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
frequentC¥EH I HHRIF BN Teuiig #DHYSRIaY. feveddiBlevrbpimelithe 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 themselyes, and would thus also be of great economic benefit. Such basal insulins would
additionEW p@licy of intensified insulin therapy attempts to diminish the health risk by aiming

20 at a stable control of the blood glucose level by early administration of basal insulins.
One example of a current basal insulin is the medicament Lantus® (active ingredient:
insuiin glargine = Gly (A21), Arg (B31), Arg (B32) human insulin). The general aim of
developing novel, improved basal insulins is to minimize the number of hypoglycemic
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.



10 beneficial in the early phase of type 2 diabetes. Clinicians report that the injection phobia present in

many p&bule2088a8HER from starting insulin thegapy in good time. As @cansequeagetitg gontrol of
blood glucose is poor, leading to the late sequelae of diabetes. A basal insulin which reduces the
number of insulin doses given by injection might have the effect of making insulin therapy more

acceptab®§ 1 pafieariiadbrteeapartisribenipossory ety sy enad iveorevwitheptawble to
optimizqd@@;aﬁa%w@@wméfe@%%im@mm&&iﬂéﬂéfb%@%émmﬁ%m point (pi)
a

is shifted, by addition of lysine or arginine at the B chain end or at the N terminus 200f the A and B
chain, infidig-SeRibleisyiianhe ek ashalamans deogsratingitipelactemaradieinsulin (pl =

5.6), SO it #he Sk, @hbcs@}@ai@aéﬁ%@iméa; Y& BERIREgegHiime/action profile
results. Compound 18 from Kohn et al. (Arg (AO), Gly (A21), Arg (B31), Arg (B32) human insulin

(exPerirR@HEN HEERRTANENZohapd dmtedabion Piastisniissiieer Relarecomoctmitss the best
25compaunshigeiieeeBei hiss e airkanarahabdhsaibimIaRRIrdhRBRIN 2N ssigning novel

insulin analogues as being the addition of positively charged amino acids to the amino acid sequence -
?@@gi

of humdRMELHIMRIFR treribss i rtirbesiny PrestdeIcaneGRiM af Gidpry dabptieamndeutral range.
30HowaekdtiRamBaWERIISIYRES iRieRihaldhe tascrihed dieataniehasalaimg/agtion profile is

obtained with insulin analogues which are characterized by the features that the B chain end consists

of an arHi4SBF RS CHATRR SSRAN@SIURSNRH VSR PRSEY Heginmmwrisd iaslditiemalhnbgated basic
amino asichersidyimah R baincenst s ccRmeuKtas oo At e RERIRAANIAG RAidiR present in its

amidated form, and the A8 amino acid position is occupied by a histidine residue, and the A21 amino

acid poSifiBRIR RIESHRL FERY Herriesisiers, hrmifemn sl gdrvidincdiarpyitreesdine residue,
and 5 gk thanea;aRIRe AHE EBSITHEATHIRE SHUARIMDHSIY AdMbRARS 18- BO. Bl B2,

B3 and B4 corresponds to Asp or Glu. Surprisingly, precisely the insulin analogues described have the

desired %&ﬂ}éﬂﬁfgQBQ?Hﬁé%&&@ﬁbfﬂé§'%W@ﬁ%kﬁ@ﬂ%i nyrabgrael dydisrkiaRRe onset 100f
action agidehlenaejeduiinnioPh aciRMAENSHTH of MAGUVFRMIG BYSRIS)HiBHS sisingtymigimized.

The delay is so marked that it is surprisingly possible to detect the effect even in model experiments
orl $ats.pﬂ§\?'a’@|ayed 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 15invention. The_results obtained in the experiment on rats are confirmed in an experiment on

dogs. ONeBREER; {heRiifiata sRALHaPROsikerdedattsemutifdaypossible 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



longer than that of insulin glargine. Thus, novel basal insulins which need to be administered distinctly

less frei€nthp G 0E biggh provided. Besides thesg pharmacokinetic advRgthgazdeszibeds ghe
analogues of the invention show better 20properties compared with insulin glargine in pharmacological
respects. Moreover, the claimed insulins also show advantages in physicochemical respects. It has

now surbRgiRgK BERPBLKE dmingliRraRaIe6lSs sraserdimiimansiatetiampend A0

AIIVEAS GRHEIGRINAEHEALINAAZS SEQPIQ: Hibrelhai 897 /d PRyl BO BIVB3
54HLCOSHLVEALYLVCGERGFFY 351510152025 WO 2009/0870824PCT/EP2009/000018 where

A-1corrédPBrits e T ARARGHIAMISPSFMES N Blyeiif FRRIdBe. alanirediesigiemical bond;

AlcorresRais s Vi B r@ye ARsRrrespadsigiAsp, Glu or Gin; 10 A15 corresponds to Asp, Glu or

Gin; A18 corresponds to Asp, Glu or Asn; o
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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15 A21 corresponds to Ala, Ser, Thr or Gly; B-1corresponds to Asp, Glu or an amino group;

BOcorregpongisdg/dsppiu or a chemical bond; 2Q Blcorresponds to ASpolea2he einadivemical
bond; B3corresponds to Asp, Glu or Mn; 25 B4corresponds to Asp, Glu or Gin; B29 corresponds to

Arg, Lys or an amino acid selected from the group comprising the amino acids Phe, Ala, Thr, Ser, Val,
Leu, Gluvanexep, or a chemical bond; 30 B30 corresponds to Thr or a chemical bond; B31 corresponds
to Arg, Lys or a chemical bond; 332 corresponds to Arg-amide or Lys-amide. where no more than one
amino acid residue of the group comprising A5, A15, A18, B-1, BO, B1, B2, 83 and B4 corresponds to
Asp or Ghu} hawothesgesitedphasmbrditogcaiprofilegiceipa delayed onset of action and by a
longer-lasting and 5uniform effect. The invention therefore relates to these insulin analogues. The
invention further relates to an insulin analogue as described above, where one amino acid residue of
the §roup@omprishes XB)d816, LAES A8l BOGIBLT8ZIB®maid 84 corresponds to Asp or Glu. 10 The
invention further relates to an insulin analogue as described above, where, preferably, A-1
corresponds to Arg, AO corresponds to Arg, A5 corresponds to Glu, A15 corresponds to Glu, A18
correspofiils todksps @ ndsresponds Glis, 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.
The invention further relates to an insulin analogue as described above, where this is selected from a
group coldprisingrArgp@ndy, targ P @IuGiu GS), His (A8), Gly (A21), Arg (830)- NH2 human insulin,

10
A15  corresponds to Asp, Glu or Gin;
A18 corresponds to Asp, Giu or Asn;
15 A21 corresponds to Ala, Ser, Thr or Gly;
B-1  corresponds to Asp, Glu or an amino group;
BO  corresponds to Asp, Glu or a chemical bond;
20 |
B1 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.



20 Arg (A-1), Arg (AO), Glu (A5), His (A8), Gly (A21), Lys (830)- NH2 human insulin, Arg (A-1), Arg
(AO), GINOXAE)OHIS (A8, Gly (A21), Arg (B30)- NdH2human insulin, ArgRBTVER2oEHONIGIE (AL15),
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, 25 Arg (A-1), Arg (AO), His (A8), Gly (A21), Glu (BO), Arg (830)- NH2 human
insulin, AFeAid: AEIARN blie A8 GAR2ICEE ABRY L BaPhAMER JWBaR iBsuling Arg (A-1),
Arg (AQ), His (A8), Gly (A21), Asp (83), Arg (830)- NH2 human insulin, Arg (A-1), Arg (AO), His (A8),
Gly (A28)1ABS (&3), @és%@@@)dwfﬁﬁwmm%@%@ym@m@% i68'1a@), Gly (A21), Glu (84),
Arg (8399@%%%?%"%%%,$.%Aégdéa§>ed\&1§/é93f E@%@m@%@%ﬂg@%@ﬂ\b lay2 (830)- NH2
human insulin, Arg (AQ), His (A8), Gly (A21), Ar%ﬂg831), Arg (832)- NH2- human insulin, Arg (AO), His
(AD, Gwﬁ@z’m,e&?@cts e W@(@QQ)%QF@EOWM sRdaItheAriTADT englpmsieHis (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, i§ [(Retspfuttey, aiateady aninaglin sy qese)as geteabpaNPavRuWBAMEIEn, Arg (AO),
Glu (A5 NS AR SO G IoASHIRDAD RrmandnsUt A7 BORGUALS). Hi
(A8), Gly (A21), Arg (331), Lys (832)- NH2- human insulin, 5 Arg' (AOJ, His (AB), Gly (A21), Asp (33),
Arg (338 AR§ ESPPNdSHR ASBrRaPiHsulin, Arg (AO), His (A8), Gly (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 FeNNyeItinGlu By y Sk 333 BN ARG B 2R ANE RS R 2DOXRy WRGIE His (A8), Gly
(A21), GlaBOi AL BcsyokBidl Nd2AOUBRBIHBHIL ARARS disABoflY (881, Ay (B30)-
NH2- human insuiin, Arg (AQ), His (A8), Gly (A21), Lys (B30)- NH2- human insulin, Arg (A-1), Arg
(AO), HiS! (rBITERPOREE) tnfRj Y 8AGH - QPSS PRIMETIRBRAN ARIGIACEPORES (RDYiSHEAAS), Gly (A21),
Lys (8303ridbigoMimBraRs i cRY8dAI AR HisiédRlolY (6 Akb A5 B3Rk human
insulin, Arg (AQ), Arg (Al), His (A8), Gly (A21), Lys (330) - NH2- human insulin, His (A8), Gly (A21),
Al (33%,&\@ %ﬁ?—oﬂ?@%ﬁﬁéﬁ MO MRBPRIMCRTRANEBHELE8m "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 ' B\ D dditriisirbalPiABUNS dithRiRlegrp e idestidred AReN fewlRereotipid cess for
preparigg|apts WihPRY RIS @mnfigsgribed above, where a precursor of the insulin analogue is
prepared recombinantly, the precursor is grocessed enzymaticﬁagé to two-chain insulin, and a coupling

with argﬁﬁ%&?ﬂ@e%&éﬁ%d%ﬁ ﬁﬁ%e"ﬁ? Ebf vednzdimeel _i}Tg.NVbQH@@ﬂi\/iﬂﬁL&ﬁd the insulin
:ggif’eg%@rfés(ﬁq%wg?@ﬁ??@w FREGMHI4 16 BN e HSERRl LIRS ILARAIPHIG RS described
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 (AO), 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,



thé manufacture of a medicament for the treatment of diabetes mellitus, in particular of diabetes
mellitus pf typedgosrestt. The invention further relates to a pharmaceutisatgepRiisingbiasulin

analogue as described above and/or physiologically acceptable salts thereof. The invention further
relates to a pharmaceutical comprising an insulin analogue as described above which is employed

therapetich{fdorisitiade rddierédlichy TR invantdB 3unthargd BB told-phatmatauticaliog m|||orising
an insuli ri % t cally, for assisting beta ce
5relgene/?\a®(r;@l G he mv%ﬁ? n?tf# el%?e% z Tzf f\ %&m D%ﬁ@%ﬁ |IFIN§ aléﬂgu}é asqgesglbed
above, Wtere\Bk fitrdator-isitfdgueduseim &f)’m@%’lﬁgmﬂg (BSstIvel l‘rhsulhmmwiogaehriﬂ,]o The
inventio " | I cr, where.the
formulat?é)n |£m}%rfr%@§%%fp%vﬂg\rglrﬁ{%g |culz;r in y%s?; he ar@éj?gmorp ous o flﬁ
invéntioAfarthén rEliséa 8o &fprarblidienBhd)ifeditBaiildyge(88 testiited abown vwsecte; hthe |
formulati the, | lgtes,ip,a f mulatlon the insulin
analogu@ség\ggcrl gcg&%t%%vef\tﬁ?eig (%%fgrﬁﬂ%}é dxltlotg é%ﬂ;nphfsﬁ—; _On henica c\:‘ngperone. 20
The invetibtffkthts (i8leSty ADNABoding iokg m@fur%@f%ﬂlhsdﬁﬁﬁnéiogm assdgiscribed
above. ti r e 0 ai an msulln anal ue 25 as
descnbe%rgkggd \’ﬁ e@% ent| né‘?r?rsue?rglge%\l t%@ 9] c}P Zﬁﬁh rw ¢hain 5? an i 'ﬁ%ullﬁ analogue
as descﬁ&ﬁ@d%b\l’éls3‘6-3%@iM\(éfi’t1dn(ﬁth9}em@$&6’a),vAoydr&Sﬁthhﬁ;g—afDNﬂmmdeﬁnnbed
e. tesqt [ DNA as descrlbed bove or a
\6/12§§((3r a;ng) @vﬁed agﬂgy%ﬁ@}%@emﬂﬁﬁ @‘E‘?@tg\z 1€vr%}gzglnsullﬁ anaﬂogue Wijjé?eln the C
peptide Arg (AD), His (A8), Gly (A21), Arg (B30) — NH; — human insulin,
' Arg (A0}, His (A8), Gly (A21), Lys (B30) - NH; ~ human. insulin,
Arg (A-1), Arg (AD), His (A8), Gly (A21), Arg (B30) — NH; — 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.



carries the amino acid residue arginine at its N terminus and its C terminus is characterized by the

form ArgvAFr@oRaasg/R082Lys Arg Arg. 5The invention further relates to P0TEFRIDBARGEseribed
above which additionally comprises also a glucagon-like peptide-1 (GLP1) or an analogue or derivative

thereof,_or exendin-3 or -4 or an analogue or derivative thereof, preferably exendin-4. The invention
further rEN@dRVRNHIBHURSOIP R e AR HBBYB YRR hi 2T B BRhaTo B\IBT BREIRHN2ES selected

from a grosnisemBHEINY W HesRredtRyeadifabretdding i-es(B '?@%‘@P&%@iﬂ-4-l-ys4-NH2 and

H-des(Pro36'37)-exendin 4 Lys5-NH, or a pharmacologically tolerable salt thereof 15 The invention
further relitdaveHaBfHiheore ek ARRERBTRUHRhFAMBT a A LB BBk aRalack R @&lected from

a groupeRmsisingiReRIeRE  AsprBieyendinfapledfdal s5re38ilsns srepleendin-4 (1-39),
20desPro36 [Met(0)14, Asp28]exendin-4 (1-39), desPro36 [Met(0)14, TsoAsp28]exendin-4 (1-39),

deSProZ8IEAREIRE, Asp28jexendin-2 (1-39), desPro36 [Trp(02)25, IsoAsp28jexendin-2 (1-39),
desPro36 [Met(0)14Trp(02)25, Asp26]exendin-4 (1-39) and 25desPro36 [Met(0)14Trp(02)25,
IsoAsp28]exendin-4 (1-39), or a pharmacologically tolerable salt thereof. The invention further relates

to a forrhfatiie RN R ey phpaypabhe iinsicrPiriosiseR degesed? is attached
to the CyfesminhafiRer30 Riramiem ot sxerditsas Theinusaticrifither dplatRste pdarmulation as

described e}bove in which an analogue of exendin-4 is selected from a group comprising
analogue.

10
The invention further relates to a formulation of the insulin analogue as described
above, where the formulation is in the form of powder, in particular in crystalline

- and/or amorphous form.

15 The invention further relates fo a formulation 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.



H-(Lys)6- des Pro36 [Asp28]exendin-4(1-39)-Lys6-N H2 des Asp28Pro36, Pro", Pro36
exendin(@-2009id2044-(Lys)6- des Pro36, Pro"gPro" [Asp28]exendin{ir39psiybty obndsn-(Glu)s
des Pro", Pro", Pro" [Asp28]exendin-4(1-39) -NH2, des Pro", Pro", Pro"
[Asp28]exendin-4(1-39)-(Lys)6-N H2, 5H-(Lys)6- des Pro36, Pro", Pro"
[Asp28}eéxeéntiiventinndithes yainias o1 appiepaiins-ifearrioge epydiemio the C peptide
[ASI028]%@ﬂé%&%ﬁ%&%@r&%éﬁ@ﬁ}%lQFEM%HBQO%}%%cg ferminus is
AspZ28Jexendin-4(1-39)-Lys6-NH2, H- des Asp" Pro36, Pro”, Pro” Frp(02)21exendin-4(1-39) -NH2,
10H-(LySheraee et e yHhs fere AT fiom) 26y Ap 28] bxerfia-A(d-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]exenc_iin-4(1_-39£-(Lys)6-NH2, H-(Lys)6- des Pro36, Pro", Pro" [Trp(02)28,
AsdlexehbfhinyedmnfysheNeiaies Rsa (@m)sa i Fetscrhed rRReVEIWEH) 28lditionally

Asp28] I0=4(1-39)- NH2. 5 € . o
ASpZS]?gﬂg:ﬂ%%%%-%%%% 2. 5@%5%4%&28? fi{ %E‘EE Iﬁr)o% gé&%ﬁa},& % QLIEHYAIND 30) -NH2,
H-(Lys)éheieh @ eres S o' A\rs D) B2 RspEalsasitiativg beyenHprafratry(eleyidioes Pro36,
Pro”, 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]ekeadirvantiosdy s KiaeHAsiqGIu)stigesaerdsssc et AoviNtewd)iLh, axsp™
exending4(1-39)= 5 24 H- = -1rn(02)28,

A);ﬁpg8]ea;(4é%iﬁ-}2( b\{%@ﬁﬁg?gﬁ%—l%aﬁegs%%ﬁ%ggégﬁg%éﬁ%@t(m14, Trp(02)21exendin-4(1-39)
-NH2, 25k asyye- weriasétipe-Ne" [Met(0)14, Trp(02)26, Asp28]exendin-4(1-39) -NH2,
H‘AS“'@M%’%{ﬁ%%@dﬂ(ﬂﬁﬂfﬂimﬁogﬁd Asp28] exendin-4(1-39) -NH2, des Pro36, Pro", Pro"
[Met(0)14, Trp(02) 7Ase|exendin-4(i-39)2-(1..0)6-NH2, H-(Lys)6- des Pro36. Pro", Pro" [Met(0)14,
Trp(02)$69R828 e xehaxeaginsd)-ysps)dz,

or a pharmacologically tolerable salt thereof.

15
The invention further relates to a formulation as described above in which an
analogue of exendin-4 is selected from a group comprising
desPro®® [Asp®lexendin-4 (1-39),
desPro™® [IsoAsp®lexendin-4 (1-39),
20 desPro® [Met(0)", Asp™lexendin-4 (1-39),
desPro® [Met(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,



N H2, 30H-Asn-(Glu)5- des Pro36, Pro", Pro" [Met(0)14, Trp(02)26, Asp281 exendin-4(1-39)-
(Lys)6-N&Q, 2p@0pterogacologically tolerable salt thereof. comprises Arg@dr/E¥sA600/000018
(NE(y-glutamyl(Na-hexadecanoyl))) GLP-1 (7-37) piraglutidej or a pharmacologically tolerable salt
thereof. Itis cleay to g skilleg worker in this connection that the insulins of the invention may 5be item
of a phafffabsitidarfornmufatioh Whi@xaagiart Bivaitdydous effect after administration. Aqueous

solutiong; a18, e Sfastig PO s CoNAEEHR, ERes GosagQReNis must accordingly be miscible.

The risk of viral animal contagmnatlgp IS mgFlmlz %i in that the preparation ought not to comprise any
t

compondnfs Bl femPRMAT BoUrERe. Tt R tirrendiarmtilddishTprevent microbial
contami@@gqﬁyéﬁpp@pw@g@ﬁiﬁ%ryaﬁg%n&ﬁﬂqsg@ﬂ%)asqqm% isotonic agents to compensate for a
u ology of t

possible negative effect 03f the Qrmulafjon on Ehe physi e tissue cells at the administration

sited ThéldbdsisndepRIRMIREMa IavABBfalsiengefétt38) thus sulstantially salt-free insulin
preparappﬂ%r@@m?p&@gg}m qq%mg PrQta 'ngﬁ?e mﬁwlﬁ_’(w_(ﬁggggg@_%f a phenolic component
ed an _

may lead to stabilization of the 15structure of'the insulin analogue us thtis additionally bring
about inter alia the delaying effect on the onset of action. It is also possible to add to the formulation

substange&%%qm%@bi,lgﬁ ﬁppgf%%}?al ﬁig&&}gg&f&ﬂg@ggdggjégm the invention and lead to better

thermal stability. S%h chemic ap’garones mag5 be for exam shor%'synthetic peptides, which may

also coripri&s dviRio BEad aEfogURor ihERite)20crse sianidle Foptdid-sequences derived from the C
pepiide qud_r?é‘jénd-é@q?@ﬂ,liﬁ?o@f,tb‘?&m ?@zgm pgdzﬁg%g@@qwggg}q_ articles for developing

depot forms: Also conceivabl arel%)fcailec% SIGW felease formulations in‘which'the slow insulin of the

inventior-A §eSErredesdtiy bt i ApoliriCtatTietses e ndintHd sttheNhieention can be
adminis&gg@}g@gp%@’r,vw}gd@ﬁ@@gzﬂpg\@ﬁn%@mqi_ggy_‘(m%\ﬁg_wgd(r), Humelog or insulin

derivatives undergoin dgé/elopgpent Qr formulati%ns Wi%lé] an appropriate time/action profile or inhalable

insulin di-daxslly BEBFI adifnisiered iHgiRs WhibaRireaxaneigditraeyoBdeawtz301t will be clear
toa ski'!@M@re@ruijg-te&m@%@%ﬂthﬂ@w@@g@,fﬂggzﬂﬁéﬁgr{a‘mg%@f)-f@féT?gﬁhﬂgzand slow

insulin of the invention cap also be1|2|!sed f%t is purpose. The insulin analogue e Invention can

futther bt SdsifigsdrrRacBlat&l bre peRitiHe M1 CosPrisksedptides which are described by an
activity gg@m&@jg{q@pﬁﬁf&gﬂ@mﬁ@m, I%R%M@g@p%,or exendin-3.
H-(Lys)e- des Pro™, Pro ¥, Pro® [Met(0)", Asp®lexendin-4(1-39) -NHs,
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



GLF-l (7-37), exenatide (Byetta(r)) or peptides whose preparation is described in the patent

applicatigrs Y¥0u2096#858620, WO 2001/04156, MO 2004/005342 and ¢ Q/B8/0883 beiprasent
examples of such peptides. Formulations particularly advantageous in this connection are those

comprising a depot formulation of these 5peptides. Types of therapy advantageous especially in the

initial pHERBRisgseVadiabies AV THastamhidN previadenanarlyl GitR théadnifisagitsacf the
phafmas‘?_‘é“ﬁﬁ&ﬁﬁfa%ﬁ%@ﬁé?wwﬁﬁ@ g&f‘?ﬁéﬁe&? effect of insulin, such as, for example, metformin.

[
Combination therapies with dipeptidyl peptidase-4 inhibitors which increase the level of incretins are,
like combinations with sulfonylureas which 10increase insulin secretion in the pancreas, likewise

possiblg; ?éhaéé%ia IS Ph NG PR HRGAROS: Pﬂmgyﬁ%ﬁggmmér&ﬁ&%vm}&%@m#%when
of beta cel ion of diffe

regeneration s from appropriate stem cells Is Initiated by administrat yentiation

facfors. ¢ ireselap plicittrcsdts ah &moneticly waighbheganpeTantaganesagijest afddetes, and the
inventiog i ' lat 0, | i L | . the insulins of the
inventioﬁdl %ﬁﬁ%ﬁ%ﬁoﬁvﬁ g%h%gggg\% (Tﬁr{}}g %%%%ﬁﬁé @e@?rﬁéén?gﬁalgaﬁgﬁéfg?s%ﬁially diabetes
of type Lomyppasntiabe s achedingiy eraise bislafdwfirk of iérid@niseabfiaprtansialirioofishe invention

in regeAHRAIRIEES WAt e sHElIBaHEaS. I exaple fariage dOregeneraion.

It is important in this use to e mitogenic Insulins without at the
same tifieralRimglsssticrrs nieiabotberacveniagrous énpoevinttiviorebirsantaptiaatiaceutical which

. o ) : i i )
e B R e o1
suspenﬂ@_ﬁﬂi@ﬁam@@@éﬁ@foﬁﬁééﬁ;thﬁsf@haké@t@iiz@d the pbysiriagyiciitieatssne tedsliat dralogue of
the invertion, apdin ALIRASHRANS LfifRG B?YJ?&RQQ:W?\%'%5}}?@%%%5@&%3?5@2%#{%@8'% » amorphous

and/or crystalline - preferably in dissolved - 30 form. The preparation pre as a pH of between

about 218! aﬁwat'@}lmq@éfrﬁtﬁﬂainw@wwﬁpgwaﬁ 86 b@mlpm@@%bsuaadiammﬂ@m@@m tasuitable
preservative o \VDeIGRRR I Bl rbRE NG BHERE AR IRERIeEALY S A RaSTigar zinc ion

concentration, in sterile aqueous solution. The totality of the preparation ingredients apart from the
adtfve irsfreefiers rine MsUfepaRitidecasheraBaitabteadnitiallydiisarbpitdrtanpladheerol,
glucose | i [ fa}ﬁ solubility of the
insuIinsdoéfrpﬁﬂﬁg%ﬁ?ﬁgﬁ%ﬁ?&%ﬁﬁ?g%glnﬁﬁgg?e%g’%%@eo at8 %ﬁg@@ﬁé ?)H values is

influencedbsiamesstisiieros tetlionitisy seatial shareiupratidhasiaw insulins of the invention

and lead to better thermal stability. Such chemical chaperones may be for example
short synthetic peptides, which may also comprise amino acid analogues or include

20 for example peptide sequences derived from the C peptide of insulin.

The insulins of the invention can be Encorporated into nanoparticles 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.



Examples of suitable preservatives are phenol, m-cresol, benzyl alcohol and/or p-hydroxybenzoic

esters. 1@/Buffeigyubsi@mees which can be used in particular for adjusting a-pHbeiyeRMAEPyL 4.0 and

8.5 are for example sodium acetate, sodium citrate, sodium phosphate etc. Otherwise, physiologically
acceptable dilute acids (typically HCI) or alkalis (typically NaOH) are also suitable for adjusting the pH.
15 If the@kébéré?ﬁc&?hwa@ﬁd@éﬁm%)réf@epﬁdéssgW@&@qmthﬁmrﬁsld&gs’mﬁMd thrtg/ml, in
particul | ~5he act] 1 the, i } es of invention
can suraééﬁ%gyégé‘?n ue%%ggcgagt@gﬁg%ﬁ;@y @5@%@@ I:I(?ﬁ z‘(ilarjl(g)fa’Ir-ﬁ[s8 %@%%%g‘%&%‘ﬁ&mf
preparatifieddiichefffesdntrekaioples tiestothl (2autidatioR mhadttopthpastieethof onset of action and
the profi i indivi abilization of the patient. Fgr the purpose of
varying t %gé&%ﬁ%%eﬁéﬁ%p%ﬁe%@%ﬁ%%%a ié%@ﬁ%r}é\?eéﬁ H?i{?s”g Fs)lg ipgjcg’sg§3%1?ée[§)eadmix
unnfodifipeblicesin} prefe cidhebapined yartige o 2 Bhpatalin sutime ésfieciziydauniaypi@sulin, or insulin
analogu Iyatives th fltis lj Ise_ppssibl admix.one or morg, exendin-4 derivatives or
peptidesg\%%%ﬁeg%er}%%%%%tg\fﬁz{gﬁ Bioi#%iﬁ’ﬁ@r%@%s%ﬁb & t%dg]i%?’fr%m%gféﬁ%ke peptide-1). The
inventiomtikewisse tdlotds 0b thach yitdionaedtbatsc(prpatht @it cB0Frefgire d actiees jigredient
concentrajj re.th I, nding to ut.-1-1500, more, preferably about 5-1000 and in
particulaer%zagb%@)%%%%gé ?Hﬁgr'né |on§$é}r%é/trﬁ%%ﬁg Fn%’ﬁgné;%%@dig %?%é{gsiﬁ\?ir@y IEt%sinitially
preparetbiokeittmesgichitylassp idcarsetivehich, diesaut yetatichsdeithes alfoideluTewmsskitlied worker is
famdiar yvi lar: ossjbilities for preparing insulins. Hast cell systems used, in this
com ect}{érépg%es é‘é%%ed}%%%e%gﬁ%r{ 8 ﬁétéearnp %en%‘cﬁ))! rﬂglantecgﬁg %?)Drl %Eft Vatich b@?@fﬁ%&gﬁ@n. If cost
considerationsgrenait, kexpreskipadspatéimsanlicld vsetapénatiyelih as hagirsysidon arfebalizo

conceiv e ition therefor, is.Sreliable freedom fr nimal viruses. It is thus
clear th%%ﬁse%%pﬁ%@{)&rg g%%e%n%gggﬁ&g] gi/a%gég (‘Yf ae%a“r‘ﬁfﬁeterarlggfrqegﬁa}[f%ﬁ yngasfﬁgll segment of the
host/vedatteystérihsdsetymid dtio tiscarecommiioaschbypasatioinesbprpteifts. tRertbzeapplef

biotech ical p e t m ch as mosses, algae or higher plants
such asq%g%(?gé , éggf@%f&%v%ﬁﬁ%ﬁ?é%%g%%oi steﬁééj gr%é)pz@%eig\o Té)d]esc{f%zﬁet%@ena%ﬁﬁcaﬁon.
Néverthigdbs, tise ioltheimslikesvisdirdiuncedibostventabispdiemsitindtbed mgiDiNAgedimitees which
allow th “Qﬁ% red| | [ nalogical expression systems. Host
organisr?woéagg%tt{%%g' be lseEﬁl-J(k:?t%g ‘gi(r?lgéiagt?gtﬁgﬁ%ﬁ%r%%%%ﬁ&gggo%% %8%@%%??5%% of the first division
Schizophyta comprising Schizomycetes, bacteria or blue algae, organisms 150f the 2nd division

Phycoplqsﬁg H@éﬁt\z‘éﬁ: Q!%Or%?é'féesaﬁrr@{&af?)istﬂ]es l?géhc?f %nrglggﬂ li’iOSnOf the invention in
regeneration processes which relate to the skeleton, such as, for example, cartilage
20  regeneration. it is 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



Phycophyta class VII Rhodophyceae, organisms of the 3rd division Mycophyta, organisms of the 5th
division Brgophgtaearhemanisms of the 7th divisipp Spermatophyta. 20 EgTgpeanpaignd@pplication
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 (P(_:R) to modify
the proifSUFREHSEaMYLEERIGAGIEpELRIcallyliss tHaist Blpo Y léitonssprsatipiépastianis which can
serve A BREHSA RS litvasHlneaLMeIE e CouEtRANCIRGh Son ARIABIRAREL S
25necessarily be prepared intracellularly. It is clear to the skilled worker that such proteins can also be
prepare@9,/fonexaaPExphsceioh dircamhIBgoaiesddastionalais thepaagagaiand/or into the culture
supernaiaihsiitheandesentaenicalion ERubifRAPARARSHIRE S MR ILRYAN exale. The

invention likewise relates to the proinsulin precursors which lead to the analogues ot the invention. 30

Theébproildysiniosieplydairiatrg waljscheiaprionsealdy aenie pevimtteansiisiilianasd dyutherecursor
which in&'\‘ﬂﬁ@ébﬁiﬂr? gﬂ%@yﬁé@%m QR&)B?B@Q&M'&@MGS 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 lysine or arginine are not already present. If the proinsulins of the
nventiog iRdac iU BHAER BRRSAL lUbla Tt alel BURSR MRS BiRlsaaion in bacteria,
these precursors must be folded by in vitro 5folding into the correct conformation betore the

processh @ RbERERi gstabtlification can be undertaken. In this connection, the described fusion
protein allows direct folding after denaturation by means of urea or guanidinium hydrochloride, and the
invention likewise relates to folding intermediates. 10Biochemical methods are used to concentrate the

. individuBUfiesr ErftRBsEE SpRiRAIRRR AR HEeEh P RRdissber igToadiusithe Igint! ratoiprrs abeutublished
and in f%btﬂﬁcﬁtﬁe&@fc}?&@ﬂﬁ% Ldgigleasderthe ,%Weﬁ%t%ﬁaﬁm&%@f% cap

consequently be combined and thus may lead to processes which have not previously beén published

in their $ef@Enise THYFOBSeAhasoRiake dide ses'sdprocedyddGihmuralsatisdtypigdstion of the
analogugégf_;ﬂg,j@\é%gggﬁgg% ifo%]BQtfH&tﬂ% ates to a process for preparing the insulin

analogues of the invention, where a precursor of the insulin analogue is prepared recombinantly and
coh¥erted enzymatically into a two-chain insulin precursor which carries arginine or 20lysine

N-terminalhein igiatiandr AIUNC AL AbINe fabpimand 5_@%@&%@-&?%% englf 1ge B chain a

lysine or arginine residue which is converted with argininamide or lysinamide in the presence of an

enzymehEdf g trifpBRI e iat R theodmite 2 UaBuanatothe Moreinsurrotieisd thedngoln and is
preparega»éit&pnigg Sy By, ShigchemicalRiification eﬂ%ﬁ%&éﬁ@%@@ﬁ%%@ﬁ&%@ugh

substitution of at least one naturally occurring amino acid residue by other amino acid residues and/or

additionzaiﬁj/gh&e?éw&amé@@@@ﬁi@@ﬁm@mﬁaﬁ@@ﬁjwaiﬁbrﬁiﬁﬁé eoiekdjsantirih edgtahwise identical
nafyrally QR HNS RERISH BE Satariest ohast BnalamesnRLaleyf: Ei’%b@%?f@i%iﬁg)é\‘?e',n this

30connection for the added and/or replaced amino acid residues to be ones wh
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



~ not occur naturally. modification may consist for example of addition o one or more particular chemical

groups t\eDeonwWese @Rino acids. Key to figuresy® Fig. 1: Blood glucose=tpuwerinmeffani@fdnsulin
analogues of the invention in rats Fig. 2 Blood glucose-lowering effect of insulin glargine in rats 10The |

following examples are intended to illustrate the concept of the invention without having a restrictive

effect in WS OHAdeE0OAT EXesidas m«bmﬁﬁgowiwcfd@ﬁe@ﬁlbﬁv@@mﬂm iitigd codes for
ol (h2lgnadinding e madkieg (eRRRIARIIGRSAIRRL I AALINE fr'e aRal SRiyndary

European patent application EP-A 1 222 207 describes the plasmids pINT358d, pl d and the
primer sé&fiieeation. DN\RTrehBsis pradride b eI AT cySiepRvmidhpiNg 3880:aThe plasmid
PINT358d.i f i ERQUaNGe wWhi . [fied C peptide
having g%z%ﬁgrﬁg%%e%{eéﬁ %ﬁe%%%e%m%%es are syh%ﬁégg?a%giﬁﬁggﬁ%%%%ﬁ rev 25 5"-
CAAAGETedaTFrdor ot e TReTABTE HETIRGOI et Bal SR NP ERI®) Thidarimer serves
after working.t int i j I [ f raqQin,i ition 21 of the
A chain o T e ey e o SRS Ao vy e Fou R

5"-GTCGIeTAGePes ol TAECOTEGACT AR BHSED mokths4 - dhexanmpler serves like the
primer g, GIURGLRSYiEaY BHELLLSHOAICHAIRG sierd EiRing &ife suindiR shain hayndary.
or higher piants such as tobacco, pea, safflower, barley, corn or oilseed rape are not
10 described in the application. Nevertheless, the invention likewise includes
host/vector systems and coding DNA sequences which allow the target peptides to
be plreparad in appropriate biotechnoiogébaf expression systems. Host organisms
can thus be selected in particular from the plant kingdom from organisms of the first
division Schizophyta comprising Schizomycetes, bacteria or biue algae, 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



arg_cjunc_rev 5 5- CCACGATGCC GCGACGCTGC AGGGACCCCT CCAGCG-3' (SEQ ID NO: 5)

The codgryonhs@ggimne to be introduced is in bgld print in both primesefvPEitifogasEgdout in
accordance with the European patent application 10 EP-A 1 222 207 with each of the primer pairs Tir /

arg_cjunc_rev and arg_cjuncf / pint3580_glya2Irev and with DNA of the plasmid pINT358d as
templatéyshiiguotsrgintine preductsioé acty twesesictions 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 15 digested with the restriction
enzyme¥ Hallprdiostiinsacichrelameentvith dre maneifactorel siokssioctibodies ansandithéosame reaction,

the reaction. mi ' ' : r ' NA.f ncoding the
promeT e T e e e S TR bR NARS the oo
Sal-opdnisting N ihkvesrecDdoRf@O BNt geatiors irtprodessied tntidistdvemicahpetent E. coli
bacteri ne transformati xture is:ta qut.on selection plates which contain 25 mg/I
ampicilﬁhggﬁggn{%%%& II);% i%‘%ﬁé?r%ﬁm Fgo%r% i§§ %%#%ﬁgfa% eé?ggf %@e@sﬁ\% '8@@’8#%’8 analysis.
Correct @lasmidscatcoldiikg piNT3686(L2 8 Examypiec2n€ o streatiomenfzthidiplasmid pINT3581 coding

for His Eﬁ} %21)- r insulin.The.construction takes place as described in example 1 by 3
polyme(rﬁ\ er% @é\i 8fea§1c§%%ﬁ1gs.i I’%éQt 6-%8 ﬁg%%&gei%ﬁec% éaiq?%%%géﬁg 'Sier Ncol / sall cleavage
into the Ncol / Sall-opened pINT91d vector DNA. The primers Tir and pint3580_glya21rev are used.

Twg further primer, ized: pint foo :
sﬁlﬁec?é?@%ﬁ%%@%@i@%ﬁ?‘?&‘%@é@%@%ﬁmé’%"\%”Rfdr:‘tgf YRS Hasrev 5 5-GAG
CAGATSDFGIG SDAGIAGTIGCETEE ACCHTGH(SEQ phirdipied are published and in

fact the subject of textbooks. It is clear to the skilled worker that such principles can

consequently be combined and thus may lead to processes which have not

previously been published in their sequence. The invention thus likewise relates to

15 processes which lead to purification of the analogues of the invention.

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



The codon which codes for histidine in position 8 of the A chain is emphasized by emboldening in each

case. Thgyeppgtigigiipmigcarried out as describedyiy) example 10 1. Templatefer-BeRd i § is DNA
of the plasmid pINT3580. PCR1 is carried out with the primer pair Tin / pint3580_Ha8rev and PCR2 is

carried out with the primer pair pint3580_Ha8f/ pint3580_glya2lrev. With the primer pair Tir /
pint3580mglyiizkrdoris e piope b indF @Rag e miphald ifivthis’ casetisraorexpamtiaf dreheactiah products -

of PCR P r lasmids, are called pINT3581. 15 The preproinsulin encoded by the
plasmid s pr 83@?&&&&?&%@%@@%&02 which is characterized as Arg (AO), His (A8), Gly

(A21), Arg (B31), Arg (B32)-NH2-human insulin, and which results after arnidation with argininamide.
20 The Q{gg[%%iql 'pasencoded by the plasmid is precursor for the compound YKL202b, which is
characterized as’Arg (AO), His (A8), Gly (A21), Arg (B31), Lys (B32)-NH2-human insulin, and which
resdlts after amidation with lysinamide. =~ Example 3: Construction of the plasmid pINT3582 coding

for His (A8), &l E’gé%%g 2Gly (A21) = preproinsylin The construction.takes place as described in
example’zﬁ fc}ar% %l y ﬁé)%?r%l%fg\é@ QBP iﬁ?rfgg% .%h“é“]“ﬂeaﬂracf%%? (S)f%% Wg %cg%ﬂdﬂ @iﬁserted after
Ncol/ Sall cleavage into the Ncol / Sall-opened pINT91d vector DNA. The primers Tir and 30

pint358Q-.gly, v ar . JWo furth imers. are synthesized, pint3581_Eab5f
5'GCAT%§T%@§‘E%JX@%%W g’é&@ifﬁ%ﬁ@?@r‘@ ?éé@j’]%‘ﬂl@f%) pint3581_Eabrev 5-CTGT
GGCAGCACTC CTCCACGATG CCGCGACG-3' (SEQ ID NO: 9) The codon which codes for glutamic
acig,in iti A chain is emphasized by embpldening in each ¢ase. The. construction is
e e B B T o MR 1A O SR T S s
are calldtepliNg 3582trEhreedfmdinms dhiis encoeetidyy. the plasmid is precursor for the compound
YKL202-1, which is characterized as Arg (AO), Glu (A5), His (A8), Gly (A21), Arg (B31), Arg
(332)-NH2-human insulin, and which results after amidation with argininamide. 15 The preproinsulin
encodedhgnheplasizbarpliecurs dhdorabimrdampaiive WK DEEB Dwiwbicbddashfoacterized as Arg

ety I S SRR oot et relte AT TR o e ),

Asib(A1BpzEIBIY(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 Ncol / Sall cleavage into
the Ncol / Sall-opened pINT91d vector DNA. The primer Tir is used. One

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 sequenfies 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)



25further primer is synthesized: pint3580_Dal 8rev 5'

CAAAG CCGCAGTAGTCCTCCAGCTGGTAGAGGG ' NO: 10) The
codon W@E%%@(%e@grggs%amc acid in position 1 éf the A chain is empéa%ﬁgﬁ@gﬁéﬁ%ﬁng.

Template is DNA of the plasmd pINT3581. Correct plasmids are called pINT3583. The preproinsulin
encodedrhisthermiassaidés PreceYHiorthargonpesING 18k 20 2o iy isrgharacigsieadias Arg (AO),
Asp (Al(ﬁz,_HisagAﬁ), %ﬁAj&@ﬁrpg%SﬁlimArg 832)-NH2-human insulin, and which results after
amidation Wifh&rifi e B B H§ In encoded by the plasmid is precursor for the
compound YKL202-2b, which is characterized as Arg (AO), Asp (A18), His (A8), Gly (A21), Arg (831),
Lys (B32)-NH2-human insulin, and which results after amidation with lysinamide. 10Example 5:

ConstruBfida8ffie flasmid pINT3585 coding for His (A8), Glu (A15), Gly (A21) - preproinsulin The
construction differs from example 1 by taking place by only one polymerase chain reaction. The

product of thi tlQn.s, inse tggd%fe all S %‘rleava e.intg 15 the Ncol / Sall-opened pINT91d
Voctor DRAC TR T OB Bl S (e St 550 BB E50 5
CAAAGGTCGA CTATTAGCCG CAGTAGTTCTCCAGCTCGTA GAGGGAGCAG ATGCTG -3' (SEQ

ID NO: The codon which codes for, glutamic acid in position 15 of the A chain is emphasized by
embold(:;l;}?ﬁgc.c‘fg %{t@%%ﬂiﬁfﬁ fﬁebﬁlé&ma%‘?\f?%@f%ﬁ@a BIRGHIJYIRRE™s called pINT3585.

The prepréigsuiin enviedaslibintheqoatinickivnrets Turtasdba pararoupgivkiaw2-3, whichis
o e SR A SR R G S 29 TSGR b BB e plasmi 1
precurspirfi3tse efyapdued AA€LA0R-BRAGIChdprimrastenveesss At atelunifsLisiis (A8), Gly
A A R R AR R e B B T e e Sl At 05 ot it tha ysinamide.

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



Example 6: Construction of the plasmid pINT3588 coding for His (A8), Sly (A21), Asp (33)-
preproin HF%% lon takes place as described in example 1 and 2‘9 J"a % hain
5reactior§\z. eagr?gg@?g‘ the third reaction is insz?ted after Ncol/ Sall ¢ eé é g@@mﬁ /
Sall-opened pINT91d vector DNA. The primers Tir and pint3580 _glya2lrev are used. Two further
primers are synthesized: pint3581_Db3f 10 5"- GCACGATTTGTGGACCAGCACCTGTGCGGC -3

(SE0 DNACEA e C T e AR L R TA o AR S P NDSbin B chan s~
emphasized by emboldening in each case. Construction is carried out as described in example 1.

Template.i?@@{% tae elasmid pINT3581. Correct plasmids are 20called pINT3588. The
preproingli BY'6Y 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 i_nsglin, and which results
CompoURATRE A GB G h TGRISRA HE ArACS A b SRR R (83), Arg (B31)
Lys (B32)-NH2-human insulin, and which results after amidation with lysinamide. 30Example 7:
O G e B KPR e Th Dositot 8 6f e A Hain 13 Smphaeled By
emboidening in each case. The construction is carried out as described in example
10 1. Template for PCR1 and 2 is DNA of the plasmid pINT3580. PCR1 is carried out
with the primer pair Tir/ pint3580_Ha8rev and PCR2 is carried out with the primer
pair pint3580_Ha8f/ pint3580_glya21rev. With the primer pair Tir /
pint3580_glya21rev is employed in PCR 3. Template in this case is a mixture of the
reaction products of PCR1 and PCR2. Correct plasmids are called pINT3581.
15
The preproinsulin encoded by the plasmid is precursor for the compound YKL202,
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)



the Ncol / Sall-opened pINT91d vector DNA. The primers Tir and pint3580_glya21rev are used, Two
further pyj I% sized: pint3581 Eb4f 5 5!- ACGATTTGTGAA&%@%&A%T&TGCGGCTC
3" (SEQWIE?I%%QE‘?Q?@I 581 Eb4rev 10 5"- CGC%CAGG TGCTCGTTCACANKFO PRV T8
CGAATTTC -3" (SEQ ID NO: 15) The codon which 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.
Templategﬁﬁ%)%% oé the plasmid pINT3581. Correct plasmids are called 15pINT3593. The

0

preproin @érﬁy the plasmid is precursor for the compound YKL202-5, which is characterized
as Arg (AO), His (A8), Gly (A21), Glu (B4), Arg (B31), Arg (B32)-NH2-human insulin, and which results

after amidatj ith argininamide. 20 The preproinsulin encoded by the plasmid is precursor for the
Compour eS8 G AT e S A B AGE (AU DA Bl (34). Arg (B31),
LysgB32)-NH2-human insulin, and which results after amidation with lysinamide. 25Example 8:
Construg_t'%]n of the plasmid pINT3597 coding for His (A8), Gly (A21), Glu (BO) - preproinsulin
ConstrudtiBhGa#a8 YA 5P 9ESIohiiRRIE AR ELRASHE D &AM &r HiRiBSB GraRRasIzed is used.
Two furtbgreprivods sirey Siriberizade 3P i8R ERH IECaFRACAGRABATBGGER CACG
AGAGTTTGT AAC%_CAGCACC TGTG-3' (SEQ ID NO: 16) pint3581 EbOIf2

example 1. Template is DNA of the plasmid pINT3581. Correct plasmids are called

pINT3582.

10
The preproinsulin encoded by the plasmid is precursor for the compound YKL202-1,
which is characterized as Arg (A0}, Glu (A5), His (A8), Gly (A21), Arg (B31), Arg

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

15 The preproinsulin encoded by the plasmid is precursor for the compound YKL202-1b
which is characterized as Arg (A0), Glu (A5), His (A8), Gly (A21), Arg (B31), Lys

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

1

Example 4: Construction of the pl;asmid pINT3583 coding for His (A8), Asp (A18),
20 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 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.



5"- TATCGA CCAT GG CAACAACA TCAACAGGAA ATTCGGCACG AGAG-3' 5(SEQ ID NO: 17)
There is,patti the two primers in this ¢ase. Pint3581_ EDbOf2 contaj | recognition
sequence. F?é@g{@éaip%%d underlined. The codoﬁ hich codes for glutaﬁmﬁ&bg@%%%@ at the
start of the B chain is emphasized by emboldening 10in each case. Template for PCR1 is DNA of the

plasmid pINT3581. PCRL1 is carried out with the primer pair pint3581_Eb-1f2 / pint3580_glyaZ2lrev.

Templat? for PCR2 is the product from PCR1. PCR2 is carried out with the primer pair
pint3581 EhPIPPIQIRIEBENGRASHEY. tﬁﬁ@mﬂﬁﬁr@fﬁqﬁ@@éf@é\?@?scﬁi@ﬁ@é@ﬁn\é%l@%?eproinsulin

sequencghithePrpdvsteihsisesang (ﬂ@l}liﬂﬁds(mt?ﬁlsaf%)[\@ﬂlr/ éﬁ@ﬂ E'%ﬁ% ntthe Neol /
Sall-ope I&ITQJéd vectqr DNA. Correct plasmids are called pINT3597.  The preproinsulin
encodeﬁi%)f briSHHRAR MWS@P%WH@RC%&Q&ﬁﬁef@_”i@@-t@@m%i@Fgfg'Eﬁa?éiﬁerized as Arg
(A, His (A8), Gly (A21), Glu (BO), Arg (B31), Arg (B32)-NH2-human insulin, and which results after

amidatiqn with argininamide. The preproinsulin encoded by the plasmid is precursor for the compound
YKLzon-%be, p*'eﬁﬁ%}? I RRcRHsE-BY %R&@%ﬂ@){%@%ﬁ%ﬁé%&ﬁﬁ@ﬂ%@)YN@(&%% Lys

25(B32)wHithr hsiorandasstire@ad Whicmsiss aiteBRPIdat Vi lysinamide (Bepjacement of the
codon fog. glutamic acid in position BO by the codon of aspartic acid and following the example results
in plasnﬁ%%‘&vbmm%ﬂﬁﬂ faaa#n@fé% ISSYIR AR ATHIRYBSHER BenamiEgample o:
Construction of the plasmid pINT3700 coding for His (A8), Gly (A21), Lys (BO)-preproinsulin arginine

t bqundary bet d start of the B chain. Construction takes pl by t
ol ine B8 R TOHLC S PV PRGBGSR S PRI P Hi ARG PG are

synthsizeth tBSGephiiitgiin CAACAGGAA ATTCGGCA AAGTTTGTG AACCAGCACC TGTG -3
(SEQ ID NO: 18) 10pint3581_EDbOIf2 5"- TATCGA CCAT GG CAACAACA TCAACAGGAA
ATTCGGCAGAG -3' (SEQ ID NO: 19) 15There is partial overlap of the two primers in this case, and

pint358 I HebfAstantdns 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



an Ncol recognition sequence. This is depicted underlined. The codon which codes for glutamic acid in

position\ af 3 slastefsthe B chain is emphasizeghby emboldening in e@@ﬁ%%qg%r@@@qéor PCR1

is DNA of the plasmid pINT3581. PCRL1 is carried out with the primer pair pint
pint3580_glya2lrev. 20 Template for PCR2 is the product from PCR1. PCR2 is carried out with the

primer pakgpmies81C ehsiizotipmtiiae_mbaRideyNTEsp dodirfeoior FMERABRV@IE the thmplete
preproinfilglir‘tﬁg juence. i'I'he roduct of the second reaction is inserted after Ncol/ Sall cleavage into
the Nco ga -oge%eg &mld d vector DNA. Correct plasmids are called pINT3700. 25 The
preproinsulin encoded by the plasmid is precursor for the compound Arg (AO), His (A8), Gly (A21), Arg

(B30)-NH2- insulin. The compopund,is obtained by initially preparing the intermediate Arg (AO),
His (AB)EéP%@‘g}%%%kgﬂﬂafgﬁ- i r%rébnel(?lisrb i %@1 ?K@agt%'ﬁ‘yw%)ﬁ%&%@ﬁ&%%ﬁ rgﬁ'ﬂopeptidase C,
whigh inesctediatel B0ipmuhes qiéndyiohvestdbbysarddaitonafith dogitd Saridedatadeeisiesired
compo </, which isc ized.as Arg ( , His(A8),-Gl 1), Arg (B30)-NH2-human
insulin.Utr\F/Hv &bﬁ%ﬁﬁg@?&%@%fﬂ?gﬁd?%g %ﬁ}(ﬂﬁf%ﬁ(é& )-NH2-human insulin, and
which resoitoéfle phaitdatoramithsydinbmidertheEgampls 26s ©prntsiegiaéan of the plasmid pINT3701
coding for Gly (A21) 5Lys (BO)-preproinsulin The construction serves to introduce the codon for lysine
instead of the codon for arginine at the boundary between presequence and start of the B chain.
Followingrl¥edbnBi3Etion strategy from Example 9 but using DNA of the plasmid pINT358d as 10

template for PCR1 results in the plasmid pINT3701 which, like the original plasmid pINT358d, is
characterized by the boundary between C peptide and A chain being formed by the amino acid
sequenéé-lyEMNEAT EXGTBB AL CAGHSAHGETDR 6EGE flasid PECT 8708 ating for His (A8), Gly
(A21), 15Lys (BO)-preproinsulin with the C peptide according to Example 10 Following the construction
plan described in Example 2 but using DNA of the plasmid pINT3701 as template results in the
plasmidpMESAQ 2 yahe preproinsulin encoded by the plasmid is precursor for the compound Arg
(AO), His (A8), Gly (A21), Arg (B30)-NH2-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
orll§ with Yoy AGdpdttd$e@T Wbt b ivekiiTe Gih(eGsGGALEGUEOAS CBERD biCarmRiation with
argininamide into the desired compound 25 YKL202-8, which is characterized as Arg (AO), His (A8),
Gly (A21), Arg (330)-NH2- human insulin. The preproinsulin encoded by the plasmid is precursor for
the comptipader2oiziBpoUtdleiasharagied e dpasition SADIhelisgas) Bth 4keE), Lys

(B30)-NH2- insuli whi tex amidation. with lysinamide, le 12:
ropar B B S A AR AR R e d
(30)-préprasulile dnd amidaitidd Bhbeed deaniasnodpidsTibedtipe ptidetlyashnigdayat the C/A chain
bogndagyiied 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.

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



DNA of the plasmid pINT3702 is used as template, and the primers pint3580_glya2lrev and Tir are

used. T rl ces are synthesized. 5 %702_arg_cjuncf 5'"-T T&
ACARCI R BRIRY 376 GAGCAGTGG - 1(SEQ ID NO: 20) : it DA LERY fee the
primer arg_cjunc_rev for introducing arginine at the 10insulin NB chain boundary. 3702_cjunc_rev 5'-

TCC ACHANeOTISEN36203d 6T SRGLEHTHE: F BRI Pir 2h415 The codon for the

arginine to be introduced Is in bold print in both primers. A FOR is carried out in accordance with the
EuropedPapdt ARRcHESPEPUREH 25 9/0 b fth RIQISISE 878 BYIMReSHRE Tir/3702_cjunc_rev and
3702_arg_cjuncf/pint3580_glya2lrev 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 /
pint3580P Blyasitel i third FOR. The product of this reaction is purified after fractionation of the
reagtion mixture by gel electrophoresis and is digested with the restriction enzymes Sall / Ncol in
accordapce with the manufacturer's instructions in one and the same reaction, the 25reaction mixture

is fractio%ét%@%&gﬁgg W&%@Mﬁ@mqﬁg%%n‘@éﬁ@g&%@tﬁ@ﬁﬂﬂﬁsulin sequence is

isolated. The fragment is then inserted by a DNA ligase reaction into the Ncol / Sall-opened pINT91d
vector DNA, The ligation mixture is used to transform competent E. coli bacterial cells. The 30
transforﬁ’f%%ﬂmél@%% 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. T reproinsulin encoded by the plasmid is precursor for the compound Arg (A-1), Arg
(A, e A5 B Doty s (B0 ML e G mipSurts OBy fataly
preparing the intermediate Arg (A-1), Arg (AO), His (A8), Gly (A21) of the Thr (B30)-human insulin by

reaction ith lysyl endopeptidase C, and the intermediate is_subsequently converted by amidation with
arginina B&ﬁgr‘{%hécﬁé%%%?f%ﬁ%m{”ﬂw@ BRSHBMEMRRA BRI 818 PIksmid is precursor for

the compoiphh £z Al brite|(RON &IIT A 8L (slyAdh id-¥a 30N HE fesaapdasklin, which results
after amé?(%%’?p éN *t.hT%&r}rlz?)?gpédlg'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 YKL202-5b
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)



It is clear to the skilled worker that aspartic acid or glutamic acid can be introduced into the appropriate
position T? I %é}ain in accordance with mples 3-8. These pr {‘?FA}% % %S rsor for the
compou?\gé ﬁﬁg@?% a Arg (A-1), Arg (AO), GIOTAD), His (A8), Gly (Ag , Ig gé Bélw-ﬁuman
insulin YKL202-10b Arg (A-1), Arg (AO), Glu (A5), His (A8), Gly (A21), Lys (B30)-NH2-human insulin

YKL202-11a Arg (A-1), Arg (AO), Glu (A15), His (A8), Gly (A21), Arg (B30)-NH2-human insulin

YKL202-1§§§$ (é\-3 T{Arg (AO), Glu (A15), His (A8), Gly (A21), Lys (B30)-NH2-human insulin
YKL202P] g—( 1), &rg (AO), Asp (A18), His (A8), Gly (A21), Arg (B30)-NH2-human insulin
YKL202-12b Arg (A-1), Arg (AO), Asp (A18), His (A8), Gly (A21), Arg (B30)-NH2-human insulin

YKL202:13 -1), Ar IS (A8), Gly (A lu (BO), Ar gBO)-NHZ-human insulin
YKL202 3B AG RS SO MEAR SR AL SHABS) (SIS0 BT inauin
YKE202(SHDAM KD 1),7Arg (AO), His (A8), Gly (A21), Asp (B3), Arg (330)-NH2-human insulin
YKL202-14b Arg (A-1), Arg (AO), His (A8), Gly (A21), Asp (B3),
There is partial overlap of the two primers in this case. Pint3581_Eb0f2 contains an
Ncol recognition sequence. This is depicted underlined. The codon which codes for
glutamic acid in position 0 at the start of the B chain is emphasized by emboldening
10  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.
Template for PCR2 is the product from PCR1. PCR2 is carried out with the primer
pair piht3581_Eb-1f2 / pint3580_glya21rev. The product from PCR2 covers the

15 complete preproinsulin sequence. The product of the second reaction is inserted
after Nco1/ Sali cieavage into the Nco1 / Sali-opened pINT91d vector DNA. Correct
plasmids are calied pINT3587.

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-8,
20 which is characterized as Arg (A0), His (A8), Gly (A21), Glu (B0), Arg (B31), Arg

(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



WO 2009/08708227PCT/EP2009/000018 Lys (B30)-NH2-human insulin YKL202-15a Arg (A-1), Arg
(AO), Hj P % Glu (B4), Arg (B30)-NH2-human insulin YKL “Z‘JIFE% -1)..Arg (AO),
His (AS},R/CE;%? @%)ééﬁ% B4), Lys (B3O)-NH2-hu|r_1é1%31n insulin Example f‘g: ﬁ%é@@m vector
derivative pINT3704 which codes for His (A8), Gly (A21), Lys (BO)-preproinsulin 5 This example

describegdhrer epaiatiasuatitng vesiriaepraibuRNERA4 schs gasiesdesillis (A8), Gly (A21), Lys
(BO)-preproinsulip, and am difi%g C epticie which carries the tripeptide Lys-Arg-Arg at the C/A chain
boundary“al rﬂ?g\ﬁﬂgﬁ%ﬁé éiﬁﬁ’ﬁ é(ctl\@%% HOGARS SR OrEeReHESRioh & AN R%Iuman insulin is deleted.
10Following §89 sylhesiesahasmideserinaehisy bramepiestd andrspiaging the primers
3702_arg_cjuncf and 3702_arg_cjuncfrev by the primers 3703_26, Galt and 3703_A. Gal rev and
using DNA of the plasmid pINT3703 as template results in the plasmid pINT3704 wherein the amino
acig glypinesseposiom 1 of the A chain is deleted in the encoded preproinsulin, 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) 20 3703 _,0, Galrev 5' -

TGCTCE-ATPUACTRELATTICTC LARGEAREIG-ANSERGOACE 2B TG - 3' (SEQ ID
NO: 18)

10 pint3581_EbO1f2

5'- TATCGA CCAT GG CAACAACA TCAACAGGAA ATTCGGCAGAG — 3' (SEQ ID
NO: 19)

15 There is partial overlap of the two primers in this case, and pint3581_EbO0f2 contains
an Ncol recognition sequence. This is depicted underlined. The codon which codes
for glutamic acid in position 0 at the start of the B chain is emphasized by
emboldening 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 lysyi endopeptidase C, which intermediate

30 s 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,



25 The preproinsulin encoded by the plasmid is precursor for the compound Arg (AO), Arg (Al), His

(A8), GIWé%OQ%(?@%-(IXISZ-human insulin. The compound is obtairl}etsir%gg %@&55 %ing the

intermediate Arg , 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 veoictpeslobafEutepicagl ain SN A0GoEEd (B I iplasaiyl isyeraesBrsan Fox-aerepmpaunrd Arg
(AO), Arg.(AD, His LGly (A21),.Lys )-NH2-human insulin which results after 5amidation with
-Iysinami%rég ‘T%fitspcc é‘gré@o%hae% gﬂ%@dﬁﬁgi%&ﬁfb%ﬁm?y 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 prepare fr he.plasmid. pINT3702 a pla mi% des. 10for g prai in sequence which
permitsﬁ(e qu ;pg;‘r]gfigggﬁ?ﬁ%ﬁfﬁnénvgti@ggwacEH %@ﬁcﬁ%ﬂ%%% N-(fgér%nal amino acid in
positionLlyef( B&)-Aremaoin&xdample 14: Expression of the proinsulin derivatives 15 The expression is
carried out in accordance with example 1 of European patent application EP-A 1 222 207. Example

15: Folding of the proinsulin derivatives 20The folding takes place in principle by the method described
in EP-AThe6®a8 2 Uetam slent€s Rrodesding: ahthequiomiulipsifroimdtxatpless ddath fsypsin The

folded preproinsulin.is enzymatically processed to give the two-chain 25Arg (A0)-insulin precursor
whose é?épr'rﬂﬁaeftghc §Pnuéﬂ8%c% %%Peﬂ&%%??%ﬁﬁ@%g gpafﬁﬁ%hﬁ%%&ﬁ%gﬂ%% ssing of the
folded pifeprminstticiivecirategpkespBcenas!d@sbribedifor BXad ehin glxamiplepNafAGRP 263550. It

proyes ticularly advantageous in this cas loy the trypsin variant described in WO
DoRb oA T B B e D T A R R s
endoprqibifasetiyssCharacterized by the boundary between C 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),
15 Lys (BO)-preproinsulin with the C peptide according to Exampie 10

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.

which is characterized as Arg (AQ), His (A8), Gly (A21), Lys (B30}-NHz-human insulin,
30  and which results after amidation with lysinamide.

The preproinsulin encoded by the plasmid is precursor for the compound YKL202-8b

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.



Endoprotease Lys-C from Achromobacter lyticus is commercially available (Merck/Calbiochem). The
reaction,j i ith slight modification as dé%scribed by Jekel, P. t‘_z%ﬁgA |, Biochem. 134,
347-354‘,’??%@%&/@%%?9.5 is set, and the reaction temperature is 30@?@ g%ﬁu - %Q%gction, 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-catalysed coupling r lon. .~ Example 18: Preparation of the Arg-NH2 or Lys-NH2 insulin
compouﬁ(@élozéﬁ Pfaﬁﬂa-%cﬁiﬁ?ﬁ@&ﬂ%aﬁ% BB HRn30AithR-RBiMpEhamide Irrespective of the

positioninigtabtE aHdiions) aeidiviparaeasiishacsintardeaeirrisrarsiadingasdollows: 100 mg of
Arg (AO), Gly (A21), Arg (831)- insulin analogue are dissolved in 0.95 ml of argininamide solution (446
g/L), and 0.13 mL of 15M Na acetate buffer (pH 5.8) and 2 ml of DMF are added. The reaction mixture
is cooled 102 2 pngsterted 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

solutiongs follEQeRGHACREHFEEATE WTatlathapalraresic analogy to| SN 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 Exarfipie panEemisyethike preparaieref LysrA 1By Aoithedubisd ARy A2 Arg
(83@)-insuliqliazgtil%e Eg{e g})mﬁ und YKL202-8 described in Example 11, which corresponds to an
insulin 308N Atve“OAR Sl re Arg (AO), His (A8), Gly (A21), Arg (330)-insulin amide serves as
starting material for preparing the compound YKL202-11, Lys (A-1), Arg (AO), His (A8), Gly (A21), Arg
(830)-in%?6%‘$mide. 200 mg of the compound are dissolved in 40 ml of a 100 mM Na2 HPO4 / CH3CN
(50:50) mi g%%%—éeffH of 7.7-8.2 is set. As further material, a Boc-Lys (Boc)-NHS ester is prepared
by mixing 0.3 mM Boc-Lys(Boc)-0H, 0.4 mM N-hydroxysuccinimide (NHS) and 0.4 mM

copeontated 31 Al (DR A TR 5 T LGk i & mi of

methanol and added to the dissolved initial insulin. The
The codon for the arginine fo be introduced is in bold print in both primers. A PCR is

carried 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),



Sreaction is stirred at room temperature for at least 60, but at most 120, minutes. The reaction is
stopped } of TFA. The mass of the, reaction products is ] -MS mass
spectros@gﬁﬁﬁg@oggemonstrate that monoa%élated product consisct’?r%tﬁégﬁgéété@%é% nts is
present. The components are separated by HPLC. During this, diacylated and triacylated byproducts
are also Afyrekogyveits (e fastionsfyorrghe sBLG-senaraiiomalsimpiseshiyonagsspectroscopy.
The 3 fractions each.containing monoacylated product are subjected to an amino acid sequence
analysis??ﬁh%'%%?? n &' il %ﬂ%%@iﬁ%%fm@é Eﬂ‘tﬁ]’grﬁgﬁé}rﬁgﬁﬁ%i@ﬁé&%&ns the desired
compouy ftaat Wwhichd En BRIV ptective Greups we@&mmtbégﬁr@@%@@mmgwén&fter
renewe HP.L#: uri%‘ii.c?r%i]on, 15the desﬂe%od%@testeﬁ for its biological properties. Example 20:
Preparafion 8 %f?g% iAMmia SHYTSEECHRS OmER ¥ AP RYIRSY BIF BB PR BHIR 4OIR 3% Following
the Hrepdeaired scimepagifrom 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
EAglg, Aﬁ@éﬁﬁébrémmmmm&hémaﬁmiﬂr@qgﬁml@@f t‘eeaﬁ@emwb' 5 Hutgé@\(%g' , oZS(Ar?)’ Gly
A21), Ar .in jat ore amidati akes place as.described in W091103550 in this
case. Céﬁ@(gﬁ@nﬁiﬁﬁgﬂe@%r@}?@eﬁﬁ%r@@g@&@% é”?ﬁ.‘&o%\ﬁ%ﬁ@ﬁ%tﬁtﬁg%{midated insulin
derivativasidatiorovdér testashtivdeinsulin derivatives of the invention for their biopharmacological and

ph¥§icochemical 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,uM in 1 mM hydrochloric

acid wittht 80 peémtoine {asieithworkéoritie) dspattiis auitposgiuritisity-2niamew etibefreaze-dried

material. which is about 30% higher than reguired,on the basis of the mole r weight and the desired
conce ntlri\eqll\{tcl)o(f;h1 wagkvergied 88%%5 é?cﬁ 08 n‘%gﬁ% %P%’ge'ﬁ‘t W8 Eﬁ%ﬁcﬁe\f@ﬁ#}@ﬂ'ﬁ%é@tmal HPLC
and the Sbremprwias siiseaeqe endyursaddéarie toenyalumis5 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 Wés2hanterred Wyrangans, dirg siongeiwiths, O-2spmsiitaiattaghment into a sterile vial which
was clgsed with a septurn ?n%)aa%i_m B%C&P%JN.O optimization of the 10formulations, e.g. in relation to
addition of isotonic agents, %r se Eg}lvé o BUHEPY Bstances, was carried out for the shoft-term
single tedihgasF-thebinsulifrdgrivalivasgoftdy Bepts).His ExXamply 282 Preparation of His|(A8), Gly
(A21), Arg(B31) human |¥ﬂ_s}/léllfb%¥)¥ﬁﬁ%t_%5ex§3re55| n

uman insuiin

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),

1




EP-A 1 364 032 describes the expression and secretion of a fusion protein of hirudin and
miniproiw@ia@gyggﬁé Yeast host organisms which are mentioned as FF% %ﬁ &g‘i ous in
this connection are S. c%revisiae, K. lactis, 20H. rpﬁglt;morpha and P. pas onsfl xgl}fl)np /eYﬁbctg%gaid patent
application describes the construction of a plasmid which permits preparation of the fusion protein in P.

pastoris and whose DNA sesv@&as-kmaiederipsenaring a miniproinsulin whose amino agid
sequenge n-positions- A A1ES _A18 and. A21 in th Tal] i i acids

) Hions-Ag.-Al5.-Al8-and-A21 inthe A chainischaracterized by the amino.
histidine%&%{%ﬂéﬁic aﬁﬁQ(MBQ’ﬁ@a%g)aﬁffi‘g@ighﬁﬁ?@%ﬁ@ @ﬂi’). The primer pichia_H_ifl is
used. The following primexgaBItEWy-sIHItReszedard purified after synthesis: pichia_G21_rev 30
5"-TTTHIGGCG-CCGAATTCAC - TATTAGCCAC A GTA.GTTTTC CAGCTG G TA-3" (SEQ ID NO:

=%

24) The %5g8ﬁgpﬁﬁ1a5|zﬁ%%@b&%mé’ Méﬁ&é%e@ﬂ%@ti@‘l@.(%hia,H8_f with the sequence
5"-GAACAATGTTQTCA&L@@(N@T\@U@EHQ@WAGCTGGAAAACTACTG-s' (SEQ ID NO: 25) 5

The co ning marks.the A8 positions. pichia-al-12rev K-

GAACAGATACTATGACAACATTGTTCAACGATACC -3" (SEQ ID NO: 25) 10 The codon emphasized
by embcﬁﬁﬁﬂi@wm@rlﬁréﬁ%é&méﬁi@f@v&ﬂ@mgﬁfaﬁ}ﬁ@fﬁ‘m@@) WhRAeLBICRIR L2l gV and
primer pichia_H8f, which partially overlap, are denatured at 95C in the presence of a thermophilic
polymergeé Aid b&%ﬁ@é}é’fﬁﬁf@mﬁm% contains the 4 deoxynucleotides dATP, dCTP, dGTP 15 and
dTTP 5", and then incubated at 56C 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_ifl and pichia-al-12rev are
reatted Ir Eaﬁgﬁﬁvlmﬁiﬁ?@%%%ﬁb%mﬁ%%@mﬁm ¥ %Oi%hftﬁi@f !HBFW@&W%M%%tion, the
reactioncouskifip lafy easlions, I AR 2 ke (BECkR e RSIHIDMAEMIE thsuriness,epaighia_H_ifl/

pichia Ozéjl,r?'v. The reaction %ﬁauct of this reaction is purified by gel electrophoresis. After reaction

with the VOLN GRIHEH A EOSIEI S STt Ae BINRE fdgnERWRRYNEs0L RO Iish Bh6duct is
insertedantindhecitegiines wairRRlLEL ifpitsa i gy tthBxarmark uliRad erudirisithe plasmid

pPIC _ins202. Fusion protein encoded by the plasmid is expressed using the commercially available

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



25expression kit described. Preparation of the His (A8), Gly (A21), Arg (B31)-human insulin precursor

is follow: %Bg@gy@!ﬁi of arginine amide in ag%ordance with the deﬁg&gt)%%%%q B31). The

result is the compoun (A8), Gly (A21), Arg (B31), Arg (B32)-NH2-insulin Ich itself
represents a novel slow insulin corresponding to Example 20 and is tested in the rat experiment.
Coupling@amatimdiysine amide leads analogously to the compound YKL203b which is characterized as
His (A8), Gly (A21), Arg (B31), Lys (B32)-NH2-insulin. The compound can, however, also serve as
intermediate for preparing the compound Arg (AO), His (A8), Gly (A21), Arg (B31)

Arg(B3ZJi¢HR2dpmitiswiihaseqtep arytion ftdsasedoprkal et falr {Reptaasc2dd20Q7)88%-948]. For
this purpose, .2Q0,mg of 0 nd Hi By (A21), Arg (B31),.Arg (B32)-NH2-human insulin
are diss%‘(\g'}eg%ﬁﬂ ‘#ﬁ%@ﬁﬁ&@%f ﬁkﬁ%?ﬁ%%&ﬂﬁ%ﬁgém (‘g@%b%eaﬁ‘%g%%grof 7.7-8.2isset. 5
As furthermdatiésialyarBesiAegrNElS ester is prepared by mixing 0.3 mM Boc-Arg-OH, 0.4 mM
N-hydroxysuccinimide (NHS) and 0.4 mM dicyclohexylcarbodiimide (DCC) in dichloromethane for 40

minutes. The reaction mixture is concentrated to dryness in a rotary vacuum evaporator. The mixture
is then takeclepritoSinel siilledthankbatich Daddtivkly thedissoirathindEdinsuirbd ererRgiian is stirred

at room.t%mﬁgrature for atIJeast 60, but.at most 120, mi%gs. Thq re@cti%\ is,Sto ﬁed kl’goadding 200
pl of TEATFHERER QY i P 2R R 50 AL AR AR ML EEHYR'E M B 8SCpRBREDEY in order to
demonstirsd thatontomoaghd a8 dp podpate dnsisting b dnie PMBE0eHipia gresenst Bagieomponents
are.separated by HPLC. During this,. 15diacylated and triacylated, byproducts are also removed. The
frfcgtionfoﬁgng) 1 }/g%?_ées urgear}g%gvjlbc% %%gﬁ;gse %)P Fﬁggg&gﬁlgc%%o@ép(ﬁ'&).gfﬁ@/ "ﬂjifrveeéS f%ﬁrgns each
containiogrmanoagytatedgs dbiteareababjeciativ ianpasitinn acisl segvesicaimnalysis, interpretion of
which allows identification of the HPLC fraction which contains the desired compound, from which the
Boc protective groups are subsequently removed 20by gentle hydrolysis. After renewed HPLC
purificafiomrtipgedesirespesdimt isf tbsteodositébudoymalqgoperties. 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
reteive Thbexpressimiigerivied out in accordance with example 1 of European patent

application EP-A 1 222 207.
Example 15: Folding of the proinsulin derivatives

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



of a dose of 9 nmol/kg of an insulin analogue. Blood samples are taken from the animals immediately
before the mjsst §'g?insulin analogue and atJggular 30 intervals u ] I(*g r (?ébe the .
injectionr,‘ﬁétr?dfti%@&cgg glucose content therein isigetermined. The expgﬁ%ﬁﬁ% %\%@ r{)g (cf. fig. 1)
that the insulin analogue of the invention leads to a distinctly delayed onset of action and a longer,

uniform guieaion MHm@mﬁmmmga%ﬁoﬁwglgﬁm@Jﬁfih&ﬁ@ﬁfuﬁ@%ﬁi&@ﬁ@iﬁ% g@%@ﬁ@léaovel_
insulin apalogues in dogs blood. glucose-lowering effect of selected novel insulin analogues is
tested in ﬁggﬁh)}y Alér?lr%@c%a‘%%ééd’dgaﬁ e ARfnAlsAUEi0E Lade r8h@NsS injection of
a dose dhe nsackive ofapdnsulia analgie. 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

anaa)gumcthélerié)imwmmmawt;@ﬁag&iﬁ@%ed@'éyﬁgg%h@gﬂgdé\z@omggg‘gsvﬁgfg@ %%Qnger{ tXﬂform
duration of actjion 1 2009/08708235PCT/EP2009/00001 ODr. aims: I. An
insulin aWéifbgtué @}{ﬁg!?oﬂﬁaﬁgﬁ 0??5'%@(5‘19 NINeA seEpiShest ohaBliEREee fY1 A chain
15 3-1 B@REVERISH LT ¥ EAaAile S RIEREE EXZHhLo2Mki 52829 39thg I d3RAB Chain 30
20

Example 18: Preparation of the Arg-NH; or Lys-NH, insulin compound from the

10 two-chain precursor by coupling with arginin- or lysinamide

Irrespective of the positioning of the additional acidic amino acids, a standard
reaction is carried out as follows: 100 mg of Arg (AD), Gly (A21), Arg (B31) - insulin
analdgue 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 mi of @ 100 mM Nag HPO, / 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



where A-1corresponds to Lys, Arg or an amino group; 25 AOcorresponds to Lys, Arg or a chemical

bond; AW §g88§rg or Gly; AScorrespon@to Asp, GILA or Gin;&é}ﬁggﬁqﬁ?@@%’g to Asp,

Glu or Gin; Al 8 corresponds to Asp, Glu or P,sn; 35A21 corresponds to A
B-1corresponds to Asp, Glu or an amino group; WO 2009/08708236PCT/EP2009/000018

BOcorrasgomndis BoddysEHogr@ichemisaliiondidddepsiesnendsdq e )Gl Bhemra chemical bond;
or R AU GRS O BREECIONRE P10 TS DACAROBer, Val, Lel,
Glu or Asixtoraishemisaithaed; B 30veeespendsdey Macoumaheipisatbondisdh-eoreegponds to Arg,
Lys or atlgg% %{ﬁ%'nbl?é‘ cljd %Sm?f%% %()ertr}_leas#&nggdtgéggaa{g it%% %SL%ﬁ(/%rgiidn?ﬁal insulin. The
5 reaction is stirred at room temperature for at least 60, but at most 120, minutes. The
reaction is stopped by adding 200 11 of TFA. 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 present. The components
are separated by HPL.C. 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 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



where no more than one amino acid residue of the group comprising AS, A15, A18,  8-1, BO, BI, 82,

83 and %qg&@@@%wltaneously and indepegﬂently of one 20 anot@&ﬁﬁgoﬁgﬂ%o 1 2. The

insulin analogue as claimed in claim 1, where A-1 corresponds to Arg. e nsunn an%ogue as
claimed in one or more of the preceding claims, where AO 25 corresponds to Arg. 4. The insulin

analoguehasidiajnfest ithisnsuasase) tnafdheaeseading climsiobeseiASICoOEas RISt @né .30 % IThe
insulin analo s claimed in one or more, of the pre ing claims, where A15 corresponds to Glu.
57 A5 ORI AT A T AR Ao A EA LR e R TG P ebERaing
claims, edrerenfr2ticomespasitha Glyt. The: Jmmauﬁﬂoanpieaﬂtaﬁa@ah@ﬂ@m@?ﬂﬁd;we of the
preceding claims, . where BQ corresponds to Glu. 9. The insulin analpgue as claimed in one or
more of%%é’@#g&ﬁe*a%é@ s"?‘&,ﬁgjﬁﬁgg T’@%éHLb§58H8Q ¥ W@d.é . %i}g%n i &halogue as claimed
in dhe arevessafythe srkieaditgectans, sdnenBatroresh B s Gdrodifiddc HerlinstHig@nalogue as
claimed in,one or more of the re%‘edi claims, where B30 corresponds to a chemical bond. 12. The

insulin A%iBG"Gs LIARAEESANNE PRISYaDFRREIPRERdMhG a1 - WHEFII9INaRBEHGIYS to Arg o
Lys. 20 8y3. HPednsiBrapaleous s einadiniencopnmere ] plaims dnienks ssleatsrifiam a group
comprising: Arg (A-1), Arg (AOt), Glu (A5), His (A8), Gly (A21), Arg (B31)-NH2 human insulin,
transferred by means of a syringe with a 0.2 ym filter attachment into a sterile vial
which was closed with a septum and a crimped cap. No optimization of the
10 formulations, 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 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.



25Arg (A-1), Arg (AO), Glu (A5), His (A8), Gly(A2i), Lys (B31)-NH2 human insulin, Arg (A-1), Arg (AO),
Glu (A1%) 21), Arg (B31)-NH2 hugan insulin, Arg (A-1), His (A8),
Gly ((A21) (Fys %%g%?g human insulin, Arg (A-1), Arg (AO), Asp (A18ﬁ|ls%%§%{éé@é? Arg
(1331)-NH2 human insulin, Arg (A-1), Arg (AO), Asp (A18), His (A8), Gly (A21), Arg (B31)-NH2 human
insulin, 0Avig (MEL) Wit (A©3eldisstAB), Gly (A21), Glu (BO), Arg (B31)-NH2 human insulin, 38 Arg
(A-1), Arg (AO), His (A8), Gly (A21), Glu (BO), Lys (1331)-NH2 human insulin, Arg (A-1), Arg (AO), His
(A8), Gly (A21), Asp (83), Arg (1331)-NH2 human insulin, Arg (A-1), Arg (AO), His (A8), Gly (A21), Asp

(83), Ly$ (mlmmmmmmwgmmwgmm HACOSE GNCA2ANADTA3Y,vy (1331)-NH2
humanl % ), Arg (AO), His (A8), Gly (A21), Glu (84), Lys (B31)-NH2 human insulin, Arg
(AO), H| , Arg (831), Arg (832)-NH2-human insulin, Arg (AO), His (A8), Gly (A21), Arg

(83%), L%é&ﬁﬁ)dﬁl—éﬁabhm@WIBnikf@déc@)g%rﬂ&%éﬂm&/ﬁa)sd@ys(AZl) Arg (831), Arg
(832)-NH2-human insulin, Arg (AO), Glu (A5), His (A8), Gly (A21), Arg (831), Lys (832)-NH2-human
insulin, 10 Arg (AO), Asp (A18), His (A8), Gly (A21), Arg (831), Arg (B32)-NH2-human insulin, Arg
(AO), Asichid-8) -His€A8), Gly (A21), Arg (831), Lys (1332)-NH2-human insulin, Arg (AO), Glu (A15),
His (A8), Gly (A21), Arg (831), Arg (832)-NH2-human insulin, Arg (AO), Glu (A15), His (A8), Gly (A21),
Arg (831), Lys (832)-NH2-human insulin, Arg (AO), His (A8), Gly (A21), Asp (83), Arg (831), Arg
(832)- Nsrzﬁmmmmmcmmmmoﬂﬂﬁsﬁemmma@(%)(@E@(&BN&%)

i, AT A0 L A € SRS A i ARG 2 noman insulin, Arg (AO) His
(A8), Gly (A21), Glu (BO) Arg (831), Arg (832)-NH2-human |nsuI|n Arg (AO), His (A8), Gly (A21), Glu
ng?l)) Q% h%’%%h%é% 2 hu ap I%ig%gggl@gglﬁ%yslﬂ &A%E]?%ny%%a%ﬁégfmcﬁrg (A-1), Arg
(AO), Hnmmavy@wm)amrge(mrw -BiiTiain ihEufine P00l mgrtﬁ@hiﬁﬁww@d;wwl), Lys
NI 9 00 A0 1 LI SN AR R i o
(BER)-Ntil i rh@rbinsuiihitieh mwbem & 5préptintdattimsinineandlbgueaagioclairokdhie afy of claims
30proce el B e S o e A S 21 B4 o out i the
presengeiofein pichyandihdvingdrppdireeativiBrearar¢emeacdatiirapataabvidhstlatédscribed
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



39 15. The use of an insulin analogue as claimed in any of claims 1 to 13 for the manufacture of a

medicargg@ti@bgﬁ;gmgiabetes mellitus. 16. Theg,use as claimed in CI%@%E@B@W‘I@r the

manufacture of a medicament for the treatment of diabetes mellitus of type | or type cartilage
regeneration or for assisting beta cell regeneration. 17. A pharmaceutical comprising an insulin
analoguprapafaiine dsibasycobclivhs Etail Fapdicdsphgplayicahbaeteptablarsslitperenf. 10 18. A

formulatipn, of the.ipsulin analo as,clal inany of claims 1o 1 re the formulation is in
aqueoustgw)@rr[ﬁn %gr%%r?sﬁ?&ﬁgud?éls%f%dﬁ gr‘@tﬁ& er‘%ﬁc%f-.g %ib.&qmmiﬁ%ﬂ@msulin analogue
as claimedutireaseanesohetdiinsAD o1, 4 Svittare tifel trmmlalien 0, the FabmNaBRos®@ein20. The

formulatéogl_:rl% imed in glﬁim 19, where the insulin analogue as claimed in any of claims 1 to 13 is
present in crystalllne'ana/or amorphous form. 2021. A formulation of the insulin analogue as claimed in
anybof claims 1 to 13, where the formulation is in the form of a suspension. 22. A formulation of the

e SRS PRI LR Ll B sten sppterelcappres o
claims 10td 18V mmaxma&mmdeqo:hﬁjsmg a.@_msimmwcmbcmﬁimme @abciaims 23 to 24.
o e e G RT N G OR T e
claim 25p0i8y 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.



28. The formulation as claimed in one or more of claims 18 to 22, which additionally comprises a

glucagorylik BSQF@%@%LPD or an analogue ot,derivative thereof, or %ﬁl@ -3.0r - ﬂj;fl analogue
or deriva?yve?hereo . 1529. The formulation as cla%?ned in claim 28, which ad ﬁo%oa?f@/@o prises
exendin-4. 30. The formulation as claimed in claim 28, wherein an analogue of exendin-4 is selected

from a giouprgoenpisihedatzsPod tecxendigiddogsstdWdtingDetdes (P @ Binsangndin-4-Lys4-NH2
and H-dgg&ﬁ@%%?ji—gxendin-4-Ly35-M-12, or a pharmacologically tolerable salt thereof. 31. The

formulatfor o M elaim 28, wherein an analogue of exendin-4 is selected 25from a group

comprising desPro36 [Asp28lexendin-4 (1-39), desPro36 [IsoAsp28jexendin-4 (1-39), desPro36
[Met(0)14, Aselexendin-4 (1-39),.desRPro36 [Me}(0)14, IsoAsp28]exendin-4 (1-39), 30desPro’
(02 A 5 P4 EHE dSra 5B B0 B PERBBER oS 6095), desPros
[Mef(0) 14dalk9 228 Asp2B)siveadiit €458 Hand dd Ry aBiniMetiOX b R(ARD2ERs0ASP28]jexendin-4
(1-39), %%&parmlac%gica@étolerj le salt ther(@)f. 5 32. Theeéi(%rg(?llation as claimed in claim 28,
where the PEPHide - B yesRIA S Rt RS L ARRIP S R oRIBLIGP EHANRR.  33. The
formulgtfmmelammminhah@c%ievwm&bmm@mﬁmm off elendsnrthiadd eplecisd fsem a group
compnsg aﬁé%?%?\}a‘?s‘? SﬂpF)) Eg%%%gﬁ?é},,%{g}ﬂ'g _i‘nl} 16 IC9) Lgﬁgtli\‘lxg %iood 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.



des Asp28Pro36, Pro37, Pro38 exendin-4(1-39) -NH2, H-(Lys)6- des Pro36, Pro37, Pro38 _
[Asp28]exendin-4(1-39) -NH2, H-Asn-(Glu)6 des Pro", Pro37, Pro38 [Asp28]exendin-4(1-39) -NH2,
15des Pro36, Pro37, Pro" [Asp28)exendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des Pro36, Pro37, Pro38
[Asp28]exen§}&-%%}]§3§§-_;L S)6-NH2, H-Asn-(Glu)6- des Pro36, Pro37, Pro38

[Asp28]exendim 413, -(P_%//?s)G-NHZ, H-(Lys)6- Pro36 [Trp(0426,PCT/ER2008/000018
Asp28jexendn=2A¢0e3H)2yS6-NH2, 20H- des Asp"” Pro36, Pro37, Pro38 Frp(02)26]gxendin-4(1-39)
-NH2, H-(Lys)6- des Pro36, Pro37, Pro38 [Trp(02)25, Asp28]exendin-4(1-39) -NH2, H-Asn-(Glu)6- des
Pro36, Pro37, Pro38 [Trp(02)25, Aselexendin-4(1-39) -NH2, des Pro36, Pro37, Pro38 [Trp(02)26,
Asp281exen§ihr;:4 1-39)-(Lys)6-NH2, H-(Lys)6- des Pro", Pro37, Pro38 [Trp(02)26,

Asp28)exendi '5»'( ~39)-(Lys)6-NH2, 25H-Asn-(Glu)6- des Pro", Pro37, Pro" [Trp(02)26,
Asp28}{exendin-4(1-39)-(Lys)6-N F12, H-(Lys)8- des Pro36 [Met(0)14,
Asp28]exenclgi_r|;{h(;lﬁ§ggilay]§%%lélgf gesMel(Q)14 Asp” Pro 36, Pro37, Pro” exendin-4(1-39) -NH2,
H-(Lys)6- des Pro36, Pro 37, Pro38 [Met(0)14, Asp28]exendin-4(1-39) -NH2, H-Asn-(Giu)8- des
Pro36, P?'037, Pro38 [Met(0)14, Asp28] exendin-4(1-39) -NH2, 30des Pro", Pro37, Pro38 [Met(0)14,
Asp28]exendin-4(1-39)-(Lys)6-NH2s H-(Cys)6- dessPro36, Pro37, Pro38 [Met(0)14,

Asp28]exendin;4(1-39)-Lys6-NH2, H-Asn-(Gfu)8 des Pro3s, Pro37, Pro38{Met(0)14, Asp28]
%9&%@/5%%? |E—I% (s 2 mg

exendin-4(1 ysc)é: des Pro36 Met(OfE Frptodidsy : ,
Asp28]exendin-4(1-39)-Lys6-NH2, 4% ! A chain
i S
3 S/
15 B«-iaoalvszMHLéGSHLVEALY&VC‘:GERGFF_
F 5 19 15 20 25
T P B29% EB30 B31 B32 B chain
20 an
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;



des Asp28 Pro36, Pro37, Prom [Met(0)14, Trp(02)28)exendin-4(1-39) -NH2, H-(Lys)6- des Pro36'
Pro37, Prom [Met(0)14, Trp(02)26, Asp28]exendin-4(1-39) -NH2, H-Asn-(Glu)s- des Pro36, Pro37,
Prom [Met(0)14, Asp28] exendin-4(1-39) -NH2, des Pro36, Pro37, Prom [Met(0)14, Trp(02)25,

Asp28jexendin-4(1-39)- )6-NH2, 5H-(Lys)6- des Pro36' Pro37, Pro Meté\%)am Trp(02)26,
Asp28]exen%1@ Qéag?@é)e- NH2, H-Asn-(GIu)ié des Pro36, Proﬁ:ﬁ!ﬁﬁ? dR%S‘Ef,BTrp(oz)zs,

Asp28] exendin-4(1-39)- (Lys)6-NH2, or a pharmacologically tolerable salt thereof. 10 34. The

formulation agclaimed.in ¢laim, 28 whichaddifionally.comprises Arg34, Lys26
(NE(y-glutamyl(thexadecanoyl))) C?IlP-l (7-37) [liraglutide]. DE2008-002-English.txt SEQUENCE

LISTING <110> Sanofi-Aventis Deutschland GmbH <120> Novel insulin derivatives with extremely
delayed time2dctiongorediiend$ 30 ApE200BYE0Z = b4emEaRaN03566.1-43 <141> 2008-01-09 <160>

26 <170> Patentln version 3.3 <210> 1 <211> 23
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> PRT <213> Artificial <220> <223> A-Chain <220> <221> MISC_FEATURE <222> (1)..(1)
<223> Xaa corresponds to ys, Arg or an amino gregp <220> <221> MISC_FEATURE <222>(2)..(2)
<223> Xaa corresponds to Lys, Arg or a chemical bond <220> <221> MISC_FEATURE <222>(3)..(3)
<223> Xaa corresponds to Arg or Gly <220> <221> MISC_FEATURE <222> (7)..(7) <223> Xaa_
correspoAd$8 teonsspehds tGAER220>

10

15

20

25

30

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

corresponds to Asp.

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

B4 corresponds to Glu.

11. The insulin analogue as claimed in one or more of the preceding 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.

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,
Arg (A-1), Arg (AQ0), Glu (A5), His (A8), Gly (A21), Lys (B31)-NH; human insulin,
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,
Arg-(A-1), Arg (AD), His (A8), Gly (A21), Glu (B0), Arg {B31)-NH, human insulin,



<221> MISC_FEATURE <222> (17)..(17) <223> Xaa corresponds to Asp, Glu or GIn <220> <221>
mISC_FEATURE <222> (20)..(20) <223> Xaa corgggponds to Asp, Glu or Asn <220> <221>
MISC_FEATURE <222>(23)..(23) <223> Xaa corresponds to Ala, Ser, Thr or Gly <400> 1 xaa xaa
Xaa lle Val Glu Xaa Cys Cys His Ser lle Cys Ser Leu Tyr 151015 Xaa Leu Glu Xaa Tyr Cys Xaa 20
NE2008-308-@nrdlisAtgt{AB) 0 L1 SB4A212XRR(BO), Lys (B31)-NH, human insulin,

10

20

25

30

Arg (A-1), Arg (AD), 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,
Arg (A-1), Arg (AQ), His (A8), 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,
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,
Arg (AD), His (A8), Gly (A21), Asp (B3), Arg (B31), Lys (B32)-NHz-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,
Arg (AQ), His (A8), Gly (A21), Arg (B31)-NHz-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,

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
processed enzymatically 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.



<213> Artificial <220> <223> B-Chain <220> <221> MISC_FEATURE <222> (1)..(1) <223> Xaa
corresponds to Asp, Glu or an amino group <220>3<9221> MISC_FEATURE <222> (2)..(2) <223> Xaa
corresponds to Asp, Glu or a chemical bond <220>'<221> <222> <223> mISC_FEATURE (3)-(3) Xaa
corresponds to Asp, Glu, Phe or a chemical bond <220> <221> MISC_FEATURE <222> (5)..(5)

<223> Xag conespensisdn hsplikhhalofse s820zimed in any of claims 1 to 13 for the

manufacture of a medicament for freating diabetes mellitus.

16. The use as claimed in claim 15 in a process for the manufacture of a
5 medicament for the treatment of diabetes mellitus of type [ or type Ii, 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.

10
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,

15 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.

20 21. Aformulation of the insulin analogue as claimed in any of claims 1 fo 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.

25

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

30 24, DNA coding for the B chain of an insulin analogue as claimed in any of claims 1



<221> MISC_FEATURE <222>(6)..(6) <223> Xaa corresponds to Asp, Glu or GIn <220> <221>
MISC_FEATURE <222>(31)..(31) <223> Xaa corr%ponds 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
<220> <221> MISC_FEATURE <222> (32)..(32) <223> Xaa corresponds to Thr or a chemical bond
<220> <28318MISC_FEATURE <222> (33)..(33) <223> Xaa corresponds to Arg, Lys or a chemical
bond <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

25. A vector comprising a DNA as claimed in one or more of claims 23 to 24.
5 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.

10
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.
15 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,
20  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
25  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),
30 desPro® [Trp(0,)*, Asp®lexendin-2 (1-39),

35



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> § <212> DNA <213> Artificial <220> <223>
pint3580_glya2lrev <400> 3 caaaggtcga ctattagccg cagtagttct ccagetgg38 <210> 4 <211> 31 <212>
DNA <213> Atrtificial <220> <223> arg_cjuncf <400> 4

desPro®® [Trp(0,)%, IsoAsp®lexendin-2 (1-39),
desPro® [Met(C)“Trp(0,)%°, Asp®®lexendin-4 (1-39) and
desPro® [Met(O)“Trp(02)%°, I1soAsp®lexendin-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(02)?°, 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,



gtccctgcag cgtcgeggcea tegtggagea g31 <210> 5 <211> 36 <212> DNA <213> Artificial <220> <223>
arg_cjunc_rev <400> 5 ccacgatgcc gcgacgctgc agggacccct ccageg36 <210> 6 <211> 32 <212> DNA
<213> Artificial <220> <223> p nt3580 Ha8f <400>"6 agcagtgctg ccacagcatc tgctccctct ac32 <210> 7
<211> 33 <212> DNA <213> Atrtificial

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].



<220> <223> pint3580_Ha8rev <400> 7 gagcagatgc tgtggcagca ctgctccacg atg33 <210> 8 <211> 31
<212> DNA <213> Atrtificial DE2008-002-English,txt <220> <223> pint3581 Eabf <400> 8 gcatcgtgga
ggagtgctgc cacagcatct g31 <210> 9 <211> 32 <212> DNA <213> Artificial <220> <223>
pint3581_Eab5rev <400> 9 ) '
DEZ2008-002-English.txt
SEQUENCE LISTING

<110> sanofi-aventis Deutschland GmbH

<120> Nov$§1insu§én derivatives with extremely delaved time/action
profite

<130> DE2008/002

<140> 102008003566.1-43
<141> 2008-01-09

<160> 26
<170> PatentIn version 3.3

<210> 1

<2il> 23

<Z212> PRT

<213> Artificial

<220>
<223> A-Chain

<220

<221> MISC_FEATURE

«<222> . (L

<223> Xaa corresponds to Lys, Arg or an amino group

<220>

<221> MISC._FEATURE

<222> (2)..(2

<223> Xaa corresponds to Lys, Arg or a chemical bond

<220>

<2Z21> MISC_FEATURE

<222> (..

<223> Xaa corresponds to Arg or Gly

<220>

<221> MISC_FEATURE

<222> (73..(7)

<223> Xaa corresponds to Asp, Glu or Gin

<220>

<221> MISC_FEATURE

<222> (173..(17)

<223> Xaa corresponds to Asp, Glu or GIn

<220>

<221> MISC_FEATURE

<222>  (200..(020)

<223> Xaa corresponds to Asp, Giu or Asn

<220>

<221> MISC_FEATURE

<222> (23)..023)

<223> Xaa corresponds to Ala, Ser, Thr or Gly
<400> 1

Xaa Xaa Xaa Ile val Giu Xaa Cys Cys His Ser Ile Cys Ser Leu Tyr
1 5 10 15

Xaa Leu Glu Xaa Tyr Cys Xaa
20

page 1



ctgtggcagc actcctccac gatgccgega cg32 <210> 10 <211> 47 <212> DNA <213> Artificial <220> <223>
pint3580_Dal8rev <400> 10 caaaggtcga ctattagccg cagtagtect ccagctggta gagggagd7 <210> 11
<211> 56 <212> DNA <213> Artificial <220> <223> pint3580_Eal5rev <400> 11 caaaggtcga

ctattagccg cagtagttct ccagctcgta gagggagsadnatasiget s210x 12 <211> 30 <212> DNA <213>
Artificial <220> <223> pint3581_Db3f <400> 12 gcacgatttg tggaccagca cctgtgcgge30 <210> 13 <211>

34 <362

D%A <213> Artificial <220> <223> pint3581_Db3rev <400> 13 cacaggtgct ggtccacaaa

tcgtgeedaa wic34

«212> PRT

<213> Artificial

<220>

<223> B-Chain

<220>

<223i> MISC_FEATURE

«222> (1L)..( )

<223» Xaa corrasponds to Asp, Glu or an amino group

<220>

<221> MISC_FEATURE

<222> {2)..(2) .

<223> Xaa corresponds to Asp, Glu or a chemical bond

<220

221> MISC_FEATURE

<222> (3)..(3) ' '

<223> Xaa corresponds to Asp, Glu, Phe or a chemical bond

<220>

<221> MISC_FEATURE

<222> (5)..(5)

<223> Xaa corresponds to Asp, Giu or Asn

<220

<221> MISC_FEATURE

<222> (6)..(63

<223> Xaa corresponds to Asp, Glu or GlIn

<220>

<221> MISC_FEATURE

<222> (31D)..(3L

<223> Xaa corresponds to Arg, Lys or an amino_acid seilected from the
group comprising the amino acids Phe, Ala, Thr, ser, val, Leu,
Glu or Asp, or a chemical bond

<220>

<221> MISC_FEATURE

<222> {(32)..032) ‘

<223> Xaa corresponds to Thr or a chemical bond

<220>

<221> MISC_FEATURE

<222> (33)..(33)

<223> Xaa corresponds to Arg, Lys or a chemical bond

<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
1 10

5 15

Leu Tyr teu val Cys Gly Glu Arg Gly Phe Phe Tyr Thr Pro Xaa Xaa
20

25 30

Page 2



<210> 14DE2008-002-English.txt <211> 30 <212> DNA <213> Artificial <220> <223> pint3581_Eb4f
<400> 14 acgatttgtg aacgagcacc tgtgcggctc30 <210> 15 <211> 36 <212> DNA <213> Artificial <220>
<223> pint3581_Eb4rev <400> 15 cgcacaggtg ctcgttcaca aatcgtgccg aatttc36 <210> 16 <211> 43
<212> DNA <213> Artificial <220> <223> |§1 %8281 El;fO ]ﬁ<400> 16 caacaggaaa ttcggcacga
gagti.cgtga.accagcacct gtg43 bE Eng i |

<210> 3

<211> 38

<212> DNA

<213> Artificial

<220
<223> pint3580_gliyal2lrev

<400> 3
caaaggtcga Cctattagccy cagtagttct ccagetgg 38

<210> 4

<211> 31

<212> DNA

<213> Artificial

<220>
<223> arg.cjunct

<440> 4
gtccctgcag cgtcgeggea tcgtggagea g 31

<210> 5§

<211l> 36

«<212> DNA

<213> Artificial

<220>
<223> arg_cijunc_rev

<400> 5
ccacgatgee gogacgotgc agggacccct ccagey 36

<210> 6

<211> 3?2

<212> DNA

<213> Artificial

<220
<223> pintBSSO,Han

<400> 6
agcagtygcty ccacagcatc tgctcoctct ac 32

<210 7

<211> 33

<Z212> DNA

<213> Artificial

<220>
<223> pint3580_HaBrev

<400> 7
gagcagatgc tgtggcagca ctgctccacg atg 33

<210> 8
<21l> 31
<212> DNA
<213 Artificial
FPage 3



<210> 17 <211> 44 <212> DNA <213> Artificial <220> <223> pint3581_EbOIf2 <400> 17 tatcgaccat
ggcaacaaca tcaacaggaa attcggcacg agag44 <210> 18 <211> 40 <212> DNA <213> Artificial <220>
<223> pint3581_ EbOfl <400> 18 caacaggaaa ttcggcaaag tttgtgaacc agcacctgtg40 <210> 19 <211> 41
<212> DNA <213> Artificial <220> <223> pint3581 EH01f2 <210> 20 <211> 32 <212> DNA <213>
Avrtificial <220> <223> 3702_arg_cjun81£29f%§01> %0 tg&d&h¢ES cagaggcate gtggageagt ge32 <210> 21

<2113 8P <212> DNA <213> Artificial <220>
<223%> pint3581_Ea5T

<400> 8
gcatcgtgga gygagtgcige cacagcatct g 31

<210> ©

<211> 32

<212> DNA

<213> artificial

<220>
<223> pint3581l_EaSrev

<400= @
ctgtggcage actcctccac gatgecgega ¢g 32

<210> 10

<211l> 47

<212> DNA

<213> artificia’

<220>
<223»> pint3580_DalBrav

<400> 10
caaaggtcga ctattagccg cagragtcct ccagctggta gagggag 47

<210> 11
<21l1l> 56
<212> DNA
<213> Artificial

<220>
<223> pint3580_zalSrev

<400> 11 .
caaaggtcga ctattagccg cagtagrtct ccagcicgta gagggagoag atgctg 56

<210 12
<211> 30
<212> DNA
<213> Artificial

<220>
<223> pint3581.ph3f

<400> 12
gcacgatity tggaccagca cctgtgegge 30

<210> 13

<21l> 34

<212> DNA

<Z213> Aartificial

<2 20>
<223> pint3581_bDb3rev

<400> 13
gacaggtgct ggtccacaaa tegtgcecgaa tttc 34

Page 4



<223> 3702_cjunc_rev <400> 21 tccacgatgc ctctgegctt ctgcagggac cc32 <210> 22 <211> 32 <212>
DNA <213> Artificial <220> <223> 3703_6 Gait <400> 22 tgcagaagcg cagaatcgtg gagcagtgct gc32
<210> 23 <211> 32 <212> DNA <213> Atrtificial <220> <223> 3703_6 Galrev <400> 23 tgctccacga
ttctgcgctt ctgcagggac cc32 <210> 24 <211> 49 <212> DNA <213> Artificial <220> <223>
pichia,GRl_rey <400> 24 ttttttggcg ccgaatiit ttageeht=dgtaditttc cagetggtad9 <210> 25 <211> 50

<212>DNA <213> Artificial 0E2008-002-English.txt

<212>  DNA
<2i3> Artificial

<220>
<223> pint3581_gb4f

<400> 14
acgatttgtg aacgagcacce tgtgoggete 30

<Z210> 15

<213i> 36

<212> DNA

<213> Artificial

<220>
<223> pint3581_tbdrev

<400> 15
cglacaggrg ctcgttcaca aatcgtgcecg aattte 36

<21i0> 16

<Z213i> 43

<212> DNA

<213> Artificial

<220>
<223> pint3581_ghOT1

<400> 16 .
Caacaggaaa ttcggcacga gagtttgtga accagcaccet gtg 43

<210> 17

<211> 44

<212> DNA

<213> Artificial

<220>
<2Z23> pint3581_EbQL1f2

<400> 17
tatcgaccat ggcaacaaca tcaacaggaa attcggcacyg agag 44

<210> 18

<211> 40

<Z212> DNA

<213> Arrtificial

<220>
<223> pint3h81_egbdfl

<400> 18
caacaggaaa ttcggcaaag tttgtgaacc agcacctgtg 40

<210> 19

<Z211> 41

<Z212> DNA

<213> Artificial

<220>
<223> pint3581_Eh01f2

‘Page 5



<220> <223> pichia_H8_f <400> 25 gaacaatgtt gtcatagtat ctgttctttg taccagctgg aaaactactg50 <210>
26 <211> 35 <212> DNA <213> Artificial <220> <223> pichia-al-12rev <400> 26 gaacagatac
tatgacaaca ttgttcaacg atacc35

<400>

tatcgaccat ggcaacaaca tcaacaggaa attcggeaga g

<210
<2131
<212>
<213>

<220>
<223>

<400

DE2008-002-English. txt

19

20

32

DNA
Artificial

3702_arg.cjuncf
20

tgragaagcyg cagaggcatc gtggagcagt go

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

<220
<223>

<400

21

32

INA
Artificial

3702_cjunc_rev

21

tecacgatge ctetgegetrt ctgcagggac oo

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

<220>
<223>

<400>

22

32

DNA
Artificial

3703_A Galf
22

tgcagaagcy cagaatcgty gageagtget go

<210>
<211l>
«<23i2>
<213>

<220>
<223>

<400>

23

32

DNA
Artificial

37034 Galrev
23

Tgctccacga tTCtgogett ctgeagggac cc

<210
<211
<212>
<213>

<220>
<223>

<A400>

ttttttggcy ccgaattcac tattagccac agtagttite cagcetggta

<210>
<211>
<212>
<Z213>

24

49

DNA
Artificial

pichia.GZl_rev

24

25

50

DNA
Artificial

Page 6

41

32

32

32

32

49



DE2008-002-EngTish. txt

<220>
<223> pichia_H8_f
<400= 25

gaacaatgtt gtcatagtat ctgttcttiyg taccagcigg aaaactactg

<210> 26

<211= 35

<212> DNA

<213» Artificial
<220>

<223> pichia-al-12rev
<400> 26

gaacagatac tatgacaaca ttgttcaacg atacc
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