WO 200910870821PCT/EP2009/000018 Novel insulin derivatives having an extremely delayed
time-actittOp2ofie/ FhddBwention relates to noveltinsulin analogues withfp@3aE thael@ctonp®file, their
preparation and use. 5 The incidence of diabetes has increased in recent years to an almost epidemic
extent. The disorder may result in a serious shortening of life expectancy. PeqPIe with diabetes must
frequentCEH S HHRIF BN Neuiig #DHYSRIaY, %ﬁ?%@%im@”ﬁﬁﬁﬁﬂrﬁf%‘ fhe treatment with
insulin. Different insulins with specific 10pharmacological properties are now available. In practice, the
different_insulins are differentiated according to their duration of action into short-acting insulins,
fast-actinG SnEYRtiaBrglaisss ARvahL siNARAe wesinEThasghimsiactissarspinyRRiUsly for
Iong-ac?pgﬁ@;gﬁaﬁ argislew insulins, depot insulin or else basal insulin. The active ingredients in
many of these insulin products are so-called insulin 15analogues which have been derived from
hurRan insulin by substitution, deletion and/or addition of one or more amino acids. The terms Insulin

analogUueReanEidEReains dHB4SS thayMRBoLSInhBERIR: Y& P e anod intrnsifingbinsulin therapy

attempts to diminish the health risk by aiming 20 at a stable control of the blood glucose level by early

adminisBERSH- ok MadRareNiraYORE Wk hfpRe BpaschRitR HasH it e slanee dieentnt Lantus(c)
(active ingyediapi (s winss REFNS LY 6pRLh & H6B3 With 1B dBRADHMARRRYIR)s The general aim

of developing novel, improved basal insulins is to minimize the number of hypoglycemic events. An

ideal ba88N#BIRiItFiIRRLISIZEHHe disatraevihiiRg tinaPiffrseat ivadline withsgacificeach patient. The
ingglin effestidrallydias dRpaxR: s APGvatineiacHos aafile WaichrsBaishalansasossible, so

that the risk of brief hypoglycemia is distinctly minimized and administration is even. possible without

previoud iffeReAtREbaSEATE PEHE ERIysBECELBDAF P B AR Fliinedineninsalingul@stffect persists at
the samgdgnglifRiardoRM G2 BMsgiblsulifs Wiebpshels bR MEt3RAGRESERY amount of insulin.

The risk of hypoglycemic events Is thus low and a patient- and a day-specific variability is minimized

The phalREIBRLIIESraRtine N des RISLAIPYHBaId BT SBRR iasHlit AL &lE8PATRIayed onset

of actionandbyradelaiedingelopatapingAPG UM AGIADddewRVSs dnspilednadhgrapeutic
advantages already achieved - none of the slow insulins described to date shows the pharmacokinetic

propertiSYPIHFISAN AR RRRNHEEV B & ABUNRD AR VRSSUiBrPY sHRFGW IR Brigtiasting time/action
profile thpldie Hekigbhypeaieaiieryanimanteisthrdantependant wiatignsdnhg Spatient is

further minimized and the duration of action is further delayed, so that it is no longer necessary in

some cirdFMiEsn 58 HE S PRRIMMOSSIN RRIRINThis would make simplified treatment of diabetics

possible, especially of elderly diabetics and those in need of care, who are no longer able to inject
insulin themselves, and would thus also be of great economic benefit. Such basal insulins would

additionil¢ Oy B’éﬂf@ﬁ&aﬁﬁﬁ%ﬁ{@e&myﬁﬁa@& Bie7pats nistsisichsdeaiinabarnainadnjection
phapia preserdinraanrdeaniedais g omaasingins airieaaydn gPeddinpDfg.

consequence, the control of blood glucose is poor, leading to the late sequelae of diabetes. A basal

insulin WHEhERGRIDPE: oha ﬁHFfﬁﬂetrQﬁﬁﬁ%'lﬂ?rvE!&é‘é%x?@ﬁ%%msaﬁéﬁﬁﬂﬂ@%t(ﬁﬁ%%&%@m making
insulin thesiaRy etRrRceepiRbIt0) 1oRatiests; Kehreea!n(Reptites #8)(2007 y83erdghiispcribe how

it is possible to optimize the pharmacodynamics of insulin by preparing ‘insulin‘analogues whose
isoelectfB YRR R EHitBRTBYEsLBRTH BElEsdoloamymEatiermmbanadiyepayassne terminus
events. An ideal basal insulin in this connection is one acting reliably for at least 24
25  hours in each patient. The insulin effect ideally has a delayed onset and a
time/action profile which is as shallow as possible, so that the risk of brief
hypoglycemia is distinctly minimized and administration is even possibie without
previous intake of foodstuffs. There is a good supply of basal insulin when the insulin
effect persists at the same level for as long as possible, i.e. the body is supplied with
30 aconstant amount of insulin. The risk of hypoglycemic events is thus low and a
patient- and a day-specific variability is minimized. The pharmacokinetic profile of an
ideal basal insulin should thus be characterized by a delayed onset of action and by
a delayed, i.e. long-tasting and uniform, action.



200f the A and B chain, in the direction of the alkaline range compared with the isoelectric point of
human MsDIBOEPLS5768 50 that the solubility under physiological conditpasj& Fedusyd@td 8
prolonged time/action profile results. Compound 18 from Kohn et al. (Arg (AO), Gly (A21), Arg (B31),

Arg (B32) human insulin_(experimentally determined pl = 7.3; calculated pl = 7.58{is described in this
connectiAR Ve bR iR phaRPAUtIR 3dMBA R RSl RENAGG:T fsTeRrEe g the main

aim in dpggiadeRYebs WHanalnuies &% beingiheAdsliivnes positively shaggoiapino acids to the

amino acid sequence of human insulin for the purpose of increasm%_ the isoelectric point from pl = 5.6

into the WeHtia1 Rejjebip lisnine NRVR2U55\2 shallisnendiera-festrotimaeiier ebéte desirable
basal tifagtasbonsrrefils/jsopliediar wibrinsHin analeausr MNER ARIChHaGIRIZed MY the features

that the B chain end consists of an amidated basic amino acid residue such as lysine or argininamide,
i.e.5n thealisghiddy thricirmBegianddif duriinn piadive it ftithendsiyedrenshatiidsterminal
amino agidlnBERSestidadinaInigarag Erinidnta AP ARINIRCIT RO OERIdIes Ry 2 histidine
residue, and the A21 amino acid position is occupied by a glycine residue, alanine residue, serine :

residue ‘TRt SImRE RESitRAEMER ST ARRRSIEStRaRSIME ARRRS Rt b sldedoirbagiesuprebmprising A5,
A15, AlBoBd iBRdRIoPeaR3end Brk GResRRAGH IO AIRjELGHLLRN IRESRAN R Fisel g insulin

analogues described have the desired advantageous time/action profiles approaching the ideal, i.e. a
delayedBHaRISP el ItRAtRIRMCENG BebRTE fesJrigeHbns aslssrastitigpaiifyeemic events is

thyg distipeEyispinimizgh e ielay i spp@arkechiat itdy srRHs NG RssIRIcIm ARIESH the effect

even in model experiments on rats. The delayed action of insulin glargine cannot by contrast be

unambiGheRERREBERRIdY MARYPARAIRSIRERS Hipime omigtadinasiswintaasepydnaentc effect of the
compougieleY KR 2 Mk I3 Bfdhe ARNNBIBRd PRIt RRRIneginghs gepgriment on rats are

confirmed in an experiment on dogs. Once again, the duration of action is observed to be distinctly

longer tA§AYRREPIriaRaigRiIvesRhins WinWhistsrdHsamib o AR pricef b Bdindiessistered distinctly
less frewlﬁ@w@@@@m%rwa@deaﬁéi@ﬁééh@ﬁﬁq@m@wﬁgamﬁ%@rasy%ﬂ@@%%(é@ﬁﬁﬂ?s% the

analogues of the invention show better 20properties compared with insulin glargine in pharmacological
re@%ectgaﬁf%ﬂ%%ver, the claimed insulins also show advantages in physicochemical respects. It has
now surprisingly been found that insulin analogues of the formula | 25 1s1DI1520

Kohn et al. (Peptides 28 (2007) 935~948) describe how it is possible to optimize the
pharmacodynamics of insulin by preparing insulin analogues whose isoelectric point
(pl} is shifted, by addition of lysine or arginine at the B chain end or at the N terminus
20 of the A and B chain, in the direction of the alkaline range compared with the
isoelectric point of human insulin (pl = 5.6), so that the solubility under physiological
conditions is reduced and a prolonged time/action profile results. Compound 18 from
Kohn et al. (Arg (A0), Gly (A21), Arg (B31), Arg (B32) human insulin (experimentally
determined pl = 7.3; calculated pl = 7.58).is described in this connection as the best
25 compound in the context of the idea. Kohn et al. therefore regard the main aim in
designing novel insulin analogues as being the addition of positively charged amino
acids to the amino acid sequence of human insulin for the purpose of increasing the

isoelectric point from pl = 5.6 into the neutral range.

30  However, it has.now surprisingiy been found that the described desirable basal
time/action profile is obtained with insulin analogues which are characterized by the
features that
- the B chain end consists of an amidated basic amino acid residue such as lysine or

argininamide, i.e. in the amidated basic amino acid residue at the B chain end the



A-1 AO AIIVEASCCHSICSLYA15LEA18YCA21 SEQ ID NO: 1A chain 30/777P B-1 BO BIVB3
54HLCOSBLAERIDANESERGFFY 351510152025 WO 2009/0870824PCT/EP2009/000018 where
A-1corresponds to Lys, Arg or an amino group; 5 AOcorresponds to Lys, Arg or a chemical bond;
Alcorresponds to Arg or Gly; A5corresponds to Asp, Glu or Gin; 10 A15 corresponds to Asp, Glu or
Gin; ALS¥EREELBIIP 1B AR HSTBRMING 30 iBdiespBhilsite 20Hdaled 19bran); B-1corresponds

to Asp, GﬂH@A@%ﬁﬁH@%Qf@F@éﬁ@ﬁ?%@é@%}% K AsRisGiine @ sheRicglpond; 20 Blcorresponds to
Asp, Glu, Phe or a chemical bond; B3corresponds to Asp, Glu or Mn; 25 B4corresponds to Asp, Glu or

Gin; B20 E5irespsHaE eoakig POitiondn apsiri ety Blenartaidve grlRp @ Resibigg the amino

acids Pheiflarddifue e Wabdrite @Yigné\sh@®r a chemical bond; 30 B30 corresponds to Thr or a

chemical bond; , _ , .
5 +no more than one amino acid residue of the group comprising A5, A15, A18, B-1,

BO, B1, B2, B3 and B4 corresponds to Asp or Glu.

Surprisingly, precisely the insulin analogues described have the desired
advantageous time/action profiles approaching the ideal, i.e. a delayed shallow onset
10 of action and a longer duration of action. The risk of hypoglycemic events is thus
distinctly minimized. The delay is so marked that it is surprisingly possible to detect
the effect even in model experiments on rats. The delayed action of insulin glargine
cannot by contrast be unambiguously observed in rats, as shown in figure 2. Figure
1 shows the hypoglycemic effect of the compound YKL202 and YKL203 of the
15 invention. The results obtained in the experiment on rats are confirmed in an.
experiment on dogs. Once again, the duration of action is observed to be distincily
longer than that of insulin glargine. Thus, novel basal insulins which need to be
administered distinctly less frequently have been provided. Besides these
pharmacokinetic advantages described, the analogues of the invention show better
20  properties compared with insulin glargine in pharmacological respects. Moreover, the

claimed insulins also show advantages in physicochemical respects.

It has now surprisingly been found that insulin analogues of the formula |

25 S S
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B31 corresponds to Arg, Lys or a chemical bond; 332 corresponds to Arg-amide or Lys-amide. where
no more yamone Brsacid residue of the group gomprising AS, A1S, Ad8TR:ppBEL, Bdadd 83 and
B4 corresponds to Asp or Glu, have the desired pharmacological profile, i.e. a delayed onset of action
and by a longer-lasting and 5uniform effect. The invention therefore relates to these insulin analogues.
The invewtienefurther relates to an insulin analogue as described above, where one amino acid residue
of the group comprising A5, Al15, A18, 8-1, BO, 81, 82, B3 and 84 corresponds to Asp or Glu. 10 The
invention further relates to an insulin analogue as described above, where, preferably, A-1
correspofids to e ndertss pyadanm Argn ABNioergspopds to Glu, A15 corresponds to Glu, A18
corresponds to Asp, A8 corresponds to His, A21 corresponds to Gly, BO corresponds to Glu, 83
corresponds to Asp, 84 corresponds 15 to Glu, 830 corresponds to Arg or 830 corresponds to Lys.
Thefinvehfion foatrespsiatsstoolas idsglior analheguisalshdesiribed above, where this is selected from a
group comprising Arg (A-1), Arg (AO), Glu (A5), His (A8), Gly (A21), Arg (830)- NH2 human insulin, 20
Arg (A-1), Arg (AO), Glu (A5), His (A8), Gly (A21), Lys (830)- NH2 human insulin, Arg (A-1), Arg (AO),
Glu (A15),iHis galegipid2 10, AmaB38)- NH2human insulin, Arg (A-1), Arg (AO), Glu (A15), His (A8),
- Gly (A21), Lys (830) - NH2 human insulin, Arg (A-1), Arg (AO), Asp (A18), His (A8), Gly (A21), Arg
(830)- NH2 human insulin, Arg (A-1),-Arg (AO), Asp (A18), His (A8), Gly (A21), Arg (830)- NH2 human
insulin, 255Arg Gastgspogda® Adis AI8)pGHItA21), Glu (BO), Arg (830)- NH2 human insulin, Arg
(A-1), Arg (AO), His (A8), Gly (A21), Glu (BO), Lys (830)- NH2 human insulin, Arg (A-1), Arg (AO), His
(A8), Gly (A21), Asp (83), Arg (830)- NH2 human insulin, Arg (A-1), Arg (AO), His (A8), Gly (A21), Asp
(63), Lyg\(830) < hantsntindsiin Glugo(Ask); Arg (AO), His (A8), Gly (A21), Glu (84), Arg (B30)- NH2
human insulin, 30Arg (A-1), Arg (AO), His (A8), Gly (A21), Glu (B4), Lys (830)- NH2 huiman insulin,
Arg (AO), His (A8), Gly (A21), Arg (831), Arg (832)- NH2- human insulin, Arg (AO), His (A8), Gly
(A21), Afy! B3 1preskeBEY WABPhGikeeriAsalin, Arg (AO), Glu (A5), His (A8), Gly (A21), Arg (831),
Arg (832)- NH2- human insulin, Arg (AO), Glu (A5), His (A8), Gly (A21), Arg (631), Lys (832)- NH2-
human insulin, Arg (AO), Asp (A18), His (A8), Giy (A21), Arg (831), Arg.(832)- NH2- human insulin,
ArdTAORZsp (RIS)SHInAS), Aty B&21),hAr GB1), Lys (832)- NH2- human insulin, Arg (AO), Glu
(Al15), His (A8), Gly (A21), Arg (831), Arg (832)- NH2- human insulin, Arg (AO), Glu (A15), His (A8),
Gly (A21), Arg (331), Lys (832)- NH2- human insulin, 5 Arg (AO), His (A8), Gly (A21), Asp (33), Arg
(331), ARy 832y MeEpANIS & ArssuliBiuAry {A@NNIFE gABIPGly (A21), Asp (33), Arg (331), Lys (832)-
NH2- human insulin, Arg (AO), His (A8), Gly (A21), Glu (34), Arg (B31), Arg (832)- NH2- human
insulin, Arg (AO), His (A8), Gly (A21), Glu (34), Arg (831), Lys (832)- NH2- human insulin, Arg (AO),
His (A8)BCly (Aptiespian@&Oy Asy,(88d pragiBsaisalb@adiuman insulin, 10Arg (AO), His (A8), Gly
(Aé%) Glu (BO), Arg (331), Lys (832)- NH2- human insulin, Arg (AO), His (A8), Gly (A21), Arg (B30)-

human insulin, Arg (AO), His (A8), Gly (A21), Lys (B30)- NH2- human insulin,

corresponds to Asp, Glu, Phe or a chemical bond;

B3  corresponds to Asp, Glu or Asn;
25 B4  corresponds to Asp, Glu or Gin;

B29 cormresponds to Arg, Lys or an amino acid selected from the group comprising
the amino acids Phe, Ala, Thr, Ser, Val, Leu, Glu or Asp, or a chemical bond;

30 B30 corresponds to Thr or a chemical bond;
831 corresponds to Arg, Lys or a chemical bond;

B32 corresponds to Arg-amide or Lys-amide.



* Arg (A-1), Arg (AO), His (A8), Gly (A21), Arg (830) - NH2- human insulin, Arg (A-1), Arg (AO), His
(A8), G (A 20028 T831@)- NH2- human insulin, 15 Arg (AO), Arg (Al), S TABR ZBI9I/A2L)N #erg (330) -
NH2- human insulin, Arg (AO), Arg (Al), His (A8), Gly (A21), Lys (330) - NH2- human insulin, His (A8),
Gly (A21), Arg (331), Arg (832)- NH2- human insulin. Specification of the term "human insulin® in the
designations of the insulin analogues 20 mentioned makes reference to the amino acid sequences of

the A chai @nABrsbRinRfheRaHsY ibiand Al e vrtirns AdditinAs s ity tians, dejgtions)
therefrom are indicated in a given designation of an insulin analogue. The invention further relates to a

proces$oh (REpBrin§anHssid BhegesrandsdestaBed Sevbavintie aesierdirsor of the insulin
analogy s RISEIEFTAGHRINANINL UG F/ES HREIDPERERISEHELHF UMGHGBHY AL NP 2RIN insulin,

and a coupling with arﬂlnlnamide_ls carried out in the presence of an enzyme having trypsin activity,
an@ theYREANM AHRehUd B iRGalan Beraloirahatss fathesrlpsednAiiag@eest an insulin analogue

as described above for the manufacture of a medicament for the treatment of diabetes mellitus, in

‘particular of diabetes mellitus of type I or type Il. The invention further relates to a pharmaceutical
comprisii§ AWVRRIAR BHEIehIRIAS TSV HISoTB ARG PhESIHIoHIRHIRPRYER NIABKE SHIS thereof.

The invgpiiap BeileesRIaEsIha BRATEESRISIahEORIIISIRY ARGNBUKN BRatpgueapdegiibed above

which is employed therapeutically for cartilage regeneration. The invention further relates to a
pharmdBéRIAEEBRIKHSIAG &R Ristiiv: analogue as described above which is employed therapeutically
fofgssisting beta cell 5Sregeneration. The invention further relates to a formulation of the insulin
analogue as described above, where the formulation is in agueous form comprising the dissolved

insulin dm@davRntenTHeheraataiasiriaey RaglissataoRmantesGiand ahaNm #PR86Yue as described
above, gg%eatmfwm%@ﬁ@@aérmhe Jorgn RORANERL ARPREHAET H5CtyRiads AR ERMorphous

form. 15The invention further relates to a formulation of the insulin analogue as described above,

where thd ISTRTTRERONES ifo (o PP aeRsiitsion. Atie MUSRTBIFRAINE treldies/té b formulation of
the insyiraRalegys ﬁﬁ@@?g@s&@@%ﬁad@%r@m,eégr&@W@EgBMW@&y@W@@%&Qemica'

chaperone. 20 The invention further relates to a DNA coding for a precursor of an insulin analogue as
dégcribluGle\R=C corresponds to Arg or B30 corresponds 1o Lys.

The invention further relates to an insulin analogue as described above, where this is
selected from a group comprising
Arg (A-1), Arg (AD), Glu (Ab), His (AB), Gly (A21), Arg {B30) — NH, human insulin,
| 20  Arg (A-1), Arg (AD), Glu (AD), His (A8B), Gly (A21), Lys (BSO')— NHz human insulin,
Arg (A-1), Arg (AD), Glu (A15), His (A8), Gly (A21), Arg (B30) — NH; human insulin,
Arg (A-1), Arg (AO), Glu (A15), His (A8), Gly (A21), Lys (B30) — NH; human insulin,
Arg (A-1), Arg (AD), Asp (A18), His (A8), Gly (A21), Arg (B30) — NHz human insulin,
Arg (A-1), Arg (AO), Asp (A18), His (AB), Gly (A21), Arg (B30) — NH, human iHéuiin.
25  Arg (A-1), Arg (A0), His (A8), Gly (A21)}, Glu (B0}, Arg (B30) — NH, human insulin,
Arg (A-1), Arg (AQ), His (AB), Gly (A21), Glu (BO), Lys (B30) — NH, human insulin,
Arg (A-1), Arg (A0), His (A8}, Gly (A21), Asp (B3), Arg (B30) — NH; human insulin,
Arg (A-1), Arg (AD), His (A8), Gly (A21), Asp (B3), Lys (B30) — NH, human insulin,
Arg (A-1), Arg (AQ), His (A8), Gly (A21), Glu (B4), Arg (B30) — NH2 human insulin,
30 Arg (A-1), Arg (AD), His (A8), Gly (A21), Glu (B4), Lys (B30) — NH. human insulin,
Arg (AQ), His (A8), Gly (A21), Arg (B31), Arg (B32) — NH, — human insulin,
Arg (AD), His (A8), Gly (A21), Arg (B31), Lys (B32) — NHz — human insulin,
Arg (AD), Glu (AB), His (A8), Gly (A21), Arg (B31), Arg (B32) — NH> — human insulin,
Arg (AO), Glu (AB), His (A8), Gly (A21), Arg (B31), Lys (B32) — NH, — human insulin,



The invention further relates to a DNA coding for the A chain of an insulin analogue 25 as described

above. Thei@wiosfogper relates to a DNA codimg for the B chain of andnspinanalegde 45
described above. 30 The invention further relates to a vector comprising a DNA as described above.

The invention further relates to a host organism comprising a DNA as described above or a vector as

describedradéws, Atie(@Bhtidis (Meﬁéél&féé ol piEstdindutin BBalog lhé‘izv\fhbwfimth’e’l@,lth%ptiﬂe

les t r is characterized by the
?;meirgmi%myé%%g %T; s %r% Ar ?}{né mvéntloﬁﬁﬁq% g?igsg@aforﬁnulﬁ?gﬁl as%segcr’lbed .
above Mf&](é@dl@ﬁaﬂ&ﬂ@dnﬁiﬁdé‘@élfd)a(é\la&hg‘bﬁ}l B ppphite(B3RLP NHor-ahematodgusutin derivative
thereof, aF {g@?l@%gﬁﬁv‘% r@g |>,@g1 @mc rqéﬁslgggaabwﬁxerhq-mﬁn'mgullnventlon

further rela es t0'a for on as esc e ve| ogue dFexendin-4 18 Lhlected

frork a gfsadABMptiRiPH-GestA83B- éﬁér{&ﬁ AA%@&IHZHFGdgﬁ(P)re%P&?-)—BmhnmﬂsuyM NH2 and
furher rAAee s & oo B e s Bl 19t e e Wheceed from
a group Afﬁr@r@ﬁd@ééﬁ)o%’[b&%?m%lﬁaﬂmﬁﬁ1dﬁ@d%ﬂﬁewﬁi5]émﬁmfn(ﬂﬁi)39)
coces REIAL b puaRiuonnin g erEiast s, Sober e 0
desProgPUBED) LT {125, (G20 RKe(i, 4 (@ 55 Hnd E5(i6EB oTHMEO AR TPQZIRS
IsqhsP2RIeQNAINH(a3) Gly (A21), Glu (BO), Arg (B31), Lys (B32) ~ NH, — human insulin,
Arg (AQ), His (A8), Gly (A21), Arg (B30) -~ NH, — human insulin,
Arg (A0}, His (A8), Gly (A21), Lys (B30) — NH; ~ human insulin,
Arg (A-1), Arg (AO), His (A8), Gly (A21), Arg (B30) — NH.z — human insulin,
_ Arg (A-1), Arg (A0), His (A8), Gly (A21), Lys (B30) — NH, — human insuiin,
15 Arg (AC), Arg (A1), His (A8B), Gly (A21), Arg (B30) — NH, — human insulin,
Arg (AQ), Arg (A1), His (AB), Gly (A21), Lys (B30) — NH» — human insulin,
His (A8), Gly (A21), Arg (B31), Arg (B32) — NH» — human insulin.

Specification of the term “human insulin” in the designations of the insulin analogues
20 mentioned makes reference to the amino acid sequences of the A chain and B chain
of human insulin, and all deviations (additions, substitutions, deletions) therefrom are

indicated in a given designation of an insulin analogue.

The invention further relates to a process for preparing an insulin analogue as

25  described above, where a precursor of the insulin analogue is prepared
recombinantly, the precursor is processed enzymatically fo two-chain insulin, and a
coupling with argininamide is carried out in the presence of an enzyme having

trypsin activity, and the insulin analogue is isolated.

30 The invention further relates to the use of an insulin analogue as described above for
the manufacture of a medicament for the treatment of diabetes mellitus, in particular
of diabetes mellitus of type | or type 11, - |
The invention further relates to a pharmaceutical comprising an insulin analogue as

described above and/or physiologically acceptable salts thereof.



or a pharmacologically tolerable salt thereof. The invention further relates to a formulation as
describ&din2Deopteteding paragraph, in which thg peptide -Lys6-NH2 isg@T#eRredao @ 1i@rmini of
the 30 analogues of exendin-4. The invention further relates to a formulation as described above in
which an analogue of exendin-4 is selected from a group comprising H-(Lys)6- des Pro36
[Asp28]EReraneaiierbiihpiTaates o3 pRyPars8Eca PGPS ABHBMT RRIIPIUGESH-(Lys)6-
des Progés FIsS IS 0TIeSHiB PR e Tl g8 Pk EraoRrO
[Asp28]exendin-4(1-39) -NH2, des Pro", Pro", Pro" [Asp28]exendin-4(1-39)-(Lys)6-N H2, 5H-(Lys)6-
des ProBe Brenpes i oRiaiRiia-2(aleoyaspl icRieD PRASING GBS WES Y aeUpras, Pro"
[Asp28lgxealiad Hsaol R N bR otblbusi A8 SR My beta cell
Asp28]exendin-4(1-39)-Lys6-NH2, H- des Asp" Pro36, Pro", Pro" Frp(%Z)Zlexend.ln-4(1-39) -NH2,
10R-(LySBRE8 %36, Pro”, Pro” [Trp(02)26, Asp26]exendin-4(1-39) -NH2, H-Asn-(Glu)5- des Pro36,
Pro", Pro" [Trp(02)26, Asp28]exendin-4(1 -39) -NH2, des Pro36, Pro", Pro" [Trp(02)26,
Asp28]exendin-4(1-39)-(Lys)6-NH2, H-(I}ys)6- des Pro36, Pro", Pro" ['Trp(02)28, .
Aselexetiifry@ntion fuydyet Neietas tasn faampktigesobtbgsenpybn, Falophp @ escribed
Asp28]expRdingHd S dlrsrRuldlen 4@%‘@?@@&9‘?&8{ %%@n?ﬂi%‘@ #e dissolved insulin
Asp28Jexendin-4(1-39)-Lys6-NH2, des Met(0)14 Asp" Pro 36, Pro”, Pro" exendin-4(1-39) -NH2,
H-(Lys)8habggo", Pro 37, Pro" [Met(0)14, Asp28]exendin-4(1-39) -NH2, H-Asn-(Glu)5- des Pro36,
Prgy, Pro" [Met(0)14, Asp28] exendin-4(1-39) -NH2, des Pro", Pro", Pro" [Met(0)14,
Asp28}exendin-4(1-39)-(Lys)6-NH2, 20H-(Lys)6- des Pro36, Pro", Pro" [Met(0)14,
Asp28]ihimventiaadytyss Riatesoa fofouigiaashiivs ésilr apaioguere)dasaied
exendinsAblS i bye XPNibtenlizdor)8 it esREPRPd & ihTBAPEIZRr in clafstaliine _
Asp28]exendin-4(1-39)-Lys6-NH2, des Asp" Pro36, Pro", Pro" [Met(0)14, Trp(02)21exendin-4(1-39)
-NH2, 28Mlena0e@REe s d38TPro", Pro” [Met(0)14, Trp(02)26, Asp28]exendin-4(1-39) -NH2,
H-Asn-(Glu)5- des Pro36, Pro", Pro" [Met(0)14, Asp28] exendin-4(1-39) -NH2, des Pro36, Pro", Pro"
[Met(0)14, Trp(02)26, Aselexendin-4(1-39)-(1..02_6-NH2, H-(Lys)6- des Pro36. Pro", Pro" [Met(0)14,
TA302)26e dryerjerdndined rriatss i@ dormulation of the insulin analogue as described

above, where the formulation is in the form of a suspension.

The invention further relates to a formulation of the insulin analogue as described
above, where the formulation additionally comprises a chemical chaperone.

20
The invention further relates to a DNA coding for a precursor of an insulin analogue

as described above.

The invention fu;’zher relates to a DNA coding for the A chain of an insulin analogue

25 as described above.

The invention further relates to a DNA coding for the B chain of an insulin analogue

as described above.
30  The invention further relates to a vector comprising a DNA as described above.

The invention further relates to a host organism comprising a DNA as described

above or a vector as described above.



N H2, 30H-Asn-(Glu)5- des Pro36, Pro", Pro" [Met(0)14, Trp(02)26, Asp281 exendin-4(1-39)-
(Lys)6-NN®, po@opberaricologically tolerable salt thereof. comprises Argd4; &YS26090/000018
(NE(y-glutamyl(Na-hexadecanoyl))) GLP-1 (7-37) piraglutidej or a pharmacologically tolerable salt
thereof. It is clear to a skilled worker in this connection that the insulins of the invention may Sbe item
of a phafm@deraicaPfofuithatisplaiescle kel apraliaiiiageclrosie svhersimtimitistenitre Aqueous
solutions iglbe-glartine RRUY 184S LARAARIOR: FURNELAOMRPRRARIRUR AGeRdigaly be miscible

The risk of viral animal contamination is minimized in that the preparation ought not to comprise any
componefsafaatieadionttmienn dvigrées, Aig husher biivAmtadéeaus to prevent microbial
contamination 10by adding preservatives. It is possible by adding isotonic agents to compensate for a
possible negative effect of the formulation on the physiology of the tissue cells at the administration

sited Thd Badiish beprotangne latgs havefarsialisinge fiasc sbat absvesdrithl soshlicinedyinsulin
preparaggmﬁql@&eaggéaénﬁg adding Eré? i_n{es@gpqz)f%r’n%w%mo 5|’og1 ‘?Fv% enolic component

may lead to stabilization ot the 15structure of the insulin’analogue used and thus additionally bring
about integri the @laagingieifect hancabaRIUE atctsi vistivalke msdsiblelesaidd exandiformulation
substances which stabilize the spatial structure of the slow insulins of the invention and lead to better
thermal stability. Such chemical chaperones may be for example short synthetic peptides, which may

also compase @i feidhenafaiasstorifelntdaD fore daspidgd phide s syudideaderived from the C
pepiide Qﬁg@éﬁ“géﬁl&m}‘@ i@@@%@?&,{?@ﬂﬂﬂ 5%}3%%%%%@1 into nanoparticles for developing
[ a elease tformulatio

depot forms. Isosgoncelv_able are so-called slow ns in which the slow insulin of the
inventiohtidgfBsenteuoeeiib-brtmiit.a polymer carrier. 25 The insulins of the invention can be

adminis@jggsi{pﬂgﬁ@fgjé@(ggé%hqcygngugHOsuch as Apidra(r), NovoRapid(r), Humelog or insulin

derivatives undergsglglrg developmerit or formulations with an appropriate time/action profile or inhalable
insulin diS@sdRfor orafyeifiirstetediittulins which are undergoing development. 301t will be clear

toa Ski|@%Wg%gb%%ﬁwqa@%ﬁ@%@ﬁ%ﬁ%%@?'y formulated mixtures of fast-acting and slow

insulin of the invention can also be used for this purpose. The insulin analogues of the invention can
fufther be used in pharmaceutical preparations which comprise peptides which are described by an

activity epRRaRIR IPe iHEaa0R sk iiaRHdR ) Qeexmdinb AU HPRAIRP BLE L (7-81)

exenatide (Byetta(r)) or peptides whose preparation is described in the patent applications WO )
2006/058620gveDOAN0NTE6S eIl oun 3 gran WOREsEs71 represent examples of such

peptidegelggrmlggggpg@]ggg}%}gﬂy(@_q;)\ga)ntageous in this connection are those comprising a depot

formulation of t&ese 5pe|%ides. Types of therapy advantageous especially in the initial phase of type Il
diabete 885 MRoSESAARH pR¥@aRITh%ara3R) with the administration of the pharmaceuticals of the

iny@Ntiog, \ykigks iﬁﬁé‘%&??‘,hﬁs%ﬁe@@w@iﬁuﬂ @3@? as, for example, metformin. Combination therapies

with dipeptidyl pe tidase%ff inhlbitogs which increase the level of incretins are, like combinations with
su|fony|9@5’§cwﬁi5ﬂet(0) , IsoAsp®lexendin-4 (1-39),

desPro® [Trp(02)°, Asp®lexendin-2 (1-39),

desPro® [Trp(0.)%, IsoAsp®lexendin-2 (1-39),

desPro® [Met(0)"“Trp(02)*, Asp®lexendin-4 (1-39) and
25  desPro®™ [Met(0)*Trp(02)*, IsoAsp®Jexendin-4 (1-39),

or a pharmacologically tolerable salt thereof.

The invention further relates to a formulation as described in the preceding
paragraph, in which the peptide -Lyss-NH; is attached to the C termini of the
30  analogues of exendin-4.

The invention further relates to a formulation as described above in which an
analogue of exendin-4 is selected from a group comprising
H-(Lys)s- des Pro®® [Asp®®Jexendin-4(1-39)-Lyss-NH,



10increase insulin secretion in the pancreas, likewise possible. The slow insulins of the invention can

be emplgyedpagiogzagszadvantageously when regeneration of beta cellsdrprErppropnEte giem cells
is initiated by administration of differentiation factors. All these applications are mentioned by way of

example for the Eperaa%y of qifabetes, and the invention likewise relates thereto. The invention thus
further réfeSSP5IE iPie. U@ of tHe insuanlsT-tHd #9erNbia.in combination with other active ingredients

for the t;@_q}%rpg L oldiphstessgpepidty ghabetes ahype: | prypadlidiabetes. The invention also

relates furthér to the use of t e insuglfn;joft e invention in regeneration processes which relate to the
a

skeletort ir&3lubrissRiple, Bailafu P Oidseideridin inpdrtiHtin this use to make controlled
use of t%gﬁip&@niﬁrmqﬂgﬁb ?Agﬁﬂj%WHWHEﬁB@B@(E?% rtj_mze, eliciting a strong metabolic reaction.

The invention further rela&gs to %phargnaceu ical which comprisés an analogue of the invention which

repPesehtsliYpartieadrran agieduB rnitemiorese adiod (e 95 (Fre)phiimaceutical is a
pharmapgwg;fgt@rg;%a@égopW,cpggrﬁﬁ@qlxﬁ%aimm_gmsé%%r?\;sg%r? g_rr\iirpjgction purposes; it is

characterized by a content of at least one insulin analogue of n, and/or at least one of the
physiologically tolerated salts thereof in dissolved, amorphous and/or crystalline - preferably in

dissolqu“(@sgfg_rgbs‘r b%m%@ggmp;gﬁzajglxemwmﬁ% e gmgbout 2.5 and 8.5, in particular

between 4.0"and 8.%, cog%prise a suitable tonlcig/ agent, a suitable preservative and, where
appropriktalas ArabIEBH

. &F%nd‘?:ﬂ% eﬁmﬁ@%zc_)]ﬁm'@xlﬁﬂzﬁ% id¥-eoncentration, in sterile
aqlepougi_s(@wgndggeppgﬁay;yrgi?t’hprgsewga{@z am,gAgggﬁmﬂ_Hﬂé%%e_ﬂglzve ingredient forms the

preparation carrier. Suitable t tg;]icity gents are for exam Iezglycero, ose, annitol, NaCl, calcium
(od)

or magrigsirmbodaadsech REOtaBre Sthl i S61ubmB; dexeadiauiis 3DtHeHavention or the

5physio&&qa}beﬁotefgie,qa$§$ﬁs[ﬁsﬁ?%§%§ WQ@%Q&%%W&%@?&%}}WF@CM by the choice of the
tonicity agent and/or presé rvatiye. x%gwﬁ)[lg%a %Jitabl 8preservatives are phenol, m-cresol, benzyl

alcohol Bnd/6s o= BlRE &%9beiz6ic Bters r. s TaRKesdimith1caPtb YFedNinparticular for

adjusting ap 8al.0 and B XERE ' 1ate “SRC citfate, sodium
phosphgt? eﬂ@tﬁﬁﬁg?ﬁyéig%iéaﬁigcgﬁg?ﬂiﬁgﬁggg}(@ﬁglIy%ﬁ: )L@g@ﬁfg' (typically

NaBH) Hréasb-siraboioiMaiiSing Aphiexenditd(hraBitatsrNias a zinc content, preference is
given tojeRepfoNm AR 2 mgﬁm!,@&a@%r{[@m%gyg{@p&o 200 pg zinc/ml. The action

profile of the insulin analggues odfrthe igyention can surggsmgly be influenced satisfactorily by addition

of zinc. MHisyRlevietBiprodtt®ion b prePdritiens vivieh larerdindatisid oM total
H-Asn-(Glu)s- des Pro®, Pra®, Pro® [Met(O)", Asp®] exendin-4(1-39) -NHj,
des Pro®®, Pro®, Pro® [Met(0)", Asp®®jexendin-4(1-39)-(Lys)s-NHs,
20 H-(Lys)s des Pro®®, Pro™, Pro®® [Met(0)", AspZjexendin-4(1-39)-Lyss-NHs,
H-Asn-~(Glu)s des Pro®, Pro®, Pro®® [Met(0)™, Asp?®] exendin-4(1-39)-(Lys)s-NH,,

H-(Lys)s- des Pro®® [Met(0)™, Trp(02)%°, Asp®®lexendin-4(1-39)-Lysg-NHa,
des Asp?® Pro®, Pro¥, Pro® [Met(O)™, Trp(02)%lexendin-4(1-39) -NH,,
25 H-{Lys)s des Pro®® Pro¥, Pro®® [Met(O)", Trp(02)%, Asp®lexendin-4(1-39) -NH,,

H-Asn-(Glu)s- des Pro®, Pro™, Pro® [Met(0)™, Asp®] exendin-4(1-39) -NH,,
des Pro®, Pro¥, Pro® [Met(0)™, Trp(02)%, Asp®lexendin-4(1-39)-(Lys)e-NHo,
H-(Lys)e- des Pro®™ Pro®, Pro™ [Met(0)", Trp(02)%, Asp®lexendin-4(1-39)-(Lys)e-
NHz,

30  H-Asn-(Glu)s- des Pro®®, Pro®, Pro® [Met(0)", Trp(02)°, Asp] exendin-4(1-39)-
(Lys)s-NHa,
or a pharmacologically tolerable salt thereof.

The invention further relates to a formulation as described above which additionalty



20duration of action, the speed of onset of action and the profile of the effect curve, thus allowing an

individugl; statgilizatgnogthe patient. For the purppge of varying the actiyegmgredient prafite of the
preparation of the invention it is also possible to admix unmodified insulin, preferably bovine, porcine

or 25human insulin, esQeciaIAX human insulin, or insulin analogues and derivatives thereof It is likewise
possiblecETHtiARE e OF Mire Otdrdhiaaivatives aienaniuén Mdidh A darlicegizededy an activity
compargplg %9%’&@@83%%%%9@%%%%& Be invention likewise relates to such pharmaceuticals
(preparations). 30Preferred active ingredient concentrations are those corresponding to about 1-1500,

more preferably about 5-1000 and in particular about 40-400 international units/ml. The insulin

analoguESfing BN AR AR BHEPAIEHLINIGCAR USALYRISPGUSA R gRs notvet

. : ! :
include the amide. The sk worker is tamiliar with a large number of possi aring

ins@linsbadisraalf eyphampassadinativsroolatisstionh wfe nsaniadysatagendstifiest pfterts or plant cells
for cultvat .y . ; . . ; : il
or cultivanan, Ry SRipenaag, & %%f&%séqg rﬂ@@%%ﬁé@ﬁgﬁﬁéﬁﬁﬁoﬁ?ﬁmﬁﬂgﬁ&e anima

cells as host system are also cor]celva I_—|0\_/vever, t oris e freedom
from anfragINan@ets Mistiasseidndydatsiesiblesdiba gyktemdrdeaniinabdepirayraftmainple

represerl A AT SEREoAL LR SRS AR fisxye s e Repmiag preparaton

of proteins. For exam hnological processes on yeast or plant systems such as
mossesiraganbnaigiosrgpantt isdunbertepreotagray stiffoweenbariep et vonteiisedioape are not

1 oA iy : S . d

oo BB e B mological

expre;%%@é@ema%%mméaﬁmh@ibé_ 66l §oterhiysiniegoutdthe tiste slalis kinggom from

organisggoHiRefishdiisian Schizopviz SRTRHEE YPEISRIDARENRRL Ribgplpae.
Chlorop

organisms 15of the 2nd division Phycophyta class V yceae, orgariisms of the 2rid division

Phycophytstiasiely sRirbRsppeEac eRRINEMSBIIRG Dtaingsldry Mydorhpralargasitnbaf the 5th
divisionsBryonhyta, aRd AEIAFESAL IS %ﬂi}ﬂé!%hﬁ%%@?%%@%%@ﬂ%ﬁ%%ﬁ@mem application

EP-A 1 222 207 describes a plasmid pINT358d which co or a preproinsulin which includes a

mbaifie§C st thadnuinessipiuritsasksd Biuhegdilipnalhsbrirarbaddagr @ierhao modify
the proigsilirRNeAEII% AAEIIE SR SIAHY 1B BRI SRR LD IR TAHABISRRY ins which can

serve as precursors of the insulins of the invention. Corresponding fusion proteins need not

25neceSsaifpnecsrapire ¢inbitice lhrspaiias slatvoaies BlaIRawnkelinhaf shenyewdiers can also be

brepareg-y bas RIBLEXPIRERAN WiLlbaPseguRIseaIElon Bl acHRlnBR BRI iR he cullure

supernatant. European patent application EP-A 1 364 029 describes this by way of example. The
inventioBhiikéaysehelistespidae, pybinbuna p elearsersiipcBNYad aciheaaaigees Sohtiadavention. 30

The projgsuling ieRaed s tusALsaadnRgBlR e coneriaf Big-anjasulin analogue precursor

which includes lysine or arginine in position AO and carries lysine or arginine at the C-terminal end of
the B chain. It is alternatively possible to add a positively charged amino acid semisynthetically to the

N termifys ob (g 4 chai i lesinGPEARIRINGAM kel SatMBIRS S Hictes for developing

depot forms. Also conceivable are so-called slow reiease formulations in which the
slow insulin of the invention is present reversibly bound fo a polymer carrier. |
25
The insulins of the invention can be administered in parallel with fast-acting insuiin
such as Apidra®, NovoRapid®, Humalog ® or insulin derivatives undergoing
development or formulations with an appropriate time/action profile or inhalable
insulin or nasally or orally administered insulins which are undergoing development.
30 It will be clear to a skilled worker in this connection that appropriately formulated
mixtures of fast-acting and slow insulin of the invention can also be used for this
purpose, The insulin analogues of the invention can further be used in
pharmaceutical preparations which comprise peptides which are described by an

activity comparable to GLP-1 (glucagon like Peptide-1) or exendin-4 or exendin-3.



If the proinsulins of the invention are in the form of inclusion bodies or soluble form after intracellular

expressigpabagieaoiese precursors must be fejded by in vitro SfoldipgHiehe 66586k 18
conformation before the processing and biochemical modification can be undertaken. In this

connection, the described fusion protein allows direct folding after denaturation by means of urea or
guanidin@iafHyfesRlosdenatidetiByiatiafiion fikptides netates todplatiatontsrowstidtes] k0Biechemical
method t hdivigral inte ' w%‘ ion rqgﬁses whose
underlyisrgfili Eg%?g?é%%ﬁg %%W?h%gﬁgr%\é%% W?s%@?ﬂ?ﬁeit oo@qg@%?’e%%aﬁ?e led worker
that sucR$iBE plesccaassmisequrpity bé sorhieetides fosmiayideadarirozesses which have not
previous ' i Ir . invention.thus likewjse relates to rocesses which
lead to p%?i %@%ﬁ? %ITJ%:];R %Hn%ltg%ré%%cﬁ# ﬁl%?%\%?\g%%a#% E|?1i\r/]teb‘n igr? ?t?r{th%rm'é?lge%sntg a process for
preparingaplidesuliypeaiidhesolthdvantgro whepe dgtecutisenfitiemsdinfayatogue is prepared
recombi ver ically into_a two-chain insulin precursor which carries arginine or
20lysine N- gﬁ%ﬁ%ﬁfﬁi‘ﬁ%@%’ mﬁg Q{clgafagla m’\é@ &%ﬁcﬁgﬁn %léasﬁgp Re'tterminal end of the B
chain a ysarenecargicite ot fiduevwehithniswdunhdreck asth thig mfleatidineulysisaotids jidhe presence

of an en Y, i ivity into the amide and.thus into,the slow insulin of the invention, and
is prepar%c%}vﬁlﬁgh@ %%rﬁ@ﬂb?érg%@ é‘r)ﬁt‘.é% Eﬁ?ilﬁag’a @r? 6}]%8%8@%?5%@&%%%%%?&#%%% through
substitutigriabf Eckessteotie havel aifyirnretimngraniive acdbiesitoesbyitithetfamihoeaidviigidues and/or
adgdition, et least.one amino_acid residue from the carresponding,,.otherwise identical
na ura";ﬁ:)@c%%%%%%ﬂf@&% gégﬁrgeaeﬁéﬁet a%q{gﬁglor&?ewstsgfppor%?iearﬁ%. E] 5 g%\g l%sggiﬂﬁe(?i tﬁ'ﬁs
30connégtiention thendoklethar/ed repticdd rhnddeadiabesiches he becgres vatich dbbas occur

naturall ificat| Y CONSI nple of ition .0.one.or more particular chemical groups
to one 3@%@3@%@%’2@%@5@ % %’;&%g’%ﬂéé%dl |%§8’51‘&£‘§s"’e0-’i‘o%’ve"ﬁ%%r8 Cg% '8F insulin analogues
of the infasiteh hirtheFigIpBliatdrg resadotiensy kffecobirewdimyRfgintathatsp@Bie following
exampl inte j : invention without haying a restrictive effect in this
e B S e e L PR R ey
(AR3)-inksutireanekofribeifleslinpertitie inkésitioarimesoinginagat thithQhehaoiiidbmmdaytsEuropean

patent licati - %e I ‘ [ T358d, bIN 1?%(% d the primer
sequenﬁfﬁ%géﬁﬁé%i%c%gg% é{?sg %%2%}1 e%%r?ggt%gt%tﬁ& p?as%i ﬁ\ﬂ% .Peﬁie plasmid
pINT358d is moreover characterized by a gene
The invention also relates further o the use of the insulins of the invention in
regeneration processes which relate to the skeleton, such as, for example, cartilage

20  regeneration. Itis important in this use to make controlled use of the mitogenic

potential of insulins without at the same time eliciting a strong metabolic reaction.

The invention further relates to a pharmaceutical which comprises an analogue of
the invention which represents in particular an agueous formulation or a powder.
25 |
The pharmaceutical is a pharmaceutical preparation which is preferably a solution or
suspension for injection purposes; it is characterized by a content of at least one
insulin analogue of the invention, and/or at least one of the physiclogically tolerated
salts thereof in dissolved, amorphous and/or crystalline — preferably in dissolved -
30 form.

The preparation preferably has a pH of between about 2.5 and 8.5, in particular
between 4.0 and 8.5, comprises a suitable tonicity agent, a suitable preservative

and, where appropriate, a suitable buffer, and preferably also a particular zinc ion



20 sequence which codes for a modified C peptide having particular properties. Three primer

SequencarTRPE8YIIBEsRRd: pint3580_glya2lrev 33 5™ PCT/EP2009/000018
CAAAGGTCGACTATTAGCCGCAGTAGTTCTCCAGCTGG-3" (SEQ ID NO: 3) This primer serves

after working up to introduce glycine (bold print, underlined) instead of asparagin in p0§ition 21 of the
A chain ePRsEPiEHRNINSEE IEneaussssaRel BiPpINTESRYE BY afghejorriparation ingredients

> -OTC b Biréif? e HelRle RafeAERERhARAR AEparaRG R BN O S BUFERY S ke the

primer arg_cjunc_rev for introdlcing arginine instead of lysine at the insulin NB ¢ ary.
arg_cjuriferér SRATHAGEATE Ot G ACHUTHANACICEBOTT TTRgRESTGr3' (SEQ ID NO: 5)
The codepioieRraiAGLALCNALUeRE SiNRAY BN RIS iV SRS Fafied out in
accordancgf\a/{vith the European par%ent application 1(§j EP-A 1222 207 witﬁqegch (la%;rt{ﬁcggrr]i%ner pairs Tir /

argScjurihyeipgsiraly tejeretethaalbs8tergnaziree akle antHioNA viltws fsdsfhiepeRd 358heas

templat%l.,%li'@élgﬁ%%@mﬂgg@p&”&g&y\ﬁ}éggf@%ﬂe combined and employed together with the
primer pair Tir / pint3580_glyaZlirev in a third PCR. The product of this reaction is purified after

fractionation of the reaction mixture by gel electrophoresis and is 15 digested with the restriction

enzymeg el it KL REGRY @@gmmggeam L TRLE KLEHNR0 B a% Ofldfig same reaction,

the reaction mixture is fractionated by gel ele resis, a e DNA fragment encoding the
proinsulArRedjigebens MplasdersThe fragment is then inserted by a DNA ligase reaction into the Ncol /
Sajlyopened pINT91d vector DNA. 20 The ligation mixture is used to transform competent E. coli
bacterial cells. The transformation mixture is taken out on selection plates which contain 25 mg/I

_ ampicnnﬁuﬁmssﬁ#aﬁmm& Véolelieehfrdin ¢oRshiepanielrirtanediusiing DA betyeeeaboalysis.
Cotect RaSihls e oHsIM e dhchan seeale o dliinLifies oG RIBRRNEAILTERS T coding

for His (A8), Gly (A21)-preproinsulin The construction takes place as descri example 1 by 3

polymergiéeeihase spnysialegiscatiyapreatatiofdieithreidedbiinalyirmiehed atkalisitypicalll cleavage
into the N&@M%@?Eﬁﬁa@@}&@ﬂ%ﬂb%ﬁhe primers Tir and pint3580_glya21rev are used.

TV\{% further primers are synthesized:

If the preparation nas a zinc content, preference is given to one of. from 1 ug/mi to
2 mg/mi, in particular from 1 pg/mi to 200 pg zinc/ml. The action profile of the insulin
analogues of the invention can surprisingly be influenced satisfactorily by addition of
zinc. This allows the produciion of preparations which differ in relation fo the total

20 duration of action, the speed of onset of action and the profile of the effect curve,
thus allowing an individual stabilization of the patient.

For the purpose of varying the active ingredient profile of the preparation of the
invention it is also possible to admix unmodified insulin, preferably bovine, porcine or
25 human insulin, especially human insulin, or insulin analogues and derivatives
thereof. It is likewise possible to admix one or more exendin-4 derivatives or
peptides which are characterized by an activity comparable to GLP-1 (glucagon like

peptide-1). The invention likewise relates to such pharmaceuticals (preparations).

30 Preferred active ingredient concentrations are those corresponding to about 1-1500,

more preferably about 5-1000 and in particular about 40-400 international units/mi.

The insulin analogues of the invention are initially prepared biotechnologically as

precursor which does not yet include the amide. The skilled worker is familiar with a



* pint3580_Ha8f 5-AGCAGTGCTGCCACAGCATCTGCTCCCTCTAC-3' (SEQ ID NO: 6)
pINt3580AHRABENORS 768G CAGATGCT GIG GCAGCACTG CTCCACGATG/BHSHO/HINM@s 7) The

codon which codes for histidine in position 8 of the A chain is emphasized by emboldening in each
case. The construction is carried out as described in example 10 1. Template for PCR1 and 2 is DNA
of the pla@iariNP868H PPEFUIlifesdiorcerep@iiithifite/ iiin&losarahisy $RTBo88eH aBaIE and PCR2 is

carried ot \WERHAG BHENGS ABKPIDERS0 SHAHIRIEIREN Eﬁycmﬁ&b&%wt%ﬂbn%gﬂ”

pint3580_glyaZlrev is employed'in FOR 3. Template in this case is a mixture of the reaction products
of PCR1faHePEionCdect phisidiaatiea s ARSI NKREEEIAS Tisdapreprbinsulinecanibdad by the

plasmid !',%FPée%’%tf%éwg%%%%Jﬁ%%%%l&%éﬁ@ﬁﬂ%ﬁé?&w%éﬁgt%%}aﬁi§ (A8), Gly

(A21), Arg (B31), Arg (B32)-NH2-human insulin, an ich results after arnidation with argininamide.

20 Phe pRéisdmiisrfentiosy By piasard 1§ iprésistedothnt berapplersioRrIsyeb®hich is
h ized- ' -t insulin, and which
charactegized s A Wthor'&éﬁﬁiggefpﬂfégé&érﬁ)@%ahyéeg%jgkﬁ %B%@W@pﬂ@% and whic

results after amidation ysinami Example 3: Constru of the plasmid 582 coding
for His (A8i@Ns @ iebefonthg resepinsulinreherebastigiohainise s pfaanptiescribed in
exampl I L tl T ixd_r. lon.Is inserted after
ool Sl R e S Co e SINT G Aot A ot S e a0
pint3580Igiyaltepianssusiceh Totohateer pamaaidowveyntivsidyedopimasiise@hsipe are not

5'@@ATG&EQ%Q&%Q%@E&Bﬁﬁ%@%@!ﬁﬁeﬁ%&%r'x\‘ '&)is@iﬂ’iéﬁ@vjﬁfﬁigzveg;ggﬂamic

GGCAGCACTC CTCCACGATG CCGCGACG-3"(SEQ ID'NO: 9) The codon
acid in paeibiester siystarepgndseniphdivdceguanbetdehinh mleadhe el meptidsadation is

carried qut 8 %%@a'bﬁ%ﬁbﬁa@mf&%@%@@&%f%&e&@ééﬁb%@géégiﬂs?':HE SaHULRet plasmids

are called pINT3582. The preproinsulin encoded by the plasmid is precursor for the compound

YKL202CBWhidh be ciedeatadrinapaicnigr (no), teun{am) Kinigdas)irany organismg gBH) fissy
(332)-NigRAaisnasL sk bRy e MiF R 165 Wi BIGL DI lBA M BPRINARIIS organisms
15  of the 2™ division Phycophyta class V Chlorophyceae, organisms of the 2™ division
Phycophyta class Vil Rhodophyceae, organisms of the 3" division Mycophyta,
organisms of the 5" division Bryophyta and organisms of the 7% division

Spermatophyta.

20  European patent application EP-A 1 222 207 describes a plasmid pINT358d which
codes for a preproinsulin which includes a modified C peptide. It is now possible with
the aid of the polymerase chain reaction (PCR) to modify the proinsulin-encoding
sequence specifically so that it is possible to express preproinsulins which can serve
as precursors of the insulins of the invention. Corresponding fusion proteins need not

25 necessarily be prepared intracellularly. It is clear to the skilied worker that such
proteins can also be prepared by bacterial expression with subsequent secretion into
the periplasm and/or into the culture supernatant. European patent application
EP-A 1 364 029 describes this by way of example. The invention likewise relates to -
the proinsuiin precursors which lead to the analogues of the invention.

30 .

The proinsulins prepared in this way can in principle be converted into an insulin
analogue .precursor which includes lysine or arginine in position AQ and carries lysine
or arginine at the C-terminal end of the B chain. it is alternatively possible to add a

positively charged amino acid semisynthetically to the N terminus of the A chain if



15 The preproinsulin encoded by the plasmid is precursor for the compound YKL202-1b, which is

charactegjzed @ AgrRe), Glu (AS), His (A8), GlyfA21), Arg (831), LysgBIZa-dtdrdyamaiy msulin, and
which results after amidation with lysinamide. Example 4: Construction of the pl;asmid pINT3583

coding for His (A8), Asp (A18), 20Gly(A21) preproinsulin The construction differs from example 1 by
taking plegedyponlgivine potyndraseashapreeantion. The product of this reaction is inserted after Ncol /
Sall cleavage into the Ncol / Sall-opened pINT91d vector DNA. The primer Tir is used. One 25further
primer is synthesized: pint3580_Dal 8rev 5'

CAAAGIETE GABTEATNTAG CEGTAGINGTE CTOCAGT TEGIAGACHGAGH' SOUSE@HD NO: 10) The

codon which 1] id i iti of t in.i asized hy emboldening.
Templz;,\tgeH épb&\?‘%%c?fﬁﬁ!g?p a %%%Wwégﬁ %qogr‘r%e%%?a%?r%%%%%rég c%’l%g%%\fgﬁ%g Ve J%ﬂr@eproinsulin
encéodefobintenitatimiddis erkcordorfutibe beforthelprateddnghicth isatematatized as Arg (AO),
Asp (A ol , A 1 -NH2-hyman insulin, and which, results after
amidati?fbvﬂﬁéﬁgan :':r%apr(nélaéjrgd ’?ﬁggﬁ‘ph@{s&u &%ﬁﬂ%%%é% #gletr%%%%r%?dﬁjss'f))r%gﬂ{%%’rnfor the
compoumtb WK de2t 2blding ctitier dearaitteaikediysnieg g\ Of) ubesp GALBRHISIAS), Gly (A21), Arg (831),

Lys (B32)- - [ ' | idati ith lysi ide. 10E le 5:
C%Sngtru%%i@lr? %2?%@ glfgéﬁr(ﬁ E@gg\gg }ggé%}?ﬁ‘%u %ﬁr%%%i@%{bn?gﬁ%?eé?g ‘i%%ﬁe prepﬁir;\]&?in The
construction _differs from gxample_ 1 by taking place by only one polymerase chain reaction. The
p%’“C%A. @%SE'RMEISB§%I‘S%§%§ét§'%%ﬁ}cse%gr%lt%at\(‘%gﬁmﬁfdﬁgitpa%emﬁ%é%"ﬂpened PINT91d

vector rimer Tir is used. er primer 1S synthesized: p *Eal 5rev 20 5"

CAAAGSTEUA\CIHRTAB T COEASEAGTTE TODAGAT COTAHEAGEGAEGCAR ARGETG -3' (SEQ
ID NO: i for glutamic, acid i iti he A chain is emphasized by
embolda e B O R B g SR R B s
The preppoissliendydoz edrbpitad pladriiiv sspegdassbid@rtiteseespahint YiEv20243, which is

and i e B e e G R B R S

e L
prezursprdoessescoimpbeadviIROTiGH|anitithe sharagusrizetitae Arge(io), Glu (Alszls)ﬁizl?ig])l,dcﬁy
(A21), Arg (831), Lys (B32)-NH2-human insulin, and which results after amidation with lysinamide.
The invention further relates to a process for .preparing the insulin analogues of the
invention, where a precursor of the insulin analogue is prepared recombinantly and
converted enzymatically into a two-chain insulin precursor which carries arginine or
20 lysine N-terminally in relation to amino acid 1 of the A chain, and has at the
C-terminal end of the B chain a lysine or arginine residue which is converted with
argininamide or lysinamide in the presence of an enzyme having trypsin activity into
the amide and thus into the slow insulin of the invention, and is prepared with high
purity by a biochemical purification process.
25
Proteins which differ through substitution of at least one naturally occurring amino
acid residue by other amino acid residues and/or addition and/or deletion of at ieast
one amino acid residue from the corresponding, otherwise identical naturally
occurring protein are referred to as “analogues” of proteins. It is also possible in this
30  connection for the added and/or replaced amino acid residues to be ones which do

not occur naturally.

Proteins which are obtained by chemical modification of certain amino acid residues

of initial proteins are referred to as “derivatives” of proteins. The chemical



Ekample 6: Construction of the plasmid pINT3588 coding for His (A8), Sly (A21), Asp (33)-
preproingyin oo girieien takes place as described in example 1 and 2 b3, E@ﬁ@@ﬁﬂﬁﬁ)@h%
/

5reactions. The product of the third reaction is inserted after Ncol/ Sall cleavage into the Nco
Sall-opened pINT91d vector DNA. The primers Tir and pint3580 _glya2lrev are used. Two further
primers arecifiogtiosizedy piotd58 foDb8s10I5" o GOABGAITON G TG GARRECAGCIETEEGGC -3"

(SEQ I %gp%%%ggﬁjhl&%Sgﬁ §é¥ ACAGG T_GCTGGT_C_CA CAAATCGT_GC CGAATTTC -3" |

(SEQID e codon wh S Tor asparagine in position 3 of the insulin B chain is
emphaS|zed by emboldening in each case. Construction is carried out as described in example 1.
Templat 3( 8 th plasmid pINT3581. Correct plasmids are 20called pINT3588. The
preproinsulin encoded by the plasmid is precursor for the compound YKL202-4, which is characterized
as Arg (AO) His (A8), Gly (A21), Asp (33), Arg (331), Arg (B32)-NH2-human insulin, and which results

after am I§ |na |de 25Th oms I|n en oded b % Ias Jd is precursor for the
compour'—lq %Yé GﬁéﬂJ R|c IS c%argc?e%r%;eé%r rg( Oﬁ?s@fA ), Gly %ﬁ? QD ), Arg (B31),
Lys (B32)-NH2-human insulin, and which results after amidation with Iysmamlde 30Example 7:

Construgﬁngo ﬁ%ﬁ?ﬁv gleprTB gﬁg&l% or H oa} tgg(g Glu (34) preproinsulin the Ncol /

Sall-operie ector he prlmers |r ) ya2lrev are used, Two further
primers are synthesized: plnt3581_Eb4f 5

10 The following examples are intended to illustrate the concept of the invention without

having a restrictive effect in this connection.

Example 1: Preparation of the vector derivative pINT3580 which codes for
Gly (A21)-insulin and a modified C peptide which carries Arg Arg at the C/A chain
15 boundary.

European patent application EP-A 1 222 207 describes the plasmids pINT358d,

pINTS1d and the primer sequence Tir. DNA of these products is used to construct

the plasmid pINT3580. The plasmid pINT358d is moreover characterized by a gene
20 sequence which codes for a modified C peptide having particular properties. Three

primer sequenees are synthesized:
pint3580_glya2irev
25 5~ CAAAGGTCGACTATTAGCCGCAGTAGTTCTCCAGCTGG-3" (SEQ ID NO: 3)

This primer serves after working up to introduce glycine (bold print, underlined)
instead of asparagin in position 21 of the A chain of the proinsulin sequence
encoded by pINT358d.

30

arg_cjuncf

5-GTCCCTGCAGCGTCGCGGCATCGTGGAGCAG-3" (SEQ ID NO: 4)



5'- ACGATTTGTGAACGAGCACCTGTGCGGCTC -3" (SEQ ID NO: 14) pint3581 Eb4rev 10 5"

CGCAC@‘@G% CA CAAATCGTGC CGAATTTC -3" (SEQ ID NQ: hich
codes for glu gﬁ%@%&%ition 4 of the insulin B chain is emphasized bygiﬁd%@gﬁ@\g

construction is carried out as described in example 1. Template is DNA of the plasmid pINT3581.

Correct plasmpidseresakeditopHd T#A8r 2he BreREoRSUHY ﬁﬂﬁﬂﬂﬁﬁg@%@rﬂ@%&éﬁ@&?cufsof for
, Gly

zed as Arg (AO), His (A (A21), Glu (B4), Arg (B31),

the compound YKL202-5, which is charactefiz
Arg (Bsgﬁmﬁzﬁhﬁ}ﬁéﬁ%’%&&aﬁ?ﬁwﬁa%&% after amidation with argininamide. 20 The

preproinsulin encoded by the plasmid is precursor for the compound YKL202-5b, which is
characterized.as Arg (AO), His (A8), Gly (A21), Glu (B4), Arg (B31), Lys (B32)-NH2-human insulin,
and whiBhSe 3RSt amidation with lysinamide. 25Example 8: Construction of the plasmid pINT3597
coding for His (A8), Gly (A21), Glu (BO) - preproinsulin Construction takes place by 2 polymerase

Pint356. BT S R A BB ARG AR RBRE T e TARCE ASER GE NETE 3 (SEQ ID
NO: 16) pint3581 EbOIf2  5"- TATCGA CCAT GG CAACAACA TCAACAGGAA ATTCGGCACG

AGAG-3.5(SEQ ID.NQ: 17) There i tial lap. of the t orin in thi . Pint3581_ EDbOf2
containjgé N ?Pe@égﬂﬁig%g@%rﬁeéﬁ ?grtlﬁfg’%\é‘eég i'@otérli !?em\évgﬂ?f%a%e%g éHIl?B%argviicr:ncodes_for

glutamiraeidrnipesitien Gat iihactertiahtheviichan fursppbasieesbyspieatisning 10in each case.
-Fl)-l?ln gg?_‘%‘?%% iﬁ?gé\lg%]féé%% I%gi gg}ﬁﬁé@%&P@C ?}éiﬁﬁrﬂrﬁﬁ%%ém 'itﬂrgﬁq;*%%é); Iilrs carried
out withgine3éneglpail it 3pilwith-DRA pinide Blaghia e 358 protuehins Rigrdweaers the
L e B R Bt RS Ctions 76 ComEned ane Smploysd Fogsther s the

primer pair Tir / pint3580_glya21rev in a third PCR. The product of this reaction is

purified after fractionation of the reaction mixture by gel electrophoresis and is

15 digested with the restriction enzymes Sal1 / Nco1 in accordance with the

manufacturer's instructions in one and the same reaction, the reaction mixture is

fractionated by gel electrophoresis, and the DNA fragment encoding the proinsulin

sequence is isolated. The fragment is then inserted by a DNA ligase reaction into the

Nco1 / Saltl-opened pINT31d vector DNA.

20
The ligation mixture is used to fransform competent E. coli bacterial cells. The
transformation mixture is taken out on selection plates which contain 25 mg/l
ampiciliin. Plasmid DNA is isolated from colonies and characterized by DNA
sequence analysis. Correct plasmids are called pINT3580.

25

Example 2: Construction of the plasmid pINT3581 coding for His (A8),
Gly (A21)-preproinsulin

The construction takes place as described in example 1 by 3 polymerase chain
30  reactions. The product of the third reaction is inserted after Nco1 / Sal1 cleavage into
the Nco1 / Salt-opened pINTS1d vector DNA. The primers Tir and

pint3980_glya21rev are used. Two further primers are synthesized:

pint3580_ Habf



after Ncol/ Sall cleavage into the Ncol / Sall-opened pINT91d vector DNA. Correct plasmids are called

pINT35€%O 286@’(%?8 jnsulin encoded by the pﬁsmid IS precursor forgﬁéeg%)igg@%}é 02-6,

20which'is tharacterized as Arg (AO), His (A8), Gly (A21), Glu (BO), Ar 2-human
insulin, and which results after amidation with argininamide. The preproinsulin encoded by the plasmid
is precursor for the compound YKL202-6b,  which is characterized as Arg (AO), His (A8), Gly (A21),

sinamite R Lo B GRS o i RO N Bhdon of asparic acid

and following the example results in plasmids which have aspartic acid instead of glutamic acid in
position BO %%df ple 9: Construction of the plasmid pINT3700 coding for His (A8), Gly (A21), Lys
(BO)-preBVbtl% H%F

ifithe at the boundary between presequence and start of the B chain.
Corstruction takes place by two polymerase chain reactions. The primer pint3580_glya2lrev is used.

Two furtper. primers ized: 5pint3581_EbOf1 5'- CAACAGGAA ATTCGGCA AAGTTTGTG
AACCAg GhE: é&@é&%@g’% %@%@ﬁﬁ%&@fﬁ%ﬁi 3 TRFEGR 8EAT)GG caacaACA
TCAACAGGAA ATTCGGCAGAG -3' (SEQ ID NO: 19) 15There is partial overlap of the two primers in
this case, and pint3581  EbOf2 contains an Ncol recognjtion sequence. This is depicted underlined.
The codegn%\ﬁ%er? %3@@&"&%@35&@% H&Q%W(g’aq’ (i O 1B SRRRAS ERRPsized by
embor!d@mga' inedal Baaacﬁa'@m@ab ta;@wml:@éiﬁ?i\lérﬁﬁﬁ@jww ﬁ%@@ﬂn%&ﬁg’%;ﬁecgrried out
with. the primer pajr pint Eb-1f2./ pint3580 . glya2lrev. 20 Template for PCR2 is the product from
b T R AT S0 Y e B T NP 6, SO P produc

from PCRghabeepsither gritleiepiapsinsuisreequenPe Rh aspadiset ofithataapenstieastion is
inserted after Ncol/ Sall cleavage into the Ncol / Sall-opened pINT91d vector DNA. Correct plasmids
are call@fﬂlﬁ?%ﬁ&ﬂ%&%&nﬁﬁﬂyjﬁ%d tBﬁ?ﬁe"Bfﬁ?ﬁﬂﬂrsdw cursor for the compound Arg
(AO), HisitiEHa G gipa21yehig (3D MNAIMPORTGINSeHmIZReiconpadsd is abtained by iAigially
preparing the intermediate Hi , Gly (A21) of the Thr (B30)- h insulin by reaction
with tryp%%cgﬁg E/%ci/ %%%ooﬁ%ﬁég%@,m i??%rr% o‘?&érﬁﬁ% é%géﬁgmg&ed by amidation
witlb argininamide into the desired compound YKL202-7, which is characterized as Arg (AO), His(A8),
GIy(AZ]‘?*n@‘rgrg%?g‘ 's'\'u"s‘;%'@%é”o%%é“% I{Qé plasmid is precursor for the compound YKLZ202,

which is characterized as Arg (AQ), His (A8), Gly (A21), Arg (B31), Arg

(B32)-NHy-human insulin, and which results after amidation with argininamide.

20 The preproinsulin encoded by the plasmid is precursor for the compound YKL202b,
which is characterized as Arg (A0}, His (A8), Gly (A21), Arg (B31), Lys

{B32)-NHz-human insulin, and which results after amidation with lysinamide.

Example 3: Construction of the plasmid pINT3582 coding for His (A8), Glu (A5),
25 Gly (A21) — preproinsulin '

The construction takes place as described in example 1 and 2 by 3 polymerase

chain reactions. The product of the third reaction is inserted after Nco1/ Salt

cleavage into the Nco1 / Salt-opened pINT91d vector DNA. The primers Tir and
30 pint3580_glyaZirev are used. Two further primers are synthesized.

pint3581_Eabf

S'GCATCGTGGAGGAGTGCTGCCACAGCATCTG 37 (SEQ ID NO: 8)



which is characterized as Arg (AO), His (A8), Gly (A21), Lys (B30)-NH2-human insulin, and which
results af idatl ith lysinamide.  Example_10: Construction of t?’e ;iH @%ﬁgl 3701 coding
for Gly m@@%@gﬁaproinsulin The construfﬁin serves to introdu eCt ? %E%ﬁe instead
of the codon for arginine at the boundary between presequence and start of the B chain. Following the
construction strategy from Example 9 but using DNA of the plasmid pINT358d as 10 template for
PCR1 res_ult§ in theglasmid pINT3701 which, like the original plasmid pINT358d, is characterized by

the bourfdaf }m}é ﬁr@’peptide and A chain being formed by the amino acid sequence Lys-Arg.
Example 11: Construction of the plasmid pINT3702 coding for His (A8), Gly (A21), 15Lys

(BO)-preproai in with the C peptide according to Example 10 Following the construction plan
describe 1¢%ﬂ%ﬁ@%§%§fﬁ& lgmﬁ%fl:\@’&%rﬁ@ﬁfﬁﬁ’éﬁﬁ'és(%ﬁ%@é\@éﬁis in the plasmid
pINE3702. 20 The preproinsulin encoded by the plasmid is precursor for the compound Arg (AO), His
(A8), Gl 3%21 ,,/Arg (B30)-NH2-human insulin. The compound is obtained by initially preparing the
intermed 943@003\ IGHOPABS, R PIABTY 6AAE FhPaste) RrhiieiAseiiaibyseauoRsHag with lysyl
endopepsigdaaeheidehiah intesrediaie. iTsukspaueR 698 vereshoy Amidationwi @rgininamide into
the desired co und 25 YKL202-8, which is characterized as Arg (AO), His (A8), Gly (A21), Arg
(330)-N|§I§?’ﬁ1é1;?2% ihEOHAaterise MénroisuRIRERtd bl byaBd: Srasrrrd ﬁﬁﬁ%ﬁ@?&%’ﬁféﬂ compound
YKL202i3l,T@bgh is characterized as Arg (AO), His (A8), Gly (A21), Lys (B30)-NH2-human insulin,
30?$d which results after amidation with lysinamide. Example 12: Preparation of the vector derivative
pINT3703 which codes for His (A8), Gly (A21), Lys (30)-preproinsulin and a modified C peptide which

carries tiiedrigeptidiedyinAtedteabihthe Maeimia RosadarkobAH sarplasAyomINIREY2 is used as
template, and the primers | inﬁ358R grlé%)lrev axgéjé%re used, Tw%rimer sequences are
synthesi‘%’ff *%?&%ﬁ%?be_r GHAST BN ACKBSORTEGrG8 NEEAGTSC -3 (SEQ ID
NO: 20)(B3ZhisHrimenserveslikedhe wiioerasaltejurer ey igsioaducingmiaiinaat the 10insulin

NB chain boundary. 3702_cjunc_rev 5'- TCC ACGATGCCTCTGCGCTTCTG CAGGGACCC -3' (SEQ
ID NO: 21) 15 The codon for the arginine to be introduced is in bold print in both primers. A FOR is

catfied dutdrpegsaidanta whitodedy dpe anBatiensApptoasioniaRe tA33RHWIKL eachof the
primer pajrs Tir/3702 _cjunc rev and 3702 . juncf/pint3580_ glya2lrev and with DNA of the plasmid
pINT37 iy ?gr%ra%l&%f{ﬁpqeﬁgtgr& \‘ﬁ%%pl%rgﬁé# bf%'} r@&igéi zérgdﬁ%ﬂﬂeﬁ%d employed
togethe( Bah)INeipinnerapainstilin, pintBadcty hearlievafier Hhind &R Witelpipdueidef, this reaction is

purified after fractionation of the reaction mixture by gel electrophoresis and is digested with the
restriction enzymes Sall / Ncol in accordance with the manufacturer's instructions in one and the same

reactioni-siaeriphesticfionstixttiteis fthetisinaterdoy| NEIFIestmphodesisHan (B RYYY iggment encoding
thg(ﬁ)roi%qlug&%sffuence is isolated. The fragment is then inserted by a DNA ligase reaction into the
ol / Saltepéned BIRTELEVERor DNA.

The construction differs from example 1 by taking place by only one polymerase

chain reaction. The product of this reaction is inserted after Nco1 / Sal1 cleavage

into the Nco1 / Sal1-opened pINT91d vector DNA. The primer Tir is used. One
25 further primer is synthesized:

pint3580_Da18rev

5° CAAAGGTCGACTATTAGCCGCAGTAGTCCTCCAGCTGGTAGAGGGAG 37
30 (SEQID NO: 10)

The codon which codes for aspartic acid in position 18 of the A chain is emphasized
by emboldening. Template is DNA of the plasmd pINT3581. Correct plasmids are
called pINT3583.



The ligation mixture is used to transform competent E. coli bacterial cells. The 30 transformation

mixture iﬁ,@&%@ﬁé}ﬂ%ﬁaﬁlection plates which cog@in 25 mg/l ampicillinggﬁﬂ%‘g%@%f IS is%a-te_lt_thom

colonies and characterized by DNA sequence analysis. Correct plasmid

preproinsulin encoded by the plasmid is precursor for the compound Arg (A-1), Arg (AO), His (A8),
Gly (A21), Arg (B30)-NH2-human insulin. The compound is obtained by initially preparing the
intermedjate Arg gA-l , Arg éAO , His (A8), Gly (A21) of the Thr (B30)-human insulin by reaction with
lysyl engt?b%ﬁfﬁﬁﬁ Ul #RRRGRE Y dDRRAEE R ICHSRRRSHIFU TR dhe GB) RAHIRFA B argininamide

into the H/Brsirec-hArARRMIBATHE AIGRITNSAY grieddyhe piRsmishi fapghe compound
l ly (A%?), L?ys (gs%w }j avhs F}Sﬁ vivﬁhﬁ:?r?i(le{%?tﬁs gﬁ%hr amidation

Arg (A-1), Arg (AO), His (A8), G -NH2-human insulir ch |

with |ysi£§ﬁff%?r§‘ﬁ%@%r8§m@?rf %I@ﬂ@d%ké@ﬁ%%%%@ﬁ@&@ﬁf’@? JHifaARIRisReRIe be introduced
intoghe appropriate positions of the A or B chain in accordance with Examples 3-8. These proinsulins
are precuyrsor for the compounds YKL202-10a Arg (A-1), Arg (AO), Glu (A5), His (A8), Gly (A21), Arg
(B30) NIBE IR RS RSO0 PRI AS e SEILI ALY ARSTAGING Y HAZ0F £0s

(B30)-NiBibimingathirsidhieriy Ké 2024 ARpl)AAl), (AR)ABI M IS 3 (A21), Arg
(BBO)-NI(:%IIISIUl n 'nsulinn\,(KLZOZ-iélS% (APB, A% AOg(, GPJ %g) HE%}GR?(% %), Lys
(B30)-NUEE P GR TN VIGLIB 205 i Ao a6 tpiGy TR R WS e sty (A21), Arg
(B30)-NH2-human @nsul@n YKL202-12b Arg (A-1), Arg (AO), Agp (A18), His (A8), Gly (A21), Arg
et e S R RTINS R 4 AT A TR ST TS L

Gly (A21) — preproinsulin

The construction differs from example 1 by taking place by only one polymerase
chain reaction. The product of this reaction is inserted after Nco1/ Sal1 cleavage into
15 the Nco1 / Salt-opened pINT91d vector DNA. The primer Tir is used. One further

primer is synthesized:
pint3580_Ealbrev

20 5- CAAAGGTCGA CTATTAGCCG CAGTAGTTCTCCAGCTCGTA GAGGGAGCAG
ATGCTG -3" (SEQ ID NO: 11)

The codon which codes for glutamic acid in position 15 of the A chain is emphasized
by emboldening. Template is DNA of the plasmid pINT3581. Correct plasmids are
25  called pINT3585.

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-3,
which is characterized as Arg (A0), Glu (A15), His (A8), Gly (A21), Arg (B31), Arg
(B32)-NHz-human insulin, and which results after amidation with argininamide.

30
The preproinsulin encoded by the plasmid is precursor for the compound YKL202-3b
which is characterized as Arg (A0), Glu (A15), His (A8), Gly (A21), Arg (B31), Lys

(B32)-NHz-human insulin, and which results after amidation with lysinamide.

3



YKL202-13b Arg (A-1), Arg (AO), His (A8), Gly (A21), Glu (BO), Lys (B30)-NH2-human insulin

YKL202 g (AO), His (A8), Gly (Agl), Asp (B3), Arg (33 ' j
YKLZOZ@%ZQ%%&%g (AO), His (A8), Gly (%O}),Asp (B3), WO PEER2HE00531E’

2009/08708227PCT/EP2009/000018 Lys (B30)-NH2-human insulin YKL202-15a Arg (A-1), Arg (AO),
His (A8)F@iyn(AR B), Giu{Budiidng(BBE pEIid penIngBliod K Z02 BN ABY (BWL)ARNY, (AO), His
(A8), GIMA (}-Iur B‘Qm'g}jﬁ B30)-NH2-human insulin Example 13: Preparation of the vector
derivative BI 764 RREEotes for His (A8), Gly (A21), Lys (BO)-preproinsulin 5 This example
describes the preparation of the vector derivative pINT3704 which codes for His (A8), Gly (A21), Lys

(BO)-pr i ' dified C peptide which carrjes, the tripeptide Lys-Arg-Arg at the C/A chain
pounag e B B s e oo DB SR o RSy TR Ra fuin i deleted
10Follovaagttbessyitbgsisdatieshhddbtdoea dlidexanmpe riedeatcrai@cing st gaaverge into

3702_a ' d,3702 ar% g frev by, th i 3703 26, Galt gnd 3703_A. Gal rev and
using Dﬁiﬁé}#gfi ?)$aaslﬁﬁ%3p ?gs{aeﬁég m&ﬁ;ﬁ% Qﬁ@ﬁl@sﬁfﬁ T3704 wherein the amino
acid glypin&mBpositiaR Lre¥ e Assdin veodelehed prithereraredethiregivaidsulin, and the remaining
course of the sequence 15 corresponds to that of the sequence encoded by pINT3703. 3703_11 Galt

5' - TGC AGAAGCGCAGAATCGTG GAGCAGTGCTGC -3' (SEQ ID NO: 22)
pint3581_Db3f

10
5- GCACGATTTGTGGACCAGCACCTGTGCGGC -3” (SEQ ID NO: 12)

pint3581_Db3rev
15 5°- CACAGG TGCTGGTCCA CAAATCGTGC CGAATTTC -3” (SEQ ID NO: 13)

The codon which codes for asparagine in position 3 of the insulin B chain is
emphasized by emboldening in each case. Construction is carried out as described
in example 1. Template is DNA of the plasmid pINT3581. Correct plasmids are

20 called pINT3588.

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-4,
which is characterized as Arg (AO), His (A8), Gly (A21), Asp (B3), Arg (B31), Arg
(B32)-NHz-human insulin, and which results after amidation with argininamide.

25
The preproinsulin encoded by the plasmid is precursor for the compound YKL202-4b
which is characterized as Arg (AO), His (A8), Gly (A21), Asp (B3), Arg (B31), Lys

(B32)-NHz-human insulin, and which results after amidation with lysinamide.

1

30 Example 7: Construction of the plasmid pINT3593 coding for His (A8), Gly (A21),
Glu (B4) preproinsulin

Construction takes place as described in example 1 and 2 by 3 polymerase chain

reactions. The product of the third reaction is inserted after Nco1/ Salt cleavage into



20 3703 _,0, Galrev5' - TGCTCC ACGATTCTGCGCTTCTG CAGGGACCC -3' (SEQ ID NO: 23) 25
The prepyol ' d by the plasmid is precuyrsor for the compound, A %ar Aﬁﬂ@l ,His (A8),
Gly (A21:;;, Q%HM%? -human insulin. The cc#ipound is obtained b)%l‘ﬁltﬁg% %%[ )lﬁe
intermediate Arg (AO), Arg (Al), His (A8), Gly (A21), des Thr (B30)-human insulin by reaction with lysyl
endopeptidasedd /eyl thepiatednadate: i teemeONARIEHD R @Midationanih argininamide into the

desired compound. The preproinsulin encoded by the plasmid is precursor for the compound Arg
(AO), ﬁ?&&?—l@'ﬁ%ﬁ)‘?‘fﬁ}ﬁﬂ?fﬁ'@gqmﬁﬁﬂﬁm%ﬁﬁqmm%ﬁ results after Samidation with
lysinamide. It is clear to the skilled worker that negatively charged amino acids can be introduced into
the preproinsulin sequence in accordance with Example 12. It is also possible in analogy to Example
13 to pr H plasmid pINT3702 a plasmid that codes 10for a proinsulin sequence which
pergnits the preparation of insulin derivatives which carry an arginine as N-terminal amino acid in
position 1 of the A chain. Example 14: Expression of the proinsulin derivatives 15 The expression is

carried OUt fhacEordAREE AN gﬁﬁ&é@ ?@bﬂ%ﬁ@aﬁ% %ﬁ%éﬁ)ﬁi%@rﬁ\@f’%h 222 207. Example

15: Folding of the proinsulin derivatives 20The folding takes place in principle by the method described
in EP-A 0 668 282 Example 16: Processing of the proinsulins from Examples 2-8 with trypsin The
folded p w8 zymatically processed to give the two-chain 25Arg (AO)-insulin precursor
whose C-terminal B chain end is characterized by lysine or arginine. The enzymatic processing of the

oriles 5 b Biabiry ATaABOIoLS s VBTGNS S 1oy ND Lo Ve B0 WO

2007/031187 Al. 30 Example 17: Processing of the proinsulins from Examples 9-13 with

endoproﬁig%%%cl)_xm%ch codes for glutamine in position 4 of the insulin B chain is
emphasized by emboldening. The construction is carried out as described in
example 1. Template is DNA of the plasmid pINT3581. Correct plasmids are called

15 pINT3583.

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-5,
which is characterized as Arg (A0), His (A8), Gly (A21), Glu (B4), Arg (B31), Arg
(B32)-NHz-human insulin, and which results after amidation with argininamide.

20
The preproinsulin encoded by the plasmid is precursor for the compound YKL202-5h,
which is characterized as Arg (AQ), His (A8), Gly (A21), Glu (B4), Arg (B31), Lys
(B32)-NHz-human insulin, and which results after amidation with lysinamide.

25  Example 8: Construction of the plasmid pINT3597 coding for His (A8), Gly (A21), Glu
(BO) - preproinsulin

Construction takes place by 2 polymerase chain reactions. The primer
pint3580_glya21irev is used. Two fur*ther primers are synthesized:

30 o
pint3581_EbHOf1

5- CAACAGGAA ATTCGGCACG AGAGTTTGTG AACCAGCACC TGTG-3’
(SEQ ID NO: 16)



Endoprotease Lys-C from Achromobacter lyticus is commercially available (Merck/Calbiochem). The

reaction,j i jth slight modification as %%scribed by Jekel, P.Acb TZ%F}A % | %& . 134,

347-354???%@?]?@%}%?9.5 is set, and the reaction temperature is 30 ‘es g%@ %@ egztion, the

presequence is eliminated and the C peptide starting with Thr (B30) is cleaved out, so that the

C-terminal end of the B chain is formed by lysine which is present as reactive site for the

enzyme-ca@%&a oupling reaction.  Example 18: Preparation of the Arg-NH2 or Lys-NH2 insulin
th

compouﬂlﬁl1 0-chain precursor by coupling with arainin- or lysinamide Irrespective of the
positioning of the additional acidic amino acids, a standard reaction is carried out as follows: 100 mg of

Arg (AO),. Gly, ), Arg (831)- insylin apal re dissolved in 0.95 ml of argininamide solution (446
g/L), an Oeigﬁféﬁ m%&ﬁiﬁg&%ﬁ%gﬁmMTEQ\%éQQd’g&%‘egreaction mixture
is choled3BQ20 AW gtAyted by adding 0.094 ml of trypsin (0.075 mg, Roche Diagnostics). The

reaction is stopped after 8 h by adding TFA to pH 2.5 and analyzed by HPLC. There is formation of
>60% Arg (AO), Gly (A21), Arg (831), Arg (B32)-NH2-insulin analogue. Addition of trypsin inhibitor

solutionTsépawed iyl 20puHicatiencofibe amigetpdtiais alagseimesseag E DS 5886 33-

P [ f th ding lysinamid d tak I I sly. H :
caueou BREHES MRS IETER CoRRaN AIEE L ST PR OFR.PR dpling material

(285 E;<g@p1yamc%emrisyp&mﬁ@mmf€na@%n2@ﬁcbayﬂn@galatéém é@“@dpr&%@hbﬁhb’rﬁﬁaﬁeﬁi
-INSulin amiae cO oun - escriped In e which corresponds to an
Ao U R TSN Bs BlpsAa ! b

m
15, i)&T&?%O)-insulin amide serves as
starting material for preparing the compound YKL202-11, Lys (A-1), Arg (AO), His (A8), Gly (A21), Arg

(830)-insylig amide. 200 mg af,the compound .are dissojved i) 40 m| 00 mM Na2 HPO4 / CH3CN
(50:50) E#jgﬁ Sa?‘ﬁfréeé)ﬁ%‘?\%{ﬂg.ﬁ? iR ?rﬁéfﬁﬂwz{fiﬂ i 1??%8@@%&%%&?5&& is prepared
gy milxi R’@:@l;ﬂatmﬁcBm%@(B:%bé-@l‘bcﬁxlét MMTMHOR%?XiﬁiMWWM?dMﬁIMbr '
icyclohexylcar e in.dichloro ane for inutes. action mixture is
concenl?g'f}ég ]%gﬁr%irl‘g& Tr&% {(E#gr%’%g ugpﬁg@%ﬁ&j 7 Wﬁg]qﬁg}lrﬁr’@i m?gr@ﬁ&ﬁ% 5 ml of
meéthanobarlaiddedpothsudiis salyedindidl nsplodddtebtracimviristisetat oomsdaatperature for at
least 60, but at 0,,minutes. The reaction is.s ed by addi 00 pl of TFA. The mass of the
romcton e A B B P e DR B T o et e Mo it
monoagyiatet s edactatiedsiEiig 68 three components is present. The components are separated by
HPLC. During this, diacylated and triacylated byproducts are also 10 removed. The fractions from the

HPLC separation are analysed by mass spectroscopy. The 3 fractions each containing monoacylated
productEne putjectestinamaniiad hgithsgrpente Bnalysissintépratoroaipict #kaves Ientification of

t PLC fraction which contains the ired c ound, fr. hich.the Boc,protective groups are
e TR By ATS D T o R T B R B g
(

B32)-NHz-human insulin, and which resuits after amidation with argininamide.

The preproinsufin encoded by the plasmid is precursor for the compound YKL202-6b,
which is characterized as Arg (AD), His (A8}, Gly (A21), Glu (BO), Arg (B31), Lys

25  (B32)-NHz-human insulin, and which results after amidation with lysinamide.

Replacement of the codon for glutamic acid in position BO by the codon of aspartic
acid and following the example results in plasmids which have aspartic acid instead
of glutamic acid in position BO.

30
Example 9: Construction of the plasmid pINT3700 coding for His (A8), Gly (A21),
Lys (BO}-preproinsulin

The construction serves to introduce the codon for lysine instead of the codon for



15the desired product is tested for its biological properties. Example 20: Preparation of the plasmid
pINT35 B’a? %% s for His (A8), Gly (A21%\i§)rroinsulin. 20 Followi Ig rati heme
from Ex%‘*mp edg%n ﬁ@?r?g DNA of the plasmid pINT358d as template foe%’ Efé@:@@g)&%fésults in
the plasmid pINT358_ha8 which codes for His (A8), Gly (A21) proinsulin. The proinsulin encoded by

the plasanigirirevesths preawiasy ieniragmpssnbatharfareatisitg Bamdm21), Arg (B31), Arg
(632)-NH2-humap in?##g. Féloceigjng of the preproinsulin to give His_25(A8), Gly (A21), Arg (B31) as
interme 8{.@%8?(? a PRACYTEERACERIR RAEFICN53958 iRtHIE Case. Conventional

trypsin isintBBBIyaslynihie cases BxaMRieraAh EopMwatioareldpetasmigated insulin derivatives 30 In
order to test the insulin derivatives of the invention for their biopharmacological and physicochemical
properties, a solution of the compounds was prepared as follows: the insulin derivative of the invention
was disptivesiswiti ls0idrget concentration of 240 5,uM in 1 mM hydrochloric acid with 80 pg/mL zinc
(as zinc chloride). For this purpose, initially an amount of the freeze-dried material which is about 30%
higher than required on the basis of the molecular weight and the desired concentration was weighed

out. The CODAATRBGARESENCGBEACAABETTEEE e Gl bBLGaw! the sgkitipmwas

subseq ,tl){ééyade up to the volume 5 necessary to achieve the target concentration with 5 mM
hydrochloric acid with 80 ,ug/mL zinc. If necessary, the pH was readjusted to 3.5 0.1. After the final
analysis by HPLC to verify the target concentration of 240 5 pM, the finished solution was transferred
bﬁé)neans %!é%siyr' e %%ith a 0.2 pm filter attachment into a sterile vial which was closed with a septum
nd a chif aér.g%é) ptimization of the 10formulations, e.g. in relation to addition of isotonic agents,
preservatives or buffer substances, was carried out for the short-term single testing of the insulin

el By YUA TSR AL EEP A A% B3 GO ML ST oo Sl o Bsion

protein B{hiri@lin and miniproinsulin by yeast. Yeast host organisms which are mentioned as
particularly advantageous in this connection are S. cerevisiae, K. lactis, 20H. polymorpha and P.
pastoris. Example 4 of said patent application describes the construction of a plasmid which permits

preparatioerefitheaftisiooveridpiofithe. ipastoiisexn drvithissedod) Ause viesEs e Hpe donprigearing a

T A Aot ot A B SRR R A =

(A21). Toweghuitaerpitichir-bokitisruSeat. thbesfattosvithg: Binters dseenmevlystixsthiepized and purified after

SYNthesi¥noldening in each case. Template for PCR1 is DNA of the plasmid pINT3581.
PCR1 is carried out with the primer pair pint3581_Eb-1f2 / pint3580_glya21rev.

20 Template for PCR2 is the product from PCR1. PCR2 is carried out with the primer
pair pint3581_Eb-1f2 / pint3580_glya21rev. The product from PCR2 covers the
complete preproinsulin sequence. The product of the second reaction is inserted
after Nco1/ Sal1 cleavage into the Nco1/ Sal1-opened pINT91d vector DNA. Correct
plasmids are called pINT3700.

25
The preproinsulin encoded by the plasmid is precursor for the compound Arg (AQ),
His (A8), Gly (A21), Arg (B30)-NHz-human insulin. The compound is obtained by
initially preparing the intermediate Arg (A0), His (A8), Gly (A21) of the Thr (B30)-
human insulin by reaction with trypsin and lysyl endopeptidase C, which intermediate

30 is subsequently converted by amidation with argininamide. into the desired
compound YKL202-7, which is characterized as Arg (AD), His(A8), Gly(A21), Arg

(B30)-NHz-human insulin.

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-7b,



piwchia_GZI_rev 305"-TTTTTTGGCG CCGAATTCAC TATTAGCCAC AGTAGTTTTC CAGCTG G
TA-3" (SRR HahAa2A)gbhe codon emphasized % mboldening markséb _ i ichia,H8_f
with the sequence 5"-GAACAATGTTGTCATAG A‘?CTGTTCTTTG TA ?@%@QWR ACTG-3'
(SEQ ID NO: 25) 5 The codon emphasized by emboldening marks the A8 positions. pichia-al-12rev
5"- GAAGNGATARAATBACNAGCATH GATCABCEHTOETAZY (SR (PIVPNEE)HaEIeiaoden

emphasize VQxigmboslgﬁgiQ er!pgrrnkts the A8. orsitions. Equimolar amounts (1 jig) of primer
-pichia_(?? rev an(?prlmer pichia q—?é‘ﬁQvWi' E@Vﬁgw erlap, are denatured at 95C in the presence

of a thermophilic polymerase and polymerase buffer which contains the 4 deoxynucleotides dATP,
dCTP, dGTP 2@1 TTP,. 5" and then incubated .%Sh?]%ior 10-15 minytes..The reaction volume of
this reac i)é%nl%is? [ .?H%“&%Wci‘a? %\Oﬁﬁ%&@é‘i %’ﬁ reactid r(@efé)ét%T)( g\%ﬂ.}-} primers pichia_H_ifl
andbpichigsa Bl Merepreinealited in parallel with the described template DNA. In a further polymerase
chain reaction, the reaction products of reactions 1 and 2 are reacted as template with the primers

20pichia_H_ifl / pichia_021rev. The reaction product of this reaction is purified by gel electrophoresis.
After reddtnamisitrtiodior steotmntenzirotrsck ok and Sadr theifiNAsteagmeihwhistiosoksrs the fusion

duct s i ' he d bed v i I X le.4. Th It is th
Plasmic DI ThabY POLTe SN S UERRo) e ARG St A i B mercialy

availabléh25exzssitonistradsgyilred: Eseprapitiéhioft theind DRB)oGhe(pREmlirg (BRI duazan insulin
pregursoy i lowe e coupling, of arginine amidein accardance with the description on arginine
(BH), TR R TSRS G0 DR 0 B IS Rt vk 203)

which itpd FépResantsharanietisthbin Sudirbcaréapobeing ¢m Expemiec28rand ishgatedingthe rat
experi Iy ith_lysi mide leads analogously to the compound YKL203b which is
characrlﬁ?zﬁ’e]é:ogé I—h%%( %}mélf}é@%%&%rgc 3%[ ﬁ{% (B32)-NH2-insulin. The compound can, however,
also serve as intermediate for preparing the compound Arg (AO), His (A8), Gly (A21), Arg (B31)

(i pureet B0 i o R AR e EEAd EUY (RO15 (B A7 b NS hman msutin

artbdisdoled B h-40apranautinite el Opamideatep@ing GHECNNHe:50) and a pH of 7.7-8.2 is set.

Following the construction plan described in Example 2 but usfng DNA of the
plasmid pINT3701 as template results in the plasmid pINT3702.

20 The preproinsulin encoded by the plasmid is precursor for the compound Arg (A0),
His (A8), Gly (A21), Arg (B30)-NHz-human insulin. The compound is obtained by
initially preparing the intermediate Arg (AO), His (A8), Gly (A21) of the Thr (B30)-
human insulin by reaction only with lysyl endopeptidase C, which intermediate is
subsequently converted by amidation with argininamide into the desired compound

25 YKL202-8, which is characterized as Arg (AQ), His (A8), Gly (A21), Arg (B30)-NH,-

human insulin.

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-8b
which is characterized as Arg (AQ), His (A8), Gly (A21), Lys (B30)}-NHx-human insufin
30  and which results after amidation with lysinamide.

7

b

Example 12: Preparation of the vector derivative pINT3703 which codes for His (A8),
Gly (A21), Lys (BO)-preproinsulin and a modified C peptide which carries the
tripeptide Lys-Arg-Arg at the C/A chain boundary.



5 As further material, a Boc-Arg-NHS ester is prepared by mixing 0.3 mM Boc-Arg-OH, 0.4 mM
N-hydro [TaTlgpY S) and 0.4 mM dicyclohexylcarbodiimide (DCC).in, dj r ne for 40
minuteswﬁéﬁrﬁe@é@gg (ringl?(_tlure is concentrated to gr%ness in a rotary vac[%lf/ g/%é)@&?ﬁg mixture
is then taken up in 5 ml of methanol and 10added to the dissolved initial insulin. The reaction is stirred
at room temperature for at least 60, but at most 120, minutes. The reaction is stopped by adding 200
pl of TF@. e mass of the regg_sjon roducts is characterized by LC-MS mass spectroscopy in order to
demonstrate fhBIRSIRIAREY o668 ESRSGTHIE BIIREe iSRS present. The components
are sepayiateddly JREC1 Ruring this atSdiesylated @amﬁiagaaﬁeqc@@é@g%ﬁé%im removed. The

e

fractions from the HPLC separation are analysed by mass spectroscopy. three fractions each
containing monoacylated product are subjected to an amino acid sequence analysis, interpretion of
whigh ath\gs idegtitieatign of the HPLC fraction which contains the desired compound, from which the
Boc protective groups are subsequently removed 20by gentle hydrolysis. After renewed HPLC
purification, the desired product is tested for its biological properties. Example 23: Evaluation of the

blood glftosesioweBng SifFE CAGAGEIDATIDENE WNSTA S 25 The MiaadmiNeossolpwering effect
of selected novel insulin analogues is tested in healthy male normal glycemic Wistar rats. Male rats

receive subcutaneous injection of a dose of 9 nmol/kg of an insulin analogue. Blood samples are taken
from theTanirpalaénseediaielcheioreiteraiectipnref s Rsulnanaloayagntrat segyar 30 intervals up
to_eight.hours r the.injection, and the blood glucose content therein is determined. The experiment
shows di%sé‘f‘ky}%f}gnﬁ ﬁ%h&f’ﬂf@ﬁsulin analogue of the invention leads to a distinctly delayed onset of
action and a longer, uniform duration of action. Example 24: Evaluation of the blood glucose-lowering
effect OT%I}% el insulin analogues in dogs The blood glucose-lowering effect of selected novel insulin
analogues é—t&{%—iﬁeg healthy male normoglycemic beagle dogs. Male animals receive
subcutaneous injection of a dose of 6 nmol/kg of an insulin analogue. Blood samples are taken from

Peqts et DTN, SRELERS LG NG bhACHT AR Bt i b e poriment shows
clearly that the insulin analogue of the 10invention leads to a distinctly delayed shallow onset of action
and a |hgecadufofor theatignbfeattibs. N6 2089/087 QRIS PREMIERAAHARIALA PEZRGS/002WODT.
oL Cla'cr:%sr:ried out in accordance with the European Patent Application EP-A 1 222 207 with
each of the primer pairs Tir/3702_cjunc_rev and
3702_arg_cjuncf/pint3580_glya21rev and with DNA of the plasmid pINT3702 as
20 template. Aliquots of the products of the two reactions are combined and employed
together with the primer pair Tir / pint3580_glya21rev in a third PCR. The product of
this reaction is purified after fractionation of the reaction mixture by gel
electrophoresis and is digested with the restriction enzymes Sal1 / Nco1 in
accordance with the manufacturer’s instructions in one and thé same reaction, the
25  reaction mixture is fractionated by gel electrophoresis, and the DNA fragment
encoding the proinsulin sequence is isolated. The fragment is then inserted by a

DNA ligase reaction into the Nco1 / Sal1-opened pINT91d vector DNA.

The ligation mixture is used to transform competent E. coli bacterial cells. The
30  transformation mixture is plated out on selection plates which contain 25 mg/l
ampicillin. Plasmid DNA is isolated from colonies and characterized by DNA

sequence analysis. Correct plasmids are called pINT3702.

The preproinsulin encoded by the plasmid is precursor for the compound Arg (A-1),



l. An insulin analogue of the formula | 1-t1011520 A-1 AO AlIVEASCCHSICSLYA15LE MBYCA21 A
chain 1 HLCGSHLVEAL Y L V.CGERGFFY 5101520 (ﬁ f328
Chain 350&2% m%ﬁé?ﬁgresponds to Lys, Arg or%n amino group; 25 Ag%% S %ﬁ%@ﬁ)@ § Arg or a
chemical bond; Alcorresponds to Arg or Gly; AScorresponds to Asp, GILA or Gin; 30 Al 5 corresponds
to Asp, GlrgdAGINHA BAITEEPONEIS) [VASIB SHI-IHB-S0MERARS SR ESRORSIS SB UM, i§er, Thr or Gly;

B-1corresponds to Asp,. Glu or an amino group; WO 2009/08708236PCT/EP2009/000018
BOcorregé) '&%Cig’ )&gﬁ?' Y %’Fg%ﬂ@nﬁhﬁﬁB@%}%aﬁ%%gﬁdgt@@s@%id‘f'ﬁl@%v a chemical bond:;
5 33correspohds tofhp, THL(B3URhuman insulin by reaction with lysyl endopeptidase C, and

the intermediate is subsequently converted by amidation with argininamide into the

5 desired compound.

The preproinsulin encoded by the plasmid is precursor for the compound Arg (A-1),
Arg (AO), His (A8), Gly (A21), Lys (B30)-NHs-human insulin, which results after
amidation with lysinamide. |

10
It is clear to the skilled worker that aspartic acid or giutamic acid can be introduced
into the appropriate positions of the A or B chain in accordance with Examples 3-8.

These proinsulins are precursor for the compounds

YKL202-10a Arg (A-1), Arg (AO), Glu (A5), His (A8), Gly (A21),
Arg (B30)-NHz-human insulin

YKL202-10b Arg (A-1}, Arg (A0), Glu (A5), His (A8), Gly (A21),
Lys (B30)-NHz-human insulin

YKL202-11a Arg (A-1), Arg (A0), Giu {A15), His (A8), Gly (A21),
Arg (B30)-NHz-human insulin

YKL202-11b Arg (A-1), Arg (A0), Glu (A15), His (A8), Gly (A21),
Lys (B30)-NHx-human insulin

YKL202-12a Arg (A-1), Arg (AO), Asp (A18), His (A8), Gly (A21),
Arg (B30)-NHz-human insulin

YKL202-12b Arg (A-1), Arg (A0), Asp (A18), His (A8), Gly (A21),
Arg (B30)-NHz-human insulin

YKL202-13a Arg (A-1), Arg (A0), His (A8), Gly (A21), Glu (B0),
Arg (B30)-NHz-human insulin

YKL202-13b Arg (A-1), Arg (AD), His (A8), Gly (A21), Glu (B0),
Lys (B30)}-NHz-human insulin

YKL202-14a Arg (A-1), Arg (AQ), His (A8}, Gly (A21), Asp (B3),

_ Arg (B30)-NHz-human insulin

YKL202-14b Arg (A-1), Arg (A0), His (A8), Gly (A21), Asp (B3),




34corresponds to Asp, Giu or Gin; 329 corresponds to Am, Lys or an amino acid selected from the
group cq@?r@m i mino acids Phe, Ala, Ths,,Ser, Val, Lel', Glu orFeé{P ?{)é ical. hond; B30
corresponds to @%Eﬁzggwemical bond; 331 corrzjsi)onds to Arg, Lys or a chér%égg ma% 32
corresponds to Arg-amide or Lys-amide. where no more than one amino acid residue of the group
comprising AS, A15, A18Lys B30BAHBhSAB3@dig4 corresond simultaneously and independently

of one 2@-angtherto-Aspror-Giu: 2 Tmma&%mwmmm\-l
correspcmgls?{gzﬁ\?&a J’?’iﬁ%éﬁh@urﬁ{ Halbg iS4 B i A B iRSFE of the preceding claims,

where AO 25 correspondaig g0 #NHehnsidiniasaiipgue as claimed in one or more of theg preceding

claims, ywhere AS-corresponds-to-Glu.-30. 5 _The insulin analogue as claimed.in one or mare of the

)

To—o Y ==t

precedimg%é?%ere A% @Bﬂrésﬁ%%ﬂ% iR (A Al %ﬁ@s@Ho@f’desp. 7. The insulin
analogue as claimed in dnesO{EBOIENH L preeesing claims, where A21 corresponds to Gly. 5 8. The
insulin analogue-as-claimed-in-one or more of the preceding claims_where BQO.corresponds to Glu.

9. The insulin analogue as claimed in one or more of the preceding claims, where B3 10 corresponds

to Asp. RRambreinsulnanaiansie SRusaiBes inene-auaeIR Ps e RIsRRCRY Seig S whar B4

correspands to Glu. 1511, The insulin analogue as claimed in one or more of the preceding claims,
where B3 6 dsgortiEX0 PRSI HbNd. 12. The insulin analogue as claimed in one or more of the

preceding claims, where B31 corresponds to Arg or Lys.

5 This example describes the preparation of the vector derivative pINT3704 which
codes for His (A8), Gly (A21), Lys (BO)-preproinsulin, and a modified C peptide
which carries the tripeptide Lys-Arg-Arg at the C/A chain boundary and in which the

amino acid glycine which occurs in position A21 in human insulin is deleted.

10 Following the synthesis scheme described in Example 12 and replacing the primers
3702_arg_cjuncf and 3702_arg_cjuncfrev by the primers 3703_A Gaif and
3703_A'Ga1rev and using DNA of the plasmid pINT3703 as template resuits in the
plasmid pINT3704 wherein the amino acid glycine in position 1 of the A chain is
deleted in the encoded preproinsulin, and the remaining course of the sequence

16 corresponds to that of the sequence encoded by pINT3703.
3703_A Gaif

5" - TGC AGAAGCGCAGAATCGTG GAGCAGTGCTGC — 3 (SEQ ID NO: 22)
20 '
3703_A Gaitrev

9 - TGCTCC ACGATTCTGCGCTTCTG CAGGGACCC - 3" (SEQ ID NO: 23)

25  The preproinsulin encoded by the plasmid is precursor for the compound Arg (A0),
Arg (A1), His (AB), Gly (A21), Arg (B30}-NHz-human insulin. The compound is
obtained by initially preparing the intermediate Arg (A0), Arg (A1), His (A8),

Gly (A21), des Thr (B30)-human insulin by reaction with lysyl endopeptidase C, and

the intermediate is then converted by amidation with argininamide into the desired



20 13. The insulin analogue as claimed in one or more of claims 1 to 12, selected from a group
comprisipgs (AO), Glu (A5), His (A8), Gly (A21), Arg (B31); | in, 25Arg
(A-1), A%Q?A%@%??ué%gg?ms (A8), Gly(A2i), Lys% 31)-NH2 human msll%l(%lﬂériggwd@g LL 0), Glu
(A15), His (A8), Gly (A21), Arg (B31)-NH2 human insulin, Arg (A-1), Arg (AO), Glu (A15), His (A8), Gly
(A21), LysrtiddlpH2 human insulin, Arg (A-1), Arg (AO), Asp (A18), His (A8), Gly (A21), Arg
(1331)-NH2 human insulin, Arg (A-1), Arg (AO), Asp (A18), His (A8), Gly (A21), Arg (B31)-NH2 human
insulin, 30Arg (A-1), Arg (AO), His (A8), Gly (A21), Glu (BO), Arg (B31)-NH2 human insulin, 38 Arg
(R&), Gly (A1) Agp () Als (N2 bgman nculin. A (A1) pra (O} 1S ). Bly (A21) ASr
: - nsulin, Arg (A-1), Ar . HIS , Gly , Asp
(83), Lyéé@i’l&)}%ﬁ%&%‘%ﬁg&s@ﬁh% ?i%@% Fﬁ&'%cé@{r@r&?‘t‘g(‘z&%? % i‘é&)’, Arg (1331)-NH2
hurfan asidiatiGiwittAyBinangidaO), His (A8), Gly (A21), Glu (84), Lys (B31)-NH2 human insulin, Arg
(AO), His (A8), Gly (A21), Arg (831), Arg (832)-NH2-human insulin, Arg (AO), His (A8), Gly (A21), Arg
(831), Lys (832)-NH2-human insulin, Arg (AO), Glu (A5), His (A8), Gly (A21), Arg (831), Arg
(832)-NH 2 lulmaartoitisel kit WA Gha{Abh dtise(AShaCde dAthin A e iB3 e anLys (BB3Ea-human
insulin, 1 (AQ), Asp (A18), His (A8), Gly (A21), Arg.(831), Arg ( -NH2-human insulin, Arg
(0, AL TP RN SR ey SR ER D s R IRE AT TR ol (AS),
His (A8RiGlp¢H2d - ram (8315 Arpr(@32)eNidtbenpiadnsidlip| MTE 1802, HdsAdd Matindss), Gly (A21),
Arg,(831), Lys (832)-NH2-human insulin, Arg. , His (A8), Gly (A21), Asp (83), Arg (831), Arg
SN P R e A el PR S RS e F B T et tich
(B32)-Ntd2rinamaung imsiodira SAgt @) d isr(h®) Gy ARd3i G (8F)ihard (@3dih. Arg (1332)-NH2-human
insulin, Arg (AO), His (A8), Gly (A21), Glu (84), Arg (831), Lys (832)-NH2-human insulin, Arg (AO), His
(A8), Gly (A21), Glu (BO), Arg (831), Arg (832)-NH2-human insulin, Arg (AO), His (A8), Gly (A21), Glu
(BO), A&l s BB sNIdA-bitharp madindj20dngafh@3, His (A8), Gly (A21), Arg
(831)-NH2-human insulin, Arg (AO), His (A8), Gly (A21), Lys (831)-NH2-human insulin, Arg (A-1), Arg
(AO), His (A8), Gly (A21), Arg (831)-NH2-human insulin, Arg (A-1), Arg (AO), His (A8), Gly (A21), Lys
(88)-NHz=rexprasisulia cArgdA 0] ArgdadyddicABIhG@xaARE , 1A0f) 8B Datamian insulin, 25Arg
(AO), A éﬁ@@a&l}iﬁ @8%@%%@2&, Lys (831)-NH2-human insulin, His (A8), Gly (A21), Arg (831), Arg

(B32)- uman nsulin. process for preparing an insulin analogue as claimed in any of claims
1 to13, where a precursor of the insulin analogue is prepared recombinantly, the precursor is

30proc%,)§§ﬁ§@zyép}@t&g(ﬂggtgftyé%}p&iﬁsin "ilfl‘%” (%% \%goupling with argininamide is carried out in the

presence 0 enzyme ing trypsin activity, and the insulin analogue is isolated.

20  The folding takes place in principle by the method described in EP-A 0 668 282
Example 16: Processing of the proinsulins from Examples 2-8 with trypsin

The folded preproinsulin is enzymatically processed to give the two-chain

25  Arg (AO)-insulin precursor whose C-terminal B chain end is characterized by lysine
or arginine. The enzymatic processing of the folded preproinsulin precursor takes
place as described for example in example 4 of W081/03550. It proves to be
particularly advantageous in this case to employ the trypsin variant described in
WO 2007/031187 A1,

30
Example 17: Processing of the proinsulins from Examples 9-13 with endoproteinase
Lys-C

Endoprotease Lys-C from Achromobacter lyticus is commercially available



39 15. The use of an insulin analogue as claimed in any of claims 1 to 13 for the manufacture of a
medicam \/9 5%1' abetes mellitus. 16. The use as claimed in cl .{16% r the
manufacture of a medlca%ent for the treatment o 8|abetes mellitus of tagﬁ %&%ﬁ@f@ﬁllage
regeneration or for assisting beta cell regeneration. 17. A pharmaceutical comprising an insulin

?nalo?u@l\&@rfcﬁmmmmpﬂﬂéi@%dtﬁml@ enaies @h}y&fﬁl@@i@%ﬁﬁ@@ﬁ%@%ﬂh%ﬁég@; igef 10 18. A
ormulat t aimed_in any of claims 1 to 13, where the formulation is in
aqueou rf’ﬁkcefh??‘s %@ﬂ%’scﬁ@&ﬁ@hh ﬁné gt (1983 )k ArhLelidA 5 855 Aediin analogue
as claimgibircanyioneafiaimngclisst8Cl5where the formulation is in the form of powder. 20. The

formulation as claimed in claim 19, where the insulin analogue as claimed in any of claims 1 to 13 is
present in crystalline and/or amorphous form. 2021. A formulation of the insulin analogue as claimed in

anysof clﬁ:@@bma@tw@@madhetmmg@qoem tbefaimnta sHERABIDPertic starpdation of the
where the formulation additionally comprises a

insulin an imed in of claims 1 to 13,

chemlca\fvﬁh gt{l% gﬁg%g géab?\ﬁ%%dﬁ\ﬁgméf the é Leringy snsheli e SRADSEERGASY in any of
claims 1iyeidd.whictoid préSert vecsampiising aHaNAsRalael sane OpIMg R atHMS 23 to 24.
5 26. A host organism comprising a DNA as claimed in one or more of claims 23 to 24. 27. A host

organism comprising a DNA as claimed in one or more of claims 23 to 24 or a vector as claimed in
claim 2@2@@8@ 1{Be#@emami@:m @Bth@imgd\iﬁp@e oy afslaims A tudd fghicihadditionally
{TQprls ‘%\g ﬁon Ilke |de 1 ﬁ%or an. anal ue or derivative thereof, or exendin-3 or -4 or
an analdjJe (/%?Hfés 8?% FoAthtiafs E@EMd in claim 28, which additionally
comprises exendin-4. 30. The formulatlon as claimed in claim 28, wherein an analogue of exendin-4 is
selecte r];'ré)srgéac VR ﬁgmi%lssi no%ing of the additional acidic amino acids, a standard
reaction is carried out as follows: 100 mg of Arg (AD), Gly (A21), Arg (B31) - insulin
analogue are dissolved in 0.95 mi of argininamide solution (446 g/L), and 0.13 mL of
15 M Na acetate buffer (pH 5.8) and 2 m! of DMF are added. The reaction mixture is
cooled to 12°C and started by adding 0.094 mi of trypsin (0.075 mg, Roche
Diagnostics). The reaction is stopped after 8 h by adding TFA to pH 2.5 and
analyzed by HPLC. There is formation of >60% Arg (AQ), Gly (A21), Arg (B31),
Arg (B32)-NHz-insulin analogue. Addition of trypsin inhibitor solution is followed by

20 purification of the amidated analogue in analogy to US 5,656,722,

Preparation of the corresponding lysinamide compound takes place analogously.
However, an aqueous lysinamide stock solution containing 366g/L lysinamide in
solution forms the starting material.

25
Example 19: Semisynthetic preparation of Lys (A-1), Arg (A0), His (A8), Gly (A21),
Arg (B30)-insulin amide

The compound YKL.202-8 described in Example 11, which corresponds to an insulin
30 derivative of the structure Arg (A0), His (A8), Gly (A21), Arg (B30)-insulin amide

serves as starting material for preparing the compound YKL202-11, Lys (A-1),

Arg (A0), His (A8), Gly (A21), Arg (B30)-insulin émide. 200 mg of the compound are

dissolved in 40 ml of a 100 mM Naz HPO4 / CH3CN (50:50) mixture and a pH of

7.7-8.2 is set. As further material, a Boc-Lys (Boc)-NHS ester is prepared by mixing



H-desPro36-exendin-4-Lyse-NH2, 20H-des(Pro36'37)-exendin-4-Lys4-NH2 and

H-des(%é%@g%ﬂ?ﬁ@A-LysS-M-12, ora pharg;\?cologically tolerableﬁ/ggg%gg%oggme

formulation as claimed in claim 28, wherein an analogue of exendin-4 is sélec oup
comprising desPro36 [Asp28lexendin-4 (1-39), desPro36 [IsoAsp28jexendin-4 (1-39), desPro36

[Met(O)IABA(BM@GMWS‘QH@@W@Em%mﬁsm@ﬁﬁﬁﬂ@iﬁm@ipﬁﬁlﬁf}gﬁfdgg’r? o036
[Trp(02)26, Asp28jexendin-2 (1-39), desPro36 [Tr 02)2%; As 28%exen in-2 (1-39), desPro
[Met(0) 5.5(@%2@23 %5 g %E#ﬁgf: f%gﬁcﬁﬂ#@?%%%% 5%0‘)’1%*#]? ?Ogﬁ,r%ﬂgﬁZSngendlnA
(1-39), mnatpraﬁmaonminamadmmwﬁegglmem@mﬁuﬁﬁjJrh%t@rmwﬂnrﬁ? ﬁﬁi@(ﬂj@@ 8 ClalglsZ%h
where the peptide -Lys6-NH? is attached to the C termini of the analogues of exendin-4. . The
formulat %%a%%?a{?rﬁgdr?nglcﬁgﬁ%?%e,%@? Wérnagﬁ%g% Sf%%ﬂ?ﬂﬁ%%%t’f 28l Bedtfom a group
corbprisiagdficthyis)irdes &rariiAsppslenersdiork 3t aceMHR ArsASRESRRGR MR, Pro3s

- exendin-4(1-39) -NH2, H-(Lys)6- des 36, Pro37, Pro38 [Asp28lexendin-4(1-39) -NH2,

Ao (AL BlbRSTOSH B8 A0 b il IR 17555 55 8HELP BERSIS35, pror
[Asp28)exaratiteAfEB9) (LYSUENHL Hley$)6s cigs/ RiaiGePtodarRsadhate that
[Asp28]exendin-4(1-39)-(Lys)6-NH2, H-Asp-(Glu)6- des Pro36, Pro37, Pro38
Inpo8 RS T G N B ST PR OB Reeit The components
Asp28jexensipdidtSd i ysBLRHDUring this, diacylated and triacylated byproducts are also

10 removed. The fractions from the HPLC separation are analysed by mass

spectroscopy. The 3 fractions each containing monoacylated product are subjected
to an amino acid sequence analysis, interpretion of which allows identification of the
HPLC fraction which contains the desired compound, from which the Boc protective
groups are subsequently removed by hydrolysis. After renewed HPLC purification,

15 the desired product is tested for its biological properties.

Example 20: Preparation of the plasmid pINT358_ha8 which codes for Hi’s (AB),
Gly (A21) proinsulin.

20 Following the preparation scheme from Example 2 and using DNA of the plasmid
pINT358d as template for PCR1 and PCR2 results in the plasmid pINT358 ha8
which codes for His (A8), Gly (A21) proinsulin. The proinsulin encoded by the
plasmid serves as precursor for the compound of the form His (A8), Gly (A21),

Arg (B31), Arg (B32)-NHz-human insulin. Processing of the preproinsulin to give His

25 (AB), Gly (A21), Arg (B31) as intermediate before amidation takes place as
described in W091/03550 in this case. Conventional trypsin is employed in this

case.

Example 21: Formulation of the amidated insulin derivatives

30 |
In order to test the insulin derivatives of the invention for their biopharmacological
and physicochemical properties, a solution of the compounds was .prepared as
follows: the insulin derivative of the invention was dissolved with a target

concentration of 240 = 5 yM in 1 mM hydrochloric acid with 80 ug/mL zinc (as zinc



20H- des Asp" Pro36, Pro37, Pro38 Frp(02)26]exendin-4(1-39) -NH2, H-(Lys)6- des Pro36, Pro37,
Pro38 [ exendin-4(1-39) -NH2, H;Asn-(Glu)6- des Pro EBTr (02)25,
Aselexepn{'glﬁr?-z?(éééﬁ; ﬁgZ des Pro36, Pro37, Pr§|§8 [Trp(02)26, AspZS%xﬁr%?écﬁ%%- I1_§s)6-NH2,
H-(Lys)6- des Pro", Pro37, Pro38 [Trp(02)26, Asp28)exendin-4(1-39)-(Lys)6-NH2, 25H-Asn-(Glu)6-
des ProthRnida). Prar' tHispt02)36e Asprii exeadintHle3 M insdeMNiFEa, hbfbys) Gvisies Rro36

Met(0)14, A din-4(1-39)-Lys6-NH2, M 14 Asp" Pro 36, Pro37, Pro" exendin-4(1-39)
R N e e R CA AR et
Pro36, RoognBruidth [Mes(G)MighAspr] féhe@gc@ﬁﬂr&ﬂbrﬁbﬂéséﬁ)mgé%n I?ifgimﬁf@é%wet(o)m
Asp28 din-4(1-39)(L -NH2, H-(Lys)6- des Pro36, Pro37, Pro et ,

oA (Tl L R S AL R oy e ST A VP o 48 D514, Asp2ey
exeéndiné(e8r(Liys N2, tHe(tys)6t coscRrmafitvel(® BmMm0axeshioric acid with 80

Asp28 in-4(1-39)-Lys6-NH2, 42 des Asp28.Pro36, Pro37, Prom [Met(0)14, _
e 028 Blo i RS The YIRS TEORHBORR AT Bom ST BYRA T ROR S

Asp28]exendtin-d(lo3Rx ity HrsncCptatdas Rep3acPro3nP e ANe) biAspedlas
exendin-4(1-39) -NH2, des Pro36, Pro37, Prom [Met(0)14, Trp(02)25,

Asp28jdia@iipried oygarseiayrings wihea mﬁ@ep?ém,%ﬁ@m iNRao Rl T Hi02)26,

Asp28]eneBHin4$Ic@RH-XRI0 2 NEg R ARD EURISpEETRRORR BFafzAoMIMEL0)14, Trp(02)26,
Asp28] exendin-4(1-39)- (Lys)6-NH2, or a pharmacologically tolerable salt thereof. 10 34. The

fortulatRSateliRihet in DARIRIE) Ihrdr Hipnfriamoadniamns Mgserygioes or buffer
(NE(y-chuissracae xadrceaoi el Bridd SHodliraahiff)ie testing of the insulin derivatives

of the invention.

Example 22: Preparation of His {A8), Gly (A21), Arg(B31) human insulin by yeast

15  expression

EP-A 1 364 032 describes the expression and secretion of a fusion protein of hirudin
and miniproinsulin by yeast. Yeast host organisms which are mentioned as
particularly advantageous in this connection are S. cerevisiae, K. lactis,
20 H. polymorpha and P. pastoris. Example 4 of said patent application describes the
construction of a plasmid which permits preparation of the fusion protein in
P. pastoris and whose DNA serves as template for preparing a miniproinsulin whose
amino acid sequence in positions A8, A15, A18 and A21 in the A chain is
characterized by the amino acids histidine (A8), glutamic acid (A15), aspartic acid
25  (A18) and glycine (A21). The primer pichia_H_if1 is used. The following primers are

newly synthesized and purified after synthesis:
pichia_G21_rev
30 S5-TTTTTTGGCG CCGAATTCAC TATTAGCCAC AGTAGTTTTC CAGCTGGTA-3

(SEQ ID NO: 24)
~ The codon emphasized by emboldening marks the A21 positions.



DE2008-002-English.txt SEQUENCE LISTING <110> Sanofi-Aventis Deutschland GmbH <120> Novel
insulin tremely delayed time/acfipn profile <130> DE ?%qgg
102008%%%%@% > 2008-01-09 <160> 206%:170> Patentin verS|2oE98 ?éé%?{éozofﬁ 23
<212> PRT <213> Artificial <220> <223> A-Chain <220> <221> MISC_FEATURE <222> (1)..(1)
<223> Xaahtariedpbwits thysehgnc@n amino group <220> <221> MISC_FEATURE <222>(2)..(2)
<223> Xaa corresponds to Lys, Arg or a chemical bond
5-GAACAATGTTGTCATAGTATCTGTTCTTTGTACCAGCTGGAAAACTACTG-3
(SEQ ID NO: 25)
5 The codon emphasized by emboldening marks the A8 positions.

pichia-at-12rev

5- GAACAGATACTATGACAACATTGTTCAACGATACC -3” (SEQ ID NO: 25)

10 The codon emphasized by emboldening marks the A8 positions.

Equimolar amounts (1 ug) of primer pichia_G21_rev and primer pichia_H8f, which
partially overlap, are denatured at 95°C in the presence of a thermophilic polymerase
and polymerase buffer which contains the 4 deoxynucleotides dATP, dCTP, dGTP

15 and dTTP 5’, and then incubated at 56°C for 10-15 minutes. The reaction volume of
this reaction 1 is 25 pl. in a standard polymerase chain reaction (reaction 2), the
primers pichia_H_if1 and pichia-a1-12rev ére reacted in parallel with the described
template DNA. In a further polymerase chain reaction, the reaction products of
reactions 1 and 2 are reacted as template with the primers

20  pichia_H_if1/ pichia_G21rev. The reaction product of this reaction is purified by gel
electrophoresis. After reaction with the restriction enzymes Xhol and Sacll, the DNA
fragment which covers the fusion product is inserted into the described vector
pPICZoA in analogy to Example 4. The result is the plasmid pPIC_ins202. Fusion
protein encoded by the plasmid is expressed using the commercially available

25 expression kit described. Preparation of the His {A8), Gly (A21), Arg (B31)-human
insulin precursor is followed by the coupling of arginine amide in accordance with the
description on arginine (B31). The result is the compound His (A8), Gly (A21),
Arg (B31), Arg (B32)-NH2-insulin (YKL203) which itself represents a novel slow
insulin corresponding to Example 20 and is tested in the rat experiment. Coupling

30 with lysine amide leads analogously to the compound YKL203b which is
characterized as His (A8), Gly (A21), Arg (B31), Lys (B32)-NH.-insulin.

The compound can, however, also serve as intermediate for preparing the
compound Arg (AO), His (A8), Gly (A21), Arg (B31) Arg(B32)-NHz-insulin whose



<220> <221> MISC_FEATURE <222>(3)..(3) <223> Xaa corresponds to Arg or Gly <220> <221>

MISC_F%TE&%/@%%%%%Y)..(Y) <223> Xaa corre§gonds to Asp, Glu or g@ﬁg@?gg@;@?@

MISC_FEATURE <222> (17)..(17) <223> Xaa corresponds to Asp, Glu or GIn
mISC_FEATURE <222> (20)..(20) <223> Xaa corresponds to Asp, Glu or Asn <220> <221>

MISC_HEAP&IRIEOT 22 Pai2R) o2 Botd23SraX fidastitesioh d210 7A183 5e4 dihFor iy s4003sd xaa xaa

aa lle Yo Gly XPRSIS QSIS SR IRs5IE STRLR! R 19391 MRS Ry SRy Cvs Xea
insulin are dissolved in 40 ml of a mixture of 100 mM NazHP0, / CH;CN (50:50) and
apHof7.7-8.2 is set.

As further material, a Boc-Arg-NHS ester is prepared by mixing 0.3 mM Boc-Arg-OH,
0.4 mM N-hydroxysuccinimide (NHS) and 0.4 mM dicyclohexyicarbodiimide (DCC) in
dichloromethane for 40 minutes. The reaction mixture is concentrated to dryness in a
rotary vacuum evaporator. The mixture is then taken up in 5 mi of methanol and

10 added to the dissolved initial insulin. The reaction is stirred at room temperature for
at least 60, but at most 120, minutes. The reaction is stopped by adding 200 z of
TEA. The mass of the reaction products is characterized by LC-MS mass
spectroscopy in order to demonstrate that monoacylated product consisting of three
components is pr'esen’r. The components are separated by HPLC. During this,

15 diacylated and triacylated byproducts are also removed. The fractions from the
HPLC separation are analysed by mass spectroscopy. The three fractions each
containing monoacylated product are subjected to an amino acid sequence analysis,
interpretion of which allows identification of the HPLC fraction which contains the
desired compound, from which the Boc protective groups are subsequently removed

20 by gentle hydrolysis. After renewed HPLC purification, the desired product is tested

for its biological properties.

Example 23: Evaluation of the blood glucose-lowering effect of novel insulin
analogues in rats

25
The blood glucose-lowering effect of selected novel insulin analogues is tested in
healthy male normal glycemic Wistar rats. Male rats receive subcutaneous injection
of a dose of 9 nmol/kg of an insulin analogue. Blood samples are taken from the
animals immediately before the injection of the insulin ana}ogue'and at regular

30  intervals up to eight hours after the injection, and the blood glucose content therein is
determined. The experiment shows clearly (cf. fig. 1) that the insulin analogue of the
invention leads to a distinctly delayed onset of action and a longer, uniform duration

of action.



20 nE2008-002-English.txt <210> 2 <211> 34 <212> PRT <213> Atrtificial <220> <223> B-Chain
<220> < JTURE <222> (1)..(1) <2§%> Xaa corresponds Cﬁf Fgl %](*ﬁ Ino group
<220> <§§%2%§@%@E&2TURE <222> (2)..(2) <223> Xaa corresponds :% s}pé, gogr}a g#]ical bond
<220> <221> <222> <223> mISC_FEATURE (3)-(3) Xaa corresponds to Asp, Glu, Phe or a chemical
bond <Z2Gwr2@ ANIELALATIRE blood glucose-lowering effect of novel insulin

analogues in dogs

The blood glucose-lowering effect of selected novel insulin analogues is tested in
o healthy male normoglycemic beagle dogs. Male animals receive subcutaneous
injection of a dose of 6 nmol/kg of an insulin analogue. Blood samples are taken
from the animals immediately before the injection of the insulin analogue and at
regular intervals up to 48 hours after the injection, and the blood glucose content
therein is determined. The experiment shows clearly that the insulin analogue of the
10 invention leads to a distinctly delayed shallow onset of action and a longer, uniform

duration of action.



<222> (5)..(5) <223> Xaa corresponds to Asp, Glu or Asn <220> <221> MISC_FEATURE
<222>(6)..(6) <223> Xaa corresponds to Asp, Glu or Gln <220> <221> MISC_FEATURE
<222>(31)..(31) <223> Xaa corresponds to Arg, Lys or an amino acid selected from the group
comprising t%ﬂ&@nbino ggds Phe, Ala, Thr, Ser, Val, Leu, Glu or Asp, or a chemical bond <220> <221>
MISC_FEATORE /083)..(32) <223> Xaa cdrresponds to Thr or BEHERABAPKERE 62205 <221>
MISC_FEATUREEGSHZZNG3)..(33) <223> Xaa corresponds to Arg, Lys or a chemiggl gond <220>
<221> MISC_FEATURE <222> (34)..(34) <223> xaa corresponds to Arg-amide or Lys-amide <400> 2
Xaa Xaa xaa Val Xaa Xaa His Leu Cys Gly Ser His Leu Val Glu Ala

Claims:

1. Aninsulin analogue of the formula |

5
g s
1 5 | 10 | 15 24
A-1 A0 RL I VEARBS CCHS ICS LY A15 L E 218 v ¢ 291
‘A chain
10 | |
i g
g S/
l l
15 B~-1 BOBLVE3IB4 HLCGS HLVEALYLYVCGERGFTFEFV
i 5 14 15 20 25
T P B2% B30 B31 B2 "B chain
3o
20
where

A-1  corresponds fo Lys, Arg or an amino group;
25 AC  corresponds fo Lys, Arg or a chemical bond:
A1 corresponds to Arg or Gly,
AS  corresponds to Asp, Glu or Gin;
30
A1d  corresponds to Asp, Glu or Gin;
A18 corresponds to Asp, Giu or Asn;

35  A21  corresponds to Ale, Ser, Thr or Gly;

B-1  corresponds to Asp, Glu or an amino group;



151015 Leu Tyr Leu val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro xaa xaa 202530
DE2008-002-English.txt Xaa Xaa <210> 3 <211> 38 <212> DNA <213> Atrtificial <220> <223>
pint3580_glya2lrev <400> 3 caaaggtcga ctattagccg cagtagttct ccagetgg38 <210> 4 <211> 31 <212>

DA <215~ i 5230, <223 ar0_cinef <4gQ> 4 gecclocad clsgsgsg spggeen 691 <210>

BO  coresponds to Asp, Gluor a chemicéi boné;

21 comresponds to Asp, Glu, Phe or a chemical bong;
5 B3  corresponds io Asp, Glu or Asn;-

B4  corresponds to Asp, Giu or Gin;

B29 corresponds to Arg, Lys or an amino acid selected from the group comprising
10 the amino aclds Phe, Ala, Thr, Ser, Val, Leu, Glu or Asp, or & chemical bond!

B30 corresponds to Thr or & chemical bond;
B31 corrasponds to Arg, Lys or a chemical bond;
15 . _
B32 corrasponds to Arg-amide or Lys-amide,
where no more than one aminc acid residue of the group comprising AS, A15, A18,
B-1, 80, B1, B2, B3 and B4 corresond simultaneously and independently of one
20  another to Asp or Giu.

2. The insulin analogue as claimed in dlaim 1, where A-1 corresponds o Arg.

3. The insulin analogue as cialmed in one or more of the precading claims, wheare AQ
25  corresponds to Arg.

4. The insulin analogue as ciaimed in one or more of the preceding claims, where A5
corresponds to Glu, '

30 5. The insulin anaiogue as claimed in one or more of the preceding claims, where
A15 corresponds fo Giu.

6. The insulin analogue as claimed in one or more of the preceding claims, where



<212> DNA <213> Artificial <220> <223> arg_cjunc_rev <400> 5 ccacgatgcc gcgacgctgc agggacccct
ccagcg36 <210> 6 <211> 32 <212> DNA <213> Agtificial <220> <223> p nt3580_Ha8f <400> 6
agcagtgctg ccacagcatc tgctcectct ac32 <210> 7 <211> 33 <212> DNA <213> Atrtificial <220> <223>
pint3580_ Ha8rev <400> 7 gagcagatgc tgtggcagca ctgctccacg atg33 <210> 8 <211> 31

A18 corresponds fo Asp.

7. The insulin analogue as claimed in one or more of the preceding claims, where

A21 corresponds fo Gly.

8. The insulin analogue as claimed in one or more of the preceding claims, where B0

corresponds to Glu.

9. The insulin analogue as claimed in one or more of the preceding claims, where B3

10 corresponds to Asp.

10. The insulin analogue as claimed in one or more of the preceding claims, where

B4 corresponds to Glu.

15 11. The insulin analogue as claimed in one or more of the pkeceding claims, where

B30 corresponds to a chemical bond.

12. The insulin analogue as claimed in one or more of the preceding claims, where
B31 corresponds to Arg or Lys.

20
13. The insulin analogue as claimed in one or more of claims 1 to 12, selected from

a group comprising:

Arg (A-1), Arg (AD), Glu (AD), His (A8), Gly (A21), Arg (B31)-NH human insulin,
25 Arg (A-1), Arg (A0), Glu (A5), His (A8), Gly (A21), Lys (B31)-NH; human insuilin,
Arg (A-1), Arg (AO), Glu (A15), His (A8), Gly (A21), Arg (B31)-NHz human insulin,
Arg (A-1), Arg (AD), Glu (A15), His (A8), Gly (A21), Lys (B31)-NHz human insulin,
Arg (A-1), Arg (AD), Asp (A18), His (A8), Gly (A21), Arg (B31)-NH; human insulin,
Arg {A-1)}, Arg (AD}, Asp (A18), His (A8), Gly (A21), Arg (B31)-NH; humén insulin,
30 Arg (A-1), Arg (AD), His (A8), Gly (A21), Glu (B0O), Arg (B31)-NHz human insulin,



<212> DNA <213> Artificial DE2008-002-English,txt <220> <223> pint3581_Ea5f <400> 8 gcatcgtgga

ggagtgctgc cacagcatct g31 <210> 9 <211> 32 <215k DNA <213> Artificial <220> <223>

pint3581 Eabrev <400> 9 ctgtggcagc actcctccac gatgecgega cg32 <210> 10 <211> 47 <212> DNA

<213> Artificial <220> <223> pint3580_ Dal8rev <400> 10 caaaggtcga ctattagccg cagtagtect
ccagctgofagéfoaddd R10HBLARLICIH6A12G DNRBOI2L8s (mifipibHs2R0naxPRBwlin,

PINt3S80FALRISY Arg (A0), His (A8), Gly (A21), Asp (B3), Arg (B31)-NH, human insulin,

Arg (A-1), Arg (AQ), His (A8), Gly (A21), Asp (B3), Lys (B31)-NH; human insulin,
Arg (A-1), Arg (AD), His (A8), Gly (A21), Glu (B4), Arg (B31)-NH, human insulin,

5 Arg (A-1), Arg (AD), His (AB), Gly (A21), Glu (B4), Lys (B31)-NH; human insulin,
Arg (AQ), His (A8), Gly (A21), Arg (B31), Arg (B32)-NHy-human insulin,
Arg (AO), His (A8), Gly (A21), Arg (B31), Lys (B32)-NHz-human insulin,
Arg (AO), Glu (A5), His (A8), Gly (A21), Arg (B31), Arg (B32)-NHx-human insulin,
Arg (AD), Glu (AB), His (AB), Gly (A21), Arg (B31), Lys (B32)-NH,-human insulin,

10 Arg (AD), Asp (A18), His (AB), Gly (A21), Arg (B31), Arg (B32)-NHx-human insulin,
Arg (AD), Asp (A18), His (AB), Gly (A21), Arg (B31), Lys (B32)-NH,-human insulin,
Arg (AD), Glu (A15), His (A8), Gly (A21), Arg (B31), Arg (B32)-NH,-human insulin,
Arg (A0), Glu (A15), His (A8), Gly (A21), Arg (B31), Lys (B32)-NHz-human insulin,
Arg (AD), His (AB), Gly (A21), Asp (B3), Arg (B31), Arg (B32)-NH.-human insulin,

15 Arg (AD), His (A8), Gly (A21), Asp (B3), Arg (B31), Lys (B32)-NH,-human insulin,
Arg (AQ), His (A8), Gly (A21), Glu (B4), Arg (B31), Arg (B32)-NH,-human insulin,
Arg (AD), His (A8), Gly (A21), Glu (B4), Arg (B31), Lys (B32)-NH,-human insulin,
Arg (AD), His (A8), Gly (A21), Glu (BO), Arg (B31), Arg {B32)-NHz-human insulin,
Arg (AD), His (A8), Gly (A21), Glu (BO), Arg (B31), Lys (B32)-NH,-human insulin,

20 Arg (AD), His (A8), Gly (A21), Arg (B31)-NH,-human insulin,
Arg (A0}, His (A8), Gly (A21), Lys (B31)-NHz-human insulin,
Arg (A-1), Arg (AQ), His (AB), Gly (A21), Arg (B31)-NHz>-human insulin,
Arg (A-1), Arg (AD), His (A8), Gly (A21), Lys (B31)-NHy-human insulin,
Arg (AD), Arg (A1), His (A8), Gly (A21), Arg (B31)-NHz-human insulin,

25  Arg (A0}, Arg (A1), His (A8B), Gly (A21), Lys (B31)-NHz-human insulin,
His (A8), Gly (A21), Arg (B31), Arg (B32)-NHs-human insulin.

14. A process for preparing an insulin analogue as claimed in any of claims 1 to13,

where a precursor of the insulin analogue is prepared recombinantly, the precursor is
30 processed enzymaticaily to two-chain insulin, and a coupling with argininamide is

carried out in the presence of an enzyme having trypsin activity, and the insulin

. analogue is isolated.



<400> 11 caaaggtcga ctattagccg cagtagttct ccagctcgta gagggagcag atgetg56 <210> 12 <211> 30
<212> DNA <213> Artificial <220> <223> pint358 b3f <400> 12 gcacgatttg tggaccagca
cctgtgegge30 <210> 13 <211> 34 <212> DNA <2135 Atrtificial <220> <223> pint3581 Db3rev <400>
13 cacaggtgct ggtccacaaa tcgtgcecgaa tttc34 <210> 14DE2008-002-English.txt <211> 30 <212> DNA

<213> Arfiiciph < 226~ 0K 2R IAiniSRidl o Ghd fasd18rid asgailteibohargng Gacragigeaactc30 <210> 15
<211> 36 <21%> DNA <213> Artificial
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manufacture of a medicament for treating diabetes mellitus.

16. The use as claimed in claim 15 in a process for the manufacture of a
medicament for the treatment of diabetes mellitus of type | or type I, for cartilage

regeneration or for assisting beta cell regeneration.

17. A pharmaceutical comprising an insulin analogue as claimed in any of claims 1 fo

13 and/or physiologically acceptable salts thereof.

18. A formulation of the insulin analogue as claimed in any of claims 1 to 13, where

the formulation is in agueous form comprising the dissolved insulin analogue.

19. A formulation of the insulin analogue as claimed in any one of claims 1 to 13,

where the formulation is in the form of powder.

20. The formulation as claimed in claim 19, where the insulin analogue as claimed in

any of claims 1 to 13 is present in crystalline and/or amorphous form.

21. A formulation of the insuiin analogue as claimed in any of claims 1 to 13, where

the formulation is in the form of a suspension.
22. A formulation of the insulin analogue as claimed in any of claims 1 to 13, where

the formulation additionally comprises a chemical chaperone.

23. DNA coding for .the A chain of an insulin analogue as claimed in any of claims 1
o 13.

24. DNA coding for the B chain of an insulin analogue as claimed in any of claims 1



<220> <223> pint3581_Eb4rev <400> 15 cgcacaggtg ctcgttcaca aatcgtgccg aatttc36 <210> 16 <211>
43 <212> DNA <213> Atrtificial <220> <223> pin 32 1 EDbOfl1 <400> 16 caacaggaaa ttcggcacga
gagtt-cgtga accagcacct gtg43 <210> 17 <211> 44 <212> DNA <213> Artificial <220> <223>

pint3581 EDbOIf2 <400> 17 tatcgaccat ggcaacaaca tcaacaggaa attcggcacg agag44 <210> 18 <211>
40 <2123PNA <213> Artificial <220> <223> pint3581_ EbOf1 <400> 18 caacaggaaa ttcggcaaag
tttgtgaacc agcacctgtg40 <210> 19 <211> 41 <212> DNA <213> Artificial <220> <223>

pint3581 EbO01f2 <210> 20 <211> 32 <212> DNA <213> Artificial
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25. A vector comprising a DNA as claimed in one or more of claims 23 to 24.
28. A host organism comprising a DNA as claimed in one or more of claims 23 to 24.

27. A host organism comprising a DNA as claimed in one or more of claims 23 to 24

or a vector as claimed in claim 25.

28. The formulation as claimed in one or more of claims 18 to 22, which additionally
comprises a glucagon-iike peptide-1 (GLP1) or an analogue or derivative thereof, or

exendin-3 or -4 or an analogue or derivative thereof.

29. The formulation as claimed in claim 28, which additionally comprises exendin-4.

30. The formulation as claimed in claim 28, wherein an analogue of exendin-4 is selected
from a group comprising

H-desPro®-exendin-4-Lyss-NHa,

H-des(Pro*®**")-exendin-4-Lys,-NH, and

H-des(Pro®**"}-exendin-4-Lyss-NHo;

or a pharmacologically tolerable salt thereof.

31. The formulation as claimed in claim 28, wherein an analogue of exendin-4 is selected
from a group comprising

desPro® [Asp®lexendin-4 (1-39),

desPro™ [IsoAsp®lexendin-4 (1-39),

desPro™ [Met(0)", Asp®lexendin-4 (1-39),

desPro®® [Met(0)", IsoAsp®lexendin-4 (1-39),

desPro® [Trp(0,)?, Asp®@lexendin-2 (1-39),



<220> <223> 3702_arg_cjuncf <400> 20 tgcagaagcg cagaggcatc gtggagcagt gc32 <210> 21 <211>
32 <212> DNA <213> Atrtificial <220> <223> 3702, cjunc_rev <400> 21 tccacgatgc ctctgcgctt
ctgcagggac cc32 <210> 22 <211> 32 <212> DNA <213> Atrtificial <220> <223> 3703_6 Gait <400> 22
tgcagaagcg cagaatcgtg gagcagtgct gc32 <210> 23 <211> 32 <212> DNA <213> Atrtificial <220>
<223> 36&5&@%@@3{@9@@3Qﬂ@ﬁﬁmg@ﬁcmptgcagggac cCc32 <210> 24 <211> 49 <212>
DNA <21 rti > ch| 32| rey <400> 24 ttttttggcg ccgaattcac tattagccac agtagttttc
cagctggt é Hé: %SWTrp% ﬁ ]exendm 4(1-39) a dgg g¢cg g glag
desPro™® [Met(O)“Trp(Oz)Zs, lsoAspzs]exendm—4 (1-39),

or a pharmacologically tolerable salt thereof.

32. The formulation as claimed in claim 28, where the peptide -Lyse-NH is attached

to the C termini of the analogues of exendin-4.

33. The formulation as claimed in claim 28, wherein an analogue of exendin-4 is
10 selected from a group comprising
| H-(Lys)e- des Pro™® [Aépzs]exendin-ﬁr('i-—?;g J-Lyse-NH;
des Asp?Pro™®, Pro®’, Prosgs exendin-4(1-39) -NH,,
H-(Lys)e- des Pro®, Pro®”, Pro™ [Asp®®lexendin-4(1-39) -NH.,
H-Asn-(Glu)s des Pro®, Pro¥ . Pro™ [Asp®®lexendin-4(1-39) -NH,,
15 des Pro®, Pro”, Pro”® [Asp®lexendin-4(1-39)-(Lys)s-NHs,
H-(Lys)s- des Pro®®, Pro®, Pro™ [Asp®®lexendin-4(1-39)-(Lys)e-NHa,
H-Asn-(Glu)s- des Pro®, Pro®, Pro®® [Asp®Jexendin-4(1-39)-(Lys)e-NH,,

H-(Lys)s- des Pro®® [Trp(02)%, Asp®jexendin-4(1-39)-Lyss-NH,,

20 . H-des Asp® Pro®, Pro”’, Pro® [Trp(0,)%lexendin-4(1-39) -NH,,
H-(Lys)e- des Pro®®, Pro®, Pro® [Trp(0.)%5, Asp®Jexendin-4(1-39) -NH,,
H-Asn-(Glu)s- des Pro®®, Pro®’, Pro® [Trp(0.)*°, Asp®®lexendin-4(1-39) -NH,,
des Pro®, Pro®, Pro®® [Trp(0.)*°, Asp®lexendin-4(1-39)-(Lys)e-NH;,
H-(Lys)e- des Pro®, Pro®”, Pro® [Trp(0.)%°, Asp?®lexendin-4(1-39)-(Lys)e-NHy,

25  H-Asn-(Glu)s- des Pro®, Pro®, Pro® [Trp(0.)%°, Asp®®lexendin-4(1-39)-(Lys)s-NH,,
H-(Lys)e- des Pro®® [Met(O)", Asp?®lexendin-4(1-39)-Lyse-NHs,
des Met{(0)"* Asp® Pro %%, Pro®, Pro™ exendin-4(1-39) -NH,,
H-(Lys)s- des Pro®, Pro ¥, Pro® [Met(0)"*, Asp®®lexendin-4(1-39) -NH,,
H-Asn-(Glu)s- des Pro™®, Pro®, Pro®® [Met(0)", Asp®®] exendin-4(1-39) -NH,,

30 des Pro’®, Pro®, Pro® [Met(O)", Asp®jexendin-4(1-39)-(Lys)s-NHy,
H-(Lys)e- des Pro®, Pro®, Pro™ [Met(0)™, Asp?®jexendin-4(1-39)-Lyse-NHs,
H-Asn-(Glu)s des Pro®, Pro®, Pro®® [Met(0)™, Asp®] exendin-4(1-39)-(Lys)s-NHy,

H-(Lys)s- des Pro® [Met(0)", Trp(02)%°, Asp®lexendin-4(1-39)-Lyss-NHa,



<210> 25 <211> 50 <212> DNA <213> Atrtificial 0E2008-002-English.txt <220> <223> pichia_H8_f
<400> 25 gaacaatgtt gtcatagtat ctgttctttg taccagctgg, aaaactactgb50 <210> 26 <211> 35 <212> DNA
<213> Artificial <220> <223> pichia-al-12rev <4005 26 gaacagatac tatgacaaca ttgttcaacg atacc35

des Asp® Pro®, Pro®, Pro® [Met(0)", Trp(0.)®jexendin-4(1-39) -NH,,
H-(Lys)e- des Pro®® Pro”, Pro® [Met(0)", Trp(02)"°, Asp**lexendin-4(1-39) -NH,
H-Asn-(Glu)s- des Pro®, Pro®’, Pro™ [Met(0)", Asp®®] exendin-4(1-39) -NH,,
des Pro®, Pro®, Pro® [Met(O)*, Trp(02)%°, Asp®®jexendin-4(1-39)~(Lys)e-NH3,

5 H-(Lys)e des Pro®® Pro*, Pro™® [Met(0)", Trp(02)>, Asp®|exendin-4(1-39)-(Lys)es-
NHo, |
H-Asn-(Glu)s- des Pro®, Pro®, Pro®® [Met(0)", Trp(02)%°, Asp?®] exendin-4(1-39)-
(Lys)s-NHa,
or a pharmacologically tolerable salt thereof.

10

34. The formulation as claimed in claim 28, which additionally comprises Arg®, Lys*®
(NE(y-glutamyi(N®-hexadecanoyt))) GLP-1 (7-37) [liraglutide].



