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-1 - 0474213 The inventiion relates to a process for the
purification of insulin and/or insulin derivatives by chromatography in

aqueous,. buffered sol vents which contain water- m scible organic solvents,
on l.ipophitically nodified 5 silica gel, wth zwitterions being 8522 lL,ved
in the aqueous, buffered solvent and/or the pPH of the sol vent bei 8§ i he
vicinity of the isoelectric point of the insulin or insulin derivative to
be purified. The The iimvention ofelatrs i ve arprocess nfoer that pugdfdpatdon

i pophilically my# fifthide st @psk PLEsEl 181 BbfSvatl ves So¥ "BRR ohb By raph:
anal ytical separation nethods and has been _used successfully for many yeéars
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vol ume. Purifi catneldno 8 dasuldny ferigmtdya e bee which are -
enpl oyed in the |aboratory and are relatively toxic (acetonitrile) and .

T onl ol oot SRR FETRRARY e PFRsee’ % BRI, detppives on
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recovery (J. RiVidbionBrolfeeiyl Opkend) QheoWel 2fxl 1983h1112-319nBehe, o

al., J. Chrom 408 (1987)8 ) . )
361, (1586) 357-367). On the analytical scale, amounts of

15 protein in the ug range are loaded onto a column which is
packed with modified silica gel and is made of steel,
glass or plastic, and are then eluted by a flowing ligquid
mixture (usually acidic, aqueocus, buffer solutions with
a constant or variable organic solvent concentration).

20 The protein loading in this case is far less than 30

ug/ml of column volume.

Purification processes to date often use the soclvents
which are employed in the laboratory and are relatively
toxic (acetonitrile) and corrosive, costly buffer comp-

25 onents, for example tetraalkylammonium salts, alkyl-
sulfonates, hexafluoracetone, trifluoroacetate
(E.P. Kroeff et al., J. Chrom., 461, (1989), 45-61).
These mobile phases do not, when the mixtures are more
heavily contaminated with insulin-like substances, result

30 in satisfactory preparative separation in terms of
quality, yield of the main component and overall recovery
(J. Rivier, R. McClintock; J. Chrom., 268 (1983) 112-119;
Peter et al., J. Chrom. 408 (1987) 43-52).

Insulins from previous chemical transformations such as,
35 for example, from strongly acidic ester cleavages or

‘enzymatic (trans-)peptidation processes, from purifica-



I nsulins from previous chem cal transformations such as, 35 for exanpl e,
fromstrongly acidic ester cleavages or enzynmatic (trans-)peptidation
processes, from purifica- - 2 - tions by crystallization or the |ike
usual Iy contain concomitants with simlar properties. They can be puri -
fied by ion exchange chromat ogr aphy, by chooSing parti- cular pH values, if
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measures. The object of the present .inveniion was to devel op a 20 process

for the purificatyFPHRATY ithus, the ydeld, ifkediaratves by chromatography,
in which the biological activity of the insulins is retained, hlgh purities

are achieveq W th one chrorrat. raph ste rt cycle.tines, _colu wi t h
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organic solvent required for this are, for example -in the
case of columns with diameters >20 cm, on the m® scale.
15 Solvents used for analytical HPLC (for example
acetonitrile, DMF, methanol, dioxane etc.) are toxic so
that use of these methods on the industrial preparative

scale requires elaborate protective measures.

The object of the present invention was to develop a

20 process for the purification of insulins and insulin

derivatives by chromatography, in which the biological

activ'ity of the insulins is retained, high purities are

_ achieved with one chromatography step, short cycle times,

Y columns with useful lives of more than 50 chromatography

25 cycles, regeneration of the stationary silica gel phase

without time-consuming packing processes and the use of

non-toxic solvents is achieved, so that an industrial
preparative scale is possible.

A process has now been found to allow insulin and insulin
30 derivatives to be purified by chromatography in aqueous,
buffered solvents which contain water-miscible organic
solvents, on lipophilically modified silica gel, wherein
zwitterions are dissolved in the buffered solvents, or
the pH of the solvent is in the vicinity of the iso-
35 electric point, of the insulin or insulin derivative to

be purified and zwitterions are present.



preparative scale is possible. A process has now been found to allow

I nsulin and insulin 30 derivatives to be purified by chromatography in
aqueous, buffered sol vents which contain water-m scible organic sol vents,

on Lipophiically nodified silica gel, V_Vhe_I’_Eén_ZWI tterions are dissolved in
the buffered solvents, or the pH of - the solvént is in the vici nity of the

iso- 35 electriggy ‘111'3:. t ha,d Béndé 6@5%i9l:€’f{6ﬂ€t ' 39 Eﬂrgﬁato_
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the proteins from sol i d, phase neans.that the um packi ngs, have .l on
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t he \./ , able detachment of the proteins from the solid phase .
means that the column packings have long useful lives, .
15 and makes possible a high overall recovery rate of the

insulins.

The invention thus relates to a process for the purifica-

tion of insulin and/or insulin derivatives by chromato-

graphy in aqueous, buffered solvents which contain water-

20 miscible organic solvents, on lipophilically modified

silica gel, wherein zwitterions are dissolved in the

buffered solvents, or t:hé PH of the solvent mixture is in

the vicinity of the isoelectric point of the insulin or

. insulin derivative to be purified and zwitterions are
K_J 25 present.

It is possible to employ in the process according to the
invention all insulins such as, for example, insulins of
all species which are of animal or human origin, insulin
precursors such as, for example, proinsulins or prepro-
30 insulins, or recombinant insulins or insulin derivatives
which are expressed by genetically modified micro-
organisms. It 1is also possible furthermore to employ
insulin derivatives which have been prepared, for
example, by chemical or enzymatic derivatization, for
35 example De-Phe-Bl-insulin, insulin-8-ketene-sulfonate,
diarginine-ihsulin (B31, B32), monoarginine-insulin or
diphenylalanine-insulin (B31, B32) (US 4 601 852).



buffered solvents, or the pH of the solvent m xture is in the vicinity of
the 'i soelectric point of the insulin or insulin derivative to be purified
and zwitterions are 25 present. It is possible to enploy in the process
accordingto the invention all insulins such as, for exanple, insulins of
all species which are of animal or human origin, insulin precursors such
as, for exanpl €, pPefbRaliyNSelp16Y&R" Card0 inddPih GerDrat PFEEDIdAN Lhe
insulins or insulLin derivatives ich are expressed by genetically nodified
nmicro- organi snsfoFMUL& 3| so possible furthermore to enploy insulin
derivatives which have begn prepared, for %ﬁﬁnple, by chem cal or enzymatic
deri watization, for 35 xanphe De-Phe-Bfﬁ sulin

insulin-[err]-ketege-gul fonate, diarginine-Jjnsulin (B31, B32),
nnnoarginine-insul?n ]t éigﬁgﬁﬁlalanine-iﬁgh iﬁ*%g31, B32) (US 4 601 852).

- 4 - Preferably enpl oyed ar% insu%in derivatives of the formula | [err] in
which [err] is the residue off a geqetically encodable L-amno 5
acid, X is a hydroxyl grodp, a ghysiol ogically acceptable organf®) group

which is basic in naturegpandijhas ug to 50 carbgpa@tons, a genetically
encodabl e L-am no acid ' unctionality which 10

i's present where apgrefmaat e pcamalre free, as estpysfpagPignality, as amde
d.t

functionality, as |actore—er—educed—to—terr—=n s an 1nteger fromoO to
10, in which
R3® ig the residue of a genetically encodable L-amino

kw/ 5 acid,

X is a hydroxyl group, a physiologically acceptable
organic group which is basic in nature and has up to
50 carbon atoms, a genetically encodable L-amino
acid and whose terminal carboxyl functionality which
10 is present where appropriate can be free, as ester
functionality, as amide functionality, as lactone or

.reduced to CH,OH,

n is an integer from 0 to 10,
Y is hydrogen or L-phenylalanine, and the A and B
15 chains are the sequences of animal or human insulin.

Particularly preferably employed are insulin derivatives
. of the formula I in which R3? is L-alanine or L-threonine
and X is one or more L-amino acids from the group com-

prising L-arginine, L-lysine or L-phenylalanine.

20 The insulins and insulin derivatives can be employed both
in relatively impure state and in prepurified form (for
example by gel chromatography). After multiple crystal-
lization and even after gel chromatography, insulin is
still contaminated with insulin-like concomitants which

25 have very similar molecular weights and which at approp-
riately chosen pH differ in their state of charge from
one another and from insulin but form complexes with
insulin (US 4 129 560). Examples of such substances are
deamidoinsulins, arginine- and diarginine-insulin,



Y ~ is hydrogen or L-phenylalanine,. and the A and B 15 chains are
t he 'sequences of aninmal or hunman insulin. Particularly preferably enpl oyed
are insulin derivatives of the formula | in which [err] is L-al anine or
L-threonine and X is one or nore L-am no acigls fromthe group com prising
L-argi nine, L-lysine or L-phenylalanine. 20 ® The insulins and insulin

derivatives can QHHI oy, thdn.r ti I mpure state and in
prepurified for mtl or &a(aentg}}elob%égée# a&‘foa%eé(%r’aphy) . After multiple
crystal - lization and even after gel chromatography, insulin is still

contam nated with iﬂ;;t&;iﬁkii&ﬁwmaém Ssii &) fe1 méANE HCBY13kH Ra
nol esut ar wei ghts and whi,ch at aﬁ rog- riately chosen pH differ in their
state of charge PPHA oW&igHot Rer gﬁﬁ PPBH%?ns‘%?FW’buth%rhe@Eon&é‘é’hﬁdt'h

insulin (US 4d12&dﬁ@1e£wpl hyldﬁi:phublﬂcstlbsi-ﬁwﬁfe ar]ﬂcadwernvdmh | il alkchasin
arginine- a Lar.gi nine-insulin - - ingulin.et ester. _and
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are .al kanes with_g.hain 5 length of 3 to 20 carbon atons. Exanples of
particularly prefaerred i pophilically nodified silica gel materials are:
[err] Nucl eosil, supplied by Macherey & Nagel : spherical and non-spherical-
materials with vdR) NuE1d6silpastpplLedi BESMaPhébey & AMide1 100 A pore wi dth,

[err]- or[err] nodified. Jer i chropr suppl i ed by, Merck: .pon-spheri cal

and spheri cal rratsé’rhleﬁ‘sc%thiﬁ‘gri%?@'ﬁgﬁﬁ’c?%fsifﬁge%’pé\f% 4Uf'g r] ,"'%66”313250

A pore widtho particle sizes up to 45 pm, 100 A pore width, C8- or Cl8-
U modified.

(R)Lichroprep, supplied by Merck:

non-spherical and spherical materials with various

particle sizes up to 40 um, 60 - 250 A pore width,
15 C8-C18-modified; :

(R)Lichrospher Select B, supplied by Merck:
spherical material with particle size up to 25 um, C8-

modified;

(Rlyjaters Prep, Cl8-modified, 50 - 105 um
20 non-spherical, 100 A pore width;

(®) zorbax Prol0, supplied by DuPont:
C8-modified, 10 um, spherical, 100 A pore width;

(R)Rromasil, supplied by EKA Nobel: C4-, C8-Cl8-modified,
up to 16 um, spherical, 100, 150 or 200 A pore width.

25 Zwitterions are compounds which are able to take up and
to eliminate protons, that is to say form cations in
acidic solution and anions in alkaline solution, such as,
for example, oa-amino acids, betaine or betaine deriva-
tives. Preferred zwitterions are glycine, glutamine or

30 betaine (N-trimethylglycine). Glycine is particularly
preferred. '



15 _[err] nodified; [err]Lichrospher Sel-ect B, supplied by Merck:
spherical material with particle size up to 25[err] [err] nodified;
[err]Waters Prep, Cl18-nodified, 50 - 105 pm 20 non- spherical, 100 A pore
wi dth; [err] Zorbax Prol O supplled by DuPontg [err]-nodified, 10 [err],
spherical, 100 A pore width; [err]Kronasil suppl I ed by EKA Nobel [err],

[err]- modi f i ed, l‘ﬂxé Olééeiééf:]::x.cSm&itcakIEﬁpooflq)n Olin&ddif ROF e:x.ﬂ’sq.ﬁ..h;n 25
witterions are jounds whj ch are abl e%"tc o 3 iHFgPand toelimnate
i i
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yrot
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The isoelectidc r;tcnmtof( PEB) 19$u3mn| nsubew»nlpiiuﬂ 431 ami |5v-ét i(He Nsurh&b.pH

of a solution of e%é..{‘fé’}' nP?Et\é’ﬁhcrkéﬂfoﬁlé’éme{lon %{Aon'fh&h%%éﬁﬁﬁg

ani oni c charges 6] e dissol ved |nsuI|n equal s zero exa
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bel ow the | EP. Thg 8l Ve, Q¥ @Je’io%{) d &rpsubstance in order to keep the
pH of the el uent constant Sui t abl e er substances

W, - The eluents contain a buffer substance in order to keep .
the pH of the eluent constant. Suitable buffer substances
are known in the literature, for example phosphates,

15 alkali metal or alkaline earth metal salts, such as
sodium citrate or potassium acetate, ammonium citrate,
acetate, sulfate or chloride. The eluents additionally
contain water-miscible organic solvents such as, for
example, alcohols, ketones, methyl acetate, dioxane,

20 . dimethyl sulfoxide or acetonitrile. Alcohols such as n-
or iso-propanol, methanol or ethanol, or methyl acetate,

are preferred.

The concentration of the water-miscible organic solvents

-/ is between 1 and 90 %, preferably between 10 and 60 %,

25 particularly preferably between 10 and 35 %. The concen-

tration of the buffer substance is between 1 mmol/l and

2 mol/l, based on water as solvent, preferably between 25

mmol/l and 1 mol/l. The concentration of the zwitterions

can vary within a wide range. Advantageous amounts are

30 between 10 mmol/l and 1 mol/l, based on water as solvent,
preferably between 20 mmol/l and 500 mmol/l.

The temperature during the chromatography is between 0°C
and 50°C, preferably between 15 and 30°C, particularly
preferably between 15 and 20°C. The operating pressure
35 during the chromatography is substantially constant. The
chromatography can be carried out with a variable pres-



are known in the literature, for exanple phosphates, 15 al kali metal or
alkaline earth netal salts, such as sodiumcitrate or potassium acet at e,
amoniumcitrate, acetate, sulfate or chloride. The eluents additionally
contain water-mscible organic solvents such as, for exanple, alcohols,
ket ones, nethyl acetate, dioxane, 20 di ret hyl sul foxide or acetonitrile.

Al cohol s such assareorbeOe&aeeaaolthmmlt apharan Hy é’@HWéd out
acetate, are preferred. The conceg% tion
f

wat er - mi sci or anlc
solvents is bet weRAeT 3 A¥eBSYFe, rﬁ%l@oéetf‘%%'en“id’aoﬁ'a"%‘b{)
particularly preterabbybaetween 10 and 35 % The concen- tration of the
buf f &/ substance is between 1 nmml /I and 2 nol/1, based on water as
sol vent, preferably between 25 mmol /| and 1 nol/l. The concentration of the
zwitterions can Theyloadiha of ithke chwg@s.AQhamgeguspbmendsehubien of

between 10 ngol /éhénﬂn&umhél anP38Gu1l n\deti vati%ekY e A RISV by
between 20 mmol /] and 500 mmol /. The, tenperature during the chronatography

i s between [err]XBAWR} e CPRVERtdOMAty indNatRial methers o The Joading 2£fy

pL ef erably bﬁt V\Beﬂelgomﬁﬂn[ Gr:i:th thiee s&ﬂ&t&bﬁn@fplwﬁsw&tﬁﬁﬁ tth b e gl hie- |
chr omat ogr aphy i stanti onstant. .The c mat ogr a carrie
out with a vari a%f%ap jPre erg]?iy éu’r:%"e ‘?%x%{% aT%e ‘g }r/%fn% oég;:r&af)hy can
be carried out updee aqpeggsubgfﬁérSSobuﬁD@nbd?he|in§n&incn¢butUMMGhaQOato

100 bar. Theg 'Ozﬁﬂg%egﬁ EBﬁt&B\:UHBEweEHVQI’@ngQi@p%)’ %Qi&k%i gn30§ 5 the

insulins and in erivatives are carr out conventi ona
i ndustrial nethods. The | oading of the colum with the solution of the

fnSUkLD to be pufhe elution of the insulins in the process according to .

the invention is carried out at a constant concentration
of the buffer substances (isocratically) or by altering
the content of water-miscible organic solvent in the
15 buffer. The content of organic solvent is altered so that
the concentration of the organic solvent which is used
increases as a function of the elution volume, specific-

ally preferably as a linear function.

{; The removal of the insulin from the eluates after the
5 20 chromatography is brought about by precipitation with
zinc or by crystallization. In this connection it is
possible either for the solvent to be removed substan-
'\v/ tially from the solution by vacuum distillation or for
its concentration to be reduced by dilution with water.
25 In any event, the solvent concentration before the
precipitation or crystallization should be 10 % or below
in order to keep the protein content in the supernatant
at <50 mg/l. The resulting pure insulin precipitates can
be isolated by decantation, centrifugation or filtration,

30 and be dried.

The process according to the invention is suitable not

only for analytical chromatography but also for preparé—

tive chromatography, especially when the process accord-

ing to the invention is carried out with a preparative
35 HPLC system.



fiedis preferabl y carried out with aqueous-al coholic or pure aqueous

buf f'er solution. The insulin solution has a 10 protein content between 1
and 10 % preferably 3 % The elution of the insulins in the process
according to the invention is carried out atga_constant concentration of
the buffer substances (isocratically) or by altering the content of '
wat er - m sci bl e or@ani geap! paFatiPe lehroRdtbgfapipe meRhENL PlurQFd@Ai-C
solvent is altered, so that e ceptrat,ion of the or ani ¢ sol vent Whl ch
i s used increasedinR PTTRET o’ﬁ’-Bﬂ ﬂ@ ‘i‘ﬁ? %’F%ﬂﬂe" EnedPdi Botameyely
preferably as a ldduafzing)|Cipure pfbaubenv&heoémbhﬁtldsrswnm pur@npirbducts
el uakes after the 20 chro r | ght _about b &Pr atio
with zinc or by c%t‘é?‘ﬁzg |ong %&%hlgugoﬁéjnec Pon T ETPs po%s ie ert Fl:eor
for the sol vént t5 kg anefarahiysthetwaem|30 ng @and HS kduti on by vacuum
distillation or for its concentration to be reduced by dilution with water.
25 In any event, the solvent concentration before the precipitation or
crystallization SHhsulRERRea® 3F8PTEiRg\trn iRicinYentdasp imedpperibad in

content in the suypsidiat aph &the<5£kam$1esTbmeasLﬂdmm.pumle@s%therwz.se

precipitates can ,bels can i.on, trifugat.i or filtration,
30 and be dri edPHRER C‘iﬁ’ %?ﬁﬂa%a{f% f%gar‘f%vté%t q'f * suitabl e not
only for anal yti cal chrorrat ography but also for prepara- tive

chr omat ogr aphy, ly when the process accord- ing to the invention is
carried out with'a preparative 35 HPLC system - 8 - The term

"_pr'eparative chromat ography” neans a purifica- tion process with the ai m of
obt_aILnLng, ay NnHufwdeld: 0.2 M ammonium sulfate, 0.1 M glycine, 0.05 M.

. sodium citrate, pH 5.5, pure agqueous;
.Buffer B: 0.1 M ammonium sulfate, 0.1 M glycine, 0.05 M
sodium citrate, pH 5.5, water/n-propanol in the

ratio 1:1.

15 Sorbent: Nucleosil C18, 15 - 25 uym spherical, 100 A pore
width, supplied by Macherey & Nagel, Diiren;

Column dimensions: 40 mm x 250 mm.

The column is loaded with 3.5 g of human insulin (HI)
obtained from human insulin B30-di-tert.butyl ester/ether
W 20 by cleavage with trifluorocacetic acid, and with a protein
content of 79.1 %$. The insulin is eluted by mixing buffer
solution A and B using a suitable high-pressure pump with
a mixing device, so that a propanol gradient from 14 to
20 % is generated. The insulin is eluted at about 17.5 %
25 propanol after 23 minutes, pumping at 46 ml/min.

~ Fractionation and isolation of crystallized human
insulin (HI) results in a product containing 97 % protein

in a yield of 88.5 % in the main fraction and a yield of

7.5 % of a second fraction with a protein content of

30 85.7 %. The total recovery is thus 96.0 % of the original

insulin.



anal yzi ng, pure products. The amount:of the pure products can vary within
wide limts, for exanple from1 ng to 5 50 kg, preferably between 50 ny
and 15 kg. The process according to the invention is described in detail in
t he:exanplkes which follow. Unless otherw se ¢ndi cated, percentage data
relate to weight. Exanple 1 10 Buffer A- 0.2 Mamoniumsulfate, 0.1 M
glycine, 0.05 M snginpneigrate, pH 5.5, pure aqueous; Buffer B: 0.1 M
anmoni um sul fate, 0.1 Mglycine, 0.05 Msodiumcitrate, pH 5.5,

wat er/ n-propanol in the ratio 1:1. 15 Sorbent: Nucleosil C18, 15 - 25
[err] spherical, Biffifex Jor €+ M ammgodmin edlifptiehclleley §litadele, Du2s; M

Col ukwy di mensi ons: 40 nm X %‘iﬁ I;_l]]% I | & | 5 g of human
insulin (H) obtained from urradﬁm}cnlsu |_t%98ﬁ(ﬁ'?jt'e t. uta\#l}ée%s_ er/ether 20
by cl eavage wit h Bufifaxdtodbdds ¥ aspgniymdsyd fate, f} ot & glysiment 0c0289M]

% The insulisn is eluted bygddzum@ikebte!, SR8 ORvake)th Brbpdtb P isHithabl e
hi gh- pressure punp with a m xi,ng device, so that a propanol gradient from
14 to 20 %is generated. THEYIREHiYr is eluted at about 17.5 % 25

propanol after 23 minutes, punping at 46 m/mn. Fractionation and

i sol ation of cry ldzed ML d e die (31 )1 £ esubis . s
cont ai ni ng 97 %pgro?tbeelnf]t'i n-a ylrgé%éd}ﬁofég%.%i %1$n t?tg ﬁlél{]négl?%%?#%ih' aid%a?
yield of 7.5 % of a second HargtwWisithyi tswpplgest diyn Masihesrey & N@el85. 7 %
The total recovery is thus 96.0 % of the original insulin. - 9 - Exanmpl e
2 : '
; Column ‘dimensions: 40 mm x 250 mm.

~ 10 The column is loaded with 7.0 g of human insulin (HI) .
' (protein content 86.1 %) from an ester cleavage of human
insulin di-tert.butyl ester/ether in the form of a 3 %
strength solution in 0.1 M glycine/HCl buffer, pH 2.8,
- using a high-pressuré pump. The elution is then carried
15 out with the buffer solutions described above under
pressure in the n-propanol gradient. The propanol concen-
tration increases from 14 to 17.5 % over the course of
60 minutes. Fractionation and crystallization in the
manner described above results in a product with a
20 protein content of 98.7 %. The yield of purified human

insulin is 91 % of the insulin employed.
Example 3

Buffer A: 0.1 M ammonium sulfate, 0.1 M Qlyciné, 0.025 M
sodium acetate, pH 5.5, pure aqueous;

25 Buffer B: 0.05 M ammonium sulfate, 0.1 M glycine, 0.025 M

sodium acetate, pH 5.5, water/n-propancl in the

ratio 1l:1.

Sorbent: Lichrospher Select B, C8, 15 - 25 pm, 60 i.pore
' width, supplied by Merck.



Buffer A- 0.1 M ammonium sulfate, 0.1 Mglycine, 0.025 Msodiumcitrate, pH
5.5, pure aqueous; Buffer B: 0.05 M amoniumsulfate, 0.1 Mglycine, 0.025
M5 . sodiumcitrate, pH 5.5, water/n-propanol in the ratio 1:1.
Sorbent: MNucleosil C18-P, 15 - 25 [err] sp_heﬂ',cgl , 100 A pore w dth,
supplied by Macherey & Nagel; Columm dinmenstons: 40 nmx 250 mm 10 The

colum is Ioade%g&%?dgmﬂngioﬁgpag?iﬂﬁu&iQsél—ﬁ% (protein content 86.1 %
u t.

froman ester cleavage o man 1nsulin di-ter utyl ester/ether in the
formof a 3 %strength solution in 0.1 Mglycine/HCL buffer, pH 2.8, using

a hi gh-pressure pr@Peolidtnel st ioddesd whEh £3861€EHL® of A M ddintnsd er
sol ukions descri bed above_ under sure_in n- pr opanol rsag%ent. T

t .
propanol concen-BHFEEFSn 5% e&?%gegfﬁmgﬂlflﬁg%? %?d?ég t TP s @t e60
m nut es. Fracti oteypeinandigsybred |ix 20M0Oml oft belnMngkyc ies HTD doh =y,

results in agproguc i th 2 L. &N A} o) r.%. The vyi
purified hurrsan iﬁ%u}zl'\r? i sTg?L %)ngfl R{%ﬁlnsggpﬁgghpléofﬁn%@fmggeS %!u‘ﬁée)é A
0.1 M amoni um s@¢eparately 10wty Yhe neounse26f M2ddninntretat & Hew Mmtgure

aqueous; 25  BubfeioBni bR WhLIEOMMEFR S A Ehe (rlopdrtll ddtertRABi M
sodi um acetate, pH 5.5 watgr/n-pr panol, in the ratiqQ 1:1. Sorbent:

Li chr ospher Sel et¥oB, 1ggto 30, 9‘25“’?‘& maingfraciian g ned, Afitedy Hrs-
Mer ck. - 10 -ta&Dlizatilonessi prscipitation 2mid ndry e o0 Hivand Sidsadidar

wth a sol “ibo.” Qﬁo-lgigtg;:tEgggytrior]:hreonine ester/ether with a purity

>97 % and a yield of 93 % based on the insulin employed.
N

Example 4

Buffer A: 0.1 M sodium chloride, 0.1 M glycine, 0.025 M

' " sodium acetate, pH 5.5, pure aqueous;
15 Buffer B: 0.05 M sodium chloride, 0.1 M glycine, 0.025 M
sodium acetate, pH 5.5, water/n-propanol in the

" ratio 1:1.
Sorbent: Zorbax Proll, C8, 10 um, supplied by DuPont.
" Column dimensions: 5 cm x 25 cm.

J 20 7.5 g of HI from cleavage of human insulin B30-di-tert.-
butyl threonine ester/ether with trifluorocacetic acid in
100 ml of 0.1 M glycine/HCl solution were pumped onto the
column and eluted at a flow rate of 80 ml/min. The
concentration of buffer B increased from 18 to 25 % over
25 the course of 60 minutes. The retention time (RT) was
about 37 minutes in this case. 96.8 % of the initial HI
was isolated with a purity >97 % from the main fraction
after crystallization and drying, and the second fraction
contained 2.2 % HI of <50 % purity.



m xture fromthe transam dation of pig insulin with trypsin, dissolved in
200 'mM of 0.1 Mglycine/ HC1 buffer, 5 pH 2.8. The individual protein
conponents are eluted separately over the course of 120 mnutes at a flow
rate of 40 m/mn while increasing the propggol concentration from14 to 30
% The main fraction obtained after crys- tallization or precipitation and
drying i s human i j1e 0 B30-di -tert.butyl threonine ester/ether with a
purity >97 % and a yield of 93 % based on the insulin enployed. Exanple 4
Buffer A- 0.1 Msodiumchloride, 0.1 Mglycine, 0.025 M sodium acetate, pH
5.5, EBII\J/Ire 3queousecuﬂfiar Nufd.ear s&d&/ﬁml\/lsiﬂcﬁaﬁa,chbon.i oe, gDydihék gl pcioagm
0.02 sodi um acetate, pH. 5.5 .water/n-propa ln egrati t 1. _9Sorbent:
Zorbax Prol O, C8, 10 [err] ,amsnhdﬁ‘@ulme cbeyrla%flﬂoﬁ’?lf)gclgl’utr'hl;5 g'i ‘#Sﬁg" é‘nsa:cegagr?‘fx
25 cm 20 7.5 @ufifed By dald dvagdivh kudfiatensd.iln B39lvcines t 0~ 0Bubdy|
threoni ne esier/ ether with dunidd i Qieibie, Apkds.8, 198 & ndkndalabotate;

gl yci ne/ HC1 sol ution were punped onto the colfumm and eluted atl a flowrate
of 80 m/mn. The concentration of buffer B increased from18 to 25 % over

25 the course @orlind NUiomalia c¥,enB am,t Le® ARpbreagidkayt saﬁgmiaut es

in this case. 96.8 % of thg}i%@ﬂm was isolated with a purity >97 %
fromthe main fraction aftér o] ]Zation and drying, and the second

fraction contained 2.2 % H of <50 %purity. Exanpl e 5 Buffer A:00.2 M
o UM S S, Gol afe f HA ggpcer st PSS, 10 ey
\../ ‘ 8 g of bovine insulin per liter of column volume were.

10 applied with the aid of 0.1 M glycine/HCl buffer to the

column - equilibrated with 30 % buffer B. The buffer B

concentration increased to 80 % (= 18 % methyl acetate)

over the course of 90 minutes; bovine insulin eluted

after 65 minutes with a purity >97.5 % in the main

15 fraction (63.5 % yield) and was precipitated with zinc

chloride after dilution with water. The total recovery

was 92.5 %.

Example 6

. Buffer A: 0.1 M ammonium sulfate, 0.1 M glycine, 0.025 M
/ 20 sodium acetate, pH 5.5, 5 % n-propanol;

Buffer B: 0.05 M ammonium sulfate, 0.1 M glycine, 0.025 M

sodium acetate, pH 5.5, water/n-propanol in the

ratio 1:1.

Sorbent: Kromasil C8, 13 um, 100 A pore width, supplied
25 by EKA Nobel.

Column dimensions: 5 em x 25 com.

The column was loaded with 4 g (= 8 g/1) of human insulin
from cleavage of human insulin B30-di-tert.butyl threo-
nine ester/ether with trifluorocacetic acid, with a purity
30 of about 52 %. In a gradient from 18 to 25 % buffer B



.

5 ammoni um acetate, pH 5:5, 20 % nethyl acetate; Sorbent:
Kromasil CB8, 13 [err], 100 A pore wi dth, supplied by EKA Nobel. Col um
dinensions: 5 cmx 25 [err]. 8 g of bovine insulin per liter of columm
vol ume were 10 applied with the aid of Q JhMglycine/HCL buffer to the
colum - equilibrated wwth 30 % buffer B. The buffer B concentration

ibncreased tf’ 80 T@\fez(‘j J&%a&&ﬁa& aﬁfbat ﬁh?ﬁ\sefs,tl&g?caug?ﬁ Qg}saﬁi?ﬂ RilhtEd s
ownelnsumeue m nytes with,a pu > 0.i,N e in
Fraction (635 oGA G i ERe R, MAEED & REEAEYL Th ¥ G AR SRAGELOR
dilution with wat@rielkhe9l o8 a%) randvepdySwas i82 theYsebvadplferat tBonf dyield. 1
M amkoni um sul fatf Q?)l M gl ycine, 0.025 M 20 sodi um acet at e,
pH 5.5, 5 % n-propano Buffer B: 0.05 M ammonium sul fate, 0.1 M glycine,
0.025 M sodium acetate, pH 5.5, water/n-propanol in the ratio 1:1. Sorbent:
Kromasi| C8, g3 [ﬂz_{n{pléﬂf) A pore width, supplied 25 by EKA
Nobel . Col um di nensions: 5 cmx 25 cm The columm was |oaded with 4 g (= 8
g/1) of human insulin fromcleavage of human insulin B30-di-tert. butyl

t hreo- ni ne est ershetfwr A td. Ieralmmtswlmd, ONIIIbI glw:.untey 3 0250

about 92 % In a gradient féé’c‘ﬂﬁé @éte@ﬁgf ?‘t b the
a n

course of 90 m nutes, the human |nsu rn_ ef nm u? s vm‘th a
purity >97 %in {BeE fet 1B § r%&5dha@mmidm9§n8f#ean@| BG{I&]%dJmQ.h@ D250 Mt

fraction (yield 4.7 9. sodium acetate, pH 5.5, water/n-propancl in the
| 10 : ratio 1:1.
k'/l -- - L] 2 .
Sorbent: Xromasil C8, 13 um, 100 A pore width, supplied
by EKA Nobel. '

Column dimensions: 10 cm x 40 cm.

18 g of pig insulin were introduced onto the column in
15 1.8 1 of 0.1 M glycine/HC1l buffer, pH 3.0, with 5 % n-
- propanocl. The gradient changed from 9 % buffer B (= 13.6
% n-propanol) to 11 % buffer B (= 14.4 % n-propanol) in
70 minutes. Pig inéulin eluted after 50 minutes with a
protein content >98 % in the main fraction (89 % yield).

20 The total recovery was 96.8 % of the initial amount.

Example 8
Buffer A: 0.2 M ammonium.chloride, 0.1 M Qlycine, 0.025 M
sodium citrate, 5 % n-propanocl, pH 5.5;

Buffer B: as buffer A.'but 50 % n-propanol added.

25 Sorbent: Kromasil €8, 13 pm, 100 & pore width, supplied
by EKA Nobel, Sweden.

Column dimensions: 50 mm x 250 mm.

4 g of genetically engineered human insulin (protein
content 89.5 %) are dissolved in 0.1 M glycine buffer, pH



5 Exanple 7 Buffer A: 0.1 Mamoni'um sul fate, 0.1 Mglycine, 0.025 M
sodi'um acetate, pH 5.5, 10 % n-propanol; Buffer B: 0.05 M amoni um sul fate,
0.1 Mglycine, 0.025 M sodium acetate, pH 5.5, water/n-propanol in the 10
rati.o 1:1. Sorbent: Kromasil C8, 13 [err], 1300 A pore width, supplied by
EKA Nobel . Col umm dinensions: 10 cmx 40 cm 18 g of pig |nsul in were

i ntroduced onto #he, calsunﬂ%létﬁ&xgtﬂ Proteiin @ohd‘ﬂ:@iry&kmbuﬂpehubﬁeb, thd

3.0, th 5 %n- The d h m9 % buffe

n- pfo\r/)manol) tonlfgé‘%ﬁ‘?ggr B‘t‘]:{'gﬂrﬁréleg)gﬁgﬁ%%’ (él)‘ﬂi:honﬂ}os cﬁﬁfé'éa% éuélgy
insulin eluted ahtdinsamignaddienti thram L3ot¥eite cintem-poEpaach oherrraha
frachion (89 %yg E‘}ﬁeerzgﬁ 7T6‘e kfxa%lesr LoVe Y £18 egﬁaﬁﬁ%l\fé gl M/M

anount. Exanpl e nmoni um chl or | ycCi ne, 025 M
sodi um ci t r aPe, Eraacﬁlspeﬁam alpqh FWStanlfl@athasrBGPiéﬁ A?-nb@t Bem%

n- propanol addedjingdlinSOWDER! ! a f@ﬁaﬂ:' dhteht [efrlsa 1@0 fnpcalﬁ_- wingif,

supplied by EKA Nobel , Swed e o] X 250 mm o]
genetical l'y engi rﬁE@F&d’%W&ﬁ i ﬁs&'}? (?J‘Lf 3%932%1 %%’rﬁ Q?Qrgc%veﬂ’elﬁl ggo%ved
in 0.1 H glyci nebagkldcion e initial- alobntas 2 % strength protein solution
and punped onto the colum by a high-pressure punp. Elution is carried out
by a linear gradient from13 %to 16 % n-propanol over the course of 70

m nut es at afloﬁxﬁa@deoﬁ 80 mM/mn. 5 Fractionation and crystallization
results |nahuman : :

10 Buffer A: 0.2 M ammonium sulfate, 0.1 M glycine, 0.025 M
\-/ ammonium citrate, 5 % ethanol, pH 5.5;
Buffer B: as buffer A but 50 % ethanol added.

Sorbent: - Kromasil c8, 10 um, 100 A pore width, supplied
by EKA Nobel, Sweden.

i5 Column dimensions: 50 mm x 250 mm.

4.5 g of genetically engineered human insulin (protein

content 86.2 %) are dissolved in 250 ml of glycine

buffer, pH 3.0, and then pumped onto the column. The

protein is chromatographed by generating a linear

20 gradient from the two buffers A and B with two high-

\/ pressure pumps. Elution takes place after 100 minutes at
an ethanol concentration of 33 % and a constant flow rate

of 80 ml/min. Fractionation and crystallization result in

a human insulin with a protein content of 96 % in the .

25 main fraction, the total recovery being 93 % based on the

initial material.
Example 10

Buffer A: 0.2 M ammoniuﬁ chloride, 0.1 M glycine, 0.025 M
sodium citrate, 10 % methyl acetate, pH 5.5;
30 Buffer B: same salt concentration as in buffer A bﬁt 20 %
methyl acetate.



|nsuI|n W|th a protein content of 98 %in the main fraction with a yield of
93 % The total recovery is 98 %based on the initial anount. Exanple 9 10
Buffer A: 0.2 M amonium sul fate, 0.1 Mgl ycine, O. 025 M anmoni umcitrate,
5 %ethanol, pH 5.5, Buffer B: as buffer A put.50 % ethanol added. Sorbent:
Kromasil C8, 10 [err], 100 A pore wi dth, supplied by EKA Nobel, Sweden. 15

Col unm di MeNSi 0NGerBEn M XK 2682811 dsp goOﬁermalxaédné e&mmerﬂbﬁu&@d\
insulin (protein content pﬁ éﬁl(() a% dlg ol.ved in 250 m of glycine
buffer, pH 3.0, and then po¥p NeBelneS¥8RAERNn. The protein is

chromat ographed by generat| ng a |inear 20 gradient fromthe two

bufflers A and B yigfiap bighs RLESSULESIBSacH HA Fedithate RIAOE AL LS t.e of

100 m nutes at ah et anol concentration o const ant
80 m/min. Fr act¢£)rmnwcembﬂxre,r§1me¢%ﬁ |=@w1eajare| disselvied 1ms2A9 mhith

a protein cogtenggof dasn fRe BBEPel' aghd ONghdre lﬂ&ﬁédre&w&ry
bei ng 93 % based_on ?%@el nltlg?fﬁaterl al eExarrp |l e 10 Buf f%r X a

anmoni um chl ori d@® ¥. 3% Jry HERES sy SoF uibei t?%’f%‘“a’i?ﬁ@ﬂmhyllrhe
acetate, pH 5.5;c30umnbBnbtetriBl I3 epsariousigcaiblioratsd i atbtaffﬁtny:but

20 % met hyl acetat e, t S | 1 L] sl
wi dt h, supplied %@em‘* Béée;%%Q&li%E ZPfBKI:Pr% %?E hu%ﬁ‘ﬁgf:nsu On%' a1 |é/)
fromthe worKki ngﬁm@fets géneandaH yu%hggnetMOechJ-g‘lswxqﬁwlee dpmbvechﬂneﬁoo

m 10 loading, the human insulin is eluted by a linear gradient
 from 13 % to 17 % methyl acetate over the course of

_ 90 minutes. The main product is isolated by crystalliz-
ation from the elution solution. This results in 3.8 g of

human insulin with a protein content of 96 %. The total

15 recovery based on the starting material is 90 % in this

case.
Example 11

Buffer A: 0.2 M ammonium sulfate, 0.1 M betaine, 0.05 M
| citrie acid, pH 5.5 with sodium hydroxide
20 solution (pure agqueous);
Buffer B: 0.1 M ammonium sulfate, 0.1 M betaine, 0.05 M
. eitric acid, pH 5.5 with sodium hydroxide
. : | gsolution (water/isopropancl ratio 1:1);

Sorbent: Nucleosil C 18, 15 - 25 um spherical, 100 A;
25 Column: 40 mm x 250 mm.
Flow rate:45 ml/min.

The column was loaded with 3 g (protein content 79 %) of
human insulin from an ester cleavage of human insulin
di-tert.butyl ester/ether in the form of a 3 % strength
30 solution in 0.1 M betaine/HCl buffer, pH 3.0, using a
high-pressure pump. This was followed by isocratic
elution at 44 % buffer B with the abovementioned buffer



5  of équeous glycine buffer and then punped onto a 50 x 250 mm
HPLC col um for the chromatography. The colum nmaterial is previously

equilibrated at a methyl acetate concentration of 13 % nethyl acetate by
m xing buffers A and B using two high-pressyge_punps. ‘After 10 | oadi ng,
the human insulin is eluted by a linear gradient from13 %to 17 % net hyl

acetate over theggEUeRe FhedQdBcniti®h tilfe Wad RHBHUCHS %n:!xﬁfﬂé’ht E0r e -
crystalliz- ation,fromthe elution solution. This results.n 3.8 g of human

insulin with a prPEPﬁ"E’BnFér?PIGPdQG-”"/ﬁaH?e TOPMSJ-"SP%&BVM tha stpm
the starting mat erhakibs 96 % i Yiéld So€as®.. SE@NPIRe Ltokallfl afecdvediy? Was
ammoxium sul f at egoosl%M betaine, 0.05 Mcitric acid, pH 5.5 with sodi um
hydr oxi de 20 * solution (pure aqueous); Buffer B: 0.1 M anmoni um
sulfate, 0.1 Mbetaine, 0.05 Mcitric acid, pH 5.5 with sodi um hydroxi de
sol ution (wager/ig_.;gﬂbggaﬁl_gl ratio 1:1); Sorbent: Nucleosil C 18, 15 - 25
[err] spherical, 100™A Col um: 40 mmx 250 mm Flow rate: 45 m/ mn.
The col um was | oaded W|th 3 g (protein content 79 %9 of human insulin from

an ester cleavagsuékelUgRnol nsM Ialmismlﬂtsmdée,esbeﬂ o fyaruﬁamntdﬂeaém,m of
a 3 %strength 30 sol uti

1 Mb t buf f
hi gh- pressure punp. This SO%O¥| GhEHL ﬁ; ?lﬁ%g égl% I‘ﬂ;ﬁ['% ‘E”ﬂ IGX%ER’?er

wi th the abovenentioned buffler solut;tehehpui‘éeaqaéeus)an ti me was about 35
m nutes. Frac- t (o] S d !??ﬁ’} | sul §n =8 JTE
fraction |n a ylgﬁgﬂ# gO E a}oh? recovery B 1 g1 dig,
: 0.05 M citric acid, pH 5 5 w:.th sodium hydrox-
\_ _ . ide solution (water/m-propanol: 1:1):

Sorbent: Nucleosil C18-P, 15 - 25 um spherical, 100 &;
Column: = 50 mm x 250 mm,
Flow rate: 60 ml/min.

15 @ The column waé loaded with 6 g (protein content 73 %) of
human insulin from an ester cléavage of human insulin’
di-tert.butyl ester/ether in the form of a 3 % strength
solution in 0.1 M acetic acid, pH 3.0, using a high-
pressure pump. Elution was then carried out with the

U/ 20 abovementioned buffer system at a gradient of 25 % ~- 28 %
buffer B. The retention time was about 25 minutes.
Fractionation resulted in 98.6 % human insulin in the
main fraction in a yield of 65 %. The total recovery was
88.5 %.

25 Example 13

Buffer A: 0.15 M ammonium sulfate, 0.10 M triethylamine,
pPH 6.5 with sulfuric acid (pure aqueous);
Buffer B: 0.08 M ammonium sulfate, 0.05 M tri‘ethylamine,
PH 6.5 with sulfuric acid (water/2-propanol:
30 1:1);



90.5 % 5 Exanmple 12 Buffer A: 0.1 M anmonium sul fate, 0.1 Mglutam c
acid, 0.05 Mcitric acid, pH 5,5 with sodi um hydrox- ide solution (pure
aqueous); Buffer  B. 0.1 M ammonium sul fate, 0.1 Mglutamc acid, 10
0.05 Mcitric acid, pH 5.5 with sodi um hydroxe ide solution

(water/ n-propanol : 1:1); Sorbent: Nucleosil C18-P, 15 - 25 [err]

spherical, 100 A gCobufB: NaB18BkX128980B) f[how satpn SOnatishi, 1de Alhe
colum was | oaded wwth 6 g (protein content 73 % of hunman insulin from an

ester cleavage of human insulin di-tert.butyl ester/ether in the formof a
3 % strength sol utbr@mhe 0. 50MmACRt 2B0agind, pH 3.0, using a high- pressure
punp\_El ution was then carried out with the 20 abovenenti oned buffer
systemat a gradient of 25 % - 28 % buffer B. The retention tinme was about
25 minutes. FractFbowtrahere60l mddmin.98.6 % human insulin in the main
fraction in a yield of 65 % The total recovery was 88.5 % 25 Exanpl e 13
Buffer A1 0.15 Mammoniumsulfate, 0.10 Mtriethylamne, pH 6.5 with
sulfuric acid (puFeeagedsds wamf Lendsd ovigdh \b alimsfi uRvBaRf ARenldnostnem
tl-_r |1 ethyl am 225 pgbﬁeévm_;& hos qlldma:; l@.n@sim 81(.13( B%LEéég:BﬁWEnﬁﬁf%&Qine | estleor/ "
Coi im: 50 m xSS867 rirtth| §xitiperosgeipnArid 1n & 3 € AEdength sofu’’
tion and then eluted between 32 and 42 % buffer B. The
retention time was 40 minutes. Fractionation and crystal-
lization resulted in 72 % in the main fraction with a
\ 10 purity of 92.7 %. The total recovery was 76 % of the.

initial amount.
Example 14

Buffer A: 0.1 M citric acid, 0.2 M ammonium sulfate, pH
2.5 with hydrochloric acid, pure aqueous
- 15 Buffer B: 0.1 M citric acid, 0.1 M ammonium sulfate, pH
2.5 with hydrochloric acid, water/n-propanol:
1:1.

Sorbent: Nucleosil C18, supplied by Macherey & Nagel
(N Column: 40 x 250 mm
20 Flow rate: 45 ml/min.

The column was loaded with 3 g of human insulin from
cleavage of human insulin di-tert.butyl threonine estef/-
ether with trifluorcacetic acid in the form of a 3 %
strength solution in 0.1 M glycine buffer, pH 3.0, and

25 then eluted betweeh'34 and 35 % buffer B. The retention
time was 45 minutes. Fractionation, crystallization and
drying resulted in isolation of 57 % of the initial
amount in the main fraction, with a purity of 94.8 % and
16 % in the second fraction (purity 84 %).



The colum was | oaded with 5 g of human insulin from5 cleavage of human
instlin di-tert.butyl threonine ester/- ether with trifluoroacetic acid in
a 3 %strength solu- tion and then el uted between 32 and 42 % buffer B. The
retention time was 40 minutes. Fractionatiq® and crystal- lization resulted
in 72 %in the main fraction with a 10 purity of 92.7 % The total
recovery was 76 geffpideisnitial amunt. Exanple 14 Buffer A: 0.1 Mcitric
acid, 0.2 Mamoniumsulfate, pH 2.5 with hydrochloric acid, pure aqueous
15 Buffer B: 0.1 Mcitric acid, 0.1 Mamoniumsulfate, pH 2.5 with
hydrochl ori c aciByffert ex{ 0 (X dpagidtrid:dcidpr et M ahimohdasi lsuCfatesupd i ed

by Macherey & Nagel Col ummy N r 4 } n. The
colum was | oaded with Smg}; 'o? vﬁnﬁéﬁ%ﬁ%&fﬁ%%@%@aﬁ&e o%sq'%guén‘%gn insulin
di-tert.butyl tBebfencBesd ek /M eitpicywhekds r 01 udr somoniumgsud Eate, heH or m

of a 3 %strgength sol utionyig i dn MPhy6EAToRYE! 8EdapHwdtlr MG 2Pandien

el uted between 34 and 35 % buffer B.” The retention tinme was 45 m nut es.
Fractionation, crystalli zatin and drying resulted in isolation of 57 % of
the initial amount in the main fraction, with a purity of 94.8 %and 16 %
in the second fraction (puti 84. .9 - 17 - aml.e .15 Buf A, 0.1 M
citric acid, O. ﬁ%?ﬁlr%hi u%n%ésfu??sa:tle,c%q# f‘?%%%%ﬁ%% BT %g‘:}%ﬁejpur e
aqueous Buffer B: 0.1 Mcitric acid, 0.1 Mammonium sul fate, pH

' Column: 40 x 250 mm

Flow rate: 45 ml/min.

10 The column is loaded as in Example 14. The retention time
was about 40 minutes. Fractionation, crystallization and
drying resulted in 51 % of the initial human insulin
employed being found in the main fraction with a purity
of 97.5 %, and 4 % being found in the second fraction (68

-15 % purity).

Example 16

Buffer A: 0.1 M tris, 0.1 M glycine, 0.1 M ammonium
chloride, pH 8.5 with hydrochloric acid, pure
\,/ agqueous;
20 Buffer B: 0.1 M tris, 0.1 M glycine, 0.1 M ammonium
| chloride, pH 8.5 with hydrochloric acid,

water/n-propanol: 1l:1.
Sorbent: Krémasil c8, 13 um, 100 A
Column: 50 mm x 250 mm
25 Flow rate; 60 ml/min.
The column was equilibrated to 33 % buffer B and 1oaded

with 6 g of human insulin from cleavage with trifluoro-
acetic acid (see Example 14) in the form of a 3 %



c .

5 3.5 with hydrochloric acid, water/n-propanol, 1:1. Sorbent:
Nucl'eosi| C18, supplied by Macherey & Nagel Columm: 40 x 250 mm Fl ow rate:
45 M/ mn. 10 The columm is | oaded as in Exanple 14. The retention tine
was- about 40 mi nutes. Fractionation, crystalqdg zation and drying resulted in
51 % of the initial human insulin enployed being found in the main fraction
X}“h a p;Jri tEg(/ Ofl&?r%:%ﬁ};?éﬂlﬂtf/%ﬂiiﬁgot_!)Undgi:l;]-st belfseg—onﬁng ra?Gt'\./: @1 tHonl 5
opurity). anpl e er A 0O, tri : yci.hpe . ni_um
chioride, pH 8.5 SA9h RIAFGCHTENTS BRPHE oif calgibons. 06 BabR( FHLIPA
tris, 0.1 M gl yciagter Ofxiadttomtiom axd orxyihaliid 2 tion centbpdinesh|S& .6 %
aci dywat er/ n- pr O .-ﬁQ%E ty. Kr js [ ] 0 ;
50 nm x 250.nmm 2 Ilt)uv"\ﬂar%tle: g&?ﬂlfl mgngg%i#el %gfeusmlémlg{ée(fm@brr%ceg?#?%
%buffer B arl | omaRPi%h 6 g of human insulin fromcleavage with
trifluoro- acetic acid (see Exanple 14) in the formof a 3 % strength
solution in 0.1 Mtris buffer, pH 8.5. Elution took place after about 35

mnutes. The mai E¥PRY§oh/&fter fractionation and crystallization
contained 96.6 % pure human insulin in a yield of 86 % The total recovery

5 vas 95 % Bxamgeddr £YTECL & alimbnlhA ERILHINE]! 61098 w0cq224Y Udid C
_ ’ pPH 5.5 with ammonia, 5 % by volume n-propanol
Buffer B: 0.1 M ammonium chloride, 0.025 M citric acid,

10 - pH 5.5 with ammonia, 50 % by volume n-propanol
Sorbent : Kromasil Cé, 13 um, 100 A
Column: . 50 mm x 250 mm
Flow rate: 60 ml/min.

The column was loaded as already described with 6 g of
15 human insulin from cleavag_e with trifluorocacetic acid
' (see Example 14). Insulin was eluted with a retention
time of 40 minutes within a gradient from 21 % to 25 %
buffer B in 60 minutes. The main fraction contained 91 %
of the initial product with a purity of 97.5 %. The total
o - 20 recovery was 96 %.

Example 18:

Buffer A: 0.1 M potassium chloride, 0.025 M citriec acid,
pPH 5.5 with potassium hydroxide solution, 5 %
' by volume n-propanol .
_ 25 Buffer B: 0.1 M potassium chloride, 0.025 M citric acid,
PH 5.5 with potassium hydroxide sgolution, 50 %

by. volume n-propanol
Sorbent: Kromasil Cc8, 13 um, 100 A

cO_lumn: 50 mm x 250 mm



pH 5.5 with ammoni a, 5 % by vol une n-propanol Buffer B: 0.1 M anmoni um
chl éride, 0.025 Mcitric acid, 10 pH 5.5 with ammoni a, 50 % by
vol une n-propanol Sorbent: Kr omasi | C8, 13 [err], 100 A Col um: 50 nm X
250. mm Flow rate: 60 m/mn. The colum wasjd aaded as al ready descri bed
with 6 g of 15 human insulin fromcleavage with trifluoroacetic acid (See
Exanpl e 14). Inspibéw raseel 60 afll phid. a retention time of 40 nminutes within
a gradient from21 %to 25 %buffer Bin 60 mnutes. The main fraction
contained 91 %of the initial -product with a purity of 97.5 % The total 20
recovery was 96 Boadingpard na:adalﬁﬁierasAanExamppet 3%si Bhuthdnriekk 3z M
citrio acid, pH u | | y.

2t Peid 34 ROhASY URHY daaH $2a80 5}, 88nta1A60Y0Y % WP the

n- propanol 25 otaSS|un1c Mcitric acid, pH
5.5 with pot assuwma}owﬂ@%o? thwnzavl%\%&nmw rP‘b‘?’o‘iiérRﬁ Xordh e

Kromasi| C8,513 &gértotgﬂorébgﬁggynwas &9 g1n x 250 mMm - 19 - Flowrate:
60 M/ mn. Loading and gradient as in Exanple 17. Elution took place after
35 mnutes. The nmain fraction contained 90 % of the initial anmount of human
insulin with a pExamples 98.€0%245 The total recovery was 93 % Exanples 19
to 24: The chronat ography in Exanples 19 to 24 was carried out under the

sane conditions as in Exanple 14. There was
The chromatography in Examples 19 to 24 was carried out

under the same conditions as in Example 14. There was
merely a change in the buffer or the amount of zwitter-

{ 10 ion.

N/
Example 19:
Buffer A: 0.15 M ammonium sulfate, 0.1 M triethylamine, -
PH 7.0 with sulfuric acid;
Buffer B: 0.08 M ammonium sulfate, 0.05 M triethylamine,
15 pPH 7.0 with sulfuric acid.
Result: 95.2 % purity of the main fraction; 67 % yield in
the main fraction.
Example 20:
o/

Buffer as in Example 16 but without 0.1 M glycine
20 Result: 96.1 % purity in the main fraction; 65 % yield in
the main fraction and 25 % in the second
fraction.

. Example 21:

Buffer as in Example 15 with the addition of 0.1 M
25 glycine.

Result: 96 % purity in the main fraction; 66 % yield in
the main fraction and 6 % in the second fraction.



nmerely a change in the buffer or the amount of zwitter- 10 "~ ion. Exanple
19: "Buffer A: 0.15 Mamoniumsulfate, 0.1 Mtriethylamne, pH 7.0 with

sul furi.c acid; Buffer B: 0.08 Mammonium sulfate, 0.05 Mtriethylamne, 15
pH 7.0 with sulfuric acid. Result: 95.2 %pyity of the main fraction; 67 %
yield in the main fraction. Exanple 20: Buffer as in Exanple 16 but w thout
0.1 Mglycine 2Gexangepell42: 96.1 % purity in the main fraction; 65 %yield
inthe min fraction and 25 % in the second fraction. Exarrple 21:
Buffer as in Exanple 15 with the addition of 0.1 M 25 glycine. Result: 96
% purity in the Bmeffef ractdoh; M6Smilonivhdchhotide radn0RB5aMt icdirrded 4, n

t he gecond fraction. @ﬁggﬂl &, aai f feer, %_ 8l
chloride, 0.025 Mcitric a%gd ni?nnosﬁl%a%YSQ’&ab VO opiinol,
n-propanol, 0.1 M glycine %e%ahir@lﬁcmﬂh#@l@ as buffer A but with the

addi tion of &0 % £ LPEN04s Retidier A9%uk %RHRI tthd NaliBe tiBan &£acfg a;
88 %yield in the main fraction and. 6 %in the second fraction. 10

Exanpl e 23: Buffer as in BREPRABOL bt pH 5.4 and 0.1 Mglycine in

Result: 98.1 % purity in the main fraction; 88 % yield
in the main £fraction and 6 % in the second

- fractionm.

10 Example 23:

|\,
Buffer as in Example 22 but pH 5.4 and 0.1 M glycine in
place of glycine betaine.
Result: 97.9 % purity in the méin fraction; 92 % yield
in the main fraction and 8 % in the =second
15 : fraction.
Example 24:
Buffer as in Example 13 but pH 6.0 and addition of 0.1 M
glycine.
Result: 94.3 % purity in the main fractiom; 77 % yield
20 in the main fraction and 13 % in the second
| fraction.

Example 25:

Table 1 summarizes the yield and purity of insulins as a
function of the pHE and/or zwitterion in the eluent.



pl ace of "glycine betaine. Result: '97.9 %opurity in the main fraction; 92

% yield in the main fraction and 8 %in the second 15 fraction.
Exanpl e 24: Buffer as in Exanple 13 but pH 6.0 and addition of 0.1 M
gl ycine. Resul t: 94.3 % purity in the maig,fraction; 77 %yield 20

inthe main fraction and 13 %in the second®fracti on. Exanpl e 25: Table 1
summari zes the vyi q_earid purity of insulins as a function of the pH and/or

zwitterion in the eluent. - 21 - Table 1 pH ‘Zwitterion Purity
Yield Ex. of main Main  Second No. fraction fr.
fr. 52.5 pH - Zwitt@4$i®n  Purityd/ 16 yiela 14 3. 5gx.
- o 97.5 51 4 15 6.5 , 92.7
72 4 13 7.0 _ of ma1§5 2 Main S@Fond _NO-
19 10 8.5 * - 96. 1 fraction 65 £fr25 fr. 20 5.5
- 97.55 91 5 17 5.5 - 96. 5
90 3 18 3.5 Ay 96.0 66 6
21 4.5 d ycine2bét aine 98.1 - 9438 6 57 1% 15 5.34
Gly _ 97.93_5 . 92 _ 8 '97.5 23 5.5 51 @ly 1598.0
93 5 -~ .86.0 ' Ay 94. 3 77 13
24 6.5 - 92.7 72 4 13
7.0 - 95.2 67 - 19
10 8.5 - 96.1 65 25 20
U : 5.5 - 87.5 91 5 17 .
5.5 - 96.5 90 3 18 .
3.5 . Gly 96.0 66 6 21
4.5 Glycine betaine 98.1 88 6 22
15 5.4 Gly 97.9 92 8 23
5.5 Gly 98.0 93 5 8
6.0 Gly 94.3 77 13 24
Gly 96.6 _ 86 9 16

s
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ay T
e .S 0474213 Pat ent oa.nsjplmumj B

for the purification of insulin and/or insulin derivative

chr omat ogr-aphy i n aqueous, buffered sol vents which contain water-m scible 5
organi ¢ solvents, on lipophilically nodi fié® silica gel, wherein 0474213

zwi tterions arellgi ssol v :g in the buffered solvents, or the pH of the

sol vent m xture TREFH t‘g AVPET ni ty of the isoelectric point of the insulin
or insulin derivative to be purified and 10 zwitterions are present.

2. :The process; as cjaj %gg'g? Cf Gy n%%%vgﬁ?%%iieattggnp%f)f 1hBg1 58l /or

mxtyLe is up to 1 pHunit, OW Or 8 e isoelectric point of the

insulin or insulin det?¥8tinedeginativppf by chppmatpgrapine poAGReoRs.

cl ai rreg : n cl ai mb2, vm:fh ﬂ_eﬁearesat#raﬁtéhewﬁﬂiuen&%’ftxaw ev}a%éip-ntil%cg.-b'id&!"

units bel ow or above the isoelectric point., 4. . The _proces s ained in

one or nore %f cl ai mECHIIRLS BQUREFRTSy [ APoRBid &o%dﬁ%%

enpl oyed as 20 gely t twherein wittihwrigqnecesse asticsmlvesi | rixcl| aiha 4,

wherein gl ycine, gl utan | i i :

Twi tterion 6 The Bebfefta e RlyShE: e ISR oF R RN ixtums,

5, wherein insulin detsvimi the yicindtyopfuthe| ipeplpckeie] pgint 9f the
insulin or insulin derivative to be purified and

10 zwitterions are present.

\_/ 2. The process as claimed in claim 1, wherein the PH of
the solvent mixture is up to 1 pH unit below or
above the isoelectric point of the insulin or

insulin derivative to be purified.

15 3. The process as claimed in claim 2, wherein the pH of
the solvent mixture is up to 0.5 pH units below or

above the isoelectric point.

4, . The process as claimed in one or more of claims 1 to
3, wherein c-amino acids or betaines are employed as

20 zwitterions.

/ 5. The process as claimed in cla{im 4, wherein glycine,
glutamic acid or glycine betaine are employed as

zwitterion.
6. The process as claimed in one or more of claims 1 to
25 5, wherein insulin derivatives of the formula I
s—s A21
H— A CHAIN Asn [—OH
[] ]
S S
| | (1)
s S
B2 I l B29%
¥=Val B CHAIN Lys (-R¥-X

in which



group, a physiologically accept- able organic group which is

nature and 5 has up to 50 carbop, atons, a genetically en-
codabl e L-am no acid and whose term nal c'ar%x‘yl functionality which is _
present where approprisge ., C be .Jfree as ester nctional i.t as
am de functionality, as 1 -8 ::?tﬂ}e res:ui Tt gﬁe Br $ee%%:é%ﬁl{ [eernrﬁo?&arzfﬂyé S
an integer fromO to 10, Yh-amisohgdidgen or L-phenyl al anine, and the A and
B chains are the sequgnces; of | W’ | O ddhotbyically sddegised.
7. =Jhe process asugl ai med ?ralﬁ%%_ 6, e ei_nsgi’ﬂr#foc’rrmlzf_al 30 islﬂ:'S
L-al ani ne or L-threonine afRlX PEIIMEC GTIMR dhichnifoPagiasi® AR Fdup
conprising Lsarginine, 20 has up ltd Y50 NGafHon - RB6RY| ahagieReti@ally Tl eh-

process as clainmed in one or e of clains 1 to. 7, ereln _a preparative
hi gh- pressure |iquid chronﬁ?‘aﬁgﬁhyg‘s’?ﬂ’@ﬁl | A O%V\g. whose P'tdrminal

carboxyl functionality which is present where

'Eﬁ(rat]resi due of a genetically eg\l?édgbl € E gﬁ{ :]1) ([iglr(rj] ixn Wh: qiﬂu”ﬂhﬁimlulliﬁlm

appropriéte can be free, as ester
functionality, as amide functionality, as
10 lactone or reduced to CH,OH,
n is an integer from 0 to 10,
Y- is hydrogen or L-phenylalanine, and the A and
., B chains are the sequences of animal or human.
insulin,

15 are used.

- 7. The process as claimed in claim 6, wherein in
formula I
R3? is L-alanine or L-threonine and X is one or more
L-amino acids from the group comprising L-arginine,

20 L-lysine or L-phenylaianine.

8. The process as claimed in one or more of claims 1 to
7. wherein a preparative high-pressure liquid

chromatography system is employed.



