WD 2010/ 016069PCT/ 1N2008/ 000598 1 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 their anal ogs or derivatives

t her eof frOMAPNET%¢orrespondi ng precursor forms by a ofe/BRYEVS%nzymatic
reaction involving the conbinatorial and doncurrent use of optinal
quantities of tryp§idCAMroRMOYOLRTICRSE RSN VKON gi stical ly
directing the reaction in a controlled manner to avoid production of random
undesi red bympredorctrsiy Peveneiber |y, the enzymatic conversion reactions of
the instant invention offer advantages of reduction hi the nunber

oper at i onal Tlstjepsnt integher reyite| td tangepuitivt y ofultthenipOdelsiimdadirgniicipr oduct s.
BACKGROUND d%‘HB) %3 l(@vm& 'Qc:negil_j[ll?o\l\l Wﬁ%lrcs]\lendﬁfﬁ p%gc!u soFEygrln:pE Elonegstg’ej[ hods are

i ncreasingly ar omnng precurser forns FF fessed in

m cr oor gani ®mendliEPreAciBA7 inP8i¥ing Efe AccBBThalBia) .and h@ﬂpfr@ntpme‘: séquenees are

usual ly cle f ' 3. 988, EP-A-
5 0264250). &ﬁgievmg Féﬁ rrll{;m?agt%%onv ke FAYTRELC %J‘lé‘%béésgg dgﬁméég%vage wi t h
trypsi n andeastivboxy peprelidbgenn®r Okenid peeduglongtf raldomJundgiitofl byiGhewis, 246
(1971) 678@’51@1%9{%;’ Eﬁae e&%ﬁaﬁglmnﬁp i $9AQQ{¥1)» llhrEhet hl’?statnth ?i(mp %ess of
conversion of I nsulin cur sor 'ecul e e correspondi ng nol ecul e, the
| i nker peptf!dtﬁélmlg@t@/fe@mtiweﬂwﬁaw@f @ﬁaﬁlﬁ@ etp@ highasweéadd aﬂTfHe'Hé’rMy?!rlmtl c
reactions Wk§Qd%&¥@%h&nés an enzymatic and conplex reaction that cleaves
not only those pep i de bonds whose cIeavage produces human insulin or the
desired en N4% d. . ...tlon cl eavage at ot her
suscepti bl NS SVEREOIM byproducts. Prior art

met hods in eptldasc in
such mannefd# 3 e‘*%"ﬁw% 3%&@%%5’%&%%%*Oﬁﬁepﬂ&a‘%’% B SRR YRR,

required |nﬂmﬁwehmaveﬂmmﬁhm%e(E%ﬁﬁ%ﬂ7BhIﬂhe3ﬁédé@|6h3m?he>dmsamvantage of
these. met 0 f.l S rodey By, roduct s
"whi ch canh&eﬁwgﬁpéggw%f%ﬂ?bﬁgaﬂ S%F&E%Q utlgHI%ppngB ?VPculty En
the parti c@Pe5Oakecwf eﬁw@aEenweﬁeioemeéfoéhemsqﬁr{ecqﬁag@ﬁe vfndr mmﬁ% into human
i nsul i n (hqmis&g}wp iflasc @Idzemmﬁr ehﬁ i g@rorr&ifucﬁm 298 (bANGOsAFRYNES. Of

des- Thr (B30) - human i nsul 1 n

2010/ 016069PEP/ @Nz@@é?ﬁ%’@bdn thzF)@Wﬁlt ﬁeceabef/eonvmsmn of dyubemecedat it woul d
be advant ageaisie tPmt 0bhQWoRIS I S, tﬁ@ﬁlﬁ@ﬁdpﬁdé SACLH 0N PLACESHfor cl eavage
of precursor insulin conpounds, their analogs and derivatives thereof to

i nsulin t hEGugRowdmicR a7 ytisr readtiens PHRAtYPERTY @S CREnasissEiomplasr mat i ons of
pol ynmeriyC iR thii&Seadss f»}&mhﬁhew R8P m@seaﬁgwa@t ;)15&11%@531%%11“ m, S5

i ncreases the concentration of e5|red insulin end product as nuch as

possi bl e. MaHddithy Gl @erirduris hug adsop el rawetineg eeﬁgpﬂ@awghﬁwwl el d

overal | enBangiipg skRer&Rsca AliraPROF AldcORd biMBhIcty as well as the quantity of
the desired end product The di sadvant ages of the known processes have been

renmedied b acti arrie int nst.a |nvent|on
and it hasx?%fﬁ%g (fa%HKFtchtﬁggyggggdﬁﬁg%§He“@W5(ﬁﬁmﬁ%hwiﬁ désired
byproductsmmbﬂmehaﬂmmembomkheeupmwwa¢mmmw@e&$¢aimﬁndememM¢p$mnmand

car boxypept i das myﬁﬁ byﬁg%ﬁdﬁpﬂgﬂ%m%ﬁ &Eag&MQQm%Q%QH%&QQEhmEQQE'nventors
have endeavore ve I proved one F8acton process
i nvol vi ng ﬁheﬁepnﬁlma@@mbahsaﬁdmm@hpmmmEMMsN@@hahn@pnmwahdduanmpt|es of
trypsin an C i vide the
desi red en%x%?ag (8%@?(21 cgw %gﬁ@ ?ﬁﬂ'&a tw}*ﬁl‘ihe‘éﬂd&?[ﬁ#@% (%t %o@ﬁirl; I &q}uR}agn d yield of
t he end prpﬁ@E$Eﬁm@BﬂE@?HME@ﬂOFUWH@UWNVENHMSHD ﬁhetmﬂ@nmp@]e%vae of t he
present | nyeihl QR ol BPhhdh ithBh REESR by eparation of insulin
conpounds and I1ts anal ogs’or derivatives helr correspondi ng
precursors with mninmal formation of undesired by-products that is enabl ed
by a one step 20 enzymatic reaction involving the conbinatorial and
concurrent use of optimal quantities of trypsin and carboxypepti daseB
wor ki ng synergistically to provide the desired end products. Anot her
mai n obj ective of the present invention is to provide an insulin anal og
precursor as represented by the SEQIDs 1, 2, 3, 4, 5, 6, 7 and 8 that may
be used as the 25starting material said precursors may either be in liquid
or crystal form Yet another objective of the present invention is to
provi de an expression vector for the expression of proinsulin or its

anal ogs or derivatives that conprises said respective DNA sequence t hat
codes for the precursor nolecule. W 2010/016069PCT/ 1N2008/ 000598 3

provi des a process for preparing respective insulin conmpounds, which
conprises culturing said transformed mcroorganismin a suitable
fernentatlon nedlun1and fernentlng condltlons to produce precursor |nsuI|n

~ "




Still another objective of the present invention is to obtain a process for
obtaining a 10insulin or its analog or derivatives thereof fromtheir
respecti WeORDBOUG®Or counterparts conpri sing successi velPgTaszmybongIout t he
steps in a sequential order. Still another objective of the present
invention is to obtain an insulin nolecule. Still another objective of the
present inbtent itenatiayet 8 iskevident that iithwalld rberadvestagaous éb dellevd of simpler he gr oup
conpri si ng NT OF
THE |NVENTFBQ|ﬁ1ld %%‘8“ ”?f%c%ss foﬁE?eE\‘}agggﬁp e%%%/%ﬁ?slg({)l?l c%ﬁgﬁgg%ﬁ%ﬁg D g/(lzzess for
preparat i omanderwatsmls thareoﬁwpomhldshraug!h d muchesiraploggtepahatdendveatliopessile om t hei r
correspondin rec s. Wi ch. C M th
Crypsi n_and RS SR TadnPES B o RSt S bR B B UE SR it 1y

provi desl t hﬂteatdseher ebr&bmtxmlonmfakemadamst(bm grelt produef ag myq@hlals possible. An

car boxypept ase I s 1 toa ocess, for _obtaining a
insulin or téonghﬁ‘?"gﬁloé}rls gb ??78 P RYTS ?igFgg'o‘flglg O&?naﬁ egflarncm ZBee(e: Sle\?lg

precur sor epatationl qalitySas @k it qugntity 6£hs desired ynd@odyet.ng out the fol | ow ng
steps in the follow ng sequential order (a) dissolving opti mal armount of

t he precur Rr of insulin_or an insulin derivative buffer .solution;

(b) prepar il Ag Waf128HEsaP] JI5oKLoVEE PIORRSSSST RAYE rEEh rg‘B‘F(ﬁ‘fci g?ﬁ the ppMalifges of

about 7.0 tQ@cbndcakied ot HsiaRTint diiof NibY MElSes i@ bint tRddheelaxyipept i dase
concurrently to the various aliquots prepared as in and i ncubati ng

St (b)
the m %P ur dietdoyithoys ypdegrag bypspgusts is él?latﬁ’reéeﬁ‘tﬁ ?P&t“i'%gowgtp %i@gqué‘a’l’?‘ﬁsul in

product by aﬁeﬂgdr%)@/ﬁermcdaéé' \Es‘é{i Qnd&! @nditifeeleadtidl éRdHidisaMhi MGhioR KREECUl e
prepared and an insulin nolecule fromthe 30group conprising insulin,

li spro, aspadeavoreyl (ol degslae apimprycrone stopoNEMABI39F5H B0 POFPSE PODEID00598 4
BRI EF DESCRRHih4e; Qénméw‘éké\ﬁo%ﬁgéﬁmgﬁnﬁés%ﬂr anﬁ%@dx%e]@uda%m no acid

sequence of the Aspart precursor nolecule. g : Am no acid sequence of
the Aspar t Bphetcuerssynangibticelly éo pioFide Ity @swﬂwwr@@i%ﬁ Fdairdeciac 6psctte Aspart

precur ser g@%&f&é m? 1§F>Qelh'3f§1 e RAu@ci d sequence of the Lispro precursor

nol ecul e. Am no acl ence of the Lispro precursor nol ecule.
SEQ ID 6: Am no aC| d sequence of the Lispro precursor nolecule. SEQID 7:

Ami no aci d OSREEESHYESIF IHEE INVIENSION: precur sor nol ecule. SEQ ID 8: Am no

acid sequence of the Qulisine precursor nolecule. 10 SEQID 9: Amno acid

sequence ofrhé RRNidChbjkdtive RE Y HEeSHS Afveings td sbtaIEFaTAbbeEDf&ﬁsaﬂrRBh(aﬁ OF THE
| NVENTI ON: | The resent invention relates to a process f pre aration of

insulin coHﬁBUh&%“l%ﬂﬁ‘H 5 t¢l Eaelngs 06PerH’éFlYfi?affan/gse‘rf‘iOHﬁ?Ftoﬁ 1‘5 ES5HP®Spondi ng

precur sor s Wi@Preseat &mbNod BE nQEl By-gr&tsXihd Yo chdbled 6Y e BNS stcBYS - Asti
RO (A ST S(AL) S ke N Phe o Qrstys 142 20(87) (BLO) where, (B21)
R i s hylr ogefymstic areatiioni Bapivingoihee somhiaatoual] pyd coraysnl 5ammertEedld resi due

or a chem cat ERNAPMRIARP L N8I GRATY kS ipRG iRt theeast two
am no aci dﬁgéedél}ﬁaﬂgg%égmws gglx%l%ba% am n(g aégl% rge15| duet gr \1(1 tY12 in which

Y i s an andedredeidpredeidue. WO 2010/ 016069PCT/ 1N20081000598
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



5 The noieties Al to A21 corresponds to insulin A chain and the noieties Bl
to B27 corresponds to insulin B chain including am no acid substitution,

del et i on wodbowoiemdi ti ons thereof R2 is ZL-Z2 wherein Zkciransmewssd from
Pro, Lys, Asp and Z2 is selected from5 Lys or Pro or Qu or Z1-Z2-7Z3
wherein Z1 is selected fromPro, Lys, Asp and 4 is selected fromLys or Pro
or G u and poviidest 4 peeassn éoropreparive presreetiveninsuin gpmpgunde awhich oswrisesi no aci d
resi dues wi e Lsd t . ani ey ' 0,330 is

t hr eoni ne. * |'r§slgasag%ﬁ%‘ﬁ%%%gemﬁ%%g%éﬁ{nne"g% saﬁ%@eg\fg %ﬁ%?aﬁﬁ? (c)lh%ﬁg%Bdn?hai n

whi ch can Hementngdopdiviens torpradwet preaiirsoy insitkithtoms di srupting either the A
chain or the B chain bearing at | east two am no acids wherein the first and
the last amno agcid i.s_ lLysi r gi ni.ne . i i ating

sai d pr ecar S rERoVRSE AR beenl BuRBE iss B SE P BnRERul BET | "2
concur r ent liysutinh @emgehds Ipadcutshreforiab ad thee resprctentactivé Gomms abrooglod 'singlt r ypsi n
to car boxypgcﬁti dase is fro e?etl)ﬁ“ért 9:1 to ebt%out ﬁ%s%' elra{d 1ot hgtrlerelnnbodi ment
of the presERt “VADEAEIHR" PR PR ISRER i A BFOREETahii 2 &0 ©8RF| Yes an

am no aci d cpefde geativks tat permdt synesidic 3meo hoomiotighb usictien tiimdrimgcheaci d
sequence as set .forth in (?Era/pl[? l, 2, 3, 4, 5 6, 7, 8 and 9. In another
enbodi ment PSFIUEHYE GriagBHEd FIMARTYEN the the rel ative amount of trypsin to
that of the insulin precursor ranges fromabout LI O to about 1:500. In yet
anot her entigi fMMer Bbjedthe MRS pRbent MMBAKINOI tb bBtalhe peicess tibieotitaihmpiave anmount

of trypsin to that of the insulin precursor is abqut 1:100. 25 In , still
anot her'OentiBiirghits aralemer qsrEdE therp fiemdheit FEPSCRY R POHESA TBUHE P .
car boxypeptdoﬁl@ﬁﬁn%Qjctsé},@itve@fca&ﬁﬁgbﬂ?‘th@ dtéps K £6d4uEREI brcrabout 1:500. In still
anot her enbodi nent of the present invention the relative concentration
ratio of trypsin.to carboxypeptidase i.s fr bout. 5:.1 to ahout 50:1. WO
2010/ 01606 GREOEE 6%%%56 © er??gltv? t'lo“ésntg?’h%‘r“ aér%%sg‘éﬁ‘r‘%“é)ﬁ])?“a%f the present
invention the relative concentration ratio of trypsin to carboxypeptidase
i s about 5:Still anathsr phj¢ctixg of the Presers dryientian is &F obiaie ap Fsdléhmoleaye sRles t he
concentratin, gk tdWRSMPHUREASUR iERE, SRV BLALIRoTRak)s! on is at | east

0. 01ng/ M sIr11 stiglc{%ano ﬂergersvbodilrgntag%‘ ?helprersent i nvention the
concent¥ati on of carboxypepti dase used for the conversion reaction is at

| east 0.001no/md In still an odi rent of the present invention the
precur sor i%r&m%ﬂ@ﬂ%m&ﬁt al form In still another
enbodi nent pf the present invention the conversiop reaction is.carried
10out at a ‘%igic"iﬂifng@%tg? ko Al S Teyaéefsioﬁohaerl"’mé;ﬁ%o?ﬂl %%ar%Pnh%égf L(?e“snent

i nvention tdagmpomite&nhs i ranilegCsr denivaiives @it thdir ooifrespdndingdpteafrsofs Whi¢h | n
still another enbodi nent of the ‘E)r esent, i nvention th% convgr si on rdeacti on
is carried SOPSE driRgerad uPEYENgi WY f FORTLLEI SEOPIPRGEC 185 st i1
anot hercenmhodiviitrialy dnbecoRb@Rany provedt than ticheldive adonesmuafiod heiceozymat i ¢
conversion reaction is about 2 to 24 hours. In St i1l another enbodi nent of
the present™PRPEACHERPOPRRIGEAS(TEM 2P UrtP @B a0 s 2AFOCEALf Y8 et er or a
wat er m sciid@nePlity 8Mdlog or deriVatiiek leredBloRetheie PdIpEtLin® plec@bortdagntpip@se nt
invention the water mscjble solvent is 20sel ected fromthe group.

conpri si ng PEWHERS| Sucessaly|carryag shibe dpllawing sigps innfae fR1oving srgHsItak. 1 n
still anot hag. MR R oftinal ABoRf: @8 8RLprddMENSH RIS oh BAGHA Q&VIRA UM
further conprises a salt ‘acting as a buffering agent. In still another
embodi n¥nt infa buféerobient () yepatingvations adighets jof theepreewresdy FlBiRRtHPyr oup

25conpri si I M i @ g ! 4 &b FERES

(N 2 hyar oX e eRap e ) R0 CRMS b BE SRR T Pan oy KeDRpebed

2010/ 0 ;606%@'&@@908111@0'.@5@8 aliquats pepdred @btﬂ’ﬁ@r(bémﬁbm?lﬂh@ﬁﬂg tﬂe m%@“’%r esent

Ilg\r/rie\:/lnt IOOQI\/} f%re atoof! ﬁ%th%ﬁxtsﬁ ?05' p?efcipsft"é‘!h;g it %anleH i&snﬁ’n E%@ﬁét' b?/rhdm‘?ﬂh e tSe about
acid buffer and ZnCl2;an insulin molecule prepared and an insulin molecule from the

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



In still another enbodi ment of the present invention the concentration of
salt used in the reaction nediumis about 0.6M 5The present invention

rel ates twoaomrmewss for obtaining a insulin or its analPog/Nzoosierosssat i ves
thereof fromtheir respective precursor cgunterparts conprising
successively carrying out the follow ng steps in the follow ng sequenti al
order (a) [BREEH DESGRIPTIONIOBAGGIOMBANYANGEQUENGE DESTINGS:i n or an
insulin derivative in a buffer solution. 10(b) Preparing various aliquots
of the prec¥FQIP 1soming anid sequende phihg dspast preqysier mpleguleo 9. 0. (c¢) I ntroduci ng
t he enzynes trigsin and car boxypepti dase concurrently to the various

al i quots pryaiRa3: dgingacd gguersy ohihg AsPREUNERF g MOk&URi xture for about 4-10
hours. 15 (d) Precipitati, t he d? ired insulin oquct by addition of
citric aci dHAIPSr AGHEP SHEFIICnPRQ %?é%%@ﬁm?%W%ﬁﬁggﬁ“Felates to an insulin

I I di. t .th di | aims. 10Th t
Mventi oh raraBd: A5TESid e e g L B RS B e orai g o any of the
I At 67 O f ed atcording to any
epart o PR s? B o w ROk F P LR SRR BB oL T LR T to the
present| v poehahieed ARDAt IROLRCOFul BRI MERHLODABIEN,  Log8Lher i h t e

foll ow ng eXx serve to explaint Inciples of the invention. In

descri bi ng gng 152N iAYadif &qBERS SPihe MRMeipRRursbgoibQlId. OW Ng t er mi nol ogy
will be used in accordance with the definitions set out herein. 30Unl ess

ot herwi se dgfdhBHS: Ae1ifd sbid SGuERE bf ihe GANRink PERBiseaholb@NE used in connection
with the present invention shall have the neanings that are comonly
under st god $WQ Ih s AmiMLAD 14616 Q6 HPCTHILMN2 PR3LB00R8Bcde.0f ordinary skill in
the art. Further, unless otherw se required by context, singular terns

shal | i ncl udETAINERIDES GRIPFANMONOREHE ISVENTION: | i ncl ude the singular. The
nmet hods and techni ques of the present invention are generally perforned
accor di ng tBhegoeseatnitiamiah refethodspromsy fok pepration ¢fhesudintcom@ewnds ahd ifs
nonencl at ures, used, i.n_connectjon with, .and techni i.be erein are
those wel | BRORHORIE EE IﬁthﬂggﬁmﬂﬁmFW%pg? gm§H%%%§F%g%§&§%Hgygﬁhniques
of the present invention are generally perfornmed according to conventi onal
met hods well known in the art. As used herein "am no acid" refers to

pepti de or arotein sequences or portions theﬂepf. The terns "protein”,

"peptidé& and "polyp§pt|ae" ate used interch ﬁbeably. 10Herein, the term
"insulin" cgvers ilnsulin frdm.any species sugh_as porcine insulin, bovine
i nsulin, anﬁhﬁﬁﬁaﬁy?ﬁéuhpﬁsanﬁ?% nﬁ§§xe§"§ﬂbre&h such as zi nc conpl exes
including dipers and o] j goners, E exanpl e, |he rs thereof.

Addi tional | y,; "/t he terH*#ins Iin"ﬁﬁ@?ein overl|s z%gﬁalled "insulin

anal ogues”. An insulin aqglogue IS an§ nsul i nol ecul e having one or nore
mut ations, substitutions,” deletibns and/or 19 additions of the A and/or B
am no acid al s Iatigg to the %?;ive hu insulin nol ecule. Mire
specificall?? %ﬁ%lgg_ﬁnre of the amno acid rgéidues may have been
exchangeg with anot@gb am no @6j d resi duegpgl/ or oneggyyymore am no acid

resi due may have been deleteé and/ or one or two am no acid residues nmay
have been addeguei th the provision that said insulin analog has a
sufficient insulin activity. The insulin anal ogs are preferably such
wherein one or mRishydfogeh6r Haiidaiidilyor &G aticallg cRavable aind atie sdsttue sy
preferably one, two, .or three of them Qﬁve bﬁen substitited by anot her
codabl e anmi no adi depEaity Qe engrahisal ¥ SlegratiqRuWlifH CURRYISHRAL 4548 ' OfBEEY i bed i n
the follow ng pal.entsdayd equival ents thereto: US 5,618,913, EP 254,516, EP
280,534, US 5,750,497 and US 6,01 1 ,007. Exanples of specific insulin

anal ogu are insulin . aspart (i.e,., j | J g in
apro (. o LySEs S aIo ma s SRR I I WERH, M pRRAREA T
B(3), GQu B(29) rhgidmen i nsulin. One aspect of the invention relates to

i nsulin precursor conpounds represented by the following formula: WO

2010/ 016069 9 dy- Cys- Cys Cys -Er -Asn R1 (Al)(A61)SI(A11)S(A21) S R NH
Phe-- Cys---- Gys-- -R2 (Bl)(B7)(B19)



PCT/ 1N2008/ 000598 (B27) where, R is hydrogen or a chemcally or
enzymatically cleavable am no acid residue or a 10chem cally or

enzymat i cabl2gioadiemwyabl e pepti de conprising at | east twoPamINZI08000d98
residues. 121 is OH or an amino acid resisglue, or Y1-Y2 in which Y is an
am no acid residue. The noieties Al to A21 corresponds to insulin A
chai n and t he nmhemioggieBAltto A2 Zovesppedsgomsslin & dhaisuand theBmelstigsrBi ocl udi ng
am no acid subs I Z1-72
wherein Z1 is ngZC%%%QP?%% %&ggﬁﬁlgéshq Bd%g%gl?yo?isaﬁjs ggﬁec’f 5@ gﬁgﬁlys or
Pro or A u or Zhs&aradditinhetherenf.Z1 is selected fromPro, Lys, Asp and Z2 is
sel ected fromLys or Pro or Qu and Z3 is threonine or a peptide npiety of
atl east three am, 092{125 dneRH ﬁuﬁ%el‘éétwfrbllﬂ@rsrml akPBnd hals sthecamomo aci d
corresponding to B30 is threon| ne. 70X is a polypeptide that connects the A
chain td the B éapnPigiir Hu ens EeZtheaﬁf/‘éch W&Fﬁéfllﬁ@gl Pro. T RSB s upt i ng
ei ther the A chy é%llefa{edtf#b% Bychiaih oP el ddddz, a8 thk@afe &%eﬁtmenﬂol@(?'o@ﬁt wher ei n
the first and the Tast amno acid Is Lysine or arginine of the aspect
of the instant ilsavietirpormpecicid eesidugs vathathes Prayisiare thap| the \aneng NcikDs
IN-105 is an In%frés?ﬂm’!‘%% @lg%%olﬁ%t ed at the epsilon amno acid Lysine

at position B29 0 chain with an anpiphilic oligonmer of

structural formula CH30- 1420) ecul e

monoconj ugat ed af® A2 pCEﬁpeQ e t%cﬁ‘@’fﬁtﬁdﬁ%&é% Wlﬁﬁ%hﬁbd@é@ i%' %329

di - conj ygat ed at cpalkh %§yxﬁ£il%@llﬁ&flﬂh@ﬁt5dlﬁﬁptﬁdg, cifBdr adA BRSin @rth¢ B claj ugat ed
at various conbipations of A, 81 and g H gne agglzﬁct t he i sol.ated

i nsul i n precur sobPeaipe 8t lpag GYR; %W“%dﬁfﬂ” geingfe S 38 Sts"é*dﬁ%ﬁ%‘ %havi ng at
| east about 80% pygh&dar@fintt sequence identity, alternatively at |east 5
about 81% nucl ei c” acid sequence identity, aI ternatively at |east about 82%
nucl ei ¢ aci qguence | tit alter nat| t %.nHcl eic
aci d sequengle"(’%d“e%‘fﬂlksfﬁ grﬁ"{&f r%da REy a WIY et ah(gfc %gﬁ)g&g ag(?c?sgdél d
sequence | d@mulﬁayonaaytamdnainlcmeérrylya;brohéaslthaabhmlrelaﬁ% cctrgfatomciteh sEquence

identit alternati | ea 86%n ei ¢ acid sequence identity,
alter na%/i velypsgyto ey %’i S*Eﬂﬂﬁfe %%r‘?mrﬂ?’ tesﬁ %P‘ggbgquence identity, 10

alternatively at | east about 88% nucleic acid sequence identity

al t er nat i velnyammther eadpdiatsotiof Sgopresant diventw) the siespgetice Piclpar| '?9160“13
alternative| 0 [ t

a1 tor nat { verdiEpes SAinG R ke G 8 1E) 650 ROEIE R Rty cid

al ternati Veiey]ucallce hemsforthho GEQIRY0 Nl 4isec 6atidkhnd@quence identity,
alternatively at |east about 93% nucl eic acid sequence identity,
alternatjve at | east about 4% nucl. o

al ter naltzé ”S/a“zg{hef 8‘3§?dlmﬁ Tt 858 eﬁ%“%l”?l%“%’é%% th;ee eﬁaggéégm? & th%llt%élwO
alternati veihyt @tthd ieadin padeatsbr @686sitoal ahoot htﬂtdabetqueﬁn)@e [ dent ity,
alternatively at |east about 97% nucl ei c acid sequence identity,
alternative at | east out . 98% nucl uen [

alternative wyeaﬁnqt@é&“bag‘m“ H'i?fﬁn fné{ e‘hé)i“?ih 8‘Hc§e "e?%v{’ aﬁ%uxﬁ%‘tj

pol ypept i deuimiee ot ofthe ﬁrepnepeairad i9abomEQ d0Ds 1 2, 3, 4, 5 and 6. Trypsin
is aty |caI serine protease and hydrolyzes a protein or a peptide at the
carboxyP>terminal of an arginine or |lysine residue (Enzymes, pp

261-262( 197?% 'stiff Danodlel OnbMimhe V6P he Fyresent .njB@WQhee’rgl'aﬁvé-ta%ountl—%mdon) I'n
particul ar acl | eoh droP SIS occurs at a dibasic site where two successive
argi ni ne or cdry@qyp@tldwltddmsofethé sisylingmekursor isabduridw0t hat hydrol ysis occurs
nost readily where the dibasic site is 25 |located in or next to a 13-turn
structure (Rn@lipdRotht™ emB3didknt of tkBPedefit faventid® the rdtati®d dMBEntiafiberdtiozyme Vol .
I, 3rd Edition, Editor Boyer, Acad. Press NY Pp. 249-275). Particularly,
trypsin cl etivesih isepbopawenidnge isfroncatost fi #0087 Wihi ne (Arg) or Iysine (Lys)
residues. Tryptic cleavage of insulin precursor nol ecules can occur at
different cleavage sites sinultaneously. Because of the many cl eavage sides
within a specific 30insulin precursor nolecule, nany undesired

si de- products can be fornmed during tryptic cleavage reaction. WD

2010/ 016069PCT/ 1N20081000598 11 Reconbi nant porci ne pancreatic trypsin has
a nol ecul ar wei ght of about 23,000 daltons and an enzymatic activity
optimumat pH 8.0. Trypsin is used in the industrial process of producing
insulin and insulin anal ogs. The production of these bionoleculcs is
described in the literature and several approaches have been chosen.

5Car boxypepti dase B preferentially hydrolyzes the basic am no acids |ysine,
arginine and ornithine fromthe C-termnal position of polypeptides.

Car boxypeptidase B is an exopeptidase catal yzing a hydrolytic rel ease of
the Cterm naI basi c am no aci d re5| dues of ar g| n| ne and I y5| ne from

o, . —— M . o N 1




di - sul phi de bond formation between the A- and B-chains and they can be
cleavable 25 fromthe insulin precursor leading to insulin formation. A
typi cal dwvepepidiemoused as a C-peptide is -Arg-Arg-. C pepiiNnzhes/oonays be of
any length which start with Arg or Lys ared end with Arg or |ys. The
invention provides vectors conprising DNA encodi ng any of the herein
descri bed #esidkanotkss embedimeri g rpseqgt iamsation e r@@g‘feo?%waﬂ@ﬂam g5ofovi ded.
By way of ] lss; may be bacterial, fungal, or mamali an.
%@éﬁ!ﬁ%ﬂb&%ﬁ;&%ﬁ@§ Is 2B6htl5S1,

WO 2010/ 01 000598 12 The invention enploys a reconbi nant host

cell in which at |east a.portion of a nucleic, acid sequence expressing the
insulin coﬁbﬁﬂﬁﬂloﬁ]ﬁéeﬁpg% © tSOfﬁE%H‘ifEeé‘H.mvﬁ{lt‘ro&q%%c?”ﬁﬂﬁfa 8’5’(8f§¥%5|'rgﬁse§yst emis
sel ect ed f r@mnddcakatiyRtdactichrelatdedsag yohg/mihosts. Eukaryotic hosts incl ude
yeast cells (e.g., Saccharonyces cerevisiae or Pichia pastoris), mamualian
cells or pl.ant lL.l's i d r & call ilable from
a nunbe? 01‘I . d%tﬁ% earngﬁlte ll s%%@?gé&ﬁ ngf u@?nal%ggém%dltgp gloeufcgg&s&%rgt‘{(?}hocge skilled
in the art caboxypeptidaee vaaefar teereomygueoOehdtion ds aCddabtd:@dlovg/IATCC, Rockvil | e,
Ml.). Commercial sources of cells used for reconbi nant protein expression
al so provi geskiNsidines bmBBEmERrof Wseagesef intdiios @lel Feculdde iscdidbcia 1lidtdre

expressi on system depends on the features desired for the expressed 10po

| ypept i de. 6%t foppef erably rel ated to aspects to the present inventions,
the nost preferred host cells are nethylotrophic yeasts. Strains of a

met hyl ot r ophiifl] yredist embodilmestanf the presmii foverdioushagpnivérsiopresto isicauredt | on

i ncl ude, but, ar eyn a;igiot ed to, yeast strains capable of grow ng on

met handP, SHL#2 ‘826 5¥<%f the genera Pichia, Candida, 15 tlansenula, or
Torul opsis. Preferred nethylotrophic yeasts are of the genus_ Pichia.

Met hyl ot r opinp@l! gresslssr esxbpdimest eftihe Aresenh inyentipp dhe peension mepctipR isgREidnt

met hods al g0, Atg%w&e] {lose net hyl ot rophic yeast strains which have been
engi neered to express one or nore heterol ogous proteins of interest. The

nost preferred host cell according to the aspgct of the present invention

i s Pichia pastlbprather embedipest sztbel'ﬁ@s%’é)ﬂve‘g}é’l"lt BFOrSPGRRI" %\“8’&?‘? N 'egngi neer ed
to express geqarhhfaahreRiif for@bbdeptd Waolsi ng standard techni ques. For
exanpl e, reconbi nant protein can be expressed froma vector or from an

exogenoys gg gﬁlliaggt%&t gx%b&d?l%gnttct}ethg%pe%gﬁ i {ﬁn{@? tlﬂ:oélfration ofvﬁx(été?&ﬁﬁgtnat can be
used t o express exogenous proteins are we nown 1n the art and are ,
descri bed hehwwiorPRradtienisdouertod@ddoofs. t he present invention carrying

i nsulin 25precursor nol ecul e genes include but are not limted to pPl COK

The nost  siigRjif he&Rdr X 86hen®bf iHRG réast idi¥ntibh MRNEA®ION MEddAlng SodtsinQatpr OCESS

for converting an insulin conpounds and its anal ogs or derivatives from
t hei r corr éxsoHdb nateppiecirtgioniscibleseent ed by the fornmula WO
2010/ 016069PCT/ 1N2008/ 000598 13 dy- Cys Cys Lys CysAsn (Al)(A9S(AIl) 5
11- NH Pl t @n sGYSdaptheBEneBRNEA3d0e 1322t itherten thORats higdibBgeiveot isa
chemcally or e(|[11z matically cl eavahbl.e am no alci dt re§i dugt or a cgq\Inj cally or
enzymati%calSPigeied e F0ah ep@%‘f@d&"&?ﬂﬁ’f‘?sﬂ?ﬂ“ﬁ?’ | &B4Y0 ESERRE n8" actd
residues. Rlmégyl@nmami®n amno acid residue, or Y1-Y2 in which Y is an
am no acid residue. The nmoieties Al to A21 corresponds to insulin A
chain and the o} %El{e?sen%logﬁ %nF%z tﬂ'eSﬁ%%Jn‘ﬁP\%Hg&l bR tASH ReBumhaiied ncl udi ng
amino acid Substitution, “deletion andl or :

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).



additions thereof. R2 is Z1-Z2 wherein Z1 is selected fromPro, Lys, Asp
and Z2 is selected fromLys or Pro or Qu or Z1-Z2-Z3 wherein Z1 is

sel ect ed woamoRneneoLys, Asp and Z2 is sel ected from Lyspom/iRosessdd u and
Z3 is threonine or a peptide noiety of atr | east three am no 20acid residues
with the provision that the am no acid corresgonding to B30 is threoninc. X
is a pol ypeptilld@otleatmbatimenta thehpresknt agmion dhe erscenteian AT GHi 659 dhn be

cl eaved en%¥natically “LEQ%H{u%hﬁ&ﬁﬂhing either the A chain or the B chain
bearing at"F RO R A HE °dcids wherein the first and the |ast amno acid
is Lysine or Argininc whi ch, conpri ses treaEiqg]saug gr§0ﬂ{sogiwﬁth
trypsin anth gl dnelgpepbedimes AfdbyPsabiBR IR BT FHICPYARY L Shc it éht I y

provi ded that. At i igentration ratio of trpsin to
carboxypep?@éﬁ%ﬁﬁ}@g%g%&?iﬁ%ﬁ?&gz1 to about 50:1. WD

2010/ 016069PCT/ 1N2008/ 000598 14 The precur sor. mpl ecul ' r..be in a
liquid or &R SrespntrigysRioRgatss &8 §°5?S%gn@g%gﬁgﬁlo mﬁhgpﬁﬁghﬁﬁgf%recursor
nmol ecul e t gedABIds GREESSpladi nigeil Neshectivenireaudoe cguntapatsc ta@prifingdn aqueous
medi um conprising at |east about. 40% water;. it d t recl ude
the presenddsceFivaly raRdte é’blbﬁﬁe $oj8ving SRS UP %‘805) go\?'nl b%eﬁ'p %&%?epabout 70%
or about 80Xy RlinBElinddl SMotultef Piceseniesr of insaliresr-am iswilipl derisglveemds such as
met hanol , ethanol, acetone, N, N-dinethylformam de and the |ike. The
reacti on nbdffersrEN-addi tional ly conprise any salt with buffering
propertyes. Preferably, the reaction mediumconprises Tris as a salt in the
concent 1 at bl ARG 08t icht Qb ATHAorddiksoMairioRiaepie aiatyotabaut XL rat i on of
Tris used in the reaction 10mediumis 0.6M The conversion is carried out

at any of the wi de range of tenperatures, generally from/about 0C to 40C
Preferably i - bk ek abhdereafly fo dmvaboust 10C to
about 30C Sﬁgﬂﬁgggﬁ%ﬁg?8%§%%€%?gggﬁg%gﬁt ig%??o about %gg. ~ The pl-1 of
the reacti afiquritsprapaseccasrin Stende) aaf JisHbrtias theghanolor abouf &-191gus- 12.

15Fbmew r, best results are obtained by careful pH control such that the
reacti on progresses at arange of about 6.5 to 10. Preferably thg reaction
occurs at adyPrdcipitatige thef deFiraddn@ilis progpestu pdditign elrcirc apid friter 4nd 29 Zand when
precisely controlled at pH 8.5. The pH control is controlled by the use
of a buffering agent. Any of the of w de range of suitable buffers used

i ncl ude TRIThe peéshml ienatioantlates tot ani iasdiianmlmﬁlmgppajw@qcﬁ@,ng@HEPE@thc
(N—2-hydro§¥-eéhélgyggrazine-N'-2-ethanesquonic acid), and the like. The
anount of S5E1 R CE4HE Car boxypepti dase B that generally is used is related
bot h asyjbet ween the two enzynes and to the anmount of the insulin precursor
mol ecul e. The peeNRSetian rbietes Rcar peulat edeéute plepared acioidirg 1o sywidke ei t her

in solution or using recognized techniques .such i L L A8 o2

sui tabl e sdﬁﬁ@??géﬁﬂniﬁ%F KW%@@gﬁ%ﬁ&%ﬁPQ%?%H?%H?ﬂgggégéﬁﬁgnl%EdFUWI On a
wei ght : wei gRf.idgsasi s, trypsin generally will be present in an anount
relative to that of the insulin precursor ranging fromabout 1:10 to about
1: 500, preferably, fromabout 1:10 to about 1:200, nost preferably from
about 1;10 tg about.1:10 i shntlyP pldfelfed 2R intenkQoft e about
1:25. The H%g?mﬁ?bwgﬂ?%ﬁgggﬁ%%ﬁ%?g%?gﬁagﬁ&%r?ﬁgyh rglapive to WO
2010/01606%RGEM$N2&@$4@@aﬁaamﬂﬂhtﬁéMMMWEENmP@i%Uﬁt@ﬁﬂﬂﬁéﬁ#ﬂﬁ”@ﬁﬁ?@ﬁed i's
1: 100. The concentration of trypsin used for the conversion reaction is at
| east 0.01nYf P a wei ght : wei ght basis, carboxypeptidase B general |y
wi Il be present in an anmpunt relative to that of the insuliq@prqgﬁrsor
rangi ng frohn@@Gﬂ@n&aﬁbthﬁm&b%hPmSmsGU@“?ﬁeﬂWp@pO%F%f@PP@ﬂo ont ?ration
of _car boxy pep 1356 lalilive bkt GRRGARIAALT on of insulin erpl oyed i's

1: 500. The concentration of carboxypeptidase used for the conversion
react| 090 ! SUﬁlltessI c?cﬁesrgvisg'doegl}ergq'{e%n, scientific and technical terms used in connection with

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



According to another significant paraneter of the present invention is the
ratio of the trypsin to carboxypeptidase B in the reaction m xture.

Gener al | woaenmoeivebght basis, the ratio of bypsin to carboaypegbedesse B i s
in range of 5:1 to 50:1. Preferably, on a8weight basis, the rati o of
trypsin to carboxypeptidase B is about 50:3 to about 5;3. 'File nost
preferred rohpidinast sk ymibe art e peigsypdsevigateauissd &y oBisyh sisewlar 9IS dur at i on
of the reachipihc[RY 'I@&!Qf%s aﬁ&)mu?é@%ﬁ\s%halplré%dbwssn uﬂ)afremr Ablnydd Ry duration
of the reaction Is 5 bout to 24 hours. | SAccord % pr esent

i nvention rtedhatquesgofithe arepfm@é@%tlomcﬁfe é%leaﬁ“bilpﬁ'gfor&widﬁﬁﬂri“ﬁg 6‘? conventigiall og or
derivat i ves, L.l 1Ino€?zﬁ‘1£ lﬂﬁ art, GE QB/I h¥RerRIBGFLY S04 1rPGHﬁH&&1|bHW1tthsa1ﬁ0”p“ Ses
successwely carryi ng out e fo ow’ng steps in a sequential order as
provi ded betamiques descrilzeyl Mreds areviasg V@ﬂithnﬁ’dﬂ aa%mnmoaﬁb' userkinghe griellisr ecur sor
of insulin th G an@%é&lhg é%ecff'tly r!sééﬁt R0tdtioRt a@éeﬁq@al@gé%rl&@ according {b)
Preparing various ali t's e precursor solution at pH ranges of about
7.0 to 9.0. con(@)lomahmedrdadswn@kmd\’m ietlrares trypsin and car boxypepti dase
concurrently to the various aliquots prepared as in Step (b) and incubating

t he m xt ur ex§ Qed abeint"afidda @ Wekers to(rfé%tld%r(ﬁ@l’dmlﬂ adquBgtet BEpcdﬁaisrtlaﬂledfnsul in
product by addition of citric acid buffer and ZnCl2.

2010/ 016069PC My pesine trsydel gnd Robweptidso e §te“ihf‘“%e§blﬁnder stood t hat
those skilled in the art may conceive nodifications and/or variations to
the spemifildereiipddi temnt'msslo\Wwovandnsldiaciinbady hprcaisrsuciAay peoke inedinf i cat i ons

or variati that .fall ithin t rvie of t hi descri i |ntended
to be incl 33%&”1% R r?“%\gumﬁ“}su[lﬂ Bg CORPEEFT s O? Su%o? g C%Hlp?&%
intention Qflcltldﬁﬁg UI’thisﬂthfolIgb@brsIf@@emmﬂes haminemhfha)s:eﬁ Adldltlohﬂlys p:hedcrfn catl on

and cl ai ns 9 ?Ig t he ordi naréda,nd nla&omeol g&aam t hose of

ordi nary skl”l"ﬂ“ Ny hepen SPTS Saspilsdarp WG M rh aB?‘ 2 pPeterred
enbodi nent gadinbasleciRdBavdhg tohe drnwRRd |1ﬂﬂatk)|ﬂQW§UHSﬁtutlhl& amllbltlbn:sa.rahd/a]t t he
time of fili n% t he appllcaé?aon has been present ed Ehgd i.S :hntended for the
pur pose¥ ofaddftions of dts 6rrdra aseri 519 erinsaeptve fo s nagye pRPEh R 0 10 be

exhaustive gpletife. |N/lH?etspE<hﬁcdl ?V&ﬂ:t drOfore O fttheaRing GleRierebigtd® Hdyskdveseeh  and
many nodi fications and variations are possible in the ll?féi of the above

t eachi ngs. cRebangabyih gaethenAEnQarELEHdURIME QBT PHBRCRM g 3t reFiguhBBY  expl ai n
the princi H}a‘%@ b2n ddiGed BYPOL dnRRr A0E ainbr®> RAPEEIER! mAPRIve Gatd addeandint o enabl e
others skilled in the art to best utilize the invention in various

enbodi ment stharmovisierh thea spiduissutindimlagalds oh sutasicntr wsulgs agtiviy Toe frsalin

parti Cuj’(? 2#1%% o& gt 0Bl %%ch Wh& et DHERE i8R dfShd Hi”cﬁrgl@)? o&hﬁp@raﬂlﬁﬂddﬂd th the
hel p of tTollow'ng éxanp However, these exanples 'shoul d not be construed
to limt thesidesperaérablnenenientdrdhree B{ARPREDT bmpalb@tltwﬁ@@ur%lﬂc( Seq I D
1,2 and 3) r o] )]-. Y-
[hapart A cRAtRE CRpS ERLTG e PGy LE i, 3880k hed JEhREEdn B L i n
is Aspart Brotihaing p&@quemdequ/alﬁlts thereBBMJS 618913, EP ﬁli‘éﬁ%@ﬁtf%g@é%éé]%ence

bet ween B ¢ sequence
may be devo? zg@g?;n eS(r:g'gr ootoﬁebgﬁﬁlé%é O§Sl§ eg%tc %dgﬁﬁl?h&l&guﬁé%mgPﬁgg} GAVR) .
The |i nker @eptAsquZSK hmaam hmulamandens‘uhmmspme(x ex bygh28, IRy B2Z25hwmah iIREADDR.
(Coment: " n.the |n, r tid been renoved, Pl ease renove in

ot her pl acegﬁ, {isufin ﬁ‘éﬂ)%l g%%@&g&lﬂj‘%(%“?éﬂﬁf‘ﬂi‘boegpa/ 1N2008/ 000598 17
The precursor sequence is represented by SEQIDs 1 and 2. The precursor may
be producedohyagpit of tictidlthBoexREds S inoulinSy Sduesdt sasefouads Esiekated bitie coi |,
Pichia pastoris, Saccharonyces cerevisiae, CHO cells etc. The Aspart
precur sor wilowingfeny% frame with the Mat-al fa si gnal peptide in Pichia
5expressi on vector, pPICOK. Pichia pastoris host strain GS115 was
transforned with the reconmbi nant plasmd to obtain clone expressing Aspart
precursor. Aspart precursor is secreted by Pichia pastoris into the culture
medi um The broth is centrifuged and cells are separated fromthe
supernatant. There are nultiple options available for the capture of the
precursor including |Ion-Exchange chromat ography and 10Hydr ophobi c

chromat ography. For this invention cation-exchange chromat ography and H C
were used to capture the specific precursor. EXAVPLE 1B:



Li spro Precursor (Seq ID 3, 4 and 5) Lispro precursor of Formula X-[ Lispro
B thain (B1-B30)]- Y- [Lispro Achain (Al- t 5 A2 0], where X is a | eader
pepti de swqQueroasosB chain is Lispro B chain sequence of PBTIIN20088@3598Y i s a
| i nker peptide sequence between B chain and A chain, A chain is the A-chain
of Lispro. The sequence may be devoid of |eader or other |eader peptide.
The linker peptide Y can be anyone fromthe exanple R, or RDADDR. The
precur sor sjquence is represented by SEQ | Ds‘g and 4. The precursor may be
u

produced by }lany 20Qsurtabl e pressi on system&uch as Escherichia coli,
Pichia pastoris, Saccharonyces cerevisiae, CHO cells etc. The Lispro
precursor Vels—ct dhwd— n €ysaneExsi t h€rhe Madsnall f Risi gnal peptide in Pichia
expression vector, pPl K. Pi chila pastoris host strain GS 115 was

t ransf or mediam)t h t he @aggonbs nant(aglipsmi & to obt @21)cl one expressing Lispro
precursor. Lispro precursor is secreted by Piichia pastoris into the culture
medi um The broth is centgifuged and gells ane separated fromthe
supernatant. There are nultiple options available for the capture of the
precursor including |Ion-Exchange chromatography and WO
2010/016069!5’C'WEN?888T0065“98_18 Hy*ophobi ¢ G omat ogr aphy. For this

i nvention cation-exchange chromatography and H G were used to capture the
speci fic precursor.(HEXAMPLE KB7) d ulisi ngdBPecursor @@y ID5, 6 and 7 )
5 ulisine precursor of Fornmula X-[ Qulisine B chain (B1-B30)]- Y-
[Gulisine ghghain (Al-A21)], where X is a | eader peptide sequence, B chain
is GQulisine chain sequence of BI-B30, Y is a |inker peptide sequence

bet ween B chal nd A chain.. LI Sy c ' Ml LS The
sequence na %g'y%g%%’l a %fclh ggﬁlgf ng?&gt"%teléam?ed} ggﬁ%gﬁéod%&lﬁszduﬁﬁﬁkaer

pept i detdY cehamballany eneyrhatioally hiaebEnpdptidiR compriRDABDR2st1 QvoT Asingraseur sor
sequence is represented by SEQ IDs 5 and 6. The precursor may be produced
by any sui trﬁﬂﬁ‘ges'expressi on system such as Escherichia coli, Pichia
pastoris, Saccharomnyces cerevisiae, CHO cells etc. The Julisine precursor
was cl oned RnisfQEnpanimito eeid raviduesrVa-Yeiig which deistap g@iorc IEHAY- expr essi on
vector, pPIC9K. Pichia pastoris host strain GS115 was transforned with the
reconbi nant Tl askties A tobXaicorrabonie td5exfin es shaig a@i uhd siofegicp Be cuBaor .

G ulisine precursqr is secreted by Pichia.pastqris into t cul ture medi um
The broth i%o“'@%’rﬂ‘g? F?Jd%sd‘ﬁﬁr?g c@%‘f‘l clydige saérbgor ﬁflgds@?tg%‘?%eeeﬂ ’éraﬁ‘g/f) ant .
There afe midttionk geRtl ons avail able for the capture of the precursor

i ncl udi ng | on- Exchange chronmat ography and Hydr ophobi ¢ chronmat ography. For
this invention gatign- . tograph d 2OHLG el £oHS8E ot O
capture thekgbsec’i ?@ﬂggéﬁfﬁgggé&g{gﬁr@%r@%%ta I%zat}‘?%n Th% d?f]ger ent

i nsul i n conpoundslpreduZdt; wagtioZads salaptadt fiven Peo, feynt AsH ol Br stshledigd usi ng a
cati on-exchan chr anat ogr a S I | ] s . gse of

col our r erm@%fﬂetgﬁ&r gfoo?rag{él.a%%lhé l‘gér%)?%ozﬁ@f%lofrgé)t% F@Ar? &ﬁgggd{)f%ge%ﬂgﬁ&t lrgt t he
precur sor cai¢esidoatwidnhaprovis@nshatite anfincacydbstaicspadingomBidis theoumd 2 to 20
g/L, preferably 8 to 14 g/L. The crystallisation was done by adding ZnCl2 &
phenol ?{Ed khigrﬁ ﬁ&*ﬂé@ﬁ&@%eﬁ BERE kiR REWBER Be B aitth $nbbh Rhefcedialty between
3.5 and 5.5. Phenol Can be added at 0.1 to 0.5%of the ClEX e|ution pool

vol ume. A 4ewymaiells avitioiighsreptingtsitherdbied chpindr ths B shainpearing abegsk ™9 ut i on

pool vol une, . . . i 1S : : ldivine VWO

D020/ 036065HER %ﬁﬁ%@%@ﬁ%@%@%@%ﬁ%ﬁ %%%’E‘ﬁ’ydagl\i‘é% sifid dining.
crystallisation_process c¢can be done at a t erature between, 2= 30 C and
the slurry Pacst E‘Fé‘apqchf@Sr‘r%Stat“F H’é(e‘étl?“tsﬁﬁct‘&‘[gﬁﬁr P'ﬁ%foaﬁl?‘g '\Aq‘fclllleg%ﬁ ¥b§r med
conpl etel y. INh65 RIBCHOIAmAEN ednfug@d abBie SpPRAANALL didMydiheatgwpieibnat ant by
either centri fu?ati_on or_decantation. 5 EXAVPLE 2@: Exar’[pg e gf Flﬁgcursor

Li spro &FysBa? Pl tatinslinAsshain Wi a8 ampirbi i grmep PetHelsd TRomiahtPei on 13. 8
g/L) was ta ZQIIlg-C%IZSéQZmO@[fI.TIHQ%’i@écu(eomwob@fm&l%céﬁghgﬂf@) atWas BOded after
proper thawng. This was followed by addition of 57.875 nil of 4% ZnCl2
solution (12.5% of EP volune). The pH was 4.08 at 10 this stage and it was
adjusted to 4.8 by adding 420 m of 2.5N NaOH The nother |iquor was kept
under slow stirring conditions for 15 mnutes and then transferred to cold
room (2-8C), where it was kept overnight. Then the whole m xture was
centrifuged at 5000 rpmfor 20 mnutes in a Beckman Coul ter Avanti J-26 XP
centrifuge. The loss in supernatant was 1.55% 15 EXAMPLE 2B: Exanpl e of
Precursor Aspart crystallization 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 thawing. This was foll owed by addition of
15.625 mM of 4% ZnCl2 solution (3.125% of EP volune). The pH was 4. 08




90 at this stage and it was adjusted to 4.8 by adding 315 ml of 2.5N NaCH.
The nother |iquor was kept under slow stirring conditions for 15 m nutes
and t hen woansjimsieed to cold room (2-8C), where it was lpeptiNtis/odosse hours.
Then the supernatant was separated by cenfrifugation. The loss in

super nat ant was 4% Comment: Can we change the nunbering (aspart as 2A
and Li spro B29, 2BéhjiRestl afvaties @bimtions wieAdr Bl ghd iB3§, phuicerjapptdest by

mai nt ai ni ng_the seque B: Lispro and C. Gulisine. WO
D010/ 01600984 TN sL . BIAREE 5o Exanpl e of Precursor @ ulisine
crystallization 250 nil of elution pool fromthe Sp sepharose run_of
Precursor Gn@ing gpnset thsristlpged disulippreaiisar apqlesyleavipicly FRmpaies 2 g a5idd 0. 31 m
of phenol e A RingEF \AQJ Yo BovificRicadAed @bt EldeRItPRAEMbHAN fGastThi s was
foll owed b Sgg'ﬁlt?égﬁlng 7 of 4/()%!‘1‘(:12 SO?U'[I on S’gt?oo rlEP \\(/yol ur?rss The pH
was 4.13 atabphtl @Vsn@@ec @mdsﬁqulemasdeaaijelfeé@tlwdmt yag pooi dRghuplesnciaOH. The
mot her |1 qus%éue\p@es 1d<eﬂ gﬁgﬁ{mv% X’( Bhdt rarbbl'ﬂgS@X?%'cfelcoﬁtﬁd fs@c?ue?l&: meﬁ't’d%es and
then transferred Id room 8C), where it was kept five hours.
Then the SLqitemanémtat leagt a@e'pia&‘lé‘o edclb‘y agidrreaiene]) ey, aligieatively st jleast

super nat ant 194 RAS B fifsgs ks i n
conpounds ca\glatb85 %UCJ&QC %@q@%cﬁﬁ%nﬁ%%ﬁg@?@%%& Sr ecursgﬂktehrough an
enzymatic csxaqueecsudmtltyuattenatn@bhvtetegﬁ(ﬁbOﬁtr Sﬁ%trtvelepr eddrsseieneq idehiéyf i nal
product gcan bt ai b 0 a e enzyne
15 react% on? PW@? l%ﬁpfewd% 8t §8/E aa dag eeﬁ&eér{iitge \%e%& %ﬁerﬁﬂﬁglﬁre%%?sor has
to be treatadutvdXhniidigipsdid smuemdeyqlmmw, hlltdcmtlecizym’esst@botpl%mr;ucla:mamsd or

"t or modi at €1HCT HERG e PRRREFOR sk el hhrut PR M E et R fratdy
protease G@Mnﬁtl@y onyﬂ&ibbutd% nBeleic asldndeljpance mdeyitigy, afterpdtevaly, atamsrrm

m crobial r i nant or| 0oX. t oi dase t he sic 20
anino acid % rr% o puglelp ﬁ?‘ é‘?qué‘ilﬁ? lg%t‘igp lﬁ ARHYEY Etaﬁe@tg?‘%)c%éi e er"lcdaClGa

Car boxy pept icd@see GMAMTE St¥RAReRO die thaitNabolie 95% aficieln asty Xstetpdieeﬁccasdeamqpc kt ai l
(together) and the reactions were allowed to continue {W!‘f G{ ci%sl

cor r espondi HEMHeeuet [eerabar Rre mappismsl. seascarpiteni. aligasive 3 pSI n was

added to thgnehioyhguab 20l SEHESRidEnBIRC hk@Ratb takl [e@st 2B6RTISM Afcldidabiavi dual
Aspart, Lispro and dulisine precursor crystals were_ sol ubili zed with 5ml

of 6M TRI S savaics &ﬁ“tltpla%l@l'&maé’dﬁ'déﬁfeﬁsétab%h 98% nuRlsic a5i SPACRRSE IAERELT on -

m xLUr e WS, kahlerfs AooBhdTlprZhRARNSeh itha, 5.02613 A g1 xture vas ad) ust ed
to 8.5. Trypsi S added to %he i ndi vi dual reaction m xture at a
concentrat| n of 50 The re ctlon carr.i d out at both 40.5 C and
room t efip ﬁny@ tsz*g W% Sgne rt0 i&ﬁvéﬁ’s Wo €tn Bt a BepedRtal it

2010/ 016069&@Brdx3zN&aQ&éD@10&98rg2ﬁnet blelyﬁlhé wmmeqrzmme@ py 061-62(8a79),he. end of
the reaction m xture does not chan th resp reactio erature
but the tinBXe8r %o‘?’rpWé‘SPOH & ¢ grfaém%fci“é?nf@egr @s Iaspat‘thcé‘patref% fat ure

i ncreases. H}&l@ol&ﬁﬂﬁ&fu@é 1 £ dfvasic she wheRCivoOdiScenase K@ﬂﬁneabr R4in® .r&iducs The
reactions were continued for 8hr and at the end g}f ngg he sanpl.es were

anal yzed. 5%t it ifviafneme thah dy drolysis| Ocppre (RSt Hrad Jdiasig {itg 1§04

A ulisipe WBERed o WPinkkzRda '[JJtuIrrf ucht L{thamami 59% Oﬁneglmﬂtzdﬁl met hy!
For mam de at concentration 3-5ing/rn_|I. -1 of the reat| n m Xt ure

was adj ust e®(19&)ghg anqﬁel Hef’rﬁ@d&t%r@dlﬁ’r Bph‘?é” ‘f’\%aéjcf) feshiN KR-dft &2

nai nt ai ned n réifilb YARY 3L | i%éillsn
mxture ar B LBy ST oA e o Acpar s br cersor has
been conver tesidutso ByBG Desvaghrafoinbrin Aepuser BeibcHes captapwpti délersisul i n,

Per cent age r r % I S was 36%
The formati gl%ao érslg%usﬁﬁlglgq L{A@p%eéﬁu\éfgfﬁé %ax&f& %&% gge%sr‘gﬁlxlr] QI Slr!?ll3 &r:gcrem due
in the 881 jpegirt precursor moiﬁwllanldammrrﬂd%edﬁwiespl@iweﬁﬁ cathbe Qwﬁ'de‘eﬁlzrwgélypllc

15Car boxype EICA sea(lg1 be added to the reaction m xture, overall yield for
maki ng t he Fha S-roduct woul d be <10-15% Sim |l ar product profile was
found when the reaction was carried out with 50% sol vent. But the reaction
rate is very slowin presence of solvent. To achieve the simlar type of'
profile the reactions has to continue for alnost 18hrs. 20Thus the
generation of Aspart fromthe correspondi ng precursor through the
successi ve protease reaction could not be possible. Thus it was understood
that B-29Lys of Aspart is the nost potent site for Trypsin cleavage and as
t he reaction continues, B-22Arg site are al so becone prone for Trypsin

cl eavage and at the end of the reaction we get a m xed popul ati on of B-30
des Threoni ne and Des-Cctapeptide in each individual 25precursor. The

cl eavage product at B-31 Arginine is very lowin all of the precursor
product. Lispro precursor, under simlar condition, was converted to Lispro



Arginine residue in the 831 position along with high amunt of Des-
octapeptide Insulin. Simlar type of observation was found when QG ulisine
Pr ecur sorwoasiomembed WO 2010/ 016069PCT/ 1N2008/ 000598 P2 TMN2(08/0008gssi N
under identical conditions. But the chromatographic profiles of the
reaction mxture were not clean at all in case of Lispro and 3 ulisine

pr ecur sor . Rekpsbisaggesineprancatiqdrypys bidr molpewiar weighs @fizout 23,899d3!tensd

d uli sine, nd

or ot case. 4T pany FaBRE sl AR SCEE TRy KRR Mol el
Presence ofofaﬁ%damgnmmﬂyxl aridoinawlini afelagsl Yhes Dm@BCtGXD\AWf thase biemeterdps sate in
case of Lis a ck the concept simlar
type of Tr i%%“’”bef“%@% !Itgﬁa%%%ﬁ&tgfl%ergleatp@ro %%EFT%{G bsgph%g%ursor B- 29Lys resi due
when precursor was bl ocked in I n-105 precurs fhe short chain 10 PEG

mol ecul 6 asCawbprypsptidase PRETFHALY, Aydrghizesdh %B%%%EB‘P AHIP S¥NICe A8 NS a s

observed “11%%1 o'rrnth%sﬁorf%fthec@ﬂdrumﬁl 96151&6}{'&%%1}@%@%% SOdfrboxTpdiiEhde Bheaves nore
preferentiall'y at the c-term nal inine residue of the 31st am no

acid to gerrsppanéidas c0ByAig K. BredNG delagsyi i the CaQTURFE BaNCt HRBING-CKr ni nal
end of B c W 408 1B 181 &Rk f%télll\g-l% Des Ccta Insulinis
al so generQ?% esAkfg%?lé reac%sl on nn‘lsé(?tpﬁ?ea Bgt vl\/nen the 15 nonconj ugated
IN-105 precursor was treated with Trypsin, the protease cleaves

pref er ent i alfeyteiat “Ehep@ef cr flinledr Rentide aised dreia incdudics ald fares & HEH Y e

Des- Thr GONT Ao bE Uik Rac I R B AGEARN 1L Rloh | fsth ElgpikRd oy bhe
reacticin is Both ien presence or sence of any sol vent in'the
reaction mi h«hmuhq;zpﬂxdesvmsnaybséme&th@mtmqim@@n@ed ginegipprgéambls mammaliown t he
reaction ra L tal

condi ti ons, hﬂ'”ﬁé’ %{Ec?”ilgp (gsf\}\%lra%nscogrn %lvednﬁﬁ(iﬁ C%é}%ﬁged% 1&0@6%%&?]&5%%%9 7

Car boxypeptﬂedaselsﬁixd agebhidr adtivity.hie is kdown dudle pt éx uroddy tlneeaaqvi:r@ns af xt ure.

The concent rat ion of t ur sor. e al .l . 5 The
reacti on walorys leé?ﬁPf“Ee]ed’ %ﬁ({éftalgﬂlﬁ elb% egel tlﬁy al%)ld el erap Qbe Qhﬂ!V pH 8 to
10. Reagd i ogbidgaspRiqtiwRichvas saRddt idthe aﬁanwldafyed‘esa’ra)bﬂ ¥ ﬁbdltsﬂauﬂce 225 C.

Tri shydr oxyl net hyl am norret hane §1TR18 or otcg rtbuf ffer ]s % _etcvxg{n% used at
different |@RIUM &f FEnraqed iy aganesarrlsayage 2p E%ﬁ PBY er SCT 76N

i'me was

vari abl e anfinWama@ tealiQeht Ririgiher déatidsost eane nﬁsumms:-pdaaae:tsecmmms
continued until the purity of the prodgct star E@ecre t he

hydrol ysi s BfY I’WQMO’FWW%WW N2 8RB sEE! bW F&gu?ﬂ '“Fltug(t akes

general |y aboute 3QuBiyh8ind Pindtidial . beifbl(bgrbamtlv@a@f%n@bemsul‘ﬂn Co 10
hour s. The concentration of enzyme was, det erm ned di (ﬁ
SRl Ptreare

concent P&t i papties- /’s‘hwbraa%l@@eéﬁ@“@ﬁ%@ﬁ’évaé‘éﬁ < fragmepis 0

crystal l'ine, s{géé{@? 190133&' 111%' s@oﬂerbfttllﬁ@ ifVBRcioRl andase @%@ﬁecﬂﬁﬂfeﬁﬂh@-tﬂuﬁ Wil a
concentratio to 0 ng/L EXAMPLE: 413 (1) 4gm of Aspart

precur sor cinyglinal- Pwas*edl ssol ved in 20m of 1M TRI'S sol ution. Product
concentration of the solution was maintained to 5ng/nl and IR S
concentrati 50t HEAGAP (et gl to GBftiBA N
anount s Wergﬂ? %m 1@@11&5@5{5%? B?Rnldg eg[xatatg% %e reacti orglmmo%tllljrle by 2.5N
NaOH or 2N @E-sdphide bxmdtﬁomumond)etvNenqhmAs amd Btcﬂ@tnselaéttlimrpamb@tm@éa%l@ pH 7.0,

7.5, 8 e t e was
t aken i n? 0 gﬁ@htg? Uﬁ\é\ﬁbgreg‘ﬂﬁ)g&?w S”lr"ggé[}‘ aﬁ‘?\” n/flb hc;agﬁ— te'pgl f?gg%(tg%
condi ti on. ﬂih&pﬁ@ast-hﬁgaAV@SC@aptideemaglm af anyldngthhehistastpit egthoyrgad divag

trypsin and C‘g‘ﬂ’g ase B together at different concentrations. The
different p&t ied are tabul ated. Constant Parameters: Product
concentration 5g/ L | RIS buffer concentration 0.6M 20Vari ed

Par anmet er s: The invention pr\Mmlv@ctﬁﬂﬂﬁﬁi’phElag DfNA en20dd@@ny nfjthk herein descrlbed

Car boxypepti dase concentration: 10-30in
ypep genes. Host cell comprising any such vectorg are also provided. ]:E)y way op exampIc, the

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



WO 2010/ 016069PCT/ 1N2008/ 000598 24 Precursor concentration (g/L) Tris
concentration (M Trypsin con centration ng/L Carboxypepti dase 13
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The invention employs a recombinant host cell in which at least a portion of a nucleic
acid sequence expressing the insulin compound precursor is produced. A recombinant
expression system is selected from prokaryotic and eukaryotic hosts. Eukaryotic hosts
include yeast cells (e.g., Saccharomyces cerevisiae or Pichia pastoris), mammalian cells
5  or plant cells. Bacterial and eukaryotic cells are available from a number of different
sources including commercial sources to those skillgd in the art, e.g., the American
Type Culture Collection (ATCC; Rockville, Md.). Commercial sources of cells used for
recombinant protein expression also provide instructions for usage of the cells. The
choice of the expression system depends on the features desired for the expressed

10 polypeptide.

Most preferably related to aspects to the present inventions, the most preferred host
cells are methylotrophic yeasts. Strains of a methylotrophic yeast which can be
modified using the present invention include, but are not limited to, yeast strains
capable of growing on methanol, such as yeasts of the genera Pichia, Candida,
I5 Hansenula, or Torulopsis. Preferred methylotrophic 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
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) 1
r S—— ‘l S X
Gly— Cys— |C—ys eys| —€ys —Asn | Ry

(A1) Ag) s (A1) S (A21)

| s | S

R- NH Phe— GCys— Cys——— —Ry

(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.
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
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

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
combinatorially and concurrently provided that the relative concentration ratio of trpsin

to carboxypeptidase is from about 5:1 to about 50:1.
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The precursor molecule may either be in a liquid or crystal form.

The process of conversion of the insulin precursor molecule to their corresponding
insulin molecule is conducted in an aqueous medium comprising at least about 40%
water; it does not, however preclude the presence of at least about 30%, or about 50%
5  orabout 60% or about 70% or about 80% water and also the presence of water-miscible

solvents such as methanol, ethanol, acetone, N, N-dimethylformamide and the like.

The reaction medium may additionally comprise any salt with buffering properties.
Preferably, the reaction medium comprises Tris as a salt in the concentration ranging
from 10mM to IM. Most preferably the concentration of Tris used in the reaction

10 medium is 0.6M.

The conversion is carried out at any of the wide range of temperatures, generally from
.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
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the concentration of insulin employed is 1:100. The concentration of trypsin used for

the conversion reaction is at least 0.01mg/ml

On a weight : weight basis, carboxypeptidase B generally will be present in an amount
relative to that of the insulin precursor ranging from about 1:500 or about 3:500. The
most preferred concentration of carboxypeptidase relative to the concentration of
insulin employed is 1:500. The concentration of carboxypeptidase used for the

conversion reaction is at least 0.001mg/mi

According to another significant parameter of the present invention is the ratio of the
trypsin to carboxypeptidase B. in the reaction mixture. Generally, on a weight basis, the
ratio of trypsin to carboxypeptidase B is in range of 5:1 to 50:1. Preferably, on a
weight basis, the ratio of trypsin to carboxypeptidase B is about 50:3 to about 5:3. The

most preferred ratio of trypsin to carboxypeptidase B is about 5:1.

The duration of the reaction may range from about 2 to 48 hours, preferably the

duration of the reaction is about 2 to 24 hours.

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

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

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

Description of Preferred Embodiments. While these descriptions directly describe the
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above embodiments, it is understood that those skilled in the art may conceive
modifications and/or variations to the specific embodiments shown and described
herein. Any such modifications or variations that fall within the purview of this
description are intended to be included therein as well. Unless specifically noted, it is
the intention of the inventor that the words and phrases in the specification and claims
be given the ordinary and accustomed meanings to those of ordinary skill in the
applicable art(s). The description of a preferred embodiment and best mode of the
invention known to the applicant at the time of filing the application has been presented
and is intended for the purposes of illustration and description only. It is not intended to
be exhaustive or to limit the invention to the precise form disclosed, and many
modifications and variations are possible in the light of the above teachings. The
embodiment was chosen and described in order to best explain the principles of the
invention and its practical application and to enable others skilled in the art to best
utilize the invention in various embodiments and with various modifications as are

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)

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,
and RDADDR.

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

places, if [ have missed out).



30 8.0 49 8.5 62 Results: It was observed that when Trypsin and

Car boxypepti dase were added together in the reaction m xture, both Des

oet apept iwe 2ovorw@nd des-t hreoni ne formati on was not 5 ebsaNwesioonses t he end
of the reaction Aspart is the main product7in the reaction. The purity and
the yield of the generated Aspart vary in individual reaction condition.
The best yi'&emrmur%%mfen%ba‘bmrem‘@dcbbs‘ﬁ@ws lirrdé 2. TFygpiceursmmeanbe at i on of

38 T‘(}); 51652 ﬁ%?ﬁ%@g?g@@&&%%g%bgﬁﬁ %%5?/ &gggnﬁ%? E)lll_l S phg%g%FOéCU rsor

crystal wasSadilesohycesicareyig&THST cellBEfERI S sol uti on. Product concentration of
the -solution was naintained to 5rrg/ mL. and TR1S concentration was nai ntai ned

to 0.6M by .addj AI| uots q eta .adj.ysting the
S ok of ¢ helehua e SEE s lopSS n Rire AR S Bl Saedl B iy

Al'i quot s5 Ofexbl‘b@sndixﬁ@&tdrngIGQKt ijlea @istq}}d héstGiraif.GB118 was tr8nshorm@d Qmmme
prepared. 1 ea S reao%ﬁllgon m xture was taken into each tube and

| abel ed as §%ﬁ‘r"b‘1”éa“/5\pla§mdé° gptain RSB ORPHERCHETY i ed out in all the
sanpl es by adding trypsin and .Car boxypepti dase B together at different

concentrat i Qgsrt pfeRrsd isf RERd Worehis peAGisdin® thabulhat atkdiuk Gne k@R tis
Par anet ers: Product concentration 59/L. TRI'S buffer concentration 0.6M

Vari ed Par aifatridiged apg oplls gesi Sﬁp%r&tﬁ?:érr‘?f“r thei Yperasat y Blerergre Multgleneptigpept i dase

concen'; r at | RBilablOfod B abturd bt thed pRe@s@- indMBfH o8 HxcMRE RlohAldePPh{ Ghd) Tris
concentrati
10 Hydrophobic chromatography. For this invention cation-exchange chromatography and

HIC were used to capture the specific precursor.

EXAMPLE 1B:

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
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Hydrophobic chromatography. For this invention cation-exchange chromatography and

HIC were used to capture the specific precursor.
EXAMPLE 1C:
Glulisine Precursor (Seq IDS,6 and 7)

5  Glulisine precursor of Formula X-[ Glulisine B chain (B1-B30)]- Y- [Glulisine A
chain (A1-A21)], where X is a leader peptide sequence, B chain is’ Glulisine chain
sequence of B1-B30, Y is a linker peptide sequence between B chain and A chain, A
chain is the A-chain of Glulisine. The sequence may be devoid of leader or other
lcader peptide. The linker peptide Y can be anyone from the example R, or RDADDR.

10 The precursor sequence is represented by SEQ IDs 5 and 6. The precursor may be
produced by 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,
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preferably NaOH or TRIS. The crystallisation process can be done at a temperature
between 2 and 30 °C and the slurry is stored for some time so that the crystals will be
formed completely. The precursor crystals can be separated from the supernatant by

either centrifugation or decantation.

EXAMPLE 2A:
Example of Precursor Lispro crystallization

463 ml of elution pool (precursor concentration 13.8 g/L) was taken and 2.315 ml of
pheno!l (0.5% of EP volume) was added after proper thawing. This was followed by
addition of 57.875 ml of 4% ZnCI2 solution (12.5% of EP volume). The pH was 4.08 at
this stage and it was adjusted to 4.8 by adding 420 m! of 2.5N NaOH. The mother
liquor was kept under slow stirring conditions for 15 minutes and then transferred to
cold room (2-8°C), where it was kept overnight. Then the whole mixture was
centrifuged at 5000 rpm for 20 minutes in a Beckman Coulter Avanti J-26 XP

centrifuge. The loss in supernatant was 1.55%.

EXAMPLE 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
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
places we are giving the examples by maintaining the sequence of A: Aspart, B: Lispro

and C: Glulisine.
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EXAMPLE 2C:

Example of Precursor Glulisine erystallization

250 ml of elution pool from the Sp sepharose run of Precursor Glulisine (precursor
concentration 3.8 g/L) was taken and 0.31 ml of phenol (0.125% of EP volume) was
added after proper thawing. This was followed by addition of 7 ml of 4% ZnCI2
solution (3% of EP volume). The pH was 4.13 at this stage and it was adjusted to 4.9 by
adding 2.5N NaOH. The mother liquor was kept under slow stirring conditions for 30
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 7%.

EXAMPLE 3A:
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
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
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.

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
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the chromatographic profile at the end of the reaction mixture does not change with
respect to reaction temperature but the time for completion of the reaction decreases as
the temperature increases. The temperature for the reactions was kept at 24 +0.5 °C.

The reactions were continued for 8hr and at the end of 8hr the samples were analyzed.

Similar way the individual precursor of Aspart, Lispro and Glulisine were solubilized
in Tris solution and 50% of solvent Dimethyl Formamide at concentration of 3-5mg/ml.
The pH of the reaction mixture was adjusted to 8.5 and the température of the reaction
mixture was maintained at 24 £0.5 °C. Trypsin was added to the individual reaction

mixture at a concentration of 50pg/ml.
Observation:

Aspart precursor has been converted to B-30 Des-Threonine 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
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.

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
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
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B-29Lys residue when precursor was blocked in In-105 precursor by the short chain
10 PEG molecule as well as with the nonconjugated precursor molecule. It was observed
that in case of conjugated IN-105 precursor, Trypsin cleaves more preferentially at the
c-terminal end of Arginine residue of the 31st amino acid to generate IN-105 with an
extra Arginine residue in the C-terminal end of B chain. Along with the B-31 Arginine
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
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the product. It takes generally about 30 minutes to 24 hours and in most cases about 4

to 10 hours.

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

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

EXAMPLE: 4B (I)

4gm of Aspart precursor crystal was dissolved in 20ml of 1M TRIS solution. Product
concentration of the solution was maintained to 5Smg/ml and TRIS concentration was

mainta[ined to 0.6M by adding. Aliquots of certain amounts were taken by adjusting the

10 * 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 as an individual 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.
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Precursor conccifr:;irs . Trypsin Carboxypeptidase Y‘i;ld
concentration AUOM | concentration | B concentration pH ()
(g/L) ™) mg/L (mg/L)
7.0 53
10 8.0 66
500 9.0 17.5
7.0 54
30 8.0 64
9.0 16
7.0 51
10 8.0 59
9.0 24
7.0 28
200 30 80 | 65
9.0 64
3 o 7.5 44
10 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 30
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.
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EXAMPLE 4B (II):

5gm of Lispro 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:
e Product concentration 5g/L.
e TRIS buffer concentration 0.6M

Varied Parameters:
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 | comcentrati | concentrati B concentration d
(g/L) on (M) on mg/L (mg/L) pH (%)

5 0.6 ) 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 1]

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
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7.5 46

8.0 66
8.5 78
9.0 62
7.0 38
7.5 55
30 8.0 64
8.5 71
9.0 65
7.0 13
7.5 25
10 8.0 4]
8.5 44
25 9.0 51
7.0 22
- 7.5 25
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:
e Product concentration 5g/L

e TRIS buffer concentration 0.6M
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Varied Parameters:
e Trypsin concentration: 25-200 mg/L
e Carboxypeptidase concentration: 10-30mg/L
e pH:7.0-9.0.
- Carboxypeptidas Yield %
Precursor Tris Trypsin eB
concentration | concentratio | concentratio concentration
(g/L) n (M) n mg/L (mg/L) pH
5. 7.0 29
7.5 56
10 8.0 49
8.5 61
9.0 49
200 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
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7.0 24

7.5 35

30 8.0 44

8.5 64

9.0 68

25

Results: The best yield of 78% of Glulisine was observed under Trypsin concentration

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

EXAMPLE 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
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
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%.

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
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.

10
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29 SEQUENCE LI STI NG <110> Bi ocon Ltd 5<120> Process for the preparation of

I nsul in conpounds Hazra, Partha <130> 200608 <160> ]
w Cys Gly Ser His Leu Val Glu Ala Leu Tyr Leu Vgl%('g/s G?y Glu Arg

20 28 30

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

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

35 Tyr Cys Asn
65

<210> 2
40 <211> 61
<212> PRT
«<213> Pichia pastoris<220>
<221> PEPTIDE
<222> (1)..(61)
45
<40G0> 2

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



<170> Patentln version 3.5 10<210> 1 <211> 67 <212> PRT <213> Pichia
pastoris <220> 15<221> PEPTI DE <222> (1)..(67) <400> 1 Gn Gn Ala-Gn Ala
Gu Ala Gn Pro Arg Phe Val Asn Gn H's Len 20151015 Cys Gy Set Hi s Len
Val Gn Ala Len Tyr Len Val Cys Gy G n Arg 2025630 Gy Phe Phe Tyr Thr Asp
Lys Thr Arg Asp Ala Asp Asp Arg Ay lle 4045 Val Gn Gn Cys Cys Thr Ser
Ile Cys Set Len Tyr G n Len G n Asn 505560 35Tyr Cys Asn 65 <210> 2 40<211>
61 <212> PRT <213> Pichia pastoris<220> <221> PEPTIDE <222> (1)..(61) 45
<400> 2 30 Qu Ala Leu Tyr Leu Val Cys G113, Qu Arg Gy Phe Phe Tyr Thr
Asp 202530 Lys T A GeuABp LA: SalASp Ghs fludkg CF Phe Ple TWalThGhyp A n Cys Cys Thr
354045 10 Scr Ile CygdSer LewiTyr G n3leu A u Asn Tyr Cys Asn 505560
15<210> 3 <211> 57 <212> PRT

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 Gin Leu Glu Asn Tyr Cys Asn

50 55 60

15 <210> 3
211> 57
<2i2> PRT
<213> Pichia pastoris

<220>
<021> PEPTIDE
<2225 (1)..(57)

23 <400> 3

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

Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Asp Lys Thr Arg Asp
290 25 30

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

Leu Tyr Gln Leu Glu Asn Tyr Cys Asn

40 50 35
<210> 4
211> 67

45 <212> PRT

<213> Pichia pastoris

<220>



<213> Pichia pastoris 20 C20> <221> PEPTIDE <222> (1)..(57) 25<400> 3 Phe

Val Asn Gn H's Leu Cys Ay Ser
Val Cys Ay Gu Arg Ay Phe Phe
Asp Asp Arg Gy Ile Val du Gn
Leu Tyr Gn Leu Au Asn Tyr Cys
<213> Pichia pastoris <220> 31
AQu Ala Gn A a<@la FERIBEN Pro
Ay Ser His Lou<® @.667 a Lou
Phe Tyr Thr Lys Pro.Thr Arg Asp
G n Cys Cys Thr <88 4|l e Cys Ser

Hs Leu Val Qu Ala Leu Tyr 151015 30 Leu
Tyr Thr Asp Lys Thr Arg Asp 202530 35Al a
Cys Cys Thr Ser Ile Cys Ser 354045

Asn 405055 <210> 4 <211> 67 45<212> PRT
<221> PEPTIDE <222> (1)..(67) <400> 4 5 @u
Arg Phe Val Asn Gn H's Lou 151015 10Cys
Tyr Lou Val Cys Gy Gn Arg 202530 Ay Phe
Ala Asp Asp Are Gy Ile 1 5354045 Val Qu
Leu Tyr G n Lou G n Asn 505560 20 Tyr Cys

M 65 25 <210> 5

Glu Giu Ala Glu Ala Glu Ala Glu Pro Arg Phe Val Asn Gin His Leu
I 5 10 15

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

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

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

20
Tyr Cys Asn
65

23
<210= 5
<211> 61
<212> PRT

40

45

<213> Pichia pastoris

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

<400> 3
Gly Ala Val Arg Phe Vai Asn Gin His Leu Cys Gly Ser His Leu Val
1 5 10 15

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

Pro Thr Arg Asp Ala Asp Asp Arg Gly {le Val Giu GIn Cys Cys Thr

35 40 45



<211> 61 <212> PRT <213> Pichia pastoris 30 <220> <221> PEPTI DE <222>
(I)..(61) 35 <400> 5 @y Ala Val Arg Phe Val Asn Gn H's Lou Cys Ay Ser
H's Lou Val 151015 40 Au Ala Lou Tyr Len Val Cys Ay Gu Arg Ay Phe Phe
Tyr Thr Lys 202530 45 Pro Thr Arg Asp Ala Asp Asp Arg Ay Ile Val Au Gn
Cys Cys Thr 354045 32 Ser Ile Cys Ser Leu Tyr Gn Leu Gu Asn Tyr Cys Asn
505560 5<210> 6 <211> 57 <212> PRT <213>%i chi a pastoris 10 <220> <221>
PEPTI DE <222> ( 7 Vi Hs Leu Cys Ay Ser His
Leu Val Qu Al a é%gs%%d'gﬁ%?%@m %hqﬁi@é%ﬁ(} u Arg Ay Phe Phe Tyr
Thr Lys Pro Thr Arg Asp 202530 25 Asp Asp Arg Gy Ile Val Gn Gn Cys
Cys Thr Ser Ile Cys Scr

5 <210> 6
211> 57
<212> PRT
<213> Pichia pastoris

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

15 <400> ¢
Phe Val Asn Gin His Leu Cys Gly Ser His Leu Val Glu Ala Leu Tyr
I 5 10 15
20 .
. Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Lys Pro Thr Arg Asp
20 25 36
25 Ala Asp Asp Arg Gly Tle Vat Glu Gin Cys Cys Thr Ser lle Cys Ser
35 40 45
Leu Tyr Gin 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



354045 Len Tyr Gn Leu Gn Asn Tyr Cys Asn 305055 <210> 7 <211>
67 35<212> PRT <213> Pichia pastoris <220> 40<221> PEPTIDE <222> (1)..(67)
<400> 7 45G n QQu Ala Gn Ala Gn Ala Gn Pro Arg Phe Val Lys Gn His Len
51015 33 Cys Gy Ser Hs Len Val Qu Ala Len Tyr Leu Val Cys Ay Gn Arg
202530 Ay Phe Phe Tyr Thr Pro G u Thr ALg Asp Ala Asp Asp Arg Ay lle
354045 Val Gn Gn Cys Cys Thr Ser Ile Cys Ser Leu Tyr G n Leu
G n Asn 1050556Qy{yity Sy stiheu Bl &b A2 LOPTH 18R VAPCHIGIE2ARArPRT 20<213> Pichi a
pastoris <290> <221>@PEPTI DE225<222> 3p1)..(61) <400> 8 Ay Ala Val Arg Phe
Val Lys Gn Hs Leu Cys Ay Ser Hs Leu Val 30151015 Gu Ala Leu Tyr Leu
Val Cys Ay Au Arg Ay Phe Phe Tyr Thr Pro 202530 A u Thr Arg Asp Al a Asp
Asp Arg Gy || e¥abPhe@ha Te ThrCysGIoyRhr Rlag AGHMOASp Asp Arg Gly e

35 40 45

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

Tyr Cys Asn
63

<210> 8
211> 61
<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 3 10 15

Glu Ala Leu Tyr Leu Val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro
20 25 36

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

33 40 45
40
Ser [le Cys Ser Leu Tyr Gin Leu Glu Asn Tyr Cys Asn
- 50 55 60
45 <2106> 9
211> 57
<212> PRT

<213> Pichia pastoris



Ser Ile Cys Set Leu Tyr Gn Len G n Asn Tyr Cys Asn 505560 45<210> 9 <211>
57 <212> PRT <213> Pichia pastoris 34 <220> <221> PEPTI DE <222> (1)..(57)
<400> 9 Phe Val Lys Gn Hs Leu Cys Ay Set Hs Lea Val Qu Ala Leu Tyr
151015 Leu Val Cys Gy Qu Arg Ay Phe g];e Tyr Thr Pro Gu Thr Arg Asp
202530 Ala Asp Asp Arg Ay Ile Val Gu n Cys Cys Thr Ser Ile Cys Ser
354045 70Lea Tyr G n Lea Gu Asn Tyr Cys Asn 5055 MC S LLP W Caim1l. A
process for convesgd ng i nsulin conpounds and its anal ogs or derivatives
fromtheir correspgndepgpmsul in precursors represented by the fornula:
X <222> (1)..(57)

5

<40(> 9

Phe Val Lys Gin His Leu Cys Gly Ser His Leu Val Giu Ala Leu Tyr
1 5 10 135

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

15
Ala Asp Asp Arg Gly le Val Glu Gin Cys Cys Thr Ser Ile Cys Ser
33 40 45

20 Leu Tyr Gin Leu Glu Asn Tyr Cys Asn
: 50 55



G

CysAsn

yCys Cys Cys 11  (A)(AB) S (Al)S(A21) |
MCSLLE

We Claim

A process for converting insulin compounds and its analogs or derivatives from

their corresponding insulin precursors represented by the formula:

o —

]

Gly Cys Cys— Cys— Cys—— Asn— R,

f

53 {A8) S (a11) s (A1)
! |
5 5
| 1
R— NH- Phe Cys Cys Ra
{B1} (B7} {B19} {827}
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.

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 Bl to
B27 corresponds to insulin B chain including amino acid substitution, deletion

and/or additions thereof,

R, is 7,-7Z, wherein Z; is selected from Pro, Lys, Asp and 7 is selected from Lys
or Pro or Glu or Z-Z,-7Z5 wherein 2, is sclected 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.
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S S (. R- NH Phe R2 Cys Cys (B1) (B7) (B27) where, Ris
hydrogen or a chemically or enzymatically cleavable am no achib &e®i due or a
chem cally or enzymatically cleavabl e peptide conprising at |east two am no
acid residues. Rl is OHor an amino acid residue, or Y1-Y2 in which Y is an
am no aci d resj fuepoligtit®itat t@medk tieoA ARdincoriel pbaidsvitich ¢amshdl dlervad chai n

and the noieties Bl to B27 corresponds, to insulin B chain,includi '
aci d substi t uenematigalle tyigeuh AEBINg FEDES B’ﬁsitcﬁ’ér‘fne@f ﬁﬁgéi@a]fléeﬁllngﬁ%éfg} 2021

s selected from BLOant acil$RyRRdn 4R iisisaldeaicerlsf difolysd or LRsige oF G u or
Z1-72-73 wherein Z1 is selected fromPro, Lys, Asp and Z2 is selected from

Lys or Pro or A@milandgmptesalmshrsw&mnéb(granaanp)i@fgteic‘ segpreeyVieh at 41888t t hree
anino act d r e s Tob s O Bk BN ke A& AR %) the P gspanding to
6. 7, 8 and 9. which comprises treating said precursor with trypsin and
carboxypeptidase used combinatorially and concurrently provided that the
relative concentration ratio of trypsin to carboxypeptidase is from about 5:1 to

about 50:1 to provide the corresponding insulin compound with a yield of at [east

75%.

2. The process according to claim 1, wherein the relative amount of trypsin to that of
the insulin precursor ranges from about 1:10 to about 1:500.

3. The process according to claim 2, wherein the relative amount of trypsin to that of

the insulin precursor is about 1:100.

4. The process according to claim 1, wherein the relative amount of

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

5. The process according to claiml wherein the relative concentration ratio of

trypsin to carboxypeptidase is about 10:1.

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

trypsin to carboxypeptidase is about 5:1.

7. The process according to claim 1, wherein the concentration of trypsin used for

the conversion reaction is at least 0.01mg/ml

8. The process according to claim 1, wherein the concentration of carboxypeptidase

used for the conversion reaction is at least 0.001mg/ml

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

crystal form.
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Amended Sheet [PEA/AU MCSLLP X is a pol ypeptide that connects the A chain
to the B chain which can be cl eaved enzymatically w thout di %ﬁi}jng ei t her
the A chain or the B chain bearing at |east two am no acids n the
first and the last amno acid is Lysine or Arginine , said precursors

defi ned by arrhapraesasicrdsagoeite Wwwihcheii heaoniesaion r8BYehsroIEYots 2t o t he
am no aci d sequen as . set forthin SEQIDs 1. 2, 3, 4, 5 6, 7, 8 and 9,
whi ch conpri gl ‘E’T‘rpéél“i’ h@ said precursor with trypsin and carboxypepti dase
used conbi natorially and concurrently provided that the relative

concent rat i onThaprodesafactariipgito ctabmdaroxypdpt daassiongedatomiabyuied 5ud t o
about 50:1 to provide the corresponding insulin conpound with a yield of at
| east 75% 23atTRE Cﬁr”"o‘@@ss according to claim1l1l, wherein the relative anount
of trypsin to that of the insulin precursor ranges fromabout 1:10 to about
1: 500. 32. Thghphes@ssaceedghongnimol , sitaidin the cnhesreion redegon el catiiadeotdabunt  of
trypsin to that of the insulin precugsor 'OE about 1:100. 4. The process
accordi ng t o adFEPFALIE [RHangfipn EE—P"ftgl(gfq‘\1/(13 amount of carboxypeptidase to
that of the insulin precursor is about 1:500. 5. The process according to
claim whereimhet pRceg! addovdng apcelaini al,i ohereat itbe afurdtioppst rh¢ enzymatic

car boxypepti dase is about 10;1. 6. Tg;a process according to claiml1,
wherein the cemarsiorrEehatiiEPayioR ¥4t of trypsin to carboxypeptidase is
about 5:1. 7. The process according to claim1l, wherein the concentration
of trypsiyn usegk fRtekhecqomyans sion I, eartdiorhe wadtonl reditm@o@hinsgi idas8. The
process according to claim1, wherein the concentration of carboxypeptidase
used for the @¥nveresponvesasticdie FAVert | east 0.001ng/ ml 9. The process
according to claim1, wherein the precursor is either in liquid or crystal
form 36 sAnmendgd, heeicchREA AWlaiMOSL MReldinthe watpaassblascioemtiingeleaed| ai m

I, wherein the conversion reaction is carried out at a pH of 6'5#]8 10.

The process docor dhng giour| afomptisinghenithanohe 8GAWIr sid6HOPact| of1's
carried out %t a gfg ofan%déo 9. 12. The process according to claiml1,
wherein the 61393 POV e4ction is carried out at a t enper ature rangi ng
fromabout 2C to 40C. 13. The process according to claim1, wherein the
dur at i ori6of tlhe eneywabierdoaveer slaon feactiesin | be apaeion nelivn Rubes. 14
The process according to claim wherein the reaction nedi um contains at

| east 30% \A/atC'B'r'nPB‘Pesa?g?/?lgtagﬁn Ss%ll%%fféé\ﬂlgoal%\ellght. 15, The process according to

claim14, where in the water miscible solvent is selected fromthe group
conpri siing methapeicessetchandolg, oadaitrohe. wherkinNGE vk iy Felefterh AP Bethe BEOUPThe

process according to claim 14, wherein the r t.i on Lu 5

conpri ses a §81“tp%é’(‘3§'i ﬁé?é&s eélybwgigﬁ”heg Eﬁﬁ%ﬁ? 8%(5% .e’Tﬁlgg %F ’og%eés%%%m%di ng to
claim 16, wheggid Ieﬂ?yi;ﬁiﬁér%ziin@_bsei—@tﬁ‘ab&@.plff@[ﬂﬁh&ihﬁ group conprising TRLS,

et hyl enedi am e, fyrl et hanol am ne, glycine, HEPES (N 2-

hydr oxy- et hyl pi perazi ne-N.| -2-et hanesul f oni ¢ aci d 8. Th [ ‘
accordind to Tg“leé%r‘i’ﬁef% acprlipg it ClﬁH’éqgobeélr‘r{“r @Ficé?ﬁc%‘?raé%rf ¢ %raagte%eﬁﬁgﬁ lﬁee
reaction nmediunhs nRRAME isPoM el tM1M.9. The process according to claim
18, wherein the concentration of salt used in the reaction nediumis about

0.6M 20. A process for obtaini pagl a]rgisn ulin or itstagal o? ar ge rii v é[ives
t her eof ¥r om ThePiocseSEeIHINGd0 5188y EHHEIPEFIEIoR g E’flLPe UPsdrs
defined by a LN Q6]S i SBaUenge; whi ch is at | east 85% honol ogous to the
am no acid sgtefﬁce%ni(ﬂl:gl1 as 1siet 37 Amended Sheet |PEA/AU MCSI _LP

20. A process for obtaining a insulin or its analog or derivatives thereof from their

respective precursor counterparts, said precursors defined by an amino acid

sequence which is at least 85% homologous to the amino acid sequence as set
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forth in SEQ 1Ds 1, 2, 3, 4, 5, 6, 7, 8 and 9, conprising successively
carrying out the followng steps in the foll ow ng sequenti al @%@LL

Di ssol ving optimal anobunt of the precursor of insulin or an inslUlin
derivative in a buffer solution. (b) Preparing various aliquots of the
precursor sol dittoin $EQPBs 1 ahged. 6f 6abduind, Gotpriging.sucdesjivélpcrogugiony t he

enzynmes trypsin d car boxy tidase concu rentl at a relative
concentrationt¢%$ﬂ8wﬁﬁﬁﬁﬁﬁd$%%fkﬂ?%”§38 ChE ﬁ‘fd?o the various aliquots

prepared as in Step (b) and incubating the nlxture for about 4-10 hours.
(d) Precipitating the desired insulin product addition of citric acid
buf fer and zZnGhDiss@gnAwphnaedashadto! TiREaeawsor o 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 at a
relative concentration ratio of about 5:1 to about 50:1 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.
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