A PROCESS FOR PREPARATI ON OF | NSULI N COVPOUNDS FI ELD OF THE | NVENTI ON: The
present invention relates to the preparation of insulin conpounds including
t hei r anavogsimneaeri vatives thereof fromtheir correspeadiingogo@sey sor
forms by a one step enzymatic reaction involving the conbinatorial and
concurrent use of optinal qngJantiti es of trypsin and carbox %epti dase B that
wor k syner gi st i AARQCHESSHAR RREPHARA LN WI&N&QWV@} manner to avoid
production_of random undesired byproducts. Particularly, the enzymatic
conver si ont} E >t ant i nvention of fer advantages of reduction

in the nunmher operational eps,, higher. yield and purity.of .the desired end
product s. %&W%ﬁfb rﬁﬁeﬁ% Hﬁpr%émf'ﬂéo?wgﬁﬁf .Ouﬁ%g’fsfuéméﬁﬁ?’heeri ng
met hods  ar ghaioge beasivagies thdrb&Widig tHeireoLEHondih® prBuredr formswiby M okosie
expressed in mcroor ani,srrséigEP-A-347,78l, EP- A- 367 163). TPe pre pro
sequences %ﬂzém%fécué?cho‘?:llé‘é‘?} gothe eanehinateyef f“gna‘?rl‘}f‘”%(ﬁzé?‘?af’ Rl (DE- P- 3
440 988, ERrafitid2F4a7Rih ardNQBbxSPYIaRE I ti0 Wk ShiRfcisiRbivdscaing thased on

cl eavage with trypsin and carboxypepti dase B (Kemm er W al, J . Biol.
Chem , 246"elign i} agpgisolpAgnanneiopvorigroggtion p taBd%@ele%Sv'ef Eymﬁ@%sypi cal
process of peRANEL,SI @D QfzyhBgUl doRvdREiSE UeRAbndTRI eGE| Rstd tiRnGoH fogepondi ng
mol ecul e, the |inker pep%ll_d_e between the A and B chains are renpved. The
enzymati c rdvarieges o8 refuetiont in yisspumbes oparationghsiape, iehen dickdotnd Wk ¥dBg i on t hat
cl eaves, no&esggj %dyp&ﬁl@t peptide bonds whose cl eavage produces human insulin
or the desired e proo?ucts but also, in a conpeting reaction, cleavage at
ot her suscept| iLe r plural i . 2sired byproducts. Prior
art met hodg—gﬁégmmwﬁ{@ Qﬁﬁﬁl*.é&é{%@@&g enzyme car boxypepti dase

Ir 2 qE:J(r:g dmagneeqic terbg;[leetrigg mse %8:'51 greelr?czx'éla%gf};/%ilgv(\)/él %16 cus ra onemé gf iﬁgu(?i%qo %‘@en the

expressed in microorganisms (EP-A-347 781, EP-A-367 163). The pre pro sequences
are usually cleaved off chemically and/or enzymatically (DE-P-3 440 988, EP-A-
15 0264250). Known enzymatié conversion methods are based on cleavage with trypsin
and carboxypeptidase B (Kemmler W. et al. J. Biol. Chem., 246 (1971) 6786-6791; EP-
A-195 691; EP-B-89007). In the typical process of conversion of Insulin precursor
molecule to the corresponding molecule, the linker peptide between the A and B chains
are removed. The enzymatic reactions with trypsin is an enzymatic and complex
20  reaction that cleaves not only those peptide bonds whose cleavage produces human
insulin or the desired end products but also, in a competing reaction, cleavage at other

susceptible sites produce a plurality of undesired byproducts.

Prior art methods include the use of trypsin and a second enzyme carboxypeptidasc in

such manner that the second enzyme carboxypeptidase is added when the required

W)
s

intermediate will be formed in the reaction. The disadvantage of these methods is the
formation of large amounts of impurity byproducts which can be removed from the
reaction solution only with difficulty. In the particular case of the conversion of human
precursor form of into human insulin (human insulin, HI), there is formation of large

amounts of des-Thr(B30)-human insulin (des-Thr(B30)-HI).



internediate will be formed in the reaction. The di sadvantage of these
nmethods is the formation of |arge anmounts of inpurity byproducts which can
be renovesofzotmitise reacti on solution only with diffi culPCyaN2a08/Hé0s98
particul ar case of the conversion of human precursor formof into human
insulin (human insulin, H), there is formation of |arge anounts of

des- Thr ( B3Bjonhtireanbavas ] is rev(dgets thh it BoWY-hel ydveptegaouhdo dbkbere a simples evi dent
that 1! WoUlGmBee AAMARIAGR R LRalDE bPW BRI TRIAR ERBYIRL | feif SRR ON
process for |eavage of precursor r1nsulin conpounas, t her'r anal ogs and

deri vat i vesnd degivaipfes therephimtihsulintiroeghghmechrsiroplersitepghaipenovep thelpgssiblenoves t he

possi bl e f?orrﬁ?ﬁr‘%]?'hﬁ ﬁglyn%%'c%@hﬂit‘%esi J!pc%lréln'tpieite‘?? aéﬁ%sgfagggmt &l Mxe‘%ﬁm?%%, bl e and,

at the sane eases e concentration sifed Insulin énd
pr oduct 5 as invweates abe passitiition ofrdesiddi inswimadndcodlict rpmuck ashwssildedAto ensure

a high yield.overall.enhancing,the ease of operafi | i 'l as
the quanti f‘@d‘%‘f“a[ %m&leogil?g %%8 t%regs uc .hlﬁﬁéagiogérgggﬁ?%gg? t%%le%'%éwﬁnovm

processes hparstidnequlityersediled theyubitey efithy dedired endgacducons carried out in the
instant invention, and it has turned out that the increase in yield w thout

desired d ' | af i h il ' f . [
and car bo) Po PR BEtTeeh i - BRBUAT v CREE (ON-GonaY (MbRe g

inventors RavigoneREERY OLER th® ind@MEInO¢ntian dndRr 1M egtnaneutsh@pheinZieaRtin C
reaction process invol Vi%? t he corr,bi.r}at orial and goncur rent yse af optinal
quant i t'P es Y619 Vi updestie R BIcipE piFtAde T eniare ﬁﬁ?%ntéﬁfwgrogit@'ﬂ’flﬁal ly to
provide t h@n@@é‘rb&@ﬁaﬂiﬂ@se%s@@%ﬂé b REctioh @oRBEesOThO PSlkeabisOve puri ty
and yield of the end products. OBJECTI VES OF THE I NVENTI ON: The nmain

obj ective &tdeprREchioisusier piiBRYShOesPEIBERaicHealipt Brosss GHiRE Bpar at i on
of i nsulin GARKRANM Sn@BShclifrént ADAH QS rqﬁﬁﬁﬂieé%ﬂrygﬁn hif o 8R@hdptidase
correspondi ﬁ precursors with mniml formation of undesired by-products
that is en8oheldvary sancsgieticstle o aieyigadhq desirehend mipduckhanngnaing thpgase of

conbi ngt or gl ARd,GRAPEH JiBtr URene hroaRlt. Ml

OBJECTIVES OF THE INVENTION:

The main objective of the present invention is to obtain a process for preparation of
insulin compounds and its analogs or derivatives from their corresponding pl'coursoi‘s
with minimal formation of undesired by-products that is enabled by a one stcp
20  enzymatic reaction involving the combinatorial and concurrent use of optimal
quantities of trypsin and carboxypeptidaseB working synergistically to provide the

desired end products.

Another main objective of the present invention is to provide an insulin analog
precursor as represented by the SEQ IDs 1, 2, 3, 4, 5, 6, 7 and 8 that may be used as the

25  starting material said precursors may either be in liquid or crystal form.

Yet another objective of the present invention is to provide an expression vector for the
expression of proinsulin or its analogs or derivatives that comprises said respective

DNA sequence that codes for the precursor molecule.

Still another objective of the present invention is to provide a suitable

30  microorganism/host that is transformed with said expression vector and subsequently



guantities of trypsin and carboxypepti daseB working synergistically to
provide the desired end products. Another main objective of the present

i nvent i orwD20t001p060vi de an i nsul in anal og precursor as PEpNEzOsH@IILY t he
SEQIDs 1, 2, 3, 4, 5, 6, 7 and 8 that may be used as the starting materi al
said precursors may either be in liquid or crystal form Yet another

obj ective ofovidee Ppmeesesht farnpreparingnrefrective Prel ¢empeiindspyvbish empyieest or f or
the expr es%hﬁlﬂil%.{)ﬁﬁ\(i RSt Bcré&r%an NAl0GS o @b id el dt¥E Smbdah &RNMPri ses
sai d respective sequence that codes For the precursor nolecule. Still
anot her objferotenting ehditives forpessiipt Piesirsantiisolin fosms 0 provi de a suitabl e

m cr oorgani snf host that is transfornmed with said expression vector and
subsequent lypr.ovi, des,. S i i b i ounds,
ahi on sonprt BeDSLEr ufheRs SRRt Al B SRAR R ERELLKESS DabLkR, BRTEPS

f er ment at i amsutie dbmpoandd prenrenformng te dredi espectsvet aotips &utms ehpngcasegle i nsul i n
forms Still_ another obj.ectjve.of the present. invention_inhclud t he net hod
of converti® e@ THeEMF A (%tllotﬁ V%hoeﬁef)lgﬁrﬁgsém paglgccﬁfeos%é?'pep 8‘?%% 1o afi e@i {;ég(?tg%rp@cti ve
active for reptinbr quigkities ghath gérenits byjprgdstiz yare a eatitolled rashésre hminitizipsithe and

car boxypepti dase are added topogether in optimal quantities that permt
synergi sti d’r%fﬁ’ﬁt’%{‘ ‘Ued‘ﬁf’vfubtls‘?%rﬁjo‘g%%’@?si on minimzing the production of unwanted
end products. Still another objective of the present invention is to obtain

a process fqil| Qbthai Bbjpgivd dfndipiesend invehtfondisad GBI a Pkése dbi w@sininper eof from
their respective precursor, counterpar %frpli%cm%ri si ng successively carrying
I

out t he'Vst epRlip 9r §s apalepertt Jesivatyie Hiereo hSERFEF Y ORI vRUTF PE e present

i nvention ignpAsiaPliRkessABlylcheyh butRd @6jdliea scglitdtial @a@t her obj ective of the
present invention is to obtain an insulin nolecule selected fromthe group

conpri s ”_9 gtmsalﬂlotihgl‘ obljei:c% L O thé 31@&% h’lVngtH)l’l iiss-o%gta%ranli&uli%gﬁ%'lecﬁgATENEm OF THE
I NVENTI ON:

Still another objective of the present invention is to obtain an insulin molecule selected
from the group comprising insulin, lispro, aspart, glulisine or IN-105.

15
STATEMENT OF THE INVENTION:

Accordingly, the present invention relates to a process for preparation of insulin
compounds and its analogs or derivatives from their corresponding precursors Which
comprises treating said precursor with trypsin and carboxypeptidase used
20  combinatorially and concurrently provided that the relative concentration ratio of
trypsin to carboxypeptidase is from about 5:1 to about 50:1; a process for obtaining a
insulin or its analog or derivatives thereof from their respective precursor counterparts
comprising successively carrying out the following steps in the following sequential
order (a) dissolving optimal amount of the precursor of insulin or an insulin derivative
25 in a buffer solution; (b) preparing various aliquots of the precursor solution at pH
ranges of about 7.0 to 9.0; (c) introducing the enzymes trypsin and carboxypeptidase
concurrently to the various aliquots prepared as in Step (b) and incubating the mixture
for about 4-10 hours; (d) precipitating the desired insulin product by addition of citric
acid buffer and ZnCl2;an insulin molecule prepared and an insulin molecule from the

30  group comprising insulin, lispro, aspart, glulisine or IN-105.



Accordingly, the present invention relates to a process for preparation of
i nsulin conpounds and its anal ogs or derivatives fromtheir correspondi ng
pr ecur sorwoMhicahe@onpri ses treating said precursor w thPCTYPHI08/0@ELE
car boxypepti dase used conbinatorially and4concurrently provided that the
rel ati ve concentration rat| o] of tryp5| n to car boxypepti dase is from about

I DESE B AN ) STIN&Sanal og or
derivatives thereof from t hel r respective precursor counterparts conprising
successi vel SEQ &P dyAminainid seeerce f BaieprsreEsor motedles ol | owi ng sequenti al
order (a) dissolving . optiml anount of the precur r of insulin or an
i nsul i n derY&@4P ¢e Annaqid seaugncs of the ASPAT BT ‘)pursﬁfﬁ‘ﬁ blifg various aliquots of

th |_ut t,pH f t 9.0:; i nt roduci

t he 223%2&5@3’393ﬁ'ﬂﬁﬁ%?cd%gﬁﬂa%&%ggﬁ?%a%a e PelBES o (he various.

I t S b t f bout 4-10
ﬁoL?go ?dl)or%{’)(giﬁgr Jﬂ’fl%agm eé'u%fqeé fé’ﬁ%sﬁ Hﬁqu&% SIérggl Eeg mb§ ;Elgl tlo(r)nams)umt“ c
R D e SnS0chinPikih (AL B PRUSOLERRLERAARS a0, 1 nsulin ol ecule

fromthe gro conprising , aspart, ulisine or

| N-105. BR Efe@%ﬁ%Rﬁm%@&qe@ggmm ,@&%m%l&u@ﬂ NGS: SEQ 1D 1: Amino

aci d sequenc e Aspart precursor I'ecul e. ID 2: Amno acid
sequence of gk GenAS pRfiko 5’&@%&1{1&9@ omleﬁﬁl!dlsﬁ‘le pﬁ%@sb@nglecu%n no acid sequence of
the Aspart precursor nolecule. SEQID 4: Amno acid sequence of the Lispro

precursor W@QD'SeAnm&cpseﬁuelﬁ%ﬂthe@dlﬁm@@ﬁﬂé@ﬂ@@ﬂn&feuﬂ@e Li spro precursor
nol ecule. SEQ ID 6: Ami no acid sequence of the Lispro precursor nol ecule.

SEQ ID 70 ASEQIDAC AthisEaHIERy@emak of the Ghllisinepreverspr @cleidar nol ecul e. SEQ ID
8: Amio acid sequence of the A ulisine precursor nolecule. SEQ ID 9: Am no
aci d sequenBETAILEDOESCRIPSTON OFKHE INVENTIIION:| e. DETAI LED DESCRI PTI ON OF

THE | NVENTI ON: .
The present invention relates to a process for preparation of insulin compounds and its

analogs or derivatives from their corresponding precursors represented by the formula:

5 ’ \—S——*—lS X

Gly— Cys— Cys €ys €ys —Asn | Ry
l

(A1) (AG‘) S |(Al 1) S (A21)
l S I S
R NH Phe— Cys— — GCys—— —R,
20 (B1) (B7) (B19) (B27)
where,

R is hydrogen or a chemically or enzymatically cleavable amino acid residue or
a chemically or enzymatically cleavable peptide comprising at least two amino

acid residues.

25 R, is OH or an amino acid residue, or Y;-Y, in which Y is an amino acid

residue.



The present invention relates to a process for preparation of insulin
conpounds and its anal ogs or derivatives fromtheir correspondi ng

pr ecur sorwonemwasent ed by the formula: (Bl) (B7) (B19) @BZAN2008/000898 R i S
hydrogen or a chemically or enzymaticallyscl eavable am no acid residue or a
chemcally or enzymatically cleavable peptide conprising at |east two an no
acid residues. RheiidOes &d tar2dreorrespaedsdo insglinidechaigranyitheypoietiesdhi ©h Y is an

ani no aci d 1 esi dug..The. Api.abiiasifls 18iARMGRE LASRORAS A ARULLRIA chai n

and the noietie N corresponds to 1n3su alnlnc udi ng am no
acid substituti end/ockeld@gtonothemntl/ or additions thereof. R2 is Zi-Z2 wherein
Zi is selected fromPro, Lys, Asp and Z2 is selected fromLys or Pro or Qu

or Zi-Z 2-Z whergiinzZy, wheRfl BCkQ0lettt®FomMo, E%§As¢k§rm ani séictted sBhect ed
fromLys or Pro or u and Z is_threoni ne or fl{ige ptide npiety of 2t | east
A

three arfino aci dYpesPQEESIWEE Ai-Enés WheoinL Srsetorist HoRer Qnt-Yio ASR ARy Z2

correspondi ng t @ BaQieli ok LEOG BI6 or &l aﬁqdazgnmhy&ﬂ%lo@@ ptemie RARNRELS the A
chain to the B chain which ctan be cl eaved enzymati cal wi t hout disrupting

either the A chasast dies Renim casish mesisbgy ith dte PEYitory \%’“atﬁf AR Y wher ei n

the first and tQ@mLs?%d: Or}%oa}ghgednﬁmLym ne or Arginine . Wich conprises
treating said precursor trypsin and carboxypepti dase used

conblnatorlally dco current| rowg ?kh h t|v ncetration
ratio of trypsin ‘6 acﬁ? § a|¥8§%r§°tf % o a&‘b%?u‘?]egfﬁ fa“ . In
anlot helr jenbodi mepkaf eﬁubﬁnﬁi’c@ﬂﬁmlthblﬁwdiﬁhptﬁig dither thespehhinve tpas @cwasor
nmol ecul e

bearing at least two amino acids wherein the first and the last amino acid is

Lysine or Arginine .

Which comprises treating said precursor with trypsin and carboxypeptidase used
combinatorially and concurrently provided that the relative concentration ratio of

15 trypsin to carboxypeptidase is from about 5:1 to about 50:1.

In another embodiment of the present invention the respective precursor molecule
comprises an amino acid sequence which is at least 85% homologous to the amino acid

sequence as set forth in SEQIDs 1,2,3,4,5, 6,7,8 and 9.

20 In another embodiment of the present invention the the relative amount of trypsin to

that of the insulin precursor ranges from about 1:10 to about 1:500.

In yet another embodiment of the present invention the wherein the relative amount of
trypsin to that of the insulin precursor is about 1:100.

25
In still another embodiment of the present invention the relative amount of

carboxypeptidase to that of the insulin precursor is about 1:500.

In still another embodiment of the present invention the relative concentration ratio of

trypsin to carboxypeptidase is from about 5:1 to about 50:1.



conprises an am no acid sequence which is at | east 85% honol ogous to the
am no acid sequence as set forth in SEQIDs 1, 2, 3, 4, 5, 6, 7, 8 and 9.

I n anot hewoentyadsosent of the present invention the the PeraNioogo@smunt of
trypsin to that of the insulin precursor danges from about 1:10 to about
1:500. In yet another enbodi nent of the present jnvention the wherein the
rel ative a?’;bﬂﬁl angther pyppedimentf theapressnt inpentipn ghe elgtip eRvgeBEon 2igidut 1: 100.
In . still, i tshe present invention the rel ative anount
of car boxygg%??%%reb%ggﬁ %‘g%@gsfag{)lﬁesmie'nsul in precursor is about 1:500. In
still another.enbadi ment .of t resent invention the .rel ative

concent r at ihbﬁllf%ﬁol rSPQ?qIVﬁgti %ﬁ‘%%&?ﬁ&%‘%@& f‘%&c’sngerfqrsatlf)? 8@5%5611”%56%: 1to
about 50: 1 fdriAheédonkérsion labigon ieatledt o@nhe/efi t he present invention the
relative concentration ratio of trypsin to carboxypeptidase is about 5:1.
in still anethsr ouked! kit B R CpRUN: | MYGHh Ofhel NOAGARERA Tt | on of
trypsin used tor the conversion reaction Is at least 0.01lng/m In still
anot her enbaotprmpaptidese ushefop thesenyersiovisattioors 4t heastdbdegimht i on of

car boxypepti dase used for the conversion reaction is at least OOd ng/m In
still anot hekipiamt BRBbdiRbnttdTehdpresaninvintive fiei Pecuie ispidevindiouid @ ei t her

inliquid or crystal form In still another enbodi ment of the present
i nvention th&aE®HVersion reaction is carried out at a pHof 6.5 to 10. In
still another enbodi ment of the present invention the conversion reaction

i s carri edlostll afotleer pbodithentoofShe presept inventmnchhemvewivodeavbon isghrricde present

i nventign the conv jon.reaction is carried out at a tenperature ranging -
from ablﬁut Oﬁbaéatpgl (grégcfoqloh still another embodi ment of the present

invention the duration of the enzymatic . L )
In still another embodiment of the present invention the conversion reaction is carried

outata pH of 7to 9.

In still another embodiment of the present invention the conversion reaction is carried

out at a temperature ranging from about 2°C to 40°C.

15 In still another embodiment of the present invention the duration of the enzymatic

conversion reaction is about 2 to 24 hours.

[n still another embodiment of the present invention the reaction medium contains at

least 30% water or a water miscible solvent.

In still another embodiment of the present invention the water miscible solvent is
20 selected from the group comprising methanol, ethanol, acetone or N,N-

dimethylformamide.

In still another embodiment of the present invention the reaction medium further

comprises a salt acting as a buffering agent.

In still another embodiment of the present invention the salt is selected from the group
25 comprising TRIS, ethylenediamine, tricthanolamine, glycine, HEPES (N-2-hydroxy-

ethylpiperazine-N’-2—ethaneéulfonic acid).



conversion reaction is about 2 to 24 hours. In still another enbodi nent of
the present invention the reaction nediumcontains al |east 30% water or a
wat er m swokbm/|edevent. In still another enbodi nent of trhe/INIEs/eENSIS
invention the water m scible solvent is gelected fromthe group conpri sing
met hanol , et hanol, acetone or N, Ndinethylformamide. In still another
enbodi ment Incdtillt nethpr esbetimemtvadihd prsenh ivension theorenseiialing PLFHECd dhnpri ses a
salt acting as a bufferi. , still another enbodi nent of the

pr esent in@@h?alc%?? ’Pﬁ%u'gé{]%oﬁgﬁ@ewé% ed fromthe group conprising TRI'S,

et hyl enedi am ne, triethanol am ne, l_gl ycine, . HEE’ES. tration of salt used in

( N- 2- hydr olysitlingnogicp emhgdiment of the piEsdht AERfiopdhT EONgRTHRIOT & &' 1°“ dhot her
enbodi ment yof . L.h& REGSENE adddvesti on the concentration of salt used in the
reaction nediumis about 10MMto IM In still another enbodi nent of the

present invention the concentration of I ed i heor aachheh Jpediumis
about 0% 6MIMeTREFSHH JBETHEOR r{gl 5 ?%ﬁl 1%}8 3 Z(g %béﬂglﬁ raoglglgls for obt alg_ni ng a
i nsul i n or dédvatiadal thgeofr filani viadin viespettiner goécuisoo mcodnggrparise S{PEPL IS

precursor counterparts.co i.Si successively c Mals) | | owi ng
steps in tﬁ‘@c?%lvF'dmfﬂﬁV‘%geg?ﬁéﬁ% 3‘19“00 Yer® e@%)mli)l%gs%ﬁlé?okl %pulénrtrgr%girfcgunt of
the precur@rDi%foldinfngéBthﬁhl @mofuit df Misguprecursde of inatlinver anninsulipufefivativedt at i on. (b)
Preparing various aliquots of the precursor solution at pH ranges of about
7.0 to 9. obuffensolufipRoduci ng the enzymes trypsin and car boxypepti dase
concurrgntly to the various aliquots prepared as in Step (b) and incubating

the m xt Ur%b)gagépaﬁt%guario%s A0qUeershe HrebursBF @titohbapli rpethe alesti 7Ed dtisul i n
product by addition of citric acid buffer and ZnCl2. The present invention
relates to an insulin nolecule prepared according to any of the

(¢) Introducing the enzymes trypsin and carboxypeptidase concurrently to the various

aliquots prepared as in Step (b) and incubating the mixture for about 4-10 hours.

15
(d) Precipitating the desired insulin product by addition of citric acid buffer and ZnCI2.
The present invention relates to an insulin molecule prepared according to any of the
preceding claims.

20

The present invention relates to an insulin molecule prepared according to any of the
preceding claims selected from the group comprising insulin, lispro, aspart, glulisine or

IN-105.

25  Reference will now be made in detail to the presently preferred embodiments of the
invention which, togéther with the following example, serve to explain the principles of

the invention.

In describing and claiming the present invention, the following terminology will be

used in accordance with the definitions set out herein.

30 Unless otherwise defined herein, scientific and technical terms used in connection with

the present invention shall have the meanings that are commonly understood by those



preceding clains. The present invention relates to an insulin nolecule
prepared according to any of the preceding claims selected fromthe group
conpri si ngoi2newd1ses9 | i spro, aspart, glulisine or IN- 10PCTRet088/0005%8 Wi | |
now be nmade in detail to the presently pr&ferred enbodi nents of the
invention which, together with the follow ng exanple, serve to explain the
princi pl es 9Prdinasy skl dhihe 8K quﬁlﬂerdé%léﬁsl"ﬂ}eﬁ‘éls%ﬁ?ﬂu‘é? yrﬁoﬁﬁx'i’ RESHIJE,

i nvention, shmlr;‘c%le%mrmlets%wm@il%}mswll ifRRide SROsihdIACTRY fhaMeas Midt h t he
definitions set out herein. Unless otherw se defined herein, sci entl fic and

techni cal teghrislugsseldhe Aresdm eeridrrraeesrally @erprmed ieoqrhipg R FENCRIRER  have
the meani ngﬁetwﬁt\mﬂrl&o&ﬂmﬁlaxﬁ BegenRL Qgﬁe&xﬁt&&%@@in Qndbdtidh Wikidd in the

art. Further, unless otherw se required by context, singular terms shal
i ncl ude Spl Ueckhiquesedesenfebdpierpimpre tteaspravedkapivn jang Fommoplaised Hghie art. Thehe

met hods and,, LgGRNL e fini p rT@Jg?tF]egﬁ §§§2§1lvér{gl\sﬁa¥e éé'ﬂel%ﬂ?pg@&ﬁ{eéla!:%rd?ﬁ% fyoor med

according to convention ) nown in the art. General
nomencl at urcesvansieghl inethodnweld kivoyn initheart. and t echni ques descri bed herein are
those well known and commonly used in the art. The methods and techni ques

of the presgnisel A¥eM afin@s&d'ORREY @ peptideast ete® Sequendes 6i pgtiéms thoevfent i onal
met hods wel | known in the a t. As used herein " mteﬁeﬁ%am refers to

peptide or Bﬁd?rﬁsnp@éf‘q%i'em?é ran%wﬂxpaw:&,det A e “qeéﬂﬁs "protein",
“peptide” and "pol ypeptide" are used interchangeably. Herein, the term
"insulin' ddateins thensth i"insﬁlildrmcazal;s ispéioifezm S0 perses purle en @oicisuhsubin, bovi ne

! nsul | n, a %ﬁ&égﬁg%@néﬁﬁ!l Ié’lglwg{)] énsu angxc%% ?ngJ ﬁl%te& Légcgh ?’.ﬁ éﬁ’lgg‘%m%?&w Exes

i ncl udi ng
Addi t i onal |1)7I(;lu<ﬂlh§ dinggrsrand (Iﬂigbfnlefs" fohexmme hoxamress mereo‘éIAldddiomlbs theiterm
anal ogues". i psul in anal o i nsulin rmI ecul e.havi 09,0Ne,Pr more

nut ati ons, 'Ef‘b'é‘f‘lt ’fei”br‘fgverﬁégé?eqegsn “SéWH/ palogues™. An” insilin “analogue™1s an

insulin molecule having one or more mutations, substitutions, deletions and/or

15  additions of the A and/or B amino acid chains relative to the native human insulin
molecule. More specifically, one or more of the amino acid residues may have been
exchanged with another amino acid residue and/or one or more amino acid residue may
have been deleted and/or one or two amino acid residues may have been added, with
the provision that said insulin analog has a sufficient insulin activity. The insulin

20  analogs are preferably such wherein one or more of the naturally occurring amino acid
residues, preferably one, two, or three of them, have been substituted by another
codable amino acid residue. Examples of insulin analogues are described in the
following patents and equivalents thereto: US 5,618,913, EP 254,516, EP 280,534, US
5,750,497 and US 6,01 1 ,007. Examples of specific insulin analogues are insulin aspart

25 (i.e., AspB28 human insulin) and insulin lispro (i.e., LysB28,ProB29 human insulin)
and "insulin glulisine" (Lys B(3), GIu B(29) human insulin.

One aspect of the invention relates to insulin precursor compounds represented by the

following formula:



additions of the A and/or B amno acid chains relative to the native human
insulin nolecule. More specifically, one or nore of the am no acid residues
may have weenioeMéelsanged wit h anot her am no aci d resi due PEMANZOOS/00089%0r NOr €
am no acid residue may have been del eted @nd/ or one or two am no acid

resi dues may have been added, with the provision that said insulin anal og
has a sufficient insulin activity. The insulin analogs are preferably such
wherein oneior nore of the ngturally occurrih% am no aci d residues,

preferably gne, tywo,“or thr¢e of them have been substituted by another

codabl e am no aci d residue. 'Exanpl es of insullin anal ogues are described in
the fol | owi®y—pat@rsts—arfdrsequf¥fal efirs t hedw o: RIS 5,618, 913, EP 254,516, EP
280, 534, US 5, 750, 497 ahd US 6,01 1 ,007. Ex npl es of specific insulin

anal ogues aua)insuliqugpars (1.@11) AspB28 huma@aipsul in) and insulin
lispro (i.e., LysB28, ProB29 humdn insulin) apd "insulin glulisine" (Lys
B(3), Gu B(29) human ipsulin. Qne asgect of |[the invention relates to

i nsulin precursor conpounds represented by the followi ng fornula: (Bl) (B7)
(B19) (B27) where, R is hydrogen or a chemcally or enzymatically cl eavable
am no aci d MesNHuEhsT—a CHem cal | 357 enzymatical |y cl eavabl e pepti de
conprising at least two amno acid residues. R is OH or an am no acid
residue, or Y1-Y2 i BWhich Y®BB an ani no B&9d resi dud27The noieties Al to
A21 corresponds to insulin A chain and the noieties Bi to B27 corresponds
to insulin Bghain including amno acid substitution, deletion and/or
additions thereof. R2 is Z1-Z2 wherein Zi is selected fromPro, Lys, Asp

and 72 is sﬁlise%t &rg)g{nr 8@%&&3&1&%&&@% llgrcl%%é@g’aﬁo%& Gédtiuéiori s
sel ected from Pro, ysS, p an IS selecCte '
10 chemically or enzymatically cleavable peptide comprising at least two amino acid

residues.
R; is OH or an amino acid residue, or Y1-Y; in which Y is an amino acid residue.

The moieties A; to Az corresponds to insulin A chain and the moieties By to By
corresponds to insulin B chain including amino acid substitution, deletion and/or

15  additions thereof.

R2 is Z-Z, wherein Z; is selected from Pro, Lys, Asp and Z is selected from Lys or
Pro or Glu or Z;-Z,-Z3 wherein Z; is selected from Pro, Lys, Asp and Z, is selected
from Lys or Pro or Glu and Z; is threonine or a peptide moiety of atleast three amino

acid residues with the provision that the amino acid corresponding to B30 is threonine.

20 X is a polypeptide that connects the A chain to the B chain which can be cleaved
enzymatically without disrupting either the A chain or the B chain bearing at least two

amino acids wherein the first and the last amino acid is Lysine or arginine.

One of the aspect of the instant invention specifically relates to the molecule IN-105.
IN-105 is an insulin molecule conjugated at the epsilon amino acid Lysine at position
B29 of the insulin B-chain with an ampiphilic oligomer of structural formula CH30-

(C4H20)3-CH2-CH2-COOH.The molecule may be monoconjugated at Al, Bl and

o)
o



fromLys or Pro or Gu and Z3 is threonine or a peptide noiety of atleast
three amno acid residues with the provision that the am no acid
corresporiDregiore®30 is threonine. X is a pol ypeptide tiratr/INznose@sss t he A
chain to the B chain which can be cl eavedoenzymatically w thout disrupting
either the A chain or the B chain bearing at |east two am no aci ds wherein
the first b9, dieodj@stedaativadowscéahtimtibysohdloBl andiB¥oner trgpjugdted e aspect
of the instant inventi. chii relates to the nmolecule IN-1 05. IN1
05 is an invs?ﬁf“i‘snco%Imeac'g[%e()%%gh}glﬁa(f% ‘at the epsilon anino acid Lysine at
position B29 of the insulin B-chain with an anpiphilic, oligoner of

struct ural PEnasREcCHIFCsoltesd [ apieppsqymolesars ik CHBPTEES AR 2RNpP A5K

monocon] ugakgttndd nding BidastaBEBAYY, MictefOR]idULBaIcAEE @bntiATdlOkE:i iigagt i ons of
A, Bl and B29, or triconjugated at various conbjnat|ons of Bl and B29.

In one dspebput §lfenjai¢ enidarquerealidentifyy eiaaiiyely bleatt gt RTaclelsrasid ses an
am no aci daﬁ%@gg}{s@%nhﬁy'aH&n?&velyeasreaﬁba%&t BPYofERlLhGd 6k RnSEMBMNGE

identity, natively at [east about 81% nucleic acid sequence identity,
al t er nat i velltprativdle gt teasitrbont BPompelelr arid wavedcs st caltqrepbiyelytay least
alternative 9 i 20 UGl ivEly SERHEREEu 888N cleYo acid
alternati ve%béugés%’g%zétw %ﬁ%g%qug%%%ayg?lgﬂgﬂvdyseql_Jenqe i dent ic'g o,a.m

al t er nat i velegueate lidasty, alieruativ856inleestedboutaditl mel§ifeAtié scanened u&}ptﬂy,

alternatjvely at. |ea b %, 1 ej i Cepd LY enct
al ter natdl veall%maa{lvell §§Eea§ba§§§t @/%“Hﬁg 2“."@ %gﬁlw%ci g%ﬂ@ﬁtgltélrgagﬁ%pt%,lea_ﬂ
al t er nat i vedbputa®9% eaddic adid séqueBoidantitye hltermetively st gas rbeutid8¥muctei, acid
alternatively at least about.89% nuclei.c agj, e i Pty .

al t er nat i veﬁeéueélfe I e&ﬁ'iy’ §B%rﬂ?t“'§g'(yg tnﬁe(%?tea}bgmag#% @g%&eg&c&g Aleggeﬂﬁ E&éf“ny’
al t er nat i vellyrmativdleasleaghbutt RPYmneiek eict! kqichcs édpnstyc eltérdentiyt ap, least

alternatively b east. about 92%.nucl ei ¢ aci d sequence ident i .
al ternati vear'%9”§3 }P 8&@?‘0 %gﬁ?qu@%lﬁ%‘g‘}ye ialge‘ %%‘i@@%ﬂ%ﬁ §%Utiggé° n'%licieyyd, acid
al t er naig veleyuetice ligasity, ahoubti@fanualteiounesd nepicnde seqentd tdentity,
alternatively at Ieasi about g%o/o nucl ei ¢ acid se uence, i dentct e

al t er nat i velprogtively gt feashRbart YFooHelecacl seardoe dGUENc 8 S BERE yt%, cast

al ternati vejpsued7oh 8a8dic acid sequence identity, alternatively at least about 98% nucleic acid
sequence identity and alternatively at least about 99% nucleic acid sequence identity to

a polypeptide molecule as represented by SEQ IDs 1, 2, 3, 4, 5 and 6.

20  Trypsin is a typical serine protease and hydrolyzes a protein or a peptide at the
carboxyl terminal of an arginine or lysine residue (Enzymes, pp 261-262(1979), ed.
Dixon, M. & Webb, E. C., Longman Group Ltd., London). In particular, facile
hydrolysis occurs at a dibasic site where two successive arginine of lysine residues
exist, and it is known that hydrolysis occurs most readily where the dibasic site is

25 located in or next to a P-turn structure (Rholam, M., et al,, FEBS Lett., 207, I-
6(1986).The Enzyme Vol. I, 3rd Edition, Editor Boyer, Acad. Press NY. Pp. 249-275).
Particularly, trypsin cleaves peptide bonds at C-terminal arginine (Arg) or lysine (Lys)
residues. Tryptic cleavage of insulin precursor molecules can occur at different
cleavage sites simultaneously. Because of the many cleavage sides within a specific

30 insulin precursor molecule, many undesired side-products can be formed during tryptic

cleavage reaction.



about 97% nucleic acid sequence identity, alternatively at |east about 98%
nucl eic acid sequence identity and alternatively at |east about 99% nucleic
aci d sequencelvdesbity to a pol ypeptide nol ecul e as repPE€TAN2O8/0®FISSEQ | Ds
1, 2, 3, 4, 5 and 6. Trypsin is a typicalilserine protease and hydrolyzes a
protein or a peptide at the carboxyl term nal of an arginine or |ysine

resi due ( ErRepombinappoRée-peaceatio rypsin bep a mpieear waigh ofghont 23000c2]teig man
aroup Lt ankQRI0Rarit ol :ogﬁx'ﬁ.hl"ﬁrat pHAC0. B QLYBI ShOR A fal Bhocdesdl Das! ¢

site where two successive arginine ysine residues exist, and it is
known t hat diymdedicingi mswimcandsingdist anadeedi The wedpationhel tessabicmokryles iSs | ocat ed

in or next to. « 1 FEBS Lett., 207, |-
6(1986) . Thek rﬁ%&%)r%ltg/%Pt.e%lt“{r?g’g"t%%éé@@{?%@eﬁ%’f5’?"‘5“5%{937”; Acad. Press NY Pp.

249-275). Particularly, t i I t{ de bond C 1 nal
SR AT R AR S

precursor npliectheR £ IRCCHrmatal Gbdifid@r &Molypeaiéadarbi:typeptidlhstLi isameousl y.
Because of the nmany cl eavage sides wthin e% %peci fic insulin Brecursor
c@Barfb

mol ecul e, rexApeRtidereseaaring debysilgtic re ef%‘rt"rfg‘d“ahi IR PRIPY I

cl eavage r%ﬁ&'eg%farg%irﬁ%egninemn dMEiGésrhﬁdBﬁ)'?&ﬁseati c trypsin has a
nol ecul ar wel ght of "about Z3,000 daltons and an enzymatic activity optinmm

at pH 8.0. Trypsin is used i“r] the industrial process of producing insulin
aﬂd :nsul i TterainoiE-pertide”mr SHukarinsntide” astisekhaseip arpludes plb forms of sy ped i n
the literatyre and. ]2+ 3P R QRf{R ) RQgE Ne-pEat epd i dase B
prefergﬁdt’i a ngpt%dﬁloﬁég{s at e 6;@&@%%?%%8%9%@%%?1%? pgé’tl’%éﬂﬁag g%\d

orni t hi ne fhuomntgeptidest e myrbalfropoether mhnabﬁpq@tﬁbm@mrie@estefe@ﬁ%b@ﬁwébti dase B

i's an exopeptidase Cata'dﬁ‘@ﬁr%@%t" AvANS 8 haal basic
amino acid resiaugs 8 _%%/gllcnl e Oa%l 1‘%;}?5{%”?11@(# T m%%ﬁﬁcg'gg(?g%%%?gﬁns. The
term " G- pcpieiaiteinsolin Chpephider apizpy.i es kaswsethehat & modifg |thedessuericks pbrms of
insulin : . , - : . . ,
proteins or peptides, whilst retaining their useful activity and this may be achieved
15  using techniques which are standard in the art and widely described in the literature e.g.
random or site-directed mutagenesis, cleavage and ligation of nucleic acids etc. Thus,
functionally equivalent variants or derivatives of native insulin C-peptide sequences
may readily be prepared according to techniques well known in the art, and include
peptide sequences having a functional, e.g. a biological, activity of a native insulin C-
20  peptide. All such analogues, variants, derivatives or fragments of insulin C-peptide are
especially included in the scope of this invention, and are subsumed under the term “an

insulin C-peptide”.

The main requirementé of a C-peptide are that they be of sufficient length to permit a
di-sulphide bond formation between the A- and B-chains and they can be cleavable

25  from the insulin precursor leading to insulin formation. A typical di-peptide used as a
C-peptide is -Arg-Arg-. C-peptides may be of any length which start with Arg or Lys
and end with Arg or lys.

The invention provides vectors comprising DNA encoding any of the herein described
genes. Host cell comprising any such vectors are also provided. By way of example, the

30  host cells may be bacterial, fungal, or mammalian.



C-peptide, including native or synthetic peptides. Such insulin C peptides
may be human peptides, or may be from ot her ani mal species and genera,

pr ef er ablwormarmab®9 Thus variants and nodifications of RaTINBO8/NEEIE N
C-peptide are included as long as they rgpain insulin C peptide activity.
It is known in the art to nodify the sequences of proteins or peptides,
whi | st retadl niim@ntib\tebmplossad telcombinantibpst cahidn whick ah‘@ystlaeooafdxmi @\rediclgli ng
t echni ques i r he
literature a\é\ﬁ &\ }egn A e%%t%&q%rﬂ ﬁr@ulﬁrpcong)ghnaaﬁgcm%q él‘ogl?ﬁ%ﬁ A?&gmlbn\altn gati on
of nucleic eapneslsorewstemﬂsLsslpctécufroml molkakoyic aqdmoﬂakmub hosts. |lhtlmls/otmr habsr i vat ives

of native i.n 4 uences rea epared. according to
t echni ques We Ql%p( %ccgrtmycesﬁeleﬁ%'la eﬁﬁﬂé%tp % r%ée aﬁ%ﬁ%gg Cclgsw ng a

functi omal ,orelant céllsbB@dte)gal aadl culaeydtivickls 0 asailblei fren |arrﬁnuibbmt®ﬁ’a*emde Al l
such anal ogues, vari.ants, der.ivative |ns in C.peptide are
especi al | ygSPW(‘fﬁJH’ég'di”ﬁ P 0uEsES ?"nﬁ‘gs"i ﬁ\}alg%ﬁno © a&naga llé ¢ SU5Eted under
t he term " anypk CslthieCole@RpATEC; RIKeiIREMA. )r@@ﬂmélemBMuSce@bf &lCupdapsi de are
that they be of sufficient |en t ermt a. dl\;sg b hi de bon f rmation

b

brmeen | hacsembis: Bis RS dibprobdn i gi@a anr Bt PEme Ads| e n

precursor |Badk Y the ekptsdslonNsybtemnBdpb@i3. onftheYRitGRb ddbirdact Itlﬁteexps@@l:das a
C-peptide is -Arg-Arg-. Cpeptides may be of any length which start with

Arg or %s POREeRIflS- W th Arg or lys. The invention provides vectors
conpri sing DNA encodi ng. any of the herein described genes. Host cell

conpri si ng \ahy ﬁé{&labl\y%ra%%o%ﬁecél té%domyén@%em%sm st SR Ehost he host
cells may be bacterial, fungal, or manmalian. The invention enploys a

r econbi nantcelpgre swthylqtropisi ¥9estat Strainsof 2 psipiaerkie yeasuwhish caached
sequence expressi Bdnd & b&%éhkhﬁ‘ve‘ﬁf?&H)%ﬂQe pB@cCME SRE [infiteRTBAYER  strdhs

reconmbi nant expression systemis selected from prokaryotic” and eukaryotic
hosts. Eukaapadld of weviegi ercimetfanglesueh eelyessty ef ghe g8mee Righinm/eradideer evi si ae

or Pi Chisa H%E%ﬁf%r "I%WHFQ@ %ef&%d ﬁwthylotrophic yeasts are of the genus Pichia.

Methylotrophic yeast strains which can be modified using the present methods also
include those methylotrophic yeast strains which have been engineered to express one
or more heterologous proteins of interest. The most preferred host cell according to the

aspect of the present invention is Pichia pastoris is GS115.

20 The host cell or organism can be engineered to express recombinant protein or peptide
using standard techniques. For example, recombinant protein can be expressed from a

vector or from an exogenous gene inserted into the genome of the host.

Vectors that can be used to express exogenous proteins are well known in the art and
are described below. Preferred vectors of the present invention carrying insulin

25 precursor molecule genes include but are not limited to pPIC9K.

The most significant aspect of the instant invention relates to a process for converting
an insulin compounds and its analogs or derivatives from their corresponding

precursors represented by the formula



or plant cells. Bacterial and eukaryotic cells are available froma nunber
of different sources including commercial sources to those skilled in the
art, e.g.wothw/Anwpi can Type Culture Collection (ATCC, RoTHAN2d0B/@059. ) .
Conmmrer ci al sources of cells used for recompi nant protein expression al so
provide instructions for usage of the cells. The choice of the expression
system depends on the features desired for the expressed pol ypeptide. Most
preferably %elated to aspects to the present linventions, the nost preferred

host cells are nethyketroephig yeasts. Strainsyf a nmethyl otrophic yeast
whi ch can be nodifli ed using |the present inverntion include, but are not

limted to, Keast strai ns_capab

t he genera glchiaF3%5ndi'¥E Fgﬂ%| , or psis. Preferred

met hyl ot rophi ¢ yeasts are of the genus Pichig. Methyl otrophic yeast strains
whi ch can béAhodi fi edAfi ngSt he fldsent $ret hdds Yo i ncl ude those

met hyl ot rophi ¢ yeast strains which have been [engi neered to express one or
nor e hets®rol ogous protein$ of inkterests The st preferred host cel
according to the aspect of the present invention is Pichia pastoris is GS

15. The hostpCcRH e 0r gapism can gg engi neerpd to express recombi nant
protein or peptide using standard techni ques. For exanple, reconbi nant

protein can be expr ed fro vector or, froman ex ous gene inserted
into the genone of ﬁ%@ host.q%gktors thaﬁBégh be useﬁgﬁg express exogenous
proteins are well known in the art and are descri bed below. Preferred
vectors of the present invention carrying insulin precursor nolecul e genes
include but are not Iimted to pPICOK. The nobst significant aspect of the
i nstant invendreon relates to a process for converting an insulin conpounds
and its anal ogs or derivatives fromtheir correspondi ng precursors

represepd ede1¥ h&h‘n%g&? Bmlc@lglﬁ‘l&lll}l)ﬂ enzymatically cleavable amino acid residue or a

chemically or enzymatically cleavable peptide comprising at least two amino acid

e %f grow, ng jon, met hanol, such as yeasts of
enu A*%ru

residues.
R is OH or an amino acid residue, or Y;-Y, in which Y is an amino acid residue.

The moieties Al to A21 corresponds to insulin A chain and the moieties B1 to B27
15  corresponds to insulin B chain including amino acid substitution, deletion and/or

additions thereof.

R; is Z,-Z, wherein Z; is selected from Pro, Lys, Asp and Z; is selected from Lys or
Pro or Glu or Z;-Zy-Z3 wherein Z, is selected from Pro, Lys, Asp and Z, is selected
from Lys or Pro or Glu and Z3 is threonine or a peptide moiety of at least three amino

20  acid residues with the provision that the amino acid corresponding to B30 is threoninc.

X is a polypeptide that connects the A chain to the B chain which can be cleaved
enzymatically without disrupting either the A chain or the B chain bearing at least two

amino acids wherein the first and the last amino acid is Lysine or Arginine .

which comprises treating said precursor with trypsin and carboxypeptidase used
25  combinatorially and concurrently provided that the relative concentration ratio of trpsin

to carboxypeptidase is from about 5:1 to about 50:1.



R- NH Phe- Cs Gys - R2 (Bl) (B7) (B19) (B27) where, R is hydrogen or a
chemcally or enzymatically cleavable am no acid residue or a chemcally or
enzymat i cabI2g100d1e®vabl e peptide conprising at |east twoPaRIIN2ZI0S/000498
residues. R is OHor an amno acid residye, or Y]-Y in which Y is an am no
acid residue. The noieties Al to A21 corresponds to insulin A chain and the
nmoi et i es Bl TheprBaiFsor oroteeslp ordsither beisaliguid Br @psgaldoimcl udi ng ami no aci d
substitution, deletion and/or additions thereof. R2 is Zi-Z2 wherein Zis

sel ected fromg P¥oBess lef conRsdtora Bl th2inkBinSeb@edoR GndlERm iQYﬁle@rcoRés%oﬁngG u or
pZ 2-7Z whereln Zi 1s selected fromPro, Lys, Asp and Z2 is selected from

Lys or Pro tsulty molsprde 3cqndugied o) Auieeys laeda@}atqoa*@“ﬂ% &t lragirabayt 40gast t hree

ani no aci d &gk GURss Wi hbwda,er meuae%h@@rersa@& of h8eAMhBRT 30%doCRbaEeRPONdi Ng t 0
B30 is threonine. Xis pol ypepti de that connects the A chain to the B

chain whi chorcaé?ﬁuv&é%qweawaoéﬁ ‘tt S0& warengng plsathedrserfstaf Mgteemisdic t he A

chain or thel\%neeaé%s%dnegemandl%éthné WO Ny BSinfhenihglaehdiidche first and
the last amno acid is Lysine or Argininé . which conprises treati ng sai d

precur sor th trypsin,.and car ti dase used, conbi natoriall

concurr ent \IM;EhepFe(fi‘#Cg‘ 'Ei‘e‘EIWBtm?bﬁg‘?chg?/rgﬁ?\%m%ﬁc%rﬁ’t Pl Y b}‘lg’?rﬂr@ %rpp%/??)gsi nto
car boxypept Pidasbly, shd feadtionlmediur cdmpseallpivtas 2Qall inlthe dohenttatsdI raf@hgecul e may
ei ther be i The roce aof conyversion of the
insulin pr e@ﬁﬂ?s{ﬂmwrﬁf’e@@l [e{%ﬁoprf’%‘?éﬁbfy g%r?”@%ﬁﬁ‘ ﬁtb‘?“nﬁisrﬂ%ﬂl*id in ihe deagtign i
conduct ed i Redibmagoedus nedi um conprising at | east about 40% water; it does
not, however preclude the presence of at |east about 30% or about 50% or

about  60% Oglixea?o%&s%ﬁ) 10 QlriORMhe BO°GrHRE Flae HTe Bk RpLARIRY EERAGH R

wat er - m sci
.about 0°C to 40°C. Preferably the reaction is conducted at a temperature of from about

10°C to about 30°C and most preferably from about 15°C to about 25°C.

The pH of the reaction mixture can range anywhere from about 2 to about 12.
15 However, best results are obtained by careful pH control such that the reaction
progresses at a pH range of about 6.5 to 10. Preferably the reaction occurs at a pH

range of 7 to 9.5, preferably from about 8 to 9, and when precisely controlled at pH 8.5.

The pH control is controlled by the use of a buffering agent. Any of the of wide range
of suitable buffers used include TRIS, ethylenediamine, triethanolamine, glycine,

20 HEPES (N-2-hydroxy-ethylpiperazine-N’-2-ethanesulfonic acid), and the like.

The amount of Trypsin and Carboxypeptidase B that generally is used is related both as
between the two enzymes and to the amount of the insulin precursor molecule. The
enzymes can be incorporated in the reaction mixtures either in solution or using
recognized techniques such immobilization on a suitable support and thereby made

25 available in the reaction medium.

On a weight:weight basis, trypsin generally will be present in an amount relative to that
of the insulin precursor ranging from about 1:10 to about 1:500, preferably, from about
1:10 to about 1:200, most preferably from about 1:10 to about 1:100 or 1:10 to about

1:50 or about 1:10 to about 1:25. The most preferred concentration of trypsin relative to



sol vents such as nethanol, ethanol, acetone, N, N-dinethylformm de and the
i ke. The reaction nmediummay additionally conprise any salt with buffering
properti e80 2Proaflersabl y, the reacti on nedi um conpri ses TPCI/IRMOSO@AdE in the
concentration ranging from1OMto IM Msgi preferably the concentration of
Tris used in the reaction nediumis 0.6M The conversion is carried out at
any of the thedenceamgencoll insshipematayedss, 1: i dihalconcehtrabion aif duypsi@oEdt for 400C.
Preferably i LS t a tenperature of from about 1Q0C to
about 3coc'éggmﬁgg(%6%§Pg?§%?%g¥§éﬁﬂ§§%ht 150C to about 250C. The pH of the
reaction m xture _can range anywhere from about 2 to about 12. However, best
resul ts ar eOBBtYIFHEd VEIEhTRAsET AP GRPeRbidRsedt g%*ﬁ@ﬂymliia? PrF&CIY dhgt drpint

progresses alatide RHnbETdEe RbulaPsedurr Parfpfiglifom Rkt €500 & dbb& 3 Rctrhon occurs
at a pHrange of 7 to 9.5, preferably fromabout 8 to 9, and when PreC|ser

control ' &d &pstppelrsd cpprenppiiiopt ceboxygertiiase slatvg Bythe Heonerawada &

buffering agent, .AP%y&f i¢ Neso0f wedeqneaﬂﬁﬁorpquscsam%@e%ﬁwefﬁs@é f4sqfk 1 ncl ude
TRI'S, ethyl enedi ami né, triethanol am ne, glycine, PES

( N-2- hydr oxsensersipn pragléqndis piieasih0-O9Leg/manesul f oni ¢ acid), and the |ike. The
anount of Trypsin and Carboxypepti dase B that generally is used is related
bot h as bet werdihd® dnothee Bigyifiest pagnictr bh thegir@uittinadntibhés thasatlol ¢ thg ecur sor

nol ecul e. The enzynes can.pe incgrporated.in the reaction m xtures either
T S0l Ut ont B IS eHBoRGEB R B e ATt BL e RN § DS S oris

sui t abl e sURRBIHf t3psin tib @EBBYyp¥Bas@ Bais| idlhabel 6F 3:Neo I s@Ct PRReraBRdidtm On a
wei ght: weight basis, trypsin generally wll be pgesent i n an_anpunt

rel ative t oVEigbagi. thetipod typsin fr cashpraenptidash & is gOTUt SAYABARRY $:316% 0 about
1: 500, pref gpabloferrdarroim agiptinle ddvs:paiamde Blis208ut snost preferably from
about 1:10 to about 1:100 or 1:10 to about 1:50 or about 1:10 to about

1:25. The npst preferred concentration of trypsin relative tothe
concent rat i k¢ dfratieisaf the eagicayeay irange: figp 2bTHe? &b diuratideradly the ypsin
used for

duration of the reaction is about 2 to 24 hours.

15  Accordingly, the present invention relating to a process for obtaining a insulin or its
analog or derivatives. thereof from their respective precursor counterparts comprises

successively carrying out the following steps in a sequential order as provided below:

(a) Dissolving optimal amount of the of the precursor of insulin or an insulin derivative

20  in a buffer solution.

(b) Preparing various aliquots of the precursor solution at pH ranges of about 7.0 to 9.0.

(¢) Introducing the enzymes trypsin and carboxypeptidase concurrently to the various

25  aliquots prepared as in Step (b) and incubating the mixture for about 4-10 hours.

(d) Precipitating the desired insulin product by addition of citric acid buffer and
ZnCI2.

The preferred embodiment of the invention is described below in the Drawings and

30  Description of Preferred Embodiments. While these descriptions directly describe the



the conversion reaction is at least 0.0lng/mM On a weight : weight basis,
car boxypepti dase B generally will be present in an anpunt relative to that
of the i ns0Il20r/qs@eur sor rangi ng from about 1:500 or ab®aT/IS2B80005%he 5
nost preferred concentration of carboxypegpti dase relative to the
concentration of insulin enployed is 1:500. The concentration of

car boxypeptdbdes embsdichehisr it Feunisriedsihen thosaskilled in shatar| gagtcogedd ny/ n

Ao e oY HBotRGLIRE RGN\ IR (PRETRLAL Slodilfenk! SREM abdveQbban 1o the
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is in range, of 0,1 Pref I a t j 0 of
rypei n o dSrisda sl g R era B Rl RS PRI Sny lfe B
preferred rtag imentibn bf thednventoo tlmatliao»@@semdl pdiaese; iB thesspahﬁuatloﬁ ahd clelmes dur ati on

of the reaction range from about 2 to.48 urs duration
of the reacti g’ﬁe'?nglyeaBr(aﬁlﬂI%% aPCg BHSRBITF smeafglg%%g}?o&le noé gmflrlgfegiﬁeregenet
i nvention r#patdbRkgart(g). arhprdmesaﬁo:ﬁ @f aoftfairad raglbadlmlaswdmdnb@t mods ofiniad og or

derivatives thereof fro I re t nt ¢
Succeasi vel YVELPh PRy GULE SRUCR Dol G OB FP-LEq e AP OGS o

provi ded belnaw 111(6@)16(&08ﬂﬁb\dtﬂ@g:s@ﬁ'illu@ﬁétloﬂriﬁ(ﬂlﬂiéscxﬁﬁtloﬁﬂﬁﬁlyOft i$ e 1@61&%&&80!’ Of
insulin or an insulin derivative 0 in a buffer thutlon % Prepari ng

vari ous'&l i Busrhaugipve fetop Hmityhe opvesspr e Jhe &fecish Pam ghelestd 2uPa 0 to

9.0. (¢) I nhbMHNERY abN&a8RDYIRE boXDH h aciadngh@robqwawel @asmeeonedrrently
to the various 5 aliquots prepared as in Step and i ncubati Qc%tt he
I

m xture forenandipeeny weg chpigh end dgserippds iy W?‘aﬁollﬁ’@t ?"fﬁ@”ﬁé@l RMegiplessiditheh product
by addi ti on,Qfyieh thd C?ts%é&iicQLgp{o%au@ﬁ‘Qng'ﬂp&?able-r&ﬁerﬁ)rsﬁh@cl e cheerbRAb¥ENt Of

the invention i s describ E,‘OWII’] he aV\nnsan
utilize the mventlon m various embodlments and with various modifications as are

15 suited to the particular use contemplated.

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.

EXAMPLE 1A:

Aspart Precursor (Seq ID 1, 2 and 3)

20  Aspart precursor of Formula X-[ Aspart B chain (B1-B30)]- Y- [Aspart A chain (Al-
A21)], where X is a leader peptide sequence, B chain is Aspart 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 Aspart. The sequence may be devoid of leader or other leader peptide (e.g.
EEAEAEAEPR or GAVR). The linker peptide Y can be anyone from the example R,
25 and RDADDR.

(Comment: “RR” in the linker peptide has been removed, Please remove in other

places, if [ have missed out).



O Description of Preferred Enbodi nents. While these descriptions directly
descri be theabove enbodi nents, it is understood that those skilled in the
art may cwoceinaewddi fi cations and/or variations to thePSpan2dos/000598

enbodi ments shown and descri bed herein. Amwy such nodifications or
variations that fall wthin the purview of this description are intended to
be i ncl udedMeneairser sequaetd is represegied dyediQ iRl lapd ot Elak, pietursas mdyebd nt ent i on

of the mvaagsag{cl gtd@% r 45256k %ﬂfeﬁF&%b aQEE&%rlﬁHQEblg:clﬁ?rﬁé pggto%d claims

be given t ry and accustoned neani ngs to ordinary skill in
t he appl i cabicehapmyosy cerdhigacd €416 ¢opls ton of a preferred enbodi ment and best
node of the invention known to the applicant at the tine of fiIing t he

appl i cationyh Xsdaa RELF Ik %POH #rsm‘% gvt‘tﬁq e&ﬁi%rd%g%tlpurtpd% xﬁ)é & ive or

|IIustrat|on an scrlplono
to limtst rﬂprdssuemtzecfm ﬂiRiCt)Kerphnepmfmsfmﬁtn;trdmmlosads tramstormed with the

m)dlflcatlons n iatjo gssible in the light of the above
t eachi ngs. q:@ %a]iraﬂﬁqutto\ﬂgt mcOélggﬁprﬁﬁ‘?ﬁlgd\ég%fhlﬁ‘éﬁsqgn order to best explain
the princi pI es of the invention and its practical application and to enable

ot hers ski | Agdrtipledubi@r & decle@dBsRichis iphdtd® hildethé BYIANE in8iukd) THAIbr@K s
enbodi nents an vmth various nodifications as are suited to the particul ar

use cont enpiedFdegedand gells atsepaaird fiony RerPEPANEr Hhes 2 PHIUPIseonigNy of

fol | owi ng examyietor tHMBNES of thé BEEursoraRINBS: PAGRKENROthdMatRRphy HRH t O
limt the scope of the i1nvention. EXAVPLE 1stgA Asp ar{g Precu?gghr% j(;Seq ID 1, 2

and 3) Mspdiy rffrf@éi&rcéwnaéqgrﬂ@e/nﬁﬂréhIXIWemmorBe@h%ngﬁ cpmategmphy avd [ Aspart

A chain (A H;Q%gf):]usedvm%grgu%tﬁ&p&lf@@q&&m@ept| de sequence, B chain is Aspart
B chain sequence of BI - 0, is a linker peptide sequence between B chain

and A chain, A chainis the Achal n of Aspart. The sequence may be devoid of
| eader or OERAMRIE By peptide (e.g. EEAEAEAEPR or GAVR). The |inker
peptide Y can be anyone fromthe exanple R

Lispro Precursor (Seq ID 3, 4 and 5)

Lispro precursor of Formula X-[ Lispro B thain (B1-B30)]~ Y- [Lispro A chain (A1-
15  A21)], where X is a leader peptide sequence, B chain is Lispro 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 Lispro. The sequence may be devoid of leader or other leader peptide. The
linker peptide Y can be anyone from the example R, or RDADDR. The precursor
sequence is represented by SEQ IDs 3 and 4. The precursor may be produced by any
20  suitable expression system such as Escherichia coli, Pichia pastoris, Saccharomyces

cerevisiae, CHO cells etc.

The Lispro 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 Lispro precursor.

25  Lispro precursor 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 including Ion-Exchange chromatography and



and RDADDR. (Coment: "RR' in the |inker peptide has been renoved, Pl ease
renmove in other places, if | have m ssed out). The precursor sequence is
representwd 2by0/36@ I Ds 1 and 2. The precursor nmay be preduarzhokyooassy

sui t abl e expression system such as Escherl8chia coli, Pichia pastoris,
Saccharonyces cerevisiae, CHO cells etc. The Aspart precursor was cloned in
frame wit h Hydeophebic shogatagiphy- e s igeentian prtioniexchargs ewemginenadt ¥, ppl cok.

Pichia pastfpiw. Hash tStdpdid iSSheckR p@sirdbf.ansformed with the reconbi nant
plasm d to obtain clone expressing Aspart precursor. Aspart precursor is

secreted byﬂ Pichia pastoris into the culture nedium The broth is
centrifugedXaMPedl 1 are separated fromthe supernatant. There are
mul tiple options available for the capture of the precursor including

| on- Exchan hr oAt oar a hobi ¢ chr omat ogr aphy. For this
i nvention gglfllﬁsdlrll‘f ?)%8 '%%%‘gg§ rﬁgrgréF%gézghy and HI C were used to capture the

specific precursor. EXAMPLE IB: Lispro Precursor (Seq ID 3, 4 and 5) Lispro
Krz e;:ijrs\(lsv[1 afluFotapleauryer| ofl Fapmub BX-E IGilisineBs -dB30) (B-1-B30)[-LY s felolisnec Aai n (Al -

1], ere Xi l.eader ti de,sequence I 0SSP hai n
sequence ofcg:ﬁi]-(ngﬁl)ﬁ vlﬂéel%&Iell%n‘k%’?deﬁé’gw&eseglé%ﬁ%%éﬂggtl\s/\lg}éﬁ%é%c glﬁln and A
chain, A chajuentsoft Be-BAChgiina difikdripsjtide. sedurecsBaaiemc chaly abd Addwmi @ of

| eader or ot her, | eader pe E“ .. The, li nker peptide Y.can be anyone fromthe
exampl e R HHTHBABDR Rt pEEPS ort e Seehiee TS oF dsrel i edeny 8B | s 3
andE4- hTh_e Iﬁc_fd@ﬁp%l’pl‘ﬁ@é. myiﬁba RpOGUL esh Byangbie Borh tiebdxemelet,es RDXDBRSt em such
as Escherichia coli, Pichia pastoris, S gr ce erevisi ae cells
etc. ThE LidSrRsepree GP%’GPCW\HSWWF’%S’HEE Qynfﬁ(g ﬁ\%%\%‘tdh +HE VAT f’?fys%egnal
peptide in Jb&RERby any suitable expression system such as Escherichia coli, Pichia pastoris,

Saccharomyces cerevisiae, CHO cells etc. The Glulisine 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

15 expressing Glulisine precursor.

Glulisine precursor 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 including Ion-Exchange chromatography and
Hydrophobic chromatography. For this invention cation-exchange chromatography and

20  HIC were used to capture the specific precursor.

Precursor Crystallization

The different insulin compound 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
25  at the start of crystallisation was around 2 to 20 g/L, preferably 8 to 14 g/L. The
crystallisation was done by adding ZnCI2 & 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 adjusted by using any alkali,



expression vector, pPICOK. Pichia pastoris host strain GSI 15 was
transfornmed with the reconbinant plasmd to obtain clone expressing Lispro
pr ecur sorwoLnepreospr ecur sor i s secreted by Pichia past oPCI/INIO&0GEe8 cul t ure
medium The broth is centrifuged and cellB are separated fromthe
supernatant. There are nultiple options available for the capture of the
precur sor ipreferadiyna®@drerEkRISaie colsiabisetion giregehy cambiHgelrcop otginperature

chr omet 00 3een 0Dy HH 2. AINEOLLAD LCRLLO RS SSREANIS, S APLANRNN,ANd H C

were used to cap ture the sp eC| r'ecur Sor . I Si ne
Precursor (ﬁeqed Ebnﬁaletel@ Eh@l pﬁaconrs@l mystzﬂi; nen ' epurasdr frof thoosupainata- by

G ulisine B. hal {f %A f GQulisine L chain (Al-A21)], where X is a
| eader peptcf r%‘@(ﬁ 6’8“0 68?1'3? is Qulisine chain sequence of Bl1-B30, Y
is a linker peptide sequence between B chain and A chain, A chain is the
A-chai n of EkKuMBEiLMeA: The sequence may be devoi d of | eader or other | eader
peptide. The |inker peptide Y can be anyone fromthe exanple R or RDADDR

The precurSQ% nﬁﬁQUFﬁFe%u} mg;@@,g,%ﬁga&yn SEQ IDs 5 and 6. The precursor nay
ress

be produced by ‘any suitab e exp Ion system such as Escherichia coli,

Pi chi a past ccharonyces cerevisi si ne
precur sor vxgéé {%tsegﬁaqnnpqo Clﬁof ﬁo’fcﬁlé"ﬂ%ﬁ? lggsgéf)sfvé%? mb%‘&?%lesgnﬁ i chia
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t ransforne t rec Jnan smd_to optai one_ expres

d uli sine p?dglttlﬁ’f‘é’ ﬁgée'ﬁfg&/ﬁg t}%@ﬁ?‘%&z’sg/ §€%§§&8 )03E?>P §§§ oris
into they cuhisWifemdiitiias Ttastbd & 08ity wamgraoougess @BN Nﬂbﬂ{STl@d fotepar at ed
fromthe supernatant. There are nultiple options available for the capture

of the prechfebmas Kentyerrergslow AlERg randions Hpo Fafuytesny Berausirediobi

chromat ogr apfjy - mﬂ?r(ﬁ@@ WRAYE N | QR Eé}k'&@rrﬁg‘}ﬁhﬁﬂaﬁ e ERE @gk@aRNYWaand HI C
were used to capture the specific precursor.
centrifuged at 5000 rpm for 20 minutes in a Beckman Coulter Avanti J-26 XP

centrifuge. The loss in supernatant was 1.55%.

15 EXAMPLE 2B:
Example of Precursor Aspart crystallization

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% ZnCI2 solution (3.125% of EP volume). The pH was 4.08
20  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%.

Comment: Can we change the numbering (aspart as 2A and Lispro as 2B)? Rest of the
25  places we are giving the examples by maintaining the sequence of A: Aspart, B: Lispro

and C: Glulisine.



Precursor Crystallization The different insulin conmpound precursor captured
fromthe fernmentation broth by using a cation-exchange chronat ography step
was crystwaiDl2oadedeor t he purpose of col our renpval and PCEANYSS/000ELS
crystallisation was done such that the prdcursor concentration at the start
of crystallisation was around 2 to 20 g/L, preferably 8 to 14 g/L. The
crystal |l i sdEXNRId&E2done by addi ng ZnCYl 8c 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 O. ool volune. A 4% ZnCl2 sol ution
cgn be gdge%‘ E'?plg Me%grl}’pﬁl&ﬁéwl tPon pool vol une. el'he pH can be
adj uste y ny alk r.ef b stalllsatlon
process can td Gg%g %li?“ Booﬁétjﬁi?g éeph%rf’@%%‘ﬂ (%r%{ﬁ%lr?ﬁ Cdkﬂesé?? {555 urry is
stored for @aa?n*lamms scgl/)m)hazts thited &gy?Ilathoﬂ\bﬂeholb(G evnEUER ootpiet ®hyy. The
precursor crystals can be separate m t rnat.ant b

centri f ugatd fd 6’#@@@@5«?&%%8& %H%SJ]E&&H@? 6’%%%(% 43)6}2'1’@ spro
crystal |'i zaohfdn 483 olEP 9blugle)tihe pHRARG M. 1(5&5 febteehnd PRGEadjuatd o a3 8 g/ L)
was taken and 2.315 m_of phenol (0.5% EP vol urre was added after proper
t hawi ng. Thadgi r\&e?sﬂﬁélap&gﬁeWt}&ﬂé{ﬂ‘t“?rd’\‘?sgﬁept&‘ﬂd%ﬁo‘?ﬂs ‘rcS‘I“gZi’%‘ i dost} uti on
(12.5% of EBy @l Egﬁg)chenﬁgﬂsfghd"@scolffd ARnAt2-§ @)Sw%@-gew@snlg:pt for RS mdisusted to

4.8 by adding 4 he nothér |iquor was kept under sl ow
stirring coRdinthonperhaant¥Bs s¢naateakbynsotrifiseron Tan e ragerngan ¢1ag 7Yoom
(2-8C), where it was kept overnight. Then the whole m xture was centrifuged
at 5000 pnh&gé,ﬂ% jnutes in a Beckman Coul ter Avanti J-26 XP centrifuge.
The | os& ernatant was 1.55% EXAMPLE 2B: Exanpl e of Precursor Aspart

crystallization
Enzyme reactions

Different Insulin compounds'can be prepared from their corresponding precursor
through an enzymatic conversion. Direct conversion from the precursor to the final
product can be obtained by the presence of two protease enzymes. The enzyme
15  reactions were carried out in two different ways. 1st the precursor has to be treated
with trypsin or trypsin-like enzymes of plant, animal or microbial recombinant origin.
When the Trypsin reaction is over the intermediate in the same reaction mixtures were
treated with the 2nd protease enzyme Carboxypeptidase B or similar enzyme of plant,
animal, microbial recombinant origin. Carboxypeptoidase B can act on the basic
20 amino acid in the C-terminal end. Alternatively, the Trypsin and Carboxypeptidase
enzymes were added in the reaction mixture as a cocktail (together) and the reactions

were allowed to continue till the optimum corresponding product formation happened.

EXAMPLE 4A:
When only Trypsin was added to the individual precursor reaction mixture.

25  2gm of individual Aspart, Lispro and Glulisine precursor crystals were solubilized with
5ml of 6M TRIS solution. Product concentration of the individual reaction mixture was
kept as 3-5 mg/ml. The pH of the reaction mixture was adjusted to 8.5. Trypsin was
added to the individual reaction mixture at a concentration of 50pg/ml. The reactions

were carried out at both 4:0.5 °C and room temperature (24 +0.5 °C). It was observed



500 m of elution pool (precursor concentration 2.9 g/L) was taken and
0.625 m of phenol (0.125% of EP vol une) was added after proper thaw ng.
Thi s was wol2boveeoeby addition of 15.625 m of 4% ZnCTi ®olranN2008/0¢0398125% of
EP volune). The pH was 4.08 at this stageziand it was adjusted to 4.8 by
adding 315 m of 2.5N NaCH. The nother |iquor was kept under slow stirring
condi ti ons therchibmagdgraphissprofild af Henendrribd eaaptear mixteelddes pdmh@mesdih  wher e
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G ul i sine. ecursor I SI' ne Stall1zation 250
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o of ko zreosgit & DY AT R n e s R 8L SFRM ot age
and it was Hdjpi$dethe trencoBmbyuradas adjugtediy INDGH th?lthebf thegemtionnas kept
under slowstlrrln condi t Omnutes d then.transferred to cold
Foom ( 5- 80 Mire B tlalatd B0 +0F £ gErRBURS Aaiible TRt OR Fblh e
separ at ed bxwmawaédngaﬁﬂaﬂcbhof’l@hﬁg/hﬂss in supernatant was 7% EXAMPLE 3A
Enzyme reactions Different Insulin conpounds can be prepared fromtheir
correspondlég precursor through an enzymatic conversion. Direct conversion

fromth& pr WEHONE o t he final product can be obtai ned by the presence of
two protease enzynes. The enzyne reactions were carried out in two

different Waymrt pRbukie B ARt SRhveIRE 10 B0 th&afiBthnine Aspart and Des
Octapeptide Insulin. Percentage of Des threonine Aspart was 45%, desoctapeptide
Insulin was 36%. The formation of required intermediate, Aspart with extra Arginine
residue in the B31 position, is around 10-14%. Thus even the 2nd cnzyme
15  Carboxypeptidase B be added to the reaction mixture, overall yield for making the final
product would be <10-15%.

Similar product profile was found when the reaction was carried out with 50% solvent.
But the reaction rate is very slow in presence of solvent. To achieve the similar type of

profile the reactions has to continue for alimost 18hrs.

20  Thus the generation of Aspart from the corresponding precursor through the successive
protease reaction could not be possible. Thus it was understood that B-29Lys of Aspart
is the most potent site for Trypsin cleavage and as the reaction continues, B-22Arg site
are also become prone for Trypsin cleavage and at the end of the reaction we get a

' mixed population of B-30 des Threonine and Des-Octapeptide in each individual

25  precursor. The cleavage product at B-31 Arginine is very low in all of the precursor

product.

Lispro precursor, under similar condition, was converted to Lispro product with extra
Arginine residue in the B31 position along with high amount of Des- octapeptide

Insulin. Similar type of observation was found when Glulisine Precursor was treated



with trypsin or trypsin-like enzynes of plant, animal or mcrobial

reconbi nant origin. When the Trypsin reaction is over the internediate in

t he sane weaotommen Xt ures were treated with the 2nd pr eceasmognmyyse

Car boxypepti dase B or simlar enzyne of pant, aninmal, mcrobial

reconbi nant origin. Carboxypeptoi dase B can act on the basic amno acid in
the Ctermiwith Teyngin ppdesridentictletapditione Butyihei shremaiograpio pyqfdet pldse enzymes
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reactions were allowed to continue till t ti mum correspondi ng product
formati on rapgrshegn tROMMYPIE fina: profveh LishiojantirGlpkisive, was badddel thrapgh e

i ndi vi dual rs i id . Yo IV I .Lispro and
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Pr oduct coneard batdrppoaf the individual reaction mxture was kept as 3-5
ng/ M. The pH of the reaction m xture was adjusted to 8.5. Trypsin was

added to t i ndi vi dyal..reaction m.xture at a concentration of 50mg/ m . The
reactions \?\%?Sgn%ea?flr%e/gb&ﬂe%gﬁ %n%%mlﬁ‘f).o ly(%wafndtpro%ﬁﬁagﬁ%}e?agt i?rcéqse(gg 0.5
00 . It waslLiglses wellhhelutibinopratwgraphi ¢ profile at the end of the reaction
m xture does not change with respect to reaction tenperature but the tine

ERLETEC EXE e e R LT

t enperature
cont i Rue_d ;@12_9 rrleﬁa@ls ahert bt%c&?tﬁl vafs Hbdked melrsmp;blg@rmlrb@ tadhrz&din Si m | ar
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sol ubi | 1%ed’F% placulo s IR it BOMPBedE] Eféﬁ‘trsqalﬁg?%ﬁ lpstsrhbiT Y at
concent r at i Q4 iftas3-07 0BMj(ikatedNE1 BHhredurdoRerryBartibARs Moxd Méﬁre}lﬁﬁgﬁ‘ﬁjtlﬁ@t ed to
8.5 and the tenperature of the reaction mxture was maintained at 24 0.5
0C. Trypsi re-rEBinalcad pftgeinie residievatdimd st amieiasil ivisepaipte [Bit108 Wlndent rat i on

of 50/ m . o (HSIQEMAL QRiueAS BRIA-tRh BERIVT B'@Rind R8shgGAMVIRE BEA ARif30
Des- Threoni ne Aspart and Des .
IN-105 Des Octa Insulin is also generated in this reaction mixture. But when the
15  nonconjugated IN-105 precursor was treated with Trypsin, the protease cleaves
preferentially at the C-terminal end B-29 Lysine residue to generate Des-Threonine
Insulin. The chromatographic profile at the end of the reaction is same both in presence
or absence of any solvent in the reaction mixture. It was observed that presence of

solvent slows down the reaction rate.

20  EXAMPLES 4B:

In the next phase of the experimental conditions, the reactions were carried out by
adding Trypsin and Carboxypeptidase B together in the individual precursor reaction

mixture.

The concentration of the precursor was generally about 5 to 50 g/L. The reaction was
25  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 were 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



Oct apeptide Insulin. Percentage of Des threonine Aspart was 45%

desoct apeptide Insulin was 36% The formati on of required internediate,
Aspart wwb 2ewioieoedr gi ni ne resi due in the B31 position, PC3/Nziosnesds- 14%
Thus even the 2nd enzyne Car boxypepti das€3B be added to the reaction

m xture, overall yield for ki ng the final product would be <10-15%
Simlar pré‘&w{’d#c}fr &S SRIETaH AbRI AR @Hnierdo 2é dewis gRd o apsds abowsdt wi t h
50% sol ventto 1Bréuré.he reaction rate is very slow in presence of solvent. To
achieve the simlar type of profile the reactions has to continue for

al nost 18hrs. Thus the generation of Aspart fromthe correspondi ng

precur sor tTWFGB@?“Rr%@“Q%é&?%@iWPé detegnivgs geperdieg proepneotitatiom of subergsssi bl e.
Thus it waandRRBHR LA MRE eBindsld Wfe Ol stABRAEpdiP %\;aggb'&g%? thePRL RO W) te Tor
Trypsin cleavage and as the reaction Continues, B- rg site are al so
become pr oneckspfermplyyspordeatzaiiogebenid0 &1 100mee/bnd of the reaction we gel a
m xed popul ation of B-30 des Threoni ne and Des-Cctapeptide in each

i ndi vi dual B¢ eepr o4 (Hhe cl eavage product at B-31 Arginine is very lowin
all of the precursor 6 oduct. Lispro precursor, under simlar condition,
was converted to Lispro product with extra Arginine residue in the B3l
posi tion aﬁé‘fﬁ‘g"ﬂﬁ?ﬁﬁf‘?@ S%fncﬁmtél“@fsdﬁé Yedo‘&‘tzgﬁ‘gﬁﬂlﬂeTRﬁssmui“ﬁ‘?- Bioghétar type
of obser vatbaeni@dnfoduidsoMin Walsuhiibtamed BY S6H3Ahd WRSS hRAhSHWh tLsTr ypsi n
under identi cal, c(ﬁsggieﬁt]\%‘gns. .But the chromat ographic gr ofiles of the
reaction ni&migee Y addingy fliguotg|of cqripinaaQuitsrvare akembwafiusinaiiiesi ne
precursor. This suggest even the possible final product, Lispro and

G ul i siine; pElRdT he rdmBEk kY BY L NENABECESH V}@acfa@%@étiic%@iél\/\‘étliau&pgf #id
pr ot ease Car boxypepti dase B but the overall yield woul e 'very poor.

Presence of5t0% BiXtieehpil 7Hbr/ rafildd 5o yvest prrrreibirmt daeh o8 tidt icavtionat e i n
case of Li sfkirea®a¥@iilenaitdCeithl fibBEisPLE GHEGRIA reaction mixture at different

condition. The reaction was carried out in all the samples by adding trypsin and

Carboxypeptidase B together at different concentrations. The different parameters

15  varied are tabulated.

Constant Parameters:
e Product concentration 5g/L
e TRIS buffer concentration 0.6M
20 Varied Parameters:
e Trypsin concentration: 25-500 mg/L
e Carboxypeptidase concentration: 10-30mg/L
e pH: 7.0-9.0.



To check the concept simlar type of Trypsin reaction was tried to the IN

105 precursor
pr ecur sorwbyotamaewhort chai n PEG nol ecul e as wel |

B- 29Lys resi due when precursor was bl ocked in In-
as W PRTHNB08/00082| ugat ed

105

precursor nolecule. It was observed that 2y case of conjugated | N 105
precursor, Trypsin cleaves nore preferentially at the c-termnal end of
Argini ne residue of tihe 3Tsis amin g F 05 wi tih wleldext r a
Ar gi ni ne r esagf@r§on tlmmﬁ‘erttertimnal (? € 0%&,3 h‘és]e H; t hewB- 31
Ar gi ni ne | Neon@&ntBeiondct a | nsul i N foélc Eagmﬁe Sﬂ'lé’&“‘ir?f“{‘hl s Plegct i on
m xture. But wgdn t hel non@anj ugdt ed M&F105 precumedh) was |treatled with
Trypsin, the protease cleaves prleferentially at the Ctermga| ergd B8-29
Lysine res|due to generate Des- Thr eoni ne | nsul i n. Jhe chrie Pﬁf graphi-e
profile at|the end of| the reactilon is sane both iﬁ prese né'nt absencle of
any solvent in the reaction mixtjure. shg was| observed that| gresené®S of
sol vent sl pws down the reaction|rate. EXAVMPLES 4B: |In thg mdxt| phese |of the
experinmental conditiaogns, the regctions were| carrieg out by gaddi ng4Tryjpsi n
and Carboxypeptidase B together |in the indiyidual precurgorggeactizon
m xture. The concentriati on of the——preecursor—was—genreraly %bc't 5-t6-50
g/L. The reaction was| carried oyt at about pH 5 to 12, prefé% Iﬁsabout pH
8 to 10. Reaction tenperature wgs about 0 -| 40 Ocloprefera@K& abo® 2 - 25
0C. Trishydroxyl nmet hyl an nonet hane (TR S) OL ot her buffer| 9ystlen4werje used
at different ionic stirengths to|maintain the required pH| Rgactioig tijne was
variable apd was affected by other reeetion condigbons. c%%}luﬁ
continued until the gurity of the product starts decreasin % due -to-the
hydrol ysi s{ ofthe product. ol¢ takes generally about 30 m uté% to‘%A hour s
and in nost casgs qut 4 to 10 thours. The concentration of’.Senzyré was
det er m ned dependlng on concentrlati on of supstrat¢s 8.0 68
8.5 75
7.5 45
>0 30 50 | 63
8.5 66
7.5 31
10 8.0 49
25 8.5 61
7.5 3
30 8.0 49
8.5 62

Results:

[t was observed that when Trypsin and Carboxypeptidase were added together in the

reaction mixture, both Des octapeptide form and des-threonine formation was not

observed. At the end of the reaction Aspart is the main product in the reaction. The

purity and the yield of the generated Aspart vary in individual reaction condition. The

best yield of 75% of Aspart was observed under Trypsin concentration of 50mg/L.,

Carboxypeptidase concentration of 10mg/L and at pH 8.5.



and enzyne activity. For exanple, the crystalline trypsin available in the
mar ket was used preferably in a concentration about 10 to 100 ng/L.

EXAMPLE: w8 2010)01dayin of Aspart precursor crystal was di seoruszhosmoodgsrt of | M
TRI' S sol ution. Product concentration of tjse solution was maintained to
5mg/mM and TRI'S concentration was nmai ntained to 0. 6M by addi ng. Aliquots of
certai n anoiMAMPILY 4B {ldken by adjusting the pH of the reaction m xture by
2.5N NaOH or 2N d acial acetic acid. Aliquots of the reaction m xture at pH
7.0, 7.5, &g ofLibproPrétuyser Erypalepay disholvid M 2BalcdT 1 TIRIS Solugac tratucim Xt ur e
was taken into each tutﬁe\ﬁg]s.an i ndi vi du%l rea ti%@,gg ture grtt.different
condi tion. CPREENPEURN oigHhe GRlutin WA Baingined;ty STyl o889 Yl ihg

trypsi n andnfahRexeetiasend hogeideiceddin dinbiies @btk tdendeatjuaingais. The
different paraneters varied are tabul ated, Constant ,Par,‘g%t ers: . Product

concent rat | 3h obgieireactipp sigyrer byt 2 Y RAMH PheN SHEGAFNARG S o IR (R s
Trypsin conggfioh alik@R atHpr 2007 50H.0, 8.£3000Y PRIPEiedAS Bl €EHACATIHIE Ada Qo
10-30ng/L pH 7.0-9.0.Results: It was observed that when Trypsin and

Car boxy pept nikie Wik ke g grch duketand dabelsd ph sanpie s Bofkr 515 X6 r &b Des

oct apept i de Qi and af&fe LM HQA N Sadiy InCfhdVesbAQbeRaR! B Q6betid af he end
of the reaction Aspart 1s the ndin product in the reaction. e purity and
the yield ofiffedset cgaseairationd. Thephiferenigpndifions predabplaiesal reaction conditi on.
The best yield of 75% of Aspart was observed under Trypsin concentration of
S0mg/ L, ¢,

Constant Parameters:
e Product concentration 5g/L.
e TRIS buffer concentration 0.6M

Varied Parameters:

15 e Trypsin concentration: 25-200 mg/L
e Carboxypeptidase concentration: 10-30mg/L
e pH:7.0-9.0.
Precursor Tris Trypsin Carboxypeptidase Yiel
concentration | concentrati | concentrati | B concentration d
(g/L) on (M) on mg/L (mg/L) pH (%)
5 0.6 R 7.0 33
7.5 49
10 1 8.0 62
8.5 65
9.0 29
200 7.0 52
7.5 55
30 8.0 61
8.5 64
9.0 26
7.0 11
7.5 34
10 8.0 55
8.5 59
9.0 31
100 7.0 24
7.5 41
30 8.0 54
8.5 66
9.0 34
50 10 7.0 21




Car boxypepti dase concentration of 10ng/L and at pH 8.5. EXAMPLE 4B (11):
of Lispro precursor crysta

was di ssolved in 25m of

5gm

IMTRIS sol ution

Product cwocermimeisoon of the sol uti on was mai nt ai ned t oPEmINII08/600d98TRI S
concentration was nmaintained to 0.6M by agkling. Aliquots of certain anounts

were taken by adjusting the pH of the reaction m xture by 2.5N NaOH or 2N
A acial acetic acid. Alfliquots of |[the reactlion m xture at| pH57.i0,467./5, 8.0,
8.5, 9.0 were prepared.| 1 m each of this|reaction m xtufe8was t@ken into
each tube and | abel ed as sanple A, B, C etic. The reacti on gas (camriled out
in all the |[sanpl es by adding trypsin and Car boxypepti dasle 8ot ogepher at
different concentrations. The different cgnditions are tlabupatjedg Const ant
Parameters:| Product cdncentration 5g/L TRI'S buffer concengratisn|0. 6M
Varied Paragnmeters: Trypsin conc%ntration: 25-209yng/ L [CagoxXypgpt|i dase
concentratijon: 10-30ng/|[L pH 7.0-9.0.Results: It was obsepved tHjat| when
Trypsin and Car boxypept|i dase wer ¢ added tdgether in the uegbtuo%snixture,
bot h Des oqtapeptide fdrm and des=threoninefornmat+on—was 93t 6Q°erved. The
best yieldof 78% of Lijspro was pbserved ynder Trypsin conﬁgn{rg%iun of
50ng/ L, Carlboxypepti dage concentration of {10ng/L. and at jpH-&- j¢ANPLE 4B
(I11): 5gmjof A ulising precursor crystal {was di%@olved inggvuﬁ f{IMTRI'S
sol ution. Rroduct concegntration Pf t he soljuti on was mai nt-ab-red t% 8mg/ m
and TRI'S cgncentration |was nai ntai ned to ﬁ M by adding.| APLquotd_gf
certain amjunts were tgken by adjusting the ;g ;?
30 8.0 33
8.5 46
9.0 55

Results:

It was observed that when Trypsin and Carboxypeptidase were added together in the

reaction mixture, both Des octapeptide form and des-threonine formation was not

observed. The best yield of 78% of Lispro was observed under Trypsin concentration of

50mg/L, Carboxypeptidase concentration of 10mg/L and at pH 8.5

EXAMPLE 4B (III):

5gm of Glulisihe precursor crystal was dissolved in 25ml of 1M TRIS solution. Product

concentration of the solution was maintained to Smg/ml and TRIS concentration was

maintained to 0.6M by adding. Aliquots of certain amounts were taken by adjusting the

pH of the reaction mixture by 2.5N NaOH or 2N Glacial acetic acid. Aliquots of the

reaction mixture at pH 7.0, 7.5, 8.0, 8.5, 9.0 were prepared. 1 ml each of this reaction

mixture was taken into each tube and labeled as sample A, B, C etc. The reaction was

carried out in all the samples by adding trypsin and Carboxypeptidase B together at

different concentrations. The different conditions are tabulated.

Constant Parameters:

Product concentration 5g/L

TRIS buffer concentration 0.6M



pH of the reaction mxture by 2.5N NaOH or 2N G acial acetic acid. Aliquots
of the reaction mxture at pH 7.0, 7.5, 8.0, 8.5, 9.0 were prepared. 1 nm
each of twD=oregaetishon m xture was taken into each tube aou/INzlogh@dosas
sanple A, B, Cetc. The reaction was carryed out in all the sanples by

addi ng trypsin and Carboxypepti dase B together at different concentrations.
The dif f er eNtrigbfwlatétons are tabul at ed. Constant Paraneters: Product
concentration D9 L TR S uffer %la"tgiration 0. 6Mvari ed Paraneters:
Trypsin concerft r 3YPYREOBET ?6‘8“ g7 boxypept i dase concentration:

10-30ng/ L pH. 7cﬁb&>@eﬁgﬁwJoﬁcenﬂ;gmmbe@goryg/gl d of 78% of QA ulisine was
observed under Trypsin concentration of 50ng/L, Carboxypeptidase

concent rati on *of PH:OYyPL- and at pH 8.5. EXAMPLE 5: Final Precipitation The
best congitions explai ned above for the enzyne reactions for correspondi ng

precursor of Lispro, Aspart and dulisine were perfor med. The I ndi VI dual
end enzyng TeactT oM I Xt UT € WasS| preci pi [ at CrtTTo oo uf fer
and ZnCl2 S%H ulrg(n, ﬁmd ustl hg Jgg% ‘(-éllhr{%)gi)%wl&% acid buf d éonprl ses
15:4 g/ L PibidC agld %naz/ffr QUS) 105 csgggnvmtg;.thor)hosphate
(anhydr ousg )c b ?f |d ARl 87 0. p hdric aci|d). The
precipitaﬂ—eﬁ—%mE dotre “ “” an§ &gt 4 "*"(mgi Sﬁ Hy—-6-0-to 8.0
II[IHC Ul . U 1IU.U, }J fba _y 2\9 \V) . .
The produ;t co centrcitlon vvas p(efer ably 1 - 10 g/L. Af*:zl the—
precipitation, the pnoduct was separated fromtq% cl earl—super naLan-by
ei ther centrifuging or decanting the superinatant “w t hout &P stlur Hﬁ9ng t he
settled precipitate. |The precip|jtate so oltai ned was wa i Ichill | ed
water to fenove the 200 9.0 49
7.0 44
7.5 59
30 8.0 42
8.5 29
9.0 21
7.0 25
0.6 100 7.5 33
10 8.0 47
8.5 61 —
9.0 64
7.0 41
7.5 62
30 8.0 65
8.5 71
9.0 49
7.0 28
7.5 46
10 8.0 68
8.5 78
9.0 70
50 7.0 36
7.5 44
30 8.0 59
8.5 69
9.0 72
25 7.0 14
7.5 29
10 8.0 35
8.5 49
| 9.0 51




unbound ions present. The yield of the precipitation process is 85 - 90%
The above description and exanpl es have been given for ease of

under st amsioregloanbos9 No unnecessary limtations shoul d beCunNzEosH@SL8
therefrom as nodifications will be obvios to those skilled in the art who
wi Il recognize that the invention can be practiced with nodifications and
variations within the spirit of|the appended claims. The T-Bstlrufdntalities
reported herein overg¢one the prpblens thati are gytlined abdve arkd advance
the art by providing{a reaction{ method that inhi'bits | dss8.ef prdduct] and
has ease ff operation relative to other known nethods. {Th$.§ syste@m rieduces
costs by using descriibed net hodol ogi es to jachi eve a gi veng.enhanasd
conversion efficiency relative to any known process, thus overcon ng ngj or

di sadvant agRgsuk§omM2 et &l S dmaaf@mfsu@rv&as B4R ﬁﬂg}iﬁcﬁc&ﬂcﬁao& ocon
Ltd Hazra, Partha <120> Process for the Fre paration of |nsulin conpounds

<130> 200608f Wredh Guborypsptipaseenpqeptrafion of fimglgndatmhbed. <211> 67 <212> PRT
<213> Pichia pastoris <220> <221> PEPTI DE <222> (1)..(67)

EXAMPLE 5:

5  Final Precipitation

The best conditions explained above for the enzyme reactions for corresponding

precursor of Lispro, Aspart and Glulisine were performed.

The Individual end enzyme reaction mixture was precipitated by adding citric acid
[0  buffer and ZnCI2 solution, and adjusting the pH. (The citric acid buffer comprises 15.4
g/L citric acid (anhydrous), 90 g/L di-sodium orthophosphate (anhydrous) buffer, pH
adjusted to 6.3. + 0.1, with o-phosphoric 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 1 -
10 g/L. After the precipitation, the product was separated from the cléar supernatant by
15 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 precipitation process is 85 - 90%.

20  The above description and examples have been given for ease of understanding only.
No unnecessary limitations should be understood therefrom, as modifications will be
obvious to those skilled in the art who will recognize that the invention can be practiced

with modifications and variations within the spirit of the appended claims.

The instrumentalities reported herein overcome the problems that are outlined above
25  and advance the art by providing a reaction method that inhibits loss of product and has
ease of operation relative to other known methods. This system reduces costs by using
described methodologies to achieve a given enhanced conversion efficiency relative to

any known process, thus overcoming major disadvantages known in this domain of art.



<400> 1 JGu QQu Ala Gu Ala Gu Ala Qu Pro Arg Phe Val Asn Gn His Leu 1 5
10 15 Cys Ay Ser H's Leu Val Gu Ala Leu Tyr Leu Val Cys Gy Gu Arg 20 25
30 Ay PhwoRhs/oiyico Thr Asp Lys Thr Arg Asp Ala Asp Asp ACT/TRopsbies@ 40 45
Val Qu Gn Cys Cys Thr Ser He Cys Ser Leg Tyr G n Leu Qu Asn 50 55 60 Tyr
Cys Asn 65 <210> 2 <21 1> 6 1 <212> PRT <213> Pichia pastoris<220> <221>

PEPTI DE <222> (1)..(61) <400> 2 Gy ASEQBENKEJLIHING3| Asn Gn H's Leu Cys
Gy Ser His Leu Val 1 5 10 15Gu Ala Leu Tyr Leu Val Cys Gy Gu Arg Gy

Phe Phe Tyr Thr <AsQ» Bioc2BL8D Lys Thr Arg Asp Ala Asp Asp Arg Gy He Val Qu

A n Cys Cys Thr 35H4pad5rtBer He Cys Ser Leu Tyr G n Leu Qu Asn Tyr Cys Asn
5 <120> Process for the preparation of Insulin compounds

<130> 200608
<160> 9
<170> Patentln version 3.5

10 <210> 1
<211> 67
<212> PRT
<213> Pichia pastoris
<220>

15 <221> PEPTIDE
<222> (1)..(67)
<400> 1

Glu Glu Ala-Glu Ala Glu Ala Glu Pro Arg Phe Val Asn Gln His Leu
20 1 5 10 15 ‘

Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg
20 25 30

Gly Phe Phe Tyr Thr Asp Lys Thr Arg Asp Ala Asp Asp Arg Gly Ile
35 40 45

Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu Glu Asn

50 - 55 60
35 Tyr Cys Asn
65
<210> 2
40 <211> 6l
<212> PRT

<213> Pichia pastoris<220>
<221> PEPTIDE
<222> (1)..(61)
45
<400> 2

Gly Ala Val Arg Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val
1 5 10 15



50 55 60 <210> 3 <21 1> 57 <212> PRT <213> Pichia pastoris <220> <221>
PEPTI DE <222> (1)..(57) <400> 3 Phe Val Asn G n H's Leu Cys Gy Ser H s Leu
Val Gu Ave2hewidyp 1 5 10 15 Leu Val Cys Gy Gu Arg GegTRNmOBh@sIyr Thr
Asp Lys Thr Arg Asp 20 25 30 Ala Asp Asp3Arg Gy He Val Gu A@n Cys Cys Thr
Ser He Cys Ser 35 40 45 Leu Tyr A n Leu Gu Asn Tyr Cys Asn 50 55 <210> 4
<21 1> 67 <212> PRT <213> Pichia pastoris <220><221> PEPTI DE <222>

(1)..(67) <400> 4
Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Asp

20 25 30

Lys Thr Arg Asp Ala Asp Asp Arg Gly Ile Val Glu Gln Cys Cys Thr
35 40 45

10
Ser Ile Cys Ser Leu Tyr Gln Leu Glu Asn Tyr Cys Asn
50 55 60

15 <210> 3
<211> 57
<212> PRT
<213> Pichia pastoris

20
<220>
<221> PEPTIDE
<222> (1)..(57)
25 <400> 3

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 15

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Asp Lys Thr Arg Asp
20 25 30

35 Ala Asp Asp Arg Gly Ile Val Glu Gin Cys Cys Thr Ser Ile Cys Ser
35 40 45

Leu Tyr Gln Leu Glu Asn Tyr Cys Asn

40 50 55
<210> 4
<211> 67

45 <212> PRT

<213> Pichia pastoris

<220>



Gu JQu Ala Qu Ala Gu Ala Gu Pro Arg Phe Val Asn Gn H's Leu 1 5 10 15
Cys Gy Ser Hs Leu Val Ju Ala Leu Tyr Leu Val Cys Gy GQu Arg 20 25 30
Gy Phe PNe20wo1dde® Lys Pro Thr Arg Asp Ala Asp Asp Ar gPGIyN2es/B8®s90 45 Val
Gu Gn Cys Cys Thr Ser He Cys Ser Leu T3 G n Leu Gu Asn 50 55 60 Tyr Cys
Asn 65 <210> 5 < ?. > Ié§<212> PRT <213> Pichia pastoris <220> <221>

PEPTI DE <222> (< (in’f ; 00> 5 @y Ala vVal Arg Phe Val Asn G n H's Leu Cys
Gy Ser Hs Leu q| 10 15 Gu Ala Leu Tyr Leu Val Cys Gy Gu Arg Gy
Phe Phe Tyr Thr<4§§>s 20 25 30 Pro Thr Arg Asp Ala Asp Asp Arg Gy He Val GQu
G n Q/s5 Cys Thr #0 45Ser He Cys Ser Leu Tyr G n Leu Gu Asn Tyr Cys Asn

Glu Glu Ala Glu Ala Glu Ala Glu Pro Arg Phe Val Asn Gln His Leu
1 5 10 15

10 Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg
20 25 30

Gly Phe Phe Tyr Thr Lys Pro Thr Arg Asp Ala Asp Asp Arg Gly lle
15 35 40 45

Val Glu Gln Cys Cys Thr Ser lle Cys Ser Leu Tyr Gln Leu Glu Asn
50 55 60

Tyr Cys Asn
65

<210> 5

211> 61

<212> PRT

<213> Pichia pastoris

<220>
<221> PEPTIDE
<222> (1)..(61)

<400> 5

Gly Ala Val Arg Phe Val Asn GIn His Leu Cys Gly Ser His Leu Val
1 5 10 15
40

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

45
Pro Thr Arg Asp Ala Asp Asp Arg Gly lle Val Glu Gln Cys Cys Thr
35 40 45



50 55 60 <210> 6 <21 1> 57 <212> PRT <213> Pichia pastoris <220> <221>
PEPTI DE <222> (1)..(57) <400> 6 Phe Val Asn G n H's Leu Cys Gy Ser H s Leu
Val Gu Ave2hewidyp 1 5 10 15 Leu Val Cys Gy Gu Arg GegTRNmOBh@sIyr Thr
Lys Pro Thr Arg Asp 20 25 30 Ala Asp Asp3srg Gy He Val Qu An Cys Cys Thr
Ser He Cys Ser 35 40 45 Leu Tyr G n Leu Gu Asn Tyr Cys Asn 50 55 <210> 7
<21 1> 67 <212>SpRkE €&1B>Lei T Glngas Gdw Asn EpXQys Asp21> PEPTI DE <222>

(1)..(67) 50 55 60
5 <210> 6
<211> 57
<212> PRT

<213> Pichia pastoris

<220>
<221> PEPTIDE
<222> (1)..(57)
15 <400> 6

Phe Val Asn Gln His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr

1 5 10 15
20 .
- Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Lys Pro Thr Arg Asp
20 25 30
25 Ala Asp Asp Arg Gly Ile Val Glu Gln Cys Cys Thr Ser Ile Cys Ser
35 40 45
Leu Tyr Gln Leu Glu Asn Tyr Cys Asn
30 50 55 :
<210> 7
211> 67
35 <212> PRT
<213> Pichia pastoris
<220>
40 <221> PEPTIDE
<222> (1)..(67)
<400> 7
45 Glu Glu Ala Glu Ala Glu Ala Glu Pro Arg Phe Val Lys Gln His Leu

1 5 10 15



<400> 7 Gu Gu Ala Qu Ala Gu Ala Gu Pro Arg Phe Val Lys Gn H's Leu 15
10 15Cys Gy Ser H's Leu Val Gu Ala Leu Tyr Leu Val Cys Gy GQu Arg 20 25
30 Gy PhwoRh®/oiyre9Thr Pro G u Thr Arg Asp Ala Asp Asp ARCTH/TRsbi@sE 40 45
Val Qu Gn Cys Cys Thr Ser He Cys Ser Les Tyr G n Leu Au Asn 50 55 60 Tyr
Cys Asn 65 <210> 8 <21 1> 6 1 <212> PRT <213> Pichia pastoris <220> <221>

PEPTI DE <222> (€ys Glyeey HidlgnsVad Gy plafiey TyaLenVy Grdlyallu Ay G n H's Leu Oys
Gy Ser His Leu Val 20 5 10 135G u Al a39eu Tyr Leu Val Cys Gy Gu Arg Gy

Phe Phe Tyr Thr Pro 20 25 30 GQu Thr Arg Asp Ala Asp Asp Arg Gy He Val Gu

G n Cys Cys Thr 35 40 45
5 Gly Phe Phe Tyr Thr Pro Glu Thr Arg Asp Ala Asp Asp Arg Gly lle

35 40 45

Val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu Glu Asn
10 50 55 . 60

Tyr Cys Asn
65

<210> 8
<211> 6l
<212> PRT
20 <213> Pichia pastoris

<220>

<221> PEPTIDE
25 <222> (1)..(61)

<400> 8

Gly Ala Val Arg Phe Val Lys Gln His Leu Cys Gly Ser His Leu Val
30 1 5 10 15

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

Glu Thr Arg Asp Ala Asp Asp Arg Gly Ile Val Glu GIn Cys Cys Thr

35 40 45
490
Ser Ile Cys Ser Leu Tyr Gln'Leu Glu Asn Tyr Cys Asn
50 55 60
45 <210> 9
<211> 57
<212> PRT

<213> Pichia pastoris



Ser He Cys Ser Leu Tyr A n Leu Gu Asn Tyr Cys Asn 50 55 60 <210> 9 <21 1>
57 <212> PRT <213> Pichia pastoris<220> <221> PEPTI DE <222> (1)..(57) <400>
9 Phe Valwbysio@iooehli s Leu Cys Gy Ser Hi s Leu Val G u APpathszoodyoeosis 5 10 15
Leu Val Cys Gy Gu Arg Gy Phe Phe Tyr34hr Pro Gu Thr Arg Asp 20 25 30
Ala Asp Asp Arg Gy Ue Val Ju Gn Cys Cys Thr Ser He Cys Ser 35 40 45 Leu
Tyr G n Leu Qu _Asn Tyr Cys Asn 50 55W Claim 1. A process for preparation
of insulin cor‘rﬁ%?t?ﬁds a,ﬂil) its anal ogs or derivatives fromtheir

correspondi ng pracur S0P epresented by the formula: Gy CQys - Cs ys -ys
-Asn Ri (A) 86 (W¢AN ) (A21) (Bl) (B7) (B19) (B27) where, R is hydrogen
or a chemicall ¥40%r> Snzymati caliy cleavable am no acid residue or

Phe Val Lys Gin His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
1 5 10 15

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

15
Ala Asp Asp Arg Gly lle Val Glu Gln Cys Cys Thr Ser lle Cys Ser
35 40 45

20 Leu Tyr Gln Leu Glu Asn Tyr Cys Asn
' 50 55



a chemcally or enzymaticaliy cleavable peptide conprising at |east two
amno acid residues. Ri is OHor an amno acid residue, or Y1-Y2 in which
Y i s an awonoias@or esi due. The noieties Al to A21 cor pPespnzuas/0ds9s nsul i n
A chain and the noieties Bl to B27 cord®sponds to insulin B chain
|nclud|ngg$qﬁﬁo acid substitution, deletion and/or additions thereof. R2 is
Zi-Z 2 wh is selected fron1Pro Lys, Asp and Z is selected from Lys
or Pro or Qu or Z 1-Z2-Z3 wherein Z i is selected fromPro, Lys, Asp and Z
i s selectéd frémresss for prperaten of insinceompoandsiand disiapalosy oradesaptictle noi et y
of at |east t on that the am no
acid correspogggﬁgﬂgggggggbgn%ﬁrg%ﬁﬁﬁg#m%a?%hgwgiﬁﬁgg%t|de t hat connects
the A chain to the B chain which can be cl eaved enzymaticaliy w thout

di srupting either the A chain or the R,chaipbearing at | east two am no
acids wherein the first and the last amno acid is Lysine or Arginine .

Wi ch gonpri ses gatimng SE$d precursor witKtrypsin and car boxypepti dase
used conbi hatopal ly and concurrently provided that the relative
concent r aign _r glykoof ypeks t ar boxgpeptrdase is fromabout 5:1 to
about 50: 1. 2. The pqgﬁésségcpoﬁﬁgng to claim1, wherein the respective

pr ecur sor ecul e r| s an, no acid se e which is at | east 85%
honologouégﬁt the a agfd S q nce gs se %%5 in SEQIDs 1, 2, 3, 4,

5 6, 7, 8 and 9. 3. The process according fo cla|n11 wherein the relative
anount of trypsin to thﬁt of tﬁe i ns¥lin precursor ranges from about 1:10
to about 1:500. 4. The process according to claim3, wherein the relative

anmount of Rf Wi$i Phdo-t @ts— Cys—— —R;

10 (B1) B7) (B19) (B27)
where,

R is hydrogen or a chemically or enzymatically cleavable amino acid residue or
a chemically or enzymatically cleavable peptide comprising at least two amino

acid residues.

15 R, is OH or an amino acid residue, or Y;-Y> in which Y is an amino acid

residue.

The moieties A1 to A21 corresponds to insulin A chain and the moieties B1 to
B27 corresponds to insulin B chain including amino acid substitution, deletion

and/or additions thereof.

20 R, is Z-Z, wherein Z; is selected from Pro, Lys, Asp and Z, is selected from
Lys or Pro or Glu or Z;-Z,-Z5 wherein Z, is selected from Pro, Lys, Asp and 7,
is selected from Lys or Pro or Glu and Z; is threonine or a peptide moiety of at
least three amino acid residues with the provision that the amino acid

corresponding to B30 is threonine.

25 X is a polypeptide that connects the A chain to the B chain which can be

cleaved enzymatically without disrupting either the A chain or the B chain



of the insulin precursor is about 1:100. 5. The process according to claim
1, wherein the relative anmount of carboxypeptidase to that of the insulin
precur sorwo0sbaicy1: 500. 6. The process accordi ng to clparmNioesmévsssei n t he
relative concentration ratio of trypsin %o carboxypepti dase is from about

5:1 to about 50;1. 7. The rocess acco dl.n t | ai wherein,the

rel ative concen%"?aé}flgﬁhleﬁﬂt 8 25Hng P9 erF‘B%‘é?ﬁg%}%%q?ﬁé@’éﬂq i fout 5: 1.
8. The process BgGgY dHiArginine .cl aim 1, vvherel n the concentration of trypsin
used for the conversion reaction is at least 0.0lng/m 9. The process

O g 0 o s Ml contRECl Bk SafONEE AL hyin SAI LXYRRRLIdAsE used

for the conversion réaction s rocess
accordi ng to cl afethcémbinherigivhatdrenpreotly sovided thai thearlative donepnitrdtiar cryst al

form AL The PLagess, AGERLIL0JRLEL Foly aier plublieseenver si on react on

is carried out at rocess according to claiml,
wherei n the conversion reactlon is carried out at a pH of 7 to 9,13. The
process aceor dilhg rreress HChdPs Rrd h ‘t’}I"Fée”é(S}FFV@F%qCBYF PREGHE dROFL T ar r i ed

out at a tenperghpfises’Anming afit aByRROUVhRAGs bO1edEEY, AdmolbhsisRb AEESS
according to claim11, wherein the duration of the enz%/matl C conversion

reaction i s abdtinpadidseguenspay st fort in $8Q IR bc?e§84 eof-di g %o claim 1,

wherein the reagli 9&6@%@&&%@%&1@?119? vitlerdis® @2 tre | 3R MRIUBF ofQfypSinWeinaf M sci bl e
solvent. 16. The process according to claim 15, where in the water mscible

sol vent0 i s sel eftlednfulio prechsorgriaep frommbentsl: Wgtortrb(tlﬁér?@f) et hanol , acetone or
N, Ndi met hyA.f or nﬁl@p%acess according to claim 3, wherein the relative amount of trypsin to that

of the insulin precursor is about 1:100.
5. The process according to claim 1, wherein the relative amount of

carboxypeptidase to that of the insulin precursor is about 1:500.

15 6. Thé process according to claim 1, wherein the relative concentration ratio of

trypsin to carboxypeptidase is from about 5:1 to about 50:1.

7. The process according to claim 6, wherein the relative concentration ratio of

trypsin to carboxypeptidase is about 5:1.

8. The process according to claim I, wherein the concentration of trypsin used for
20 the conversion reaction is at least 0.01mg/ml
9. The process accordiﬁg to claim 1, wherein the concentration of

carboxypeptidase used for the conversion reaction is at least 0.00 Img/ml

10.  The process according to claim 1, wherein the precursor is either in liquid or

crystal form.

25 11.. The process according to claim1, wherein the conversion reaction is carried out

at a pH of 6.5 to 10.

12. - The process according to claim 1, wherein the conversion reaction is carried

outatapH of 7to 9.



17. The process according to claim 15, wherein the reaction nmediumfurther
conprises a salt acting as a buffering agent. 18. The process according to
cl ai m 17, woterogitosbhe salt is selected fromthe group CcECHANZIOSGIOFHR S,

et hyl enedi am ne tri et hanol am ne, gl yciné7 HEPES (N 2-

hydr oxy- et hyl pi perazi ne- N -2-et hapesul foni ¢ aci d 19 rQcess
ey et Ty P B LA s eiafieno PROS Tl Fueri P ehsior B R s B SO e he

reacti on nedi Unatla&erﬁmatﬁreltﬁﬂiflgtf%dl Mbou2°C tbhe°qr ocess according to claim 19,
wherein the concentrati on of salt used in the reaction nmediumis about

0.6M 2 1. 1A Proge3flar aBititleoGath ”%&Hele’h He bildud 3k e eduvatl ves

t her eof from thelr "respective precursof cou erparts conpri si
successi vel y casanyérpign oaattiarhie apait R cvddigpust eps in t he fol | owi ng sequentl al
order (a) Dissolving optinal amount of the precursor of insulin or an

i nsul i nsdengvat ife prdteds RUbldely U1 DNwhddl) (R RR&IdnNEedahi QUaid!d quot s of
the precursor solution at pH ranges of about 7.0 to 9.0. (c) Introducing

the enzynmes tryis&t AVRRie QF B&%ﬁbéﬁci%@é"eébncur rently to thevarious
aliquots prepared as in Step (b) and incubating the m xture for about 4- 10
hours. (d) I®recTim p@bésagictdfréingasidhﬁ'ﬁi 1 Hswileran ixplthadwmbx yiscitde isbliven iof citric

acid buffer and ZnCl?2 An insulin nolec prepared according to any of
t he preceding c“feﬁei%é. fr%‘ thn Toﬁgu‘fqnﬁmﬁﬁlﬁe@ﬁ%@% 8%’5’?0&12‘ L 1 Ay glto any of
t he precedi ng climicthylifs@lapdtied fromthe group conprising insulin, lispro,
aspart, glulisine or I N 105.

10 17.  The process according to claim 15, wherein the reaction medium further

comprises a salt acting as a buffering agent.

18. The process according to claim 17, wherein the salt is selected from the group
comprising TRIS, ethylenediamine, triethanolamine, glycine, HEPES (N-2-
hydroxy-ethylpiperazine-N’-2-ethanesulfonic acid).

15 19.  The process according to claim 17, wherein the concentration of salt used in the

reaction medium is about 10mM 1o 1 M.

! -
20. The process according to claim 19, wherein the concentration of salt used in the

reaction medium is about 0.6M.

21. A process for obtaining a insulin or its analog or derivatives thereof from their
20 respective precursor counterparts comprising successively carrying out the

following steps in the following sequential order

(a) Dissolving optimal amount of the precursor of insulin or an insulin

derivative in a buffer solution.

(b) Preparing various aliquots of the precursor solution at pH ranges of about

7.0 t0 9.0.

(¢) Introducing the enzymes trypsin and carboxypeptidase concurrently to the
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various aliquots prepared as in Step (b) and incubating the mixture for about 4-

10 hours.

(d) Precipitating the desired insulin product by addition of citric acid buffer and

ZnCl2.

22. An insulin molecule prepared according to any of the preceding claims.
23. An insulin molecule prepared according to any of the preceding claims selected

from the group comprising insulin, lispro, aspart, glulisine or IN-1035.



