A METHOD OF OBTAINING PURIFIED HETEROLOGOUS INSULINS
EXPRESSED IN YEAST FIELD OF THE INVENTION: The invention
relates to methods of separation and/or purification of impurities yielding a
purified hel@ MEYHODOFOB PANINGIRYRIE IED HETERORDBOE ST With
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of insulin analogs such as glargine impurities characterized post

ression | nased systems such as Pichia pastoris. The invention
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Biotechnology, 2006; 24:769). Despite great advances in improving

biotechnological manufacturing, no global solutions exist for every protein.

The manufacturing process for a specific therapeutic protein requires

novel and innovative solutions to problems that may be specific for that

protein or family of proteins. Likewise, successful commercial applications

often rely on a combination of specific properties of the protein or family of
proteins, and the production processes used for manufacturing that

protein or family proteins as pharmaceutical products. The present

invention relates to the identification of various glycofonns of insulin

analogues more specifically insulin glargine through chemical methods
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WO 99/52934 claims a process of separating glycosylated proteins from
non-glycosylated proteins by subjecting a solution comprising glycosylated
and non-glycosylated proteins to chromatography using a Ca++
containing eluent, and obtaining a fraction comprising nonglycosylated
roteins, said fraction substantially free from glycosylated proteins. .
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another object of the present invention is to obtain a purified insulin
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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



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 soIvent in an aqueous phase
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expression system characterized in that said purified protein is devoid of
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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.



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 B%/éet another embodlment of
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represent "RR" In still another embodiment of the present invention, said
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invention, the host cell of the yeast expression system is selected from the
group comprising Pichia pastoris, Pichia methanolica, 7 Saccharomyces
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purR9I¥MPIRRR odyyveromyces lactis. In still another embodiment of the
present invention, the glycosylated form of the protein may be
monoglycosylated, triglycosylated or polyglycosylated. In still another
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sequence defined by formula | encoding the heterologous proteih under
of gyerRvieies smeablécfor 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; ¢) Subjecting the recovered
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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



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
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1: Graph of % yield versus Time (hrs) of trypisinised Insulin glargine and reactjon at

different concentrations.

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 product.

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

glargine (mGIG) and triglycosylated (tGIG).



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 transférmed strain in the fermentation
medium under conditions effective for expression of said protein. The
FIGE SE V%@&Qdalége{ec}éég B2 RIRGERS hproducing & purified o1 cosylated
lologically active heterologous protein Wherein the expresse%J prcﬁe}fn 4
insubisystlargtner ok fermentation broth using ion-exchange
chromatography. In still another embodiment of the present invention, said
FIGcéddstapmpsisied) steploboiistaliizitgtibe prateisgeytaddibdntoglziasylated
glar mgﬁﬁ d phenol. 9 The present invention also relates to a process of
%rod cing a purified, biologically active heterologous protein, said process
ising enzymatic conversion effected in the presence of
DE%‘;%JS.H{.‘; rawater: & jisrcaiis ENASHI another embodiment of
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the present invention, the water-miscible organic solvent is selected from
Thenpreiatl SRERIRTS IRASME S BRIk Hanbiriare:snauaiiet hiplesiety active
hetaedbgteroproixdiuresoiibieafijresiit asotiner arahedimssibalthieprastficterized

. Inventign, said process comprising. a step of RPHPLC, purification of the
S A RN A o ST ol e THBETGPRY CBiat s of
glysesul gheskdypradutetse with a chromatographic resin matrix wherein
 In BHSHERAN GRS P LEBRIBAN S LRBIA IR RUURIBAY R h e ogous
aqueous phase containing an organic acid buifer. In still anotfer
pProfiRsapREsseetey Invention, the polar buffer solvent is
Reegpnifrile oln still another embodiment of the present invention, the
organic acid buffer is selected from the group comprising citric acid, acetic
Wheteliy horic acid, formic acid, hydrochloric acid and phosphoric acid. The

X ispriadet pepedticegalsed elaipsiimaplsikeendinldgically. active heterologous
. protein product obtained ording to any of the preceding, claims, with
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analpgrified, biologically active heterologous protein product with purity in the

Y is @H&?e?f;ﬁ;iiﬁelg&% grlfrél]éasé\',& %&9{?\%%@} %daigﬂ%nt of the present invention,

purified In gla ith purity ot at least 96%. In still another
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anall8 9 HaRLACAf HYG0sY Big bdhRuI IRy LSl ARG SRR MR MiSh R or

_Fresent invention, purified insulin glargine devoid of glycosylated
addifigns rities. In still another embodiment of the present invention, purified

In yitsatitglargimsonhenigin theglyeasptatecfoin, ofiheipketejenay By be any
sequrer;fc):g %%ll}/l(}:)%% rllgtgtd Ietz{é IXS(? Sa}glar}g Cail(g{l %Il)(g %%OS olgitselgr'l &19112 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,



Reference will now be made in detail to the presently preferred
embodiments of the invention which, together with the following example,
serve to explain the principles of the invéntion. The Examples which follow
are set forth to aid in understanding the invention but are not intended to,
Sag@lgrghoglg not Q? f:gng:trﬁl%ad tso, I'ﬁnit its scope i?ban%( way, The Examples 1
do hormaide detaled oL SAY BPESHORBhal OB dPEH oy Rnula
polyrecrohstKivtiverahyeetdastishe insertion of genes encoding polypeptides
In 540 ShiSeY SEBEH M FHHO YRR RIS SE UL DA IZADIEARIR OPRIE protein

The Examples also do not include detal escr n for conventiona

may, erperoelyineylatdorigduesingiedopeymperitatsdduced by such host
In ¥giQhSYeteMDSURRMehadsSReNalVaew Qb Rl Lidiery é&ﬂu?iﬂs less

the art and are described in numerous publications including by way o
thag L 0 €5 REUBIE AR BS aspect of the invention, a process of
Thetaisingravaitidicd sbiRliagical y aebived et Mooy s el asomRRanthitive
hetSX regsed in a host cell wrﬂch metho .conﬁprise steps of : a) Culturing
ROSt BTt R SRS By A v AP B At ARG N K U S REESS SomHSITs Pteps
of:SEQ ID 1 or 2 encoding the heterologous protein under conditions
SHIRAIRIOF %&X@Jﬁé?ﬂ%f&frﬁhh% %5959%&&.%8%%}’8%}’ o 8 £XRIESR defined
protein comprising separating the said protein from gst cells to produce a
recdvefedwattipnsedig dio heyslasastingitie rodevemditrteinitiEefor the

(b) texpraisiPb £riysialiiation d) Performing a step of enzymatic
conversion in the presence of trypsin or trypsin like enzyme. e) Purifying

Ak B5RP1Btehth ARRTHGLRIIEE: CRePrsaG SPRBting (ae AtistiRrmtpin from host
contatiing ls_hg\ﬁﬁaéd_l REcteEIJMprbtEWiIkp@ ygmatographic matrix wherein

purification is carried out emplayin lar organic puffer splvent, in an
e B PO e B S o B redEPine
elut@drfmaing.a FepDeETedTaN SotiGeiishdn thelprstnrest oypshcombipsntike
host, " or "host cells" are often used interchangeably as will be clear

from the cdntext. These terms include the immediate subject cell which

S pREEFNH dhgesAtd dopptsiai reomtaiine celsrin vertti oplateddinopwaiyrsonthising
pProgemadhareeldt Sindesripod:iRakook Al RIogRY HERAGY e ICRherein

to the parental cell, due to chance mutations or difference in environment.
HovPaticadioanis s s gerpl e s RYEOE IR GO ento PR dieous
progma eadithe ehviaetesisticshigiemantto those conferred on the
qﬂg' all) .ttransfogrmid c(gll. As used herein, the term "vector" refers to a
Micldie R BoiR G e BEBRY o f transporting another nucleic acid to
In yehietothbasbetitinked! Trepesent' éexprasaionheeDNA’ kalodiag alasmioigous
pro quﬁlgig%rgg &Q&ggs fb?&%ﬁ’%lej of synthesizing the subject proteins encoded
y their'respective recombinant genes carried by the vector. Preferred
vectBrs ¥re #hose capable of autonomous replication and/expression of
RUflgIS, acids to which they are linked. In the present specification,

;'ﬁlasmia" and "vector” are used interchangeably as the plasmid is the
dseeerithBridR sRANSRT SPTUEIHRaMORSs &Re giainnagidion is intended

B ipehedenschaineeiRHNS TR RESING VRRHSIH G REHYS REUMNEMes or
fun?tions and which become known in the art subsequently hereto.
ﬁ’%"}ﬂ%ptides referred to herein as possessing the activity of insulin
lasgitiaker peptiddrRoulprigiaggineat endaelistaeiditp 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. 12 The DNA encoding a heterologous protein
as represented by formula |



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 is8 linker peptide comprising at
least one amino acid. A is the amino acid sequence of the A chain of the
insulin molecule,. its derivatives or.analpgs and the A and B chain can be
MRS ERRNATIS SRR Eh HRIRS S RO RhRSHE T SeEatives or
"Sregtide! tre"linked Rephigie”@s bsadddéieihtincldies afldoubsiaftiosudieetion
g}ﬂ?ﬁtg it'igﬁ!uding native or synthetic peptides. Such insulin C-peptides -
may be human peptides, or may be from other animal species and

In gtHernotheeferzidimenhmaidieTPrigsonhrinyrstiond thodifiketigeptistenatayebe any

secfisHéN orRiGRSiAe areitagluded ARilNAESIREYH RIRINIRSWIBCTREPERE first two
activity. It is known in the art to modify the sequenceés of proteins or

APIORGHS LeRIFIRK rdt&ining their useful activity and this may be achieved

In stingéaERIgbesimEIChfdR piarndandenthe aliagshyidabedescsibedintbe? is

Iit%rat re e.g.. ﬁ\ndom pr site-directed mutagenesis, cleavage and ligation
clon 1n'frame (1;}[ 481804l Dep ide. .. : . .=
of nucleic acids efc: S, functionally equivalent variants or derivatives of

In sidtieecthsutimi®diepit efsbgperseesinvaytiagdiy genpdefarecba QRG] tor 2 is
clolannigyes well h[%g_ gi%%@%??ﬁdgnd include peptide sequences having a
[ a al,

functional, e.g. a biolog tivity of a native insulin C-peptide. All such

In sk pagthes cpabpdimenicivheresentiiayrniens b ihestiveCipepigdiedifom Pichia
sp.especially included in the scope of this invention, and are subsumed
under the term "an insulin C-peptide"”. The linker sequence can be an

. . ( y
In gtall aonthetheiRtinsaiof dhe BrRtRY drTSatRe hncBPTeerbnmesjeetsehbinse the
grolipMedri@rdng tPidia2 pasiatior PichkD aBiRmbEsusscalkiongdhecerevisiae,

length is not critical and be selected for convenience or according to
SOt O OBy o AT e B G AR R 08 TSP RISy oes
lactamino acids undgr tr_\e provision that the first tvyo amino acids represgnt
1 sfuferenushuil hegsnerallba:aBRraciaied dat yader sertain
circumstances, it will be advantageous to provi & homo 0gs of forms of
In sld @%@ébm‘mﬂm@m:«gﬁﬁ@ pretem introhoasdheitinst stpimistSELS.
Théptaganiatz aianivse ﬁﬂ%@tt@fatﬁ%tc%g’@B&@Qiﬁ@'&?@{ﬂ%}'%ﬂ_ ically active
wi

specific biological effects can be elicited by treatmen h a homolog of
hetgraipgqUR RAITHR, WHANVGRARIRES side effects. In one embodiment, the

nuclaiscaleishef hednwasitiofrenaasteshanpaliiaepiide Whigthifosthel afhst strain
agonj or.antagonist the human ingul'n Ia%ir;g protein and comprises an

iR PR TP E B 5 HDESIOR Gl iR Protein

acidsmhcode a peptide having an insulin glargine protein activity and

b 'h@r 02 olo mare, preferably 95% homologous and .. .

msgst ;ﬂ%ﬁggﬁ% éé% 5%? _orﬁ((ﬁ(;ggglijns Wit ar? %\nr]ﬁfﬁlgé gg?d geeoé]%a%cgengﬁrofv%nflﬁmm

SECefative fornupressioniolssaifiiptoteiicode agonist or antagonist forms of
Thd FREM OV PG R ARG RAYIBE ALE B L AR ERE: JAHRA BRIRAY M R ive

sequence shown in SE}% ID No:"2 are also within the scope of the

heterplagathioteir rdIsKriRBe iR b RIqtin dpnapturss) Sumalae Farsrraitriion broth

usingash-2RAKNHGD EHrbieatisetpmide sequence encoding an insulin glargine
tein shown in SEQ ID_No. 1. The "operational elements," as discussed

I

I S0 e P TEL, B BiFRETLr TR, GRS GpRvatd L TES B haep of

crysediitang éguancen ay ledditioneShineHhaldasnd preugnce, 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 sequence
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
nf the nrotein coded for by the DNA cenatience 14 Additionallvy it i



1) the presence of the leader sequence may facilitate host processing of
the initial product to the mature recombinant protein product ; 2) the
presence of the leader sequence may facilitate purification of the
recombinant protein product, through directing the protease inhibitor out of
the cell cytoplasm; 3) the presence of the leader sequence may affect the
ThepfroAHEHRRLALGI ASlATH A8 RTRRETR Xk RECHBIERS RPUEHGE Siclegirally active
hetdhyRdohs GireRinasie peeteincouiefsing setkpydoplasmatit rensatigtiandfected in
the 1€ ulatorfse uence" ista _%enerﬁ? term use thr%)ughout the specification
© BYERstt Hslelfﬁﬁé”ﬁac%rs, SUER a8 |§t|sc9nvgfbhals, enhancers, and
In spitbemothes enltholinehtae Brequascok traratioptite efqroteiscide prganic solvent is
sele%?e%%ﬁ?%h\é”%}gﬁg%g %iﬁ%eﬁﬁf?@,b ke gy eJ&%%%,%@Q%HHH%E“&hyl
transcription of a recombinant insulin glargine gene'is under the control of
acetatpariorensathsserde (or other transcriptional regulatory sequence) which
In sEANHFOIBINEBHRABRHIODr A dPEREPIRUIRREE, SEREHd & SEIbRREINMUNIED of RP-

expression is intended. "Control sequences” refers to DNA sequences
HPHe cBudfrotiar 1R RepPeision B SerMMmREdESURRY Selftiehdamyty by
conprttiel | aieh @t drerfisin mikeueORtie SeairpsafvHBiHicaiesulitalieifOrwherein

okaryotes, for.example, include g promoter, optionally an.operator
poriGHEN R CATIBD S BRI &5 % RSO B e Sy BeAgpyous phase
contatiepsto edgaeguentesffBiukaryotic cells are known to utilize promoters,

I nylation.signals,.an h rs, "Transformatien’ S o
A e o B U 5 IR i

In il eeethonheothodormel efchrepreseyietadinastinrgamgreaidrbuffe is selected

froREREBAIRY CohipRsRRSLARY UsRd JHaRsiRIMARR indonsHINgcRiaR @ thloric
_techniques appropriate to such cells. General aspects of mammalian cell

acidygng BYRihetatdfbrmations have been described by Axel in U.S. Pat. No.

Thelp3&Rmt liaesties Audrelfied 883, Juansdomnabigiasl iptecyieasiets ygiaalprotein

. arried out according to the method of Van Solingen, P.,.et al., J. Ba

S pa e e ek e N e C e

The3R28e(1 d@ntAhnetantbinantexmession pysifed,ibiskigrtdl) factive heterologous
prokar Oti{: aﬂg i

pI‘O (311’1 r(%uc WI

%kagxqggr%éésdt%u}ga{awog host_s include yeast cells
e.g., accharoﬁwc S cerevisiae or Pichia pastoris), mammalian cells or

In stilhanetits. Bodinna of Galkaeyonicicetisiare puafied foswbim dangintwitbpurity

of Hifferesgogources including commercial sources to those skilled in the art,
e.g., the American Type Culture Collection (ATCC; Rockville, Md.). o

In Sélgrﬁ?ﬁ%%?ﬁﬁ’é’é%nbf’ﬁé@% RrSeRntoRYeRtPRL RIEHIGH SR ghredasorPaidiging

lessREAMINS, igshlyetionsdanMpagaesf the cells.The choice of the expression 4
system depends. on the features desired for the expressed polypeptide. |

1o AR Gt 15t R S (P B R i of

glyasghsseiteputiiie. is functional in a cell derived from a yeast selected from

m IF 9HE Sonsisting,of sliain Bichia.spaciall Seler(ed om0 hBkcin the
consisting of Pichia pastoris, Pichia methanolica an

glySshiidiedadoharonfychbe penetbia ameballdwingehegtyqosydaiesh ofriblyaheglatad or

tjfe thereof encoding the protein fragments thereof, placed under

the control of the elements 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 to property, such as the

presence of a nucleotide sequence encoding a desired polypeptide, are

also considered progeny. A "gene of interest" (GOI) is any nucleic acid

sequence for which increased transcriptional expression is desired. The

GOI may encode a functional nucleic acid molecule (e.g,. an RNA, such
Aac 9N anticence RNA moleciilel or more tvnicallyy encodec 3 nentide

pol



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 wich is generated during the
processing of Glargine. The difference in mass between glargine (m/z:
063) and,non-polar impurities (m/z: §089) is 26 units, Chemical jdentity
Re% enect)? o8 @fu%gr%aa s%glecté O epP%?SBY?Xyps?%?Qr? offimesypf the
invihei aanivhichcidgetind with e fidivWires termpdh renvatogeapihin' tefermétptaeof the
inv@ﬁ?ﬂ)ﬁ.ss 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 17 which the

individual sojutes.af the mixt igrate through a stationary mediu
T D e e e e P ettt e mot
intérideddopatiightv#dfotrhacorstiyaittchliontadte graphyi, axy wend HRerdinamples do
0 i in whi i ionar
o B LA i i B D BB of
Vediprs. réGURSETIRA Rftreverierfodind RrineeRBfisstidostueh Sertprs or the introduction
of HARMARY ARV IYPIGRIK RRPIA¥Halaliva! IR (R R0 83308 Bslription

inlet pressures. After a host or?;nism has been chosen, the vector is

for FQRXFaHRRRI RS TS SEHRAYgethiSr A MG BRI RFEHEFAIRF e iy such host
vedfopsesednay duaty iakilldasthe aréliBxamplesthbsuehomaathgdskinay Br tetiael are
de in Jg\da/anced Bacte{]iﬁf. ngeticslb R. W, Davi§ et. al., Cold Spring Harbor
rlegs,I&%TglgrBHﬁB é%é??N.V.,‘l %B’J,V\Vvaﬁig elé%’%%ﬁically incorporated
herein by reference. It is preferred, in one embodiment, that the L
ActRefire i A6 IRaCH ARG WIS afuPERS RS b SRIRRE Rety Bt licbiologically
actBeNephadeeiRS Hraneantainib Al GegpREseX pressidpshreslshihRSgethod
co of opers tionatl.elements as set forth. The host microorganisms are
ehitted Wider conditions appropriate for the expression of the insulin
glargine precursor. These conditions are generally specific for the host
FodritdingnbosterhadmpamitiRed byormecorsiainas SRiinasenge, dgfined
lightbef3EE pDblisliex] ditesaing ehe ewdingedis growth Ganrditonstionssigmble for
orgapisms, for ex le Bergey's Manual of Deteiminative Bacteriology,
8th 8.?)§R/I§ﬁlsglr%% |I%ﬂ'§’ 'ompany, Baltimore, Md., which is specifically
ihroReorateyl dicthei etpyasstarpridein oumrwiogdivpgrstgp emceaid per@ilyfrom host
inkegiidosIBLSRIUBIERS [515ER R paaRliguration wherein the coding

sequence can be expressed under the control of these sequences and

Wwhetehietimpareeeyisastcpro tsiing SiaRED) 4o stamtrfissrigadiiedtionthe case

Q) AIRSFSRLRRY ILALE LIRSS ANLREAINORERSE: AEEIFIINDIA-PREn like
aspect of the invention, Insulin glargine precursor of formula X - Glargine

B clfAM fi1-B30] -Y- Glargine A chain [Al-A21], wherein X is the leader
lsﬂgl?&ﬂﬁﬁng thaisnis ﬁbl@tbéiiﬁl@iﬁl@iﬁngl&m léﬁéiuﬁﬁﬁie&it&ﬂ-iﬁ?ﬂﬂriﬁf;%@nprising
inker peptide sequenge between B chain and A chain, A chain is the' A )
chal ¥ BFCHETHE, THA GRS TR RMIE PP o BOHHSA B Patmx Wherein
exppessioationadshastied pressigrhoyystenpolat imghrdinpuifactelicenthier shagqueous
E. cgli, ye cchar and Kluvyeromyces for which
metﬁil)a(f\sé %%%Eé#g%ﬁo%%%%é%ql le |§rthe art (Methods in Enzymology vol.
ToaPregipitiing thechuses asperillus, Neurospora and Trichoderma for

which methods are known to those skilled in the art, as described in

Applied Molecular Genetics of Fungi, Peberdy, Caten, Ogden, and

Bennett, eds. (Cambridge University Press, N.Y. 1991), many of which

can be obtained from the American Type Culture Collection, Rockville,

Md., which are routinely used by those skilled in the art. Preferably, the

host strain is selected from the group comprising yeast such as
Saccharornyces cerevisiae, Schisaosaccharomyces pombe, Yarrovia
lipilitica, Hansenula polymorpha, Kluyveromyces lactis, Pichia methanolica
and Pichia pastoris, which are capable of expressing high levels of a
recombinant protein. Even more preferably, the host strain is Pichia

pastoris. In particular, the present invention provides a process for
manufacture of insulin glargine protein including a fermentation process, a
recovery process, and a purification process. The process provided herein

includes a fermentation process wherein the aforesaid protein is produced
N Pichia nactoric havinAa at leact nne cediience encodina the <aid nrotein



19 crystallized form is suitably performed in an aqueous vehicle at a pH
comprised between 3.0 and 8.0, preferably 4.0 and 6.0, most preferably at
a pH of 4.0 to 5.0, the concentration of 1lie protein in the aqueous vehicle
being comprised between 1 and 80 g/L, preferably between 2 and 50 g/L,
D@@ﬂa& ably 8 to 14g/L. The crystallisation process can be done at a
"between 2 and 30C. The precursor crystals can be separated
.from the supernatant either by centrifugation, decantation or filtration.
Celly s tali Z&tlo oS G?&@ﬁ@ﬂlaeargo%@rpﬁﬂﬁemfo'v'egstfhée#ﬁ'p&mi@é’fen used
int&ahAegetbio ughdritinbéheldar mentatiencbhaike inthdketeationneXchangeimmediate
elution paal as well as gmmonium acetate salt which is used to elute the
S U N G GO RSP AL 5 ST B SR felpes e
progengdheingf clist innfe ol égteot stkpegny ineressalthelefficabne yhef fhrental
eaction lline f be fr tgred.whi ould be
o e Ll Sl A rogeny
areciaaluded iapticsd feomsire GRgdinéhpramaser ey dheathangiprigiss relevant to

thogeeyﬁé@a-olhﬁewﬁaﬂyﬁiﬁs@éﬁg&@éw the presence of trypsin or
trypsin like enzymes of plant, animal or microbial origin. The reaction is

] t Iy dn.the ce of water-misci rganic s .
o R B e S PR A i
anofpesaneleic asishitvilw ek thyiasdeaend iakpé clIR tEMIF aiesins gectpré includes
laBEGIRIABIGTALIS OEapE AVeRhiSi3RRUHO BB 1§3BRHRIbAaRR by thei
P a40-,60% of the rﬁ%ﬁ%n mg(%re. thginé EI% roducé{j E%%treatin the y thelr
oS pRE BT ABIBIAN AR T ST P e aetonr rdeee) YRRt oS FABATLe of
auttieRoRe Uepdichyoh  ipdiexptaigidnypSicRAC ol istc artiteh @Beln SdChin&edaYh the
that cleayage at the C-terminal of "RR" C-peptide is maxjmized. Byt the . .
PR O HoP SR G A S A5y gD i iR is o
mottypsimeislvagd Sites.of vecpyodbleosthethiripeintoledy anfersitds@iaclude such
"RR" ang C- ' - . ' 0 f
o RN et e Sl RS TSR Bocome
knowatsride aterithepeyeotlehoratves to denature and its hydrolysing activity.
As may be appreciated by a skilled artisan, mixtures of organic solvents

PolpaIRR Rerstses +J hrRAfopRiQaNIGSAMeRts I@Wﬁ'&%ﬁaeﬁﬁ"%ﬁﬁy%.g. are
no

. concentration of the reaction mixture, 20 resulting in preventio
inspiRy IR SIR RIS HRLRIEIAPR 1158 Ve AR ARIE scicadn &V EB BRI gPBRaRR of the
_hurpsifdhigilin Fheceacerbrataibe b aiethsSRidS Be iR allythd anive 208 agine at

The regctign.is carried out at about pH 5 to 12, preferably about pH 8 to
PSR e S SR IO 0P P T B Dt e mlecues

to theidhj@rexylined tbydaniitierBethaineo( HRiBnonsaihie poedferd psteesnchindne DNA

okt s oot yntormeninds
B I B P of

glupesstimatsalisn thesphinigndfith ansteetulaverahlpad lueeindedels by hjiarsigion of
perfiRgl RIREIG ke s Gensls W ARA L3R MRS AAI0 U ARCIRIBIASH of

cases about 4-10 hours. The concentration of enzyme is determined
hepgfit ghiiss BIPLeT i ¥htration of substrates and enzyme activity. For
example, the crystalline trypsin available in the market is used preferably
in a concentration about 10-100mg/L of the reaction mixture. The
“purification method comprises subjecting the insulin glargine sample to a
step of purification through reverse-phase chromatography comprising a
polymer based resin matrix under chromatographic conditions sufficient
for obtaining said peptide of nearly 98- 99% purity, preferably 100% purity.
Thus, unwanted product related impurities formed which is purified in the
successive reverse phase chromatography to generate pure Glargine
Glycosylated (mono 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
nhaca HPI C colitmpn and eliitina a ecambple that inchiidec the nentide with



Every attribute of the chromatographic procedure has a significant role to
play in obtaining the desired protein product. A suitable matrix used in the
chromatographic column is C8 Daisogel2 According to one aspect of the
invention the yield of the purified insulin glargine product is 75% - 80%,
ding ta another aspect of the invention t ield of the purified insulin
T et 1 UM BB RO MR A TSR B e bect of the
iXveBtiorYthdyield of the purified insulin glargine product is 85% - 90%,
z%(\;ﬁé)eqlﬁng to yet another aspect of the invention the yield of the purified
insulin‘glargine product is 90% - 95%, according to still another aspect of
thddmlepdrarpentdd crieiesccpfisig i darsigraggpBnereridct is 95% -
W AGAHHIRIILRERSREGHO BhgimveniiRn A aiR Whbieeule S Merivatives or
glargine product is devoid of or contains substantially minimal amounts of
Gh88ylated byproducts. According to one aspect of the invention the
Puiidy ahilee guptitied dngittivinglargine predbithisaaideast 96%, according to
another aspect af the inventian the purit he purified insulin glargine. .
PR AT SoOH e O i e Shdeiaee BEHIE i atpiivs o
. theajoigsityndf tive AumifieB heiricagldgyimedified Unt isndndeasd 38bstibticnsdinkgtion
t t spect of the invention the purity of the purified insulin
g%ﬁé%ﬁ%ﬁg%%%t is at least 99%, according to still another aspect of the
invention the yield of the purified insulin glargine product is 100%. The
Thenigamtidrrrsttideiepeldinkestbertids) aicusedpieris|brlitdserlifmes of insulin C-
pepRAWEYSfudlRs BeX_N0R emate! be cRRRtHOH 0 dPEMNESRRE Y human
the Invention. 22 EXAMPLES EXAMPLE 1. GIP-A represent the Glargine
PeRSidisenr Vo PP PO REEARMBL ESRATiH (B 85365 ?{é?awmmwﬁa- Thus
varltAZdd mubidieadlois afaades peplideCspeptriacae BnehaiediaGargimetiey retain
.__chain, sequence of BI-B30, Y is a linker tide nce between .
iR 0 TRRCCARIRI iAo R Qe OF R e e e iy o
pertel cie wadid sofrie@idapothetheselshdeti vigptiod thih etip ker phpticd Vsoantbeniques
Wh@%@%{gﬁg&}@%ﬁg@%%ﬁ% &Qgi%ecg HFtE’eJ Ii)i'terature e.g. random or site-
- e produced by a

precursor may y“any suitable expression system such as
dirgotetharietagenetis P RIpANasE sofs ligaitth b mydeis caidvisiite, Be dangtionally
equiitaieh &/ 4Alnd O R uesRRed iRsiRMme-pettidae:MatRlis sighatadily be

peptide in Pichia expression vector, pPICIK. Pichia pastoris host strain -

preggsed asenEinga s IS FREANGS R TH ek ROB BB PR idPUgBRRP LG auences
haBXPreSEngicHaloNe presslsgsall etsasraied prasw sasuNasarpapeidewirtll such

sin to prepare Glargine and other product related jmpurities.. Glargine, ..
o By S TR0 BB S Ry iy G 1 e e in
theth@peof itiicn fentioa, glad giveyirerud ondeatha geanpiedictedimCipeptide”.
weight of 6045 Da and estimated pl value of 6.88. The sequence has 159

ThQH%i%?@Q(sf}]?eﬁ 023 BIRPs gﬁ%ﬁcﬁgﬂ%%ﬁ%&’{ﬁ%ﬁ‘é&ﬁ% RGAVACHAREr region

expression in Pichia pastoris with a predicted molecular weight of 6428.4
mag gompaisesfiemta doplvAde bt 2 1813 he Syl aednngssidues akfeutedhe length
is AR ATIGAT U8 GRISINS RIGAREAE R-Rdsrasy eiefidyePichia
pastoris into the culture medium. The broth is centrifuged and cells are
separated from the supernatant. There are multiple options available for
ThepinkspRFRNEE Y RSCAFESF BB ARTRETEE Gh Ieseiiygamino acids under the
proviiemaiag tapiirand dygiaphehls aipreseatcRRPhMIdresthis inwéhtigngenerally
cation-exchange chromatography and HIC were used to capture the
GIP-A. 23 EXAMPLE 2: CONSTRUCTION OF THE RECOMBINANT
VECTOR CARRYING THE INSULIN GLARGINE PRECURSOR GENE:



Insulin Glargine Precursor (GIP-A) was cloned in frame with the mat
a-signal peptide in the Pichia pastoris expression vector, pPIC9K. The
recombinant plasmid was used to trangform Pichia pastoris host strain,
-GS115, and the secreted GIP-A was Insulin-Glargine Precursor which will
be taken to downstream purification process to make the final product.
e PR R MACH S R BTERECME ST PR I RRE O RBTIgR Rmologs
of f¥iin{s BORSE SGAEIRMINID EHEgid ShrbddinGbAIR GidEt R EEolistS ORuitdg blirsts of
PICOK/IGP-A clone. harboring recambinant plasmid DNA was diggested
onl AR L RS e S A T e A oL AT can e
elicB8 HSigdd osth BHemiomofdinytech balcpimyiaes witidtailetsigrotieolsof
the transformation procedure. SCREENING FOR MULTI-COPY

In J%Teﬁ‘%w&% tﬁ@ﬂﬁgfgfp %%?6@&@9#6@9&69;&%6&%%%&&99&&@%&% YFeither

broth in 384 well micro titer plates along with appropriate controls. The .
an 3ggpist WerBtAsOnisARG hrmecinskn Haigsnptisiamalrapesshe Ao acid
seqBERE REPIBSARABINKIDID NQ/M IpfoRABICILEA4 821 2440068 YepiRie having an
.__selected which were stamped further on plates 1, 2 and 3 mg/mL of G4118 .
inSYHp SHEGHE REQHP AL B R HIR Ay °% S GRS AR gaDLY O5%
hontoty Ao OddBrinsie rstesheaoant hises dgospréthsiousiudiedd sequence shown in

IRMATION OF GE INTEGRATION IN THE.GENOME BY PCR: .
S e NS AL BRSO A T0ums St e
proR@RndSiYine Atl et elfte Y iRYYS imorelegyordtdisaguiaacinsbgvationSHQ 1D No:

2 agél B4 RS 08ROME N 25 I Al B ERRRESRIGNRIURIRSIN RDNA

ASTOR'S Small scale expression studies in P.pastoris were carried out
molgg e CATBIBRSCA! HioEnai PR oehemarmlentifsistguenes Fofeditgern insulin
glaiHAVR e FORI0-BM SJatiomd by induction with methanol in BMMY at

24C. Induction with methanol was carried out for a total of 3 days.

EXAMPLE 3: FERMENTATION PROCEDURE Reco binant
The nopfraE oA sle e AiEn AT P A METRAR 5 hdsp%ﬁ-ﬁ%ooﬁf BISBGIBrA least
onesepdeatbitesdaieddnel baadsa adyrieiade acligiooref ShinpiDakgamSiehidnce, at least

PREPARATION The seed medi contains following ingredients: Yeast .
one oo O A e R R Sor B prac
tranghidsidratersh dsuseqassiutrehsidiogevipbs phettonndNDABIdtn pArtsinlie it is

con %ﬁlﬁf&% fisezaanasisediipdnasHiatadige seedflas %fYé]ﬁié@ﬂ&"i’@JS’%nized by

‘thawed to ambient temperature before inoculation under ‘sterile conditions.

the Tipg raisepmueanAS AnenEB Al tonRsRIcatablg serdicavshel ffdlions mompter
seqASRRUCAPMIBEDS 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.



The quantity to be added to each flask was ascertained, such that the

initial 0D600 in the pre-seed flask was between 0.1 - 0.2. The flasks were

then incubated for 20-24 h on shaker at430C at a speed of 230 RPM.

FERMENTER BATCHING CONDITIONS Fermentation process has two

bhases, Growth phase (to build up_ biomass) followed by induction phase.
AdiigRlbG fds MesHECA Al SR ERBRRET A BRI B PR SRIY SRR IBE RET R cither in
the badedt Bh%&ﬁ@@ﬁ@ﬁf&ﬂ@@%l%s@@iéﬁﬂ&%ﬂ@déﬂ ﬁ@lﬁﬁ@ﬁiiiﬁﬂﬁiﬁposiﬁo&l which

fermenter. The fermentation medium comprises of, .or sphoti¢ aci .
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specified period. Stock solution of trace salt and biotin were prepare
partsep argtelynnel dfithe Sedlonviad wasPatided aseptically to the fermenter after
medium sterilization and pH adjustment to 5.0 with ammonium hydroxide.

1) thy pelsetian Jrired amtaken Bhes aty . WRiR-atAP 1Rge bR JAMBNtBRWASoduct to
inoculated with 5% seed inoculum from a seed shake flask. Following

the marire tqeombinant ME'HB AR of fermentation: pH: 5.0, Temperature:
30C, D02: 30%. EXAMPLE 4: RELATED CONVERSIONS AND

2) tl?diRéf FeiicA Diame ?%ﬁ@@&%’aﬁw@ig&m@ﬁd csﬁoﬁr;ﬂ’[mﬁa&?nﬂbﬁm protein
in fermentation of Pichia pastoris subje to.purification the steps
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packed with SP Sepharose fast flow matrix (GE Biosciences) was '
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column. The loading on the column was < 50g/L. The elution was
... performed using ammonium acetate. The recovery of the step was 95% at
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cation-exchange chromatography step was crystallised for the purpose of, .
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in veLEHOR RRCLYAIMR. A4l ZnC12 solution can be added at 3 to 15% of
the CIEX elution pool volume. The pH can be 26 adjusted by using any
alkali, preferably NaO1l-1 or TRIS. The crystallisation process can be.done

"ControlsrpenatierBierl KR prIseSsAfIaRaE iR StBrewifs Yamaperably
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added after praper thawing This was follg by,addition of 57.87 of
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and it was adjusted to 4.8 by adding 420 ml of 2.5N NaOH. The mother
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whole mixture was centrifuged at 5000 rpm for 20 minutes in a Beckman
Coulter Avanti J-26 XP centrifuge. The loss in supernatant was 1.55%.
Example 4b: 500 ml of elution pool (precursor concentration 2.9 g/L) was
taken and 0.625 ml of phenol (0.125% of EP volume) was added after
proper thawing. This was followed by addition of 15.625 ml of 4% ZnC12
solution (3.125% of EP volume). The 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 (2-8C), 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 chilledto 20+5 C, 5 mL
(0.5% V/V) of phenol was added for ealh litre of elution pool. Required
amount of Phenol was added in an aliquot of elution pool and finally

to the main tank f isselution. ti .
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S atant, the yield was approximately 90% at this step.
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property, such as the presence of a nucleotide sequence encoding a desired polypeptide, are

also considered progeny.

A "gene of interest” (GOI) is any nucleic acid sequence for which increased
transcriptional expression is desired. The GOI may encode a functional nucleic acid
molecule (e.g,. an RNA, such as an antisense RNA molecule) or, more typically, encodes a
peptide, polypeptide or protein for which increased production is desired. The vectors of
the invention can be used to express a "heterologous” protein . As used herein, the term
"heterologous” means a nucleic acid sequence or polypeptide that originates from a foreign
species, or that is substantially modified from its original form if from the same species.
Furthermore, a modified or unmodified nucleic acid sequence or polypeptide that is not
normally expressed in a cell is considered heterologous. Vectors of the invention can have
‘one or more GOls, inserted at the same or different insertion site, where each GOI is

operably linked to a regulatory nucleic acid sequence which allows expression of the GOI.

The term "purifying" a peptide from a composition comprising the peptide and one or
more contaminants thereby increasing the degree of purity of the peptide in the
composition by reducing the contents of at least one contaminant from the peptide
composition. More specifically the purification process of the present invention results in a
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.

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
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which the individual solutes of the mixture migrate through a stationary medium under the

influence of a moving phase, or in bind and elute processes.

The term “High Performance liquid chromatography”, as used herein, refers to that
chromatographic procedure in which the particles (stationary phase) used in the column
packing are small (between 3 and 50 microns) and regular with little variation from the
selected size. Such chromatography typically employs relatively high (around 500-3500

psi) inlet pressures.

After a host organism has been chosen, the vector is transferred into the host organism
using methods generally known by those of ordinary skill in the art. Examples of such
methods may be found in Advanced Bacterial Genetics by R. W. Davis et. al., Cold Spring
Harbor Press, Cold Spring Harbor, N.Y., (1980), which is specifically incorporated herein
by reference. It is preferred, in one embodiment, that the transformation occur at low
temperatures, temperature regulation is contemplated as a means of regulating gene

expression through the use of operational elements as set forth.

The host microorganisms are cultured under conditions appropriate for the expression of
the insulin glargine precursor. These conditions are generally specific for the host
organism, and are readily determined by one of ordinary skill in the art, in light of the
published literature regarding the growth conditions for such organisms, for example
Bergey's Manual of Determinative Bacteriology, 8th Ed., Williams & Wilkihs 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
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precursor may be produced by expression in a host expression system not including
bacteria other than E. coli, yeast such as Saccharomyces and Kluvyeromyces for which
methods are known to those skilled in the art (Methods in Enzymology vol. 194); and
fungi such as Aspergillus, Neurospora and Trichoderma for which methods are known to
those skilled in the art, as described in Applied Molecular Genetics of Fungi, Peberdy,
Caten, Ogden, and Bennett, eds. (Cambridge University Press, N.Y. 1991), many of which
can be obtained from the American Type Culture Collection, Rockville, Md., which are
routinely used by those skilled in the art. Preferably, the host strain is selected from the
group comprising yeast such as Saccharomyces cerevisiae, Schisaosaccharomyces pombe,
Yarrovia lipilitica, Hansenula polymorpha, Kluyveromyces lactis, Pichia methanolica and
Pichia pastoris, which are capable of expressing high levels of a recombinant protein. Even

more preferably, the host strain is Pichia pastoris.

In particular, the present invention provides a process for manufacture of insulin glargine
protein including a fermentation process, a recovery process, and a purification process.
The process provided herein includes a fermentation process wherein the aforesaid protein
is produced in Pichia pastoris having at least one sequence encoding the said protein is
integrated into the genome, wherein the fermentation process includes a seed fermentation
to grow host cells to a desired cell density and a production fermentation process
comprising glycerol batch fermentation, methanol induction fermentation and finally

production.

The Glargine 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 reco{/ery process provided
herein provides for a yield of 95%. Altemately, 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



B3 7.0 B4 6.3 All the conditions gave product at different
proportions. The sample B1 gave best conversion at around 40% whereas
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crystallized form is suitably performed in an aqueous vehicle at a pH comprised between
3.0 and 8.0, preferably 4.0 and 6.0, most preferably at a pH of 4.0 to 5.0, the concentration
of the protein in the aqueous vehicle being comprised between 1 and 80 g/L, preferably
between 2 and 50 g/L, most preferably 8 to 14g/L. The crystallisation process can be done
at a temperature between 2 and 30°C. The precursor crystals can be separated from the

supernatant either by centrifugation, decantation or filtration.

Crystallization of the Glargine precursor GIP-A removes the impurities carried through
from the fermentation broth into the cation-exchange elution 15001 as well as ammonium
acetate salt which is used to elute the product from the chromatography. A pure crystalline
precursor also helps in reducing cost in the subsequent steps and increase the efficiency of
the reaction. The crystalline form can be frozen and stored which would be subsequently

stable for the multiple days when stored at -20°C.

Glargine can be prepared from the Glargine precursor through an enzymatic conversion.
The conversion is effected by the presence of trypsin or trypsin like enzymes of plant,
animal or microbial origin. The reaction is carried out preferably in the presence of water-
miscible organic solvents like DMSO (dimethyl sulfoxide) DMF (dimethyl formamide),
ethanol, acetone, acetonitrile or ethyl acetate especially DMF and DMSO. The preferable
ratio of the organic solvent is about 0-65%, especially about 40-60% of the reaction

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 cleavage 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,



Example 5b: 1.6g of Glargine precursor was dissolved in 2m1 of 1M TR1S
solution. Iml each of this solution was taken into three tubes labeled as
sample A, sample B and sample C. ToXample A, 1.gml of water, 1.2 ml of
DMF and 161mg of TRIS were added To sample B, 0.6m1 of water,
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systems can be used at different ionic strengths to maintain the required pH. Reaction time

is variable and is affected by other reaction conditions. Reaction may be continued until
the purity of the product starts decreasing due to hydrolysis of the product, It takes

generally about 30 minutes to 24 hours and in most cases about 4-10 hours.

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

preferably in a concentration about 10-100mg/L of the reaction mixture.

The purification method comprises subjecting the insulin glargine sample to a step of
purification through reverse-phase chromatography comprising a polymer based resin
matrix under chromatographic conditions sufficient for obtaining said peptide of nearly 98-

99% purity, preferably 100% purity.
p p Y

Thus, unwanted product related impurities formed which is purified in the successive
reverse phase chromatography to generate pure Glargine. Glycosylated (mono 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
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matrix to be used, the pH value and the ionic strength of the buffer for efficient

purifications

Every attribute of the chromatographic procedure has a significant role to play in obtaining
the desired protein product. A suitable matrix used in the chromatographic column is C8

Daisogel.

According to one aspect of the invention the yield of the purified insulin glargine product
is 75% - 80%, according to another aspect of the invention the yield of the purified insulin
glargine product is 80% - 85%, according to yet another aspect of the invention the yield
of the purified insulin glargine product is 85% - 90%, according to yet another aépect of
the invention the yield of the purified insulin glargine product is 90% - 95%, according to
still another aspect of the invention the yield of the purified insulin glargine product is 95%
- 100%.

According to one aspect of the invention the purified insulin glargine product is devoid of
or contains substantially minimal amounts of glycosylated byproducts. According to one
aspect of the invention the purity of the purified insulin glargine product is at least 96%,
according to another aspect of the invention the purity of .the purified insulin glargine
product is at least 97%, according to yet another aspect of the invention the purity of the
purified insulin glargine product is at least 98%, according to yet another aspect of the
invention the purity of the purified insulin glargine product is at least 99%, according 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.
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EXAMPLES
EXAMPLE 1:

GIP-A represent the Glargine precursor of Formula X-[Glargine B chain (B1-B30)]- Y-
[Glargine A chain (A1-A21)], where X is a leader peptide sequence, B chain is 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 sequence may be devoid of leader or other leader
peptide. The linker peptide Y can be anyone from the example RR, RRDADDR. The GIP-
A precursor may be produced by any suitable expression system such as Escherichia coli,

Pichia pastoris, Saccharomyces cerevisiae, CHO cells etc.

The GIP-A precursor was cloned in frame with the Mat-alfa signal peptide in Pichia
expression vector, pPIC9K. Pichia pastoris host strain GS115 was transformed with the
recombinant plasmid to obtain clone expressing Glargine precursor. The secreted precursor
was treated with trypsin to prepare Glargine and other product related impurities. Glargine

was purified by using revere phase chromatography.

SEQ ID 1 represents the sequence for the glargine precursor, having a predicted molecular
weight of 6045 Da and estimated pl value of 6.88. The sequence has 159 nucleotides and

53 amino acids.

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.
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EXAMPLE 2:

CONSTRUCTION OF THE RECOMBINANT VECTOR CARRYING THE
INSULIN GLARGINE PRECURSOR GENE:

Insulin Glargine Precursor (GIP-A) was cloned in frame with the mat o-signal peptide in
the Pichia pastoris expression vector, pPIC9K. The recombinant plasmid was used to
transform Pichia pastoris host strain, GS115, and the secreted GIP-A was Insulin-Glargine
Precursor which will be taken to downstream purification process to make the final

product.

TRANSFORMATION OF A PICHIA HOST WITH THE RECOMBINANT
VECTORS CARRYING THE INSULIN GLARGINE PRECURSOR GENE:

pPIC9K/IGP-A clone harboring recombinant plasmid DNA was digested with Bgl I and
used to transform electrocompetent cells of P.pastoris GS115 (his4) host. The invitrogen

manual provides a detailed protocol of the transformation procedure.
SCREENING FOR MULTI-COPY INTEGRANTS:

Approximately 2000 transformants were inoculated in YPD broth in 384 well micro titer
plates along with appropriate controls. The plates were incubated 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.
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SMALL SCALE EXPRESSION STUDIES IN P. PASTORIS

Small scale expression studies in P.pastoris were carried out as per the protocol given in
Invitrogen manual. Briefly, the clones were grown at 30°C in BMGY followed by
induction with methanol in BMMY at 24°C. Induction with methanol was carried out for a

total of 3 days.
EXAMPLE 3:
FERMENTATION PROCEDURE

Recombinant Insulin-Glargine fermentation process has been optimized at laboratory scale.

Presented below is a brief description of the process.
SEED PREPARATION

The seed medium contains following ingredients: Yeast nitrogen base, Ammonium sulfate,
Glycerol, potassium dihydrogen phosphate and dipotassium hydrogen phosphate and D-

Biotin.

A single vial from freezer was used to inoculate the seed flask. The vials were thawed to
ambient temperature before inoculation under sterile conditions. The inoculum 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
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fermentation: pH: 5.0, Temperature: 30°C,-DO2: 30%.
EXAMPLE 4:
RELATED CONVERSIONS AND PURIFICATION METHOD:

Insulin glargine pfecursor that was produced in fermentation of Pichia pastoris was
subjected to purification the steps which involved in the purification process are as

follows.

The column 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
ZnCl2 & 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
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adjusted by using any alkali, preferably NaOH or TRIS. The crystallisation process can be
done at a temperature between 2 and 30 °C and the slurry is stored for some time so that
the crystals will be formed completely. The precursor crystals can. be separated from the

supernatant by either centrifugation or decantation.

Example 4a: 463 ml of elution pool (precursor concentration 13.8 g/L) was taken and
2.315 ml of phenol (0.5% of EP volume) was added after proper thawing. This was
followed by addition of 57.875 ml of 4% ZnCI2 solution (12.5% of EP volume). The pH
was 4.08 at this stage and it was adjusted to 4.8 by adding 420 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 overnight. Then the whole mixture was
centrifuged at 5000 rpm for 20 minutes in a Beckman Coulter Avanti J-26 XP centrifuge.

The loss in supernatant was 1.55%.

Example 4b: 500 ml of elution pool (precursor concentration 2.9 g/I.) was taken and
0.625 ml of phenol (0.125% of EP volume) was added after proper thawing. This was
followed by addition of 15.625 ml of 4% ZnCI2 solution (3.125% of EP volume). The 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/L. 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.
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proportions. The sample Cl gave best conversions at around 40%,
followed by BI (-30%), whereas other canditions gave less than 15%
conversion. 31 Example 5d: 1.5g of Glargine precursor was dissolved in

B 2$1rﬁ$rlM TRIS solution. 0.75 ml ,oé#his solution waj t%@n agg to this
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pH was then adjusted to 9.0. Then the solution was split into two samples
EXANBAAES: For sample A, the reaction was carried out at room temperature
(20 to 25C) whereas for sample B, the reaction was done at 2 to 8C.
TRYPRENGR X¥PfoNarted by adding bovine trypsin at a concentration of

50}1g/ml. Both the samples gave conversion of around 40%. The reaction

at lower temperature (sample B) took longer duration but showed slightly
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at 2-8C. The conditions tied are tabulated as follows. TABLE 4:

The ratio of organic solvent was determined by the solubility of the starting materials,
tendency of enzymes to denature and its hydrolyzing activity. Mixtures of organic solvents
also can be used. The addition of organic solvents lowers the aqueous concentration of the
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.



SAMPLE SOLVE NT % PH TRIS CONCEN TRATIO N (M) TRYPSIN
CONCENTRA TION (vg/mL) PRECURSOR CONCENTRA TION (mg/mL)
TEMPERAT URE (C) Al (DMF) 50% 8.28.5 50 13.5 20 - 25 A2 (DMF

Example 5a: 1g of glargine precursor was dissolved in 1.5ml of 1M TRIS solution. 1 ml

each of this solution was taken into two tubes labeled as sample A and sample B. To
sample A, 3 ml of water and 166.6mg of TRIS were added. To sample B, 2ml of DMF,
Iml of water and 166.6mg of TRIS were added. Each sample was split into four by

adjusting the pH to four different pH. The reaction was carried out in all the samples by

adding bovine trypsin at a concentration of 50ug/ml. The conditions tried are tabulated as

follows.
TABLE 1:
TRIS TRYPSIN PRECURSOR
SOLVENT
SAMPLE | PH | CONCENTR | CONCENTRATIO | CONCENTRATIO
° ATION (M) | N (ug/mL) N (mg/mL)
Al 92
A2 8.2
0%
A3 7.0
A4 62
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%.
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Example 5b: 1.6g of Glargine precursor was dissolved in 2ml of 1M TRIS solution. 1ml
| each of this solution was taken into three tubes labeled as sample A, sample B and sample
C. To sample A, 1.8ml of water, 1.2 ml of DMF and 161mg of TRIS were added. ’fo
sample B, 0.6ml of water, 2.4ml of DMF and 161mg of TRIS were added. To sample C, 1
ml of water, 2.0ml of DMF and 161mg of TRIS were added. Both sample A and B were
split into four and sample C into two by adjusting to different pH. The reaction was carried
out in all the samples by adding bovine trypsin at a concentration of 50pug/ml. The

conditions tried were tabulated as follows.

TABLE 2:
SAMPL SOLVE TRIS TRYPSIN PRECURSOR
- NT PH | CONCENTRATI | CONCENTRA | CONCENTRATI
(DMF)% ON (M) TION (pg/mL) | ON (mg/mL)
Al 10.1
A2 9.04
30%
A3 8.05
A4 6.77
Bl 9.95
0.5 50 10.5
B2 9.13
60%
B3 8.01
B4 ‘ 7.0
Cl 9.0
50% ‘
2 8.0




32 All the samples gave similar conversion (-40%). The reaction in
samples at room temperature was over within one hour whereas those at
cold room were over by 5 - 6 hours. Exaple 5f: 2g of Glargine precursor
was dissolved in a solution containing 0.5g TRIS, 2m1 water and 2 ml
DMF. From this solutign, 6 samples of 3.08 ml were made such that each

- All the, copdiionsosa s mERIBCE R THFE PEIRBLPTH EOGSAPLY L et &A% best

conwasiviay itcurnmahgothesk:cangies twmitddhgfate 166s ghan REFCIvMASH.
started in each sample by adding 5 mg trypsin per gram of precursor. All

h | 2-8C during th ion. T it i .
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added. ch3 §e71rrcl)}5?e B, 0.75ml of water, 1.5 ml of DMF and 106 mg of TRIS were added. To
sample C, 0.75ml of water, 1.5ml of DMF and 106 mg of TRIS were added. Both samples
A and B were split into two by adjusting to two different pH. The sample C was adjusted
to pH 9.0. The reaction was carried out in all the samples by adding bovine trypsin at a

concentration of 50pg/ml. The conditions tried are tabulated as follows.

TABLE 3:

TRIS TRYPSIN PRECURSOR
SOLVENT

SAMPLE | PH | CONCENTRATI | CONCENTRATION | CONCENTRATI
ON (M) (uG/mL) ON (mg/mL)

Al 0% 9.0

- ETHANOL [+

Bl 50% 89 105 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 B1 (~30%), whereas other conditions. gave less

than 15% conversion.
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Example 5d: 1.5g of Glargine precursor was dissolved in 2ml of 1M TRIS solution. 0.75
ml of this solution was taken and to this 0.75 ml of water, 1.5 ml of ethanol and 106 mg of
TRIS were added. The pH was then adjusted to 9.0. Then the solution was split into two
samples - A and B. For sample A, the reaction was carried out at room temperature (20 to

25°C) whereas for sample B, the reaction was done at 2 to 8°C. Reaction was started by

adding bovine trypsin at a concentration of 50pg/ml.

Both the samples gave conversion of around 40%. The reaction at lower temperature

(sample B) took longer duration but showed slightly better yield.

Example 5e: 1g of Glargine precursor was dissolved in 1ml of 1M TRIS solution. 0.75 ml
each of this solution was taken into two tubes labeled as sample A, and sample B. To
sample A, 0.75 ml of water, 1.5 ml of DMF and 130 mg of TRIS were added. To sample
B, 0.75 ml of water, 1.5 ml of DMSO and 130 mg of TRIS were added. Both samples A
and B were split into two after adjusting to pH 8.7. The reaction was carried out in all the
four samples by adding bovine trypsin at a concentration of 50pg/ml. Reactions in one

aliquot each from sample A and B were done at 2-8°C. The conditions tried are tabulated

as follows.l
TABLE 4:

SOLVE E?)Il\?CEN TRYPSIN PRECURSOR ;EJEI‘E{P(%RAT
SAMPLE | 32''F [ PH | [ PNC Y| CONCENTRA | CONCENTRA | °C)
’ TION (pg/mL) | TION (mg/mL)

N M)
Al
DMP) 20— 25
A2 (DMF -8
81 50% 87 105 50 13.5
20-25
(DMSO)
B2
(DMSO) 2-8
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All the samples gave similar conversion (~40%). The reaction in samples at room

temperature was over within one hour whereas those at cold room were over by 5 — 6

hours.

"Example 5f: 2g of Glargine precursor was dissolved in a solution containing 0.5g TRIS,

2ml water and 2 ml DMF. From this solution, 6 samples of 3.08 ml were made such that

each contained 50% DMF& 0.5M TRIS, at pH 8.7. The precursor concentration was varied

among these samples from 10 g/L to 60 g/L. Reaction was started in each sample by

adding 5 mg trypsin per gram of precursor. All the samples were at 2-8°C during the

reaction. The conditions tried are tabulated as follows.

TABLE 5:
RIS PRECURS | TEMPER
TRYPSIN OR ATURE
SOLVENT | pyy | CONCEN | CONCENTRATI | CONCENT | (o)
SAMPLE | 7 ON(ugmL) = | RATION
NM)
(mg/mL)
A 50 10
B 100 20
c 150 30
50% 8.7 | 0.5 2-8
D 200 20
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
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CONDITION WITH YIELD AND PURITY: EXAMPLE 5g: The wet
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well before dissolution. These crystals were dissolved by adding that into
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kg of precursor crystals) under stirring conditions. For example, 1 kg of
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fermentation of Pichia pastoris was subjected to purification, the steps
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(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 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 urn particle size) was equilibrated with 6% of ethanol
(Riiffar RY in BENO112M acetic acid (Riiffar AY The loadina of RP aliiate from
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performed. A linear gradient of buffer B is used to elute the purified

glargine at yield of 75.0% with purity 98.5% at a loading of 35 g/L . 37

EXAMPLE 6e: 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 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 patrticle size) was equilibrated with 10% of

acetonitrile (Buffer B) in 20mM perchloric acid pH 3.0 (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 niirified alaraine at vield of R7 A94 with niiritvy OA 204 and alvveoceviated



gradient of buffer B was used to elute the purified glargine at yield of

75.0% with purity 98.8% at a loading of 35g/L. EXAMPLE 7: FINAL

PRECIPITATION: The glargine purified3through different reverse phase

chromatography steps was precipitated by adding citric acid buffer and
E%E%w.tion, and adjusting the pH. (The citric acid buffer comprises

4 g/C Cittic acid (anhydrous), 90 g/L di-sodium orthophosphate

(anhydrous) buffer, pH adjusted to 6.3. + 0.1, with o-phosphoric acid). The
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eluted using a linear gradient program: 0 mm 25%B; 0-10 min 27%B;
EXAOMBIK6€:9%B; 15-21min 30%B;21-27min 33%B and 27-35min 25%B at
a constant flow rate of 1.5mLmin-1. The injection volume was kept at 20ul
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concentration 100mg mL-1 for purifying process impurities.
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The RP-HPLC proarile and the SEC-HPLC profile of the final protein

Parfiglstieeonesisat etpd sHthepre el Attennl Fieisrdibin M citric acid (Buffer

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



40 EXAMPLE 9c: Electrospray ionization mass spectra of glargine,
naonoglycosylated insulin glargine (mGIG) and tri-glycosylated insulin
glargine (tGIG) are represented in FIG 36 FIG 8 and FIG 9 respectively.
Sample Time Area Height Width Area% Symmetry Batch No.1 18.192

A I}n%gr‘l;glrz 1691%'%@6191%? B1 Qv%soﬁggdl to elute the purified glargine at yield of 75.0% with

purity 98.0% at a loading of 35g/L.
EXAMPLE 6d:

The column packed with RP-HPLC resin (C8 Daisogel 120 A pore, 10 pm particle size) is
equilibrated with 10% of acetonitrile (Buffer B) in 250mM acetic acid (Buffer A). The
loading of, trypsinisation end diluted 1:5 using water, is performed. A linear gradient of
buffer B is 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) is equilibrated with 10% of acetonitrile (Buffer B) in 100mM ammonium
acetate pH 5.0 (Buffer A). The loading of RP eluate from previous step, diluted to contain
10% acetonitrile, is performed. A linear gradient of buffer B is used to elute the purified
glargine at yield of 60.7% with purity 98.0% and glycosylated impurity of 0.91%.The
column packed with RP-HPLC resin (C8 Déisogel 120 A pore, 10 um particle size) is
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, is performed. A linear gradient of
buffer B-is used to elute the purified glargine at yield of 75.0% with purity 98.5% at a
loading of 35g/L.



Introduction of one monosaccharide unit to glargine decrease the

retention time due to increase in polarity and increase in mass unit of 162

units; similarly introduction of three mog®saccharides further increase in

polarity and increase in mass of 486 units. The molecular weights of

glycoforms were obtained by deconvoluting multiply charged peaks in
Exg@%k? 'I(;ABLE 6 : Comparisons of molecular weight observed by

rdy and matrix assisted laser desorption ionization techniques.

MOLECULAR WEIGHT ESI MALDI Insulin Glargine 6063.2 6063.4 mGIG

Thes@slBrmGRRE 6 1@k BB4IPL 6 549:8((3 Adiogra I28 g pwee o bbaime pdusicle size)

wad BGIERRGd GAER 003 DRaEMYEINS RP20 8RN Letic 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
um particle size) was equilibrated with 10% of acetonitrile (Buffer B) in 20mM perchloric
acid pH 3.0 (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 37.4% with purity 96.2% and glycosylated impurity of
0.28%.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
gradient of buffer B was used to elute the purified glargine at yield of 70.0% with purity
- 97.0% at a loading of 35g/L

EXAMPLE 6f:

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 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 pum 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



6549.8 respectively. The molecular weight data observed for mGIG and
tGIG are consistent with data observed by EST-MS. The molecular weight
difference between IG, 41 mGIG and t6§G showed multiples of 162 mass
units suggesting that glycans are covalently attached to glargine. Figure 8.
atrix assj te%laser desorption ionisation mass spectrum of ) o
e 1 LS S S RUREEHGR By T3 it iy
98.8%patrimextisn pvef 8 dgidertaken to identify the chain at which glycosylation
had taken place. The method was standardised using glargine as
E}%{W#'lmg of glargine was dissolved in 500W.of 8M guanidine HC1,
1 IS and 1mM EDTA buffer maintained at a pH of 9.0. To this
10111 of 1M dithiothreitol (DTT) was added. The contents were mixed and
FINALPRECIPEREREPDars. The incubated samples were brought to room
temperature and 101_11 of iodoacetamide was added. The samples were

ThEOYREGEhN pluntiumAaibp Rigtestiresdisht jRadbtadAlBLfadef t4eps was
hours lysed by LCMS. In a similar way mGIG and tGIG was

nd an \ SIS
PrepgRhies g SHEErarthBYHER RS A o F iYLy Maopivsaing ghe PH. (The
citiReduiztiobusferl Abylatien afs@lygdsytated Giadgiaasydpoesio Bty chainsium

ort t"g"%ﬁﬁ%%@%ﬁé@% aulﬁaerl]', %lﬁ%%jdg}teadc{o T; . (Mﬂ), Iwnltﬁ"lcg)—p %Sslsa rTr]ljcz )acid). The
precipitation was done at a pH range of 4.0 to 10.0, preferably 6.0 to 8.0. The product -
concentration was preferably 2 — 20 g/L. After the precipitation, the product was separated
from the clear supernatant by either centrifuging or decanting the supernatant without
disturbing the settled precipitate. The precipitate so obtained was washed with chilled

water to remove the unbound ions present.

The yield of the whole process was 85 - 90% and the product purity was around 99%.
EXAMPLE 8:

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:



Retention Time* (Min) Mass (m/z) Retention Time (Min) Mass (m/z)
Glargine 27.5 6063 5.5 2555 20.5 3857 Mono Glycosylated Glargine 23.4
6225 5.2 39

EXAMPLE 9a:

To characterise glycoforms of impurities mGIG (monoglycosylated insulin glargine) and
tGIG (triglycosylated insulin glargine) were isolated by semi-preparatory reverse phase
chromatography. Identification of process impurities were carried out on an Agilent 1100
chromatography system (CA, USA) using a Prochrome C18 (250x 8.0mm) column. The
mobile phase solvents were aqueous 0.1% TFA (A) and 0.1% TFA in acetonitrile (B).
Impurities of glargine were eluted using a linear gradient program: 0 min 25%B; 0-10
min 27%B; 10-15min 29%B; 15-21min 30%B;21-27min 33%B and 27-35min 25%B at a
constant flow rate of 1.5mLmin-1. The injection volume was kept at 20pl and column
temperature was maintaiﬁed at 40°C. The eluants were monitored at 214nm. The
chromatographic peaks corresponding to glycosylated impurities were analysed online by
Agilent 1100 series LCMSD SL ion trap mass spectrometer (Agilent Technologies, USA).
The mass spectrometer was operated in ESI mode. The nebuliser gas was kept at 60psi,
drying gas at 12.0 L min-1 and drying temperature was kept at 350°C. Positive ion

electrospray mass spectrum was recorded in MS mode in the mass range 600-2200 m/z.

The peaks corresponding to mGIG and tGIG were manually. collected. Since mGIG (1.0
%) and tGIG (0.3 %) were observed at trace level in formulations, Glargine 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.



2718 21.3 3857 42 Tri Glycosylated Glargine 222 6549 5.2 2718 20.1
4180
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EXAMPLE 9c¢:

Electrospray ionization mass spectra .of glargine, monoglycosylated insulin glargine

(mGIG) and tri-glycosylated insulin glargine (tGIG) are represented in FIG 7, FIG 8 and

FIG 9 respectively.
Sample Time Area Height | Width | Area% | Symmetry
Batch No.1 18.192 | 190417 |399.4 [0.9616 | 100 0.881

Introduction of one monosaccharide unit to glargine decrease the retention time due to
increase in polarity and increase in mass unit of 162 units; similarly introduction of three
monosaccharides further increase in polarity and increase in mass of 486 units. The

molecular weights of glycoforms were obtained by deconvoluting multiply charged peaks
in ESI-MS.

TABLE 6 : Comparisons of molecular weight observed by electrospray and matrix

assisted laser desorption ionization techniques.

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,



EXAMPLE 9d: PEPTIDE MAPPING: The glycofouns of glargine were
subjected to enzyme digestion to identify the amino acid position at which
the glycosylation had taken place. 0.65#1g of native glargine dissolved in
200jd of 1M TRIS (pH =9.0). To this freshly prepared 500 of Img mL-1 of V
rot lu-C), was adde incubated at 37C for twg hours. The
m R P HTE FEIBIEN T A S BUp ISR 14 e B covalenty
attatiGmhin, BargBR0 (Waters; symmetry) at a flow rate of 0.8mL nun-i. The
column temperature was maintained at 40C. The following gradient was

Figused. Qveidiixi ras5istid i e 6 0c65pion 86nb%eidn Sedve sp Arlnl Y aesiRRlrcosylated
TEA ?nd. Sot\rir?(l}'f = Acetonitrile. 20En of sample was injected and eluted

msﬁlé% SRere red at 220nm. The samples were analysed online by

Agilent 1100 LCMS for GLU-C fragments analysis. A comparative stud i
Reguistiof AR s 2HRw | BX BT HIRE s Y5 inbBRgEtakEnuif irfetehigrat which
glytiosglaivh Madealtar piiassethd ABhEdSwasostpdaisise O Lkitack) frgigeentsandard.
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EDTA buffer maintained at a pH of 9.0. To this 10ul of 1M dithiothreitol (DTT) was
added. The contents were mixed and incubated at 37°C.for 2hrs. The incubated samples
were brought to room temperature and 10ul of iodoacetamide was added. The samples
were covered in aluminium foil to protect from light, incubated at 37°C for two hours and
analysed by LCMS. In a similar way mGIG and tGIG was reduced and alkylated for the

identification of glycosylation.

TABLE 7. Reduction and Alkylation of Glycosylated Glargines done to identify chains at

which glycosylation taken place

Intact Intact |Chain A Chain B

RT* Mass

(Min) Retention Mass Retention Wass
(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




tGIG 26.5 6549 Glargine 10.3 417 43 A1-A4 mGIG 11.3 417 tGIG 12.3
417

42

Tri

Glycosylated 6549 5.2 2718 20.1 4180

Glargine

P22

EXAMPLE 9d:
PEPTIDE MAPPING:

The glycoforms of glargine were subjected to enzyme digestion to identify the amino acid
position at which the glycosylation had taken place. 0.65mg of native glargine dissolved
in 200pul of 1M TRIS (pH =9.0). To this freshly prepared 50ul of Img mL-1 of V 8
protease (Glu-C) was added and incubated at 37°C for two hours. The tryptic digest of IG,
mGIG and tGIG were separated on a C18 250x 4.6mm, 5u, 300° (Waters; symmetry) at a
flow rate of 0.8mL min-1. The column temperature was maintained at 40°C. The
following gradient was used 0-60min, 5-80%B, 60-65min, 80-5%B. Solvent A=0.1%
aqueous TFA and solvent B = Acetonitrile. 20l of sample was injected and eluted peaks
were monitored at 220nm. The samples were analysed 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




B22-B32 Glargine 17.4 1428 inGIG 17.5 1428 tGIG 16.9 1752 B14-B21
A18-A21 Glargine 20.3 1320

43

Al-A4 mGIG 11.3 417

tGIG 12.3 417
Glargine 17.4 1428
B22-B32 mGIG 17.5 1428
tGIG 16.9 1752
Glargine 20.3 1320
B14-B21 mGIG 20.3 1320
A18-A21 tGIG 20.3 1320
Glargine 1232 2970
B1-B13 mGIG 22.5 3132
| A5-A17 tGIG 226 3132

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.



mGIG 20.3 1320 tGIG 20.3 1320 B1-B13 A5-A17 Glargine 23.2 2970
GIG 22.5 3132 tGIG 22.6
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An object of the present invention is therefore constituted by an improved method for the

preparation of insulin glargine in the pure form.

According to the first aspect of the invention, the recombinant method of producing insulin

glargine comprises:

(a) Preparation of a DNA sequence capable-of directing a host microorganism to produce a

" protein having insulin glargine activity;

(b) Cloning the said DNA sequence into a vector capable of being transferred into and
replicating in a host microorganism, such vector containing operational elements for the DNA

sequence,

(c) Transferring the vector containing the DNA sequence and operational elements into a host

microorganism capable of expressing the insulin glargine protein;

(d) Culturing the microorganism under conditions appropriate for amplification of the vector

and expression of the protein;
() Harvesting the protein.

The second aspect of the invention features 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



3132 Summary of the invention: The present invention aims to provide a
method of producing and purifying recombinant protein which encodes a
polypeptide displaying immunological at3d biological activities of mature
insulin glargine. The said purified protein is found to have all physiological,

immunolpgical and biochemical characteristics similar to mature insulin .
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growth medium, the cells being a microorganism or cell

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.



45 culture transformed with an expression vector containing DNA
encoding the desired protein, which in case of the instant invention is
insulin glargine. The fifth aspect of the 4gvention is directed to
crystallisation of the insulin glargine product produced post fermentation.
The sixth aspect of the invention is related to the trypsinisation process.
Glargine can be prepared from the Glargine precursor through an
SEQURANGIIISTYRGIoN. The conversion is effected by the presence of
trypsin or typsin like enzymes of plant, animal or microbial origin. A
<119i9nHicasy pepect of the present invention relates to processes and
procedures useful in purifying the protein isolated having biological
actﬁgggé Sinilgr to that of the natural insulin glargine protein; and more
particularly, to processes which utilize RP-HPLC or other chromatography
<ipehodedonsenaraling. s asive eplideAyhsiance from other
substances which do not have such activity and so may be regarded as
impurities. The most preferred aspect of the invention relates to the
identAiEERIgRo8? 5??81%; glycoforms of insulin analogues more specifically
insulin glargine through chemical methods coupled with mass
<13§5e(1:% étry techniques such as electrospray and matrix assisted laser
desorption ionisation for identification. The invention shall herewith permit
<léfelettive purification of the product from the aforesaid impurities through
optimised down stream purification methods attributed to the better
<17nrdBeastatiding éitiednature of impurities present in the final product.
Additional objects and advantages of the invention will be set forth in part
<21liesthe description which follows, and in part will be obvious from the
description or may be learned from practice of the invention. The objects
<2138dadvantages may be realised and attained by means of the
instrumentalities and combinations particularly pointed out in the
< BRPeRged claims. The present invention relates to a method of obtaining a
purified, biologically active heterologous protein. The accompanying
<21@@w}% S aM\/Qi He%[:% inco_rporatec_i herein and qons_titgte a part of this
application, ilustrate various attributes useful in this invention and,
< tﬁgether with the description, serve to explain the principles of the
% vention. 46 SEQUENCE LISTING <110> Biocon Ltd Hazra, Partha:
<120> A method of obtajning a purified, biologically active heterologous
<2Brofeniien ptimissh §arensFLes sy 5B tin version 3.5 <210> 1

<211> 53 <212> PRT
<221> PEPTIDE

<222> (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



<213> artificial sequence <220> <223> Codon optimised glargine
precursor sequence <221> PEPTIDE <222> (1)..(53) <400> 1 Phe Val
Asn Gin His Leu Cys Gly Ser His Leu ¥4l Glu Ala Leu Tyr 151015 Leu Val
Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Lys Thr Arg Arg 47 202530 Gly
lle Val Glu Gin Cys Cys Thr Set lle Cys Set Lea T%r Gin Leu 354045 Glu
Asn Tyr Cys?8ly 50 <210> 2 <241> 57 0

Gly Ile Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu
35 40 45
Glu Asn Tyr Cys Gly

50

<210> 2

<211>-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 GIn 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



<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 Gin His L4 Cys Gly Ser His Leu Val 151015
Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro 202530
Lys Thr Arg Arg Gly lle Val Glu Gin Cys Cys Thr Ser lle Cys Ser 354045
48 Leu Tyr Gin Leu Glu Asn Tyr Cys Gly 5055

Leu Tyr Gln Leu Glu Asn Tyr Cys Gly

30 55



49 WE CLAIM: 1. A method of obtaining a purified, biologically active
heterologous protein recombinantly expressed in a yeast expression
system, wherein said protein product is devoid of or contains substantially
minimal amounts of glycosylated byjroducts to yield a protein with purity
of at Ieast 96% . 2. A method according to claim 1, wherein the DNA
WEC Q\E heterologous protein as represented by formula | X-B-Y-A
erein, X'is a leader peptide sequence comprising at least one amino
acid. B is th 0 acid sequen e of th Tm of the jnsulin molecule,
fts éem%mef Oéngrlht%&’s% YiPd' ‘?&arB ?ﬁ&i& S5t 1¥ﬁqdi%ff’i8£?§f’ﬂﬁ/opr°tem
armamaﬂmian@yl&ﬂpeemdnmamdz@eq uﬁpﬁ@mﬁﬂh eyétatinamlmfethe saglilpotein
molec e its derivatives or analo A and chaln
T b S Ao A e S b R EB By costara
mebhpd)@lw@tdlwgltbanmIQWhextéltvth%ah&ﬁe@r Yeptide may be any
sequence comprising at least two amino acids with the provision that the
FiIrShiviQ ARlNQ-aGIER ey €38 "RRvhée) rﬂ@*}@f&@%&f&dﬂ% 19 ¢laifolbeous
wherein said protein I1s defined by SEQ ID: 1 or SEQ ID: 2. 5. A metho
acdbPiftpfor s rtedmetdimile host cell of the yeast expression system
is selegiedyfrom Pichia sp. 6. A method according to claim 1, wherein the
host cell of the yeast expression system is selected from the group
coMBfisifly Pichia pastoris, Pichia methanolica, Saccharomyces
cerﬁu?sbaeacﬁaclpiaﬂMqhaiwmqﬁipmg\hdpééamwmﬁmliet'uia Hansenula
polymarpha, Kluyugromyses iadhiss Aafs oy MEhS qlf‘}%?o ding t%%i
Whereln the lllycosylat%dﬁ form o he protein may e monog‘lly(fosy a
triglycosidased or polyglycosylated. 8. A method according to claim 1,
wherein saidasiliad RaiRiacoRAnS IGR5HAR ! glycosylated

impurities.
A is the amino acid sequence of the A chain of the insulin molecule,

e éltl ves

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 ID: 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,
Saccharomyces cerevisiae, Schisaosaccharomyces pombe, Yarrovia lipilitica,

Hansenula polymorpha, Kluyveromyces lactis.



9. 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 the formula Xg8-Y-A encoding the heterologous
protein under conditions suitable for the expression of the protein 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
‘Uerdvatitbedorcarmaliogso ¥lisna linkberpaptideslyonsplisiddam edshewooteminoty

eI I SO A e s e

its derivatives or analogs, andthe A and
amino acid substitution, deletion and/or addition; b) recovery of the

eXpessad PLRJISIIFRNPURING SeRAttingine paidoroteinifresntnst e§llthan
to produce a recovered pratein preparation; ¢) subjecting the recovered

prote&dr bE RSB h ' PRIENSE crystallization; d) performing a step of

enzymatic conversion in the presence of trypsin or trypsin like enzyme; e)

urjfying the said protein containing, at least.one related impurijt :
T S N
matebowhigraityFomificatiomis lozstriet! vbidrplogingoampokas stipanit buffer
solvent, in an aqueous phase containing an organic acid buffer; and f)
precipitating the eluted protein. 51 10. A process according to claim 10,

wherei teliiniaer brspegBsniapsherand Bequetséer conipisiag dPNeAsteayence

amino acigisipdthgpenerRyiainn shatghefirstiwaminodei teLeRizserotein
"RR". 11. A process according to claim 9, wherein the gene defined by
SEQ ID 1'9FY £ORBHER it Haiisd itk £ ARTsIpeptibePtoeiA yhstdds
accordingxqsclasadridephies sbaubecgenaiaiinest asoba hih®ictdis

cloned in fame yuth malt &isignal peptide, 13 A procees accpidng 1o,
claim 9, w esreln t?]e Hogtcceﬁgl‘% gefgc?eéﬁﬁom chia sp. ’
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 addition;

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 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.



14. 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, Kluyveromyces lactis.sh5. A process according to claim 15,
wherein the host cell is Pichia pastoris. 16. A process according to claim
16, wherein the host strain is GS115. 17. A process of producing a
HSJI‘-AﬁegdC%IOI %)C% tIV %r ?lgl%tljs rqt%i(n of Cl 2 WhICQn sequence
comprises: % nocu t|ng an aqueous ermentat llo"nedlurrYWth a
tragsfoprarg yiakestrairohanbosinern exithe xionrouision whichtiirdars theo
exRiaRRIN Rl Iesaif-riRtein; and b) Growing the transformed strain in
the fermentation medium under conditions effective for expression of said
otein. 18. A process of producing a purified biologically active .
ﬁet’ér8¥8§%§§b%rt‘é‘i?€&ﬂﬂ5‘rﬁl P8 WhrksBiHhthecas %ﬁlréfe%@ Ior 21is

capldred figrarthkedeimnentatioepiith using ion-exchange
chromatography. 52 19. A process of producing a purified, biologically
tive heterolo o rotejn rd alm 9 a ce risi
gfs e oFcrysfa |§1ng e%}n}em’ b)l;l(éggdltlon zmac%cd%ﬁ) e§§r§jq§]1enorl is
20 chprdoessoé priddoeitng-sgnatifigdidesiologically active heterologous
protein according to claim 9, said process comprising a step of enzymatic
eonversionsellesiaddiobrinresamcsnf iynst lirkv@iekrischie Rrapgic
solvent. 21. A process according to claim 9, wherein the water-miscible
organic solvent is selected from the group comprising DMSO, DMF,

MrArspessetSrudinse i s, 1dmiyhereatihe Bpsheeliresakersbiron the group
prO&ﬁﬁﬁrﬁir@fodeﬁg paRiariiechibipdogicatiynartye BQ&SIE@J@Q@B@S PRi@iAsiac,

accordin laim 9, said proces comprls step PLC

LGB T8 n Ao COHEA g B4 it SHEVEItea RsOAEgha:
by Kbdnteatingytiee Iseid. protein mixture with a chromatographic resin matrix
Wherein purification is carried out employing a polar organic buffer solvent,

SHé%Q%fBH? SUMANING BR.OrAaN %‘& li’lug%ﬁcﬁé g“ R)r ess
aim to

acco glng toc whereln the polar buf er solvent is ac n|tr| e.24. A
process accordin to claim 19 ,wherein the organic acid buffer is selected
For BreCeDUs Tot gﬁsmgil@iﬂrﬁa abredagbedisrabic@eld Sformic acid,
hydrochloric acid and phosphoric acid. 25. A purified, biologically active

heterelegaiss ArpisinamRdNGheRtainesbassestingdeaneRidhpAIeRaing of
clalms, with purity in the range of 97 - 100%. 26. Purified insulin glargine
with Hiity O FRRTEE8%. 27. Purified insulin glargine containing less

than 18p ahalycosydaiedipnpusti@smentation 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.

18. 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.



28. Purified insulin glarg ne devoid of glycosylated impurities. 53 29.
Purified insulin glargine according to claims, wherein the glycosylated
form of the protein may be monoglycosylated, triglycosylated or

polyglycosylated. 52

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

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.

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.

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.

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 impurity 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.

A process according to claim 9, wherein the polar buffer solvent is acetonitrile.

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

protein may be monoglycosylated, triglycosylated or polyglycosylated.



