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t he i nvegreurorespansibleSioo loposiakidy,chere averd plotame@‘uee\g rdeu‘{atwes oftlizedginselinomits

m cr esol r r r t i 9 ly to
reconbi n% °2Qfd?na P ﬁ ar?gg‘aplhe gfédé @?%mes?t Ig q'f[%rés}lggcagg ds h?@?tdso? d;glnl?tgcrl ons,

i nt r oduc¥@inepting ane %Y'U@ticoﬁaﬂﬁimtﬂﬁ*éoﬁ oAfinEbffeSUﬁann@heotcP!&UCteél feeerp db i de or
oXi ds. Aimkwucte@fry flithed 6uma€aﬁbnﬁ.@dtaﬁd Broo@tcansw;séiné BigHiigH tottl%s@ro@gﬁfblﬂéo

pg/ m . (s)' ex anpl e B %ﬁﬁnte m on cont ai ni ng

deri vat ﬁ?g |zar9|ne ”Y%E’Sn"t‘fﬁf‘é‘ iy ¥1dF’H’§U‘fe|srPf dlﬁ'l‘g 'Hlé'al WS on has
been dewbhbinpedas béerb86ngated atad téamtmymmhdneeudammloogaﬁrabhmhmrmid (A22ubi n of
formula 1 or its pharnacol ogically acceptable salt, 16 ng/m of glycerine,
2.7 - 3 mg/m mcresole, 10-50 pg/m of zinc and water for injection to 1
m . To better explain the essence of the invention this 4
description has been extended with 25a detail ed di scussion of exanpl es of
the invention's realisation, which enconpasses al so enclosed |ist of
sequences and figures, of whi ch: Figure 1 presents structure of

pI asm d p5/ ZUI NSGI y(22A) cont a| n| ng a gene encod| ng GKR pr ot e| n of

o v o, o



glycine - amno acid residue. In order to nodify the gene encodi ng
human reconbi ned proinsulin sequence by adding of GGT (@y) codon at its C
term nus, there were designed follow ng priners for point nutagenesis
reaction: 20 GLYG 5 AACTACTGCAATGGTTAAGTCGACTCTAGC 3' dy STOP GLYD

5' GTAGCTAMABIAZIBPAACCATTGCAG 3' 253 y The poi nt nut F&&FE30080398Hct i on was
carried out using Stratagene kit (catalogue no 20051 8- 5). As the

t enpl at e vihber earbosgy! eep oS ashapagsTor cliéing St 24 tBmindss 6he|ﬁéi:¢hf\ ®a€ WdenDHS @
tiron m,x

t | ] f. d with Pl i d
51 201 NPT IR AR B ARTE i BF SR rihsch Chath Bne e ey 1
pr esence refidug&sot Insice et ardmmedﬁatids-@gzgrlgymr tveo arg:mn'ehesm&m B3 tArg-8B2Aasm d

sequence. g %@%ﬁ&nﬁte"t‘eé iflud {B@nﬂﬁg I\iéb @s SOGALd Ry ?ﬁ%&gg& hedh racterised

PS5/ ZUL NS rol nsu ed In transtor ion o npetent E.
coi | %é}ymn% Stamhtywnvaérdec @t&’ﬁ%‘é’q%@lﬁw? (RH13tT v &ad fabithel sampe tife qxhlbLB

medi um vmdbgreadﬁmdg.cgna&fmyarrpl cillin (0.01 ng/) in the volune of 500 mM, at
37C, 200 rpm eria ter i al has e epared for strain bank,

sanpl es cont al ﬁf’%ei op! ‘&att'BPl H"eXBﬁ‘Ft?ﬁ @Qaﬁh jaieg yelah!s) PRAIPacles)

deposi t edompositibds @Gf insulin deGbdtaes)eat the cdaatel tirlnea:resmMngsbro&:gmabacts/tty tanties t he

Tl kRl 6oh of B I o 1d DT oBRERE T ABLA DI AR LARY I fle¥1 2

bi osynt hesi's,” accor cons ruc
p52U|1§tsen9w2rzsA)m gtrezgtwedn mldmt@ﬁ oY 22 $hdayeraf newio 05Ut causesBigriditation

pS/ ZUl NSGt Wedit deril&tivé o éo@éb%glt PRSI uth RS %@Q.te' QtdbéUb!sé u‘é‘htlyf Qb PUEDS of

regul at or sequences an g . from 374 here is anpicillin
resi st and¥® YeREN®Ve the Blood Which CUS AN WpofttBerﬁ%C%be"teh*éW% prdonged egi on
encodi ng tipes pronoter, 5- from 4327 bp to 4554 bp there is a sequence

encodi ng P%b%'rtfes oq tﬁé’s@t&) (?oHndJsb%r%J t Cﬁ%‘%ﬂgwﬁgﬁﬁe @onfsr%agdbrpu%tg%lﬁ?ZZ bp

there is a sequence enco &ene
f r oml472%eseprch (ﬁndmrel;pam*hm dtalrsacatwtyegu anmala oot ev@etlmamtslcdlatpettesa rPurieg m nat or
Ter. 103ttﬁéé€ttﬁérr@w9£ ul?élpéHbW%tMé gaﬁarkﬁlﬁﬁf&o‘ﬂlgg@@ﬁ&t B ﬁ%oblbﬁaeﬂﬁ“&‘ct@uﬂﬁom ng

reconblned human i nsulin protein Insul1n hown Schematically in

Fi gure 1 Whighdastedsalsfer édﬁ”igd'@‘eaﬁ@r étﬁPFPi@E admigisketipnoh e raedigingy it eontrasti@anypl e

2. Co]pst fWHEL e obéer@'a/ kaJsz@an(:a%atﬁ«egﬁama)/anrab@smtﬂtn etmelvambéaif tdllg1 adstrain
transftor

t t NS 31B
pr oi nsul :T‘E“V't)é ﬁ"ﬁ ﬁl Swgé]os(';n(ég r %%Oflﬁﬁ é d%@% esp\” '§rr]nade ﬁfyst(é‘% %ned)
| NSG29 ( 2m¢mog( Sfmaanagbrmgmfs:aoﬂyaheas:trequemeadmyustreqma@femermechn‘inew@h(ohymy codon
with CGTlr{ct%rage RQH0EheRE, SRR r‘nd)Ebn%art Qk tt‘%ﬁ?dtn@ré?t?er%ox It is hio %;ﬁffanf Ghaodi fy

t he gene enco I Ng sequence O reconbi ne proir nsu n there wer e
desi gned S| o GrIVHY %gherrﬁ?‘% degivativesi ﬁqcorﬁﬁgatjetﬁengenwa'émr%ﬁtca lygmmegiet
CTAAAACAGETERRRERENECIEICANGRG: s m@.b.te%taamﬁm@ﬂtmsmme

3" 25Arg Strata een.used to conduct point
nut agene$ °P"’Bé’%t‘ﬂb?{'alqg§%? %tqoghaccégra?qdi@gtpimg oM95F MY di ty of plasmid

nucl 86t i de selpnaomptas efndsubbviderivatives 6. fogmild 1048 subtaas,dut anotMimited to, these '
p5/ ZuUl ng(r}{t(%g %9(318) pl asm d have been perfornmed as in Exanple 1.

ot ai ned Escherichia coli strainis the initial biological material in the
process 6f2@@nmanuf act uri ng UMFSSYIA —vi BIkESEIROLYY nt hdEEYingEdr di ng t he

Egarrpl e Akoagxanple 3. ConSJ]‘; ﬁtuﬁériduﬁéuhﬁfﬁ p%ﬁuyréﬂﬁénrg( 22 A)(Ne@inAB) p:c asmd and
obt ai nin a strain transformed with it nstruct '%‘15580

r econbi nga%q{ISSer (22A) Ar g( SABMHHBTHL Gl | @ﬁﬁé&é’ga& use‘tfl"sg]'n

p5/ ZBD NSBRETH22A) Ar g( 31B) plalsmajtmé[the—dl fBHLpsB32Alget wedinstiineKiRRne encodi ng
recombi ng g(31 ul i ene r econbi ned
pr oi nsul |%( @%2(‘0%%}\%2 (31 mﬁﬁéamﬁe Iz;%aengsé:saﬂr ?gﬁ?‘mq{#gdon with TCT
(Ser) coddhhsaN 'Ibaom tion 22 nlﬁuremnwhm— \ﬂﬁ&tﬁ:ﬁ@lzb@zzssm@wmmg/ 050010
:rlxlls(c);r d(erzA%mn ?I?’flxé)the genalm}ﬁagdhéwnlthe ea@mwsssb;\ ORI GEKR) TCT (Ser)

y rg proinsulin a er
codon at%‘ %@th on 22 of chai rr’f‘"l?"y't‘ﬂ’gge \/\eéTEg‘Eﬁ,Esq?@Wed f ”¥%JWA%W| mers for
poi NB5 MuARZAAaesi s react i on:— G ibsulin —CA/BBTAIGBSAGGAT CCTIadMNG ARR)Ser  STOP
SERD 5' GAATTGCAGTAGIT G 3. Ser [ ene no
200518-5 SAéA been used to g%aﬁ'd?su"n_ é'sq?(F E%%g nglfl("cﬁlq | sol ati on,
verifi cat“«?Z)Trhrof validity of- lmlm@'mucl (—:Bﬁmt@%é@uencélnawim T#R)ai ni ng E.
coli DH5a bacteria with p5/ZU NSSer (22A) Arg(31B) plasm d have been
performed as in Exanple 1. . (ptained Escherichia coli strain is the
initial biological material in the process of manufacturing SRinsi®in via
bi osynt hesi s according to Exanple 12. 15Exanple 4 Construction of
p5/ ZUl NSAl a( 22A) plasm d and obtaining of a strain transformed with it.

To construct a gene of reconbined I NSAl a(22A) proinsulin there has been
used p5/ ZUl NS pI asm d The d| ffer ence bet ween the gene. of reconbl ned

N 1~ A s ~NSN AN\ o Y



35manuf acturing AKR insulin via biosynthesis according to Exanple 13.

Exanpl e 5. Construction of p5/ZU NSA y(22A)d u(3B) plasm d and obtai ni ng of
a strain transformed with it To construct a gene of reconbi ned

p5/ ZUl NSGI 22A) 4 uéBB) proinsulin there was 40used p5/ZU NSGA 22A

pl asmi d. T 19028¢nce between the gene encodi ng r ecoRBI/REWRY/

2010/ 002283PCT/ PL2009/ 050010 I NSd y(22A) d u(3B) proinsulin and the gene

engodl Node( ﬂg&@a)m?yé N?Q y(—&ﬂ:ﬁ)anpmsmumsul IB:MAEgBazA@pI ac eisulih XHR) l\/g (Asn)
codon wi u) codon at, posi. rder to

nodi fy t%’t% Pﬁgﬁ%pencodl ng thehdo %SH@ éx&%?ﬁf@d I @@V'P%ﬁ? proi nsulin
by repI ak2aGint of AAC (Asn) thtain n@l\mrqel u)BSdergon at posi(inswin GR)of chai n B,

5 GroREaoctararaarre S MR 1SR Tr A RBEAGBACCTCC 3
A u StrabZifene kit (cat. no ROBHIBUE)—had3HeeEn used to (BaHARY poi nt

nmut agenegssrhf eaction. | sol atfyaian ,Nse,r,l, fi ceg;;w of vali dl(hyu“ﬁﬁ-qyl asmd

nucl eot i obt ai ni col i a bacteri

p5/ ZUl NS%%% %%ﬁ(%@% gyr'ﬁ q’?f‘é.‘t}’e'be@r:? B% formed a ”?lh'”éﬁe\rrpl e 1.

15Cbt ai na2il AssdNtri chi a coi I reAmaaiimsulis—t heB3iAigt i al  bi ol gigswialZRyat erial in
the proc - Of. facturl [ nsul.d Anks Iy to
Eanpl o 15 sty TR Qi PR TP b st st S JEShS SBE 888 0
beenlQUseidveDtien they werel| aseigegc syinebolsowhich ﬁredrwmsefédf theoame irsdls” and &4 sat i on
of the '&fﬁéltlétfe'ﬂs bhgb@a&amm SR @hipe aet:heé.ddfes @ich weré @b orf WHiicrexanpl e
DH5 or HB . Construction of p6/ZU NSSer(22A) plasm d and
obt ai ni n’&p'S'Fedathgﬁerpé?‘??”{ 'Pé*ﬂt‘s?%?'ﬁ@&”k‘k?t%ht"t‘a” n “"" HdheBR CRRRS NP e JRlifes

encodi ngare eonsidiém egth lohSEatke( 2RiAD apﬁcresﬂmdslcbdé Pezbgniseisin tﬁeaderpﬁﬁerUJnNSopl asm d,
Ny IBOEN o £ SO NP CHERRe 8 oL PERARNBSA DD 2 sltpPended

to nDdlfl gene encodi ng abi U|t|n I"'n=encodi ng
genel5 25XarlgbnthmesesdbeIﬁteh@ﬁretebe?erﬁsmeepbla@%uat\ﬁ fermialiefi qhelnc&;d(blwb venete t o t he

C term njges ofthd %Hhﬁwhlrb(géﬂ"grw&%@reE%%Wed?otﬂﬂq%rai‘ Rt kOR&pordicH Ni e

codon. The peptide constitutin iquitinis a carrier ?or Insulin
precur so@sPaWﬁi”Eha@@ﬁtht‘?"oﬁs Asi1 G- M"‘?r c"’l”@m’ﬂ}tebf X usi URePLoRBIde Bl éssion in
E. coll. deTh@thﬁWOOyseNHle ng the nodified ubiquitin-human insulin fu5| on
protein is pl der o r oot er 066344 A2

Dl s d car 1G0T gl eioe o RS, CurB el 3o srf® LRRRIE HATIBRs
vectZfl tusingestarsigrdreethodssd demslic Bogidi®rippasm d. ~  The difference bet vveen
the gene encodi ngry qfenbidalrd NSRE'doRdALicB! kAR BMthd lienaaedayime

proinsulin gene ist ormer has appende I t1onal at C
t er mi nus'eeIMRIRRG Ruman preinswlEyyging, geNRYC AGhAIYes Bikghices r exAapia %&els§e@1"bngat ed
at posi tmmaga%sw Sife-Sexkcific n&ﬁégeﬁéslﬁlﬁéd&@orﬁﬁasjbéé?lspéﬁéﬁnecﬁﬁélﬁlg strdegerdcokinodi f y

(Ser ) caainn Lot & pSf HES nénard Rep o amul DRATHAAUNY A BRI P o7
poi n25 mplGHERESINS 'FEHSL‘ZUlNa ASK%Y50th®ADNKWWWD‘EAA®1@@GE 3ncodi@ .
20101 Q0228 ARASK AR B 5850 TIOE SKEDu o JARGTBICTTAMGART TGIAGT 3

Ser 5Stratagene een used to conduct point
nmut agenesi s N%ﬂ'ﬂ@ﬁpthaen"@ﬁ@“t Bripe h@"éoh%OWﬁ teraninplqen/ 2eAEings BRI DNA.

Eschterl hibiAskiRlid uﬂéﬁodaoawl e b&y Sop ﬁ&i &tfalm@fv(ﬁe%ﬂﬁﬁs YEORE:| @rlrmt S%édgn bhe 4
reaction m e asm as been.isolated a sequence
in order® OPBe“\tteé{ %P/yg' ég&n&? ’%’% @Eq eBl d2s '8 &g PERFIRRY rI‘;md

cor r¥ct reesbinafiort dfeor@hsuimant sregduitivoel. leddee pqlyeptide] fariekampla ebiqoitn,for 8@Dgyene
encodi n rth'e(t’f 8@% NSSer (22A) proinsulin has been used to transformE. coli
DH5a bac ert a. sequently the bacteria were cultivated for 18 hours in LB
medi a wi t h adigaetioprmiypre: was ugeddo irarsi¢rmn @mpetpnityllsioh apoweniEseisyiohi@ cali 37C,

200 r pmstr@ﬁ\%@fdr %x&?ﬁél@rﬂl-ﬁ#a P#E, {essoRr %@F iR Jo@élblétté Bsd\cdId Bk ofh@F el es
cont ai n%& bacterial cultures and ycerol have been dep05| ted at

-70C. 1 tsﬁ?'h%Ef el REPtherHMIgroptgRNis® s, r°o‘[|°H1e6gP%’m ¢elltliaes Vhich Fa) PHYeRAdEi cal
mat 6351'df51|explfésﬁlgxe dﬁh{é@@ﬁﬁnéﬁeepméiﬁé aplabihidN GorfRiMing r@w%%\dmgastbhosw% bew s g
according t anpl e netic construe er asm
61 70r Nederdng KB eled et orRufoREt st Pa oo B Tt 0P Y o ng
r egul at moyrectrepsanfi neslectitd sgquerse. A@ordingaim thel Garkapt tfothé 3BEntim, plaemid with a
tetracycline resistance gene TET R, from 4304 bp to 4469 bp there is a
regi on encoding pns pronoter, from4473 bp to 4703 bp there is a region
encodi ng the gene encoding the nodified synthetic ubiquitin, there®are
follow ng nodifications: replacenent of arginine amno acid at positions
42, 54, 72, 74 in the ubiquitin gene with alanine and addition of
25arginine at position 77 which allows to renove the ubiquitin, from 4704
bp to 4868 bp there |s a sequence encodlng the ‘gene encodlng reconblned
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15Cbt ai ned Escherichia coli strain constitutes initial biological material
in the process of manufacturing GKR insulin via biosynthesis according to
Exanpl e 16. Exanple 8. Construction of p6/ZU NSA y(22A) d u(313) plasm d and
obtaining of a strain transformed with it. 20To construct a gene of

r econbi ned WREEWZ2BA) G u(3B) proinsulin there has beefCh&LV9/050010

p6/ ZU NSA y(22A) plasm d. The difference between the gene of reconbi ned

| NSG y (2 2%) abdiif{ediR)enp reatatitigl rieconatintb ot Huenahgesindulin @ds Lid o \iaRSidom pompetaisl i n

ene isr i on 3
gf chaisn Eg%lflaélﬁ%'rséd&e? g{]%%gd&%er% ﬁﬁ%gedgﬂ%ncﬁﬁh(% 9§%cé|§ﬁ IEt%'oegelorrbi ned
| NSA y ( 22001 @gforloin tutolumebf 5|0@|mlae¢mmm1t37°@ 2PN\ fas g htﬁarttmrak/mathrIMS( d u)
codon at i i j i s for
poi ntmiPabasau i Jahlsio rORTor B BRI RS Ay S B9EE
CACAGETGEgReFtesRlCANAACGACC 3' G u Stratagene kit (cat. no 200518-5) has

been used to vgRAtCH raainrmn raganaﬁmSobtam@rtbyOékprdsaehat EOBoli teirisfwetat i on of

vaI|d|tyo | as dnuc e nc aj_ni
S5bact of IR 1 Hle APNECTy5n) i Fes Ayt 1o ERlsan A PReB i Ry #8 as i n
Exanpl e Bubsequedtly arerwsbblﬁstdddo|stamdardqmdessasrdrfmsrorspmtwsr puritigatibn. [Bodltiogi cal

mat or i al of ek B REAGRAS Ay TN BLHE QR CEIR LRSI it dd BR6RIIES' o

accordin
iy ZUPNS%EW@QKA)N;\E SIS asRRgoHSl hEassh MM nehods knawsi Referelard ended wi t h

it WO ZQé&lr.QQ%ESBWe%R&Q%QﬁQ;OJJOB.or CHaC oMt 546C a eREEs B ( ﬁ@ﬂz@' ned

ey (g Tel el g i Been el B RO

| d
Ehgfg]ct epicsess [ punifisatioh hading tknbas membds;edraMeGIc(vt_pr:e};swe)ddmomatbgraﬂ@]' (Arg)

d t th
codon gl Bk 3B ST AL 5 0P OERGH 0 (e
pri mdPs fnsrlinAsaleguerut agenesi s: ARGG 5' CTAAAACACGTCGCGGCATCGTTGAACAG 3 Arg
10 ARGD 5"  OGH biddPtd SotsirEG I ERVAGoRiaHaL etk C Rrdings badnageNRsius AR F&dn- NO

200518-5) has been I\;ﬁ_@ed to conduct or nt mut agenesr s reaction. |solation,
verifi catNeRr ¢0&yar 9redrerﬁr'a%drﬁa KlalingeRzy MES (sfile ARIAIYSIAYCHWESIORI%hg E.
col i DHSnatbtatlg t #ppearing firh lipiag Zbighiéshy (RERrhbgds3 Wdictp |6 Miedctioav subseates
per f or med, ﬁrt&pm@% %gagld formsG)t ai ned Escherichia coil strain is the
initial bio cal erial the process of manufacturing GR insulin via
bi osy¥ft hesi s &@weo‘m@ napt@@ymteea agidatihmphesxygenaddirie haretaasenygtiofiualKR
insulin 28R deﬂétla'él L8 aBtﬁﬂ"‘ty PeRN F’%f’ﬁﬁqﬁﬂn@r%am}dr%x LPRYREHYRR d}g%n&’sre(?%ﬁés

realised in the classi um seed culture, production cuIture)
usi ng EsE’ﬁéﬂ?%ﬁﬁafe'e?g'YCQH%EY%S%CG'H% (IpiRgram, Bl gwielt eraklas RORINIRSKR PN i n

pr eg ur soamiet arwaedn@et:gareu Gt haf &(ﬁmd@hdrmoﬁés}ﬁ;ut:ﬁ a@ﬂxﬁwrrt br\/vﬁsb@r@siiriais been
conduct e er nent at i..o or, 20 hours a ntrolling
o oo feclyPe AR AP e SRR § OS4SR eptliod i e eafronSRE L 1S
the 235 peuprmigagaiesHrospGdetmion gyCHR raﬂdteogd@hhashebedneqsrreemroedbrecursor
intracel kSHté}ﬁXA 'T‘ak'aﬁ&éhtlﬁ' QKBRS &8 ; H&r&&@é t ae\F'dNQE;ucfn?W@}b?eEéthrg 311

fernmentati on bl’ ot een concentr at ed subsequent | di ges
| ysosyn‘eC'aar'i%Ct‘Ha’-éF‘e‘r PbthE‘éP | féfuﬁ%t\%a'b@%dﬂdb?"&:@%aﬁd‘@ﬁ“gg rtt“étj’Pé)tQGB?ﬁe
Qot ai ned Prassip ERS RUAF. 12083 AGEDS d) b3t 302 ; Milldh DOVAL, @ayamrd Laf Karathusnauleahudarr Wi th

Triton centri Cr, ted Qsit si.on |n|t|aIIy
Tron SR WS, (OFBRLE KON BRRSSL e Bl LNELHRL RS SRR At 2!
honogeénatmidatiy éregme edixgresdeddnl %meetﬁamgércmyy ¢alis tAmh Salchern &opdys. 46 um

car bonat gy 13ys ggéggn of EDTA, subjected to renaturation and, for
protection of lysine free ami no groups, subjected to reversible process of
citraconylation in a reaction with citraconi c anhydride. The dissol ved
protein had been subjected to trypsine digestion in order to cleave 35 the
| eader protein out and to cleave the insulin chains. In the result of
trypsine activity there was obtained GKR i nsulin. The solution after
digestion with trypsi ne has been subjected to purification with | ow
pressure |iquid chromat ography on DEAE Sepharose FF gel, and subsequently
diafiltration and concentration -- second | ow pressure liquid

chromat ography on Q Sepharose FF gel. Main fraction has been subjected to
purification with high pressure WD 2010/ 002283PCT/ PL2009/ 050010 liquid
chr omat ogr aphy on Kromasi | -RPC3 100A 10pm gel. Main fraction has been
concentration using dialysis to concentration of 30-40 ng/cnB and purified
GKR i nsulin has been separated by crystallisation, using sodiumcitrate,
zinc acetate, citric acid. Fromone batch of inclusion bodies has been
obt ai ned about 5.4 g of crystallised GKRinsulin 5 of HPLC purity 97% The
product S structure has been confrrned by follomnng data nDIecuIar
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35 fragment encoding AKR insulin precursor, obtained in accordance with
Exanpl e 4, there has been obtai ned from anal ogous batch of inclusion bodies
4.7 g of AKRinsulin of HPLC purity equal to 96.5% WO

2010/ 002283PCT/ PL2009/ 050010 Product's structure has been confirnmed by
fol | owi ng WA2810002%83 ecul ar mass determined by mass speB¢FBs¥8RUBual s 6163
and conforns to theoretical value (6163.1); peptide map: conforns.
| soel ectric point: 7.07. Exanple 14. Manufacturing of GEKR insulin
Proceedi ng anal ogously to Exanple 10, ysing Escherichia coilgstrain with
'DNA fragnment encpdi ng GEKRgsul in predursor, obtained in agcqrdance with
Exanpl e SGE%{h%g,eNﬁ@rsc%en“Qm,@i nedpef,ﬁderrﬂl\@fn%ﬂ“ogous bat cRPE¥ 'nct usi on bodi es
5.0 g of R Nt iy N Wpuri tyu§dyal to 97. 5% uiasdp@bdes St ruct ure
has been confirmed by f-l IR ng™data: nol ecul ar F¥ass det esni ned by mass
spectroscopy equals 6184 and coHffrns to theoretical val ugp6164.1);
peptide map:. conforns. 15lsoelectric, point:. 6.29. Exanple 15 Mnufacturing
of SKR i ns@ﬂ"‘ﬁm“"ded"pmuﬁ?fr oceedi ng aﬁ’éf"g’g'glffs rI§/"%t o Exanpl e %ﬁ’f’iﬁsi ng
Escherichia coli strain with DNA fragnment encoding SKR insulin precursor,
obt ai ned i n dtexrsbamidkeQhi t h- Exanpl e l§draxiletegvaiise been obt ai gigakyfateom
anal ogous; obhy, RS S i ; } i f : ity 20
equal t Oﬁug@%hcﬁr o?tlj g"ﬁ & solfl 3 ér?ﬂg%}&ﬂ e&ﬁaaée%gg n%.%%‘slg{rpn@g %%}Q?sgl (Iag%?%d) lrMes ults:
mol ecul aPataridd., dakabashi edSagmetss. fieadards Kaigg Yeqiegushigd.7 Exareesienbafdr ms t o
t heoret i gatackdizatRn( 6L Admdn bifuR@Bhdl A& pi@gly N BRhABMIdRRhS ¢RrR6L/gkase0i Nt

7.05. Ex l.e_16. facturl f Rinsulin Proceedi ng anal ogously
to Exanp ’gpei’bEXplﬁfi”fl\@E@éa%é%%ﬁ%ﬁ@Bﬂ( strain with DNA fragment encodi ng GKR
i nsul i n PAMEwisase,is aptotaimehbich is farclontdaaliaen eukany ofix argahismé of diti@eet Iéregh been
obt ai ned_f I . Lacl usi i C 3 i in of
TPLC part't DR At ot oife hote Y B0 HhGisadt Jiheliha AR, hotiat; 2

i nsul i n)organism (BRamsapiens). inmdigtpiherelare fRnelib Lener PrRPIBE PERRIRS ieKkibDIting

Pr ocaedi RGvigbomasiny pfdedsganpl e 10, using Escherichia coil strain with
DNA fragment _encodin &E [

FKR i nsulin precursor,. obtained in accordance with
Exanpl e 8, t HOFeP3iehRysigaehpmy £f?f§’gtyf9foWF%‘H%EF€fg£51H§‘aBdF%ﬂnoﬁ”a|°ﬁE‘F$u§ on
bodi es 6Giofinga of whitkigifierehtibtes tradnm et Gumani ingulieis aheit ¢al@e’ &b isbeeanionpaint,

0761 002 9ePear BsB B § o550 B s el ob L SR, B P comingr i
Pr oceedi satptiansablozpislics toysligbtlyacidigpbid. Titds prepertyy eiabitsdenrepanation cabicompesiti®nn- wi t h

DNA {5 agdgRibnEaRei ingifFervagies imMadii€pir sor, obtained in accordance with
Exanpl e 9, there has been obtained from anal ogous batch of inclusion bodies

5.5 g of GR iMs3PPEF chtheHprantionisi d'sp Biaqnatevtich! SemBoRtioRehaRieiRpIIVIPEr ti es of
t he prodtatit ddokinsnstettively a@ting amdundoPihsulih HerivaXiggadodrdlrty toMenint@tibuor g of ZKR

insulin 00.. of i ngul i. | ut. nu t d,accarding,.t

ol o HGenidiy 8iechle A it AR Seh T AR FRRLIBE B SRRl (o i
5.0-5. 5 compositioraacchisiing tathednyen|ion RS, alsbi®pl] 19iS0amtnallohgiec. 5 mM ascor bi ¢
aci heand 2 pMoﬁ%@gﬁ&gé{éﬁéct(&?ﬁ@ih%ﬂoﬁ%%?idjbéégoftir%uﬁﬁlHéWatiM accoigBEE K
Sakanoto H, Harada S., Kaida Y., Noguchi M ; Expression and

char act &RYeRHEN oitsoIapTRaeHtiqH Y acrepiaBigaltpehieh Wenreglelitgdaboxe.ia mankiagitta ng
WDBOOXygﬁﬂ?lﬁ)Etrgﬁm@hﬁir?gdﬁémrongﬂﬁiiaﬁ?tefoof Aprz; 28(2): 292-72(%2- )Th and )
subsequent |y m xture \' en t for ours _at . : e reaction has
been ot opped 'byeiiner JHo fe sty Derprarnaceulid eBmBhsibhy epoqisige, 't R

obt ai nednwualier, icontaima sffeetyrly sachinge atnedntta bnsynthetcagnatoguaiof thuman-rsxlirhahge

chr t gAY of; | cont ai ni ng ZKR

[ ns%B?nqg%nce%?ﬁ%?pgg%gB_gfﬁglj%g%f%péagl%s%tr?gl\%klp?rg%@fst(t)ér?%_ usi ng sodi um
citrate, zind alttefdiesyntheticrhumandnsylin Rpglagusaccawiinghtoghe invertion an exieiur e

t here haé(aﬁggrh SttophiReMe At br AAmMBBIURfsakr ystal | i ne ZKR insulin of HPLC
purity of 9 uct's structure has been confirnmed. by foll OW@E%? results:

% P . . by,
mol ecul ar rraséogeﬁ{sgg?r duRsTRonEATPRSHIoR FeRIdIAg P g INMeBtoNs Prepate rns to
t heor et ifoa ovediutien (260 Sdntains: stfectielpddtiog amapnt of bivspithatic dnaleglieof iiuntarpoi nt :

7.5 nuf.actur i f in j To 1 f insulin
o 1 on S &1 PloyHAC B AR AiBabEechaHbe Fat gpo sl Heelins SR, oon
MES/ KOH dsuisétonic agents) presetvatives agenis tstabilizind dgents, ophorallgaufferin@agents. mi 30

catal ase, 5mM ascorbic acid and 2pM PAM enzyne, and subsequently the
solution has been mldly mxed for 1 hour at 37,C. The reaction has been

st opped by addition of 1mM Na2EDTA. The solution after reaction w tth PAM
has been subjected to purification by ion-exchange and HPLC net hods.

The main fraction containing insulin concentrated and subjected to
crystallisation 35using sodiumcitrate, zinc citrate, citric acid. From one
batch of reaction m xture there was obtained 22 ng of crystalline ZR
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water for injectionto 10 m pH4.5 Preparation procedure was as foll ows:
15There were made two followi ng solutions: Solution 1 Zinc oxide in anpunt
necessary to reach the final concentration of Zn ions of 30 pg/m were
dissolved in 40 m_ of 10 nM hydrochloric acid. After that, to obtained

sol uti on wa¥03%4e¥#nsulin GKR in anmount corresponding RCI/PLA00GOOL of
insulin GKR, under mld stirring until 20obtaining a clear solution and

t hen pH adj ushsdubtef Hel awveflslﬁ;staﬁeé ugddam tha cSﬁfpaﬁnﬁ?dreéqcord&aQo @ itNentidreisesol

i ot oo 8 T B UAE! nglBh-BaR S Il Sea dEbET il
stirring Imsallrsemmgtenwtzlch supypiestreinthisdnwentidn, watleunitf (du) is meaot 1 @axiiay vol,ume 100

m and i rboﬁt%fﬁﬁg%e ngkd &Pﬁﬁe?&? %leﬁfgttﬂelvaghwsuéaé WhiehhahndMVnyd e, or i ¢

acid or 0,2 MSolution I um I ox Resulting m xture was In
steriPe COHERPONGRO 1016 1N dHakinps§AMIN22 pmfilter and aliquoted into gl ass

3 vials. |fFov@e rrﬁl@ieetrdau é’tﬁﬁpo'fsiﬂaﬂi addORIiRY RS MUér@Bn BANGRE Bf (8 sGishor BSUl i N

(100 u/mM 0 t enperature 30i nvestigated period of
56 days, ")oﬁ’ %?Bpéa%ie géié é@h@u“rq ‘?5] test (Exanple 24). Exanple 22.
Manuf act ur i ngGeherplIyarauahzmwBuMncpg épesrapdsiion® bedRling1 &utherineb6th arfenthp Ther e

was made s&glg sm)sté)rfceé)ﬁﬁf %%%%Har(b?éé)apdilgrpﬂo d nrﬁrﬂ; mgg@edo% eHﬂur&né&%sH r’d ) of

the foll owm ng conposition I'nsu
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gl yceri nebgiri é’dlutuoN@o%%&(cQQZ@g%%BQE/rPh%Q%oQ Ha. b Wp?&l Refofkc dg@ht@Ct' on

waterup to rocedur e t| cal n Exa 21,
noart o Wekin R betoan a0 drs BRR R RO I s Ea ool Gre. R (ir
t he anouniycedne3bdvontpbleli®usdOf) glyrerimed t hat the final value of pH was 4.

Exampl e 25 VAOULAGHUELAD oBlyPRRLEBSH Gl BISPRLAL AN e FrkR Yl | i

(100 u/n) There was .
i nsullSn ceORowdaLhosen fremehe o i wiichdestanas im-¢resrlg. \paeruégr their mixtuiesy ) :  10GEKR

insulin (Exanmbg defiyativd® Mﬂem/ t()%cd]rﬁ)ch/@dsHé}ﬁ{aﬁﬂGrﬁan Jrr%ghr‘r’/dﬁ;)stafﬂiligé@%?l 2.7

ng/ m anhydr ous gl ycerjnel6 my/m zinc30 pg/m injection waterup 1.0m
15pH4. 0 AHd '%‘Efééﬁu?"@ \A/H%dqcl%fﬁ‘fq {Bgsolytion iR ”B(faﬁ'beea’M”Q otpetr ?'”%Fh'?W&tort hat
i nst ead okid&Emadunsofl therzibdreanerangesirans adufdEK Rg/inh soldrouhd( 150 ubhﬂ amount of, 10

000 u) and that oﬁ(ﬂ,ﬁni eQ%Jn%}éa% g c?of & \vaa}ﬁ%Abo% ositiqn corﬁé @erlgz‘ilves of

Exam nati on o accel ceuti Ca ara I on of 20&KR
i nsul20n (fa@mbinegihpman insufh acqrding.itoi tbalanpnMam@tbaen def/elw .1%00 iufml of

(100u/ mbmsfﬁﬁ&nc%ﬁﬁl@}é@ m Fn%n ﬁ%gam%f%r%{laia héﬁuh%ﬂnﬁdé%féﬁﬁﬂc&;ﬁaﬁé &g nation

of accelera st abi é ) I‘In% I'S exam nati'on there were
perf or med © F4T |9§’°€ff”ep /i Wﬁ%{whmr%%?!e o¢- B#S@&th'ﬂ‘b?ﬂda‘fﬁtﬂra‘f’i igigctionde ow
there ara mixhi bited HPLC purity of the product (GKR insuli n) and the
proportional 25 ut ,on. _hi ghest .si nal nt am n

e Pvat i ve. antd SOy Risrh 8 opicB O R ot B8R Tl Blen A E Y ,
56 days. aHH_ajleguiracuf;Slqne@ftexa@fples&fdlaeymvemnoclaysal’s@thnayvslcwaannorpwlse{ o0 95. 10

94. 33 93 oR8o23 181 ELGIRASIs abhglres, GPRhdA? nation F¥d 1.07 1.70 1.72 1.98
Deami do [/oT 28 0.37 0.32 0736 Polymers M 0.17 0.37 0.44 0.48 Exanple

25. Exam nati '(:)'ﬁuréﬂ REeseaissirgetate of piapMidiRSZYNSHly A ediainieg gﬁ?%fﬂff’ﬁ*f‘@ on of
GEKR i ns @KRproteMbf dcdimbiné@Meammaceut i cal preparation of GEKR insulin
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30 Figure 3 presents structure of plasmid p6/ZUINSSer(22A) containing a gene encoding
insulin SKR protein.

Figure 4 presents nucleotide and amino acid sequence of plasmid p6/ZUINSSer(22A).

Figure 5 presents influence of single dose administration of GKR insulin (in the dose

of 5 u/kg of body mass on glucose concentration in blood of normoglycaemic rats, compared

35 with preparation of Gensulin N. Average values + SEM. Statistical significance **p<0.01:

Insulin GKR vs. initial glucose concentration; ##p<0.01, #p<0.05: Gensulin N vs. initial

glucose concentration; *p<0.01: Insulin GKR vs. Gensulin N.



exam nation there were perforned analysis of purity and | evel of protein
contam nation. Below there are exhibited HPLC purity of the product (CGEKR
i nsulin) and the proportional WO 2010/ 002283PCT/ PL2009/ 050010
contributi on: %hest single contam nation, and polymers, in HPLC test, in
time poi nt WORI0008983 ang 14 days and 1, 2 and 3 nont hs PCEBE200SEMIIPY ¢ est

, 0" 14 days 1 nonths 2 nonths 3 nonths Main peak[% 97.33 ,97.14 96. 42
94.55 94. 41 Hiiglhe BtpredenBl igfluency amgingl tese ddHinibtrdidh oft BKR iAulid. (ﬁ&io%e%ﬁ

Pol yner s ot .determ ned 09 not det.erm 5 t ermn Exanpl e
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di f f et en€EB vBrl-atusogl ycaeni ¢ actl vity of both preparations have been
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activit nnn mi ou 0. CO aredtothe
refer en)é%gbpe %‘pé? °t° (9ﬁr'S°n| ‘HZWJILIQ taal%{?%ﬁr% n{ L%mt ﬁxe)g(ﬁ%{e@)fcg?mcal ITEI gni fi cance
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and, in prin di d er. st
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Additio :m@&% d Ln es p on nof _ | | asting
hypogl yg%eeh]%zgtgﬁh ect t@r§8 %%m ﬁ@? %(rg!ri] Wadﬁn%stgggg gi"r:d?lof OGKR e

pr epar at Yearglyeagnaia; somigs er RRysiclogicalasalth # hl/dha U@l ofixed Pypewlycaemiged wit h
KR pr ep@fn&bu%y@@@géalts&ﬁaéleﬁbnwam/zb@atbms Stabtidah@grificakdée: Wi 4 b o1l d pdi abet es,
who were ngtﬂ% ed anal ogues in the dose of 5 u/kg bmfor 21 days.

bt ai ned® H”Be an evi dence of existence of very strong boundi ng of
GKR 3Msul i n iAgure $3preseripinisanbé v smdh@dtbserwomssttansrsufe&EKFmeylms(ummebf t hesi s
of exi st e, of t Wy
redistri ﬁ% ﬁﬁg@%ﬁ%%%gkgh&%gﬁggh%ﬁ 5 (@s!gr ng&%‘ﬂh? ‘ﬁ ﬂﬂ%ﬁ 'Zanege

pr epar at $tientozatagin- quneqﬁer@@beteﬁ t eempared c will i ﬂ—ﬁmmlbnpienafhu%nél coliked be a

br eakt hr% ,@ybgerﬁ,ger apy with prolonged activity insulin anal ogues, allow ng
e.g. adm'nistration of |ess than one dose of the nmedicine per day. The
results describing glucose concentration in rat blood after single dose
15adm ni stration of GKR insulin in the dose of 5 u/kg bmin the mld
~streptozotocin-induced di abetes nodel (in conparison with Lantus
preparation) are shown in Table 2 and Fig. 6. The results describing
i nfluence of GKR insulin on glucose concentration in rat blood after single
dose one-time adm nistration of doses 2.5 u/kg bm 5 u/kg bmand 7.5 u/ kg
bmin severe strept.ozotocin-induced di abetes nodel (in conparison with
Lantus preparation and 20control) are shown in Table 3. The tksults
presenting influence of GKR insulin on glucose concentration in rat bl ood
after single dose adm nistration of doses 2.5 u/kg bm 5 u/kg bmand 7.5
"u/kg bmin severe streptozotocin-induced di abetes nodel (in conparison wth
control) are shovvn |n Flg 7 The results presentl ng |an uence of KR
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- 91.52.0 87.02.1 --- 88.71.7 - 88.92.0 -- 87.43.2 88.72.2 - 93.02.0 ---
91.32.2 --- 93.02. al groups n=10; *w0 2010/002283 EM PCT/ PL2009/ 050010
gni ficance **p<0,01 GKR insulin vs. initial glucose concentration; p<0,01,
#p<0,05 Gensulin N vs. initial glucose concentration; "Ap<( g bmvs.

Gensul in NYOPWRBm eath of one animal in the 2nd hEGIPLPGPRRIMYe of
single dose adm nistration of GKRinsulin in a dose of 5 u/kg bm on gl ucose
concent r &xamplei h. Boostduciionr aft p5ZUINSGIy(20AKt plaBiNY iand usittaintigabEhestraig onpar ed

wi.th Lan [ i in lar ine . nodel Tested preparat ion dose
S.cC. nunitt)}é?'sﬁrgrgg@hitﬁgt%e%glr"oup concentration of glucose in rat bl ood nean

val ue (ng/ di)To geiMtruct a gene aocodglyyrecmmyined NSEIZAPE rmgdipadie tere twassusedl bl ood
S, DOpIARTs HABAE SR oA OB i 8 B el 0 05
5 added to a modified gene of synthetic ubiquitin. In the ubiquitin gene arginine codons have
been replaced with alanine codons.and to the C terminus of ubiquitin gene there has been
added' aditional arginine codon. Peptide which constitutes part of ubiquitin is a carrier for
insulin precursor, and is a condition for high efficiency of fusion protein synthesis in E. coli.
The region encoding the modified fusion protein ubiquitin-human insulin is placed under
10 control of pms (WO05066344 A2) promoter. The plasmid carries ampicillin resistance gene.
For construction of p5/ZUINS vector there was used plGAL1 plasmid, whose'sequence
deposited in Gene Bank has number AY424310.
The recombined INSGIly(22A) proinsulin gene differs from the model human
proinsulin gene in such a way, that it has attached additional GGT codon at C terminus of
15  chain A. In result amino acid sequence of chain A is being elongated at position 22 with Gly —
glycine — amino acid residue.
In order to modify the gene encoding human recombined’ proinsulin sequence by
adding of GGT (Gly) codon at its C terminus, there were designed following primers for point

mutagenesis reaction:

200 GLYG
5 AACTACTGCAATGGTIAAGTCGACTCTAGC 3
Gly STOP
GLYD
5 GTAGCTAGAGTCGACTTAACCATTGCAG 3
25 Gly

The point mutagenesis reaction was carried out using Stratagene kit (catalogue no 200518-
5). As the template there has been used plasmid DNA p5/ZUINS. Escherichia coli DH5 a -
competent cells were transformed with reaction mixture. Plasmid p5/ZUINSGly(22A) has
30 been isolated and sequenced in order to verify presence of GGT nucleotides encoding
glycine and the validity of plasmid sequence. Plasmid with the modified gene encoding
recombined p5/ZUINSGIy(22A) proinsulin has been used in transformation of competent E.
coli DH5a cells which were subsequently cultivated for 18 hours in LB medium with addition
of ampicillin (0.01 mg/ml) in the volume of 500 ml, at 37°C, 200 rpm. Bacteria material has
35 been prepared for strain bank, samples containing 1:1 bacterial cultures and 40% glycerol
have been deposited at -70 °C.
Obtained Escherichia coli strain constitutes the initial biological material in the
process of obtaining GKR insulin via biosynthesis, according to Example 10.
Genetic construction of p5/ZUINSGly(22A) plasmid

11



115.6 18.1 AA84.1 7.8 AA 93.3 4.8 AA 106.7 7.2 AA 117.0 49. *AA 130.3 8.9

AA 142.0 7.9 AA 173.4 18.6 Lantus 9 103.6+2.9 229.2 32.5 135.6 27.1

72.6 5.2 69.7 8.4 77.9 6.8 76.8 5.7 106.1 6.0 128.2 13.1 199.8 36.6
5.9 236.1 7.7 222.2 24.8 205.3 21.5 207.4

control 10 nl/200g bm9 91.3
21.8 203.4%1)?%"?8’5?9 21.3 212.0 24.1 213.6 23.1 213. 2PSHPROYEMI0cance: **-
p<0,01* p<0,05&KRvs. Lantus AA p<0,01 p < 0,05 KR vs. control
tion grBlapmid pS/ZUINSGIly(22A) is 4775 base pairs long and is built of following regulatory

sequences and genes:
- from 374 bp to 1234 bp there is ampicillin resistance gene AMP R,
- from 4158 bp to 4323 bp there is a region encoding pms promoter,
5 - from 4327 bp to 4554 bp there is a sequence encoding modified synthetic ubiquitin
gene ZUBI, ' ' ‘
- from 4558 bp to 4722 bp there is a sequence encoding the recombined INSGly(22A)
proinsulin gene,
- from 4729 bp to 4775 bp there is a region encoding transcription terminator Ter.
10 Structure. of - p5/ZUINSGIy(22A) plasmid containing the gene encoding recombined
human insulin protein (GKR insulin) is shown schematically in Figure 1, and its nucleotide
and amino acid sequence at Figure 2.
Example 2. Construction of p5/ZUINSGly(22A)Arg(31B) plasmid and obtaining a strain
transformed with it.

15 In construction of recombined INSGly(22A)Arg(31B) proinsulin gene there was used
pS/ZUINSGly(22A) plasmid. The recombined INSGly(22A)Arg(31B) gene is characterised by
replacement of AAG (Lys) codon with CGT (Arg) codon at position 31 of chain B.

In order to modify the gene encoding sequence of recombined INSGIly(22A)
proinsulin there were designed following primers for point mutagenesis reaction:

20 ARGG
5 CTAAAACACGTCGCGGCATCGTTGAACAG 3’
Arg
ARGD
5 CGATGCCGCGACGTGTTTTAGGAGTGTAG 3
25 Arg

Stratagene kit (cat. no 200518-5) has been used to conduct point mutagenesis reaction.

Isolation, verification of validity of plasmid nucleotide sequence and obtaining E. coli DH5a

bacteria with p5/ZUINSGly(22A)Arg(31B) plasmid have been performed as in Example 1.

Obtained Escherichia coli strain is the initial biological material in the process of
30  manufacturing GR insulin via the biosynthesis according the Example 11.

Example 3. Construction of p5/ZUINSSer(22A)Arg(31B) plasmid and obtaining of a
strain transformed with it

35 To construct a gene of recombined INSSer(22A)Arg(31B) proinsulin there was
used p5/ZUINSGly(22A)Arg(31B) plasmid. The difference between the gene encoding
recombined INSSer(22A)Arg(31B) proinsulin and the gene encoding recombined proinsulin
INSGly(22A)Arg(31B) is a replacement of GGT (Gly) codon with TCT (Ser) codon at position
22 of chain A.

12



caeny ma (hours) 00,5124681012 cm - )m KR W 2,5 u/kg
bm 2010/ 002283 86.3 3.4 570.8 + 20.1 251.4 + 41.2 ** AA 170.2 + 28.8 ** AA
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284.3 28. TVQ3NIBR28%H5 9 209.1 34.4 314.6 52.4 415.2 PAFG’RP%’QSUBIO 25.5
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0

546. 4

In order to modify the gene encoding the sequence of recombined
INSGly(22A)Arg(31B) proinsulin by replacement of GGT (Gly) with TCT (Ser) codon at
position 22 of chain A, there were designed following primers for point mutagenesis reaction:
SERG

5 5 CAATTCTTAAGGATCCTCTAG 3’
Ser STOP

SERD
5 CTTAAGAATTGCAGTAGTTCTCCAG 3

Ser
10  Stratagene kit (cat. no 200518-5) has been used to conduct point mutagenesis reaction.

Isolation, verification of validity of plasmid nucleotide sequence and obtaining E. coli DH5a"
bacteria with p5/ZUINSSer(22A)Arg(31 B) plasmid have been performed as in Example 1.
Obtained Escherichia coli strain is the initial biological material in the process of
manufacturing SR insulin via biosynthesis according to Example 12.
15 Example 4 Construction of p5/ZUINSAla(22A) plasmid and obtaining of a strain
transformed with it.
To construct a gene of recombined INSAla(22A) proinsulin there has been used
p5/ZUINS plasmid. The difference between the gene of recombined INSAla(22A) proinsulin
and the model human proinsulin gene is addition of GCT codon to the C terminus of chain A
20  of the former. In result the amino acid sequence of chain A is elongated at position 22 with
Ala - alanine amino acid residue.
In order to modify the gene encoding the sequence of recombined human insulin by
addition of GCT (Ala) codon at its C terminus, there were designed following primers for point

mutagenesis:
25 ALAG
5 CAATGCTTAAGGATCCTCTAG 3
Ala STOP
ALAD
5 CTTAAGCATTGCAGTAGTTCTCCAG 3’
30 Ala

Stratagene kit (cat. no 200518-5) has been used to conduct point mutagenesis reaction.
Isolation, verification of validity of plasmid nucleotide sequence and obtaining E. coli DH5a
bacteria with p5/ZUINSAla(22A) plasmid have been performed as in Example 1.
Obtained Escherichia coli strain is the initial biological material in the process of
35  manufacturing AKR insulin via biosynthesis according to Example 13.

Example 5. Construction of p5/ZUINSGly(22A)Glu(3B) plasmid and obtaining of a
strain transformed with it
To construct a gene of recombined p5/ZUINSGly(22A)Glu(3B) proinsulin there was

40 used pS5/ZUINSGIly(22A) plasmid. The difference between the gene encoding recombined
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INSGly(22A)Glu(3B) proinsulin and the gene encoding recombined INSGly(22A) proinsulin is
a replacement of AAC (Asn) codon-with GAA (Glu) codon at position 3 of chain B.
In order to modify the gene encoding. the sequence of recombined INSGly(22A)
proinsulin by replacement of AAC (Asn) with GAA (Glu) codon at position 3 of chain B, there
5  were designed following primers for point mutagenesis reaction:

GLUG
5' GTCGAACAGCACCTGTGTGGTTC 3
Glu

GLUD
10 5 GCTGTTCGACAAAACGAGGACCTGC ¥
Glu
Stratagene kit (cat. no 200518-5) has been used to conduct point mutagenesis reaction.

Isolation, verification of validity of plasmid nucleotide sequence and obtaining E. coli DH5a
bacteria with p5/ZUINSGly(22A)Glu(31B) plasmid have been performed as in Example 1.
15 Obtained Escherichia coli strain is the initial biological material in the process of
| manufacturing GEKR insulin via biosynthesis according to Example 14.

In examples 1-5 as the plasmid hosts there have been used DH5a E. coli
bacteria, but in described above, model reallisation of the invention there can be used also
other E. coli strains, for example DH5 or HB101. '

20 Example 6. Construction of p6/ZUINSSer(22A) plasmid and obtaining of a strain
transformed with it |
To construct a gene encoding recombined INSSer(22A) proinsulin there waé used
p6/ZUINS plasmid, in which DNA fragment encoding precursor of réecombined insulin is
appended to modified gene encoding synthetic ubiquitin. In the ubiquitin-encoding gene
25 arginine codons have been replaced with alanine codons and to the C terminus of ubiquitin
gene there has been added an additional arginine codon. The peptide constituting part of
ubiquitin is a carrier for insulin precursor, which conditions high efficiency of fusion pfotein
expression in E. coli. The region encoding the modified ubiquitin-human insulin fusion protein
is placed under control of pms promoter (WO05066344 A2). The plasmid carries tetracycline_ '
30 resistance gene. To construct p6/ZUINS vector there has been used p5/ZUINS plasmid.
The difference between the gene encoding recombined INSSer(22A) proinsulin and
the model human proinsulin gene is that the former has appended additional TCT codon at C
terminus of chain A. In result amino acid sequence of chain A is elongated at position 22 with
Ser — serine amino acid residue. )
35 In order to modify the gene encoding the sequence of recombined proinsulin by
- appending TCT (Ser) codon at its C terminus, there were designed following primers for point
mutagenesis reaction:

SKRG
5 GAACTACTGCAATTCTTAAGTCGA 3
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Ser STOP

SKRD
5 TAGAGTCGACTTAAGAATTGCAGTAS
Ser

5  Stratagene kit (cat. no 200518-5) has been used to conduct point mutagenesis reaction, as
the template has been used p6/ZUINS plasmid DNA. Escherichia coli DH5a competent cells
have been transformed with the reaction mixture. p6/ZUINSSer(22A) plasmid has been
isolated and sequenced in order to verify presence of TCT nucleotides encoding serine and
correctness of the plasmid sequence. The plasmid with the modified gene encoding

10  p6/ZUINSSer(22A) proinsulin has been used to transform E. coli DH5a bacteria.
Subsequently the bacteria were cultivated for 18 hours in LB media with addition of
tetracycline (0.01 mg/ml) in 500 ml volume at 37°C, 200 rpm.

Bacteria material has been preparated for strain bank samples containing 1:1 bacterial
cultures and 40% glycerol have been deposited at -70°C.

15 Obtained Escherichia coli strain constitutes initial biological material in the process of
manufacturing SKR insulin via biosynthesis aécording to Example 15.

Genetic construction of p6/ZUINSSer(22A) plasmid
p6/ZUINSSer(22A) plasmid is 4911 base pairs long and is made of following
regulatory sequences and genes:

20 - from 146 bp to 1336 bp there is a tetracycline resistance gene TET R,

- from 4304 bp to 4469 bp there is a region encoding pms promoter,

- from 4473' bp to 4703 bp there is a region encoding the gene encoding the modified
synthetic ubiquitin; there are following modifications: replacement of arginine amino
acid at positions 42, 54, 72, 74 in the ubiquitin gene with alanine and addition of

25 arginine at position 77 which allows to remove the ubiquitin,

- from 4704 bp-to 4868 bp there is a sequence encoding the gene encoding
recombined INSSer(22A) proinsulin,

- from 4875 bp to 4911 bp there is a region encoding transcription terminator Ter.

Structure of p6/ZUINSSer(22A) plasmid containing the gene encoding recombined

30 human insulin protein (SKR protein) is shown schematically in Figure 3, and its

nucleotide and amino acid sequence in Fig. 4.

Example 7. Construction of p6/ZUINSGly(22A) plasmid and obtaining of a strain
transformed with it.
To construct a gene encoding recombined INSGly(22A) proinsulin there was used

35 p6/ZUINS plasmid, in which DNA fragment encoding precursor of recombined insulin is
appended to modified gene encoding synthetic ubiquitin.

The difference between the gene encoding recombined INSGly(22A) proinsulin and
the model human proinsulin gene is that the former has appended additional GGT codon at
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with Gly — glycine amino acid residue.
In order to modify the gene encoding the sequence of recombined human proinsulin
by appending GGT (Gly) codon at its C terminus, there were designed following primers for
5 point mutagenesis reaction: '

GLYG - _
5 AACTACTGCAATGGTTAAGTCGACTCTAGC 3’
Gly STOP
GLYD
10 5 GTAGCTAGAGTCGACTTAACCATTGCAG3’
Gly
Stratagene kit (cat. no 200518-5) has been used to conduct point mutagenesis reaction.

Isolation, verification of validity of plasmid nucleotide sequence and obtaining E. coli DH5
bacteria with p6/ZUINSGly(22A) plasmid have been performed as in Example 6.
15 Obtained Escherichia coli strain constitutes initial biological material in the process of
manufacturing GKR insulin via biosynthesis according to Example 16.

Example 8. Construction of p6/ZUINSGly(22A)Glu(3B) plasmid and obtaining of a
strain transformed with it.

20 To construct a gene of recombined INSGly(22A)Glu(3B) proinsulin there has been used
p6/ZUINSGly(22A) plasmid. The difference between the gene of recombined
INSGly(22A)Glu(3B)  proinsulin and the recombined INSGly(22A) proinsulin gene is
replacement of AAC (Asn) codon with GAA (Glu) codon at position 3 of chain B.

In order to modify the gene encoding the sequence of recombined INSGIly(22A)

25  proinsulin by replacement of AAC (Asn) codon with GAA (Glu) codon at position 3 in chain B,
there were designed following primers for point mutagenesis:

GLUG
5 GTCGAACAGCACCTGTGTGGTTC 3’
Glu
30 GLUD-2
5 CACAGGTGCTGTTCGACAAAACGACC 3
Glu
Stratagene kit (cat. no 200518-5) has been used to conduct point mutagenesis reaction.

Isolation, verification of validity of plasmid nucleotide sequence and obtaining E. coli DH5

35  bacteria with p6/ZUINSGly(22A)Glu(31B) plasmid have been performed as in Example 6.
Obtained Escherichia coli strain is the initial biological material in the process of
manufacturing GEKR insulin via biosynthesis according to Example 17. '

40 Example 9. Construction of p6/ZUINSGly(22A)Arg(31B) plasmid and obtaining of a
strain transformed with it
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To construct a gene of recombined INSGly(22A)Arg(31B) proinsulin there has been used
p6/ZUINSGly(22A) plasmid. The gene encoding recombined INSGly(22A)Arg(31B) proinsulin
is characterised by this, that it has replaced AAG (Lys) codon with CGT (Arg) codon at
position 31 of chain B.

5 In order to modify the gene encoding the sequence of recombined INSGly(22A)
proinsulin there were designed following primers for point mutagenesis:

ARGG
5 CTAAAACACGTCGCGGCATCGTTGAACAG 3
Arg
10 ARGD
5 CGATGCCGCGACGTGTTTTAGGAGTGTAG 3’
Arg
Stratagene kit (cat. no 200518-5) has been used to conduct point mutagenesis reaction.

Isolation, verification of validity of plasmid nucleotide sequence and obtaining E. coli DH5
15  bacteria with p6/ZUINSGly(22A)Arg(31B) plasmid have been performed as in Example 6.
Obtained Escherichia coli strain is the initial biological -material in the process of
manufacturing GR. insulin via biosynthesis according to Example 18.

Example 10. Manufacturing of GKR insulin
20  GKR insulin has been manufactured in a biosynthesis process realised in the classical way
(inoculum, seed culture, production culture) using Escherichia coli strain with a DNA
fragment encoding GKR insulin precursor obtained according to Example 1. Production
cultivation has been conducted in 150 dm® fermentation tank for 20 hours at 37 °C,
controlling pH, temperature, optical density, glucose concentration and aeration. In the
25 fermentation conditions GKR analogue has been produced intraceliulary in inclusion bodies.
After the end of fermentation the fermentation broth has been concentrated and
subsequently digested with lysosyme and bacterial cells have been subjected to
disintegration. Obtained suspension has been diluted with water and after incubation with
Triton centrifuged. Created raw deposit of inclusion bodies was initially purified, finally
30  obtaining inclusion bodies homogenate.
The obtained homogenate has been dissolved (10-15 mg/cm®) in the solution of sodium
carbonate with addition of EDTA, subjected to renaturation and, for protection of lysine free
amino groups, subjected to reversible process of citraconylation in a reaction with citraconic
anhydride. The dissolved protein had been subjected to trypsine digestion in order to cleave
35  the leader protein out and to cleave the insulin chains. In the result of trypsine activity there
was obtained GKR insulin. The solution after digestion with trypsine has been subjected to
purification with low pressure liquid chromatography on DEAE Sepharose FF gel, and
subsequently diafiltration and concentration -- second low pressure liquid chromatography on
Q Sepharose FF gel. Main fraction has been subjected to purification with high pressure
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the theoretical value (6149.1);
- peptide map: conforms;
10- | sequence and amino acid composition: conforming to theoretical.
Isoelectric point determined by capillary electrophoresis is 7.19.
Example 11. Manufacturing of GR insulin
Proceeding analogously to Example 10, using Escherichia coli strain with DNA
fragment encoding GR insulin precursor, obtained in accordance with Example 2, there has
15  been obtained from analogous batch of inclusion bodies 5.2 g of GR insulin of HPLC purity
equal to 97.5%.
Product’s structure has been confirmed by following data:
- molecular mass determined by mass spectroscopy equals 6021 and conforms to
theoretical value (6020.9);
20 - peptide map: conforms,
- sequence and amino acid composition: conform to theoretical.
Isoelectric point: 6.39.
Example 12. Manufacturing of SR insulin
Proceeding analogously to Example 10, using Escherichia coli strain with DNA
25  fragment encoding SR insulin precursor, obtained in accordance with Example 3, there has
been obtained from analogous batch of inclusion bodies 5.5 g of SR insulin of HPLC purity
equal to 97%.
Product’s structure has been confirmed by following data:
- molecular mass determined by mass spectroscopy equals 6051 and conforms to
30 theoretical value (6050.9);
- peptide map: conforms,
Isoelectric point: 6.55.
Example 13. Manufacturing of AKR insulin
Proceeding analogously to Example 10, using Escherichia coli strain with DNA
35 fragment encoding AKR insulin precursor, obtained in accordance with Example 4, there has
been obtained from analogous batch of inclusion bodies 4.7 g of AKR insulin of HPLC purity
equal to 96.5%.
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20  equal to 98%. _
Product’s structure has been confirmed by following results:

- molecular mass determined by mass spectroscopy equals 6179 and conforms to
theoretical value (6179.1);
) - peptide map: conforms,
25  Isoelectric point: 7.05.
Example 16. Manufacturing of GKR insulin
Proceeding analogously to Example 10, using Escherichia coli strain with DNA
fragment encoding GKR insulin precursor, obtained in accordance with Example 7, there has
been obtained from analogous batch of inclusion bodies 6.3 g of GKR insulin of HPLC purity
30 equal to 95.5%.
Remaining properties of the product (GKR insulin) as in Example 10.
Example 17. Manufacturing of GEKR insulin
Proceeding analogously to Example 10, using Escherichia coli strain with DNA
fragment encoding GEKR insulin precursor, obtained in accordance with Example 8, there
35 has been obtained from analogous batch of inclusion bodies 6.0 g of GEKR insulin of HPLC
purity equal to 97%.
Remaining properties of the product (GEKR insulin) as in Example 14.
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Example 18. Manufacturing of GR insulin

Proceeding analogously to Example 10, using Escherichia coli strain with DNA
fragment encoding GR insulin precursor, obtained in accordance with Example 9, there has
been obtained from analogous batch of inclusion bodies 5.5 g of GR insulin of HPLC purity

5 equal to 96.5%.
Remaining properties of the produét (GRinsulin) as in Example 11.

Example 19. Manufacturing of ZKR insulin
To 1000 ml of GKR insulin solution manufactured according to Example 10 or 16
10  (concentration 0.1 mg/mi), in 100 mM MES/KOH buffer pH 5.0-5.5 there has been added
1uM CuSOQ,4, 100 pg/mi catalase, .5 mM ascorbic acid and 2 uM PAM enzyme (obtained
according to Satani M., Takahashi K., Sakamoto H., Harada S., Kaida Y., Noguchi M;
Expression and characterization of -human bifunctional péptidylglycine alpha-amidating
monooxygenase. Protein Expr Purif. 2003 Apr; 28(2):293-302.), and subsequently mixture
15 have been left for 2 hours at 37°C. The reaction has been stopped by addition of 1mM
Na.EDTA.
After filtration the obtained solution has been subjected to purification with ion-
exchange chromatography and HPLC methods.
Main fraction containing ZKR insulin concentrated and subjected to crystallisation
20 using sodium citrate, zinc citrate, citric acid. From one batch of reaction mixture there has
been obtained about 10 mg of crystalline ZKR insulin of HPLC purity of 97%.
Product’s structure has been confirmed by following results:
- molecular mass determined by mass spectroscopy equals 6091 and conforms to
theoretical value (6091.1);
25 - peptide map: conforms.
Isoelectric point: 7.54.
Example 20. Manufacturing of ZR insulin
To 100 ml of GR insulin solution, manufactured according to Example 11 or 18 (2
mg/ml), in 100mM MES/KOH buffer, pH 4.5, there has been added 1 pM CuSO,, 100 ug/ml
30 catalase, 5SmM ascorbic acid and 2uM PAM enzyme, and subsequently the solution has been
mildly mixed for 1 hour at 37°C. The reaction has been stopped by addition of 1mM
Na.EDTA. The solution after reaction with PAM has been subjected to purification by ion-
exchange and HPLC methods.
The main fraction containing insulin concentrated and subjected to crystallisation
35 using sodium citrate, zinc citrate, citric acid. From one batch of reaction mixture there was
obtained 22 mg of crystalline ZR insulin of HPLC purity of 98%.
Product’s structure has been confirmed by following results:
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5 Example 21. Manufacturing of pharmaceutical preparation of GKR insulin (100 u/ml)
There was made 100 ml of pharmaceutical preparation of GKR insulin (100 u/ml) of

following composition (values per 1.0 ml):

GKR insulin (Example 16) 3.69 mg/rﬁl (as 100% substance, 100 u/ml)
m-cresol 2.7 mg/ml
10 anhydrous glycerine 16 mg/mi
zinc 30 pg/mi
water for injection to 10 mi
pH 4.5

Preparation procedure was as follows:
15  There were made two following solutions:

Solution 1
Zinc oxide in amount necessary to reach the final concentration of Zn ions of 30 pg/ml were

dissolved in 40 ml of 10 mM hydrochloric acid. After that, to obtained solution was added
insulin GKR in amount corresponding to 10 000 u of insulin GKR, under mild stirring until
20  obtaining a clear solution and then pH adjusted to value 4,5.
Solution 2
Separately, 270 mg of m-cresol and 1600 ml of anhydrous glycerol were dissolved in 40 mi
water for injection.
Mixing of solutions 1 and 2
25  Solution 1 was added under stirring to Solﬁtion 2, supplemented with water for injection to
volume 100 ml and in case of need corrected pH to value 4,5 with 10 mM hydrochloric acid
or 0,2 M solution of sodium hydroxide. Resulting mixture was in sterile condition filtered
through 0,22 pm filter and aliquoted into glass 3 ml vials.' It was determined that the
preparation containing GKR insulin (100 u/ml) exhibits stability in room ‘temperature
30 investigated period of 56 days, in the accelerated stability test (Example 24).

Example 22. Manufacturing of pharmaceutical preparation of GR insulin (100 u/ml)
There was made 100 ml of pharmaceutical preparation of GR insulin (100 u/ml) of the
following composition (values per 1.0 ml):

35 GRinsulin (Example 11) 3.61 mg/ml (as 100% substance, 100 u/ml)
m-cresol 2.7 mg/ml
anhydrous glycerine 16 mg/ml
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<212>PRT <213>artificial <220> <223>insulin chain A nutant
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<213>artificial <220> <223>insulin chain A nutant <400>3 Gy
ll.e Val G WOEHWO03283 Cys Thr Ser Ile Cys Ser Leu Tyr G RCT/BL204%050016

zinc 30 pg/ml
injection water up to 1.0 ml
pH 4.0

The procedure was identical as in Example 21, apart of that that instead of GKR insulin there
5 was used GR insulin (in the amount of 361 mg, 10 000 u) and that the final value of pH was
4.0. _
Example 23. Manufacturing of pharmaceutical preparation of GEKR insulin (100 u/ml)
There was made 100 ml of pharmaceutical preparation of GEKR insulin (100 u/ml) of
the following composition (values per 1.0 ml):

10 GEKR insulin (Example 14) 3.70 mg/m! (as 100% substance, 100 u/ml)
m-cresol 2.7 mg/mi
anhydrous glycerine 16 mg/ml
zinc 30 pg/ml
injection water up to 1.0 ml
15 pH 4.0

The procedure was identical as in Example 21, apart of that that instead of GKR insulin there
was used GEKR insulin (in the amount of, 10 000 u) and that the final value of pH was 4.0.

Example 24. Examination of accelerated stability of pharmaceutical preparation of
20 GKRinsulin (100 u/ml)

Pharmaceutical preparation of GKR insulin (100u/ml), made according to Example 21,
has been subjected to examination of accelerated stability (25°C + 2°C). During this
examination there were performed analysis of purity and level of protein contamination.
Below there are exhibited HPLC purity of the product (GKR insulin) and the proportional

25  contribution: highest single contamination, deamido derivative and polymers, in HPLC test,
in time points of: ,0”, 28, 42 and 56 days.

HPLC purity test 0" 28 days 42 days | 56 days
Main peak [%] 95.10 94.33 93.98 93.60
Highest single contamination [%] : 1.07 1.70 1.72 1.98
Deamido [%)] 0.28 0.37 0.32 0.36
Polymers [%] 0.17 0.37 0.44 0.48

Example 25. Examination of accelerated stability of pharmaceutical preparation of
GEKR insulin (100 u/ml)

30 Pharmaceutical preparation of GEKR insulin (100u/ml), made according to Example
23, has been subjected to examination of accelerated stability (25°C + 2°C). During this
examination there were performed analysis of purity and level of protein contamination.
Below there are exhibited HPLC purity of the product (GEKR insulin) and the proportional
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15 du Asn Tyr Cys Asn Ser 20
<213>artificial

<212>PRT
<220>

<210>4 <211>21

<220> <223>insulin chain A nutant

<221>M SC_FEATURE
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<222>(21)..(21)

S

Cys Thr

Cy Ser Ile Cys Ser )
Asn Tyr CvaVR3AUB28H10> 5 <211> 20 <212> PRT <213> ar tRAARRUPORIY0> <223>
i nsulin chain A nutant <220> <221> M SC FEATURE <222>(20)..(20) <223> Xaa

<223>Xaa = am d Asn

Leu Ty

<400>4

r Gn Leu 151015 du

ami d Lys ceR@Bution2adresMiGile EdmddrhiREion, and polymers, in HPLC test, in time points of: 0%,
and 14 days and 1, 2 and 3 months.

10

15

20

25

30

HPLC purity test 20" 14 days 1 months 2 months 3 months
Main peak[%] 97.33 97.14 96.42 94.55 94.41
Highest single contamination [%] 0.55 0.45 0.67 1.08 1.26
Polymers[%)] not 0.09 not 0.50 not
determined determined determined

Example 26. Determination of GKR activity on normoglycaemic animals

Recombined human insulin analogue (GKR insulin), similarly to Gensulin N
(recombined isophane human insulin) exhibits prolonged activity time, and hypoglycaemic of
normoglycaemic rats has similar course. Significant differences in hypoglycaemic activity of
both preparations have been observed in 0.5 and 1 hour after administration. In this time
there is observed fast and deep decrease of glucose concentration after GKR insulin. Peak
activity of GKR insulin and Gensulin N is in 2™ hour.

Initial research confirmed that GKR insulin is an active analogue of prolonged
hypoglycaemic activity. Decrease in glucose level after GKR insulin administration was
observed for up to 12 hours, while levels of glucose after 24 hours were similar to initial.
Results of reaction of normoglycaemic rats to single administration of GKR insulin and
Gensulin N preparations (taking into account mean values + SEM) are shown in Table 1 and
Figure 5.

Example 27. Determination of GKR insulin activity on animals with experimental
diabetes

Studies on experimental model of rat diabetes (induction with streptozotocin)
confirmed irrefutably hypoglycaemic activity of GKR insulin. This activity has properties of
prolonged activity.

After single dose administration, the lowering of glucose concentration in blood of the
examined rats remains statistically significant up to 8™-10" hour (depending on intensity of
diabetes and dose), in comparison with control. During the research there was demonstrated
faster beginning of activity and faster achieving of peak activity (beginning 30 mins, peak 1-2
hours) by GKR insulin compared to the reference preparation — insulin glargine (Lantus).
Statistical significance of this phenomenon has been confirmed in severe and moderate
diabetes.

Also the research of multiple dose administration of GKR insulin and the reference
preparation of insulin glargine demonstrated similar activity of that both analogues.
Administered for 21 days, three times per day, preparations caused improvement of
glycaemy parameters in mild diabetes and, in principle, did not differ statistically in the
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<223>insulin chain A nutant <400>6 Ay Ile Val Gu Gn Cys Cys Thr
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<220> <223> insulin chain B nutant

<400> 7 iMeasilyadt tAs Bifdat. MHa ghiyL@itlerelce WAy ndiReabitl MmokebguddedQRctivid @ofiief Tyr

151015

10

15
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25

30

GKR insulin.

Additionally there was observed very interesting phenomenon of long-lasting
hypoglycaemic effect after termination of administration of GKR preparation. This
observation has been conducted on 9 rats treated with GKR preparation and 3 treated with
Lantus, of the group with mild diabetes, who were administered analogues in the dose of 5

u/kg bm for 21 days. Obtained results can be an evidence of existence of very strong

bounding of GKR insulin in tissues (possibly subcutaneous tissue). They'support thesis of
existence of compartment, in which insulin is accumulated and slowly redistributed. This
phenomenon was not observed for the reference preparation. This property, after its
confirmation in humans, could be a breakthrough in therapy with prolonged activity insulin
analogues, allowing e.g. administration of less than one dose of the medicine per day.

The results describing glucose concentration in rat blood after single dose
administration of GKR insulin in the dose of 5 u/kg bm in the mild streptozotocin-induced
diabetes model (in comparison with Lantus preparation) are shown in Table 2 and Fig. 6.

The results describing influence of GKR insulin on glucose concentration in rat blood
after single dose one-time administration of doses 2.5 u/kg bm, 5 u/kg bm and 7.5 u/kg bm in
severe streptozotocin-induced diabetes model (in comparison with Lantus preparation and
control) are shown in Table 3. ' '

The results presenting influence of GKR insulin on glucose concentration in rat blood
after single dose administration of doses 2.5 u/kg bm, 5 u/kg bm and 7.5 u/kg bm in severe
streptozotocin-induced diabetes model (in comparison with control) are shown in Fig 7.

The results presenting influence of GKR insulin on glucose concentration in rat blood
after single dose administration of 7.5 u/kg bm in severe streptozotocin-induced diabetes
model (in comparison with Lantus preparation) are shown in Fig 8.

The results describing glucose concentration in rat blood after multiple dose
administrations of 5 u/kg bm of GKR insulin in mild streptozotocin-induced diabetes model (in
comparison with Lantus preparation) are shown in Table 4 and Fig 9.

The results describing glucose concentration in rat blood after termination of
administrations of 5 u/kg bm of GKR insulin in mild streptozotocin-induced diabetes model (in
comparison with Lantus preparation) are shown in Table 5 and Fig 10.
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Lys Arg 202530 <210> 10 <211> 31 <212> PRT <213> artificial <220> <223>

insulin chain B nutant <400> 10 Phe Val Asn G n H's Leu Cys Ay Ser H s Leu
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Thr Ar 2530 2 11 <21 1 ial <220> <223>
|ﬂue¥1§e of in %%eg iStr Qﬁ( ns I|n N a seo u%k m on glucpse, ¢ nce tIlo Iloo ra% ] m<|l treptoz:
e e A T S &ﬁgﬁ% b fler el B8 M
m este S rfafnbér '(' V‘ S R0 ol Jeoseah MrbisA0 0= 12 gtagttdyday
t cgapleba sal t|geagas <210> 13 <211> 29 <212>lhvard 1dgaips $Emi ci al <220>
r ARGE&gredf)Orordhd- ¢t admaicacdg t cqegacadd sginhifqatagedle godd Bamididratahlol the p
<413> ar|tayfdegiyghypergRd®> <223> prinmer ARCGD <400>hdufs)cgat gccgcg
ggadt gt ag9 <210% 15M¥2117> ?’I <212> DNA =’?’|’2> artificial <77n

imer SHRG <4d0> 15 4 Y r L 2 240 Q> bjon (3'_)0@31: . 12+
212 EAGT oR | [Pt 3P 01300 25, Gz ae s g R ATao 15
E{/@ tagtt¢ tccgg2s <210> 17(<211> 21 <212> DNA| <213 artiffici gl <220> <2p3>
2 8_%&_9__

antual /

<223fonpri
29 12>

mPpr \G <4(Q0>917 [cemd-got 820 grfet (de &t a725gﬁ211 eRNO> 718+ €788 (2096421282 £JNBI.8 +
213> artificidl 27.1 2 | 84 | 68 | 57 | 6.0 | 131 | 366
control 10 9 91.3+£5.9( 236.1 7.7 |222.2 +|205.3 +|207.4+[203.4 +|205.9+({212.0+(213.6 £|213.2
nl/200g 24.8 21.5 21.8 20.4 21.3 24 .1 23.1 25.6
bm

gnificance: **p<0,01 *p<0,05 GKRvs. Lantus
A p<0,01 *p < 0,05 GKR vs. control



<220ﬁ <223> primer ALAQR,.<400> 18 cttaagcatt gcagtagttc tc&&ggﬁS <210> 19
<1‘21T> 23 <212>90MA |<@e®p lartT®icilal <220> <223> priner G 400> 19
gt cgaacagc adctgtgtijgg ttgq23 €0210> A6 <pP11> P25 Xx212>4 &213>8arfi @ clal? ‘
<220>74223> priner I400> 20 |gedigi [ cuer | asm@t Gaggd_CCrgCc 2o -<2 1882 25601 | 5t
<QaKE 24 WOPSLIOPIAS LB sz + 20.0f 041.2P 2068 +2288 gﬁb:@e?ﬁﬁk%@?&f%&tm +33.0 | +¢
gaact artggsg% ttcttdag tcqga2d <210>"22 k217> 26™<2125" [ <213> artificial
<2L?a9t?.| R23> pri r Sﬂm<45%)§+§a t 3 éigté%t t34bagdae.1 g Vagt [a415.2 pBOXP 1 @448 | C
LT1556 <212>DNA38 <213>ari#43 cted 7 | £229428p% | 524 [P P £17.5 | £-
GLUD- 2 4400>23 4,4 2353 | 122.6 | 119.6 | 2452 | 367.4 | 421.1 | 4835 | 546.7 | 5¢
| GKR 11 40 | 585:9%7.5 | £320 | 211 | +11.6 | 267 | £299 | £33.8 | +30.6 | £40.1 | %
Cln‘ R U/kg bm " AA AA AA *k AN ** AA *% A
- 816+ 302.3 | 173.4 | 123.1 | 131.3 | 1525 | 262.2 | 426.7 | 502.6 | 5€
N s R 32 |[9729%126) 457 | +337 | +21.4 | +109 | +146 | 367 | +39.8 | 265 | +-
’ 89.0 + 259.1 | 133.1 | 109.2 | 216.1 | 280.6 | 350.6 | 508.7 | 526.4 | 57
GKR 10 T |573.9+18.8| 142 | £19.3 | +11.8 | £326 | 423 | +49.2 [ +340 | £+27.3 | +¢
7.5 ukg 34 * AA AA AA *e AA AA AA *
bm
82.4 + 335.4 | 198.3 | 106.1 | 105.5 | 188.7 | 309.5 | 402.6 | 461.6 | 5¢
Lantus 10 35 | 9940260 . 5854367 |+204 |+168|+287 |+54.1 |£493 | +38.4 | +:
10 pi/200 578.6 | 594.2 | 579.2 | 548.8 | 526.0 | 547.3 | 544.9 | 575.3 | 5¢
control | ™ bm 8 | 742365921454 | (100 | +54 | 130 | +235 | %255 |+23.7 | 140 | +124 | +
gnificance: ™ p <0,01 *p<0,06 GKRvs. Lantus

Mp<0,01 *p<0,056 GKRvs.control



cacaggtgct, gttcgacaaa acgace 26 <210>24 <211>4775 <212>
<213>arti fli ﬂ)@ egaence’ 130Hpo% 0 | TedF3 >dﬁ‘é%ﬁ1 d'§drz et
G@BQLF“' %ddl UdU‘J'QéQé' FEPPYIRP7HIAANGEL PH LY9R70z |
B0 ggégt acc‘? @@ac gtet’ gf gl 9Lt ggs Cgct boat £a gaagggeact 32 % acgg 120 7
agaigenced 1 o4 fos@EGnERIR 6N In DI 6UBB falspméanaaidd (maid) Seaauatdaaa T80
tig@gesticiyt gnamagglcct atxed t T t At aggt T aat gt cat g_at aat aat gepnbdcune UaGACsIR0
—gt cagig¥rggdcapntd t fypriglyogemial gtigdg taygaactccll atat t gt t15at |t (16t ct aadt 18 19
825 + 152.6| 153.6 | 149.7 | 1515 | 151.1 | 149.0 | 142.7 | 1430 | 149.7
20 3.0 1981121 |+23| 229 | 231 | +33 | 234 | £56 |32 | +49 | a7
1036 + 164.6] 170.6% | 1616+ | 1440+ | 124.9% | 1567+ | 191.3% [ 141.0£ | 172.1
9 09 | 2289307 |i439| 193 | 156 | 183 | 147 | 75 | 191 | 114 | 331
5 B88% | .0, .47 |2084]2550%|2600% 2520+ | 249.6% | 256.2% | 255.0 % | 259.4 £ | 233.6 4
om 9.4 A%47 11gal| 55 1.7 | 149 | 204 8.8 194 | 167 | 114
gnificance: **p<0,01 *p<0,05 GKR vs. Lantus

Mp<0,01 Ap<0,05 GKRvs. control

ucose concentration in the period after termination of administration of GKR insulin in the dose of 5 u/kg bm in the model of mild strept
fuced, in comparison with Lantus preparation (insulin glargine).

sted glucose concentration in rat blood, mean value (mg/dl)
ration normoglycaemia fixed in the last day of days after termination of administration of tested preparatic
hyperglycaemia administration
o 2 3 5 8
gbm 86.1+ 3.7 2144 +243 148.3+8.5 146.4 +9.4 } 136.0+78 |137.4+66 | 1328+3.1 | 123.2:
kg bm 103.3+£1.2 254.0+67.8 141.0+18.2 282.3£58.2|1277.7 £72.6 |235.0 £89.7| 158.7 +40.3 | 195.3 ¢




300 acattcaaat atgtatccgc tcatgagaca ataaccctga taaatgcttc aataatattg 360
aaaaaggaag agtatgagta ttcaacattt ccgtgtcgcc cttattccct tttttgecgge 420
attttgcctt cctgtttttg ctcacccaga aacgctggtg aaagt aaaag at gct gaaga 480
t cagttgggt gcacgagtgg gttacatcga actggatctc aacagcggta agatccttga 540
gagtttt cgcWORSYWAA8hc gttttccaat gatgagcact tttaaagtt cPEHREARMYBYO 600
cgcggtatta tccecgtgttg acgccgggca agagcaactc ggtcgccgca tacactattc 660

t cagaat gexaniplg 028, Jpgrermitibh AT (GIJGRC ABA0A28ATItY AinC bhintds vitl) xpb@mental0
agt aagag@abttat gcagtg ctgccataac catgagtgat aacactgcgg ccaacttact 780
tct gacaa a %{f%ggaggac cgaaggagct aaccgctttt ttgcacaaca tgggggatca 840
t gt aact cgc ctHypedlyageiicg gty c @6 aGEc tirgalirt glees deeat eandieraedacigaagagagradd O

tgacacca%qu%rzgg%mgeoc&}ggeg%qﬁ s aacgttgcgc aaactattaa ctggcgaact 960
c at'taa

acttactcta gcttcccggc aaca
5 ~ Activity of GR insulin after administration of single doses — 5 u or 10 u/kg bm has

been determined to be fast and strong. Beginning of activity occurs already after 30 minutes
after administration of the preparation and remains at the same level up to 2 hours, and
subsequently weakens until reaching initial levels in 24"-36™ hour. '
" Results describing influence of GR insulin preparation on glucose concentration in
10 blood of rats after single dose administration of 5 u and 10 ukg bm doses in a model of
moderate streptozotocin-induced diabetes (in. Comparison with Lantus preparation) are
shown in Table 6. A plot of glucose concentration/time changes after administration of 5 u/kg
bm of GR insulin is shown in Fig.11.

15 - Example 29. Determination of GEKR insulin activity in animals with experimental

diabetes

Hypoglycaemic activity of GEKR insulin analogue has been confirmed in a preliminary
study on a rat streptozotocin-induced diabetes of moderate course.

After single administration of GEKR insulin in a dose of 10u/kg bm there was

20 observed very quick (already after 0.5 hour), strong activity reducing glucose concentration in
animals’ blood. This activity peaked already one hour after administration of the preparation
and slowly decreaées, still causing significant decrease of glucose level in comparison to
initial values up to 12 hours after administration. This research was conducted in comparison
with Levemir preparation, insulin analogue of prolonged activity (insulin detemir).

25 ' Results describing influence of GEKR insulin on glucose concentration in rat
blood after single dose administration of 10 u/kg bm in a moderate streptozotocin-induced
model of diabetes, in comparison with preparation Levemir, are shown in Table 7, and a plot
of glucose concentration change as a function of time after administration 10 u/kg bm of
GEKR insulin in Fig 12. '
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taa

luence o smg e

1 comparison with Levemir preparation (insulin detem|r)

gosg%mlms th%t of %Egﬁ insu ﬂ in a dose of 10 u/kg bm) on glucose concentration in blood of rats with moderate

del Tested Concentration of glucose in rat blood

preparation mean value (mg/dl) + SEM

and dose normoglycaemia fixed Time of blood sampling after single dose administration
s.C. hyperglycaemia (hours)
0.5 1 4 6 8

GEKR 905+64 469.5 +65.8 143.7 = 2423
sin- 10 u/kg bm 218.0 #19.7 | 109.3%x10.1 224 +59.2 32
n,i.m.) Levemir 98.5+3.5 502.5 + 26.2 142.3 + 3¢

10 u/kg bm 223




1680 aaaacgcgct cagcgcgctt ctggcgcaaa aaccgtaaaa atggatgttt tcccccgggt 1740
WO 2010/ 002283PCT/ PL2009/ 050010 aaaccggaaa aat gcgtcag gaacgctttc agcgcgttgc
at gact at gc atgaaactga1800 atggcgat cg gtttgggcgc gtctgatgcc cat aaggcgt
attttcggac ttttcagccl860 ctgataagaa gaaatcagac tgtagttaca t cgt
gagcgat t caW 3%56@ ¥t 1920 cgtcggcgag tcatccagta tttttcE?E@:% 'ggg?ctg
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aggaat caaast t kggecgrablnggcgt accgt ggacaggaac gtcgtgctga cgcttcatca

0
9aa090CTE Rreazegy

1

ln Cys Cys Thr Ser Ile Cys Ser Leu TIyr Gln Leu
10

15



WO 2010/ 002283 PCT/ PL2009/ 050010 aaattgctca tcagctcagt attgcccgct

ccacggttta taaaattctt gaagacgaaa 180 gggcctcgtg
taatgtcatg ataataatgg tttcttagac 240 gtcaggtggc
cggaacccct atttgtttat ttttctaaat 300 acattcaaat
&HgQBFPC aataatattg 360 aaaaaggaag

ccgtgtcgec cttattcecet tttttgecgge 420 attttgectt
aacgct ggt g aaagt aaaag atgctgaaga 480 tcagttgggt
actggathéUdﬁeégﬁg?faX%@atccttga 540 gagttttcgc
c tgctatgtgg 600 cgcggtatta

agagcaacteg; ggtggccgca tacactattc 660 tcagaatgac

at aaccct ga W@

gat gagcact tttaaa

<211> 20

<212> PRT

<213> artificial

<220>

<223> insulin chain A mutant

<220>

<221> MISC_FEATURE
<222> (20)..(20)
<223> Xaa = amid Lys
<220>

<221> MISC_FEATURE
<222> (20)..(20)
<223> Xaa = amid Cys
<400> 5

atacgcctat ttttataggt
acttttcggg gaaatgtgcg
atgtatcc%c t cat gagaca
agt at g&§t ﬁ’lf?@c“&’&‘&&l&t tt
cctgtttttg ctcacccaga
gcacgagtgg gttacatcga
cccgaagaac gttttccaat
tcccgtgttg acgccgggca

Gly Ile val Glu Gln Cys Cys Thr Ser Ile Cys Ser Leu Tyr Gln Leu

1 5 10

Glu Asn Tyr Xaa
2C

<210> 6

<211> 22

<212> PRT ,

<213> artificial sequence

<220>
<223> insulin chain A mutant
<400> 6

15

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

1 5 10

Glu Asn Tyr Cys Asn Thr
20

<210> 7

<211> 32

<212> PRT

<213> artificial

<220>
<223> insulin chain B mutant
<400> 7

15

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

1 5 10

15

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

20 25

<210> 8

<211> 32

<212> PRT

<213> artificial

<220>
<223> insulin chain B mutant
<400> 8

30

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

1 5 10

15

31



ttggttgagt actcaccagt caCcagaaaag
ttatgcagtg ctgccat aac cat gagtgat
atcggaggac cgaaggagct aaccgctttt
cttgatcgtt ggaaccgga gctgaatgaa
atgcctgcag Pﬂﬂé%gc aacgttgcgc
gcttcccggc aacaattaat agactggatg
cgctcggcCc ttccggctgg ctggtttatt
t ct cgcggtar YeaftryCagdlactggggeee
tacacgacgg ggagtc QQC aactatggat
gcctcactgﬁogt@agcattg gtaactgtca

<211> 32

<212> PRT

<213> artificial

<220>

<223> insulin chain B mutant

<400> ¢

Phe Val Glu Gln His Leu Cys Gly
1 ' 5

Leu Val Cys Gly Glu Arg Gly Phe
20

<210> 10

<211> 31

<212> PRT

<213> artificial

<220>

<223> 1insulin chain B mutant

<400> 10

Phe Val Asn Gln His Leu Cys Gly

1 5

Leu Val Cys Gly Glu Arg Gly Phe
20

<210> 11

<211> 30

<212> DNA

<213> artificial

<220>

<223> primer GLYG

<400> 11

aactactgca atggttaagt cgactctagce

<210> 12

<211> 28

<212> DNA

<213> artificial
<220>

<223> primer GLYD
<400> 12

gtagctagag tcgacttaac cattgcag

<210> 13

<211> 29

<212> DNA

<213> artificial
<220>

<223> primer ARGG
<400> 13

ctaaaacacg tcgcggcatc gttgaacag

14

29

DNA
artificial

<210>
<211>
<212>
<213>

catcttacgg
aacact gcgg
tt gcacaaca
gccat accaa
aaactattaa

gaggcggat a

at ggcatgac 720 agt aagagaa
ccaacttact 780 tctgacaacg
t gggggat ca 840 tgtaactcgc
acgacgagcg 900 tgacaccacg
ct ggcgaact POGBLHEYEEYP ct a
aagttgcagg 1020 accacttctg

gct gat aaat ctggagccgg 1080 tgagcgtggg

bt gyt dagcrecivecEyt atg #A0 cgtagttatc
géacgaaata gacagat cgc 1200 t gagat aggt
gaccaagttt actcatatat 1260

His Leu Val Glu

10

Ser Ala Leu Tyr

15

Phe
25

Thr Thr

30

Tyr Pro Lys Lys Arg

His Leu Val Glu

10

Ser Ala Leu Tyr

15

Phe
25

Thr
30

Tyr Thr Pro Lys Arg

30

28

29



ttcattttta
tcccttaacg
t gaaccgt gc
gcaagacgca
ggt cagcaca

actttagatt gatttaaaac
t gat aat ct ¢ at gaccaaaa
catcgccgtt ctcgatacgc
gct cct ggga ccaggcacgc
cct gt ct ccg VAL @Q& t
cgatcttaac ccgacagtaa cgtgacagcg
ccgt aact ke2@gaagcat gt acggt cagat
aaaacgcgctzagegege Gt ggcgcaaa

0
asaccggadh dal ool cag, gaacgettte,
at ggcgat ¢§° gt t1 ggacge gt ctHat gce

<210> 15

<211> 21

<212> DNA

<213> artificial

<220>

<223> primer SERG

<400> 15

caattcttaa ggatcctcta g

<21i0> 16

<21ll> 25

<212> DNA

<213> artificial
<220>

<223> primer SERD
<400> 16

cttaagaatt gcagtagttc técag

<210>
<211>
<212>
<213>
<220>
<223> primer ALAG
<400> 17

caatgcttaa ggatcctcta g

17

21

DNA
artificial

<210>
<211>
<212>
<213>
<220>
<223> primer ALAD

<400> 18

cttaagcatt gcagtagttc tccag

18

25

DNA
artificial

<210> 19

<211> 23

<Z12> DNA

<213> artificial
<220>

<223> primer GLUG
<400> 19

gtcgaacagc acctgtgtgg ttc

<210> 20

<211> 25

<212> DNA

<213> artificial
<220>

<223> primer GLUD
<400> 20

gctgttcgac aaaacgagga cctgc

<210>
<211>

21
24

att t aaaagg
tgagttttcg
gcacgct cat
gcgacct gaa
cagt gtt gac
gtctgacatg
tt aacat aag
aaccgt aaaa
agcgecgttgce
cat aaggcgt

atctaggtga agatcctttt
ttccact gag cgtcagaccc
cccggacagt tcagcaagct

1320
1380
1440

tttgttggta tcactcattt 1500
cgcgt aat cc HeJEPGEUEEWAI01 560

ccgcattgag gtctttgaaa
agttcattgt acgcaccgtt
atggatgttt tcccccgggt
at gact at gc at gaaact

attttcggac gttttcagcc

21

25

21

25

23

25

1620
1680
1740
1800

33



1860 ctgat aagaa gaaat cagac tgtagttaca gacgagtcgt gagcgattca ctacgggagt 1920
cgtcggcgag tcatccagta tttttcctcg cgactctctg gcgactcgec ttctctgaac 1980
accagagcga cagtgtgttg agtcatcgat aaatcaccga cgactcgttg ccgagtcatc 2040
cagt agtcgc cgacgagccg cttttgtata aatccgaata agaaaatata tttttcaaac 2100
cataacaaca“@b@l‘@%@éa agcaaat cag aaaaaagtta gttttgcgt gPGHELHIYREU02160
at cct gggaa tgagaacaga ctcgcgtttt tctggaggaa ctgcggggat ttttgattaa 2220

acaat agt ca2ecgoagagcg gaattttatg caacgctggc tgtgcggcac ggggattttt 2280
aat ccccctgf3ecegtifartad at ct ccacgg gcgacgggga tacat aaacc cgacagcaga 2340
ggacgggt g C c?aat ¢ cagagatgat gaaaaaagag gcagagaaac gcgcccaggt 2400
acgtttta 0 t%ﬁ’ﬁ%t % ggtgttgtcc agggtgtcgg ggctgtgccc
gaactactgc aattcttaag tcga ' 24
<210> 22
<211> 25
<212> DNA
<213> artificial
<220>
<223> primer SKRD
<400> 22
tagagtcgac ttaagaattg cagta 25
<210> 23
<211> 26
<212> DNA
<213> artificial
<220>
<223> primer GLUD-2
<400> 23
cacaggtgct gttcgacaaa acgacc 26
<210> 24
<211> 4775
<212> DNA
<213> artificial sequence
<220>
<223> plasmid p5/ZUINSGly (22A)
<400> " 24 .
tagagcgcac gaatgagggc cgacaggaag caaagctgaa aggaatcaaa tttggccgca 60
ggcgtaccgt ggacaggaac gtcgtgctga cgcttcatca gaagggcact ggtgcaacgg 120
aaattgctca tcagctcagt attgcccgct ccaccggttta taaaattctt gaagacgaaa 180
gggcctcgtg atacgcctat ttttataggt taatgtcatg ataataatgg tttcttagac 240
gtcaggtggc acttttcggg gaaatgtgcg cggaacccct atttgtttat ttttctaaat 300
acattcaaat atgtatccgc tcatgagaca ataaccctga taaatgcttc aataatattg 360
aaaaaggaag agtatgagta ttcaacattt ccgtgtcgcc cttattccecet tttttgcgge 420
attttgecectt cctgtttttg ctcacccaga aacgctggtg aaagtaaaag atgctgaaga 480
tcagttgggt gcacgagtgg gttacatcga actggatctc aacagcggta agatccttga 540
gagttttcgc cccgaagaac gttttccaat gatgagcact tttaaagtte tgctatgtgg 600
cgcggtatta tcccgtgttg acgccgggca agagcaactc ggtcgccgca tacactattce 660
tcagaatgac ttggttgagt actcaccagt cacagaaaag catcttacgg atggcatgac 720
agtaagagaa ttatgcagtg ctgccataac catgagtgat aacactgcgg ccaacttact 780
tctgacaacg atcggaggac cgaaggagct aaccgctttt ttgcacaaca tgggggatca 840
tgtaactcgc cttgatcgtt gggaaccgga gctgaatgaa gccataccaa acgacgagcg 900
tgacaccacg atgcctgcag caatggcaac aacgttgcgc aaactattaa ctggcgaact 960
acttactcta gcttcccgge aacaattaat agactggatg gaggcggata aagttgcagg 1020
accacttctg cgctcggececc ttccggetgg ctggtttatt gectgataaat ctggagecgg 1080
tgagcgtggg tctcgcggta tcattgcagcec actggggcca gatggtaagcec cctccecegtat 1140
cgtagttatc tacacgacgg ggagtcaggc aactatggat gaacgaaata gacagatcgc 1200
tgagataggt gcctcactga ttaagcattg gtaactgtca gaccaagttt actcatatat 1260
actttagatt gatttaaaac ttcattttta atttaaaagg atctaggtga agatcctttt 1320
tgataatctc atgaccaaaa tcccttaacg tgagttttcg ttccactgag cgtcagaccc 1380
catcgccgtt ctcgatacge tgaaccgtgce gcacgctcat cccggacagt tcagcaagct 1440
gctcctggga ccaggcacgce gcaagacgca gcgacctgaa tttgttggta tcactcattt 1500
cctgtctccg aatggaagat ggtcagcaca cagtgttgac cgcgtaatcc tgcgcgacca 1560
cgatcttaac ccgacagtaa cgtgacagcg gtctgacatg ccgcattgag gtctttgaaa 1620
ccgtaacttc agaagcatgt acggtcagat ttaacataag agttcattgt acgcaccgtt 1680
aaaacgcgct cagcgcgctt ctggcgcaaa aaccgtaaaa atggatgttt tccccegggt 1740

34



t gaccaggtg 2460 gcatttgtct gattgcgcgt gcgcggtccg acaaat gcac
gtcctgtacg 2520 tgtttttttc
cgttgccggg 2580 aacgcttcgg
cctgtg
gt gt cg
tatactggct 2760 taatatgtta

acggacacag 2640 ctt
gcgggtttta Y¥FeUE

accagaacaa
cgat gat ggc
agcggat gcc
gggcgcagcc
aat cggagt g

cttcacgaag tggcggat ga
at aacgggct gat acaggca
gggagccgac aagcccgt
at gacccagt cacgt &

gt aattcagg gaagtgcttc atgtggcaaa

at cctgcccc
acgct accaa
gct cccggag

rhefifieor o

ggaaaaat gha$aéraggetaticyt waegtaagt goasacatcgtapgt ataaaggtgaags t gagpgcct cc

t cgct cacttEIZB8rY Gt tgeIae Pretetvge cqtaagagrc tgegereggiegtdedec cg
i I79A0 “aeticatiftad X 62t ¢andreooah
cegttttt GE S0kt AUGET et Lecaescl adt: aa

at aacgggatI¥gaerag

cagtagtcgc
cataacaaca
atcctgggaa
acaatagtca
aatcccccgg
ggacgggtga
acgttttatc
gcatttgtct
tgttttttte
aacgcttcgg
cttgcctgtg
gcgggtgtceg
taatatgtta
ggctatcgtg
ggtcgctacg
acgcaggcag
ataggctccg
acccgacagg
ctgttcctge
ccacgcctga
cceceeegtte
gaaagacacg
tatctggagt
actcgtctcg
tcaaaccacc
aaggatctca
tgaagattaa
aaccccataa
gtatgaaaag
caaataacat
caagtataaa
ccctgataat
tgtatccaag
caagttttgt
aaaacaaacg
aaaaagccag
gtttccaagt
ctattgacta
gttcatatgc
tcttcagata
gatcaacaag
tataacattc
gtcaaccagc
cgtggtttct
atctgttccc
ctcctttegg

<210>
<211>
<212>
<213>
<220> -
<223>
<400>

25

DNA

25

4775

cgacgagccg
tgatttaaaa
tgagaacaga
ccgcagagceyg
cccgttattce
gcgcgaatcce
ttattgcttt
gattgcgcgt
accagaacaa
cgatgatggce
agcggatgcec
gggcgcagcecce
aatcggagtg
cgtaagtgca
ctcctgeegt
tgctcaaatc
ccceectgac
actataaaga
ctttcggttt
cactcagttc
agtccgacta
acaaatcgcc
tcttgaagtg
cacaagacag
tcceccaggtg
agaagatcct
accggcctat
aaacccataa
tctcagggtt
gcaaaaaatt
cttcatgcaa
catgcccgga
agcggtgect
ctcagtgata
ccecggttgtce
caggatcaag
agaaactaca
gtcctttata
aaatttttgt
ccattgataa
ctctaatatt
agaaagaatc
acctgtgtgg
tctacactcc
tgtaccaact
aggctgtttt

cttttgtata
agcaaatcag
ctcgegtttt
gaattttatg
atctccacgg
cagagatgat
ggtgttgtcc
gcgcggtcecg
cttcacgaag
ataacgggct
gggagccgac
atgacccagt
gtaattcagg
acatgtaggt
gagactgcgg
aggaaggacc
aagcatcacg
tcccaggegt
accggtgtca
cgggtaggcea
ccacgcecegt
agtggcggta
ggggcctgag
ttaccaggtt
gttttttcgt
ttttacagga
ttcatagatc
atacatacac
ccaccccaga
gcggatgacc
aaagtaatta
ttatctgaat
acgagcagtc
acaccttatg
atctcceggt
cttcagggtt
gtttctaaac
aatgttaaaa
taaaacttta
tgttaaatct
tgcaggtaaa
taccttacat
ttctcacctg
taaaacaaag
ggagaactac
ttatctcgag

artificial sequence

plasmid p6/2UINSSer (22A)

aatccgaata
aaaaaagtta
tctggaggaa
caacgctggce
gcgacgggga
gaaaaaagag
agggtgtcgg
acaaatgcac
tggcggatga
gatacaggca
aagcccgtca
cacgtagcga
gaagtgcttc
aaaggtgaaa
cgggcecgttac
ggaaaaagga
aaatctgacg
ttcceceectgg
ttccgetgtt
gttcgctcca
tcecggtaact
gccattggta
tgcggctaca
aagcagttcc
tttcagagca
gcgattatcg
gtaaaatcag
ctactaacaa
atacgccatc
gtaatccggg
caatcagtcc
ttctcagecgg
ctgccgtcat
ctccecatac
cataaagagc
gagatgtgta
tgcaactttt
catatatata
actggtaaaa
aaaattcaag
cagttagaag
ctggtcttag
gttgaagcac
cgcggcatcg
tgcaatggtt
gatcc

cacaa

tagagcgcac gaatgagggce cgacaggaag caaagctgaa aggaatcaaa tttggccgcea
ggcgtaccgt ggacaggaac gtcgtgctga cgcttcatca gaagggcact ggtgcaacgg

t t
@l?a? agﬁcéﬁgﬁéaggéc tgtfigcat ag
afCHCE AR GLIREE  Joa0
agaaaatata tttttcaaac 2100
gttttgcgtg gggtgtggge 2160
ctgcggggat ttttgattaa 2220
tgtgcggcac ggggattttt 2280
tacataaacc cgacagcaga 2340
gcagagaaac gcgcccaggt 2400
ggctgtgcece tgaccaggtg 2460
atcctgecce gtecctgtacg 2520
acgctaccaa cgttgccggg 2580
gctccecggag acggacacag 2640
gggcgcgtca gcgggtttta 2700
tagcggagtg tatactgget 2760
atgtggcaaa ggaaaaatgt 2820
tgacgcctcecce tcgctcactce 2880
cggctcacaa ataacgggat 2940
tgcggegtag cegtttttcece 3000
ctcaaatcag tggcggcgaa 3060
tagctceccte gtgegetcte 3120
atggccgcgt ttgtctcatt 3180
agctggactg tatgcacgaa 3240
atcaacttga gtccaacccg 3300
actgagatgt gcgagagatt 3360
ctggaaggac agtttaggtg 3420
ccaactgacc taaccttcga 3480
agagattacg cgcagaaaaa 3540
tcttcatcca tgaaggcgtt 3600
ggttttggga tggccgatga 3660
tcatcttttg ctgtaccagg 3720
aacaagtcct gtcacaccgc 3780
gtgcagatca atgactgaga 3840
caaagtcagc ggtgtcccgg 3900
gggctgtgag cgccacaacc 3960
cattgtaagg cttacgccag 4020
aaggaaaagt atcgggagaa 4080
agcaaaaccg cgtcgtagta 4140
taagagacag actctagcca 4200
tctacttttt gcaacttaat 4260
gaaataaata aaaagaggag 4320
ccattacctt agaagttgaa 4380
ataaagaagg tattcctcca 4440
atggtgctac cctgtctgat 4500
ctctcgetgg tggtcecgtttt 4560
tgtacctggt atgtggcgaa 4620
ttgaacagtg ctgtacctct 4680
aagtcgactc tagctacagce 4740
4775
60
120



ct caaat cag tggcggcgaa 3060
tagctccctc gtgcgetctc 3120
at ggccgcecgt ttgtctcatt 3180
agctggactg tatgcacgaa 3240
at caact t ga™ é’t’é‘%‘éﬂ%’gég 3300
act gagat gt gcgagagatt 3360

acccgacagg
ctgttcctgce
ccacgcct ga
cccececegttce
gaaagacacg
tatctggagt tcttgaagtg

act at aaaga
ctttcggttt
cactcagttc
agt ccgact a
acaaat cgcc

t cccaggegt ttccccctgg
accggtgtca ttccgetgtt
cgggt aggca gttcgctcca
ccacgcccqt tcc taact
agtggBﬁB@%ﬂ@%@ Pggt a
ggggcct gag t gcgget aca

ct ggaaggactagittt aggycc342 @t agkegitctegogacaagacagett aeamggida aageagttcc
ccaact gagwcta@tetdtegerc84 80t ttcaamtc bt It ®Ee

e e SR TR dea oot o

attttgcctt
tcagttgggt
gagttttcgc
cgcggtatta
tcagaatgac
agtaagagaa
tctgacaacg
tgtaactcge
tgacaccacg
acttactcta
accacttctg
tgagcgtggg
cgtagttatc
tgagataggt
actttagatt
tgataatctc
catcgcecgtt
gctecctggga
cctgtctccg
cgatcttaac
ccgtaacttc
aaaacgcgcet
aaaccggaaa
atggcgatcg
ctgataagaa
cgtcggcgag
accagagcga
cagtagtcgc
cataacaaca
atcctgggaa
acaatagtca
aatcccececgg
ggacgggtga
acgttttatc
gcatttgtct
tgttttttte
aacgcttcgg
cttgcctgtg
gcgggtgtceg
taatatgtta
ggctatcgtg
ggtcgctacg
acgcaggcag
ataggctccg
acccgacagyg
ctgttcctge
ccacgcctga
ccceecgtte
gaaagacacg
tatctggagt
actcgtctcg
tcaaaccacc
aaggatctca
tgaagattaa
aaccccataa
gtatgaaaag

cctgtttttg
gcacgagtgg
cccgaagaac
tccegtgttg
ttggttgagt
ttatgcagtg
atcggaggac
cttgatcgtt
atgcctgecag

gcttcecegge.

cgctcggecce
tctcgecggta
tacacgacgg
gcctcactga
gatttaaaac
atgaccaaaa
ctcgatacgc
ccaggcacgce
aatggaagat
ccgacagtaa
agaagcatgt
cagcgcgctt
aatgcgtcag
gtttgggcge
gaaatcagac
tcatccagta
cagtgtgttg
cgacgagccg
tgatttaaaa
tgagaacaga
ccgcagagcg
cccgttatte
gcgcgaatcc
ttattgettt
gattgcgecgt
accagaacaa
cgatgatgge
agcggatgece
gggcgcagcec
aatcggagtg
cgtaagtgca
ctecctgeegt
tgctcaaatc
ccececectgac
actataaaga
ctttcggttt
cactcagttc
agtccgacta
acaaatcgece
tcttgaagtg
cacaagacag
tccecaggtg
agaagatcct
accggectat
aaacccataa
tctcagggtt

ctcacccaga
gttacatcga
gttttccaat
acgccgggcea
actcaccagt
ctgccataac
cgaaggagct
gggaaccgga
caatggcaac
aacaattaat
ttccggetgg
tcattgcagc
ggagtcaggc
ttaagcattg
ttcattttta
tcccttaacg
tgaaccgtgc
gcaagacgca
ggtcagcaca
cgtgacagcg
acggtcagat
ctggcgcaaa
gaacgctttc
gtctgatgcce
tgtagttaca
tttttececteg
agtcatcgat
cttttgtata
agcaaatcag
ctcgegtttt
gaattttatg
atctccacgg
cagagatgat
ggtgttgtcc
gcgcggtceg
cttcacgaag
ataacgggct
gggagccgac
atgacccagt
gtaattcagg
acatgtaggt
gagactgcgg
aggaaggacc
aagcatcacg
tcccaggegt
accggtgtca
cgggtaggca
ccacgcccgt
agtggcggta
ggggcctgag
ttaccaggtt
gttttttcgt
ttttacagga
ttcatagatc
atacatacac
ccaccccaga

ct¥a° et

iéﬁgé‘c%‘i’@

aacgctggtg
actggatctc
gatgagcact
agagcaactc
cacagaaaag
catgagtgat
aaccgctttt
gctgaatgaa
aacgttgcgc
agactggatg
ctggtttatt
actggggcca
aactatggat
gtaactgtca
atttaaaagg
tgagttttcg
gcacgctcat
gcgacctgaa
cagtgttgac
gtctgacatg
ttaacataag
aaccgtaaaa
agcgcgttge
cataaggcgt
gacgagtcgt
cgactctctg
aaatcaccga
aatccgaata
aaaaaagtta
tctggaggaa
caacgctggc
gcgacgggga
gaaaaaagag
agggtgtcgg
acaaatgcac
tggcggatga
gatacaggca
aagcccgtca
cacgtagcga
gaagtgcttc
aaaggtgaaa
cgggcgttac
ggaaaaagga
aaatctgacg
ttececeeectgg
ttccgetgtt
gttcgctcecca
tccggtaact
gccattggta
tgcggctaca
aagcagttcc
tttcagagca
gcgattatcg
gtaaaatcag
ctactaacaa
atacgccatc

O

tg!ﬂtt?ﬁeg#ttt?é&gagca

Eroit tEHCaftE gedditatcg

aagéﬁgtig %Eaat

¢ 420
aaagtaaaag atgctgaaga 480
aacagcggta agatccttga 540
tttaaagttc tgctatgtgg 600
ggtcgccgca tacactattc 660
catcttacgg atggcatgac 720
aacactgcgg ccaacttact 780
ttgcacaaca tgggggatca 840
gccataccaa acgacgagcg 900
aaactattaa ctggcgaact 960
gaggcggata aagttgcagg 1020
gctgataaat ctggagccgg 1080
gatggtaagc cctccecgtat 1140
gaacgaaata gacagatcgc 1200
gaccaagttt actcatatat 1260
atctaggtga agatcctttt 1320
ttccactgag cgtcagaccc 1380
cccggacagt tcagcaagcet 1440
tttgttggta tcactcattt 1500
cgcgtaatcc tgcgcgacca 1560
ccgcattgag gtctttgaaa 1620
agttcattgt acgcaccgtt 1680
atggatgttt tcccccgggt 1740
atgactatgc atgaaactga 1800
attttcggac gttttcagcc 1860
gagcgattca ctacgggagt 1920
gcgactcgece ttctctgaac 1980
cgactcgttg ccgagtcatc 2040
agaaaatata tttttcaaac 2100
gttttgcgtg. gggtgtgggce 2160
ctgcggggat ttttgattaa 2220
tgtgcggcac ggggattttt 2280
tacataaacc cgacagcaga 2340
gcagagaaac gcgcccaggt 2400
ggctgtgcecc tgaccaggtg 2460
atcctgccece gtcecctgtacg 2520
acgctaccaa cgttgccggg 2580
gctcccggag acggacacag - 2640
gggcgcgtca gcgggtttta 2700
tagcggagtg tatactggcet 2760
atgtggcaaa ggaaaaatgt 2820
tgacgcctcc tcgctcacte 2880
cggctcacaa ataacgggat 29490
tgcggegtag ccgtttttee 3000
ctcaaatcag tggcggcgaa 3060
tagctcccte gtgcgctcte 3120
atggccgegt ttgtctcatt 3180
agctggactg tatgcacgaa 3240
atcaacttga gtccaacccg 3300
actgagatgt gcgagagatt 3360
ctggaaggac agtttaggtg 3420
ccaactgacc taaccttcga 3480
agagattacg cgcagaaaaa 35490
tcttcatcca tgaaggcgtt 3600
ggttttggga tggccgatga 3660
tcatcttttg ctgtaccagg 3720
aacaagtcct gtcacaccgce 3780
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3660 aaccccat aa aaacccat aa at acat acac
3720 gt at gaaaag tctcagggtt ccaccccaga
3780 WD 2010/ 002283 PCT/ PL2009/ 050010

gt aaaat cag ggttttggga tggccgatga
ctactaacaa tcatcttttg ctgtaccagg
at acgccat c aacaagtcct gtcacaccgc
caaat aacat gcaaaaaatt gcggatgacc gtaatccggg gtgcagatca at gactgaga 3840
caagt at aaa "g‘??‘E%(P(B&s&a aaagt aatta caatcagtcc caaagtcagc P&&&M@%@%&‘“SQOO
ccctgataat catgcccgga ttatctgaat ttctcagcgg gggctgtgag cgccacaacc 3960
t gt at ccaagaagegyt goetamt gagoadlecc bgengt oat gertdgraaggaaibbacgctag 4020
caagtttt geareezgt Q@Fat%aoa@tﬂgte?tagt%Fe%a%%ccmggaaaa@tg%eggga%&a 4080

atcc
aaaaagccag,fa t ctcceccatac aaggaaaagt atcgggagaa 4080
aaaacaaacg cccggttgtc atctccecggt cataaagagc agcaaaaccg cgtcgtagta 4140
aaaaagccag caggatcaag cttcagggtt gagatgtgta taagagacag actctagcca 4200
gtttccaagt agaaactaca gtttctaaac tgcaactttt tctacttttt gcaacttaat 4260
ctattgacta gtcctttata aatgttaaaa catatatata gaaataaata aaaagaggag 4320
gttcatatgc aaatttttgt taaaacttta actggtaaaa ccattacctt agaagttgaa 4380
tcttcagata ccattgataa tgttaaatct aaaattcaag ataaagaagg tattcctcca 4440
gatcaacaag ctctaatatt tgcaggtaaa cagttagaag atggtgctac cctgtctgat 4500
tataacattc agaaagaatc taccttacat ctggtcttag ctctcgectgg tggtegtttt 4560
gtcaaccagc acctgtgtgg ttctcacctg gttgaagcac tgtacctggt atgtggcgaa 4620
cgtggtttct tctacactcc taaaacaaag cgcggcatcg ttgaacagtg ctgtacctct 4680
atctgttccc tgtaccaact ggagaactac tgcaatggtt aagtcgactc tagctacagce 4740
ctcctttcgg aggctgtttt ttatctcgag gatcce 4775

aaaacaaaqgi'i‘gé@ t%Eiﬁét:@égﬁﬁ:?%g%@gﬁcgﬁgﬁgggggﬁgggta g% 4140
§tg(\attﬁca%§ gtg
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gagat gt gt a t aagagacag act ct agcca
tgcaactttt tctacttttt gcaacttaat
cat at at at a gaaat aaat a aaaagaggag
act ggt aaaa ccattacctt agaagttgaa
aaaat t caagWaZAWMREYg tattcctcca
cagttagaag atggtgctac cctgtctgat
ctggtcttag ctctcgetgg tggtegtttt
gttgaagcac tgtacctggt atgtggcgaa
cgcggcat cg ttgaacagtg ctgtacctct

t gcaat ggt t 1aagtlogdiot detvatjed awagts

4200 gtttccaagt
4260 ctattgacta
4320 gttcatatgc
4380 tcttcagata
4440 gat caacaag
4500 tataacattc
45@higscaaccagc
4620 cgtggtttct
4680 atctgttccc

agaaactaca gtttctaaac
gtcctttata aatgttaaaa
aaatttttgt taaaacttta
ccattgataa tgttaaatct
ctct ag€ﬂ?¥2°92§b‘ MYt aaa
agaaagaat ¢ taccttacat
acctgtgtgg ttctcacctg
t ct acact cc t aaaacaaag
t gt accaact ggagaact ac

pharthaceuticallyt ageppalpipc tggitt tontaining two

polypeptides forming chain A and chain B, where amino acid sequence of chain A
has been chosen from SEQ ID No 1 — 6, while amino acid sequence of chain B .
has been chosen from SEQ ID No 7 - 10.

Insulin derivative or its pharmaceutically acceptable salt according to claim 1,
characterised by being an analogue of recombined human insulin of isoelectric
point 5-8.5 and being of formula 1:

i y
| .
Gly-lle-Val-Glu-GIn-Cys-Cys-Thr-Ser-lle-Cys-Ser-Leu-Tyr-GIn-Leu-
12 8 4 5 6 7\ 8 9 10 11 12 18 14 15 16
S | S
Glu-Asn-Tyr-Cys-R |
17 18 19 20 S

Phe-Val-Asn-Gin-His-Leu-Cys-Gly-Ser-His-Leu-Val-Glu-Ala-Leu-Tyr-
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
S
Leu-Val-Cys-Gly-Glu-Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Thr-R?

17 18 19 20 21 22 23 24 25 26 27 28 29 30

where R denotes group NH, or group of formula Asn-R? where R? denotes
neutral L-amino acid or group NH,; '

and R' denotes B31Lys-B32Arg or B31Arg-B32Arg or B31Arg, where B3Asn can
be optionally replaced by another amino acid, favourably by Glu. -

Insulin derivative or its physiologically acceptable salt according to claim 2,
characterised in that:

R in formula 1 denotes group of formula Asn-R? where R? denotes Gly and R'
denotes B31Lys-B32Arg, or

R in formula 1 denotes group of formula Asn-R? where R? denotes Ala and R’
denotes B31Lys-B32Arg, or

R in formula 1 denotes group of formula Asn-R? where R? denotes Ser and R’
denotes B31Lys-B32Arg, or

R in formula 1 denotes group of formula Asn-R? where R? denotes Thr and R’
denotes B31Lys-B32Arg, or

R in formula 1 denotes group of formula Asn-R? where R? denotes group NH, and
R’ denotes B31Lys-B32Arg, or

Rin formula 1 denotes group NH, and R' denotes B31Lys-B32Arg, or
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ttatctcgag gatcc 4775 Cdains 1llnsulin derivative or its pharmaceutically
acceptabl e salt containing two pol ypeptides form ng chain A and chain B,
where am no acid sequence of chain A has been chosen fromSEQ ID No 1 - 6,
whil e am no acid sequence of chain B has been chosen from SEQ ID No 7- 10.
2l nsul i n d&YQ ¥de/Peze83or its pharnmaceutical ly accept abl e PEAPL2AYBHPW®I ng t o
claim1, characterised by being an anal ogue of reconbi ned human i nsulin of

i soel ectric poi MinJohufa AABndIEd @@upbf forrfimalA@n-R?, Where IR? denotes Gly, and R!

| e-Val - d u-d n- e- Cys- Ser-Leu Tyr-d n-Leu 1 234567\ 89
io 1112 1314 15 %‘“%%31&‘913%&9 &fs-R 17 181920

Phe- Val - Asn- G nRHndelmaue Cydenéiey géep -adHfamuRUANAR?, @here M addnetes Ja and R’
1234567891011 1 Val -Cys-Ay-G | u-Arg-G ly-P he-

Phe- Tyr-Thr- Pr gér:ﬁotés%%r&g%&@* 18 19 20 21 22 23 2425 26 27 28 29 30
where R denotes Rgmdarptww denotgs ewpP of farmpisuAse-Kswhere R deapies RPr gehbt es
neutral L-am nogagdies 93184-89mah&:; and Rl denotes B31Lys B32Arg or

B31Arg- B32Arg or BSlArg wher e "B3Asn can be optj onal | Iaced % anot her
am no acid, fav&ufdpimpiey d@f“ifes 8ioHR @f fHMylaASPR 5 Rers v 8IS cal Iy
accept abl e sal t dastey B3 1Agg-Be2Argadrm 2, characteri sed | n that Rin formula 1
denotes group o et e ¥y, an t

B31Lys- B32Ar g, B h Bl daé%teg%Tuvﬁm% %‘ggé\gﬁ&ﬁ Wiprelie e %sﬁiougg% Mere ro
denotes Al a and RRéeniiescBHABBI2AG-B32Arg, or R in for rruI a 1 denotes group
of formula Asn- B3, rophes§ dgaotg@ggtmﬁsﬁd ANGlrBles ERIAIAS AR by s- B32Ar g, or R

in formula 1 denotes group wher denotes Thr and Rl
denot es B31Lys- B3pAprglulant draqies erapRrgl f&”‘i”'@é%%swréﬁ’%@pdS'F°tP%F5|'¥uF‘5d Rsn R2,
where R2 denot egegptes B3 oand R1 denotes B31Lys-B32Arg, or Rin formula 1

denotes group N tes B31 3 1

2010/ 002283PCT/ gﬁﬁgﬁf&“%bg BPles Prauk 8#@[‘5 %AB%}]D‘@E e ﬁ%’awﬁ ARy PP

Asn- R2, wher e ReemhesdB3drdgdoy, and R1 denotes B31Arg-B32Arg, or Rin forrrul a
1 denotes group

B31Ar g- B32Ar g, gﬁﬁﬁé@{# L?ﬁﬁi& %‘éﬁ@‘?’i@“'?ﬁ“&ﬂ?ﬁt@or %Fﬁdté’s ng%] ore R
denotes Thr anddrRORFERYAES OB31Ar g- B32Arg, or Rin formula 1 denotes group
of formula Asn- R2n iwhirr1 Bendlengrogs oSRim@a hsiRR20aHees 88 dBrldy geBdrdf\RY, or R
in formula 1 de ot of formula Asn-R2, where R2 denotes group NH2
and Rl denotes Sgél%%‘ﬂ‘gf or Rin fornula 1 denotes group NH2 and R1
denot es B31lArg- B&Bﬁorg]ula)t dElnotas toupwof forhuldetentRfswhere RS dehotes gnubaNiAsn- R2,

where R2 denot eg,{hYq4edRd dR3A tes B31Arg, or Rin formula 1 denotes
group of fornul anAsn ?@ \5? %eﬁg denotes, Ala, and Rl denotes B31Arg, or R

in formula 1 defd® 8§m§|ﬁdtﬂ9”@iﬁs giokpriHa and R denotestRs! AraRor denot es Thr, and
1: 11 denotes B3gA% rmAk 1%eh&e§ @foﬁb‘bﬁfoﬂmlﬂ@ﬁléﬁ ﬁswlﬁﬁr@ﬂpdéﬁotéémlm Qieﬁét@s

where R2 denote enot es ormula 1 denotes
-group of fornul §3§§'ﬁ BﬁgAr gs r@éﬁ‘é‘f%@p%ﬁfﬁ‘ﬁ'tw Yand Rl denot es B31Arg,
or Rin ﬂorﬂmtmaclauttbahmrwwommparhﬁérmdah Riat d eoddies e fivelygactiog aRount of or mul a

1 denotes . I :

B31Lys- B30 S(P’deé}& ﬁé@ﬁsmé ﬁh %ﬁw@ﬁﬁ%"’%ﬁﬁaﬁh&g’é@ﬁp djiﬂ} °gﬁ§'ﬁ‘tsng@8"u i cal
conposi ti o 3char acterised in, that it contains effectively acting anmount

of insulin ntarma\c@htcuﬁcdmpobt@n Qétard‘t@qsutatncaldhxraa@ﬁﬁat.ﬁbhét ite8htainddg@pdi ng to
one of clai from 3. 5. Pharnmaceutical conposition according to claim
4, charact éﬁETB%BQ(”TIHZ"IChat it contains 10 up to 50 pg/m of zinc. 6. Use of
i nsul i n derUseat ingdinaerivdtise phigs prameaceuttcaliy gccaptamptsalbdaceosiaigtto aceofr di ng to one
of cl ains f 0 f prevention
of di abet esra%% ﬂ?r{t 83“333570 m%{eﬁ%ﬁgéﬁ t%aet}g nrgte[%\rﬂ%t revern??t su %bgge%’sng from

di abet es netdllitasys, characterised in, that to patl ent requiring such a

treat meny infetRfy Bt ﬂb&h@ﬁﬁg p@fbn%‘f §lﬁf€ﬁdgvf?35n¥ dig6dtbd 19 TS WRbraBferifdiAn TRAGHT i cal

conposition according to clains
patient requiring such a treatment is administered an effectively acting amount of

pharmaceutical composition according to claims 4 and 5.
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