WO 2009/087081iPCET/EP2009/000017 Novel insulin derivatives havirig an extremely delayed
time-actiYHbrSE/#BEdRVention relates to novel ifsulin analogues with BASEERRSRELOASbTle, their

preparation and use. 5 The incidence of diabetes has increased in recent years to an almost epidemic

extent. Tﬁg\@pﬂg_ﬁl{ May; rgﬁy ' IQUS in f@fe xpectancy. Peaple with diabetes must
frequently supply t Qir %o’éy w#ﬁ%ng‘sﬁﬁﬁ %on%%gﬁe[ﬁgé’. %tél?éa gﬁéfﬁg t%CSBﬁer?ﬁ%e treatment with
insulin. Different insulins with specific 10pharmacological properties are now available. In practice, the

different4psuii e di i i i ration of action inta.short-acting, insulins,
fast-actiIﬁiﬂ%n@%fn%%%?ﬁ%gﬁg gﬁ?ﬁn%%(é@(? #l]}(sgu iWSE{.PEbeaSSIS ha |§@%§é’ﬂp§9ﬁ%y%8lfsly for
long-act®igpesaties ardsiew. 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
human insulin by substitution, deletion and/or addition of one or more amino acids. The terms "insulin

analoguésedneidrresind diabaisedegronseasediinhersint Fierpttignailimtesisifitgkingalin therapy
attempt iminish, 4 lth,_ti imj t e contral of the blood glucose level by early
adminis%ﬁgﬁc?i}{%%t%]gﬁzgslrﬁ%% rﬁhs]agé'lr%eg égfgﬂr:]%?éeﬁfg%%cﬁr’rsen Jﬁgggaﬁr#itr@%l?ﬁ( ¥ ﬁ%%r}%g%a?ﬁfﬁt Lantus(r)
(active i dicheiasunivsyBirginenBiysuaph) ey BEY Wihg{BAR) frumautakiding.idhe general aim of
developi le 1 i NS is.to minimi nyumber. of hypoglycemic events. An ideal
basal ing}ﬁiﬁ @%ﬁ%@%&%&%gﬁ%? g%?&cﬁ?n@ﬁf%%%@bﬁﬁg%ﬁ i gﬁoﬁg"ig%"ac& Cpatient. The insulin
effett ideBfyRaccdogital Bepoasiie aatkatwesetiobiorbfilradiich, ithadidffaitow ias pivesibfe, so that the
risk of by i isdisti inimi inistration is,even possible without previous
intake o??gﬁgsag%{éa%%%ﬁgﬁggﬁéﬂ]%@wg%mlﬁk\%ﬁﬁﬁ rt%aecftr'l%%ﬁ[ﬂgé‘ﬁgét ﬁﬁé‘lsts at the same
level foragdinshi siglipasksibie-aicdnt&nboliysissdpplied Witubosn Cmspmtamoustdf insulin. The risk of
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advantages alieady ATHEVRS b%%’ﬁeo%frﬁf%sﬂf%%iﬂﬁ%%ﬁ %%E%ﬁﬁff gtﬁbdﬁ%lt%t?gﬁw efgﬁgpgﬁ[‘armaco‘('”e“c

properties of an ideal basal insulin. Desirable insulins have suc allow and [on ing time/action

profile tR&CHRE 2R MpPb oIy Brme @ eminaratidsthehddpniapéndelit vardtignsshahe

“insuling” are used synonymously herein.

The policy 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:
insulin glargin = Gly (A21), Arg (B31), Arg (B32) human insulin). The general aim of
developing novel, improved basal insulins is fo 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 shaliow as possible, so that the risk of brief
hypoglycemia is distinctly minimized and administration is even possible 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-lasting and uniform, action.



-

5pat|ent is further minimized and the duratlon of action is further delayed, so that it is no Ionger "
necessay th4HALEIf8Ghstances to administer irdulin daily. This woulPRBEEPSRGIREDBEAtment of
diabetics possible, especially of eIderIy diabetics and those in need of care, who are no longer able to

inject h thu alsg be, of great ec nomlc benefit. Such_basal jnsulins would
g]é?j(i:ti(;rr:%%évgf(]) ggagngeé mgq ry§8haasve88 g %& 3 t%%h@%%aﬁg'?gpqr?qﬁaﬁfﬁ‘@ injection
phobia pr@gélnsld&zﬁanmnbmp@maem@mémmmstamkgwEtm:bmubmmmﬁ @omggmag@ a A bacal
conseq lucose is ol leading to-th of diabegtes. asa
insulin w ‘1 E?ecg(frsg&e numﬁ%%c%\fﬁssu i%h segnglve I?ﬁ]gc‘fﬁ% gﬁ}@ﬁ é’@t of making
insulin tﬁ@éﬁ%ﬁ@i@@@@m@b@mnQ@ymremmcﬂ(ohthet@y(ﬁmmmfﬁ&éﬁa%m@%taéB) describe how
it namics, of i ins uli ulin,analggues whose
:slosgloeoci 69 ;%)Fl{rfit %pl{ ﬁ[ﬂﬁ]ﬁ%&g}i E%%nfw‘ 0 rsé?He or a"%‘& '(?ﬁxf aﬁﬁ}éeég@ﬁgﬁ e g% ?éﬁﬁfe'?\l terminus
20 of the@langed shagssaryhio sirectiomaoftistaalbadine aalnge:stmmm{ﬁmmwh‘ehm?j@ﬂﬂcdpmnt of
human i t under. hyS|o | can educed and a
prolongpd'[CTEHJ ﬂ(ﬂlcl?r?@p;to {H%bg: f?%)mr!oat%)ﬁ% dm% % B/Aé?g %S?%Aeﬂ Arg (B31),
Arg (B3t damiamasslitih (asgpevimesraliyodeteyaninbtb pb Jedt mQutatbdrpbelﬂegammdamg@ﬁd in this
connec e .he n th niext 0 the jdea. Kohn et efor rd the main
aimin dtfgsqa??#% r?%véf é%%ﬁn@§§§$ogluese§§c§e§g the ao%jl%ﬁyé?sp%? A@ﬁé‘?aéﬁy ?h‘?no acids to the
antiho dethségiaentérefdarmamassutintfioeitedinbptese Ghmcrmasng)meﬂweie@h mge@@ithropq pl =
into the ange. t of npvel insulin anal is the osjte o
substituéﬁ: ?réeutral ﬁr&%ﬁ% %%@n&%ﬁ?@% n]p %ﬁﬂ%i&' §§G§HBY a&%‘ﬂén of acidic
amino dbide, Becfaugemmrea@ﬁbatauutr@nm‘/bm«iﬁ@ 'mrssatmepebp,astada’@ttsrue@ n;’a%szict Or:
introdu It da wever, it has ow sur r|S| ound that the
descrlbe%%lgés}l%t\)ﬁ?@asgf%gne ac ?ogn%p?r%ﬁg @%té?ﬁggﬁt msHﬁﬁ gh&lo é}égfr%/\%ﬁ&?ﬁre
charact@figitl by itiectinuregthbavinéhs effert ehthebingjstsofiaithanippted feastcapitolacd residue
Su r argininamide, and  the N-terminal amino acid residue of the insulin A chain is a
& ggxﬁ@%

lysine or arginine 5residue, and  the A8 amino acid position is occupied by a histidine residue, and
the A21 amino acid position is-occupied by a glycine residue, i.e. in the amid ated basic amino acid

form. g L0 e Rt beer e R e ot e T D S A it 4, wo.
additiorigher ﬁ@@@%@ml@rgﬁ@%mby&pz@mﬂgmhmmahaxgmssIxrmmmncfmdctnc 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 pi = 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
isoeféctric point from p! = 5.6 into the neutral range.

30 This aim in the design of novel insulin analogues is the opposite of substitution of
neutral amino acids in human insulin by acidic amino acids and/or addition of acidic
amino acids, because such a substitution and/or additions at least partly abolishes
the effect of introducing positively charged amino acids. However, it has now

surprisingly beenfound that the described desirable basal time/action profile is
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one such addition respectively in the A5, A15, A18, B-1, BO, BI, B2, B3 and B4 positions. 15 Whereas
the first thfeb4e8RIEY Afdntioned tend, through intfoduction of positive dhaTGESa0BMB0AtAT of
negative charges, to contribute to increasing the pi of a corresponding insulin analogue, the

last-menyj itutions and/or additions, of negatively charged amipo acid residues have the
oppositege%éqcﬂe?ﬂgﬁggﬁ}tﬁ bute %arpgald%sn\évt l%hpei‘.r %g%ﬁgﬁgfyﬁ@‘lf@@ %‘%ﬁi'ﬁ%ﬁlfﬁaénalog ues
describetthavg tthe2Ocdesiets st ahmyemidatebasior profles:id hesplvakieshaishesseaspounds

are lowe fﬁﬁl‘@ntg th&% cglqapound 18 from Kohn et al. (Arg (AO), Gly (A21), Arg (B31), Arg (B32)_hunjan
insulin), é neve'?l eless moreover show a delayed onset of action and a longer duration of action, i.e.

an extremiély bhigionretciioing-kstmg sishitooithetinsuiroflehBiveisiskl pfihgnaglygpirie events is thus
disti ctlyrggiﬂiﬂgz ﬂ J he delay is so 25marked that it is surprism_gly posglble to detect the effect even in
model experiments on rats, although the delayed action of insulin glargine cannot by contrast be
unambiguibésitobsenzesicia rasitiBiyisedoshavdstihe hygitihe essid effest of the compound YKL205 of

the i i 2d with that of insulin glargine. Similar results are obtained in dogs (see figure 2).
Tus, o baga) LI S UG SO0E S o BV CEREA 1A FoREer N8 been
providedi@ésidesnhessdptesichacakihetid adzantageth desstibey, dheupneiogeesrafitee mvemion show

distinctly_hetter ies.compar. ith insulin glargine in pharmacological respects such as, for_
example?%@f:gp%r?g%qé{cf |cfﬁsyaanI ?ﬁgvﬁgrﬁitgagnicity. The claimed insulins also show advantages in

phy8icocHentied]aespess. Wiheubsthtiomsoselataamam insidingnatit el toetsiary b 515
101152%@6):93)}45%%5‘3!9@%‘3@%&5 %%%Xc? aGGEJEe ic!iBe’\é%'r $ rﬁe%@%ﬁ substitution and
one such addition respectively in the A5, A15, A18, B-1, B0, B1, B2, B3 and B4

positions.

15 Whereas the first three features mentioned tend, through introduction of positive
charges or elimination of negative charges, to contribute to increasing the pl of a
corresponding insulin anélogue, the last-mentioned substitutions and/or additions of
negatively charged amino acid residues have the opposite effect and contribute to
reducing the pl. Surprisingly, precisely the insulin analogues described have the

20 desired advantageous time/action profiles. The pl values of these compounds are
lower than that of compound 18 from Ko.hn et al. (Arg (AO), Gly (A21), Arg (B31), Arg
(B32) human insulin), but nevertheless moreover show a delayed onset of action and
a longer duration of action, i.e. an extremely shallow and long-lasting, uniform action
profile. The risk of hypoglycemic events is thus distinctly minimized. The delay is so

25 marked that it is surprisingly possible to detect the effect even in model experiments
on rats, although the delaye.d action of insulin glargine cannot by contrast be
unambiguously observed in rats. Figure 1 shows the hypoglycemic effect of the
compound YKL205 of the invention compared with that of insulin glargine. Similar
results are obtained in dogs (see figure 2). Thus, novel basal insuiins which need to

30 be administered distinctly less frequently have been provided. Besides these
pharmacokinetic advantages described, the analogues of the invention show
distinctly better properties compared with insulin glargine in pharmacological
respects such as, for example, receptor specificity and in vitro mitogenicity. The

claimed insulins also show advantages in physicochemical respects.
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The invention thus relates fo an insulin analogue of the formula |
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15 T P B29 B30 B3l R32 (SEQ ID NO: 2)

B chain

30

where
20

AD  corresponds to Lys or Arg;

AS5  corresponds to Asp, Gin or Giu;
25 A5 corresponds to Asp, Glu or Gin;

A18 corresponds to Asp, Glu or Asn;

B-1  corresponds to Asp, Glu or an amino group;
30

BO  corresponds to Asp, Glu or a chemical bond;
B1 corresponds o Asp, Glu or Phe;

35 | B2  corresponds to Asp, Glu or Val;
B3 corresponds to Asp, Glu or Asn;

B4  corresponds to Asp, Glu or Gin:



AOcorresponds to Lys or Arg; A5corresponds to Asp, Gin or Glu; 25 Al 5 corresponds to Asp, Glu or
Gin; Al 8\Eord8Ep8RE£@8 Asp, Glu or Asn; B-1corrésponds to Asp, Glu dP@R/ERITDGIOGB0 17 _
BOcorresponds to Asp, Glu or a chemical bond; B1lcorresponds to Asp, Glu or Phe; 35 B2corresponds
to Asp, Glu or Val; B3corresponds to Asp, Glu or Asn; B4corresponds to Asp, Glu or Gin; where 20
829 corresponds to Lys or a chemical bond; 830 corresponds to Thr or a chemical bond; 5 331

correspaiitts tacAngdpyshds dcchpsmical blegahi@32eatresponds to Arg-amide, Lys-amide or an amino
group, 10 where two amino acid residues of the group comprising A5, A15, Al18, B-1, BO, 61, 82, B3
and 84 correspond simultaneously and independently of one another to Asp or Glu.

B30 corresponds to Thr or a chemical bond:

B31 corresponds to Arg, Lys or a chemical bond:;
B32 Correspo.nds to Arg-amide, Lys-amide or an amino group,

10 where two amino acid residues of the group comprising A5, A15, A18, B-1, BO, B1,
B2, B3 and B4 correspond simultaneously and independently of one another to Asp
or Glu.

The invention relates in particular to insulin analogues as detailed above in which
15 independently of one another A0 corresponds to Arg, or where A5 cotresponds to
Glu, or where A15 corresponds to Glu, or where A18 corresponds to Asp, or where
B-1 corresponds to an amino group, or where BO corresponds to Glu, or where B1
corresponds to Asp, or where B2 corresponds to Val, or where B3 corresponds to
Asp, or where B4 corresponds to Glu, or where B29 corresponds to Lys, or where

20 B30 corresponds to Thr, or where B31 corresponds to Arg or Lys.

The invention particularly preferably relates to an insulin analogue selected from the
group comprising:
Arg (AO), His (A8), Glu (A5), Asp (A18), Gly (A21), Arg (B31), Arg (B32) — NH.,

25 human insulin, |
Arg (AQ), His (AB), Glu (A5), Asp (A18), Gly (A21), Arg (B31), Lys (B32) — NH»
human insutin,
Arg (AD), His (A8), Glu (A15), Asp (A18), Gly (A21), Arg (B31), Arg (B32) — NH;
human insulin, '

30 Arg {AQ), His (A8), Glu (A15), Asp (A18), Gly (A21), Arg (B31), Lys (B32) — NH.»
human insulin,
Arg (A0), His (A8), Glu(A5), Glu (A15), Gly (A21), Arg (B31), Arg (B32) — NH, human
insulin,
Arg (A0), His (A8), Glu (A5), Glu (A15), Gly (A21), Arg (B31), Lys (B32) — NH,



The invention relates in particular to insulin analogues as detailed above in which 15 independently of

one anotMel 2AYEFELBANds to Arg, or where A5&orresponds to Glu, dPERETE ZIF¢0H6esponds to

Glu, or where A18 corresponds to Asp, or where B-1 corresponds to an amino group, or where BO

_ corresp%@gﬁ to i%lﬂ,ﬁﬂr where B1 corresponds to Asp, or where 82 corresponds to Val, or where 83
correspondsato Asp, or where 84 corresponds to Glu, or where B29 corresponds to Lys, or where 20

B30 corfespidis tiSTAB)oBihex6 )8 Blycpkesspasds B8 Ardrar (B T hegteenonmastisulary preferably
relates ﬁgsa%ﬁnsulin analogue selected from the group comprising:  Arg (AO), His (A8), Glu (A5),
Asp (A18), Gly (A21), Arg (831), Arg (632)- NH2 25human insulin, Arg (AO), His (A8), Glu (A5), Asp

(A18), Gly(A=0), ARIAS31%ILYA B3Ny NAZ! huhsan BEy I ARIAOLYH B 638)- Rl (Alpafsp (A18),
GIyS(AZi’lr,}S (831), Arg (832)- NH2 human insulin, 30 Arg (AO), His (A8), Glu (A15), Asp (Al18), Gly
(A21), Arg @g’l), Lys (832)- NH2 human insulin, Arg (AO), His (A8), GIu(A5), Glu (A15), Gly (A21), Arg

(B31), Ag(G32)- iBi2AR) Al i, Girg(640), A (B3), Bity (81 FNGABSRGINAZ1), Arg (B31),
Lys (83%11-'4_\,%1‘211,] &ﬂ?cification of the term "human insulin" in the designations of the insulin analogues
30 mentioned makes reference to the amino acid sequences of the A chain and B chain of human

insulin, argl @Ddeviatiédy,(&dditions), sBlysthationssgeBEnns)ghBcefionyar@amicaigd jn a given
designapim]]gﬁ ﬂ,psm%ulin analogue. mentioned above, in particular where a precursor of the insulin
analogue Is prepared’recombinantly, the precursor is processed enzymatically to two-chain insulin,

arid a cAnpiAG witisabBinaspida 18 Ll (Aa)inte (BEx eRee(BBAY, @ogyBed)avieiyypsin activity,
and the{_mﬁ%i[q ig{galiggue is isolated. 5 '

Arg (A0}, His (A8), Asp (A.18), Gly (A21), Asp (B3), Arg (B31), Lys (B32) — NH.,
human insulin,
Arg (AD), HES(AB), Gly (A21), Asp (B3), Glu (B4), Arg (B31), Arg (B32) — NH, human

15 insulin,
Arg (A0), His (A8), Gly (A21), Asp (B3), Glu (B4), Arg (B31), Lys (B32) — NH» human
insulin,
Arg (AD), His (A8), Glu (AB), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NHs human
insulin,

20 Arg (AQ), His (A8), Glu (A5), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH. human
insulin,
Arg (A0}, His (AB), Glu (A15), Gly (A21), Glu (B4), Arg (B31), Arg (B32) ~ NH;
human insulin,
Arg (A0), His (A8), Glu (A15), Gly (A21), Glu (B4), Arg (B31), Lys (B32) ~ NH.

25 human insulin,

Arg (AD), His (A8), Asp (A18), Gly (A21), Glu (B4}, Arg (B31), Arg (B32) — NH;

human insulin,
Arg (AC), His (AB), Asp (A18), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH |
human insulin,

30 Arg (AQ}, His (A8), Glu (A5), Gly (A21), Glu (BO), Arg (B31), Arg (B32) — NH, human
insulin,
Arg (AD), His (A8), Glu (A5), Gly (A21), Glu (BO), Arg (B31), Lys (B32) — NH, human
insulin,

Arg (A0), His (A8), Glu (A15), Gly (A21), Glu (BO), Arg (B31), Arg (B32) — NH,



The invention further relates to a use of an insulin analogue as described above for the manufacture of

a medicgp@ o/ teygatment of diabetes, in parficular of diabetes of typer | dyeR) th ddie ihvention
likewise relates to a use of an insulin analogue as described above for the manufacture of a

medicament for assisting beta 10cell regeneration. The invention further relates to a pharmaceutical
comprisitgratifgHianalogue as described above and/or physiologically acceptable salts thereof.

15The in\ r@g@) furibex seladgs 8 alomulati asul) ue.as ribg¢l .above, where the
formulatigg is in ’aqu,egus?’form gomgh%%@gﬁysﬁh&ﬁ@%bg&.(ggﬁﬁhesjr?_{v%ntion further
relates tOUET@HIBALIBN of the insulin analogue as described 20above, where the formulation is in the

form of pewdes The inventiog,fusther relateste aﬁq}r ti ﬁg{ﬁicr' ve yyhere the insulin
analogue gls,@gej)s’crib'egé(a 'o}\%bisklpre ént?nesrys)th ingéln /(g_)a\rr;ga orp ’oﬁlﬁ%rm. S%Zinvention further
relates faHaRRHIAELON of the insulin analogue as described above, where the formulation is in the

form of a SUERENIIRD (AES KWSPHAR Ul tes|ipader a(té}on1 fithe iRsulin analogue as
describedl%gbov_e', Whére he fgriranulazic’)n Tgfjﬂ%cﬁiﬁy C(OH(SI%I‘?S@S a chgrtﬁpc%‘%%gjpeﬁalr%lez. 30 The
inventioRUTTaefailifes to a DNA coding for a precursor of an insulin analogue as described above, or

inventiofHOTe o2 DNA co .
2009108 DU ST ERSOOTADUOLY THo ek TR FER 1 AV RSP NE R TNA as

describ&epslBve. The invention further relates to a host organism comprising a DNA as described

abaye ok (ReIPras 9@@)‘;@&?@%‘?}’@? t@'i‘}’%(‘%%fgg‘f Ig;r?é%‘ﬁ’z m% rﬁ%@“’—‘%ﬁ”%ﬂ%&%gue’

wherein the C peptide carries the amino acid Tesi ginifie'at it inus and two arginine
residue§8kihe arginine residue and one lysine residue on its C terminus, and in the latter case the

lysine regidugdorms ctial & 1emislygabie IRveNHaR fulr lat rmylation as described
above V%E}?:E a(?dition%%:omp&isessélsoy;( gluc?égog- 'keqbgg#(?eé-%q(%%E%%%ri?mngf%(%}u@%r derivative
thereof [B#@kendin-3 or -4 or an analogue or derivative thereof, preferably exendin-4.

Arg (AQ), His (A8), Glu (A15), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH,

15 human insulin,
Arg (AD), His (AB), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH>
human insulin,
Arg (A0}, His (AB), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH-
human insulin,

20 Arg (AO), His (A8), Gly (A21), Glu (BO), Asp (B1), Arg (B31), Arg (B32) — NH» human
insulin,
Arg (AD), His (A8), Gly (A21), Glu (B0), Asp (B1), Arg (B31), Lys (B32) — NHz human
insulin,
Arg (A0), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B30), Arg (B31) — NH,

25 human insulin,
Arg (A0), His (A8}, Asp (A18), Gly (A21), Asp (B3), Arg (B30), Lys (B31) ~ NH>

human insulin.

Specification of the term "human insulin” in the designations of the insulin analogues
30 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



15The invention further relates to a formulation as described above in which an analogue of exendin-4

is selectegdropne/gs9ug somprising H-desPro36-gxendin-4-Lys6-NH2, oe1/ep2009/000017
H-des(Pro36'37)-exendin-4-Lys4-NH2 and Fl-des(Pro3637)-exendin 4 Lys6-NH, 200r a

pharmacologically tolerable salt thereof. The invention further relates to a formulation as described
above imvenithnad alsguis pbesendinvhizrsaquted feomndad treupscdimprisiogeesProdfared

in- Pro36 [Met(0)14
S i A A e S R R G R
Asp28jexeniing WitBgygiesmmude [FreroRd&UEAEE28lesendinat £b-80yyB0e eshing6 '
[Met(O)]t@g@%g@i@sgagj[ﬁé%%4éaé 8%@@%?5@5{836 [Met(0)14Trp(02)26, IsoAsplexendin-4

(1-39), ora pharmacologically tolerable salt thereo e Invention further relates to a formulation as
destribed in the preceding paragraph, in which the peptide -Lys6-NH2 is attached to the C termini of

wﬁifﬁ'zlfﬂgqﬁ@n?%%ﬂh%r rel 16 PYENTIeR Bl’llrg?]eirng%lﬂlteg{;[gi8‘gf€érgl§|%%%n segeas[gcr)i\t’)g Oe}bove in
the manufacture of a medicament for the treatment of diabetes, in particular of
diabetes of type | or type ll. The invention likewise relates to a use of an insulin
analogue as described above for the manufacture of a medicament for assisting beta

10 cell regeneration.

The invention further relates to a pharmaceutical comprising an insulin analogue as

described above and/or physiologically acceptable salts thereof.

15 The invention further relates to a formulation of the insulin analogue as described
above, where the formulation is in agueous form comprising the dissolved insulin

anatogue.

The invention further relates to a formulation of the insulin analogue as described

20 above, where the formulation is in the form of powder.

The invention further relates 1o a formulation as described above, where the insulin

analogue as described above is present in crystalline and/or amorphous form.

25  The invention further relates to 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.

30
The invention further relates to a DNA coding for a precursor of an insulin analogue
as described above, or for the A chain or B chain of an insulin analogue as described

above.



5anaiogue of exendin-4 is selected from a group comprising H-(Lys)6- des Pro"

[Asp221pxensingltls 391 ys6-NH2 des Asp28Prog6, Pro”, Prom exendﬁﬁk@bﬂ\gﬁgﬁbﬁ%}@)@ des
Prom, Pro", Prom [Asp28]exendin-4(1-39) -NH2,  H-Asn-(Glu)6 des Prom, Pro”, Pro"

[Asp28]exendin-4(1-39) -NH2, 10des Prom, Pro", Prom [Asp28]exendin-4(1-39)-(Lys)6-NH2, H-(Lys)6-
des Pro™ I dnverean[ASHES Iex@ingied Meop (Lys)GiHRy B DA @B 1d) SeritesdPabiyRao”, Prom
[Asp28]exendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des Prom [Trp(02)25,
Asp28]exendin-4(1-39)-Lys6-NH2, 15H- des Asp" Pro", Pro", Prom [Trp(02)25]exendin-4(1-39) -NH2,
H-(Lys)6-heeimaticprortpe0 38 §1ap (023250 # sPasiexencinp(lsiBg) aNH2, 44-AsaefiBla)s- des Pro”,

Pro", PfngV@%%M%ﬁég&%%%é)QéNHZ des Pro", Pro", Pro" Frp(02)25,

Asp28Jexendin-4(1-39)-(Lys)6-NH2 des Pro", Pro”, Pro" [Trp(02)25,
Asp28]exendin-4(1-39)-(Lys)6-NH2, 20H-Asn-(Glu)6- des Pro", Pro", Pro" [Trp(02)25,

-4 :-39)- - - - . 0)14, Asp2 din-4(1-39)-Lys6-NH2,
e Mot e S R R B S S - ety

Asp28]esaiigin ihe BONNGY] Fppighg@lg)eingest ftroN m;mmmg&mzﬁgdxfwg-m-ig)
-NH2, 2 " Pro! Rra" ' ndin=4(1-39)-(Lys)6-NH?2, H- - des Prom, Pro",
Pro” [Mgti?g)sfig%snpg% %‘5@%%%%@%@%2@@%&&?s?%g‘arﬁ@ rg%!"brré‘oéﬁ%ﬂ)gﬁ'nﬁﬁ&(O)lm
Asp™ exXbediysing 39jaus §y8ongHbe actual C terminus.
10
The invention further relates to a formulation as described 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.

15 The invention further relates to a formulation as described above in which an
analogue of exendin-4 is selected from a group comprising
H-desPro™®-exendin-4-Lyss-NHo,

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

20 or a pharmacologically tolerable salt thereof.

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®jexendin-4 (1-39),
25 desPro® [IsoAsp®®lexendin-4 (1-39),
desPro® [Met(0)™, Asp®jexendin-4 (1-39),
desPro® [Met(0)™, IsoAsp®*lexendin-4 (1-39),
desPro® [Trp(02)*, Asp®jexendin-2 (1-39),
desPro® [Trp(02)%°, IsoAsp®®lexendin-2 (1-39),
30 desPro® [Met(O)“Trp(0.)%, Asp®lexendin-4 (1-39) and
desPro® [Met(0)“Trp(02)%, IsoAspPlexendin-4 (1-39),

or a pharmacologically tolerable salt thereof.

The invention further relates to a formulation as described in the preceding



H-(Lys)6- des Prom [Met(0)14, Trp(02)25, Asp28]exendin-4(1-39)-Lys6-NH2, 30 des Asp" Pro", Pro",

Prom [Met(0)ddo J/ag083a51exendin-4(1-39) -NH2,dH-(Lys)6- des Prom'ﬁﬁkéﬁgé@@%@éﬁ
Trp(02)25, Asp22]exendin-4(1-39) -NH2, H-Asn-(Glu)s- des Pro", Pro", Prom [Met(0)14, Asp28]

exendin-4(1-39) -NH2, des Pro", Pro", Prom [Met(0)14, Trp(02)25, Asp22]exendin-4(1-39)-(Lys)6-NH2,
H-(Lys)&GPaés RidimiPyaniobriv menidie 41 Tep(DRI2B, itnasidrerttin A (Ba9)(Lyd)e NH2,
H-Asn-(%Hgﬁ)-gq%g Br30, 2R3y, Pro3 [Met(0)14, Trp(02)26, Asp21 exendin-4(1-39)- (Lys)6-NH2, or a
pharmacologically tolerable salt thereof. 5 The invention further relates to a formulation as described
above which additionally comprises Arg34, Lye (NEiv_g lutamyl(Na-hexadecanoyl))) GLP-1 (7-37)

DiraglutifebohacphATERloR ALl s LA dlear o skedyarer i i

connection that the insulins of the invention may be item of a pharmaceutical milation which has an
advantagealaoefat eedianiis sedticiedAtpscugrselntisisitige starting point in this connection.

Further @pm@g&@@gmﬁﬁg&gﬁdbj@%P&ﬁ‘gjﬁgi@g g rigk,of viral animal contamination is minimized
; c ,

in that the prepaggtlo%ough 7nott omprise any co p%nen%s derived 15from animal sources. It is
further dR&AtEREEUS to Preveritivic @isatbordtenfatibhiby adding preservatives. It is possible by

adding im@ Q gﬁgm@@%ﬁﬂ’;ﬂ%ﬁﬁ%@;ﬁéﬁﬁaﬁ%@g (%f[&:\ﬁ;lof the formulation on the

physiology of the tissue cells on site. ition Of protamine may have a

stabilizifg-&FediGis ttassHretartenty Jarefrdé mmllaxpneartiod BaiNb, obtained by adding
protami 2 pfopmugatieny. Ad e nelic qnant may lead to stabilization of the
qiaming {ohelarmusaien,ad J%né dﬂ%gﬂa%’ggmg%‘?\ﬂq

structure of the insulin an?zulo ue use ringz’about inter &la the delaying effect on
S®

the onsét ¥k ¥elioRes Rralse PEsSitfead sdier enefulindalics sibsshnbwhich stabilize the spatial
structureyof the g the-ivesti ter ther ahility. Such chemical
eiohdhe elqyy.Insuding ofoths i wwtm%%%am {hesme\ SRy

chaperones may be for example 25short syn es, whi 0 c&f‘nprise amino acid
analogues or include for example peptide sequences derived from the C peptide of insulin.  The

insulins qu(ﬂﬁ‘sb'é'y@@gqﬂrﬁm[‘bﬁ)t@&?@%@ﬁ%@@ﬂ?ﬂﬂ%@@%ﬁg&% ¢ 2eloping depot forms. Also

conceivable are so-galle%slow ggleasg formulations in whic ow insulin of the invention is

prédent Fe\8SIASB0ME To BTRoly R chFiRfO2)" Texendin-4(1-39) -NHj,

H-(Lys)s- des Pro®, Pro¥, Pro® [Trp(02)%°, Asp®lexendin-4(1-39) -NHs,
H-Asn-(Glu)s- des Pro®, Pro®, Pro® [Trp(02)%, Asp®exendin-4(1-39) -NH,,
des Pro*®, Pro”, Pro®® [Trp(02)%, Asp®Jexendin-4(1-39)-(Lys)s-NHa,
H-(Lys)s- des Pro™, Pro™, Pro® [Trp(02)%, Asp®lexendin-4(1-39)-(Lys)s-NHa,

20 H-Asn-(Glu)s- des Pro™®, Pro”, Pro®® [Trp(0,)%, Asp®lexendin-4(1-39)-(Lys)e-NHs,
H~(Lys)s- des Pro®® [Met(0)™, Asp™®lexendin-4(1-39)-Lyss-NH;,
des Met(O)"* Asp® Pro %, Pro”, Pro® exendin-4(1-39) -NH,,
H-(Lys)s- des Pro®®, Pro ¥, Pro®® [Met(O)", Asp®®lexendin-4(1-39) -NH,,
H-Asn-(Glu)s- des Pro*, Pro¥, Pro® [Met(0)", Asp?®] exendin-4(1-39) -NHs,

25 des Pro®, Pro®, Pro® [Met(0)", Asp®®lexendin-4(1-39)-(Lys)s-NHa,
H-(Lys)s- des Pro®, Pro®, Pro®® [Met(0)", Asng}exehdin-él('i-39)~Lyse-NH2,
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)-Lyse-NHo,

30 des Asp®® Pro®, Pro¥, Pro®® [Met(0)", Trp(02)*]exendin-4(1-39) -NH,
H-(Lys)s- 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)s-NHs,
H-(Lys)s- des Pro®> Pro®, Pro® [Met(0)", Trp(02)%, AspZlexendin-4(1-39)-(Lys)s-



The insulins of the invention can be administered in parallel with fast-acting insulin such as Apidra(r),
NovoRapidfraddamaipgear insulin derivatives undgrgoing development g5 darpEiafg8 | qﬁn
appropriate time/action profile or inhalable 12 insulin or nasally or orally administered insulins which
are undergoing development. It will be clear to a skilled worker in this connection that appropriately
formulat®idfimixtures of fast-acting and slow insulin of the invention can also be used for this purpose.

The insylimanalegyes iregepti far, \(?@“S i rmacedtical pre tigns which
comprise peptﬂes \&@é%ﬁrl@“&?ﬂﬁﬁ%&aﬂﬁg&? | cbﬁgyﬁ’%sgL 5 %é?%‘%%@‘ﬁgg Peptide-1)
or exendh¥8)eNdkendin-3. GLP-1 (7-37), exenatide (Byetta(r)) or peptides whose preparation is :
describegd in RAtenY igati 20, WO 2001/04156, WO 2004/005342 and WO
98/08871 repﬁt%sent exeﬁ#‘&%ﬁ o{? isbjc %e%%%%i.%%?‘mulations particularly advantageous in this
conhection are those comprising a depot formulation of these peptides. Types of therapy
advantagggus Ladly.i inifial | diabetes, are those which proyide in parallel with
the adni?nﬁstra%%?lﬁ ﬁ%‘ﬁ%ﬁﬁ:ﬂggﬁgﬁﬂgﬁ%@%ﬁ?% rfgﬁ(?nacgggge\% E&%%goél%?ﬂ% lin, such as,
for exanmprapTiseR AN, GombitifiyraibtraniédiivithdigepttplhEpBiRse-& iaTibjtbesWhids] increase
the Ievebp[rai&gglt}%@aﬁzéiggw i’%’iié)g ls(v,gi;]té?f%I@onylureas which increase insulin secretion in the
pancreas, likewise possible. The slow insulins o Re invention can be employed particularly
advantageously when regeneration of pancreatic beta cells from appropriate stem cells is initiated by
adpginistration-af differantiationfactor. lications are mentioned by way of example for the
therapy of diabetes, gan%] thk% %&%ﬁgﬁ ﬁlﬁgw%%eﬁf%?aq@écﬁ%?g% L?ﬁ‘gilfﬁ%gﬂ%% YRR EPFlates to the
use of tihe itelins aiferinasatiteari comibiatiowiwith lkdseraetive itgpedien sfoctthédreatment of
diabetes, gspecipllydiaR t Nol gy i ' tion further relates, to a
pharmaceutical Whi(c:)h boﬁw‘%??saegsggrf? i‘l!jl(gﬁﬁré}a%na %g% Egﬁﬁ?ﬁ‘l-é%lﬁ]\ﬂﬁﬁgﬁ v%%?c%eéigpéiﬁghﬁrparticuIar an
aqueouSIBTRRNENGH BualRSLaEHTTheliavelzibléurther telatds e bandmatoostoimmdétoniof the insulin
analogug asdefined abavs ' r i i f.zinc..The invention
further relates to an aqueou%vﬁg%ﬁ%%& o% éhgﬁréﬁﬁneén#ﬁaﬁgéggﬁ%éﬁ‘ g:j&% tésvfg,e‘\ﬂfvﬁé comprises
nol Zinc Geresnifa soUigra tésdmiieriadiainiagecasTheppbieeniavribilisenpirainstbeutical
preparagon ich isdueferabhza salull WL lon for.jnject rposes: it is characterized by a
content og at Ieg EE(’?ne_inséi?gn a%aﬁogﬁé%f%%ﬁ%ﬁ?ﬁj E%%%a%%a@% &§%‘¥’%%“Sﬁ§%i§f63ica||y
tolerateBeRAIB thepSstivedaRm ofl tharorphdaticamarotheistinbgpreftratiysnadisdsvethdorm. The

preparagnprRlesably 1 FRSLALPEWERRAROHIASAINA.0. 1) RArIRE hapugen d and 8.5,

preferably comprises a suitable tonicity agent, a suitable preservative and,“where appr ;?rlate, a
suitableSbaffta) Hatyprefefashnaubrepsapécation srnids ciriemswaipagditisgerietamqies s godution. The
totgjity Tolal i lve ingredient forms the preparation carrier.
Slﬁablggtlg?%%? %%%Eﬁ?ﬁ 3@%%%&%?'é%ﬁé%ﬁ%werﬁgﬁnﬁ(g)ﬁ?\%é%}é%{ﬁcﬁﬁnh8? magnesium
compoufiiaE-siien Ot e mexssiubiig snththissatiddiontily inveatidroot iiephysithegically
tolerate ol I IS, nf haice of the tanicity agent
and/or gr%?%g%%ﬁ;(i%}g%%ﬁi%%ﬂg e gﬁgsgr%/%ﬁ(%%ﬁg% %ﬁgh%ﬁorﬁbcﬁéwlggﬁ?ﬂ alcohol and/or
p-hydrosybeiaisieewibie) Biatdizathaanadialwiciivan ditbheetbin painsanftiadijustitigm pH
betwee [ e lum_citrate,.sodium phosphate etc.
Otherw%@%ﬁ%&%@%%@fﬁ%ﬁ%@%@%ﬂ@ﬂ%Iéﬁ-&!%?)%%g%?%ésy (aPyeplfcs%l?f ‘-el) are also
sultablestsirhajistiegcheptides, which may also comprise amino acid analogues or include

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

The insulins of the invention can be incorporated into nanoparticles for developing
depot forms. Also conceivable are so-called slow release formulations in which the

30 slow insulin of the invention is present reversibly bound to a polymer carrier.

The insulins of the invention can be administered in parallet with fast-acting insulin
such as Apidra®, NovoRapid®, Humalog ® or insulin derivatives undergoing

development or formulations with an appropriate time/action profile or inhalable



If the preparation has a zinc content, preference is,given to one of from 1 to 2 mg/ml, 20in particular
from 1 ,ug/mito 200 pg zinc/ml. The action profile 6f the insulin analogues of the invention can
surprisingly be influenced satisfactorily by adding Zn. This allows preparations which differ in relation

to the toiakdiHratipaafiRCHOBrAN mQ&%@mm@féi%@ﬁ%ﬁ@ﬂ@%ﬁ&ﬁaﬂs&%ﬁ“&b%ﬁ and thus

allow individual stabilization of the patient. Another 25possibility arises through the use of a

"two-chAMBEPHSIRRT tRaick RfiveHiRiR BidRAONGRIPRIth rRREPBRSEE Yfaheied/or slow
gradualeinsei-ef aclien ieheasiniRisioreed GePenHBg A ik ife sHualionhdhepyurpese of varying

the active ingredient profile of the preparation of the 30invention it is also possible to admix unmodified

insulin, PE8R5b1Y Bevise lipsterleBanshdhaievantiessanduhenhs esdim or insulin analogues and
derivatiyﬁgm@z%ﬁwaiﬁgﬂH@WP@%&%%‘@%@H{E%&?%PHH& %%@?9%‘69&}}@&5’%%%{&99““5
rable to

which are characterized by an activity compa P-1 (glucagon like peptide-I) or correspond -

directly 361 peR MR ahle fadrikewil Fagradits Sleplidec 2onsrms st aPeEEingd9/000017
pharmageplieais-GreRaraiionss: Eriageiaciveinmedicieancenitalipns areihpseiqargponding to

about 1-1500, more pr‘eferablﬁﬁ about 5-1000 and in particular about 40-400 international units/ml. 5

The instfiFPAhaRIYFEL R ne SAVEIRRIA B3Rty BRDHRA! BRIV AN SRIMENGH2BEUYEEr which does
not yet grglugierhecpraisientdieasiiied ¥iarken Isdprabar wiha jatm ByRRRie RPssibilities for

preparin% insulins. Host cell systems used in this connection are bacteria, yeasts and plants or plant

cells foPEURIVEESGYS TORE Fentardrneesdhesasasiatisiope Arrotiprasdmioryaithesevhich use
animal gefs@sshashadsiemharslsRIcanesivable Jdouexer, &b%fﬁﬁ@@ﬁ&%@% e%’cy';%‘%i reliable
i

freedom from animal viruses. It is thus clear that the expression systems descr by way of example

represefie 8RR AR sy iah srmddeoisynarlipkydte the adrsipjsitetisnies Yegombinant preparation
of proteiRgrinatBxaRNCo PRI ERRRIRIIPRIArRRGssRS hAsedRR SARLANIRI_NLRYStens such as

mosses, algae or higher plants such as tobacco, pea, safflower, barley, corn or oilseed rape are not

describBRiRBR Appieaninh. krvdinatiradheramve Mibh fiesnidyiraniidespd insditosystems and
coding PénsaEHeRce swiNSh Bl ARSI 90k PRRIIESSIGSBIRPRIB N IRRRIIDRsIALS Bigtg chnological

expression systems. Host organisms 20 can thus be selected in particular from the plant kingdom from
organishESRIRTRYIYRRGETIR A Bphpanearasidlirydn ponsolecthpalaxriinoviifiachlitae,
organisAieatilie AR dsIRMDBY GRRKA SIRSSAV AR 0BG ERR < AT HaRISAS, Abter2nd division
Phycophyta class VIl Rhodophyceae, organisms of the 3rd division MyCophyta, organisms of the 5th
divisiorPB%%%%b&ﬁ@ Qﬁ&% iSMPePReTTRiedRsbRe!s is initiated by administration of

differentiation factors. Alf these applications are mentioned by way of example for the

therapy of diabetes, and the invention likewise relates thereto. The invention thus

further relates to the use of the insulins of the invention in combination with other

active ingredients for the treatment of diabetes, especially diabetes of type | or type i

diabetes.

The invention further relates to a pharmaceutical which comprises an insulin
analogue of the invention which represents in particular an agueous formulation or a

powder.

The invention further relates to an aqueous formulation of the insulin analogue as defined

above, which comprises no zinc or less than 15 ug/ml of zinc.

The invention further relates to an agqueous formulation of the insulin analogue as defined

above, which comprises no zinc or less than 15 pg/mli to 2mg/ml of zinc.



25 Spermatophyte. 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 thel pgoinsulin-encoding 30sequence 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 necessarily be prepared intracellularly. It is clear to the skilled
worker that such proteins can also be prepared by bacterial expression with subsequent secretion into
the perj and/or | o the culture s atant. Euro ean nt a n EP 1 364 029
describ 31591@\/%%}1 t&%?n%?i’afw%vgﬁﬁiﬁ rﬁ?e%?séope %tést Egg%"t‘n fin pﬁagt?rnsgrrs which
lead togtt@analolues infabgdnvyentoseihie ;pr@tmah:t@"mbmged tmthtmtvag/atetaaat rireEiple be
converfed into an |nsuI|n nalogue precursor which mclude Sin or ar |n|n 05|t ion AO and
carries'l Ln% %?%F@Hﬁ@ gefg nﬁf‘a gt 'tﬁésé FH&iR %‘ 581‘%?‘ &' fvention are in

the forgnpé mt@dﬁmrb@d@a\m@@uhtepmm@ftmmtmetmlmﬁxmmmm tham@rmveﬂttbse precursors
must b%folded by in vitro 10folding into the correct conformation before the processing and

biochelii€& modification 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. 15Biochemical methods are used to concentrate the
individual intermediates, especially separation processes whose underlying principles 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 20processes 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



25lysine N-terminally in relation to amino acid 1 of the A chain, and has at the C-terminal end of the B

chain a lsine9%0EiINoE: residue which is convertgd with argininamide prdysirappide ndhepresence
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. 30 Proteins which differ through

substitutii¢ orapfalipprsefatarissciin ghbsheas @besit dSIBNetRe, dmiratasitaresidues and/or
additioniang/esdlaletianos af lsasbrna\Aiuinp Gl residuafomihecaterpanding,giherwise identical

naturally occurring protein are referred’to as "analogues” of proteins. Its also possible in this
connectiSRTBFARVERIEG MR PopREiBEm Mol relifirss ot sieshielsadnot occur naturally.

Proteing, et aF AR KyLARRITSE M SRRALEN 8 FECalD NG AGiL RS dyas 5o niial proteins

are referred to as "derivatives” of proteins. The chemical modification may corisist for example of
additionPSE BRAETHP bR SriiRivE I apeRdrvdais e ednaiederidrsramine psperkignetigises: Fig. 1;

Blood olsgnsgrowRIing SUERLOLRORS! isHBIERaleaNsS IhISsEion s Bapdalusassdpneripg effectof

novel insulin analogues in dogs Fig. 3: Blood glticose-lowering effect of YKL205 in"dogs Fig. 4: Zinc

dependEHR EEHERRAIBE iSefeasdr 3K 205 ihgosrlatbtyonbiiadnextinsptéshee intended to
ilustrateriheneRRcsPHRS HhedeBtiomyvithoukba dna-arerliztiye,»f ; A001E BRr0sklily,  Bxample

1: Preparation of the vector derivativé pINT3580 which codes for Gly (A21)- 20 insu modified
C peptiddWARISELYidRenshoige af the onicinansaniey. mersseaiveatent application EP-A 1 222
20ipdescribes the plasmids pINT358d, pINT91d 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 25-46fRIRELIBIHRRISHNE fONEHYS SR LeaplidaRE0R%Y, Peticyl &tqslopeaneddoThree primer

sequenges e Syhnesizaskpigt3580_glya2irev 30 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 chainmifiae QisingHiasamienea e Beodechng BIMIERSFtor adjusting a pH between about
15 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.

Iif the preparation has a zinc content, preference is given to one of from 1 to 2 mg/m|,
20 in particular from 1 pg/mi to 200 ug zinc/ml.
The action profile of the insulin analogues of the invention can surprisingly be
influenced satisfactorily by adding Zn. This allows preparations which differ in
relation to the total duration of action, the speed of onset of action and the profile of
the effect curve and thus allow individual stabilization of the patient. Another
25 possibiiity arises through the use of a “two-chamber insulin device” which allows a
formulation with a rapid onset of action and/or slow gradual onset of action to be
administered depending on the life situation.

For the purpose of varying the active ingredient profile of the preparation of the

30 invention itis also possible to admix unmodified insulin, preferably bovine, porcine or
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) or correspond directly to GLP-1. The invention likewise relates to such



arg_cjuncf 5"-GTCéCTGCAGCGTCGCGGCATCGTGGAGCAG-B' (SEQ ID NO: 4) This primer serves

like the WiDe@g0gpng1rev for introducing arginjpe instead of lysine apihye syl d/Boegin
boundary. arg_cjunc_rev 5'- CCACGATGCC GCGACGCTGC AGGGACCCCT CCAGCG-3' (SEQ ID

NO: 5) The codon for the arginine to be introduced is in bold print in both primers. A PCR is carried out
in accor@BREaRAHENG!E (RsBRARREATSHt application EP- 15 A 1 222 207 with each of the primer pairs
Tin/ arg_cjunc_rev and arg_cjuncf / pint3580_glya2lrev and with DNA of the plasmid pINT358d as
template. Aliquots of the products of the two reactions are combined and employed together with the

primer pRTETRITEFiRGBE0INGRRRRY GANCHIKR PR aThéorricorsiprtiagioroptirifidaedter
fractionafigreq v raRgtiasmsuisdeyearl FiecliaiaressanddsiaRdiaesiaarih ihaasicton

enzgmes Sall / Ncol in ‘accordance with the manufacturer's instructions in one and the same reaction,
the-teaction mixture is fractionated by gel electrophoresis, and the DNA fragment encoding the

proinsulaerYans ifaIsNac The MRS S wisesrb b B%&Eg@@g@%&gé“to the Neol /

Sall-opened pINT91d vector DNA. 25 The ligation mixture sed to trans ent E. coli
bacteriaP EHs SPhavhighsSIpsRlVRlidtGhads threabde ohhrRidtied potisenishfemimmtaiiti2s mg/|

ampicilia-ASTHLEIA s isainlagsrarelanig Al haragierized BN SsRaHGRGpANaYSIS.

Correct plasmids are called pINT3580. construction takes place as described in'example 1 by

3 polymePREEElRInAERaBIIaT e Fisdate GHantstri @ psdcrlls foIrudtteatiadnNcol / Sall cleavage
intothe lpakhealbapaneR PS4 eI DAY tng??é@%%ﬁ LY A0R PRHERQAYAgH Gy are used.

i
Two further primers are synthesized: 5 pint3580_ Ha
ceils as host system are also conceivable. However, the precondition therefor is

reliable freedom from animal viruses. It is thus clear that the expression systems
described by way of example represent only a small segment of the hostivactor
systems developed for the recombinant preparation of proteins. For example,

15 biotechnological procésses based on yeast or plant systems such as mosses, algae
or higher plants such as tobacco, pea, safflower, barley, corn or oilseed rape are not
described in the application. Nevertheless, the invention likewise includes
host/vector systems and coding DNA sequences which allow the target peptides to
be prepared in appropriate biotechnological expression systems. Host organisms

20 can thus be selected in particular from the plant kingdom from organisms of the first
division Schizophyta comprising Schizomycetes, bacteria or blue algae, orgénisms
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

25  Spermatophyta. |

European patent application EP-A 1 222 207 describes a piasmid pINT358d which
codes for a preproinsulin which includes a modified C peptide. It is now possible with
the aid of the poiymerase chain reaction (PCR) to modify the proinsulin-encoding
30 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
necessarily be prepared intracellularly. It is clear to the skilled worker that such
proteins can also be prepared by bacterial expression with subsequen’i secretion into

the periplasm and/or into the culture supernatant. European patent application EP-A



5-AGCAGTGCTGCCACAGCATCTGCTCCCTCTAC-3' (SEQ ID NO: 6) 10 pint3580- HaSrev 5-GAG
CAGATGRT SBI3/GEABFACTG CTCCACGATGSZ (SEQ ID NO: 7) Th%qqﬁgm for
case.

histidine in position 8 of the A chain is emphasized by 15emboldening in eac e construction
is carried out as described in example 1. Template for PCR1 and 2 is DNA of the plasmid pINT358_O.
PCR1 isicapdedSut esithities fhimby paiy'ﬁiﬁd)qaintﬁ%ﬂ"ﬁééﬁvem@cmdIR@R@@GM@Q@@hWith th_e primer
pair pint 8f/ pi ﬂ%\{ rev, The primer pair Tir/ pint3580,. glya21rev is employed in PC_R
3. Tempﬁ&@ﬁ%@s&gg%%?mm ﬁr%a‘%??htg r%gc %%{Op%%%%&gtﬁ? 2BYBE¥"and PCR2. Correct plasmids
are called pINT3581. Example 3: Construction of the plasmid pINT3582 coding for His (A8), Glu (A5),

Gly (A21),- ' ' onstructi k lace as described in e le 1.and 2 by 3 _
polymerlgggp éﬁ%@%@g%g{ﬁ?ﬁg pﬁ)%rc@éc 5 t%%eﬁﬁiqr rr‘@%&%ﬁ ?s‘iﬁ%‘éﬁ%&é:@g ﬁ@d‘ﬂ?%iéﬂ cleavage into
the Ncozn&adusppreem st Velidlvetbrabl A sTeeqramgniniar iansbpititdh80_givairele arggised. Two
further pyj [ int3581 S 5'GCATCGTGGAGGAGTGCTGCCACAGCATCTG 3
(SEQ |§5 kﬁ%f%%%%%?ﬁ%@ﬁéﬁ%ﬁﬁ%%@, 017 pint3581_Eab5rev 5-CTGT GGCAGCACTC
CTCCACGATG CCGCGACG-3' (SEQ ID NO: 9) 5The codon which codes for glutamic acid in position
5 of the ini ized.hy e Idening,in each case, The construction i rried out as
doscribb S S Y A S TR RO R e
p p P [

pl NT35&£@1@Emmm@ﬂe@nBssmmibnﬁﬁdﬂ@ei@ka@@%ﬁg rodigddokdisi(BB)InAIRdALS),
2 IR R BRI AN B R BBB S me U Bi8chERTc oY one

modification 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.

15 .Biochemicai methods are used to concentrate the individual intermediates,
especially separation processes whose underlying principles 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

20 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
25 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.
30 |
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 least
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



15chain reaction. The product of this reactiori is inserted after Ncol / Sall cleavage into the Ncol / -

Sall-opeped ptdERigi-yegtor DNA. The primer Tir {g used. One further pﬁ@gﬁgﬁ&?ﬁ@éﬁg
pint3580_Dal 8rev 20 5' CAAAGGTCGACTATTAGCCGCAGTAGTCCTCCAGCTGGTA GGAG 3'

(SEQ ID NO: 10) The codon which codes for aspartic acid in position 18 of the A chain is emphasized
25by entissloesti Tertipsliaddedi o trepldasthdmlhT 8681 reSninest iplhsnids sawehdetieb pINT3583.
Exampl%g{ 8861?:1%%&!9“ the plasmid pINT3584 coding for His (A8), Glu (A5) Asp 30(A18), 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 Ncol / Sall cleavage into the Ncol /

Sall-op 0 i ir.. Ri 0 Dal8rev (ex. 4) is used. Template is
DNA ofqti%%? .f.:t{s,gn-g’?él11 gm%%gé@%gr&r-e%g gﬁagﬁ{F s! ?r%gc@ﬁe% &ﬂ%&%@%’ﬁ%@‘% e%%élr{&ﬁ fﬂe% oded by
the plasefiinitigremisios Rethefevathtuad Yistigatve it hresints Atercramatadn with argininamide
and desgr] lowi AT Q) Glu.(AD), His (A8), Asp(Al ly(A21),.Arg(B31),
Arg(B32@%@%ﬁﬁgﬁ%$ﬂg%ﬁéﬁ%%@dﬁg% c%fn%cclj%%gﬁ} \?\/ﬁﬁ és?ﬁa%qage%gat%éu%};%lé‘% 8 und
YKL20581oupsdq A0, G lon(hs arHisq A8)IAsp (A18), Gly(A21), Arg (B31), Lys (B32)-NH2 - human
insulin 15Example 6: Construction of the plasmid 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<®hépligdues of this reaction is inserted after Nco1/ Sall cleavage into 20 the Nco1l /
Sallbopened pINT91d vector DNA. The primer Tir is used. One further primer is synthesized:

pint3580_Eals5rev
Fig. 1: Blood glucose-iowering effect of novel insulin analogues in rats

Fig. 2: Blood glucose-lowering effect of novel insulin analogues in dogs
Fig. 3: Blood glucose-iowering effect of YKL.205 in dogs
Fig. 4: Zinc dependence of the hypoglycemic effect of YKL205 in dogs
15 |
The foliowing examples are intended to illustrate the concept of the invention without

having a restrictive effect in this connection.

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

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

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

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

primer sequences are synthesized:
pint3580_glya2irev

30 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.



25 5"- CAAAGGTCGA CTATTAGCCG CAGTAGTTCTCCAGCTCGTA GAGGGAGCAG ATGCTG -3"

(SEQ ID/iN®» bbb/ gedon which codes for gliggmic acid in position Pt Al ands17
emphasized by emboldening. Template is DNA of the plasmid pINT3581. Correct plasmids are

30called pINT3585. Example 7: Construction of the plasmid pINT3586 coding for His (A8), Glu (Al15),
Asp (Al18), Gly (A21) - preproinsulin The construction differs from example 1 by taking place by only
one pol r@ﬁﬁ.,&hain 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 further Sprimer is
synthesized: pint3585 Eal 5 Dal 8rev  5"-

CAAAGKIGEAE W@% AL QA GyL0 ATGCTG -3" (SEQ
ID NO: 12)%%3 c-c{}g—gfor glutamic acid in positgliéf%%)%%ﬁeéﬁfh In an@aspé?f?c acid in position Al8 of

the A chain is emphasized by emboldening in each case. Template is DNA of the plasmid pINT3581.

correct paspifnare atedipUh e inhe Brenin s diERSAUEAM DA RTHLR In Apcursor for

the compound YKL205 which resu ter a tiormwith argininami scribes the following
structur&/sKig ghdhe HisuixBRYBlehgin Houaga(al18), Gly (A21), Arg (331), Arg (B32) - NH2 - human
insulin 20 The preproinsulin encoded by the plasmid is precursor for the compound YKL205b which
results after amidation with lysinamide and describes the following structure:  Arg (AO), His (A8),
Glu (A18Y9AGKIAIBIY Gly (A21), Arg (331), Lys (332)- NH2 - 25human insulin Example 8:
Capstruction of the plasmid pINT3587 coding for Glu (A5), His (A8), Glu (A15), Gly (A21)-
preproinsulin 30 The construction differs from example 1 by taking place by only one polymerase chain

reactior® TheA6de0T 61 HisGedeASHEE THebr b B ertah ResHTall Cib &ieigedin( He INcbI? S3ll-opened
pINT91d vector DNA. The primer hr and pint3580_Eal 5rev shown in example 6 is used. Template is

DNA of the plasmid pINT3582. Correct
The codon for the arginine fo be introduced is in bold print in both primers.

A PCRis carried out in accordance with the European patent application EP-

15 A 1222 207 with each of the primer pairs Tir/ arg_cjunc_rev and arg_cjuncf/
pint3580_glya2irev and with DNA of the plasmid pINT358d as template. Aliguots 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

20  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 / Sal1-opened pINT91d vector DNA.

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

30

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

preproinsulin



pllasmids are called pINT3587. The preproinsulin encoded by the plasmid is precursor for the

compounthYKIcDBs 2oshich results after amidatigg with argininamide apd figsepibes,thsnieitlowing
structure: 5Arg (AO), Glu (A5), His (A8), Glu (A15), Gly (A21), Arg (331), Arg (B32) - NH2 - human

insulin The preproinsulin encoded by the plasmid is precursor for the compound YKL205 - 2b which

results dffér epnifadelionitARgsirERriesafesgabesbisscrolio Wiy 3IMaRIeSABSEX0), Glu (A5), His
(A8), GlibLatiahs S ALOIRPL) t1hi¥§ (S3& o NE s SHEPAABR IR 45 SXAMpe 95 gegnﬁH uction of

the plasmid pINT3588 coding for His (A8), Gly (A21), Asp (33)- preproinsulin Construction takes place
as descﬂl@eﬂ%%k&ﬁﬁl@@%ﬁﬂ@B‘J'Ti?ﬂ)@wﬁ?é%%am@m@mréngf?ﬁd product of the third reaction

is inser @%@rg gé%glg?é/@%dn%%}‘@@r/&ﬂ&Q%@%%@% yector DNA. The primers Tir
and pint3580_glyaZlrev are used. Two further primers are synthesized: pint3581 Db3f 25 5"-

GCACGATTTGTGGACCAGCACCTGTGCGGC -3" (SEQ ID NO: 13) pint3581_Db3rev 30 5"-
CACAGENTIB8T GGBECA CAAATCGTGC CGAATTTC -3" (SEQ ID NO: 14) The codon which codes
for aspartic acid in position 3 of the insulin B chain is emphasized by emboldening in each case.
Construction is carried out as described in example 1. Template is DNA of the plasmid pINT3581.
Correct plashiidelrS CTGCCACAGCATCTGCTCCCTCTAC-3 (SEQ 1D NO: 6)

10 pint3580_HaBrev
5-GAG CAGATGCT GTG GCAGCACTG CTCCACGATG-3' (SEQ ID NO: 7)

The codon which codes for histidine in positicn 8 of the A chain is emphasized by
15 emboldening in each case. The construction is carried out as described in example

1. Tempiate 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_Ha8{/ pint3580_glya21rev. The primer pair Tir / pint3580_glya2irev is

employed in PCR 3. Template in this case is a mixture of the reaction products of
20 PCR1 and PCR2. Correct plasmids are calied pINT3581.

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

25
The construction takes place as described in example 1 and 2 by 3 poiymerasé
chain reactions. The product of the third reaction is inserted after Nco1/ Sal1
cleavage into the Nco1 / Sal1-opened pINT91d vector DNA. The primers Tir and
pint3580_glya21rev are used. Two further primers are syhthesized.

30

pint3581_Eabf

5'GCATCGTGGAGGAGTGCTGCCACAGCATCTG 37 (SEQ ID NO: 8)



called pINT3588. Example 10: Construction of the plasmid pINT3589 coding for Glu (A5), His (A8),
5Gly (A proinsulin Carrying out thg reactions as descri using
DNA of%ﬁ?ﬁi@ﬁ%@m%@ggz as template in PCR st and PCR2 results |msm§?y§]l€1§§%)§;%The
preproinsulin encoded by the plasmid is precursor for the compound YKL205-3 10which results after
amidatigrnvithedrgoradaenide and describes the following structure: Arg (AO), Glu (A5), His (A8), Gly
(A21), Asp (33), Arg (331), Arg (332) - NH2 - human insulin 15 The preproinsulin encoded by the
plasmid is precursor for the compound YKL205-3b which results after amidation with lysinamide and
describes ¢ @l aWhieBGaTEC AGTARY, GAT AR)CHIS GRET.Gsl (B2D),IBIBEBS), Arg (331), Lys
(332)- NH2 - human insulin 20 Example 11: Construction of the plasmid pINT3590 coding for His (A8),
Glu (A15), Gly (A21), Asp (B3) - preproinsulin 25 Carrying out the reactions as described in example 9
but fising N\ dbthe fptas nod g8 XF3 S8R asderipliteors PICR S ahthE R adsigtsimpplasinid pINT3590.
The pre N ed b he lasmid is cursor for the c und,YKL205-4 which results after
am|dat|oB %Bg)rg?r}]%@?mdegaﬁd escr%es%ﬁpsﬁ (():W?I’r]]d RN A0 u?{ %aﬁrgﬁiﬁ ei—dué (A8), Glu (A15),
Gly (A2 Exaxspi€38), TargEada js Ay ABF2he Nid2micuphisi 35Q4irCAmepADskhisi ¢/48) ClldA15), Gly
(A21), Acﬁ%ﬁ%@ Arg (B31), Lys (B32)- NH2 - human insulin 5 Example 12: Construction of the plasmid
PINT35 Ing for His (A8), Asp (A18), Gly (A21), Asp (B3)- preproinsulin

10
Example 4: Construction of the plasmid pINT3583 coding for His (A8), Asp (A18),
Gly(A21) — preproinsulin |

The construction differs from example 1 by taking place by only one polymerase
15 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

further primer is synthesized:

pint3580_Da18rev

20
5" CAAAGGTCGACTATTAGCCGCAGTAGTCCTCCAGCTGGTAGAGGGAG 37
(SEQ ID NO: 10)

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

Example 5: Construction of the plasmid pINT3584 coding for His (A8), Glu (A5) Asp
30 (A18), 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 .



Carrying out the reactions as described in example 9 but using DNA of the plasmid 10 pINT3586 as

templatepinPeiRd/a8dda¢R2 results in plasmid pihEI3591. The preproin§ iﬂr@ﬁ%@%@ H‘.‘g plasmid

is precursor for the compound YKL205-5 which results after amidation with argininamide and
describes the following structure:  Arg (AO), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B31),
Arg (B3»3E20- ThHifrmn(msudini3 hegdepromzatin isizbidedf hidheadasinidNg psS&irsor for the

com P B S A R s derbesiniig s
insulin prEc«ms@éombé:on'smmmm bK@k@szwhttpIM‘§8592:ﬁ9dmgiﬁmidnsma), Gly (A21), 25Asp
(B3)- Glg@%hé%%grgﬁ%%%ér Cetl%)(ﬂl fg?ﬁgih%%ﬁ:& {%;s described in example 1 and 2 by 3

polymera ain reaction € product o feaction is inserted after Ncol/ Sall cleavage into
the Ncol / Sall-opened pINT91d vector DNA. The primers Tir and 30pint3580_glya2lrev are used. Two

further pyi r sized; pint 4f 5.
GCAC&W%E?%@/A%@A%%A@@T%%@@@@%‘1 (RO RS N P S BET % hare 5+
CGCACAGBITGCTCGTCCA CAAATCGTGC CGAATTTC -3" (SEQ ID NO: 16) 5 The codon which
codes for aspartic acid in position 3 and glutamic acid in position 4 of the insulin B chain is
emphasized by emboldening in each case. The construction is carried out as described in example 1.
Templateasrenparsiitigearadatidrpidii3dssihaCude it pladmithe arencadeddp WIZEER 1 Bhe preproinsulin
enﬁgded by the plasmid is 10 precursor for the compound YKL205-6 which results after amidation with
argininamide and describes the following structure: Arg (AO), His (A8), Gly (A21), Asp (B3), Glu (B4),
Arg (B3RYgNROIBSRY- (RBIR Hiru(Ad), iAsplith18), Gly(A21), Arg (B31), Lys (B32)-NH; -

human insulin

15 Example 6: Construction of the plasmid pINT3585 coding for His (A8), Glu (A15),

Gly (A21) - prepreinsulin

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
20 the Nco1/ Saltl-opened pINT91d vector DNA. The primer Tir is used. One further

primer is synthesized:
pint3580_Ealbrev

25  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
30 called pINT3585.

Example 7: Construction of the plasmid pINT3586 coding for His (A8), Glu {A15),
Asp (A18), Gly (A21) — preproinsulin



The preproinsulin encoded by the plasmid is precursor for the compound YKL205-6b which results
after amidation with lysinamide and describes the following structure:  Arg (AO), His (A8), Gly (A21),
Asp (B3)/@lu(Bd)péradB31), Lys (B32) - NH2 - 2ghuman insulin Exampleépsansiasiien,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 Nicol/ Sall cleavage into the Ncol / Sall-opened pINT91d vector DNA. The primers Tir

and pint3530, ri ized: pint3

ACOAT IS M LR R S i e A G R S g Bfimierdce
2009/087b81TPERCIVE PO Y/Ebel piihisssaciopdrinseried et NeG! T8 TdeavEgAa into
CAAATCGT, q -3y ¥ h [ oRgl ic acid in
positionct}l%fl?k%ﬁ\su In é%%g%iéﬁ%n%@s%é y eﬁn]%bf)r@% in%%%?enc%or?s%(rggét%%é:? (?gt'fﬁgd out as
deséribeprimextnsyretiiesiegaplate is DNA of the plasmid pINT3581. Correct plasmids are called
pINT3593. 10 Example 15: Construction of the plasmid pINT3594 coding for Glu (A5), His (A8), Gly
(A21), Glu (64) - preproinsulin.  Carrying out the reactions as described in example 9 but using DNA
of the pl@smidas HinfBE3218saemplate in PCR1 and PCR2 results in plasmid pINT3594. The
proinsulin is precursor for the compound YKL205-7 which results after amidation with argininamide
and describes the following structure: 20 Arg (AO), Glu (A5), His (A8), Gly (A21), Glu (B4), Arg (631),
Arg (B33 = NA2AGLM&SIRSUINT TA& profnSifier T8\ EE I & G HeTE8mpuibAdBA RGBS AB Which

resyyts aj{¢W@a}E§Q3\@§ Ip@iﬂ@pi% and describes the following structure: 25

The codon for glutamic acid in position 15 of the A chain and aspartic acid in position
A18 of the A chain is emphasized by emboldening in each case. Template is DNA of
the plasmid pINT3581. Correct plasmids are called pINT3586. The preproinsulin

15 encoded by the plasmid is precursor for the compound YKL205 which results after

amidation with argininamide and describes the foliowing structure:

Arg (AD), His (A8), Glu {A15), Asp (A18), Gly (A21), Arg (B31), Arg (B32) — NH;, —
human insulin

20
The preproinsulin encoded by the plasmid is precursor for the compound YKL205b

which results after amidation with lysinamide and describes the following structure:

Arg (A0}, His (A8), Glu (A15), Asp (A18), Gly (A21), Arg (B31), Lys (B32) — NH, —
25 human insulin

Example 8: Construction of the plasmid pINT3587 coding for Giu (A5), His (A8), Glu
(A15), Gly (A21) — preproinsulin

30
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 / Salt-opened pINT91d vector DNA. The primer Tir and pint3580_Eat5rev
shown in example 6 is used. Template is DNA of the plasmid pINT3582. Correct



Arg (AO), Glu (A5), His (A8), Gly (A21), Glu (64), Arg (331), Lys (632) - NH2 - human insulin

30Exam%%®9@§g@§gion of the plasmid pINT3595 coding for His (APF)%Q}E@%%@%@?%D Glu
ulin. 9 A0

(B4) - preproins arrying out the reactions as described in example 9 but using the
plasmid pINT3585 as template in PCR1 and PCR2 results in plasmid pINT3595. The preproinsulin
encodedobysthéelplasidliegppdblir3o8 forithe pappmnsdil Kh208&ivulyitheretadtsidfiier amidation with

e SO SPRES  DleVRR SRR, AR RO S AR S O 02 o
, Ar , Arg - - bhumanhsdlin r insulfi e plasmid is
precursarfyinithenciola podnib ¥ &ERB5IBE fulitehingsthschiter amidation with lysinamide and describes

the following structure: 10Arg (AO), His (A8), Glu (A15), Gly (A21), Glu (34), Arg (331), Lys (332) -
NH2 - human insulin  Example 17: Construction of the plasmid pINT3596 coding for His (A8), Asp

(A18), 153Gy AM215IGIAB4HipEd RidHUliACEYBhg(Adt theé\red&tins AsgdBddibetibexample 9 but
using Dl\rliﬁ o%h%gleﬁsmid pPINT3586 as template in PCR1 and PCR2 results in plasmid pINT3596. The
preproinsum Chesded by the plasmid is precursor for the compound YKL205-9 20which results after
amidation with argininamide and describes the following structure: Arg (AO), His (A8), Asp (A18), Gly

(A21), 34), Arg (B31), Ar - NH2 - human insulin 25 The preproinsuli by the
a1 B R R R T, B R VLo (OB T SR Ghamide and
describe2tiivenfolowsuisaitetusenidegi¢A@jiiHigs(Ad), i ds @ (A 1B s Glipd A 29, fiilowBd), Arg (B31), Lys

(337) - NffJpan msuin

Arg (AQ), Glu (AB), His (A8), Glu (A15), Gly (A21), Arg (B31), Lys (B32) — NHz —

human insulin

15
Example 9: Construction of the plasmid pINT3588 coding for His (A8), Gly (A21),
Asp (B3)- preproinsulin

Construction takes place as described in example 1 and 2 by 3 polymerase chain
20  reactions. The product of the third reaction is inserted after Nco1/ Salt cleavage into
the Nco1 / Sal1-opened pINT91d vector DNA. The primers Tir and

pint3580_glya21irev are used. Two further primers are synthesized:

pint3581_Db3f
25
5- GCACGATTTGTGGACCAGCACCTGTGCGGC -3” (SEQ ID NO: 13)

pint3581_Db3rev
30 5°- CACAGG TGCTGGTCCA CAAATCGTGC CGAATTTC -3" (SEQ ID NO: 14)
The codon which codes for aspartic acid in position 3 of the insulin B chain is

emphasized by emboldening in each case. Construction is carried out as described

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



30 Construction takes place by 2 polymerase chain reactions. The primer pint3580 glya2lrev is used.

Two furthgrypitinerssrgssynthesized: pint3581 EbfEl 5.- CAACAGGAA ATl
AGAGTTTGTG AACCAGCACC TGTG-3' (SEQ ID NO: 19) pint3581 EbOIf2 5'- TATCGR Z)AT GG

CAACAACA TCAACAGGAA ATTCGGCACG AGAG-3' (SEQ ID NO: 20) There is partial overlap of the
two primeriaa N IGHR8.Pint3581_EbOf2 contains an 15 Ncol recognition sequence. This is depicted
underlined. The codon which codes for glutamic acid in position O at the start of the B chain is
emphasized by emboldening in each case. Template for PCR1 is DNA of the plasmid pINT3581.
PCRL1 is carried out with the primer pair pint3581_ Eb-1f2 / pint3580 glya2lrev. 20 Template for PCR2

is the p it r t358 £2 /

pint3580E Q%}%@I%Q/&T%%&psg%i@ ﬂ@éﬁ%ﬁ@%? %g%%%% ?é%rﬁo%ns]ﬁg s%‘qu 2; The product
of the sdstyndrdachiep iBidsemmpediosMicol/ Sall cleavage into the Ncol / Sall-opened pINT91d vector
DNA. Correct plasmids are called pINT3597. Replacement of the codon for glutamic acid in 25position

BO by the codon of aspartic acid and following the example results in plasmids which have aspartic
acid insteathonglatiriie seatiivposiicle8dbed ibxanaphp!t0® GohssingtiDnhAf dh éhplasasichidINT3598

di 2 | the pl d
precurs o A e e B 8 il and describes
the folloWnﬁgm“&nmmuhn Angozfé@) ,beﬂmwwmsd(ﬁagrefsmgeﬁ:)g bk ¢BOYoArg (BRILROEG (B32)- NH2
- SpmanRsHas TS eSS MRS IMRIBSIAE LRSI oG FY R K L205-

Arg (AD), Glu (A5), His (AB), Gly (A21), Asp (B3), Arg (B31), Arg (B32) — NH; —

human insulin

15 The preproinsulin encoded by the plasmid is precursor for the compound YKL205-3b

which results after amidation with lysinamide and describes the following structure:

Arg (AQ), Glu (A5), His (A8), Gly (A21), Asp (B3), Arg (B31), Lys (B32) — NH, —
human insulin
20

Example 11: Construction of the plasmid pINT3590 coding for His (A8), Glu (A15),
Gly (A21), Asp (B3) - preproinsulin

25 Carrying out the reactions as described in example 9 but using DNA of the plasmid
PINT3585 as template in PCR1 and PCR2 results in plasmid pINT3590. The
preproinsulin encoded by the plasmid is precursor for the compound YKL205-4

which results after amidation with argininamide and describes the following structure:

30 Arg (AO), His (AB), Glu (A15), Gly (A21), Asp (B3), Arg (B31), Arg (B32) — NH, —~

human insulin

The preproinsulin encoded by the plasmid is precursor for the compound YKL205-4b

which results after amidation with lysinamide and describes the following structure:



10b which results after amidation with lysinamide and describes the following structure: 10 Arg (AO),

Glu (ASHftisdddy d8lyodR1), Glu (BO), Arg (B31)pAys (B32)- NH2 - hup j@%@%@ggle 20:
Construction of the plasmid pINT3599 coding for His (A8), Glu (A15), Sly (A21), Glu -

preproinsulin Carrying out the reactions as described in example 18 but using DNA of the plasmid
pINT3585 as template in PCR1 results in plasmid pINT3599. The preproinsulin 20 encoded by the

plasmid js.pr. f e K -1 ich.result r amidgtion with argininamide and
describe@#u 0 |§5&%§‘§U§ﬁ'@@$§%&ﬁ)@@(@ r@?j )(ﬁ%) @ﬁ%@fﬁ%@i@ E,_i%(r"g (331), Arg
(332)- NManatuinanlimsulin 75 The preproinsulin encoded by the plasmid is precursor for the
compound YKL205- 11 b which results after amidation with lysinamide and describes the following
structure: 30 Arg (AO), His (A8), Glu (A15), Gly (A21), Glu (BO), Arg (331), Lys (332)- NH2 - human
insdlin Gly (A21), Glu (BO) - preproinsulin Carrying out the reactions as described in example 18 but

using D ' 8 t i Its in blasmi T.3600, The
preproin%%ﬁ?ﬁ? egn%%d%e% %Sy?}m%%?]a?mﬁze@%reﬁhﬁrs% Erﬁ?&fgf%?c%ogn%o%@cﬁ %L%\-"ﬁs\%fﬁﬁlé}ésults after
amidatidalwithZdrgidisauiRde anepdeissiies the following structure: Arg (AO), His (A8), Asp (A18), Gly
(A21), Glu (BO), Arg (831), Arg (832)- NH2 - human insulin 10

Carrying out the reactions as described in example 9 but using DNA of the plasmid
10 pINT3586 as template in PCR1 and PCR2 results in plasmid pINT3591. The
preproinsulin encoded by the plasmid is precursor for the compound YKL205-5

which results after amidation with argininamide and describes the following structure:

Arg (AD), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B31), Arg (B32) — NH, —

15 human insulin

The preproinsulin encoded by the plasmid is precursor for the compound YKL205-5b

which results after amidation with lysinamide and describes the following structure:

20 Arg (AQ), His (A8), Asp {A18), Gly (A21), Asp (B3), Arg (B31), Lys (B32) — NH, —

human insulin

Example 13: Construction of the plasmid pINT3592 coding for His (A8), Gly (A21),
25  Asp (B3)- Glu (B4) - preproinsulin

Construction takes place as described in exampie 1 and 2 by 3 polymerase chain
reactions. The product of the third reaction is inserted after Nco1/ Sal1 cleavage into

the Nco1 / Sali-opened pINT91d vector DNA. The primers Tir and
30 pint3580_glya21rev are used. Two further primers are synthesized:

pint3581 Db3_Eb4f

5~ GCACGATTTGTGGACGAGCACCTGTGCGGCTC -3" (SEQ ID NO: 15)



The preproinsulin encoded by the plasmid is precursor for the compound YKL205- 12b which results

after amjgaionuithdysigamide and describes thesfgllowing structure: 1%@@@@@%%1 Asp (A18),
Gly (A21), Giu (BO), Arg (831), Lys (832)- NH2 - human insulin  Example 22: Construction of the

plasmid pINT3601 coding for His (A8), Gly (A21), 20Asp (81)- preproinsulin Construction takes place
by 2 polymerase chain reactions. The primer pint3580_glya21lrev is used. Two further primers are
synthes'@ggié%é)irﬁ%%%b%p f1 5"-CAACAGGAA ATTCGGCACG AGACGTG AACCAGCACC
TGTGCG- 30 pint3581_DDbIf2 There is partial overlap of the two primers in this
case. Pint3581_Db-1f2 contains an Ncol recognition sequence. This is depicted underlined. The codon

which cede ' e}gﬂ? | i TN w&%’ d-py Idening in.each case.
Templa’tgeGI fo%r:gé%?%gDﬁ\IA 0 TF%@pTgign}}M%% IS carrie oﬁt; i hﬂgr?&r?ée{r]ﬁ?
pint3581_Dblfl / pint3580_glya2lrev. Template for PCR2 is the product from PCR1. PCR2 is carried
out with | ir R I i lyaglrev. T f PCR2 covers the
completinéggr%sﬁ%gcge%ﬁ%ﬁ 1%1% é'%gugcc?%?ﬁjeggg%)oi ?ﬁ:#g(ggl@?r&lsé&@g] aﬁ%sf'ﬁ?c%?? Sall
cleavagefithe iheulindB /chalkdpemephesididegd bweotbo EINAING inreathlagssidSrecontibu d@piNT3601.

Example.23;.G ion_of the plasm 6 ing forGi is (A8), , Asp (B1) -
prxeapn:g %ﬁr%@%%%y%&é&g&tcﬁegeﬁ%%Sr’ﬂ @gj esq(%@g)gé?ﬁg ésggjrﬁ 5 egg@%? kEéss(ingﬁg(%}[?\lcn%rc() e'pIaSSng id :
p|NT3_5g_23a§cémﬁaamidrs am!teémyﬁﬂaarﬂﬁb@mqmmm@meﬁjbm_m@mwby the
PRI e rel SR Dl DG AP S LIRS MR ALIRIAIUIRIAR With argininamide and

describes the following structure:
argininamide and describes the following structure:

Arg (AQ), His (A8), Gly (A21), Asp (B3), Glu (B4), Arg (B31), Arg (B32) — NH, —
human insulin

15
The preproinsulin encoded by the plasmid is precursor for the compound YKL205-6b

which results after amidation with lysinamide and describes the following structure:
Arg (AD), His (AB), Gly (A21), Asp (B3}, Glu (B4), Arg (B31), Lys (B32) — NH, —

20 human insulin

Example 14: Construction of the plasmid pINT3593 coding for His (A8), Gly (A21),
Glu (B4) - preproinsulin

25
Construction takes place as described in exampie 1 and 2 by 3 polymerase chain
reactions. The product of the third reaction is inserted after Nco1/ Sal1 cleavage into
the Nco1 / Sal1-opened piNT91d vector DNA. The primers Tir and
pint3580_glya21rev are used. Two further primers are synthesized:

30

pint3581_Eb4f

5~ ACGATTTGTGAACGAGCACCTGTGCGGCTC -3" (SEQ ID NO: 17)



20 Arg (AO), Glu (A5), His (A8), Gly (A21), Asp (B1), Arg (631), Arg (B32)- NH2 - human insulin The

- preproingpdinenendedde the plasmid is precursopgor the compound YKh@G= 238 yuhginiasults after

amidation with lysinamide and describes the following 25structure: Arg (AO), Glu (A5), His (A8), Gly
(A21), Asp (B1), Arg (631), Lys (832)- NH2 - human insulin 30 Example 24: Construction of the
plasmid pINISB0O3Edutiely for His (A8), Glu (A15), Gly (A21), Asp (61) - preproinsulin pINT3585 as
template in PCR1 results in plasmid pINT3603. The preproinsulin encoded by the plasmid is precursor
for the compound YKL205-14 which results after amidation with argininamide and describes the
following stluGGRC BTG (KER,TIGS TAS AGIANRAIRY G3IG ACG AAIT 1) AGEI 1N NQ:(BB2) - NH2 -
human insulin The preproinsulin coded by the plasmid is precursor for the compound YKL205-14b
which results after amidation with lysinamide and describes the following structure: 10 Arg (AO), His

(A8}, Gl hared@iynieh ;oxigs (B1 g nemB3nidLiyspn@siyn MiapthaimsahnfSohaibSExample 25:

Construgl f | 47%@ i ) ) A (B1) -
preproin%ﬁﬁ%é?r%?ﬁ?i%%@gﬁcﬁt%ns as%é?:%@é% (ﬂge%mm%@g gl%%/%%é %ﬁ?}gf the plasmid
pINT3586ag pienplatemnpiRGRE Naefithplakminig NNEEE TTRopregirpiasulid2recoided by the
plasmid gsor for the compound YKL205-15 which results after amidation with argininamide and

i
describ swg?ollowing structure: Arg (AO), His (A8), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Arg
(B32) - NH2 - human insulin

10

Example 15: Construction of the plasmid pINT3594 coding for Glu (A5), His (A8), Gly
(A21), Glu (B4) - preproinsulin.

Carrying out the reactions as described in example 9 but using DNA of the plasmid
15 pINT3582 as template in PCR1 and PCR2 results in plasmid pINT3594.

The proinsulin is precursor for the compound YKL205-7 which results after amidation

with argininamide and describes the following structure:

20  Arg (AD), Glu (A5), His (A8), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH, —

human insulin.

The proinsulin is precursor for the compound YKL205-7b which resuits after
amidation with lysinamide and describes the following structure:

25
Arg (AD), Glu (A5), His (A8), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH, —
human insulin

30 Example 16: Construction of the plasmid pINT3595 coding for His (A8), Glu (A15),
Gly (A21), Glu (B4) - preproinsulin. |

Carrying out the reactions as described in example 9 but using DNA of the plasmid
pINT3585 as template in PCR1 and PCR2 resuits in plasmid pINT3595. The



25 The preproinsulin encoded by the plasmid is precursor for the compound YKL205- 15b which

results affes apndat@rowith lysinamide and descripes the following strugtyre; 308gadARL B (A8),
Asp (Al18), Gly (A21), Asp (B1), Arg (B31), Lys (B32) - NH2 - human insulin Glu (BO), Asp (31) -

preproinsulin  Construction takes place by 2 polymerase chain reactions. The primer

pint358@rganiBrin s o e tirrbBanidab orecdesseritedhia examplnd i€ 5iEed The primer
PINt359 ¢, DOIf éési}f@*m?%%é‘é%&%m@réﬁg&&%%&&%%%@&%O@éﬁ%@%cmc

TGTGC-3' (SEQ ID NO: 23) 10The codon h codes for glutamic acid in position 0 and which codes
for aspartic acid in each case at the start of the B chain is emphasized by emboldening in each case.

Templat : AS t i 3 R14 H twith\the primer pair
pint359§j§é@%’%3é5&%éiﬁ%%?§ﬁ ?Zﬁggate%ﬁ’r %?gég‘% t&e@ pﬁ%%t%ﬁ?g WFECQ: 16.}\E%R2 is carried out
with the pHn#T ailfint3581_EbIf2 / 15pint3580_glya2lrev. The product from PCR2 covers the
complete preproinsulin sequence. The product of the second reaction is inserted after Ncol/ Sall
cleavage into the Ncol / Sall-opened pINT91d vector DNA. Correct plasmids are called pINT3605. The
preproinSUARESIGHREHEY aRcprathii I rieamisy fopthewsmgoniierrwsing WKicheSlits after

amidati%%%“r@é@i@%@ﬁrﬁﬁ%ﬁ&?%iﬂ?%&%ﬁﬂ@%W@E%HHH&%@%!@%Q‘E&&%@@'y (A21),

Glu (BO), Asp (31), Arg (B31), Arg (332)- NH2 - human insulin 25 The preproinsulin encoded by the
plasmid is precursor for the compound YKL205- 16a which results after amidation with lysinamide and

oot T BY 15 15 G2 1B P LY RIS AT (330, Lys
human insulin

Example 17: Construction of the plasmid pINT3586 coding for His (A8), Asp (A18),
15 Gly (A21), Glu (B4)- preproinsulin

Carrying out the reactions as described in exampie 9 but using DNA of the plasmid
pINT3586 as template in PCR1 and PCR2 results in plasmid pINT3586. The
preproinsulin encoded by the plasmid is precursor for the compound YKL205-9

20 which results after amidation with argininamide and describes the following structure:

Arg (AD), His (A8), Asp (A18), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH, —

human insulin

25  The preproinsulin encoded by the plasmid is precursor for the compound YKL205-8b
which results after amidation with lysinamide and describes the following structure:

Arg (A0), His (A8), Asp (A18), Gly (A21), Glu (B4), Arg (B31), Lys (B32) —~ NH, —
human insulin
30

Example 18: Construction of the plasmid pINT3597 coding for His (A8), Gly (A21),
Glu (BO) - preproinsulin



30human insulin Example 27: Construction of the plasmid pINT3606 coding for His (A8), Glu (A15),

Asp (Al@)ﬁpé@%@ﬂglgﬁmr (B30)- preproinsulirbBConstruction takes pﬁggg@,%g@ﬂ?g@dﬁvexample 1

and 2 by 3 polymerase chain reactions. The primers Tir and pint3580 glyaZ2irev are u o further
primers are synthesized: 5 desB30f 5"-TTCTACACACCCAAGCGCGATGTTCCTCAGGTGG-3 (SEQ
ID NO: ZZ)ridirdeS &3 Gites PiaceG AR GATRSGEECChEB G2 THOS TTASAAGAAGC-3' (SEQ ID NO: 25)

Template. f R1 and PCR2 is DNA of the plasmid pINT3586. PCR1 is carried out 15 with the
primer dlrr‘?égpééséﬁ%ﬁ%%@d"_ %?ﬁﬁ%%@ﬁ@%@ﬁﬁ‘@%ﬁ#%%@éﬁ%ﬁ%e e primer pair Tir/ desB30rev
template. The template used for PCR3 is an equimolar mixture of the products from PCR1 and PCR2.
The react}%goé%ggg %HM with the primer pair Tin / pint3580_glya2lrev. The product from PCR3

covers R& ¢ preproinsulin sequence. The product of the third reaction is inserted after Nicol/
Salb20cleavage into the Ncol / Sall-opened pINT91d vector DNA. The preproinsulin encoded by the

Coseribis TRV S e A AT AGL AR B ke B by L ABTE g (B30,
Arg (B31p NiBI21925human insulin The preproinsulin encoded by the plasmid is precursor for the

compound YKL205-17b which results after amidation with lysinamide and describes the following
structure: 30 WO 2009/08708135PCT/EP2009/000017 Example 28: Expression of the proinsulin

derivativ@st3s81 Eb01f2
10
5. TATCGA CCAT GG CAACAACA TCAACAGGAA ATTCGGCACG AGAG-3'
(SEQ 1D NO: 20)

There is partial overlap of the two primers in this case. Pint3581_EDbOf2 contains an

15 Ncol recognition sequence. This is depicted underiined. 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-112 / pint3580_glya21rev. The product from PCR2 covers the
complete preproinsuiin sequence. The product of the second reaction is inserted
after Nco1/ Salt cleavage into the Nco1 / Sal1-opened pINT91d vector DNA. Correct
plasmids are called pINT3597. Replacement of the codon for glutamic acid in

25  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.

Example 19: Construction of the plasmid pINT3598 coding for Giu (A5), His (A8), Gly
30 (A21), Glu (BO) - preproinsulin

Carrying out the reactions as described in example 18 but using DNA of the plasmid
pINT3582 as template in PCR1 results in plasmid pINT3588. The preproinsulin



The expression is carried out in accordance with example 1 of European patent application EP-A 1

222 207\\rsaippte i deolding of the proinsulin de;r%atlves The folding t@J@T E@?&j@ (@%@'We by the
g of the fo

method described in EP-A 0 668 282 Example 30: Enzymatic processin Ided preproinsulin to
give the 2-chain Arg(A0) - insulin precursor whose C-terminal B chain end is characterized by lysine or
arginineefMbedazipmntite gﬂmisisiag)rddhesmlﬁtﬂfdlmemumuﬁd picCRCEDN (alkédchlaseLdis described for

example mple.4 of 091/03550 ticularl adva eous in this case to employ
the trypS|!’r_|rt1\/(?a){gfl;%aj 5‘%‘?('905% Pibed w?’WB%E!? gltge/sﬁhbg(% Bge% g%ﬂ),ﬁ? 'of an Arg (AO), His
(A8), Gly (A21), Arg (831), Arg (B32) - NH2- human |nsuI|n 25Irrespect|ve of the positioning of the
additional %% n rd r ri fo 0 of Arg (AO), Gly
(A21), A%gs( a%]sh halog(ut@g(&]1 éﬁg@égﬁ é@é r‘% @ r)n [%@31% 2(446 g/L), and
0.13 mmerTMri\lasaximtate buffer (pH 5.8) and 2 ml of DMF are added. The reaction mixture is cooled to
12C and started by adding 0.094 ml of trypsin (0.075 mg, Roche 30 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), GlyH@a2teproméBR1 prAvaa8RY tiNH@abiondan preglims ddditithe afdnypsimihNikilt@osolution is
followed rification of midated ana que.in an logy o, US 22. Preparation of the
correspor?’cyﬁ&1M_\3l/%§|6r?§%’n|E e%}c%n%onl?ds e&ane\éwp X%%%ﬂogo%ﬁ# dﬁ%c %veﬁ%%é& o4 lysinamide stock
solutionsfomtétiming 366g/L lysinamide in solution forms the starting material. Example 32: Formulation
of the amidated insulin derivatives In order to test the insulin derivatives of the invention for their
biopharmacological and physicochemical properties, a solution of the compounds was prepared as
10followsrgHéihs i {enydtiize( SB8th&ipv@Rion Glag BisAve dREit), d_tar¢eB2padehtration of 240 5
,UM in 1,_5] em/ tHorlc acid with 80 Jug/mL zinc (as zinc chloride). The following compositions were
used as ssolvmg medlum

15 Example 20: Construction of the plasmid pINT3599 coding for His (A8}, Glu (A15),
Gly (A21), Glu (BO) - preproinsulin

Carrying out the reactions as described in example 18 but using DNA of the plasmid
PINT3585 ag template in PCR1 results in plasmid pINT3599. The preproinsulin
20 encoded by the plasmid is precursor for the compound YKL205-11 which results

after amidation with argininamide and describes the following structure:

Arg (AQ), His (A8), Glu (A15), Gly (A21), Glu (BO), Arg (B31), Arg (B32) — NHz ~
human insulin

The preproinsulin encoded by the plasmid is precursor for the compound YKL205-
11b which results after amidation with lysinamide and describes the following

structure:

30 Arg (AD), His (A8), Glu (A15), Gly (A21), Glu (B0), Arg (B31), Lys (B32) — NH5 ~
human insulin

Example 21: Construction of the plasmid pINT3600 coding for His {(A8), Asp (A18),



15a) 1 mM hydrochloric acid b) 1 mM hydrochloric acid, 5 ,ug/m1 zinc (added as zinc chloride or

hydrochigyis agish;cd7b8IM hydrochloric acid, 10 gg/mizinc (added as zing £fieride §/gppghloric
acid) d) 1 mM hydrochloric acid, 15 pg/ml zinc (added as zinc chloride or hydrochloric 20acid) e) 1

mM hydrochloric acid, 30 pg/ml zinc (added as zinc chloride or hydrochloric acid) f) 1 mM hydrochloric
acid, 80GhylAddihdIddEd agrapeosigadide or hydrochloric acid)  g) 1 mM hydrochloric acid, 120
pg/ml zinc (added as zinc chloride or hydrochloric 25acid) For this purpose, initially an amount of the
freeze-dried material which is about 30% higher than required on the basis of the molecular weight
and the gesidicconttanionsasdigsedim. imexaoptenitdidrupirgéiiivas thepidsteidiined by 30

lytica) ' y to achieve th
et o RS e Al T Sl s
readjustedaec®:d by, thhafissmhefindiracslpsis foy HP cCrweerif YHe 2Agdi2cohientesidts of 240 5 ,uM,

the finishid soORIRSANSIFTEATUIURRNS L ASNCR0E MINA DRI e avachment nto a

sterile vial whic a septum and a crimped cap. mization of the formulations,
e.g. in relation to addition of isotonic agents, preservatives or buffer substances, was carried out for

the shorfterm sin in ! i jyati the, | i e 33; Evaluation of the
blood gﬁé%s@-ﬂw%ﬁn sé?fgé?%mv ’Ilﬁpu inﬂgz’a@gu@?h)%@@g Hl%neA 00 %!ilfc%c?skglawering effect

of selectsamvéIsuolin analogues is tested in healthy male normoglycemic Wistar rats. Male rats
re %ive 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 analogue and at regular 15intervals up

to eight hb@ r@raﬂéqr_iﬂwliﬁjmﬂ%mﬁm@m&mée@um@nmw@ saspstenthifEd 20he experiment
snows ST\ IesthE ahine ARIRYE VT WEAAAIRE U 0TdOCIMER TRE 16RERIRy 2 stinctly

delayed onset of action and a longer, uniform duration of action.
structure:

15 Arg (A0), His (A8), Asp (A18), Gly (A21), Glu (BO), Arg (B31), Lys (B32) — NH, —
human insulin
Example 22: Construction of the plasmid pINT3601 coding for His (A8), Gly (A21),

20 Asp (B1) - preproinsulin

Construction takes place by 2 polymerase chain reactions. The primer

pint3580_glya21rev is used. Two further primers are synthesized:
25 pint3581_Db1f1

5-CAACAGGAA ATTCGGCACG AGACGTG AACCAGCACC TGTGCG-3' (SEQ ID
NO: 21)

30 pint3581_Db1f2

5 -TATCGA CCAT GG CAACAACA TCAACAGGAA ATTCGGCACG AGAC-3' (SEQ
1D NO: 22)



EXampIe 34: Evaluation of the blood glucose-lowering effect of novel insulin analogues in dogs The

blood glygosetop@@ragifect of selected novel ingylin analogues is testeghiryr2shealinyomere
normoglycemic beagle dogs. Male animals receive subcutaneous injection of a dose of 6 nmol/kg of

an insulin analogue. Blood samples are taken from the animals immediately before the injection of the

insulin ahBRIGUE RAH At Av§TIRP PhEey PG EssHEUMSaPRahBiinfeBidnDantiZnechiedasgitucose
content fgege v ivaRieemsddiie cYRRIBRLRISNS AlRaTINAAT 1% Botil fiRemIgusd FOIsulin

analogue of the invention leads to a distinctly delayed onset of action and a longer, uniform duration of

action. mEPasiedeiddiqasiirplcidhpud sdmivviermy bisizess ue rrkeldrvag iz @RTAnalogues is
tested InhealtiumanaaimeaaqdioRl hAWasMAUBATIIAIR esele RibgyiBRaRIS pfiection of a

dose of 6 nmol/kg and 12 nmol/l%of an insulin analogue. Blood samples are taken from the animals

imnfedidfepErsieninedpidction 16t thrintdRiR ikt aneateirtarinERAls thateusudurs after the
njectony aplstarblope ieoss BB INEFEiRS ARierpiedinES6 aasiment shows clearly (f ig. 3

that the employed insulin analogue of the invention has a dose-dependent effect but that, 10despite

the dose* bR ihabascdavot it rerkuatficipRIARARVE SHAR WL pIBIHtE PeepieipaAbunced low point
(i) i cerval 690 R SESHREIRRT % Al s A sniga e giincty fewer

hypoglycemic events by comparison with known slow insulins. 15 Example 36: Evaluatioin of the blood
glucose R rmdlerddirdoeRantd aiftrahe Aaeteshidnt&msrecipinsmids arstieallerde experiments
werg cagird9sibas described in Example 35. Figure 4 shows the 20result. According to this, the
time-effect curve of the insulin analogue of the invention can be influenced through the content of zinc
ions in the formulation with the same insulin concentration in such a way that a rapid onset of action is

observe WiiAcZe80 Ob W Fine SRRt nshibe slaeids nalataipest @f@@;ﬁsa‘%ﬁ{ﬁ?@a gradual

onset of action is observed with a higher zinc content, and the insulin effec for

distinctiyAsrigef i34 neigrroinsulin

15 Carrying out the reactions as described in example 22 by using DNA of the plasmid
pINT3582 as template in PCR1 results in piasmid pINT3602. The preproinsulin
encoded by the plasmid is precursor for the compound YKL205-13 which results
after amidation with argininamide and describes the following structure:

20 Arg (AD), Glu (AB), His (A8), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH, —

human insulin

The preproinsulin encoded by the plasmid is precursor for the compound YKL205-
13b which results after amidation with lysinamide and describes the following

25 structure:

Arg (A0), Glu (AB), His (A8), Gly (A21), Asp (B1), Arg (B31), Lys (B32) —~ NH, -
human insulin

30
Example 24: Construction of the plasmid pINT3603 coding for His (A8), Glu (A15),

Gly (A21), Asp (B1) - preproinsulin

Carrying out the reactions as described in example 22 by using DNA of the plasmid



DE2008/001 WODr. OL Claims: 5 1. An insulin analogue of the formulal S S 1151011520 10

AOGIVEABDOhSSBI#LSLEALBYCG NA chain $NNNNNS I(1) SS 150432 BRdeh 452433
24HLCOSHLVEALYLVCGERGFFY 1510152025 T P 329 330 331 332B chain 2030 where

10

15

20

25

30

pINT3585 as template in PCR1 results in plasmid pINT3603. The preproinsulin
encoded by the plasmid is precursor for the compound YKL205-14 which results

after amidation with argininamide and describes the foliowing structure;

Arg (A0), His (A8), Glu (A15), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH, —

human insulin

The preproinsulin coded by the plasmid is precursor for the compound YKL205-14b

which results after amidation with lysinamide and describes the foliowing structure:

Arg (A0), His (A8), Glu (A15), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH; —

human insulin

Example 25: Construction of the plasmid pINT3604 coding for His (A8), Asp (A18),
Gly (A21), Asp (B1) - preproinsulin

Carrying out the reactions as described in example 22 but using DNA of the plasmid
RINT3586 as template in PCR1 resulis in plasmid piINT3604. The preproinsulin
encoded by the plasmid is precursor for the compound YKL205-15 which results

after amidation with argininamide and describes the following structure:

Arg (A0), His (A8), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH; —

human insulin

The preproinsulin encoded by the plasmid is precursor for the compound YKL205-
15b which results after amidation with lysinamide and describes the following

structure:

Arg (A0), His (AB), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Lys (B32) ~ NH, —

human insulin

Example 26: Construction of the plasmid pINT3605 cading for His (A8), Gly (A21),



AOcorresponds to Lys or Arg; AScorresponds to Asp, GIn or Glu; Al 5 corresponds to Asp, Glu or Glin;

30 A18 p, Glu or Asn; B-1corresgonds to Asp, Glu o
BOcorreronn to Asp, lu or a chemical bond; Blcorresponds to Esp, Elkg%r 001 7
B2corresponds to Asp, Glu or Val; WO 2009/08708140PCT/EP2009/000017 BBcorresponds to Asp,

Glu or AGh; Bchrresp(Bds-todsmigdulpr Gin; 5B29 corresponds to Lys or a chemical bond; 330
corresponds to Thr or a chemical bond; B31 corresponds to Arg, Lys or a chemical bond; 10 B32
corresponds to Arg-amide, Lys-amide or an amino group, where two amino acid residues of the

group cabopsingiah, tAldds Alk8eBnl 2BV BRe BRand&aorespeagsifaitaneously and
|ndepend%@§gég gqya%?g\]feénd %é’prlmer pint3581_EbO1f2 described in example 18 is

5 used. The primer pint3597_Db1f is synthesized:

5-CAACAGGAA ATTCGGCACG AGAGGACGTG AACCAGCACC TGTGC-3' (SEQ
ID NO: 23)

10 The codon which codes for glutamic acid in position 0 and which codes for aspartic
acid in each case at the start of the B chain Eslemphasized by emboldening in each
case. Template for PCR1 is DNA of the plasmid pINT3597. PCR1 is carried out with
the primer pair pint3597_Db1f/ pint3580_glya2irev. Template for PCR2 is the
product from PCR1. PCR2 is carried out with the primer pair pint3581 Eb12 /

15 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 Ncot / Salt-opened pINT91d vector DNA. Correct plasmids are called
pINT360GS. The preproinsulin encoded by the plasmid is precursor for the compound
YKL205-16 which results after amidation with argininamide and describes the

20 following structure:

Arg (AO), His (A8), Gly (A21), Glu (BO), Asp (B1), Arg (B31), Arg (B32) — NHy

human insulin

25 The preproinsulin encoded by the plasmid is precursor for the compound YKL205-
16a which results after amidation with lysinamide and describes the following

structure;
Arg (AQ), His (A8), Gly (A21), Glu (B0}, Asp (B1), Arg (B31), Lys (B32) — NH, —

30 human insulin

Example 27: Construction of the plasmid pINT3606 coding for His (A8), Glu (A15),
Asp (A18), Gly (A21), desThr (B30) — preproinsulin



150r Glu. 2. The insulin analogue as claimed in claim 1, where AO corresponds to Arg. 3. The

insulin apatpgueRasiaigied in one or more of thexpreceding claims, Whg@ﬁ%ﬁébg@rwps to Glu.
15 corres

4. The insulin analogue as claimed in one or more of the preceding claims, where ponds to
Glu. 255. The insulin analogue as claimed in one or more of the preceding claims, where A18
corresponds to Asp. 6. The insulin analogue as claimed in one or more of the preceding claims, where

B-1 corr ' . insulin analogu clgimed in one or. more of the
preceding o e o e D O S 0 B b ot
correspdoedstionssp he. rireansdlinanthugiidas_dhiniddn ane wsedolavof iivtheresddiegs clams, where
82 correéﬂﬂﬂgg&%é{.al. 5 10. The insulin analogue as claimed in one or more of the preceding clalms,
where B3 corresponds to Asp.  11. The insulin analogue as claimed in one or more of the preceding
claifns, where 10B4 corresponds to Glu. 12. The insulin analogue as claimed in one or more of the
precedira)g3 @g@p where 829 corresponds to Lys. 1513. The insulin analogue as claimed in one or
more of the preceding claims, where

5-TTCTACACACCCAAGCGCGATGTTCCTCAGGTGG-3 (SEQ ID NO: 24)
10 desB30rev
9-AGG AACATCGCGC TTGGGTGTGT AGAAGAAGC-3' (SEQ ID NO: 25)

Template for PCR1 and PCR2 is DNA of the plasmid pINT3586. PCR1 is carried out
15 with the primer pair desB30f / pint3580_glya21rev and PCR2 is carried out with the
primer pair Tir / desB30rev template. The template used for PCR3 is an equimolar
mixture of the products from PCR1 and PCR2. The reaction is carried out with the
primer pair Tir/ pint3580_glya21rev. The product from PCR3 covers the complete
preproinsulin sequence. The product of the third reaction is inserted after Nco1/ Sal1
20 cleavage into the Nco1/ Sal1-opened pINT91d vector DNA. The preproinsulin
encoded by the plasmid is precursor for the compound YKIL.205-17 which results

after amidation with argininamide and describes the following structure:

Arg (A0), His (A8), Glu (A15), Asp (A18), Gly (A21), Arg (B30), Arg (B31) — NH, —
25 human insulin

The preproinsulin encoded by the plasmid is precursor for the compound
YKL205-17b which results after amidation with lysinamide and describes the
following structure:

30
Arg (AQ), His (A8), Glu (A15), Asp (A18), Gly (A21), Arg (B30), Lys (B31) — NH, —~

human insulin



830 corresponds to Thr. 14. The insulin analogue as claimed in one or more of the preceding claims,

where Bl saegpangsstp Arg or Lys. 20 15. Th% sulin analogue as Lﬁ%ﬁ‘%@ﬁ@ﬁdﬁﬁe of the
1 e Insulin‘ana

preceding clalms where 832 corresponds to Arg -NH2 or Lys-NF12. ogue as
claimed in one or more of the preceding claims, selected 25 from a group comprising: Arg (AO), His
(A8), Glu¢aB) plespaA18)rdsli¢A T thargr@3d)lidde(®ABVeNH2 human insulin, Arg (AO), His (A8),
Glu (A5), Asp (Al18), Gly (A21), Arg (B31), Lys (832)- NH2 human insulin, 30Arg (AO), His (A8), Glu
(A15), Asp (A18), Gly (A21), Arg (B31), Arg (832)- NH2 human insulin, Arg (AO), His (A8), Glu (A15),
Asp (A18hehxpreidioAry (B81ikd gt BE2)cditiZroemath issatiplArh ¢ABY)rdisABit&M(A5), Glu

(A15), ) 2) NH2 human 43 insulin, Arg (AO), His (A8), Glu (A15), Gly
(A21) G%b[gg%gtﬁg ’E‘BE%S 2/2%9% 2) - NH2

Example 29: Folding of the proinsulin derivatives

The folding takes place in principle by the method described in EP-A 0 668 282
10

Example 30: Enzymatic processing of the folded preproinsulin to give the 2-chain
Arg(AQ) — insulin precursor whose C-terminal B chain end is characterized by lysine
or arginine.

15
The enzymatic processing of the folded preproinsulin precursor takes place as
described for example in example 4 of WO91/03550. It proves to be particularly
advantageous in this case to employ the trypsin variant described in
WO 2007/031187 A1.

20

Example 31: Preparation of an Arg (A0}, His (A8), Gly (A21), Arg (B31), Arg (B32) -

NHz- human insulin

25 lrrespective of the positioning of the additional acidic amino acids, a standard
reaction is carried out as follows: 100 mg of Arg (AQ), Gly (A21), Arg (B31) — insulin
analogue are dissolved in 0.95 mi of argininamide solution (446 g/L), and 0.13 mL of
M Na acetate buffer (pH 5.8) and 2 mi 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

30  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 (A0), Gly (A21), Arg (B31), Arg
(B32) - NHz- human insulin. Addition of trypsin inhibitor solution is followed by
purification of the amidated analogue in analogy to US 5,656,722.



human insulin, Arg (AO), His (A8), Glu (A15), Gly (A21), Glu (BO), Arg (B31), Lys (832) - NH2 human
insulin, Arg (AO), His (A8), Asp (Al18), Gly (A21), Glu (BO), Arg (B31), Arg (832) - NH2 human insulin,

Arg (AO)Hisd8Bh&RIBEAL8) ,Gly (A21), Glu (B@) Arg (831), Lys (B32pcNeBhomaangosyiin, 10 Arg
(AO), His (A8), Glu (A5), Gly (A21), Asp (81), Arg (B31), Arg (832)- NH2 human insulin, Arg (AO), His

(A8), Glu (A5), Gly (A21), Asp (B1), Arg (B31), Lys (B32) - NH2 human insulin,  Arg (AO), His (A8),
Glu (A1Byep#2hien RfABe (BTIeAIgNSBL) IVaintBIdE CNMROUNHAAKSBInYala, Mg4ad@isMis (A8), Glu

(A15), Gl (AL B31hi 3 hifsUis 4K iR (8), Asp (A18),
Gly (Aqul)p{) Asp (Sgﬁ%r séipl%%Arg (8?',% 3 l\{h’:%g %8%??&?%@%?%@? O ,]gﬁﬁ%ﬂ%A@p (A18), Gly
(A21), Ay farigedBe)steyin@8mteNsi2 human insulin, Arg (AO), His (A8), Gly (A21), Glu (BO),
Asp (B1), Arg (831), Arg (832) - NH2 human insulin,  Arg (AO), His (A8), Gly (A21), Glu (BO), Asp
(81), Arg (B31), Lys (B32) - NH2 human 25insulin, Arg (AO), His (A8), Asp (A18), Gly (A21), Asp (83),
Arg?(830), Arg (B31) - NH2 human insulin, Arg (AO), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg

(B30), Lgg dRle 3D AHMARIAYH e amidated insulin derivatives

In order to test the insulin derivatives of the invention for their biopharmacological
and physicochemical properties, a solution of the compounds was prepared as

i0  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

chioride).

The foliowing compositions were used as dissolving medium:
15 a) 1 mM hydrochloric acid
b) 1 mM hydrochloric acid, & pg/ml zinc (added as zinc chloride or hydrochioric acid)
¢) 1 mM hydrochloric acid, 10 pg/ml zinc (added as zinc chioride or hydrochloric
acid)
d) 1 mM hydrocnloric acid, 15 ug/mi zinc (added as zinc chloride or hydrochloric
20 acid)
e) 1 mM hydrochloric acid, 30 pg/mi zinc (added as zinc chloride or hydrochloric
acid}
f) 1 mM hydrochioric acid, 80 pg/ml zinc (added as zinc chioride or hydrochloric acid)
g} 1 mM hydrochloric acid, 120 pg/ml zinc (added as zinc chloride or hydrochloric
25  acid) |

For this purpose, initially an amount of the freeze-dried material which is about 30%
higher than required on the basis of the molecular weight and the desired
concentration was weighed out. The concentration present was then determined by
30 analytical HPLC and the solution was subsequently made up to the volume
necessary to achieve the target concentration with 5 mM hydrochloric acid with 80
pg/mb zine. 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 M, the finished solution was



30 17. A process for preparing an insulin analogue as claimed in any of claims 1 to 16, where a

precursqk/ef %Q}ég?@gpalogue IS prepared recciﬁbinantly, the precur%gﬁiﬁ@ S‘F?ﬁ/matically
to two-chain 44 insulin, and a coupling with argininam de is carried out in'the présence or an enzyme

having trypsin activity, and the insulin analogue is isolated.  18. The use of an insulin analogue as

claimedtiraasig oeddiyns datos I tosinadmaibfadiieof fimedicoherirfpintteatistgriliabetes mellitus.

19. The Use s clain?ed in cl%%m 18ina process for the manyfacture aof a medif ment for the treatment
ic g

of diabe\{%s meWﬁal?sCoqst?/ggvli or‘:‘fypeeP Wror} fo¥ tﬁe?gﬂjéjueﬂgcgw'asé)lsqfﬁt%@g%rélp Bneration. 10 20. A
pharmadeurticdd ttmmspasin grae atsetitceaddiine eisséamedhigeany, otctamstilés 16 nfiéor

hysiologi cceptahle salts thereof. 1. A formulation of the insulin analogye .as claimed in any
o o A S T LB e st D R G S R Bt
andgloguet the.idvertiomation of the insulin analogue as claimed in any one of claims 1 to 16, where the
formulation is in the form of powder. 2023. The formulation as claimed in claim 22, where the insulin
analogue as claimed in any of claims 1 to 16 is present in crystalline and/or amorphous form. 24. A
formulation of the insulin analogue as claimed in any of claims 1 to 16, where the formulation is in the

o A e AR s SR el came Lo 16,
an insulamalajogeerasatdaimed in claim 17. 45 28. DNA coding for the B chain of an insulin analogue
aslrolaimed in any of claims 1 to 16.
The blood glucose-lowering effect of selected novel insulin analogues is tested in
healthy male normoglycemic 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 analogue and at regular
15 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 employed insulin
analogue of the invention leads to a distinctly delayed onset of action and a longer,

uniform duration of action.

20
Example 34: Evaluation of the blood glucose-lowering effect of novel insulin

analogues in dogs

The blood glucose-lowering effect of selected novel insulin analogues is tested in
25 healthy male normoglycemic beagle dogs. Male animals receive subcutaneous
injection of a dose of 6 nmol/kg of an insulin analogue. Blood samples are taken
from the animals immediately before the injection of the insulin analogue and at
regular intervals up to 48 hours after the injection, and the blood glucose content
therein is determined. The experiment shows clearly (cf. fig. 2) that the employed
30  insulin analogue of the invention leads to a distinctly delayed onset of action and a

longer, uniform duration of action.

Example 35: Evaluation of the blood glucose-lowering effect in dogs with a dose



29. A vector comprising a DNA as claimed in one or more of claims 26 to 28. S 30. A host organism

comprisipgpJoiydy@s7elgimed in one or more of clggms 26 to 28 or a veqtetr-pg Segnehihelam 29.

1031. The formulation as claimed in one or more of claims 21 to 25, which additionally comprises a
glucagon-like peptide-1 (GLP1) or an analogue or derivative thereof, or exendin-3 or -4 or an analogue
or derivafiveegnsrddtvo-faBP. The formulation as claimed in claim 31, which additionally comprises
exendin-4. 15 33. The formulation as claimed in claim 31, wherein an analogue of exendin-4 is
selected from a group comprising H-desPro36-exendin 4 Lys6-NH2,

H-des(PT&@atBQmmatmwmﬂTanwmeww@rm@@tam)semmawgugessa\iémedma .
oo o 4 R DR FARE R Tl 5o,
desPro3Bifstine 57 & ekasedit 4 madl gory i3k 4 minsRbjersatigus (BBe)! desPro36
(Met(0)1¢h dsnesRaBleNantiisth thd hilenE iR daEe s Re RS 15ERsHN S Ha3Rkuf
analogue and at regular intervals up to 48 hours after the injection, and the blood
glucose content therein is determined. The experiment shows clearly (cf. fig. 3) that
the employed insulin analogue of the invention has a dose-dependent effect but that,
10 despite the dose being increased two-fold, the action profile has a shallow profile, ie.
no pronounced low point (nadir) is observed. It can be deduced from this that the
insulins of the invention lead to distinctly fewer hypoglycemic events by comparison

with known slow insulins.

15
Example 36: Evaluation of the blood glucose-lowering effect in dogs with different

zinc concentrations in the formulation

The experiments were carried out as described in Example 35. Figure 4 shows the
20 result. According to this, the time-effect curve of the insulin analogue of the invention
can be influenced through the content of zinc ions in the formulation with the same
insulin concentration in such a way that a rapid onset of action is observed with a
zero or low zinc content, and the effect is maintained for 24 hours, whereas a
gradual onset of action is observed with a higher zinc content, and the insulin effect

25 is maintained for distinctly longer than 24 hours.



46 desPro36 [Trp(02)25, IsoAsp28}exendin-2 (1-39), desPro36 [Met(0)14Trp(02)25, Asp28]exendin-4
(1-39) a 6Aet(0)14Trp(02)25, IsoAspg§lexendin-4 (1-39), o ically tolerable
salt therwgégg?érhe formulation as claimed inpglgz;im 34, where the pe%%fﬁ%@ﬂﬁ%ﬁ@aﬁtaahed to
the C termini of the analogues of exendin-4.  36. The formulation as claimed in claim 31, where an
analoguB o2 e&afilin-4i® 10 selected from a group comprising H-(Lys)6- des Pro36 Dr.
[Asp28]exendin-4(1-39)-Lys6-NH2 des Asp28Pro36, Pro37, Pro38 exendin-4(1-39) -NH2, H-(Lys)6-
des Pro36, Pro37, Pro" [Asp26lexendin-4(1-39) -NH2, = H-Asn-(Glu)6 des Pro36, Pro37, Pro"
[Asp28lexendin-4(1-39) -NH2, 15des Pro36, Pro37, Pro" [Asp28]exendin-4(1-39)-(Lys)6-NH2,
H-(Lys)g-lgt Pro36, Pro37, Pro" [Asp28]exendin-4(1-39)-(Lys)6-N H2, H-Asn-(Glu)s- des Pro36,
Pro37, Pr /fép28]exendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des Pro36 [Trp(02)25,
Aspg28]exendin-4(1-39)-Lys5-NH2, 20H- des Asp" Pro36, Pro37, Pro" [Trp(02)25]exendin-4(1-39)
-NH2, H( - 1936, Pro37. Pro" [TrP(02)25, Asp26]exendin-4(1-39) -NH2, H-Asn-(Glu)5- des
Pro36,?f%%%r%ﬁﬁ‘ﬁ%?ggag,Oig%eéé%?(gel’]l%ignA(ng) ‘NH2, des Pro", Pro37, Pro" [Trp(02)25,
Asp28Jexendin-4(1-39)-(Lys)6-NH2, H-(Lys)6- des Pro36, Pros', Pro38 [Trp(02)25,
Asp28Jexendin-4(1-39)-(LyS)6-NH2, 25H>Asn-(Glu)6- des Pro36, Pro37, Pro38 [Trp(02)25,
Asp28lexentlin-4(1-39)3(Lys$)6-NH2, Hifllys)6- des P¥636 [Met(0)14, 20

Aé@ZS]e%Pen%irFA -§9ﬁ1%y%-ﬁll-f§, Jes I\gT)(/et%O)TMYA%Q% @rd%é‘,llsro%??{ﬁo% exendin-4(1-39) -NH2,
H-(Lys)6- des Pro", Pro 37, PI‘IO38 [Met(0)14, Asp28]exendin-4(1-39) -NH2, A chain

5 S
S . s
|

15 |

B-1 B0 Bl1B2B3 B4 HLCGSHLVEALYLVCGERGTPFUFY

1 5 10 15 20 25

T P B2% B30 B31 B32 B chain
20 30

where

AQ  corresponds to Lys or Arg;
25

A5 corresponds o Asp, Gin or Glu;
A15 cérresponds to Asp, Glu or Gin;
30 A18 corresponds to Asp, Glu or Asn;
B-1  corresponds to Asp, Glu or an amino group;
BO  corresponds to Asp, Glu or a chemical bond;
35 | |

B1 corresponds to Asp, Glu or Phe;

B2  corresponds to Asp, Glu or Val;



H-Asn-(Glu)6- des Pro36, Pro37, Pro38 [Met(0)14, Asp28] exendin- 4(1-39) -NH2, 30des Pro36, Pro37,

Pro38 [MetiQddoAsnZlexendin-4(1-39)-(Lys)6-Nid2, H-(Lys)6- des Pra36;itpdhodreddditet(0)14,
Asp28Jexendin-4(1-39)-Lyse-NH2, H-Asn-(Glu)6 des Pro36, Pro37, Pro38 [Met(0)14, Asp28]

exendin-4(1-39)-(Lys)6-NH2, 47 des Asp28 Pro38, Pro37, Prom [Met(0)14, Trp(02)25]exendin-4(1- 39)
-NH2, HEBys)EadEssPescs oréee, @ﬂ@rﬁf[M%rt‘(,O)M Trp(02)28, Asp28]exendin-4(1-39) -NH2,
H-Asn-(Glu)5- des Pro38, Pro37, Pro38 [Met(0)14, Asp28] exendin-4(1-39) -NH2, des Prom, Pro37,
Pro38 [Met(0)14, Trp(02)28, Asp28]exendin-4(1-39)-(Lys)6-NH2, 5H-(Lys)6- des Pro38] Pro37, Pro38
[Met(0)134 Trp@2yesprrge dfercadinld @- 88 (Lys)6- NH2, H-Asn-(Glu)5- des Pro38, Pro37, Pro38
[Met(0)14, Trp(02)25, Asp28] exendin-4(1-39)- (Lys)6-NH2, or a pharmacologically tolerable salt
thereof. 10 37. The formulation as claimed in claim 31, which additionally comprises Arg34, Lys28
(NE{y-g¥sny terkesesade éaoplo)) atrmicaldnfiaglutide] or a pharmacologically tolerable salt
thereof. 1538. An aqueous formulation of the insulin analogue as claimed in any of claims 1 to 16,
which comprises no zinc or less than 15 pg/ml of zinc. 39. An aqueous formulation of the insulin
analoguB¥s clefiieanarsy lef thiiersaickergcaHiomdomprises no zinc or less than 15 pg/ml to 2
mg/ml of zinc. 20

B31 corresponds to Arg, Lys or a chemical bond;
10

B32 corresponds to Arg-amide, Lys-amide or an amino group,

where two amino acid residues of the group comprising A5, A15, A18, B-1, B0, B1,
B2, B3 and B4 correspond simuitaneously and independently of one another to Asp
15 orGlu.

2. The insulin analogue as claimed in claim 1, where AO corresponds to Arg.

3. The insulin analogue as claimed in one or more of the preceding claims, where A5

20 corresponds to Glu.

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

A15 corresponds to Giu,

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

A18 corresponds to Asp.

8. The insulin analogue as claimed in one or more of the preceding claims, where
B-1 corresponds to an amino group.

30
7. The insulin analogue as claimed in one or more of the preceding claims, where B0

corresponds to Glu.

8. The insulin analogue as claimed in one or more of the preceding claims, where B1



40 The formulation as claimed in claim 39, where the zinc content is 200 pg/ml. Fig. 1 SEQUENCE

LISTING 1 OsFanpfisAventis Deutschland Gmbi <120> Neue InsulirreTnivete nii@xinenm 7
verzOgertem Zeit- / Wirkungsprofil <130> 0E2008/001 <140> 102008003568.8-43 <141> 2008-01-09

<160> 25 <170> Patentln version 3.3 <210> 1 <211> 22 <212> PRT <213> Atrtificial <220> <223>
 A-Kette CUREPRDIY SOMEE FEATURE <222>(1)..(1)

9. The insulin analogue as claimed in one or more of the preceding claims, where B2

corresponds to Val.

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

B3 corresponds to Asp.

11. The insulin analogue as ciaimed in one or more of the preceding claims, where

10 B4 corresponds to Glu.

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

BZ29 corresponds fo Lys.

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

B30 corresponds to Thr.

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

20 '
15. The insulin analogue as claimed in one or more of the preceding claims, where

B32 corresponds to Arg —NH; or Lys-NHo.

16. The insulin analogue as claimed in one or more of the preceding claims, selected
25  from a group comprising:
Arg (AD), His (A8), Glu (A5), Asp (A18), Gly (A21), Arg (B31), Arg (B32) ~ NH>
human insulin,
Arg (AQ), His (A8), Glu (Ab), Asp (A18), Gly (A21), Arg (B31), Lys (B32) — NH»
human insulin, .
30 Arg (AD), His (AB), Glu (A15), Asp (A18), Gly (A21), Arg (B31), Arg (B32) — NH»
human insulin,
Arg (AD), His (A8), Glu (A15), Asp (A18), Gly (A21), Arg (B31), Lys (B32) — NH,
human insulin, '
Arg (A0), His (A8), Giu(A5), Glu (A15), Gly (A21), Arg (B31), Arg (B32) — NH; human



<223> Xaa ist Lys oder Arg <220> <221> MISC_FEATURE <222>(6)..(6) <223> Xaa ist Asp, GIn oder

Glu <220p0<2205/ 08818 IFEATURE <222>(16)..(48) <223> Xaa 1st ASp(SIEFTRNGIDGRR0> <221>
MISC_FEATURE <222>(19)..(19) <223> Xaa 1st Asp, Glu oder Asn <400> 1 Xaa Gly lle Val Glu Xaa

Cys Cys HlsE Ser lle Cys Ser Leu Tyr Xaa 151015 Leu Glu Xaa Tyr Cys Gly 20 <210> 2
insulin,

Arg (A0}, His (A8), Glu {Ab), Glu (A15), Gly (A21), Arg (B31), Lys (B32) — NH>
human insulin,
Arg (A0), His(A8), Glu (AB), Gly (A21}, Asp (B3), Arg (B31), Arg (B32) = NH, human
5 insulin,
Arg (AQ), His(A8), Glu (AB), Gly (A21), Asp (B3), Arg (B31), Lys (B32) -~ NH; human
insulin,
Arg (AD), His (A8), Glu (A15), Gly (A21), Asp (B3), Arg (B31), Arg (B32) — NH
human insulin,
10 Arg (AQ), His (A8), Glu (A15), Gly (A21), Asp (B3), Arg (B31)}, Lys (B32) — NH>»
human insulin, _
Arg (A0), His (A8}, Asp (A18), Gly (A21), Asp (B3), Arg (B31), Arg (B32) — NH>
human insulin, _
Arg (AD), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B31), Lys (B32) — NH.»
iS human insulin, _ |
Arg (AD), His(A8), Gly (A21), Asp (B3), Giu (B4), Arg (B31), Arg (B32) - NH; human
insufin, |
Arg (A0}, His (A8), Gly (A21), Asp (B3), Glu (84) Arg (B31), Lys (B32) — NHz human
insulin,
20 Arg (AQ), His (A8), Glu (A5), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH, humah
insutin,
Arg (AQ), His (A8), Glu (A5), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH, human
insulin,
Arg (A0), His (AB), Glu (A15), Gly (A21), Glu (B4), Arg (B31), Arg (B32) — NH»
25  human insulin,
~ Arg (A0), His (A8), Glu (A15), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH>
human insulin, _
Arg (AO), His (A8), Asp (A18), Gly (A21), Giu (B4), Arg (B31), Arg (B32) ~ .NHZ
human insulin,
30 Arg (AD), His (A8), Asp (A18), Gly (A21), Glu (B4), Arg (B31), Lys (B32) — NH,
human ihsu[in,
- Arg (A0), His (A8), Glu (A5), Gly (A21), Glu (B0), Arg (B31), Arg (B32) — NHz human
insulin,
Arg (A0}, His (A8), Glu (A5), Gly (A21), Glu (B0O), Arg (B31), Lys (B32) — NH; human



<211> 34 <212> PRT <213> Artificial <220> <223> B-Kette <220> <221> MISC_FEATURE
<222>(1)..(1) <223> Xaa 1st Asp, Glu oder eine Arithogruppe <220> <221> MISC_FEATURE
<222>(2)..(2) <223> Xaa 1st Asp, Glu oder eine chemische Bindung <220> <221> MISC_FEATURE
<222>(3)ih@&|§1223> Xaa 1st Asp, Glu oder Phe <220>

Arg (AD), His (A8), Glu (A15), Gly (A21), Glu (BO), Arg (B31), Arg (B32) — NH»
human insulin,

Arg (AD), His (A8), Glu (A15), Gly (A21), Glu (BO), Arg (B31), Lys (B32) - NH>
human insulin, |

Arg (AQ), His (A8), Asp (A18), Gly (A21), Glu (BO), Arg (B31), Arg (B32) — NH;
human insulin,

Arg (AD), His (AB), Asp (A18) ,Gly (A21), Glu (BO), Arg (B31), Lys (B32) — NH>

Ln

human insulin, _
10 Arg (AD), His (A8), Glu (A), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH, human
insulin,
Arg (AQ), His (A8), Glu (AS), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH; human
insulin,
Arg (A0), His (A8), Glu (A15), Gly (A21), Asp (B1), Arg (B31), Arg(B32) — NHz human
15 insulin,
Arg (AQ), His (AB), Glu (A15), Gly (A21), Asp (B1), Arg (B31), Lys (B32) ~ NH;
human insulin, '
Arg (AD), His (AB), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Arg (B32) — NH>
human insulin,
20 Arg (AD), His (A8), Asp (A18), Gly (A21), Asp (B1), Arg (B31), Lys (B32) — NH;
human insulin,
Arg (AD), His (AB), Gly (A21), Glu (B0}, Asp (B1), Arg (B31), Arg (B32) — NHz human
insulin,
Arg (AD), His (AB), Gly (A21), Glu (BQ), Asp (B1), Arg (B31), Lys (B32) ~ NH, human
25 insulin, _
Arg (AD), His (AB), Asp (A18), Gly (A21), Asp (B3), Arg (B30), Arg (B31) — NH;
human insulin,
Arg (A0), His (A8), Asp (A18), Gly (A21), Asp (B3), Arg (B30), Lys (B31) — NH;
human insulin.
30
17. A process for preparing an insulin analogue as claimed in any of claims 1 {o 16,
where a precursor of the insulin analogue is prepared recombinantly, the precursor is

processed enzymatically to two-chain



<221> MISC_FEATURE <222>(4)..(4) <223> Mae 1st Asp, Glu oder Val <220> <221>
MISC_FEATURE <222>(5)..(5) <223> Mae 1st Asf9Glu oder Asn <220> <221> MISC FEATURE
<222>(6)..(6) <223> Mae 1st Asp, Glu oder Gin <220> <221> MISC_FEATURE <222>(31)..(31)

<223> MagI5hLym adeE SING EMGMISEREmIEIG T2eArisd ok MERE JrEQRURBr $7Périife (32)

<223> Xaa 1st Thr oder eine chemisché Bindung
having trypsin activity, and the insuiin analogue is isolated.

18. The use of an insulin analogue as claimed in ahy of ¢claims 1 1o 16 for the

5 manufacture of a medicament for treating diabetes mellitus.

19. The use as claiméd in claim 18 in a process for the manufacture of a
medicament for the treatment of diabetes mellitus of type | or type Il or for
therapeutically assisting betfa cell regeneration.

10
20. A pharmaceutica! comprising an insulin analogue as claimed in any of claims 1 to

16 and/or physiologically acceptable salts thereof.

21. A formulation of the insulin analogue as claimed in any of claims 1 to 16, where

15  the formulation is in agueous form comprising the dissolved insuiin analogue.

22. A formulation of the insulin analogue as claimed in any one of claims 1 to 186,

where the formulation is in the form of powder.

20 23. The formulation as claimed in claim 22, where the insulin analogue as claimed in

any of claims 1 1o 16 is present in crystalline and/or amorphous form.

24. A formulation of the insulin analogue as claimed in any of claims 1 to 16, where

the formulation is in the form of a suspension.

25
25. A formulation of the insuiin analogue as claimed in any of claims 1 to 16, where
the formulation additionally comprises a chemical chaperone.
26. DNA coding for a precursor of an insulin analogue as claimed in claim 17.

30

27. DNA coding for the A chain of an insulin analogue as claimed in any of claims 1
to 16. |



<220> <221> MISC_FEATURE <222> (33)-(33) <223> Mae 1st Arg, Lys oder eine chemische
Bindung <220> <221> MISC_FEATURE <222>(34%(34) <223> Mae 1st Arg-Amid, Lys-Amid oder
eine Aminogruppe <400> 2 Mae Mae Mae Xaa Mae Mae His Leu Cys Gly Ser His Leu Val Glu Ala

151015 Loy Tykeu Vel O Gy Gl Aro BN Phe Ehe Ty Th Pre X X8 202530 2100 3 <211>

to 16.
29. A vector comprising a DNA as claimed in one or more of claims 26 to 28.

30. A host organism comprising a DNA as claimed in one or more of claims 26 to 28

or a vector as claimed in claim 29.

10 31. The formulation as claimed in one or more of claims 21 to 25, which additionally
comprises a glucagon-like peptide-1 (GLP1} or an analogue or derivative thereof, or

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

32. The formulation as claimed in claim 31, which additionally comprises exendin-4.
i5 _
33. The formulation as claimed in claim 31, wherein an analogue of exendin-4 is
selected from a group comprising
H-desPro®®-exendin-4-Lyss-NHo,
H-des(Pro®*")-exendin-4-Lys,-NH, and
20  H-des(Pro*®*")-exendin-4-Lyss-NH>,

or a pharmacologically tolerable salt thereof.

34. The formulation as claimed in claim 31, wherein an analogue of exendin-4 is
selected from a group comprising
25 desPro®® [Asp®®lexendin-4 (1-39),
desPro® [IsoAsp@exendin-4 (1-39),
desPro®® [Met(O)", Asp®®lexendin-4 (1-39),
desPro®® [Met(O)", isoAspZJexendin-4 (1-39),
desPro®® [Trp(0,)%°, Asp®®lexendin-2 (1-39),
30



<223> pint3580_glya2lrev <400> 3 caaaggtcga ctattagccg cagtagttct ccagetgg38 <210> 4 <211> 31
<212> DNA <213> Artificial <220> <223> arg_cjudé€f <400> 4 gtccctgecag cgtcgeggea tcgtggagea g31
<210> 5 <211> 36 <212> DNA <213> Artificial <220> <223> arg_cjunc_rev <400> 5 ccacgatgcc

t

gegacge ggsﬁgg”a[cl%%%b%@?gggsp%]exendin—?. (1-39),
desPro® [Met(O)“Trp(0.)*°, Asp?®lexendin-4 (1-39) and
desPro® [Met(0)'*Trp(02)%, IsoAsp®lexendin-4 (1-39),

or a pharmacologically tolerable salt thereof.

35. The formulation as claimed in claim 34, where the peptide -Lyss-NH is attached

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

36. The formulation as claimed in claim 31, where an analogue of exendin-4 is
10 selected from a group comptrising

H-(Lys)s- des Pro® [Asp®®lexendin-4(1-39)-Lyse-NH,

des Asp®Pro®, Pro®, Pross exendin-4(1-39) -NH.,

H-(Lys)s- 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)e-NHz,

H-(Lys)e- des Pro®, Pro™, Pro® [Asp”®lexendin-4(1-39)-(Lys)s-NHz,

H-Asn-(Glu)s- des Pro®, Pro®, Pro®® [Asp*®lexendin-4(1-39)-(Lys)s-NHz,

H-(Lys)s- des Pro®® [Trp(02)?°, Asp®lexendin-4(1-39)-Lyse-NHo,

20 H-des Asp®® Pro®®, Pro¥’, Pro™ [Trp(02)*°lexendin-4(1-39) -NH,,
H-(Lys)s- des Pro®®, Pro¥, Pro®® [Trp(0,)%, Asp?®lexendin-4(1-39) -NHz,
H-Asn-(Glu)s- des Pro®®, Pro®, Pro® [Trp(02)°, Asp*®lexendin-4(1-39) -NHz,
des Pro®®, Pro®. Pro®® [Trp(0.)%°, Asp®®lexendin-4(1-39)-(Lys)s-NHa,
H-(Lys)s- des Pro®, Pro™, Pro [Trp(02)?, Asp®lexendin-4(1-39)-(Lys)s-NHa,

25 H-Asn-(Glu)s- des Pro®, Pro®, Pro® [Trp(02)*°, Asp®lexendin-4(1-39)~(Lys)s-NH;,
H-(Lys)s- des Pro®® [Met(0)™, Asp®®lexendin-4(1-39)-Lyss-NH;,
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®®lexendin-4(1-39)-(Lys)s-NHz,
H-(Lys)s- des Pro®®, Pro®, Pro™ [Met(0)", Asp®*lexendin-4(1-39)-Lyss-NH,
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)-Lyss-NH,



<210> 6 <211> 32 <212> DNA <213> Atrtificial <220> <223> pint358021a8f <400> 6 agcagtgctg
ccacagcatc tgctcectct ac32 <210> 7 <211> 33 <2145 DNA <213> Atrtificial <220> <223>
pint358021a8rev <400> 7 gagcagatgc tgtggcagca ctgctccacg atg33 <211> 31 <212> DNA

10

15

20

des Asp? Pro®, Pro™, Pro®® [Met(0O)™, Trp(02)*°Jexendin-4(1-39) -NH,

H-(Lys)s- 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) -NHa,

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

NH,

H-Asn-(Glu)s- des Pro®, Pro¥, Pro® [Met(0)', Trp(02)%, Asp®®] exendin-4(1-39)-
(Lys)s-NHz,

or a pharmacologically tolerable salt thereof.

37. The formulation as claimed in claim 31, which additionally comprises Arg®*, Lys®
(N*(y-glutamyl(N®-hexadecanoyl))) GLP-1 (7-37) [liragiutide] or a pharmacologically

tolerable salt thereof.

38. An aqueous formulation of the insulin analogue as claimed in any of claims 1 to

16, which comprises no zinc or less than 15 Mg/mi of zinc.

39. An aqueous formulation of the insulin analogue as claimed in any of claims 1 to

16, which comprises no zinc or less than 15 ug/ml to 2 mg/m! of zinc.

40. The formulation as claimed in claim 39, where the zinc content is 200 pg/m.
Fig. 1



<213> Artificial <220> <223> pint3581_Ea5f <400> 8 gcatcgtgga ggagtgctgc cacagcatct g31 <210> 9
<211> 32 <212> DNA <213> Atrtificial <220> <223> pint3581_Eab5rev <400> 9 ctgtggcagc actcctccac
gatgccgega cg32 <210> 10 <211> 47 <212> DNA <213> Artificial <220> <223> pint3580_ Dal8rev
<400> 10 caaaggtcga ctattagccg cagtagtcct ccagctggta gagggag47 <210> 11 <211> 56 <212> DNA
<213> Atrtificial

SEQUENCE LISTING
<110> Sanofi~Aventis Deutschland GmbE

<120> Neue Insulinderivate mit extrem verzdgertem Zeit- /
Wirkungsprofil

<139> DE2008/C01

<140> 10200B003568.8~43
<141> 2008-01-09

<160> 25
<170> Patentin version 3.3

<210> 1

<211> 22

<212> PRT

<213>»> Artificial

<220>
<223> A~-Kette

<220>

<221> MISC FEATURE

<222> {(1)..{1)

<223> Xaa ist Lys oder Arg

<220>

<221> MISC _FEATURE

<222> (6)..(6)

<223> Xaa ist Asp, Gln oder Glu

<220>

<221> MISC_FEATURE

<222> (l6}..({16}

<223> Xaa ist Asp, Glu oder Gln

<220>

<221> MISC_FEATURE

<222> {19)..{19}

<223> Xaa ist Asp, Glu oder Asn

<40C> 1

Xaa Gly Ile Val Glu Xaa Cys Cys His Ser Ile Cys Ser Leu Tyr Xaa
1 5 16 15

Leu Glu Xaa Tyr Cys Gly
20

<23i0>» 2

<211> 34

<212> PRT

<213> Artificial

<220>
<223> B-Kette



<220> <223> pint3580_Eal5rev <400> 11 caaaggtcga ctattagccg cagtagttct ccagctcgta gagggagcag
atgctgh6 <210> 12 <211> 56 <212> DNA <213> Artificial <220> <223> pint3585 Eal5 Dal8rev
<400> 12 caaaggtcga ctattagccg cagtagtcct ccagctcgta gagggagcag atgctgs6 <210> 13 <211> 30
<212> DNA <213> Artificial <220> <223> pint3581_Db3f <400> 13 gcacgatttg tggaccagca
cctgtgegge30 <210> 14 <211> 34 <212> DNA <213> Artificial <220> <223> pint3581_Db3rev <400>
14

<220>

<221> MISC FEATURE

<222> (1) ..(1)

<223> Xaa ist Asp, Glu oder eine Amincgruppe

<220>

<221i> MISC_FEATURE

<222> (2)..(2)

<223> Xaa ist Asp, Glu oder eine chemische Bindung

<220>

<221> MISC FEATURE

<222>  (3}..(3)

<223> Xaa ist Asp, Glu oder Phe

<220>
<221> MISCT FEATURE
<222> {4)..(4)

<223>» Xaa ist Asp, Glu oder Val

<220>

<221> MISC_FEATURE

<2ZZ> {(5}).. (5}

<223> Xaa ist Asp, Glu oder Asn

<220>

<221> MISC FEATURE

<222> {6} ..(6)

<223>» Xaa ist Asp, Glu oder Gln

<220>

<221> MISC_FEATURE

<222>  (31)..{31)

<223> Xaa ist Lys oder eine chemische Bindung

<220>
<221> MISCMFEATURE
<222> (32} ..1(32)

<223> Xaa ist Thr oder eine chemische Bindung

<220>

<221> MISC_ FEATURE

<222> (33)..(33)

<223> Xaa ist Arg, Lys oder eine chemische Bindung

<220>
<221> MISC_FEATURE
222> (34})..(34}

<223> ¥aa ist Arg-Amid, Lys-Amid oder eine Aminogruppe
<400> 2

Xaa Xaa Xaa Xaa Xaa Xaa His Leu Cys Gly Ser His Leu Val Glu Ala
1 5 106 15

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

Xaa Xaa



cacaggtgct ggtccacaaa tcgtgccgaa tttc34 <210> 15 <211> 32 <212> DNA <213> Atrtificial <220>
<223> pint3581_Db3_Eb4f <400> 15 gcacgatttg tggacgagca cctgtgcggce to32 <210> 16 <211> 36
<212> DNA <213> Artificial <220> <223> pint3581_Db3_Eb4rev <400> 16 cgcacaggtg ctcgtccaca
aatcgtgccg aatttc36 <210> 17 <211> 30 <212> DNA <213> Artificial <220> <223> pint3581_Eb4f
<400> 17 acgatttgtg aacgagcacc tgtgcggctc30 <210> 18 <211> 36 <212> DNA <213> Avrtificial <220>
<223> pint3581_Eb4rev

<Z210> 3

<211> 38

<212> [DNA

<213> Artificial

<220>
<223> pint35B0_glyalZlrev

<4Q0> 3
caaaggtega ctattagecg cagtagttet ccagetgg 38

<210> 4

<21l> 31

<212> DNA

<213> Artificial

<220>
<223>» arg_cjunct

<400> 4
gtccoctgeag cgtecgeggea tegbtggageca g 31

<210> 5

<211> 36

<212> DNA

<2i3> Artificial

<220>
<223> arg_cjunc _rev

<400> 5
cecacgatgee gcgacgcetge agggaccccet ccageg 38

<210> &

<211> 32

<212> DNA

<213> Artificial

<220>
<223> pint3580_HaBf

<400> 6
agcagtgctg ccacageatc tgctccctet ac 32

<210> 7

<211> 33

<212> DNA

<213> Artificial

<220>
<223> pint3580_HaBrev

<400> 7
gagcagatygce tgtggcagea ctgetecacg atg 33

<210> 8



<400> 18 cgcacaggtg ctcgttcaca aatcgtgccg aatttc36 <210> 19 <211> 43 <212> DNA <213> Art
<220> <223> pint3581_EDbOf1 <400> 19 caacaggaaa ttcggcacga gagtttgtga accagcacct gtg43 <210>
20 <211> 44 <212> DNA <213> Atrtificial <220> <223> pint3581_EbOIf2 <400> 20 tatcgaccat
ggcaacaaca tcaacaggaa attcggcacg agag44 <210> 21 <211> 42 <212> DNA <213> Artificia <220>
<223> pint3581_Dblfl <400> 21 caacaggaaa ttcggcacga gacgtgaacc agcacctgtg cg42 <210> 22 <211>
44 <212> DNA <213> Atrtificial

<211> 31

<212> DNA
<213> Artificial

<220>
<223> pint3581_Eabf

<400> 8
gcatcgtgga ggagtgctge cacagcatet g 31

<210> &

<21i> 32

<212> DNA

<213> Artificial

<220>
<223> pint358l_Eabrev

<400> §
ctgtggcage actccectccac gatgcoccecgega cg 32

<210> 10

<211> 47

<212> DNA

<213> Artificial

<220>
<223> pint3580_DalBrev

<400> 10
caaaggtcga ctattageccg cagtagtoct ccagcetggta gagggag 47

<210> 11

<211> 56

<212> DNA

<213» Artificial

<220>
<223> pint3580 _Ealbrev

<400> 1ii
caaaggtcga ctattagcecg cagtagttcet ccagctcgta gagggageag atgetg 56

<210> 12

<211> 56

<212> DNA

<213> Artificial

<Z20>
<223> pint3585_EalS_DCalBrev

<400> 12
caaaggtcga ctattageccg cagtagtcct ccagcetcegta gagggagecag atgotg 56

<210> 13

<211> 30

<212> ©DNA

<213> Artificial



<220> <223> pint3581_Dblf2 <400> 22 tatcgaccat ggcaacaaca tcaacaggaa attcggcacg agac44 <210>
23 <211> 44 <212> DNA <213> Atrtificial <220> <223> pint3597_Dblf <210> 24 <211> 34 <212>
DNA <213> Atrtificial <220> <223> desB30f <400> 24 ttctacacac ccaagcgcga tgttcctcag gtgg34 <210>
25 <211> 32 <212> DNA <213> Artificial <220> <223> desB30rev <400> 25 aggaacatcg cgcttgggtg
tgtagaagaa gc32

<220>
<223> pint3581 _Db3f

<40Q0> 13
gcacgatttg tggaccagca cetgtgegge 30

<210> 14

211> 34

<212> DNA

<213> Artificial

<220>
<223> pint3581_ Db3rev

<400> 14
cacaggtget ggtccacaaa tcegtgeegaa ttte 34

<210> 15

<211> 32

<212> DNA

<213> Artificial

<220>
<223>» pint3581 Db3 Eb4f

<400> 15
gcacgatttg tggacgagea cetgtgegge te 32

<2i0> 16

<211> 36

<212> DNA

<213>» Artificial

<220>
<223> pint3581 Db3 Ebdrev

<400> 16
cgcacaggtg ctcgtccaca aatcgtgeccg aattte 36

<210> 17

<211> 30

<212> DNA

<213> Artificial

<220>
<223> pint3581 Eb4f

<400> 17
acgatttgtg aacgagcacc tgtgeggetce 30

<2i0> 18

<Z11> 36

<212> DNA

<213> Artificial

<220>
<223> pint3581 Ebdrev



<400> 18
cgcacaggtg ctegttcaca

<210> 19
<211> 43
<212> DNA

<213> Artificial

<220>
<223> pint3581 ELOf1

<400> 1%
caacaggaaa ttcggcacga

<210> 20
<211> 44
<212> DNA

<213> Artificial

<220>

<223> pint358]1 EbOif2

<4G0> 20
tategaccat ggcaacaaca

<Z216> 21
<211> 42
<212> DNA

<213> Artificial

<220>
<223> pint3581 Dblfl

<400> 21
caacaggaaa ttcggcacga

<210> 22
<21i> 44
<212> DHNA

<213> Artificial

<220>
<223> pint3581_Dblf2

<400> 22
tatcgaccat ggcaacaaca

<210> 23
<211> 44
<212> DNA

<213> Artificial

<220>
<223> pint3597_Dblf

<400> 23
caacaggsaa trtcggcacga

aatecgtgeeyg aatttc

gagtttgtga accagcacct gtg

tcaacaggaa attcggcacg agag

gacgtgaace agceacctygtyg cg

tcaacaggaa attcggcacg agac

gaggacgtga accagcacct gtgce

38

43

44

42

44

44



<Z210>
<211>
<212>
<213>

<220>
<223>

<400>

24

34

DNA
Artificial

desB30E

24

ttctacacac cecaagegega tgttecteag gtgy

<210>
<211>

<2i2>

<213>

<220>
<2235

<40C0>

25

32

DNA
Artificial

desB30rev

25

aggaacatcg cgcttgggtg tgtagaagaa gc

34

32



