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Yeast expression systems are popular because they are easy to grow, are fast and scalable;
however, some yeaét expression systems have produced inconsistent results, and it is
sometimes difficult to achieve high yields. One yeast expression system that has shown
great promise is the methylotrophic Pichia pastoris. Compared to other eukaryotic
expression systems, Pichia offers many advantages because it does not have the endotoxin
problem associated with bacteria or the viral contamination problem of proteins produced

in animal cell culture (Cino, Am Biotech Lab, May 1999). Pichia's prolific growth rate
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The present invention relates to the identification of various' glycoforms of insulin
analogues more specifically insulin glargine through chemical methods coupled with maés
spectrometry techniques such as electrospray and matrix assisted laser desorption
ionisation for identification. The invention shall herewith permit selective purification of
the product from the aforesaid impurities through optimized down stream purification

methods attributed to the better understanding of the nature of impurities present in the
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The main object of the present invention is to develop a method of obtaining a purified,
biologically active heterologous protein recombinantly expressed in a yeast expression
system, characterized in that said purified protein is devoid of or contains substantially
minimal amounts of glycosylated byproducts.

Another object of the present invention is to develop a process of obtaining a purified,

biologically active heterologous protein recombinantly expressed in a host cell.

Yet another object of the present invention is to develop a process of producing a purified,

biologically active heterologous protein.



di scusses the nethods of purifying insulin anal ogues

such as insulin glargine with reduced | evels of these
waehe@waet1ey i zed gl ycosylated inpurities to obt aP@I/EN200800219

pure gl argine product after fgrnmentation through yeast

based expression systens. OBJECTS OF THE | NVENTI ON:

The mai n object of the present invention is to devel op

Still %nHﬁiEf‘ egje@ﬂ‘ oPiabRk& ifvétionf s ad, obbiif | LPInERdd, yoﬂ@gicwqay active
het er ol ogous protei n reconbi nantly expressed in

heterplagous progeie peidynt wik perity ddlableagit®ébs.zed in t hat sal d

purified proteln is devoid of or contains

Sill BSPRARIcE: oAtk REreRS L ERLo8ris th & M o Bl acive
hetexbmg'@ayﬁﬂo@@n BriMCCRER HQﬁtyCiﬁtﬂ?é Rh&Go P PLIi0bA.ed,
ogi cal 'y active hetéerol ogous protein reconblnantly

expressed in a host cell. Yet another object of the
. n | an el o ocC f. [ .
Still gﬁgtﬁlr% %)b_] 5(} etg pge%e%% f Q’f/:lqtg% Is t% é?l{éraoﬁ%rg%eglsm%l?rg léfar&ge with
puritplofbelesst 96%4.1 anot her obj ect- of t he present invention
is to obtain a purified, biologically active
het er ol ogous protein product with purity of at |east
Still %& elStd‘tJ det ad}oiﬂée?regé}it Sfibertiont 1€ ooBﬁt%ﬁpta bEE 11ih Selargine
puri f bi of gl caI y active tero gou%
contzpmmgéess tlpxmob}@@if glyicosylged 1myur1trest he range of 97 - 100%
Still another object of the present invention is to
obtain a purified insulin glargine with purity of "at
- Still hB@Rér G586t oPithd preddR ilRntiOR il otﬂélntar@rﬁfeﬁﬁﬁﬁﬂm glargine devoid
invention is to obtain a purified insulin glargine
of glgensylatadiingputiiss t han 1% of gl ycosyl ated inpurities.
Still another object of the present invention is to
obtain a purified insulin glargine devoid of
Still ghothi@sotjedt et thdprékdr: li@fentiSh id fo cbidh hegurliaaduldf glhldene devoid
resent invention is to obtain a purified insulin
capyjated BemwBitgsofvhgrsie oyl atveesyidtedirformesf thpeprefein may be

mon5§1§co%§13$9e‘31§% A &Yy ERET: ghivLliRoRAEEI N MY be

STATEMENT OF THE INVENTION

Accordingly, the present invention relates to a method of obtaining a purified, biologically
active heterologous protein recombinantly expressed in a yeast expression system,
characterized in that said purified protein is devoid of or contains substantially minimal
amounts of glycosylated byproducts; a process of obtaining a purified, biologically active
" heterologous protein recombinantly expressed in a host cell which process comprises steps
of: a) Culturing host cells transformed by a vector containing a DNA sequence defined by
formula I encoding the heterologous protein under conditions suitable for the expreséion of
the protein; b)Recovery of the expressed protein comprising separating the said protein
from host cells to produce a recovered protein preparation; c¢) Subjecting the recovered

protein of step (b) to a step of crystallization; d) Performing a step of enzymatic conversion
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FIG 2: Analyticél Chromatogram of the reaction at different time point- before and after

enzyme treatment.

FIG 3: HPLC profile of insulin-Glargine

FIG 4: Comparison of retention times of isolated impurities with final product.
FIG 5: RP-HPLC profile of the Insulin-glargine final product.

FIG 6: SEC-HPLC profile of the insulin glargine final i)roduct.

FIG 7: Electrospray ionisation mass spectra of glargine, monoglycosylated insulin

glargine (mGIG) and triglycosylated (tGIG).
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B is the amino acid sequence of the B chain of the insulin molecule, its derivatives or

analogs.

Y is a linker peptide comprising at least two amino acids.

A is the amino acid sequence of the A chain of the insulin molecule, its derivatives or
analogs and the A and B chain can be modified by amino acid substitution, deletion and/or
additions.

In yet another embodiment of the present invention, the linker peptide may be any
sequence comprising at least two amino acids with the provision that the first two amino
acids represent “RR”

In still another embodiment of the present invention, said protein is defined by SEQ ID: 1
or SEQ ID: 2.

In still another embodiment of the present invention, the host cell of the yeast expression
system is selected from Pichia sp.

In still another embodiment of the present invention, the host cell of the yeast expression

system is selected from the group comprising Pichia pastoris, Pichia methanolica,
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¢) Subjecting the recovered protein of step (b) to a step of crystallization;

d) Performing a step of enzymatic conversion in the presence of trypsin or trypsin like
enzyme;

e) Purifying the said protein containing at least one related impurity comprising
contacting the said protein mixture with a chromatographic matrix wherein
purification is carried out employing a polar organic buffer solvent, in an aqueous
phase containing an organic acid buffer; and

f) Precipitating the eluted protein.

In yet another embodiment of the present invention, the DNA encoding a heterologous
protein is represented by formula I

X-B-Y-A

wherein,

X is a leader peptide sequence comprising at least one amino acid.

B is the amino acid sequence of the B chain of the insulin molecule, its derivatives or

analogs

Y is a linker peptide comprising at least two amino acids.
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group comprising Pichia pastoris, Pichia methanolica, Saccharomyces cerevisiae,

Schisaosaccharomyces pombe, Yarrovia lipilitica, Hansenula polymorpha, Kluyveromyces

lactis. '

-In still another embodiment of the present invention, the host cell is Pichia pastoris.

In still another embodiment of the present invehtion, the host strain is GS115.

The present invention also relates to a process of producing a purified, biologically active

heterologous protein which comprises:

a) Inoculating an aqueous fermentation medium with a transformant yeast strain
harboring an expression vector which directs the expression of the said protein;
and

b) Growing the transformed strain in the fermentation medium under conditions
effective for expression of said protein.

The present invention also relates to a process of producing a purified biologically active
heterologous protein wherein the expressed protein is captured from the fermentation broth
using ion-exchange chromatography.

In still another embodiment of the present invention, said process comprising a step of

crystallizing the protein by addition of zinc chloride and phenol.
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heteraleizpsaptiotin.rsajst proeess comprisingrp sfep lof carpraiier caavpGHnsifacted in
at | Jal e . efined by SEQID 1
the pipers 8BRS o MAKFRGB dORIORNGed O a2 T
In stiitanbthefembbéimeanbiitie Peerentoihvéhinpthesedtér-iniveid bryanictsdobrent is
ene defined by SEQID 1 or 2 is cloned in frane with
selectrgt iremsihg rEPUR SHPHENE | 1 PV sttkap!, cxepigaenassiongile, ethyl

aceta{mlﬁ&ﬁﬁgme}egyenti on, the host cell is selected from
Pichia sp. I'n still another enbodi mrent of the present

In stillmuether embodilventhafshe prlséntiisvestibechildprbeasscomerising astep of RP-
omprd sji.ng Pichia pastoris, Pichia nethanolica, . .
HPLEpiRifichinn ofobie afabi misniescont, i eario Ags £aaisd oty by

conta¥Bhd O¥b asdidl Phrotelid CRixtiIRNHBMU kA cReMadY e resin matrix wherein
Kl uyveromyces lactis. In still another "enbodi nent of

purifichégompisecratied pwvemplpping at pdatherganic duiffe; solpprghinaan aqueous phase

astoris. In i l4.anot her enbodi nent of the present
Contalﬁ)rﬁl\“/%%?P]Eﬁ%,mcta}%g&%uofgetr' strain is GSI 15. The present

In stiil AMEHAET @hb@ligent Elted SSsdnd irtvepli @G @ixSpdlar Hufhed uslivelt ifacetonitrile.
purified, biol o%i cally active heterol ogous protein .
In st eécﬁaﬂhngg@n q)th¢ RERSENtHY Rj 108, tlg?qg@g@@ acid buffer is selected

o 8 AL AR M AR YR A koo

acid exiphesghoie aofd.t he sai d protein;

The present invention also relates to a purified, biologically active heterologous protein
“product obtained according to any of the preceding claims, with purity of at least 96%.

The present invention also relates to a process a purified, biologically active heterologous

protein product with purity in the range of 97 - 100%.

In still another embodiment of the present invention, purified insulin glargine with purity

of at least 96%.

In still another embodiment of the present invention, purified insulin glargine containing\

less than 1% of glycosylated impurities. 4

In still another embodiment of the present invention, purified insulin glargine devoid of

glycosylated impurities.

In still another embodiment of the present invention, purified insulin glargine wherein the

glycosylated form of the protein may be monoglycosylated, triglycosylated or
polyglycosylated.



and b) Gowing the transforned strain in the
fermentati on nmedi um under conditions effective for
wepoaeadon of said protein. The present invenk¢DIN20%@0219

relates to a process of produghng a purified

bi ol ogi cal |y active heterol ogous protein wherein the

expressed protein is captured fromthe fernentation
Refepenot hwills nog  bo mmmhadajml adrthereiresgnityp pyefedred %hibloﬂlments of the

anoth r . enbodi ment of ﬁ reseng%lnventlon sai
InveRiQRRahGRPPPISYIY the follepingrexemple; sary to wl%l%@emrwmlw of the
mveﬁ)(yo@ddltl on of zinc chloride and phenol.The present

i nvention al so relates to a process of producing a

urifj cal ly active heterol ogous_protein,

The Expmgp FB@é‘g‘s %'p%rp SFingrt t%tag\omdfndsw&ayﬁﬁta the éieplien Paare not
interfelbll €51 shBuldNfot BE @BRARRY Q(f) Tiht %'s@o#@ﬁaangnvga% The Examples do

wat er’-m sci bl e or gani ¢ sol vent .
not inetbdeldletaitd desctiptéong fes@nventipnehmetbiods ¢mployed in the construction of

vect(\é\r%,gtg‘% _L%Sngﬁ%inib g?ae%%?néléa So' }?pgioﬁlg%ds oI szlgs S/gﬂtf 1rrs or the introduction
of th8 ¢euliitig SlhdrBids ﬁitbmbs@(rﬂ{eamwemlyd 46 85t ihbRIAE @ttailéd\description
still another enbodi nent of the present invention,

for @éV@t@n@lcl@g%mb FpPloyEd doraassasane dfe Miawmdmpnodu@dt byosuch host

vecter E@% pégéhe@g%&%‘ﬁ L%r&elfﬁ.lg ?auo dE% Eo%la ary ts &ha tﬁﬁ Zglnd are

descﬁbd?cblmi&ﬁmgﬁi‘@w”pubhbﬂ&m@ muhicﬁng(by\merxmleél catl on is
carrled out enploying a polar organlc buffer sol vent,

ueous phase.con ni n nic acid
Aceqeinglo RN B ABF A5G G Do« TP E8uRe ™ hRY. diplogicall
active hBetp@lloub Uplo®din SRtMEBInantsy a&ptafidt ik | £ hosh @lli Which method
anot her enbodi nent of the present invention, the

commsg&ﬁﬁeps alcid buffer is selected fromthe group
conprising citric acid, acetic acid, boric acid,

f)rOCﬂ]tﬁm% hébt By hﬁﬁsmn%édcb)aﬁ Ivdcip @oﬁ’tﬂ%@&’ ‘DT@A%!}IS’ence defined
bﬁl,gresent i nvention alsd relates to puri f
bi

HHD Ilyorgeenopdingdhe hetendegsis prajeioi under condltlons suitable for

the expression of the protein.

b) Recovery of the expressed protein comprising separating the said protein from host
cells to produce a recovered protein preparation

c) Subjecting the recovered protein of step (b) to a step of crystallisation

d) Performing a step of enzymatic conversion in the presence of trypsin or trypsin like
enzyme.

e) Purifying the said protein containing at least one related iﬁpwity comprising
contacting the said protein mixture with a chromatographic matrix wherein
purification is carried out employing a polar organic buffer solvent, in an aqueous
phase containing an organic acid buffer.

f) Precipitating the eluted protein.



product obtai ned according to any of the preceding
clains, with purity of at |east 96% The present
WO pooeno418h al so rel ates to a process a purifi eRCT/IN2008/000219

bi ol ogi cal |y active heterol ogpus protein product with
purity in the range of 97 - 100% In still another
enbodi nent of the present invention, purified insulin

DERINATPONS: Wi th purity of at least 96% In still another
enbodi nent of the present invention, purified insulin

“‘ l,ar g taining |es glyeg
cafl; 3R GARRLCbP Preciiunalit o ostlin Sy “BF FUSC pis, g used
interblﬁbiﬁ@@zibljﬁrhs Wi bé | oieshr IR0l the cghtekxQiTiRse @étﬁisdlnelfude the immediate

glycos ated inpurities. In still another enbodi nment
subjest Celh Fresasiibednsited progeiniof fhecpresegtiny entipna ey, o course, the
t
prog fh% RrSs g o@?f? g.{ié’éé&ﬁ%{ iﬁ'fafgg{) é)i; plé%%]a}; he Qfagﬁ}? hdbnfBY tB%he parental

cell, Fiué ycgd:hanos yuddtioas Reﬂléfeesnme IIY\BINII‘OIhﬂW‘nb élovager, Isﬂch:iﬁt@ed progeny

esently ferre enbodi nents _of th
are lrl?ii}é?ff irb s feertss b %wnr?gwgeiaai F}’Gvﬁli%a%?%’éﬂﬁi gelevant to

thosé@&n\férrécporﬁt?f@'o@igifha‘ilp%raﬁ£foﬂﬁécpéé?§ of the invention. The
Exanpl es whi ch ow are set forth to aid in

under st andi ng the invention but are not i ntended to,
As uggtheseigyihg teidt " eteronersied rtu@}elci 754 malgeyleseappileiof tigpgporting

anot¥@Ynuclie agﬁat éh aﬁol;eehrlﬁikg@el“ {e‘?llnl '%Q fé@ﬁsﬁ lv@étbp'nﬁlcludes

or conventiona ods enpl oyed i n the Bonstructton
plasmidsyestodsor phages c&pabltemnf mymhegﬂngshesnrbgmtt popteins encoded by their

respfis¥ PSR, SRS AIHAS 15115 RS0 it ERGRp 6 (g gopabl of
autoRn ARt repREAtIeE CarfdiRxplesf6n SESREIeR! Qs iOOthfcqaneﬁsyi fatONAked. In the
met hods ™ enpl oyed for assaying t he pol ypepti des

presqmt @mm‘mtlby, "plasmidioand "veetpn rarsymden@rchsu&dabmsanplaamsi is the

we| | dinar ski
most{Euap9 Pl for 87 Foeli, B bR G il o i tuce st
otheM@ytn8f ofexgEs R vedest o viicly sér9e @qeivarpe Ginctibnd Bed Wthh become
i nvention, a process of obtaining a purified,

knov i) theypig gplpsyquently hereto.

Polypeptides referred to herein as possessing the activity of insulin glargine, e.g. are
insulin glargine are understood to have an amino acid sequence with two changes of the
_human insulin structure: substitution of the amino acid glycine for the native asparagine at
position A21 of the A-chain of human insulin and the addition' of two arginine molecules
to the NH2-terminal end of the B-chain of human insulin produced by recombinant DNA
technology The primary action of any insulin, including insulin glargine, is regulation of
glucose metabolism. Insulin and its analogs lower blood glucose levels by stimulation of
peripheral glucose uptake, especially within skeletal muscle and fat, and by inhibition of

hepatic glucose production.



active heterol ogous protein reconbinantly expressed in
a host cell which nethod conprises steps of : a)
w@ovae41o9g host cells transforned by a vector PCT/IN2008/000219
cont ai ning a DNA sequence defined by SEQID 1 or 2
encodi ng the heterol ogous protein under conditions
suitable for the expression of the protein. b)
The BdZoemeodingfa hidierobgpuemstein ay wpesentedbp farsiutegl
}geggrg;igg the said protein fromhost cells to produce
vefed protein preparation c) Subjecting the
wﬁ§gﬁered protein of step (b) to a step of
crystal lisation d) Performing a step of enzymatic
Xam/lea@r@npmdﬁ selfuense es@pyeing bt leastone Amino adidpsin | i ke

RS S hSg! o5y B L HBSERL BT e o

aﬁallogsprotel n mxture with a chromatographic matrix
mhereln purification is carried out enploying a polar
rsQaalml@r peirtidercogyuisingiat lsapf o agineddd: phase contai ni ng

E%ﬁﬁ%&@ﬁ: %1%& &f 'weeefﬁ} cﬁﬁlﬁ %H?ﬁ Fﬁlcﬂgproﬁ%uﬁl HE ﬁgnvatlves or

pro ein tures
alegsmhcﬂ tieen . kB oheinl &ih o mbBrﬁBﬂ hyedtﬁliin'b awice SId:fstlemon deletion
d |nterchangeably as wll be clear fromthe
38 9f éddtiofhese terns incl ude the i mediate subject
cell which expresses the desired protein of the

The ?{grglf‘g(g-%)éﬁw (2 By ex’a}gk%'tldg’f’ %desl?erelhqﬁclﬁﬁ&gﬁm’orms of insulin C-

i'sS un ood that not progeny are
peptieeaiicludingl aadivec at syrmhdtimep@mﬂ&nt&ichaﬁd;dhn db[ieptldea:hmmdm human
mut ati ons .or _difference in environnent.

uch
PePtgles, AP riSgRAY Sher PEIal dBeFisHanch geers, &rﬁgﬁﬁﬁ e, Thus
Varl B &r{aemgaﬂﬁ%é(nsr@ﬁ'tl@e LA r@g@ﬁi&%rd@ ‘iﬂc@@deﬁea{selﬁﬁ?:és H%g retain

ose conferred on the originally transforned
1nsuhus €dpdmllde|aqtlvntj1e[t tieknow dt tler 4rt te fierdefyt the sequenices of proteins or
peptiaclies wlm)st ?gtgfn?ngc %ﬁ‘bulsg ?];ctwltayng’r{%lo lilgsl quy be achieved using techniques
which are standard in the art and widely described in the literature e.g. random or site-
directed mutagenesis, cleavage and ligation of nucleic acids etc. Thus, functionally
equivalent variants or derivatives of native insulin C-peptide sequences may readily be
prepared according to techniques well known in the art, and include peptide seqﬁences
having a functional, e.g. a biological, activity of a native insulin C-peptide. All such
analogues, variants, derivatives or fragments of insulin C-peptide are especially included in

the scope of this invention, and are subsumed under the term “an insulin C-peptide”.

The linker sequence can be any sequence having at least two amino acids The linker region
may comprise from 2 to 25, 2 to 15,2 to 12 or 2 to 10 amino residueé, although the length

is not critical and may be selected for convenience or according to choice.

The linker peptide may be any sequence comprising at least two amino acids under the

provision that the first two amino acids represent “RR”. Moreover, it will be generally



anot her nucleic acid to which it has been Iinked. The
term "expression vector" includes plasm ds, cosm ds or

W@ ragastieapabl e of synthesi zing the subject prBCEIN08/000219
encoded by their respective rgconbi nant genes carri ed
by the vector. Preferred vectors are those capabl e of
aut ononous replication and/ expression of nucleic acids

apprdciatdihg) uhBEYcephR difciiBBncdsNittWill Her@%&ithgeous to provide homologs
specification, "plasm d" and "vector" are used

of formng ef i snbjeetingulasglatginep pepsein hich eeithesagonitmermnjegonists of
only Iﬁf}sﬁgsei oF [p{agfpro\fglﬁsJ g;ﬁeolo%{g{%eagﬁﬁﬁies.tﬁ%sl ﬂ)\é?l@i%lb(f&o %ﬁloer;ffects can be

ended I'nc S er forns  Of express
elicitv@by aestmuit GithsicHone] ool Itaitehfunttisit; hhd néthabdemdidebifects.
beconme known in the art subsequently hereto.
Pol ypeptides referred to herein as possessing the . =
In ongenibpidingensf the pyeleicracigl efithe iwentéiongencades 4 prjypaptide which is either
t ) ' id. .
on ogfpfth O Af-Bh st AL SRRt i AR B B Abf@e WREo cia

sequetidh 3éprédehiedby EQ D I\aﬁ”iZnBrem'frdﬂl r%icye@d ﬁtﬁds‘ écotlbe pegtideving an
. asparagi ne at positiqn A21 the A-c in of human .
insulin aelarging RREPIR AT A ADE] ngo%t(f%%%@dwm QEqYs1 Bets Rgfepably 95%

. ) . ¢ i . _

o8 P 870 R TR B v i

SEQ abtNar?. dfuchaiy acids which, encods agdinisg oi argaganist gbmmgydfiiesulinsglargine
requl.ation of gluc tabolism .lnsulin and its

protel G Trash b OGS Saplg e ey et g fp SFQ ID No

2 ardP8lsb PRERA! thel 46698 Sf URE Rnti6B PREIEhbIY, Yid RhdleitkRli®tiflh cDNA
nmuscl e and fat,” and by inhibition of ’hepatl c glucose

molegilo chopnirisingT aeleBsa padioni ofgths tisicotide sgauescpreoeeding 48 insulin

represented b X- B- Y- Awerein, Xis a
glargf%fdgfémpge t“fndésfsEg%Hye geﬁ'corrpri sing at | east one am no
acid. Bis the am no acid sequence of the B chain of

The tdjRrhafienHli dletTPAEC WsQlisdubsed ARkEdiM Ak NEE 2@ NeaBN 8O FRombotésS at least
a'linker peptide conprising at |east one am no acid.
one operator, at least one leader sequence, at least one Shine-Dalgarno sequence, at least
one terminator codon, and any other DNA sequences necessary or preferred for appropriate
transcription and subsequent translation' of the vector DNA. In particular, it is
contemplated that such vectors will contain at least one origin of replication recognized by
the host microorganism along with at least one selectable marker and at least one promoter
sequencé capable of initiating transcription of the synthetic DNA sequence. It is
additionally preferred that the vector, in one embodiment, contains certain DNA sequences
capable of functioning as regulators, and other DNA sequences capable of coding for
regulator protein. These regulators, in one embodiment, serve to prevent expression of the
DNA sequence in the presence of certain environmental conditions and, in the presence of

other environmental conditions, allow transcription and subsequent expression of the

protein coded for by the DNA sequence.



Ais the am no acid sequence of the A chain of the
insulin nolecule, its derivatives or . anal ogs and the
wWoR@AdoBIThai n can be nodified by am no acid PCT/IN2008/000219
substitution, deletion and/oradditions. The term

"C-peptide" or "linker peptide" as used herein
includes all forms of insulin Cpeptide, including

Addlﬁ‘@rfallx Git %rpréﬁéﬁj'eh et ﬁn BRbpgas sec%é’c@#}rr lefkRed |sé({he§c@€@bﬂe§§1$ either in

human peptides,” or om ot her ani nal
the veqn@roor@é tlen?l egdroditlag Db%eﬁmmalmey Theleadersseqménes iy &y & apgition which

allowis rﬁ‘l&q ll%cglafsé@uae}nlgﬁg)sl%olfr?rﬁg :th\ellglt aél? ascléllltl t§ lﬂ% g elpgl Fpg)%tlo%rgf the nucleotide

sequed6é icapible dft diréctiﬁ@o&bt’prés@ldhhef alid dbﬁirdm @idtyint fiibitor without any
sequences of proteins or peptides, whilst retaining

intervenisierirapslation teyminajion pigaaly- ¥y Brepppe 196 theckrdsy é@ﬂll%f*hﬁ desired in

?{Ng] grd in the art and widely
pmﬂfé scrlbégélﬁqﬁégau |té§%?%§e e.g. random or

sitedirected nutagenesis, cleavage and |ligation of

1) thepiekedice odtHedBadl Gequbhtsmay vilithieribi proeersingalfend initial product to
variants or derivatives of native insulin C peptide

the maBteEsrembineay PiotaR PIafugls prepar ed according to
technlques well known in the art, and include peptide

2) thé Bli u?eﬂré%:% Bl?ealv 'a%eg Ia IIelfler]Ct | ?%Al@ageel%{r}fgzgablg})f ﬁjsearg%ombinant protein

prodi ah@g e iredtigi tA f)ﬁ)teaée fﬂh‘i/lﬁﬁok wasofthe Edlbgyrepiasm Of

insulin Cpeptide are especially included in the scope

of this invention, and are subsuned under the term"an .
3) th pseskiee o Pepleadis” seqense | mask effe@etlm ahdy cdrthp geepmbinant protein

prodL}cgg)uﬁﬂcf ﬁallg a%%ln Bt r%ctur]g%%rﬁluéhmﬁl c g?liea roge %ghfzofltgggejf %frtoplasm.

2 to 10 am no residues, although the Iength i s not

“Traﬁ§dr11itfb%|al apékumﬁrf’ ese?f_li;lleﬁé‘é‘ 'egs fr giRAY EMdrBNC@eA! throughout the
according to choice he |i nker peptlde may. be an

speCIﬁem@ntse refenpiei DNAY sequdneess t suchoasa iitiation istanalsn fahancees, and
promB{sOVI nlnt haet ort (f:](%entf b3k s{g:'ﬁ%or?%@?crtgiﬁl c%%ln{ P({qg%&{é%] v¥1th which

gener yappre
they Mﬁd}@érab@r Iﬁlﬂieﬂ Lﬁ p&iﬁmﬂaﬂﬁﬂﬁﬂlmérﬁs Whankcripgioa an‘teagﬁlmnsm insulin
to provide homologs of forns of the subject insuli
glargiieageients greéweths Wmtg)‘l, qr @ RPPRET $£98RICSt ©Oropther transcrlptlonal

AL PBILAS 0P g ARSGhe l O BRIScpe i ol e
in whetlf episssioans gended.

"Control sequences" refers to DNA sequences necessary for the expression of an operably
linked coding sequence in a particular host organism. The control sequences which are
suitable for prokaryotes, for example, include a promoter, optionally an operator sequence,
a ribosome binding site, and possibly, other as yet poorly uﬁderstood sequences.

Eukaryotic cells are known to utilize promoters, polyadenylation signals, and enhancers.

"Transformation" means introducing DNA into an organism so that the DNA is

replicable, either as an extra chromosomal element or by chromosomal integration.



elicited by treatnment wth a honolog of limted
function, and wth fewer side effects. In one
wepisodi4rent , the nucleic acid of the inventi onPENTXRAER#000219
a pol ypeptide which is eitherl5an agoni st or antagoni st
the human insulin glargine protein and conprises an
am no acid sequence represented by SEQ ID No: 2. f
Depepdiagepn el rhost sl wssild $ransfovaation pedonelaisingy stagdard techniques

i.nsyljn i [ in activity.and ' l.eas .
aoprei3bd foT P B CenBlaE el O il SO0 By Blom 5 Sormarions
have Nieeh peetibedbyy ko iOMNS 0PatiSNV) t4BBID I@MiRaedCASL. 16, 1983.

sequence shown in SEQ.ID No: 2. Nucleic, acids which
Transforansdions guiei ¥3ash are fYDigrdli eartied ok ageorflingulo thegmethgidnel Van

: tpei n i 4G, ; -99% ho W .
Solinflbf 7% F o FARL: 140: Sk () EPRglo B B L MC RO R bl ot
(USA9¢6pa8ast (10f®). i nventi on. Preferably, the nucleic acid

is a cDNA nol ecul e conprising at |east a portion of

t he nucl eoti de sequence encoding an insulin glargine,

A regpbigan} SHBHITIONNSSEN |1p Siscled. Irame prokawiotie | @i pukaryotic hosts.

Eucax‘gloﬁg%gé ' illl‘lclﬁéT gb%‘? USHS k. %? "Sﬁ&.rl]lardngﬁ:le%‘ deredlsideSas f’iégﬁepastoris),
ronoter, at ast one operator, at Ieast one |eader

mammelarecadls, or plankt eelis. BanterishimdesuRarlygtic nellssareuesitable frbm a number

l.east one term nator codon, and any ot her, 3
of dilEit 0o, el Soumial s PotosHIRYE ke ar, eg. the
AmeridaANBfel ChIhRE CANEHRINGEE MR odivaARS Md . WorReidlE sYECELSS cells
DNA. T'n particular, it is contenplated that such

used ﬁ(@g{:g@ﬁxg}iwﬁ prqt@imeapmssion algggxov&eénﬁr\}cg"pns fofr usage of the cells.The
i B, UG 5 SRR el 5, 0 P CBEARL ) Bt

poly@P@a@t er sequence capable of initiating transcription

of the synthetic DNA sequence. It is additionally
preferred that the vector, in one enbodi nent, contains

Consemtenty.rth©pibj et @i drequesenhipabitionos afeypsssion sysjera®r cassette which

. l.at ors nd ot her DNA sequen capabl e of c.odin .

is fufeFBAIOF S A0yt B ~YRd SRPERT BRnd P Broo o Si36ing Bt stain

Pichi£ 6§6iall RElects€ Fiven tHe d26@Y EdtsisEN P bE PEh pAforish BidEMAnethanolica
sequence in the presence of certain environnental

and Schirapacclaremares, ambe #rd pliassia dlee expretsiner ofetheidesierepelapeptide
there&oé}gbailrlggﬁe gfdt%;iﬁgréé’n?é?ﬁsc{ﬂepetotOﬁacae'adurﬁlép HRIUSHYOL of the elements

express
necessary for its expression.

The term "recombinant”, as used herein to describe a protein or polypeptide means a
polypeptide produced by expression of a recombinant polynucleotide. The term
"recombinant”, as used herein in reference to cells, means cells that can be or have been
used as recipients for recombinant vectors or other transfer DNA, and include progeny of
the original cell which has been transfected. It shall be understood that progeny of a single
parental cell may not be completely identical in morphology or in genomic or total DNA
complement to the original parent, due to accidental or deliberate mutation. Progeny of a

. parental cell which are sufficiently similar to the parent to be characterized by a relevant



protein coded for by the DNA sequence. Additionally, it
is preferred that an appropriate secretory | eader

WG wWaam1e9 be present, either in the vector or BET/AN20085000219
end of the DNA sequence. Thelfeader sequence is in a
position which allows the | eader sequence to be

i medj ately adjacent to the initial portion of the .
Propepfy USh s the @%ﬂ&h% RUGObiE Seuears %E’Pa‘ﬁlé ar%%gqqzswwﬁe; are
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seguence may. facilitate hos rocessi of . the initial .
s B P RE  RetVES SE0EPRaD Bree: f TprRUEL miclgy acid
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_purification of the reconbi nant protein product,
peptiden pelygeptilerarqupisn fhevijel incaensed pridortiar isodasired. Theevectors of
. C | as 3)...the presence of the |eader .sequenge
the inf o VR R e hplen o DhRRASRA Al B s G tom
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directing the protein out of the cell cytoplasm

speciesTP gt i PoFaR@Ll mgdified dram dis quiginad fomn ifsfrgribe isame species.
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r ot ei odin equences with which they are operably X
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a pronot er sequence transcri ptional
regul atory sequence) which controls the expression of
The tergp “P‘é'&g’r%g n%tﬁ’FP'é‘én)ETOFha &C’E’@Pﬁﬂf’? ﬁ@mil’ﬁs%ﬁitgﬁ peptide and one or

3 M H H t e [1] n [1] f . o.
more SIESANE0 h2chg! B0MALe, GEMUERLe SROUBIGEST €1 Sk v
compaypigera blyyrddicike dthe octintegts e Lt nieast i onea cpataminent dronnabe peptide
organism The.contyol seguences whi are suitahble fO{ .
comp Qe Mol sReCTRGHY (b ECHOoR Srasee of G Bifopiamvention resulis in a
biologddHliyondive )’lw@é?*olfé%@ﬁﬁbﬂfteiﬁ SAYSAGIRantR Bk ROS0MEn DI ?stf‘ @xpression
site, and possibly, other as yet poorly understood
systeng.eehagavéesized in that said purified protein is devoid of or contains substantially

minimal amounts of glycosylated byproducts.

Apart from the glycosyalated form presence of nonpolar impurity was confirmed by
MALDI (m/Z: 6089). The presence of this nonpolar impurity varies from 0-0.5% in the
final product which is generated during the processing of Glargine. The difference in mass
between glargine (m/z: 6063) and non-polar impurities (m/z: 6089) is 26 units. Chemical
identity based on molecular mass indicates the probability of water loss in one of the

amino acids and acetylation

The term "chromatography" refers to the process by which a solute of interest in a

mixture is separated from other solutes in a mixture as a result of differences in rates at



Eukaryotic cells are known to utilize pronoters,
pol yadenyl ati on signals, and enhancers.

WO T00anefiT mat i on” neans i ntroduci ng DNA i nt o aPCT/IN2008/000219
organismso that the DNA is t&plicable, either as an
extra chronosomal el enent or by chronosonal
i ntegration. Dependi ng on the host cell used,

whicht the frski v dwad tspitesi of theo méxtuss migrae Sndeghda stet pmry oweslium under the

. appropriate to such.cells neral aspects of

mﬂueﬂ’%ﬁ?%prflg‘ﬁng é’%‘?seh%rs]tn b%&}és?%dn‘?ht%?fﬁ%cfesosre?fat i ons have been
descri bed by Axel in U S. Pat. No. 4,399, 216 issued

The texuy “High Peefesmanicedigiid chromatogiaphy”y essisedherein, refers to that

chromglf i Brog i 58 Phich JREBBHES 5 ongfio PRargh B8 cotumn
packing h@Osma#l (Hetweedl 3 @hd 30RaReonsNahd regledCwitiStittle (4#Aon Heom the
3829 (1979). A reconbi nant expression systemi

. . . . S
selected pige+ Berhf ehypmgtagkaphy gypicalin amplowarylatively Hagh §around 500-3500
o C hosts include yeast cells (e.g.,
psi) mi%@?%%%#fyces cerevisiae or Pichia pastoris),
mammal i an cells or plant cells. Bacterial and i
After @utast praahismc bad beegr ehogemitheybeior isoftansfastadbigfo gie host organism

. different saurces includi C -l rce
using BiCEAGIsCRbp RN RN, BF 1R GRS Bn MR REC Byhples o sueh
methddsniayrte foahd BCAd@mctdlBaEeriRaGdnetitd Iy RMI. )Davisostnall, Goddl Spring

sources of cells used for reconpjnant protein

Harbog baesssoldropaingdiaper N E i (B3P uehich is seesHiqally dueagporpied herein
: [ S

by refefirof RS 1HORHEE, Bl ohe SobbihREy Bl BRI Gt at low

tempef2omee,q tednpckaturet hepuatiopeist cafterhpletegr &s enmenms efitregulaiisg gene
a, ex resEion sy%ten1or ag%stte mh%@h is functional in

expresgiqnghrough the 1sg of rOBﬁ’iaHOWgﬁ 8 BSEEIPr om the group
consi sting of strain Pichia especially selected from

The hbhftexxhlgirdt?i@arﬁﬁﬁ§ g&t élﬂh@lrcﬂf uﬂRleﬁ lRbadifieuss fyprepridtt €dvi the expression of
.met hanol 1 ca and Schi zosaccharonyces ponbe and al | ow

the insHEn eglpreaes PERFUBTL ¢ ﬁﬁe%?egwdé%orﬁo 2N éﬁrﬁr%igy tSREF eff%r he host
_D . r Q r . of

organf3E AL Mt kALY iy BTRET0E ol DA Mg B RfeCeie KR of the

publishzerl#sratuon reginding ethen growtio wbiditions’ forasuchsegahiems; fort example

Berge(}jf'g ertrllu% of D%ge?rtn?ﬁart]ivg rBa%?elr'oPoe } ht%eEéTF Wiliadhs & Wilkins Company,

Baltimore, Md., which is specifically incorporated herein by reference.

Thus, a coding sequence "operably linked" to control sequences refers to a configuration
wherein the coding sequence can be expressed under the control of these sequences and
wherein the DNA sequences being linked are contiguous and, in the case of a secretory

leader, contiguous and in reading phase.

According to one aspect of the invention, Insulin glargine precursor of formula X -
Glargine B chain [B1-B30] -Y- Glargine A chain [A1-A21], wherein X is the leader
sequence, B chain is the Glargine B chain sequence of B1-B30, Y is a linker peptide
sequence between B chain and A chain, A chain is the A chain of Glargine. The GIP-A



pol ypepti de produced by expression of a reconbi nant
pol ynucl eoti de. The term "reconbi nant”, as used herein
WO poopabgrence to cells, means cells that can bRCDIN2@8/A®0219
been used as recipients for ngconbi nant vectors or
ot her transfer DNA, and include progeny of the
original cell which has been transfected. It shall be
precutsod ahsyt ®e dprbiadedpbp @epiessidn dn i hgiteexpacssivhabyseeh Inordycluding

bacteﬁgfqg}%? 51(1:0m§|t gé g: }ngﬁl fﬂ@e@ I,ﬁg ml Gt oql}jce{;?pgo L&Bfﬁégnmyces for which
meth&%rﬁgtlmo%etot Pose ﬁklﬁfd‘tlﬁltlreoﬁrt ARfekRARE qgﬁc; hidid vol. 194); and

Progeny of a parenta ch are rciently
fungi sich haAspagiliue, Weurestors end dricherteans dvi wbxﬂ:hbyethods are known to

| t t t
those SRy R e ARG o M5 SHEH IR B BRERAS Rhef S R Poberay
CaterC 0p3bAl €ma BAheE A . (CAmERIBE Ul verdtyer oS N, VYO91), Hanyf which

nucl eic acid sequence for which i ncr eased

can be robtained fomothgl Amgpieass BypmCrliurg dsqlleetion, eckuidle, M. which are
routlr%mggz% @h{hggé: ngr{]lﬂgglllil g%ﬁér? %ﬁ%%m(g}’ nEBl: %Sglj s%ragl? isgselec%ll from the

groupt ommralingyyeasnantes Sacgrapimyes ca@k/iﬁiae,DSd:}dﬁo@dicchﬁr@h@fbéls pombe,
for_ which _increased production is desired. The vectors
Yarroya kipiditiea FEamsemtia palymoephss Eduysramyseadactis, Pichia methanolica and

Pichia Eﬁ&[@%%% %meedffbx ueAfi fd 1&\?1@6& rdcB@bieh Protein. Even

et er 6l ogous ans a c aci d sequence or
more podfyrpblyt thédostataimisiiehiapasorist om a f orei gn speci es, or
that is substantially nodified fromits original form

In paf't{cuf %é%%nuc en?tfb%? g‘? ided E}I‘&@gs%'f ChandedoRe ol lf uz[ii? glargine

unnodi elc a sequence or ypept |
protennSmGhltimgCH fratreyitadioprpeseed a recavery Iphrocess candsa pmﬁnhuon process.

heterol o Vect of . the invention ¢an.hagve .one
he progess @gvgf) tﬁﬁ r@g‘l‘%ﬁ arfprnenigtion gyoqssy PEFiEH ¢ er?ée%rFf%“g Rrotein
is pro?i'ut:@d iVORNE SRR Fvids aORE: ARk YselyhdHes QanE&hﬁ‘g the said protein is

regul atory nucleic acid sequence which al
mteglatqdrm‘@sth@ gefme, vehe®@h theTfeemensation pncmsrsyncrigdesaa gsep tiérgentation

o o RSB ST OTL AT, b PSRRI 8 s

compBisinit ¥ly8érol hatcheRirin@ftation,! BRIBASID Asiution fodmdaiosl Bed finally
the contents of at | east one contan nant fromthe

produgtipi.i de conposition. Mre specifically the
purification process of the present invention results

The GlBrgdne precursor is then captured from the fermentation broth using cation-exchange
cﬁromatography. The recovery process provided herein permits capture of the glargine
precursor and removal of cells and cellular debris, where the recox}ery process provided
herein provides for a yield of 95%. Alternately, one skilled in art can test and evaluate
alternate methods for capturing the desired protein product and removing cells and cellular
debris including but not limited to various other chromatographic methods, centrifugation,

filtration, differential precipitation, and other methods to be determined.

The glargine precursor captured from the fermentation broth is further subjected to

crystallization for color removal and storage. The precipitation of the precursor in a



bi ol ogi cal |y active heterol ogous protein reconbinantly
expressed in a yeast expression system characterized
WO poovhe19sai d purified protein is devoid of orPCOIN20810219
substantially m nimal anountsjof gl ycosyl at ed
byproducts. Apart fromthe glycosyal ated form presence
of nonpolar inpurity was confirnmed by MALD (m Z:
crystallizgéd forih quitablyneefoahed hi sn aquepad aehitlepitni g1y cumpiiesl between

3.0 2 1 h GratFRb T b 838 il Mot RIS WH@!dh feh GriBs cpppentraton
of th%@teﬁlefnv‘ﬁl%rh#ls@ﬁsg\'/éﬂ%lé 'Jélﬁ Qﬁ)@l e BELWRER1PHIEE0 ﬁ/lf’ tp;eferably

urities Chem cal 1de
betwbers 2dnd A0 rgil.aoadtgrefombly 8 tujlft%he"ﬁhet ¢restpllisit i Ibrpcqss ofn be done

Ios in one of e.am no acids and acetyl ati.on
at & WS atp e BetRerhdcasth e THF wpehEsor SRS ofiE B SeSorRd from the
supeiatamh el%e?%ly%ﬁtrﬂﬁgdtlﬁh edRahtatich ¢ ftrafiod. e I s separat ed
fromother solutes in a mxture as a result of

sy e et S b R BB e v

fromt th€ felrﬁ{énveb&meo@{h tdTEel %oﬁféﬂ&?angé’ relutiramkpor@ﬁ a@Rébl1edsUdBmonium
processes. The term"H gh Performance |iquid

acet%«h saih’ﬁhmgrlapm 'to elige ﬂ@aﬂom &jom the @hmi@t@gralohbatA pure crystalline

i n.whi c rtce

prec?rg?r Z{Ia ﬁ%{)é nprﬁaggéér oceg ﬁuh%eq&le ht s rﬁps nd i%rllcrr]ease The efficiency of

the ré48tibh. Thetmeerllink hd @l Wﬁdz@ﬁ Shd 3titled %LﬂhaWoMfdtHé subsequently
l[ittle variation fromthe sel ected size. Such

stablg fprdharadinle Hoys Wherncdened abifeys rel ativel y hi gh
(around 500-3500 psi) inlet pressures. After a host

Glar§ihe 2ah H& J85ar&e BRnL 1HRSERrgihd) Bre¢BGbOhrigsht 42 BSAy@idtRtonversion.
rnto the host or%anl sm usi ng nmet hods general | y known

The ponvyensee iveifested arttxe @R@sr:ncel of tyRsimor TyBsiinifeegnzymes of plant,

ani h m%lbl g’r' ea&ﬂ)rr]l carr gvo% L§ l’tllx resence of water-
gt R PRELA BBt ey i b ey

mlscﬂ’_ﬂeﬁﬁgan@bcdvéﬂi ilifkg DMSDO(dlmbthYI sulfcik?c&Q)Dl\/I\Ethﬁtrheﬂhsl formamide),
speC| fical |e|¥ i.ncor porated herein by reference,

angil e3cstang daceioniBhie ok albgbpcaEHe esneﬁla%lytDMFta\nérRWﬂréEﬂ%wferable
ratio o&fcﬂfe a}u‘a‘é‘éotl@éﬂ? 85 AbYEH658E rﬁ%ﬁééﬁl% Eb&ﬁg&d 889,08¢ kR reaction

~contenplate means of f&gul at
mixture.
Glargine-is produced by treating the precursor GIP-A with Trypsin. The leader (if present)
will be cleaved from the precursor by Trypsin. The Trypsin reaction is controlled in such a
way that cleévage at the C-terminal of “RR” C-peptide is maximized. But the reaction
could not eliminate the unwanted cleavage by trypsin in other trypsin cleavage sites. The

probable other trypsin cleavage sites are between “RR” and C-terminus of B-22 (Arg).

The rationale for the use of organic solvents should be determined by the solubility of the
starting materials, tendency of enzymes to denature and its hydrolysing activity. As may be
appreciated by a skilled artisan, mixtures of organic solvents may also be used. The

addition of organic solvents lowers the aqueous concentration of the reaction mixture,



expression through the use of operational elenents as
set forth. The host m croorgani sns are cul tured under
wa@negiledigns appropriate for the expression of RGEEIN2008/000219
insulin glargine precursor. Twese conditions are
generally specific for the host organism and are
readily determ ned by one of ordinary skill in the
resulting ,inj prevéngion of hydsolpuiblof spredudtj ted atlsor eemadiablyi imgreases the
the growt h.conditions for such organi sns, for exanple
“ﬂm%%végﬁﬁgﬂﬁﬁwﬁﬁ| of Determinative Bacteriol ogy, 8th
Ed., WIllianms & WI ki ns Conpany, Baltinore, M., which
The ¢amceprtiohiaddhé precncor sogeatmtly hbowi 150y Lr he reantien is carried out

T et ki G YT
prefeS®Haiboat CRDS PE. eXRIFASRIHABAMINE AR OIRE) b %%r buffer

sequences and wherein thé DNA sequences being'linked
systegys €ag ba upesLititTensdt ionie sitgpgtbstremaintain gecnequiogd/pH Rehstipon time

. [ Kh readi ng. phase.. Acgoprdi.ng to,one .. .

is vafi 1 ol 3R ) R AR Ko B ARG pleR L Gpingga unti

the guditymolf ahX prodachrsgirie dEréRigndidBio B§8lolysis oflthé Prdtfict) It takes
chain [ Al- A21], wherein X is the | eader sequence, B

geneafly ppoytd Otrﬂ@u%gs 49 & haus apf i mogicgsrsimbeuigh18howso, v is
a |linker peptide sequence between B chain and A chai n,

The Ane&ataiohoftehgyrie GhaétBrndihedHeedHMG onlEWAcEARDR FTGUbRRkes and
may be produced by expression in a host expression

enzymy AACHMthoF oy sEmaplicn gheh seysteling Byprén avpidable in dbe imarket is used
I romyces for
prefe e o R G e B g BRI e "o
(Met hods in Enzynol ogy vol. 194); and fungi such as
The margfeqatipn Imethodisompsises sutderting rthe howdinnglafedre sampln to a step of

p S0 SRR U IPRRP L SobPr F gl vased ren
matriReRestihrorhabgphidadaditioadshiBepmebt obtalisng {PPEtidd GE nearly 98-
University Press, N. Y. 1991), .many of which can be

99% gty preterably HOKerus®r i can Type Culture Col | ecti on,
Rockville, M., which are routinely used by those

Thuss khwhited iplodiRe ralated MimkiedBbimed! ARIJAOK! pEtficd h e successive
sel ected fromthe group conprising yeast such as

reverssapledsa rebugroate sepheip PenerateSuhe Glargins: Halyeonylased fonie and Tri)
impurities can only be detected after the first purification steps. So, special cares were

taken to purify the Glycosylated impurities in the 2nd RP-HPLC purification step. The
Glycosylated impurities generated during the fermentation is fully characterised and finally

purified from the final product to the maximum extent.

The invention features, in a significant aspect, a method of purifying the protein, the
method including the steps of subjecting the instant protein to a reverse phase HPLC
column and eluting a sample that includes the peptide with an organic solvent, under
conditions that allow the compound to be bound to the resin, and washing the organic
solvent from the resin with an aqueous buffer solution. The effective performance of the

present invention requires the individuation of right combination of the chromatographic



Yarrovia lipilitica, Hansenul a pol ynorpha,
Kl uyveronmyces lactis, Pichia nethanolica and Pichia
wW@a®wvae4189 whi ch are capabl e of expressi ng hi ghCT/BN2008000219
of a reconbinant protein. Even nore preferably, the
host strain is Pichia pastoris. In particular, the
present invention provides a process for manufacture
matrigf td hsubded, gharnpd nelyer ahdithe iiowit utiengtha of eherebuiffet i fon efficient
fprocess a recovery process, and a purification
purligaleSss . The process provided herein includes a
fernmentati on process wherein the aforesaid protein is
Brerf AL IR Bl AL BRARE SR BT AR Y st GRERICRGfey gy raining
the dedieedgeroeive prodoet: &l suitdbke metrixesedtin die a[romeﬁgraphiﬁ celesn is C8
. a seed fernmentation to grow host cells to a desired
Daisoggl| densi ty and a production fernmentati on process
conprising glycerol batch fer ment ati on, nethanol
. . y ' I
Acco IS5 bRV RETENGE S ARB0 A 0P Bt e produc
is 75%er B8V, atdooding tebdothksiaspect af ’lhe linveextibatgeyield of the purified insulin

el PRt oo S50 EHERIY HATBIEE BIRSc) 008 1P g0a fhe vield

of th@%uﬁﬁéd s fé?él!né' laddudeRrasss - V‘JU% eaJcBﬁi1ﬁ§ﬁpy&ranother aspect of
process provided hérein provides for a yield

the ipyendomthestisid of rhl@ wkiflddgdsulin glarginegmoduss is %ﬂ%j e%%umcardmg to
still ol BpeSiitl Pefvornl ERTLY bR pbrifef BRUAERIAFER! Siofut is 05%

- 100%cl uding but not limted to various ot her .
chr omat ogr aphi ¢ net hods, centrifugation, filtration,
differential precipitation, and other nmethods to be
Accogiding tarpmeaspedine the argintien thegquuifisd rinsmlaptglarghhefpr@ﬂnct fsedevoid of
at i on, brot.h hs further subj.ect
or copft AprreailoRTrgr dmoupts Rl e BRY Detigts. Appering to one

asped? o8 Ghinkdhti M HRfpure o HRCMAFRE ihsulRCENEi R proasd if @f lsast 96%,
Is suitably performed in an aqueous vehicle at a

accordingpto sdhdyeaspeeinof3the iaventiencthe mugite o&ishy pyried n@ﬁubncglargme
prodm §d aP!e%gtfgﬁ/b l ocfcg{ % B %68 fanc‘)"th?gr gs?)ﬁét o(} thé t11“:{len’clorh theI purity of the

concen 1o € aqueous ve

punﬂ@al 1ﬁg11mogtmrgmeeplroh&¢tweem Iéast 9808 thegdddingdtoe et rafmbth)er aspect of the
etween 2 and nost preferably 8 to 14% The
1nvet§1,op§beap}n|‘1§ra@ﬁ t(ljxﬁ pblflg@é ggsu@g,glggmadﬁ@duct is at least 99%, accordmg to

still another aspect of the invention the yield of the purified insulin glargine product is

100%.

The invention is further elaborated with the help of following examples. However, these

examples should not be construed to limit the scope of the invention.



at a tenperature between 2 and 3Q0C. The precursor
crystals can be separated fromthe supernatant either
whgooeae199 f ugat i on, decantation or filtration.PCT/IN2008/000219
Crystallization of the @ argipe precursor G P-A
renoves the inpurities carried through fromthe
fermentation broth into the cation-exchange el ution
EXAMPLES well as ammoni um acetate salt which is used to
elute the product fromthe chromatography. A pure
crystalline precursor also helps in reducing cost in
EDQ%M%“%%B%equent steps and increase the efficiency of
the reaction. The crystalline formcan be frozen and

' bl e f t.h
o34 RS A e S SE P ML e by o v
[GlapgiapArdinf (AORARDY, Ghae gl e loads pepiide $euentg BaRain is Glargine B
.enzymatic co_%vgr§|_on. . The canver si on s ef fected bé{ .
chaip Feduspess i krlap: ¥ riy pdinkergreptidls praupnge; hegwesn Ay faain gnd A chain, A
chaiR i@ ffe: A RRhBIF @ff'ar%l‘hf%r PRE 3k Lﬁﬁéeghﬂ by}feVB@a&f‘ 1e84kr' 6} other leader
etrably I n C{ §

carried out pre e presence o
peptidet Eharlisleir ipeptider Yann be snyorerfran thdkexaRHORRIRRAAPDR. The GIP-

| f oxi d DIVF, (dj pet hyl f 1de), eth I tone, . .
A et IneY by aneeted B mteB{ el g e 4 s s ool

Pichid \ustoki8f ScaRdr8myads @r&fisid e BaRi e S0l vent i s about
0-65% especial [y about 40-60% of the reaction

m xture. dargine is produced by treating the
The grl@edrmocur@rPwas \Wldnkd Tinyfane . wilth ¢hd Badatfa (dignap rpeptidd Yn Pichia

cxori P LGB F QRN BESE e M VB a1, it i

fibRRAHANEsATd tbRBtn EBhEERREssly GBI iInCpREPLHIThE S
recoma\xi mﬁgesd. But tahe reac}tq?osr? cgou%urﬂ%{) el i m nat ee(:tr%tgd PrECHISOT

was tragiedh véid teipsviaguensye Glargisie and othst perduct sefesechinguaidieadalargine
I & The hlhe other tr in cleavage sites are
was B EEt by N LI R s S ha b bR (Arg). The

rational e for the use of organic solvents should be

SEQUED ¢héprBRdtsite bdificAQ fobiHle d¥refife Pr&ursr aidvit}fa predicted molecular
_.materials, tendency of enzynmes to denature and its
weighy af 604psPn gnd estimateq pl Agluemy 6188. Appseqieacebashisanucleotides and

killed artisan, m xtures of organic solvents may al so
53 afla feffy. *The

SEQ ID 2 represents the sequence for expression in Pichia pastoris with a predicted
molecular weight of 6428.4 da, and estimated pl value of 7.78. The sequence has 171

nucleotides and 57 amino acids.

Glargine precursor GIP-A is secreted by Pichia pastoris into the culture medium. The broth
is centrifuged and cells are separated from the supernatant. There are multiple options
available for the capture of the precursor GIP-A including Ion-Exchange chromatography
and Hydrophobic chromatography. For this invention cation-exchange chromatography

and HIC were used to capture the GIP-A.



addi tion of organic solvents |owers the aqueous

concentration of the reaction mxture,resulting in
wee@oaantipon of hydrol ysis of product, and al soPCT/IN2008/000219

remar kably increases the solupjlity of the products.

The concentration of the precursor is generally about

5-50g/ L. The reaction is carried out at about pH5 to
ExXAMpip Bf erably about pH 8 to 10. Reaction tenperature

is about 0-40 OC preferably about 2-25 0C

Tri shydr oxyl met hyl am nonmet hane (TRI'S) or other buffer
CONSYERUMHTON 68 uSHE aRECOMBINANT o WVECTORNGARRYING THE

it al j tion time is variable
INSQﬁWl@%@&%ﬁW@?ﬁ@% PE ‘i on conditions. Reaction
may be continued until the purity of the product
Insufid @4gind GGEQRASIMNGIIYS) &8s B¥HEL Y Bhde Hit H1€ rﬁﬁtqgkigﬁal Pebtide in

takes "general |y about” 30 mnutes to 24 hours and
the Piokia pratosis expoession- Y@ tdro pPECOKThéEhe armpmhmmtmiasnmﬂ was used to

wanGolEY PRbe e R R SRELG) £ BRar RSP & B gutin Glargine

PrecGisys talidh RE11t B/ R @V abhadieami Eulﬁﬂ'&tlﬁﬁrﬂﬁ@besb StoU@Re the final
preferably in a concentration about 10-10OOrg/L of the

prodpefact i on mi xture. The purification nmethod conprises
subjecting the insulin glargine sanple to a step of

TRATRORGALFAN, Dt BECEIT 03T oY RE; 80¢ommrvant

VEGI'(DRSE@&RR%HNG TEH ENSUPIN GEARGINGD PRfEKL‘URBOR
sai d peptide of nearly 98- 99%purity, prefer abI y 100%

purity. Thus, unwanted product related inpurities
pPIG%fr/I%A\AﬁbnmhmbOpug rdcioptbinant phsnshBNe‘swias/ digestedvgth Bgl [T and

e e TR ONB B AP T oo P oLl oDyt e imvitogen

man@i2 pesli@d adfctBlediphcotdlIoF thddrisformatib® o‘é&(ﬁﬁé So,
speC| al cares were taken to purify the dycosyl ated

inmpurities in the 2nd RP-HPLC purification step. The

SCREENDYy FOR M URJIrCOPYSINEBERANESdur i ng t he
fermentation is fully characteri sed and finally

urifie romthe final rodu ext
ApoRnaH oD s Sierd ireet e VES dodu e g icro die
platedRIdM@dviet] afpitbprdate BOntkdlE "er‘iﬂﬁb@wefehﬁcubated at 30°C for 24 hours and
then stamped onto YPD agar plates containing 0.5 mg/mL Geniticin (G418). 49 clones

were selected which were stamped further on plates 1, 2 and 3 mg/mL of G418 for second
round of screening. Finally, seven clones resistant to 1- 3 mgl/ml G418 were selected and

used in expression studies.
CONFIRMATION OF GENE INTEGRATION IN THE GENOME BY PCR:

Genomic DNA from selected recombinant Pichia clones was subjected to PCR using gene

specific primers in order to confirm the integration of GIP-A in the genome.



nmet hod i ncluding the steps of subjecting the instant
protein to a reverse phase HPLC columm and eluting a
waamphetiphat i ncl udes the peptide with an or gaPGCTIN2008/000219

sol vent, under conditions thag4allow the conpound to

be bound to the resin, and washi ng the organic sol vent

fromthe resin with an aqueous buffer solution. The

' R ntion

SM%%%%%EH%SE §| Vi lgésrﬁf]]g%ﬁ% rfleg Toﬁg?natl on of the

chr omat ogr aphi cmatrix to be used, the pH val ue and the
Smallaoile expreesigh Brudfestin @ fugtorigrwdre rcaefeli i @fber the protocol given in

purifications ver%‘h%ﬁtri but e of the chromatographi

hi c
InvitsegsBetgRealn Fiely s thgiclanes nyere ogteWinp 2h PRV 1R %gft%‘?nfqltgwed by
1nduEtEkﬁ1 HER miehndl QQHC@ IncﬁtélU Lt BBl Was d dut for a
t he chromat ographic 1 G i's I soge ccordi ng
totaltod 3alags.aspect of the |nvent|on the yield of the
purified insulin glargine product is 75%- 80%
accordlng to anot her aspect of the invention the yield
EXAM Fﬁ%3pur|f|ed insulin glargine product is 80% - 85%
according to yet another aspect of the invention the
insulin glargine product is 85%
FEF%”@E@kgggggﬁgaﬁgE ‘ﬁ$%t anot her aspect of the
invention the yield of the purified insulin glargine
Recdisiflat IndusinA0egindRUneRaGO plioB&ks thas Bédnl dptiahigdd @ Naboratory scale.
aspect of the invention the yield of the purified
Prescprﬁ@chbfrlﬁwgt apgeidespiintipncal thaposess. 100% According to
one aspect of the invention the purified insulin

is devoid of or contains
SEE@L@@EEE&P&?ﬁgﬁhtnlnal anmount s- of gl ycosyl at ed
byproducts. According to one aspect of the invention

The Betéﬁ P& Hihrh e oRfaids FS1 AW fih &ddiehd UY bdt BHRGE B@sePAﬁgﬂ&{lthsulfate
at | east 96% according to another aspect of

Glycerplepatassiun kighysluegenyphesphate apd diffotasgiuim bydrogelg phcvsghate and D-
Biot roduct is at least 97% according to yet another

spect of the invention the purity of the purified
insulin glargine product is at |east 98% according to

A sidgé V?dl‘?lto‘ﬁ?fre@z%ﬁ)%‘ats WREd I RobMyRNhE Q8kdt ﬁ‘e%kp‘Fﬁé R/}élsotvelter'tﬁawed to
purified insulin glargine product 1s at |east
ambigot derdpergtute before inoculation under sterile conditions. The 1noculum was

dispensed in the Minimal Glycerol (MGY) medium in an aseptic manner.

The quantity to be added to each flask was ascertained, such that the initial OD600 in the
pre-seed flask was between 0.1 - 0.2. The flasks were then incubated for 20-24 h on shaker
at 30°C at a speed of 230 RPM.

FERMENTER BATCHING CONDITIONS

Fermentation process has two phases, Growth phase (to build up biomass) followed by
induction phase. Product was formed and secreted out to the broth during methanol fed
batch phase. Fermentation was performed in an in situ sterilisable fermenter. The

fermentation medium comprises of, orthophosphoric acid, potassium sulphate, potassium



still another aspect of the invention the yield of the
purified insulin glargine product is 100% The
WO pavenoediom i s further el aborated with the hel pp@F/IN2008/000219
foll owi ng exanpl es. However, Zshese exanpl es shoul d not
be construed to limt the scope of the
i nventi on. EXAMPLES EXAMPLE 1: G P-A represent the
hydr@dide, ginagnesiuec snipbateofaldiamnsilphate [aGil sglyeenal. B hekaichemicals were

. B1-B30)]- Y- [d argine chai -A21)], where X is .
aissolye inaateblsegtieti Qe dhibinets: “Boehal e bt g M aadaeC for
a speRETHAERGR dOStd3k- B3@ionYofl Gadk $AlVSRT bRERIWES pTESWEN S&arately and

bet ween B chain and A chain, A chain is the A-chain of
filter feafigpdh and pHdeds aspntierlly teetie Hernpmiasi aften inddium eteridization and pH
. I [ .1 inker peptide Y can be -
adJ“S%‘*ﬁéy‘%ﬁ%B?)?‘%%ﬁ ?’%%H’Eéli‘ggn%?’%‘%%ﬂ? RRDADDR The G PA
precursor may be produced by any suitable expression
Prodidh ¢ Peft&htatash f968Rid GBietadofled, TR febhantBewhOlnodulated with 5%
Saccharonyces cerevi si ae, cells etc. The AP-A
seed ppocaiing drompess seadovhalie iflask.r Belowing tparavectanstsehlet hes begianing of
i.derr B aPi-chi ¢ i veeior, pPl COK. Pichia
&nnﬁgﬁﬁ%?ﬁg’285?&§P%%ﬁﬁgégﬁifga%ﬁgﬁfTansforned with the

- reconbinant plasm d to obtain clone expressing

EXASHPY Bigae precursor. The secreted precursor was treated
wWth trypsin to prepare G argi ne and ot her product
related inpurities. dargine was purified by using

RELAGED € PNYERSIONSANDYPHRIVICSEQONME YEPIEsent s t he
sequence for the glargi ne precursor, having a

redi ct ed nol ecul.ar wei ght, of, 6045 Da and esti mated pi,
Insulgﬁas 1Bf REC@BsOrTHhE! FGURERHa T (TTAIEOR TS BibimAstas was
subjeB@H D BifGtionERe | bk WARLCERBLRA ! RetRCAUSNGE ol Wrocess are as
expression in Pichia pastoris wth a predicted
follows| ecul ar wei ght of 6428.4 da, and estimated pi val ue
of 7.78. The sequence has 171 nucl eotides and 57 am no
The ac%lgrgh packed with SP Sepharose fast flow- matrix (GE Biosciences) was

equilibrated with 50mM acetic acid. The cell free supernatant, adjusted to pH 3.8 using
ortho phosphoric acid, was loaded on cation exchange column. The loading on the column
was < 50g/L. The elution was performed using ammonium acetate. The recovery of the

step was 95% at <50 g/L loading.
PRECURSOR CRYSTALLISATION

The Glargine precursor captured from the fermentation broth by using a cation-exchange
chromatography step was crystallised for the purpose of colour removal and storage. The
crystallisation was done such that the precursor concentration at the start of crystallisation
was around 2 to 20 g/L, preferably 8 to 14 g/L. The crystallisation was done by adding
ZnCl]2 & phenol and then adjusting the pH to between 3.0 and 8.0, preferably between 3.5
and 5.5. Phenol can be added at 0.1 to 0.5% of the CIEX elution. pool volume. A 4% ZnCI2
solution can be added at 3 to 15% of the CIEX elution pool volume. The pH can be



G argine precursor AP-Ais secreted by Pichia
pastoris into the culture nmedium The broth is
weemwnifioged and cells are separated from t he PCI/IN2008/000219
supernatant. There are nultipl@e options avail able for
the capture of the precursor G P-A including
| on- Exchange chr omat ography and Hydr ophobi c
adjustért oyrasiog ey hikali Foefdrdiily NaO¥eort TBIS d&tiwystaiﬁsziniangmocess can be

donec(gq Irgotg&%t nge aegg S M@@ t1o Ca p?lg\q@e time so that
the cY%gf%l%BF%Xh{}@ I&F‘)}ﬁgﬂe{\é%ﬂ—l*ﬂ}! £ vaf% AIECHRBORe r1]°r1chm the

Imsulin G argi ne cursor (dP-A s cloned |
supewmiataint bﬁelthmtcexatr@@mah opégintbonn the Pichia past orl s
expression vector, pPlCOK. The reconbi nant pl asrri d was

used to transform . Pichia pastoris host strain,
Example 437 468 dpkep alu@wmﬁggequﬁ%wﬂce@trav@m e SPs/éé mdaken and

2.3 li‘ti"'ghl‘:@f g/h!:rLol tk;é JopkfNEP Ovo‘illﬁﬁ\ébs% N%HH@QP b fid &&&Pﬁxa‘%{ %e?ﬁls was

I nal product. FORNATI
followed by \additionHE FEROMBIE NANT XAEC]EG@&':@ARRB’ISNGMT HE woNEth)l fhe pH

was LR Ghihn AHSS o CRRSIEC & ek g 1) BT PR, GO, e

motHé$ ﬁéudrcwésr uBddP SR GliFREAUTRGKRAS f&els ﬁnﬁlftes%nﬂq{i&rpfrhl%ferred
15 (his4) host. The invitrogen manual provides a

to cellét mome d2p4° 6 o odiereofit twas kepdnevYeonight |T)lmnp thec excholee mixture was

cent35Re by UMOrOP L MBS Dt Bl CoH Spb BHbIRorY sepirifuge.

Thelb@“nsﬂ?&h@taht%@il.@ﬁ% es along with appropriate
controls. The plates were incubated at 300C for 24

hours and then stanped onto YPD agar pl ates contai ni ng
Exa@ple 4hy/ rfi00Gahiof ietition( @bi@reovat@olcb@weﬁ‘trammel@ ed/by twad taken and

0.625 1} %5} T EERR 1B ) S lfER o er priRe i fhis was
follo®e® B 2diRDh D aB625 Gnilof B MO koldB (3EIR, 98 EPGIREmANThe pH
was 4.08 at this stage and it was adjusted to 4.8 by adding 315 ml of 2.5N NaOH. The
mother liquor was kept under slow stirring conditions for 15 minutes and then transferred
to cold room (2-8°C), where it was kept for five hours. Then the supernatant was separated

by centrifugation. The loss in supernatant was 4%.
OPTIMIZED PRECURSOR CRYSTALLISATION CONDITION WITH YIELD:

The SP-Sepharose elution pool was chilled to 20° + 5 ° C, 5 mL (0.5% V/V) of phenol was
added for each litre of elution pool. Required amount of Phenol was added in an aliquot of
elution pool and finally added to the main tank for proper redissolution. After addition of
phenol the stirring was continued for some time before addition of next reagent for proper
redissolution. Now, 12.5 % by volume of 40 g/LL Zinc chloride (4%w/v) was added to
induce crystallisation. The pH was then adjusted to 4.8 + 0.1 using 2.5N NaOH (approx.
85-90% of SP-EP volume). This entire mixture was stirred for 30 minutes to ensure

homogeneity and then held at 2-8 °C for at least 8 hours before centrifugation.



used in expression studies. CONFI RVATI ON OF GENE
| NTEGRATI ON I N THE GENOVE BY PCR Genonic DNA from
WG 20002040 reconbi nant Pi chia cl ones was subj ecP&LIN2008/000219
PCR using gene specific primeys in order to confirm
the integration of AP-Ain the genone. SMALL SCALE
EXPRESSI ON STUDIES IN P. PASTORI S Smal | scal e
Base@opntkRsRisoin the ydpeesatant, e piedd onas sppyexienataly OOBcht ohik s@p.
per the protocol given in Invitrogen manual. Briefly,
t he cl ones were grown at 3Q0C in BMGY fol | owed by
EXAMBL& ¥:on with nethanol in BMMWY at 240C. |nduction
wi th methanol was carried out for a total of 3 days.
n-ERVENTATI ON PROCEDURE Reconbi nant
TRX&%@ﬁiég?infgine fermentation process has been
optim zed at | aboratory scale. Presented belowis a
GlarPihé &fasdg@phre@frét @far%iﬁ’@ Ffé"cﬁfé@ﬁ hroEEBh RREVARA 6V eldién. The
seed nedi um contains Tollow ng ingredients: Yeast i
convaisionoyesrefretad, bysthnpriseraeiitfyasia or Gypeiardike enprnessefi plent, animal
i r oge ho ate _an L pQt assi droge c
or mf QAN PGNP BB n R Cor R B SGBy YE R o woggggmiseible

organi8 esblveéntd Ml UDMSO I DB eetlaidl agketordd) eacéionltBilepedtRyl acetate, etc,
thawed to anbhi ent tenperature before |nocul ation_ under .
espegigldy DME @pd dilYISEn d he preferahlsationnf wrganis spbewmt sas jahoytrfbto 65%,
|, o o} jumin an aseptic manner. -
espeqfplly B Y 80 96 ph M nc B Lt A1 2k P
ascertai ned, such that the initial OD600 in the

The BitRr- 6€6fkahlcasHvemdsviredanaaiindd. By thd sdubiliBe of tlas kiartit@r aterials,
t hen incubated for 20-24 h on shaker at 300C at_ a

tendefsy off epFymeso oRaturERIENTTY R obyere-Rpofiigobr tnresnes organic solvents
also E&] PR TR0 RHEAGESH ic RBTSESs tfd ffa’ﬁfeguso&ﬁl%gntge}tﬁn of the
urf'd up ol IEoWe y

I onmass
reaction mixture, resulting in prevention of hydrolysis of product, and also remarkably

increases the solubility of the products.

The concentration of the precursor was generally about 5 to 50 g/L.. The reaction was
carried out at about pH 5 to 12, preferably. about pH 8 to 10. Reaction temperature was
about 0 — 40 °C, preferably about 2 — 25 °C. Trishydroxylmethylaminomethane (TRIS) or
other buffer systems was used at different ionic strengths to maintain the required pH.
Reaction time was variable and was affected by other reaction conditions. Reaction was
continued until the purity of the product starts decreasing due to the hydrolysis of the
product. It takes generally about 30 minutes to 24 hours and in most cases about 4 to 10

hours.

The concentration of enzyme was determined depending on concentration of substrates and
enzyme activity. For example, the crystalline trypsin available in the market was used

preferably in a concentration about 10 to 100 mg/L.



i nduction phase. Product was fornmed and secreted out
to the broth during nethanol fed batch phase.
WO-200004182 | on was performed in an in situ sterPCT/BE0082000219
fermenter. The fernmentati on megli um conpri ses of,
ort hophosphori c aci d, potassium sul phate,
pot assi umhydr oxi de, magnesi um sul phate cal ci um
Examplepiat tg afiglagdiye preotirsoraesdissolived ia dl. Smvefl M ATRISGbligidn. 1 ml
ot ahl e water |n1hefer ssel

t
eachs% 1§ Foluionyvag takan g fwo &y 032@5%%5 %Isaraggpé&rﬁ sgpple B. To
sam;ﬁ@rﬁl a1 %‘f%elsﬁfduffi dgt)f RIS %@h&a@n ehobia 1@ BISHE of DMF,

prepared separ at el I'ter sterilized an
Iml] af e’pettclc and )1666ntg~|ef fT&I&ereraddéd eFaghesinyple was spht 1nto four by

adiufipfi s pEELS B S0P AT el FEhion Pav

{Oélt W%%CTJ‘PV\% QBB%% samples by
atddlﬁ’gj 9@\?13@ try{-ﬁiﬁ af

@rCGE(EHn%tI&@& 561098l aﬂfe%o%ftfbn@ Yisead tabulated as
inoculumfrom a seed shake flask. Foll ow ng paraneters

follogst at the begi nning of fernentation: pH 5.0,
Tenperature: 300C, DO2: 30% EXAMPLE 4: RELATED
ERSI ONS AND PURI FI CATI ON METHOD: I nsulin gl argine
ursor that was produced in fernmentation of Pichia
pastorls was subJ ected to purification the steps whi ch

TA

v

JIVCU III lIIC I.JUIIf IUII Mi e—as IUI
The g IWipnacked w tr]hm§_3 _Sephauggg?fSZNt flow ITE URSOR
SAMPLECE| Bi 0scl encepl Was GANCENTR! cCONCENTRNTHE ¢ GONCENTRATIO
aci % The cell free|s ’Fer nat ant|, adjusted to pH 3.8
usi hg ortho phosphor|iATEIN@VDwasN (w&ede) on cat i dr(mg/mL)
exchange col u The | oadi ng on the col umm was|<
Al 500/ L. The elligipon was performgd usSing anmoni um
acetate. The necoverly of the stlep was 95% at <50 g/L
| oadi ng. PRECURSOR-CRYSTALLI SATI ON The @G argi n¢
AZ  pregursor cap{8rled firomthe ferjmentation broth|by
usi n@%a cati on- exchange chr omatlogr aphy step was
A3 crystallised fgrg the purpose of| col our renoval |and
stofage. The
A4 6.2
0.5 50 15.5
B1 8.9
B2 8.0
50%
B3 7.0
B4 6.3

All the conditions gave product at different proportions. The sample Bl gave best
conversion at around 40% whereas conditions Al, A2, A3 and A4 gave less than 15%

conversion. Conversions to Glargine in other samples were in the range of 15% and 40%.




crystallisation was done such that the precursor
concentration at the start of crystallisation was
w@eeonedi® to 20 g/ L, preferably 8 to 14 g/ L. THET/IN2008/000219
crystallisation was done by agdi ng ZnCl2 & phenol and
then adjusting the pHto between 3.0 and 8.0,
preferably between 3.5 and 5.5. Phenol can be added at
Exarfiplk 3o 106686 Gfargine ptdcéoe it iddsolped in Z@l vfreM ARISolution. 1ml

ZnCl2 sol ution can_ be added at 3 to 15% of the EX
each gf this sp{utiefbivas keirinto fiee Bﬂl@% °lo€ 24 F%P]@d”*’bi?ﬂlj’g Rgnd sample
C. TEWmBleKAl i grftr @ Hhdbl 12 NaQs T&ﬂdsmﬂiﬂg of TRIS were added. To

crystallisation procdess can be done at t enperat ure
sampbeByne.6éml 2f swatbr ID4QCoADYIE hed $6limg 9f TBIS wereatideds Te sameple C, 1

ml obyBlepr Sl 8bPME 58 4Lk 3 55 ole A Eh oD Rl A ¥ad B were
split SHE EhRALARAMPIE CintdIBYo BE Bdjubtinsas diffte pHl et YealtioAvas carried

Exanple 4a: 463 m of elution pool (precursor
out iponlt éhe samplss W3 addigg [Hovimes trypive rat sngoceBtration off50pug/ml. The

henol (0.5%,0 vol.unme) was added after proper
mdﬁ‘r?&ﬁ%h"&f“ﬂ“ﬁi{%b“\fﬁé%%p?soﬁ%hw@d by addition of 57.875 ml of
4% ZnCl12 solution (12.5% of EP volune). The pH was
TAB{%@ at this stage and it was adjusted to 4.8 by
adding 420 m of 2.5N NaCH. The nother |iquor was kept
under slow stirring conditions for 15 mnutes and then

tr ansdevred| t o col grRggom (2- 8C) ,| TREPSINt was| RREICURSOR
SAMRBivelr ni ght. [Then t he whol e m xt urle was centrifuaed at
50008 pm f of PHO ni GONEENTRAEE (AN CENTRS: WCONCENTRATI

E ] i fuge ' ;
2R o Ao, EES, D IRASIRLAN, o i

concentratipn 2.9ig/l) was taken and 0.625 nd| of

Al  phenol (0.12%84dof |EP vol une) wag added after proper
thawi ng. Th|s was|followed by addition of 15.p25 m of

Ao 4%01ZnCl2 so[ghiom| (3. 125% of EP |volune). The pH was
4. 08 this stage and it was adjusted to 4. 8| by
i%@’SlS of 2. 5N NaOH. The [not her |iquor|was kept
A3 under slow s80pfring conditions flor 15 ninutes| and then
transferredjto cold room (2-800C), where it was kept

A4 tor| five holiggz Then the superngtant was sepafated by
centrifugat|on. The loss in supernatant was 4P

Bl 9.95

05 50 10.5
B2 9.13
60%
B3 8.01
B4 ' 7.0
Cl 9.0
50% ‘

C2 8.0




OPTI M ZED PRECURSOR CRYSTALLI SATI ON CONDI TI ON W TH

YI ELD. The SP- Sepharose el ution pool was chilled to 20
WG 29/1@19%5 nL (0.5% V/ V) of phenol was added fPRPCT/B2008/000219

litre of elution pool. Requirgd anmount of Phenol was

added in an aliquot of elution pool and finally added

to the main tank for proper redissolution. After

~ All tieeleliriditeghs Pave begtbt dthiffeleht propertions 'Rlﬁ%irijbllfdl fa0d CR0gve best

time before addition of next reagent for er
convergiging gorgendh0verginreas othsr epmitions|sate lass ﬂm@ lé 4 compvgEsion.
chloride (4% v) was added to i nduce cryst al lisation.

i, P55 8 T T2 A ion

0.75mbé&achtof i dofucion s mldauﬁ@;s tlnee ety ﬂzﬂmhﬁ@@&ﬁh@ld& sngble B and
t hen heI d at 2-8 OC for at | east 8 hours befo

sampl&s t rliof sagaale b (BAs aY vatere 1 walsof ¢thanpd aaéplé%rﬂagaqftTRIS were

h
e T
samppr €cO.7Smi of h/lamu,ghSIahofeDk/m‘rmd B06cinp wé RIS rwerd hdaded Both samples

ve SI s effect he esen f trypsjin or
A anf A BEteosrii 0 3 v ting foubed AR PED iiseimbl Gives acjusted
to pEPBIDIThe rERGiohORES tRRABSt Al th%dsaﬁﬁblespdyea&ﬁﬁ’%’ b¥vih8 trypsin at a
presence of water-m scible organic solvents Dl\/g
concéditfation oh Sbjeg/ml atlet comditioas tiedrare tablikatedatsHyllows et at e,
etc, especially DM and DVMSO. The preferable ratio of
rgani ¢ sol vent was about O to 65% especially.about
TABLE 350 60 % of the reaction nixture. The ratio of
organi ¢ solvent was deternined by the solubility of
the starting materials, tendency of enzynes to

denature and itisTRysIrol yzi ng ggRVPISIN. M xt ur e§ PRECURSOR
ol SOLLYEMNA ventls al so can be used. The addition of

SAMPLE gani ¢ sol VBHt sSCONENTRAT oo ON(SENERARION t | (HONCENTRATI

the°reaction mjx resul tin reventi on af
hydrol ysi s pf pr?ﬁu@p, and al s@ld/ rkably incr e%lgémg/ml‘)

the solubiljty jof the productls. The concentratijon of

Al tihgo i ecur spp.0was general |y about 5 to 50 g/L. |The
, reacti on was

A7 ETHANOL [=3

Bl 50% 89 |os 50 | 17
B2 DMSO 6.9

C1 50% DMF | 9.0

All the conditions gave product at different proportions. The sample C1 gave best
conversions at around 40%, followed by Bl (~30%), whereas other conditions. gave less

than 15% conversion.




carried out at about pH 5 to 12, preferably about pH 8
to 10. Reaction tenperature was about 0 - 40 C
w@e@baoald y about 2 - 25 C PCT/IN2008/000219
Tri shydr oxyl met hyl am nonmet harsg (TRI'S) or other buffer
systens was used at different ionic strengths to
mai ntain the required pH Reaction tine was variable
Examapk Svhsl.3d b£Claginb prauser wae dissolved ool bf dWETRIS solution. 0.75

o 55 GRS e ol DS e bl 816 s o

TRIEP{'N@féuﬁded' Thd ﬁﬁe@aﬁﬁﬁﬁ laduktéd IO OUW. THen Mhds81880r Frag4plit into two
hours and in nbst cases about 4 to 10 hours! The

sampdesrcArand 43.i o samplendsythe reegioni wee catied @ublalyean isgpersture (20 to

25°C S 0 HEMBPYLTHY FRGOT PIRAPRS AL ATT Sof ok PRt sarted by
addlr@r&%e wéreﬂcd?r;a{t%@ﬁlorswg/ﬁuconcent ration about 10
100 ng/ L. Exanpl e 5a: 1Ig of glargine precursor vvas

drssolved in 1.5m of IMTRIS solution. 1nl each
Bothy fhpcsesnilieh B&YF GOISCrsib A SO 4ot Thedeachon ddonsT tempelature

of water and
(R Bl iy SRR e P ARG orprdifle. Oy o OV,
I m of wat er and 166. 6ng of TRI S were_ added. Eac
Exagglepies 1aad Gpigine pragussarovas dissobafl i tmhgt WeT%ﬁ %QM%P 75 ml
t |
o YT NI yaT IRASHRT LADHRE BRI £ e 0 Bl ol m. o
samp}® B /OS5 mI'be waendl .5 intins DviFexhdalr3® Ihglmlﬁl’[&lﬁd)vas added. To sample
ol l ows. TABLE the co d|t| ave pr
B, Oa'ﬁfrrlerfewet%rlo%a?ltqfa?w SO B of BRI avere 5ade 3t otk Samples A
and B %@f@ EﬁlﬁtQHtoattwc@éf%il i R0E6 Whet 828 18R dHoARSasAarridout ABall the
gave | ess than 15% conversi on. Conversions to
four @mpgs rbgr adilingg bevins aryphiasat iecancemirativa mhﬁ@%/mi Ré&Wbiamsdin one
40% Exanpl e 5b: 1.69g of 4 argine precursor
aliquig} sacb Wjeif PP 56 T MerRIaeats ¥ ICo e  opdisighn trisd arp fabulated
asfoRSlv‘s't' on was taken into three tubes | abel ed as sanpl e
Sanple B and sanple C. To sanple A 1.8m of water,
1.2 M of DV and 161ng of TRIS were added. To sanple
TABBLE 9: 6m of water, 2.4m of DWMF and 161ng of TRI'S were
added. To sanple C, 1

SOLVE EEISCEN TRYPSIN PRECURSOR ;FJERII‘E“P‘E:RAT
sampLe | 3OLVE I pa | TORECY | CONCENTRA | CONCENTRA | VRE (O
’ TION (pg/mL) | TION (mg/mL)

N (M)
Al
DME) 2025
A2 (DMF | ' 2-8
1 50% |87 |05 |50 13.5
2025
(DMSO)
B2
(DMSO) 2-8




m of water, 2.0m of DWF and 161ng of TRIS were
added. Both sanple A and B were split into four and
wa2mphet1® into two by adjusting to different pPCT/IN2G08/000219
reaction was carried out in a4 the sanples by adding
bovine trypsin at a concentration of 50ng/m . The
conditions tried were tabulated as follows. TABLE
All heMbdmplBe o668 %hﬂman%omy&mp r(o% The %&Jﬁ%em samples at room
proportions. The sanmple gave ‘best
temperatiwe rwasovrer avithin mmndloau@%hm dheseodthold caomlivwéreyer by 5 — 6
b %ave | ess than 15% conversi on. Exanple 5c: 1.5g of
OU% ar gi ne precursor was dissolved in 2n of IMTR' S
solution. 0.75m each of this solution was taken into
" Examplec®: 2glod G larpied pld:cm:soswaq)disso&yedsmnm badutdoranohtsiamg &5g TRIS,

2ml %@@r ﬁﬁg gr{glrﬁp@‘ v};gp75 i lwoggmké 50%‘3 (g’f ;?gfxﬁré?%glladea rs]Ltljch that
each‘@%ﬁﬁfned 5 056 DMF& WE) (3 mg al@@l 819, Phe PrEd@soiRioBca@daon W-59varled
sanple C, 0.7 of water, 1.5m of DVMF and 106

amOﬂgerssmarapbelcfecun 1@0% @aﬁ@lgéls Reantign Bvage ptartedin tegahﬁa;nple by
USt in

a3, BY ST ot ot o Rchisht b Bimalhy vy T g G, Mg he

react®drl. ThO BoiBAR A FedHreaslslilngd RORIIBGs FYPSi n at a
concentration of 50ng/m . The conditions tried are

BéTaﬁgl ated as follows. TABLE 3: Al the conditions gave
TA uct at different proportions. The sanple C gave
best conversions at around 40% followed by Bl (~30%,

wher eas ot her tond tgggs gave | ess than 15PRECURS | TEMPER
conver si on. Exappl e 1. Sg PRYBSINGiI ne preoR sor WasATURE
di ssQISf¥VENT2vp pof CONGHN S CONCESTRAIY 5 momm' LbeO)

Mpﬂ tli%n was t aken ARATKI® t h
54 %f ‘et hanol and [1N@MBg of ?ﬁ@lg&eﬁlgi adde%s)o
plit

vvas tthen adjusted fo 9.0. Then the solutio

TTto [tWo sanptes -[ A and B rsanpie A @e reacti pn

A was ¢arried out at|roomtenperature (20 to 50C)
g wheregas for sapple B5 the reggfion was dongp@t 2 to
8C. Reaction was started by| addi ng bovine {rypsin at|a
¢c concentration pf 50ng/m . 150 30
50% 8.7 10.5 2-8

D 200 40

E 250 50

F 300 60

All the samples were showing conversion, but samples with lower concentration gave
faster reaction. condition B was considered the best. The maximum yield obtained in each

case was around 40 - 45%. The results have been represented in FIG. 1




Bot h the sanpl es gave conversion of around 40% The

reaction at |ower tenperature (sanple B) took |onger
WQ2N0aMe4d9 but showed slightly better yield ExREHINGL00219

g of Gargine precursor was gl ssolved in Im of IM

TRI'S solution. 0.75 m each of this solution was taken

into two tubes | abeled as sanple A and sanple B. To

orTif iR PRACESS ?e%%%@’f@miféﬁ%%w pRERYS ™

m of DVMSO and 130 ng of TRI'S were added. Both sanples
ExAMielg §g.were split into two after adjusting to pH 8.7.

The reaction was carried out in all the four sanples

by addi ng bovine trypsin at a concentration of
The S@tptathrsoRenstalomsrd storadeinal2DHL dt:e};eﬁebzef vauivs svap ltakeA out well

vl S0E s S RSalRT B SR sotuion
(TRIS'M@%RN/WE%%} &Yﬁaﬁs@md WaRr LOACHdr Y dfhrEciddr %§ys?dls) under
roomtenperature was over W thin one hour wherea

stlrrmg gerditiense §oriexavaptesk kg of peacutspr srystabistasided mtE%@RLS solution

0 ecurso |ss Ived
conthing S0 brafie SRR PHRE oo By 3RANGH of B o yper ke of
precims@Mriyftal). SThe Whole nfixea i esmplbted; Q&uﬂilhséu’aﬁ‘é@d Fﬂﬁﬁ %olutlon was
such t hat each contai ned 50% DMF& 0. 5M TRI S, at

treateyl 75 Tesh solpem Fhsgeswisnt et SoMItionvasanalymed & r&ﬁdmrg content using

EPOH\P o 60 g/L. Reaction was
ClSE aI?ltgté Qxﬁﬁé&r@%& sa Eﬁrg%;m%ddl ng 5 ng trypsin per gram

of precursor. the sanples were at 2-80C during the
Accqrding o the. provhest @@ﬁt@n& inghe test sobefiony thetcpptrphiabefiqustor trypsinisation

reactio% \!vgsvﬁade-ré?%@mgt the %co%?na?xﬁ[ﬁghﬁr? G\f\ﬁ'g i)?%c‘%:{&g concent\;atlon was

conversion ower I Oon

10 gfiasf eie reaeidn ﬁﬁxtufroﬁldj pﬂepﬂe Bhev@snieslnsbiltine thet ftﬂuﬁre@shmount of
The maxi mum él el d obt ed in.each case was around 4Q

TRIS tyoier T 2Paed ia keRtbe 18 Hale IR e prcsization iprihefegetion mixture as
500nhtP Th'%"vé'é%ﬂ@@@&%? RSN I N BlaPHeMR PRI Yoncentration

was 50%. The temperature of this solution was then brought to 6°C + 2°C, and then the pH

was adjusted to 8.7 using glacial acetic acid (around 2% of total volume) under mild

stirring conditions. This solution was treated as control solution.

The reaction mixture was maintained at 6°C + 2°C at very slow impeller speed. After
complete mixing, 50 mg/L of trypsin was added to initiate the reaction. The enzyme

reaction starts once the trypsin is well dissolved by mixing.

The enzyme reaction was carried out at 6°C = 2°C at very slow impeller speed. The
progress of the reaction was monitored by checking every hour, the percentage of
recombinant insulin Glargine and the unreacted precursor, using the C18 Symmetry
analytical RP-HPL.C method. The enzyme reaction was typically completed in less than 10
hours. The reaction was stopped by adjusting the pH of the reaction mixture to 5.0 using

glacial acetic acid, when the percentage of unreacted precursor was less than 5%. The



EXAMPLE 5g: The wet precursor crystals were stored in
-2Q0C deep freezer which was taken out well before
waele®sod419d on. These crystals were dissol ved byP@diN2a¢s/000219
that into a TRIS solution (TR - 50% w w of precursor
crystals and water - 2L per kg of precursor crystals)
under stirring conditions. For exanple, 1 kg of
reactpore suexgectedripsyiald asuadideth ofitRec@hbihRhtShisalititGlargine and purity
Cco tainﬁy gg%ﬁgrans of TRIS. This was followed by
obtaingdiivas g ‘gﬁ 2L per kg of precursor crystals). The
whole m xture is conpletely solubilised and this
Analgtitdl chmategamrefahetkaadonl gsliffaehitine poinfshie répgedehtednih FIG 2 &
test solution was anal yzed for product content using
G 8 symmetry anal ytical RP-HPLC nmethod. According to
the product content in the test solution, the contro

EXAMPLE @RP-HPLCHERIFIGATIONS eact i on was nade, such
that the reconbinant insulin Q@ argine precursor
concentration was 10 g/L of the reaction mxture. To

EXAMBEBEGa:t he control solution, the required anount of
TRIS in water was added to keep the final TRI'S

concentration in the action mxture. as 5000M Thi §.
s BEFEDT sty Pror o B CbReuionet Bl eRins yer mibiccted t
purifidafiah, thVEteSLRGEINE & the ProvRss wek¥as TolRwsenper at ur e of

this solution was then brought to 60C 20C, and then

t he pH adj usted to 8.7 .usin | acial acetic acid ...
The ¢alfigh Ra53, it BB serhardie eyt Bt L Blgspfenp g vas eduilibrated
with GORM hérScidl The c8IP it k@friisnt aiRA8% BB £OULHL |orth%%1osphoric
solution. The reaction mxture was nai ntai ned at 6

acid p@¢ leaded onya edtiow -pxqhehgecolupoedhe Kading @othel clwnn was < 50g/L.

] X 50 s/ L. of. trypsin was agdded to initiate the ..,
he el ogn, PovEnas St P BRRF e RolEr T oo™ Wb Fypdn 05%
<50 /% MoBdihg.dhe shiteaGobYy whk ¥iyB@llisderRnEydiE waaskd @by inisation.
carried out at 60C 20C at very slow inpeller spee

The qofempmsgkeds withRR-HPLCessin Gr8 Raisogrdrii2f ok eardsyl Ocbre artivde size)
s QRS FBEPRLSSIL DO Bl ST RRT I D3H B ) T
loadify wietypyinisation end diluted 1:5 using water was performed. A linear gradient of
buffer B was used to elute the purified glargine at yield of 75% with purity 94.5% at a
loading of <10 g/L. The column packed with RP-HPLC resin (C8 Daisogel 120 A pore, 10
um particle size) was equilibrated with 10% of acetonitrile (Buffer B) in 200mM sodium
acetate pH 5.0 (Buffer A). The loading of RP eluate from previous step, diluted to contain
10% acetonitrile was performed. A linear gradient of buffer B was used to elute the
purified glargine at yield of 80% with purity 98.5% and glycosylated impurity of 0.29%.
The column packed with RP-HPLC resin (C8 Daisogel 120 A pore, 10 pum particle size)
was equilibrated with 6% of ethanol (Buffer B) in 50mM acetic acid (Buffer A). The
loading of RP eluate from previous step, diluted to 1:3 with water, was performed. A linear

gradient of buffer B was used to elute the purified glargine at yield of 85% with purity
99.4% at a loading of 35g/L.



anal ytical RP-HPLC nethod. The enzynme reaction was
typically conmpleted in I ess than 10 hours. The
WO e@ettd4am was stopped by adjusting the pH of tPEI/IN2008/000219
reaction mxture to 5.0 using3gylacial acetic acid,
when the percentage of unreacted precursor was |ess
than 5% Thereaction is expected to yield around 40%
EXANIPRECGIbi nant I nsulin @ argine and purity obtained
was about 35 - 50 % Analytical chromatogram of the

reaction at different tipe points is represented in .
The plesnn Raclsed IGAEETERC Fasin SUDPISRER R TR Oare, RAVPLEIticle size)

was ? libaRd Vit SdR'gia Eﬁoﬂﬂ[rﬁg ﬁﬁ’ér 19@‘5@&1%{[ B¥etic C?c:ld (Buffer A). The

rmentation of Pichia pastoris was subjecte
loadipgraff iryginisationteind dslumdsl % msiof weatkrj wag pafcpmmdeAshnmr gradient of .

as.follo ked W th har.gose f.as
buf R ks o Clae e SR Baseigat Beld of PRANE iy 04.5% at a
10adi§93i’|<qg %VL ThaebRumnl] ﬁe@ks& wlthfmﬁn@&gﬁa(t%@a@&gew $9@4 pore, 10
pH 3.8 using orthophosphoric acid was | oaded on a

pm mwlg izep xeh aagdbrttduwith 19Meof wtnmigﬂm(Bufff@ B‘)dma%nmwodlum

e B oG 5L 5k IR0 PR LGP ol s RTRR o concin

10%| painnele] heasepetirairdp@olinvasgadivst 8f biFadB Wwhe ussd 56 alute the
was used for trypsinisation. The colum packed with

puriffgel. prgine el peldsp! 1% oWt Bisy A% akee and Celpspsplatad ampurity of

0
0. 29‘% ’F fco‘fﬁl’ésl ‘f)g&ﬂelélsxgg;ﬁ P{%acd}]e?t§qg%1|9 g@g @ua%‘:ogél %Ot A_F{gl)ge, 10 um particle
s1ze)| wmquglhrﬁtetl rvylﬂsﬁ%i ost&tthml Rk et B uinenmiMb5eittil dvfd QMf&rr A).The
was rrre A |ipear ient of buffer B was us
loadig o6 GF S AR m PreviRYS g adlﬁke ap {/?’e‘T’]@“ iP5 pni Prriormed. A
lineaP lt'éch&ﬁ‘[ cﬁ"'blﬁ'%%@ wAs |u‘§é’djtd"91ufg thé@ln@fe& %lélfgﬁlecﬁlym of 79.2% with
packed with RP-HPLC resin I soge 20 A’pore, 10

purityn¥8 P&+ il xloedisgoéBSgkhs equi I i brated with 10% of
acetonitri le (Buffer B) in 200nM sodi um acetate pH 5.0

EXANEEE 1 Ui ed o contaln 10% acetonitrile wa.
performed. A linear gradient of buffer B was used to

The E41Hi& ﬂalafc‘ed with RP-HPLC resin (C8 Daisogel 120 A pore, 10 pum particle size)
was equilibrated with 10% of acetonitrile (Buffer B) in 250mM acetic acid (Buffer A). The
loading of, trypsinisation end diluted 1:5 using water was performed. A linear gradient of
buffer B was used to elute the purified glargine at yield of 75% with purity 94.5% at a
loading of <10.g/L.The column packed with RP-HPLC resin (C8 Daisogel 120 A pore, 10
pm particle size) was equilibrated with 10% of acetonitrile (Buffer B) in 100mM
Tris+20mM CaCl2 pH 8.5 (Buffer A). The loading of RP eluate from previous step,
diluted to contain 10% acetonitrile, was performed. A linear gradient of buffer B was used
to elute the purified glargine at yield of 71% with purity 97.4% and glycosylated impurity
of 0.22%.The column packed with RP-HPLC resin (C8 Daisogel 120 A pore, 10 pm
particle size) was equilibrated with 6% of ethanol (Buffer B) in 10mM citric acid (Buffer
A). The loading of RP eluate from previous step, diluted to 1:3 with water, was performed.



purified glargine at yield of 80%wth purity 98.5%
and glycosylated inpurity of 0.29% The colum packed
WQRWB/1RPIHPLC resin (C8 Dai sogel 120 A pore, I1BCTHIN2008/000219
particle size) was equilibratgg with 6% of ethanol
(Buffer B) in 50 acetic acid (Buffer A). The | oading
of RP eluate fromprevious step, diluted to 1:3 wth
A lineart @adients et ® waglused tb elneathe pusificd glargihe bufikklrof®5.0% with
) ed to el ut epurlfled gl argi ne at yield of
Pu“tggg/bovﬁ?f’r? lﬁaelmg;?fgégﬁ% at a | oadi ng of 359/ LEXAMPLE 6b:
The coI um packed with RP-HPLC resin (C8 Daisogel 120
EXA‘I\I’J 4:10 mMm particle size) was equilibrated with 10%
ace onltrl le (Buffer B) in 250nM acetic acid
(Buffer A). The |oading of, trypsinisation end diluted
The aolﬁmﬁ%hﬂ&d\h@iﬂ@ RP-MBECH@flﬁ W&Bilsoéeﬂ 120e&pof; a0 lpﬁﬂparﬁﬁle size) is
fer used el the purified glargin
equllg}?réqe@ %fh i@% o f“F?t?mml? &Bgfiersﬂra # 280mNhacetig asid Qi@ffer A). The
T C
loadf f AR BECKRAIY P B S TRHn (A0 pient of
buffet Woiofusat éd ehitd ithd punjiﬁhcf glargify) at yleRDmWIS%)mmhnpwyt%ti% at a

onaBls a0 <0 ST colfinased BEHLPL oA BN 120 A pore, 10

pm ﬁ%?tﬁ:l@ﬁ%)% @&\ﬁllbﬁtéd WERA 0% AdL&DhinAE (Bﬁ‘iff&eﬂi) 18 109mM Sﬁﬁnomum
to elute the purified glargine at yield of° 80% w t

acetat pi §. OQBuﬂ% andlhyl lpedisg PARE @Ma@fromnre‘abu&)stﬂg%lmm to contain

10%38y B sttt S i rafiEl B botfordy 55 B g dpopuriied
glarg]@&ehamsaielc( BEkDE, BYith Pud&dd. 0%t dddc g@@b@la&&ufi&@ﬁmﬁ) ofT091% The

adi ng of RP eluate from previous step, diluted

Colurmnmavk%“%ﬁht%? HR/I& resén (8 Aadsogal 126 éapomadpenn R?ftlcle size) is
equll%gﬁfeg I’W1&1 % 0 (L)é L&u%e??ﬁ %ES%B/)%{U% gﬁqd g%@ffgr' Rf Tht loading of

puri

RP eﬂﬁ@tf ﬁom@ﬁ%ﬁﬁt@p diluhel E)Ol| BIRvithp@ste ds wérfdimisl- AlFH.rﬁar gradient of
|sorg 120 A pore, 10 mmparticle .
bufqua% 1%&}%\‘%‘11 fopslgted emw@ew%réme@ééff%qf r75+0eﬁ> (VBE# p%rﬂtYEﬁS 5% at a

load1h§o?§§§7M acetic acid (Buffer A). The



| oadi ng of, trypsinisation end diluted 1:5 using water
was performed. A |linear gradient of buffer B was used
W@ o00eho1e9 t he purified glargine at yield of 75P6miN208/000219

purity 94.5% at a | oadi ng of 3910. g/L. The col um
packed with RP-HPLC resin (C8 Dai sogel 120 A pore, 10
mm particle size) was equili-brated with 10% of
acetonitrile (Buffer B) in 100" Tri s+20nM CaCl2 pH

EXAMPLERBetfer A). The | oading of RP eluate from previous
step, diluted to contain 10% acetonitrile, was
performed. A linear gradient of buffer B was used to

The eflame nahleedpwrtthlélﬂP@JCaregﬁnr(élSaDaly@&dl d20fA pens Wtk particle size)

was ifnbeq S A PR el B BT bt sl peifi g tes 0. he
loadip@bE, trybdinieatipaichd allgted |12531)181ﬂ‘@$/a%@,l«kk/dl§ Mﬁﬂm@d V\Atlimeﬁ"/gr@dlent of
et hanol (Buffer B) in 10mMMcitric acid

butfer & siap gsed trplugg Uﬁtl@lrfﬁeérﬁlifgé\?l %agelétcw%%l .Wlth @érltvo% " ata
load1%%§¥ g'}@ E/I\A@Ilg Col X e{d; ‘?g@ﬁ’ﬁg%@% qudl&)%%l PiO A pore, 10

was use gI argine at
pm pyiteldsind) Wis. dg¥alilicathd p/mlhi 1090 SfBacefdinitilea(Brudted Br)gp POmM perchloric

E ked h RP-
acid B @%A Bl ngalo o2 o Bﬁ?ﬁ@ua‘@ O?mw%MXM Steg: Qh&f@si tp gontain
10% ea@é’tbhitlki)featw%g \ﬂeffﬁrtﬂ&f%@fhn@&eéﬁﬂiehf bf %uff&uﬁf Ghs Bled B elute the

OrM acetic acid (Buff | oadi ng of,
purlfmdygisrgnmes at iyoeld el 3 |4!%utvetih puﬁtyugﬁ At wad alycqsylated 1mpur1ty of

o2 i SofTih e B! PR C RGP LSl o5 WG 1b % paice
size) RiHsidqMilidfat&dondth 6%oloPadiangl @uffel 8) 4 tLodive cked bem (Baﬁlslepi) The

with RP-HPLC resin (C8 Daisogel 120 A pore, 10
loadipg pf R|cduats frem prg\fléqwtpp,@alateé do i} with oggess was performed A linear

[ r C
s RGO 1] 8ol L6 0 pAEMLAIRO LR AES! 1 B3R, o
97.0%tae@,loadiﬂgﬂf%gﬂo contain 10% acetonitrile, is
performed. A linear gradient of buffer Bis used to
elute the purified glargine at yield of 60.7%wth
EXAMPLE6198. 0% and gl ycosyl ated inpurity of 0.91% The
col umm packed with RP- HPLC resin (C8 Dai sogel 120 A

The GEh spcimRarCLF L R PRFRELIP R B dP by Poile size)

was eoRafrRgd fith 10% of acetonitrile (Buffer B) in 250mM acetic acid (Buffer A). The

loading of, trypsinisation end diluted 1:5 using water, was performed. A linear gradient of

buffer B was used to elute the purified glargine at yield of 75% with purity 94.5% at a
loading of <10 g/L.The column packed with RP-HPLC resin (C8 Daisogel 120 A pore, 10
pum particle size) was equilibrated with 10% of acetonitrile (Buffer B) in 100mM Borate
buffer pH 8.5 (Buffer A). The loading of RP eluate from previous step, diluted to contain
10% acetonitrile, was performed. A linear gradient of buffer B was used to elute the
purified glargine at yield of 79.4% with purity 98.3% and glycosylated impurity of
0.11%.The column packed with RP-HPLC resin (C8 Daisogel 120 A pore, 10 pm particle
size) was equilibrated with 6% of ethanol (Buffer B) in 10mM citric acid (Buffer A). The

loading of RP eluate from previous step, diluted to 1:3 with water, was performed. A linear



RP el uate from previous step, diluted to 1:3 with

water, is perfornmed. A linear gradient of buffer Bis
wois@d/10439€!l ute the purified glargine at yield PET/INR0GH00219

with purity 98.5% at a | oadi ngg of 35g/L. EXAMPLE 6e:

The col um packed with RP-HPLC resin (C8 Dai sogel 120

A pore, 10 mmparticle size) was equilibrated with 10% |
g1adﬁﬁt o By B wasenséBed Elate 1B pufifid Svbiae et yizld6f ¥5.0% with purity

{Buffer A). The |oading of, trypsinisation end diluted
9884’%%@4@%’@9@@ was perforrred A linear gradient of

buffer B was used to elute the purified glargine at

f 75% with purity 94.5% at a | oadi ng of <10

EXAM\;[EL%e col um packed with RP-HPLC resin (C8 Daisogel

120 A pore, 10 mmparticle size) was equilibrated wth
FINADPRECRPELATION:| € (Buffer B) in 20nM perchloric acid

pH 3.0 (Buffer A). The loading of RP eluate from

previous step, diluted to contain 10% acetonitrile,
The v@lgrgp@r fmxrﬁ@d thmoughn ediffergntadiceerse mhab@fﬂeomatqga’@h}asstdps was

te r| f| | d of 4%
precip o ol B oG udoF AL AR o P isdiotll B crne
citricC QleldMmbugRee k&dnpmieb RP4HRILC digRi AcidCRaddaidangg! 90 20/1A di-sodium
10 mm particle size wasewllbrated ‘With 6% of

Oﬂh@bﬁgﬁ@te (eplirdrays) Byifen p stadttoite3-aed & Wshpfpéwsmoncvﬁéi) The
T 0 P 2 4 LB S 80 e ot
concentfdtion v&svm@feteéﬁ& @ 0ed/Lit Aftehhe puedipitatidngihapgéduet ahs separated

yield of 70.0% wi th r|t 7.0% at_a | oading of 35g/
fromPkR e BPOITRIEY BB SN SSURBEIN OF dﬂpﬂmnngdh@e%lpﬁme@et without

d1stu%h§ qRekethd p%b 'Ea@e TLI% Bf&: I o %btscﬁrfe@)w Svas edI %vr[h chilled

equi -1 brated " w th 10% of " ac on|tr| Buf
watepe@eioae ¢td unbaundlichBpfdsent. A). The | oadi ng of
trypsinisation end diluted 1:5 using water,

The ﬁ@fdfcﬁftﬁ'eﬁ@holé l;J ?&g@{va gady@nt m&fthélié{fogﬁ& Pﬁ%@aﬁtﬁﬁn& §9%.

el ute e pu I ed g ar gl ne at
purity 94.5% at a | oadi ng of <1O g/ L. The col um packed
EXAMPHER?- HPLC resin (C8 Dai sogel 120 A pore, 10

The-final suspension was decanted after settling and the slurry was transferred aseptically
to the freeze dryer trays. The slurry was then frozen and lyophilized to get dry powder of

Insulin Glargine, which can be stored and formulated later.
EXAMPLE 9:

ISOLATION AND CHARACTERIZATION OF THE GLYCOSYLATED
IMPURITY:

ISOLATION OF GLYCOFORMS OF GLARGINE FROM IN-HOUSE ACTIVE
PHARMACEUTICAL INGREDIENT:



mm particle size) was equilibrated with 10% of
acetonitrile (Buffer B) in 100rM Borate buffer pH 8.5
w@ Bwbfier9¥)) . The | oading of RP el uate from preRCDIN2008/000219
step, diluted to contain 10%scetonitrile, was
performed. A linear gradient of buffer B was used to
elute the purified glargine at yield of 79.4%w th
EXAMPLEY9:£08. 3% and gl ycosyl ated inpurity of 0.11% The
col um packed with RP-HPLC resin (C8 Daisogel 120 A
gore 10 nmﬁgaru cle size) was equilibrated with 6% of
To cappgigese giggeionns Bf lmﬁur1wgfi1@r(rr@naghyeoxy@w¢ gpulsy glargige) and

tGId &glgwgﬂ@e{tegﬁ)ns% Wg%lgrg ﬁé?é g%’dl%é'clfi 22&%?16 oﬂa&‘ét?ﬂz Verse phase

chroimafdgeaphﬁ Inhﬁnﬁxsmdntaf pebaskeimpmeitips mele earrig augbnanaigilent 1100

chrorfiGererPi e e BPRALS R P ATIE S Argf digprfslumnn. The

mobﬂ’t’:J ‘phgéee%h;elﬂﬁﬁwgfb sideb8s 8Nbs, MEVE( AP aRD BSR4 TFA in acetonitrile (B).
chr omat ogr aphy steps was precipitated by adding citric

Impuitied bfigleginamare rediizd sisingta bmgar @na:dlmj rusgtiamg Ot imén p$YeB; 0-10

min 37008 G Ysbn 35h6h AL 60 CRIRELS AR o B Lo D1 B i 5500R at o
cons(aﬁf\ I elr s pf D $idIehin- PHTRE] ibfet@sh {f&uﬁ}e3was+k%9t1at 20l land colmnn
-phosphoric acid). The precipitation was done at a

temnemﬁ'gé ves smgintainedly ah 405€ efldeaplugnts | wexeo ngongtoreph @t 214nm The
oG RO B AbR0SE ACELIEEE btatiodu e pahdfine by

Agﬂeﬂtaaoo Ses eV Sbymetramﬁrass:s;iebumﬁetgr (Wgitent Teclanldgig, USA).
t he supernatant w thout disturhbhing the settled
The piase Fliﬁcfralfnétefﬂ‘?é cmem in Pk mogeobhey neRatisgiagasyahkept at 60psi,
dryi g& &b b Hodrglﬁ’l fpb Rt '\p&uﬁ&)t"ﬁnﬁo@ce‘sﬁ%twe ion
yireld o oep ocess was 90% and t he
electprsprhyahasp Lspe:dtlyam/\mas ecaudad D8 mEdeﬁlthrr&ss fhinge 6000 m/z.
. suspensi on was decanted after settling and the slurry
t i.cal t r
The ﬁ%ﬁcs oﬁ%ﬁio%ﬁf dttoﬁéﬁ@éf'vraglg e’tF]}an\ge Fyo Fiuﬁfff 61 gxfté(de SlﬁéeZﬁﬁ%’IG (1.0
%) mdvvt(é]iG CQO 3 %) were observed at trace level in formulatlons Glargme active

pharmaceutical ingredient (API) of the subject invention was used at a concentration

100mg mL-1 for purifying process impurities.

CHARACTERIZATION OF THE FINAL PURIFIED PRODUCT:
EXAMPLE 9b:

RP-HPLC and SEC-HPLC PROFILES OF THE FINAL PRODUCT:

The RP-HPLC profile and the SEC-HPLC profile of the final protein product obtained has
been represented in FIG 5 and FIG 6.



Insulin @ argine,
EXAVMPLE 9:
W BMBIBNCOSYLATED | MPURI TY:

| ater.

GLARG NE FROM | N- HOUSE ACTI VEoPHARMACEUTI CAL
| NGREDI ENT: EXAMPLE 9a: To characterise glycoforns of
inpurities md G (nonogl ycosyl ated insulin glargine)
EXAMBRIE@eG (triglycosylated insulin glargine) were
i sol ated by sem -preparatory reverse phase
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whi ch can be stored and fornul at ed
| SOLATI ON AND CHARACTERI ZATI ON OF
| SOLATI ON OF GLYCORORNR0E000219

%]ﬂslllﬁrc‘ glargine

(mGISy ahé mi{eGAosiNie) inssiinglaghe (Chiree Epr&en28 @ FAGOMHIG 8 and

ol unmm, The nobil e phase solvents were aqueous 0.1%
FIG ﬁ'ﬁﬂp?cﬁb"e]é’nd 0.1% TFA in acetonitrile (B). Inpurities
ine were eluted using a |linear gradient
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chr omat ogr aphi ¢ peaks corresponding to gl ycosyl at ed
| mpurities were analysed. onli ne, by ile 1100, seri es
IntrocL

. A t
@Loqeomo?qsaﬁchﬁgé% uggetet Yy ec?ggé? Eléenfetentlon time due to

increas8GH %%la?ﬁﬂf 68d irdr@be in'MBsBRE of PES LARTRIF ariPRitBREH RS three
In ESI node. The nebuliser gas was kept at "60psi,
monodacechagdegafurther ixcréast imi pelaritynandiindreage tis mpessavfirdd6 wasts. The

kept at. 350C., Pasitive i .el.ectrospragy,.mss.speciru
molei 8" v e Rl E1yr N TS PR Ao NS BOMIIBGRArEsa peaks
in ESIMS. The peaks corresponding to md G and t3 G were

manual Iy collected. Since M3 G (1.0 %9 and td G (0.3

0 re, observed at trace level in fo | ations, .
TABEE b i ComRaroos phamoleeiit MEwht ahgsmuth ot CeRBrprast apdhgnatrix
assistod Pls€Cdesb ViSRRIt 0RedhaRfle@t @ concentration

MOLECULAR WEIGHT

ESI MALDI
Insulin Glargine 6063.2 6063.4
mGIG 6225.7 6225 .6
tGIG 6549.4 6549.8

MALDI mass spectra obtained for mGIG and tGIG showed molecular weights 6225.6 and
6549.8 respectively. The molecular weight data observed for mGIG and tGIG are
consistent with data observed by ESI-MS. The molecular weight difference between IG,



| OOmg nmL-1 for purifying process inpurities.
CHARACTEMZATI ON OF THE FI NAL PURI FI ED PRODUCT: EXAMPLE
WORWIRHMPLC and SEC- HPLC PROFI LES OF THE FI NARCT/IN2008/000219
PRODUCT: The RP-HPLC profile @nd the SEC-HPLC profile
of the final protein product obtained has been
represented in FIG5 and FI G 6. EXAMPLE 9c:
mGIEl aditGiS phawed omniltidts ofii 60msass apgciuggeingghargdycans are covalently
ogl.ycosylated insulin glargine (nd G and
aﬁacg%]toggl ylated insulin glargine (td G are
represented in FIG7, FIG8 and FIG 9 respectively.
Figuten8.r lfdtrin ansivted lassralesmpricm datistion enassispeditng bAf@inbgycosylated
. (decrease the retention tinme due to increase in
msu'ﬁfbﬂ‘é?%“ﬂ%/(néﬁﬁq ncrease in mass unit of 162 units;
simlarly introduction of three nonosacchari des
Reddotioh heid alRgIEaS @xbérimettavidry \mdertikear @areniify RScha@f at which
its. The nolecul ar weights of glycoforns were

486 uni . .
glycespiationdwddgkderlasr ol be methaduves prydashiatdyedng elene gs standard.
Line TSR oo SRR 00800 00! aBIGRLIRE, HMS and 1
EDTde buffet meimtained @t iphh of @dhriicgtids 10MALDI Mrditkiogpeiodlr@TT) was

bt.ai ned for nd G apd 1A G showe l.ecyl ar_wei ght s
addegy e G5tipetS seche ALk ATUAR A THE 01 Skl Hhe ergiRd samples
weredBodgIROR o tehferdtite Grin )11 BtGoBb R LRN8S Ha8Hdd¥d.tThe samples

dat a observed by ESI-Ms. The nol ecul ar wei ght

werediovtisdén ebinpisiune &il to@raerGremdighGlic bhteded 3T fortiweshours and
a0 H5 3RS AL Rl PR RGP 45 B3R i e for e

identB&itish ©f glyas@iatib@sor pti on i oni sation mass spectrum of
nonogl ycosyl ated insulin glargine (M3 G Reduction and

TAB?.:#;?L&%&&HS )éﬁg f&lf?ﬁé‘tﬁo% o éleycgsrgf?%ﬁg& &h(aerginteé) dcingeetr(])tiidgl%ifgl r<];ﬁains at

which glycosylation taken place

Intact Intact |Chain A Chain B

RT* Mass

(Min) Retention Mass Retention Mass
(m/z)

Time* (Min) (m/z) Time (Min) |(m/z)

Glargine 27.5 6063 5.5 2555 20.5 3857
Mono
Glycosylated [23.4 6225 5.2 2718 21.3 3857

Glargine




gl ycosyl ati on had taken place. The nethod was

st andardi sed using glargine as standard. 1.1ng of
W@L@Pgi4189 was di ssol ved in 500m of 8M guani di PET/HQ098/000219

0. 1M TRI' S and | mM EDTA buf f ergpmai ntai ned at a pH of

9.0. To this | O of IMdithiothreitol (DTT) was

added. The contents were m xed and i ncubated at 37Cfor

2hrs. The incubated sanpl es were brought to room

tenperature and | Orl of iodoacetamnm de was added. The

Tri sanpl es |[were coyered 1 h alum niumfloil to protect from
l'ight, ijncubated at 37C for two hoyrs and gnal ysed by
Glycbh&§dged | RAa2si m l6ad9way (583 G and t G[@FM8as rRddced and 4180
Glargihky! at gd for the idengification off gl ycosylation.
TABLE 7. Reduction and] Al kyl ation df d ycopyl ated

@ argines done to identify chains at which

gl ycosyl ati on taken pl aceEXAMPLE 9d: PEPTI DE MAPPI NG
EXAMEBLYI 9k of orns of gl argi ne were subjected to enzyne

digestion to identify the am no acid position at which

tion had taken place. 0.65ng of native
PEPEFQFS*/%??NS%OI ved in 200m of IMTRIS (pH =9.0). To

this freshly prepared 50m_ of Ing nL-1 of V 8 protease )
The glerefoups ahslaggioe wernwbjasteddacaaynae digpetignge ideusifl dig amino acid

The..tryvnti ' : | n g
pos A4 SO S ) 5 i o v
in 200 dvefr ENMIETRIS QpEB 9.0 MolthisT fiestdp|puepardd 6Pl of Umg m@st of V 8
intai ned at 400C. . The fol|ow I ent
procgR B Wepeed b it wp0] Sl (ko nowh THErPioAieest of G,
t 5 ' [ o 0 -
woigisagnc s ogl e oA Socebany st o (oo we
flow2@26nwf Or8imLs aximpile sSTheecdumnateypethtane| wae ngintagieteait 40°C.  The

1100 LCMS for G r agl n I S. tive 0
Follo R FHRD e P} YA GOLH G Pbeinihy $U-ROTh ol A=0.1%
aquedhd TEAGRES0lvent Bt Akk©RitiileR0@ANSH ARPRCWhAINjSR&BARE eluted peaks

TABLE 8. Conparison of intact, fragments retention.
weretthomitorechat 2R{nem sThsfsagiplasosste anelgsed online by Agilent 1100 LCMS for

GLU-C fragmehts analysis. A comparative study was done for IG, mGIG and tGIG to find

out the difference in retention time and molecular masses.

TABLE 8. Comparison of intact, fragments retention times and masses of glycosylated

glargine:
Retention time Molecular Mass
Glargine . |27.9 - | 6063
Intact mGIG 26.8 6225
tGIG 26.5 .6549
Glargine 10.3 417




gl argi ne: Summary of the invention: The present

invention ains to provide a nethod of producing and
w@eoofigd1eg reconbi nant protei n which encodes aPCT/IN2008/000219

pol ypepti de di spl ayi ng i nmunojpgi cal and bi ol ogi ca

activities of mature insulin glargine. The said

purified protein is found to have all physiol ogical,

wmmaupol ogi cal [aadi®i ochenfitigd charact erijsgipcs sim I ar
to mature insulin glargine. Amother preferred aspect

of the present—ip¢ention haracteri-se r—ef—the
gl ycosyl at ed |H§ﬂ ities oﬁﬁb$arg|ne obtc4ﬂgd in the .
final product.| The final [and the npbst siignifi cant

obj ective of thelapgigsent |iruention is tq idbgain the
insulin glargine protein in a pure form| The invention

ermts ITI +ar-ge—seate—productton,gnd

§2 '§Be3%uent purli F}lgtl on orfﬂlfﬁsul in gl argiulr%. An obj ect
of the present_ invention |is therefore canstituted by
an i nproved nettd@ for thel@?eparation gfl758sul i n
glargine in the pure fornL According to|the first
aspect—of—the i(.'}'l\éFé éurr, tAre; recontimant lrggbnuu of
produci ng i nsulin glargine conprises: (g) Preparation
of a DNA sequence capable of directing g host
BiléBdr gani sm tGiFoduce {8203 ot ei n havi id32Asul i n
glargine activity; (b) Cloning the said|DNA sequence
iAAkRoa® vect or q@ﬂﬁbie of gy 319 transferrggd,pnto and
replicating in a host m cfroorgani sm sugh vector
containing operati r)nal elements for the IDNA sequence;
(c) Transf erri|rfglatgiee vect|o?3-2ont ai ni ng t|REO7HNA
sequence and gperational |elenents into @ host
B o oPr gani sm[GaeaEl € of expgessing the [IiNAsalin
glargine protdgin; (d) Culturing the m crljoorgani sm
* égdeg -condi ti gps—approprijate for anplification of the

and exprt&dSi on of [t#ebprotein; (g)31Parvesting
the protein.

Summary of the invention: The present invention aims to provide a method of producing
and purifying recombinant protein which encodes a polypeptide displaying immunological
and biological activities of mature insulin glargine. The said purified protein is found to
have all physiological, immunological and biochemical characteristics similar to mature

insulin glargine.

Another preferred aspect of the present invention is characterisation of the glycosylated

impurities of glargine obtained in the final product.

The final and the most significant objective of the present invention is to obtain the insulin
glargine protein in a pure form. The invention thus permits simple large scale production

and subsequent purification of insulin glargine.



The second aspect of the invention features a nethod
for constructing the reconbi nant vector carrying the
wW@e0e/106199 nt er est i ncl udi ng the steps of cl oni PGI/IN2E08/000219
insulin glargine precursor gepe in frame with a signal
peptide in an suitable expression vector, transformng
the host cell with the vector harboring the
An dbgcoobihegmnésegeinwention 3ttherefore castiaged by afi dnproved metlagplyfor the
integ&ghti. aglectio of the reconbi nant clones with
PrepygEAIAHIN FlergeinBHPYE 95 Ul i n gl ar gi ne precursor
in the genone. The third aspect of the invention
Accdréingtie thetfarsisaypbdt of tlad iaventjpneths irecontiindnit endthasid fiproducing insulin
gl argi ne precursor for the HPLC anal ysis for detecting
glargineColBIseSsi on | evel of the desired protein of
interest. The fourth aspect of the invention relates
(a) PrepatdidnfdrarBAakeqienes capable dfiiiteotind g hobiemicrodrgation togproduce a
\ reconbi pant cells in a growmh nmedium the cells being
protein BaviRgBwlim elergine aetBiiyeul ture transforned with an
expressi on vector containing DNA encoding the desired
(b) Clogingi the soid TINANsega&eGhitol Bevectds taapible Nifeding frahsferred into and
insulin glargine. The fifth aspect of the invention:is
repligatingde adostoniceearsanism sigh vegtoipfontayeing epeatipna clgngngsefor the DNA
setu{c%dUCt produced post fernmentation. The sixth aspect
of the invention is related to the trypsinisation
process. dargine can be prepared fromthe d argine
recur.sor. through an. enzy | c conversjon. The )
(c) TERM{FEHIE i NeStOE CPUaTiRg serieRemA QReratiopplslpmeghts into a host
: i j %&ﬂ?&% f i =M cr obi al
m‘“g‘grr%g‘?ﬁ‘ﬁ c,%b %ﬁ%ﬁ? [ can%n%é[g%ié%?ﬁ%%ﬁt 1e rP feégrcle’nt i nvention
relates to processes and procedures useful in

(d) Guluripg thegmigreongariem; yndes engiteans gapioREatsi for agplifisation of the vector

and@ﬁi)tré'séliiohio?ﬁle 'rmeﬁrf” to that of the natural insulin
ghargine protein; and nore particularly, to processes

whi ch utilize RP-HPLC or other chromatography nethods
(e) Hrapyestirglie MOtAE. t he active peptide substance from ot her
subst ances which do not have such activity and so may

The B80h8 38p&te bfabe iiARAFibA If@Fures a method for constructing the recombinant
vector carrying the gene of interest including the steps of cloning the insulin glargine
precursor gene in frame with a signal peptide in an suitable expression vector, transforming
the host cell with the vector harboring the recombinant gene of interest, screening for
multi-copy integrants, selection of the recombinant clones with successful integration of

insulin glargine precursor in the genome.

The third aspect of the invention relates to small scale expression of the insulin glargine
precursor for the HPLC analysis for detecting the expression level of the desired protein of

interest.

The fourth aspect of the invention relates to the fermentation process including steps of

growing recombinant cells in a growth medium, the cells being a microorganism or cell



The nost preferred aspect of the invention relates to

the identification of various glycoforns of insulin
warabogues nore specifically insulin glargine RPET/DRGIB/000219

chem cal nethods coupl ed w t ygmass spectronetry

techni ques such as el ectrospray and matri x assi sted

| aser desorption ionisation for identification. The

cultutewraiforaredshigh bn bepressidrvgaeorrdohtaiehe DN A engnding theadesiosd protein,

. of the Eroduct fromthe aforesald i mpurities through

- which i ¢a8p @6 thedasiAntdnY AT B ASYITLSRIEHE- net hods attri but ed

to the better understandi ng of the nature of
The fiftpukpdct 68 ther idsaitioni 8 diteeted itd atysptlipdtion of Adintulonglargine product
obj. ects and advantages of the invention will be set
prodycsfliprst fgrpentatiang the description which follows, and in
part will be obvious fromthe description or nay be

The kie Bgcf 6O MePinaeitidieisofeldidtetd ﬂiée@ypsﬁﬁsatlﬁhg)r@b&sgct}iargme can be
and advant ages, may be realised and attai ned by neans

prepagggd lﬁf?@ ithes 6 %ﬁtl&?ﬁuﬁ%éh&% CsIy: g r Tty ﬁ%n‘ﬁ’ésrl?lil thleaWryferswn 18
I
effecPe(a' % & o f“étse c% (5fh§ %ﬂg %ﬁgxﬁﬁm lﬂ erré%ztyal 5.0l g}ﬁﬁﬁgbalrm?al o& microbial

at es
onglb.l ol ogi cal I y active heterol ogous protein. The
acconpanyi ng draw ngs, which are incorporated herein

A si Hc&? %g}geltctt %Ff%h Pe%ﬁt g(/?ri‘t 2&?&' ﬁ@é{:‘%ges éru gﬁ)tcéé’ﬁ{rgs useful in

arl ous trlb SUSG |nt

purifyiagehd pil‘ot@mtlﬁbl'&tﬁcﬁ hediag bigdgdic ,acﬁﬁtlvﬁsﬁrﬂlae K:pthat of theatural insulin
principles of the invention. SEQUENCE TI NG 0>
glarggeo PEricI: AnflaPPEe p@ﬁwp}?&lkﬁowosa@sw i %oiutll%‘? ﬁ%l%ﬂ%’&% or other

chroﬂ%{ggfa!pﬁg 611&% 1 bgéée{réltir%iﬂeva%tlog%F{?;cfﬁeo%yﬁngé ﬁ%ﬁi Gther substances

Pat en ver sion
which-do not have such activity and so may be regarded as impurities.
The most preferred aspect of the invention relates to the identification of various glycoforms
of insulin analogues more specifically insulin glargine through chemical methods coupled
with mass spectrometry techniques such as electrospray and matrix assisted laser desorption
ionisétion for identification. The invention shall herewith permit selective purification of the
product from the aforesaid impurities through optimised down stream purification methods

attributed to the better understanding of the nature of impurities present in the final product.

Additional objects and advantages of the invention will be set forth in part in the
description which follows, and in part will be obvious from the description or may be
learned from practice of the invention. The objects and advantages may be realised and
attained by means of the instrumentalities and combinations particularly pointed out in the
appended claims. The present invention relates to a method of obtaining a purified,

biologically active heterologous protein.

The accompanying drawings, which are incorporated herein and constitute a part of this
application, illustrate various attributes useful in this invention and, together with the

description, serve to explain the principles of the invention.



<211> 53 <212> PRT <213> artificial sequence <220>
<223> Codon optim sed gl argi ne precursor sequence
WO 2094048PTI DE <222> (1)..(53) <400> 1 Phe Val P@GEIN2081000219

Hs Leu Cys Gy Ser His Leu (gl Gu Ala Leu Tyr 1 5 10
15 Leu Val Cys Gy Gu Arg Gy Phe Phe Tyr Thr Pro Lys
Thr Arg Arg20 25 30 Gy He Val u Gn Cys Cys Thr Ser
He Cys Ser Leu Tyr G n Leu 35 40 45 Qu Asn Tyr Cys
Gy 50 <210> 2 <21 1> 57 <212> PRT <213> artificial

SEQY ddSEPNG> <223> Codon optinised G argine
Precursor sequence <221> PEPTIDE <222> (1)..(57)

<110> Biocon Ltd

Hazra, Partha
<120> A method of obtaining a purified, biologically active 4
heterologous Protein
<130> 170108
<160> 2
<170> PatentIn version 3.5
<210§ 1
<211> 53
<212> PRT
<213> artificial sequence
<220>
<223> Codon optimised glargine precursor sequence
<221> PEPTIDE
<2225 (1)..(53)
<400> 1
Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
i 5 10 BT

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg



<400> 2 Jy Ala Val Arg Phe Val Asn G n H's Leu Cys

Gy Ser Hs Leu Val 1 5 10 15 Gu Ala Leu Tyr Leu Val
WEY®IBMNIGE u Arg Gy Phe Phe Tyr Thr Pro 20 25PGDIN2¢63/000219

Thr Arg Arg Gy He Val Gu G Cys Cys Thr Ser He Cys

Ser 35 40 45Leu Tyr A n Leu Gu Asn Tyr Cys Ay 50

556WE CLAIM 1. A nethod of obtaining a purified,

bi ol ogi cabl y acti ve het gsol ogous protgpn reconbi nantly

expressed in a yeast expression system characterised

il BRIty et Seb rica S Gy By paredly “O™ ' ™
byproducts. 2. A nmethod according to claim1, wherein

t he DB encodi ng a &l er ol ogous prddtei n as represent ed
by formula | X - B - Y-A wherein, X is a |eader

@l‘ﬁ%éﬁlgleyrﬁgl@ ce conprising at |east one amno acid. B

iIst am’no aci d sequence of the B chain of the
insulin nolecule, its derivatives or analogs Y is a

|i nR&r peptide conprising at |east two anmino acids. A
is the am no acid sequence of the A chain of the
insulin nolecule, its derivatives or analogs and the A
and B chain can be nodified by amno acid

gzlmgti'tuti on, del etion and/or additions.

L211>-57

<212> PRT

<213> artificial sequence

<220>

<223> Codon optimised Glargine Precursor sequence

<221> PEPTIDE

<222> (1)..(57)

<400> 2

Gly Ala Val Arg Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val

1 5 10 15

Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro
20 25 30

Lys Thr Arg Arg Gly Ile Val Glu Gln Cys Cys Thr Ser Ile Cys Ser

35 40 45



3. A nethod according to claim2, wherein the |inker
pepti de may be any sequence conprising at |east two
wW@pionno4ed ds with the provision that the firstPCTMN2008/000219
am no acids represent "RR'. 48 A nmethod according to
claim1, wherein said protein is defined by SEQ ID: 1
or SEQ. ID 2. 5. A nethod according to claim1,
wherein the host cell of the yeast expression system
is selected fromPichia sp. 6. A nethod according to
claim1, wherein the host cell of the yeast expression
system,s selected fr t he group conprising Pichia
pastlg‘?"ﬁ tXr @P&ﬁ?ﬁﬁé%ﬁ&@%é‘%@acchar onyces cerevisi ae,
Schi saosaccharonyces ponbe, Yarrovia lipilitica,
Hansenuwla pol ynor pha, 581 uyveromyces lactis. 7. A
met hod according to claim1, wherein the glycosyl at ed
formof the protein may be nonogl ycosyl at ed,
triglycosylated or polyglycosylated. 8. A nethod
according to claim1, wherein said purified protein
contains less than 1% of glycosylated inpurities. 9. A
process of obtaining a purified, biologically active
het er ol ogous protein reconbinantly expressed in a host
cell which process conprises steps of: a) Culturing
host cells transforned by a vector containing a DNA
sequence defined by fornula | encoding the
het er ol ogous protein under conditions suitable for the
expression of the protein; b) Recovery of the
expressed protein conprising separating the said
protein fromhost cells to produce a recovered protein
preparation; c) Subjecting the recovered protein of
step (b) to a step of crystallization; d) Performng a
step of enzymatic conversion in the presence of
trypsin or trypsin



i ke enzynme; e) Purifying the said protein containing
at least one related inpurity conprising contacting
WO b@gaileh protein mixture with a chromat ogr aphPCT/R008/000219

wherein purification is carrigd out enploying a polar
organi c buffer solvent, in an agueous phase contai ni ng
an organic acid buffer; and f) Precipitating the

WE €A1 protein. 10. A process according to claim?9,
wherein the DNA encodi ng a heterol ogous protein is

represent ed formula Le-X - B .Y 1 A wher el Xis a. ..
L A CREERETR: ool i Butindh, HRuprfay “YNE Setholpped, Broein

ré&ontbildntly étige’ed o AGkdstseguaesioa SfstaniecBiradi@isedoin that said
the insulin nolecule, its derivatives. or anal o%s Yis
pyrifipdh REYeip dhdeveil ebdiromiagsukstapialy mingpalamomtyef glycosylated
b&ﬁﬂ.oa {ipe amno aci d sequence of the A chain of the
' SUPI n nolecule, its derivatives or analogs and the A
and B chain can be nodified by amno acid

2. /sulegiddtactording wWellgin Dnwhereihahe I ehooling 2 hedrglbgasgRotein as
according to claim10, wherein the |inker peptide may
repeesehipd g ounea Iconpri sing at 1east two am no acids
W gh_gheprovision that the first two am noacids
represent "RR'. 12. A process according to claim?9,
whiteaiei n t he gene defined by SEQID 1 or 2 is cloned in

L el RSB i e BB R T o 0

B & thé am@sb acid sequence of the B chain of the insulin molecule, its derivatives or
analogs - ' |

Y is a linker peptide comprising at least two amino acids.

A is the amino acid sequence of the A chain of the insulin molecule, its derivatives or
analogs and the A and B chain can be modified by amino acid substitution, deletion

and/or additions.

3. A method according to claim 2, wherein the linker peptide may be any sequence
comprising at least two amino acids with the provision that the first two amino acids

represent “RR”.

4. A method according to claim 1, wherein said protein is defined by SEQ ID: 1 or SEQ
.1ID: 2. | |

5. A method according to claim 1, wherein the host cell of the yeast expression. system is

selected from Pichia sp.

6. A method according to claim 1, wherein the host cell of the yeast expression system is

selected from the group comprising Pichia pastoris, Pichia methanolica,



in frame with mat-a-signal peptide. 14. A process
according to claim9, wherein the host cell is
wa@edeaeed from Pichia sp. 15. A process accor dPEIyIN2008/000219

claim 14, wherein the host cedd is selected fromthe
group conprising Pichia pastoris, Pichia nethanolica,
Saccharonyces cerevi siae, Schisaosaccharonyces ponbe,
SYashaedthcek | [Wetavidign, Sdazaevavtiargnyoesorgiebe, Yarrovia lipilitica,
Kl uyveronyces lactis. 16. A process according to claim
Hagpsenpiaspalymotnha. hByveroglyices Bt chi a pastoris. 17. A
process according to claim 16, wherein the host strain
is GSI 15. 18. A process of producing a purified,

7. Anetlegl aadidingiot ¢laim hetwvbewsinote gdyqospaeid fooh of ithd progin may be

RO REF A £ aht Do e LR Rar bor g an

expression vector which directs the expression of the
said protein; and b) G owing the transforned strain in

8. A metlfodraveerding torclaind],uwbarein sridquwidied ipseisinegoniains lpes than 1% of
gi};(cprqs%i on Of'f ssai d protein. 19. A process of producing
833(? Fé‘BP%rr‘b‘? bgi cally active heterol ogous protein of
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¢) Subjecting the recovered protein of step (b) to a step of crystallization;
d) Performing a step of enzymatic conversion in the presence of trypsin or trypsin
like enzyme;
e) Purifying the said protein containing at least one related impurity comprising
contacting the said protein mixture with a chromatographic matrix wherein
purification is carried out employing a polar organic buffer solvent, in an

aqueous phase containing an organic acid buffer; and

f) Precipitating the eluted protein.

10. A process according to claim 9, wherein the DNA encoding a heterologous protein is
represented by formula I
X-B-Y-A
wherein,

X is a leader peptide sequence comprising at least one amino acid.
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14. A process according to claim 9, wherein the host cell is selected from Pichia sp.

15. A process according to claim 14, wherein the host cell is selected from the group
comprising Pichia pastoris, Pichia methanolica, Saccharomyces cerevisiae,
Schisaosaccharomyces ~pombe, Yarrovia lipilitica, Hansenula polymorpha,

Kluyveromyeces lactis.
16. A process according to claim 15, wherein the host cell is Pichia pastoris.
17. A process according to claim 16, wherein the host strain is GS115.

18. A process of producing a purified, biologically active heterologous protein of claim 9

which comprises:
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a) Inoculating an aqueous fermentation medium with a transformant yeast strain
harboring an expression vector which directs the expression of the said protein;
and

b) Growing the transformed strain in the fermentation medium under conditions

effective for expression of said protein.

19. A process of producing a purified biologically active heterologous protein of claim 18,
wherein the expressed protein is captured from the fermentation broth using ion-

exchange chromatography.

20. A process of producing a purified, biologically active heterologous protein according
to claim 9, said process comprising a step of crystallizing the protein by addition of

zinc chloride and phenol.

21. A process of producing a purified, biologically active heterologous protein according
to claim 9, said process comprising a step of enzymatic conversion effected in the

presence of trypsin in a water-miscible organic solvent.

22. A process according to claim 9, wherein the water-miscible organic solvent is selected
from the group comprising DMSO, DMF, ethanol, acetone, acetonitrile, ethyl acetate

or mixtures thereof.

23. A process of producing a purified, biologically active heterologous protein according
to claim 9, said process comprising a step of RP-HPLC purification of the protein
mixture containing at least one related iﬁpmity by contacting the said protein mixture
with a chromatographic resin matrix wherein purification is carried out employing a

polar organic buffer solvent, in an aqueous phase containing an organic acid buffer.

24. A process according to claim 9, wherein the polar buffer solvent is acetonitrile.
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A process according to claim 19 ,wherein the organic acid buffer is selected from the
group comprising citric acid, acetic acid, boric acid, formic acid, hydrochloric acid and

phosphoric acid.

A purified, biologically active heterologous protein product obtained according to any

of the preceding claims, with purity of at least 96%.

A purified, biologically active heterologous protein product obtained according to any

of the preceding claims, with purity in the range of 97 - 100%.

Purified insulin glargine with purity of at least 96%.

Purified insulin glargine containing less than 1% of glycosylated impurities.
Purified insulin glargine devoid of glycosylated impurities.

Purified insulin glargine according to claims, wherein the glycosylated form of the

protein may be monoglycosylated, triglycosylated or polyglycosylated.



