and B chains of the
human insulin being linked to each other via a c peptide
possessing 35 amino acid residues. The formation of the
disulfide bridges which are present in human insulin is
effected by way of an intermediate, with the cystine
residues of the human insulin being provided with a
sulfur protective group, e.g. with a S-sulfonate (-8-80,7)
group (EP 0 037 255). 1In - addition, a process for
&taining...proinsulin possessing correctly ;l.:lnked cystine

iy
Wk
1



10 acid sequence of the B chain of human insulin (amno acid residues 2
to 29). The expressed proinsulin 1 accunulates in the E. coli cells and
forms inclusion bodies. Once fernentation is conplete, the cells are
separated off by centrifugation 15 and di grypted by cust omary high
pressure honogeni zation. The fusion protein inclusion bodies which are

| i berated alre i sqsﬂ?hdm(ﬁmbﬁhf wsﬂbén?miiﬁﬁﬁ, G 0of .(tlb%s})-ifkibsd %fﬂﬁi eae
tein inclusio [ on_noi sturesztree wei ol [ owi n reez

e ying) 20 ot AN, 9% BRERE Ple e peRl LR el as, the) plazkinane

hydrochl ori de solmategiak amd 19 @hich tthe cystinegresidues)wae priesant§ as

turbidity- causi nossl | Hssdide (I U0 A0 berkl' S c0ue8b 10! YihRBa Syakihbe

into 900 1 of_an _aqueous solution of cysteine (1 g of“cystel ne

hydr ochl ori dé® hy o8l 18 \nders§oqd, kP meanpshe Qiswkfide bridgesc

i nsulin content odfhidie awe cfoydt dnn bivlogically active insulin from

mammals. :

Recombinant processes make it possible to prepare human
proinsulin, or proinsulin possessing an amino acid

10 sequence and/or amino acid chain length diverging from
that of human insulin, in microorganisms. The proinsulins
which are prepared from recombinantly altered Escherichia

coli cells do not possess any correctly linked cystine

~ bridges. A process for obtaining human ingulin using E.

15 coli (EP 0 055 945) is based on the following procedural

' steps:

fermentation of the microorganism - cell disruption -
isolation of the fusion protein - cleavage of the fusion
protein with cyanogen bromide - isolation of the cleavage

20 product having the proinsulin sequence - protection of
the cysteine residues of proinsulin with S-sulfonate
groups - formation of the correctly 1linked cystine
bridges - sulfitolysis - desalting of the proinsulin -
chromatographic purification of the proinsulin possessing

25 corréctly linked cystine bridges - concentration of the
proinsulin solution - chromatographic purification of the
concentrated proinsulin solution - enzymatic cleavage of

the proinsulin in order to obtain human insulin -

chromatographic purificat'ion of the resulting human
30 ingulin.

Disadvantages of this process are the number of pro-
cedural steps and the losses in the purification steps,
which losses lead to a low yield of insulin. Owing to the
multi-step procedural route, substantial losses have to
35 be accepted when using this procedure. From the step of
the isolated fusion protein via cyanogen bromide cleav-
age, sulfitolysis and purification of the proinsﬁ.l:ln, a

REPLACEMENT SHEET
28 FEB 1997
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determ ned by SDS el ectrophoresis scanning (U K. Lanmi, - 12 - Nature,
* Vol unme 227, pages 680-685, 1970). It is 15% Followng conpletion of the
folding reaction, a proinsulin content of 105 g in the reaction mxture
is measured by analytical HPLC. 5 The solution is adjusted to a pH of 4.5
with 6 NHO and a slight turbidity is redoved by centrifugation. 30 kg of
HP20 (M tsubi shi Chem cal Industries _Ltd., Dusseldorf, Germany) are added
to the clear s®PEBi Af BROIAAWLR; 6 (WP sitQw §9%: 18 o £ oPeaitPeatedur s

until proinsul i(splolfﬁfssbsafs_) lraonigngm;ﬁes dﬂh eCbathillart hfep*lauaeeaaéaaéufge

resin is separgted o iltratign rough a suction t er, and washe

with water. Degﬁ?’gf‘ﬁor?btﬁl MR oﬁgcfj’Fs subsequent purificaticn steps
leading to the £final product.

5 Increases in yield in assoclation with the reéombinant:
preparation of human insulin, or of insulin derivatives,
can be achieved if the number of the necesary procedural
steps can be significantly reduced.

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

A process for obtaining proinsulin of the formula I

.S —
(A%) | | (a20)
HN=CIly Cys Cys Cys Cys r¥-0n
(a1) l (A7) (att) |
s 1
| I
p s
| |
a? p! Cys Cys - Y
(01) (37) (a19)
REPLACEMENT SHEET
15 has now been found, 28 FEB 1997
which comprises
A) reacting a protein of the formula II,
R2-R'-B2-B29-Y-X-Gly-A2-A20-R* 1))

with a quantity of a mercaptan, which quantity
yields 2 to 10 -SH radicals of the mercaptan per
20 cysteine residue of the protein of the formula II,



effected by slurrying the resin in 50 | of a 50% strength, aqueous,

sol ution of isopropanol. The filtra- 15 tion and the incubation with the
i sopropanol solution are repeated twice. The yield of proinsulin of the
formula | is 103 g. HPLC analysis 0.5 g of pyotein is dissolved in 40 rri of
a solution 20 conposed of 6 M guani dine hytirochl oride, 50 nM Tri s,

T0 W di Uhi of hr i Lol - abRobPer PFARFRGE Sof & laotsintd R ﬁ?‘*"&e%a%d%d

for 20 min. 0.02 nl of apha&quesys Mmadduvmtathiai PH @ficll oﬁPo hrdh pFe%ure

:2’-,(5)0 5} '4%“'( ﬁ/acﬂr omat ggréahﬁeﬁﬁfﬂﬂibn CGGgUﬁHe otein[ 6fr khlac E&Qﬁ&f ]EI.aR&I of F 15
cherey n r i ent uf fer 0
trifluoroacetic acid ( )L' ol ﬁé‘; &: pﬁrgggg ? %%?"bﬁ"n"ﬁqﬂb
5 pro:lnsulin of the f_omla I which is obtained

B) being mixed with 3 to 50 g of a hydrophobic adsorber
resin per liter of agqueous medium at a pH of 4 to 7,
. ©) the adsorber resin, which has adsorbed proinsulin of
the formula I, being isolated, and
10 D) the proinsulin of the formula I being desorbed from
the adsorber rés:l.n;
in formula I and II
X is a) a genetically encodable amino acid residue or
~ b) a peptide possessing 2 to 35 amino acid residues,
15 Y is a genetically encodable amino acid residue,
R? is a phenylalanine residue or a covalent bond,
R? is a) a hydrogen atom,
b) a genetically encodable amino acid residue or
c) a peptide possessing 2 to 45 amino acid residues,
20 R? is a genetically encodable amino acid residue, and
the residues A2 - A20 correspond to the amino acid
sequence of the A chain of human insulin, animal insulin,
or an insulin derivative, and the residues B2 - B29
correspond to the amino acid sequence of the B chain of
25 human insulin, animal insulin, or an ingulin derivative.

Proteins of the formula II are preferred in which
X is a peptide possessing the amino acid sequence of
the C chain of human insulin,
Y ig an amino acid residue selected from the group
30 comprising Ala, Thr or Ser, |
R is the amino acid residue Phe,
R? is a) a hydrogen atom, or
b) a peptide possessing 2 to 25 amino acid residues,
RrR? is an amino acid residue selected from the group
a5 comprising Asn, Sex or Gly,
and the residues A2 - A20 and B2 - B29 correspond to the
amino acid sequence of the A and B chains of human

insulin. REPLACEMENT SHEET
28 FEB 1097




30 Tenper at ur e: 55C Total running time: 15 mn, The gradient is
characterized by the followi ng quantities of buffer B after the
corresponding running tinmes: 10 mn 25% 12 mn 60% 13 mn 90% 15 mn
100% 35 Fl ow rat e: 1 mM/mn Detection _ 215 nm Retention time for
proi nsul in: 9 mn. - 13 - Exanple 2 A™roinsulin 2 possessing the

Lo fiend am no. f’f’tmﬁﬁgﬁ;@%é SYERARC 10U rb CHAFEL ddth A P IR T in

X is a peptide possessing 2 to 35 amino acid residues,
' where two basic amino acids, in particular Arg
5 and/or Lys, are located at the beginning and at the
end of the peptide, )
Y = is the amino acid residue Thr,
R is the amino acid residue Phe,
R? is a) a hydrogen atom, or
10 b) a peptide possessing 2 to 15 amino acid residues,.
at whose carboxyl end the amino acid residue Met
or Arg is located,
R? is the amino acid residue aAsn,
and the residues A2 - A20 and B2 - B29 correspond to the
15 amino acid sequence of the A and B chains of human
insgulin. |

It has been found, surprisingly, that the protein of the
formula II does not have to be completely reduced in a
reaction step which customarily precedes refolding

20 (R. Jaenicke, R. Rudolph, 198%, Folding Proteins, in
Protein Structure a practical Approach; ed. Creighton,
T.E. pp. 191-224, JRL Press Oxford; EP 0 219 874) and
that, in the described procedure, despite a high propor-
ti.on_ of foreigm prot:ein (70 - 90%), folding ylelds are

25 achieved which are of comparable magnitude to those
achieved when correspondingly purified proinsulin .pos-
sessing -SH protective groups is folded.

When compared with previously known methods, the process
according to the invention makes possible a preparation
30 which is appreciably more rapid and provides higher
yields. The reason for this is that the procedural sateps
of sulfitolysis and, where appropriate, cyanogen bromide
cleavage, are avoided and the option, which was previ-
ously unknown, is provided for folding proinsulin corre-
35 sponding to the formula (I) in high yields into the
bioclogically active structure directly £rom its denatured
condition in the presence of limited quantities of

REPLACEMENT SHEET
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5 Proinsulin 2 (SEQ ID NO 5)

:@n Leu
Asn Tyr
Leu Cys
Phe Tyr
Leu Tyr

Lys Asn Pro Lys Leu Thr
Gy Ser

Thr

in the E. coli cbaptropdci ssibent Thisomakesnit poosibleita separape off of

the cells is ef {ggt 6Chgisi 6 ihd*HBl fevl id NEreuOitiie!| E8ZALAYS sSlhitiierd By ©
subj ected to cl eavage wth cyanogen 10 brogde, {esultl ng in_t

formation of prefAeEPtien. SEEMYH NOthe) BF

f ormul a
(B1),

B8 3 C3Pres ovinghe

11, in sesokp¥ion Exol ¢heYadsorbinlragént) bdSuséficfoid enzymibie

5

10

15

20

25

30

conversion to insulin without any prior intermediate
isolation or purification. The process according to the
invention leads to a substahtially abbreviated prepara-
tion procedure which, because of shorter standing times
and the avoidance of losses, permits increases in yield
of the order of 25 - 100% as compared with the known
prbcesaes.

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

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

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

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

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

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

28 FEB 1997

Met Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr
An Leu Qu Hs Leu Leu Leu Asp Leu G n Met Ile Lou Asn Ay Ile Asn
Arg Met Ile Qu Gy Arg Phe vVal Asn Gn H's
H's Leu Val Qu Ala Leu Tyr Leu Val Cys Ay GQu Arg Ay Phe
Pro Lys Thr Arg Gy le Val @-u6d-n Cys Cys Thr Ser Ile Cys Ser
A@n Lou Au Asn Tyr Cys Asn The expressed proinsulin 2 accunul ates



R[érf] I's a peptide possessing 4 ami no acid residue

(A21), and A2

the A and B chains, respectively, of human 20 insulih. 2®FEB98 tlhe

cl eavage with

freeze-dried sanple containing 9.2%insul-i - eont ai ni
determ ned quantitatively by SDS el ectrophoresis. 25
proi nsulin 3 arThenBuchads ofg duman dinsmldps hasthe

in Exanpl e 1.
formula | in-
anal yti cal

10

15

20

25

ERRACEMENT SHEET]

no aci d sequercds

- A20 and B2 - B29 correspond to the am

cyanogen brom de, the content of proinpulin 3 in a
g protern s
1000 g _of the
ngl SegEenge

F%ﬁ?"‘ﬁ:ﬂguﬁhl g§y;a content of 63 g of proinsulin of the
- 14 - the total reaction mxture is determ ned using

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

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

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

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

The term hydrophobic adsorber resin represents noniomic,
hydrophobic, ‘crosslinked polymers and/or copolymers, for

example polystyrene or copolymers composed of styrene and

divinylbenzene, in particular polymeric adsorber resins
having a large surface and many large pores, e.g. commer-
cial preparations from the companies Rohm and Haas or
Mitsubishi Chemical Industries Ltd., such as XAD1S,
XAD1600 or HP20. '

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

The protein of the formula II can be formed in micro-
organisms with the aid of a multiplicity of recombinant
constructs (EP 0 489 780, EP 0 347 781, EP 0 453 969).

as



HPLC. As in Exanple 1, the product is adsorbed with 35 kg of XAD- 1600 resin
{ Rohm and Haas Conpany, Phil adel phia, USA) and renoved fromthe reaction
solution. After 5 washing the resin and desorbing the product, the content
of proinsulin of the formula | is determned to be 56 g. Exanple 3
Proinsulin 4 possessing the foll ow ng am o *acid sequence is prepar ed by

: i : | 2 e |
1°(SE0 1 DN 6) Rt MtoshiMby b8ipbrndty ars ekptkpata ir il formeR T "
An Hs Lou Cys G@OISeri!Hl picxgovganisms A %!-“Lhau anyrEEehe%ﬂ!htys ¢E915ﬂ- Goxr Arg
Gy Phe Phe Tyr Tbe:&is Setidl. Ate Pritelias\dhishlatd m&&@&emoim Ile

forma 1 Iy&h.‘eﬁtbcf & {prif OF Ry picPontgen ens O A 9] ¢

or are secreted into the fermentation solution.

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

following a precipitation or a chromatographic purifica-
tion.

The approach in procedural step A) is as follows:

15 The proteins are dissolved in a chaotropic auxiliary
agent or in mixtures of different chaotropic auxiliary
agents. Preferably, guanidine hydrochloride is used at a
concentration of 6 to 10 M, preferably 8 M, based on
water as the solvent. The pH of the reaction mixture is _

20 8.5 to 10.8. Examples of buffers which can be used are
phosphate, tri(hydroxymethyl)aminomethane(Tris), borate
or glycine buffers. The concentration of the Bufg_fer
substances in the agqueous medium is up to 0.5 N, prefix-
ably £rom 0.005 M to 0.5 M, particularly preferably from

25 0.05 M to 0.1 M. Subsequently, the protein mixture is
mixed with an agqueous solution of mercaptan. This results
in the following concentrations in the reaction solution
(based on water):

The concentration of the protein of the formula II is
30 0.05 to 0.3 g/1l, preferably 0.1 to 0.2 g/l.

The quantity of the mercaptan is 2 to 10 -SH radicals of

the mercaptan per cysteine residue of the protein of the

formula II, preferably 3 to 6.

The pH of the solution is 10 to 11, preferably 10.8. The
35 abovementioned buffer components are used. The precise pH

REPLACEMENT SHEET
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15 Rl err] is Phe (Bl), Rerr] - is a peptide possessing 11 am no aci ds,
Rerr] is Asn (A21), and A2 - A20 and B2 - B29 correspond to the am no acid
sequences of the A and B chains, respectively, of hunman 20 insulin. After
disrupting the cells, the fusion protein is_jso- lated fromthe honbgenate
by centri fugation Fol | owi ng det erm nation & “the content of the pr oduct

159 Ex I d 5
'Ehe/?‘ ofiZl Ing re:g}[ol ongetl']@pf ﬁ&{rﬁ; y| e{"gé ’atéﬁld%o?';‘tiﬁ%gfe%% g];logircs‘%'
determined, as int¥a%ign cof the pbutfer vempppepfsaifun?s00® t9s §-Bf M,
proinsulin. | 1§re£erab1y 0.05 to 0.1 M. :

The concentration of the chaotropic auxiliary agent in

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

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

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

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

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

The suspension which is obtained is stirred for 3 to 4
hours. The adsorption of the proinsulin of the formula I
to the resin is checked by sampling and by high pressure
liquid chromatography analysis (HPLC analysis). As soon
30 as proinsulin can no longer be detected in the solution,
the adsorber resin is separated off from the aqueous
reaction solution (procedural gtep C). Thisg is effected,
for example, by filtration or centrifugation in accord-
ance with known methods. The resin, with adsorbed

REPLACEMENT SHEET
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SEQUENCE LI STING SEQ ID NO 1 TYPE OF SEQUENCE: anino acid (AA) LENGTH OF

SEQUENCE: 21 AAdy Ile Val Au @n Cys Cys Thr Ser Ile Cys Ser Leu Tyr

Leu 1

5 10

dn

- 15 du Asn Tyr Cys Asn 20

SEQ ID NO 2 TYPE OF SEQUENCE: AA LENGTH OF SEQUENCE : 30 AA Phe Val Asn Gn

10
20
acid (AA)

10

15

20

25

30

His Leu Cys Ay Ser His Leu VaI Glu Al a 1etf Tyr 1

15 Leu Val éGG u Arg Ay Phe Phe Tyr Thr Pr.o Lys Thr

proinsulin, il was
with a buffer-containing aqueous solution.

The desorption (procedural step D} of the proinsulin of

the formula I is effected in accordance with known
methods which depend on the hydrophobic adsorber ‘resin
used. In the case of XAD or HP20 adsorber resins, for
example, desorption is effected using an aqueous solution
which contains 10 to 50% of a non-ionic, organic solvent
which is miscible with water, e.g. a (C,-C;)-alkanol.
Preferably; '50% isopropancl is used in water as the
solvent. The desorption of the proinsulin of the formula
I is effected, for example, by washing with the isopro-
panol solution. The washing can be effected by mixing
with the isopropanol solution in a vessel with a stirrer,
or by chromatography in a column. The ratioc of the volume
of resin to that of isopropanol solution is 1l:1 to 1:10,

preferably 1:1.1 to 1:2. The washing steps can be repea-

ted one to five times, preferably twice. The combined
igopropanol fractions can be used <for further
chromatographic purification or for the enzymic cleavage

of the proinsulin to insulin either directly or follow:l.ng'

dilution with water (Kemmler et ;1., J. Biol. Chem. 246
(1971), page 6786; EP 0 305 760).

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

Example 1

Proinsulin 1 possessing the following amino acid segquence
is prepared by fermenting genetically modified Esche-
richia coli cells (EpP 0 489 780).
Proinsulin 1 (SEQ ID NO: 4);

d1EYi-SEQ‘I PUselY fape gedyter "oFi no



LENGTH OF SEQUENCE: 35 AA Arg Arg Gu Ala Gu Asp L
.Gu Leu dy Gy 1 5 10

S T

&MEO/L}T" de‘idir Val

Pro

Gy Ala Ay Ser

30@n Lys Arg 35 - 16- SEQ ID NO 4 TYPE OF SEQUENCE: anino acid|(AA)
LENGTH OF SEQUENCE: 97 AA Met Ala Thr Thr Xer- Thr

Leu A n Pro Leu Ala Leu Gu Ay Ser| Jeu280FEB 1997

25

Hy Asn Ser Ara—Arg Phe

Val Asn An Hs 1 5 10 15 Leu Cys

Ay Ser H's Leu VauetiAla Ahi The Sef ThrlGly Nﬂ’c Sey Aldlarg Phe Val Asn Gin His

10

15

20

25

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

Gin Cys Cys Thr Ser lle Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys
Asn |

Proinsulin 1 corresponds to the formula II, in which

X is the C peptide of human insulin,

Y is Thr (B30),

R* is Phe (B1),

R? is a pept:l.de possessing 11 amino acid residues,

R? is Asn (A21), and

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).

The expressed proinsulin 1 accumulates in the E. coli
cells and forms inclusion bodies. Once fermentation is
complete, the cells are separated off by centrifugation
and disrupted by customary high pressure homogenization.
The fusion protein inclusion bodies which are liberated
are isolated by centrifugation.

1000 g of the isolated fusion protein inclusion bodies

(based on moisture-free weight following freeze drying)
of the proinsulin are dissolved in 100 1 of an 8 M
guanidine hydrochloride solution at pH 10.8. After
removing small quantities of turbidity-causing solids by
centrifugation, the clear solution is stirred into 900 1
of an aqueous solution of cysteine (125 g of cysteine
hydrochloride hydrate) at a pH of 10.8 and a temperature
of 4°C. The insulin content of the fusion protein is
determined by SDS electrophoresis scanning (U.K. Lémmli,



20 25 30 Arg Gy Phe Phe Tyr Thr Pro Lys Thr Arg

Arg Qu Ala Qu Asp Leu 35 40 45 G n Val dy
G@n Val Qu Leu Ay Ay Gy Pro Ay Ala Ay Ser Leu 50 55

60 Gn Pro Leu Ala Leu Gu Gy Ser Leu Anylys Arg Gy Ile val Gu 65

70 75 80 A n CysCys Thr Ser Ile Cys Ser Leu Tyr

Gn Leu Qu Asn $81ume 227 esqckao 685, 1970) &5 5s 184 - 17
- SEOID NO 5 T%E“% SE v . . .
Q : Followi nquEcl\é%EpleAtAi GTP the qéowging rpééction. a

proinsulin content of 105 g in the reaction mixture is
measured by analytical HPLC.

5 The solution is adjusted to a pH of 4.5 with 6 N Hél and
a slight turbidity is removed by centrifugation. 30 kg of
HP20 (Mitsubishi Chemical Industries Ltd., Disseldorf,
Germany) are added to the clear solution. The suspension -
is slowly stirred for about 4 hours until proinsulin 1

10 can no longer be detected in the éupemtant. The resin
is separated off by filtration through a suction filter |
and washed with water. Desorption of the product is
effected by slurrying the resin in 50 1 of a 50%
strength, aqueous, solution of isopropanol. The filtra-

15 tion and the incubation with the isopropanol solution are
repeated twice. The yield of proinsulin of the formula I
is 103 g.

HPLC analysis -

0.5 g of protein is dissolved in 40 ml of a solution
20 composed of 6 M guanidine hydrochloride, S50 mM Tris, pH

8.5, 5 mM ethylenediamine tetraacetate (EDTA), 1% 2-mexr-

captoethancl and 10 mM dithiothreitol at 95°C for 2 min

and then centrifuged at 14000 g for 20 min. 0.02 ml of

the _clear supernatant is loaded onto a high pressure
25 liquid chromatography column.

Column: ONucleogel RP 500-5/46 (Macherey & Nagel,
Aachen, Germany)
Gradient: buffer A: 0.1% trifluorocacetic acid (TFA)

buffer B: 0.09% TFA in acetonitrile
. 30 Temperature: 55°C
Total running time: 15 min,
The gradient is characterized by the following quantities
of buffer B after the corresponding running times:
10 min 25%, 12 min 60%, 13 min 90%, 15 min 100%.
35 Flow rate: 1 ml/min :
Detection: 215 mm REPLACEMENT SHEET
Retention time for ]
proinsulin: 9 min. 28 FEB 1997




Met .Ala Pro Thr

Ser Ser Ser Thr Lys Lys Thr d@n Le
5 . 10 15 His Leu Leu Lmﬁw%};‘e Ile
Leu Asn Ay Ile Asn Asn Tyr 20 %8 Lyis JAsn Pro
Lys Leu Thr Arg Met Ile Gu Ay Arg Phe Val @s h B528 FEB 1997 40
45 H's Leu Cys Ay Ser Hs Leu Val Gu Ala B2u Tyr|Lbu Val Oys @yl 50
55 ﬁQ‘ﬂ g Ay Phe Phe Tyr Thr Prp Lys Thr Arg Ay llle Val
Gu d@n 65 :HaA.E% 80 Cys. Qys Thr

Ser Ile Cys Ser

95 5 SEQ ID NOX péidduldnmQUENGosseasingiCithe AfLLEMTYG GmiddUnkdd 63
A Net Ala Thr Thio St I Ok ofiRedhy 4 ekuleht 158 Wnditbadty Hotitiea

5

10
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Leu Tyr G n Leu A u Asn Tyr Q/s Asn 85 90

E. coli (EP 0 347 781):
Proinsulin 2 (SEQ ID NO: 5)

Met Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gin Leu Gin Leu Giu
. His Leu Leu Leu Asp Leu Gin Met lle Leu Asn Gly lie Asn Asn Tyr
Lys Asn Pro Lyé Leu Thr Arg Met lle Glu Gly Arg Phe Val Asn Gin
His Leu Cys Gly Ser His Leu Val Giu Ala Leu Tyr Leu Val Cys Gly
Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Gly lle Val Glu Gin
Cys Cys Thr Ser lle Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys Asn

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

Proinsulin 3 corresponds to the formula II, in which

X is Arg,

Y  is Thr (B30), : - F
R? is Phe (Bl),

RrR? is a peptide possessing 4 amino acid residues,

R® is Asn (A21), and _ '

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

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

Pollowing the cleavage with cyanogen bromide, the content
of proinsulin 3 in a freeze-dried sample conﬁaining 9.2%
insulin-containing protein is determined quantit:at:l.vely
by 8DS electrophoresis.

1000 g of the proinsulin 3 are incubated together with
cysteine hydrochloride .hydra.t:e asg in Example 1. Following
this, a content of 63 g of proinsulin of the formula I in



Leu‘.Q/s Gy Ser
25
G@n Cys 35

G@n Leu Au Asn Tyr Cys Asn 50

NO. 7 TYPE OF SEQUENCE: AA LEGIH OF SEQJENCE 56 e U d y _ Hhe Val

Asn A n H's Leu Qe Yotak redctibAlmieture is dete s lytichi
s

,“ ;
H's Leu Val Qu Ala Leu Tyr Leu Val™&, %EMEHTUSHEETI:'

30 Arg Gy Phe Phe Tyr Thr Pro Ly$ Thr Arg Ay | vVal Qu
40 45 Cys Th aer2$IFEBCm7Ser Leu Tyr
185. SEQ ID

%g QU Al a Leu Tyr Leu VaI qis d équ-'- Ié‘%&’fr q?ré(e;ighggg &g ﬂf 0IInpe

Cys Ser Leu

10

15

20

25

of xan 1600 regin (Rohm and Haas Company, Philadelphia,
USA) and removed £from the reaction solution. After

. washing the resin and desorbing the product, the content

of proinsulin of the formula I is determined to be 56 g.
Example 3

Proinsulin 4 possessing the following amino acid sequence
is prepared by fermenting a recombinantly modified E.
coll (BP O 489 780):

Proinsulin 4 (SEQ ID NO: 6)

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

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

Proinsulin 4 corresponds to the formula II in which

X is Arg, |

Y is Thr, (B30),

R 'ig Phe (Bl),

R? is a peptide possessing 11 amino acids,

R? is Asn (A21), and

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

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

After disrupting the cells, the fusion protein is iso-
lated from the homogenate by centrifugation. Following
determination of the content of the product (15%) as in
Example 1, 1000 g of the fusion protein are employed for
the folding reaction. The folding yield at the end of the
reaction is determined, as in Example 1, to be 60%. The
yield amounts to 108 g of proinsulin.



-

35 40 45 Tyr Gn Leu Au Asn Tyr Cys Asn 50

.95 - 19 - Patent clains 1. A process for obtaining %{P smn\qj the
formula | [err] which conprises A) reacting a protein R Lgrntul e
Rlerr]-Rlerr]-B2-B29- Y- X- A y- A2- A20- R[ er ] (1) g1

quantity of a mercaptan, which quantity yi®Pds 2 to 10 - BH/r @ ¢ %FS i the
nmer capt an per cysteine residue of the protein of the for all, n19
presence of at PEQUENGE: LIST pi c -

~ SEQ ID NO:l1 (L
TYPE OF SEQUENCE: amino acid '(AA)
LENGTH OF SEQUENCE: 21 AA

le lle Val Giu Gin Cys Cys Thr Ser lle Cys Ser Leu Tyr Gin Leu

s 1 5 10 15
Glu Asn Tyr Cys Asn
20

SEQ ID NO:2
TYPE OF SEQUENCE: AA
LENGTH OF SEQUENCE: 30 AA
Phe Val Asn Gin His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 15
Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr
20 25 30

10 SEQ ID NO:3
TYPE OF SEQUENCE: amino acid (AA)
LENGTH OF SEQUENCE: 35 AA

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

1 5 10 , 15
- Gly Pro Gly Ala Gly Ser Leu Gin Pro Leu Ala Leu Glu Gly Ser Leu
20 25 ' 30
Gin Lys Arg

35



auxiliary agent in an aqueous nmediumat a pH of 10 10 to 11 and at
.a concentration of the protein of the formula Il of 0.0 t003gper liter
of aqueous medium and the proinsulin of the formula I
being mxed with 3 to 50 g of a hydrophobic 15 FSOrk y |
liter of aqueous nmediumat a pH of 4 to-7 16C)- t he adsor pef resin, Which has
adsorbed proinsulin of the fornmula I, being isol ated, ahd D)2& h'EBp';ggynsul I n
of the fornul a SEQIMPUor bed 20 fromthe adsorber resin’i

formula | and Ipypg OF SBEQUENCEEL @hinelddeid eqodabl e
. LENGTH OF SEQUENCE: 97 AA
Mét Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val Asn Gin His
1 5 _ 10 15
Leu Cys Gly Ser His Leu Val Giu Ala Leu Tyr Leu Val Cys Gly Glu
20 25 30 |
Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg Glu Ala Glu Asp Leu
35 40 45
Gin Val Gly Gin Val Glu Leu Gly Gly Gly Pro Gly Ala Gly Ser Leu
50 55 60
Gin Pro Leu Ala Leu Glu Gly Ser Leu Gin Lys Arg Gly lle Val Glu
65 70 75 80
Gin Cys Cys Thr Ser lle Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys
85 ‘ 90 85

5 Asn



_ 20- residue or 2 b) a peptide possessing 2 t'o 35 anmino acid re

Y is a genetically encodable anino acid residue, 5
phenyl al ani ne resi due or a covalent bond, R err] is
a genetically encodable anmino acid resi- due or c)
2 to 45 anmino acid 10 reskdues, R
encodabl e am no acid residue, and the residues A2 -
anino aci d sequé®@e I NO#& A chain of human insulin,

or an mypn ow«tgquuﬂumve;aand the residues|B2 - B29 CoO
the amno acid 3aHaR o 'sEquENcE: 96 AA

i nsul in,

err] is

THERTY
0 é?r a@genetl

il 15

Met Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gin Leu Gin Leu Glu

1 5 10 : 15

His Leu Leu Leu Asp Leu Gin Met lle Leu Asn Gly lle Asn Asn Tyr

20 25 30
Lys Asn Pro Lys Leu Thr Arg Met lle Glu Gly Arg Phe Val Asn Gin
35 40 | 45
His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly
50 ' 65 60 . |

Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Gly lle Val Glu Gin

65 70 75 80

Cys Cys Thr Ser lie Cys Ser Leu Tyr Gin Leu Giu Asn Tyr Cys Asn
85 90 95

SEQ ID NO:6 _

TYPE OF SEQUENCE: amino acid (AA)

LENGTH OF SEQUENCE: 63 AA
Met Ala Thr Thr Ser Thr Gly Asn Ser Ala Arg Phe Val Asn Gin His
1 - ' 10 15
Leu Cys Gly Ser His Leu Val Giu Ala Leu Tyr Leu Val Cys Gly Glu

20 25 30
Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Gly He Val Glu Gin Cys
35 - 40 45
Cys Thr Ser lle Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cyi Asn
50 55 60

si dues,
a



the B chain of human insulin, animal insulin, or an insulin derivative. 2.

.The process as clainmed in claim1, wherein a protein 20 of the
formula Il is enployed in which X is a peptide possessing the am no acid
sequence of the C chain of human insdlin, Y is an am no acid residue
selected fromthe group conprising Ala, Th#8or Ser, 25 Rlerr] is the

am no acid residue Phe err] is a) a hydrogen atom or b) a peptide
possessing 2 toSE@ mmﬂci d residues, Rlerr] is an amno acid residue
sel ected from ti{pgpe’ OFPSEQUENCE: AA conprising Asn, Ser or Ay, and the

/rA\ezingugsCﬁgi ns%&ﬁgﬁaﬁi ﬁ%&‘t [ E%pﬂﬂd to the am no acid sequence of the
lle Glu Gly Arg Phe Val Asn Gin His Leu Cys Gly Ser His Leu Val
1 5 10 15
Giu Ala Leu Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro
20 25 30
Lys Thr Arg Gly lle Val Glu Gin Cys Cys Thr Ser lie Cys Ser Leu
35 40 45
Tyr Gin Leu Glu Asn Tyr Cys Asn
50 55

REPLACEMENT SHEET
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3. - The process as clainmed in claiml or 2, wherein a 35

‘the formula Il is enployed in which Xis a peptlde possessing 2 to 35 am no
acid residues, where two basic am no acids, in -21-

—partiettar—Arg———
and/or Lys, are located at the beginning ang at the end ﬂ‘mw
is the amino acid residue Thr, Rerr] is the amno acid ll'm " ”I
Rlerr] is a) a Metg:arem.ﬂ] or b) a peptide possesging 2¢to- 13 amine

protein of

aci d residues,
| ocated, R err]

at whose car boxyl
is the amino acid residue Asn,

end the am no acid re5|due Met or Arg is

1. A process for obtaining pro:!.nsul:l.n of the formula I

§ ——— §
(48) | | (a20)
HN=G Iy Cys Crs Cys- Cys r3-on
(A1) I : (A7) (at11)

s s
| I
s s
l |

r? n! Crs Cys Y

(81) (87) (e19)

REPLACEMENT SHEET| whicn comprises
28 FEB 1997
A) reacting a protein of the formula II,
R2%-R'-B2-B29-Y-X-Gly-A2-A20-R® m
'5 with a quantity of a mercaptan, which quantity

yields 2 to 10 -SH radicals of the mercaptan per
. cysteine residue of the protein of the formula
II, in the preéence of at least one chaotropic
auxiliary agent in an aqueous medium at a pH of
10 10 to 11 and at a concentration of the protein of
the formula II of 0.05 to 0.3 g per liter of
aqueous medium, and the proinsulin of the formula
I which is obtained
B) being mixed with 3 to 50 g of a hydrophobic
15 adsorber resin per liter of aqueous medium at a
pH of 4 to 7,
C) the adsorber resin, which has adsorbed proinsulin
of the formula I, being isolated, and
D) the proinsulin of the formula I being desorbed
20 from the adsorber resin;
in formula I and II '

X is a) a amino

genetically . encodable acid



4

1Q~__,_ and the residues A2 - A20 and B2 - B29 correspond to the am no
.g€id sequence of the.A and B chains of human insuli

| f d
E)rlg e gi;?:cl ai SHEET Ohydrglgsui te(r)lfp'30)!Whe‘[’Igl ?hgymmmklmnmmglﬁm

I S g@d nfone or nore of cIa| rlv\/nwerennu.a 81 0
pol Ystiyr r corrpog_fgj1 ystyrene and di vi nyl benzyl is
enplioyled as the hv o hobi ¢ adsor e’ U d

_ resin. 20 6. The_process as
cl ai fone or nord d® clai s 1132 tide nporRessing 2 Q) ;.5 H“i"ef acid
fornmula | is desorbed—fromthe mgli@udedy, resin using i sopropanol. 7.

rroinsulln of the gogf“ fo'a SRIANG1YY oABAREEESailns! &bIELddL, O

5 is a phenylalanine residue or a covalent bond,
R' is a) a hydrogen atom,
b) a genetically encodable amino acid resi-
due or : _
c) a peptide possessing 2 to 45 amino acid
10 residues,
| R’ is a genetically encodable amino acid residue,
and

the residues A2 - A20 correspond to the amino acid
sequence of the A chain of human insulin, animal

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

2. The process as claimed in claim 1, wherein a protein
20 of the formula II is employed in which
X is a pept::l.de possessing the amino acid sequence
of the C chain of human insulin,
Y 4is an amino acid residue selected from the group
~ comprising Ala, Thr or Ser,
25 R® is the amino acid residue Phe,
R? is a) a hydrogen atom, or
b) a peptide possessing 2 to 25 amino acid

residues,
R* is an amino acid residue selected from the group
30 comprising Asn, Ser or Gly,

and the residues A2 - A20 and B2 - B29 correspond to
the amino acid sequence of the A and B chains of
human insulin.

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

35 protein of the' formula II is employed in which
X is a peptide possessing 2 to 35 amino acid
residues, where two basic amino acids, in



10

15

20

_—

AR R A A

- 21 - v

particular Arg and/or t.ys, are located at the
beginning and at the end of the peptide,

Y 4is the amino acid residue Thr,

R' is the amino acid residue Phe,

R? is a) a hydrogen atom, or .

b) a peptide possessing 2 to 15 amino acid
residues, at whose carboxyl end the amino
acid residue Met or Arg is located,

R® is the amino acid residue Asn, -

and the residues A2 - A20 and B2 - B29 correspond to
the amino acid sequence of the A and B chains of
human insulin.

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

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

The process as claimed in one or more of claims 1 to
5, wherein the proinsulin of the formula I is
desorbed £rom the adsorber resin using isopropanol.

Proinsulin of the formula I, obtained by a process
as claimed in one or more of claims 1 to 6.

REPLACEMENT SHEET
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ABSTRACT

PROCESS FOR OBTAINIMNG PROINSULIN POSSESSING CORRECTLY
LINKED CYSTINE BRIDGES

A process is described for obtaining préinsul:l.n pbasess-
ing correctly linked cystine bridges from a corresponding
proinsulin amino acid chain in the presence of mercaptan
and chaotropic auxiliary agents and at a pH of 10 to 11,

as well as its direct isclation £rom the reaction mixture
using hydrophobic adsorber resins.
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