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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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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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15  drawbacks of conventional separation and purification systems.

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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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



30concentrations in the range of 0.01Mto 1M and 5 (c) recovering the

pol ypepti de devoid of target inpurities by at |east 50% In an enbodi nent
of the prweenti/izmienti on, the chronmat ographi c process i #CsaNBav/ed+fr om a
group conprising lon Exchange Chronat ography or Reverse Phase-HPLC or a
conbi nation thereof. 5 In another enodi mrent of the present invention, the
resin in step a) is an ion exchange resin or C4 to Cl18 silica resin. In yet
anot her enbodi nent of the present invention, the buffer enployed is an

acet at e buf f(e recovering|the pelypeptideciereid of taspetiimprrities byt #ideast ed%nt i nventi on,
the pHIB%H%&%OIianeIHt ?Eﬁl%t r%sehp in?'glgﬁ‘gn, %l%%hr&rﬁatﬁ&a&;hicg#g&Q? fs ﬁ%f@%ﬁ'ﬂ'@ﬁ'% of the
present i nventr on, e pol'ypeptide rs ITnsultny fnsdlinanalog or a

deri vatgrog tdoaipesingl oAt Ekthanget Ghrorratbgdplienér Reviehre [PhaseHPLCnwenti on,
the insulin derivative is IN 105. In still another enbodi nent of the
pr esentomrgtiengisreafhe | nsulin analog is glargine, aspart, 15lispro,

gl uki SifR&nBHhet Eﬁ%&iﬂh&%b!{ﬁe ?é&é}{t-ini.«éﬁﬁ%h,' ke RARLASkeSHPRUNNRAL exChardgl®
present invention, the target Inpurity I's des-Ccta inpurity, des thero

i mpur i trgsin de€4 ¢eCa8 adisardsin.npurity or flank and nonogl ycosyl ated aspart or

i nati th f. I till t h di t of th t
et 8ot EHEPLERBoGieph of S PESpRt ein, fie BUNFUTROL & HhAgHEcDy
vol unme gy} 0 is in the range from0.1 to 50 W. In still another enbodi nent

of the present invention, the ratio of the polypeptide to the resin on a
wei ght Ibytill@hether embodimient frthe ipseseninigueniionethsdt eangps {rom aboup teppboyty st j | |
aanhg% enbodi ment of the present invention, the recovered pol ypeptide has
a purity of at least 95% 25 The present invention relates to purified
| N- 105 Iacseiilr shotl@r etbadimeit dfithe presesdinventimbalth pelypeptidetib Iasyding Insplinf at
| east %g:;/loog 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 to RPHPLC column which is washed and equilibrated

30 with organic modifier.



The present invention relates to a nethod of purifying insulin and anal og
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I on- exghalest e/ or reverse phase preparative chronat ography process is
provided. In an_illustrative enbodi ment a.chromat ographic columm is | oaded
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The present invention further relates to purified Glargine according to any of the preceding
| embodiments with purity of at least 90% to 95%. »
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.



columm, and recovering the IN-105 eluate fromthe chromat ographi c col um
Each separated eluate containing the target conpound however, has
suf fici enwonetioeerty and Purity. 25 A preparative chronatrognaphi/eooast hod for
purifying a pol ypeptide froma m xture containing at | east one rel ated
I mpurity, wherein said nethod conpriges (a) Applying the pol ypeptide
m xture to an ion-exchange resin which is washed and equilibrated in a
buffer at slightly acidic pH . (b)  Elution enpl oying a convex/concave
non- | i ne§) Rgpaieriag thepolypeptign devoid af tapget impyaties by et ka8 %%® r unni ng from
buffer concentrations in the range of 0.01Mto 1M 7 (c) Recovering the
pol ypepti de devoid of target inpurities by at |east 50% More particularly,
t he hi g¥ibriegpartiofilatlpe thavhighlight ©0€| theemvential utlates émpélotiomgemaploying a
convex/ concave non-linear gradient of steepness in the range.zero o 00
goi ng. FPBYRRSREEYe as- Kisat SFAICR: PORESRTS HoloF StEs %510 1) S0 T0R) RULL (i ng
in the HRAMEHHAM iAfthé PIHPElofI0NDAWL itd 11 BB rdstltinB 8n iR @8uiorB8F targRbirftpurities
process thus affords purity of the target conpound in the range of at |east
80% - 9isuthe range of pO ocs ¥o. fldwe prpeesp thus fafiords ity of itheplarget spmpavngd inothe
cont ai nji ng insylin.a al ogs by RP 10 HPLC, wherein said nethod conprises
a) RPH Co&aﬁt%ﬁsti%é)/;%@ equilibrated with right percentage of organic
nodi fier. b) The protein sanple is injected onto the col umm under
over |l oaded colum condition. ¢) Wash the columm with certain_percentage of
or gani & P fer therpusifgation ef {apHse BrepAtAtion Kenaming wswhmand analogs by RP
10 HPLC, wherein said method comprises
a) RPHPLC column is first equilibrated with right percentage of organic modifier.
b) The protein sample is injected onto the column under overloaded column condition.
c) Wash the column with certain percentage of organic 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
contamiﬁating 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
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displacing 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
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char actrge 'te?hi '‘6Slybéptideat protein’t HRpHE d8TefsStoQf pdlya¥t ofttinhiht 9tids aAd do&qiopt i on
Kineti (r:ésfer 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
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t hereby increasing the degree of purity of protein in the conposition by

r educi meducing the pendents obat lgast peqeantyninapidrern thaRiateit URPASHEONr ot ei n
conposition. An "inpurity" is a material that is different fromthe desired
pol ypepti de product or protein of interest. The main inpurity targeted in
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des-Ccta . IN-105. In enzymatic reactions, trypsin converts nquin(g;ecursor
S
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of B clpadcursor lrgo riedudini byecleatieg theoleaddr andilmkenprquengesorDenngthisitkactjdn, cer ami ¢

lum wi r . he r ntion of ' . .
coru one to theels Su%'}tletsothetlt geets géneeréte 15 ges-&)(r:}g I'W-P(%uf:nt which the trypsin action
happens at 8 amino acids away from the C- terminal of B chain. The relative retention of
this impurity on an octadecyl ceramic column with respect to the retention of the product is

15  0.84. The impurity thus 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.
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retention of this inpurity on an i ,
converts insulin aspart precursor into insulin aspart by cleaving the leader and linker sequences.

During this reaction, one of the impurities that gets generated is ﬂaﬁk, 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 modiﬁcétion 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.
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10 about 10mM of an acetate buffer.

ii. Loading the peptide composition containing at least one related impurity on the
column at a flow rate of about <100-400 cm/hr.

iii. Eluting the purified product from the column performing a non-linear gradient
employing a convex/concave gradient of steepness in the range zero to c going

15 from buffer concentrations in the range of 0.01M to 1M.

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
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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



15 pH, subsequent el ution enploying a convex/concave gradi ent of steepness
in the range zero to oo going frombuffer concentrations in the range of

0. 01M t o wii2ps2izibng i n t he reducti on of target inpuri PCEAN2MODHGIVESY ange of
60 - 75% The eluted protein can be further subjected to high-performance

| i qui d chromat ography for further prBcessing. 20 In another aspect, the
invention features a nmethod of purifying Insulin and anal og by carrying out
RP HPLC. The method includes equilibrating the RP HPLC colum with the
right peyeation threpwity sfghaiparifisdiproten profet da fllgrst 93 |126CQTdINg P ANOHYT ont o

t he col 4 : (I 3 Iosdieshed
shesre Sk R R R E S e
unboundo petodnether abmdct ofittee imyenficadihe rpurigyt of therpurifiedvirpein haduttcisratleast r i ed

out un no-linpear condition in. t resent exanples. Further the.sanples
are fr gg{/ OFCEOEHNE, FYy Y Sl R fspest é)g t%i1 Y ntb%ﬁ’ﬁl qrmlg% PE e Bhla'ﬁffdr Bré’? Bns
meeti ngrddie: SRR 19984, i RBSr iRy tof ElUinoBér Bbect ¥f BleinPaRiofthé pUskyEITtheé 0 Qi ve
an elution pool. 15 invention the purity of the purified protein product

i s atl| ougfiedpsafeimprodpdiind00%. anot her aspect of the invention the purity of
the purified protein product is atleast 97% according to yet another
aspect of the invention the purity of the purified protein product is

at | eastAcRSHingh¢ edridbiting akpecy f thrriavdigionakppaificaf inkulin amivanaldgos deveidptiri ty of
the purified protein 5 product is at]east, 99%. accordjng to still another
aspect OpFontaas suRstantialy, mipianal gmoupts of target igpurifips d*cﬁPHi"ég P eRTaet o?s 100%
Accgr di t A .9 s\ i ) fok egl { o and
el g HEInkeh et ety BT RRACR il A0 el ol feakl B Pk hecbREN o oot

i mpur i ahether aApea bflihregnventionehapyway tof dfe pudifiet ensulinand analog kseatpeast 83 %o f

urified insulin gnd anal o i.s at. | east 80 %, acc i.ngly taq anpther

gs pect a‘c‘)‘for&ﬂ Yi 3R0BISE ARTCL ﬂg‘?‘ﬁdﬂeﬂ}o‘&&ﬁ %ﬁ?ﬁﬁﬁl}ei Ry feﬂslﬂqul%‘ aﬁloangﬁ)& Bg is at
| east 3pleikt 0% OALLRTEAY tARQ lali6theP8PBEL of Ahe id@@ntiidﬁlﬁegiuﬂfy 6@e Pusulih ¥in@f t he
purified insulin and analog is at [east 90 % according to yet another

aspect apdlog k7 Yvention the purity of the insulin and analog is 97 % 15
An lEher aspect of the invention relates to an effective increase in protein
purfty (>95% by carrying out reverse phase chromat ography in conbination
Wi th i grothee Bspegeofathe VRhOGH Pdditys adn' éffedtio¢linctidkd1(h protein pmeRr(>95%)bent .
These and other non-limting enbodi nents of the present invention are

r eadi | gAmYiggr SUbokFveehPhasfe Sromatography dki combmation Xyith i9BXFRAEE ng t he

di scl 0% .0%1%@‘%*‘@38‘{3&36&8‘%‘?}G;Sggq“’m#g%ﬂ%éa%n‘i' s understood that this invention

i s not cal ar s and processes described, as such
desi r edhpsecdrgli athgrapnilidaitmgethioidsmentsl of i pocksniniayentvh are ueasldy wdergtoodt i s

al so to be under.stood. that the term nol ogy,.used hergein is for € _purpose
o1 38 idae 06 OBURY SiLHn ABEHARBTToR Ry SR St e et AereBt

|1 m Ui ngis dedstooll that R BRBHRA BiRM iRl b ke F&rﬁc@lfar hfdehods @B Iprddesds et hod
of purification as described in the Exanples to obtain high resolution

separ atdesmibed,assptledesivied prothin/peptigo peoduets aaé ehethnds seaya pheouspe, vaak s t
e BlsoYiaie iridePod s 20K, Beirhod el R Is AEP e rb oo PRk 27 Y
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.

30



16 The foregoing descriptions of specific enbodi nents of the present
invention are presented for purposes of illustration and description. They
are not iwbDendedi11i0 be exhaustive or to limt the invenPConN2EoHivespreci se
fornms disclosed. Various nodifications and variations are possible in view
of the above teachings. In addition,&many nodifications may be made to 5
adapt a particular situation, material, conposition of matter, process,

process _step or steps,. to the gpbjectiyve, spLrit and scope of the present
nvent [ forkeping ek ringiant pLarerBiveermbadiminte Rt RreseBLIRPRYRT ATE wéesglgtsie of
the cl 'ﬂ?mg.{?s% i ibRCTING! 88%oPintbitRdi (B Yedkhad¥tiRt i @bi on is
furt he?be a orgpgg%ﬁ'?&%%gd ﬁg%ﬁgFRfOI I o?\gl}m'gné) el;<tarrpl ets. I—|owgv.er., t he

exanpl ésnistheuhention ththequediser foeds disclosed. (Varioas srodifwatiéng 4nd veOiatiowsrare on. 17
EXAMPLE 1. .Crude | 05,was, diJ.ut ed wi,t.h water 5 t.i and wa j usted
Co 3. 5 PoRBIE ALY ShGEae0Rs baumbisdn et Sh RetiiRinRCEpll B9 38) D S
cat 5 on a8x haneecul 8 Sithatiol) eha8sH4l,| doBipdkition o AthttéB Prodss k¢ St Otistepy, t h 10

i nM Ar r?n%ﬁrii um acet at .ea.ltl)uf’f er at prp% 5. 5 The | ?3% purpif(t?d; vvagp 46. S%g%

cont ai 9 ke BbEYH e sPmit 2and ponei afythe\preseny inatian QHamicBrnodifications ess 0. 3
was e ' i f 0.2 Mto 0.64 M of
Anunoﬁ%t%ﬁgegéggk (Qﬁt gs/lga&l@fgoﬁc%:)qtﬁﬁ%d\%@‘%lcjare@{sef,i@%dhl%&rtg’suI ting elution pool showed
a puri tTheaéchnBRipyiof hhedirstat Appheation isifurthed ¥tabotayed withlitlahélp @f dollewipg oxi nat e
reduction in des-Ccta jnpurity levels by 50% 10 EXAVPLE 2 Crud N- 105
was di [eeEpley; Hawgmsre thes examples a?ﬁﬂ“lﬂl-P%'%e &B?W@déﬁb‘“ﬁt. the seapg €| oaded

10 invention.



onto a steel colum packed with Ceram c Hyper-D S cati on exchange resin.
The equilibration and wash was carried out wwth 10 mM Amoni um acet at e
buf f er atwpHoB/®12185 The | oad purity was 52. 57% cont ai niPa@/192018m@es Cct a
impurity. When a concave gradi ent of steepness 0.15 was enpl oyed going from
a buffer concentration of 0.38 Mto ¥.64 Mof Ammoni um acetate over 10
colum vol unes, the resulting elution pool showed a purity of 63.31%wth
desoct ev el t 5.14%only, indicating an approximte reduction in

des- Cc My level s by 71% 20 EXAMPLE 3 Crude | N-105 was dil ut ed

Wi th wetrglle BN-105%7s alldie@inewaRk iR Gnll PHBwas adjliiéd WAS. 5! PR Sfks petded a st eel
col um packed with Ceram c Hyper-D S cation exchange resin. The

equi | i lontex jaosteeln dolwesh paekedc avithi €gramic Hyper-D0S neatiammexdhangeadesint dhouf f er

at pH 3.5,..25 The load purity was 53 46%containin . 189 -
I mpur i teﬁl.nhwglﬂn gn% c‘)”r"flég\y‘éasgf |de°nut§ “8&‘ g‘?ﬁ%\% r‘f{e}][s“g11 oﬁl.ufgag%%tgéﬁpﬂ?%%%& gcﬁ ng from
a bef f ghe ¢euicRIHY Sds 6. 22% Qomtaiingds. 6% HdesM@h iAPTIIY WheaCet@ivex @urlient O

colum vol unmes, the resulting elution pogl showed .a puri tédOf 67.37% W th
desoct & segrness 88 wasemplaved goingfrem @ hiites songsmirationaf 8.2 Mytect-p4 Mok

des- Cct\g,,d ' 0 5%@;\43 O’IVQ% diskut ed
wth \/\/a'A'?IéI'rn Hﬁ%@i%ﬁ%ﬁ%@%ﬁ}ﬂﬁ (Sé’ tosgf.t:lgé ejﬁﬁdéﬁd%)g%oa e%\ﬁ%ht?glfa st eel
col umm 5p%c it delsddia Gavedaratc4 MY penlyDifdicating an appodramgee redsétinn ifihdes-Octa
equi li brat i.orf agidlr was carried out with 10 rri M Anmoni um acet at e .buffer
at pH 3MBU I&4ees B2 °purity was 55. 80% contai ning 7. 71% des-Qcta i npurity.
Whgp a convex gradient of steepness 0.15 was enpl oyed going froma buffer
concentration of 0.38 Mto 0.64 M of Amonium acetate over 10 col um
vol ume EXAMPLHZul ti ng el ution pool showed a purity of 70% wi th desocta
: %5:, ?tcg%t"“ileg@g'?gg %3!9 gg%eg%iﬁla&!atgp 5Ahe3RRA %ﬁ o gdjﬁsquj f-4.8 il vgg%a%(tl a

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 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%.

30



10 EXAMPLE 5 Crude IN-105 was diluted with water 5 tinmes and pH was
adjusted to 3.5. This was | oaded onto a steel colum packed with Ceram c
Hyper - D Svoabiianiakchange resin. The equilibration and washNraso@asy i ed out
with 10 mM Ammoni um acetate buffer at pH 3.5. 15 The load purity was 55.99%
contai ning 8.15% des-Ccta inmpurity. ¥hen a convex gradient of steepness

0. 15 was enpl oyed going froma buffer concentration of 0.38 Mto 0.64 M of

Anmoni W over 20 columm vol unes, the resulting elution pool showed
a purit =32% wi th desocta levels at 3.91% only, indicating an

appr oxidrRiEIN-29Y Gk Auted vigs wekek 3 triRUmdipH WaY 8djasthy tof 3% TR wekAbAdek 6
Crude IN-105 was diluted with water 5 times and pH was adjusted to_3.5.

Thi s wasid gadiedl ealunm packed with GeramiscKlytert § Gsioanexchapgeresins That i on
o5k PR L9050 AR bt S,
9. 29% d@-163d puriti s i558090\b@aidingONYVEXS dgs-adtEifipusity. SWRapa esd/el .gladinas
enpl oyed going froma buffer cgoncentratign of 0.38 Mto 0.64 M of Anmonium
acet at @t slrepnesn0ds vanrmplpYadegoing femyabyfifericqpceatrativn Al B8 Mdn M puri ty
o o, Pt BSRRE  hanoTE L BOPRB
was | oades withtdesects ieels atad.858% qud kedicanrigharCepmoximaltly peluciorSirc d¢s-Qeta
impurity levels by 75%.
10
EXAMPLE 5
- 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.
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%. |
30



exchange resin and a convex gradient was run. The El ution pool obtained
fromthe cation exchange was diluted and | oaded on to Silica C8 resin

cont ai ni yoR0Pvwdvent. The nobile 5 phase used was 0. 2BCWIR2a10/H@436ci d
(Buffer A) and acetonitrile (Buffer B). Equilibration was carried out at
10% B and wash was at 15%8. The | oadlurity was 78.26% Elution was carried
out at a linear gradient of 15%B to 23%B over 20 col um vol unes, the
resulting elution pool showed a purity of 96.33% 10 EXAMPLE 8 Crude
II\I—lOSlﬂgéM_Pdaﬂéd onto a steel colum packed with Ceramic Hyper-D S cation

h d
B T R R R R e R

cont ai rexoliang® $esiro avkaiconvidxegradibnt wagptuas €hel Ehdlmqmod) obteinedifoonatht Gitiog M

C12 BfferA acetonitrile 15.E |bat was h
V\N/gre cr(frx;’j]? ) a&‘teﬁ@@g%’ar&ﬁ&u@lt%gﬁmﬁéx Iegin c\ﬂﬁtgll’é’gg& hS0 ‘!rqjﬁﬁf%g’él carried
out gat P &kl t Bt | g f
resal t |p?1%éelellﬁgﬁta |V(g% %ggI%s%lg{ngéa@ghﬁeizyﬁneggagég?E%Wr\B) ggiﬁggafg? TP

i nsul i nvaseaamjdd ewstasrl 0p4 BRndcwash wis atubd @ BdiThe deadepurithi wass7\2GY@AELutisn mivi
Na tat d 15% h_t o o At 5 | .
ace awa%t %gﬂe%op %’fgg‘lnsﬁg gr%dqgté thFS fﬁ%e% of B J) egasea&gﬁ Gm\égstth% gp

Thi s a on a silTrca

(i.e. 26sultingfelhddn Pl showédea pirity@$06)83%Ihe | oad purity was 74. 51%
cont ai ni ng approxi mately 9% DesThreo human insulin as the major inpurity.
The RP HPLC was carried out using Sodium acetate buffer (Buffer 25 A) and

Metl Bang%%)l_?%ﬁr_]lg:le_Er g B). A convex gradient from50-65%B with a steepness of 3
was us resul ti ng product contained 0% DesThreo hunman insulin and

had an Qude aNH105uwag Joadéd DhitddsKeel OolEXAMPAcked Gvith C@‘migihﬁﬂaecﬂ/& aitisnpost

enzyne reaction.were dissolved in 2 M leO/ rlleschthat
Che e shouie Skin Sad o fonies SredsRraos. TS Brawngmel bRl om i SRl

fFilterqdciimgde b@@qﬁétea Rhe 1@ad€&8n$¢ bilfed d3aegd cBRafhg! M%a},bmnd qae ibileapaci ty
of 5.4 gpl of insulin glargine per Iitre of resin). The | oad

puri ty b@dwereen 03 oTrls4@l% @dﬁtM 8(g> §Buﬁ’¢raA) dinelf aoetomitrilayfuiter B) |

o) The R A v %A prR (o TR A By o843 0l 21 T
2ol s ‘Q’f’“éﬂ i’ﬁ‘eﬁ‘ea““‘e@‘p'ﬁ““ms"f F%Baw SMEBabver (RO bobin! vAGmIThst ep

yield increase to 86.7 % A convex gradient from 10-20% B with a steepness
of 0.5 remudtingeedation 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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10 EXAMPLE 10 b) d argine crystals post enzyne reaction were dissolved in
2 M HOAc and 10% acetonitrile such that the | oad concentrati on was between
0.8 to 0.wWb2gpl021dibe | oad was then filtered and | oaded ®oTON201CM®439 | i ca
based RP colum at a | oading capacity of 5.4 gpl (i.e. 5.4 g of 15 insulin
glargine per litre of resin). The I‘oéb purity was between 35% - 40%
containing several different inpurities. Elution was carried out using 250

MM Gtric acid g uffer A) and I PA (Buffer B) as the organic nodifier. The
final MM_@_&@H _ 96.02% with the isolation of different inpurities. For
an Overcﬁéﬂfgi&wriiétyls gt)st?e%z%%@éicﬁsn Weld GisddheddGASEM O Ad”$0% 26056 BHE
gradient from10-20% B with a steepness of 0.5 was used 20 EXAMPLE 11

Enzyne secidthatitherlpad cafcentration wanbeiaveen Welstodd.Poigptl Wiet load vessithemilteredind

e o nah JeafrEPER ¥ plefeasPTRe SR M e e RBial o BlR 3 B o ng

capeci insufih glarghil petilitR oflfeshh)OThé Nad! puditp s@sBetwedn 25l 1 40% @ntdigiagn) . The
| oad purity was 71.03% containing several different closely related

i npur i sevesaldlifferenkinusities Blutiem ayes camried out upipg 390 yalMs(itae asid{SyHet A et c.
Elutio C ' oMt US| . L. ?ﬁlgtﬁ],a&, : fher A
and acg{l %\ﬁlﬁ rﬁugfe?é}f e?h%BﬁrggRgggé]dg%lzqg?a |az“ri13$Jt ro 1%9%&2% V()\vFl,'[ﬂ hti1§

st eepnésidativh o diffeverst inpacitiesdot be overall ptirityp fBORTY6 steh ikldmcnease & 86.puri ty

of 88.24% The maj or advan e of . | oyi ng the_ non-linear 21 gradient was
t he reé/&&F‘E)‘h"e’r"rgrgiqig‘ti%f?ﬁ%ﬂé%ﬁé‘sgﬂwﬁggw i Oy wa pesg- by 97% and des-octa
aspgrt (reduced by 70% . Preferred enbodi nents of the present invention
have been disclosed. A person of ordinary

EXAMPLE 10 b) _
Glargine crystals post enzyme reaction were dissolved in 2 M HOAc and 10% acetonitrile

such that the load concentraﬁon was between 0.8 to 0.95 gpl. The load 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 related
impurities such as des-octa aspart, flank, monoglycosylated aspart, etc. Elution was caﬁied
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



5 skill in the art would realize, however, that certain nodifications would
cone within the teachings of this invention. Therefore, the follow ng

cl ai rs shwol2diiei1mvudi ed to determ ne the true scope an®#CTanNtmEnbooafo t he
invention. MCSLLP |N PA-154122POT/ N2/ Ote/ 000459 Received 09 May 2011 W
claim .1. A preparative chromatogr&ihic nethod for purifying an Insulin,

I nsulin analog or a derivative thereof froma m xture containing at |east
one related inpurity, said nethod conprising steps of: ). subj,ecting the
mi xt ur eradignt Miap the PRt i@ the dupwdtisach A rf]l?%‘% (redugeq hysé%)s ﬁ%‘ﬁd%?ﬁ‘tfta

equi li 9§1%\H‘?{jediu@ed3‘b %%)ar and an organic nodifier at slightly acidic pH (b)
el uting by ‘a convex or’a concave non-linear gradi ent of steepness having

st eepness coefficient ranging fromzero to cc running from buffer
concentrations in the range of 0.0IMto 1M and (c) recovering the purified

I nsul i j ' i . ' dppurities
R e R s e N s
chrematkifjriaphé art wardé sealize, lsobevet, ablat dertaim modjifioatorsonpuld somg witlinEke hange
Chr omat ogr.aph I Reverse_Phase-HPLC or .a conbinatjaon thereof ;3. The met hod
accor diSgupss %ﬁ"gisrﬁ“i‘?m’sﬂ'?erg‘?rﬁfsoﬁlgﬁr gélloﬂ’"?gwgl%‘t“é“ps )’idiol%e %H‘%F‘gﬁo g‘?&?ﬂﬁﬂ%e resin
or CA y fok&cspd dfPeonfet Bf the-inveRfioA®t hod according to cla in 1, wherein the
buffer enployed Is an acetate buffer. 5. The nethod according to claiml,
wherein the pH ranges fromabout 2 to about 5 6. The method according to
claim1l, wherein the insulin derivative is IN 105. 7. The met hod accordi ng

to claiml1, wherein the Insulin analog is glargine, aspen, |ispro,
glulisine or Insulin nethyl ester.



8. The method according to claim 1, wherein the target inpurity is des-Ccta
i hpurity, des thero inpurity,. des octa aspart inpurity or flank and

nonogl ycosyl ated apart or any conbi nation thereof. 9. Thﬁwt hod accordi ng
to claim1, wherein the ratio of the pol ypeptide to t e In on a wei ght
by volune ratio is in the range fromO0.1 to 50 g/lI. la The nmethod accordi ng
to clai mIgypaherein the ratio of tBe purified | nsutdpaNImMempidioanal og or a
derivative thereof to the resin on a weight by v@etdre-d@tNigy 2E1i n the range
nore preferably | to 25 g/l1. 11 The method according to clainms 1 to 10,
wher ei n t Yedaimyvered purified Insulin, Insulin analog or a derivative
thereof has a purity of at |east 95% Anmendnents under Article 34 Amended
Sheet | PEA/AU MCSLLP 1N PA-1 : " ; i\ved 09 May 2011
T2, Puri f e\ IR0 SEUBF O - e "ol T e A1 Cecol ne. Cl e e w th & puri Ly
‘of at least Qbfgatiwheeeshidie mpuwk tpednianerlest pre @aips BBy ¢2f get i npuriti es
by at | east 50% 13.n.5§1§ rswtgés od of purifying insulin and analog fromm xture
“cont ai ni ng JEEOd SYPPISRE *FR At ed i mpurity, said nmethod conprising steps of
(a) subj ect@ngbiedes tii xtixnme (@ SrEHHFEERIE GFGHR WRATENDS ©5{E é‘ﬁ‘eind :

equi | i brated wi{hQFeank §udRMkddiagbreanic modifier at slightly acidic pH;

(b) eluting by a convex or a concave non-linear gradient of steepness having

steepniess coefficient ranging from zero 1o running from buffer concentrations

in the range of 0.0IM to IM: and
(c) recovering the purified [nsulin, Insulin analog or a derivative thereof devoid of

target impurities by at Jeast 50%.

2. The method according to claim 1, wherein the chromatographic process 15
on Bxchange Chromatography or Reverse Phase-HPLC

selected-

from a group comprising I
or a combination thereof. 7
The method according to claim I, wherein the resin in step a) is an ion exchange

resin or C4 to C18 silica resin.
The method ‘according to claimi 1, wherein the buffer employed is an acetate

buffer. |
. The method according o claim 1, wherein the pH ranges from about 2 to about 5
6. The method iccording to claim 1, wherein the insulin derivative is IN 105.

7. The method according to claim 1, wherein the Insulin analog is glargine, aspart,

lispro, glulisine or Insulin methyl ester. | |
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 combiqation thereof, _
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 from 0.1 to 50 g/l.

" 10, The method according to claim 1, wherein the ratio-of the purified Insulin, Insulin

&ﬁalog' or a derivative thereof to the resin on a weight by volume rg.tio is in the

range more preferatly I to 25 g/l

11. The method according to claims 1 to 10, wherein the recovered purified Insulin,

* Insulin analog or a derivative thereof has 2 puﬂrity of at least 95%.
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(b) eluting by a convex/concave non |inear gradient of steepneas having

st eepness coefficient ranging fromzero to cc running from buffer
concentrations in the range of 0.01Mto 1M ; and (c) e@gg[e%ng i nsulin and
anal og devoid of target inpurities by at | east by 50% e met hod
according to claim 13, wherein the RPHPLC is washed and equilibrated with
pH rangi ng fiyemahout 2 to about 5. 5. The nethod aegardimmeotsn clai m 13,

"~ wherein'the recovered insulin anal og has a purl t yr&@tivad 04 RRSLOBT%  16.

Purified Insulin methyl ester according to claims with
purity of at2 Pedisd 1950 ﬂWéWéF%WHé‘hBB?EF?di‘ %{ﬁ’ém“w%}%@‘? %q!eag‘?er i s devoid

of target inpuJs a%k,%& Yo itied BASSS iDRYId ﬂ;f?targajmpﬁmtead by hideagi -Wéﬁ according to

any of the precé claimw th’ it f fehh the
purified gl @r glmﬁéhqd§fd’é’§i@i“§ pylin é&dgﬂé‘ﬁ%ﬁ %ﬁﬁrﬁﬂ %t‘gg%%;gg%{% a{\e\g%t 50% 18.

Purified asp%}:ateaq,ﬁa{r@ BGd kehanysmpfisitdweepprecedi ng claimwith purity of at

| east. 88% erelnthe ur|f| VQI fi dnar bratépuri ties by
at. | east 50%Y N‘?ﬁﬁ%‘ﬁe‘ﬁf W&t ﬁgﬁﬁﬁgl%eh@h%&?@n%e%s%heet eglgf’mE,&/ AU

with organic modifier.
(b) eluting by a convex/concave 10n linear gradient of steapness having steepness

coefficient ranging from zero to oo running from suffer concentrations .in the

range of 0.0I1M to 1M ; and

(c) recovering insulin and anale
14 The method according to ciaxm 13, wherein the RPHPLC is washed and

equilibrated with pH rangmg from about 2 to about 5.
15. The method a.ccordmg to claim 13, wherein the recovered insufin analog has a

g devoid of target imperities by at least by 50%.

purity of at least 97%.

16. Purified Insulin methyl ester accordmg to
n the purified Insulin methyl ester is devoid of target

any of the preceding claims with purity

of at least 95%, wherel

1mpur1tzes by at least 50%. |
17. Purified glargine according to any of the precedmg claim with punty of at least

96%, wherein the purified giargme is devoid of target impurities by at least SO%

18 Purified aspart according to any of the preceding claim with purity of at Ieast‘_

88%. wherein the purified aspart is devoid of target impurities by at léast 50%.
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