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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 o( the insulin is carried 
out via a precursor molecule called proinsulirt. In this, 
the B chain is linked to the A chain by the C peptide 
(-connecting pepadc). In gcncuc cngineering produa 10 
tion by means of Euherirhia coli, a fusion protein in 
which another foreign protein, for example fi-galsccosi-
dsx, precedes the proinsulin u sometimes first obtained . 
?'his foreign protein must first be split off, for example 
by treatment with a eyanogen halide, before further 15 
working up (compare German Ofl'ealegungsschriCt 34 
40 988). After the cynnoaen halide cleavage, cysteinc 
radicals ere converted into their S-sulConate form by 
sulGcofysis (treatment with sodium sui8to and sodium 
tanehioaate). The molecule an be converted from this Za 
form into its natural spatial structure with correct for-
mation of its disulfide bridges by reductive folding back 
(for example by treatment with mercaptoethanol in 
basic solution) . The proinsulin or preprouuu(in (-do-
rivative of proinsnlia; the prefix "pre' relates to one. or 23 
more additional amino acids on the N terminus of the 
proinsulin) is converted by enzymatic cleavage (for 
example with "sin) into e cleavage mixture which 
contains an insulin precursor, insulin-Arg-H31-H32, and 
the C peptide. In addition to these. some by-products, 30 
such as, for example, insulin-Dcs-Thr-B30, insulin-Arg-
H31 and incompletely cleaved intermediates, are also 
formed . 
73e insulin derivatives mentioned and compounds 

which are formed in preliminary stages by chemical 35 
treatment of the starting material must be separated 

0 1" . j .74 1 0 . 1 U 

2 
Marlcuuen et al . describe in "Protein Engineering" 
Volume 1 No. 3, pages 205-213 (1987) an anion ex-
changer chromatography process on diethyi-2-hydrox-
ypropylaminxchyl-contnining (QAE) anion exchang-
crs on s matrix of a three-dimensional croulinked poly-
sscehsride network. 

This process-no yields are given for the anion ex-
change chromatography-is carried out in b0'D'e 
strength ethanol solution ca inhibit protein aggrega-
tions. The safety measures required, which are particu-
larly necessary when working with concentrated or-
ganic solvents on an industrial scale. arc a disadvantage 
of ethanol solutions of such a concentration. On the 
other hand, as reworking has shown, denamrations of 
the proteins occur et the alcohol concentrations men-
tioned . 

SUMMARY OF THE. INVENTION 
In the elForts co provide a better separation and isola-

tion process for basic proteins from protein mix. 
eura-containing such basic proteins-it has been 
found, surprisingly . that this aim can be achieved by 
chromatography of the protein mixtures on strongly 
acid cacioe exchangers and elation by means of aqueous 
alkanol with only a relatively small amount of allcanol . 
It is particularly surprising that it u possible both co 
improve the separation capacity in comparison with the 
prior an and largely to avoid the additional derivatizs-
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 off No aggregations or the proteins to be sepa-
rated are observed. Reusability of the exchangers pres-
ents no difficulties. 

from one another . BRIEF DESCRIPTION OF TRE FIGURES It u particularly difficult here to separate insulin de- 
rivatives of basic character which have derivatizarions FIG. I shows the elution profile of comparison Ex-
on amino acids which, alter formation of the tertiary 40 ample 1 . recorded during the dacion_ The method of 
structure, lie inside the molecule, Example 1 employs an anion-exchange process with a 

This is found in a comparison experiment (see Part nonionic surfac=t for purification of proteins . 
H) : the anion exchanger process which has been de- FIQ~ 2 shows the elution profile of Example 2 carried 
scribed in German Patent 26 29 568 and has been devei- out according to the invention, recorded during the 
oped for purification of insulin has the peculiarity that a a5 eluiion . The method of Example 2 employs chromaeog-
nanionic surfactanr is added in order to avoid protein rsphy of protein mixtures on a strongly acidic cation 
aggregations of the elution liquid . This process, which exchanger and clution by means of aqueous a]icanol . 
is particularly suitable for the purification of intulins, -
leads to a Completely inadequate separation in the it-
tempt co separate and isolate basic proteins which are So 
obtained, for example, by tryptic cleavage of proinsulin 
of genetic engineering origin . This is illustrated by the 
corresponding dution profile (see pare g) ; ;t can be seen 
that the peaks for the individual peptidcs overlap one 
another. SS 

Processes are also already known which are said to 
achieve separation of the proinsulin cleavage products 
mentioned- Steiner et al. describe in "Journ . of Hio1 . 
Chcm,". 24,6 . pages 1365-1374 (1971) a process for iso= 
ladng C peptide from a proinsulin cleavage mixture. In 60 
this process (no yields are stated), chromatography is 
carried out over a weakly acid cellulose-based cation 
exchanger containing carboxymcthyl groups (CK. 7 
mol/1 of urea are added here to the loading and elution 
solution in order to avoid aggregacion .of the proteins . 65 
The presence of such high urea concentrations is a 
disadvantage because it leads to dcrivscisstion of prota 
ins, above all to cubnmoylation of free amino groups . 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention accordingly relatcs to a procus for the 
isolation of basic proteins from protein mixtures which 
contain such basic proteins end which have been ob-
tained by enzymatic cleavage of proinsulin and/or its 
derivatives of natural, semisynchetic, or genetic engi-
neering origin by charging an ion exchanger with the 
protein mixture and dution, which oomprises using i 
strongly acid eation exchanger as the ion exchanger and 
carrying out the dution by means of an H2O/Cl-G-
allcanol mixture which contains about 10 to 50% by 
volume, preferably about 20 to 40% by volume and in 
particular about 309'o by volume, of alkannl. The basic 
proteins can be isolated in high yields from cleavage 
mixtures of any desired proinsulies or of derivatives 
thereof, such u, for example, monkey prcproinsulin, by 
the process according to the invention. Possible ion 
exchangers are in principle all the strongly acid cation 
exchangers. Strongly acid cation exchangers in which 

. . . . . . -, . _ 
.. . . . . , , . . ~ . 
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the functional group is the sutfo group, in particular the 'The temperature, which u preferably to be kept con . 
sulfopropyl group -CH2-C}i2-CNZ-S03H, for stant during the ton exchanger chromatography, can be 
example on e matrix of hydrophilic vinyl polymers varied within a wide range . A temperature interval 
containing hydroxyl groups (for example ( @)Frutogel from about -10' C . to about SO' C ., in particular about 
TSK, manufacturer Merck, Darrtutadt), acrylic copoly- S ]S' to about 25' C., u to be preferred . 
mcts (for example SP ( (&)Ttis-acryl M, manufacturers The invention is illustrated in more detail by the 
REactife IHF, Villeaeuve-la-Garenne, France) or gels following embodimcnc example (A). The superiority of 
with a content of crosslinked aguou (for example the process according to the invention over a process 
S{(8)) Scpharose, manufacturer Pbatmatis, Upsala, for insulin purification according to the prior en (Ger- 
Swoden) are preferred; S-Sephuose is particularly pre- 10 men Patent 26 29 568) will be demonstrated by the 

subsequent comparison (H) . 
Before loading of the strongly acid caaon exchanger A) Embodiment Example (According to the invcn- 

with the cleavage mixture, this should be freshly equili- tion) 6 1 of S-Srpharose are nupended in an aqueous 
braeed with a buffer solution. This buffer solution prcf- buffer solution which contains SO mmol/1 of lactic acid . etaDly consists of a waur/Ci-C.4-alkanol mixture with !3 30% of isopropanol and 1 mole/1 of sodium chloride 
an alkano! content of preferably about 10 w SO°k by and has a pH oCabout 3 .5, and a column with a diameter 
volume, particularly preferably about 20 t0 409'o by of 10 cm a filled with the suspension co r level of about 
volume and in particular about 30% by volume . Prc- 80 cm . The column is equili6raced with 101 of aqueous 
fened allcannls are ethanol and isopropanol, in partieu- starting buffer solution (SO mmol/1 of lactic acid, 30°k 
lar iwpropanol . Further additives which can be added 20 of isopropanot, 0.15 mol/I of sodium chloride, pH about 
to the buffer coluqort arc, for example, salt, preferably 3.5) . 15 g o( crysuillited cleavage mixture which con- 
physiologically tolerated mineral salt, one or more of tains 6 .2 g o! insulin-Arg-H31-32, 3 g of insulin-Arg-H31 
any desired organic acids, preferably lactic acid, a base, and insulin-Des-Thr-H30 and unknown cleavage inter- 
preferably NaOH, and/or preservatives. The preferred mediates and derivatives and has been formed by trypdc 
pH of the buffer solution is between about 2.3 and 5 .3, 23 cleavage of human preproinsulin are dissolved in 3 I of 
particularly preferably between about 3 .5 and 4.0 . the starting buffer and the solution is applied to the 
Loading of the strongly acid csaon exchanger can be column . The column is then dutcd with an aqueous 

carried out by dissolving the cleavage mixture in a solution containing 50 mmot/l of lactic acid and 3090 of 
buffer solution-preferably with the composition de- 

" 
isopropanol at a pH of 3.5 (adjusted with NaOH) and a 

sen bed above and the pH described above-and bring- 30 gradient of O.15 mot/1 w 0.35 mol/1 of sodium chloride . 
iag the resulting solution into contact with the strongly The elution solution has a volume of 2 z 201. The flow 
acid cstion exchanger . rate is 1 .5 1/hour . Fractions with an insulin-Arg-H31-32 
The elution solution. which in principle can have a content of more than 90% according to HPLC (high 

composition similar to that of the buffer solution de- pressure liquid chromatography) ue collected, diluted 
scnbed above, preferably has a pH of 3 .5 [0 4.0. An 35 with Hz0 in a ratio of l :l and precipitated by adding 10 elution process in which the clution solution has a eon- ml of 10% strength Znp2 solution/I of solution and 
cenaacion/rime gradient of the sale with preferably e bringing the pH co 6.8 . The yield is S g of insulin-Arg- 
Gnear course is particularly suitable . This concentration H31-32, which corresponds to a stage yield, based on 
gradient can be sec up, for example, such that a low salt insulin-Arg-H31-32, of 80%. . 
eoocemracion (in the limit case towards 0) is present in ao B) Comparison 
the elution solution at the sun of the dution and the salt Comparison Example I was carried out according to 
concentration is increased during the elution process . German Patent 26 29 568 and Example II was carried 
Particularly effective separation of the protein mixture out according to the invention. The process parameters can be achieved in this manner. A preferred salt concen- and the results achieved are compared in Table 1 . FIG. 
tratian gradient varies from almost 0 mole of snli/1 (at as 1 shows the clu4on profile of Comparison Example I 
the start of the elusion) to about 1 mole of salt/1 (at the recorded during the clution and FIG. 2 shows that of 
end of the dution), particularly preferably from about Example II according to the invention. The absorption 
0.15 (at the start oCthe elution) to about 0.35 mole/1 (at q,in the UV range ac i wavelength of 278 nm (Ai7e) is 
the end of the ducion). Many organic and inorganic plotted against the elution time and the fraction num- snlts sro possible for the salt addition . Physiologically SO bers . The duaon profiles show chat the process accord- 
tolerated salts, such u ammonium end alkali metal salts, ing to the invention leads W better separation of the are preCcrted, and sodium salu, in particular sodium basic proteins than the Process carried out in accor 
chloride, are especially preferred. dance with German Patent 26 29 568. A higher product The separation process according to the invention yield and a higher- product purity is accordingly also can be carried out in various ways . The procedure by a SS achieved in the process according to the invention (see column process or a batch process is co be preferred. Table l) . 

TABLE 1 
Comp.ri»n of ion cun .eger eLromuognpAy . 
of a protein mimuc obsaiacd by vo.tmmf of - 

proift,lulin (mootey proiaiulu4 PrepAred by 6metk m6tooeea8 
by mans ol E roL) urlth rrypsin 

1 (',omperispn Example In w=rdanrc 
With German Patent :6 29 368 11 Aoeording to the invcnaoo 
EzchiLnga: (&TSK-DEAE anion cxchangcr S (8Scplarou c,tion ucAangn 

((umctioiul grodpe : diethyl- (funcc;oaal srowp~ aulfoprop)I jtOUDL, 
aminxtfiyl, rtutr'u : vinyl fucru: 0 eonuining Lydro:yl groups 
polymer conutinieg hydroxyl wih . content o( uoalintcp sqaro,c; 
groups : auufacevrtr: Merck. manufulurer: Phumneu. Sr:edee) 
Datm :udr) 
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