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{57 ABSTRACT

Basic proteins are isolated from protein mixtures which
contain such basic proteins and which arc obtained by
enzymatic clevage of proinsulin and/or its derivatives
of natural, semisynthetic or genetic engineering origin
by ion exchanger chromatography on strongly acid
cation exchangers.
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PROCESS FOR ISOLATING BASIC PROTEINS
FROM PROTEIN MIXTURES

BACKGROUND OF THE INVENTION

In the preparation of human insulin by genetic engi-
neering methods, biosynthesis of the insulin is carried
out via 8 precursor molecule called proinsulin. In this,
the B cham is linked to the A chain by the C peptide
(=connecting peptidc). In-genctic cngineering produc-
tion by means of Escherichia coli, a fusion protein in
which another foreign protein, for example 8-galactosi-
dasc, precedes the proinsulin is sometimes first obtained.
This foreign protein must first be split off, for example
by treatment with a cysnogen halide, before further
working up (compare German Offenlegungsschrift 34
40 988). Aficr the cyanogen halide cleavage, cystainc
radicals sre converted into their S-sulfonate form by
sulfitolysis (treatment with sodium sulfitc and sodium
tetrathionate). The molecule can be converted from this
form into its natural spatial structure with correct for-
mation of its disulfide bridges by reductive folding back
(for example by treaument with mercaptoethanol in
basic solution). The proinsulin or preproinsulin (=de-
rivative of proinsulin; the prefix “'pre” relates to one or
more additional amino acids on the N terminus of the
proinsulin) is converted by enzymatic cleavage (for
example with trypsin) into a cleavage mixture which
contains an insulin precursor, insulin-Arg-B31-B32, and
the C peptide. In addition to these, some by-products,
‘such as, for example, insulin-Des-Thr-B30, insvlin-Arg-
B31 and incompletely cleaved intermediates, are also
formed.

The insulin derivatives mentioned and compounds
which are formed in preliminary siages by chemical
treatment of the starting material must be separated
{rorm onc another.

It is particularly difficult here to separate insulin de-
rivatives of basic character which have derivatizations
on amino acids which, after formation of the tertiary
structure, lie inside the molecule.

This is found in a comparison experiment (see Part
B): the anion exchanger process which has been de-
scribed jn German Patent 26 29 568 and has been devel-
oped (or purification of insulin has the peculiarity that a
nonionic surfactant is added in order to avoid protein
aggregations of the clution liquid. This process, which
is particularly suitable for the purification of insulins,
leads to a completely inadequate separation in the at-
tempt to separate and isolate basic proteins which are
obuined, for example, by tryptic cleavage of proinsulin
of geaetic engineering origin. This is illustrated by the
cosresponding elution profile (see Part B); it can be seen
that the peaks for the individual peptides overlap one
another.

Processes are also already known which are said 1o
achieve separation of the proinsulin cleavage products
@entioned. Steiner et al. describe in “Journ. of Biol.
Chern."”, 246, pages 1365-1374 (1971) a process for iso-
lating C peptide from a proinsulin cleavage mixrure. In
this process (no yields are stated), chromatography is
carried out over a weakly acid cellulose-based cation
cxchanger containing carboxymecthy! groups (CM). 7
m0l/1 of urea are added here 1o the loading and elution
salution in order 1o avoid aggregation .of the proteins.
The presence of such high urea concentrations is a
disadvantage because it Jesds to derivatization of prote-
ins, above all to carbamoylation of free amino groups.
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Markussen et al. describe in “Protein Engineering™
Volume 1 No. 3, pages 205-213 (1987) an anion ex-
changer chromatography process on diethyl-2-hydrox-
ypropylaminocthyl-containing (QAE) anion exchang-
ers on 3 matrix of a three-dimensional crosslinked poly-
saccharide network.

This process—no yields are given for the anion ex-
change chromatography—is carried out in 609%
strength ethanol solution to inhibit protein aggrega-
tions. The safety mcasvres required, which are particu-
larly nccessary when working with concentrated or-
ganic solvents on an industrial scale, are a disadvantage
of ethanol solutions of such a concentration. On the
other hand, as reworking has shown, denawrations of
the proteins occur at the aloohol concentrations men-
tioned.

SUMMARY OF THE INVENTION

In the ¢fforts to provide 2 better separation and isola-
tion process for basic proteins from protein mix-
tures—containing such basic proteins—it has been
found, surprisingly, that this aim can be achieved by
chromatography of the proiwcin mixtures on strongly
acid cation exchangers and clution by means of aqueous
alkanol with only a relatively small amount of alkanol.
It is particularly surprising that it is possible both to
improve the scparation capacity in comparison with the
prior art and largely to avoid the additional derivatiza-
tions of the proteins during the separation. Derivatives
which contain derivatizations—formed during the pre-
treatment of the proinsulin—inside the proteins present
in the tertiary structure can astonishingly even be sepa-
rated ofl. No eggregations of the proteins to be sepa-
rated are observed. Reusability of the exchangers pres-
eats no difficulties.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows the clution profile of comparison Ex-
ample 3, recorded during the elution. The method of
Example 1 employs an anion-exchange process with a
nonionic surfactant for purification of proteins.

FIG. 2 shows the elution profile of Example 2 carried
out according 10 the invention, recorded during the
clution. The method of Example 2 employs chromatog-
raphy of protein mixtures on a strongly acidic cation
exchanger and clution by means of aqueous alkanol.

DETAILED DESCRIPTION OF THE
INVENTION

The invention accordingly relates to a process for the
isolation of basic proteins from protein mixrures which
conwin such basic proteins and which have been ob-
tained by enzymatic clesvage of proinsulin and/or its
derivatives of natural, semisynthetic or genetic engi-
neering origin by charging an ion exchanger with the
protein mixture and e)ution. which comprises using a
strongly acid cation exchanger as the ion exchanger and
carrying out the elution by means of an H20/C-C-
alkanol mixture which contins about 10 o0 50% by
volume, preferably about 20 to 40% by volume and in
particular about 30% by volume, of alkanal. The basic
proteins can be isolated in high yields (rom cleavage
mixtures of any desired proinsulins or of derivatives
thereof, such as, for example, monkey preproinsulin, by
the proccss according to the invention. Possible ion
cxchangers are in principle alt the strongly acid cation
cxchangees. Strongly acid cation exchangers in whijch
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the functional group is the sulfo group, in particular the
sulfopropyl group —CH,;—CH,—CH;—SO3H, for
example on a matrin of hydrophilic vinyl polymers
containing hydroxy groups (for example ( ®)Fractogel

TSXK, manufacturer Merck, Darmstadt), acrylic copoly- 5

mers (for cxsmple SP ( ®)Tris-acryl M, manufacturers
Réciifs IBF, Villeneuve-la-Gsrenne, France) or gels
with a content of crosslinked agarose (for examplc
S{®) Scpharose. manufacturer Pharmacia, Upsala,

Sweden) are preferred; S-Sepharose is particularly pre- 10

ferred. :

Before loading of the strongly acid cation exchanger
with the cleavage mixture, this should be freshly equili-
brated with a buffer solution. This bufTer solution pref-

erably consists of a water/C~Cy-alkanol mixture with 15

an alkanol content of preferably sbout 10 o 50% by
volume, particularly preferably about 20 w0 40% by
volume and in particular about 30% by volume. Pre-
ferred alkanols are ethanol and isopropanal, in particu-

lar isopropanol. Further additives which can be added 20

to the buffer solution are, for example, sale, preferably
physiologically tolerated mincrs! salt, onc or wore of
any desired organic acids, preferably lactic acid, a base,
preferably NaOH, and/or preservatives. The preferred

pH of the buffer solution is between about 2.5 and 5.5, 25

panticularly preferably between about 3.5 and 4.0,
Loading of the strongly acid cation exchanger can be

carried out by dissolving the cleavage mixture in a

buffer solution—preferably with the composition de-

scribed above and the pH descnbed above~—and bring- 30

ing the resulting solution into contact with the strongly
acid cation exchanger. ‘

The clution solution, which in principle can have a
composition similar to that of the buffer salution de-

scribed above, preferably has a pH of 3.5 1o 4.0. An 35

elution process in which the clution solution has a con-
centration/time gradient of the salt with preferably s
lincar course is particularly suitable. This concentration
gradient can be set up, for example, such that a low salt

concentration (in the limit case towards 0) is present in 40

the elution solution at the start of the elution and the salt
concentration is increased during the elution process.
Particularly effective separation of the protein mixture
can be achieved in this manner. A preferred salt concen-

tration gradient varies from almost 0 mole of salt/1 (at 45

the start of the elurtion) 10 about | mole of salt/1 (at the
end of the elution), particularly preferably from about
Q.15 (at the stant of the elution) to about 0.35 moleA (at
the end of the elution). Many organic and inorganic

salts are possible for the salt addition. Physiologically 50

tolerated salts, such as ammonium and alkali metal salts,
arc preferred, and sodium salts, in particular sodium
chloride, are especially preferred.

The separation process according 1o the invention

can be carricd out in various ways. The procedure by a 35

column process or a batch process is W be preferred.

The temperature, which is preferably to be kept con-
stant during the i0n exchanger chromatography, can be
varied within a wide range. A temperature interval
from aboul —10° C. to about 50° C., in particular about
15' t0 about 25° C,, is t0 be preferred.

The invention is Ulustrated in more detail by the
following embodiment example (A). The supenionty of
the process according to the invention over a process
for insulin purification according to the prior ant (Ger-
man Patent 26 29 568) will be demonstrated by the
subsequent coraparison (B).

A) Embodiment Example (according to the inven-
tion) 6 1 of S-Sepharose are suspended in an aqueous
buffer solution which contains 50 mmol/} of lactic acid.
30% of isopropanol and ! mole/1 of sodium chloride
and has ¢ pH of about 3.5, and a column with 2 diameter
of 10 cm is filled with the suspension 10 a level of abour
80 em. The column is equilibrated with 10 ] of aqueous
starting buffer solution (50 mmol/1 of lsctic acid, 30%
of isopropanol, 0.15 mol/1 of sodium chloride, pH about
1.5). 15 g of crystallized cleavage mixture which con-
tains 6.2 g of insulin-Arg-B31-32, 3 g of insulin-Arg-B31
and insulin-Des-Thr-B30 and unknown cleavage inter-
mediates and derivatives and has been formed by tryptic
cleavage of human preproinsulin are dissolved in 3 | of
the starting buffer and the solution is applied to the
column. The column is then eluted with an aqueous
solution containing 50 mmol/1 of lactic acid and 309 of
isopropanol at a pH of 3.5 (adjusted with NaOH) and a
gradient of 0.15 mol/1 10 0.35 mol/1 of sodium chlonde.
The elution solution has a volume of 2 x 20 1. The flow
rate is 1.5 {/hour. Fractions with an insulin-Arg-B31-32
content of more than 90% according to HPLC (high
pressure liquid chromatography) are collected, diluted
with H;O in a ratio of 1:1 and precipitated by adding 10
ml of 10% swength ZnCl; solution/1 of solution and
bringing the pH to 6.8. The yield is 5 g of msulin-Arg-
B31-32, which corresponds 10 a stage yield, based on
insulin-Arg-B31-32, of 80%. .

B) Comparison

Comparison Example I was carried out according to
German Patent 26 29 568 and Example II was carried
out according to the invention. The process parameters
and the results achieved are compared in Table 1. FIG.
1 shows the clution profile of Corparison Example 1
recorded during the clution and FIG. 2 shows that of
Example IT according 10 the invention. The absorption
A.in the UV range at a wavelength of 278 nm (A27g) is
ploited against the elution time and the fraction mum-
bers. The clution profiles show that the process accord-
ing to the invention leads w0 better separation of the
basic proteins than the process camried out in sccor-
dancc with German Patent 26 29 568. A higher product
yield and a higher product purity is accordingly also
achicved in the process according to the invention (see
Table ).

TABLE 1

Cowparison of 0a cxchanget chromatography
of & proteis mixturc obiaiscd by Ueatmont of
proinsulin (monkey proinsulin, prepared by genetic engioeerlog

by mouns of £ coli) whb erypsin

I Comperispn Example In accordance

with German Patent 26 29 56§

1 According 10 the invention

Eachanger:

MRY 23 '@0 B7:21

@®TSK-DEAE anion ¢xchanger
(funcuicnal growps: dicthyl-
aminoethyl, matria: viny!
polymer conaining hydroxyl
groups; manufaciurcr: Merck,
Damstadr)

S @Scpharose cation cxchanger
(functicas! groups: sulfopropyl groups,
matrix: gel contsining hydroxyl groups
with s centent of crosslinked sgurosc;
manufacrurer: Phasmacia, Sweden)
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UNITED STATES PATENT AND TRADEMARK OFFICE *
CERTIFICATE OF CORRECTION
PATENT NO. : 5,101,013
DATED
INVENTOR(S) :

March 31, 1992

Michael Doreschug and Rainer Obermeier

Itis certified that error appears in the abave-identified patent and that said Leftars Patent is hereby
corrected as shawn below:

ON THE TITLE PAGE:

Item [75], “Ranier Obermeter" should be --Rainer Obermeier—-—.

Abstract, 1line 3,
Col. 6
Clain 10, line 3, change "iospropanol® to

change "clevage" to --cleavage--.

~~isopropanal--.
Col. 6 .
Claim 12, line 1, change "1" to —-—11--

Signed and Sealed this
Twentieth Day of Juiy, 1993

Attest: W A~ M

MICHAEL X. KIRK

Artesiing Officer
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