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Biological protein products emerging from. the evolving biotechnology industry present

new challenges for purification pfocessing through chromatography. Typically, these

15  products are large and labile having molecular weights in the range of 10* to 10° daltons.

| Such products are purified from mixtures which often containing hundreds of

contaminating species including cell debris, various solutes, nutrient components, DNA

and other impurities. The concentration of the protein product in the harvest liquor is

some'times as low as 1 mg/l but usually is on the order of 100 mg/l. The presence of

20 proteases in the process liquor and their labile nature often mandates that purification be
conducted as quickly as possible.

Chromatography is a dynamic separation process, which relies on the distribution of

components to be separated between two phases: a stationary (or binding) phase bed and a

~ mobile (or carrier) phase. The mobile phase carries the components to be separated through

25  acolumn packed with the stationary phase Chromatographic techniques include separation

based on ion-exchange, hydrophobic interaction etc. In reversed phase chromatography

(RPC) a molecule in solution binds to the hydrophobic surface or hydrophoblc ligand of a

chromatographic resin.
A number of different chromatographic procedures are applied to obtain the desired end
30  result with respect to purity and yield. Reverse-phase chromatography is one of the most

powerful methods of purification employed utilizing hydrophobic interactions as the main
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purification process usually-consists of one“dr nore: equillibration
sect i or{®]semapidli, d994,dnChronhaiaglis@7Setdli)ons, wash sections, elution sections,

and regeneration sectjons, (cf. Rem ngton's  Phar tical Sci.ences,
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6,451, 987 dicloses an ion exchange chromat ography process for purifying a
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cost ofregeheptibmtsevforsy &ife RentiAgon’s CRHanmackuticsINBeidaees) Genhiwol her,"dfaek such
systens operating at these high pressures_are being used.in routine
pr oductublishing, Cpo Aissien, P%ﬂ%?{g or Remington: The Science and Practice of Pharmacy,

15  19th Edition (1995)).

US Patént no 6,451,987 dicloses an ion exchange chromatography process for purifying a
peptide from a mixture containing the peptide and related impurities.

US 7,276,590 dicloses an ion exchange chromatography process for purifying a peptide
from a mixture containing the peptide and related impurities.

20 The cost of preparative systems has escalated tremendously. Furthermore, such systems
operating at these high pressures are being used in routine production environment, which,
can be a serious hazard. The industry is thus in the i)osition of having to choose between
low pressure, low cost systems which are slow and have limited purification capabilities,
or high pressure, high performance systems which are significantly more expensive and

25 pose a health hazard. Additiohally, biologicals may degrade in ftimé while in the
preparative solution, either thermally or due to the presence of proteases and the like, so
speedy separation is very desirable. The‘efﬁciency of production achieved with a liquid
chromatographic separation process for biological macromolecules can be described in
terms of amount-of-product/dollar. To achieve optimum production, both production speed

30 and capacity are important considerations that are currently not well met. Thus, a need
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More particularly, the present invention relates to methods for conducting very high
efficiency chromatographic separations, i.e., chromatography techniques characterized by
both high resolﬁﬁon and high throughput per unit volume of chromatography matrix. More
specifically, the invention relates to particularly preparative chromatography, and to

20  methods for conducting chromatographic separations at efficiencies hereto for unachieved.
Additional objects, advantages and novel features of the invention, together with additional
features contributing thereto and advantages accruing there from will be apparent to those
skilled in the art, from the following description of the invention which is shown in the
accompanying drawings which are incorporated herein by reference and form an integral

25  part hereof. The objects and advantages of the invention may be realized and attained by
means of the instrumentalities and combinations particularly pointed out ih the appended
claims. |
SUMMARY OF THE INVENTION

Accordingly, the present invention relates to a preparative chromatographic method for

30 purifying a polypeptide from a mixture containing at least one related impurity, said
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- according to any of the methods above with purity of at least 95%; purified aspart
according to any of the methods above with purity of at least 80%; purified aspart
according to any of the methods above with purity of at least 84%; and purified aspart

according to any of the methods above with purity of at least 88%.

20
DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to a preparative chromatographic method for purifying a
polypeptide from a mixture containing at least one related impurity, said method
comprising steps of:

25 (a) subjecting the polypeptide mixture to chromatographic process wherein the

resin is washed and equilibrated in a buffer and an organic modifier at slightly
acidic pH;

(b) eluting by a convex or a concave non-lineaf gradient of steepness having
steepness coefficient ranging from zero to o running from buffer

30 concentrations in the range of 0.01M to 1M; and
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Phase- Hgefer.0or a conbi nati on thereof I n anot her enbodi rrent of the present

invention, the resin in ste is an ion exchange resin or 8
si | i ca Ingtllgnother grabodimenty the [PERsEntniaMention, theetp raélgeswfronha}@m 26@. ab@tﬁe
bufBer npl oyed is an acetate buffer. In still another enbodiment of the

pr esent i nvention, the pH ranges from about 2 to about 5.
In still another embodiment of the present invention, the polypeptide is Insulin, Insulin

analog or a derivative thereof.
In still another embodiment of the present invention, the insulin derivative is IN 105.
In still another embodiment of the present invention, the Insulin analog is glargihes aspart,
15  lispro, glulisine or Insulin methyl ester.
In still another embodiment of the present invention, the target impurity is des-Octa
. impurity, des thero impurity, des octa aspart impurity or flank and monoglycosylated
aspart or any combination thereof.
In still another embodiment of the present invention, the ratio of the polypeptide to the
20 resin on a weight by volume ratio is in the range from 0.1 to 50 g/I.
In still another embodiment of the present invention, the ratio of the polypeptide to the
resin on a weight by volume ratio is in the range more preferably 1 to 25 g/1.
In still another embodiment “of the present invention, the recovered polypeptide has a
purity of at least 95%. |
25 The present invention relates to purified IN-105 according to any of the preceding
embodiments with a purity of at least 95%. '
The present invention relates to a method of purifying insulin and analog from mixture
containing at least one related impurity, said method comprising steps of:
(a) subjecting the mixture fo RPHPLC column which is washed and equilibrated

30 with organic modifier.



In still another enbodi ment of the present invention, the polypeptide is
Insulin, Insulin analog or a derivative thereof. In still another
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The present invention relates to purified Aspart according to any of the preceding
embodiments with purity of at least 80% to 88%.
15
A process for the purification of an impure preparation containing IN-105 by means of an
ion-exchange and/or reverse phase preparative chromatography process is provided. In an
. illustrative embodiment a chromatographic column is loaded with a stationary phase,
typically a ceramic based resin. The typical process includes feeding a crude IN-105
20  solution into the chromatographic column, applying a mobile phase to the chromatographic
column, and recovering the IN-105 eluate from the chromatographic column. Each

separated eluate containing the target compound however, has sufficient recovery and

purity.

25 A preparative chromatographic method for purifying a polypeptide from a mixture
| containing at least one related impurity, wherein said method comprises ‘
(a) Applying the polypeptide mixture to an ion-exchange resin which is washed and
equilibrated in a buffer at slightly acidic pH.
(b) Elution employing a convex/concave non-linear gradient of steepness in the range

30 zero to oo running from buffer concentrations in the range of 0.01M to IM.



I n anot her enbodi nent of the present invention, the recovered insulin
anal og has a purity of at |least 97% The present invention relates to
purified wooiiaiamet hyl ester according to any of the prezaNimgo@atodi nent s
with purity of at |least 85%to 90% The present invention further relates to
purified G argine according to any of the precedi ng enbodi nents with purity
of at least 90%to 95% The present invention relates to purified Aspart
according to any of the preceding enbodiments with purity of at |east 80%
to 88% (&) Beervesias thsy palyrepside deyaidief Brechimpyritisshyratls3stelpat i on cont ai ni ng
IN- 105 by neans of an ion-exchange and/or reverse phase preparative
chromat ography process is provided. In an illustrative enbodi nent a
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Appl yi ng the pol ypeptide m xture to an ion-exchange resin which is washed
and equilibrated in a buffer at slightly acidic.pH (bh) Elution enﬂ)}oyi ng a
convex /A presassdon tie-purification phUnRIAE PEPatatien saraming,nspian andharalogs by R oo
runpi n r fer. kops in the range of 0.0 IMto IM(c)
Reggve??lfllb(g&}%y%é%lgg%gﬁ(g%&ﬂgéﬂé%g of target inmpurities by at |east 50%
Mor e par t a)c RPHPLC colamnhis @irdtieghiflibrated wWigh rightepercantagealf argamid modiffiet.i on
enpl oyi ng, a_convex/ concave .non- i ne radi ent of steepness in the range
zero to E})_oi PEOIGHR B L1 1RISFHE ﬁ{ltpg’{l? g‘ﬂ‘émf‘ﬁm ‘Ffeovreaﬂ@‘g"‘%cﬁ’?%"%gl‘tﬂ%l‘l M
resul tingey Ryhdheme BUhA MRthOferfaftl B&tentdFRUSH dr@Sic modifier in order to remove
any unbound proteins. ‘ '
15 d) Followed by gradient elution which has been carried out under non-linear
conditions. 4
e) Samples are fractionated and analysed to estimate overall purity.
f) Fractions meeting require purity are pooled together to give an elution pool and
column is then regenerated to remove any proteins that may be tightly bound.

20

While the present invention has been described with reference to the specific embodiments
thereof, it should be understood by those skilled in the art that various changes may be
made and equivalents may be substituted without departing from the true spirit and scope
of the invention.

25

In this specification the nature and theoretical underpinnings of the required operational
parameters of preparative chromatography is first disclosed, followed by equational
principles useful in optimization of the chromatographic processes to specific instances,
disclosure of specific materials that are useful in the practice of such chromatography, and

30 specific examples of such procedures.
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chromatographic process in which a solute of interest (such as a protein) in a mixture
interacts with a charged compound linked (such as by covalent attachment) to a solid phase
15 ion exchange material such that the solute of interest interacts non-specifically with the
charged compound more or less than solute impurities or contaminants in the mixture. The
contaminating solutes in the mixture elute from a column of the ion exchange material
faster or slower than the solute of interest or are bound to or excluded from the resin

relative to the solute of interest. "Ion-exchange chromatography" specifically includes

20 cation exchange, anion exchange, and mixed mode chromatography.

The term "preparative chromatographic separation” is intended to mean a chromatographic
separation | for isolating or separating a component or components (e.g., a desired
component) of a chemical mixture. A preparative chromatographic separation can
25 comprise eluting one or more components through a preparative column. A preparative
chromatographic separation can be characterized and/or affected by preparative

chromatographic parameters.

- The phrase "gradient mode of chromatography" herein refers to a flowing solvent

30 composition that changes as a function of time, typically in response to a user defined



"Gradient Elution", from H gh Performance Liquid Chromatography, Cs.
Horvath (ed.), Academ c Press, 1980, pp. 207-316 and M A. Stadalius, H S
Gol d and wo 2Rii/Bmader, J. Chromat ography, 296 (1984), 3PCTAN20Taa@859 J. ,
2005, "Encycl opedi a of Chromat ography” (pp 718). Marcel Dekker, Edition 2,
Vol |.the disclosures of which are hreby incorporated by reference in
their entirety. DEFINITION OF TERVMS: The term "i on-exchange" and

"i on-exchange chronat ography” refers to the chromatographi.c process in
whi ch ®rafte- (4 solyent hasay eampdsitionivhigh mayy far sxamplen a mixfure of BV0 FRIMHARS s wi t h
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relative to the solute of interest. "lon-exchange chromat ography”
specifically includes cation exchange, anion exchange, and m xed node
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aspects, the colum is a strong anionic or strong cationic exchange col um,
whi ch disglasing power than increases over time to an eluent of greater displacing power. This
15  can be accomplished by changing the concentration and/or composition of the eluent. The
flow rates used for the described system are typical for ion chromatography. Gradient
elution is defined as elution performed by changing from a weak to a strong eluent during
a run. Such an eluent is referred to as a gradient eluent. Examples of suitable gradient
eluents are illustrated in Rocklin, R.D. et al (Journal of Chromatography 411 (1987) 107.)
20 and in Jon Chromatography, Small, H. (Plenum Press 1989) pp. 187, 213. They include

increases in eluent strength as a function of time in the shape of linear, concave, convex,

step, linear with hold periods, and combinations of these functions.

Cation exchange chromatography helps in separation of proteins from its impurities based
25  on their charge difference. In most of the CIEX runs, elution is carried out in isocratic
gradient mode having same concentration of buffer throughout. Applying a non —linear
gradient during elution helps in separation of closely related impurities because of the
gradual change in the buffer concentration with time. Furthermore the application of a
nonlinear gradient results in either a sharp increase in concentration followed by a gradual

30 rise in the concentration or a gradual increase in concentration followed by a sharp rise in



that the colum adsorbent’'s ion exchange properties do not change over the
wor ki ng pH range of the colum. A gradient chromatography system uses the
same genew@l2otigmpanents as the isocratic system the pripcray2udihdoasence
being in the solvent delivery which has to deliver a m xture of fluids
whose conposition varies continuousl3 as a function of tinme. The gradient
technique is often used to separate peaks that nay elute close together in
an isocratic node and need small changes i.n el ution conditions to.achieve
di f f er 81t FonceRiERNQR, d hisnnonglinear oyarialion, felps IMProye, segpREan 1Bf ‘%(PFSE’QFIH "$rom a
weak tg.a Stdong eluent during a chromatography run. In gradient elution,
the el utton process begins with an eluent of |ow displacing power than
increases over time to an eluent of greater di spl aci ng power. This can be
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“Resolution” is a measure of the degree of purification that a system can achieve. This

variable is controlled by the nature of solutes in the process liquor and the chemical
properties of the interactive surface of the chromatography medium and also characteristics
that affect the dynamics of flow, diffusion and sorption kinetics.
20
The term 'polypeptide’, *protein’, *peptide’ refers to a polymer of amino acids and does not
refer to a specific length of the product; thus, peptides, oligopeptides, and proteins are
included within the definition of bolypeptide. This term also does not refer to or exclude
post-expression mociiﬁcatibns of the polypeptide although chemical or post-expression
25 modifications of these polypeptides may be included or excluded as specific embodiments.
Therefore, for example, modifications to polypeptides that include the covalent attachment
of glycosyl groups, acetyl groups, phosphate groups, lipid groups and the like are expressly
encompassed by the term polypeptide. Further, polypéptides with these modifications may

be specified as individual species to be included or excluded from the present invention. In



inpurities. The external gradient is generated by the continuous m xi ng of
a starting buffer with a second buffer at a different concentration,

si mul t anewo2by/aiznapeasi ng the proportion of the second kpaffiszo1e/nio4so t he

m xture reaches the desired concentration. Each of the concentration
gradient form ng buffer solutions cahl consist of either the sane buffering
conponents or different buffering conponents. As such, the gradient can be
a "linear gradient," a "convex gradient.," a "concave gradient," or a

"di scone fihedingentdthenmolecyle isng palipeptide,pt thefrer Br 4 2RAGER OF GTeANENER] | | ed
artisanueredfonvex gradient” refers to a gradient wherein the buffer
concentration varies gradually over the initial phase wth a sharp rise

| ater. "Concave gradient" refers to a gradient wherein the buffer

concenttation,has .a sharp .increase in.t.he slope ipitially followed by a
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anq!; 09%.6¥ %ri}n\f)‘alti{yvt%ﬁs described is referred to as the “target impurity”.

The term “Insulin analog” is intended to encompass any form of “Insulin” as defined above
wherein one or more of the amino acids within the polypeptide chain has been replaced
with an alternative amino acid and / or wherein one or more of the amino acid has been
20  deleted or wherein one or more additional amino acids has been added to the polypeptide
chain. Insulih analog is selected from the group comprising Aspart, Glargine and Insulin

methyl ester.

‘IN-105’ is an insulin molecule conjugated at the epsilon amino acid Lysine at position
25 BZ9 of the insulin B-chain with an ampiphilic oligomer of structural formula CH30-
(C4H20)3-CH2-CH2-COOH.The molecule may be monoconjugated at Al, Bl and B29,
di-conjugated at various combinations of Al, B1 and B29, or triconjugated at various

combinations of A1, Bl and B29.



thereof. The term "purifying" a protein froma conposition conprising the
protein and one or nore contam nants thereby increasing the degree of
purity ofwpneotm@izmion the conposition by reduci ng the comrCenNmiehooass | east
one contam nant fromthe protein conmposition. An "inmpurity" is a material
that is different fromthe desired p® ypepti de product or protein of
interest. The main inpurity targeted in cation- exchange chronatography
usi ng nonlinear gradients has been des-Ccta. IN 1 n ynat i c
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| eader pflkdsnker sequences. During this reaction, one of the inpurities

t hat- gets generated is des-Ccta IN- 105 in which the trypsin action happens
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been dehﬁ%&gmggoggereln one or nore additional am no acids has been added
to the ypeptide chain. Insulin analog is selected fromthe group
conprising Aspart, dargine and Insulin nethyl ester. 'IN- 105 is an
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B29 of the ins B-chain wth an anplg l'ic oligoner of structural
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CONPI i SKSretehBon of HeGPoduliSHbHN - I'N enzymatic reaction, trypsin converts
|niglln.precursor into insulin by
Flank: In aspart this is also one of the major impurities seen. In enzymatic reaction, trypsin
converts insulin aspart preeursor into insulin aspart by cleaving the leader and linker sequences.
During this reaction, one of the impurities that gets generated is ﬂattk, which happens when the C-
peptide (linker peptide) does not cleave completely. The relative retention of this impurity on an

20  octadecyl silica column with respect to the retention of the product is 0.96

Glycosylated Aspart: The host is known to carry out post-translational modiﬁcetion resulting in the
addition of mannosyl groups to the precursor. Correspondingly the impurity generated is
glycosylated form of the product which is also known as glycosylated impurity. The relative
25 retention of this impurity on an octadecyl silica column with respect to the retention of the product

is 0.91.

Steepness co-efficient refers to the slope of the concentration curve with respect to time.
Some embodiments of the invention may employ a nonlinear solvent strength gradient
30 (e.g., a piecewise linear solvent strength gradient, a concave gradient shape, or a convex

gradient shape) for either or both analytical and preparative chromatographic separations.



cl eaving the | eader and |inker sequences. During this reaction, one of the
inpurities that gets generated is des-threo in which the trypsin action
happens awothe/@2911th am no acid of the B chain. The rel aPCYaNzmo/emuson of
this inpurity on an octadecyl silica columm with respect to the retention
of the product is 0.98 Des-Ccta Aspalx - In enzynmatic reaction, trypsin
converts insulin aspart precursor into insulin aspart by cleaving the
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The pH of the elution buffer may be from about 2 to about 9, alternatively from about 3 to
about 8, from about 4 to about 8, or from about 5 to about 8, although the pH or pH range
for elution will be detefmined according to the desired protein of interest and the type of
20  chromatography practiced. Appropriate pH ranges for a loading, wash, or elution buffer are
readily determined by standard methods such that the protein of interest is recovered in an

active form.

In one embodiment of the disclosure, the aqueous buffer system is selected from sodium
25  acetate buffer systems. In another aspect, an acetic acid aqueous buffer system may also be
paired with one or more of ammonium acetate as salt/ion exchange compounds. In a
further aspect, sodium hydroxide may optionally be used to adjust pH or sodium ‘ion
concentration. In a preferred aspect, the ion exchange buffer/buffer salt ion exchange
compound in the mobile phase is an Ammonium acefate/ sodium acetate buffer system./

30



separation of a desired conponent using a preparative chromatographic
separation. A steep gradient is typically efficient for a continuous flow
oper at i orwOAotypinal exanple of a nethod for the separ aPCoOAN20M0/000459
purification of proteins of the invention conprises of the follow ng steps:
i . Packing the lon-exchange colum w4 h a ceranic based resin equilibrated
w th about 10OvM of an acetate buffer. ii. Loading the peptide conposition
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wth tine is linear. Non |inear gradients . . ) .
an ion-exchange based ceramic resin, equilibrated with a suitable buffer at slightly acidic

15 pH, subsequent elution employing a convex/concave gradient of steepness in the range
zero to o going from buffer concentrations in the range of 0.01M to 1M resulting in the
reduction of target impurities in the range of 60 — 75%. The eluted protein can be further

subjected to high-performance liquid chromatography for further processing.

20 In another aspect, the invention features a method of purifying Insulin and analog by
| carrying out RP HPLC. The method includes equilibrating the RP HPLC column with the
right percentage of organic modifier, thereafter sample is injected onto.the column under
overloaded column conditions, then the column is washed with certain percentage of
organic modifier in order to remove the any unbound protein, followed by gradient elution,

25  which has been carried out under no-linear condition in the present examples. Further the
samples are fractionated and analysed to estimate overall purity and fractions meeting the

specifications for required purity are pooles together to give an elution pool.

According to one aspect of the invention the purified protein product is devoid of or

30 contains substantially minimal amounts of target impurities. According to one aspect of the



can be calculated by the following fornula. If qis the fraction of the
solvent at any tine t, Cis the solvent concentration at that tine, O the
concent r avpantiarizihe start of the gradient, C2 the concenrTnxaienicas t he end
of the gradient, and tg the total tine of the gradient, then (i) Concave
gradient. - q = (t/tg)Ln; C= (C-CL)¥Q+ d (ii) Convex gradient - q =
l-(l-t/tg) An ; C= (C2-CL)*Q+ O Wiere n is the steepness coefficient (n =
zero to ). The invention features, in another aspect, a method of .purifying
a pr ot énventiom thepuriy o the IPYETIRE Profeinspraguct s a@e?éfgé(q, ﬁg‘cqr}ﬁ@gptpo%n@f T'mi xture
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25! the fn@kﬁtﬁi?f?lg%% ?)ﬁg)%gtﬁeglifgdliﬂnand afdEsNas ResN3G @k Akdrddly yoder

pr
no-Ti near condi resent exanples.” Further the sanples are
fract i anatheasped ofittel iysadion shepurityaf ¢hequeifiet linguliniang analdg is atdeasbds"mreet i ng

the specifi.cationg for required ri are pagl es toget her t ive .an
el ut i oA°{PEONE y@é‘é’ﬁﬁ‘*ﬂ?’?@% fid BBﬁlyeol?m%}ﬂg?ﬁ}f\/%‘fﬂf?egrfnflﬁ@ f@r%ﬁ%@dspr otein
Pr 0dUCly jegstdRWA Qcc_@fdi@% t- PR tafbiher S4pbst ik AivetidH fhe PatinrdDmB issulih ahar get
inmpurities. According to one aspect of theinvention the purity of the
purifi edalpg B ¥- product is atleast 95% according to another aspect of the
in\égntion the purity of the purified protein product is atleast 97%
accordi ng

Another aspect of the invention relates to an effective increase in protein purity (>95%) by

carrying out reverse phase chromatography in combination with ion-exchange
chromatography carried out using non-linear gradient.
These and other non-limiting embodiments of the present invention are readily understood
20 by one of ordinary skill in the art upon reading the disclosure and claims provided herein.
It is understood that this invention is not limited to the particular methods and processes
described, as such desired protein/peptide products and methods may, of course, vary. It is
also to be understood that the terminology used herein is for the purpose of describing
particular embodiments only, and is not intended to be limiting.
25
It will be appreciated that the use of the exemplified method of purification as described in
the Examples to obtain high resolution separations, coupled with the components used for
separation, makes it especially efficient for obtaining the desired peptide in a particularly
simple, convenient and inexpensive manner.
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to yet another aspect of the invention the purity of the purified protein
product is atleast 98% according to yet another aspect of the invention
t he puritwoabiwteipurified protein product is atleast 99¢a/MsmUI@P@U4FY t O
still another aspect of the invention the purity of the purified protein
product is 100% Accordingly to anot¥er aspect of the invention the
purified insulin and analog is devoid of or contains substantially m ninal
anounts_of target inpurities. According to e aspect of .the invention the
puri ty 18 fprgeping dasqripdions At ml/i‘&mwgnf%is aft e@é&@ﬂ%{%l%ﬁmswﬁ to
anot herforaﬁ’tﬁ'?&tes Qk ifiliEratiBY GRE 'de&r%hsnpmeyt e Yot §itendRHth TeQGknhidtivkiop tand

s a

anal og | | east 85 % accordingly another aspect of the invention the

puri t y lindit theényantioh itethei preaise forms disaloaddo Y ariousimoldifatiogsOant, vagigionsdireig t o

yet anot her, aspect the invention the .purity of .the.insulin an nalog is
57 o6 " Rible s ybet thembpre RARDRRT T atPly ik SogineBrp ity B Mg 385, °F
prosei Rdasal partidut 3¥hation, Gaiidrial @niPokitiol o€ hste pacR sS; pir6u¥es sy apkteps, N

conbi nation wi th ion-exchange chronmatography carried out using non-Ilinear
gr adi eri@ therpbisetivaapiithand prome | fnthe | preseahentiamt Allofuchyaodifisatians arayent i on
are readi 3 j i in the art upon reading the
di scl o?&?%%gggggFﬁ&%ﬁg&ﬁ?g?}%}gﬁ{%rg%&n%ﬁ{dﬁﬁé{etéﬁ%er stood that this invention
i s not Thenedhadloge of hiee pRtahi Apphcatiortih fidthea nibpracdesitk shedkedp roff fethwiag such
desired protein/ peptide products, a nmet hods may, of .course, vary. It is

al so t GXHEPISHAEPWEYSd theh sxamplgs tSEP‘;lHn‘Eﬂtol@"y corstrye dp climt; ther s5ppg H% Beir pose
of jgesgiehtigg particular embodi ments only, and is not intended to be
limting. It will be appreciated that the use of the exenplified nmethod of
purification as described in the Exanples to obtain high resolution
separations, coupled with the conponents used for separation, makes it
especially efficient for obtaining the desired peptide in a particularly

si npl e, conveni ent and i nexpensive manner. The foregoi ng descriptions of
speci fic enbodi nents of the present invention are presented for purposes of
illustration and description. They are not intended to be exhaustive or to



limt the invention to the precise fornms disclosed. Various nodifications
and variations are possible in view of the above teachings. In addition,
many nodiwoecatiiensomay be nade to adapt a particul ar si PoIINzMY/o0paseri al ,
conposition of matter, process, process step or steps, to the objective,
spirit and scope of the present invehtion. Al such nodifications are
intended to be within the scope of the clains appended hereto. The

t echnol ggg gf ghe instant Application is further elaborated with the help

of fol npl es. However, the exanples should not be construed to

lim t diesSneRes Yas Hhﬁteﬂ WW%@P 5 Wahg pH @ﬁsﬂ&’dﬁﬂt% 0% 5 WRiSis Gak Udaed Wi t h

water 5 tinmes and pH was adjusted to 3. This was | oaded onto a steel
col unm optec kesteeli colu@ar packedHyyitdr Qgra@ncaHymr @x% heatige exchiange Teain. The

equi | i Qr at.| LR and was was._carfri t uf fer
S0 3ibRRoR Ad YARH W SaGR 4 SuBilo A Atimo A AURAE SIREE A A 3 2111 |
Whep a The yRXpudHtR 4 16. 2320 Sbepngss.6% desvdda aipuitye WIgal Higoriver mraidnf f er
concentratl on of 0.2 Mto 0.64 M of Ammpbni um acetate qQver 10 col umm

vol umesf steapnese8d| vangmployed @ﬁmlsofm’mm canespiration gf 059, g 9-A4 M obct a

| evel s

mpur ¢y Al ey ARG SRRERR foolisE ARG PR IT RS,

times 69% thvdtsocmljlmlseat 46%3051.)1, Thiicating sin| appdedmatet mdactmneml deseﬂ)clam
packed with rzlsn,pmcj d%per-D S cation exchange resin. The equilibration and
wash waEPwEly levs % th 10 mM Ammoni um acetate buffer at pH 3.5. The | oad
purhty was 52.57% containing 9. 1% des-Ccta inpurity. \Wen a concave

gradi ent of steepness 0.15 was enpl oyed going froma buffer concentration
of 0. 3EXAMPLE 24 M of Ammoni um acetate over 10 col unm vol unes, the

5 129 ST INHAT Rab AydRAUE el P e T LS B ST B ] Teve

by 71%onto a steel column packed with Ceramic Hyper-D S cation exchange resin. The

—t

equilibration and wash was carried out with 10 mM Ammonium acetate buffer at pH 3.5.

15  The load purity was 52.57% containing 9.1% des-Octa impurity. When a concave gradient
of steepness 0.15 was employed going from a buffer concentration of 0.38 M to 0.64 M of
Ammonium acetate over 10 column volumes, the resulting elution pool showed a purity of
63.31% with desocta levels at 5.14% only, indicating an approximate reduction in des-Octa
impurity levels by 71%.

20

- EXAMPLE 3
Crude IN-105 was diluted with water‘5 times and pH was adjusted to 3.5. This was loaded
onto a steel column packed with Ceramic Hyper-D S cation exchange resin. The
_ equilibration and wash. was carried out with 10 mM Ammonium acetate buffer at pH 3.5.

25 The load purity was 55.46% containing 8.18% des-Octa impurity. When a concave
gradient of steepness 0.15 was employed going from a buffer concentration of 0.2 M to
0.64 M of Ammonium acetate over 10 column volumes, the resulting elution pool showed
a purity of 67.37% with desocta levels at 5.35% only, indicating an approximate reduction
in des-Octa impurity levels by 61%.
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EXAMPLE 3 Crude IN-105 was diluted with water 5 tinmes and pH was adj usted
to 3.5. This was | oaded onto a steel columm packed with Ceram c Hyper-D S
cation exwbange21B8i n. The equilibration and wash was ca&crilszb100a04%% t h 10
mM Anmoni um acetate buffer at pH 3.5. The load purity was 55.46% cont ai ni ng
8.18% des-Ccta inpurity. Wien a conc¥e gradient of steepness 0.15 was

enpl oyed going froma buffer concentration of 0.2 Mto 0.64 M of Ammoni um

acetatg gg&i ég colum volunmes, the resulting elution pool showed a purity
of 67. esocta levels at 5.35%only, indicating an approxi mte

reduct iHidd IN-905 was idflutedRUih Whter SRS 4 pil WaSddiiitbd o3 §1 TRiG wasfloadt@S Was
diluted with water 5 tines and pH was adjusted to 3.5. This was | oaded onto
a st eelontmwlaustechaolueh \packedCavitniGeranyise Hyperd c 8t sasionegxdhange resisi dheThe

equi li bratdon. and wash was caryied .gutwth, 1 A i uf fer
orpH FatioeilioR g ARR WRSERL G YuBtho MNCh Rl SHGRL SIRAE A3 BT o
Wieg a THeNYRXp@tathas!35.80P4 sérR&iRimgSR7 V%6 Ubs-Ort iifiukioy SMh@Da benvek @radieruf f er
concentration of 0.38 Mto 0.64 M of Anmmpni um acetate _over 10 col usr%l

cta

vol unesf stepnese 8P (Wasgmanloysdospipg SPmshbied cangrmtration ef 038 lip Op4dd

| evel s fings L) SRS Qo £ BRicea
inpurity g\l}e s%%y%g%r%ﬁgg%%g@%ﬁu%S was di | uted vmgﬁﬁnwater 5
times a0t phthvdesoaaljlerelseat 3.85%. dly, ihdisativesan eppiexincite cedacteredl dessDetan
packed w th ranmj c per-D S cation exchange resin. The equilibration and
wash md@pE%Wﬁg\?g%?%th 10 mM Ammoni um acetate buffer at pH 3.5. The | oad
purpty was 55.99% containing 8. 15% des-Ccta inpurity. Wen a convex
gradi ent of steepness 0.15 was enpl oyed going froma buffer concentration
of 0. 3EXAMPIES4 M of Ammoni um acetate over 20 col umm vol unes, the
resul ti e Lon | . showed rity of L 32% W secta | at
5 o100 SAGE I AP Saf BRSO B SO S b e

onto a steel column packed with Ceramic Hyper-D S cation exchange resin. The

equilibration and wash was carried out with 10 mM Ammonium acetate buffer at pH 3.5.
15  The load purity was 55.99% containing 8.15% des-Octa impurity. When a convex gradient
of steepness 0.15 was employed going from a buffer concentration of 0.38 M to 0.64 M of
Ammbnium acetate over 20 column volumes, the resulting elution pool showed a purity of
70.32% with desocta levels at 3.91% only, indicating an approximate reduction in des-Octa
impurity levels by 74%.
20
EXAMPLE 6
Crude IN-105 was diluted with water 5 times and pH was adjusted to 3.5. This was loaded
onto a steel column packed  with Ceramic Hyper-D S cation exchange resin. The
equilibration and wash was carried out with 10 mM Ammonium acetate buffer at pH 3.5.
25  The load purity was 53.51% containing 9.29% des-Octa impurity. When a convex gradient
of steepness 0.15 was employed going from a buffer concentration of 0.38 M to 0.64 M of
Ammonium acetate over 20 column volumes, the resulting elution pool showed a purity of
68.41% with desocta levels at 4.79% only, indicating an approximate reduction in des-Octa
impurity levels by 75%. |
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inmpurity levels by 74% EXAMPLE 6 Crude IN- 105 was diluted with water 5
times and pH was adjusted to 3.5. This was | oaded onto a steel colum
packed wiwb 2Caveemiie Hyper-D S cation exchange resin. Thecggnidid/beoasd on and
wash was carried out with 10 mM Anmoni um acetate buffer at pH 3.5. The | oad
purity was 53.51% containing 9.29% d&s-Ccta inpurity. When a convex

gradi ent of steepness 0.15 was enpl oyed going froma buffer concentration
of 0.38. Mto 0.64 Mof Amonium acetate over 20 columm vol unes, the
resul t iIRSAMEEE R pool showed a purity of 68.41%with desocta |evels at

4. 79% J e i i qu)fp@_ sty | evels
by 75% %?\AQEE@?C%H ggd?{l-()ﬂ é%\%aeg%f’oa e o%atigagi gf%glﬁcco ufmwgg‘f:dl?gg wth
Cer am @extlgnge ré3irSamhi iconvexxgradiagtewasesinnThe Ellaioommémbtg'n&difmmn theacationn. The
El uti on pool obt i.ne m t he ion chan e was ut | oaded on to
ST oo e W QuREdahi Agrded op SESURRCY ShE Homimae firksbRelaattiess

G tBi C phadeudeBuldseo. 25\)Mm%@§aaq3hfﬂéf lt\z ahﬁ%z‘:@ﬁu@e (ﬁ%&- |B)bEQﬁ1'thhtﬂ6ﬁS
carried out at 10% B and wash was at | oad purlté was 78.26%

El ut i orwaseearrécsr outead 166 Baandawnsheas atgiﬁaéBeFFbe d@adm%yvﬁasz %ovEBlutigd col um

I h I d f
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cation reg(ﬂm@r@@tldxﬁpddnsmcbapmﬂy%mgﬁa% ent was run. The El ution pool
obtained fromthe cation exchange was diluted and | oaded on to Silica C8

resin containing 10% sol vent. The nobil e phase used was 0.1M Tris and 0. 02

M Ngd %ﬁ%@%& and acetonitrile (Buffer B). Equilibration and wash were
carrie 0% B. The load purity was 65.06% Elution was carried out

at a | iCrade IY+10Gi wat laafle® oui® & GteBR ¥@unnepacked odthu feranut tiger-Id Becatiesul t i ng
el ution E Oacr)llge ?ehs?ﬁ,\gr(ljd 2 c rlf\Eelxt gra&] Lntgv%'as8r7uz The Elution pool obtained from the cation
exchange was diluted and loaded on to Silica C8 resin containing 10% solvent. The mobile
phase used was 0.1M Tris and 0.02 M MgCl, (Buffer A) and acetonitrile (Buffer B).
15  Equilibration and wash were carried out at 10% B. The load purity was 65.06%. Elution
was carried out at a linear gradient of 25%B to 32%B over 20 column vdlumes, the

resulting elution pool showed a purity of 92.87%.

EXAMPLE 9

20  Post TP insulin methyl ester (IME) crystals were dissolved in 0.5 N HOAc, 50 mM Na-
acetate and 15% MeOH such that the concentration of the load was 1.5 gpl. This was then
filtered and loaded on a C8 silica based RP column at 20 gpl (i.e. 20 g of IME per litre of
resin). The load purity was 74.51% containing approximately 9% DesThreo human insulin
as the major impurity. The RP HPLC was carried out using Sodium acetate buffer (Buffer

25  A) and Methanol (Buffer B). A convex gradient from 50-65% B with a steepness of 3 was
used and the resulting product contained 0% DesThreo human insulin and had an overall

purity of 95.95%
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EXAMPLE 9 Post TP insulin nmethyl ester (IME) crystals were dissolved in 0.5
N HOAc, 50 nM Naacetate and 15% MeCH such that the concentration of the

| oad was wo2Rogpi21210hi s was then filtered and | oaded on @&CcTANmil)/H@asbased RP
colum at 20 gpl (i.e. 20 g of IME per litre of resin). The load purity was
74.51% cont ai ni ng approxi mately 9% B Threo human insulin as the nmajor
inpurity. The RP HPLC was carried out using Sodium acetate buffer (Buffer

A) and Met haPnoI EBuffer B). A convex gradient from50-65%B with a

st eepn used and the resulting product contained 0% DesThreo

human idisigtdentridisls ?g& ARyrAY $EARlibn Mekd di¥sdMedIR- PRV 19, adetbhiailgl Ne

crystals post enzy reaction were dissolved in 2 M HOAc and 10%
acet onisteeh thet thedhad hencentratidrowds betmeen Oratol ©AS gnb Hist ned wag thent Bltgeds gpl .

he | oad hen filder.ed. | to a il
2 T ondn BapLERPy ofF 1 yR8 rr @R 34 Raftncapelty o2t GAREC, A P, /7o

ressn) instlift dl@gtheBerilite ¥R fesi! TRE badPrity 4R2%0teontadl BING s@%edoataitlhg f er ent
inmpurities. Elution was, carried out using 250 mM Citric acid (Buffer A and
| PA ( BS¢Yess! daffergnt impurisiesdplutionwas cagied ophasipg gap mM v agid(BatteBAd 206 wi t h
the is th QN id\f er gnt _ | rifi. re I koyo0f, 7% st ep
yield %%rlggs H?{f%:'gé% . % &:@ ‘Kgggﬁﬁéd‘g%ﬁ gntilr?a?" rEgyrr? %28%185&2(12%5&2%1 gepness
of 0. 5 isuhaionsof diffdrxNRIphrifies. FFor Gh averah puityy 8l ¥ ohetep yirld ymecase bac86.9n wer e

dissolved in 2 M ¢ .and %acetonitrile sych that the |oad concentration
was beto/gve%ﬁmﬁ’.eégtr lﬁt@‘%b&g({fﬁéw Stﬁﬁ’é‘efsﬁg I PPE B3] and | oaded onto a

d .8 silica based RP colum at a |oading capacity of 5.4 gpl (i.e. 5.4 g of
insulin glargine per litre of resin). The load purity was between 35% - 40%

cont ai RisPOMTAR different inmpurities. Elution was carried out using 250
m\/ICitIid ' elbfer A) and | PA (Buffer B) as the organic nodifier. The

final Ehangineidrystalapogen@Piie weaction mere dissadvddon 20M HO¥ceansint 0% apeionitriles.  For
an Oversgclzhl th%‘%J hiet ad Lor?c%ht%zt%nsévgg bé:/tiw%ler(lj 0'2!‘%6’3? %p}.OFhSCGIbZd was then filtered
and loaded onto a C18 silica based RP column at a loading capacity of 5.4 gpl (i.e. 5.4 g of
15  insulin glargine per litre of resin). The load purity was between 35% - 40% containing
several different impurities. Elution was carried out using 250 mM Citric acid (Buffer A)
and IPA (Buffer B) as the organic modifier. The final EP purity was 96.02% with the
isolation of different impurities. For an overall purity of 80.97% step yield increase to 86.7
%. A concave gradient from 10-20% B with a steepness of 0.5 was used

20

EXAMPLE 11

Enzyme end material of insulin aspart was diluted with acetic acid and acetonitrile such

that the load coricentration was upto 0.8 gpl. The load was then filtered and loaded onto a
C4 silica based RP column at a loading capacity of 10gpl (i.e. 10 g of insulin aspart per
25 litre of resin). The load purity was 71.03% containing several different closely rel_ated
impurities such as des-octa aspart, flank, monoglycosylated aspart, etc. Elution was carried
out using 25 mM sodium acetate at pH 4.0 (Buffer ‘A) and acetonitrile (Buffer B). A
concave gradient from 15-30% B with a steepness of 0.5 was used and the resulting

product had an overall purity of 88.24%. The major advantage of employing the non-linear



% A concave gradient from10-20% B wth a steepness of 0.5 was used
EXAMPLE 11 Enzyne end material of insulin aspart was diluted with acetic
aci d and woebani2iziol e such that the | oad concentrati on RaES/INpH@I@48® gpl .
The | oad was then filtered and | oaded onto a C4 silica based RP colum at a
| oadi ng.capacity of I Qgpl (i.e. 10 @glof insulin aspart per litre of resin).
The load purity was 71.03% containing several different closely related
impurities such as des-octa aspart, flank, nmonoglycaosyl d aspart, etc.

El ut i osradieat wap theergdaerion ig; the impurnigssygh aﬁﬂé@é{rafi'éceétsbypﬁ‘ Z) emf %ﬁ?r?‘%% A) and
acetonit r il oB). A concave gradient from 15-30% B with a steepness
of 0.55$%§(§§g§&g%§§?%% resul ting product had an overall purity of 88.24%
The maj or advant age of enploying the non-lineargradient was the reduction
in the inpurities such as flank (reduced by 97% and des-octa aspart

(reduc 7Q9% .. SR tA | F O e been
0 sl o Sietted BiBodiinefSs SF U AP B SRR Tl b aREREENA pEKRRLE SiaaEy T

t has cekitldhnheradiviouldiréadiazs, howdver, chatecewainhmndifieatisrsagmild gemef withinghe
invention. ‘Therefare, the_fol]ow | ai. s shoul d st udi det er mi ne
the tr iacligspel Biscngenionn Thapiorn e oM TG oS Soulihe idiad 89 é%m{{‘? ve

chr omayaE RARLSe AR RRknt 6f theiveiibRg @ pol ypeptide froma mixture
containing at 1Teast one related inpurity, said nethod conprising steps of:
(a) subjecting the polypeptide m xture to chromat ographic process wherein
the resin is washed and equilibrated in a buffer and an organic nodifier at
slightly acidic pH, (b) eluting by a convex or a concave non-I|i near

gradi ent of steepness having steepness coefficient ranging fromzero to
runni ng frombuffer concentrations in the range of OO Mto IM and (c)
recovering the polypeptide devoid of target inpurities by at |east 50% 2.
The nmethod according to claim1, wherein the chromatographic process is

selected froma group conprising |lon Exchange Chromatography or Reverse
Phase-HPLC or a



conmbi nation thereof. 3. The method according to claim1, wherein the resin
in step a) is an ion exchange resin or C4 to Cl18 silica resin. 4. The

met hod acwordimgiiio cl aim 1, wherein the buffer enpl oye@#craNanoewesat e
buffer. 5. The nmethod according to claim1l1, wherein the pH ranges from
about 2 to about 5 6. The nethod accirding to claim1l1, wherein the

pol ypeptide is Insulin, Insulin analog or a derivative thereof. 7. The

met hod according to claim6, wherein insulin derivative is IN 105. 8. The
met hod Meelaimi ng to claim6, wherein Insulin analog is glargine, aspart,
lispro, glulisine or Insulin methyl ester 9. The nmethod according to claim
1, wherein the target inpurity is des-Ccta inpurity, des thero inpurity,
des octla Agpépdrativepthromytographlcamkthad dompunfiliyg a polyieptides framt a oixtumy

combi nation thereof. 10. The. nethod acgor di to.claiml1, .wherein the ratio
of the pdiopfEyng aklesss OP?\EC-I‘-?%% F'HP‘HHyasaydgﬁ“Q%Pggﬁ?m\PBF‘BgrétePéPf:o is in the range
frogm 0. k¥ g tilﬁl% the ﬂélmegfi?e RiHRE toekBhaidpgapghtc flodbdd ihertiiahetddid he ratio

of the polypeptide to esin on a weight' by volune ratio is in the range
mor e pr ef ewasiled and equilibratgdlin abuffeh endvan ¢ngdnia eeestitiénsy stightty asidie i t 0 11,

wher ein .ecovered pol ypeptide has.a purity. of at | 950t :
Purifieégfgbﬁﬁﬁgy§6§wy ﬂégtgngﬁ§IBPaPﬁépﬁ?gEéﬁPﬁGQSngﬁégﬂﬁ ﬁ&ﬁ&%ﬁ?ity of
at | east 98%éffidentArdiRinpOHoff zed!td boyfuRfink TEdih ibffen dorfRalratiprk i thaiaxpelr e
containing at | east one related inpurity, said nmethod conprising steps of:
(a) subj ecefhflMHe IMsandre t o RPHPLC col umm which is washed and

equi | 1 brat ] | iLf1.ar : Js ex/ concave non
Iiggar é?gp|%ﬁ%&%ﬁﬂégﬁg%ﬁﬁggqﬁg@?ﬁgUé %é%hgé2&%32¥#%§€gﬁ¥'ranging fromzero
to runnihg fethodbactdeing anchirhr gtwisneini the tcheomatograplif process is selected

from a group comprising Ion Exchange Chromatography or Reverse Phase-HPLC or a
combination thereof.
3. The method according to claim 1, wherein the resin in step a) is an ion exchange resin
15 or C4 to C18 silica resin.
4. The method according to claim 1, wherein the buffer employed is an acetate buffer.
5. The method according to claim 1, wherein the pH ranges from about 2 to about 5 |
6. The method according to claim 1, wherein the polypeptide is Insulin, Insulin analog or
a derivative thereof. ‘
20 7. The method according to claim 6, wherein insulin derivative is IN 105.
8. The method according to claim 6, wherein Insulin analog is glargine, aspart, lispro,
glulisine or Insulin methyl ester
9. The method according to claim 1, wherein the target impurity is des-Octa impurity, des
thero impurity, des octa aspart impurity or flank and monoglycosylated aspart or any
25 combination thereof. '
10. The method according to claiml, wherein the ratio of the polypeptide to the resin on a
weight by volume ratio is in the range from 0.1 to 50 g/I.
11. The method according to claim 1, wherein the ratio of the polypeptide to the resin on a

weight by volume ratio is in the range more preferably 1 to 25 g/1.



OO Mto IM; and (c) recovering insulin and anal og devoid of target

i mpurities by at | east by 50% 15. The nethod according to claim 14, wherein
t he RPHPLWoi281vstied and equilibrated with pH rangi ng fPommsawdodse o about
5. 16. The method according to claim 14, wherein the recovered insulin

anal og has a purity of at |east 97%2317. Purified Insulin methyl ester
according to any of the preceding clains with purity of at |east 85% 18.
Purified Insulin methyl ester according to any of the preceding clains with
puri t y12fThet methedt aco0sdingl & clims fli td1 b %{h@rbimethﬁcu@m‘cﬁrﬂgpoldpem' eotasthe
precedi ng_cl ai Wi urity of at least 90% 20. Purified glargine

accor di né’W 8? lf‘ﬁsg ?ﬁ’g’ preceding claimwth purity of at | gast g95% 21.

Puri fi ggl MeIREINANIMcdbrdehd (0 adR Wi e Jirls&dﬁfg&ﬂﬂdisﬁﬁﬂci puritywiflablepstroisty of at
| east 80% 22. Purified aspart according to any of the preceding claimwth
puri t y 1A sethedaef pgifying 3nsubin,and; anglog fMixRES FRftAEIREAL PPt ORC fqi@éed

pregedi ngn el AT W hiedRd ddnfpriindliefsGtSt 88%
(a) subjecting the mixture to RPHPLC column which is washed and equilibrated with
organic modifier.
(b) eluting by a convex/concave non linear gradient of steepness having steepness
coefficient ranging from zero to oo running from buffer concentrations in the range of
10 0.01M to 1M ; and |
(c) recovering insulin and analog devoid of target impurities by at least by 50%
15. The method according to claim 14, whefein the RPHPLC is washed and equilibrated
with pH ranging from about 2 to about 5. _
16. The method according to claim 14, wherein the recovered insulin analog has a purity of
15 at least 97%.
17. Purified Insulin methyl ester according to any of the preceding claims with purity of at
least 85%
18. Purified Insulin methyl ester according to any of the preceding claims with purity of at
least 90%.
20 19. Purified glargine according to any of the preceding claims with purity of at least 90%.
20. Purified glargine according to any of the preceding claim with purity of at least 95%.
21. Purified aspart according to any of the preceding claim with purity of at least 80%
22. Purified aspart according to any of the preceding claim with purity of at least 84%
23. Purified aspart according to any of the preceding claim with purity of at least 88%
25



